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Introduction
Male breast carcinoma (male BC) is a complex group of malig-
nant epithelial proliferations with specific stromal microenvi-
ronment. Although rare, the incidence has been rising by 20% 
to 25% in the past few decades,1 in part because of the aging 
population and the obesity trend.2-4 In addition, lower overall 
survival (OS) rates in male BC as compared with women BC 
have been reported, mostly associated with patients’ advanced 
stage and older age.2 Despite recent improvements, current 
clinical and pathologic parameters are still insufficient for a 
personalized and accurate treatment efficacy, and male BC 
requires comprehensive studies to identify additional markers 
able to assure an optimal clinical care.

Intratumoral heterogeneity of neoplastic tissues is a main 
challenge in cancer biology, by including diverse and dynamic 
interacting epithelial and stromal subpopulations, namely the 
fibroblasts. The intratumoral heterogeneity versus homogene-
ity of malignant epithelial cells seems to be critical in the man-
agement and prognosis of BC, and is an important factor to 

consider in the efforts to develop combination therapies with 
curative purposes.5

In this series of previously evaluated estrogen receptor alpha 
(ERα) and progesterone receptor (PR) male BC,6 we sought to 
complete the hormonal characterization by performing andro-
gen receptor (AR) analysis, and make a comprehensive study of 
the eventual interactions between cell cycle regulation proteins, 
cell-surface proteins, fatty acid metabolism, and components of 
extracellular matrix. We chose these molecules, which have 
been little studied in male BC because of their functional inter-
play and potential relationship with cell proliferation.

Immunohistochemistry (IHC) has shown increasing rele-
vance in breast pathology for solving diagnostic difficulties, being 
used as a surrogate tool for mutational evaluation in determining 
response to therapy and prognosis.7 The IHC analysis of ERα, 
PR, human epidermal growth factor receptor-2/Erb-B2 Receptor 
Tyrosine Kinase 2 (HER2/ERBB2), and Ki67 is now the stand-
ard care to evaluate BC. The tumoral phenotypical IHC expres-
sion can also contribute to understand molecular characteristics 
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of malignant epithelial cells and stroma, and to assess intratu-
moral heterogeneity versus homogeneity.5,7 Diverse biomarkers 
appraised by IHC technique have been implicated in distinct car-
cinogenesis steps, and considered potential therapy targets.8

In this study, we analyzed the IHC pattern of the follow-
ing molecular markers: AR, a nuclear transcription factor 
member of the steroid hormone nuclear receptor family; acti-
vating transcription factor 3 (ATF3), a member of the activa-
tor protein 1 family of transcription factors; cell cycle 
regulation proteins, p16 and cyclin D1; cell-surface proteins, 
β1, β3, β4, and β6 integrins; fatty acid synthase (FASN), the 
enzyme for endogenous synthesis of fatty acids; fatty acid 
transport protein 1 (FATP1), the first described element of 
the 6 members of FATP family; and the structural compo-
nents of the extracellular matrix collagen I and collagen IV. 
Our intention was to evaluate IHC positivity as the result of 
the widely common dichotomic expression “all or not all.” 
Therefore, we assessed different cores from different mor-
phologic tumoral areas to reveal the presence of homogene-
ous versus heterogeneous positivity.

We aim to identify IHC epithelial and stromal patterns that 
could contribute to better characterize the biology of male BC 
and, consequently, may represent promising tools for improv-
ing the clinical management in this subtype of BC.

Material and Methods
Study cohort

This study comprises 40 invasive male BC selected from a 
series of 198 male BC patients diagnosed and treated at the 
Portuguese Institute of Oncology (IPO) Lisbon Center. The 
selection was rigorous and the patients included were retrieved 
from the larger series using the following criteria: (a) no neo-
adjuvant therapy management to avoid predictive bias on sur-
vival analyses and (b) diagnosis within the last 10 years to 
homogenize the fixation conditions. All cases were reviewed to 
ensure standardized characterization.

The Institutional Ethical Committee of IPO Lisbon Center 
approved the study (UIC/821). The clinical data were obtained 
by review of the clinical records. All male BC were previously 
characterized by histologic type and grading, and staged accord-
ing to the Tumor. Node, Metastasis/American Joint Committee 
(TNM/AJCC) on Cancer classification system (8th edition).9,10 
Previous IHC analysis of ERα, PR, ERBB2, and Ki-67 allowed 
the identification of clinically defined, treatment-oriented sub-
types (surrogate subtypes). Germinal mutational BRCA 
(gBRCA) status had been formerly evaluated on 26 cases of 
male BC, as described in our previous study.6

Tissue microarrays

Representative formalin-fixed, paraffin-embedded tissue cores 
were inserted in 4 tissue microarray paraffin blocks. Three or 
four 1.5-mm-diameter cores for each case were included to 

account for the heterogeneity of the lesions and used to per-
form an additional immunohistochemical study.

Antibody reagents and conditions

Immunohistochemistry used a peroxidase-indirect-polymer 
technique performed on a Ventana Benchmark ULTRA 
instrument (Ventana Medical Systems, Inc; Roche Diagnostics, 
Basel, Switzerland). Paraffin sections (3 µm) were stained with 
hematoxylin and eosin staining (Hematoxylin, Cat. Number 
CS700, Dako; and Eosin, Cat. Number CS701, Dako). We 
performed IHC with AR; ATF3; p16INK4a; cyclin D1; β1, β3, 
β4, and β6 integrins; FASN; FATP1; collagen I; and collagen 
IV in an automatic staining platform (Ventana Medical 
Systems), using OptiView DAB IHC Detection Kit (Ventana 
Medical Systems) with diaminobenzidine as the chromogen to 
detect antigen expression (Table 1).

Tissue sections were counterstained with Mayer hematoxy-
lin before mounting. All antibody dilutions were made in 
Antibody Diluent Reagent Solution (Cat. Number 003218, 
Life Technologies). Image acquisition was performed in Digital 
Microimaging Device Leica DMD108 (version 1.15 Build 
704, Leica Microsystems).

Scoring criteria and patterns

The staining pattern was recorded in the malignant epithelial 
cells, stromal fibroblasts, and interstitial stroma. Some of the 
antibodies also marked vessels and adipose cells, but these 
structures were not evaluated. The malignant epithelial cell 
immunoexpression was scored in 3 subgroups: 1 (“homogene-
ous phenotype”)—positive staining in ⩾95% of epithelial cells 
with strong or moderate intensity; 2 (“heterogeneous pheno-
type”)—positive staining in ⩾1% and <95% of epithelial cells 
with weak or moderate, or focally strong intensity; 3 (nega-
tive)—no staining or staining in <1% of cells with weak 
intensity.

The fibroblast immunoexpression was also scored in 3 sub-
groups: 1—positive staining in >10% of fibroblasts with strong 
or moderate intensity; 2—positive staining in ⩾1% and ⩽10% 
of fibroblasts with strong and moderate intensity; 3—negative 
in <1% of stained fibroblasts.

Interstitial stroma was classified into 2 subgroups: 1—posi-
tive diffuse staining with strong, moderate, or weak intensity 
and 2—negative staining.

The antibody expression patterns were the following: ARs, 
ATF3, and cyclin D1 were present as a nuclear staining in epi-
thelial cells, and in fibroblasts as well. p16, when present in 
epithelial cells, showed a nuclear and a cytoplasmatic staining. 
β1, β3, and β4 were expressed in the cell membranes of epithe-
lial malignant cells or around epithelial malignant cell clusters. 
Some stromal fibroblast expression was observed with β1, β3, 
and β4 integrins. β6 integrin was expressed in epithelial cyto-
plasmatic staining with cell membrane reinforcement or as a 
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granular cytoplasmatic staining. Fatty acid synthase showed an 
epithelial cytoplasmatic staining with cell membrane reinforce-
ment and fibroblast expression as well. Fatty acid transport 
protein 1 was expressed as nuclear staining in epithelial cells 
and fibroblasts, and occasionally, as cytoplasmatic staining in 
the epithelial cells. Collagen I and collagen IV could have a 
stromal diffuse staining and had no epithelial cell expression.

Data and statistical analysis

For male BC, we performed a descriptive analysis, and subse-
quently, used nonparametric, semiparametric and parametric 
statistical techniques, employing the software R Core Team 
2018.11 The Fisher exact test was used to evaluate the associa-
tion between variables because it is suitable for the small sam-
ple size of the series. Survival curves were based on the 
Kaplan-Meier nonparametric estimator, and differences among 
the category curves were evaluated by the log-rank test. Tests 
with P < .05 were considered significant. Disease-free survival 
(DFS) corresponded to the remission time up to recurrence, 
and OS to the interval since pathologic diagnosis until the 
occurrence of death due to male BC. Patients without disease 

relapse during the study period and those who died from other 
causes or were lost for follow-up were considered censored 
observations. A Cox simple regression model was fitted for 
each clinicopathologic and IHC variable to evaluate their 
prognostic influence on both DFS and OS. Following the 
determination of significant variables, a Cox regression model 
was performed with all variables simultaneously, as a multiple 
regression analysis. Because the evaluation of fibroblasts was 
difficult in some cases, we did not consider the immunopheno-
typical subgroups of fibroblasts for statistical analysis.

Results
Descriptive clinicopathologic analysis

Male BC clinicopathologic characteristics are summarized in 
Table 2. The mean age at diagnosis was 66.7 years (range, 
37-84 years). Obesity was recorded in clinical files in 9 patients 
(22.5%). Three patients (7.5%) have metachronous bilateral 
carcinomas, and prostate carcinoma was the most frequent 
nonbreast primary neoplasia found (3 cases). One of the 
patients with prostate carcinoma had also bilateral BC. 
gBRCA2 mutations were presented in 26.9% (7 of 26 tested 

Table 1.  Antibody reagents and conditions. 

Antibody Manufacturer Clone Dilution Pretreatment

ERα Ventana Medical Systems, Inc; 
Roche Diagnostics

SP1 Prediluted 28 min ULTRA CC1-64 min

PR Ventana Medical Systems, Inc; 
Roche Diagnostics

IE2 Prediluted 36 min ULTRA CC1-64 min

ERBB2 Ventana Medical Systems, Inc; 
Roche Diagnostics

4B5 Prediluted 60 min ULTRA CC1-76 min

Ki67 Ventana Medical Systems, Inc; 
Roche Diagnostics

30-9 Prediluted 20 min ULTRA CC1-40 min

AR Ventana Medical Systems, Inc; 
Roche Diagnostics

SP107 Prediluted 32 min ULTRA CC1-64 min

ATF3 Santa Cruz Biotechnology C19 1:150—28 min CC1-56 min

p16 CINtec Histology E6H4 Prediluted 32 min ULTRA CC1-64 min

Cyclin D1 Thermo Scientific SP4 1:30—20 min CC1-20 min

β1 integrin Cell Signaling D2E5 1:100—28 min ULTRA CC1-92 min

β3 integrin Cell Signaling D7X3P 1:100—28 min ULTRA CC1-56 min

β4 integrin Atlas antibodies ITGB4 1:200—28 min ULTRA CC1-56 min

β6 integrin Atlas antibodies ITGB6 1:350—28 min ULTRA CC1-48 min

FASN Sigma Not indicated 1:800—28 min CC1-56 min

FATP1 R&D system 308420 1:200—16 min CC1-24 min

Collagen I Abcam EPR7785 1:300—20 min ULTRA CC1-16 min

Collagen IV DAKO CIV22 1:10—20 min ULTRA CC1-16 min

Abbreviations: AR, androgen receptor; ATF3, activating transcription factor 3; ER, estrogen receptor; ERBB2, Erb-B2 Receptor Tyrosine Kinase 2; FASN, fatty acid 
synthase; FATP1, fatty acid transport protein 1; PR, progesterone receptor.



4	 Breast Cancer: Basic and Clinical Research ﻿

Table 2.  Clinicopathologic characteristics of male BC patients (n = 40).

Characteristics Number (%)

Age (years)

  <70 21 (52.5)

  ⩾70 19 (47.5)

Family history

 N o 29 (72.5)

 Y es 11 (27.5)

gBRCA2 mutations

 N ot evaluated 14 (35)

  Indeterminate 19 (47.5)

  Positive 7 (17.5)

Bilaterality

 N o 37 (92.5)

 Y es 3 (7.5)

Nonbreast primary neoplasms

 N o 32 (80)

 Y es 8 (20)

Tumor size (pT)

  pT1 11 (27.5)

  pT2 15 (37.5)

  pT3 2 (5)

  pT4 12 (30)

Axillary nodal status (pN)

  pN0 17 (42.5)

  pN1 23 (57.5)

Anatomic stage

  I 8 (20)

  II 18 (45)

  III 14 (35)

Histologic type

  Invasive no special type 34 (85)

  Other invasive subtypes 6 (15)

Histologic grade (G)

  G1 1 (2.5)

  G2 26 (65)

  G3 13 (32.5)

Characteristics Number (%)

Estrogen receptor α

  Positive 40 (100)

Progesterone receptors

  Positive 36 (90)

 N egative 4 (10)

ERBB2 (IHC + ISH)

 N egative 37 (92.5)

  Positive 3 (7.5)

Ki67

  Low 13 (32.5)

  High 27 (67.5)

Clinically defined subtypes

  Luminal A-like 13 (32.5)

  Luminal B-like (HER2-negative) 24 (60.0)

  Luminal B-like (HER2-positive) 3 (7.5)

Abbreviations: BC, breast carcinoma; ERBB2, Erb-B2 Receptor Tyrosine Kinase 2; 
IHC, immunohistochemistry; ISH, in situ hybridization.

(Continued)

Table 2. (Continued)

patients). The remaining patients refused to perform the 
genomic test. No gBRCA1 mutations were found. At diagnosis, 
no patient had distant metastasis. All patients underwent mas-
tectomy. Adjuvant radiotherapy was used in 26 patients (65%), 
adjuvant hormonotherapy in 36 (90%), adjuvant chemotherapy 
in 22 (55%), and ERBB2-target agents in 2 patients (5%). 
Most male BC (60%) is luminal B-like (HER2 negative). No 
triple-negative carcinomas were diagnosed. Nine patients 
(22.5%) with male BC also had gynecomastia.

Immunohistochemical staining

The IHC markers’ staining results in male BC are summarized 
in Table 3. AR, ATF3, p16, and cyclin D1 stainings are shown 
in Figure 1; β1, β3, β4, and β6 integrins are shown in Figure 2; 
and FASN, FATP1, collagen IV, and collagen I are depicted in 
Figure 3.

Androgen receptor had a malignant epithelial nuclear posi-
tivity in 87.5% of the cases, with homogeneous phenotype in 
35% (Figure 1A) and heterogeneous phenotype in 52.5% of the 
cases (Figure 1B). Stromal fibroblasts were included in subgroup 
1 (>10% staining) in malignant epithelial positive cases and 
were negative in malignant epithelial negative cases (Figure 1C).

Activating transcription factor 3 was negative in malignant 
epithelial cells in almost half of the male BC cases (46.2%). 
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Positive nuclear malignant epithelial homogeneous phenotype 
was observed in 20.5% of the cases (Figure 1D) and heteroge-
neous phenotype in 33.3% (Figure 1E). Fibroblast-positive 
cases were included in subgroup 1 in epithelial positive cases 

and were negative in malignant epithelial negative cases 
(Figure 1F).

p16 was positive in a similar percentage as cyclin D1 
(87.5%), but with a reverse pattern, homogeneous phenotype in 

Table 3.  Immunohistochemical marker staining in male BC.

Biomarker Number of cases, percentage, and staining pattern

Malignant epithelial cells Stromal fibroblasts/Interstitial stromaa

AR 14 35% Homogeneous 35 87.5% Subgroup 1

21 52.5% Heterogeneous  

5 12.5% Negative  

ATF3 8 20.5% Homogeneous 21 53.8% Subgroup 1

13 33.3% Heterogeneous  

18 46.2% Negative  

p16 7 17.5% Homogeneous 40 100% Subgroup 1

28 70.0% Heterogeneous  

5 12.5% Negative  

Cyclin D1 30 75.0% Homogeneous 39 97.5% Subgroup 1

9 22.5% Heterogeneous  

1 2.5% Negative  

β1 integrin 1 2.5% Heterogeneous 7 17.5% Subgroup 1

32 80.0% Negative  

β3 integrin 2 5% Heterogeneous 9 22.5% Subgroup 1

38 95% Negative  

β4 integrin 3 7.7% Heterogeneous 13 33.3% Subgroup 1

23 59.0% Negative  

β6 integrin 12 31.6% Homogeneousb 24 63.2% Subgroup 1

12 31.6% Granularc  

14 36.8% Negative  

FASN 16 40% Homogeneous 39 97.5% Subgroup 2

23 57.5% Heterogeneous  

1 2.5% Negative  

FATP1 9 22.5% Homogeneous 23 57.5% Subgroup 1

14 35.0% Heterogeneous  

17 42.5% Negative  

Collagen I 39 100% Negative 34 61.5% Positive intense

  15 38.5% Positive weak

Collagen IV 37 100% Negative 11 29.7% Positive intense

  26 70.3% Negative

Abbreviations: AR, androgen receptor; ATF3, activating transcription factor 3; BC, breast carcinoma; FASN, fatty acid synthase; FATP1, fatty acid transport protein 1.
aOn collagens I and IV, the staining refers to the interstitial stroma.
bCell membrane.
cCytoplasm.
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17.5% (Figure 1G) and heterogeneous phenotype in 70% of 
the cases (Figure 1H). Stromal fibroblasts were positive in all 
cases, even in the malignant epithelial cells negative cases 
(Figure 1I).

Cyclin D1 was positive in almost all cases, with a malignant 
epithelial homogeneous phenotype in 75% (Figure 1J) and 
malignant heterogeneous phenotype in 22.5% (Figure 1K). 
Fibroblast-positive cases were included in subgroup 1 in posi-
tive malignant epithelial cells cases and were negative in malig-
nant epithelial negative cases (Figure 1L).

β1 (Figure 2A to C), β3 (Figure 2D to F), and β4 (Figure 
2G to I) integrin chains had an identical staining pattern in 
most of the cases. Malignant epithelial cells were negative in 
the majority of the cases (80%, 95%, and 59%, respectively) and 
stromal fibroblasts, when positive, were located around malig-
nant epithelial cell clusters in 17.5%, 22.5%, and 33.3% of the 
cases, respectively. β6 integrin showed 2 staining patterns, 1 

cytoplasmatic with cell membrane reinforcement (Figure 2J) 
and the other having a granular cytoplasmatic staining (Figure 
2K). Both types were present in one third of the cases (31.6%). 
Positive stromal fibroblasts (subgroup 1) were present in all 
positive malignant epithelial cells cases and fibroblasts did not 
stain in negative cases (Figure 2L).

Fatty acid synthase stained the epithelial cell cytoplasm 
(with a cell membrane reinforcement) in almost all cases, with 
a homogeneous phenotype in 40% of the cases (Figure 3A) 
and heterogeneous phenotype in 57.5% (Figure 3B). Rare 
scattered fibroblasts were positive (subgroup 2) in all cases 
with positive epithelial expression and did not stain in nega-
tive cases (Figure 3C).

Regarding FATP1 expression, we found a nuclear homoge-
neous phenotype staining the epithelial cells in 22.5% of the 
cases (Figure 3D) and heterogeneous phenotype in 35% (Figure 
3E). Cytoplasmatic staining was predominantly absent, but 

Figure 1.  Androgen receptors (A—positive homogeneous epithelial staining 400×, B—positive heterogeneous 400×, C—negative 100×); ATF3 

(D—positive homogeneous epithelial staining 400×, E—positive heterogeneous 400×, F—negative 400×); p16 (G—positive homogeneous epithelial 

staining 400×, H—positive heterogeneous 400×, I—negative 100×); and cyclin D1 (J—positive homogeneous epithelial staining 400×, K—positive 

heterogeneous 400×, L—negative 100×).
ATF3 indicates activating transcription factor 3.
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occasionally present (Figure 3F). Numerous fibroblasts (sub-
group 1) were positive in all male BC cases with positive epithe-
lial expression and did not stain in negative cases (Figure 3G).

Collagen I had a stromal diffuse staining, intense in 61.5% 
(Figure 3H) or weak/moderate in 38.5% (Figure 3I) of the 
cases. Collagen IV was present with a diffuse intense stromal 
staining in 29.7% of the cases (Figure 3J and K) and negative in 
the remaining (Figure 3L). Only 5 cases shared an intense 
stroma staining with both collagen types. No collagen I and 
collagen IV was present in the epithelial cells.

Significant associations between malignant 
epithelial phenotypes

In this series of male BC previously characterized6 by ERα 
positivity (100% of the cases), PR positivity (90%), and high 
Ki67 (67.5%) (Table 2), AR is positive in 87.5% of the cases. 
We obtained few significant associations between IHC patterns 

and the clinicopathologic variables, but many significant asso-
ciations between the IHC evaluated biomarkers. All the statisti-
cally significant associations found are shown in Table 4, and 
the most relevant highlighted.

Considering the positive homogeneous epithelial pheno-
type, the following associations reached high statistical signifi-
cance (P ⩽ .001): (a) ATF3 and FATP1, (b) p16, β6 integrin, 
FATP1, and FASN, and (c) FATP1, β6 integrin, and FASN. 
The positive homogeneous epithelial phenotype of all these 
biomarkers was also associated with high Ki67.

Activating transcription factor 3 and FATP1 were the only 
biomarkers significantly associated with anatomical stage 
(stage III) (P = .027 and .026, respectively) and surrogate sub-
types (luminal B-like HER2-negative) (P = .006 and .010, 
respectively). Activating transcription factor 3 was also asso-
ciated with pN1 status (P = .025) and the presence of gBRCA2 
mutations (P = .032). Of note, we found statistically signifi-
cant associations of gBRCA2 mutations with patients aged 

Figure 2.  β1 integrin (A—positive heterogeneous epithelial staining 400×, B—positive stromal staining 400×, C—negative 100×); β3 integrin (D—

positive heterogeneous epithelial staining 400×, E—positive stromal staining 400×, F—negative 400×); β4 integrin (G—positive heterogeneous epithelial 

staining 400×, H—positive stromal staining 400×, I—negative 100×); and β6 integrin (J—positive homogeneous epithelial staining 400×, K—positive 

heterogeneous epithelial granular staining 100×, L—negative 100×).
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<70 years, positive family history, and luminal B-like (HER2-
negative) status.

Survival analysis

Seven of the 40 patients with male BC (17.5%) had disease 
recurrence and died of disease. Mean and median remission 
time were 56.9 and 41 months (range, 6-204), and mean and 
median survival time were 67.7 and 50 months (range, 7-223), 
respectively. Beyond the expected and confirmed significant 
prognostic value of “classic” parameters (pT, anatomic stage, 
grade), Kaplan-Meier estimates (log-rank test) indicate that 
male BC patients with FASN homogeneous phenotype had 
shorter DFS (Figure 4A; P = .04) and OS (Figure 4B; P = .03). 
Moreover, patients with collagen IV strong stromal immuno-
expression staining had a shorter DFS (Figure 4C; P = .05). A 
worse OS was observed in patients with tumors with an ATF3 

homogeneous phenotype (Figure 4D; P = .02). The univariate 
(simple Cox model) analysis (Table 5) was consistent with and 
confirmed the Kaplan-Meier/log-rank tests. In multivariate 
analysis (Table 6), collagen IV was the only of these markers 
significantly related with DFS (P = .032).

Discussion
In this preliminary exploratory study, our objective was to iden-
tify IHC molecular biomarkers that could contribute to better 
characterize the male BC biology, being potentially eligible for 
further larger and more complex studies to improve the clinical 
management of this entity.

In male BC, biological specifiers for an effective personal-
ized care and cure are undetermined.6 In addition, the inci-
dence of this rare disease is rising, and persistent poor outcomes 
have been reported.1,6,12 Understanding and simplifying the 
complexity of epithelial-stromal interaction and the relevance 

Figure 3.  FASN (A—positive homogeneous epithelial staining 400×, B—positive heterogeneous epithelial staining 400×, C—negative 100×); FATP1 

(D—positive homogeneous epithelial staining 400×, E—positive heterogeneous epithelial staining 400×, F—negative 400×); collagen I (G—stromal 

diffuse and intense staining 100×, H—diffuse and intense stromal staining 400×, I—weak/moderate diffuse stromal staining 100×; and collagen IV 

(J—diffuse and intense stromal staining 100×; K—diffuse and intense stromal staining 400×, L—negative 100×).
FASN indicates fatty acid synthase; FATP1, fatty acid transport protein 1.
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of phenotypical epithelial homogeneity or heterogeneity bur-
den in tumor progression may be a clue for a new clinical 
management.13-16

Gynecomastia, a nonneoplastic, often reversible, growth of 
the mammary tissue, due to proliferation of ductal and mesen-
chymal components, is the most common benign disease in 
male breast. Like male BC, gynecomastia is a multifactorial 
condition, and both entities share risk factors related to high 
estrogen levels and old age. Although gynecomastia is not con-
sidered a premalignant lesion, in this cohort of 40 cases, we 
found that male BC was associated with gynecomastia in 
22.5% of the cases. In the literature, this association has been 
stated as from nearly nonexistent to being present in 20% to 
40% of the cases.9 Complex etiopathogenesis and the sharing 
of risk factors by both conditions are cumbersome barriers to 
clarify this association.

Androgen receptor expression was described as having an 
antiproliferative role in normal breast tissue.17 In female BC, 
its expression has been linked to a favorable prognosis.18 Some 
studies emphasize the role of AR in the regulation of tumori-
genesis in female BC via epithelial-mesenchymal signaling, but 
there are very few data regarding the stromal-epithelial inter-
actions in this condition.17 In male BC, AR immunoexpression 
in the malignant epithelial cells ranges from 34% to 95% and 
shows conflicting data in relation to its prognostic value.19 In 
this series, malignant epithelial cells and fibroblasts express AR 
in most male BC, and the epithelial phenotype was not associ-
ated with any prognostic factor. Although the value of AR 
expression as response predictor to therapy with AR antago-
nists was not established in male BC patients, some authors19 
proposed that stromal-epithelial interactions might have 
important effects on their action.

Activating transcription factor 3 is considered a mediator 
of cellular stress response. In female BC, several functions 
were attributed to ATF3, including a role in epithelial cell 
proliferation20 and in promotion of tumor progression as a 
“breast stroma related gene.”21,22 No previous studies evalu-
ated ATF3 expression in male BC. In the present series, 
ATF3-positive homogeneous phenotype, together with 
numerous positive fibroblasts, was found in 20.5% of the 
tumors, and significantly associated with BRCA2 germline 
mutations, pN1, anatomic stage III, luminal B-like (HER2-
negative) subtype, and high Ki67 expression. Accordingly, 
patients with tumor ATF3 homogeneous score also had a 
shorter OS. Wang et al22 reported the existence of an interac-
tion of ATF3 with AR, and the eventual use of this link to 
develop a stromal-target therapy in male BC. In our series, 
however, no correlation between ATF3 and AR immunophe-
notype was found (P = .30) to support their results.

p16 and cyclin D1 have important roles in cell cycle regu-
lation. In female BC, overexpression of cyclin D1 in epithelial 
cells has been reported to occur in 35% to 81% of carcinomas 
and to be correlated with ERα/PR expression and luminal 
subtypes, in contrast to p16, which is usually related to high 

Table 4.  Significant associations between biomarkers and 
clinicopathologic features in male BC.

Biomarkers P value (Fisher exact test)

ATF3

  pN .025

  Stage .027

  Ki67 <.001

  Surrogate subtypes .006

  β6 integrin .039

  Collagen I .042

  FASN .011

  FATP1 <.001

  BRCA2 .032

p16

  Ki67 .004

  β6 integrin <.001

  FASN .002

  FATP1 <.001

β6 integrin

  Ki67 .020

  ATF3 .039

  p16 <.001

  FATP1 <.001

FASN

  Ki67 .015

  AR .011

  ATF3 .002

  p16 .001

  FATP1 .001

FATP1

  Stage .026

  Ki67 .005

  Surrogate subtypes .010

  p16 <.001

  ATF3 <.001

  β6 integrin <.001

  FASN .001

Abbreviations: AR, androgen receptor; ATF3, activating transcription factor 3; BC, 
breast carcinoma; FASN, fatty acid synthase; FATP1, fatty acid transport protein 1.
Values of P ⩽ .001 are in bold.
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proliferation activity.23-25 In addition, Pestell et al26 demon-
strated that stromal cyclin D1 drives tumor microenviron-
ment signaling and promotes BC growth. In male BC, 
Kanthan et al27 reported similar positive rates for both mark-
ers. In this study, cyclin D1 positivity was associated with bet-
ter outcome, and the p16 expression did not show prognostic 
significance.27 In our series, cyclin D1 is positive in epithelial 
and stromal fibroblasts in almost all cases, with a homogene-
ous phenotype in three quarters of the cases in the epithelial 
compartment, favoring an important protagonism in male 
BC. p16 homogeneous phenotype, found in less than a quar-
ter of the cases, is associated with high Ki67 expression and 
with β6 integrin, FASN, and FATP1 homogeneous pheno-
type staining. Of note, p16 is the only marker with positive 
stromal fibroblasts in all cases, even in negative malignant 
epithelial cells cases.

Integrins are glycoproteins composed by 18α and 8β chains 
that pair and incorporate 24 different heterodimers. They 
mediate epithelial cell-to-cell and epithelial cell-extracellular 
matrix adhesion and organization of the intracellular cytoskel-
eton. β1, β3, and β4 integrins maintain tissue architecture and 
contribute to the function of normal breast tissue.28,29 In female 
BC, they are linked to tumor progression, immune responses, 
and drug resistance and may be important when considering 
therapeutic options oriented to tumoral stroma blockage.28-32 

In male BC, β1, β3, and β4 integrins have a similar malignant 
epithelial cell membrane staining, consistent with cell-to-cell 
adhesion, in very few cases. All these integrins have an identical 
peculiar reinforcement in the stroma around aggregates of 
malignant epithelial cells in some negative epithelial cases, in 
an identical percentage, although in different cases. In our 
series, β6 integrin staining patterns are different from the other 
integrins because 2 different patterns of positivity in malignant 
epithelial cells are present: cell membrane homogeneous phe-
notype and granular cytoplasmatic staining. These results may 
be related with β6 integrin participation in different heterodi-
mers. β6 integrin expression was reported to be associated with 
unfavorable prognosis in different cancer types.33 Although in 
this series, probably due to the small number of cases, β6 inte-
grin is not directly associated with prognosis, its homogeneous 
phenotype is associated with high Ki67, as well as with ATF3, 
p16, and FATP1 homogeneous phenotype, which are related to 
worse prognosis.

Fatty acid synthase is highly expressed in many conditions, 
including female BC carcinomas. Fatty acid synthase is a mul-
tifunctional protein, involved in the synthesis of long-chain 
saturated fatty acids. It was reported to be expressed in some 
benign and preinvasive female breast in basal/suprabasal cells.34 
This marker has also been significantly correlated with grade, 
stage, and worse OS in cancers such as ovarian cancer.35 In 

Figure 4.  Kaplan-Meier survival curves of male BC for FASN, collagen IV, and ATF3: (A)—patients with strong homogeneous FASN membrane 

cytoplasmatic staining have a significantly shorter DFS (P = .04); (B)—patients with strong homogeneous FASN membrane cytoplasmatic staining have a 

significantly shorter OS (P = .03); (C)—patients with strong stromal staining for collagen IV have a significantly worse DFS (P = .05); (D)—patients with 

homogeneous staining for ATF3 have a significantly worse OS (P = .02).
ATF3 indicates activating transcription factor 3; BC, breast carcinoma; DFS, disease-free survival; FASN, fatty acid synthase; OS, overall survival.
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Table 5.  Univariate Cox regression analysis in relation to DFS and OS.

Variables DFS OS

RR 95% CI P value RR 95% CI P value

Androgen receptors

 N egative 1 – – 1 – –

  Homogeneous 0.61 0.12-3.04 .548 1.82 0.22-15.3 .580

ATF3

 N egative 1 – – 1 – –

  Homogeneous 5.53 0.91-33.64 .063 13.13 1.32-130.3 .027

  Heterogeneous 3.27 0.54-19.85 .197 9.16 0.92-90.89 .058

β6 integrin

 N egative 1 – – 1 – –

  Homogeneous 1.20 0.19-7.56 .848 0.70 0.07-7.06 .763

  Heterogeneous 1.13 0.23-5.63 .879 1.13 0.23-5.72 .874

FASNa

  Homogeneous 1 – – 1 – –

  Heterogeneous 0.19 0.04-0.99 .049 0.15 0.03-0.84 .030

Collagen I

 N egative 1 – – 1 – –

  Homogeneous 0.73 0.18-2.98 .666 1.57 0.35-7.14 .555

Collagen IV

 N egative 1 – – 1 – –

  Homogeneous 3.82 0.94-15.51 .061 3.54 0.7-7.79 .125

Bilaterality

 N o 1 – – 1 – –

 Y es 6.17 1.42-26.79 .015 0.64 0.06-7.27 .720

Family history

 N o 1 – – 1 – –

 Y es 3.81 0.94-15.41 .061 2.21 0.46-10.8 .324

Grade (G)

  G1-2 1 – – 1 – –

  G3 5.92 1.39-25.23 .016 8.22 1.57-42.92 .012

Tumor size (pT)

  pT1-2 1 – – 1 – –

  pT3-4 16.44 2.01-134.5 .009 12.74 1.5-108.4 .020

Stage

  I-II 1 – – 1 – –

  III 7.65 1.53-38.33 .013 14.16 1.7-120.2 .015

Abbreviations: ATF3, activating transcription factor 3; CI, confidence interval; DFS, disease-free survival; FASN, fatty acid synthase; OS, overall survival; RR, relative risk.
aTo avoid predictive bias, we deleted the only FASN-negative case from the statistical analysis.
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triple-negative female BC, FASN was significantly associated 
with positive lymph nodes, but not with OS or DFS.36 In pro-
liferating neoplastic cells, fatty acids can be synthesized de 
novo to provide lipids for membrane formation and energy 
production.37 In female BC, Menendez and Lupu38 described 
a complex molecular interaction, occurring at multiple levels, 
between endogenous fatty acid metabolism and ERα signaling, 
and the capacity of FASN to regulate ERα may represent an 
effective therapeutic strategy involving FASN inhibitors. 
Interestingly, in our series of ERα-positive male BC cases, 
FASN epithelial homogeneous phenotype is significantly asso-
ciated with shorter DFS and worse OS, in contrast to the 
reported in triple-negative female BC. Moreover, FASN is also 
associated with Ki67, AR, ATF3, p16, and FATP1 expression. 
Fatty acid synthase is rarely positive in fibroblasts in male BC, 
suggesting that its particular relevance is limited to the epithe-
lial cell compartment.

Fatty acid transport protein 1, encoded by the SLC27a1 
gene, was reported to be expressed in cells and tissues with 
high-level fatty acid import for metabolism or storage, like the 
adipose tissue.39 The present series is the only study evaluating 
FATP1 immunophenotype pattern in BC epithelial cells and 
fibroblasts. Our group has unraveled, in vitro, a role for FATP1 
in the metabolic cross-talk between female BC cells 
MDA-MB-231 and cancer-associated fibroblasts.40 In this 
study, according to in vitro results, FATP1 stains numerous 
stromal fibroblasts in male BC, which are positive in the malig-
nant epithelial cells as well, favoring the FATP1 modulation 
between epithelial and stromal components in these condi-
tions. In normal tissues, lipid droplets are storage organelles for 
lipids and proteins. These lipids and proteins can traffic 
between lipid droplets and endoplasmic reticulum, and FATP1 
may have a role in facilitating lipid droplet transport at this 
interface.41-44 The origin and significance of nuclear lipid 

droplets is uncertain, but the inner nuclear membrane can 
metabolize lipids and regulate transcription in response to lipid 
availability.45,46 Recent understanding of the mechanisms of 
interaction between chromatin and lipids suggests that small 
lipid molecules can regulate main nuclear functions. Lipids 
that bind to nucleosomes and affect chromatin are likely to be 
valuable as tools to modify phenotypes at a molecular level.47,48 
Remarkably, in this study, FATP1 has an unexpected nuclear 
staining, although a concomitant diffuse cytoplasmatic staining 
with variable intensity was observed in some cases. Fatty acid 
transport protein 1 homogeneous phenotype is significantly 
associated with high Ki67, FASN, p16, integrin β6, and ATF3 
malignant epithelial homogeneous phenotype, and high-stage 
and luminal B-like (HER2-negative) carcinomas. The associa-
tion with high Ki67 supports the fact that, in highly prolifera-
tive lesions, cells have increased metabolic demands undertaken 
by fatty acid metabolism pathway. This finding should be con-
firmed by other studies, as clinical inhibitors for different steps 
in fatty acids pathways already exist,49 and their use might be 
applied in male BC patients.

Collagens are the major structural component of the stroma 
and may modulate the genesis and progression of carcinomas. 
There are 28 collagens organized into subgroups, including the 
fibrillar-forming collagens and the network-forming collagens. 
Collagen I is a fibrillar-forming collagen and collagen IV forms 
an interlaced network at basement membrane, found at the 
basal surface of epithelial and endothelial cells, and essential for 
tissue polarity and molecular filtration function.50-53 Compared 
with normal tissue, the amount of collagen I was reported to be 
augmented in female BC and its dysregulation may affect the 
behavior of malignant cells.53 In the present series, collagen I 
strong intensity is significantly associated with ATF3 epithelial 
homogeneous phenotype, although collagen I is not associated 
with prognosis. However, the intense and diffuse homogeneous 

Table 6.  Multiple Cox regression analysis in relation to DFS and OS.

Variables DFS OS

RR 95% CI P value RR 95% CI P value

Collagen IV

 N egative 1 – –  

  Homogeneous 8.29 1.19-57.53 .032  

Tumor size (pT)

  pT1-2 1 – – 1 – –

  pT3-4 57.81 3.16-1058 .006 22.86 1.0-4.24 .051

Grade (G)

  G1-2 1 – – 1 – –

  G3 77.01 1.78-294 .016 16.99 1.77-163 .014

Abbreviations: CI, confidence interval; DFS, disease-free survival; OS, overall survival; RR, relative risk.
We found high RR and CI values in the statistical analysis because the variables’ subcategories had few observations.
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collagen IV stromal immunophenotype is significantly associ-
ated with a shorter DFS. This finding may be associated with 
intense stromal remodulation and supports previous studies 
that showed the potential value of inhibiting collagen IV syn-
thesis or deposition to control female BC progression.54

As final considerations, we would like to underline that 
most patients included in this study had clinicopathologic fea-
tures classically associated with “good prognosis,” such as lumi-
nal-like subtypes and anatomic stage I/II. In consequence, we 
found a low percentage of disease recurrence and death (17.5%). 
However, these conditions are commonly found in the current 
clinical management of BC, emphasizing the importance of 
the results obtained. The molecular markers p16, ATF3, β6 
integrin, FASN, and FATP1 are significantly intercorrelated, if 
homogeneous epithelial staining is present. They are all also 
significantly related to high cell proliferation, as assessed by 
Ki67. With the exception of FASN, all these biomarkers 
stained >10% of fibroblasts in malignant epithelial positive 
cases, and p16 also stained fibroblasts in malignant epithelial 
negative cases. Of note, the study reveals the significant asso-
ciations of homogeneous malignant epithelial staining of 
FASN with DFS and OS, as well as of ATF3 with OS and 
collagen IV with DFS.

Conclusions
This study is preliminary, in part limited by its small sampling 
size, and therefore does not allow definitive assumptions. 
However, it highlights the potential value of intratumoral epi-
thelial cell homogeneity of biomarkers with distinct biological 
functions, their interactions, and significant association with 
high Ki67 cell proliferation. As novel finding, the prognostic 
relevance of the homogeneous phenotype of FASN and ATF3, 
as well as the diffuse and intense collagen IV stromal staining, 
identifies male BC patients with worse outcome. These bio-
markers deserve further investigation and may have innovative 
application in the clinical management of male BC.
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