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Hormonal factors have been implicated in the development of both female and male breast cancers

(MBC). However, MBCs are rare and seem to have different biological behavior than those of

females. The aim of this study was to evaluate proliferative activity and to establish an association

with steroid hormone receptor concentration and clinicopathological parameters in MBC. Prolifera-

tive activity was assessed in 18 MBC by mitotic ®gure counts and immunohistochemical evaluation

of MIB-1 and proliferating cell nuclear antigen (PCNA). Estrogen (ER), progesterone (PR) and

androgen (AR) receptors were evaluated in serial section from the same tumor by immunohisto-

chemistry. PCNA (range 17±73%; mean, 51.6%) and MIB-1 (range 18.5±58%; mean 38.4%) were

positive correlated with the mitotic rate. High proliferative activity assessed either by mitotic index

or MIB-1 expression was associated with more poorly differentiated tumors. Sixty one percent (11/

18) of the tumors were ER+ , 72% (13/18) PR+ and 38.5% (5/13) AR+ . Proliferative activity in

tumors displaying ER+ /PR+ phenotype showed a tendency to be higher than in ERÿ /PRÿ tumors.

This difference was statistically signi®cant when MIB-1 expression was used as proliferation mar-

ker. An association between AR concentration and age at diagnosis was found; in the AR negative

group (8/13) mean age at diagnosis was 54.427.3 which was signi®cantly lower than the age of

patients with AR+ tumors, 63.2211.1 (5/13). Results presented here show that decreased androgen

action (ARÿ) within the breast might contribute to an earlier development of MBC. Besides that,

the presence of ER and PR in carcinoma cells is considered to provide a growth advantage as shown

by the positive association between the phenotype (ER+ /PR+) and high proliferative activity. These

results add information for a better understanding of hormonal control of MBC growth and devel-

opment. # 1998 Elsevier Science Ltd. All rights reserved.

J. Steroid Biochem. Molec. Biol., Vol. 67, No. 4, pp. 333±339, 1998

INTRODUCTION

Breast cancer is an infrequent but serious disease in

human males. Knowledge relevant to many aspects of

the disease is still limited [1]. Proliferative activity of

female breast carcinomas (FBC) is considered to be

an important and even independent prognostic factor;

in male breast cancer (MBC), on the other hand, in-

formation on the cellular kinetics is scant and

controversial[2±4].

Hormonal control on growth and development of

MBC has been suggested [5]. Estrogens are known to

stimulate cell proliferation in both normal and neo-

plastic breast tissue [6]. This biological effect is

exerted when it binds to the estrogen receptor (ER).

Epidemiological studies have linked an excess ex-

posure to estrogen with MBC [1, 5]. Besides that,

Sasano et al. [7] reported an increased aromatase ex-

pression in the stromal cells of MBC, suggesting that

locally synthesized estrogen may act to promote

growth. Estrogen, through ER, may regulate the syn-

thesis of progesterone receptor (PR) and in MBC a

positive correlation was found between ER and PR

concentration [8]. The role of progesterone on breast

tumor cell proliferation is controversial, it may be

stimulatory[9] or growth inhibitory[10].

On the other hand, a reduced testicular function

and a decreased androgen action within the breast tis-

sue may contribute to the development of

MBC [1, 11]. Recent in vitro studies suggested that

the androgen-induced inhibition of proliferation in
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MCF7 cells is androgen receptor (AR)-mediated[12].

The correlation between AR concentration and cell

proliferation in MBC has not been investigated.

In order to obtain a better understanding of MBC

biological behavior we decided to study the prolifera-

tive activity and to establish a correlation, if any, with

steroid hormone receptor concentration and clinico-

pathological parameters.

MATERIALS AND METHODS

Patients

Eighteen cases of histologically con®rmed MBC

were examined retrospectively in this study. Archival

paraf®n embedded tissues, routinely ®xed in 10% for-

malin, were obtained from different pathology labora-

tories. Five mm serial sections were mounted on

APTES (3-amino propyl triethoxysilane; Sigma, St.

Louis, MO)-coated slides, and dried at 378C during

24 h. Consecutive sections were used for routine

hematoxylin-eosin (HE) staining and for immunos-

taining. Clinical and histopathological features of the

patients are summarized in Table 1. Clinical infor-

mation regarding patient age, primary tumor extent

(T), lymph node status (N), distant metastasis (M)

for TNM staging, were obtained from the patients'

medical records.

Routine pathological examination and mitotic ®gures

HE stained samples were evaluated by two experi-

enced pathologists to record routine histopathological

data using a BH2 microscope (Olympus optical).

A Scarff±Bloom±Richardson (SBR) system for his-

tological grading was used [13]; the standardized pro-

tocol for mitotic ®gure counts described by

Elston [14] was followed. Mitotic counts were started

in the most active areas of the neoplasm where the

number of mitosis was highest. Once started nine ad-

ditional ®elds in the same region were randomly

selected. Morphological criteria [15] were applied to

the recognition of mitotic ®gures. Mitotic ®gure

counts were expressed as number per 10 high-power

®eld (MitH) and as mitotic index.

Table 1. Clinicopathologic data of eighteen male patients with breast cancer

Patient

No.

Age

(yr) Staginga Histological typeb SBRc Receptor status

1 74 T2N1M0 I.D. with cribiform component I ER+ /PR+ /AR+

2 50 T2N0M0 invasive ductal (NOS) I ERÿ /PRÿ /ARÿ
3 41 T4N1Mx invasive ductal (NOS) III ER+ /PRÿ /ARÿ
4 42 T2N0M0 invasive ductal (NOS) III ER+ /PR+ /AR+

5 57 T2N0M0 invasive ductal (NOS) II ER+ /PR+

6 52 T2N0M0 apocrine carcinoma I ERÿ /PRÿ /ARÿ
7 65 T4N1M0 invasive ductal (NOS) II ERÿ /PRÿ /ARÿ
8 57 T2N0M0 invasive ductal (NOS) I ERÿ /PRÿ /ARÿ
9 48 T2N1M1 invasive tubular carcinoma II ER+ /PR+

10 69 T1N0M0 invasive ductal (NOS) I ER+ /PR+

11 64 T4N0M0 invasive ductal (NOS) I ER+ /PR+

12 71 T4N2M1 I.D. with cribiform component II ER+ /PR+

13 55 T4N1Mx I.D. with comedo areas II ERÿ /PR+ /ARÿ
14 67 T4N0M0 invasive ductal (NOS) I ERÿ /PR+ /AR+

15 56 T4N1M1 invasive ductal (NOS) II ER+ /PR+ /ARÿ
16 70 T4N1Mx invasive ductal (NOS) II ERÿ /PR+ /AR+

17 62 T4N0Mx invasive ductal (NOS) II ER+ /PR+ /ARÿ
18 63 T4N1Mx invasive ductal (NOS) II ER+ /PR+ /AR+

aTNM staging: according with American Join Committee on Cancer, 1992.
bHistological type: according with WHO histologic classi®cation[41].
cHistological grading: according to Le Doussal et al. [13] and Elston[14].

Table 2. Characteristics of primary antibodies used and MW pre-treatment length

Antibody Animal Working dilutiona Source

MW pre-treatment

lengthb (min)

ER-LH2 (clone CC4-5) mouse 1:80 Novocastra, Newcastle, U.K. 15

PR (clone KD68) rat 1:2 of kit Abbot, North Chicago, IL, U.S.A. 15

AR (clone 2F12) mouse 1:20 Novocastra, Newcastle, UK. 15

PCNA (clone PC-10) mouse 1:400 Novocastra, Newcastle, UK. 10

Ki-67 (clone MIB-1) mouse 1:100 Amac, Westbrook, Maine, U.S.A. 20

aAll incubations were done overnight at 48C.
bDe®ned in Materials and Methods.
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Immunostaining

The previously described microwave (MW) pre-

treatment technique [16], with minor modi®cations,

was used. In brief, the dewaxed and rehydrated

samples were placed in a Coplin jar containing

0.01 M sodium citrate buffer (pH 6.0) for a MW pre-

treatment. Samples were heated in a 700 W micro-

wave oven for 3 min at full power (the solution comes

to a rapid boil) followed by a variable period (selected

for each antigen) at 40% of full power (this power

setting adjusts the oven cycles on and off every 12±

19 s and the solution is maintained near boiling

point). Optimum MW pre-treatment length for each

individual antigen is shown in Table 2. Figure 1

shows a validation test on female breast tumors

samples with unknown ®xation protocol performed to

adjust the MW pre-treatment length for MIB-1. After

heating, sections were let stand for 20 min in the

MW, then rinsed in PBS (pH 7.5) at room tempera-

ture for 10 min.

After MW pre-treatment a routine immunohisto-

chemistry protocol was followed [8, 16, 17]. All incu-

bations were done in a moist incubation chamber.

The characteristics of the primary antibodies

employed in this study as well as working dilutions

are summarized in Table 2. Antibody dilutions were

adjusted in order to obtain the optimal results deter-

mined by the combination of strong immunoreactivity

with low background. The speci®city of these anti-

bodies has been tested by the suppliers and by us

using Western blot assays of tissues containing the

proteins under investigation.

The streptavidin±biotin±peroxidase complex

method, with diaminobenzidine tetrahydrochloride

(Sigma) as chromogen, was used [16, 17]. As second

antibodies anti-rat or anti-mouse IgG (whole mol-

ecule) (Sigma) biotin conjugated were used (1:20 for

ER and AR; 1:80 for PR and MIB-1; and 1:130 for

PCNA). Second antibodies were incubated for

30 min at room temperature. The streptavidin±perox-

idase (Sigma) complex was used (1:60 for ER and

AR; 1:150 for PR, MIB-1 and PCNA) and incu-

bations were done for 30 min at room temperature.

Diaminobenzidine (2 mg/ml)/hydrogen peroxide

(0.001%) was used as chromogen substrate. After

immunostaining, the slides were slightly counter-

stained with Mayer's hematoxylin.

Each immunohistochemical run included positive

and negative controls. Prostatic hyperplasia was used

as control tissue for AR, whereas samples of FBC

were used for ER, PR and proliferation markers. In

the negative control slides the primary antibody was

replaced with normal rat or mouse serum.

Scoring system

The same scoring system used for ER and PR, pre-

viously described in detail [8], was used for AR semi-

quantitation. In brief, a score was given to the

proportion of cells staining positive: 0% = 0;

<1% = 1; 1±10% = 2; 11±30% = 3; 31±66% = 4 and

>66% = 5. An intensity score also was given: no

staining = 0; weak staining = 1; moderate staining = 2;

and strong staining = 3. Intensity and proportion

scores were totalled. A tumor with a total score of 0±

2 was classi®ed as negative (N). If the score was 3 or

4, the tumor was said to be low-positive (LP), and a

score of 5±8 indicated that the tumor was positive

(P)[18].

Two different criteria were followed for the prolif-

erating cell nuclear antigen (PCNA) scoring: (1) as

we described previously [16] all stained cells were

regarded as positive, PCNA(t), (2) only cells with

strong nuclear staining were considered to be positive,

PCNA(+ + +) [19]. As subjectivity, in establishing

intensity cut off values, is likely to affect reproducibil-

ity the PCNA(+ + +) quantitation was repeated at a

separate sitting one month later by the same observer

(MMT) blinded to the previous count. There was an

excellent intraobserver correlation (r = 0.89) and the

mean of the two counts was considered the

PCNA(+ + +) score.

For scoring the Ki-67 staining using MIB-1 anti-

body, all reactive nuclei were counted as positive

(regardless of the staining intensity).

Statistical analyses

The intraobserver correlation for PCNA(+ + +)

quantitation was assessed with the Pearson corre-

lation coef®cient. For comparing ER and PR positiv-

ity within the same patients, the McNemar's test for

paired proportions was used [20]. To analyze the

interrelationship between proliferation markers, the

Spearman rank-correlation coef®cient (rS) and p-

Fig. 1. Effect of MW pre-treatment length on percentage of

MIB-1 immunostained cells. Serial sections from six female

breast carcinomas received MW pre-treatments of different

length for antigen retrieval. MW pre-treatment (3 min at full

power + x minutes at 40% of full power, x = 7±27 min).

Shaded area shows selected MW pre-treatment length, with

less prolonged MW heating the staining was less intense and

percentage of immunostained cells was the same or lower,

whereas longer heating times did not result in any improved

staining intensity or percentage of immunolabelling.

Cell proliferation and steroid receptor status 335



values were calculated [20]. Association between pro-

liferation indices and clinicopathological features was

assessed by Kruskall±Wallis and Mann±Whitney U
tests [20]. The Mann±Whitney U test was also

applied for comparing the mean age at diagnosis in

the AR+ vs ARÿ groups of patients.

RESULTS

A summary of the clinicopathological character-

istics of the patients is presented in Table 1.

Sex steroid hormone receptors

The results of the immunostaining for steroid hor-

mone receptors are summarized in Table 1. Low

positive and positive cases were considered positive.

Sixty one percent (11/18) of the tumors expressed ER

and 72% (13/18) were PR positive. The proportion

of ER+ versus PR+ tumors was not signi®cantly

different (p>0.188) and the status of both receptors

was positively correlated (rS: 0.52; p < 0.05). In MBC

AR immunostaining was restricted to the nuclei of

the epithelial cells, while in prostatic hyperplasia

Table 3. Values for proliferation markers in male breast carcinoma

Marker n Mean2SD Median Range Units

Mit H 18 12.8827.49 9.5 3±26 mitosis/10 HPFa

PCNA (t) 18 51.64214.30 52.2 17.3±73.0 % positive cells

PCNA (+ + +) 18 22.33210.90 20.3 5.4±45.2 % positive cells with strong staining

MIB-1 11 38.40211.80 38.3 18.5±57.9 % positive cells

aHPF: 40�objective and 10� eyepiece.

Table 4. Spearman correlations (rS) of proliferation markers with each other

Mit H Mitotic index PCNA (t) PCNA (+ + +)

Mitotic index 0.92 (<0.001)a ± ± ±

PCNA (t) 0.46 (<0.05) 0.48 (<0.05) ± ±

PCNA (+ + +) 0.45 (<0.05) 0.52 (<0.05) 0.60 (<0.01) ±

MIB-1 0.84 (<0.01) 0.90 (<0.001) 0.24 (NS) 0.51 (<0.05)

Spearman correlation coef®cient is given with the p-value in parentheses. NS: not signi®cant (p>0.05).
ap-values were calculated according to Siegel[20] (pp. 195±239).

Table 5. Proliferation indices in MBC according to histological grade, T stage, axillary nodal status and steroid hormone receptors

Mitotic index PCNA (+ + +) % positive cells MIB-1 % positive cells

1 2 3 mean2SD n mean2SD n

All cases 9 5 4 22.3210.9 18 38.4211.8 11

Histological grade (SBR)

I 7 0 0 p = 0.02b 18.628.5 7 p = 0.21b 25.025.1 4 p = 0.027b

II 2 4 3 23.0212.2 9 45.227.6 5

III 0 1 1 32.121.5 2 NS 48.221.1 2

T stagea

T1±T2 5 2 1 p>0.05c 21.627.0 8 p>0.05c 29.529.9 5 p = 0.015c

T3±T4 4 3 3 NS 22.9213.0 10 NS 45.927.1 6

Lymph node Involvement

N (ÿ) 7 2 0 p = 0.01c 21.328.2 9 p>0.05c 31.2210.3 5 p = 0.041c

N (+) 2 3 4 23.3213.0 9 NS 44.429.3 6

Steroid hormone receptor status

ER (+) 4 4 3 p>0.05c 25.9210.9 11 p>0.05c 42.427.6 6 p = 0.165c

ER (ÿ) 5 1 1 NS 16.628.0 7 NS 33.6214.0 5 NS

PR (+) 5 5 3 p>0.05c 23.2211.0 13 p>0.05c 43.829.3 6 p = 0.123c

PR (ÿ) 4 0 1 NS 19.9210.2 5 NS 31.9211.2 5 NS

AR (+) 2 1 2 p>0.05c 21.9212.0 5 p = 0.177c 45.5210.8 4 p>0.05c

AR (ÿ) 5 2 1 NS 18.528.0 8 NS 34.3210.3 7 NS

aPrimary tumor size and extend according with American Join Committee on Cancer ± 1992.
bKruskal±Wallis test was applied.
cMann±Whitney U test was applied.
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(used as positive control) AR immunostaining was

observed in nuclei of both epithelial and stromal cells.

AR immunoreactivity was observed in 38.5% (5/13)

of MBC.

Proliferation markers

Table 3 shows mean, median and range of values

for the proliferation markers studied. The percentage

of PCNA and MIB-1 positive cells showed a normal

distribution and increased parallel to the mitotic rate.

Table 4 shows the correlation of the different prolifer-

ation markers values with each other. Mitotic ®gure

counts expressed either as mitotic index or MitH

showed high correlation with all proliferation markers.

MIB-1 showed a signi®cant positive correlation with

PCNA only when strong stained PCNA cells were

counted (PCNA(+ + +)). Assuming that

PCNA(+ + +) better represent S phase [19] all sub-

sequent analyses, using PCNA expression, were based

on PCNA(+ + +) values.

The association of proliferation markers with histo-

logical grade, T stage and lymph node involvement is

shown in Table 5. High proliferative activity was as-

sociated with more poorly differentiated tumors.

However, MIB-1 expression better re¯exes the strati-

®cation of proliferative activity according to histologi-

cal grade, T stage and lymph node involvement.

Proliferative activity versus ER, PR, and AR status

As is shown in Table 5, statistically signi®cant re-

lationships have not been observed between prolifer-

ation indices and ER, PR or AR concentration when

each steroid hormone receptor was evaluated inde-

pendently of each other. However, proliferative ac-

tivity in tumors displaying ER+ /PR+ phenotype

showed a tendency to be higher than in ERÿ /PRÿ
tumors (Fig. 2). This difference was statistically sig-

ni®cant when MIB-1 expression (p = 0.05) was used

as proliferation marker. A positive association was

found between AR concentration and the age at diag-

nosis; in the AR negative group (8/13) the age at

diagnosis was 54.427.3, signi®cantly lower than the

age (63.2211.1) of the patients with AR+ tumors

(p = 0.05). Despite there was no signi®cant corre-

lation between AR and proliferation markers, AR+

tumors showed higher proliferation scores than ARÿ
tumors (Table 5).

DISCUSSION

The results presented in this paper show a close as-

sociation between ER+ /PR+ phenotype and high

proliferative status in MBC. On the other hand, the

AR concentration in MBC was correlated with the

age at diagnosis; a higher incidence of ARÿ tumors

was found in younger patients. These observations

are important to obtain a better knowledge about

MBC biological behavior, to analyze differences and

similarities between MBC and FBC and may contrib-

ute to identify molecular prognostic factors in MBC.

Breast cancer is a heterogeneous disease with a

prognosis that varies not only with the extent of the

disease, but also with its biologic behavior. Tumor

cell proliferation, which is an important biological

Fig. 2. Proliferative activity evaluated either by mitotic index, PCNA(+ + +) or MIB-1 in ERÿ /PRÿ and ER+ /

PR+ male breast carcinomas. Bars indicate median.
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variable, can be regarded, in FBC, as a prognostic

indicator [21, 22]. Several procedures may be used to

obtain a reliable measurement of cell

proliferation [23, 24]. PCNA and MIB-1 have gained

wide acceptance as proliferative markers primarily

due to the possibility of being used on routinely pro-

cessed material, however both markers' expression is

seriously affected by ®xation and processing pro-

cedures. In our experience microwave pre-treatment

has proven useful in antigen retrieval giving reliable

results when standardized protocols are

followed [8, 16]. In this study we have standardized

the immunostaining and MW pre-treatment for MIB-

1 and AR. As is shown in Fig. 1 the length of MW

pre-treatment for MIB-1 is a critical point.

Histological grade, T stage and lymph node invol-

vement are accepted prognostic factors in MBC [1],

in the present work a signi®cant positive association

between proliferative activity evaluated by MIB-1 ex-

pression and these factors was found (see Table 5).

These results further support the prognostic value of

the cell proliferative activity in MBC that has been

previously reported [4]. In our experience MIB-1 bet-

ter re¯exes the strati®cation of proliferative activity

according to histological grade, T and N stages than

PCNA. These results could be explained because

PCNA is not only a proliferation marker but it is also

expressed in cells undergoing DNA repair [25].

Additional information about MBC biological beha-

vior given by quantitative parameters, such as MIB-1

score, might improve the prognostic accuracy of the

traditional parameters and the precision with which

patients can be selected for systemic adjuvant

therapy. The presence of ER and PR in MBC has

received considerable attention, but AR has not. A

signi®cant difference between breast cancer in males

and women is the regularity with which ER and PR

are found in MBC [8, 26±28] and its lack of prognos-

tic value. However if a positive association between

proliferative activity and ER+ /PR+ phenotype in

MBC is established, this might explain the adverse

prognosis reported for MBC [26, 29±31]. A better

correlation between steroid receptor status and prolif-

erative activity may be hindered either by the com-

plexity of interactions among sex steroid hormones,

supported by the critical role of a cross-talk between

growth factors, and steroid receptor signalling

system [32] or by the small size of our series. In FBC

an inverse correlation between ER and PR concen-

tration and cell proliferation has been reported [33±

35]; however, some studies support a direct

correlation[36, 37].

Besides estrogen and progesterone, androgens have

also been implicated in breast cancer development

and progression in both males and females. In con-

trast to ER and PR, considerably less is known about

the concentration of AR in MBC. In our present

study, 38.5% of tumors expressed AR, a similar per-

centage as that reported by Everson et al. [38], but

lower than that found by Sasano et al. [7]. The later

authors also assessed AR by immunohistochemistry

but different results might be explained by differences

in the MBC sample studied and/or by the use of

different primary antibodies. The mean age at diagno-

sis of our patients is signi®cantly lower (5829.7)

compared with Sasano's sample (70211.8). Our

results showed that tumors of younger patients pre-

sent a signi®cant lack of AR expression. Recent in
vitro studies suggested that the androgen-induced in-

hibition of proliferation in MCF7, female breast can-

cer cells line, is AR-mediated [12]. Based on this

observation we cannot rule out a role of AR in MBC

development, growth and progression. Our results

might suggest a possible dual effect of androgen

through AR in MBC. A decreased androgen action

within the breast tissue may contribute to an earlier

development of MBC whereas, once tumor is devel-

oped, the presence of AR may contribute to tumor

progression (higher proliferative activity in AR+

cases).

In conclusion, the results presented here suggest

that decreased androgen action within the breast

might contribute to an earlier development of MBC;

the study also revealed that tumor phenotype ER+ /

PR+ was associated with elevated cell proliferation.

Collectively, the present ®ndings are in good agree-

ment with the hormonal control of breast tissue pro-

liferation previously proposed [6, 39, 40]. The positive

correlation between MIB-1 expression with histologi-

cal grade, T stage and lymph node involvement, add

information useful to identify molecular prognostic

indicators in MBC. It remains to be elucidated to

what extend these ®ndings can be related to success

or failure of the endocrine therapy in MBC.
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