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Summary

Purpose: The rs712 polymorphism in a let-7 microRNA-
binding KRAS gene has been associated with different types 
of cancer, however these associations have been inconsistent. 
The purpose of this study was to determine the association 
between rs712 polymorphism in a let-7 microRNA-binding 
KRAS gene comparing breast cancer (BC) patients with 
healthy subjects from Mexican population. 

Methods: The genotyping of the rs712 polymorphism was 
performed by polymerase chain reaction (PCR) in 437 BC 
patients and 414 healthy women. 

Results: The observed frequencies of the rs712 polymorphism 
indicated an associated protective factor for BC in the domi-
nant GT+TT model [odds ratio (OR) 0.70, 95% confidence 
interval (CI) 0.51-0.97, p=0.040). An association between 
genotype and BC patients was evident in chemotherapy re-

sponse (allele GT, OR 0.032, 95% CI 0.002-0.505, p=0.014), 
partial chemotherapy response (genotype GT, OR 0.023, 95% 
CI 0.001-0.419, p=0.011), and gastric and hematological tox-
icity (genotype GT, OR 0.115, 95% CI 0.028-0.473, p=0.003), 
Luminal A BC patients with gastric and hematological toxic-
ity (genotype TT, OR 0.236, 95% CI 0.069-0.805, p=0.021) 
and tobacco consumption (genotype TT, OR 0.283, 95% CI 
0.001-0.802, p=0.037) and Luminal B with metastatic lymph 
node (genotype GT, OR 0.241, 95% CI 0.093-0.626, p=0.003). 

Conclusion: Polymorphism rs712 in KRAS gene was pro-
tective factor associated with susceptibility for BC in this 
sample from Mexican population. 
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Introduction

 Among the gynecological type cancers, breast 
cancer (BC) is the most frequent type of cancer in 
women world-over [1]. Its incidence varies between 
different types of ethnic groups [1]. In Mexico, BC 
is considered one of the major causes of cancer 
mortality [1-3]. A study estimated that in México 
there will be an increase in the incidence of BC by 
2030 and that about 38% of the deaths will be in 

women older than 60 years [4]. BC is also consid-
ered to develop through a gradual accumulation of 
genetic and epigenetic changes that transform nor-
mal breast cells into malignant tumor cells [1,5]. 
Relevant studies have associated the relationship 
of KRAS gene with BC [6-10]. KRAS is a protein 
(first identified in kirsten rat sarcoma virus) par-
ticipating in the RAS/MAPK intracellular signaling 
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pathway. KRAS has GTPase action and transmits 
signals of membrane cell to the nucleus. These sig-
nals have important functions in growth, prolifera-
tion and cell differentiation [11,12]. The KRAS onco-
gene is part of the RAS gene family, which plays a 
fundamental role in tumorigenesis [12]. The KRAS 
gene in humans is located in 12p12.1 chromosome, 
contains 6 exons and the 4th exon by means of 
alternative splicing to origin 2 mRNA transcripts, 
known as active isoforms (4A) and inactive iso-
form (4B), while exons 1,5 and 6 are non-coding 
[12,13]. The proto-oncogene KRAS is regulated 
by proteins and microRNAs molecules that bind 
to the promoter regions of the gene. MicroRNAs 
such as let-7, lin-4 and bentam, regulate the cell 
proliferation and differentiation. They also destabi-
lize the mRNA, repress protein synthesis and have 
been seen altered in cancer. These are divided into 
oncomirs (oncogenes) and anti-oncomirs (tumor 
suppressors). The let-7 microRNA is an oncogene-
antioncomir, regulates the levels of KRAS protein 
and decreases the rate of cell proliferation [11-13]. 
The rs712 polymorphism is the product of one base 
change of G to T in the antisense chain or A to C 
in sense chain, located in the let-7 complementary 
binding sites in 3’-UTR of KRAS mRNA. Its function 
is unknown but it has been hypothesized that al-
tered let-7 binding site affects its function and con-
sequently promote cell proliferation and migration 
in the breast cell, contributing to BC carcinogenesis 
[12,14]. The T allele (rs712) showed a frequency in 
controls of 14-30% among African population, 25% 
(12-37%) in Mexican population, 50% in European 
and American populations, and 70% in Indian and 
United Kingdom populations [15]. Also, the rs712 
polymorphism has demonstrated a significant as-
sociation between different types cancers in some 
studies [16]. However, in Mexican population, the 

association of rs712 polymorphism in BC remains 
unknown. Thus, the purpose of this investigation 
was to determine the frequency and association 
of the rs712 polymorphism in a let-7 microRNA-
binding KRAS gene in Mexican women with BC.

Methods 

 Blood samples were collected from 414 healthy 
blood donating women and 437 patients with clinically 
and histologically confirmed BC. The patient and control 
groups were not age-matched and no family samples 
were included. All the samples from the study group 
were recruited from June 2014 to February 2019, and 
were obtained after the patients and controls provided 
written informed consent, as approved by the local ethi-
cal committee (1305). All procedures performed in stud-
ies involving human participants were in accordance 
with the 1964 Helsinki declaration. Clinical and demo-
graphical data were obtained using written question-
naires. All patients were also interviewed to determine 
occupational exposure and current drug regimens. The 
BC patient database and patient DNA samples were ex-
amined for other polymorphisms and no family samples 
were included [5]. 
 DNA was extracted from peripheral blood lympho-
cytes using standard protocols [17]. 
 The PCR amplification of the rs712 polymor-
phism was performed by primer: 5’-ATGACAGTGGAA-
GTTTTTTTTTCCTC-3’ and 5’-GAATCATCATCAGGAAGC-
CCAT-3’ [12,18]. The PCR amplifications were performed 
in a total volume of 15 μL with the following PCR con-
ditions: 94°C (4 min), followed by 35 cycles at 94°C (45 
sec), 56.5°C (45 sec) and 72°C (50 sec), with a final exten-
sion at 72°C (7 min). The PCR product was digested 4 
h at 65°C with Taq І restriction enzyme (New England 
BioLabs Inc; Beverly, MA, USA). The genotypes were 
identified in 6% polyacrylamide gels (29:1), followed by 
silver nitrate staining [19]. The GG genotype was deter-
mined [wild type, 299 base pairs (bp) and 25 bp] as the 
digested fragment and TT genotype (polymorphic type, 
324bp) as the undigested fragment.

Demographic data BC patients (n=437)
n (%)

Controls (n=414)
n (%)

p value

Age (years) 0.004

Mean±SD* 52.38 50.02 0.189

<50 180 (41) 189 (46)

≥50 257 (59) 225(54)

Tobacco consumption <0.0001

No 313(72) 368 (89)

Yes 124(28) 46 (11)

Alcohol consumption <0.0001

No 330 (76) 372 (90)

Yes 107 (24) 42 (10)
SD: standard deviation, *Student’s t-test

Table 1. Demographic data for the study group
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 Allele frequencies were obtained by direct counting. 
The Hardy-Weinberg equilibrium (HWE) was tested by a 
goodness-of-fit x2 test to compare the observed genotype 
frequencies to the expected frequencies among control 
subjects. ORs ratios and 95% CI were also calculated. A 
two-tailed p<0.05 was considered statistically signifi-
cant. The association analysis was determined by ORs 
ratio and binary logistic regression were performed us-
ing the PASW Statistic Base 18 software, 2009 (Chicago, 
IL, USA).

Results

 Comparative epidemiological data from the 
BC patients and control individuals are shown in 
Table 1. The observed average age in BC patients 
was 52.38 years, ranging from 23 to 84 years, and 
both the tobacco and alcohol consumption were 
statistically different in BC patients and controls 
(p<0.0001). 
 The TT genotype frequency of the rs712 poly-
morphism on a let-7 microRNA-binding KRAS gene 
did not show significant differences between pa-
tients and controls (Table 2). However, the domi-
nant model (GT+TT) was observed as protective 
factor present in 79% (347/437) of the BC patients 
and 73% (302/414) of the controls (OR 0.70, 95%CI 

0.51-0.97, p=0.040). The distribution of genotypes 
in the controls was consistent with Hardy-Wein-
berg Equilibrium (HWE). 
 Significant differences were found with regards 
to clinical characteristics of the BC group and het-
erozygous (GT) genotype of the rs712 polymor-
phism. Chemotherapy response (adjusted OR 0.032, 
95% CI 0.002-0.505, p=0.014), partial chemotherapy 
response (adjusted OR 0.023, 95% CI 0.001-0.419, 
p=0.011), and gastric and hematological toxicity 
(adjusted OR 0.115, 95% CI 0.028-0.473, p=0.003) 
were protective factors for susceptibility of BC (Ta-
ble 3). 
 In addition, it was observed that rs712 poly-
morphism served as a protective factor for suscep-
tibility of BC patients stratified by molecular classi-
fication (Table 4). Luminal A BC patients [defined by 
estrogen receptor (ER) positive, human epidermal 
growth factor receptor 2 (HER2) negative, tumor 
marker proliferative cell (Ki-67) low and progester-
one receptor (PR) high] with TT genotype showed 
gastric and hematological toxicity during chemo-
therapy (adjusted OR 0.236, 95% CI 0.069-0.805, 
p=0.021), and tobacco consumption (adjusted OR 
0.283, 95% CI 0.001-0.802, p=0.037). BC patients 
with luminal B type (defined by ER positive, HER2 

rs712 polymorphism BC (n=437) Controls* (n=414) OR CI (95%) p value

Model Genotype n (%) n (%)

GG 90 (21) 112 (27) 1

GT 237 (54) 208 (50) 1.17 (0.89-1.53) 0.2727

TT 110 (25) 94 (23) 1.14 (0.83-1.57) 0.4460

Dominant GG 90 (21) 112 (27)

GT+TT 347 (79) 302 (73) 0.70 (0.51-0.97) 0.040

Recessive TT 110 (17) 94 (25)

GG+GT 327 (83) 320 (75) 1.14 (0.83-1.57) 0.4460

Allele (2n=874) 2n=828

G 417 (0.4771) 432 (0.5217) 0.83 (0.69-1.01) 0.0731

T 457 (0.5229) 396 (0.4782) 1.19 (0.98-1.44) 0.0731
* Controls genotype. Hardy-Weinberg equilibrium in controls (x2 test= 0.0187; p= 0.8910). OR: odds ratio, CI: confidence interval

Table 2. Genotype and allelic distribution of the rs712 polymorphism of KRAS in BC patients and controls

Genotype Clinical variables* OR 95%CI p value

GT **Chemotherapy response 0.032 (0.002-0.505) 0.014

** Partial chemotherapy response 0.023 (0.001-0.419) 0.011

**gastric and hematological toxicity 0.115 (0.028-0.473) 0.003
*Non-significance clinical variables included in the analysis: age (<50, ≥50 years), tobacco and alcohol consumption, stage (I-II, III-IV), 
menopause, body mass index (overweigh, obesity I, II, and III), lymph node metastasis, Luminal A, Luminal B, HER2, Ki67, non-chemotherapy 
response, non-chemotherapy response by recurrence. OR: odds ratio, CI: confidence intervals. **The non-response to chemotherapy with 
anthracyclines (e.g. doxorubicin, epirubicin, liposomal doxorubicin), taxanes (docetaxel, paclitaxel) and trastuzumab was evaluated according 
to the pathological Ryan’s classification described as follows: 1. Moderate response (single cells or small groups of cancer cells), 2. Minimum 
response (residual cancer surrounded by fibrosis), and 3. Poor response (minimal or no tumor destruction, extensive residual cancer) [26].

Table 3. Association between of the rs712 polymorphism of KRAS gene and clinical variable in BC patients
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negative and Ki-67 high and/or PR low) with GT 
genotype and lymph nodes positive (adjusted OR 
0.241, 95% CI 0.093-0.626, p=0.003) was observed 
as protective genotype. 

Discussion

 In Mexico, BC is the principal cause of cancer-
related mortality in women [1-5]. In the present 
study it was observed that 59% of BC patients were 
≥50 years old. Many studies observed a high inci-
dence of BC in patients who were approximately 
50 years old [1-5]. The tobacco and alcohol con-
sumption were found to be risk factors and these 
associations were consistent with those observed 
previously in multiple studies [20,21]. Lifestyle 
changes and changes in longevity may have influ-
enced in the increased frequency of BC in Mexican 
population [1,2,5].
 Many relevant studies of BC have been associ-
ated with different polymorphisms on KRAS gene, 
especially in those that present DIANA regions to 
proteins and microRNAs such as rs712 polymor-
phism that had described to alter the let-7 binding 
site that regulates KRAS activity, affecting gene 
expression and promoting the proliferation in the 
BC cells [12,22,23]. 
 Studies of rs712 polymorphism have demon-
strated an association with a risk susceptibility 
to various cancer types including lung [24], gas-
tric [25], colorectal [12,23,26,27], liver [28]. On the 
contrary, in BC its association has been observed 
as a protective factor of susceptibility [6,7]. More-
over, little is known regarding to association of 
rs712 polymorphism in Mexican BC patients. In 
our study group, the frequency of TT variant was 
not significantly statistically different between BC 
patients (25%) and controls (23%). However, the 
dominant model indicates that this polymorphism 
was a protective factor for susceptibility of BC. 
These data are in accordance with a recent study 
that demonstrated the association with decreased 
risk of the T allele, and recessive model of rs712 
polymorphism in BC in Iranian population [6]. An-
other study demonstrated that let-7 rs712 GT geno-

type was shown as protective factor in BC tumor 
metastasis of Chinese population [7]. In retrospect, 
previous studies have shown that let-7 microRNA 
might regulate self-renewal and tumorigenicity in 
BC and decrease potential tumor metastasis [12,29]. 
 Nevertheless, GT genotype was seen to be pro-
tective factor to toxicity in BC patients with com-
plete and partial response to chemotherapy; gastric 
(GI: nausea, diarrhea, vomiting, stomatitis, mucosi-
tis, and hematological: neutropenia, anemia, and 
thrombocytopenia). A variety of mechanisms for 
let-7 activity have been proposed that could con-
tribute to regulation of the expression of distinct 
pathways required in the tumor behavior [30]. In 
addition to these mechanisms, several factors could 
influence chemotherapy, such as the response and 
the drug toxicity. It has been seen that it is not a 
mono-factorial event, and also depends on genes 
encoding proteins involved in multiple metabolic 
pathways, posttranslational modifications, gene 
interactions, and epigenetics [12,31]. Thus, this 
polymorphism located in regulator sequences as 
microRNAs has been associated in multiple dis-
eases including BC risk in certain populations. 
These polymorphisms are in the mature micro-
RNA sequence and in the pre- and pri- forms of 
the microRNA, that can alter their binding sites 
in target genes and the processing of the protein 
[30]. Mulrane et al observed the association of poly-
morphisms in microRNAs sequence with decreased 
risk of BC [30]. Dysregulation of microRNAs affects 
drug metabolism with consequences in the toxic-
ity and chemotherapy response. In one BC study 
oncogenic microRNAs have been associated with 
resistance to radiotherapy and chemotherapy [30].
 In retrospect, it has been observed that let-7 
inhibits IL-6 signaling pathway producing a posi-
tive feedback loop, via activation of NF-Κb, and 
promoting an important role in the sensitivity to 
chemotherapy for cancer [32]. Other mechanisms 
proposed that overexpression of let-7a or decreas-
ing of RNA-binding protein LIN28A expression, 
turn cancer cells more sensitive to chemotherapy 
or radiation [33]. It has also been observed that 
in colorectal cancer patients with KRAS wild-type 

Genotype Histology Clinical variables* OR 95%CI p value

TT Luminal A **Gastric and hematological toxicity 0.236 (0.069-0.805) 0.021

**Tobacco consumption 0.283 (0.001-0.802) 0.037

GT Luminal B

**lymph node metastasis 0.241 (0.093-0.626) 0.003

For details see footnote of Table 3

Table 4. Association between the rs712 polymorphism of KRAS gene and clinical variables stratified by histological 
status in BC patients
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metastatic and high let-7c had better response to 
EGFR monoclonal antibodies [34]. These studies 
suggested that let-7 has an important function in 
the regulation of drug metabolism [32].
 rs712 polymorphism exhibited a protective ef-
fect in BC patients with gastric and hematological 
toxicity under chemotherapy in this study. It could 
be thought that the rs712 allows chemotherapeutic 
drug to remain in the cell for a longer period, thus 
producing a more efficient elimination of tumor 
cells. This could cause greater toxicity in the cell, 
allowing adverse effects of gastric and hematologi-
cal toxicity. More studies are necessary to know 
about the multiple functions of let-7.
 Studies of other polymorphisms of microRNAs 
have reported significant associations with reduce 
risk of T allele of MIR196A2 polymorphism in dif-
ferent cancer types including BC from Caucasian 
and Asian populations. These results strongly sug-
gest that reduced risk associated with MIR196A2 
variant genotype is not mediated by differential 
expression of the gene’s mature miRNAs [35].
 In this study we also observed protective activ-
ity of the association between TT genotype in BC 
Luminal A with gastric and hematological toxicity 
during chemotherapy and tobacco consumption, as 
well as reduced risk of GT genotype in BC luminal B 
with lymph node metastasis. Investigations on the 
expression of microRNAs showed different molecu-
lar subtypes of BC, including Luminal A, Luminal 
B expression profiles of the different microRNAs. 
These depend on the time of therapy, before the 
operation or after chemotherapy and radiotherapy, 
which could be predictive factors for prognosis of 
patients with BC. The findings suggested that the 
microRNAs can be used to identify the different 
nature of breast tissues, and deregulation of the 
selected microRNAs may affect critical molecular 
events involved in tumor progression [36,37]. 

 With respect to the association between TT 
genotype in BC Luminal A with tobacco consump-
tion as protective factor, several authors reported 
that different polymorphisms have been associated 
with the mechanism of BC and tobacco use, yet 
these associations have been controversial. Also, 
it has been hypothesized that such effects could be 
due to a nicotine receptor [24]. 
 On the other hand, we observed a reduced risk 
of GT genotype in BC luminal B with lymph node 
metastasis. Similar data was reported in BC pa-
tients from China [7]. 
 In conclusion, our results showed an asso-
ciation protective activity for BC compared to 
controls and BC patients in the dominant model 
(GT+TT genotype). However, the differences were 
most evident in patients with GT genotype with: 1) 
chemotherapy response; 2) partial chemotherapy 
response; 3) gastric and hematologic toxicity dur-
ing chemotherapy, as well as in luminal A BC with 
TT genotype and presence of gastric and hemato-
logic toxic and tobacco consumption. In luminal B 
BC with GT genotype and lymph node metastasis 
it was confirmed that these factors significantly 
contributed to BC susceptibility in the analyzed 
sample from Mexican population. Further studies 
are required to confirm these observations.
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