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TRIB1 and TRPS1 variants, G × G 
and G × E interactions on serum 
lipid levels, the risk of coronary 
heart disease and ischemic stroke
Qing-Hui Zhang1, Rui-Xing Yin   1, Wu-Xian Chen1, Xiao-Li Cao2 & Jin-Zhen Wu1

This study aimed to assess the association of the tribbles pseudokinase 1 (TRIB1) and transcriptional 
repressor GATA binding 1 (TRPS1) single nucleotide polymorphisms (SNPs) and the gene-gene (G × G) 
and gene-environment (G × E) interactions with serum lipid levels, the risk of coronary heart disease 
(CHD) and ischemic stroke (IS) in the Guangxi Han population. Genotyping of the rs2954029, rs2980880, 
rs10808546, rs231150, rs2737229 and rs10505248 SNPs was performed in 625 controls and 1146 
unrelated patients (CHD, 593 and IS, 553). The genotypic and allelic frequencies of some SNPs were 
different between controls and patients (CHD, rs2954029 and rs231150; IS, rs2954029 and rs2980880; 
P < 0.05-0.01). Two SNPs were associated with increased risk of CHD (rs2954029 and rs231150) 
and IS (rs2954029) in different genetic models. Several SNPs in controls were associated with total 
cholesterol (rs2954029, rs2980880 and rs2737229), triglyceride (rs2954029 and rs10808546), low-density 
lipoprotein cholesterol (rs2954029), high-density lipoprotein cholesterol (rs2980880 and rs231150) and 
apolipoprotein A1 (rs2737229) levels. The rs2954029TA/AA-age (>60 year) interaction increased the risk 
of CHD, whereas the rs10808546CT/TT-drinking interaction decreased the risk of IS. The rs2954029A-
rs2980880C-rs10808546C haplotype was associated with increased risk of CHD and IS. The rs2954029A-
rs2980880T-rs10808546C haplotype was associated with increased risk of CHD. The rs2954029-rs231150 
interactions had an increased risk of both CHD and IS. These results suggest that several TRIB1 and 
TRPS1 SNPs were associated with dyslipidemia and increased risk of CHD and IS in our study population. 
The G × G and G × E interactions on serum lipid levels, and the risk of CHD and IS were also observed.

Coronary heart disease (CHD) and ischemic stroke (IS) remain the leading causes of morbidity and mortality 
worldwide1,2, resulting in a substantial economic and social burden3. The main pathological basis of both diseases 
is atherosclerosis4, which is characterized by the accumulation of lipid and inflammatory immune processes in the 
arterial wall5. Therefore, CHD and IS may share some common genetic and environmental determinants such as 
sex, age, dyslipidemia, hypertension, drinking, smoking and body mass index (BMI)6,7. Many genes and loci in 
previous genome-wide association studies (GWASes) have been shown to be predisposed to CHD8 or IS9 in differ-
ent populations. Furthermore, some genetic mutations originally identified to be associated with CHD were also 
subsequently showed to influence the risk of IS10–12. Family history and twin studies showed that almost 30–60% of 
the incidence of CHD and IS13 can be explained by genetic factors, suggesting a considerable genetic contribution.

The tribbles pseudokinase 1 (TRIB1) and transcriptional repressor GATA binding 1 (TRPS1) genes are closely 
located on chromosome 8q. The TRIB1 encodes the tribbles homolog 1 protein, which is recognized as modulator 
of many fundamental signalling pathways, biological processes and disease pathologies14,15. The involvement of 
TRIB1 in hepatic lipid metabolism has been validated through viral-mediated hepatic overexpression of the gene 
in mice; increasing levels of TRIB1 decreased plasma lipids in a dose-dependent manner. The TRPS1 encodes a 
transcription factor interacted with a dynein light chain protein, which lower the binding to GATA consensus 
sequences, thereby suppressing its transcription activity16,17. Many GWASes and target single nucleotide pol-
ymorphism (tag SNP) studies have showed that several common SNPs in TRIB118–22 and TRPS118,19,23,24 have 
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been significantly associated with multiple plasma lipid traits and cardiovascular disease in different populations. 
However, little is known about such association in the Chinese populations. Therefore, using the method of tag 
SNPs combined with recent research reports, we detected six SNPs in the TRIB1 (rs2954029, rs2980880 and 
rs10808854) and TRPS1 (rs231150, rs2737229 and rs10505248), their G × G and G × E interactions on serum 
lipid levels, the risk of CHD and IS in a Southern Chinese Han population.

Results
General characteristics of the subjects.  The general characteristics of the patients and healthy controls 
are summarized in Table 1. The values of BMI, systolic blood pressure, pulse pressure, and triglyceride (TG) were 
higher but serum total cholesterol (TC), high-density lipoprotein cholesterol (HDL-C), apolipoprotein (Apo) A1, 
the percentages of subjects who consumed alcohol, and the ratio of ApoA1 to ApoB were lower in CHD patients 
than in controls (P < 0.001 for all). The values of BMI, systolic blood pressure, diastolic blood pressure, pulse 
pressure, and TG were higher but TC, HDL-C, ApoA1, the percentages of subjects who consumed alcohol, and 
the ratio of ApoA1 to ApoB were lower in IS patients than in controls (P < 0.001 for all).

Genotypic and allelic frequencies in controls and patients.  Six SNPs in this motif are closely located 
on chromosome 8q (Fig. 1) and the genotypes were detected by polymerase chain reaction and restriction frag-
ment length polymorphism (PCR-RFLP) were also confirmed by direct sequencing (Fig. 2). The genotypic and 
allelic frequencies of the 6 SNPs in TRIB1 and TRPS1 are presented in Table 2. The genotype distribution of the 
6 SNPs was concordant with the Hardy-Weinberg equilibrium (HWE) in patients and controls (P > 0.05 for all). 
The genotypic and allelic frequencies of the rs2954029 and rs231150 were different between controls and CHD 
patients (P < 0.05 for all). The genotypic and allelic frequencies of the rs2954029 and rs2980880 SNPs were dif-
ferent between controls and IS patients (P < 0.05 for all). The frequencies of rs2954029A allele and rs2954029AA 
genotype were higher in CHD (A, 43.7%; AA, 16.9%) or IS (A, 44.8%; AA, 18.6%) patients than in control sub-
jects (A, 38.5.6%; AA, 13.4%; P < 0.05 for all). The frequencies of rs231150A allele and rs231150AA genotype 
were higher in CHD (A, 47.4%; AA, 20.7%) than in control subjects (A, 41.1.6%; AA, 16.0%; P < 0.01).

Genotypes and the risk of CHD and IS.  As shown in Table 3, the genotypes of the rs2954029 and rs231150 
SNPs were associated with increased risk of CHD after the Bonferroni correction (a value of P < 0.008 was con-
sidered statistically significant) in different genetic model: co-dominant model (rs2954029, AA vs. TT, OR = 1.80, 
95% CI = 1.34–2.62, P = 0.0024); dominant models (rs2954029, TA/AA vs. TT, OR = 1.52, 95% CI = 1.18–1.97, 
P = 0.0011; rs231150, TA/AA vs. TT, OR = 1.48, 95% CI = 1.14–1.92, P = 0.0035) and log-additive model (rs2954029, 
A vs. T, OR = 1.36, 95% CI = 1.14–1.63, P < 0.001; rs231150, A vs. T, OR = 1.36, 95% CI = 1.14–1.63, P < 0.0015).

The genotypes of the rs2954029 SNP were also associated with increased risk of IS in different genetic models: 
dominant model: TA/AA vs. AA (OR = 1.48, 95% CI = 1.14–1.90, P = 0.0026); and log-additive model: A vs. T 
(OR = 1.30, 95% CI = 1.09–1.55, P = 0.0039).

Genotypes and serum lipid levels.  The association of the six SNPs and serum lipid concentrations in 
controls is shown in Fig. 3. Several SNPs were associated with TC (rs2954029, rs231150 and rs2737229), TG 
(rs2954029 and rs10808546), low-density lipoprotein cholesterol (LDL-C, rs2954029), HDL-C (rs2980880 and 

Parameter Control CHD IS PCHD PIS

Number 625 593 553 — —

Male/female 462/163 425/168 408/145 0.207 0.504

Age, years 61.85 ± 11.87 62.81 ± 12.28 62.21 ± 10.54 0.162 0.578

Body mass index, kg/m2 22.62 ± 2.82 23.39 ± 3.46 23.95 ± 3.21 0.000 0.000

Systolic blood pressure, mmHg 128.43 ± 19.00 133.03 ± 23.46 147.56 ± 21.87 0.000 0.000

Diastolic blood pressure, mmHg 80.63 ± 11.39 79.27 ± 14.16 83.65 ± 12.84 0.064 0.000

Pulse pressure, mmHg 47.80 ± 13.75 53.76 ± 17.58 63.91 ± 17.68 0.000 0.000

Cigarette smoking, n (%) 244(39.0) 252(42.5) 230(41.6) 0.121 0.203

Alcohol consumption, n (%) 265 (42.4) 153(25.8) 170(30.7) 0.000 0.000

Total cholesterol, mmol/L 4.89 ± 1.04 4.54 ± 1.21 4.54 ± 1.16 0.000 0.000

Triglyceride, mmol/L 0.99 (0.65) 1.35(0.95) 1.36(0.94) 0.000 0.000

HDL-C, mmol/L 1.90 ± 0.48 1.14 ± 0.34 1.23 ± 0.41 0.000 0.000

LDL-C, mmol/L 2.73 ± 0.76 2.72 ± 1.02 2.68 ± 0.91 0.836 0.320

Apolipoprotein (Apo) A1, g/L 1.41 ± 0.26 1.04 ± 0.53 1.03 ± 0.22 0.000 0.000

ApoB, g/L 0.90 ± 0.21 0.91 ± 0.27 0.89 ± 0.24 0.659 0.610

ApoA1/ApoB 1.65 ± 0.56 1.37 ± 2.43 1.26 ± 0.59 0.005 0.000

Table 1.  Comparison of general characteristics and serum lipid levels between controls and patients. CHD, 
coronary heart disease; IS, ischemic stroke; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density 
lipoprotein cholesterol. The value of triglyceride was presented as median (interquartile range), the difference 
between CHD/IS patients and controls was determined by the Wilcoxon-Mann-Whitney test. PCHD, CHD vs. 
controls; PIS, IS vs. controls.
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rs231150) and ApoA1 (rs2737229). The minor allele carriers had higher levels of TC (rs2954029 and rs231150), 
TG (rs2954029 and rs10808546), LDL-C (rs2954029), HDL-C (rs2980880) and ApoA1 (rs2737229); and lower 
levels of TC (rs2737229), and HDL-C (rs231150) than the minor allele non-carriers.

Figure 1.  The positions of the TRIB1 and TRPS1 SNPs. TRIB1, tribbles pseudokinase 1; TRPS1, transcriptional 
repressor GATA binding 1.

Figure 2.  The parts of the nucleotide direct sequencing results of the TRIB1 and TRPS1 SNPs. TRIB1, tribbles 
pseudokinase 1; TRPS1, transcriptional repressor GATA binding 1.
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Haplotype and the risk of CHD and IS.  There was strong linkage disequilibrium (LD) among the 
rs2954029, rs2980880 and rs10808546 SNPs in controls and patients (D′ = 1.0 for all, Fig. 4A) but weak LD 
among the rs231150, rs2737229 and rs10505248 SNPs (D′ < 0.5 for all, Fig. 4B). Thus, haplotype analyses among 
the rs2954029, rs2980880 and rs10808546 SNPs and the associations of their haplotypes and the risk of CHD 
and IS were performed. Four main haplotypes are shown in Table 4. The haplotype of A-C-C (in the order of 
rs2954029, rs2980880 and rs10808546 SNPs) was associated with increased risk for CHD (adjusted OR = 1.37, 
95%CI = 1.11–1.70, P = 0.0036) and IS (adjusted OR = 1.31, 95%CI = 1.06–1.61, P = 0.01). The haplotype of 
A-T-C was associated with increased risk for CHD (adjusted OR = 1.63, 95% CI = 1.25–2.13, P < 0.001).

Gene-environment interactions on the risk of CHD and IS.  The interactions of gene-environment 
on the risk of CHD and IS are shown in Fig. 5. The rs2954029TA/AA-age (>60 year) interaction increased the 

SNP/Genotype

Control CHD IS

Allele Control CHD ISn = 625 n = 593 n = 553

rs2954029

TT 228 (36.5) 175 (29.5) 160 (28.9)

TA 313 (50.1) 318 (53.6) 290 (52.4) T 769 (61.5) 668 (56.3) 610 (55.2)

AA 84 (13.4) 100 (16.9) 103 (18.6) A 482 (38.5) 518 (43.7) 496 (44.8)

x2 7.566 10.363 x2 6.67 9.798

P 0.023 0.006 P 0.010 0.002

PHWE 0.149 0.104 0.158

rs2980880

TT 339 (54.2) 311 (52.4) 266 (48.1)

TC 238 (38.1) 230 (38.8) 226 (40.9) T 916 (73.2) 852 (71.8) 758 (68.5)

CC 48 (7.7) 52 (8.8) 61 (11.0) C 334 (26.8) 334 (28.2) 348 (31.5)

x2 0.663 6.292 x2 0.636 6.423

P 0.718 0.043 P 0.425 0.011

PHWE 0.490 0.313 0.218

rs10808546

CC 437 (69.9) 413 (69.6) 400 (72.3)

CT 164 (26.2) 160 (27.0) 135 (24.4) T 1038 (73.2) 986 (83.1) 935 (84.5)

TT 24 (3.8) 20 (3.4) 18 (3.3) C 212 (17.0) 200 (16.9) 171 (26.0)

x2 0.250 0.908 x2 0.004 0.968

P 0.882 0.635 P 0.949 0.325

PHWE 0.087 0.358 0.120

rs231150

TT 211 (33.8) 154 (26.0) 161 (29.1)

TA 314 (50.2) 316 (53.3) 293 (53.0) A 736 (58.9) 624 (52.6) 615 (55.6)

AA 100 (16.0) 123 (20.7) 99 (17.9) T 514 (41.1) 562 (47.4) 491 (44.4)

x2 10.446 3.063 x2 9.690 2.572

P 0.005 0.216 P 0.002 0.109

PHWE 0.348 0.094 0.085

rs2737229

AA 258 (41.3) 254 (42.8) 241 (43.6)

AC 300 (48.0) 279 (47.0) 254 (45.9) A 816 (56.3) 787 (66.4) 736 (66.5)

CC 67 (10.7) 60 (10.1) 58 (10.5) T 434 (43.7) 399 (33.6) 370 (33.5)

x2 0.338 0.648 x2 0.314 0.418

P 0.844 0.723 P 0.575 0.518

PHWE 0.141 0.191 0.547

rs10505248

AA 463 (74.1) 427 (72.0) 415 (75.0)

AG 144 (23.0) 148 (25.0) 125 (22.6) 1051 (84.1) 990 (83.5) 946 (85.5)

GG 18 (2.9) 18 (3.0) 13 (2.4) 199 (15.9) 196 (16.5) 160 (14.5)

x2 0.671 0.373 x2 0.165 0.960

P 0.715 0.830 P 0.685 0.327

PHWE 0.102 0.243 0.331

Table 2.  Genotypic and allelic frequencies of six SNPs in controls and patients (n (%)) SNP, single nucleotide 
polymorphism; CHD, coronary heart disease; IS, ischemic stroke; HWE, Hardy-Weinberg equilibrium.

https://doi.org/10.1038/s41598-019-38765-7


5Scientific Reports |          (2019) 9:2376  | https://doi.org/10.1038/s41598-019-38765-7

www.nature.com/scientificreportswww.nature.com/scientificreports/

risk of CHD (OR = 2.12, 95% CI = 1.53–2.94, PI = 0.0014), whereas the rs10808546CT/TT-drinking interaction 
decreased the risk of IS (OR = 0.45, 95% CI = 0.27–0.74, PI = 0.00084).

Gene-gene interactions on the risk of CHD and IS.  The interactions of gene-gene on the risk of 
CHD and IS are displayed in Fig. 6 and Tables 5 and 6. The interactions of the rs2954029-rs231150 on the risk 
of CHD and IS were relatively strong, whereas the interactions of the rs2954029-rs231150-rs10808546 and 
rs2954029-rs231150-rs10808546-rs2737229 on the risk of CHD, and the, rs2954029-rs231150-rs10808546 and 
rs2954029-rs231150-rs10808546-rs2980880 on the risk of IS were relatively weak (interaction strength: red color 
> yellow color).

SNP/Model Ref. Genotype Effect Genotype CHD (OR 95% CI) PCHD IS (OR 95% CI) PIS

rs2954029

Codominant TT TA 1.45 (0.93–1.90) 0.0024* 1.44 (1.10–1.88) 0.0091

AA 1.80 (1.34–2.62) 1.60 (1.11–2.31)

Dominant TT TA/AA 1.52 (1.18–1.97) 0.0011* 1.48 (1.14–1.90) 0.0026*

Recessive TT/TA AA 1.43 (1.02–2.00) 0.035 1.28 (0.92–1.77) 0.14

Overdominant TT/AA TA 1.21 (0.95–1.53) 0.12 1.24 (0.98–1.57) 0.078

Log-additive 1.36 (1.14–1.63) 6E-04* 1.30 (1.09–1.55) 0.0039*

rs2980880

Codominant TT TC 1.12 (0.87–1.45) 0.23 1.21 (0.94–1.55) 0.13

CC 1.45 (0.93–2.29) 1.46 (0.95–2.24)

Dominant TT TC/CC 1.17 (0.92–1.49) 0.19 1.25 (0.98–1.59) 0.067

Recessive TT/TC CC 1.38 (0.89–2.14) 0.15 1.35 (0.89–2.04) 0.16

Overdominant TT/CC TC 1.07 (0.84–1.37) 0.59 1.14 (0.89–1.45) 0.30

Log-additive 1.17 (0.97–1.41) 0.1 1.21 (1.01–1.45) 0.043

rs10808546

Codominant CC CT 0.97 (0.74–1.27) 0.89 0.88 (0.67–1.16) 0.58

TT 0.87 (0.45–1.66) 0.82 (0.43–1.57)

Dominant CC CT/ TT 0.95 (0.74–1.24) 0.72 0.87 (0.67–1.13) 0.31

Recessive CC /CT TT 0.87 (0.46–1.67) 0.68 0.85 (0.45–1.62) 0.62

Overdominant CC/ TT CT 0.97 (0.74–1.27) 0.84 0.89 (0.68–1.17) 0.39

Log-additive 0.95 (0.76–1.19) 0.66 0.89 (0.71–1.11) 0.30

rs231150

Codominant TT TA 1.40 (1.06–1.84) 0.018 1.16 (0.89–1.52) 0.50

AA 1.74 (1.12–2.49) 1.18 (0.82–1.70)

Dominant TT TA/AA 1.48 (1.14–1.92) 0.0035* 1.17 (0.90–1.51) 0.24

Recessive TT/TA AA 1.40 (1.03–1.91) 0.032 1.07 (0.78–1.48) 0.66

Overdominant TT/AA TA 1.13 (0.89–1.43) 0.31 1.10 (0.86–1.39) 0.45

Log-additive 1.33 (1.11–1.59) 0.0015* 1.10 (0.92–1.31) 0.29

rs2737229

Codominant AA AC 0.90 (0.70–1.16) 0.68 0.90 (0.70–1.16) 0.62

CC 0.88 (0.58–1.33) 0.85 (0.56–1.27)

Dominant AA AC/CC 0.90 (0.71–1.14) 0.39 0.89 (0.70–1.14) 0.36

Recessive AA/AC CC 0.93 (0.63–1.37) 0.71 0.89 (0.60–1.31) 0.56

Overdominant AA/CC AC 0.93 (0.73–1.18) 0.53 0.93 (0.74–1.19) 0.58

Log-additive 0.93 (0.77–1.11) 0.41 0.91 (0.76–1.10) 0.33

rs10505248

Codominant A/A A/G 1.20 (0.91–1.60) 0.36 0.95 (0.72–1.26) 0.94

G/G 1.31 (0.64–2.70) 1.00 (0.47–2.11)

Dominant A/A A/G-G/G 1.21 (0.93–1.59) 0.16 0.96 (0.73–1.25) 0.74

Recessive A/A-A/G G/G 1.21 (0.93–1.59) 0.55 1.01 (0.48–2.13) 0.98

Overdominant A/A-G/G A/G 1.19 (0.90–1.58) 0.22 0.95 (0.72–1.26) 0.73

Log-additive 1.18 (0.94–1.49) 0.16 0.97 (0.76–1.22) 0.78

Table 3.  Genotypes of the six TRIB1 and TRPS1 SNPs and the risk of CHD and IS. SNP, single nucleotide 
polymorphism; CHD, coronary heart disease; IS, ischemic stroke. *P < 0.008 (after adjusting for 6 independent 
tests by the Bonferroni correction).
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Discussion
In the present study, we showed that the genotype and allele frequencies of some TRIB1 and TRPS1 SNPs were 
different between controls and patients (CHD, rs2954029 and rs231150; IS, rs2954029 and rs2980880). Several 
SNPs were associated with TC (rs2954029, rs231150 and rs2737229), TG (rs2954029 and rs10808546), LDL-C 
(rs2954029), HDL-C (rs2980880 and rs231150) and ApoA1 (rs2737229) levels in controls. Genetic association 
analyses also showed that the SNPs of rs2954029 and rs231150 were associated with increased risk of CHD, and 
the SNP of rs2954029 was associated with increased risk of IS. The SNPs of rs2954029, rs2980880 and rs10808546 
were strong LD in controls and patients. Four main haplotypes among three SNPs were detected. The haplo-
types of rs2954029A-rs2980880C-rs10808546C and rs2954029A-rs2980880T-rs10808546C were associated with 
increased risk for CHD, whereas the haplotype of rs2954029A-rs2980880C-rs10808546C was associated with 
increased risk for IS. The rs2954029TA/AA-age (>60 year) interaction increased the risk of CHD, whereas the 
rs10808546CT/TT-drinking interaction decreased the risk of IS. The interactions of SNP-SNP in TRIB1 and 
TRPS1 on the risk of CHD and IS were also observed.

Previous studies have showed that several SNPs in TRIB1 were associated with one or more lipid parame-
ters18,25–29 and cardiovascular disease13,18,25,30. However, not all researches have consistent findings. A GWAS18 
conducted in >100,000 individuals showed that the rs2954029A was associated with increased TG, TC and 
LDL-C levels, decreased HDL-C levels and increased risk of CHD. In another study, Varbo et al.25 proved that the 
rs2954029A allele was also associated with increased ApoB levels. However, a replicated study26 performed in the 
Indian population found that the rs2954029A allele carriers had higher HDL-C levels than the rs2954029A allele 
non-carriers. In addition, Kiran et al.28 demonstrated that the rs2980880C allele in TRIB1 was associated with 
increased HDL-C levels in American. Previous studies13,29 also showed that the rs10808546T allele was associated 
with increased LDL-C and TG levels, lowed HDL-C levels and increased risk of CHD. In the present study, we 
found that the rs2954029A allele was associated with increased TC, TG and LDL-C levels and risk of CHD. What’s 
more, we also first identified that the rs2954029A allele carriers had higher risk of IS than the rs2954029A allele 
non-carriers, which has not been reported previously. In addition, the rs2980880C and rs1080880T alleles were 
associated with increased HDL-C and TG levels; respectively. These results were partly consistent with previous 
studies in other populations.

Studies showed that several SNPs in or near TRPS1 were associated with TC, HDL-C or CHD. However, the 
association was not concordant in different populations. The minor C allele of rs2737229 SNP was associated with 
decreased TC levels in European and East Asian, but with increased TC levels in South Asian18. Another study31 
showed that the rs10505428 SNP was associated with HDL-C levels. Lee et al.23 found that the minor rs231150A 
allele was associated with increased risk of CHD. In the present study, we showed that the rs2737229C allele was 
associated with low TC and high ApoA1 levels. The minor A allele of the rs231150 was associated with increased 
TC and decreased HDL-C levels and increased risk of CHD. We did not find that the rs1050824 SNP was asso-
ciated with serum lipid profiles. The reasons for these diverse findings remain unclear, it may be owing to the 
impact of other uncertain variants and the other potential influence factors, such as differences in dietary habits. 
Another possible reason is that the sample size may not enough to detect the exact association. Therefore, further 
investigations with larger sample size are needed to confirm the association.

The increased risk of CHD and IS in TRIB1 rs2954029TA/AA versus TT genotypes is possibly due to the 
combined increase of both TC and LDL-C. The cholesterol in both LDL-C and TC may accumulate in the arte-
rial intima32, which may result in the atherosclerosis, the pathological basis of both CHD and IS4. However, 
the possible that the increased TG levels contributing to the development of atherosclerosis, CHD or IS can-
not be excluded. Douvris et al.33 have demonstrated the interplay between TRIB1-associated locus (TRIBAL, a 
novel locus) and TRIB1. TRIBAL was identified as a risk locus for dyslipidemia in the genome wide association 
studies. It responded to altered expression of TRIB1, harbored a risk SNP (rs2001844) that was an eQTL for 
TRIB1 expression, and associated with plasma TG concentrations. Another research34 demonstrated that the 
minor allele of rs6982502 SNP in this regulatory sequence was a risk allele for increasing plasma lipid levels 
and non-alcoholic fatty liver disease (NAFLD) reduced the activity of the TRIB1 promoter. TRIB1 deficiency 
increases plasma cholesterol and TGs in mice and overexpression of TRIB1 in mouse liver reduces these factors. 
In addition, studies in vivo mouse have showed that overexpression of TRIB1 causes decrease of serum TC, TG, 
LDL, very-low-density lipoprotein (VLDL), and ApoB levels35 and that inactivation of TRIB1 results in mixed 
hyperlipidemia by increasing hepatic lipogenesis and VLDL secretion35. TRIB1 encodes tribble-1, a protein with 
a regulatory effect on mitogen-activated protein kinase36. It may be through this pathway that TRIB1 influences 
lipid metabolism, resulting in dyslipidemia, CHD and IS. But the exact mechanism is still not unclear. It has also 
been suggested that TRIB1 regulates chemotaxis and proliferation of smooth muscle cells in the arterial intima, 
and it may, through this, lead to CHD and IS independent of lipoproteins37.

The TRPS1 encodes a transcription factor bound to a dynein light chain protein. The binding of the encoded 
protein affects subsequent binding to GATA consensus sequences, thereby suppressing its transcriptional activity. 
In this study, the TRPS1 rs231150TA/AA genotype was associated with high risk of CHD. However, the mech-
anism for this association is unclear. It may be owing to the rs231150A allele was associated with increased TC 
and decreased HDL-C levels, both of which are the risk factors of CHD. TRPS1 mRNA was down-regulated in 
obese adipocytes compared to non-obese adipocytes, suggesting that it might contribute to obesity pathology and 
lipid metabolism38. Furthermore, TRPS1 has been showed to be involved in smooth muscle cell differentiation 
via transcriptional regulation39. Interestingly, in a transcriptome profiling study, TRPS1 was found to be highly 
expressed in the macrophages of large atherosclerotic lesions in apoE-deficient mice40. All of these may be the 
possible mechanism for the TRPS1 with CHD.

In the present study, we first explored the LD among the rs2954029, rs2980880 and rs10808546 SNPs and 
showed that there was high LD among them in controls and patients. Haplotype analyses among the three SNPs 
showed that the haplotype of rs2954029A-rs2980880C-rs10808546C was associated with increased risk of CHD 
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and IS and the haplotype of rs2954029A-rs2980880T-rs10808546C was associated with increased risk for IS. 
However, these findings still need to be confirmed in the other populations with larger sample sizes.

The interactions of SNP-environment or SNP-SNP in TRIB1 and TRPS1 on the risk of CHD and IS have not been 
detected previously. In the present study, we revealed that when the rs2954029TA/AA genotype interacted with age 

Figure 3.  Genotypes of the six TRIB1 and TRPS1 SNPs and serum lipid levels in controls. TC, total cholesterol; 
TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; 
ApoA1, apolipoprotein A1; ApoB, apolipoprotein B; ApoA1/ApoB, the ratio of apolipoprotein A1 to 
apolipoprotein B. The value of triglyceride is presented as the median (interquartile range), and the difference 
among the genotypes was determined by the Kruskal-Wallis test. aP < 0.008 (after adjusting for 6 independent 
tests by the Bonferroni correction) and bP < 0.001.
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(>60 year), it increased the risk of CHD, whereas the rs10808546CT/TT genotypes interacting with drinking decreased 
the risk of IS. The interactions of the rs2954029-rs231150 on the risk of CHD and IS were relatively strong, whereas 
the interactions of the rs2954029-rs231150-rs10808546 and rs2954029-rs231150-rs10808546-rs2737229 on the risk of 
CHD, and the rs2954029-rs231150-rs10808546 and rs2954029-rs231150-rs10808546-rs2980880 on the risk of IS were 
relatively weak. This is the first report to demonstrate an interaction of the TRIB1 and TRPS1 SNP-environment or 
SNP-SNP on the risk of CHD and IS in a Chinese Han population.

There are some potential limitations in our study. Firstly, the sample size is small compared with lots of pre-
vious GWASes. Secondly, some clinical characteristics were significantly different between the patients and 
controls. Although some confounders have been adjusted for the statistical analyses, we could not completely 
eliminate the potential influences of these factors on the results. Thirdly, the association of the rs2954029, 
rs2980880, rs1080880, rs2737229 and rs10505248 SNPs and serum lipid levels in CHD and IS patients was not 
analyzed because of the interference of lipid-lowering drugs. Finally, it is now generally accepted that both CHD 
and IS are the complex diseases caused by multiple environmental and genetic factors and their interactions. 
Although we have detected the association of the rs2954029, rs2980880, rs1080880, rs2737229 and rs10505248 
SNPs in TRIB1 and TRPS1 and the risk of CHD and IS, other genetic variants are not detected and analyzed 
together, and this may result in some misinterpretation of our results.

In conclusion, the results of the present study showed that the genotype and allele frequencies of several SNPs 
were different between controls and patients (CHD, rs2954029 and rs231150; IS, rs2954029 and rs2980880). 
Several SNPs were associated with TC (rs2954029, rs231150 and rs2737229), TG (rs2954029 and rs10808546), 
LDL-C (rs2954029), HDL-C (rs2980880 and rs231150) and ApoA1 (rs2737229) levels in controls. Genetic associ-
ation analyses also showed that the SNPs of rs2954029 and rs231150 were associated with increased risk of CHD 
(rs2954029 and rs231150) and IS (rs2954029). The haplotypes of rs2954029A-rs2980880C-rs10808546C and rs2
954029A-rs2980880T-rs10808546C were associated with increased risk for CHD, whereas the haplotype of rs2
954029A-rs2980880C-rs10808546C was associated with increased risk for IS. The rs2954029TA/AA-age (>60 
year), rs10808546CT/TT-drinking and SNP-SNP (rs2954029-rs231150) interactions on the risk of CHD and IS 
were also observed.

Figure 4.  The linkage disequilibrium (LD) of the TRIB1 and TRPS1 SNPs.

Haplotype
Control 
Frequency Frequency

CHD

P Frequency

IS

POR (95% CI) OR (95% CI)

T-T-C 0.4456 0.3895 1.00 0.4014 1.00

A-C-C 0.2672 0.2816 1.37 (1.11–1.70) 0.0036 0.3083 1.31 (1.06–1.61) 0.01

T-T-T 0.1691 0.1186 1.16 (0.91–1.48) 0.22 0.1546 1.01 (0.79–1.29) 0.93

A-T-C 0.1176 0.1620 1.63 (1.25–2.13) 3E-4 0.1356 1.29 (0.97–1.70) 0.079

Table 4.  Haplotype frequencies of the three TRIB1 SNPs and the risk of CHD and IS. CHD, coronary heart 
disease; IS, ischemic stroke. The haplotypes consist of three alleles in the order of rs2954029, rs2980880 and 
rs10808546 SNPs.
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Figure 5.  The interactions of the six SNPs and gender, age, drinking, smoking, BMI and hypertension on the 
risk of CHD and IS. CHD, coronary heart disease; IS, ischemic stroke. *P < 0.001.

Figure 6.  Diagram for gene-gene interactions on the risk of CHD (A) and IS (B). Red color, strong interaction; 
yellow color, weak interaction.

Model
Traing Bal.
Acc

Testing Bal.
Acc CVC P

rs231150 0.5371 0.4963 6/10 0.467

rs2954029-rs231150 0.5466 0.5432 10/10 0.037

rs2954029-rs231150-rs10808546 0.5680 0.5357 7/10 0.069

rs2954029-rs231150 -rs10808546-rs2737229 0.5851 0.5493 6/10 0.031

Table 5.  Gene-gene interactions on the risk of CHD. P value based on 1000 permutations; MDR, multifactor 
dimensionality reduction; CVC, Cross-validation consistency.
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Materials and Methods
Study patients.  A total of 1146 unrelated patients with CHD (n = 593) and IS (n = 553) were recruited from 
hospitalized patients in the First Affiliated Hospital, Guangxi Medical University from Jun. 1, 2015 to Nov. 31, 
2017. The diagnostic criteria for CHD were based on the 2013 ESC41,42 criteria: (1) typical ischemic chess pain; (2) 
typical discomfort accompanied by electrocardiographic change, including ST-segment depression or elevation of 
≥0.5 mm, T-wave inversion of ≥3 mm in ≥3 leads or left bundle branch block; (3) cardiac markers, just as creati-
nine kinase-MB, troponin T and high-sensitivity C-reactive protein, were normal; (4) If justify by coronary angi-
ography, patients were individual to significant coronary stenosis (≥50%) in at least either one of the three main 
coronary arteries or their major branches (branch diameter ≥2 mm). The coronary angiograms were reviewed by 
two independent angiographers. For a vessel to be scored, stenosis ≥50% had to be noted in an epicardial coro-
nary vessel of interest or in one of its major branches. In the event of discordance of the number of vessels scored 
between the two reviewers, angiograms were scored by a third independent reviewer. (5) Angiographic severity 
of disease was classified according to the number of coronary vessels with significant stenosis (luminal narrowing 
≥50%) as one-, two-, or three-vessel disease in the three major coronary arteries. Angiographers were blinded to 
the results of the genotypes. The diagnosis of IS met the criteria approved at the Fourth National Cerebrovascular 
Disease Conference in 1995. At least 2 clinically experienced physicians made the final diagnosis through the 
characteristics of clinical syndrome, brain computed tomography (CT), and magnetic resonance imaging (MRI). 
The patients with IS were excluded if IS was caused by transient ischemic attack, hemorrhagic cerebral infarc-
tion, cardiogenic cerebral embolism, tumors, cardiovascular malformations, peripheral arterial occlusive disease, 
trauma, drugs, blood or infectious diseases, or they had been taking lipid-lowering drugs within the last half of 
the year. According to the Trial of Org 10172 in Acute Stroke Treatment (TOAST) system43, the selected patients 
were divided into 2 subgroups: the LAA subgroup and the SAO subgroup. The recruited patients were three gen-
erations of Han people as in our previous12, which were confirmed by Y chromosome and mitochondrial diversity 
studies44,45. The selected IS patients who had a past history of CHD and the selected CHD patients who had a past 
history of IS were also excluded from the study.

Control subjects.  A total of 625 control subjects matched by age, gender, and ethnic group were randomly 
selected from the healthy adults who underwent periodical medical check-up at the Physical Examination Center 
of the First Affiliated Hospital, Guangxi Medical University during the same period when CHD and IS patients 
were recruited. The controls were free of CHD and IS by questionnaires, history-taking, and clinical examina-
tion. The examination comprised physical examination, blood sampling, electrocardiography, chest X-ray, and 
Doppler echocardiography. All enrolled individuals were Han Chinese from Guangxi, the People’s Republic of 
China. Information on demography, socioeconomic status, medical history, and lifestyle factors was collected 
by trained research staff with standardized questionnaires for all participants. This study was approved by the 
Ethics Committee of, the First Affiliated Hospital, Guangxi Medical University, and written informed consent was 
obtained from each participant before data collection. The reported investigations were in accordance with the 
principles of the Declaration of Helsinki.

Biochemical measurements.  Venous blood samples were collected from all subjects after at least 12 h of 
fasting. The levels of serum TC, TG, HDL-C, and LDL-C in samples were determined by enzymatic methods with 
commercially available kits, Tcho-1, TG-LH (RANDOX Laboratories Ltd., Ardmore, Diamond Road, Crumlin 
Co., Antrim, UK, BT29 4QY), Cholestest N HDL, and Cholestest LDL (Daiichi Pure Chemicals Co., Ltd., Tokyo, 
Japan), respectively. Serum apolipoprotein (Apo) A1 and ApoB levels were detected by the immunoturbidimetric 
immunoassay (RANDOX Laboratories Ltd.). All determinations were performed with an autoanalyzer (Type 
7170 A; Hitachi Ltd., Tokyo, Japan) in the Clinical Science Experiment Center of the First Affiliated Hospital, 
Guangxi Medical University46,47.

Diagnostic criteria.  The normal values of serum TC, TG, HDL-C, LDL-C, ApoA1, and ApoB levels, and the 
ratio of ApoA1 to ApoB in our Clinical Science Experiment Center were 3.10–5.17, 0.56–1.70, 0.91–1.81, 2.70–
3.20 mmol/L, 1.00–1.78, 0.63–1.14 g/L, and 1.00–2.50, respectively48,49. The individuals with TC > 5.17 mmol/L, 
and/or TG > 1.70 mmol/L were defined as hyperlipidemic50,51. Hypertension was defined according to the criteria 
outlined by the 1999 World Health Organization—International Society of Hypertension Guidelines for the man-
agement of hypertension52. Uncontrolled hypertension was defined as a systolic blood pressure of 140 mmHg or 
higher and/or a diastolic blood pressure of 90 mmHg or higher. The subjects with systolic blood pressure of only 
140 mmHg or higher but a diastolic blood pressure of <90 mmHg were diagnosed as isolated systolic hyperten-
sion. Normal weight, overweight, and obesity were defined as a BMI < 24, 24–28, and >28 kg/m2, respectively53.

Model
Traing Bal.
Acc

Testing Bal.
Acc CVC P

rs2954029 0.5377 0.5377 10/10 0.234

rs2954029-rs231150 0.6269 0.6155 7/10 0.003

rs2954029-rs231150-rs10808546 0.6518 0.6518 10/10 0.001

rs2954029-rs231150-rs10808546-rs2980880 0.6548 0.6473 9/10 0.001

Table 6.  Gene-gene interactions on the risk of IS. P value based on 1000 permutations; MDR, multifactor 
dimensionality reduction; CVC, Cross-validation consistency.
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SNP selection.  The six SNPs in TRIB1 and TRPS1 were selected on the basis of the following criteria: (1) 
Tagging SNPs were established by Haploview (Broad Instituteof MIT and Harvard, Cambridge, MA, USA, version 
4.2); (2) SNPs information was obtained from NCBI dbSNP Build 132 (http://www.ncbi.nlm.nih.gov/SNP/); (3) 
SNPs were restricted to minor allele frequency (MAF) > 5%; and (4) SNPs might be associated with the plasma 
lipid levels or cardiovascular disease in recent studies13,18,23,24,26,28,54–56. (5) the target SNP region should be ade-
quately replicated by PCR, and the polymorphic site should have commercially available restriction endonuclease 
enzyme to be genotyped with RFLP.

Genotyping.  Genomic DNA of the samples was isolated from peripheral blood leukocytes according to the 
phenol-chloroform method57,58. Genotyping of six mutations was performed by PCR-RFLP and determined 
by Sanger sequencing. The characteristics of each SNP and the details of each primer pair, annealing temper-
ature, length of the PCR products and restriction fragment are summarized in Supplemental Tables 1, 2 and 
Supplemental Figs 1, 2. The PCR products of the samples (two samples of each genotype) were sequenced with an 
ABI Prism 3100 (Applied Biosystems, International Equipment Trading Ltd., Vernon Hill, IL, USA) in Shanghai 
Sangon Biological Engineering Technology & Services Co., Ltd., China.

Statistical analyses.  We employed the statistical software package SPSS 22.0 (SPSS Inc., Chicago, IL, USA) 
to analyze the data. Quantitative variables were expressed as the means ± standard deviation (TG levels were 
presented as medians and interquartile ranges and were analyzed by Wilcoxon- Mann-Whitney test because 
they were not a normal distribution). Qualitative variables are presented as percentages. Allele frequency was 
determined via direct counting, and the standard goodness-of-fit test was used to test HWE. The difference in 
genotype distribution and sex ratio between the groups was used a chi-square analysis. The general characteristics 
between patient and control groups were tested by the Student’s unpaired t-test. The association of genotypes and 
serum lipid parameters was tested by analysis of covariance (ANCOVA). Any variants associated with the serum 
lipid parameter at a value of P < 0.008 (corresponding to P < 0.05 after adjusting for six independent tests by the 
Bonferroni correction) were considered statistically significant. After adjusting for the age, gender, BMI, smoking, 
and alcohol consumption, we employed unconditional logistic regression to evaluate the correlation between the 
risk of CHD and IS and genotypes. The same methods were used to calculate the odds ratio (OR) and 95% con-
fidence interval (95% CI). The interactions of six SNPs with environment exposures, including sex, age, alcohol 
consumption, cigarette smoking and BMI ≥ 24 kg/m2 on the risk of CHD and IS were employed ANOVA two-way 
factorial design and unconditional logistic regression after controlling for potential confounders. A PI ≤ 0.0017 
was considered statistically significant after Bonferroni correction (corresponding to P < 0.05 after adjusting for 
five environment exposures multiplied by six independent tests by the Bonferroni correction). Haploview (Broad 
Institute of MIT and Harvard, USA, version 4.2) analyzed the haplotype frequencies and pairwise LD among the 
detected SNPs.

References
	 1.	 Mozaffarian, D. et al. Heart disease and stroke statistics–2015 update: a report from the American Heart Association. Circulation 

131, e29–322, https://doi.org/10.1161/cir.0000000000000152 (2015).
	 2.	 Yamada, Y., Matsui, K., Takeuchi, I. & Fujimaki, T. Association of genetic variants with coronary artery disease and ischemic stroke 

in a longitudinal population-based genetic epidemiological study. Biomedical reports 3, 413–419, https://doi.org/10.3892/
br.2015.440 (2015).

	 3.	 Murray, C. J. et al. Disability-adjusted life years (DALYs) for 291 diseases and injuries in 21 regions, 1990-2010: a systematic analysis 
for the Global Burden of Disease Study 2010. Lancet (London, England) 380, 2197–2223, https://doi.org/10.1016/s0140-
6736(12)61689-4 (2012).

	 4.	 Pasternak, R. C. et al. Atherosclerotic Vascular Disease Conference: Writing Group I: epidemiology. Circulation 109, 2605–2612, 
https://doi.org/10.1161/01.cir.0000128518.26834.93 (2004).

	 5.	 Yu, X. H., Fu, Y. C., Zhang, D. W., Yin, K. & Tang, C. K. Foam cells in atherosclerosis. Clinica chimica acta; international journal of 
clinical chemistry 424, 245–252, https://doi.org/10.1016/j.cca.2013.06.006 (2013).

	 6.	 Ding, H. et al. 9p21 is a shared susceptibility locus strongly for coronary artery disease and weakly for ischemic stroke in Chinese 
Han population. Circulation. Cardiovascular genetics 2, 338–346, https://doi.org/10.1161/circgenetics.108.810226 (2009).

	 7.	 Miao, L. et al. The effect of MVK-MMAB variants, their haplotypes and GxE interactions on serum lipid levels and the risk of 
coronary heart disease and ischemic stroke. Oncotarget 8, 72801–72817, https://doi.org/10.18632/oncotarget.20349 (2017).

	 8.	 Sabater-Lleal, M. et al. Multiethnic meta-analysis of genome-wide association studies in >100 000 subjects identifies 23 fibrinogen-
associated Loci but no strong evidence of a causal association between circulating fibrinogen and cardiovascular disease. Circulation 
128, 1310–1324, https://doi.org/10.1161/circulationaha.113.002251 (2013).

	 9.	 Bevan, S. et al. Genetic heritability of ischemic stroke and the contribution of previously reported candidate gene and genomewide 
associations. Stroke 43, 3161–3167, https://doi.org/10.1161/strokeaha.112.665760 (2012).

	10.	 Dichgans, M. et al. Shared genetic susceptibility to ischemic stroke and coronary artery disease: a genome-wide analysis of common 
variants. Stroke 45, 24–36, https://doi.org/10.1161/strokeaha.113.002707 (2014).

	11.	 Williams, F. M. et al. Ischemic stroke is associated with the ABO locus: the EuroCLOT study. Annals of neurology 73, 16–31, https://
doi.org/10.1002/ana.23838 (2013).

	12.	 Wu, D. F. et al. MADD-FOLH1 Polymorphisms and Their Haplotypes with Serum Lipid Levels and the Risk of Coronary Heart 
Disease and Ischemic Stroke in a Chinese Han Population. Nutrients 8, 208, https://doi.org/10.3390/nu8040208 (2016).

	13.	 Peden, J. F. & Farrall, M. Thirty-five common variants for coronary artery disease: the fruits of much collaborative labour. Human 
molecular genetics 20, R198–205, https://doi.org/10.1093/hmg/ddr384 (2011).

	14.	 Kiss-Toth, E. Tribbles: ‘puzzling’ regulators of cell signalling. Biochemical Society transactions 39, 684–687, https://doi.org/10.1042/
bst0390684 (2011).

	15.	 Lohan, F. & Keeshan, K. The functionally diverse roles of tribbles. Biochemical Society transactions 41, 1096–1100, https://doi.
org/10.1042/bst20130105 (2013).

	16.	 Kaiser, F. J. et al. Nuclear interaction of the dynein light chain LC8a with the TRPS1 transcription factor suppresses the 
transcriptional repression activity of TRPS1. Human molecular genetics 12, 1349–1358 (2003).

	17.	 Malik, T. H. et al. Transcriptional repression and developmental functions of the atypical vertebrate GATA protein TRPS1. The 
EMBO journal 20, 1715–1725, https://doi.org/10.1093/emboj/20.7.1715 (2001).

https://doi.org/10.1038/s41598-019-38765-7
http://www.ncbi.nlm.nih.gov/SNP/
https://doi.org/10.1161/cir.0000000000000152
https://doi.org/10.3892/br.2015.440
https://doi.org/10.3892/br.2015.440
https://doi.org/10.1016/s0140-6736(12)61689-4
https://doi.org/10.1016/s0140-6736(12)61689-4
https://doi.org/10.1161/01.cir.0000128518.26834.93
https://doi.org/10.1016/j.cca.2013.06.006
https://doi.org/10.1161/circgenetics.108.810226
https://doi.org/10.18632/oncotarget.20349
https://doi.org/10.1161/circulationaha.113.002251
https://doi.org/10.1161/strokeaha.112.665760
https://doi.org/10.1161/strokeaha.113.002707
https://doi.org/10.1002/ana.23838
https://doi.org/10.1002/ana.23838
https://doi.org/10.3390/nu8040208
https://doi.org/10.1093/hmg/ddr384
https://doi.org/10.1042/bst0390684
https://doi.org/10.1042/bst0390684
https://doi.org/10.1042/bst20130105
https://doi.org/10.1042/bst20130105
https://doi.org/10.1093/emboj/20.7.1715


1 2Scientific Reports |          (2019) 9:2376  | https://doi.org/10.1038/s41598-019-38765-7

www.nature.com/scientificreportswww.nature.com/scientificreports/

	18.	 Teslovich, T. M. et al. Biological, clinical and population relevance of 95 loci for blood lipids. Nature 466, 707–713, https://doi.
org/10.1038/nature09270 (2010).

	19.	 Willer, C. J. et al. Discovery and refinement of loci associated with lipid levels. Nature genetics 45, 1274–1283, https://doi.
org/10.1038/ng.2797 (2013).

	20.	 He, L. et al. Pleiotropic Meta-Analyses of Longitudinal Studies Discover Novel Genetic Variants Associated with Age-Related 
Diseases. Frontiers in genetics 7, 179, https://doi.org/10.3389/fgene.2016.00179 (2016).

	21.	 Chasman, D. I. et al. Forty-three loci associated with plasma lipoprotein size, concentration, and cholesterol content in genome-wide 
analysis. PLoS genetics 5, e1000730, https://doi.org/10.1371/journal.pgen.1000730 (2009).

	22.	 Lu, X. et al. Genetic Susceptibility to Lipid Levels and Lipid Change Over Time and Risk of Incident Hyperlipidemia in Chinese 
Populations. Circulation. Cardiovascular genetics 9, 37–44, https://doi.org/10.1161/circgenetics.115.001096 (2016).

	23.	 Lee, J. Y. et al. Associations between Genetic Variants and Angiographic Characteristics in Patients with Coronary Artery Disease. 
Journal of atherosclerosis and thrombosis 22, 363–371, https://doi.org/10.5551/jat.26047 (2015).

	24.	 Kathiresan, S. et al. A genome-wide association study for blood lipid phenotypes in the Framingham Heart Study. BMC medical 
genetics 8(Suppl 1), S17, https://doi.org/10.1186/1471-2350-8-s1-s17 (2007).

	25.	 Varbo, A., Benn, M., Tybjaerg-Hansen, A., Grande, P. & Nordestgaard, B. G. TRIB1 and GCKR polymorphisms, lipid levels, and risk 
of ischemic heart disease in the general population. Arteriosclerosis, thrombosis, and vascular biology 31, 451–457, https://doi.
org/10.1161/atvbaha.110.216333 (2011).

	26.	 Walia, G. K. et al. Association of common genetic variants with lipid traits in the Indian population. PloS one 9, e101688, https://doi.
org/10.1371/journal.pone.0101688 (2014).

	27.	 Varga, T. V. et al. Genetic determinants of long-term changes in blood lipid concentrations: 10-year follow-up of the GLACIER 
study. PLoS genetics 10, e1004388, https://doi.org/10.1371/journal.pgen.1004388 (2014).

	28.	 Musunuru, K. et al. Multi-ethnic analysis of lipid-associated loci: the NHLBI CARe project. PloS one 7, e36473, https://doi.
org/10.1371/journal.pone.0036473 (2012).

	29.	 Chasman, D. I. et al. Genetic loci associated with plasma concentration of low-density lipoprotein cholesterol, high-density 
lipoprotein cholesterol, triglycerides, apolipoprotein A1, and Apolipoprotein B among 6382 white women in genome-wide analysis 
with replication. Circulation. Cardiovascular genetics 1, 21–30, https://doi.org/10.1161/circgenetics.108.773168 (2008).

	30.	 Waterworth, D. M. et al. Genetic variants influencing circulating lipid levels and risk of coronary artery disease. Arteriosclerosis, 
thrombosis, and vascular biology 30, 2264–2276, https://doi.org/10.1161/atvbaha.109.201020 (2010).

	31.	 Seshadri, S. et al. Genetic correlates of brain aging on MRI and cognitive test measures: a genome-wide association and linkage 
analysis in the Framingham Study. BMC medical genetics 8(Suppl 1), S15, https://doi.org/10.1186/1471-2350-8-s1-s15 (2007).

	32.	 Nordestgaard, B. G., Wootton, R. & Lewis, B. Selective retention of VLDL, IDL, and LDL in the arterial intima of genetically 
hyperlipidemic rabbits in vivo. Molecular size as a determinant of fractional loss from the intima-inner media. Arteriosclerosis, 
thrombosis, and vascular biology 15, 534–542 (1995).

	33.	 Douvris, A. et al. Functional analysis of the TRIB1 associated locus linked to plasma triglycerides and coronary artery disease. J Am 
Heart Assoc 3, e000884, https://doi.org/10.1161/JAHA.114.000884 (2014).

	34.	 Iwamoto, S. et al. The role of TRIB1 in lipid metabolism; from genetics to pathways. Biochem Soc Trans 43, 1063–1068, https://doi.
org/10.1042/BST20150094 (2015).

	35.	 Burkhardt, R. et al. Trib1 is a lipid- and myocardial infarction-associated gene that regulates hepatic lipogenesis and VLDL 
production in mice. The Journal of clinical investigation 120, 4410–4414, https://doi.org/10.1172/jci44213 (2010).

	36.	 Kiss-Toth, E. et al. Human tribbles, a protein family controlling mitogen-activated protein kinase cascades. The Journal of biological 
chemistry 279, 42703–42708, https://doi.org/10.1074/jbc.M407732200 (2004).

	37.	 Sung, H. Y. et al. Human tribbles-1 controls proliferation and chemotaxis of smooth muscle cells via MAPK signaling pathways. The 
Journal of biological chemistry 282, 18379–18387, https://doi.org/10.1074/jbc.M610792200 (2007).

	38.	 Hu, Y. et al. Identification of Novel Potentially Pleiotropic Variants Associated With Osteoporosis and Obesity Using the cFDR 
Method. J Clin Endocrinol Metab 103, 125–138, https://doi.org/10.1210/jc.2017-01531 (2018).

	39.	 Donati, C. et al. Sphingosine 1-phosphate induces differentiation of mesoangioblasts towards smooth muscle. A role for GATA6. 
PloS one 6, e20389, https://doi.org/10.1371/journal.pone.0020389 (2011).

	40.	 Smith, J. D. et al. Transcriptome profile of macrophages from atherosclerosis-sensitive and atherosclerosis-resistant mice. 
Mammalian genome: official journal of the International Mammalian Genome Society 17, 220–229, https://doi.org/10.1007/s00335-
005-0099-7 (2006).

	41.	 Taylor, J. & New, E. S. C. guidelines published on stable coronary artery disease. Eur Heart J 34, 2927–2928, https://doi.org/10.1093/
eurheartj/eht377 (2013).

	42.	 Task Force, M. et al. 2013 ESC guidelines on the management of stable coronary artery disease: the Task Force on the management 
of stable coronary artery disease of the European Society of Cardiology. Eur Heart J 34, 2949–3003, https://doi.org/10.1093/
eurheartj/eht296 (2013).

	43.	 Adams, H. P. Jr et al. Classification of subtype of acute ischemic stroke. Definitions for use in a multicenter clinical trial. TOAST. 
Trial of Org 10172 in Acute Stroke Treatment. Stroke 24, 35–41 (1993).

	44.	 Yao, Y. G. et al. Genetic relationship of Chinese ethnic populations revealed by mtDNA sequence diversity. Am J Phys Anthropol 118, 
63–76, https://doi.org/10.1002/ajpa.10052 (2002).

	45.	 Kayser, M. et al. An extensive analysis of Y-chromosomal microsatellite haplotypes in globally dispersed human populations. Am J 
Hum Genet 68, 990–1018, https://doi.org/10.1086/319510 (2001).

	46.	 Zhang, Q. H., Yin, R. X., Chen, W. X., Cao, X. L. & Chen, Y. M. Association between the TIMD4-HAVCR1 variants and serum lipid 
levels, coronary heart disease and ischemic stroke risk and atorvastatin lipid-lowering efficacy. Bioscience reports, https://doi.
org/10.1042/bsr20171058 (2017).

	47.	 Yang, Q. et al. Association of two polymorphisms in the FADS1/FADS2 gene cluster and the risk of coronary artery disease and 
ischemic stroke. International journal of clinical and experimental pathology 8, 7318–7331 (2015).

	48.	 Miao, L. et al. Association between the MVK and MMAB polymorphisms and serum lipid levels. Oncotarget 8, 70378–70393, 
https://doi.org/10.18632/oncotarget.19707 (2017).

	49.	 Miao, L. et al. The SRGAP2 SNPs, their haplotypes and G x E interactions on serum lipid traits. Scientific reports 7, 11626, https://
doi.org/10.1038/s41598-017-10950-6 (2017).

	50.	 Yin, R. X. et al. Interactions of several lipid-related gene polymorphisms and cigarette smoking on blood pressure levels. 
International journal of biological sciences 8, 685–696, https://doi.org/10.7150/ijbs.4401 (2012).

	51.	 Zhang, Q. H. et al. Association of the SPTLC3rs364585 polymorphism and serum lipid profiles in two Chinese ethnic groups. Lipids 
in health and disease 16, 1, https://doi.org/10.1186/s12944-016-0392-3 (2017).

	52.	 Yin, R. X. et al. Interactions of several genetic polymorphisms and alcohol consumption on blood pressure levels. BioFactors 
(Oxford, England) 41, 339–351, https://doi.org/10.1002/biof.1234 (2015).

	53.	 Wildman, R. P., Gu, D., Reynolds, K., Duan, X. & He, J. Appropriate body mass index and waist circumference cutoffs for 
categorization of overweight and central adiposity among Chinese adults. The American journal of clinical nutrition 80, 1129–1136 
(2004).

	54.	 Below, J. E. et al. Meta-analysis of lipid-traits in Hispanics identifies novel loci, population-specific effects, and tissue-specific 
enrichment of eQTLs. Scientific reports 6, 19429, https://doi.org/10.1038/srep19429 (2016).

https://doi.org/10.1038/s41598-019-38765-7
https://doi.org/10.1038/nature09270
https://doi.org/10.1038/nature09270
https://doi.org/10.1038/ng.2797
https://doi.org/10.1038/ng.2797
https://doi.org/10.3389/fgene.2016.00179
https://doi.org/10.1371/journal.pgen.1000730
https://doi.org/10.1161/circgenetics.115.001096
https://doi.org/10.5551/jat.26047
https://doi.org/10.1186/1471-2350-8-s1-s17
https://doi.org/10.1161/atvbaha.110.216333
https://doi.org/10.1161/atvbaha.110.216333
https://doi.org/10.1371/journal.pone.0101688
https://doi.org/10.1371/journal.pone.0101688
https://doi.org/10.1371/journal.pgen.1004388
https://doi.org/10.1371/journal.pone.0036473
https://doi.org/10.1371/journal.pone.0036473
https://doi.org/10.1161/circgenetics.108.773168
https://doi.org/10.1161/atvbaha.109.201020
https://doi.org/10.1186/1471-2350-8-s1-s15
https://doi.org/10.1161/JAHA.114.000884
https://doi.org/10.1042/BST20150094
https://doi.org/10.1042/BST20150094
https://doi.org/10.1172/jci44213
https://doi.org/10.1074/jbc.M407732200
https://doi.org/10.1074/jbc.M610792200
https://doi.org/10.1210/jc.2017-01531
https://doi.org/10.1371/journal.pone.0020389
https://doi.org/10.1007/s00335-005-0099-7
https://doi.org/10.1007/s00335-005-0099-7
https://doi.org/10.1093/eurheartj/eht377
https://doi.org/10.1093/eurheartj/eht377
https://doi.org/10.1093/eurheartj/eht296
https://doi.org/10.1093/eurheartj/eht296
https://doi.org/10.1002/ajpa.10052
https://doi.org/10.1086/319510
https://doi.org/10.1042/bsr20171058
https://doi.org/10.1042/bsr20171058
https://doi.org/10.18632/oncotarget.19707
https://doi.org/10.1038/s41598-017-10950-6
https://doi.org/10.1038/s41598-017-10950-6
https://doi.org/10.7150/ijbs.4401
https://doi.org/10.1186/s12944-016-0392-3
https://doi.org/10.1002/biof.1234
https://doi.org/10.1038/srep19429


13Scientific Reports |          (2019) 9:2376  | https://doi.org/10.1038/s41598-019-38765-7

www.nature.com/scientificreportswww.nature.com/scientificreports/

	55.	 Qi, Q., Liang, L., Doria, A., Hu, F. B. & Qi, L. Genetic predisposition to dyslipidemia and type 2 diabetes risk in two prospective 
cohorts. Diabetes 61, 745–752, https://doi.org/10.2337/db11-1254 (2012).

	56.	 Jeemon, P., Pettigrew, K., Sainsbury, C., Prabhakaran, D. & Padmanabhan, S. Implications of discoveries from genome-wide 
association studies in current cardiovascular practice. World journal of cardiology 3, 230–247, https://doi.org/10.4330/wjc.v3.i7.230 
(2011).

	57.	 Zhou, Y. J. et al. Association of variants in CELSR2-PSRC1-SORT1 with risk of serum lipid traits, coronary artery disease and 
ischemic stroke. International journal of clinical and experimental pathology 8, 9543–9551 (2015).

	58.	 Zhou, Y. J. et al. Polymorphisms in the GCKR are associated with serum lipid traits, the risk of coronary artery disease and ischemic 
stroke. International journal of clinical and experimental medicine 8, 10678–10686 (2015).

Acknowledgements
This study was supported by the Science Foundation of Guangxi Returned Oversea Scholars (No. 0991004) and 
the National Natural Science Foundation of China (No. 81460169).

Author Contributions
Qing-Hui Zhang conceived the study, participated in the design, undertook genotyping, performed the statistical 
analyses, and drafted the manuscript. Rui-Xing Yin conceived the study, participated in the design, carried out 
the epidemiological survey, collected the samples, and helped to draft the manuscript. Wu-Xian Chen, Xiao-Li 
Cao and Jin-Zhen Wu carried out the epidemiological survey and collected the samples. All authors read and 
approved the final manuscript.

Additional Information
Supplementary information accompanies this paper at https://doi.org/10.1038/s41598-019-38765-7.
Competing Interests: The authors declare no competing interests.
Publisher’s note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2019

https://doi.org/10.1038/s41598-019-38765-7
https://doi.org/10.2337/db11-1254
https://doi.org/10.4330/wjc.v3.i7.230
https://doi.org/10.1038/s41598-019-38765-7
http://creativecommons.org/licenses/by/4.0/

	TRIB1 and TRPS1 variants, G × G and G × E interactions on serum lipid levels, the risk of coronary heart disease and ischem ...
	Results

	General characteristics of the subjects. 
	Genotypic and allelic frequencies in controls and patients. 
	Genotypes and the risk of CHD and IS. 
	Genotypes and serum lipid levels. 
	Haplotype and the risk of CHD and IS. 
	Gene-environment interactions on the risk of CHD and IS. 
	Gene-gene interactions on the risk of CHD and IS. 

	Discussion

	Materials and Methods

	Study patients. 
	Control subjects. 
	Biochemical measurements. 
	Diagnostic criteria. 
	SNP selection. 
	Genotyping. 
	Statistical analyses. 

	Acknowledgements

	Figure 1 The positions of the TRIB1 and TRPS1 SNPs.
	Figure 2 The parts of the nucleotide direct sequencing results of the TRIB1 and TRPS1 SNPs.
	Figure 3 Genotypes of the six TRIB1 and TRPS1 SNPs and serum lipid levels in controls.
	Figure 4 The linkage disequilibrium (LD) of the TRIB1 and TRPS1 SNPs.
	Figure 5 The interactions of the six SNPs and gender, age, drinking, smoking, BMI and hypertension on the risk of CHD and IS.
	Figure 6 Diagram for gene-gene interactions on the risk of CHD (A) and IS (B).
	Table 1 Comparison of general characteristics and serum lipid levels between controls and patients.
	Table 2 Genotypic and allelic frequencies of six SNPs in controls and patients (n (%)) SNP, single nucleotide polymorphism CHD, coronary heart disease IS, ischemic stroke HWE, Hardy-Weinberg equilibrium.
	Table 3 Genotypes of the six TRIB1 and TRPS1 SNPs and the risk of CHD and IS.
	Table 4 Haplotype frequencies of the three TRIB1 SNPs and the risk of CHD and IS.
	Table 5 Gene-gene interactions on the risk of CHD.
	Table 6 Gene-gene interactions on the risk of IS.




