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Growing evidence has demonstrated that single-nucleotide polymorphisms (SNPs) in the
promoter of miRNA may influence individuals’ susceptibility to human diseases. We exam-
ined two SNPs rs10877887 and rs13293512 in the promoters of let-7 family to determine
if the two SNPs were related to the occurrence of breast cancer (BC). Genotyping of the
two SNPs was performed by PCR and restriction fragment length polymorphism analysis
or TaqMan assay in 301 BC patients and 310 age matched controls. We found a higher
frequency of rs13293512 CC genotype and rs13293512 C allele amongst BC patients (CC
vs TT: adjusted odds ratio (OR) = 1.78; 95% CI: 1.14–2.80; P=0.012; C vs T: adjusted OR
= 1.33; 95% CI: 1.06–1.67; P=0.013). Stratification analysis showed that rs13293512 CC
genotype was associated with an increased risk of BC in patients with negative estrogen
receptor (adjusted OR = 2.39; 95% CI: 1.32–4.30; P=0.004), patients with negative proges-
terone receptor (adjusted OR = 1.92; 95% CI: 1.11–3.33; P=0.02), patients with T1-2 stage
cancer (adjusted OR = 1.77; 95% CI: 1.07–2.93; P=0.03), and patients with N1-3 stage
cancer (adjusted OR = 1.89; 95% CI: 1.13–3.17; P=0.015). These findings suggest that
rs13293512 in the promoter of let-7a-1/let-7f-1/let-7d cluster may be a possible biomarker
for the development of BC in Chinese women.

Introduction
Breast cancer (BC) is the most common invasive cancer and the leading cause of cancer death amongst
women worldwide [1]. In China, it accounted for 15% of all new female cancers in 2015 and the mortality
rate increased by 59% from 1990–1994 to 2005–2009 [2,3]. It is well known that BC is a multifactor dis-
ease, involving in several risk factors, such as tobacco smoking [4], alcohol consumption [5], high fat diet
[6], high level of cholesterol [7] as well as genetic factors. However, the exact etiology is still unknown.
Therefore, it is of great importance to explore potential genetic biomarkers for effective prevention and
treatment of BC.

In 2011, the first association study demonstrated that single-nucleotide polymorphisms (SNPs) in the
promoter region of miRNAs may contribute to the susceptibility to cancer [8]. Subsequently, numerous
epidemiological investigations revealed that SNPs in the promoter of miRNAs were related to the risk
and/or outcome of cancer [9–22]. For instance, Qi and the colleagues found that the rs999885GG genotype
in the promoter region of miR-106b-25 cluster had a significantly decreased risk of death for intermediate
or advanced hepatocellular carcinoma [21]. Chu et al. found that the rs4705342TC/CC genotypes in the
promoter region of miR-143 were associated with a decreased risk of prostate cancer and the T allele can
increase protein-binding affinity and reduce transcriptional activity [22].
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The lethal-7 (let-7), one of the first two known miRNAs, contains several family members, such as let-7a-1, let-7a-2,
let-7a-3, let-7b, let-7c, let-7d, let-7e, let-7f-1, let-7f-2, let-7g, and let-7i [23,24]. Previous studies have shown that let-7
exerts crucial roles in a series of biological processes, including cell mobility, proliferation, apoptosis, migration, and
invasion by targetting caspase-3, high mobility group A1, or estrogen receptor-α36 [25–28]. Moreover, let-7 was
found to be down-regulated in both BC tissues and cell lines [25,27–32]. All of the above discoveries indicate that
let-7 may function as a tumor suppressor in BC.

Let-7 miRNAs have been reported to have tumor suppressive functions. Many known let-7 target genes, such as
CCND1, MYC, LIN28, RAS, and HMGA2 are oncogenes involved in cell cycle progression and stemness. In let-7a
overexpressed ZR75-1 and MM-231 cells, DICER1 activity was significantly inhibited with decreased miR-208a. The
miR-208a-SOX2/β-catenin-LIN28-let-7a-DICER1 can form a feedback loop in the regulation of stem cells renewal
[42]. Let-7 on the self-renewal ability of cancer stem-like cells (CSCs) from triple negative breast cancer was also
investigated. For example, Sun et al. found that let-7 decreased the tumor formation ability of estrogen-treated breast
CSCs and suppressed Wnt signaling, further supporting the previous hypothesis that let-7 decreased the self-renewal
ability and contributed to reduce tumor formation ability of stem cells [43].

Recently, two SNPs, rs10877887 and rs13293512, in the promoters of let-7 family have been discovered. Both the
SNPs were predicted to influence the binding affinity with transcription factors [13]. Given the potential function,
the two SNPs were widely investigated in numerous human diseases, including papillary thyroid carcinoma [12], lung
cancer [15], hepatocellular carcinoma [20], intracranial aneurysm [33], major depressive disorder [34], and ischemic
stroke [35]. However, the relationship between the two SNPs with BC remains unclear. In the present study, we sought
to evaluate the association of the two SNPs with the risk of BC in Chinese women.

Materials and methods
Study population
In this hospital-based case-control study, 301 patients with BC were recruited from the hospital over a period of 3 years
(between March 2012 and October 2015). The study was approved by the Institutional Review Board of the Yunnan
University of Chinese Traditional Medicine and all participants signed informed consent. Each patient was examined
and confirmed by histopathological diagnosis. Patients were excluded from the study if they had breast neoplasm
and/or inflammation diseases (such as acute and chronic mastitis, papillitis, and breast abscess) and/or an evidence
of family history (at least one first- or second-degree relative was diagnosed with BC). Patient information, including
age, age of menarche, estrogen receptor (positive or negative), progesterone receptor (positive or negative), human
epidermal growth factor receptor-2 (HER2, positive or negative), and TNM classification, was collected from medical
record. During the same period of time, 310 healthy volunteers visiting the same hospital for physical examination
were selected as controls. Control subjects, living in the same area as the cases, were Chinese Han origin and frequency
matched to cases based on age and age at menarche.

Genotyping
About 2 ml of peripheral blood was collected from each subject in EDTA anti-coagulated tubes at room temperature.
Genomic DNA was extracted from blood samples using a phenol–chloroform method. The rs10877887 polymor-
phism was analyzed by using PCR and restriction fragment length polymorphism (PCR-RFLP) with the restriction
enzyme Fau I [34]. The rs13293512 polymorphism was analyzed by using a TaqMan SNP genotyping assay [12,33].
For quality control, genotype concordance was verified by DNA sequencing.

Statistical analysis
Statistical analysis was done using SPSS version 13.0 software (SPSS Chicago, IL, U.S.A.). The chi-square test was
used to determine if the observed frequencies of rs10877887 and rs13293512 genotypes were in accordance with
Hardy-Weinberg equilibrium (HWE). Continuous variables were expressed as mean +− S.D., and Student’s t test was
used to find the difference between cases and controls. Odds ratios (ORs) and 95% CIs were calculated to evaluate
the association between rs10877887 and rs13293512 polymorphisms and BC risk. Unconditional logistic regression
analysis was performed after adjustment for age and age at menarche. All P-values were two-tailed, and significance
level was defined as P<0.05.

Results
The demographic and clinical data of BC patients and controls are summarized in Table 1. The mean age of BC
patients was 51.8 years, and the mean age of controls was 50.4 years. The mean age at menarche for BC patients was
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Table 1 Characteristics of the study population

Variables
Patients with breast cancer (n=
301) Controls (n= 310) P-value

Age (years, mean +− S.D.) 51.8 +− 10.0 50.4 +− 11.9 0.13

Age at menarche (years, mean +− S.D.) 14.0 +− 1.5 14.1 +− 1.6 0.86

Estrogen receptor (%)

Positive 174 (57.8)

Negative 127 (42.2)

Progesterone receptor (%)

Positive 149 (49.5)

Negative 152 (50.5)

Human epidermal growth factor
receptor-2 (%)

Positive 72 (23.9)

Negative 229 (76.1)

Primary tumor (T, %)

T1-2 203 (67.4)

T3-4 98 (32.6)

Regional lymph nodes (N, %)

N0 125 (41.5)

N1-3 176 (58.5)

Distant metastasis (M, %)

M0 297 (98.7)

M1 4 (1.3)

Table 2 Association between rs10877887 and rs13293512 polymorphisms and BC risk

Polymorphisms Controls, n= 310 (%) BC patients, n= 301 (%) Adjusted OR (95% CI)† P-value†

rs10877887

Genotypes

TT 140 (45.2) 144 (47.8) 1.00

CT 134 (43.2) 117 (38.9) 0.85 (0.61–1.20) 0.35

CC 36 (11.6) 40 (13.3) 1.10 (0.66–1.83) 0.72

Alleles

T 414 (66.8) 405 (67.3) 1.00

C 206 (33.2) 197 (32.7) 0.99 (0.78–1.25) 0.90

rs13293512

Genotypes

TT 110 (35.5) 88 (29.2) 1.00

CT 147 (47.4) 138 (45.8) 1.20 (0.83–1.73) 0.33

CC 53 (17.1) 75 (24.9) 1.78 (1.14–2.80) 0.012

Alleles

T 367 (59.2) 314 (52.2) 1.00

C 253 (40.8) 288 (47.8) 1.33 (1.06–1.67) 0.013

†Adjusted by age and age at menarche.

14.0 years, and the mean age at menarche for controls was 14.1 years. There were no differences according to age
and age at menarche between cases and controls, with P-values of 0.13 and 0.86, respectively. Amongst the patients,
57.8% had positive estrogen receptor and 49.5% had positive progesterone receptor. TNM classification revealed T1-2
in 67.4%, N0 in 41.5%, and M0 in 98.7% of patients.

The genotype frequencies of rs10877887 and rs13293512 were in line with HWE amongst healthy controls (P=0.65
and 0.75, respectively). The differences of the two polymorphisms between BC patients and controls were presented
in Table 2. A higher frequency of rs13293512 CC genotype (24.9 vs 17.1%; adjusted OR = 1.78; 95% CI: 1.14–2.80;
P=0.012) and rs13293512 C allele (47.8 vs 40.8%; adjusted OR = 1.33; 95% CI: 1.06–1.67; P=0.013) were observed
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Table 3 Stratification analysis of rs13293512 polymorphism with BC risk

Genotypes Controls, n (%) Cases, n (%) Case I vs controls Case II vs controls

Case I Case II
Adjusted OR
(95% CI)† P- value†

Adjusted OR
(95% CI)† P- value†

ER (+) ER (-)

TT 110 (35.5) 57 (32.8) 31 (24.4) 1.00 1.00

CT 147 (47.4) 77 (44.2) 61 (48.0) 1.04 (0.68–1.60) 0.84 1.48 (0.90–2.43) 0.12

CC 53 (17.1) 40 (23.0) 35 (27.6) 1.47 (0.87-2.48) 0.15 2.39 (1.32–4.30) 0.004

PR (+) PR (-)

TT 110 (35.5) 47 (31.5) 41 (27.0) 1.00 1.00

CT 147 (47.4) 65 (43.6) 73 (48.0) 1.06 (0.68–1.67) 0.79 1.34 (0.85–2.12) 0.20

CC 53 (17.1) 37 (24.8) 38 (25.0) 1.65 (0.96–2.85) 0.07 1.92 (1.11–3.33) 0.02

HER2 (+) HER2 (-)

TT 110 (35.5) 21 (29.2) 67 (29.3) 1.00 1.00

CT 147 (47.4) 33 (45.8) 105 (45.9) 1.19 (0.65–2.17) 0.57 1.20 (0.81–1.79) 0.37

CC 53 (17.1) 18 (25.0) 57 (24.9) 1.68 (0.81–3.45) 0.16 1.79 (1.10–2.91) 0.018

T1-2 T3-4

TT 110 (35.5) 57 (28.1) 31 (31.6) 1.00 1.00

CT 147 (47.4) 97 (47.8) 41 (41.8) 1.29 (0.85–1.95) 0.22 1.01 (0.59–1.72) 0.97

CC 53 (17.1) 49 (24.1) 26 (26.5) 1.77 (1.07–2.93) 0.03 1.80 (0.96–3.35) 0.07

N0 N1-3

TT 110 (35.5) 34 (27.2) 54 (30.7) 1.00 1.00

CT 147 (47.4) 64 (51.2) 74 (42.0) 1.43 (0.88–2.33) 0.15 1.05 (0.68–1.62) 0.82

CC 53 (17.1) 27 (21.6) 48 (27.3) 1.64 (0.89–2.99) 0.11 1.89 (1.13–3.17) 0.015

ER, estrogen receptor; PR, progesterone receptor.
†Adjusted by age and age at menarche.

amongst BC patients than controls. No significant difference of rs10877887 was found between BC patients and
controls.

When we stratified the data by estrogen receptor, progesterone receptor, and HER2, the frequency of rs13293512
CC genotype was significantly increased in patients with negative estrogen receptor (adjusted OR = 2.39; 95% CI:
1.32–4.30; P=0.004) and patients with negative progesterone receptor (adjusted odds ratio (OR) = 1.92; 95% CI:
1.11–3.33; P=0.02) and patients with negative HER2 (adjusted OR = 1.79; 95% CI: 1.10–2.91; P=0.018) compared
with respective controls. When the data were stratified based on TNM classification, we found a significant association
for rs13293512 CC genotype in patients with T1-2 stage cancer (adjusted OR = 1.77; 95% CI: 1.07–2.93; P=0.03).
Such an association was also observed in patients with N1-3 stage cancer (adjusted OR = 1.89; 95% CI: 1.13–3.17;
P=0.015) (Table 3). After stratification analysis of rs10877887 with clinical features, no significant association was
noticed (Table 4). Furthermore, we did combined analysis of rs10877887 and rs13293512 with BC risk. No significant
difference of combined genotypes was observed between cases and controls (Table 5).

Discussion
To our knowledge, it is the first time to explore the potential correlation of SNPs rs10877887 and rs13293512 in
the promoters of let-7 family to the risk of BC. We found a significance of rs13293512 CC genotype increasing the
risk of BC. Stratification analysis yielded a similar association of rs13293512 CC genotype in patients with negative
estrogen receptor or patients with negative progesterone receptor, or patients with T1-2 stage cancer, or patients
with advanced cancer. However, no association with BC risk was observed for SNP rs10877887 in both overall and
stratification analyses. Since age and age at menarche may affect ORs, we calculated ORs adjusted for age and age
at menarche. These findings suggest that rs13293512 CC genotype might contribute to the carcinogenesis of BC in
Chinese women.

Let-7 is highly conserved well-established promoters of terminal differentiation that are expressed in healthy adult
tissues and frequently repressed in cancer cells. It is widely accepted that let-7 is down-regulated in BC, playing an
important role as a tumor suppressor [25,27–32]. The down-expression can induce epirubicin resistance by enhancing
cellular apoptosis [29]. Overexpression of let-7 in BC cells can decrease cell proliferation, colony formation, migration
and invasion, and vice versa [25,31,32]. Additionally, let-7 family has been reported to limit the numbers of stem cells
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Table 4 Stratification analysis of rs10877887 polymorphism with BC risk

Genotypes Controls, n (%) Cases, n (%) Case I vs controls Case II vs controls

Case I Case II
Adjusted OR
(95% CI)† P- value†

Adjusted OR
(95% CI)† P- value†

ER (+) ER (-)

TT 140 (45.2) 84 (48.3) 60 (47.2) 1.00 1.00

CT 134 (43.2) 69 (39.7) 48 (37.8) 0.87 (0.58–1.29) 0.48 0.84 (0.54–1.31) 0.44

CC 36 (11.6) 21 (12.1) 19 (15.0) 1.00 (0.54–1.83) 0.99 1.24 (0.65–2.34) 0.52

PR (+) PR (-)

TT 140 (45.2) 73 (49.0) 71 (46.7) 1.00 1.00

CT 134 (43.2) 61 (40.9) 56 (36.8) 0.89 (0.58–1.34) 0.57 0.82 (0.54–1.26) 0.37

CC 36 (11.6) 15 (10.1) 25 (16.4) 0.81 (0.41–1.58) 0.53 1.41 (0.78–2.54) 0.26

HER2 (+) HER2 (-)

TT 140 (45.2) 32 (44.4) 112 (48.9) 1.00 1.00

CT 134 (43.2) 33 (45.8) 84 (36.7) 1.05 (0.61–1.80) 0.87 0.80 (0.55–1.15) 0.23

CC 36 (11.6) 7 (9.7) 33 (14.4) 0.87 (0.35–2.16) 0.76 1.17 (0.68–2.00) 0.57

T1-2 T3-4

TT 140 (45.2) 98 (48.3) 46 (46.9) 1.00 1.00

CT 134 (43.2) 80 (39.4) 37 (37.8) 0.85 (0.58–1.24) 0.40 0.86 (0.53–1.42) 0.56

CC 36 (11.6) 25 (12.3) 15 (15.3) 1.04 (0.58–1.85) 0.91 1.27 (0.64–2.55) 0.50

N0 N1-3

TT 140 (45.2) 61 (48.8) 83 (47.2) 1.00 1.00

CT 134 (43.2) 49 (39.2) 68 (38.6) 0.84 (0.54–1.31) 0.45 0.87 (0.58–1.30) 0.49

CC 36 (11.6) 15 (12.0) 25 (14.2) 0.96 (0.49–1.89) 0.90 1.19 (0.66–2.12) 0.56

ER, estrogen receptor; PR, progesterone receptor.
†Adjusted by age and age at menarche.

Table 5 Combined analysis of rs10877887 and rs13293512 with BC risk

Combined genotypes Controls (%) BC patients (%) OR (95% CI) P-value

rs10877887TT + rs13293512TT 53 (17.1) 43 (14.3) 1.00

rs10877887TT +
rs13293512CC/CT

87 (28.1) 101 (33.6) 1.43 (0.87–2.35) 0.15

rs10877887CC/CT +
rs13293512TT

57 (18.4) 45 (15.0) 0.97 (0.56–1.71) 0.92

rs10877887CC/CT +
rs13293512CC/CT

113 (36.5) 112 (37.2) 1.22 (0.76–1.97) 0.41

in normal and cancerous tissue samples, aiding in the maintenance of the differentiation of stem cells and CSCs,
thus inhibiting tumor progression. Given the key role of let-7 in BC, let-7 related epidemiological studies are of great
interest in the BC world. Previous work focussed on SNPs in the 3′-UTR of the target gene of let-7 [36–39]. For
example, Huang et al. reported an SNP rs712 within the binding site of KRAS 3′-UTR was associated with regional
lymph nodes metastasis of BC [39]. Jiang et al. reported that an SNP rs7963551 C allele in the 3′-UTR of RAD52 was
associated with a reduced BC risk [38].

Recently, it has been identified that SNPs in the promoter region of miRNA were associated with the risk
and/or outcome of BC [40,41]. In the present study, we found that rs13293512 CC genotype in the promoter of
let-7a-1/let-7f-1/let-7d cluster had a 1.78-fold increased risk of BC. In agreement with our result, Sima et al. reported
that rs13293512CT genotype was associated with a 1.43-fold increased risk of developing intracranial aneurysm [33].
Liang et al. reported that rs13293512 CC genotype had a 1.83-fold increased risk of major depressive disorder [34].
Although the precise biological mechanism of SNP rs13293512 contributing to BC development remains unknown,
growing evidence demonstrates that SNPs in the promoter of miRNA may affect the expression of mature miRNA and
ultimately influence individuals’ susceptibility to human diseases [17,33]. Based on this background, it is reasonable
to speculate that patients harboring rs13293512 CC genotype may display a lower level of let-7 expression, resulting
in a higher risk to develop BC. Further studies are therefore needed to clarify the biological function of rs13293512
in BC tumorigenesis.
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In the subgroup analysis, we found with interest that the rs13293512 CC genotype increased early T classification
but late N classification. It is difficult to explain the exact reason for this phenomenon. Some possibilities may be
taken into consideration. The sample size in stratification analysis is very limited, with only 203 patients with T1-2
and 176 patients with N1-3 tumors, which may have insufficient power to test the real effects. Moreover, P value in
T1-2 comparison is 0.03, and we cannot rule out the possibility that the result may occur by chance. Further studies
with larger sample size are warranted to confirm these results.

In the present study, we also investigated the relationship of rs10877887 with BC risk. However, we did not find any
difference of rs10877887 between cases and controls. Inconsistent with our result, SNP rs10877887 CT/CC genotypes
were reported to be a risk factor for lung cancer [15] and hepatocellular carcinoma [20]. In contrast, a reduced risk
of rs10877887 CT/CC genotypes was reported in patients with papillary thyroid carcinoma [12]. There is no clear
explanation for the conflicting results regarding the impact of SNP rs10877887 on different cancer types. Different
genetic backgrounds and/or environmental factors may imply an increasing or decreasing risk for various types of
cancers. Further association studies in different cancer types and/or different populations are valuable to verify this
result.

Since the study population was limited to Chinese Han women, the positive effect cannot be directly extrapolated
to other ethnicities. The follow-up data were not collected in the study design, and thus, we cannot evaluate the
effect of the rs13293512 CC genotype on overall outcome of BC. Moreover, the samples are relatively small in the
present study, especially in subgroup analysis, which provides limited power to obtain precise results. Future inves-
tigations with larger samples in diverse ethnic groups are therefore needed to validate our findings. Although there
were some limitations in the present study, our data provides a first indication that rs13293512 in the promoter of
let-7a-1/let-7f-1/let-7d cluster may be a possible biomarker for the development of BC in Chinese women.

In conclusion, our assessment of the influence of rs10877887 and rs13293512 on BC showed an increased risk for
individuals carrying rs13293512 CC genotype.

Author Contribution
R.S. and J.G. performed experiments. R.S., J.L., Z.R., and X.Y. performed genotyping. Y.Z. and L.Q. performed statistical analysis.
X.H. and J.J. collected samples. Y.R. and H.Z. designed and wrote the study.

Competing Interests
The authors declare that there are no competing interests associated with the manuscript.

Funding
This research was supported by the National Natural Science Foundation of China [grant number 81560429) and Yunnan province
applied basic research project – Chinese medicine joint special project [grant number 2017FF116(-024)].

Abbreviations
BC, breast cancer; CSC, cancer stem cell; HER2, human epidermal growth factor receptor-2; HWE, Hardy-Weinberg equilib-
rium; OR, odds ratio; SNP, single-nucleotide polymorphism.

References
1 Torre, L.A., Bray, F., Siegel, R.L., Ferlay, J., Lortet-Tieulent, J. and Jemal, A. (2015) Global cancer statistics, 2012. CA Cancer J. Clin. 65, 87–108,

https://doi.org/10.3322/caac.21262
2 Chen, W., Zheng, R., Baade, P.D., Zhang, S., Zeng, H., Bray, F. et al. (2016) Cancer statistics in China, 2015. CA Cancer J. Clin.,

https://doi.org/10.3322/caac.21338
3 Li, C., Yu, C. and Wang, P. (2015) An age-period-cohort analysis of female breast cancer mortality from 1990-2009 in China. Int. J. Equity Health 14,

76, https://doi.org/10.1186/s12939-015-0211-x
4 Johnson, K.C., Miller, AB, Collishaw, N.E., Palmer, J.R., Hammond, S.K., Salmon, A.G. et al. (2011) Active smoking and secondhand smoke increase

breast cancer risk: the report of the Canadian Expert Panel on Tobacco Smoke and Breast Cancer Risk (2009). Tob. Control 20, e2,
https://doi.org/10.1136/tc.2010.035931

5 Boffetta, P., Hashibe, M., La Vecchia, C., Zatonski, W. and Rehm, J. (2006) The burden of cancer attributable to alcohol drinking. Int. J. Cancer 119,
884–887, https://doi.org/10.1002/ijc.21903

6 Blackburn, G.L. and Wang, K.A. (2007) Dietary fat reduction and breast cancer outcome: results from the Women’s Intervention Nutrition Study (WINS).
Am. J. Clin. Nutr. 86, s878–81, https://doi.org/10.1093/ajcn/86.3.878S

7 Kaiser, J. (2013) Cancer. Cholesterol forges link between obesity and breast cancer. Science 342, 1028,
https://doi.org/10.1126/science.342.6162.1028

6 © 2019 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons
Attribution License 4.0 (CC BY).

D
ow

nloaded from
 http://port.silverchair.com

/bioscirep/article-pdf/39/5/BSR
20182079/847539/bsr-2018-2079.pdf by guest on 24 April 2024

https://doi.org/10.3322/caac.21262
https://doi.org/10.3322/caac.21338
https://doi.org/10.1186/s12939-015-0211-x
https://doi.org/10.1136/tc.2010.035931
https://doi.org/10.1002/ijc.21903
https://doi.org/10.1093/ajcn/86.3.878S
https://doi.org/10.1126/science.342.6162.1028


Bioscience Reports (2019) 39 BSR20182079
https://doi.org/10.1042/BSR20182079

8 Xu, Y., Liu, L., Liu, J., Zhang, Y., Zhu, J., Chen, J. et al. (2011) A potentially functional polymorphism in the promoter region of miR-34b/c is associated
with an increased risk for primary hepatocellular carcinoma. Int. J. Cancer 128, 412–417, https://doi.org/10.1002/ijc.25342

9 Liu, Y., Zhang, Y., Wen, J., Liu, L., Zhai, X., Liu, J. et al. (2012) A genetic variant in the promoter region of miR-106b-25 cluster and risk of HBV infection
and hepatocellular carcinoma. PLoS ONE 7, e32230, https://doi.org/10.1371/journal.pone.0032230

10 Gao, L.B., Li, L.J., Pan, X.M., Li, Z.H., Liang, W.B., Bai, P. et al. (2013) A genetic variant in the promoter region of miR-34b/c is associated with a
reduced risk of colorectal cancer. Biol. Chem. 394, 415–420, https://doi.org/10.1515/hsz-2012-0297

11 Liang, Y., Sun, R., Li, L., Yuan, F., Liang, W., Wang, L. et al. (2015) A Functional polymorphism in the promoter of miR-143/145 is associated with the
risk of cervical squamous cell carcinoma in chinese women: a case-control study. Medicine (Baltimore) 94, e1289,
https://doi.org/10.1097/MD.0000000000001289

12 Wang, Y., Wei, T., Xiong, J., Chen, P., Wang, X., Zhang, L. et al. (2015) Association between genetic polymorphisms in the promoter regions of let-7 and
risk of papillary thyroid carcinoma: a case-control study. Medicine (Baltimore) 94, e1879, https://doi.org/10.1097/MD.0000000000001879

13 Xie, K., Liu, J., Zhu, L., Liu, Y., Pan, Y., Wen, J. et al. (2013) A potentially functional polymorphism in the promoter region of let-7 family is associated
with survival of hepatocellular carcinoma. Cancer Epidemiol. 37, 998–1002, https://doi.org/10.1016/j.canep.2013.09.005

14 Chen, P., Sun, R., Pu, Y., Bai, P., Yuan, F., Liang, Y. et al. (2015) Pri-Mir-34b/C and Tp-53 polymorphisms are associated with the susceptibility of
papillary thyroid carcinoma: a case-control study. Medicine (Baltimore) 94, e1536, https://doi.org/10.1097/MD.0000000000001536

15 Shen, L.Q., Xie, Y.Z., Qian, X.F., Zhuang, Z.X., Jiao, Y. and Qi, X.F. (2015) A single nucleotide polymorphism in the promoter region of let-7 family is
associated with lung cancer risk in Chinese. Genet. Mol. Res. 14, 4505–4512, https://doi.org/10.4238/2015.May.4.8

16 Pan, X.M., Sun, R.F., Li, Z.H., Guo, X.M., Qin, H.J. and Gao, L.B. (2015) Pri-miR-34b/c rs4938723 polymorphism is associated with a decreased risk of
gastric cancer. Genet Test Mol. Biomarkers 19, 198–202, https://doi.org/10.1089/gtmb.2014.0287

17 Yuan, F., Sun, R., Li, L., Jin, B., Wang, Y., Liang, Y. et al. (2016) A functional variant rs353292 in the flanking region of miR-143/145 contributes to the
risk of colorectal cancer. Sci. Rep. 6, 30195

18 Yuan, F., Sun, R., Chen, P., Liang, Y., Ni, S., Quan, Y. et al. (2015) Combined analysis of pri-miR-34b/c rs4938723 and TP53 Arg72Pro with cervical
cancer risk. Tumour Biol. 37, 6267–6273, https://doi.org/10.1007/s13277-015-4467-y

19 Li, L., Pan, X., Li, Z., Bai, P., Jin, H., Wang, T. et al. (2013) Association between polymorphisms in the promoter region of miR-143/145 and risk of
colorectal cancer. Hum. Immunol. 74, 993–997, https://doi.org/10.1016/j.humimm.2013.04.019

20 Sui, Z.Y., Li, J., Cheng, G.L. and Wang, S.F. (2016) A single nucleotide polymorphism in the promoter region (rs10877887) of let-7 is associated with
hepatocellular carcinoma in a Chinese population. Genet. Mol. Res. 15

21 Qi, F., Huang, M., Pan, Y., Liu, Y., Liu, J., Wen, J. et al. (2014) A genetic variant in the promoter region of miR-106b-25 cluster predict clinical outcome
of HBV-related hepatocellular carcinoma in Chinese. PLoS ONE 9, e85394, https://doi.org/10.1371/journal.pone.0085394

22 Chu, H., Zhong, D., Tang, J., Li, J., Xue, Y., Tong, N. et al. (2016) A functional variant in miR-143 promoter contributes to prostate cancer risk. Arch.
Toxicol. 90, 403–414, https://doi.org/10.1007/s00204-014-1396-2

23 Reinhart, B.J., Slack, F.J., Basson, M., Pasquinelli, A.E., Bettinger, J.C., Rougvie, A.E. et al. (2000) The 21-nucleotide let-7 RNA regulates developmental
timing in caenorhabditis elegans. Nature 403, 901–906, https://doi.org/10.1038/35002607

24 Roush, S. and Slack, F.J. (2008) The let-7 family of microRNAs. Trends Cell Biol. 18, 505–516, https://doi.org/10.1016/j.tcb.2008.07.007
25 Liu, K., Zhang, C., Li, T., Ding, Y., Tu, T., Zhou, F. et al. (2015) Let-7a inhibits growth and migration of breast cancer cells by targeting HMGA1. Int. J.

Oncol. 46, 2526–2534, https://doi.org/10.3892/ijo.2015.2949
26 Tsang, W.P. and Kwok, T.T. (2008) Let-7a microRNA suppresses therapeutics-induced cancer cell death by targeting caspase-3. Apoptosis 13,

1215–1222, https://doi.org/10.1007/s10495-008-0256-z
27 Qian, P., Zuo, Z., Wu, Z., Meng, X., Li, G., Wu, Z. et al. (2011) Pivotal role of reduced let-7g expression in breast cancer invasion and metastasis. Cancer

Res. 71, 6463–6474, https://doi.org/10.1158/0008-5472.CAN-11-1322
28 Marino, A.L., Evangelista, A.F., Vieira, R.A., Macedo, T., Kerr, L.M., Abrahao-Machado, L.F. et al. (2014) MicroRNA expression as risk biomarker of breast

cancer metastasis: a pilot retrospective case-cohort study. BMC Cancer 14, 739, https://doi.org/10.1186/1471-2407-14-739
29 Wu, J., Li, S., Jia, W., Deng, H., Chen, K., Zhu, L. et al. (2015) Reduced Let-7a is associated with chemoresistance in primary breast cancer. PLoS ONE

10, e0133643, https://doi.org/10.1371/journal.pone.0133643
30 Oztemur, Y., Bekmez, T., Aydos, A., Yulug, I.G., Bozkurt, B. and Dedeoglu, B.G. (2015) A ranking-based meta-analysis reveals let-7 family as a

meta-signature for grade classification in breast cancer. PLoS ONE 10, e0126837, https://doi.org/10.1371/journal.pone.0126837
31 Kim, S.J., Shin, J.Y., Lee, K.D., Bae, Y.K., Sung, K.W., Nam, S.J. et al. (2012) MicroRNA let-7a suppresses breast cancer cell migration and invasion

through downregulation of C-C chemokine receptor type 7. Breast Cancer Res. 14, R14, https://doi.org/10.1186/bcr3098
32 Wang, L., Wang, Y.X., Zhang, D.Z., Fang, X.J., Sun, P.S. and Xue, H.C. (2016) Let-7a mimic attenuates CCL18 induced breast cancer cell metastasis

through Lin 28 pathway. Biomed. Pharmacother. 78, 301–307
33 Sima, X., Sun, H., Zhou, P. and You, C. (2015) A potential polymorphism in the promoter of let-7 is associated with an increased risk of intracranial

aneurysm: a case-control study. Medicine (Baltimore) 94, e2267, https://doi.org/10.1097/MD.0000000000002267
34 Liang, Y., Zhao, G., Sun, R., Mao, Y., Li, G., Chen, X. et al. (2015) Genetic variants in the promoters of let-7 family are associated with an increased risk

of major depressive disorder. J. Affect. Disord. 183, 295–299, https://doi.org/10.1016/j.jad.2015.04.035
35 Zhang, L., Yang, J., Xue, Q., Yang, D., Lu, Y., Guang, X. et al. (2016) An rs13293512 polymorphism in the promoter of let-7 is associated with a reduced

risk of ischemic stroke. J. Thromb. Thrombolysis, https://doi.org/10.1007/s11239-016-1400-1
36 Cerne, J.Z., Stegel, V., Gersak, K. and Novakovic, S. (2012) KRAS rs61764370 is associated with HER2-overexpressed and poorly-differentiated breast

cancer in hormone replacement therapy users: a case control study. BMC Cancer 12, 105, https://doi.org/10.1186/1471-2407-12-105

© 2019 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons
Attribution License 4.0 (CC BY).

7

D
ow

nloaded from
 http://port.silverchair.com

/bioscirep/article-pdf/39/5/BSR
20182079/847539/bsr-2018-2079.pdf by guest on 24 April 2024

https://doi.org/10.1002/ijc.25342
https://doi.org/10.1371/journal.pone.0032230
https://doi.org/10.1515/hsz-2012-0297
https://doi.org/10.1097/MD.0000000000001289
https://doi.org/10.1097/MD.0000000000001879
https://doi.org/10.1016/j.canep.2013.09.005
https://doi.org/10.1097/MD.0000000000001536
https://doi.org/10.4238/2015.May.4.8
https://doi.org/10.1089/gtmb.2014.0287
https://doi.org/10.1007/s13277-015-4467-y
https://doi.org/10.1016/j.humimm.2013.04.019
https://doi.org/10.1371/journal.pone.0085394
https://doi.org/10.1007/s00204-014-1396-2
https://doi.org/10.1038/35002607
https://doi.org/10.1016/j.tcb.2008.07.007
https://doi.org/10.3892/ijo.2015.2949
https://doi.org/10.1007/s10495-008-0256-z
https://doi.org/10.1158/0008-5472.CAN-11-1322
https://doi.org/10.1186/1471-2407-14-739
https://doi.org/10.1371/journal.pone.0133643
https://doi.org/10.1371/journal.pone.0126837
https://doi.org/10.1186/bcr3098
https://doi.org/10.1097/MD.0000000000002267
https://doi.org/10.1016/j.jad.2015.04.035
https://doi.org/10.1007/s11239-016-1400-1
https://doi.org/10.1186/1471-2407-12-105


Bioscience Reports (2019) 39 BSR20182079
https://doi.org/10.1042/BSR20182079

37 Uvirova, M., Simova, J., Kubova, B., Dvorackova, N., Tomaskova, H., Sedivcova, M. et al. (2015) Comparison of the prevalence of KRAS-LCS6
polymorphism (rs61764370) within different tumour types (colorectal, breast, non-small cell lung cancer and brain tumours). A study of the Czech
population. Biomed. Pap. Med. Fac. Univ. Palacky Olomouc Czech Repub. 159, 466–471, https://doi.org/10.5507/bp.2015.029

38 Jiang, Y., Qin, Z., Hu, Z., Guan, X., Wang, Y., He, Y. et al. (2013) Genetic variation in a hsa-let-7 binding site in RAD52 is associated with breast cancer
susceptibility. Carcinogenesis 34, 689–693, https://doi.org/10.1093/carcin/bgs373

39 Huang, X., Yang, Y., Guo, Y., Cao, Z.L., Cui, Z.W., Hu, T.C. et al. (2015) Association of a let-7 KRAS rs712 polymorphism with the risk of breast cancer.
Genet. Mol. Res. 14, 16913–16920, https://doi.org/10.4238/2015.December.14.19

40 Sanaei, S., Hashemi, M., Rezaei, M., Hashemi S, M., Bahari, G. and Ghavami, S. (2016) Evaluation of the pri-miR-34b/c rs4938723 polymorphism and
its association with breast cancer risk. Biomed. Rep. 5, 125–129, https://doi.org/10.3892/br.2016.690

41 Bensen, J.T., Tse, C.K., Nyante, S.J., Barnholtz-Sloan, J.S., Cole, S.R. and Millikan, R.C. (2013) Association of germline microRNA SNPs in pre-miRNA
flanking region and breast cancer risk and survival: the Carolina Breast Cancer Study. Cancer Causes Control 24, 1099–1109

42 Sun, X., Jiang, S., Liu, J., Wang, H., Zhang, Y. et al. (2015) MiR-208a stimulates the cocktail of SOX2 and β-catenin to inhibit the let-7 induction of
self-renewal repression of breast cancer stem cells and formed miR208a/let-7 feedback loop via LIN28 and DICER1. Oncotarget 6, 32944–32954,
https://doi.org/10.18632/oncotarget.5079

43 Sun, H., Ding, C., Zhang, H. and Gao, J. (2016) Let-7 miRNAs sensitize breast cancer stem cells to radiation-induced repression through inhibition of
the cyclin D1/Akt1/Wnt1 signaling pathway. Mol. Med. Rep. 14, 3285–3292, https://doi.org/10.3892/mmr.2016.5656

8 © 2019 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution
License 4.0 (CC BY).

D
ow

nloaded from
 http://port.silverchair.com

/bioscirep/article-pdf/39/5/BSR
20182079/847539/bsr-2018-2079.pdf by guest on 24 April 2024

https://doi.org/10.5507/bp.2015.029
https://doi.org/10.1093/carcin/bgs373
https://doi.org/10.4238/2015.December.14.19
https://doi.org/10.3892/br.2016.690
https://doi.org/10.18632/oncotarget.5079
https://doi.org/10.3892/mmr.2016.5656

