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Abstract

Introduction—PTEN is a tumor suppressor gene that inhibits cell proliferation by inhibiting the 

phosphoinositide 3- kinase (PI3K) signaling pathway. The significance of PTEN mutations 

resulting in variable PTEN expression and their impact on prognosis of breast cancer is not well 

established. The objective of our study was to correlate the immunohistochemical expression of 

PTEN in the four major subtypes of breast carcinoma (Luminal A, Luminal B, HER2 positive, and 

Triple Negative) in a population of 202 African-American (AA) females with other 

clinicopathological factors.

Materials and Methods—Tissue microarrays (TMAs) were constructed from FFPE tumor 

blocks from primary ductal breast carcinomas in 202 African-American females. Five micrometer 

sections were stained with a mouse monoclonal antibody against PTEN. The sections were 

evaluated for the intensity of cytoplasmic and nuclear reactivity. Bivariate analysis was done via 

χ2 analysis and survivability data was calculated via the generation of Kaplan-Meier curves 

(SPSS v19).

Results—Loss of PTEN expression was associated with ER negative (p=0.021), PR negative 

(p=0.024) and triple negative (p=0.0024) breast ductal cancers. It was marginally associated with 

distant metastasis (p=0.074). There was no association between PTEN loss and recurrence-free 

survival or overall survival.

Conclusion—In our study, a statistically significant association between PTEN loss and the 

triple negative breast cancers (TNBC) was found in AA women. PTEN inhibits PI3K resulting in 

decreased activation of downstream effector, mammalian target of rapamycin (mTOR). Loss of 

PTEN results in cell proliferation through activation of mTOR. Targeted therapy with mTOR 

inhibitors might be useful in the treatment of TNBC.
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Introduction

Breast cancer is the leading cause of cancer morbidity and the second most common cause 

of cancer mortality in women worldwide. Molecular classification of breast cancer by gene 

expression profiling identified five major subgroups (Luminal A, Luminal B, Her-2 

overexpressing, normal breast like and basal phenotype) with clinical implications [1,2,3]. 

Luminal A and B breast cancers are positive for estrogen and progesterone receptors (ER, 

PR), and are treatable with currently available targeted therapy [1,2]. Luminal B breast 

cancers are mitotically active with Ki-67≥14% and may express Her-2. The triple negative 

breast cancers (TNBC) lack ER, PR and Her2 receptor expression. TNBC are aggressive 

breast ductal cancers and are associated increased incidence of distant metastasis and 

decreased overall survival [1,2]. They are also often resistant to conventional chemotherapy. 

The basaI phenotype lacks ER, PR and Her-2 expression and expresses basal cell markers, 

including CK5 and high molecular weight cytokeratin. Not all TNBC are basal type and not 

all basal type breast cancers are triple negative. However, there is significant overlap. No 

targeted therapy is available for TNBC. The higher incidence of TNBC in African American 

(AA) women contributes to a higher mortality rate in this group.

Breast cancers in AA women have a higher grade and stage at diagnosis, occur in 

premenopausal women and are associated with a higher mortality [4,5]. High proliferative 

activity of TNBC supports the upregulation of growth factor signaling pathway driver genes 

and downregulation of inhibitors; in the TCGA, there were found to represent potential 

pathogenetic mechanisms [6]. Recent studies have shown that cell cycle dysregulation plays 

an important role in TNBC. It may involve loss of critical check points in cell cycle at G1-S 

phase resulting in increased proliferation. The G1-S phase check point is controlled by 

p53/Rb gene encoded proteins. They inhibit the transition from G1-S phase of cell cycle. 

Loss or inhibition of p53/Rb gene might be important in TNBC [6,7].

PTEN (phosphatase and tensin homolog) is a tumor suppressor gene, located on 

chromosome 10, and is a major inhibitor of phosphatidyl inositol 3-kinase (PI3K)/AKT 

signal transduction pathway. PI3K/AKT signal transduction pathway, on activation by 

extracellular growth factor ligands (Insulin), promotes cell proliferation [8]. The 

transmembrane receptor has tyrosine kinase activity. Binding of growth factors to the 

extracellular domain of the receptor produces activation via autophosphorylation of 

cytoplasmic tyrosine residues. Activated PI3K phosphorylates cell membrane lipids, leading 

to the recruitment and activation of AKT, a serine/threonine kinase. Activated AKT in turn 

phosphorylates several downstream effectors; these are involved in cell cycle proliferation, 

migration and angiogenesis, which ultimately promote survival and growth of tumor cells. 

PTEN, a major inhibitor of PI3K/AKT signal transduction pathway, provides physiological 

counter regulation [Figure 3]. It encodes a phosphatidylinositol-3,4,5-triphosphate 3-
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phosphatase protein that dephosphorylates phosphatidylinositol-3,4,5-triphosphate (PIP3)to 

phosphatidylinositol-4,5-biphosphate (PIP2) resulting in the inactivation of AKT and 

downstream effectors [9]. Loss of PTEN might result in uninhibited activation of PI3K/AKT 

signal transduction pathway promoting tumorigenesis. An important downstream effector of 

the PI3K pathway is mammalian target of rapamycin (mTOR) [Figure 3] that can be 

inhibited by specific drugs such as rapamycin [10,11]. The significance of PTEN loss and 

activation of proliferating pathways in breast carcinogenesis is poorly understood.

We hypothesize that the lack of PTEN expression in ER negative and triple negative breast 

cancer could be driving TNBC’s aggressive nature. To begin exploring this hypothesis, we 

determined the association between PTEN expression and hormone receptor status and triple 

negative breast cancer status. Specifically, to explore the role of PTEN protein expression, 

we compared the immunohistochemical expression of PTEN in the four major subtypes of 

ductal breast cancers (BC) (Luminal A, Luminal B, HER2, and Triple Negative) in a 

population of 202 African-American (AA) women with other clinicopathological factors 

including grade, stage, disease-free, and overall survival.

Materials and Methods

Tissue Samples

This study was reviewed and formally exempted by the Howard University Institutional 

Review Board (IRB-10-MED-24). We analyzed invasive breast ductal carcinomas (IDCs) 

from 202 AA women diagnosed and treated at the Howard University Hospital between 

2000 and 2010. Demographic and clinical information was obtained through the Howard 

University Cancer Center Tumor Registry.

Tissue Microarrays

A series of tissue microarrays (TMAs) was constructed containing the consecutive primary 

IDCs (Pantomics, Inc., Richmond, CA). The TMAs consisted of 10 × 16 arrays of 1.0-mm 

tissue cores from well preserved, morphologically representative tumor cells in archived, 

formalin-fixed, paraffin-embedded (FFPE) surgical blocks. A precision tissue arrayer 

(Beecher Instruments, Silver Spring, MD) with two separate core needles for punching the 

donor and recipient blocks was used. The device also had a micrometer-precise coordinate 

system for tissue assembly on a multi-tissue block. Two separate tissue cores of IDC 

represented each surgical case in the TMA. Each tissue core was assigned a unique TMA 

location number, which was subsequently linked to an Institutional Review Board-approved 

database containing demographic and clinical data. Using a microtome, 5-µm sections were 

cut from the TMA blocks and mounted onto Superfrost Plus microscope slides.

Immunohistochemistry

Immunohistochemistry (IHC) was performed on TMA sections of FFPE tumor tissue. The 

polymer-HRP system was utilized for immunostaining. Following deparaffinization and 

rehydration of the tissue sections, heat-induced epitope retrieval at pH 9.0 was performed. 

Five micrometer sections were stained with mouse monoclonal antibodies against against 

PTEN (6H2.1, Dako). Primary antibody detection was carried out using a polymer-based 
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detection system with staining development achieved by incubation with 3,3´-

diaminobenzadine (DAB) and DAB Enhancer (Envision Plus, DAKO, Carpinteria, CA). IHC 

staining was performed at Quest Diagnostics (Chantilly, VA).

Immunohistochemically stained sections were scored by two independent observers (TN and 

FK) blinded to the clinical outcome. The cytoplasmic and/or nuclear immunoreaction was 

scored based on intensity whereby a score of 2 = positive (equal in intensity to normal 

epithelial cells), a score of 1 = weak (reduced intensity as compared with normal epithelial 

cells), and a score of 0 = negative (no immunoreaction).

Breast subtypes were defined using immunohistochemical expression of estrogen receptor 

(ER), progesterone receptor (PR), and HER2 based on criteria established in the literature. 

Luminal A was characterized by strong expression of ER and PR (H-score ≥200), HER2 

negativity, and Ki-67 proliferation <14%. Luminal B was characterized by Ki-67 ≥ 14% and 

HER2-negative or HER2 positive. The HER2 subtype was hormone receptor-negative with 

only HER2 positivity. The triple-negative subtype lacked expression of ER, PR, and HER2.

Statistical Analysis

To determine the correlation between PTEN expression and clinicopathological variables,

(e.g. ER, PR, HER2, subtype, grade, stage, age, overall survival, and recurrence), bivariate 

analysis was done using the chi square test or Fisher’s exact test, when appropriate. The 

association between PTEN expression and breast molecular subtypes and categorical 

variables was analyzed using logistic regression, where odds ratios (OR) and 95% 

confidence intervals (CI) were calculated. To examine the correlation between variables, 

overall survival, and disease-free survival, Kaplan-Meier survival analyses were carried out. 

Estimates were considered statistically significant for two-tailed values of P< 0.05. All 

analyses were carried out using the SPSS 12.0 statistical program (SPSS Inc., Chicago, IL).

Results

Characteristics of the Study Population

Clinical and pathological characteristics of the study population are summarized in Table 1. 

There were 202 patients diagnosed with infiltrating ductal carcinomas, with adequate FFPE 

tumor tissue for analysis, at our institution from 2000 to 2010. The majority of the tumor 

blocks (67.8%) came from women over the age of 50 (mean=57.65, SD=13.03), most of 

whom (76.2%) had no cancer recurrence. In this population, 43%, 47.7%, and 13.9% of 

tumors were ER−, PR−, and HER2-positive, respectively. The most prevalent breast cancer 

subtype was luminal A (ER+ or PR+, HER2−; 43.5%), followed by triple-negative (ER−, PR

−, HER2−; 33.7%). Greater than 70% of all tumors were stage I and II; however, they tended 

to be higher grade, with Grade 3 tumors comprising 67.4% of the tumors in the study 

population.

Immunohistochemical Detection of PTEN and Analysis

Analysis is based on 193 cases due to loss of some cores in the TMAs. Chi square analysis 

revealed an association between PTEN loss and ER (ER−: 41.38% vs. ER+: 23.93%; 
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p=0.044); PR (PR−: 41.12% vs. PR+: 20.62%; p=0.014), non-luminal breast cancers (non-

luminal: 41.86% vs. Luminal 23.73%; p=0 04), TNBC (TNBC: 44.12% vs. non-TNBC: 

25.19%; p=0.036), Immunohistochemical detection of PTEN expression in the benign breast 

glands, normal and reduced expression in breast tumor, loss of expression in triple negative 

subtype with basal phenotype and increased intensity of expression (low, medium, high) in 

luminal subtypes is shown in figures 1a–e. Triple negative subtype shows no expression of 

PTEN; and luminal A subtype shows strong and diffuse expression of PTEN. Loss of PTEN 

was not associated with overall or recurrence-free survival [Figure 2].

Discussion

Our study evaluated PTEN expression in breast ductal cancers from AA women. Our results 

demonstrate a significant association of PTEN loss with ER negative (p=0.044), PR negative 

(p=0.014) and triple negative (p=0.036) breast ductal cancers. These findings further support 

the results of previous studies, which have linked PTEN loss in breast cancers with negative-

hormone-receptor and basal-like phenotypes [12,13]. There was also marginal association 

with distant metastasis. Our study did not show any association with PTEN loss and 

recurrence free survival or overall survival. These findings are in contrast to some of the 

previously published studies that showed significant association between PTEN loss and 

disease free survival specifically in AA women [12]. Some other studies have shown 

significant association between PTEN loss and disease free and overall survival. These 

studies have suggested that PTEN loss might predict aggressive behavior and poor clinical 

outcome in patients with breast cancer [13]. Loss of PTEN results in uncontrolled activation 

of PI3K/AKT signal transduction pathway that may underlie increased proliferative activity 

in TNBC. The use of targeted therapy against upstream and downstream effectors of 

PI3K/AKT pathway in combination with chemotherapy might be useful for aggressive 

TNBC.

In the United States, the incidence of breast cancer has been increasing in AA women since 

2008. The overall incidence has been equal in AA and Caucasian women since 2012 [14]. 

The breast cancer mortality is higher in AA women as reflected by a lower five year survival 

rate (77%) when compared to Caucasian women (90%) [15].TNBC is more frequent in 

premenopausal AA women (39%) compared to either postmenopausal AA Women (14%) or 

in non-African Americans of any age (16%) [16]. The higher incidence of TNBC may 

account for more rapid progression and decreased survival in AA women with breast cancer. 

Approximately 70% of TNBC are basal phenotype with high proliferative activity and 

increased incidence of lymph node and distant metastasis. In our study, 67% of TNBC 

expressed CK5, a basal marker.

Our study demonstrates selective loss of PTEN in TNBC as compared to luminal A and B 

tumors in AA women, supporting the important role of unregulated activation of PI3K/AKT 

signal transduction in the pathogenesis of these cancers. TNBC are highly aggressive tumors 

with increased incidence of distant metastasis. They are resistant to currently available 

targeted therapy because they lack hormone and HER2 receptors. One of the downstream 

proteins in PI3K/AKT pathway, mammalian target of Rapamycin (mTOR), can be inhibited 

by currently available drugs, such as rapamycin. Targeting the TNBC with rapamycin in 
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combination with chemotherapy may be a useful therapeutic option for the highly aggressive 

tumors, which demonstrate PTEN loss. The mTOR inhibitors are being used in combination 

with chemotherapy in phase II/III randomized clinical trials [17,18]. Everolimus, an mTOR 

kinase inhibitor, was associated with a statistically marginally (0.075) higher TNBC clinical 

response rate when used in conjunction with other chemotherapeutic drugs [19] and could 

represent a promising drug for TNBC. Recent studies have shown promising results with 

combination of mTOR inhibitors and chemotherapy [31].

Some studies have evaluated the role of upstream inhibitors of PI3K/AKT pathway in 

combination with chemotherapy [20]. MK-2206, an AKT inhibitor, was associated with 

increased toxicity at different doses [21]. One of the major limiting factors is development of 

drug toxicity when several therapeutic agents are used in combination because they inhibit 

proliferation pathways at multiple points [31].

HER2 overexpressing breast ductal cancers are high grade aggressive breast ductal cancers 

that lack ER and PR receptors but can be treated with trastuzumab. Some studies have 

shown association between PTEN loss and trastuzumab resistant HER2 positive breast 

ductal cancers [22,23]. The activation of downstream signaling pathway secondary to loss of 

PTEN results in trastuzumab resistance. It would be interesting to evaluate the role of mTOR 

inhibitors such as rapamycin in trastuzumab resistant advanced HER2 positive breast ductal 

cancers.

Loss of PTEN has been reported in the development of other cancers such as colorectal 

carcinoma [24]. Germline mutations in PTEN predisposes to multiorgan system 

carcinogenesis (Breast, Endometrial, Thyroid) and multiple hamartomatous polyps in the 

gastrointestinal tract known as Cowden syndrome [25,26]. The somatic mutations of PTEN 

are involved in the pathogenesis of endometrial hyperplasia, endometrial carcinoma [27,28] 

and glioblastoma, an aggressive brain tumor (WHO Grade, IV) [29]. A few studies have 

shown an association between PTEN loss and aggressive prostate cancers with high Gleason 

score and advanced stage [30].

Conclusion

Our study shows significant association between PTEN loss and TNBC, a subtype which 

correlates with progression and decreased survival in AA women. Breast cancers have 

heterogeneous carcinogenesis at the molecular level. Identification and understanding of 

molecular pathogenesis that underlies TNBC is critical to develop therapeutic targets. Signal 

transduction pathways are expressed by epithelial cells and are required for cell 

proliferation. Unregulated activation of these pathways suggests potential pathogenetic 

mechanism for carcinogenesis. Loss of PTEN and uncontrolled activation of PI3K/AKT 

signal transduction pathway may play a role in the pathogenesis of TNBC. mTOR might be 

responsible for propagation and aggressiveness of TNBC; and, thus, mTOR inhibitors may 

represent potential molecular targets for therapy in TNBC, occurring with increased 

incidence in minority populations. Further analysis of larger cohorts of minority populations 

with TNBC that might benefit from mTOR targeted inhibition is needed.
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Figure 1. 
a) PTEN protein expression (×200) in triple negative breast cancers showing loss of PTEN 

expression

b) Reduced expression of PTEN in breast tumors (×200)

c) Normal expression of PTEN in breast tumors (×200)

d) Normal expression of PTEN in benign glands (×200)

e) Increased expression of PTEN (low, medium, high) in Luminal subtypes breast cancers 

(×200)
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Figure 2. 
a) Overall survival associated with PTEN expression

b) Recurrence-free survival analysis associated with PTEN expression
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Figure 3. 
PI3K/AKT/mTOR signaling pathway
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Table 1

Clinical and pathological characteristics of the study population

Number Percentage %

n = 202

Age

<50 62 32.1

>50 131 67.8

Estrogen Receptor

Positive 110 57.0

Negative 83 43.0

Progesterone Receptor

Positive 92 47.7

Negative 101 52.3

HER2 Status

Positive 27 14.0

Negative 166 86.0

Subtype*

Luminal A 84 43.5

Luminal B 27 14.0

Her2 17 8.8

Triple Negative 65 33.7

Pathologic Stage Group

1 60 31.1

2 80 41.5

3 40 20.7

4 12 6.2

Unknown 1 0.5

Grade

I 9 4.6

II 54 28.0

III 130 67.4

Recurrence

None 147 76.2

Loco-regional 8 4.1

Distant 21 10.9

Never Disease free 8 4.1

Unknown 9 4.7

ER, estrogen receptor; PR, progesterone receptor.

*
Luminal A: ER+ or PR+, HER2−; luminal B: ER+ or PR+, HER2+ ; triple-negative: ER−, PR−, HER2−; Her2+: ER−, PR−, HER2+
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