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Abstract

Introduction: breast cancer is the most diagnosed type of
cancer and the leading cause of deathamong women worldwide.
Approximately 1.67 million new cases of breast cancer were
diagnosed in 2012, leading to more than half a million deaths.
Breast cancer accounted for 11.6% of newly diagnosed cancers
(2,089 million) and 9.2% (787,000) of cancer-related deaths for
both sexes and at all ages worldwide in 2018.

Objective: breast cancer, as the most diagnosed carcinoma in
the world and the leading cause of death among women, is a
morbidity of outstanding importance, and the object of this study
is to evaluate the association between the LOX gene G473A
(rs1800449) polymorphism and breast cancer occurrence,
potentially establishing a new finding in the identification of
risks, prevention, and care for a specific group of women.

Methods:in this retrospective cohort study, LOX G473A
polymorphism frequency was assessed in 148 women with
breast cancer and 245 women without breast cancer. All
patients completed a questionnaire to identify possible risk
factors and subsequently underwent peripheral blood collection
to study the LOX gene. DNA was extracted followed by gene
amplification via PCR, and the polymorphism was studied by
specific fragment electrophoresis after digestion of the samples
with the restriction endonuclease Pstl.

Results: this study identified the use of oral contraceptives and
family history of breast cancer as risk factors for breast cancer;
the G473A polymorphism in LOX was not identified as a risk
factor.

Conclusion: a relationship was not observed between the LOX
G473A polymorphism and the occurrence of breast cancer.
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Authors summary

Why was this study done?
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Considering the importance of identifying genetic factors as predisposing factors for the occurrence of different types of cancer,
especially being able to offer means of prevention at different levels, the present study was carried out with the objective of identifying
the association between the G473A single nucleotide polymorphism of Lysyl Oxidase and the incidence of breast cancer in Brazilian

women.

What did the researchers do and find?

In a retrospective study involving 393 Brazilian women, 148 of whom had a confirmed diagnosis of breast cancer and 245 in the control
group, the researchers performed DNA extraction, amplification via PCR and the study of the incidence of different polymorphisms,
noting that there was no statistically significant relationship between the Lysyl Oxidase gene G473A polymorphism and breast cancer.

What do these findings mean?

The finding means that there is no evidence to link the G473A single nucleotide polymorphism of the Lysyl Oxidase gene to breast

cancer.

Hl INTRODUCTION

Breast cancer is the most diagnosed type of cancer
and the leading cause of death among women worldwide.
Approximately 1.67 million new cases of breast cancer
were diagnosed in 2012, leading to more than halfa million
deaths!. According to data from the International Agency
for Research on Cancer of the World Health Organization,
breast cancer accounted for 11.6% of new cases of cancers
diagnosed (2,089 million) and 9.2% (787,000) of cancer-
related deaths for both sexes and all ages worldwide in
20182

In Brazil, except for non-melanoma skin cancer,
breast cancer is the primary type of cancer that affects
women, resulting in approximately 25% of new cancer
cases (29% prevalence in Brazil) in 2018 and accounting
for more than 59,700 new cases, being more frequent
in women from South followed by Southeast, Midwest
and Northeast regions®. Considering the 2018 data from
GLOBOCAN (Global Cancer Data) of the International
Agency for Research on Cancer (IARC), the cumulative
risk of a woman having breast cancer and her risk of
dying from breast cancer in Brazil were 6.8%" and 1.4%°,
respectively.

Considering the significant incidence, prevalence
and mortality of breast cancer, knowledge regarding the
risk factors for the application of preventive measures is a
priority. Among the risk factors for breast cancer are age at
menarche, parity, age at first pregnancy, number of living
children, absence of breastfeeding history, hormonal
contraception, body mass index and obesity, sedentary
lifestyle, smoking, exposure to radiation, benign breast
disease and changes in breast density, besides genetic
factors®.

Regarding risk factors for breast cancer, genetic
factors have been widely established variables that play
roles in its development’. Among these genetic factors,
pathogenic mutations in the BRCA1 and BRCA2 genes
confer a high risk for breast cancer, ovarian cancer and
contralateral breast cancer; for breast cancer cases, 40% to
87% involve BRCA1 mutations and 18% to 88% involve
BRCA2 mutations®”’.

Lysyl oxidase (LOX) catalyzes the oxidative
deamination of peptidyl-lysine residues in elastin and
lysine precursors and hydroxylysine residues in collagen
precursors to form peptidyl-aldehydes, initiating
covalent bonds in collagen and elastin crosslinks in the

extracellular matrix (ECM)!®!!. The covalent bonds in
these ECM proteins, facilitated by LOX, are essential for
the formation of insoluble collagen and elastic fibers for
normal breast development. LOX is a copper-dependent
amino acid oxidase enzyme!'®!!.

One of the main components related to oncogenesis
is the remodeling of the ECM, which is defined as a
complex structure that provides mechanical support
to cells and consists of the interaction of extracellular
molecules, including proteoglycans, polysaccharides,
fibronectin, laminin and fibers, such as collagen and
elastin. During carcinogenesis, ECM composition is
modified and stiffens, a process that has been considered a
tumor progression factor. This stiffening process has been
partially associated with changes in covalent bonds in
collagen normally mediated by LOX".

LOX also has other functions in addition to the
maturation of the ECM; it can modify other enzymes
and participares in the regulation of cell differentiation,
motility, migration and senescence besides gene regulation
through transduction and transcription signals'®!. The
inhibition of LOX expression alters Ras oncogene activity
in fibroblasts, thereby affecting tumor formation. The
Ras oncogene is responsible for Ras proteins production,
which modify cellular communication in the processes of
cell division, differentiation and apoptosis'®. In addition,
LOX is involved in the recruitment of inflammatory cells
to distant sites, which contributes to the formation of the
premetastatic niche!'®!,

There are approximately 643 SNPs in the LOX
gene, and G473 A (rs1800449) has the highest polymorphic
frequency!'®!15, The LOX G473A SNP is defined as a
mutation of the LOX gene that results in the replacement
of arginine (Arg) by glutamine (Gln) at residue 158 of the
LOX propeptide (LOX-PP); such modification occurs in
the presence of the A allele!™!15,

The presence of the A allele impairs tumor
formation suppression performed by LOX-PP and
thus has a direct relationship with breast oncogenesis
as well as osteosarcoma and ovarian, gastric, colon
and rectal carcinomas and increases the risk for
coronary disease, keratoconus, retinal detachment, and
vitreoretinopathy!'®!15,

In this study, the LOX G473 A polymorphism, as an
intrinsic factor for carcinogenesis in humans, is analyzed

J Hum Growth Dev. 2022;32(2):242-247. DOI: 10.36311/jhgd.v32.13317 243



JHGD _

to determine if it can be considered as a risk factor for
breast cancer in Brazilian women.

Bl METHODS

In this retrospective cohort study, 393 women were
selected between 2013 and 2015 during follow-up at the
Mario Covas Hospital outpatient clinic associated with the
Mastology Division of the Department of Gynecology and
Obstetrics of the Centro Universitario FMABC.

After the research project was approved by
the Research Ethics Committee of the FMABC under
number 169/2010, the women studied were divided into a
control group and a case group. Women with histological
confirmation of breast cancer were selected for the case
group, totaling 148 participants. A total of 245 women
without clinical and radiological signs of breast cancer
with consequent clinical propaedeutic and normal
mammography were included in the control group.

After a preliminary description of the study and
providing clarification when necessary, the included
participants signed an informed consent form and
responded to a questionnaire to collect the following
clinical data: actual age, age at menarche and age at the
last menstrual period, number of pregnancies, previous
use of hormone medications, breastfeeding, history
of smoking and alcohol consumption, and history of
endocrine diseases.

Next, venous blood was collected from the women
in both groups, and genomic DNA was extracted with
Ilustra Blood Genomic Prep Mini Spin (GE Healthcare®.
After DNA extraction, the LOX G473A polymorphism
was detected via PCR using the LoxG473A-Foward
5'-CTCACAGTACCAGCCTCAGCG-3"and LoxG473A-
Reverse: 5’-CCAGGTCTGGGCCTTTCATA-3" (PCR
product, 405 bp)'®. Amplification of the specific fragment
Table 1: Clinical Characteristics of the Participants

Gl
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was analyzed by electrophoresis after enzymatic digestion
with the restriction endonuclease Pstl.

After restriction digestion, the product was
electrophoresed on a 3% NA agarose gel (GE Healthcare®)
stained with GelRed® (nucleic acid gel stain, 10,000X, in
water) (Biotium). For size determination, 5 pg of a 50
bp DNA ladder molecular weight marker (DNA Express
Biotechnology®) was used. The gels were photographed
in a MiniBIS Pro Reader (DNR - Bio Imaging System®)
under ultraviolet light using GelCapture Version 5.0 (DNR
- Bio Imaging System®).

After agarose electrophoresis according to the
technique described above, the following standards for
analysis were presented: G/G with a single band (405 bp),
considered the wild-type standard; A/A with two bands
(291 and 114 bp); and G/A with three bands (405, 291,
and 114), considered the polymorphic standard.

To verify the association between the study groups
and the categorical variables, chi-square test was used, and
continuous variables were analyzed using unpaired t-tests.

Hardy-Weinberg equilibrium was also tested by the
chi-square test and confirmed for the samples.

Once group stratification was confirmed, the
relationship between LOX G473A polymorphism and
breast cancer was estimated using an odds ratio (OR)
obtained by a binary logistic regression model using SPSS
version 23.0; the confidence interval adopted was 95% (95
CI). The level of rejection of the null hypothesis was set
at 0.05 (0 <0.05).

B RESULTS

A total of 393 women participated in the study,
of which 148 were in the case group and 245 were in
the control group. The clinical and epidemiological
characteristics of the participants are provided in table 1.

Characteristics Cases (n =148) Controls (n=245) p
Breastfeeding * 116 (78.4%) 207 (84.5%) 0.13
Family history of breast cancer * 25 (16.9%) 18 (7.3%) 0.004 **
Age (Years) # 57.8-0.9 59.5-0.6 0.134
Age at menarche (Years) # 12.9-0.1 13.2-0.1 0.059
Age at first pregnancy # 23.1-0.45 22.7-0.3 0.54
Parity * 26-0.12 2.9-0.09 0.067
Post-menopause * 121 (81.7%) 203 (82.8%) 0.785
Oral contraceptive use * 33 (22.3%) 15 (6.1%) < 0.0001 **

Use of hormone therapy * 13 (8.7%) 36 (14.7%) 0.114

Continuous variables: values expressed as the mean and standard deviation; Categorical variables: values expressed as numbers and
percentages; # Unpaired T-test ; * Chi-square Test ; ** Significant values .
Table 2: Surgical staging in case group

Surgical Staging Cases (n = 148)

The surgical staging presented by the study participants in
the case group are provided in table 2.

For the two groups, a similar profile was found | 31
for most of the analyzed variables; however, there were A 52
statistically differences significant difference regarding B 36
the use of oral hormonal contraceptive and family history A 18
of breast cancer.
The genotypes and frequency of alleles in gene B 05
equilibrium according to the Hardy-Weinberg ratio (table nc 01
v 05
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3) are provided in table 4. Considering the low incidence
of the AA genotype in the study population, we chose
to analyze the results by comparing the homozygous
reference group (GG) with the polymorphic group (GA
+AA).

Table 3: Formula to determine which observed
genotypic frequencies are in Hardy-Weinberg
equilibrium

Genotypes Observed # Expected #
Homozygous 213 164.3
reference

Heterozygous 88 103.4
Homozygous variant 8 16.3
Variant allele 0.17

frequency

X2= 0.093

P value in the X2 test= 0.76

Table 4: LOX G473A polymorphism and the
occurrence of breast cancer

GG GA+AA Crude OR (CI)
Cases 86 33 0.7735 (C1 0.46 - 1.27)
Control 127 63 p=0.314

The presence of the A allele and the GA and AA
genotypes in the LOXG473A polymorphism showed no
direct association with the occurrence of breast cancer
(OR =0.7735,95% CI: 0.46 - 1.27, p = 0.314).

H DISCUSSION

Breast cancer is the most diagnosed type of cancer
in the world and, except for melanoma, the cancer that
most affects Brazilian women'-. The identification of risk
factors for breast cancer allows the implementation of
population screening and aids in the early diagnosis and
actions necessary to minimize the morbidity and mortality
of the disease'’.

In this regard, the importance of screening through
the identification of genetic polymorphisms is highlighted,
and the present study is consubstantiated.

Leo et al.'® found increased LOX expression in
triple-negative breast cancer (negative for the estrogen,
progesterone and Her2 - human epidermal growth factor
receptor 2 receptors) and structurally modified ECM.
However, in contrast, two studies have shown that a
decrease in LOX expression is related to oncogenesis.
Csiszar et al."® observed decreased LOX expression
in colon tumors, and Ren et al.** showed a progressive
reduction in LOX expression with the transition from
normal to malignant prostatic epithelium.

This apparently contradictory relationship between
LOX expression and various types of cancer in which both
increased and decreased expression are associated with
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when the A allele was present. The authors evaluated 238
patients with breast cancer and 234 healthy participants.
In that study, both GA and AA were associated with an
increased risk of breast cancer (OR 2.79, p <0.001; OR =
2.00, p <0.001, respectively)'.
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decade of life, with menarche at a mean age of 13 years,
with 2 to 3 pregnancies, with the absolute majority being
in the postmenopausal period, and with a low incidence
of hormone therapy use. This population profile coincides
with that observed in the studies described above®!.
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contraceptives and a family history of breast cancer are
factors related to the development of breast cancer.

Regarding the comparison between the case and
control groups regarding the presence of the A allele,
at AA and GA polymorphisms, the present study found
no statistically significant difference (OR = 0.7735,
95CI: 0.46 - 1.27, p = 0.314). This lack of a statistical
relationship may be explained by the miscegenation of the
Brazilian population of this study, which can be similarly
observed at USA population and is not observed in a Han
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l CONCLUSION

We found no association between the LOX G473A
polymorphism and breast cancer in Brazilian women. The
use of birth control pills and a family history of breast
cancer were associated with breast cancer.
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Resumo

Introducdo: o cancer de mama é o tipo de cancer mais diagnosticado e a principal causa de morte
entre as mulheres em todo o mundo. Aproximadamente 1,67 milhdes de novos casos de cancer de
mama foram diagnosticados em 2012, levando a mais de meio milhdo de mortes. O cancer de mama foi
responsavel por 11,6% dos novos casos de canceres diagnosticados (2.089 milhdes) e 9,2% (787.000)
das mortes relacionadas ao cancer para ambos os sexos e em todas as idades em todo o mundo em
2018.

Objetivo: o cancer de mama como o carcinoma mais diagnosticado no mundo e a principal causa
de morte entre as mulheres, € uma morbidade de grande importéncia, sendo o objetivo deste estudo
avaliar a associagao entre o polimorfismo do gene LOX G473A (rs1800449) a ocorréncia de cancer
de mama, potencialmente estabelecendo um novo achado na identificagdo de riscos, prevencéao, e
atendimento a um grupo especifico de mulheres.

Método: neste estudo de coorte retrospectivo, a frequéncia do polimorfismo LOX G473A foi avaliada em
148 mulheres com cancer de mama e 245 mulheres sem a doenca. Todas as pacientes responderam
a um questionario para identificacdo de possiveis fatores de risco e posteriormente realizaram coleta
de sangue periférico para estudo do gene LOX. O DNA foi extraido seguido da amplificagdo génica
via PCR, e o polimorfismo foi estudado por eletroforese de fragmentos especificos apds digestdo das
amostras com a endonuclease de restrigdo do organismo Providencia stuartii.

Resultados: este estudo identificou o uso de anticoncepcional oral e o antecedente familiar de cancer
de mama como fatores de risco par a doenga; o polimorfismo G473A na LOX néo foi identificado como
fator de risco.

Conclusao: nao foi observada relagao entre o polimorfismo LOX G473A e a ocorréncia de cancer de
mama.

Palavras-chave: lisil oxidase, neoplasias mamarias, polimorfismo genético, colageno, elastina.
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