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Chapter

Advances in Molecular and 
Immunohistochemical Detection 
of Prognostic and Therapeutic 
Markers in Breast Cancer
Rodrigo Vismari de Oliveira

Abstract

In the last two decades, new discoveries concerning on breast cancer have 
contributed to important changes on its classification, from purely morphologic to 
molecular embased, to establish better correlation with clinicopathologic features. 
The classification in molecular subtypes, based on hormonal receptor and HER-2 
status, have been remarkable not only for its more accurated clinical correlations, 
but also for its easy applicability in diagnostic routine, better replication of tumor 
microenvironment through the selection of paraffinized tumor amounts and 
cost-effectiveness of the detection method, the immunohistochemistry. Hence, 
this classification may predict the breast cancer prognosis and became an impor-
tant target for therapy with hormonal and HER-2 antagonist drugs. Other study 
models, like cancer-stem cell hypothesis and immunological aspects of human 
cancer, have brought new emerging ideas regarding on molecular pathways and 
accurated prognostic preditions. Putative stem-cell markers and PD-1/PDL-1, have 
highlighted among several emerging molecular markers because of the bad cancer 
prognosis determinated by stem-cell markers expression and for emerging new 
drugs with selective action to PD-1/PDL-1, with promising results. The therapy of 
breast cancer have became diverse, target directed and personalized, in order to 
take in consideration the clinicopathologic cancer aspects, molecular tumor profile 
and clinical status of the patient.

Keywords: breast cancer, target therapy, molecular markers, prognostic markers, 
immunomarkers, cancer stem-cell

1. Introduction

Breast cancer is the one of the three most frequent human neoplastic disease 
worldwide and is the most common female cancer, remaining with considerable 
impact on general mortality. Worldwide, in the last 10 years, the incidence is 
 growing up, with approximately 2.1 million of new cases per year and estimated 
mortality of 15%, at about 300.000 per year [1, 2].

Breast cancer remains as an heterogeneous group of disease from the point 
of view of biological behavior, therapeutic issues and prognostic features, deter-
mining different tracks of overall and free of disease survivals [3, 4]. Thus, the 
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clinicopathologic classification of breast cancer has been challenging over the last 
years, since the isolated simple morphologic classification of the tumor on histol-
ogy examination is not necessarily related to the precise biologic behavior of the 
disease [5, 6].

In this way, especially over the last two decades, important researches revealing 
novel molecular markers expressed by cancer cells has been published in the lit-
erature. The new discoveries have improved the breast cancer classification, which 
has been progressed from a purely morphologic classification, based on histologic 
patterns, to a molecular classification, based on expression of oncoproteins and 
hormonal receptors, detected mainly by immunohistochemical techniques, in 
paraffin-embedded tumoral specimens [6, 7].

The novel molecular classification of breast cancer seems to exhibit more 
 accurated correlation to the clinicopathological aspects of the tumor, as proliferative 
index, invasiveness and potential to metastatic spread. Furthermore, some of these 
molecular markers allowed the development of new drugs with specific actions on 
populations of cancer cells with specific genes alterations, improving considerably 
the therapeutic, prognostic and survival issues [7].

Instead of the recent advances on new therapeutic protocols under a new 
molecular perspective, early breast cancer on clinicopathological classification 
still remains the single one potencially curative [8]. The management of advanced 
clinicopathologic stage tumors and some established molecular groups of cancer, 
especially the ‘triple negative’ disease, remains with lacks of consensus. Anyway, 
the molecular markers have just improved the pathophysiology pathways knowl-
edge, with potential future development of promising new drugs for target therapy 
of breast cancer [8–10].

2.  The molecular subtypes of breast cancer of clinicopathologic 
importance

In the beginning of the 21st century, breast cancer was classified mainly on 
 histologic basis. The WHO current histologic classification of breast cancer is 
demonstrated in Table 1. Photomicrographies of the most frequent histologic 
subtypes of invasive breast cancer are represented on Figure 1. The hormonal status 
receptors (estrogen and progesterone) expression by the neoplastic cells was just 
evaluated by immunohistochemistry on paraffin-embedded specimens of tumor 
(core needle biopsy or the surgical excision specimen) [6, 7].

Breast cancer is known for its heterogeneous behavior [3, 4]. The histologic 
classification has been satisfactory for malignancy determination [6]. Though, the 
clinical division based on hormonal status was not enough for accurate prediction 
of the prognosis and of clinical response to the therapy [5]. Thus, until the last 
decade of 20th century, the clinical treatment of breast cancer was based on unespe-
cific chemotherapy and hormonal therapy with drugs like tamoxifen, a known 
hormonal receptor antagonist [12].

The hormone positive breast cancer is more “differentiated” than the negative 
one, as the cancer cells maintain the epithelial original cell feature of hormonal 
receptor expression and, therefore, the hormonal antagonist drugs are effective 
against these tumors [8]. On the other hand, the approaching of hormonal negative 
cancers were variable, since it was forming a kindly heterogeneous group, with 
different aggressiveness potentials, imprecise therapeutic response and doubtful 
prognosis [6, 8, 10].

In the first decade of the current century, it was emerged a promising classifica-
tion of breast cancer, proposing a division of the disease in 3 molecular subtypes: 
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WHO classification of epithelial breast tumors (5th edition, 2019)

Benign epithelial proliferations and precursors

• Usual ductal hyperplasia

• Columnar cell lesions, including flat epithelial 

atypia

• Atypical ductal hyperplasia

Adenosis and benign sclerosing lesions

• Sclerosing adenoma

• Apocrine adenoma

• Microglandular adenosis

• Radial scar/complex sclerosing lesion

Adenomas

• Tubular adenoma

• Lactating adenoma

• Duct adenoma

Epithelial-myoepithelial tumors

• Pleomorphic adenoma

• Adenomyoepithelioma NOS

• Adenomyoepithelioma with carcinoma

• Epithelial-myoepithelial carcinoma

Papillary neoplasms

• Intraductal papilloma

• Ductal carcinoma in situ, papillary

• Encapsulated papillary carcinoma

• Encapsulated papillary carcinoma with invasion

• Solid papillary carcinoma in situ

• Solid papillary carcinoma with invasion

• Intraductal papillary adenocarcinoma with 

invasion

Non-invasive lobular neoplasia

• Atypical lobular hyperplasia

• Lobular carcinoma in situ NOS

 ○ Classic lobular carcinoma in situ

 ○ Florid lobular carcinoma in situ

 ○ Lobular carcinoma in situ, pleomorphic

Ductal carcinoma in situ (DCIS)

• Intraductal carcinoma, non-infiltrating, NOS

 ○ DCIS of low nuclear grade

 ○ DCIS of intermediate nuclear grade

 ○ DCIS of high nuclear grade

Invasive breast carcinoma

• Infiltrating duct carcinoma NOS

• Oncocytic carcinoma

• Lipid-rich carcinoma

• Glycogen-rich carcinoma

• Sebaceous carcinoma

• Lobular carcinoma NOS

• Tubular carcinoma

• Cribriform carcinoma NOS

• Mucinous adenocarcinoma

• Mucinous cystadenocarcinoma NOS

• Invasive micropapillary carcinoma of breast

• Apocrine adenocarcinoma

• Metaplastic carcinoma NOS

Rare and salivary gland-type tumors

• Acinar cell carcinoma

• Adenoid cystic carcinoma

 ○ Classic adenoid cystic carcinoma

 ○ Solid-basaloid adenoid cystic carcinoma

 ○ Adenoid cystic carcinoma with high grade 

transformation

• Secretory carcinoma

• Mucoepidermoid carcinoma

• Polymorphous adenocarcinoma

• Tall cell carcinoma with reverse polarity

Neuroendocrine neoplasms

• Neuroendocrine tumor NOS

• Neuroendocrine tumor, grade 1

• Neuroendocrine tumor, grade 2

• Neuroendocrine carcinoma NOS

• Neuroendocrine carcinoma small cell

• Neuroendocrine carcinoma large cell

Table 1. 
Current histologic (morphologic) classification of epithelial breast tumors (WHO, 2019, 5th edition). This 
classification considers the tumors histologic patterns of tumors. The most common histologic breast cancer 
subtype is the infiltrating duct carcinoma NOS (or invasive ductal carcinoma non-special type), accounting 
for 65–80% of all breast cancers. Invasive lobular carcinoma corresponds to around 5% of all breast 
malignancies.
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luminal, HER-2 overexpressed and “triple negative” (Table 2). This new classifica-
tion has demonstrated better correlation with the breast cancer behavior. Thus, it 
was adopted on diagnostic routine of breast cancer. Since this study was published, 
besides of evaluate the histologic patterns and report the pathologic tumor stage, 
the pathologist has been required to determine the molecular cancer profile, which 
has became indispensable to therapy planning [12, 13].

The luminal subtype cancer is the hormonal positive tumors. This kind of cancer 
is frequently well or moderately differentiated on histology, formed by lower grades 
of cells, with lower proliferative index, which is evaluated by antibody Ki-67/MIB-1 
on immunohistochemistry. The majority of breast cancers are classified as this 
subtype (Figure 2). Eventually, luminal cancer can overexpress or amplify at the 
same time the protein called human epithelial growth factor receptor 2 (HER-2), 
codified by the oncogen ERBB2 [14, 15].

ERBB2 is a oncogen localized in chromosome 17, which codifies the HER-2 
protein, a type I transmembrane protein with an extracellular and an intracellular 
domains, activating signaling pathways from extracellular signals. In last instance, 
the overexpression/amplification of HER-2 overactivates the intracellular protein 
kinases, dysregulating the cell cycle, disrupting the cell adhesion and cell polarity 
and promoting the invasive phenotype [16].

Figure 1. 
Photomicrographies of hematoxylin & eosin (H&E) slides illustrating the most frequent histologic subtypes 
of infiltrating (invasive) breast cancer. (A) Infiltrating duct carcinoma (Invasive ductal carcinoma NOS) 
is the most frequent histologic subtype of breast cancer (nearly 75–80% of all invasive breast cancer), 
constituted of cohesive cancer cells forming infiltrative ductal and ribbons structures (4×); (B) Lobular 
invasive carcinoma is the second most frequent invasive breast cancer (5–15% of all invasive breast cancer), 
composed of infiltrating cancer cells with diffuse single-file pattern (10×). In this subtype, the cancer cells 
lose the cohesion (e-cadherin, an immunomarker important for cell adhesion evaluation, is negative on 
immunohistochemistry); (C) Mucinous carcinoma represents approximately 2% of breast invasive cancer, 
composed of groups of cancer cells outling ductal structures, immersed in mucin pools, with delicate fibrous 
strands containing capilaries (10×); (D) Tubular carcinoma represents around 2% of invasive breast cancer, 
composed of haphazard arrangement of small well-differentiated duct structures, forming tubules (4×). The 
other listed invasive breast cancers are uncommon, with each one histologic subtype representing 1% or less 
( figures extracted from [11]).



5

Advances in Molecular and Immunohistochemical Detection of Prognostic and Therapeutic…
DOI: http://dx.doi.org/10.5772/intechopen.94462

The breast cancer classified as HER-2 subtype is necessarily negative for hor-
monal receptors and is featured by overexpression or amplification of HER-2. This 
subtype is frequently less differentiated than the luminal ones on histology, con-
stituted by high grades of cancer cells, with high proliferative index. The presence 
of elevated concentration of intratumoral lymphocytes (TIL) is not an uncommon 
finding in these tumors [17].

Molecular subtype Biomarkers profile Incidence

Luminal

• Luminal A

• Luminal B

 ○ Luminal B1

 ○ Luminal B2

Hormone receptors positive (ER+ and/or PR+)

• with Ki-67 < 14% of cancer cells

• with Ki-67 > 14% of cancer cells

 ○ HER-2 negative

 ○ HER-2 positive

50–70%

35–50%

5–15%

HER-2 overexpressed Hormone receptors negative (ER and PR negative) 

and HER-2 positive

10–20%

“Triple negative” Hormone receptors negative (ER and PR negative) 

and HER-2 negative

15–30%

Table 2. 
Molecular subtypes of breast carcinoma. The reported absolute incidences of each molecular subtype of breast 
carcinoma are variable among several studies.

Figure 2. 
Photomicrographies of immunohistochemical assessment of invasive breast cancer hormonal expression, in an 
example of infiltrating duct carcinoma (Invasive ductal carcinoma NOS, WHO 2019), which is the most frequent 
histologic subtype of breast cancer, constituted by ductal and ribbons structures of cancer cells infiltrating the 
breast stroma (A). Any kind of nuclear positivity of estrogen receptor (B) and progesterone receptor (C) allows 
to consider the tumor as positive to hormonal receptor on immunohistochemistry, even when rare cells are positive 
(C). The hormonal receptors positivities on immunohistochemistry are evaluated for intensity (mild, moderate 
or strong) and percentages of positive cells (0–100%). Examples of mild positivity (black arrow, C), moderate 
positivity (red arrow, B) and strong positivity (green arrow, C). Ki-67/ MIB-1 assesses the tumor proliferative 
index (D), its positivity is nuclear and is expressed in percentages of positive cells (0–100%).



Pathology - From Classics to Innovations

6

Figure 3. 
(a) Photomicrographies of immunohistochemical assessment of HER-2 expression status by tumoral cells 
in histologic paraffinized specimen of breast cancer. Score 0 (negative): none tumoral cell is labeled. Score 
1+ (negative): incomplete positivity with low intensity in part of tumoral cells. Score 2+ (equivocal): 
complete positivity with low intensity in majority of tumoral cells. Score 3+ (positive): complete positivity 
with strong intensity in majority of tumoral cells. (b) Photomicrographies of amplification of HER-2 gene 
performed through fluorescence in situ hibridization (FISH) in a HER-2-overexpressed breast carcinoma 
on immunohistochemistry (Score 3+, E). HER-2 gene copies are the orange signals (B) and chromosome 17 
centromeres (CEP17) are the green signals (C). The signals of HER-2 gene and CEP17 are present in tumoral 
cell nuclei (blue, A and D). CEP17 is an internal control on the same chromosome to compare with HER-2 
signals in tumoral cell nucleus. According to American Society of Clinical Oncology/College of American 
Pathologists (ASCO-CAP) guidelines, a HER-2/CEP17 ratio > 2.0 defines a positive result for amplification of 
HER-2 gene. If HER-2/CEP17 ratio is < 2.0, an average HER-2 copy number > 6.0 signals/cell defines a positive 
result for amplification of HER-2 gene, an average HER-2 copy number < 4.0 signals/cell defines a negative 
result for amplification of HER-2 gene and an average HER-2 copy number > 4.0 and < 6.0 signals/cell defines 
an equivocal result for amplification of HER-2 gene (extracted from [20]).
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This new receptor was one of the pioneers for target therapy in molecular era of 
breast cancer approaching, as it was developed a new class of drug, called trastu-
zumab, with selective action against the cancer cells overexpressing/amplifying 
HER-2. Besides the HER-2 subtype tumors, this drug is also recommended for the 
luminal ones with positive status for HER-2 [18, 19].

The status of HER-2 expression is analyzed through immunohistochemistry of 
paraffin-embedded specimens of the breast cancer (Figure 3a). The tumor is consid-
ered negative for HER-2 if it is not labeled (score zero) or the cell membrane is par-
tially labelled for the HER-2 antibody (score 1+). The tumor is positive for HER-2 if all 
the cell membranes outlines are strongly labeled for this antibody (score 3+). Finally, 
in part of the cases, the HER-2 antibody can label totally the cancer cell membrane, 
but with low intensity or can label partially the cell membrane with high intensity. In 
these situations, the HER-2 status is considered equivocal (score 2+). The confirma-
tion of overexpression/amplification must be evaluated through fluorescence “in situ” 
hybridization (FISH) (Figure 3b) [21, 22].

The “triple negative” breast cancer is negative for hormonal receptors and HER-2. 
It is the less differentiated tumor subtype on histology, formed by highest grades 
cancer cells, with highest proliferative index, presenting the worst prognosis among 
the 3 molecular subtypes. This tumor still does not present an specific therapy, which 
is chosen depending on the clinicopathological stage. In metastatic disease, the 
treatment focuses on quality of life and palliation. In “triple negative” tumors, the 
evaluation of BRCA status is mandatory [8, 21].

3.  Germline mutations of BRCA-1/BRCA-2 genes: increased risk of 
breast cancer development during the life

Identified in 1994, BRCA-1/BRCA-2 are tumoral suppressor genes, respectively 
located in chromosome 17 and 13. Mutations of these genes are related to hereditary 
breast cancer, estimated in 5–10% of all breast malignancies. BRCA-1/BRCA-2 play a 
central role in DNA repair [23, 24]. Mutations of these genes increase the susceptibil-
ity for DNA damages. “Triple negative” subtypes carry more frequently mutations 
of BRCA-1 and mutations of BRCA-2 increase the risk for luminal subtypes of breast 
cancer. HER-2 overexpression is inversely correlated to BRCA mutations [24, 25].

It was observed in some studies that “triple negative” breast cancers with BRCA 
mutations present more chemosensitivity than the ones without BRCA mutations. 
Chemotherapy with DNA-damaging drugs, like the alkylating agents and anthracy-
cline, can prolong the free of disease survival for tumors of triple negative phe-
notypes. This found is expected, since BRCA mutation prejudices the DNA repair 
and, consequently, increase the sensibility to DNA damages of cancer cells by these 
drugs. Neither therapeutic response nor free of disease survival of luminal subtypes 
of breast cancer seems to be influenced by BRCA mutations [8, 24, 26].

Regarding on prognosis, multiples studies present conflicting results. The 
prognosis depends on tumor features, especially the molecular subtypes and the 
clinicopathologic stage. The predictive value depends on the administrated therapy. 
Thus, BRCA-1 mutated breast cancer probably present worse prognosis than the 
BRCA-2 mutated ones, since BRCA-1 mutated tumors are mainly of “triple nega-
tive” phenotype, therefore intrinsically more aggressive than the luminal subtypes 
harboring BRCA-2 mutations [24, 27].

The tumoral suppressor proteins codified by BRCA-1/BRCA-2 act on homolo-
gous recombination repair of double stranded DNA breaks. Homologous recom-
bination mechanism protect the integrity of genome in proliferating cells. BRCA-1 
recognize DNA damage and recruit DNA repair proteins. BRCA-2 mediates the 
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recruitment of another protein, called RAD51, to double stranded DNA breaks, 
allowing for homologous recombination repair [24, 28].

In BRCA-mutant breast tumors, the base excision repair pathway is important 
for cancer cell survival, in response to single stranded DNA breaks. Polyadenosine 
diphosphate-ribose (PARP) is a family of DNA repair enzymes, playing a key role 
in base excision repair mechanism. These enzymes are recruited to the site of DNA 
damage and add ADP-ribose to target nuclear proteins, causing post-translational 
modifications and restarting stalled DNA replication. BRCA-mutant breast cancer 
presents deficiency of homologous recombination repair, with overactivated PARP, 
leading the cancer cell to avoid apoptosis [24, 26, 28].

The inhibition of PARP cause persistance of single stranded break, resulting in 
stalled replication and double strand breaks. This mechanism leads to accumula-
tion of DNA damage, causing cell cycle arrest and apoptosis. The PARP inhibitors 
form an emerging class of drugs, which have been recommended to chemotherapy 
for BRCA-mutant breast cancer and empirically for metastatic breast cancer, with 
promising results [24, 25, 28].

4. Cancer stem-cell hypothesis: impact in breast cancer prognosis

In the last two decades, experimental evidences in several studies of neoplastic 
tissues have revealed a population of cancer cell with properties of self-renewal, dif-
ferentiation to multiple lineages ability and low proliferative index. These proper-
ties have been considered cancer stem-cell like features and attributed to a possible 
cancer stem-cell lineage present in the tumor bulk [29, 30].

Cancer stem-cell has awaked interest in the context of breast cancer because of 
its characteristic heterogeneity of biological behavior and therapeutic response. It 
has been hypothesized that cancer stem-cell might be one of the causes of the high 
variability of biological and prognostic spectrum of breast cancer. Cancer-stem 
cells might play an important role on therapeutic resistance and progression of 
disease, affecting the overall and free of disease survival [31, 32].

Thus, an important feature which allows possible cancer stem-cell resistance to 
chemotherapy is its low expression of surface proteins. Because of its self-renewal 
properties, cancer stem-cell does not depends on signaling from other cells to 
proceed its functions in tumoral tissues. Furthermore, for its low antigenicity 
and low proliferation index, there are few alternatives for drug interactions. DNA 
damage agents are poor effective against these cells possibly for a lack of prolifera-
tion, as well new classes of drugs, like PARP inhibitors, which better act on cells in 
proliferative phase [31, 33].

One of possible pathways for breast cancer therapeutic resistance acquired along 
the time might be explained by populations of cancer stem-cells not eliminated, 
selected by multiple chemotherapy cycles. Tumoral cells in active proliferation 
phase are more hitten, increasing the proportion of indolent cells with stem-like 
features in cancer cell population. Through the capacity of multilineage differentia-
tion, cancer stem cells might generate new daughter cells with more aggressiveness 
and chemoresistance [32, 34].

The identification of cancer stem-cells is challenging. First, because of its irregu-
lar distribution in selected tumor amounts. Second, for definition, these cells are 
frequently scarces in tumor bulk. In this way, these cells are better identified through 
“in vitro” methods, like cellular cultures. However, the mainly disadvantage of this 
technique is the fact of stem cells behave in a different fashion in artificial environ-
ment, since the cell phenotype expression depends on their interactions [32, 35].
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Thus, several studies with cancer stem-cells in different neoplastic tissues have 
been accomplished with conflicting results. An interesting method to identify these 
cells in their original environment is the immunohistochemistry performed on 
amounts of paraffin-embedded neoplastic tissues, with the advantages to allow the 
evaluation of phenotype expression next to the reality and to be easily performed 
and cost-effectiveness in diagnostic routine [35].

In the last years, some putative stem-cell markers detected by immunohisto-
chemistry have been tested in paraffinized tissues of breast cancer. Multiple studies 
have demonstrated that expression of putative stem-cell markers by tumoral cells 
seems to worse the prognosis and survival in breast cancer. The most frequent 
studied stem-cell markers are CD24, CD44, CD133 and EPCAM, with two identi-
fied putative stem-cell phenotypes: CD24 low/CD44 enriched and co-expression of 
CD133 and EPCAM (Figure 4). Besides of the scarcity of stem-cells in neoplastic 
tissues, the conflictous results of these studies might be explained by a neces-
sity to qualitative analysis of these markers expression, exactly for the rarity of 
stem-cells [32, 36].

In some studies, identification of a stem-cell like phenotype CD24 low/CD44 
enriched have prejudiced the free of disease survival, especially in cases of early 
stages of breast cancer, with more occurrence of distant metastasis and cancer 
recurrence after surgical and adjuvant treatments. The presence of cancer cells with 
positivity for cancer stem-cell phenotype CD133/EPCAM is has been related to poor 
overall survival in breast cancer, with more adjuvant therapeutic fail [32].

For the moment, these putative stem-cell phenotypes seems to be independent 
prognostic factors in breast cancer. “Triple negative” breast cancer and BRCA-1 
mutant breast cancer have been associated to stem-cell like phenotype CD24 
low/CD44 enriched. These putative stem-cell markers may become possible future 
targets for new drugs in the future [30, 32].

Figure 4. 
Photomicrographies of double-labeled simple stained putative CSC antibodies (400×, original magnification, 
immunoperoxidase and DAB). (A) CD133: cytoplasm positivity (immunoperoxidase); (B) EPCAM: 
membrane positivity (DAB); (B) CD133+/EPCAM+: CSC profile (black arrow: membrane positivity to 
DAB and cytoplasm positivity to immunoperoxidase at the same cell); (C) CD24: cytoplasm positivity 
(immunoperoxidase); (D) CD24−/CD44+: CSC profile (black arrow: membrane positivity only to DAB)
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5. Immunologic aspects related to breast cancer

In the context of cancer, the immune system can suppress the tumor growth by 
the destruction of cancer cells or inhibition of their outgrowth. On the other hand, 
immune system can play a role on tumor progression by the selection of tumor cells 
which are adapted to survive in an immunocompetent host or modifying the tumor 
environment to facilite the tumor outgrowth [37].

Elevated levels of CD4+ regulatory T lymphocytes (Tregs) found in many 
cancers are associated to poor prognosis. Tregs create a favorable immunosuppres-
sive microenvironment to the outgrowth and progression of the tumor. On this way, 
FOXP3 is expressed by the Tregs and can be detected by immunohistochemistry. 
FOXP3 is responsible for induction and maintenance of tolerance to self antigens 
in normal cells, as well this immunotolerance can be performed by the Tregs with 
cancer cell antigens [37, 38].

Another example of cancer cell escape mechanism from the immune system 
is caspase-8 mutations present in “triple negative” breast cancers and other solid 
malignant tumors. These mutations abolish the death induced by cytotoxic lympho-
cytes CD8+ in tumoral cells [37, 39].

The activation of T lymphocytes by foreign antigens occurs by concomitant 
major histocompatibility complex (MHC) antigen presentation and co-expression of 
T-cell receptor (TCR). At the same time, a family of T-cell transmembrane proteins 
CD28/B7, called “immune checkpoints”, produces co-inhibitory or co-stimulatory 
signals. The immune checkpoints regulates the T-cell immunotolerance to protect 
the tissues from undesirable damages. Cancer cells may produce signals to inhibit 
T-cell action, through cytotoxic T-lymphocyte associated antigen-4 (CTLA-4), 
programmed cell death-1 (PD-1) and its ligands (PDL-1) [37, 40].

PD-1 is an inhibitory “immune checkpoint” expressed on the surface of T-cells, 
B-cells and NK-cells. When T-cells have been activated by their TCR, the cells 
express at the same time PD-1, which is a possibility to the attacked cell to escape 
from the immune reaction (Figure 5). Cancer cells express the ligand PDL-1 on 
their surfaces, activating PD-1 of T-cells, escaping from the attack [37, 40].

PD-L1 expression has been associated with large tumor size, high grade, high 
proliferation, estrogen receptor (ER)-negative status, and human epidermal 
growth factor receptor-2 (HER2)-positive status in breast cancer. Survival in breast 
cancer is inversely related to PD-1/PDL-1 levels. PDL-1 expression increases tumor 

Figure 5. 
Simplified schematic illustration of PD-1/PDL-1 interactions in immune responses against cancer cell. Tumoral 
antigens (Ag) are presented via T-cell by major histocompatibility complex (MHC) of dendritic cells. T-cell 
recognize tumoral Ag via TCR (T-cell receptor). Interaction Ag-TCR induces an positive immune response against 
tumoral Ag. Though, there is a scape mechanism of cancer cell from the T-cell attack: interaction of programmed 
death cell ligands (PDL-1/2) expressed by cancer cell with PD-1 expressed by T-cell inhibit the T-cell action. 
This scape mechanism of cancer cell mimics the regulation action to avoid immune responses of T-cell against self 
antigens. The principle of immune therapy is the inhibition of PD-1/PDL-1 (extracted from [40]).
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aggressiveness, stimulating tumorigenesis, invasiveness and ability to escape from 
cytotoxic T CD8+ lymphocytes attacks [39, 41]. The immunohistochemical evalua-
tion of PDL-1 is shown in Figure 6.

Immune therapies with anti-CTLA-4 and anti-PD1/anti-PDL-1 agents have been 
promising for treating several cancers. In breast cancer, some researches reported 
positive results around 20% of breast tumors on treatment with these agents, 
mainly the “triple negative” and HER-2 subtypes, for their higher antigenicity. In 
general, breast cancer present lower immunogenicity than other cancers and breast 
cancer cells frequently create an immunosuppressor tumor microenvironment by 
signaling [37, 43].

The presence of tumor infiltrating lymphocytes (TIL) in some breast cancers 
has been related to a favorable prognosis, especially in “triple negative” and HER-2 
subtypes. TIL are formed mainly by T-cells CD3+/CD56 negative, which are either 
CD4+ or CD8+. A minority component of B-cells CD20+ and NK-cells may be pres-
ent. The attraction of TIL by cancer cells have been related to their expression of 
some chemokines, like CXCL9 and CXCL13 [37, 44].

In “triple negative” and HER-2 subtypes of breast cancer, the presence of 
TIL is related to a better response to neoadjuvant therapy, as well neoadjuvant 
treatment may modify the tumor microenvironment to attract TIL to tumor site. 
Furthermore, when the TIL are not attracted instead of neoadjuvance, it is indica-
tive for bad prognosis [44].

Figure 6. 
Examples of PDL-1 expression in breast cancer using 3 different antibodies: Dako 22C3 (D,E and F), Ventana 
SP263 (G,H and I) and BioCare RbM CAL10 (A, B and C). PDL-1 scoring is divided into 3 groups: zero 
staining is negative, 1–49% of positive cells are considered “low PDL-1 expression” and 50% of more positive 
cells are considered “high PDL-1 expression”. Examples of negative, low and high PDL-1 expression are 
represented on A, B and C for BioCare antibody (extracted from [42]).
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6.  Advanced stage breast cancer: considerations under current approach 
and futures perspectives

Metastatic breast cancer is considered incurable nowadays with currently 
therapies. Therapy of metastatic disease aims to guarantee quality of life, pallia-
tion of symptoms and prolongation of the patient survival. Advanced stage disease 
is becoming increasingly chronic, controlled by sequencial therapies, with more 
personalized approach than the early stage breast cancer [8].

Systemic therapy is frequently the first choice of metastatic disease. Before the 
new therapeutic decision, it is necessary to consider the previous treatments. If 
possible, it is recommended to re-evaluate the histologic features and molecular 
subtype status of the metastatic lesion through a new biopsy, with new immu-
nohistochemical study for hormonal receptor and HER-2 status. Some studies 
reported until 40% of discrepances of metastatic lesion histologic features and 
molecular subtype status versus primary tumor histologic and immunohistochemi-
cal aspects [45].

The metastatic disease therapeutic choices search for positive targets to hit 
more effectively the neoplastic cells. Thereby, expression of hormonal receptors 
by the metastatic lesion is elective for endocrine therapy. Endocrine drugs include 
tamoxifen, aromatase inhibitors, fulvestrant and progestins. The use of these drugs 
in metastasis with hormone receptor positive status have demonstrated increase of 
free of disease survival in several studies [8, 45].

Furthermore, new generation of drugs which inhibit the cyclin dependant kinase 
(CDK) have been successful in prolongation of free of disease survival in luminal 
subtype HER-2 negative metastatic disease. CDK4/6 is a holoenzyme responsible for 
several extracellular signaling pathways to cell cycle transitions. CDK4/6 fosforilates 
and inactivates retinoblastoma tumor supressor protein (Rb). Extracellular signals 
regulate the expression of cyclins and CDK inhibitors, like p16INK4a [46].

In human cancer, this circuit is dysregulated by either overexpression of cyclin 
D1, loss of p16Ink4a, the mutation of CDK4 to an Ink4-refractory state, or the loss of 
Rb itself. The primary target of CDK4 is the Rb protein, though this holoenzyme 
either can phosphorylate factors involved in cell differentiation affecting their 
transcriptional activity, apoptotic factors affecting their activity and other factors 
that can directly affect mitochondrial function [8, 46, 47].

Therefore, CDK inhibitors act in tumor microenvironment, blocking Rb 
phosphorilation and leading to cell cycle exit. Moreover, CDK have kinase activity 
towards SPOP, an ubiquitin protein that interacts with PDL-1. CDK inhibitors lead 
to inhibition of SPOP phosphorilation with blockade of PDL-1 and stimulus to 
PD-1 expression by T-cells, attracting T-cell infiltration to the tumor. In this way, 
the combined use of CDK inhibitors and PDL-1/PD-1 inhibitors may be promising, 
requiring more future studies [46–48].

For the moment, hormonal receptors and HER-2 status are the few validated 
molecular targets of clinical importance on metastatic breast cancer approach-
ing through chemotherapy and endocrine therapy. For HER-2 positive metastatic 
disease, anti-HER-2 treatment with trastuzumab is well established and is recom-
mended as soon as possible. Immune therapy is not standardized for metastatic 
breast cancer, since metastatic breast disease is highly heterogeneous. Though, it 
is a promising therapy for the future, as well the target molecular therapies, which 
become more effective with discovery of novel pathways and mutations by new 
studies to be developed [8].

A resume of main biomarkers of clinicopathologic importance for breast cancer 
management is shown in Table 3 and a proposal of a algorithm for clinicopathologic 
evaluation of breast cancer is presented in Table 4.
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Biomarker Detection 

technique

Nature Clinicopathologic 

importance

Hormonal receptors/

HER2

IHC1/FISH Biomarkers of molecular 

subtypes of breast cancer

Targets for endocrine and anti-

HER2 therapies; prognostic 

predictors

BRCA1/BRCA2 PCR 

sequencing

Biomarker of hereditary 

breast cancer

Target for PARP inhibitors; 

indication for other 

malignancies screening

CD24, CD44, CD133, 

EPCAM

IHC Putative stem-cell 

biomarkers

Prediction of poor prognosis, 

risk of tumor progression and 

reduction of survival

PD-1/PDL-1 IHC Biomarker of possible 

inhibited immune response 

of T-cell against cancer cell

Target for immune therapy 

with PD-1/PDL-1 antagonists

TILs2 Histologic 

assessment 

and IHC

Marker of better cellular 

mediated immune 

response against cancer cell

Prediction of better 

therapeutic responses, mainly 

of neoadjuvant therapies

1IHC = Immunohistochemistry.
2TILs = Tumoral infiltrating lymphocytes.

Table 3. 
Resume of main biomarkers of clinicopathologic importance for breast cancer management.

Table 4. 
Proposal of an algorithm for clinicopathologic evaluation of breast cancer.
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7. Conclusion and final considerations

In the 21st century, breast cancer classification and diagnosis advanced consider-
ably from a purely morphologic/histologic approaching to a immune and molecular 
basis, with remarkable improvement of the correlation between classification and 
prediction of biological behavior and prognosis.

The adoption of a clinicopathologic classification based on molecular subtypes 
of breast cancer in the last decade has modified decisively the management of the 
disease in the way of molecular era, opening new ways to discovering of multiple 
targets for novel therapies.

Innovative concepts related to immune reactions related to human cancers, 
which have been unveiled in the recent years, particularly the immune checkpoints, 
have offered new treatment tools for several human cancers with promising 
results, although not still established for breast cancer.

In the molecular era of cancer, the integration of novel knowledges in a direction 
of more accurated diagnosis and prediction of prognosis to allow personalized ther-
apies is the key to future human cancer management, including the breast cancer.

© 2020 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 



15

Advances in Molecular and Immunohistochemical Detection of Prognostic and Therapeutic…
DOI: http://dx.doi.org/10.5772/intechopen.94462

[1] Ahmad, A. (Ed.). (2019). Breast 
Cancer Metastasis and Drug Resistance. 
Advances in Experimental Medicine and 
Biology. doi:10.1007/978-3-030-20301-6

[2] Coughlin SS. Epidemiology of 
Breast Cancer in Women. Adv Exp 
Med Biol. 2019;1152:9-29. DOI: 
10.1007/978-3-030-20301-6_2

[3] Zardavas D, Irrthum A, Swanton C, 
Piccart M. Clinical management of 
breast cancer heterogeneity. Nat Rev 
Clin Oncol. 2015;12(7):381-394. DOI: 
10.1038/nrclinonc.2015.73

[4] Joseph C, Papadaki A, Althobiti M, 
Alsaleem M, Aleskandarany MA, 
Rakha EA. Breast cancer intratumour 
heterogeneity: current status and 
clinical implications. Histopathology. 
2018;73(5):717-731. DOI: 10.1111/
his.13642

[5] Wesolowski R, Ramaswamy B. 
Gene expression profiling: changing 
face of breast cancer classification 
and management. Gene Expr. 
2011;15(3):105-115. DOI: 10.3727/105221
611x13176664479241

[6] Tsang JYS, Tse GM. Molecular 
Classification of Breast Cancer. Adv 
Anat Pathol. 2020;27(1):27-35. DOI: 
10.1097/PAP.0000000000000232

[7] Marchio C, Balmativola D, 
Castiglione R, Annaratone L, Sapino A. 
Predictive Diagnostic Pathology in the 
Target Therapy Era in Breast Cancer. 
Curr Drug Targets. 2017;18(1):4-12. DOI: 
10.2174/1389450116666150203121218

[8] Harbeck N, Penault-Llorca F, 
Cortes J, et al. Breast cancer. Nat Rev Dis 
Primers. 2019;5(1):66. Published 2019 
Sep 23. doi:10.1038/s41572-019-0111-2

[9] Tryfonidis K, Senkus E, Cardoso MJ, 
Cardoso F. Management of locally 
advanced breast cancer-perspectives 

and future directions [published 
correction appears in Nat Rev Clin 
Oncol. 2015 Jun;12(6):312]. Nat Rev 
Clin Oncol. 2015;12(3):147-162. DOI: 
10.1038/nrclinonc.2015.13

[10] Jézéquel P, Kerdraon O, 
Hondermarck H, et al. Identification 
of three subtypes of triple-negative 
breast cancer with potential therapeutic 
implications. Breast Cancer Res. 
2019;21(1):65. Published 2019 May 17. 
doi:10.1186/s13058-019-1148-6

[11] Simpson, Sanders. Differential 
Diagnosis in Surgical Pathology. Breast: 
Wolters Kluwer; 2017

[12] Du XL, Key CR, Osborne C. 
Community-based assessment of 
adjuvant hormone therapy in women 
with breast cancer, 1991-1997. 
Breast J. 2004;10(5):433-439. DOI: 
10.1111/j.1075-122X.2004.21357.x

[13] Prat A, Pineda E, Adamo B, et al. 
Clinical implications of the intrinsic 
molecular subtypes of breast cancer. 
Breast. 2015;24(Suppl 2):S26-S35. DOI: 
10.1016/j.breast.2015.07.008

[14] Bueno GAM. Características 
clínicas y pronósticas de los subtipos 
moleculares de cáncer de mama 
determinados por inmunohistoquímica. 
Arequipa, Perú [Clinical and prognostic 
characteristics of the molecular 
subtypes of breast cancer determined 
by immunohistochemistry. Arequipa, 
Peru]. Rev Peru Med Exp Salud Publica. 
2017;34(3):472-477. DOI: 10.17843/
rpmesp.2017.343.2530

[15] Irigoyen MA, García FV, 
Iturriagagoitia AC, Beroiz BI, 
Martínez MS, Guillén Grima F. 
Subtipos moleculares del cáncer de 
mama: implicaciones pronósticas 
y características clínicas e 
inmunohistoquímicas [Molecular 
subtypes of breast cancer: prognostic 

References



Pathology - From Classics to Innovations

16

implications and clinical and 
immunohistochemical characteristics]. 
An Sist Sanit Navar. 2011;34(2):219-233. 
DOI: 10.4321/s1137-66272011000200008

[16] Moasser MM. The oncogene 
HER2: its signaling and transforming 
functions and its role in human 
cancer pathogenesis. Oncogene. 
2007;26(45):6469-6487. DOI: 10.1038/
sj.onc.1210477

[17] Hida AI, Watanabe T, Sagara Y, 
et al. Diffuse distribution of tumor-
infiltrating lymphocytes is a marker for 
better prognosis and chemotherapeutic 
effect in triple-negative breast cancer. 
Breast Cancer Res Treat. 2019;178(2):283-
294. DOI: 10.1007/s10549-019-05390-x

[18] Ahmed S, Sami A, Xiang J. HER2-
directed therapy: current treatment 
options for HER2-positive breast cancer. 
Breast Cancer. 2015;22(2):101-116. DOI: 
10.1007/s12282-015-0587-x

[19] Kolarova I, Vanasek J, Odrazka K, 
et al. Therapeutic significance of 
hormone receptor positivity in patients 
with HER-2 positive breast cancer. 
Biomed Pap Med Fac Univ Palacky 
Olomouc Czech Repub. 2019;163(4):285-
292. DOI: 10.5507/bp.2019.060

[20] Press MF, Villalobos I, Santiago A, 
Guzman R, Cervantes M, Gasparyan A, 
et al. Assessing the New American 
Society of Clinical Oncology/College 
of American Pathologists Guidelines 
for HER2 Testing by Fluorescence 
In Situ Hybridization: Experience 
of an Academic Consultation 
Practice. Arch Pathol Lab Med. 2016 
Nov;140(11):1250-1258. DOI: 10.5858/
arpa.2016-0009-OA Epub 2016 Apr 15. 
PMID: 27081877

[21] Azizun-Nisa BY, Raza F, Kayani N. 
Comparison of ER, PR and HER-2/
neu (C-erb B 2) reactivity pattern with 
histologic grade, tumor size and lymph 
node status in breast cancer. Asian Pac J 
Cancer Prev. 2008;9(4):553-556

[22] Ciampa A, Xu B, Ayata G, 
et al. HER-2 status in breast cancer: 
correlation of gene amplification by 
FISH with immunohistochemistry 
expression using advanced cellular 
imaging system. Appl Immunohistochem 
Mol Morphol. 2006;14(2):132-137. DOI: 
10.1097/01.pai.0000150516.75567.13

[23] Talhouet S, Peron J, Vuilleumier A, 
et al. Clinical outcome of breast cancer 
in carriers of BRCA1 and BRCA2 
mutations according to molecular 
subtypes. Sci Rep. 2020;10(1):7073. 
Published 2020 Apr 27. doi:10.1038/
s41598-020-63759-1

[24] Turk AA, Wisinski KB. PARP 
inhibitors in breast cancer: Bringing 
synthetic lethality to the bedside. 
Cancer. 2018;124(12):2498-2506. DOI: 
10.1002/cncr.31307

[25] Sonnenblick A, de Azambuja E, 
Azim HA Jr, Piccart M. An update 
on PARP inhibitors--moving to the 
adjuvant setting. Nat Rev Clin Oncol. 
2015;12(1):27-41. DOI: 10.1038/
nrclinonc.2014.163

[26] Guney Eskiler G, Cecener G, 
Egeli U, Tunca B. Triple negative breast 
cancer: new therapeutic approaches and 
BRCA status. APMIS. 2018;126(5):371-
379. DOI: 10.1111/apm.12836

[27] Baretta Z, Mocellin S, Goldin E, 
Olopade OI, Huo D. Effect of BRCA 
germline mutations on breast cancer 
prognosis: A systematic review and 
meta-analysis. Medicine (Baltimore). 
2016;95(40):e4975. DOI: 10.1097/
MD.0000000000004975

[28] Tangutoori S, Baldwin P, Sridhar S. 
PARP inhibitors: A new era of targeted 
therapy. Maturitas. 2015;81(1):5-9. DOI: 
10.1016/j.maturitas.2015.01.015

[29] Dontu G. Breast cancer stem cell 
markers - the rocky road to clinical 
applications. Breast Cancer Res. 
2008;10(5):110. DOI: 10.1186/bcr2130



17

Advances in Molecular and Immunohistochemical Detection of Prognostic and Therapeutic…
DOI: http://dx.doi.org/10.5772/intechopen.94462

[30] Honeth G, Bendahl PO, Ringnér M, 
et al. The CD44+/CD24- phenotype is 
enriched in basal-like breast tumors. 
Breast Cancer Res. 2008;10(3):R53. DOI: 
10.1186/bcr2108

[31] Dawood S, Austin L, Cristofanilli M. 
Cancer stem cells: implications for 
cancer therapy. Oncology (Williston 
Park). 2014;28(12):1101-1110

[32] Oliveira RV, Souza VB, Souza PC, 
et al. Detection of Putative Stem-cell 
Markers in Invasive Ductal Carcinoma 
of the Breast by Immunohistochemistry: 
Does It Improve Prognostic/Predictive 
Assessments? Appl Immunohistochem 
Mol Morphol. 2018;26(10):760-768. 
DOI: 10.1097/PAI.0000000000000513

[33] Czerwinska P, Kaminska B. 
Regulation of breast cancer stem 
cell features. Contemp Oncol (Pozn). 
2015;19(1A):A7-A15. DOI: 10.5114/
wo.2014.47126

[34] Das PK, Rakib MA, Khanam JA, 
Pillai S, Islam F. Novel Therapeutics 
Against Breast Cancer Stem Cells 
by Targeting Surface Markers and 
Signaling Pathways. Curr Stem Cell Res 
Ther. 2019;14(8):669-682. DOI: 10.2174/
1574888X14666190628104721

[35] Neumeister V, Agarwal S, 
Bordeaux J, Camp RL, Rimm DL. In 
situ identification of putative cancer 
stem cells by multiplexing ALDH1, 
CD44, and cytokeratin identifies breast 
cancer patients with poor prognosis. Am 
J Pathol. 2010;176(5):2131-2138. DOI: 
10.2353/ajpath.2010.090712

[36] Joseph C, Arshad M, Kurozomi S, 
et al. Overexpression of the cancer 
stem cell marker CD133 confers a poor 
prognosis in invasive breast cancer. 
Breast Cancer Res Treat. 2019;174(2):387-
399. DOI: 10.1007/s10549-018-05085-9

[37] Bayraktar S, Batoo S, Okuno S, 
Glück S. Immunotherapy in breast 
cancer. J Carcinog. 2019;18:2. Published 
2019 May 23. doi:10.4103/jcar.JCar_2_19

[38] Shou J, Zhang Z, Lai Y, Chen Z, 
Huang J. Worse outcome in breast 
cancer with higher tumor-infiltrating 
FOXP3+ Tregs : a systematic review 
and meta-analysis. BMC Cancer. 
2016;16(1):687. Published 2016 Aug 26. 
doi:10.1186/s12885-016-2732-0

[39] Cano-González A, Mauro-
Lizcano M, Iglesias-Serret D, Gil J, 
López-Rivas A. Involvement of both 
caspase-8 and Noxa-activated pathways 
in endoplasmic reticulum stress-
induced apoptosis in triple-negative 
breast tumor cells. Cell Death Dis. 
2018;9(2):134. Published 2018 Jan 26. 
doi:10.1038/s41419-017-0164-7

[40] Hartkopf AD, Taran FA, 
Wallwiener M, et al. PD-1 and PD-L1 
Immune Checkpoint Blockade to 
Treat Breast Cancer. Breast Care 
(Basel). 2016;11(6):385-390. DOI: 
10.1159/000453569

[41] Sabatier R, Finetti P, Mamessier E, 
et al. Prognostic and predictive value 
of PDL1 expression in breast cancer. 
Oncotarget. 2015;6(7):5449-5464. DOI: 
10.18632/oncotarget.3216

[42] Karnik T, Kimler BF, Fan F, 
Tawfik O. PD-L1 in breast cancer: 
comparative analysis of 3 different 
antibodies. Hum Pathol. 2018 Feb;72:28-
34. DOI: 10.1016/j.humpath.2017.08.010 
Epub 2017 Aug 31. PMID: 28843709

[43] Chen X, Shao Q , Hao S, et al. 
CTLA-4 positive breast cancer cells 
suppress dendritic cells maturation and 
function. Oncotarget. 2017;8(8):13703-
13715. DOI: 10.18632/oncotarget.14626

[44] Wimberly H, Brown JR, Schalper K, 
et al. PD-L1 Expression Correlates with 
Tumor-Infiltrating Lymphocytes and 
Response to Neoadjuvant Chemotherapy 
in Breast Cancer. Cancer Immunol Res. 
2015;3(4):326-332. DOI: 10.1158/2326-
6066.CIR-14-0133

[45] Li Z, Kang Y. Emerging therapeutic 
targets in metastatic progression: 



Pathology - From Classics to Innovations

18

A focus on breast cancer. Pharmacol 
Ther. 2016;161:79-96. DOI: 10.1016/j.
pharmthera.2016.03.003

[46] Klein ME, Kovatcheva M, Davis LE, 
Tap WD, Koff A. CDK4/6 Inhibitors: 
The Mechanism of Action May Not 
Be as Simple as Once Thought. Cancer 
Cell. 2018;34(1):9-20. DOI: 10.1016/j.
ccell.2018.03.023

[47] Deng J, Wang ES, Jenkins RW, 
et al. CDK4/6 Inhibition Augments 
Antitumor Immunity by Enhancing 
T-cell Activation. Cancer Discov. 
2018;8(2):216-233. DOI: 10.1158/2159-
8290.CD-17-0915

[48] Lim S, Kaldis P. Cdks, cyclins and 
CKIs: roles beyond cell cycle regulation. 
Development. 2013;140(15):3079-3093. 
DOI: 10.1242/dev.091744


