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Abstract  
Ischemic stroke is a complicated disease, and its pathogenesis has been attributed to the occurrence of genetic polymorphisms. Evidence has 
suggested that the microRNA let-7a is involved in the pathogenesis of ischemic stroke. Pri-miRNA is the primary transcript, which undergoes 
several processing steps to generate pre-miRNA and, later, mature miRNAs. In this case-control study, we analyzed the distribution of pri-
let-7a-2 variants in patients at a high risk for ischemic stroke and the interactions of pri-let-7a-2 variants and environmental factors. Blood 
samples and clinical information were collected from 1086 patients with ischemic stroke and 836 healthy controls between December 2013 
and December 2015 at the First Affiliated Hospital of China Medical University. We found that the rs1143770 CC genotype and the C allele 
were associated with a decreased risk of ischemic stroke, whereas the rs629367 CC genotype was associated with an increased risk for 
ischemic stroke. Moreover, these two single-nucleotide polymorphisms were in linkage disequilibrium in this study sample. We analyzed 
gene-environment interactions and found that rs1143770 exerted a combined effect on the pathogenesis of ischemic stroke, together with 
alcohol use, smoking, and a history of hypertension. Therefore, the detection of pri-let-7a-2 polymorphisms may increase the awareness of 
ischemic stroke risk. This study was approved by the Institutional Ethics Committee of the First Affiliated Hospital of China Medical University, 
China (approval No. 2012-38-1) on February 20, 2012, and was registered with the Chinese Clinical Trial Registry (registration number: 
ChiCTR-COC-17013559) on December 27, 2017.
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Introduction 
Stroke was identified as the primary cause of disability-
adjusted life-years and years of life lost at the national level 
in China in 2017. Among 34 province-level administrative 
units in China, the age-standardized years of life lost per 
100,000 population due to stroke in Liaoning Province was 

significantly higher than that at the national level, and the 
ratio of observed age-standardized disability-adjusted life-
years to expected life-years per 100 000 population associated 
with stroke in Liaoning Province was 1.81, ranking third in 
China (Zhou et al., 2019). Ischemic stroke (IS) is a complicated 
disease that involves both genetic and environmental 
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Graphical Abstract MicroRNA pri-let-7a-2 rs1143770 CC genotype and C allele decreased 
the risk of ischemic stroke while rs629367 CC genotype increased the risk 
of ischemic stroke in a Chinese northern Han population
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factors (Hatakeyama et al., 2020; Kaiser and Weat, 2020). 
The investigations of genetic variants associated with IS 
onset risk could help to clarify IS pathogenesis and provide 
new management and prevention methods for IS. Although 
previous studies have examined the roles played by single-
nucleotide polymorphisms (SNPs) in stroke (Wang et al., 
2016a, 2017, 2019; Zhang et al., 2016; Yang et al., 2020), the 
genetic variants correlated with IS susceptibility have not yet 
been clarified in the Chinese population.

MicroRNAs (miRNAs) are small, single-stranded RNAs of 
approximately 22 nucleotides in length. miRNAs inhibit post-
transcriptional gene expression by interacting with target 
messenger RNAs (mRNAs) to induce their translational 
suppression or degradation (Bartel, 2004; Plasterk, 2006). 
The let-7 family is one of the most abundant miRNA families 
found in the encephalon (Rehfeld et al., 2015), and let-7a, 
a member of the let-7 family, has been shown to inhibit the 
expression of proinflammatory cytokines, decrease brain 
edema, and improve neurological deficits in mice with 
intracerebral hemorrhage (Yang et al., 2018). Pri-miRNA is the 
primary transcript, which undergoes several processing steps 
to generate pre-miRNA and, later, mature miRNA. In humans, 
chromosomes 9, 11, and 12 encode the let-7a precursors let-
7a-1, let-7a-2, and let-7a-3, respectively, which all produce 
the same mature miRNA, let-7a (Lee et al., 2016). Although 
many previous studies have extensively investigated the 
biological roles of the let-7 family, few studies have addressed 
the functions of genetic variations in members of this family. 
Previous studies have also demonstrated that SNPs in miRNAs, 
including those found in primary (pri-), precursor, and mature 
miRNAs, can influence target selection or the expression level 
of miRNAs (Calin et al., 2005; Duan et al., 2007), which could 
result in increased disease susceptibility. In our study, using 
data from the National Center for Biotechnology Information 
bioinformatics databases, we identified two SNPs (pri-let-
7a-2 rs629367 and rs1143770, www.ncbi.nlm.nih.gov/snp) 
with minor allele frequencies ≥ 5% in the Chinese population, 
which were identified as tagSNPs in the 1000 Genomes 
Project database (www.1000genomes.org). To date, these two 
SNPs in pri-let-7a-2 have been correlated with either altered 
risk or prognosis for several diseases (Zhou et al., 2013; Xu 
et al., 2014; Shin et al., 2016; Fang et al., 2018; Heidari et al., 
2018; Wang and Bi, 2018). However, their potential roles in IS 
onset and prognosis remain unclear.

Because IS is a multifactorial disease, and several studies have 
reported that gene-environment interactions between certain 
gene variants and risk factors are associated with IS risk 
(Wu et al., 2017; Feng et al., 2019; Liu et al., 2019), we also 
investigated whether environmental factors (such as alcohol 
use, smoking, and hypertension) could influence the risk of 
stroke among individuals carrying specific genetic variants.

A hospital-based, case-control study, which enrolled 1086 IS 
patients and 836 healthy control subjects, was performed to 
investigate the effects of two SNPs identified in pri-let-7a-2 
(rs1143770 and rs629367; both located on chromosome 11) 
on IS risk. We aimed to investigate the associations between 
pri-let-7a-2 genetic polymorphisms at these loci and IS risk 
and to assess the gene-environment interactions in a Liaoning 
Province Han population.
 
Participants and Methods   
Participants
Our study included 1086 patients and 836 age- and sex-
matched healthy controls. Patient data were collected from 
December 2013 to December 2015 at the First Affiliated 
Hospital of China Medical University. The inclusion criteria for 
patients were: (1) sudden onset of focal neurological deficits; 
(2) deficits persisted for more than 24 hours; and (3) available 
brain imaging of the corresponding infarction. Patients were 

excluded if they were diagnosed with transient ischemic 
attack, cardioembolism, cerebral trauma, cerebrovascular 
malformations, coagulation dysfunction, autoimmune 
diseases, tumors, chronic infectious diseases, or diseases 
of other systems. Controls were enrolled if they showed no 
evidence of stroke or other neurological diseases and had 
no diagnosed diseases of other systems (Wang et al., 2016a, 
2017, 2019). Informed consent (Additional File 1) was signed 
by the entire study population. The severity of stroke and 
prognosis were measured using the National Institutes of 
Health Stroke Scale (Brott et al., 1989) at admission and the 
modified Rankin Scale (Bamford et al., 1989) 10 days after 
admission. The National Institutes of Health Stroke Scale 
evaluates the level of consciousness, gaze, visual field, facial 
palsy, motor arm, motor leg, limb ataxia, sensory, language 
dysarthria, and neglect. The modified Rankin Scale scores 
were defined as follows: 0, completely asymptomatic; 1, had 
symptoms but no significant dysfunction; 2, mild disability; 
3, moderate disability; 4, severe disability; and 5, serious 
disability. The Institutional Ethical Committee of the First 
Affiliated Hospital of China Medical University approved this 
study on February 20, 2012 (No. 2012-38-1; Additional File 
2), and the research was conducted according to the Code 
of Ethics of the World Medical Association (Declaration 
of Helsinki). The study protocol was registered with the 
Chinese Clinical Trial Registry (registration number ChiCTR-
COC-17013559) on December 27, 2017. The writing and 
editing of this article were performed in accordance with 
the STrengthening the Reporting of OBservational studies in 
Epidemiology (STROBE) Statement. A flow chart can be found 
in Figure 1.

SNP selection
SNPs were searched us ing the Nat ional  Center  for 
Biotechnology Information bioinformatics databases, 
including the SNP database (dbSNP; www.ncbi.nlm.nih.
gov/snp/?term=dbSNP). We selected SNPs according to the 
following criteria: a) located in the primary precursor area of 
the let-7 family (± 600 bp); (b) minor allele frequency > 0.05 
in the Chinese Han population; and (c) identified as tagSNPs 
in the 1000 Genomes Project database. Two SNPs located in 
pri-let-7a-2 were identified: rs1143770 and rs629367. SNP ID 
numbers and detailed sequence data were extracted from the 
public dbSNP database (www.ncbi.nlm.nih.gov/SNP).

DNA extraction and genotyping
G e n o m i c  D N A  w a s  e x t r a c t e d  f r o m  2 0 0  µ L  o f 
ethylenediaminetetraacetic acid-anticoagulated peripheral 
blood using a DNA Purification Kit (Promega, Madison, WI, 
USA), and a SNaPshot reaction was performed, as previously 
described (Wang et al., 2016a, 2017). A SNaPshot Multiplex 
Kit (Applied Biosystems Co., Ltd., Foster City, CA, USA) was 
used for the genotyping analysis. Table 1 shows the sequences 
of the polymerase chain reaction primers used in this study. 
The experimental results were analyzed on an ABI 3130XL 
DNA sequence detector and in GeneMapper 4.0 (Applied 
Biosystems Co., Ltd.). 

Statistical analysis
Assuming a genotypic relative risk for a recessive model of 2, a 
minor allele frequency of 0.15, a 1.88% population prevalence 
of IS, and a type I error probability of 0.05, in the sample size 
of 1086 patient samples and 836 healthy controls, we would 
be unable to reject the null hypothesis in which the odds 
ratio (OR) = 1 with a power of 99.99%. We compared the 
distributions of demographic variables between patients and 
healthy controls using Pearson’s chi-square test and examined 
differences in the genotypes and risk factors associated with 
various alleles and haplotypes. A goodness-of-fit chi-square 
test was used to test the Hardy-Weinberg equilibrium of 
each genotype. ORs and 95% confidence intervals (CIs) were 
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calculated using unconditional logistic regression to estimate 
the association between IS and each genotype. Based on the 
acquired frequencies of the two SNPs, the SHEsis analysis 
platform was used to calculate the linkage disequilibrium 
indices (D’ and r2) and deduce the haplotype frequencies 
(Shi and He, 2005; Li et al., 2009). When D’ > 0.8 or r2 > 0.4, 
the result was considered positive, and the two calculated 
SNPs were considered to be in linkage disequilibrium in the 
population. Gene-environment and gene-gene interactions 
associated with IS risk were evaluated using a logistic 
regression model. Confounding factors, including sex, body 
mass index, age, hypertension, diabetes, alcohol use, smoking, 
and hyperlipidemia, were controlled during the genotype 
interaction analysis. All statistical analyses were two-sided 
and were performed using SPSS software, version 16.0 
(SPSS Institute, Chicago, IL, USA). P < 0.05 was considered 
significant.

Results
Clinical characteristics of IS patients and controls
To investigate the potential associations between the 
rs1143770 and rs629367 SNPs and the risk of IS, clinical 
information and blood specimens were collected and analyzed 
from 1086 patients and 836 sex- and age-matched controls. 

The clinical characteristics of the patients and controls are 
summarized in Table 2. No significant differences in age (P 
= 0.345) or sex (P = 0.835) were observed between healthy 
controls and patients. However, compared with the control 
group, conventional risk factors for IS, such as body mass 
index, hypertension, diabetes mellitus, alcohol use, smoking, 
and family history of IS, were remarkably more prevalent 
in the patient group, and the serum total cholesterol, 
triglyceride, and low-density lipoprotein cholesterol levels 
were significantly higher in the patient group, whereas high-
density lipoprotein cholesterol levels were significantly lower 
in the patient group (P < 0.001).

Allele and genotype distributions among IS patients and 
controls
All allele distributions conformed to the Hardy-Weinberg 
equilibrium (rs1143770: P = 0.09; rs629367: P = 0.16). The 
allele and genotype frequencies for rs1143770 and rs629367 
among the 1086 patients with IS and the 836 control 
participants are shown in Table 3.

As presented in Table 3, individuals with the CC genotype of 
rs1143770 had a reduced IS risk compared with individuals 
with the homozygous wild-type TT genotype (adjusted OR = 
0.586, 95% CI: 0.428–0.802, P = 0.001). Individuals with the 
CC genotype of rs1143770 had a significantly decreased risk 
compared with individuals with the TT + TC genotype in the 
recessive model (adjusted OR = 0.627, 95% CI: 0.481–0.816, 
P = 0.001). Moreover, the rs1143770 C allele was significantly 
correlated with a decreased risk of IS compared with the T 
allele (adjusted OR = 0.853, 95% CI: 0.750–0.969, P = 0.014). 
However, no significant differences between IS patients and 
controls were found in the dominant model (P > 0.05). The CC 
genotype of rs629367 was correlated with an increased IS risk 
compared with the AA genotype (adjusted OR = 1.665, 95% 
CI: 1.025–2.706, P = 0.04) and the AA + AC genotype (adjusted 
OR = 1.716, 95% CI: 1.064–2.768, P = 0.027) in the recessive 
model.

Haplotype distribution of IS patients and controls
The two SNPs were in linkage disequilibrium in this study 
population (D’ = 0.86). Three of the four possible haplotypes 
had frequencies > 0.03, among both controls and IS cases, 
and were included in further haplotype analyses. These three 
haplotypes represented 97.5% of the chromosomes in IS cases 
and 99.7% of the chromosomes in controls. No difference in 
overall haplotype distribution was identified between controls 
and cases. The haplotype analysis showed no significant 
differences in haplotype frequency, although a trend toward 
the increased frequency of the C-C haplotype of rs1143770-
rs629367 was observed among patients compared with 
healthy controls (adjusted OR = 1.126, 95% CI: 0.990–1.280, P 
= 0.07; Table 4).

SNP-environment analysis of IS patients and controls
To assess prospective gene-environment interactions, 
correlations between the identified rs1143770 and rs629367 
polymorphisms and exposure to the environmental factors 

Recruitment of ischemic stroke patients and healthy controls 
December 2013 – December 2015 

Ischemic stroke patients 
(n = 1086), department of 

neurology
Inclusion criteria:
(1) A sudden onset of focal 
neurological deficits (Wippold, 
2008) 
(2) Persisted for more than 24 h; 
(3) Brain imaging of the 
corresponding infarction.
Exclusion criteria:
(1) Transient ischemic attack;
(2) Cardioembolism;
(3) Cerebral trauma; 
(4) Cerebral vascular 
malformations; 
(5) Coagulation dysfunction; 
(6) Autoimmune diseases;  
(7) Tumors; 
(8) Chronic infectious diseases; 
(9) Kidney disease;
(10) Liver disease;
(11) Blood disease; 
(12) Arterial disease;
(13) Venous thrombosis of the 
extremities.

Healthy controls (n = 836), 
physical examination 

department 
Inclusion criteria:
No evidence of stroke or other 
neurological diseases
Exclusion criteria:
(1) Autoimmune diseases; 
(2) Tumors;
(3) Kidney disease;
(4) Liver disease;
(5) Blood disease. 

Collecting clinical records
- General conditions (such as gender, age, body mass index, smoking 
and alcohol use history)
- Previous history of diabetes, hypertension, preexisting medication and 
family history of ischemic stroke
- Serum triglyceride, total cholesterol, low-density lipoprotein,and high-
density lipoprotein
- National Institutes of Health Stroke Scale score, modified Rankin 
Scale score and Thrombolytic therapy
- Brain CT or magnetic resonance imaging, echocardiography, carotid 
ultrasound, transcranial Doppler, and electrocardiogram
- Extraction of genomic DNA from peripheral blood 

Figure 1 ｜ Study flow chart.

Table 1 ｜Primer sequences of pri-let-7a-2 single-nucleotide polymorphism

Single-nucleotide 
polymorphism Primer sequence

Product size 
(bp)

rs1143770 Forward: 5’-CTT GGG ACT GGC CTT CTT 
GAA C-3’

241

Reverse: 5’-CAC TGT GTT TTG GTT TAA GCC 
ATT TCT-3’

rs629367 Forward: 5’-CCA GGC AAG ACC AGA AAA 
CCT G-3’

212

Reverse: 5’-AAT GTG AGG CTT TGA GGG 
ATT CAG-3’

Research Article
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were calculated using a logistic regression model. The results 
from the analysis of patients versus controls revealed that 
rs1143770 interacted with environmental factors (Table 
5). When individuals carrying the wild-type TT genotype of 
rs1143770 without alcohol use were used as a reference, 
individuals in the patient group carrying the TC and CC 
genotypes with alcohol use presented increased risks of 
IS (adjusted except for alcohol use OR = 1.606, 95% CI: 
1.094–2.358, P = 0.016 and adjusted except for alcohol use 
OR = 1.973, 95% CI: 1.168–3.332, P = 0.011, respectively; 
Table 5). The adjusted ORs for the risk of IS, calculated for 
the gene–environment interactions between the TT, CT, and 
CC genotypes of rs1143770 and smoking, were 3.419 (95% 
CI: 2.206–5.299; P < 0.001), 2.896 (95% CI: 2.063–4.064; 
P < 0.001), and 4.055 (95% CI: 2.503–6.509; P < 0.001), 
respectively (Table 5). The adjusted ORs for the risk of IS 
calculated for the gene-environment interactions between 
the TT, CT, and CC genotypes of rs1143770 and hypertension 
were 4.573 (95% CI: 3.089–6.770; P < 0.001), 6.744 (95% CI: 
4.776–9.523; P < 0.001), and 4.588 (95% CI: 3.028–6.951; P < 
0.001), respectively (Table 5).

Discussion
Stroke is one of the three leading causes of death worldwide, 
with a high incidence and a high fatality rate, and represents 
a tremendous social burden; therefore, better understanding 
which populations are susceptible to stroke is necessary for 
the prevention of stroke-associated damage (Chen et al., 
2019). Recently, an increasing number of studies have shown 
that noncoding RNAs, especially miRNAs, play a key role in the 
development and occurrence of stroke (Liu et al., 2013; Zhao 
et al., 2013; Yang et al., 2017; Sonoda et al., 2019). The let-
7 family is one of the most abundant miRNA families found in 
the brain (Rehfeld et al., 2015). Let-7a promotes microglial M2 
polarization by targeting casein kinase 2 interacting protein 

Table 3 ｜ Allele and genotype frequencies of genetic polymorphisms 
among ischemic stroke patients and controls and their main effects on 
stroke risk

Single-nucleotide 
polymorphism

Patients 
(n = 1086)

Controls 
(n = 836) OR (95% CI)a P-valuea

rs1143770
Genotype

TT (ref) 301(27.7) 208(24.9) 1.00 (ref.)
TC 573(52.8) 422(50.5) 0.903 (0.699–1.168) 0.438
CC 212(19.5) 206(24.6) 0.586 (0.428–0.802) 0.001

Dominant effect
TT (ref) 301(27.7) 208(24.9) 1.00 (ref.)
TC+CC 785(72.3) 628(75.1) 0.797 (0.625–1.017) 0.068

Recessive effect
TT+TC (ref) 874(80.5) 630(75.4) 1.00 (ref.)
CC 212(19.5) 206(24.6) 0.627 (0.481–0.816) 0.001

rs1143770 allele
T (ref) 1175(58.4) 838(54.5) 1.00 (ref.)
C 997(41.6) 834(45.5) 0.853 (0.750–0.969) 0.014

rs629367
genotype

AA (ref) 665(61.2) 496(59.3) 1.00 (ref)
AC 348(32.0) 302(36.1) 0.922 (0.732–1.160) 0.487
CC 73(6.7) 38(4.5) 1.665 (1.025–2.706) 0.04

Dominant effect
AA (ref) 665(61.2) 496(59.3) 1.00 (ref)
AC+CC 421(38.8) 340(40.7) 0.999 (0.802–1.245) 0.994

Recessive effect
AA+AC (ref) 1013(93.3) 798(95.5) 1.00 (ref)
CC 73(6.7) 38(4.5) 1.716 (1.064–2.768) 0.027

rs629367 allele
A (ref) 1678(77.3) 1294(77.4) 1.00 (ref)
C 494(22.7) 378(22.6) 1.008 (0.865–1.174) 0.92

aAdjusted OR (95% CI) and P-value: Adjusted for age, sex, body mass index 
(BMI), diabetes mellitus, hypertension, history of smoking, history of alcohol 
use, and family history of ischemic stroke. Data are expressed as the number 
(percentage) and were analyzed by unconditional logistic regression. P-value is 
compared with the reference (ref) value for each type of data. CI: Confidence 
interval; SNP: single-nucleotide polymorphism; OR: odds ratio.

1 following intracerebral hemorrhage (Yang et al., 2018) and 
suppresses α-synuclein-induced microglial inflammation 
by interacting with signal transducer and activator of 
transcription-3 in Parkinson’s disease (Zhang et al., 2019). 
However, the potential role of let-7a in IS remains unclear. In 
the present study, we analyzed a northern Chinese Han sample 
consisting of 1086 cases and 836 controls without significant 
differences in age or sex and investigated the roles played by 
the rs1143770 and rs629367 SNPs in pri-let-7a-2 in IS.

Pri-miRNA is the primary miRNA transcript, and undergoes 
several processing steps to generate the mature miRNAs that 
are capable of interfering with messenger RNA targets. Calin et 
al. (2005) determined that a germline mutation in the primary 

Table 4 ｜ Haplotype frequencies in ischemic stroke patients and controls 
and their relationships with stroke risk

Haplotype
Patients 
(n = 1086)

Controls 
(n = 836) OR (95% CI) P-value

T-A 439 (20.2) 372 (22.3) 0.909 (0.778–1.063) 0.231
T-C 558 (25.7) 462 (27.6) 0.934 (0.809–1.079) 0.355
C-A 55 (2.5) 6 (0.3) – –
C-C 1120 (51.6) 832 (49.8) 1.126 (0.990–1.280) 0.07

The first letter represents the genotype of the rs1143770 allele, and the 
second letter represents the genotype of the rs629367. No difference in the 
overall haplotype distribution was observed between patients and controls 
(global test P = 0.189). CI: Confidence interval; OR: odds ratio.

Table 2 ｜ Characteristics of and risk factors for ischemic stroke

Variable Patients (n = 1086) Controls (n = 836) P-value

Age (≤/> 60 yr) 423 (39.0)/663 (61.0) 308 (36.8)/528 (63.2) 0.345
Sex (male/female) 608 (56.0)/478 (44.0) 636 (57.1)/478 (42.9) 0.835
BMI (≤/> 22.9 kg/m2) 555 (51.1)/531 (48.9) 540 (64.6)/296 (35.4) < 0.001
Diabetes mellitus 313 (28.8) 62 (7.4) < 0.001
Hypertension 706 (65.0) 164 (19.6) < 0.001
History of smoking 439 (40.4) 129 (15.4) < 0.001
History of alcohol use 219 (20.2) 97 (11.6) < 0.001
Family history of 
ischemic stroke

93 (8.6) 36 (4.3) < 0.001

NIHSS score* 7.64±3.98 – –
mRS score* 2.85±1.02 – –
Preexisting 
medication (aspirin)

123 (11.3)/963 (88.7) – –

Preexisting 
medication (statins)

61 (5.6)/420 (94.4) – –

Thrombolytic therapy 259 (23.8)/827 (76.2) – –
Triglyceride 
(≤/> 1.7 mM)

666 (61.3)/420 (38.7) 574 (68.7)/262 (31.3) < 0.001

Triglyceride 
(≤/> 5.72 mM)

832 (76.6)/254 (23.4) 721 (86.2)/115 (13.8) < 0.001

High-density 
lipoprotein 
(>/≤ 0.91 mM)

1006 (92.6)/80 (7.4) 808 (96.7)/28 (3.3) < 0.001

Low-density 
lipoprotein 
(≤/> 3.64 mM)

880 (81.0)/206 (19.0) 737 (88.2)/99 (11.8) < 0.001

Fasting blood glucose 
(</≥ 7.0 mM)

648 (59.7)/438 (40.3) 742 (88.8)/94 (11.2) < 0.001

*Data are expressed as the mean ± SD; other data are expressed as number 
(percentage) and analyzed by unconditional logistic regression. BMI: Body 
mass index; NIHSS: National Institutes of Health Stroke Scale; mRS: modified 
Rankin Scale.
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precursor of miR-16-1-miR-15a resulted in decreased miRNA 
expression levels, both in vitro and in vivo, which could lead to 
the development of chronic lymphocytic leukemia. In addition, 
rs3809783 (A > T) within pri-miR-10a has been correlated with 
recurrent spontaneous abortion by affecting mature miR-10a 
production (Li et al., 2016). It is reasonable to speculate that, 
sequence variations in pri-let-7a-2 could also influence the 
expression levels of let-7a, which could alter susceptibility to 
many diseases, including cancer (Mohr and Mott, 2015; Lee et 
al., 2016) and several neurological diseases (Yang et al., 2018; 
Zhang et al., 2019). Genetic polymorphisms in pri-let-7a-2 
(rs1143770: C > T; rs629347: C > A) are believed to be involved 
in the development of several diseases (Zhou et al., 2013; Xu 
et al., 2014; Shin et al., 2016; Fang et al., 2018; Heidari et al., 
2018; Wang and Bi, 2018). The CT/TT genotypes of rs1143770 
have been associated with significantly increased risk for 
diabetic nephropathy (Zhou et al., 2013) and papillary thyroid 
carcinoma (Heidari et al., 2018). In addition, rs1143770 CT 
or TT has been associated with significantly improved overall 
survival and disease-free survival in patients with surgically 
resected non-small cell lung carcinoma (Shin et al., 2016). A 
previous study reported that the CC genotype of rs629347 
was associated with increased risks of gastric cancer and 
atrophic gastritis and poor survival among gastric carcinoma 
patients (Xu et al., 2014). Based on the results reported by 
Wang et al., patients with primary liver cancer who carry the 
AC + CC genotype of rs629367 have worse prognosis after 
transcatheter arterial chemoembolization than patients with 
other genotypes (Wang and Bi, 2018). In addition, according 
to both the additive and dominant models, the rs629367 
C allele may increase lung cancer risk in patients younger 
than 57 years old (Fang et al., 2018). Our findings suggested 
that the rs1143770 CC genotype and C allele are associated 
with reduced IS risk, whereas the rs629367 CC genotype is 
correlated with an increased IS risk, which is consistent with 
previous results.

Evidence has suggested potential mechanisms through 
which rs1143770 and rs629367 might affect IS occurrence. 
rs1143770 is a biologically plausible modulator of IS risk 
because variations at this location could result in partial loss of 
transcription factor cyclic adenosine monophosphate response 
element-binding protein (Zhou et al., 2013). The activation 
of the cyclic adenosine monophosphate/cyclic adenosine 
monophosphate response element-binding protein pathway 
has been reported to promote neuroplasticity (Wang et al., 
2018) and ischemic post-conditioning (Wu et al., 2015), which 
are believed to be involved in the underlying mechanisms 
associated with effective IS treatment strategies. The rs629379 
polymorphism most likely modulates IS risk through effects on 
mature let-7a production. In vivo studies have demonstrated 
that mature let-7a expression in subjects with the AA, CA, and 
CC genotypes of rs629367 was associated with a significant 
and gradual increase in the risk of atrophic gastritis after 
controlling for disease factors (tumor size, Borrmann type, 
TNM stage, depth of invasion and lymphatic metastasis). In 
vitro studies have shown that SGC7901 cells transfected with 
the pCMV-MIR-pri-let-7a-2 rs629367-C allele exhibited higher 
expression levels of mature let-7a than cells transfected with 
the A allele (Xu et al., 2014). Additionally, let-7 knockdown has 
been reported to inhibit the activation of the p38 mitogen-
activated protein kinase and c-Jun N-terminal kinase signaling 
pathways, which reduced apoptosis and inflammatory 
reactions and exerted a neuroprotective effect in ischemia/
reperfusion model rats (Wang et al., 2016b). Identifying 
these genetic polymorphisms may help predict the risk of IS, 
although further research remains necessary to explain the 
relationships between these SNPs and the occurrence/risk of 
IS and to study the biological functions of pri-let-7a-2 in IS.

Furthermore, through analyses of gene–environment 
interactions, we determined that when combined with alcohol 
use, smoking, and hypertension, rs1143770 may play an 
interactive role in the pathogenesis of IS. Alcohol use increases 
IS risk and is significantly correlated with the rs1143770 TC/CC 
genotype, whereas smoking and hypertension are significantly 
correlated with a high risk for IS regardless of genotype. When 
stratified by smoking exposure, the rs1143770 CC genotype 
was associated with a higher increased IS risk than the TT or 
TC genotypes, whereas when stratified by hypertension, the 
rs1143770 TC genotype had the highest OR. Individuals with 
specific genotypes should pay close attention to controlling 
their alcohol intake, quitting smoking, and maintaining healthy 
blood pressure. Therefore, the detection of pri-let-7a-2 
promoter polymorphisms in patients with specific diseases or 
habits (such as hypertension, alcoholism, and smoking) may 
increase their awareness of their IS risk. High-risk patients are 
also recommended to undergo regular checkups and change 
daily routines to decrease the potential adverse effects 
associated with IS.

However, owing to some limitations, our conclusions should 
be interpreted with caution. First, our sample size was 
relatively small, and we lacked a large-scale survey because 
the participants in our analysis were limited to the northern 
Chinese Han population. Whether these results can be 
extended to other populations requires further research. 
Second, the study lacked in vivo and in vitro experiments to 
determine whether the genetic variations identified in this 
study affected IS risk by regulating the expression or functions 
of host genes. Therefore, validation studies that include large 
numbers of participants remain necessary. We also require 
further studies in which biological functional analyses are 
performed and studies performed in other ethnic populations 
to better understand the roles played by rs1143770 and 
rs629379 polymorphisms in the modulation of IS risk.

In summary, the results of our study suggested that pri-let-
7a-2 polymorphisms are significantly correlated with the risk 
of IS in the northern Chinese Han population. We further 

Table 5 ｜ Association between rs1143770 polymorphisms and the risk of 
ischemic stroke, stratified by different environmental risks

Environment 
risk

rs1143770 
genotype

Patients 
(n = 1086)

Controls
(n = 836) OR (95% CI) * P-value 

Alcohol use
Status

No TT 253 (29.2) 183 (24.8) 1.00 (ref) –
TC 462 (53.3) 372 (50.3) 0.898 (0.711–1.135) 0.369
CC 152 (17.5) 184 (24.9) 0.598 (.0448–0.796) < 0.001

Yes TT 48 (21.9) 25 (25.8) 1.389 (0.826–2.335) 0.215
TC 111 (50.7) 50 (51.5) 1.606 (1.094–2.358) 0.016
CC 60 (27.4) 22 (22.7) 1.973 (1.168–3.332) 0.011

Smoking
Status

No TT 106 (16.4) 181 (25.6) 1.00 (ref) –
TC 358 (55.3) 351 (46.9) 0.975 (0.756–1.258) 0.847
CC 183 (28.3) 175 (24.8) 0.560 (0.408–0.769) < 0.001

Yes TT 118 (26.9) 33 (25.6) 3.419 (2.206–5.299) < 0.001
TC 215 (49.0) 71 (55.0) 2.896 (2.063–4.064) < 0.001
CC 106 (24.1) 25 (19.4) 4.055 (2.503–6.569) < 0.001

Hypertension
Status

No TT 62 (16.3) 158 (23.5) 1.00 (ref)
TC 195 (51.3) 350 (52.1) 0.716 (0.534–0.960) 0.026
CC 123 (32.4) 164 (24.4) 0.486 (0.334–0.707) < 0.001

Yes TT 150 (21.2) 42 (25.6) 4.573 (3.089–6.770) < 0.001
TC 378 (53.5) 72 (43.9) 6.744 (4.776–9.523) < 0.001
CC 178 (25.2) 50 (30.5) 4.588 (3.028–6.951) < 0.001

Data are expressed as the number (percentage) and were analyzed by logistic 
regression. P-value is compared with the reference (ref) value for each type of 
data. CI: Confidence interval; OR: odds ratio.
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found that SNP-environment interactions may play an integral 
role in IS. In addition, our work indicated that alcohol use 
interacted with genetic variants in patients with IS, suggesting 
that possible interactions with alcohol use and various 
genomic loci should be validated in other cohorts. Moreover, 
the underlying mechanisms through which these two SNPs 
affect let-7a should be thoroughly investigated to better 
understand their functions in IS pathogenesis. Given the 
increasing socioeconomic burden associated with IS-induced 
disability and lethality, strategies designed to facilitate the 
early monitoring of high-risk groups and improve IS prevention 
will contribute greatly to solving this global problem. The 
presence of pri-let-7a-2 polymorphisms may indicate an 
increased risk of IS, and high-risk populations may be advised 
to undergo regular checkups to prevent IS occurrence.
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