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Abstract
Breast cancer is a heterogeneous disease comprising several biologically indistinct entities. It is critical to identify novel markers that may 
help distinguishing these subgroups. We report immunohistochemical utility of Yes-Associated Protein (YAP), a co-activator of estrogen and 
progesterone receptors.
Fifty four patients with invasive breast cancer diagnosed between 2007 and 2009 were randomly selected. Cases were divided into 3 groups 
based on estrogen receptor, progesterone receptor and Her2 status and into 2 morphologic groups: glandular/tubular and solid/syncytial. All 
cases were stained using YAP antibody.
Twenty-four (44%) cases were triple negative tumors. Of those, 10 (37%) were positive and 14 (63) were negative for Yes-Associated Protein. 
Twenty-three (43%) cases were estrogen receptor/progesterone receptor positive and HER2 negative. Of those, 14 (61%) were positive and 9 
(39%) were negative for Yes-Associated Protein. Seven cases (13%) were HER2 positive. Of these, 4 (57%) were positive and 3 (43%) were neg-
ative for Yes-Associated Protein. Thirty nine (73%) cases had glandular/tubular morphology, of which 26 (67%) were Yes-Associated Protein 
positive and 13 (33%) were Yes-Associated Protein negative. Of 15 (27%) with solid/syncytial morphology, 14 (93%) were negative and 1 (7%) 
expressed Yes-Associated Protein.  A positive correlation was observed between glandular/tubular morphology and Yes-Associated Protein 
immunoreactivity independent of hormone status and HER2 expression (p<0.0001). Yes-Associated Protein is more frequently expressed in 
estrogen/progesterone receptors positive tumors. Approximately two-thirds of estrogen/progesterone receptors positive and one-third of 
triple negative tumors expressed Yes-Associated Protein.  Yes-Associated Protein positive triple negative tumors demonstrate glandular/tubu-
lar morphology. Triple negative tumors with glandular/tubular morphology may share molecular characteristics with estrogen/progesterone 
receptors positive tumors.

Breast cancer, Yes-Associated Protein (YAP), Estrogen receptors, Progesterone receptors. Keywords:

1. Introduction:
Breast cancer (BC) is the most common non-cutaneous malignancy 
in women with approximately 252,710 new cases diagnosed in the 
United States in 2017(1). Breast cancer is a heterogeneous disease 
comprising several molecular and morphological entities with distinct 
prognostic and therapeutic differences. Gene expression profiling 
has revealed four different subtypes including (1) Luminal types A 
and B, comprised of estrogen receptor (ER)/ hormone receptor (HR) 
positive breast cancer; (2). HER2-enriched breast cancers exhibit high 
level of HER2 related genes and low expression of HR-related genes; 
(3) Basal-like subtype with unique expression profile similar to the 
normal ‘myoepithelial cells’ whereas low expression of ER and HER2 
signatures and (4) Normal breast like(2), (3). Immunohistochemical 
positivity and negativity of ER and HER2-neu serve as surrogate 
markers for these molecular signatures. These immunohistochemical 
and biologically distinct subgroups carry a significant impact on 
clinical management, risk estimation and disease prognosis. 
Triple negative breast cancer comprises 10% to 17% of all breast cancers 
and is defined by the absence of ER, progesterone receptor (PR) and
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Her2-neu expression. Basal- like breast cancer also lacks expression 
of ER, PR, and Her2-neu and shows expression of genes found in 
basal/ myoepithelial cells of the normal breast(2), (3), (4). For most 
of the triple negative breast cancers, expression of basal/ myoep-
ithelial makers have been identified (5). For these reasons, it has 
been claimed that triple negative and basal like breast cancer are 
synonymous terms (6), (7). However, various clinical, molecular and 
immunohistochemical data has supported that triple negative and 
basal-like breast cancers are not synonymous, but rather are in fact 
extremely heterogeneous groups.            
Triple negative breast cancer encompasses various tumors with 
distinct molecular signatures, morphologies and biologic behavior. It 
is known that several distinct morphologic entities are included in this 
category ranging from core basal-like phenotype (positive for basal 
keratins i.e. CK5/6, EGFR and smooth muscle actin) including meta-
plastic carcinoma and medullary carcinoma to high grade ductal carci-
noma, not otherwise specified. Majority of the triple negative breast 
cancers are associated with poor outcomes. These tumors tend to 
metastasize more to visceral organs compared to bone with higher 
rates of metastasis as well as recurrence rates after chemotherapy 
(8), (9). Patients with triple negative breast cancers phenotypes are 
treated with systemic chemotherapy due to lack of targeted therapy. 
Neoadjuvant studies involving patients with triple negative breast 
cancer have shown that administration of chemotherapy before 
surgery has been beneficial in selected patients. These patients have 
complete pathologic response with excellent outcomes. However, 
other patients with triple negative cancers still experience residual 
disease and thus poor outcome (9). These findings suggest the clini-
cal necessity of identifying novel markers to separate therapeutically 
relevant subgroups within the triple negative group of breast cancer. 
Yes-associated protein (YAP) was originally identified as a protein 
binding to the SH3 domain of the Yes proto-oncogene product that 
belongs to the src family of protein-tyrosine kinases (10). It is a 65 kDa 
proline rich phosphoprotein that contains the ‘WW domain’ and an 
activation domain, among other domains (10), (11), (12). It is well char-
acterized that YAP along with WBP-2 are key regulators and transcrip-
tional co-activators of ER, PR in breast cancer signaling and cellular 
pathways (13).  Earlier studies involving YAP expression on breast 

cancer cell lines and breast cancer samples demonstrated that YAP 
expression is strongly associated with ER expression (14). The pur-
pose of our study is to evaluate morphologic characteristics of breast 
tumors and ER/PR/HER-2 neu immune profile and correlate these 
findings with YAP expression. Moreover, to identify YAP expression in 
triple negative breast cancers with respect to morphologic character-
istics, in order to help recognize a subgroup within them.

2. Methods:
Aim of this study was to evaluate association between Yes-associat-
ed protein (YAP) and triple negative breast cancer. All patients with 
invasive breast carcinoma diagnosed on core needle and excision-
al biopsies from 2007 to 2009 were retrieved from our anatomic 
pathology data base. All procedures were performed at Sylvester 
cancer center- University of Miami. This retrospective study had been 
approved by the institutional review board. All slides were reviewed 
by breast pathologists (MJ and SY) blinded to the initial diagnoses. All 
invasive carcinomas were graded using Nottingham scoring system 
on the scale of 1 to 3 (tubule formation, nuclear pleomorphism and 
mitotic activity).  

2.1 Histopathological Classification:
Based on the morphological features, the invasive carcinoma was 
classified into 2 distinct morphologic groups. 
1.Glandular/ tubular (GT) group comprised of a group of neoplasms 
characterized by the presence of diffuse or at least focal tubules 
formation and glandular structures. The neoplastic cells lining the 
tubular structures showed mild to intermediate nuclear atypia and 
mitotic activity (Figure 1A). Focal mucinous features and micropapil-
lary architecture were also seen with in this group. 

2.Solid/ syncytial (SS) group consisted of a group invasive carcinoma 
growing as diffuse and solid sheets of neoplastic cells with predomi-
nantly high grade nuclear atypia and scattered mitotic activity (Figure 
1B). Focal squamous differentiation, dense peritumoral lymphocytic 
infiltrate and apocrine features were also seen with in a minority of 
cases in this group. 

Figure 1A: Cluster of neoplastic cells in a hyalinized background 
with prominent tubules and glandular structures (H&E, 10x);

Figure 1B: Solid nests and sheets of neoplastic cells with high 
grade cytologic features including, nuclear pleomorphism, con-
spicuous nucleoli and scattered mitotic activity (H&E, 20x);

Figure 1: Morphologic characteristics of breast cancer and expression of Yes-Associated Protein (YAP)
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2.2 Immunohistochemical evaluation:
All cases were stained for ER, PR and Her2-neu immunohistochemical 
stains. For ER and PR immunostain, >1% nuclear immunoreactivity 
is considered to be a “positive” reaction. Her 2 neu immunostain 
was interpreted as positive if at least 10 % of the   of the tumor 
cells displayed homogenous strong and complete circumferential 
membranous immunoreactivity. All cases, including 10 normal breast 
control specimens were stained with YAP antibody [YAP polyclonal 
antibody (H-125) from Santa Cruz biotechnology, Inc.; Dilution: YAP 
(H-125) 1:500]. Only nuclear immunoreactivity was considered to be a 
positive reaction. 
2.3 Immunohistochemical classification:
Based on ER, PR and Her 2 neu immunohistochemical staining pro-
file, all cases were divided into 3 distinct groups. This classification 
was based purely based on immunohistochemical staining pattern, 
irrespective of the morphologic features. 
1.The first group was negative for ER, PR and Her2 neu (Triple nega-
tive). 
2.The second group was positive for ER and PR and negative for Her2 
neu. 

3.The third group was positive for Her2 neu (Her2 amplified) which 
included cases with ER, PR positivity (triple positive) and ER, PR 
negativity. 
2.4 Statistical analysis:
Chi-squared and Fisher tests were used for statistical analysis.

3. Results:
Our initial search identified 54 patients with invasive carcinoma, 
all were female with age ranging from 25 to 89 years (average: 55 
years). Of 54 cases, 39 (73%) were classified as tubular/ glandular 
morphology, with age ranging from 41 to 89 and 15 (27%) were found 
to have solid/ syncytial morphology, with age ranging from 37 to 77. 
Of 39 cases with tubular/ glandular morphology, 26 (67%) showed 
strong nuclear immunoreactivity for YAP (Figure 1C). Thirteen (33%) of 
39 cases were negative for YAP immunostain. Of 15 cases with solid/ 
syncytial morphology, 14 (93%) were negative for YAP immunostain-
ing (Figure 1D). Only 1 (7%) of 15 cases showed nuclear immunostain-
ing for YAP. (See Table 1)

Figure 1C: Crisp nuclear immunoreactivity for YAP in carcinoma 
with tubular/ glandular morphology (YAP immunostain, 20x);

Figure 1D: Solid nests and sheets of carcinoma with lack of 
nuclear staining for YAP (YAP immunostain, 20x);

Histologic Groups
(Total cases= 54)

Age
(Mean in years)

YAP Expression p value

Tubular/Glandular
(34)

56 26 (67%) p<0.001

Solid/Syncytial
(15)

49 1 (7%) P<0.001

Table1: Expression of Yes-Associated Protein (YAP) in relation to histologic characteristics of breast cancer.
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Based on immunohistochemical staining profile (ER, and Her2 neu 
immunostaining), 54 cases were divided into 3 different groups. 
Twenty four (44%) of 54 cases were ER, PR and Her2 neu negative 
(triple negative), with age ranging from 37 to 77 years. 23 (43%) were 
positive for ER, PR and negative for Her2 neu, with age ranging from 
40 to 89. The third group comprised of 7 (14.9%) of 54 cases which 
were positive for Her2 neu with age ranging from 26 to 62. Of these 
7 cases, 5 cases were ER, PR positive (triple positive) and 2 were 
negative for ER and PR. 
In the triple negative group, YAP immunoreactivity was seen in 10 
(42 %) of 24 cases; whereas 14 (58 %) cases were negative for YAP. 
In the ER, PR positive and Her2 neu negative group, 14 (61%) of 23 
cases were positive for YAP and 9 (39%) were negative for YAP. In 
Her 2 neu positive group, 5 (71.4%) of 7 were positive and 2 (28.5%) of 
7 were negative for YAP. Of 5 YAP positive cases in Her2-neu positive 
group, 3 (60%) cases were triple positive (ER, PR and Her2-neu posi-
tive) and 2 (40%) were ER, PR negative. 
When the cases in triple negative group (ER, PR and Her2 neu neg-
ative) were evaluated for morphologic characteristics, 14 (58 %) of 
24 cases showed glandular/ tubular morphology (Figure 2A) while 10 
(42%) of 24 cases had solid/ syncytial morphology (Figure 2B). Of 14 
cases with glandular/ tubular morphology, 9 (64 %) were positive for 

YAP (Figure 2C) while 5 cases were (36 %) YAP negative. Of 10 cases 
with solid/ syncytial morphology, 9 (90 %) were negative for YAP (Fig-
ure 2D) while only 1 (10 %) case was YAP immunostain positive. 
When YAP expression was correlated with morphologic groups, the 
majority of cases (26/39, 67%) with glandular/ tubular morphology 
showed strong nuclear immunoreactivity for YAP. On correlation 
analysis, a positive correlation was observed between a glandular/ 
tubular morphology and YAP positivity, independent of hormone 
status and Her2 neu expression (p<0.0001). Within the triple neg-
ative group, the majority of the cases (9/14, 64 %) with glandular/ 
tubular morphology were YAP positive. On correlation analysis, YAP 
immunoreactivity showed positive correlation with glandular/ tubular 
morphology (p= 0.00782). 
Of 54 cases, 28 (51.8 %) cases showed ER expression (including 23 
cases with ER/ PR positive and Her2 neu negative; 5 cases with ER/PR/
Her2 neu positive). Of these 28 cases, 17 (60 %) showed YAP immuno-
reactivity. 
Non neoplastic breast tissue showed positive staining for YAP. Basal/ 
myoepithelial cells showed strong nuclear immunostaining, while 
luminal cells showed cytoplasmic staining. 
Figure 2: Expression of Yes-Associated Protein (YAP) in Triple nega-
tive breast cancer in relation to morphologic characteristics

Figure 2A: Isolated clusters of neoplastic cells with high grade 
cytologic features and focal tubular architecture (H&E, 10x);

Figure 2B: Diffuse and solid sheets of neoplastic cells without 
tubular and glandular architecture (H&E, 10x);

Figure 2C: Strong and crisp nuclear immunostaining for YAP by 
the neoplastic cells in a case with focal tubular/ glandular fea-
tures (YAP immunostain, 20x);

Figure 2D: Solid sheets of neoplastic cells showing negative 
immunostaining for YAP (YAP immunostain, 20x);
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Immunohistochemical Age YAP Expression

Groups
Total= 54

(Mean in years)

Triple negative
24 (44%)

58 10/24 (42%)

ER/PR+ & Her2 neu -
23 (43%)

64 14/23 (61%)

Her2 neu +
7 (14.9%)

62 5/7 (71.4%)

Table 2: Expression of Yes-Associated Protein (YAP) in breast cancer in relation to hormone 
receptors and Her2 neu expression.

Triple negative cases Total cases= 24 YAP Expression p value

Tubular/Glandular 14/24 (58%) 9/14 (64%) p=0.00782

Solid/Syncytial 10/24 (42%) 1/10 (10%) p= 0.00782

Table 3: Yes-Associated Protein (YAP) Expression in Triple Negative Breast Cancer

4. Discussion:
Triple negative breast cancer is a heterogeneous group of breast 
neoplasms with distinct morphologic and biologic subgroups 
carrying variable prognosis. All patients with triple negative breast 
cancers phenotypes are treated with systemic chemotherapy due to 
lack of targeted therapy. Neoadjuvant studies involving patients with 
triple negative breast cancer have shown that administration of che-
motherapy before surgery has been beneficial in only a minority of 
patient. Therefore, identifying subgroups within the triple negative 
group with distinct therapeutic significance is clinically indicated. 
Yes-associated protein (YAP), along with WBP-2 is a well character-
ized key regulator and transcriptional co-activator of ER, PR in breast 
cancer signaling and cellular pathways (13). Overexpression of YAP 
has been shown to promote breast cell proliferation, survival, and 
migration (15), (16), (17).
Previous studies have documented a strong association of YAP 
and ER expression (14). A multivariate Cox analysis in the past has 
revealed that YAP expression and PR status were independent 
favorable predictors of DFS and overall survival, respectively among 
patients with breast cancer, whereas tumor- node metastasis stage 
and an old age were independent predictors of a poor DFS. Ka-
plan-Meier curves have revealed the associations of YAP expression 
with favorable disease free survival and overall survival in patients 
with luminal A breast cancer and with favorable DFS association 
among patients with invasive ductal carcinoma, luminal B (HER2-) 
and luminal B (HER2+) breast cancer (18).
Our data shows that YAP expression is seen more frequently in ER 
positive breast cancers as compared to ER negative breast cancers 
(60.7% vs 46.1 %). In addition, the vast majority of breast cancers in 

ER positive group (17 of 28, 60.7%) are YAP positive. Our results are 
consistent with previously reported findings that YAP expression is 
strongly associated with ER expression (14). Our data also indicated 
that YAP expression is strongly associated with glandular/ tubular 
morphology irrespective of hormone and Her2 neu status (p<0.0001).
In our triple negative breast cancer group, variable YAP expression in 
relation to morphologic characteristics emphasizes the heterogeneity 
within this group. The majority of triple negative breast cancer with 
glandular/ tubular morphology (64 %) displayed YAP expression. On 
the contrary, the majority of the triple negative breast cancer cases 
with solid/ syncytial morphology were YAP negative. These findings 
support our hypothesis that triple negative breast cancer with glan-
dular/ tubular morphology and YAP expression may share characteris-
tics with ER positive breast cancer at molecular level. Therefore, YAP 
positive breast cancers within the triple negative group may repre-
sent a subgroup with distinct clinical, biologic and therapeutic charac-
teristics as compared to YAP negative breast cancers.  Future studies 
involving a larger cohort of triple negative cancers are required to 
address these clinically relevant questions.

5. Conclusion:
We have demonstrated that YAP expression is strongly associated 
with ER positive breast cancer. In addition, YAP expression in triple 
negative breast cancer is associated with glandular/ tubular morphol-
ogy. Triple negative breast cancer with glandular/ tubular morpholo-
gy and YAP expression may share molecular characteristics with ER 
positive breast cancer. Therefore, YAP expression may represent a 
potential predictive marker in triple negative breast cancer.
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