Aim of the study: In breast cancer,
oestrogen receptor (ER), progesterone
receptor (PgR), and HER2 (HER2/Neu)
expression status are used to classify
neoplasms into subtypes: Luminal A,
Luminal B, HER2/Neu type, and Basal-
like. The aim of the present study was
to establish the molecular subtypes of
breast cancers and their association
with tumour characteristics and repro-
ductive factors in Mexican women.
Material and methods: A total of
1326 biopsies of breast tumour tis-
sues were analysed for ER, PR, and
HER2/Neu by immunohistochemis-
try (IHQ). Information regarding age,
tumour characteristics, and node in-
volvement profiles were collected.
Results: IHC established that the most
common subtype of breast cancer was
Luminal A (64.93%), followed by Bas-
al-Like (13.88%), Luminal B (12.52%),
and HER2/Neu (8.67%). T2-size tu-
mours (> 2 cm but < 5 cm) were pres-
ent in 47.59% of all patients. Univari-
ate analysis showed that lymph node
positivity (p = 0.009), stage (p = 0.013),
and placement of the tumour (p =
= 0.001) were factors associated with
breast cancer subtype.

Conclusions: Our data show that IHC
is useful for distinguishing different
subtypes of breast cancer and that
Luminal A is the most common breast
cancer subtype in the Mexican popu-
lation. All subtypes were associated
with unfavourable clinicopathological
features, suggesting that late diagno-
sis is an important contributor to high
mortality rates in the Mexican popu-
lation.
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Introduction

Breast cancer (BC) is the main cause of death in women worldwide. In
Mexico, BC is the primary cause of deaths related to neoplasia in women [1].
BC represents a group of tumours that display biological behaviour compli-
cated by diverse clinical variability. Histological classification is an important
criterion used to determine a prognosis and the most effective treatment for
the patient [2-5]. For example, chemotherapy is commonly used for patients
with high Ki-67 values, while endocrine therapy is used for ER+ tumours,
and anti-HER2 (trastuzumab) therapy is used for HER2 (+) tumours [6]. Fur-
thermore, decisions regarding the use of post-operative adjuvant treatment
in recurrent cases are generally based on the ER and HER2 status of the
primary tumour and the disease-free interval, recurrence site, and the per-
formance status of the patient [7]. Currently, immunohistochemistry (IHC) is
used to classify breast cancer based on the presence or absence of expres-
sion of oestrogen receptors (ER+ and ER-). Two subtypes of ER+ tumours
have been identified: luminal A (ER+ and/or PgR(+/-), Her2-) and luminal B
(ER+, PgR(+/-), Her2+), in addition to two subtypes of ER- tumours: HER2/
Neu (ER-, PgR—, Her2+), and Basal-like (ER—, PgR—, Her2-). While other classi-
fications based on gene expression profiling have also been used to classify
breast cancer, the use of this technology in hospitals is currently limited, and
assessments are made difficult by the use of paraffin samples [8-11].

In Mexico, most health centres routinely use these biomarkers (ER, PR, and
HER2) and IHC to make clinical determinations. However, there are few re-
ports documenting which breast cancer subtypes are detected by each of
these biomarkers [12, 13]. In the present study, we estimated the prevalence
of these biomarkers in breast cancer subtypes and identified associations be-
tween reproductive factors and risk for particular subtypes of breast cancer.

Material and methods
Study population

Tlalnepantla de Baz is located in the north of the state of Mexico; its
population is about 664,225 (85% urban and 15% rural). Cancer cases are
diagnosed in different hospitals, clinics, and pathology labs throughout of
the state of Mexico, and represent only 60% of the population. Regional inci-
dence in 2013 was 8.2 per 100,000 women of 25 years old or more.

Patients

The protocol was approved by the Human Ethics and Research Commit-
tee at Hospital Regional No. 72 of the Mexican Institute for Social Security.
All patients involved in the study signed an informed consent waiver. The
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study was conducted in accordance with the ethical prin-
ciples described in the Declaration of Helsinki of 1975, as
revised in 1983. The study was also consistent with Good
Clinical Practice Guidelines. We assayed 1326 patients
who were diagnosed with breast cancer from January 2007
to December 2011 at Hospital Regional No. 72 in the Mex-
ican Institute for Social Security. Clinical information was
retrieved from patient medical records, and slides contain-
ing biopsies of breast tumour tissues were used to analyse
the selected receptors by IHC.

Immunohistochemistry

Biopsies of breast tumour tissues were obtained, fixed
in formalin overnight, and embedded in paraffin. Heat-in-
duced epitope retrieval was performed with sections treat-
ed with 0.1 M sodium citrate at pH = 6.2 (for PR and HER2)
or EDTA buffer at pH = 9 (for ER) for 5 minutes in a micro-
wave and incubated for 20 minutes at room temperature.
Samples were then treated with hydroxide peroxide (0.3%)
for 5 minutes and with blocking agent (1% BSA in PBS)
for 1 hour prior to incubation with a monoclonal primary
antibody against ER (SP1, Lab Vision, Fremont, CA, USA),
PgR (PgR636, Lab Vision Fremont, CA, USA) or HER2/neu
(A0185, Dako, Carpenteria, CA, USA) overnight at 4°C. Sam-
ples were then treated with Link reagent for 1 hour and
streptavidin for another hour (Labelled streptavidin-biotin,
Dako Corporation, Carpenteria, CA, USA). Finally the slides
were treated with diaminobenzidine to visualise ER—, PgR—,
or HER2/neu-positive cells. After washing with tap water,
sections were counterstained with Mayer’s haematoxylin,
dehydrated, and mounted.

The four most frequently used classifications were used
to analyse IHC results: Luminal A (ER+ and/or PgR(+/-),
Her2-), luminal B (ER+, PgR(+/-), Her2+), HER2/Neu: ER—,
PgR—, Her2+, and basal-like (ER—, PR—, Her2—). Positive con-
trols were included in each staining run and consisted of
breast cancers known to express each of the antigens of
interest. Cases were considered positive for ER and PgR
when > 5% and >10% of the cells showed expression, re-
spectively. Her2/neu evaluation was performed using the
Herceptest® DAKO system, and were scored as follows.
Score 0 and 1 = negative: when no immunoreaction oc-
curred or less than 10% of the cells showed a diffuse im-
munoreaction. Score 2+ = positive: a low level of positive
signal in the complete membrane in 10% of the cells. Score
3+ = positive: overexpression, indicated by strong immu-
noreactivity in the membrane in more than 10% of cells.
Clinical information was retrieved from patient medical
records for risk factors including menopause status, early
menarche, late menopause, nulligravida, late pregnancy,
and use of hormonal contraceptives. Information regard-
ing other factors was also obtained, including tumour
characteristics, the quadrant and side affected, the pres-
ence of metastatic axillary nodes, and whether surgery
was performed.

Statistical analysis

All statistical analyses were performed using SPSS ver-
sion 22. Pearson’s x? test was used to investigate associa-

tions between categorical variables. A p-value of less than
0.05 (p < 0.05) was considered statistically significant.

Results

Patients, clinicopathological features, and breast
cancer subtypes

The study included 1326 patients diagnosed with breast
cancer. The clinicopathological features of patients includ-
ed in the study are shown in Table 1. Nearly the same per-
centage of patients were premenopausal as were post-
menopausal. Most carcinomas were intermediate stage
(70%), high grade (21%), and had a high association with
positive nodal status (64%). Approximately 47.59% of tu-
mours were between 2 and 5 cm, and 22.1% were larger
(Table 1). Most tumours were ER positive (67.5%), while
a smaller percentage were Her2/neu negative (21%). Pa-
tients were classified according to assessments of positive
immunoreactivity for oestrogen receptor, progesterone
receptor, and HER2/Neu. Table 2 shows the age at diagno-
sis and the classification obtained. The IHC study showed
that Luminal A (64.93%) was the most common subtype,
followed by Basal-like (13.88%), Luminal B (12.52%), and
HER2/Neu (8.67%). The highest percentage of patients
were aged 40-69 years (Table 2).

Tumour size in subtypes of breast cancer

With respect to tumour size, T2 was the most prevalent
(> 2 cm but < 5 cm), with 47% of all patients scored as T2.

Table 1. Clinicopathologic features of the study population and im-
munohistochemical staining results

Clinicopathologic features No. %
Total 1326 100
Age (years), mean + SD 53 +11
Premenopausal 692 52.2
Postmenopausal 634 47.8
Stage

I 119 9

I 936 70

1l 281 21
Nodal status

negative 477 36

positive 849 64
Tumor size

T1(<2cm) 402 30.32

T2 (2-5 cm) 631 47.59

T3(>5cm) 293 22.1
ER status

positive 1013 76.4

negative 313 23.6
PR status

positive 896 67.5

negative 430 325
Her2/neu status

positive 281 21

negative 1045 79
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Table 2. Tumour subtypes detected in Mexican women and classified by age group

Age range Luminal A Luminal B
n % n %

30-39 107 8.07 14 1.06
40-49 211 15.91 63 4.75
50-59 279 21.04 28 2.11
60-69 174 13.12 43 3.24
70-79 64 4.83 18 1.36
80-89 26 1.96

Total 861 64.93 166 12.52

n —number of patients, % — percentage of patients

The Luminal A subtype was observed in the highest per-
centage of these patients (65%) (Fig. 1).

Interestingly, in the Basal-like and HER2/Neu subtypes
(the two subtypes with highest mortality), 7% and 4% of
the patients, respectively, had T2 tumours and 3% of the
patients in both subtypes had T3 (> 5 cm) tumours (Fig. 1).
These data show that in each breast cancer subtype, the
majority of patients present unfavourable tumour size
characteristics.

Relationship between breast cancer subtype,
biological parameters, and reproductive factors

A statistical analysis was performed to explore the re-
lationship between breast cancer subtypes and several
factors, including positivity in the axillary lymph node, and
the stage, side, and placement of the tumour. As shown in
Table 3, x* analysis revealed a significant association be-
tween breast cancer subtype and positivity in the lymph
nodes, stage, and placement. In this context, luminal A pa-
tients displayed the highest axillary lymph node status, but
not Basal like, luminal B, and HER2/Neu patients (39.44%
vs. 9.5%, 8.8%, 6.18%, respectively). Similar behaviour was

HER2/Neu Basal like Total

n % n % n %
24 1.81 22 1.66 167 12.59
32 241 52 3.92 358 27
41 3.09 64 4.83 412 31.07
12 0.90 28 2.11 257 19.38
4 0.30 18 1.36 104 7.84
2 0.15 28 2.11
115 8.67 184 13.88 1326 100

observed between these subtypes and stage Il (45.78% vs.
9.43%, 9.58%, 5.81%) (p = 0.009). These data support the
hypothesis that a late detection of this pathology is an im-
portant factor that could explain the high mortality in the
Mexican population in this disease.

In contrast, there was not a significant association be-
tween subtypes and side (Table 3).

Because a large amount of evidence links breast can-
cer with reproductive factors, different parameters related
to these factors were analysed [menopause status, late
menopause (age > 54 years), early menarche (age < 11
years), late pregnancy (age > 31 years), and nulligravida].
No significant association was observed between breast
cancer subtypes and parameters related to reproductive
factors (Table 4). Interestingly, the use of oral contracep-
tives was the only parameter that showed an association
with subtypes of breast cancer (Table 4).

Discussion

BCisamajorcause of morbidity and mortality in women
worldwide. However, evidence indicates that more of 55%
of new cases occur in developing countries [14]. In Mexico,

Table 3. Association of clinical parameters with breast cancer subtype

Luminal A Basal like Luminal B HER2/Neu Patients (%) *p value
n % n % n % n %
Lymph node 0.009*
negative 338 25.49 57 4.30 49 3.70 33 2.49 477 (35.97 %)
positive 523 39.44 127 9.58 117 8.82 82 6.18 849 (64.03 %)
Stage 0.010*
I 88 6.64 16 1.21 13 0.98 2 0.15 119 (8.97 %)
Il 607 45.78 125 9.43 127 9.58 77 5.81 936 (70.59 %)
1l 166 12.52 43 3.24 36 2.71 36 2.71 281 (21.19 %)
Side 0.521
right 479 36.12 96 7.24 83 6.26 61 4.60 719 (54.22 %)
left 382 28.81 88 6.64 83 6.26 54 4.07 607 (45.78 %)
Place
UoQ 563 42.46 144 10.86 102 7.69 65 4.90 874 (65.91 %) 0.001*
ulQ 90 6.79 11 0.83 20 1.51 10 0.75 131 (9.88 %)
LOQ 18 1.36 2 0.15 8 0.60 8 0.60 36 (2.71%)
Cll 30 2.26 8 0.60 6 0.45 4 0.30 48 (3.62 %)
central 160 12.07 19 1.43 30 2.26 28 2.11 237 (17.7 %)

n —number of patients, % — percentage of patients, UOQ — upper outer quadrant, UIQ — upper inner quadrant, LOQ — lower outer quadrant, LIQ — lower inner

quadrant. *p < 0.01 was considered as statistically significant
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Table 4. Association of hormonal state with breast cancer subtype

Luminal A Basal like
Patients Patients
861 184

Menopause status

pre 433 94

post 428 90
Late Menopause

yes 229 38

not 632 146
Menarche

yes 135 34

not 726 150
Late pregnancy

yes 163 30

not 698 154
Nulligravida

yes 97 21

not 764 163
Oral contraceptive

yes 144 32

not 717 152

*p < 0.05 was considered as statistically significant

BCis a public health problem because it is the main cause
of death by malignant tumours in women of reproductive
age [1]. In this study, we observed that BC was often de-
tected before of 50 years of age, similar to what has been
reported by other authors in the Mexican population [15,
16]. This observation confirms that this pathology is de-
tected in Mexican women a decade before the normal age
of onset in other countries [17, 18]. This study also shows
the importance of using biological markers to classify pa-
thologies and to make decisions when treating patients.
In this context, this study shows, using an analysis of ER,
PR, and Her-2/Neu immunoreactivity in tumour biopsies,
that Luminal A is the most common breast cancer subtype
in our study population, followed by Basal-like, Luminal B,
and HER2/Neu as the less common. Although these data
show that 77.5% of patients (classified as luminal A and
B) can be treated with ER inhibitors (tamoxifen) or aro-
matase inhibitors, the association established between
these subtypes of tumours and unfavourable characteris-
tics indicate that the late detection of these pathologies in
our population is an important factor that probably reduc-
es the success of treatments for this disease.

Basal-like and HER2/Neu breast cancer subtypes have
higher mortality rates than the other subtypes in this
study and were associated with unfavourable tumour
characteristics, suggesting that the high mortality rate for
these tumour types could also be related to late diagnosis.

Several studies have reported that ovarian hormones
(oestrogens) and reproductive patterns play an important
role in the development of breast cancer [19, 20]. However,
our study showed no association between breast cancer
subtypes and risk factors that have been described in oth-
er populations [21], with the exception of the use of oral
contraceptives (Table 4). These findings suggest that the
association between menstrual and reproductive factors

Luminal B HER2/Neu *p value
Patients Patients
166 115
0.104
98 67
68 48
0.409
44 29
122 86
0.346
20 15
146 100
0.319
22 19
144 96
0.279
11 15
155 100
0.050*
21 9
145 106

with the development of breast cancer may differ in our
study population and that these risk factors do not con-
tribute to the incidence and mortality rate of this patholo-
gy in the study population.

In this study, we used a classification system based on
the immunohistochemical detection of biological markers
(ER, PR, and HER2/Neu). While the use of these biomarkers
plays an important role in diagnostic and clinical practice
and the guidance of endocrine therapy, very few studies
have been reported in our study population. The tumour
classifications identified in this study were comparable to
studies performed in other countries [22, 23]. However, our
data show that the use of these biomarkers allows a defi-
nition of the type of breast cancer, which may be useful
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Fig. 1. Distribution of breast cancer subtypes by tumor size
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when selecting the best treatment or when establishing
which patients have a higher risk of secondary effects
from cytotoxic treatments.

In conclusion, this study describes the subtypes of
breast cancer most frequently detected in Mexican women
and establishes an association in this population between
breast cancer and biological parameters and hormonal
state. This classification provides a system for defining
breast cancer and supports the use of these biomarkers
in the determination of diagnosis and prognosis in these
patients.

The authors declare no conflict of interest.
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