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Abstract

Male Breast Cancer (MBC) is a rare disease in the U.S., accounting for less than 1% of all breast
cancers. Rates of MBC in Africa are more variable than in the U.S., therefore, understanding the
risk factors involved in a population like Egypt can clarify the nature of MBC. The polyglutamine
tract (QT) is a variable region of the androgen receptor (AR), a nuclear receptor which is
important in modulating androgen actions and generally inhibits growth in breast tissue. It is
hypothesized that a long QT results in weaker AR activity over the lifetime, resulting in less AR
mediated control over cellular division and higher risk of MBC. As a corollary, we expect to see a
distribution skewed toward longer QTs in MBC patients compared to controls and overall
relatively longer QT’s in populations with higher rates of MBC. This study aimed to investigate
for the first time the distribution of AR QT lengths among MBC patients in Egypt. Paraffin-
embedded tumor tissues from 44 Egyptian MBC patients were analyzed for this polymorphism.
Amplification followed by fragment length analysis revealed QT length. For the control series,
blood from 43 Egyptian males without a family or personal history of breast or prostate cancers
was collected and analyzed similarly. There was no significant difference between patients and
controls with respect to mean QT length (P = 0.84; means were 19.5 + 2.8 and 19.3 + 4.2, for
patients and controls, respectively). Though, short QT lengths were more prevalent among
controls (14.0%), but almost absent in cases (2.3%). Although the mean lengths were not different
in cases and controls, the near absence of short tracts in cases suggests a possible protective effect
of very short QT lengths against MBC. In populations in which there is variable incidence of
MBC by region, investigations of the distribution of AR QT lengths are warranted to further
delineate its role as a risk factor in MBC.
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Introduction

Male breast cancer is a relatively rare disease, accounting for approximately 1% of all breast
cancers in the United States [1]. Of the 209,060 total cases of breast cancer expected in the
U.S. in 2010, 1,970 (0.94%) will occur in men and 390 men are expected to die from the
disease in 2010 [1].

There is a broad global variability in the rates and risk factors for MBC. In Africa, the
proportion of male breast cancer relative to all breast cancer is estimated to be 1.42% in
Egypt [2], 2.3% in Rabat, Morocco [3], 2.9% in Tanzania [4], and 8.9% in South Western
Nigeria [5]. Incidence rates of MBC have also been observed to change over time. In Egypt,
incidence rates were reported to be up to 12-times that of the United States [6], several
decades ago, but the current incidence rate is only slightly higher than the U.S. rate [7].
While this shift in MBC proportion may be attributed in part to hospital-based data of earlier
studies in Egypt [6, 8], others point to the recent significant decline in the Schistosoma
parasitic infection and its associated liver fibrosis [9-14] as a major protective factor. Liver
disease is believed to be a risk factor for MBC because of the associated high circulating
level of estrogen, which stimulates breast tissue growth [15]. AR QT length may modulate
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the MBC risk further and variations in populations” QT length distribution may help to
explain the different international rates in MBC.

The molecular etiology of MBC is not well defined. A variety of studies offer conflicting
results in part due to the rarity of the disease [16] and paucity of national population-based
registries [17, 18]. Studies show that 10-20% of all MBC are familial [19-21] and that men
with BRCA2 mutations have an 8.4% risk of MBC up to the age of 80 years [22].
Klinefelter’s Syndrome, or 47XXY syndrome, is also associated with MBC [16, 21].
Patients with this syndrome are up to 50 times more likely to develop male breast cancer
than normal 46XY males [16, 23]. Other known risk factors for MBC include gynecomastia,
diabetes, obesity, and orchitis/epididymitis [16, 21, 24]. A recent large epidemiologic
investigation of the disease in a cohort of veteran administration men showed significant
associations of MBC with diabetes (Relative Risk (RR) 1.30, 95% CI 1.05-1.60), obesity
(RR 1.98, 1.55-2.54), and orchitis/epididymitis (1.84, 1.10-3.08), Klinefelter’s Syndrome
(29.64, 12.26-71.68), and gynecomastia (5.86, 3.74-9.17). The study did not show an
association with diabetes, liver cirrhosis, prostate disease, broken bones, thyroid diseases, or
smoking-related conditions, which are hypothesized to have an association with MBC [16].

Hormonal factors are especially important in breast cancer development. Androgens, like
dihydrotestosterone, restrain tissue growth in the breast thereby exerting antimitogenic
effects [25]. The AR activity modulates breast tissue growth inhibition. The transactivational
power of the AR is inversely related to its length [25-27]. In breast tissue then, a long AR
will be weaker and worse at restraining tissue growth. Within the AR the highly
polymorphic region of glutamine repeats called the polyglutamine tract (QT) is a prime
candidate as a risk modulator. QT lengths are known to vary according to ethnicity [28, 29],
and any individual’s QT length can vary from 6-39 glutamines, resulting in differing
androgen receptor activity [28]. A longer QT results in a weaker AR. As such, we expect a
population of MBC to have a longer average QT length when compared to a similar
population without breast cancer.

Recent studies indicate that the incidence rates of male breast cancer are on the rise [21].
Over the past few decades, male breast cancer incidence rates have increased 26% in the
United States [30]. Egypt presents a good setting to study male breast cancer. The decrease
in liver disease rates experienced in this population along with a variety of environmental
exposures such as xenoestrogens [31, 32] may be informative as to the risk the AR QT
contributes to MBC. In this study, we investigated for the first time the distribution of QT
lengths in male breast cancer patients and normal controls in Egypt and uncovered
potentially important differences with regards to shorter QT lengths that are nearly absent in
MBC cases.

Materials and methods

Study population

Patients in this study came from two sources, the National Cancer Institute of Cairo
University (NCI-Cairo) and the Tanta Cancer Center (TCC) in the Nile delta region. NCI-
Cairo is the largest cancer center in Egypt with referrals from all regions of the country [32].
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TCC is located in Gharbiah Province in the center of the Nile delta region and is the home of
the only population-based registry of Egypt that is funded by the National Cancer Institute
of the U.S. [2].

Male breast cancer patient records were obtained for 140 patients at NCI-Cairo and 71
patients at TCC; these 211 subjects represented all male patients with breast cancer seen at
the two institutions during the period of 1999-2006. Patients’ medical records were
retrieved and the following information was abstracted from them: histopathologic and
treatment characteristics, such as tumor grade, hormone receptor status, lymph node
involvement, and laterality of disease. Of the 211 subjects, tissues were obtained from 47
patients, 33 from NCI-Cairo, and 14 from TCC; QT length was determined for 31 and 13,
respectively. Tumor tissue paraffin blocks were available only for patients diagnosed in the
3-4 years preceding 2006 due to institutional limitations of paraffin blocks.

Forty-three blood samples were collected from blood donors at the TCC from March to
October of 2010. Samples were from residual whole blood donations of men who did not
have a personal history of breast or prostate cancer or a family history of male breast cancer.
The study was approved by the Institutional Review Boards of the University of Michigan
and the Gharbiah Cancer Society.

Tumor tissues were used for staining for BRCA2 status determination and QT length
determination according to the following laboratory methods:

DNA extraction

Formalin-fixed paraffin-embedded (FFPE) tumor tissues were obtained from 47 Egyptian
men with breast cancer. Hematoxylin and eosin staining and analysis by a pathologist
allowed for differentiation of normal tissue from tumor tissue for 44 cases (31 from NCI-
Cairo, 13 from TCC). Microdissection of normal tissue from the tumor blocks allowed for
working samples to represent the true genome in MBC patients. DNA was isolated
according to a protocol specialized for FFPE tissues provided by Qiagen (QlAamp DNA
FFPE Tissue Kit; Qiagen, Valencia, CA). For the control series, PAXgene Blood DNA
Tubes provided by Qiagen allowed for collection of samples in Egypt and subsequent DNA
isolation in the U.S. with the PAX-gene Blood DNA Kit.

Q-tract size determination

On the molecular level, the glutamines that appear in the polyglutamine tract of the
androgen receptor are encoded by a series of CAG repeats in the DNA of the AR gene. Each
sequence of CAG base pairs in this region of the AR gene will result in one glutamine in the
androgen receptor. The QT is located in the first exon of the AR gene on the X chromosome
[33]. Non-Klinefelter’s males, then, will exhibit only one allele for this polymorphism.
Amplification of only one allele in every case confirms this.

Breast Cancer Res Treat. Author manuscript; available in PMC 2014 December 24.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Gilbert et al.

Page 5

PCR was used to amplify the AR gene CAG repeat region. Primers F 5'-
TGCGCGAAGTGATCCAGAACC-3 and R 5-CTCATCCAGGACCAGGTAGCC-3 were
chosen to amplify a region containing the repeat polymorphism of about 250 base pairs [34].
The forward primer was fluorescently labeled with 6-carboxy-fluorescine (FAM). 100 ng of
DNA was amplified in a reaction mix containing 1 pl of each primer at 10 pmol, 15 pl of
GeneAmp Fast PCR Mix from ABI (Applied Biosystems, Foster City, CA), and distilled
water to bring to final volume to 30 pl. PCR was performed according to a standard protocol
(modified from Young et al. [34]); starting with 95°C for 1 min; followed by 40 cycles of
95° denaturation for 15 s, 55° annealing for 15 s, and 72° extension for 30 s; ending with a
final extension at 72° for 7 min. The PCR products were run on a 1% agarose gel to confirm
amplification. As the AR gene is located on the X chromosome, men should have only one
allele. However, amplification of trinucleotide repeat regions results in products of various
sizes [33]. If the true size of a QT is 22 glutamines, then amplification will result in copied
strands containing 22 glutamines, 21, 20, and so on. However, it has been shown that the
true size of the CAG repeat region will be the most abundant strand in this mixture of
amplified strands resulting from the PCR process [33].

The PCR products were examined by amplified fragment length polymorphism analysis to
determine the length and frequency of amplified strands, thereby obtaining the size of the
subjects” AR QT allele (modified from Blanco et al. [33]). 1 pl of the FAM-labeled PCR
products were diluted with 150 pl of water; 1 pl of this diluted mixture was transferred to a
MicroAmp Optical 96-Well Reaction Plate with Barcode from ABI. To each sample, a
mixture of 12 pl Hi-Di Formamide and 0.04 ul GeneScan-500L1Z size standard (orange)
from ABI were added. Allele frequencies were determined using GeneMarker software by
Soft Genetics LLC (State College, PA).

Non-FAM-labeled primers were used in a separate PCR to prepare the reactions for
sequencing in order to confirm the CAG repeat polymorphism. Reactions were sequenced
with both the reverse and non-FAM-labeled forward primer according to a standard
sequencing protocol [33]. Sequencing verifies a successful amplification of the CAG repeat
region.

Statistical analysis

Results

The mean QT length of the male breast cancer population was compared to that of the
control population. The student’s t-test was used to determine the significance of this
difference. Frequency distributions of QT lengths were compared using Fisher’s exact 2
analysis. The cut-off value for statistical significance was P value = 0.05. SAS version 9.1
(SAS Institute, Cary, NC) was used.

Table 1 shows the histopathological features of the MBC patients. There was no significant
difference with respect to mean QT length for any tumor feature. Tumor grade (I1: 20.1 +
3.8, 111: 19.0 + 2.4, P = 0.579), BRCAZ2 status (Present: 19.2 + 2.4, Mutated: 20.3 + 4.1,
Absent: 19.0 + 4.2, P = 0.557), the laterality of disease (Left: 19.8 + 3.1, Right: 19.8 + 2.8, P
= 0.932), whether the lymph nodes were positive for disease (Negative: 19.7 + 2.0, Positive:
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19.9 + 3.9, P = 0.814), ER hormone receptor status (Negative: 20.5 £ 0.7, Positive: 19.3 +
2.2, P =0.473), and PR hormone receptor status (Negative: 19.5 + 0.7, Positive: 19.5 + 2.3,
P = 0.979) were found to have no statistically significant effect on mean QT lengths.
Furthermore, there was no significant difference in mean QT length between patients from
NCI-Cairo, a largely urban center, and TCC, a mixed rural and urban population (NCI-
Cairo: 19.4 + 3.0, TCC: 19.7 £ 2.2, P=0.719).

Table 2 shows the mean QT length among the breast cancer patients and controls. There was
no significant difference in mean QT lengths for the MBC patients and controls (MBC
patients: 19.5 £ 2.8, Controls: 19.3 £ 4.2, P = 0.843). There was no statistical difference in
average ages between the two groups (MBC patients: 59.4 + 15.6, Controls: 57.5+ 7.5, P =
0.476).

Figure 1 illustrates the QT length distribution among the MBC patients and control groups.
While there are no defined cutoff points for QT categories, previous studies have used allele
lengths ranging from 21 to 28 as a definition of “‘long”” QT lengths [35]. This study used
allele lengths of 222 and <14 as ““long’” and *‘short’” QT length cut-points because they
represent the upper and lower 20th percentile of our control population. This can be intuited
in Fig. 1, which shows the majority of QT lengths to be within these boundaries. The MBC
patients and controls had approximately equal proportions of subjects with long QT’s (MBC
patients: 22.7%, Controls: 25.6%, P = 0.806). However, controls were more likely to exhibit
short QT lengths than MBC patients (MBC patients: 2.3%, Controls: 14.0%, P = 0.058).

Discussion

This study revealed the following important findings: first, there was not a significant
difference in the mean QT length between MBC patients and controls. Second, long QT
lengths were not more common in patients than controls, but rather had similar frequencies.
Third, there was no difference by clinical factors regarding QT lengths in the MBC patients.
Fourth, there was a strong trend toward short lengths being more prevalent in cases than in
controls.

Regarding the comparison of mean QT lengths in MBC patients and controls, four studies
from Sweden [20], Scotland [34], Finland [36], and Australia [35] investigated the QT
length relationship in MBC patients and controls in these countries. All four of the studies
showed no significant difference in mean QT length between MBC patients and controls.

When considering the distribution of QT lengths, only the study from Australia showed
longer QT lengths to be statistically more common in patients than controls [35]. The higher
proportion of shorter QT lengths among controls that we observed in our study was also
described in a study from Scotland that found only one male breast cancer patient but six
controls with QT lengths of 18 or less. It has been postulated that there is a protective effect
of a short QT on MBC [34]. This study’s observation of more short QT lengths among the
control population supports this, and warrants further investigation.

Our finding of no significant difference in mean QT length between the different
histopathological characteristics is consistent with the Australian study [35] that found no
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statistically significant difference in mean QT lengths between tumor grades, estrogen
receptor status, progesterone receptor status, or lymph node involvement [35].

No studies have been published from Egypt on AR QT length and MBC. The only study on
the androgen receptor QT length from Egypt investigated the relationship between QT
length and infertility in Egyptian males [37]. Although no significant association was found
between QT length and male infertility, a significant and positive association between QT
length and serum testosterone concentration was observed [37]. It is notable that this study’s
control population of 52 fertile men from a geographically representative sample of
Egyptians had an average QT length of 18.18 + 3.63 [37], consistent with that in our control
group. Populations from different countries were also studied for QT length variations.
Esteban et al. studied Berber populations in North Africa along the Mediterranean region.
The study included three Berber populations from three Moroccan regions (High Atlas,
Middle Atlas, and Northeast Atlas) and Siwa Berbers in Western Egypt. The Siwa Berbers
had a mean QT length of 20.58 and exhibited a higher percentage of shorter QT lengths
compared to the other Moroccan populations [29]. The authors further note that North
African populations have the lowest degree of medium QT lengths (19-21) but an
intermediate degree of short QT lengths (=18) [29].

Our study is the first investigation of QT length in Egyptian men with breast cancer. The
study has the strengths of including men from different geographical representative regions
of the country. Furthermore, the availability of clinical and pathological data and BRCA2
status added to the strength of the study. The limitations of the study include the relatively
small sample size, which precluded the conduct of more sophisticated statistical analysis.
However, owing to the rarity of MBC, most studies of MBC have fewer or similar number
of cases [20, 34-36].

To conclude, although this study highlights the lack of statistically significant difference
between MBC patients and controls with respect to QT length, the strong trend toward
higher proportion of short QT length in controls suggests the hypothesis that short QT length
acts as a protective factor for MBC. Prospective and larger case—control studies across
populations of different MBC incidence [24], with clinical and epidemiologic data will
enable the more accurate delineation of the role of the QT length as a risk factor in MBC.
This study was reported taking into consideration the REMARK guidelines [38].
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Distribution of QT lengths in normal Egyptian population and male breast cancer patient
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Table 1

Summary of histopathological characteristics and QT length analysis in male breast cancer patient group

Characteristic Number of QT length P value
patients (mean £ SD)  (t-test)
Hospital
NCI-Cairo 31 19.4+3.0 0.719
TCC 13 19.7+22

Tumor grade

1l 15 20.1+3.8 0.579
11 4 19.0+24

BRCA2 status
Present 32 19.2+24 05572
Mutated 9 203+4.1
Absent 2 19.0+4.2

Laterality
Left breast 16 19.8+3.1 0.932
Right breast 13 19.8+28

Lymph node status
Negative 18 19.7+20 0.814
Positive 13 19.9+39

ER status
Negative 2 205+0.7 0.473
Positive 11 19.3+22

PR status
Negative 2 19.5+0.7 0.979
Positive 11 195+23

a_.
Fisher’s exact test
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Table 2

Comparison of mean QT repeat length in normal Egyptian population and male breast cancer patient group

MBC cases Controls P value
(n=44) (n=43) (t-test)

QT length
Mean+SD 19.5+28 19.3+4.2 0.843
Median 20 20
Range 14-27 7-28

Age

Mean+SD 59.4+156 575+75 0.476

Breast Cancer Res Treat. Author manuscript; available in PMC 2014 December 24.



