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Abstract. – OBJECTIVE: The aim of this inves-
tigation was to determine the frequency and as-
sociation of the variants rs4817415, rs2070424, 
and rs1041740 of the SOD1 gene in healthy wom-
en and breast cancer (BC) patients. 

PATIENTS AND METHODS: Genomic DNA 
samples from 146 healthy women and 130 pa-
tients with BC were analyzed.

RESULTS: GG genotype (OR 2.54, 95% CI 1.31-
4.91, p = 0.0073) and the G allele (OR 1.37, 95% 
CI 1.09-1.73, p = 0.007) of the rs2070424 variant 
and CC genotype (OR 1.67, 95% CI 1.04-0.2.70, p 
= 0.0444) and allele C (OR 1.58, 95% CI 1.09-2.29, 
p = 0.0183) of the rs1041740 variant of SOD1 gene 
were associated as risk factors for BC suscepti-
bility relative to the control group. Study groups 
comparison of the stratification by menopausal 
status showed an association of susceptibility 
to BC risk with carriers of the GG genotype (OR 
2.9, 95% CI 1.11-7.81, p = 0.042) of the rs2070424 
variant and with the premenopausal status of the 
study group and the TT (OR 2.89, 95% CI 1.73-
4.85, p = 0.001) genotype of the rs1041740 vari-
ant. Furthermore, differences were observed in 
the patients with BC who were carriers of the 
CC genotype of the rs4817415 variant with ele-
vated Ki-67 (≥ 20%) and who presented lymph 
node metastasis and stage III-IV BC (p<0.05). 
Two common haplotypes were identified in the 
study groups: CAC (protective factor), and CGC 
(risk factor) (p<0.05). 

CONCLUSIONS: The rs2070424 and rs1041740 
variants of the SOD1 gene and the CGC haplo-

type were associated as risk susceptibility fac-
tors of BC in this sample analyzed.

Key Words:
Variants, Rs4817415, Rs2070424, Rs1041740, SOD1, 

Breast cancer.

Introduction

Among the neoplastic diseases that affect 
women, breast cancer (BC) is the most common 
worldwide1. In Mexico, the incidence of BC has 
been observed1-3 to increase in young women, and 
it is one of the major causes of mortality. Epigen-
etic events are thought1-5 to influence the trans-
formation of normal cells from breast tissue to 
a tumor cell. Superoxide dismutases (SODs) are 
enzymes that participate in the cellular defense 
of removing agents that generate oxidative stress, 
generally superoxide-type free radicals or reac-
tive oxygen species (ROS), and their overexpres-
sion has often been observed6 in different diseas-
es, including cancer. 

In mammals, three isoforms have been identi-
fied: SOD1, SOD2, and SOD3. SOD1, which binds 
to copper and zinc ions, is soluble and localized 
in the cytosol; its cellular function is to neutral-
ize ROS by regulating redox signals in the plasma 
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membrane, cytoplasm, and cell nucleus4,6. The 
SOD1 gene is located in the long arm of the chro-
mosome (21q22) and has five exons and four in-
trons. Multiple mutations and variants associated 
with different diseases have been identified4,6.

One of the variants studied was rs4817415, 
which is located at position 32,991,661 of the 
gene. It is characterized by a change of A>C, 
A>G, or A>T, but the change commonly reported7 
in other populations of the world is A>C, and its 
function remains unknown. This variant has been 
studied8 in multiple amyotrophic lateral sclerosis 
(ALS). The rs2070424 (A251G, -251A/G) variant 
is located at position 31,667,007 of the gene and 
has been reported with a change of A>C, A>G, 
or A>T; however, the change that has been com-
monly reported9 in other populations of the world 
is A>G. This variant is located in intron 3 of the 
gene; it participates in the homeostasis of Cu 
and Zn concentrations and has been shown10 to 
increase interleukin-6 concentrations and SOD1 
concentrations in carriers of the GA + GG geno-
type in an obese population11.

The rs1041740 intronic variant located at po-
sition 31,667,849 of the gene, characterized by a 
C>T change12, was found8,11-15 to be related to an 
increase in SOD1 enzyme concentration and has 
been extensively associated with different types 
of disease.

Few studies16 have investigated the associa-
tion of the variants rs4817415, rs2070424, and 
rs1041740 of SOD1 with BC. One study was car-
ried out on 70 patients with BC from a population 
in Iraq. Another14 was conducted in 859 BC cases 
and 1,083 controls from the USA in a study on 
the US Radiologic Technologists cohort; however, 
no association between the variant rs2070424 and 
BC was observed.

In the Mexican population, the association of 
the SOD1 variants rs4817415, rs2070424, and 
rs1041740 in BC remains unknown. Thus, the 
aim of this investigation was to determine the 
frequency and association of the SOD1 variants 
rs4817415, rs2070424, and rs1041740 in Mexican 
women with BC.

Patients and Methods

Genomic DNA samples from 146 healthy wom-
en and 130 patients clinically and histologically 
confirmed with BC were included in this study. 
The study group signed a written informed con-
sent form, and the study was approved by the Eth-

ical Committee (1305) of Centro de Investigación 
Biomédica de Occidente, Instituto Mexicano del 
Seguro Social. All procedures performed in the 
study were in accordance with the Helsinki Dec-
laration. Clinical and demographical data were 
obtained using written questionnaires. 

DNA was extracted via the simple salting out 
method17. PCR amplification of the rs4817415, 
rs2070424, and rs1041740 SOD1 variants was 
performed by real-time qPCR with predesigned 
probes provided by the IDT (2022 Integrated 
DNA Technologies©, Inc. Coralville, Iowa, USA, 
available at: www.idtdna.com). The qPCR assay 
was performed in accordance with the manu-
facturer’s recommendations. Reading was per-
formed using the CFX96 real-time PCR system 
C1000 touch (Bio-Rad Laboratories©, Inc., Her-
cules, CA, USA), under the following conditions: 
95°C for 10 min; 45 cycles of 95°C for 10 s, 60°C 
for 45 s, and 68°C for 28 s.

Statistical Analysis
Among the control group, Hardy-Weinberg 

equilibrium (HWE) was tested using the Chi-
square goodness of fit test to compare the ob-
served genotype frequencies with the expected 
frequencies. The genotype and allele frequencies 
of each variant were obtained by direct counting. 
Odds ratios were also calculated, and binary lo-
gistic regression was performed using SPSS soft-
ware version 24 (IBM Corp., Armonk, NY, USA) 
and statistical significance was p < 0.05.  The 
pairwise linkage disequilibrium (D′) and haplo-
type frequency were analyzed using the SHEsis 
Online Version program (available at: http://anal-
ysis.bio-x.cn)18.

Results

The epidemiological data from the BC and con-
trol groups showed that the mean age of patients 
with BC was 53.81 ± 12.28 years, which was sta-
tistically different from the controls (p = 0.0001; 
Table I).

The frequencies of the characteristic clinical 
data from the BC group were as follows: a posi-
tive familial history for BC in 35%, obesity ≥ 30 
in 75%, ductal type in 92%, advanced stage III-
IV BC in 57%, presence of lymph nodes in 72%, 
luminal A and B in 67%, and nonresponders to 
chemotherapy in 56% (Table II).

The AA genotype frequency in rs4817415 was 
not significantly different between the BC and 
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control groups. However, in rs2070424, the GG 
genotype (OR 2.54, 95% CI 1.31-4.91, p = 0.0073), 
G allele (OR 1.37, 95% CI 1.09-1.73, p = 0.007), 
dominant model (OR 1.69, 95% CI 1.03-2.77, p = 
0.0073), and recessive model (OR 2.54, 95% CI 
1.31-4.91, p = 0.0073) were observed as risk factors 

for BC. Similarly, the rs1041740 variant showed 
statistically significant differences for the CC gen-
otype (OR 1.67, 95% CI 1.04-0.2.70, p = 0.0444), 
C allele (OR 1.58, 95% CI 1.09-2.29, p = 0.0183), 
and dominant model (OR 1.6, 95% CI 1.03-2.77, 
p = 0.048), suggesting that they are risk factors. 

Table I. Demographic data for the study groups.

	 BC patients (n=130)	 Controls  (n=146)	 p-value

Age at diagnosis (years)					   
Mean (SD)	 53.81	 (12.28)	 46.81	 (13.46)	 0.0001*
≤ 45 years [(n), %]	 (37)	 28.0	 (58)	 40.0	 0.054
≥ 46 years [(n), %]	 (93)	 72.0	 (88)	 60.0	
Hormonal consumption					   
Yes [(n), %]	 (43)	 33.0	 (41)	 28.0	 0.4874
No [(n), %]	 (87)	 67.0	 (105)	 72.0	
Tobacco consumption					   
Yes [(n), %]	 (39)	 28.0	 (34)	 23.0	 0.1423
No [(n), %]	 (91)	 72.0	 (112)	 77.0	
Alcohol consumption					   
Yes [(n), %]	 (31)	 17.0	 (32)	 22.0	 0.8608
No [(n), %]	 (99)	 83.0	 (114)	 78.0	

SD (standard deviation); *Student’s t-test.

Table II. Clinical data for the BC group.

	 (n)	 %		  (n)	 %

Menopause status					   
Premenopausal	 (41)	 32			 
Postmenopausal	 (89)	 68			 
Family history of BC			   Tumor stage		
Yes 	 (45)	 35.0	 I 	 (14)	 11.0
No 	 (85)	 75.0	 II 	 (42)	 32.0
Body mass index (BMI)			   III 	 (39)	 30.0
18-24.9 (normal weight) 	 (20)	 15.0	 IV 	 (35)	 27.0
25-29.9 (overweight) 	 (35)	 27.0	 Node status		
≥30 (obesity) 	 (75)	 58.0	 Positive 	 (94)	 72.0
Pregnancies status			   Negative 	 (36)	 28.0
≤ 4 	 (86)	 66.0	 Molecular type		
≥ 5 	 (44)	 34.0	 Luminal A 	 (53)	 41.0
Miscarriage			   Luminal B 	 (35)	 27.0
Yes	 (34)	 26	 Her-2 	 (18)	 14.0
No	 (96)	 74	 Triple negative 	 (24)	 18.0
Breastfeeding					   
≤ 6 months 	 (28)	 22.0	 Ki-67 	 (59)	 45.0
> 6 months	 (65)	 50.0	 Ki-67 	 (71)	 55.0
No 	 (37)	 28.0	 Metastatic status		
Localization			   Yes	 (95)	 73.0
Left 	 (50)	 38.0	 No 	 (35)	 27.0
Right 	 (73)	 56.0	 Chemotherapy status		
Bilateral 	 (9)	 6.0	 Response 	 (57)	 44.0
Histology (adenocarcinoma)			   No response 	 (73)	 56.0
Ductal 	 (120)	 92.0	 Personal medical history		
Lobular	 (8)	 6.0	 benign breast disease- uterine fibroids*	 (46)	 35.0
Mixed	 (2)	 2.0	 DM2-Hypertension*	 (37)	 28.0

*On base n=130.
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The control group was in HWE for the geno-
type distribution of the rs4817415, rs2070424, and 
rs1041740 SOD1 gene variants (Table III).

The association analysis between the BC and 
control groups stratified by menopausal status 
showed statistically significant differences re-
garding the GG genotype and the dominant model 
of the rs2070424 variant and with premenopausal 
status among the study groups and the TT gen-
otype of the rs1041740 variant. By contrast, the 
rs4817415 variant was not statistically significant 
(Table IV).

Patients with BC who were carriers of the CC 
genotype of the rs4817415 variant with elevated 

Ki-67 and who presented with lymph node me-
tastasis (OR 3.2, 95% CI 1.33-7.7, p = 0.014) and 
stage III-IV (OR 3.6, 95% CI 1.2-10.3, p = 0.026) 
showed risk susceptibility (Table V).

The linkage disequilibrium of rs4817417 and 
rs2070424 variants showed a D´0.356 and r´ = 
0.035, the rs2070424 with rs1041740 variants had 
a D´ = 0.467 and r´ = 0.058; and the rs4817417 and 
rs1041740 variants had a D´0.271 and r´ = 0.008) 
in the control group. The haplotype and frequen-
cy comparisons among the BC and control groups 
were statistically significantly different in CAC 
(OR 0.779, 95% CI 0.58-1.04, p = 0.004), and CGC 
(OR 2.1, 95% CI 1.44-3.08, p = 0.001; Table VI).

Table III. Genotype and allelic distribution of the rs4817415, rs2070424 and rs1041740 variants of SOD1 in BC patients and 
controls.

Variant		     BC	     Controls*	 OR	 95% (CI)	 p-value

rs4817415		  Genotype	 (n=130)	 %	 (n=146)	 %			 
		  AA	 (7)	 5.5	 (6)	 4	 1.32	 (0.43-4.05)	 0.8301
		  AC	 (50)	 38.5	 (53)	 36	 1.0	 (0.69-1.78)	 0.8059
		  CC	 (73)	 56	 (87)	 60	 0.86	 (0.53-1.40)	 0.6491
	 Dominant	 AA	 (7)	 5	 (6)	 4			 
		  AC+CC	 (123)	 95	 (140)	 96	 0.75	 (0.24-2.30)	 0.8301
	 Recessive	 CC	 (73)	 56	 (87)	 60	 0.86	 (0.53-1.40)	 0.6491
		  AA+AC	 (57)	 44	 (59)	 40			 

		  Allele (2n=260)			   (2n=292)				  
		  A	 (64)	 0.246	 (65)	 0.222	1.14	 (0.76-1.69)	 0.5810
		  C	 (196)	 0.754	 (227)	 0.778	0.87	 (0.59-1.30)	 0.5810
rs2070424									       
		  AA	 (41)	 31	 (64)	 44	 0.59	 (0.36-0.96)	 0.048
		  AG	 (58)	 45	 (66)	 45	 0.96	 (0.60-1.57)	 1.0
		  GG	 (31)	 24	 (16)	 11	 2.54	 (1.31-4.91)	 0.0073
	 Dominant	 AA	 (41)	 31	 (64)	 44			 
		  AG+GG	 (89)	 69	 (82)	 56	 1.69	 (1.03-2.77)	 0.0481
	 Recessive	 GG	 (31)	 24	 (16)	 11	 2.54	 (1.31-4.91)	 0.0073
		  AA+AG	 (99)	 76	 (130)	 89			 

		  Allele (2n=260)			   (2n=292)				  
		  A	 (140)	 0.717	 (194)	 0.664	0.58	 (0.41-0.83)	 0.0033
		  G	 (120)	 0.283	 (98)	 0.336	1.69	 (1.20-2.39)	 0.0033
rs1041740					   
		  CC	 (71)	 55	 (61)	 42	 1.67	 (1.04-2.70)	 0.0444
		  CT	 (53)	 41	 (69)	 47	 0.76	 (0.47-1.23)	 0.3358
		  TT	 (6)	 4	 (16)	 11	 0.39	 (0.14-1.03)	 0.0854
	 Dominant	 CC	 (71)	 55	 (61)	 42			 
		  CT+TT	 (59)	 45	 (85)	 58	 1.6	 (1.03-2.77)	 0.048
	 Recessive	 TT	 (6)	 4	 (16)	 11	 0.39	 (0.14-1.03)	 0.0854
		  CC+CT	 (124)	 96	 (130)	 89			 

		  Allele (2n=260)			   (2n=292)				  
		  C	 (195)	 0.750	 (191)	 0.654	1.58	 (1.09-2.29)	 0.0183
		  T	 (65)	 0.250	 (101)	 0.346	0.63	 (0.43-0.91)	 0.0183

OR (odds ratio), CI (confidence intervals), p-value (significant < 0.05). *Hardy-Weinberg equilibrium in controls for rs4817415 
(Chi-square test = 0.3486, p = 0.5548), and rs2070424 (Chi-square test = 0.027; p = 0.8687) and rs1041740 (Chi-square test = 
0.3486, p = 0.5548), and rs2070424 (Chi-square test = 0.2881; p = 0.5914).
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In contrast, the rs2070424 variant has been 
associated10,11,21 with various diseases, including 
BC. However, its risk association has not been 
demonstrated14,16 in BC. 

In the present study, the GG, AG/GG (domi-
nant model) genotypes, and the G allele were as-
sociated with a risk of developing BC (p < 0.05). 
In a study conducted on gastric cancer and the 
rs2070424 variant, the GG genotype showed a 
low risk of developing gastric cancer22.

Another study11 conducted in a Mexican popu-
lation observed a risk association in AG/GG car-
riers with obesity. However, in the present study, 
this association was not evident in the group of 
patients with BC.

The rs1041740 variant has been associated with 
various diseases, such as ALS8, renal damage13, 
and cardiovascular diseases23. In BC, it has been 
associated14 with psychomotor speed. This vari-
ant, among 64 variants most analyzed in head and 
neck cancer, also showed a lack of association24.

Discussion

BC is a global health problem1,2. In Mexico, 
the incidence and mortality of BC have increased 
considerably in the last 10 years4,5,19. It has been 
observed4,5 in women around 50 years old, which 
is consistent with the average age observed in the 
present study.

SOD1 is the main line of cellular defense. It par-
ticipates in the elimination of ROS and is actively 
present in the nuclear membrane, nucleus, and cell 
cytoplasm6. It is highly expressed in the nuclei of 
BC tumor cells20; hence, it has an important role in 
the microenvironment and tumor proliferation6,20. 

Evidence showing an association between the 
rs4817415 variant, and BC is lacking. This study 
is the first to analyze this. However, the distribu-
tion of genotypes did not show a risk association 
with BC. This variant has also been studied8 in 
patients with ALS, demonstrating no association.

Table IV. Association of the rs2070424 and rs1041740 variants of SOD1 gene with menopause status in the BC patients and 
controls.

Variant	 Genotype	 Variable	 OR	 95% (CI)	 p-value

rs2070424	 GG	 Menopause	 2.9	 (1.11-7.81)	 0.042
	 AGGG		  2.8	 (1.43-5.44)	 0.003
rs1041740	 TT	 Pre-menopause	 2.89	 (1.73-4.85)	 0.001

OR (odds ratio), CI (confidence intervals), p-value (significant < 0.05).

Table V. Association of the rs4817415 variant of SOD1 gene with clinical variables of BC patients.

Variant	 Genotype	 Clinical variable		  OR	 95% (CI)	 p-value

rs4817415	 CC	 Ki-67 (≥20%)	 Lymph nodes	 3.2	 (1.33-7.7)	 0.014
			   III-IV tumor stage	 3.6	 (1.2-10.3)	 0.026

OR (odds ratio), CI (confidence intervals), p-value (significant < 0.05).

Table VI. Haplotype frequency of the distribution of the rs4817415, rs2070424 and rs1041740 variants of SOD1 in BC patients 
and controls.

SOD1 gene			           Patients (2n=260)	 Controls (2n=292)

rs4817415 	 rs2070424 	 rs1041740	 n	 %	 n	 %	 OR 95% (CI)	 p-value

A	 A	 C	 (40)	 15	 (30)	 10	 0.779 (0.58-1.04)	 0.067
A	 A	 T	 (7)	 3	 (13)	 4	 0.693 (0.46-1.03)	 0.288
A	 G	 C	 (12)	 5	 (7)	 3	 1.250 (0.85-1.82)	 0.192
A	 G	 T	 (6)	 2	 (15)	 5	 1.986 (1.20-3.26)	 0.067
C	 A	 C	 (49)	 19	 (93)	 32	 0.779 (0.58-1.04)	 0.004
C	 A	 T	 (44)	 17	 (58)	 20	 0.693 (0.46-1.03)	 0.380
C	 G	 C	 (93)	 36	 (61)	 21	 2.108 (1.44-3.08)	 0.001
C	 G	 T	 (9)	 3	 (15)	 5	 1.986 (1.20-3.26)	 0.296
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In the current study, we observed that the CC, 
CT/TT, and allele C genotypes were statistically 
significant and were associated with risk suscep-
tibility in BC. This is the first study conducted 
on BC in the Mexican population in which this 
association was analyzed.

We observed that the carrier heterozygous 
rs2070424 and rs1041740 (AC) variants were risk 
factors for susceptibility to the development of 
BC when the BC and control groups were strat-
ified by menopausal status. Menopause is a state 
in which a decrease in estrogen produces an in-
crease in ROS levels, especially in the presence of 
catechol25. In this sense, the presence of cytokines 
and pro-oxidants has been proposed25 as a poten-
tial generator of ROS in postmenopausal status.

Moreover, we observed that the CC carrier of 
the rs4817415 variant was a risk factor for suscepti-
bility to the development of BC, as stratified by the 
different clinicopathological parameters, namely, 
the presence of ki-67 > 20% more lymph nodes and 
advanced stage BC (III-IV). Although no existing 
studies support these findings, these confounding 
factors show that this stratification is important for 
contributing to differences in the rs4817415 variant 
and their associations with BC risk26. 

In BC cell lines, SOD1 overexpression has been 
shown20 to be essential for tumor survival, and its 
activity is modulated by various recognition sites 
that bind SOD1 to regulate its expression as sirtu-
in 3 (SIRT3) and ER Alpha. Furthermore, SOD1 
participates in the modulation of various cell regu-
lation pathways, such as kinase cascades, Kirsten 
rat sarcoma viral oncogene homolog (KRAS), 
growth factors, and fibroblast growth factor re-
ceptors (FGFR)6,20,27. Probably, the polymorphic 
alleles of rs2070424 (G) and rs1041740 (C) SOD1 
gene are located in target sites of cell recognition 
and modulation and, as a consequence, may influ-
ence the imbalance of ROS elimination and influ-
ence the survival of cancer cells. 

The SOD1 variants analyzed in this study were 
not shown to be in linkage disequilibrium. Two 
frequent haplotypes in rs4817415, rs2070424, and 
rs1041740 were observed in the study groups an-
alyzed. The CAC haplotype, present in 32% of 
the controls and 19% of the patients with BC, was 
associated with a protective susceptibility factor 
for the development of BC. The haplotype CGC, 
present in 21% of the control group and in 32% 
of the patient group, was associated as a factor of 
susceptibility to the risk of BC. Unfortunately, no 
study on BC has analyzed this association. Thus, 
the combination of the three variants of SOD1 an-

alyzed in this study may confer a significant as-
sociation of risk predisposition in BC, especially 
with the rs2070424 and rs1041740 variants.

Conclusions

Our results showed characteristic phenotypes 
in the group of patients with BC: the presence of 
obesity, histological ductal type, luminal types A 
and B, lymph nodes metastasis and advanced stage 
III-IV BC. The rs2070424 variant was an associ-
ated risk factor for BC when the controls and the 
patients with BC with the genotype GG, allele G, 
and dominant model (CGGG genotype) were com-
pared. Furthermore, differences were observed 
when the group of patients and controls classified 
by hormonal status carriers of the GG and CGGG 
genotypes (dominant model) were compared. The 
rs1041740 variant also showed an association of 
susceptibility to the risk of BC in carriers of the 
CC genotype, allele C, and CTCC (dominant mod-
el) and with the premenopausal state in carriers of 
the TT genotype when comparing the two groups.

The rs4817415 variant did not show statistically 
significant differences when comparing the study 
groups. However, the patients with BC stratified by 
CC genotype carriage and the presence of tumor 
marker Ki-67 > 20% showed an association of sus-
ceptibility to risk with the lymph nodes metastasis 
and advanced stage III-IV BC. The presence of the 
CGC haplotype was an associated risk susceptibility 
factor in BC. More studies are needed to confirm the 
observed findings. The number of variants analyzed 
was limited, and more studies that include other 
SOD1 gene variants should be conducted in women 
with BC in the Mexican population.
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