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ARTICLE INFO ABSTRACT

Keywords: Aims: Coronary artery disease (CAD) ranks the leading cause of death globally. Interferon-y (IFN-y) gene, along
Genetic with long noncoding RNA (IncRNA) BRAF-activated noncoding RNA (BANCR), could coordinately function in
Coronary artery disease the occurrence of CAD. We hypothesized that level of IFN-y, genetic variants of IFN-y and BANCR gene should be
IEN-y associated with the occurrence of CAD.

BANCR

Materials and Methods: A case-control study was conducted in Chinese population.

Key findings: We found that serum level of IFN-y in CAD cases was significantly higher than that in controls
(P < 0.001). Compared with the first quartile, all of the second (OR: 1.87; 95% CIs: 1.33-2.62), the third (OR:
1.79; 95% CIs: 1.30-2.45), and the fourth (OR: 3.98; 95% ClIs: 2.59-6.12) quartiles of serum level of IFN-y were
associated with increased risk of CAD (P < 0.05). We found IFN-y gene (rs2069705 and rs2430561), and 2
variants in IncRNA BANCR (rs6559446 and rs79823312) could increase CAD susceptibility in allelic and
dominant model, while IFN-y rs2069705 and rs2430561, BANCR rs79823312 were also associated with CAD risk
in additive model. IFN-y rs2069705 and rs2430561 were associated with higher level of serum IFN-y in CAD
patients (P < 0.001).

Significance: This study confirmed the crucial role of IFN-y and IncRNA BANCR in the occurrence of CAD, and

might serve as the biomarkers of CAD screening and prevention.

1. Introduction

Coronary artery disease (CAD), also known as ischemic heart dis-
ease (IHD) and coronary heart disease (CHD), ranks the leading cause of
death globally [1-4]. According to the report of the Global Burden of
Diseases, Injuries, and Risk Factors Study (GBD) 2017, there were
8930.4 thousand all-age deaths worldwide [1]. Atherosclerosis, a
chronic inflammatory lesion with infiltration of mononuclear leuko-
cytes, the proliferation of vascular smooth muscle cells (VSMCs) and the
accumulation of extracellular matrix, is the pathological basis of CAD
[5-7]. Imbalanced lipid metabolism and accumulation of athero-
sclerotic plaques could result in the narrowing of the vascular lumen
and blocking the blood flow and cardiac ischemia [8,9]. Inflammatory
biomarkers play an important role in the initiation and development of
atherosclerosis [10-12]. The exploring of inflammatory biomarkers and
related genes could help us deep understanding of the mechanism of
atherosclerosis, and screening effective biomarkers for CAD.

Proinflammatory cytokine interferon-y (IFN-y), a dimerized soluble
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cytokine which is the only member of the type II class of interferons and
a master regulator of atherosclerosis process, plays crucial role in the
pathogenesis of CAD [13-17]. It could induce arteriosclerotic changes
in the absence of detectable immunocytes by acting on VSMCs to po-
tentiate growth-factor-induced mitogenesis [7]. Long noncoding RNA
(IncRNA) BRAF-activated noncoding RNA (BANCR), a 693-bp IncRNA
first identified in melanoma cells, was found facilitating VSMC pro-
liferation and migration through JNK pathway [18,19]. Meanwhile,
IFN-y could increase the expression of the IncRNA BANCR, and the
increase could be suppressed by blocking STAT1 phosphorylation using
JAK inhibitor 1 [20]. The reports above confirmed that IFN-y and
IncRNA BANCR could coordinately function in the occurrence of CAD.

Considering the crucial of IFN-y and IncRNA BANCR in the ather-
osclerosis process and the occurrence of CAD, we hypothesized that
serum level of IFN-y, as well as genetic variants of IFN-y and BANCR
gene should be associated with the susceptibility of CAD. Hereby, we
conducted a case-control study in a Chinese population to address this
issue.
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2. Patients and methods
2.1. Study subjects

The CAD patients were subjects with the symptoms of typical or
atypical chest discomfort, and admitted to our cardiology unit and
underwent coronary angiography. The diagnostic criterion of CAD was
the patients having at least one severe stenosis (> 50%) in a major
coronary artery. In current study, we only included subjects with stable
angina, and unstable angina as CAD cases. Patients with acute in-
fectious disease, auto immune disorders, inflammatory disease, and
cancers were excluded. Controls were recruited from the same popu-
lation as the cases and had no personal or sibling history of CAD,
cancers, auto immune disorders, and were frequency-matched by age
and gender. Finally, 890 CAD cases and 900 controls were included in
this study. 5 ml fasting blood was collected in EDTA anti-coagulated
tubes and centrifuged immediately. The serum was prepared for IFN-y
assay. The Ethical Committee of the Second Hospital of Dalian Medical
University approved this research project and written informed consent
was obtained. All clinical investigations have been conducted according
to the principles described in the Declaration of Helsinki.

2.2. DNA extraction and genotyping

Genomic DNA was extracted from peripheral blood samples using
the QIAamp DNA Blood Mini Kit (Qiagen, Hilden, Germany). Nine
tagSNPs (IFN-y rs2069705, IFN-y rs2430561, IFN-y rs1861493, BANCR
1s6559446, BANCR 15117180354, BANCR 1579823312, BANCR
rs11138012, BANCR rs28800827, BANCR rs10122850) covering the
IFN-y and BANCR gene region were selected using the Haploview 4.2
software basing on1000 genome CHB data (phase 3, minor allele fre-
quency =>5%, pairwise r*> = 0.8). Genotyping was conducted by
TagMan assays (Applied Biosystems [ABI], Foster City, CA) according
to the manufacturer's instructions. A randomly selected set of 10%
samples was tested in duplicate by different persons, and the con-
cordance rate was 100%.

2.3. IFN-y assay

Serum level of IFN-y in CAD patients and controls was measured
using the ELISA detection kit (eBioscience, San Diego, CA, USA) fol-
lowing the manufacturer's instructions. Absorbance at 450 nm was
measured using microplate reader and concentrations of cytokines were
calculated using a linear regression formula.

2.4. Statistical analysis

Demographic variables between the two groups were assessed by
chi-square test. Nonnormally distributed continuous variables were
presented as median (25th-75th percentile), and Mann-Whitney U test
were used for comparison. Normally distributed continuous variables
were presented as mean *+ SD, and independent sample t-test were
used for comparison. The departures from Hardy—Weinberg
Equilibrium for the candidate SNPs in controls were evaluated using
goodness-of-fit x> test. The adjusted ORs by age, gender, smoking
status, drinking status, and diabetes, 95% CIs, and the corresponding P
value for each SNP were calculated using logistic regression analysis.
Due to the mean for cases and controls were about 60, thus we stratify
patients with 60 years threshold. IFN-y was also considered as an or-
dinal variable using quartiles of IFN-y distribution in control subjects.
All calculations were performed using SAS software version 9.3 (SAS
Institute, Cary, NC). All statistical tests were two-sided, and significant
threshold was set P < 0.05.
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Table 1
Clinical demographic characteristics of CAD cases and controls.

Variables Cases (n = 890) Controls (n = 900) P value®

Age
Range 42-77 41-79
Mean * sd 59.9 = 9.99 59.6 = 10.99 0.546
=60 408 (45.8%) 420 (46.7%) 0.727
< 60 482 (54.2%) 480 (53.3%)

Gender
Male 596 (70.0%) 653 (72.6%) 0.445
Female 294 (30.0%) 347 (27.4%)

Smoking status
Smokers 275 (30.9%) 227 (25.2%) 0.008
Non-smokers 615 (69.1%) 673 (74.8%)

Alcohol status
Drinkers 214 (24.0%) 179 (19.9%) 0.034
Non-drinkers 676 (76.0%) 721 (80.1%)

Diabetes
Yes 260 (29.2%) 139 (15.4%) < 0.001
No 630 (70.8%) 761 (84.6%)

Hypertension
Yes 407 (45.7%) 315 (35.0%) < 0.001
No 483 (54.3%) 585 (65.0%)

Heart failure
Yes 37 (4.6%) 15 (1.7%) 0.002
No 853 (95.4%) 885 (98.3%)

Medications
Statin 463 (52.0%) 146 (16.2%) < 0.001
Aspirin 625 (70.2%) 132 (14.7%) < 0.001

IFN-y (pg/mL) 2.28 (1.75-2.84) 1.90 (1.40-2.34) < 0.001

P value in bold means statistically significant.

@ Demographic variables between the two groups were assessed by chi-
square test. Nonnormally distributed continuous variables were presented as
median (25th-75th percentile), and Mann-Whitney U test were used for com-
parison. Normally distributed continuous variables were presented as
mean * SD, and independent sample t-test were used for comparison.

3. Results
3.1. Characteristics of study subjects

Table 1 presents the clinical demographic characteristics of CAD
cases and controls. There is no significant difference for the distribution
of age and gender, which means the effectiveness of frequency-
matching of controls. The cases are more likely to be smokers, alcohol
drinkers, patients of diabetes, hypertension, and heart failure, com-
pared with the controls (P < 0.05).

3.2. Association of serum level of IFN-y with CAD risk

As shown in Table 1, the distribution of serum level of IFN-y in CAD
cases and controls was significantly different (P < 0.001). When ana-
lyzed as an ordinal variable using quartiles of IFN-y distribution in
control subjects, we found quartiles of IFN-y were significantly asso-
ciated with increased risk of CAD (Table 2, P < 0.001). Compared with
the first quartile, all of the second (OR: 1.87; 95% CIs: 1.33-2.62), the
third (OR: 1.79; 95% CIs: 1.30-2.45), and the fourth (OR: 3.98; 95%
ClIs: 2.59-6.12) quartiles were associated with increased risk of CAD,

Table 2

Distribution of quartiles of IFN-y in cases and controls.
IFN-y (pg/mL) Cases Controls OR (95% CIs)” P for trend
Quartile 1 (<1.40) 92 225 Reference < 0.001
Quartile 2 (1.40-1.90) 194 225 1.87 (1.33-2.62)
Quartile 3 (1.90-2.34) 181 225 1.79 (1.30-2.45)
Quartile 4 (> 2.34) 423 225 3.98 (2.59-6.12)

@ Adjusted for age, gender, smoking status, drinking status, Hypertension,
Heart failure, diabetes and medications.
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Table 3
Associations between candidate genetic variations and risk of CAD.
CAD cases Controls OR (95% ClIs)" P value
IFN-y 152069705
Additive model
GG 493 549 1.00 (Reference)
AG 334 306 1.26 (1.01-1.58) 0.042
AA 63 45 1.62 (1.07-2.45) 0.022
Avs G 1.28 (1.08-1.53) 0.005
Dominant model
GG 493 549 1.00 (Reference)
AG + AA 397 351 1.31 (1.06-1.62) 0.012
IFN-y 152430561
Additive model
AA 638 696 1.00 (Reference)
AT 233 195 1.36 (1.07-1.72) 0.013
TT 19 9 2.40 (1.10-5.21) 0.028
Tvs A 1.39 (1.13-1.71) 0.002
Dominant model
AA 638 696 1.00 (Reference)
AT+TT 252 204 1.4 (1.11-1.76) 0.004
IFN-y rs1861493
Additive model
AA 379 393 1.00 (Reference)
AG 389 387 1.08 (0.75-1.57) 0.669
GG 122 120 1.10 (0.68-1.77) 0.707
GvsA 1.07 (0.8-1.44) 0.632
Dominant model
AA 379 393 1.00 (Reference)
AG + GG 511 507 1.09 (0.78-1.52) 0.628
BANCR rs6559446
Additive model
AA 583 630 1.00 (Reference)
AG 269 243 1.24 (0.98-1.58) 0.075
GG 38 27 1.58 (0.94-2.67) 0.087
GvsA 1.27 (1.04-1.54) 0.018
Dominant model
AA 583 630 1.00 (Reference)
AG + GG 307 270 1.28 (1.02-1.6) 0.033
BANCR 15117180354
Additive model
GG 805 818 1.00 (Reference)
AG 83 81 1.08 (0.59-1.98) 0.796
AA 2 1 2.11 (0.2-22.56) 0.536
AvsG 1.11 (0.68-1.79) 0.683
Dominant model
GG 805 818 1.00 (Reference)
AG + AA 85 82 1.1 (0.64-1.87) 0.737
BANCR 1579823312
Additive model
AA 674 717 1.00 (Reference)
AG 199 175 1.26 (0.97-1.64) 0.087
GG 17 8 2.35 (1.03-5.36) 0.042
GvsA 1.32 (1.05-1.65) 0.016
Dominant model
AA 674 717 1.00 (Reference)
AG + GG 216 183 1.31 (1.02-1.68) 0.036
BANCR rs11138012
Additive model
AA 308 327 1.00 (Reference)
AG 445 449 1.09 (0.78-1.54) 0.607
GG 137 124 1.22 (0.87-1.72) 0.255
Gvs A 1.12 (0.91-1.36) 0.284
Dominant model
AA 308 327 1.00 (Reference)
AG + GG 582 573 1.12 (0.85-1.48) 0.423
BANCR rs28800827
Additive model
GG 353 350 1.00 (Reference)
AG 435 441 1.02 (0.88-1.18) 0.818
AA 102 109 0.96 (0.84-1.11) 0.617
Avs G 1.01 (0.97-1.04) 0.642
Dominant model
GG 353 350 1.00 (Reference)
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Table 3 (continued)

CAD cases Controls OR (95% CIs)* P value

AG + AA 537 550 1.01 (0.97-1.05) 0.725
BANCR rs10122850
Additive model

AA 797 809 1.00 (Reference)

AT 98 98 1.06 (0.38-2.94) 0.918

TT 5 3 1.76 (0.41-7.53) 0.446

Tvs A 1.10 (0.69-1.74) 0.701
Dominant model

AA 797 809 1.00 (Reference)

AT+TT 103 101 1.08 (0.59-1.95) 0.807

@ Adjusted for age, gender, smoking status, drinking status, and diabetes.

when adjusted for age, gender, smoking status, drinking status, Hy-
pertension, Heart failure, diabetes and medications (Table 2).

3.3. Genetic associations of candidate SNPs with CAD risk

As shown in Table 3, all nine tagSNPs analyzed (IFN-y rs2069705,
IFN-y rs2430561, IFN-y rs1861493, BANCR 1rs6559446, BANCR
1s117180354, BANCR 1rs79823312, BANCR 1rs11138012, BANCR
rs28800827, BANCR rs10122850) were in Hardy-Weinberg equilibrium
in healthy controls, which indicated that the sampled subjects were
representative of the population without any deviation of genotype
frequencies (P > 0.05). Among them, IFN-y rs2069705 (OR: 1.28; 95%
CIs: 1.08-1.53; P value: 0.005), IFN-y rs2430561 (OR: 1.39; 95% Cls:
1.13-1.71; P value: 0.002), BANCR rs6559446 (OR: 1.27; 95% Cls:
1.04-1.54; P value: 0.018), and BANCR rs79823312 (OR: 1.32; 95%
CIs: 1.05-1.65; P value: 0.016) were significantly associated with in-
creased risk of CAD in allelic model. IFN-y rs2069705 (AG vs GG:
OR =1.26; 95% CIs =1.01-1.58; P value = 0.042; AA vs GG:
OR = 1.62; 95% CIs = 1.07-2.45; P value = 0.022), IFN-y rs2430561
(AT vs AA: OR = 1.36; 95% CIs = 1.07-1.72; P value = 0.013; TT vs
AA: OR = 2.40; 95% CIs = 1.10-5.21; P value = 0.028), and BANCR
rs79823312 (GG vs AA: OR =235, 95% CIs = 1.03-5.36; P
value = 0.042) were also associated with CAD risk in additive model.
Besides, IFN-y rs2069705 (OR: 1.31; 95% CIs: 1.06-1.62; P value:
0.012), IFN-y rs2430561 (OR: 1.40; 95% CIs: 1.11-1.76; P value:
0.004), BANCR rs6559446 (OR: 1.28; 95% CIs: 1.02-1.60; P value:
0.033), and BANCR rs79823312 (OR: 1.31; 95% CIs: 1.02-1.68; P
value: 0.036) were significantly associated with increased risk of CAD
in dominant model.

3.4. IFN-y (pg/mL) level in CAD patients with different genotypes of IFN-y
rs2069705 and IFN-y rs2430561

As shown in Fig. 1, we also compared the difference of serum level
of IFN-y with different genotypes of IFN-y rs2069705 and IFN-y
152430561 in CAD cases. Compared with carriers of homozygotes of
major alleles, those of homozygotes of minor alleles and heterozygotes
had significantly higher level of serum IFN-y (P < 0.001). We also
performed multiple linear regression analysis adjusted for age, gender,
smoking status, drinking status, hypertension, heart failure, diabetes
and medications, which found minor alleles of IFN-y rs2069705 and
152430561 were still significantly associated with higher serum level of
IFN-y (P < 0.001).

4. Discussion

CAD is a common and multifactorial disease causing a high in-
cidence of disability and mortality [1,21]. The current study explored
associations between serum level of IFN-y, as well as genetic variants of
IFN-y and BANCR gene and the occurrence of CAD using a case-control
study in a Chinese population. Serum level of IFN-y was significantly
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Fig. 1. IFN-y (pg/mL) level in CAD patients with different genotypes.

associated with increased risk of CAD. Meanwhile, we found IFN-y gene
(rs2069705 and rs2430561), and 2 variants in IncRNA BANCR
(rs6559446 and rs79823312) could increase CAD susceptibility in al-
lelic and dominant model, while IFN-y rs2069705 and rs2430561,
BANCR 1579823312 were also associated with CAD risk in additive
model. We also identified that carriers of homozygotes of minor alleles
and heterozygotes of IFN-y rs2069705 and rs2430561 had higher level
of serum IFN-y in CAD patients, compared with carriers of homozygotes
of major alleles. These findings above further confirmed the crucial role
of IFN-y and IncRNA BANCR in the occurrence of CAD.

Proinflammatory IFN-y, the main activator of monocytes and mac-
rophages, plays a key role in the regulation of Th1/Th2 ratio in the
immune response [22-24]. It has been linked to many disorders, in-
cluding Atherosclerosis, Alzheimer's disease, infections, and cancers
[15,25-27]. Serum level of IFN-y, which has been identified to be as-
sociated with the risk and severity of CAD, has the potential to become
a biomarker for diagnosis and prognosis judgement of CAD [28,29]. In
current study, we found not only the continuous form, but also the
categorical form of serum level of IFN-y was associated with the oc-
currence of CAD in a powered sample size of Chinese population. These
findings further supported the essential role of inflammation in the
etiology of CAD, and enhanced our understanding of the biology of
CAD.

The IFN-y gene owns four exons and three introns, and is located at
chromosome 12q24. Previous studies only evaluated the association
between IFN-y rs2430561 and CAD risk, and got inconsistent results,
which may be caused by the underpowered sample size [30-32]. In
current study, we found IFN-y rs2430561 was significantly associated
with increased serum level of IFN-y (P < 0.001), as well as risk of CAD
(OR: 1.39; 95% CIs: 1.13-1.71; P value: 0.002), compared with the
major alleles. Using the QUANTO 1.2.4 software, we found the statis-
tical power to detect such an association was 92.9%. IFN-y rs2069718,
which was in linkage disequilibrium with rs2430561 (r? = 1), showed
significant associations with Kawasaki disease [33]. Besides, we also
identified that IFN-y rs2069705 could increase serum level of IFN-y and
risk of CAD. Consistent with our results, Wang et al. found IFN-y
152069705 and IFN-y rs2430561 were significantly associated with
sepsis susceptibility [34]. Leng et al. also reported that IFN-y rs2069705
was associated with increased risk of systemic lupus erythematosus
[35].

Growing evidence suggests that IncRNAs play a major role in the
occurrence and progression of many diseases and findings in the past
decade have contributed to a major breakthrough in finding CAD re-
lated IncRNAs [36,37]. BANCR, a novel oncogenic long non-coding
RNA in human cancers, was found to facilitate VSMC proliferation,
migration, interacting with IFN-y gene, and coordinately function in the
occurrence of CAD [20,38]. Our results, which showed BANCR
rs6559446 and rs79823312 could increase susceptibility of CAD in a
Chinese population, further supported the crucial role of IncRNA
BANCR in the pathogenesis of CAD.

One limitation for the control screening should be mentioned here.
Our controls were recruited from the same population as the cases and

had no personal or sibling history of CAD, cancers, auto immune dis-
orders. The controls didn't undergo catheterization due to the com-
pliance issue. Absence of family history of CAD and angina symptoms is
not sufficient to exclude CAD but might be a justification not to perform
catheterization.

5. Conclusion

Conclusively, this study demonstrates that serum level of IFN-y, two
variants in IFN-y gene (rs2069705 and rs2430561), and 2 variants in
IncRNA BANCR (rs6559446 and rs79823312) could increase CAD sus-
ceptibility in different genetic models. We also identified that IFN-y
152069705 and rs2430561 were associated with higher level of serum
IFN-y in CAD patients. Further studies with larger sample size and
conducted in other independent populations will be needed to validate
our conclusion.
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