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Abstract
Background: While increased expression of soluble CD121a (Interleukin 1 Receptor Type 1, IL-1R1) has
been shown to be signi�cantly correlated with the severity of coronary artery disease (CAD), it is not yet
clear whether IL-1R1 gene variants impact CAD pathogenesis.

Methods: The present study evaluated the effects of IL-1R1 variants on CAD in a Chinese-Han population;
A two-stage case-control study assessed 928 Chinese-Han patients via coronary arteriography for
coronary atherosclerosis. The allele and genotype frequencies of the analyzed IL-1R1 polymorphisms
were determined via a polymerase chain reaction assay and directly sequenced.

Results: The IL-1R1 variant rs2234651 was found to be associated with both CAD risk and severity.
Furthermore, signi�cant increase of IL-8 and IL-11 in patients carrying the CT+TT genotype was observed.
Finally, serum CD121a levels signi�cantly increased in patients with CAD that harbored the CT+TT
genotype (P <0.05).

Conclusions: These results demonstrate that the IL-1R1 variant rs2234651 is signi�cantly associated
with CAD risk and severity in the analyzed Chinese-Han population and rs2234651 may be a valuable
target for CAD prevention and/or treatment.

Background
Coronary artery disease (CAD) is the leading cause of morbidity and mortality worldwide [1], the cost of
caring for patients with cardiovascular disease has been shown to incur a signi�cant impact on the
global economy [2, 3]; thus, novel and effective diagnostic and prognostic methods for CAD are urgently
needed.

CAD is well established as a chronic in�ammatory disease [4], and its pathogenesis has been shown to
be driven by atherosclerosis, plaque rupture, and thrombosis [5–7]. Many in�ammatory factor genes are
now known to in�uence the development of atherosclerosis and coronary heart disease at genetic
level[8–9]. Of these, IL-1 is a classical pro-in�ammatory factor [10], and increased IL-1 level has been
shown to result in a signi�cantly increased CAD risk [11].

IL-1 consists of three ligands, IL-1α, IL-1β and IL-1 receptor antagonist. IL-1R1 associates with the IL-1
receptor accessory protein (IL1RAP) and myeloid differentiation factor 88, forming a complex that
transduces a signal and is responsible for most IL-1-mediated in�ammatory responses [12–15]. The
soluble CD121a is a truncated form of IL-1R1 and it has the identical binding a�nity as the membrane
form [16]. As such, it may act as a competitive inhibitor and does not initiate the IL-1 signal [17, 18].

Previous reports have indicated that IL-1R1 genetic polymorphisms are associated with many
in�ammatory diseases, such as atopic asthma, alcoholic liver disease, hematogenous osteomyelitis,
invasive pneumococcal disease, and IgA nephropathy [19–23]. A lot of researches also have shown that
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non-coding single nucleotide polymorphisms (SNPs) have functional effects [24–26], even more, Saykin
et al. found that IL1RAP rs12053868, not a coding SNP, is associated with decreased IL1RAP expression
in the cortex and hippocampus, thereby increasing amyloidosis [14]. Thus, this case-control study
explored whether the IL-1R1 non-coding region SNPs rs956730, rs2234650, rs2234651, and rs2287048
are associated with an increased risk of CAD in a Chinese population.

Methods
The present study enrolled 928 patients who underwent coronary arteriography (CAG) for coronary
atherosclerosis at the Cardiology Department of the Second A�liated Hospital of Nanjing Medical
University between January 2013–December 2017. Of these, 478 patients enrolled between January
2013–December 2015 were assessed during the discovery phases of the study, while 450 subjects
enrolled between January 2016–December 2017 were evaluated during the validation phase of the study.

The inclusion criteria for the study stipulated that patients must exhibit symptoms of chest pain,
cardiovascular risk factors, ischemic electrocardiogram changes, and/or elevated myocardial enzyme
levels, and that their diagnosis be con�rmed via coronary angiography. Conversely, the exclusion criteria
stipulated that patients have been previously diagnosed with congenital heart disease, cardiomyopathy,
valvar heart disease, thrombotic disease, diffuse intravascular coagulation, liver disease, kidney failure,
and/or have undergone a recent surgery or injury, and/or have a history of malignant tumors or other
infectious diseases (such as sepsis or pneumonia)

All coronary angiograms were conducted by inserting a Judkins catheter into the right radial artery, and
the produced results were independently reviewed by two experienced angiographers, both of whom were
blinded to corresponding genotyping data. Patients were categorized according to their degree of
coronary stenosis, such that they were determined to have ‘no CAD’, ‘nonobstructive CAD’, or ‘signi�cant
CAD’ if they exhibited 0%, 1–49%, or ≥ 50% luminal narrowing in any epicardial coronary artery,
respectively, as reported in the CSBC Registry [27]. In our study, ‘CAD’ is composed of ‘nonobstructive
CAD’ and ‘signi�cant CAD’.

In the vessel scoring, stenosis < 50% in any major coronary artery was de�ned as 0-vessel disease; having 
≥ 50% stenosis in the luminal diameter of one or more coronary arteries was de�ned as a signi�cant
coronary lesion. Major coronary artery disease included left main coronary artery disease (considered a
two-vessel disease characterized by stenosis ≥ 50%), left anterior descending artery disease, left
circum�ex artery disease, and right coronary artery disease [28].

The severity and extent of coronary atherosclerosis was assessed via angiographic Gensini scoring [29],
such that 0–24%, 25–49%, 50–74%, 75–89%, and 90–99% angiographic stenosis was indicated by a
score of 1, 2, 4, 8, and 16 points, respectively, while total occlusion was indicated by a score of 32 points.
Each stenosed segment was then assessed and assigned a score between 0.5 and 5, dependent upon the
functional signi�cance of the area supplied by that segment. These scores were multiplied by the
coe�cient de�ned for each coronary artery and segment, and the results then summed. Finally, the
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patients were divided into four groups, comprising those that scored a total of 0, 0.5–19.5, 20–39.5, and
≥ 40 points.

Patients with a systolic blood pressure ≥ 140 mmHg, and/or a diastolic blood pressure ≥ 90 mmHg,
and/or who were currently using antihypertensive drugs were de�ned as being hypertensive. Those that
exhibited a fasting plasma glucose level ≥ 7.0 mmol/l, and/or that were currently using anti-diabetic
drugs were de�ned as being diabetic. Finally, patients who exhibited high serum total cholesterol (TC)
levels (TC ≥ 5.17 mmol/l), and/or high triglyceride (TG) levels (TG ≥ 1.70 mmol/l), and/or that were
currently using lipid-lowering drugs were de�ned as having hyperlipemia.

The blood pressure, height, and body mass of each subject was measured upon admission. Prior to CAG
assessment, blood samples were drawn into an inertia separation gel coagulation tube immediately after
vascular puncture. TC, TG, high-density lipoprotein-cholesterol (HDL-C) and low-density lipoprotein-
cholesterol (LDL-C) concentrations were determined by the Clinical Laboratory of the Second A�liated
Hospital of Nanjing Medical University, using routine clinical methods. Serum CD121a, IL-8, IL-11 and IL-
1β were measured using the CBA Human Soluble Protein Detection Kit (BD Biosciences, US).

Genomic DNA was isolated from patient venous blood leukocyte pellets using a genomic DNA isolation
kit (Applied Biomiga). Primers were designed using primer premier5 (Applied Premier, Canada) software
to target rs2287048 (forward, 5’-actaggcctcagtttcccactctata-3’; reverse, 5’-gtccaagactggaaatgtgtaatgg-3’),
and rs956730, rs2234650, and rs2234651 (forward, 5’-caggttgcaagacagcttttagg-3’; reverse, 5’-
cttatgcccaccagctcacttt-3’). The thermal cycling conditions were as follows: denaturation at 94 °C for
3 min; followed by 35 cycles of 94 °C for 30 s, 64 °C for 30 s, and 72 °C for 1 min; and a �nal extension at
72 °C for 7 min. Generated products were stored at 4 °C. Finally, the polymerase chain reaction products
were identi�ed via direct sequencing using an ABI 3730XL DNA Sequencer (Applied Biosystems).

All statistical analyses were performed using Statistical Package for the Social Sciences version
22.0(SPSS, Inc., Chicago, IL, USA) software. Continuous variables with normal distribution were
expressed as the mean ± standard deviation, and compared by unpaired Student’s t-test. Continuous
variables with abnormal distribution were analyzed by Mann-Whitney test. Categorical variables were
presented as frequency (n) and proportion (%) which were analyzed by Chi-square test.

Genotype distributions were tested at each polymorphic locus for deviation from Hardy-Weinberg
equilibrium, and Haploview software (version 4.2, Broad Institute, Cambridge, MA) was used to assess
linkage disequilibrium (LD). The chromatogram of direct sequencing was prepared using BioEdit 7.2.6.1
software. To minimize the effect of age difference between patients with and without CAD, Propensity
Score Matching (PSM) was performed for the discovery-phase population.

Association between genotypes and CAD severity (i.e. the degree of exhibited vascular stenosis, Gensini
scoring and the number of affected vessels) was analyzed by Mann-Whitney or Kruskal-Wallis test.
Logistic regression model was used to estimate the association between genetic variants and the risk of
CAD, and summarized as odds ratio (OR) and 95% con�dence interval (95%CI), factors associated with
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the dependent variable at P < 0.1 on univariate analysis were then entered into the multivariate model. P < 
0.05 is considered to indicate statistical signi�cance.

Results
1. Participant characteristics

The present study assessed 928 patients via CAG to identify the location and extent of their arterial
blockages (Figure 1). Of these, 343 patients with CAD, and 135 healthy controls (total, 478; enrolled
January 2013–December 2015) were assessed during the discovery phases of the study. Compared to
the healthy controls, the patients with CAD were older, and exhibited higher TG levels, and an increased
prevalence of hypertension, diabetes mellitus, and hyperlipidemia (Table 1). After correcting for the
effects of patient age variation, 135 of the patients with CAD displayed an estimated propensity score
that matched (within the 0.05 caliper) with 135 of the healthy control patients. Of the 450 subjects
assessed during the validation phase of the study (enrolled January 2016–December 2017), 159 were
healthy controls, and 291 were determined to exhibit CAD.

2. Genotype and allele frequencies

The four analyzed IL-1R1 variants were used to evaluate the relationship between IL-1R1 genetic variants
and risk of CAD; thus, their genotype distributions were assessed in both patients with and without CAD.
The representative chromatogram of direct sequencing results were shown in Figure S1. Table S1 showed
only SNP rs2234651 was initially found to be signi�cantly associated with increased risk of CAD (P =
0.047), and furthermore, both this allele and the rs2234651 CT+TT genotype were found to be
signi�cantly associated with CAD after PSM correction, (P = 0.026 and P = 0.025, respectively). In
contrast, no obvious differences were observed between the prevalence of the other three IL-1R1 SNPs in
patients with compared to without CAD.

3. Association between rs2234651 and CAD severity

In this study, we further assessed whether the SNP rs2234651 was associated with an increased
incidence of vascular lesions, and/or contributed to CAD severity (Table 2). Patients that harbored a
variant (CT+TT) genome were shown an increasing severity of CAD (the degree of exhibited vascular
stenosis/number of affected vessels, P = 0.034; Gensini scoring, P = 0.006). Moreover, the frequency of
the rs2234651 T allele was found to be increased among patients that displayed increasingly severe CAD
(the degree of exhibited vascular stenosis, P = 0.024; Gensini scoring, P = 0.005; number of affected
vessels, P = 0.021). These data indicate that patients that harbored a higher gene dosage of the
rs2234651 T allele exhibited a signi�cantly greater chance of developing coronary vessel lesions
compared to healthy control patients, and also, indicate that the rs2234651 minor T allele was associated
with a higher Gensini score, and an increased number of affected vessels.
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We also analyzed the relationship of the rs2234651 SNP and in�ammatory markers IL-8, IL-11, and IL-1β.
As shown in Figure 2a-c, we found a rising trend in serum IL-8, IL-11 and IL-1β in patients that carried the
CT+TT genotype, especially for IL-8 and IL-11 (P = 0.017 and P = 0.014, respectively).

4. Haplotype analysis

Next, we performed haplotype analysis. The LD analysis of rs956730, rs2234650, rs2234651, and
rs22387048 was performed using the software Haploview 4.2, and the results are shown in Figure S2.
Rs956730, rs2234650, and rs2234651 were located in the same LD block, and these 3 loci can be
combined to produce 8 haplotypes. Haplotype was represented with the allele order of rs956730,
rs2234650, and rs2234651. All alleles with frequency <0.03 were ignored in the analysis. As shown in
Table S2, no haplotype was signi�cantly associated with the risk of CAD.

5. Validation phase of the study

We further analyzed 450 patients undergone CAG between January 2016 and December 2017 at the
Second A�liated Hospital of Nanjing Medical University. Assessment of this validation patient cohort
revealed that compared with the healthy control subjects, the patients with CAD were older, more often
male, and exhibited an increased prevalence of hypertension and diabetes mellitus and decreased TG
and LDL-C levels (likely due to the use lipid-lowering drugs; Table S3).

CAD patients with rs2234651 SNP (CT+TT) were also shown to have a higher Gensini score, and more
number of affected vessels were exhibited by the validation-phase patients (P = 0.016 and P = 0.004,
respectively; Figure 3).

�. Association between rs2234651 variants and serum CD121a levels

The study further examined the relationship between serum CD121a expression and the rs2234651 SNP
of CAD patients in the veri�cation stage. As shown in Figure 2d, serum CD121a expression was increased
in patients that carried the CT+TT genotype (P = 0.009).

Discussion
To the best of our knowledge, the present study is the �rst to examine the relationship between IL-1R1
variation and CAD. The generated results revealed a signi�cant positive association between the IL-1R1
SNP rs2234651 and the risk of CAD in the analyzed population, and this notably persisted after adjusting
for various known CAD risk factors. Besides, patients that harbored the rs2234651 CT + TT genotype were
found to exhibit increased serum CD121a levels. Furthermore, we also found a signi�cant increase in
serum IL-8 and IL-11 level in patients that carried the CT + TT genotype.

Since the rs2234651 variant is located within the IL-1R1 promoter region (NM_001320982.1 transcript,
chromosome 2), and we have found patients that harbored the rs2234651 CT + TT genotype exhibited
increased serum CD121a levels, we speculate that this variant may alter the ability of transcription
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factors to bind and up-regulate IL-1R1, and promoting IL-1β/IL-1R1 in�ammatory pathway. As well as, we
observed a signi�cant increase in serum IL-8 and IL-11 level in patients that carried the CT + TT genotype.
These results are consistent with what we previously reported, serum IL-8 expression was increased in
acute myocardial infarctions (AMI) patients, and a higher serum IL-11 level was found in unstable angina
pectoris group [30]. Other research groups have demonstrated that high levels of circulating IL-8 were
associated with large infarct size, impaired recovery of left ventricular function, and adverse clinical
outcome in patients with CAD [31–35]; Yao et al. showed IL-11 was increased in thoracic aorta and
plasma of acute thoracic aortic dissection (TAD) patients and may be a promising biomarker for
diagnosis in patients with TAD [36]. These results suggest that the rs2234651 variant is associated with
the pro-in�ammatory state, thereby increasing the severity of CAD.

As shown in previous studies, IL-1R1 is a necessary component of the IL-1β/IL1RAP pathway, and thus,
increased IL-1R1 production is likely associated with IL-1β-mediated in�ammation and contribute to the
development of CAD [15, 37, 38]. For example, Gehrke et al. demonstrated that inhibiting IL-1R1 with IL-
1ra (anakinra) is su�cient to attenuate the severity of acute heart failure [39]. Loss of IL-1 signaling in IL-
1R1 (-/-) mice results in a reduced rate of leukocyte in�ltration, and thereby a reduced rate of myocardial
infarctions [40], and decreased levels of atherosclerotic plaques [41]. Previous study by our research
group has demonstrated that serum CD121a levels are elevated in patients with CAD, and particularly in
those with AMI, such that increasing serum CD121a levels are associated with an increased CAD risk [30].
These results are consistent with our �ndings that patients harbored a variant (CT + TT) genome display
a higher serum CD121a levels and increasing risk of CAD in this study. As a competitive inhibitor of the
IL-1 pro-in�ammatory pathway, we speculate that the elevated level of CD121a could be a protective
compensation reaction in vivo.

Together, the results of the present study suggest that rs2234651 is likely a biologically functional variant
associated with an increased CAD risk in the analyzed Chinese-Han population.

Some limitations of the present study have to be listed, such as the small sample size, single-center
design, and retrospective nature. In addition, the two patient cohorts (i.e. discovery versus validation-
phase) displayed some differences in their baseline characteristics, and in both cohorts, the number of
analyzed healthy control subjects was less than the number of patients with CAD. We attempted to
minimize the effect of these variables by conducting PSM and stepwise regression analyses. Thus,
additional studies need to be conducted to con�rm the association of rs2234651 with CAD severity.

Conclusions
These results suggest that the IL-1R1 variant rs2234651 is likely a CAD risk factor, and thus, rs2234651
will be a potential therapeutic target and/or diagnostic/prognostic biomarker for CAD and may be further
investigated to develop improved methods for the prevention and treatment of this disease.
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 Before PSM P After PSM P

No CAD CAD No CAD CAD

(n=135) (n=343) (n=135) (n=135)

Age (yr) 58.72±9.66 64.30±9.70 0.000*** 58.72±9.66 59.47±9.16 0.541

Gender

(male n (%))

71

(52.59)

183

(53.35)

0.881 71

(52.60)

81

(60.00)

0.22

Laboratory data

TC

(mmol/L)

4.48±1.10 4.64±1.15 0.165 4.48±1.10 4.66±1.18 0.71

TG

(mmol/L)

1.45±0.80 1.64±0.96 0.042* 1.45±0.80 1.71±1.06 0.079

HDL-C

(mmol/L)

1.18±0.29 1.18±0.30 0.948 1.18±0.29 1.17±0.28 0.833

LDL-C

(mmol/L)

2.55±0.80 2.65±0.85 0.246 2.55±0.80 2.67±0.88 0.324

Coronary risk factors n (%)      

Hypertension 77

(57.04)

241

(70.26)

0.006** 77

(57.00)

89

(65.90)

0.133

Diabetes 18

 (13.30)

103

(30.00)

0.000*** 18

(13.30)

49

 (36.30)

0.000***

Hyperlipidemia 52

(38.81)

182

(53.06)

0.004** 52

 (38.50)

72

(53.30)

0.015*

Values are presented as the mean ± standard deviation or n (%).

CAD, coronary artery disease; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-
density lipoprotein cholesterol; PSM, Propensity Score Matching; TC, total cholesterol; TG,
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triglyceride; yr, years.

*P< 0.05, ** P< 0.01, and ***P< 0.001 indicate statistical significance.

Table 2. Association of rs2234651 with CAD

Degree of exhibited vascular stenosis
  N NO CAD Nonobstructive

CAD

Signi�cant CAD P

Genotype          
CC

n (%)

378 114

(84.4)

69

(81.2)

195

(75.6)

0.034*

CT+TT

n (%)

100 21

(15.6)

16

(18.8)

63

(24.4)

 

Allele          
C

n (%)

851 249

(92.2)

153

(90.0)

449

(87.0)

0.024*

T

n (%)

105 21

(7.8)

17

(10.0)

67

(13.0)

 

Gensini Score
  N 0 0.5-19.5 20-39.5 ≥ 40 P

Genotype            
CC

n (%)

378 114

(84.4)

168

(80.8)

48

(72.7)

48

(69.6)

0.006**

CT+TT

n (%)

100 21

(15.6)

40

(19.2)

18

(27.3)

21

(30.4)

 

Allele            
C

n (%)

851 249

(92.2)

373

(89.7)

113

(85.6)

116

(84.1)

0.005*

T

n (%)

105 21

(7.8)

43

(10.3)

19

(14.4)

22

(15.9)

 

Number of affected vessels
  N 0 1 2 3 P

Genotype            
CC

n (%)

378 183

(83.2)

108

(77.1)

45

(73.8)

42

(73.7)

0.034*

CT+TT

n (%)

100 37

(16.8)

32

(22.9)

16

(26.2)

15

(26.3)

 

Allele            
C

n (%)

851 402

(91.4)

247

(88.2)

104

(85.2)

98

(86.0)

0.021*

T

n (%)

105 38

(8.6)

33

(11.8)

18

(14.8)

16

(14.0)
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CAD, coronary artery disease. *P< 0.05, and ** P< 0.01 indicate statistical significance.

Figures

Figure 1

Study �ow chart. The present study enrolled 928 patients with suspected heart disease and comprised
both, the discovery and validation phases. CAD, coronary artery disease.
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Figure 2

Relationship of the rs2234651 SNP and in�ammatory markers. (a) Serum IL-1β expression in patients
that harbored the CC compared to the CT+TT genotype. (b) Serum IL-8 expression in patients that
harbored the CC compared to the CT+TT genotype. (c) Serum IL-11 expression in patients that harbored
the CC compared to the CT+TT genotype. (d) Serum CD121a expression in patients that harbored the CC
compared to the CT+TT genotype. * P 0.05 indicates statistical signi�cance.
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Figure 3

Assessment of rs2234651 distribution and coronary artery disease severity in the validation-phase
patient cohort. (a) Gensini scores achieved by patients that harbored the CC compared to the CT+TT
genotype. (b) The number of affected vessels observed in patients that harbored the CC compared to the
CT+TT genotype. * P 0.05, and ** P 0.01 indicate statistical signi�cance.
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