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Background: Emerging evidences suggest that the angiotensin receptor type 1 (AT1R) contributes heavily to the pathogenesis of
atherosclerotic cerebral infarction (ACI). Herein, we examined a potential link between ATIR gene polymorphisms and ACI risk
among a Southern Han Chinese population.

Methods: The 153772616, rs275645, and rs377262 AT1R polymorphisms were genotyped in 689 ACI patients and 712 healthy
controls, using the iMLDR-TM assay.

Results: The genotypic and allelic frequencies of AT1R rs3772616 differed tremendously between ACI patients and healthy controls,
and the rs3772616 T allele is a risk allele for ACI. However, the 1s275645 and rs377262 allelic and genotypic frequency distributions
were comparable between ACI patients and controls. In addition, the G-T-T haplotype was linked to an enhanced risk of ACI. We,
next, classified our study subjects based on environmental factors and revealed that the rs3772616 T allele was strongly associated with
an elevated ACI risk in males, hypertensive individuals, and those over 65 years old. In addition, we observed a marked link between
the rs3772616 T allele and enhanced ATIR levels.

Conclusion: Based on our research, there is a strong correlation between the AT1R rs3772616 polymorphism and enhanced ACI risk.
Hence, the AT1R 153772616 polymorphism can serve as a potential therapeutic target and bioindicator for ACI development.
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Introduction
Stroke accounts for the largest amount of global deaths and prolonged disabilities. Moreover, 80% of strokes are
ischemic in origin." Atherosclerotic cerebral infarction (ACI) is the most common type of ischemic stroke (IS), and it
is often associated with poor prognosis. Multiple studies suggest that both environmental and genetic agents contribute to
ACI development. Risk factors (RF), including age, sex, alcohol/tobacco usage, hyperlipidemia, hypertension, and
diabetes are correlated with an elevated ACI risk. However, these RFs only partially explain ACI etiology. Therefore,
there is a strong implication of a genetic role in ACI pathogenesis.*”

The renin-angiotensin system is a key modulator of normal cardiac function and blood pressure.* Angiotensin II, the
primary active peptide in the renin-angiotensin system, mainly mediates its physiological effects via ATIR, whereby it
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promotes abnormal endothelial functionality, enhances vascular inflammation, and develops atherosclerosis.” Indeed,
multiple studies supported a role of ATIR in cerebrovascular pathologies.®” ATIR stimulation activates the sympathetic
nervous system, resulting in the vasoconstriction of the cerebrovascular system.®’ Mice that overexpress ATIR suffer
from enhanced inflammatory activity, oxidative stress (OS), and abnormal vascular functionality, which leads to an
increased risk of stroke-induced injury.'® Additionally, ATIR activation also triggers atherosclerotic plaque vulnerability
via modulation of the cholesterol metabolism. !

The human ATIR gene resides on chromosome 3, and, thus far, few essential functional polymorphisms were
reported.lz’13 An ATIR (A1166C) mutation is known to increase risk of hypertension,14 in-stent restenosis,'” and
stroke.'? But, so far, there are no reports on the potential relationship between ATIR polymorphisms and ACI risk.
Hence, in this study, we explored the relationship between ATI/R polymorphisms (rs275645, rs3772616 and rs3772622)
and ACI susceptibility among the Southern Chinese population.

Materials and Methods

Participants

Overall, we recruited 689 patients with acute ACI from the Department of Neurology, Affiliated Hospital of Guangdong
Medical University (GDMU) between the years of 2015 and 2019. All ACI patients received separate diagnoses from
two independent neurologists, according to their clinical symptoms, physical examination, and computed tomography
(CT) or magnetic resonance imaging (MRI) results. We next separated all participants into subtypes, based on the Trial of
Org 10,172 in Acute Stroke Treatment (TOAST) stratification.'® We eliminated the following patients from our analysis:
those who have a history of transient ischemic attack, subarachnoid hemorrhage, coronary artery disease, hematological
diseases, chronic inflammation, chronic infection and malignant tumors. The control group enrolled 712 age-matched
healthy individuals from the Health Examination Center of GDMU. We received ethical approval from the Ethics
Committee of the Affiliated Hospital of GDMU (No: YJYS2018053), and obtained written informed consent from all
participants prior to the initiation of the study.

Genotyping

Genomic DNA was isolated from the peripheral blood of each participant with the help of a EZ-10 Spin Column Whole
Blood Genomic DNA Isolation Kit (Tiangen, Beijing, China). ATIR polymorphisms were selected, based on published
studies,'”” with genotyping (detailed primers enlisted in Table 1) conducted via the improved multiplex PCR-ligase

detection reaction (iMLDR-TM) developed by Genesky Biotechnologies, Inc. (Shanghai, China).*!

Table | Primers for ATIR Genotyping

Polymorphisms Direction Primers (5’-3%)
rs275645 Forward 5’-ACACGACGCTCTTCCGATCTCAAGGAATTTCG
GATACTTGGTATGAAGA-3’
Reverse 5-TTCCTTGGCACCCGAGAATTCCACCATACCATT
CTGTCTACTGTTTATGACT-3’
rs3772616 Forward 5’-ACACGACGCTCTTCCGATCTTGTGTAGGAAGCT
AAGGACCCAA-3’
Reverse 5-TTCCTTGGCACCCGAGAATTCCACTAGATGTTAA
AAGTTTGCAAGAGGCTTTT-3’
rs3772622 Forward 5'-ACACGACGCTCTTCCGATCTTACAGTGGTCTGTA
GTACAAATTATTGTGC-3'
Reverse 5-TTCCTTGGCACCCGAGAATTCCACAACAATTTCCA
AGTGTTATTTGGCAGAT-3’'

Abbreviation: AT IR, angiotensin receptor type .
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Quantitative RT-PCR (qRT-PCR)

Peripheral blood mononuclear cells (PBMCs) were harvested from the peripheral venous blood using Lymphoprep (Axis-
Shield PoCAS, Oslo, Norway), as described in previous studies.”> PBMCs total RNA was isolated via the RNAprep pure
Blood Kit (TianGen Biotech, Beijing, China) based on the manufacturer’s instructions, and stored at —80 °C. The residual
genomic DNA was removed by RNase-free DNase I digestion. Total RNA was converted to cDNA using the cDNA
Synthesis Kit RevertAid (Thermo, Beijing, China) according to the manufacturer’s instructions. Resulting cDNAs (10
ng) were used as a template to determine the quantity of ATIR and GAPDH using the SYBR green method described
above® on a Roche Light Cycler 480 machine. The RT-PCR primers used are summarized as follows: ATIR sense
primer, GATTGTCCCAAAGCTGGAAGG; ATIR anti-sense primer, ATCACCACCAAGCTGTTTCC. GAPDH sense
primer, GAAGGGCTCATGACCACAGTCCAT; GAPDH anti-sense primer, TCATTGTCGTACCAGGAAATGAGCTT.
All reactions were performed in triplicates, and the 2 **“* formula®® was used for the relative gene expression analysis.

Statistical Analysis

All data analyses was done with SPSS,version 23.0 (IBM, Armonk, NY, USA), and expressed as percentages,
frequencies, or means + SDs. Genotypic and allelic frequencies between the three polymorphisms were analyzed via
the x2 or Fisher’s exact test. The Hardy-Weinberg equilibrium (HWE) was assessed via the HWE software. The
haplotype analysis was conducted using the SHEsis software. The Mann—Whitney U-tests compared the ATIR levels
between different genotypes. The specific variants and ACI risk association was evaluated via odds ratios (ORs) and 95%
confidence intervals (Cls), following modification of various criteria such as gender, age, hypertension, smoking,
diabetes mellitus, and hyperlipidaemia. The linear regression was used to identify ACI RF. The Bonferroni correction
was employed for several comparisons, under control type 1 error. Lastly, P<0.05 was regarded as significant.

Results

Demographic Data

A detailed 1401-participant (689 ACI patients and 712 healthy controls) profile is presented in Table 2. We observed no
obvious differences between ACI patients and controls in terms of age (64.9+9.8 vs 65.1+9.4), uric acid, low-density
lipoprotein-cholesterol, and total cholesterol contents. Conversely, there were marked differences in sex, smoking habit,
diabetes, and hypertension between the two groups. The ACI patients exhibited elevated triglycerides and homocysteine
levels, relative to controls. However, the high-density lipoprotein-cholesterol was relatively low in the ACI patients at the
time of admission, compared to controls.

Genotypic and Allelic Frequency Distributions of the AT IR Polymorphisms

The genotypic and allelic frequencies of the AT1R polymorphisms within ACI patients and controls are presented in
Table 3. The HWE test showed no significant differences in the genotypic distributions between ACI patients and
controls (P > 0.05) (data not shown). Our %2 analysis of genotypic distributions between the ACI patients and controls
revealed marked association (P = 0.013) between the ATIR rs3772616 polymorphism and ACI risk. In a dominant model
(CC+CT versus TT), we observed no obvious difference between the ACI patients and controls (P = 0.11). However,
using a recessive model (CC versus CT+TT), we demonstrated a strong difference between the two groups (OR = 1.37,
95% CI: 1.10-1.70, P = 5.1x10">). Moreover, ACI patients exhibited a remarkably higher incidence of ATIR rs3772616
T allelic frequencies, compared to controls (OR = 1.32, 95% CI: 1.09-1.59, P = 3.7x107>). Lastly, no obvious difference
was detected between the AT1R rs275645 and rs3772622 genotypes and allelic frequencies between the ACI patients and
controls (P > 0.05) (Table 3).

Correlation Between the AT IR Haplotypes and ACI Risk

The frequency of the G-T-T haplotypes (corresponding to the rs275645-rs3772616-rs3772622 variant) was markedly
elevated in the ACI patients versus controls (OR = 1.37, 95% CI: 1.06-1.76, P = 0.015). Moreover, this haplotype was
strongly correlated with an enhanced ACI risk, after multiple RF adjustments (Table 4).
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Table 2 Characteristics of ACI Cases and Controls

Variables ACI Patients (n=689) Controls (n=712) P value
Mean age (years) 64.9+9.8 65.1+9.4 0.66
Gender, n (%)
Male 438 358 <0.001
Female 251 354
Smokers, n (%)
Yes 201 115 <0.001
No 488 597
Hypertension, n (%)
Yes 505 244 <0.001
No 184 468
Diabetes, n (%)
Yes 243 98 <0.001
No 446 614
Uric acid (mmol/L) 314.5+£90.3 310.6+£90.7 0.22
Total cholesterol (mg/dL) 5.07x1.01 5.09+1.04 0.88
Triglycerides (mmol/L) 1.52+1.03 1.43+£0.92 < 0.0l
HDL-cholesterol (mmol/L) 1.35+0.64 1.47+0.93 < 0.0l
LDL-cholesterol (mmol/L) 3.03+1.02 3.06+0.99 0.75
HCY(mmol/L) 11.04+6.12 10.23+3.93 < 0.0l

Notes: Continuous data are presented as mean + SD, median (range) or n (%). P value under 0.05 were indicated in bold font.
Abbreviations: ACI, atherosclerotic cerebral infarction; HDL-cholesterol, high-density lipoprotein cholesterol; LDL-
cholesterol, low-density lipoprotein cholesterol; HCY, homocysteine.

Associations Between the AT IR rs3772616 Polymorphism and Participant
Demographics

We, next, delineated the association between the AT1R rs3772616 polymorphism and participant demographics between
the ACI patient and healthy volunteer populations. We classified participants based on sex, hypertension, smoking habit,
and diabetes. We revealed that the rs3772616 polymorphism was strongly correlated with an enhanced ACI risk in both
populations, particularly in people over 65 years old (P = 7.6x10"%), males (P = 0.014), and hypertensive patients (P =
9.7x10"2) (Table 5).

Multivariate Logistic Regression Analysis

We then performed logistic regression analysis to identify ACI RFs. As shown in Table 6, the RFs included sex (OR =
2.60, 95% CI = 1.88 - 3.60), smoking habit (OR = 1.56, 95% CI = 1.19 2.03), hypertension (OR = 5.03, 95% CI = 4.08 -
6.21), diabetes (OR = 2.86, 95% CI = 2.15 - 3.80), triglyceride content (OR = 1.13, 95% CI = 1.04 - 1.25), HDL-
cholesterol content (OR = 0.41, 95% CI = 0.32-0.64), HCY (OR = 1.11, 95% CI = 1.06 - 1.16), and rs3772616 content
(OR =2.04, 95% CI =1.65 - 2.52).

Effect of the ATIR rs3772616 Gene Polymorphism on AT IR Levels

We, next, assessed the AT1R transcript levels in the PBMCs of 65 ACI patients and 68 healthy controls. Based on our
analysis, the ATIR transcript levels displayed a marked elevation (1.22-fold) in ACI patients, compared to controls (P <
0.001) (Figure 1A). Furthermore, the ATIR rs3772616 genotypes-based stratification of ACI patients revealed remark-
ably elevated AT1R levels in participants carrying the rs3772616 CT + TT genotypes, compared to participants harboring
the rs3772616 CC genotype (P < 0.001) (Figure 1B). No obvious difference was seen in the AT1R levels among the
rs3772616 CT + TT and CC genotype-carrying controls (P = 0.13) (Figure 1B).
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Table 3 Genotype and Allele Frequencies of ATI/R Polymorphisms Between ACI Patients and Controls

AT IR Polymorphisms ACI Cases n=689 (%) Controls n=712 (%) OR (95% CI) P value®
rs275645
Genotype AA 367(53.3) 390(54.8) 1.00(reference)

AG 267(38.8) 273(38.3) 1.04(0.83—-1.30) 0.73

GG 55(8.0) 49(6.9) 1.19(0.79-1.80) 0.40
Dominant model AA/AG vs GG 634(92.0) 663(93.1) 1.17(0.79-1.75) 0.43
Recessive model AA vs AG/GG 322(46.7) 322(45.2) 1.06(0.86—1.31) 0.57
Allele A 1001(72.6) 1053(73.9) 1.00(reference)

G 377(27.4) 371(48.0) 0.94(0.79-1.11) 0.44
rs3772616
Genotype CcC 417(60.5) 482(67.7) 1.00(reference)

CcT 243(35.3) 211(29.6) 1.33(1.06-1.67) 0.013

TT 29(4.2) 19(2.7) 1.76(0.97-3.19) 0.058
Dominant model CC/CT vs TT 660(95.8) 693(97.3) 0.62(0.35-1.12) 0.11
Recessive model CC vs CT/TT 272(39.5) 230(32.3) 1.37(1.10-1.70) 5.1x1073
Allele C 1077(78.2) 1175(82.5) 1.00(reference)

T 301(21.8) 249(17.5) 1.32(1.09-1.59) 3.7x1073
rs3772622
Genotype TT 208(30.2) 194(27.2) 1.00(reference)

TC 351(50.9) 359(50.4) 0.91(0.71-1.16) 0.46

CcC 130(18.9) 159(22.3) 0.76(0.56—1.03) 0.080
Dominant model TT/TC vs CC 559(82.0) 553(77.7) 1.24(0.95-1.60) 0.11
Recessive model TT vs TC/CC 481(68.9) 518(72.8) 0.87(0.69-1.09) 0.22
Allele T 767(55.7) 747(52.5) 1.00(reference)

C 611(44.3) 677(47.5) 0.88(0.76—1.02) 0.089

Notes: Adjusted for age, gender, smoking, hypertension, diabetes mellitus and dyslipidemia. *False discovery rate-adjusted P value for multiple hypotheses testing using the
Benjamini-Hochberg method. P value under 0.05 were indicated in bold font.
Abbreviations: AT IR, angiotensin receptor type |; ACI, atherosclerotic cerebral infarction; OR, odds ratio; Cl, confidence interval.

Table 4 The Frequencies of Haplotypes of AT/R Gene in Patients and Controls

Haplotypes Case (n%) Control (n%) OR (95% CI) z2 P value®
ATIR (rs275645, rs3772616, rs3772622)

A-C-C 485 (35.3) 557 (39.2) 0.88 (0.75-1.02) 2.80 0.094
A-C-T 393 (28.6) 389 (27.3) 1.10 (0.93-1.30) 1.27 0.26
G-T-T 149 (10.8) 118 (8.4) 1.37 (1.06-1.76) 5.89 0.015
G-C-T 133 (9.7) 139 (9.8) 1.01 (0.79-1.30) 0.012 091
A-T-T 90 (6.6) 99 (7.0) 0.96 (0.72—-1.30) 0.059 0.8l
G-C-C 64 (4.6) 88 (6.2) 0.75 (0.54-1.05) 2.88 0.090

Notes: Adjusted for age, sex, hypertension, diabetes mellitus, hyperlipidemia, and smoking. P value under 0.05 were indicated in bold font. *False discovery rate-adjusted
P value for multiple hypotheses testing using the Benjamini-Hochberg method.
Abbreviations: AT IR, angiotensin receptor type |; OR, odds ratio; Cl, confidence interval.

Discussion

Here, we made a novel discovery that the AT1R rs3772616 polymorphisms were strongly correlated with ACI risk within
the Southern Chinese population. We also demonstrated that people carrying the G-T-T haplotypes (corresponding to the
1$275645-rs3772616-rs3772622 variant) may exhibit an elevated ACI risk. Additionally, the ATIR mRNA expression
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Table 5 The Relationship Between Baseline Characteristics and ATIR rs3772616 Genotypes and Alleles Among Subjects in Case and Control Group

Characteristics rs3772616 Case Group rs3772616 Control Group PG* Pa®
Genotype n (%) Allele n (%) Genotype n (%) Allele n (%)
CcC CT TT C CcC CT TT C T
Age
265 years 225(57.7) 141(36.2) 24(6.1) 591(75.8) 189(24.2) 258(67.2) 113(29.4) 13(3.4) 629(81.9) 139(18.1) | 0.030 | 7.6x1073
<65 years 192(64.2) 102(34.1) 5(1.7) 486(81.3) 112(18.7) 224(68.3) 98(29.9) 6(1.8) 546(83.2) 110(16.8) | 0.33 0.24
Gender
Male 264(60.3) 151(34.5) 23(5.2) 679(77.5) 197(22.5) 242(67.6) 107(29.9) 9(2.5) 591(82.5) 125(17.5) | 0.036 0.014
Female 153(61.0) 92(36.6) 6(2.4) 398(79.3) 104(20.7) 240(67.8) 104(29.4) 10(2.8) 584(82.5) 124(17.5) | 0.17 0.18
Hypertension
Yes 287(56.8) 192(38.1) 26(5.1) 766(75.8) 244(24.2) 165(67.6) 69(28.3) 10(4.1) 399(81.8) 89(182) | 0.018 | 9.7x1073
No 130(70.7) 51(27.7) 3(1.6) 311(84.5) 57(15.5) 317(67.8) 142(30.3) 9(1.9) 776(82.9) 160(17.1) | 0.79 0.51
Smoking
Yes 113(56.2) 76(37.8) 12(6.0) 302(75.1) 100(24.9) 78(67.8) 34(29.6) 3(2.6) 190(82.6) 40(17.4) | 0.094 0.036
No 304(62.3) 167(34.2) 17(3.5) 775(79.4) 201(20.6) 404(67.7) 177(29.6) 16(2.7) 985(82.5) 209(17.5) | 0.17 0.069
Diabetes
Yes 136(56.0) 92(37.8) 15(6.2) 364(74.9) 122(25.1) 66(67.3) 29(29.6) 3(3.1) 161(82.1) 35(17.9) 0.14 0.045
No 281(63.0) 151(33.9) 14(3.1) 713(79.9) 179(20.1) 416(67.8) 182(29.6) 16(2.6) 1014(82.6) 214(17.4) | 0.28 0.13

Notes: Pa: p value of difference in alleles between case group and control group. Pg: p value of difference in genotypes between case group and control group. P value under 0.05 were indicated in bold font. *False discovery rate-adjusted

P value for multiple hypotheses testing using the Benjamini-Hochberg method.

Abbreviation: AT IR, angiotensin receptor type |.

[e 39 usy>

aro(q


https://www.dovepress.com
https://www.dovepress.com

Dove

Chen et al

Table 6 Logistic Regression Analysis for Identifying Risk Factors of ACI

Variables B Wald 2 OR (95% CI) P value
Sex 0.96 33.47 2.60 (1.88-3.60) <0.001
Smoking status 0.44 8.14 1.56 (1.19-2.03) <0.001
Hypertension 1.62 118.28 5.03 (4.08-6.21) <0.001
Diabetes 1.05 52.25 2.86 (2.15-3.80) <0.001
Triglycerides 0.15 2.86 1.13 (1.04-1.25) <0.001
HDL-cholesterol —-0.76 13.58 0.41 (0.32-0.64) <0.001
LDL-cholesterol 5.8x10°? 3.7x10°? 1.02 (0.83-1.22) 0.98

HCY 0.112 18.25 111 (1.06-1.16) <0.001
rs3772616 0.71 43.64 2.04 (1.65-2.52) <0.001

Note: P value under 0.05 were indicated in bold font.
Abbreviations: ATIR, angiotensin receptor type |; ACI, atherosclerotic cerebral infarction; OR, odds ratio; Cl, confidence interval; HDL-
cholesterol, high-density lipoprotein cholesterol; LDL-cholesterol, low-density lipoprotein cholesterol; HCY, homocysteine.

was drastically increased in ACI patients carrying the variant T alleles of the ATIR rs3772616 polymorphisms, compared
to individuals with the main CC genotypes.

Angiotensin II is a principal component of the renin—angiotensin—aldosterone system. It serves as a neurohormone
that possesses essential cerebro- and cardiovascular roles mediated via AT1R signaling. AT1R expression is primarily
restricted to smooth muscle cells, astrocytes, neurons, and vascular endothelial cells.?* Excessive ATIR signaling is
involved in stroke pathophysiology, which leads to cerebral vasoconstriction, blood—brain barrier permeability, and
reactive oxygen species (ROS)/inflammatory cytokine production.?> Hence, AT1R antagonistic compounds are highly
anti-inflammatory and neuroprotective. However, the role of ATIR polymorphisms in ACI susceptibility is poorly
understood.

AT1R polymorphisms were previously linked to numerous diseases. Among the most extensively studied relation-
ships is the functional polymorphic locus A1166C of AT1R, which enhances AT1R reactivity, and is, thus, considered an

2627 and hypertension.'* The correlation between the ATIR

IS candidate susceptibility gene for cardiovascular diseases
A1166C polymorphism and IS susceptibility remains controversial, while associations between other ATIR gene
polymorphisms and IS genetic susceptibility are rarely reported. In this study, we observed no significant associations
between the ATIR rs275645 and rs3772616 polymorphisms and ACI susceptibility, whereas, the rs3772616 polymorph-
ism was strongly correlated with ACI risk. Based on our multivariate logistic regression analysis, the rs3772616
polymorphism increased ACI risk by 1.04-fold, after adjusting for multiple RFs. We also observed that the
G-T-T haplotype (according to the rs275645-rs3772616-rs3772622 variants) was strongly related to the ACI risk.
A previous study reported a possible link between the ACE2 rs6632677 and AT1R rs3772616 polymorphisms in patients
with structural atrial fibrillation.'® Wu et al'” demonstrated that the ATIR rs3772616 polymorphism was associated with

primary aldosteronism, the most prevalent type of secondary hypertension. Overall, our findings highlighted the strong

o)
12 g tpoooos  TS3772616
8 *P <0.001 'z :
a ] Occ
5 | 5
5 os Z 08 W CT+TT
v ~
e [ Control B
g W ACT <
2 04 g 04
=2 =
<
3 &
ACI patients Control ACI patients Control

Figure | (A) Mean values + SD of relative ATIR levels in PBMCs from ACI patients (n = 65) and the controls (n = 68). The blank box and the black box represent the
relative levels of ATIR in the controls and the ACI patients, respectively, and the median is indicated by a bar across the box. *P < 0.001 when comparing the AT IR levels
between the ACI patients and the controls. (B) The Mean values + SD of relative AT IR levels in ACI patients and the controls were stratified according to the rs3772616
genotypes. *P < 0.001. An asterisk indicates P < 0.001.
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relationship between the ATI1R rs3772616 polymorphism and enhanced risk of developing ACI. However, further
independent investigations, involving large populations with different ethnic backgrounds, are warranted to confirm
our results.

In a recent study, AT1R overexpression in transgenic mice strongly suppressed antioxidant activities, while enhancing
brain inflammation, OS, and abnormal vascular functionality, thus leading to an increased risk of stroke-induced damage.'’
Ceolotto et al demonstrated that AT/R is expressed in higher levels in hypertensive patients carrying the A1166C CC
genotype, relative to the AA or AC genotypes.”® We, therefore, hypothesized that the ATIR polymorphisms may affect
ACI susceptibility by altering AT1R levels. In this study, we revealed that the ATIR levels were markedly elevated in ACI
patients, relative to controls. Moreover, the ATIR expression was significantly elevated in the carriers of the rs3772616
T allele, compared to the CC genotypes, suggesting that the rs3772616 T allele may upregulate AT1R levels, thereby resulting
in an enhanced IS risk. The underlying mechanism behind the rs3772616 AT1R polymorphism-mediated elevation in ATIR
levels remains unclear. Considering that the rs3772616 C>T variant occurs in an intron region, it is highly likely that the
mutation may affect alternative splicing of the ATIR mRNA, which may, in turn, influence AT1R expression.

There were certain limitations to our study. Firstly, the study sample was not sufficiently large, and the samples were
limited to the Han Chinese population from western Guangdong, China. Hence, our analysis lacked multi-ethnic and
multi-center verification, which may led to non-representative results. Secondly, other factors may have influenced the
relationship between AT1R variants and ACI. Thirdly, unreported functional gene polymorphisms may also modulate
ATI1R levels and ACI susceptibility. Given these limitations, our findings require further validation in a large patient
population, consisting of multiple ethnic groups, before a concrete conclusion is made regarding the significance of
ATI1R variants in ACI development.

Taken together, our analysis revealed a novel connection between the AT1R rs3772616 polymorphism and elevated
ACI risk, which is likely mediated by enhanced AT1R levels. This new piece of knowledge regarding ATIR may be
clinically significant in the prevention and personalized therapy of ACIL.
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