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Abstract

Introduction: The MDM2 gene plays an important role as negative regulator of the p53 tumor suppressor. Data
on polymorphisms in the MDM2 gene have revealed associations with cancer, particularly for the rs2279744 promoter
polymorphism (309 T > G), which attenuates the P53 pathway and promotes tumorigenesis in the mammary gland.

Material and Methods: We examined the role of the MDM2 309 T > G polymorphism through a comparison of the
genotypes of 408 healthy Mexican women with those of 529 Mexican women with breast cancer (BC).

Results: The genotype frequencies of the MDM2 309 T > G polymorphism in controls and BC patients were 25%
and 23% for T/T (wild type), 50% in BC and controls for T/G, and 25 and 27% for G/G (polymorphic type), respectively.
The obtained odds ratio (OR) was 1.07, with a 95% confidence interval (95% CI) of 0.79-1.45, p = 0.64 for the T/G-
G/G genotypes. The association was evident when the distributions of the G/G genotypes in patients exhibiting the
following characteristics were compared: breastfeeding >6 months (OR 2.1, 95% CI 1.3-3.4, p = 0.002), obesity (OR
1.8, 95% Cl 1.2-2.7, p = 0.003) and high GGT levels (OR 1.7, 95% Cl 1.1-2.5, p = 0.012). The genotype G/G of the
MDM2 309 T > G.

Conclusions: The MDM2 309 T > G polymorphism was associated with BC susceptibility, particularity in

breastfeeding, obesity and high GGT levels in the analyzed Mexican population.
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Introduction

Between the developing countries of the world, breast cancer (BC)
is a one of the most common diseases and is considered a public health
problem [1]. The incidence rates of cancer vary in different ethnic
groups [2]. In Mexico, BC is one of the five highest causes of death in
women >25 years old [3], with an incidence of 15 per 100,000 Mexican
women [4]. This statistic has increased within the last 7 years, and it is
now one of the main causes of death among working-aged women [5].
A study of cancer incidence projection to 2030 conducted in Mexico
estimates approximately 13,981 new cases per year, in which 38% of
the women were >68 years old [6]. BC is considered a multifactorial
disease, potentially resulting from a combination of abnormal gene
interactions and environmental factors [7,8]. Therefore, the elucidation
of genetic variants among different ethnic groups might contribute to
explaining the progression of cancer and the chemotherapy response.

The mouse double minute 2 (MDM2) gene homolog or the E3
ubiquitin-protein ligase MDM2 gene is located on chromosome 12q15,
comprising twelve exons. This gene encodes a protein of 491 amino
acids that contains several conserved structural domains, including an
N-terminal p53 interaction domain, a central acidic domain, a Zinc
finger domain and a C-terminal RING domain. The RING domain
confers E3 ubiquitin ligase activity and is sufficient for E3 ligase activity
in Mdm2 RING auto ubiquitination. The MDM2 protein functions as a
negative regulator of p53 tumor suppressor activity and an E3 ubiquitin
ligase for p53 degradation and possesses several binding sites for
other tumor suppressors. The increased MDM2 expression in tumors
suggests that the levels of MDM2 inactivate the apoptotic and cell cycle
arrest functions of the p53 tumor suppressor, similar to the deletion or
mutation of p53, common events observed in tumors [9].

The MDM2 gene exhibits several reported polymorphisms, one of
which is rs2279744, a single nucleotide polymorphism in the first intron

that increases MDM2 expression 2- to 3-fold. It has been suggested that
the G/G polymorphism might enhance promoter recognition through
the transcription factor Sp1, which in turn elevates MDM2 expression
and attenuates the p53-mediated apoptotic response to cellular stresses,
including DNA damage [10].

Thus, polymorphisms in the MDM2 gene might impair the function
of the p53-mediated stress response. Some studies have demonstrated
the overexpression of MDM2 in human tumors, associated with poor
prognosis [11,12]; however, other studies have not shown evidence
of these associations [13-18]. Because the evidence is contradictory,
the aim of the present study was to determine whether there is an
association between the rs2279744 polymorphism in the MDM2 gene
and BC in Mexican women.

Materials and Methods

DNA was extracted from peripheral blood leukocytes in blood
samples obtained from 408 healthy women recruited as volunteer
blood donors using standard protocols [19]. These volunteers were
not matched by age with the patient group. Blood samples were also
collected from 529 patients with a clinical and histological diagnosis of
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BC from June 2010 to May 2015. All individuals included in the present
study were residents of the metropolitan area of Guadalajara. All samples
were obtained after written informed was provided, and this study was
previously approved through ethical committee 1305 of the Centro de
Investigacién Biomédica de Occidente, Instituto Mexicano del Seguro
Social (IMSS). This study was conducted according to national and
international ethical standards. The clinical and demographic data
were obtained using written questionnaires. All of the patients were
also interviewed to determine the occupational exposure and the use of
pharmacological therapies. The BC patient database and patient DNA
samples were examined for other polymorphisms [7,8,20-23].

The amplification of the rs2279744 polymorphism in the MDM2
gene was performed via PCR using the following primers: 5-GAT TTC
GGA CGG CTC TCG CGG C-3 and 5’-CAT CCG GAC CTC CCG
CGC TG -3’ [24]. The PCR amplifications were performed in a total
volume of 15 pL containing 0.2 mM dNTPs (Invitrogen, Carlsbad,
CA USA), 5 pmol of primers, 2.0 mM MgClz, 10% BSA, 2.5 U of Taq
polymerase (Invitrogen, Carlsbad, CA USA), and 50 ng of genomic
DNA. The following PCR conditions were used: 95°C (4 min), followed
by 35 cycles at 95°C (40 sec), 58°C (40 sec) and 72°C (50 sec), with a
final extension at 72°C (7 min). Using this procedure, two fragments
of 178 and 479 bp were obtained. To facilitate allelic discrimination,
the amplified products were separated on 8% polyacrylamide gels
(19:1), followed by silver staining [25]. We determined that the 121 bp
fragment alone represented the wild-type genotype (T/T), while the
121, 104 and 17 bp fragments indicated the heterozygous genotype
(T/G), and the 104 and 17 bp fragments represented the homozygous
polymorphic genotype (G/G).

The allele frequencies were obtained through direct counting. The
Hardy-Weinberg equilibrium was tested using a goodness-of-fit Chi
square test to compare the observed genotype frequencies with the
expected frequencies among control subjects. Odds ratios and 95%
confidence intervals (CI) were also calculated. A two-sided p < 0.05
was considered statistically significant. All statistical analyses were
performed using PASW Statistic Base 18 software, 2009 (Chicago, IL).

Results

The comparative epidemiological data from BC patients and
control individuals are shown in Table 1. In the patient group, the
average age was 54.36 years, ranging from 17 to 89 years. Menarche

OR (IC
BC patients"=52% Controls=40® 95%)*
p-value
Age (years)
Mean (SD) 54.36 (11.51) 46.14 | (14.64) <0.0001
Menarche (years)
Mean (SD) 12.57 (1.63) 12.30 | (0.82)  <0.0001
(n) % (n) %
Menarche (range)
7-10 (41) 8 0) 0
11-13 (337) 64 (302) 74 NS
14-18 (151) 28 (106) 26 NS
Tobacco Consumption
Yes (148) 28 (102) 25 NS
No (381) 72 (306) 75
Alcohol Consumption
Yes (87) 16 (82) 20 NS
No (442) 84 (326) 80

SD: standard deviation, NS: no significant difference, *OR (odds ratio) from the
adjusted regression analysis.

Table 1: Demographic data for the study group.
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(n) % (n) %
Familial history (FH) Histology
No (167) 28 Ductal (472) 89
BC (73) 13 Lobular (48) 9
DM2-AH (132) 24 Mixed 9) 2
DM2-AH-cancer*® (196) 35 Tumor stage
Personal medical history I-11 (181) 34
No (227) 42 -1v (348) 66
DM-AH (134) 25 "y"s‘fa':u“:de
Breast fibrosis, (154) | 29 Yes @75) | 71
myomatosis, hysterectomy
5;’;:;325'0"' pregnancy, (14) | 4 No (154) | 29
Body mass Index (BMI)** Metastasis
18.5-24.9 (normal) (100) 19 Yes (181) 32
225-29.9 (overweight) (185) = 35 No (377) 68
230-34.9 (obesity I) (151) 28 Chfggihnes’:"y
235 (obesity II- IV) (93) 18 Yes (316) 60
Tumor localization No (213) 40
Unilateral (501) 95
Bilateral (28) 5 Laboratory test
Diagnostic time Hemo%ILo)bm (o
1-4 years (406) 77 Mean (SD) 13.01 | (5.81)
5-9years (95) 18 | Hematocrit (%)
10 - 15 years (28) 5 Mean (SD) 37.29 | (4.14)
Tumor markers Platelets (mm?3)
Luminal A (255) | 43 Mean (SD) 360.45 (149.02)
Luminal B (104) = 20 SGOT (pl/L)
Her2/neu (68) 12 Mean (SD) 38.14 | (52.31)
Basal (102) 25 SGPT (pl/L)
Mean (SD) 40.09 | (45.37)
No (239) 45 LDH (pliL)
K67 (167) 32 Mean (SD) 544.89 (571.89)
TP53 (47) 9 ALP (pliL)
E-cadherin (76) 14 Mean (SD) 106.10 | (68.82)
GGT (pliL)
Mean (SD) 68.48 (192.81)

*Positive familial history of cancer and leukemia in first and second degree
relatives of patients. Transaminase (SGOT), Glutamic pyruvic transaminase
(SGPT), Lactate dehydrogenase (LDH), Alkaline phosphatase (ALP), Gamma
glutamyl transferase (GGT)** according to OMS classifications. (Appropriate body-
mass index for Asian populations and its implications for policy and intervention
strategies. Ginebra (Suiza): World Health Organization, 2004).

Table 2: Clinical data from patients with BC.

presented at a mean age of 12.57 years in patients and 12.30 years in
control individuals.

Table 2 shows the general clinical characteristics of the patient
group. We observed that 24% of the patients exhibited diabetes mellitus
(DM)-arterial hypertension (AH), 29% of the patients presented breast
fibrosis-myomatosis-hysterectomy, 43% of the patients were luminal A
type, 89% of the patients displayed ductal histology, and 66% of the
patients exhibited stage III-IV tumors.

The genotype and allele frequencies of the rs2279744 polymorphism
in the MDM2 gene were similar between control and patient groups (p
> 0.05) (Table 3). The genotype distribution in the control group was
in Hardy-Weinberg equilibrium and showed a marker informativity
of 0.50 considered as moderately informative. All of the samples were
analyzed, and the genotypes (for 408 controls and 529 BC patients)
were obtained for all participants.
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Groups

Patients ., |Controls ,,. |Patients vs. Controls
Genotypes** (n) % (n) % OR Cl95% p value
T (124) = 23 (101) 25 1
/G (263) = 50 (205) 50 | 0.97 | (0.75-1.26)  0.87
G/G (142) 27 (102) 25 1.10 | (0.81-1.47)  0.52
T/G and G/G (405) 77 (307) 75 1.07 | (0.79-1.45) 0.64
Alleles
T (511) | 0.4829 (407) |0.4987 0.93 (0.78-1.12) 0.49
G (547) 0.5171 | (409) 0.5013 1.06 |(0.88-1.27)| 0.49

*Hardy-Weinberg equilibrium in controls (chi-square test = 0.0098; p = 0.92103).
**Marker informativity of 0.50 assessed within a range of 0-1: markers with a score
higher than 0.7 were considered highly informative, whereas markers with a value
of 0.44 were considered moderately informative [7-8, 20-23].

Table 3: The genotype distribution of the rs2279744 promoter polymorphism in
MDM2 in BC patients and healthy controls.

95% CI

B SD Wald @ Df P OR Low @ Upper
Breast-
feeding (<6 0.750  0.242 9.575 1 0002 2116 | 1.316 3.402
month)
Obesity 0.610 0.207 8.711 1 | 0.003 1.840 1.227 2757
GGT 0.532 0.212 6.302 1 0012  1.703 | 1.124 2581
Constant -1.622 0.168 93.111 | 1 | 0.000 0.197

Variables included in the analysis: dependent: BC patients classified by the G/G
genotype.

Table 4: The associations of the rs2279744 promoter polymorphism in MDM2 with
more than one variable among the general characteristics of BC patients.

Table 4 shows that the G/G genotype was associated with breast-
feeding (<6 month) (OR 2.11, 95% CI 1.31-3.40, p = 0.002), obesity (OR
1.8, 95% CI 1.22-2.75, p = 0.003) and higher GGT levels (OR 1.7, 95%
CI 1.12-2.58, p = 0.012) as risk factors.

The data obtained from the survival analysis using the Kaplan-
Meier method showed that differences in the diagnosis period and age
of BC in patients with G/G genotypes were not statistically significant
(log-rank test, p = 0.914) (data not shown).

Discussion

BC is a multifactorial disease with a complex etiology and is
considered a major public health problem in industrialized countries.
In Mexico, BC it is currently one of the leading causes of death in
working-aged women [2, 5,7,8,20-23]. These facts are consistent with
the observations in the present study and other studies, where the
average age of BC patients was 54.36 (+ 11.51 years) and was found
to be a risk factor. Multiple studies have previously observed these
associations [1,2,5,26].

Gene polymorphisms with a low penetrance are risk factors in BC
[2,5,7,8,17-23,27].

The genetic regulation of MDM2 in P53 tumor suppressor activity
in cancer has been the focus of many investigations. MDM2 has been
proposed as a negative regulator of the P53 tumor suppressor pathway,
influencing the binding of MDM2 to P53, thereby inhibiting the activity
of this protein, resulting in the degradation of this tumor suppressor
via the ubiquitination pathway [28]. The presence of the rs2279744
polymorphism in the promoter region up-regulates the expression of
MDM2 through affinity for the SP1 transcription factor, inhibits the
transcription of p53 activity, induces tumor promotion in the mammary
gland and might impact BC oncogenesis. This polymorphism has been
extensively studied in relation to many types of cancers, including BC

[28-30]. However, findings from these studies have been inconsistent
[13-18].

Furthermore, the data obtained in the present study also showed
that the genotype distribution of the rs2279744 MDM2 polymorphism
followed Hardy-Weinberg equilibrium (P > 0.05). The genotype G/G
frequencies (25%) of the rs2279744 polymorphism in the control group
were similar to those previously reported in Indian (28%) [12], Chinese
(25.8%) [31], and Turkish populations (29.6%) [32]. Several authors
have studied the MDM2 309 T > G polymorphism, although these
studies did not analyze the same markers, and the studied groups have
had different compositions (e.g., regarding female, male, menopause,
tumor stages, ethnic backgrounds, and ages). Consequently, there
are conflicting results regarding this association, with several studies
observing a decreased risk of BC in association with the MDM2
309 T > G polymorphism [13-18,33]. We observed similar genotype
frequencies of the G/G polymorphism in the control and BC groups (P
> 0.05). Singh et al. [34] did not observe an association of the MDM2
309 T > G polymorphism with BC in a study of 104 BC patients and 105
controls from the Indian population. In addition, Schmidt et al. (2007
and 2009) [13,14] did not observe an association of the MDM2 309 T >
G polymorphism with breast cancer risk and age at the onset of breast
cancer in a pooled series of 5,191 cases and 3,834 controls from the
Breast Cancer Association Consortium (BCAC). Cox et al. [15] did not
observe a risk association of the MDM?2 309 T > G polymorphism with
breast cancer in a study on the health of nurses. Other studies have also
shown no evidence of this association [16-19].

In the present study, we also observed an association of the G/G
genotype as a risk factor in BC patients, showing breastfeeding >6
months, obesity (BMI 25-29.9) and high GGT plasma levels. The
relationship between breastfeeding, obesity and BC is complex and has
been associated with factors including genetic predisposition, social
class, exercise, alcohol consumption and diet [7-8,21-23]. The data
obtained from 47 epidemiological studies in 30 countries, including
50302 women with invasive breast cancer and 96973 controls, reported
that women who breast feed longer are more protected against breast
cancer, and the lack of or short duration of breastfeeding typical of
women in developed countries primarily contributes to the high
incidence of breast cancer in these countries [34].

Parkin [35] observed that approximately 3% of BC patients from
UK were associated with breastfeeding for less than 6 months. One
potential explication of the data observed in the present study is that
the risk effect could reflect factors that inhibit the induction of the
differentiation of the mammary epithelium, making this tissue more
susceptible to environmental carcinogens, and the stimulation of
ovulatory cycles through prolonged time with hormonal effects in
different pathways, such as MDM2 and TP53, thereby promoting
tumorigenesis [36].

The results observed in the present study with respect to obesity
most likely reflect both prolonged exposure to estrogens and nutritional
status. Several studies have also observed that obesity is associated
with an increased risk of developing BC [7,21,37]. Esfahlan et al. [38]
suggested that obesity could play a significant role in estrogen receptor
gene expression, affecting the progression and proliferation of BC
cells. It has also been suggested that the aromatization of estrogen and
androgens is higher in obese postmenopausal women, and this increase
could stimulate tumor growth and adversely affect the patient prognosis
[7,39]. In addition, some genetic factors have been implicated in the
association of obesity with cancer, such as the stability of the p53-
MDM2 interaction, including posttranslational modifications of p53.
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Studies on obese rodents fed high-fat, high-sucrose diets suggest that
tumor suppressor p53 modifications might play a role in obesity [40,41].
Other studies have shown that the high concentration of hepatic p53
is provocative for conditions of obesity or fatty liver, playing a role in
regulation through MDM2-p53 and contributing to the development
of tumorigenesis [40-42]. Although the precise mechanisms underlying
the relationship between the regulation of MDM2 to p53 and obesity
remain unclear, studies have shown that p53 gene is activated in
the adipocytes of ob/ob mice, functioning in the mechanisms of
dysregulated gene expression in the adipose tissue of obese animals,
and MDM2, as a negative regulator of p53, also participates in the
dysregulated gene expression in adipose tissues and participates in the
promotion of BC tumorigenesis [41,42].

We also observed an association of the G/G genotypes of BC
patients with elevated levels of GGT as a risk factor. However, there are
no available studies addressing the influence of the G/G genotype of the
MDM2 gene and the high levels of GGT in BC patients. This observation
could likely reflect the participation of GGT in cellular glutathione
metabolism, cell proliferation, apoptosis, tumor progression, invasion
and cancer cell drug resistance. The expression of GGT is often
increased in tumors and has been suggested as a biomarker [8,43-45].
The GGT enzyme is constitutively expressed in various organs, and this
expression is significantly elevated in premalignant lesions or malignant
tumors; therefore, GGT is considered to confer a favorable environment
for the growth and survival of neoplastic cells [44,46]. An increased
level of GGT has been associated with higher rates of DNA damage
and different cancers [45-47]. Previous studies have shown associations
between cell surface GGT and the tetraspan 4 family, including CD53,
CD81 and CD82, as molecules that mediate the signal transduction
involved in the modulation of cell responses [48]. Fentiman et al.
suggested that premenopausal women with high serum or elevated
levels of GGT are at increased risk of breast cancer and might benefit
from close surveillance, potentially through breast magnetic resonance
imaging. Serum GGT might indicate previous exposure to carcinogens
and lead to the identification of DNA adducts involved in mammary
carcinogenesis [44]. Thus, GGT could reflect previous exposure to as
yet unknown carcinogens initiating breast carcinogenesis.

However, the regulation mechanism of MDM2-p53 likely influences
the overexpression of GGT in BC, in addition to other factors, such as
metastatic nodes, tumor markers, menopause, diagnosis period, tumor
stage, obesity, and treatment resistance [7,8,20]. This response might be
affected through polymorphisms in the MDM2 gene that can indirectly
contribute to the modification of MDM2 activity, producing changes in
DNA and subsequently participating in neoplastic progression.

Scott suggested that “genetic differences between individuals have
been predicted to account for disparate outcomes in patients diagnosed
with cancer. The search for genetic determinants has been ongoing for a
considerable amount of time, and it is only now that insights have been
gained into which polymorphisms are most likely to be important in
determining not only disease likelihood but also outcome” [49].

Conclusion

The results of the present study revealed that the frequencies of the
homozygous G/G genotype of the MDM2 309 T > G polymorphism
were not significantly different between control and BC patients.
However, the differences were most evident in patients breast feeding
>6 months, exhibiting obesity, and exhibiting high levels of GGT, as
risk factors that might significantly contribute to BC susceptibility in
the analyzed sample from a Mexican population. Nevertheless, further
studies are required to confirm or reject these observations.
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