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Objective: This study was conducted to investigate the combined effect of genetic variation in the C3 gene and environmental factors
on the risk of type 2 diabetes mellitus(T2DM) and coronary artery disease(CAD) in a population from Xinjiang, China.

Methods: We conducted a hospital-based case-control study with 896 participants (217 with T2DM+CAD and 679 healthy controls).
A polymerase chain reaction-ligase detection reaction was used to identify and genotype TagSNPs in the C3 gene, and the influence of
the interaction of two SNP loci (rs1047286 and rs11569562) with the environment on T2DM combined with CAD was evaluated
through clinical data, statistical analysis of gene frequencies, and the formation of a gene-environment interaction model.

Results: We find that rs11569562 GG is an independent protective factor for T2DM and CAD (OR=0.353, p=0.012), and the variants
at its locus may be closely associated with Activated Partial Thromboplastin Time (APTT), lipoprotein a (Lp(a)), Apolipoprotein
A (APOA), Aspartate Aminotransferase (AST), Aspartate Aminotransferase (ALT) and AST/ALT levels (all P < 0.05); its GG
genotype has significantly lower Gensini score and number of stenoses than the GA and AA genotypes. Multifactorial dimensionality
reduction (MDR) finds a strong correlation between rs11569562 and AST (antagonistic effect) (4.44%); the role of rs11569562’s
influence remains strong in terms of the independent effects of each attribute (1.72%).

Conclusions: In this study, we find that variants in the C3 gene loci rs11569562 are associated with the incidence of type 2 diabetes mellitus
combined with coronary heart disease in a Chinese population. It is expected to be an independent predictor of type 2 diabetes mellitus
combined with coronary heart disease in the Chinese population. Rs11569562 may be associated with lipid levels and coagulation molecules.
Clinical Trial Registration: This trial registered on in 2014 at the China Clinical Trials Registry (ChiCTR-TRC-14005114).
Keywords: coronary heart disease, Type 2 diabetes mellitus, complement C3

Introduction

Type 2 diabetes mellitus (T2DM) is a chronic, progressive disease that is characterized by years of insulin resistance and
hyperinsulinemia preceding the onset of hyperglycemia.' Nearly 9% of adults globally have diabetes, and the number of people
with it is rising in many areas.* More than 415 million persons globally, including 109.6 million persons in China, have been
found to have diabetes.” On a global scale, more than 20% of those aged over 65 have diabetes, and more than 90% of those
patients have type 2 diabetes.® It is commonly accepted that factors related to lifestyle, the environment, and genetics can affect
the development of T2DM.”* T2DM’s etiology and progression are regulated by complex interactions between numerous genes
and several environmental factors.”'® T2DM is linked to an increased risk of coronary heart disease'' and is the sixth most
common cause of disability.'* Having diabetes plus having established atherosclerotic cardiovascular disease (ASCVD) puts
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people at a significant risk for recurring major adverse cardiovascular events (MACE)." In fact, cardiovascular disease is the
main cause of mortality among diabetic patients. T2DM’s long-term impacts include the potential to increase morbidity and
mortality cardiovascular disease (CVD) is the main cause of death in persons with type 2 diabetes (T2DM), and T2DM is a well-
known risk factor for CVD."* In comparison to those without diabetes, patients with T2DM have a 2- to 4-fold increased risk of
dying from cardiovascular disease (CVD)."> Therefore, early prediction, identification of at-risk patients, and improved
therapeutic management depend on a better understanding of the etiology of CVD and T2DM. Both T2DM and CVD have
been linked to risk factors, including modifiable ones like dyslipidemia, obesity, oxidative stress, smoking, exercise, and alcohol
use, as well as non-modifiable ones like age, sex, a positive family history, and a person’s genetic susceptibility.'®!”

The innate immune system’s complement system removes pathogens and damaged cells from an organism, induces
inflammation, and eliminates foreign invaders. C3(complement component 3) plays a crucial role in it.'"®'* Complement C3
may be a biomarker of insulin resistance and cardio-metabolic disorders, according to preclinical and clinical studies.*
A C3 gene mutation was linked to dyslipidemia and cardiovascular disease and could lead to an increase in circulating C3
concentrations.”>** The C3 gene has 41 exons that together code for 1663 amino acids and 13 functional domains, and it is
found on chromosome 19p13.3—13.2. Before undergoing conformational changes that reveal binding sites for pathogenic cell
surface and other complement components, the C3 protein remains inactive physiologically.?>® Schizophrenic patients with
the 152230199 GG genotype exhibited greater total cholesterol (TC), lower density lipoprotein cholesterol (LDL-C), and C3
levels compared to those with the CC genotype, according to research by Nsaiba et al in 2015.%° In a Tunisian population,
a significant positive connection between C3 polymorphism and myocardial infarction was discovered in 2013.%

Few studies have explored the correlation between genetic polymorphisms and the risk of diabetes mellitus combined
with coronary heart disease. No studies are focusing on C3 variants based on diabetes mellitus combined with coronary
heart disease. This hospital-based study aimed to explore the association between C3 tagSNPs and the risk of type 2
diabetes mellitus combined with coronary artery disease in a Chinese population. Therefore, we conducted this hospital-
based case-control study to explore the interaction of C3 gene polymorphisms with the environment and their role in
diabetes mellitus combined with coronary heart disease in a Chinese population.

Materials and Methods

Subjects
The Department of First Affiliated Hospital of Xinjiang Medical University conducted this hospital-based case-control study
from January 2017 to December 2020 with a total of 881 unrelated adult patients. Of the 896 participants, 217 (140 males and
77 females, mean age (57.61+10.13) years) were patients with CAD+T2DM and 679 (431 males and 248 females, mean age
(55.8149.17) years) were controls with neither CAD nor T2DM. Each participant was Chinese and had a coronary
angiography performed on them. At least two skilled cardiologists assessed the results of coronary angiograms. Using the
American Diabetes Association’s standards.”® There were 217 participants with T2DM complicated with CVD who had been
diagnosed with diabetes with FPG 126 mg/dL or who were on diabetes medication and confused with CAD. A stenosis
diameter of more than 50% in at least one major coronary vessel (left main, left anterior descending, left circumflex, right
coronary artery, and big branches) was considered a sign of coronary artery disease (CAD). Renal disease, hepatic disease,
endocrine disease, metabolic disorders, and autoimmune diseases were among the exclusion criteria. To rule out CAD and
T2DM, controls who were chosen from hospital admissions performed a coronary angiography test as well. All of the major
coronary arteries’ luminal stenosis must be under 50%.

All parties involved provided their written, informed consent. The Ethics Committee of the First Affiliated Hospital of
Xinjiang Medical University accepted the study protocol (approval number, 20170925-02), which complied with the
Declaration of Helsinki’s ethical principles.

Lipid Analysis and Biochemical Markers

The morning following hospitalization, when lipid-lowering medications and medications that can impact metabolic
parameters were not being used, fasting blood samples were taken. The First Affiliated Hospital of Xinjiang Medical
University Laboratory supplied test indicators to identify serum total cholesterol (TC), HDL-C,TG, LDL-C, lipoprotein
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a (Lp(a)), apolipoprotein A (ApoA), apolipoprotein B (ApoB), and other biochemical indicators. The enzymatic approach
was used to test the levels of TG, TC, LDL-C, and HDL-C. An immunoturbidimetric test was used to assess ApoB,
ApoAl and Lp(a).

Selection of C3 Gene Polymorphisms

Venipuncture was used to obtain fasting blood samples from the subjects before performing cardiac catheterization. Blood
samples were kept in an EDTA tube (5 mL) made of ethylene diamine tetraacetic acid (EDTA). The plasma was then separated
by centrifuging for 5 minutes at 4000 g. Later, peripheral leukocytes’ genomic DNA was extracted using the industry-standard
phenol-chloroform procedure. The DNA samples were kept in a freezer at 80°C. SNPs for C3 (rs1047286, rs11569562) were
discovered using linkage disequilibrium patterns using r2>0.8 and MAF>0.05 as a cutoff, Haploview 4.2 software, and the
Phase I&II database of the International HapMap Project website (http://www.hapmap.org). The SNP genotyping was

acquired using Genesky’s (Shanghai, China) enhanced multiplex ligation detection reaction (iMLDR) method. Primers for
the polymerase chain reaction (PCR) were listed in Table 1. Genotyping was carried out using a blinded procedure without
knowledge of any patient-specific clinical data. A 10% duplicate of genotyped samples was done so that genotyping quality
could be checked.

Statistical Analysis

The data collected was analyzed using IBM SPSS version 20.0 software, and the clinical outcomes were also examined.
Quantitative data was expressed using standard deviation (SD) and mean values. The ranges and frequencies of
distributions for quantitative variables were estimated. Data that showed a normal distribution were compared between
two groups using the Student’s ¢-test and among multiple groups using the ANOVA test. The significance of proportional
differences was determined using the Chi-square test (2) with a p-value of 0.05. This test was used to investigate
variations in genotype and allele frequencies across groups, as well as deviations from Hardy-Weinberg equilibrium. The
relationship between illnesses and C3 gene polymorphisms was assessed using unadjusted odds ratios (OR) and 95%
confidence intervals (CI) through a single-variable logistic regression approach. Potential confounders such as age,
gender, weight, smoking, and drinking were all accounted for in a logistic regression analysis to assess the risk factors for
disease development. The results were conveyed as adjusted odds ratios. Following the regression analyses, we utilized
MDR 3.0.2 software to create a gene-environment interaction model to further investigate the effects of these risk factors

when they collaborate to cause disease.

Results

Population Characteristics

For both populations, there were no significant differences in age and sex between the T2DM+CAD group and the
control group. The distribution of rs11569562 genotypes differed between control and experimental groups (p=0.008). In
addition, compared with controls, patients with WBC(p<0.001), NEUT(p<0.001), MONO(p<0.001), EOS(p<0.001),
BASO(p<0.001), RBC(p=0.006), PCV(p<0.001), MCV(p<0.001), RDW(p<0.001), PT(p=0.038), APTT(p=0.006), UA
(p=0.004), Glu(p<0.001), TG(p<0.001), TC(p=0.01), HDL-C(p<0.001), APOA(p=0.043), Lp(a)(p=0.047), CB(p<0.001),
UCB(p<0.001),GLB(p<0.001), A/G(p<0.001), AST(p<0.001), ALT(p=0.001), AST/ALT(p<0.001) and y-GT(p=0.002)
showed significant differences. The demographic, clinical and biochemical data of the enrolled subjects are summarized
in Table 2.

Table | Primer Information Sheet

ID F-seq (5’-3") R-seq (5’-3’)

rs1047286 GCCTCACCTGAGTGCAAGATGA AAGCGCATTCCGGTACCATAGA
rs1 1569562 | CCATGTCACCATCCACACACAG | AGTGAGTGTGAGGTCCTGAAGTTACG
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Table 2 General Characteristics and Biochemical Variables of
the Study Population

Variable Controls T2D+CAD P-value
n 679 217
Gender(Male%) 431(63.48%) 140(64.52%) 0.781
Smoking(%) 252(37.17%) 86(39.63%) 0515
Drinking(%) 201(29.65%) 64(29.49%) 0.966
Age 57.00(15.00) 57.00(14.00) 0.053
Weight 74.00(16.00) 75.00(18.10) 0.975
WBC 6.47(2.20) 8.90(3.98) <0.001
NEUT 3.64(1.76) 5.89(4.13) <0.001
MONO 0.44(0.24) 0.50(0.30) <0.001
EOS 0.13(0.13) 0.09(0.13) <0.001
BASO 0.02(0.03) 0.04(0.04) <0.001
RBC 4.61(0.71) 4.69(0.79) 0.006
PCV 0.43(0.07) 0.45(37.40) <0.001
MCvV 91.90(5.70) 90.10(5.65) <0.001
RDW 13.20(0.90) 12.90(0.90) <0.001
PT 10.80(1.40) 10.90(1.20) 0.038
APTT 31.20(1.50) 31.00(1.80) 0.006
UA 300.00(115.70) | 284.00(112.87) | 0.004
GLu 4.84(0.96) 11.18(6.41) <0.001
TG 1.45(0.97) 1.86(1.47) <0.001
TC 4.05(1.23) 4.33(1.68) 0.0l
HDL-C 1.07(0.38) 0.93(0.29) <0.001
APOA 1.18(0.31) 1.12(0.36) 0.043
LP(a) 140.00(150.84) | 165.32(201.89) | 0.047
CB 3.10(2.26) 2.22(1.87) <0.001
ucB 8.80(5.50) 9.35(6.54) <0.001
GLB 25.86(6.60) 28.17(6.98) <0.001
AIG 1.54(0.49) 1.42(0.40) <0.001
AST 19.10(8.80) 23.90(33.14) <0.001
ALT 21.60(16.88) 24.45(20.78) <0.001
AST/ALT 0.89(0.47) 1.03(0.84) <0.001
v-GT 23.81(21.40) 29.42(29.95) 0.002
rs| 1569562 | GG | 201(30.50%) 44(20.30%) 0.008
GA | 350(53.10%) 125(57.60%)
AA | 108(16.40%) 48(22.10%)
rs1047286 GG | 612(92.87%) 199(91.71%) 0.657
GA | 45(6.83%) 17(7.83%)
AA | 2(0.30%) 1(0.46%)
Notes, Significance in bold is p<0.05.
Abbreviations, WBC, White Blood Cell; NEUT, Neutrophil Granulocyte; MONO,
Mononuclear Phagocyte; EOS, Eosinophilic Granulocyte; BASO, Basophilic
Granulocyte; RBC, Red Blood Cell; PCV, Packed Red Cell Volume; MCV, Mean
Corpuscular Volume; RDW, Red Cell Distribution Width; PT, Prothrombin Time;
APTT, Activated Partial Thromboplastin Time; UA, Uric Acid; GLu, Glucose; TG,
Triglyceride; TC, Total Cholesterol; HDL-C, High Density Lipoprotein Cholesterol;
APOA, Apolipoprotein A; Lp(a), lipoprotein(a); CB, Conjugated Bilirubin; UCB,
Unconjugated  Bilirubin; GLB, Globulin; A/G, Albumin-Globulin Ratio; AST,
Aspartate Aminotransferase; ALT, Aspartate Aminotransferase; AST/ALT, Aspartate
Aminotransferase-Aspartate ~ Aminotransferase ~ Ration;  y-GT, = Gamma-
Glutamyltransferase.
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Correlation of rs1047286 and rs 11569526 Genotypes with Clinical Indices

The rs1047286 locus of C3 gene has 3 different genotypes, AA, GA, and GG, of which GG is the wild type and GA and
AA are mutations; rs11569562 locus also has 3 different genotypes, AA, GA, and GG, of which AA is the wild type and
GA and GG are mutations. rs1047286 polymorphic genotype subgroups between The differences in APTT, Lp(a), AST/
ALT levels between rs1047286 polymorphic genotype subgroups were statistically significant (P < 0.05). rs11569562
polymorphic genotype subgroups showed statistically significant differences in sex and age, MCV, APTT, Lp(a), APOA,
AST and AST/ALT levels (P < 0.05). None of the differences in smoking and drinking between the rs1047286 and
rs11569562 polymorphic genotype subgroups were statistically significant (P > 0.05) (Table 3)

Association of C3 Genotypes and Haplotypes Frequencies with T2DM and CAD

The gene polymorphism distribution of rs1047286 and rs11569562 was in accordance with Hardy-Weinberg equilibrium:
P>0.05. This indicates that the population is genetically balanced and the data are from the same Mundell population,
which is representative of the population. In the conventional, dominant of inheritance (GG vs GA+AA), the experi-
mental group rs11569562 GG genotype was lower than the control group (P =0.008), the G allele was significantly lower
than the control group, and the A allele was significantly higher than the control group (P =0.004). This suggests that

Table 3 Clinical Characteristics and Plasma Fatty Acid Profiles According to rs1047286
and rs 11569526 Genotypes

Variables Genotype Frequencies P-value
GG GA AA

rsl047286 | n 8l 62 3
Gender(Male%) | 64.12% 53.23% 66.67% 0.181
Smoking(%) 37.41% 27.42% 66.67% 0.142
Drinking(%) 29.51% 22.58% 33.33% 0.450
Age 57.00(15.00) 55.50(16.00) 55.00 0.108
Weight 75.00(17.00) 71.00(17.00) 82.00 0.384
MCV 91.40(5.70) 90.40(5.55) 95.60 0.052
TT 20.60(2.40) 20.45(2.92) 22.10 0.064
APTT 31.10(1.60) 31.25(1.60) 32.00 0.040
APOA 1.16(0.32) 1.17(0.38) 1.44 0.488
LP(a) 147.00(167.20) | 151.56(171.41) | 118.22 0.022
AST 19.70(10.50) 20.55(12.40) 16.90 0.426
ALT 22.00(17.84) 23.70(15.50) 13.10 0.086
AST/ALT 0.92(0.51) 0.89(0.38) 1.29 0.018
n 245 475 156

rs11569562 | Gender(Male%) | 68.16% 63.37% 55.77% 0.043
Smoking(%) 37.14% 37.55% 33.97% 0.718
Drinking(%) 32.24% 27.43% 28.85% 0.402
Age 56.00(15.00) 56.00(15.00) 60.00(14.00) 0.006
Weight 73.00(17.00) 75.00(18.00) 74.00(15.00) 0.889
MCV 91.10(5.80) 91.60(5.80) 91.70(5.22) 0.046
TT 20.50(2.35) 20.70(2.50) 20.60(2.68) 0.067
APTT 31.00(1.70) 31.20(1.60) 31.15(1.58) 0.035
APOA 1.14(0.33) 1.15(0.31) 1.21(0.30) 0.033
LP(a) 153.50(172.29) | 142.93(167.51) | 147.00(163.66) | 0.024
AST 18.60(7.71) 20.50(11.80) 20.55(11.49) 0.041
ALT 21.40(13.27) 23.40(18.93) 23.10(20.51) 0.044
AST/ALT 0.92(0.43) 1.24(0.54) 0.95(0.56) 0.012

Notes: Significance in bold is p<0.05.

Abbreviation: TT, Thrombin Time.
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patients with the GG genotype of rs11569562 may have a lower risk of T2DM+CAD. In the rs1047286 genotype, there
was no statistically significant difference between the experimental and control groups (P>0.05). (Table 4)

In 1511569562, Gensini score (p=0.002) and number of stenoses (p=0.001) were higher in the AA genotype than in
the GA and GG genotypes. Gensini score and vascular stenosis number distribution differences among genotypes in
rs1047286 were not statistically significant (P>0.05). (Table 5)

Logistic Regression Analysis of T2DM with CAD in Chinese Population
The indexes were graded and assigned with reference to the 9th edition of diagnostic criteria. (Table 6.)

A univariate logistic regression analysis with T2DM with CAD as the dependent variable and rs11569562 and other
variables as independent variables revealed that rs11569562, white blood cells (WBC), neutrophils (NEUT), monocytes
(MONO), eosinophils (EOS), basophils (BASO), red blood cells (RBC), red blood cell pressure volume (PCV), mean red

Table 4 Allele Frequency and Genotype Frequency Distribution of C3
Polymorphism in Experimental and Control Groups

SNP Genotype | NC (n=659) | T2D+CAD (n=2170) | P-value

rs1047286 GG 612 (92.87%) 199 (91.71%) 0.657
GA 45 (6.83%) 17 (7.83%)
AA 2 (0.30%) | (0.46%)

Allele G 1269 (96.28%) | 415 (95.62%) 0.537
A 49 (3.72%) 19 (4.38%)

Dominant Model | AA 2 (0.30%) | (0.46%) 0.575
GA+GG 657 (99.70%) | 216 (99.54%)

Recessive Model | GG 612 (92.87%) 199 (91.71%) 0.571
GA+AA 47 (7.13%) 18 (8.29%)

rs| 1569562 GG 201 (30.50%) | 44 (20.30%) 0.008
GA 350 (53.10%) 125 (57.60%)
AA 108 (16.40%) | 48 (22.10%)

Allele G 752 (57.06%) | 213 (49.08%) 0.004
A 566 (42.94%) | 221 (50.92%)

Dominant Model | GG 201 (30.50%) | 44 (20.30%) 0.004
GA+AA 458 (69.50%) 173 (79.70%)

Recessive Model | AA 108 (16.40%) | 48 (22.10%) 0.056
GA+GG 551 (83.60%) 169 (77.90%)

Notes: Significance in bold is p<0.05.

Table 5 Single Factor Analysis of Gensini Score and Vascular Stenosis
Index in Different Genotypes

SNPs Allels | Gensini Score | Number of Stenosed Vessels

rs1047286 | GG 0.00(16.00) 0.00(0.00)
GA 0.00(28.50) 0.00(2.00)
AA 0.00 0.00
F-text | 5.624 6.607
P-value | 0.131 0.086

rs1 1569562 | GG 0.00(0.00) 0.00(0.00)
GA 0.00(22.00) 0.00(1.00)
AA 0.00(31.50) 0.00(2.00)
F-text 14.728 16.146
P-value | 0.002 0.001

Notes: Significance in bold is p<0.05.

1472 "= Diabetes, Metabolic Syndrome and Obesity 2024:17

Dove!


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

Dove Qiu et al

Table 6 Assignment Table of Each Variable

Variables Assignment Variables Assignment
Y CHD 0=Not 1=Yes Men Women
Xl Gender I=Male | 2=Female X17 | Glu 1=<3.90"
X2 Smoking 0=Not | I=Yes 2="23.90&<6.10"
X3 Drinking 0=Not I=Yes 3=%26.10”
Men Women X18 | TC(mmol/L) |=9<5.2”
X4 Age (years) 1="<45" ="25.2&<6.2”
2="245&<60" 3=26.2"
3="260" XI19 | HDL-C(mmol/L) | 0=">1.00"
X5 WBC(x10%IL) 1="<4” 1="<1.00"
2="24&<10” X20 | TG(mmol/L) 1=4<1.7"
3=“210" 2="2.7&<2.3”
X6 NEUT(x 10%/L) =4<2” 3=22.3"
2="228&<7” X21 | APOA(g/L) |="<].25" 1=4<1.31”
3=27" 2="21.25&<1.59” 2="21.31&<1.59”
X7 MONO(x10%/L) | 1="<0.12” 3=21.59” 3="21.31"
2="20.12&<0.8” X22 | Lp(a)(mmol/l) 0=*<300.00"
3=20.8" 1=*2300.00"
X8 EOS(x10%/L) 1="<0.05" X23 | CB(umol/L) 0="<6.80"
2="20.05&<0.5" 1="26.80"
3="20.5" X24 | UCB(pmol/L) 1=<.7”
X9 BASO(x10%/L) 0="<0.1" 2="21.7&<10.2”
=“20.1" 3=210.2"
X10 | RBC (x10'%/L) 1=<4.0” |="<3.5" X25 | TP(g/L) 1="<60.0"
2="24.0&<5.5” ="23.5&<5.0” 2="260.0&<80.0"
3=“25.5" 3=*25.0" 3=280.0"
XI1 | PCV(LL) 1="<0.40" 1="<0.37" X26 | GLB(g/L) |="<20"
2="20.40&<0.50" 2="20.37&<0.48" 2="220.0&<30.0”
3="20.50" 3="20.48" 3=230.0"
XI12 | MCV(fl) 1="<80" X27 | AIG |="<].5”
2="280&<100" ="2|.5&<2.5”
3=2100" 3=22.5"
XI3 | RDW(%) I="<I1.5” X28 | AST(U/L) |="<5.0"
2="211.5&<14.5” 2="25.0&<40.0"
3="2145" 3=240.0"
X4 | PT(S) 1="<11.0” X29 | ALT(U/L) |="<8.0”
2="211.0&<14.0” 2="28.0&<40.0"
3="214.0" 3=240.0"
XI5 | APTT(S) 1=<30.0” X30 | AST/ALT 0="<1.15"
2="230.0&<42.0” 1="21.15"
3="242.0" X31 | y-GT(U/L) 1=%<11.0” 1=4<7.0”
Xl6 | UA(umol/L) 1="<150" 1="89” 2="211.0&<50.0” 2="27.0&<32.0”
2="2150&<416" ="289&<357" 3=250.0" 3="232.0"
3="2416" 3=2357" X32 | rsl047286 1=GG,2=GA,3=AA
X33 | rsl 1569562 1=GG,2=GA,3=AA

blood cell volume (MCV), APTT, glucose (GLU), triglycerides (TG), total cholesterol (TC), high-density lipoprotein
(HDL-C), lipoprotein a (LP(a)), conjugated Bilirubin(CB), unconjugated bilirubin(UCB), globulin(GLB), globulin, A/G,
menthyl aminotransferase (AST), alanine aminotransferase (ALT), menthyl/alanine (AST/ALT), y-glutamyl transpepti-
dase (y-GT), as influencing factors for diabetes and coronary heart disease (OR= 1.43, 7.395, 11.844, 2.575, 0.326, 3.243,
2.318, 2.094, 0.374, 0.525, 33.706, 1.641, 1.947, 2.895, 1.483, 0.349, 1.71, 1.663, 0.573, 6.624, 1.701, 2.357, 1.544,
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characteristics OR(95% CI) P value
rs11569562GG 0.353 (0.157-0.795) .: 0.012
WBC 2.555(1.041-6.268) }0—| 0.041
Glu 20.166(12.314-33.027) : F—e—A <0.001
1
TC 2.207(1.366-3.566) Ibi 0.001
HDL-C 0.277(0.154-0.497) ql <0.001
CB 0.187 (0.045-0.786) d: 0.022
AST 2.666 (1.143-6.22) I{.—l 0.023
AST/ALT 1.863 (1.064-3.261) IDI 0.03
(I)I 1I0 2I0 30

Figure | Adjusted odds ratio (OR) of the logistic regression analysis for T2DM with CVD risk.
Abbreviations: OR, odds ratio; Cl, confidence interval.

p=<0.05) (this table is omitted). Further logistic regression analysis was performed to find rs11569562, WBC, GLU, TC,
HDL-C, CB, AST, AST/ALT as risk factors for type 2 diabetes and coronary heart disease. (Figure 1.)

Association of C3 Gene-Environment Interactions with the Development of Diabetes

and Coronary Heart Disease

The best models were determined to be rs1047286, rs11569562, WBC,TC, HDL-C, CB, AST, AST/ALT, Smoking,
Drinking models when using MDR to develop multi-order interaction models of gene-gene and gene-environment.
Training Balance Accuracy CV = 0.8377, Testing Balance Accuracy CV = 0.7031, CV Consistency = 10/10. Table 7 has
all the details.

A significantly antagonistic effect exists between AST and rs11569562(4.44%), which are all found on the same main
fork, according to the interaction dendrogram. The substantial negative interaction is also found between WBC and AST/
ALT (5.89%). (Figure 2). As for the primary effects of the various attributes, they were as follows, WBC (7.99%), AST
(6.86%), HDL-C (3.59%), AST/ALT(3.19%), rs11569562(1.72%), TC (1.42%), rs1047286(0.94%), CB(0.5%), Smoking
(0.03%), Drinking(0%). (Figure 3)

Table 7 Interaction Model of rs1047286,rs1 1569562 Gene and Environmental Factors MDR

Model Bal.Acc.CV Bal.Acc.CV CVConsistency
Training Testing

WBC 0.6369 0.5989 6/10
HDL-C,AST 0.6943 0.6918 10/10
WBC,HDL-C,AST 0.7118 0.6796 6/10
rs| 1569562, WBC,HDL-C,AST 0.7402 0.7283 10/10
rs| 1569562, WBC,TC,HDL-C,AST 0.7583 0.6991 8/10
rs1 1569562, WBC,HDL-C,AST,Smoking, Drinking 0.7804 0.7403 10/10
rs| 1569562, WBC,TC,HDL-C,AST, Smoking, Drinking 0.8001 0.72 9/10
rs1 1569562, WBC,TC,HDL-C,AST, AST/ALT,Smoking, Drinking 08171 0.6892 9/10
rs1047286,rs1 1569562, WBC,TC,HDL-C,AST,AST/ALT,Smoking, Drinking | 0.8325 0.7045 10/10
rs1047286,rs1 1569562, WBC,TC,HDL-C,CB,AST AST/ALT,Smoking, Drinking | 0.8377 0.7031 10/10%*

Notes: The model with the maximum testing balanced accuracy and maximum CVC was considered as the best model.
Abbreviations: MDR multifactor dimensionality reduction, CVC cross validation consistency.*Indicates the best model.
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Figure 2 The dendrogram of the interaction between rs1047286,rs| 1569562 gene and gene,and between gene and environment MDR.
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Figure 3 Ring network diagram of the interaction between rs1047286,rs|1 1569562 gene and gene MDR of gene and environment.

Notes: The interaction model describes the percentage of the entropy (information gain) that is explained by each factor or 2-way interaction. Values inside nodes indicate
information gain of individual attributes or main effects, whereas values between nodes show information gain of pairwise combinations of attributes or interaction effects.
Negative entropy (plotted in blue or green) indicates antagonistic effect; while positive entropy (plotted in yellow) indicates interaction, which can be interpreted as

a coopertive effect.

Discussion

To our knowledge, this is the first study to evaluate the relationship between tagSNPs in the C3 gene and environmental
factors and T2DM+CAD risk in a Chinese population. Our study provides evidence of a correlation between rs11569562
and an elevated risk of T2DM and CAD statistical analysis.
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T2DM, a chronic condition disease, induced by a genetic predisposition together with environmental factors, is a well
established risk factor for CAD. T2DM and its related cardiovascular complications propose specific challenges at diverse
stages of the life. C3 polymorphisms have been reported to significantly associate with risk for T2DM and CAD, which were
considered as influential genetic risk factors. Complement activation is crucial to the host’s immunological defense. However,
if the complement component becomes overactive, it can cause several illnesses, such as diabetes and cardiovascular
conditions. The complement system’s core element, C3, has been identified and is crucial to the pathophysiology of
cardiovascular disorders.** It has been consistently shown that C3 is frequently linked to various cardiovascular disease
(CVD) incidents and prevalent symptoms.%’ C3 has been linked to metabolic problems in the past, including excess fat,
dyslipidemia, insulin resistance, liver dysfunction, and diabetes. C3 is now becoming more well-acknowledged as a risk factor
for cardiometabolism.*® Many genomic studies have identified C3.'*? Alexander Gudjonsson’s study found a strong
correlation between polymorphisms in the C3 gene and CVD.*! In 2005, high levels of C3 have been demonstrated to be
independently correlated with the occurrence of type 2 diabetes, at least in men.>*>** Complement C3 might be a biomarker for
insulin resistance and cardio-metabolic disorders, according to preclinical and clinical research.?>>* All of these suggested
that C3 may contribute to the association between diabetes and heart disease. To our knowledge, no research has examined in-
depth the relationship between environmental interactions and C3 (rs1047286,rs11569562) gene polymorphisms and T2DM
combined with CAD in the Chinese population. Thus, this small research gap is filled by our current work.

For rs1047286, previous studies have found that the rs1047286 T allele plays a role in the pathophysiology of rheumatoid
arthritis, possibly by influencing complement activation by alternative pathways.>> Carriage of the T allele of rs1047286 also has
a trend toward the risk of advanced age-related macular degeneration.*® For rs11569562, an SNP (SNP24, rs11569562) located in
intron 31 of the C3 gene was associated with adult Bronchial asthma®’ and TGG (rs11569562-rs344555-rs2241393) showed
arisk or protective effect against schizophrenia®®. It is widely recognized that dyslipidemia is a major factor in the development
and progression of coronary heart disease. Previous studies have proposed that the rs11569562 locus of C3 was related to lipid
levels and inflammatory states.>>*° Our results also find statistically significant differences in genotype distribution of
rs11569562 in LP(a), APOA, AST, and AST/ALT levels (p=0.024, 0.033, 0.041, 0.012); the distribution of rs1047286 loci
shows statistically significant differences in Lp(a), and AST/ALT levels (p=0.022, 0.018). The distribution of rs11569562
genotypes differs in gender, age, and MCV distribution (p<0.05), which may be due to chance. Previous studies suggest that the
number of diseased vessels can indicate the severity of CAD.*' In our study, the rs11569562 variant is determined to reduce the
number of stenoses (p=0.001). We also find that the genotype distributions of rs11569562 and rs1047286 differ at the APTT level
(p=0.035, 0.004), which, combined with previous findings that ”C3 interacts with fibrinogen to promote clot generation,**** we
hypothesize that rs11569562 and rs1047286 may be associated with coagulation related.

Prior studies have found that elevated leukocyte levels in diabetic patients are associated with a higher prevalence of
CAD.* In humans, high amounts of HDL-C in plasma were associated with a lower risk of coronary heart disease (CHD).*>
Elevated concentrations of to TC in serum were associated with an increased risk of coronary heart disease.*” Serum bilirubin
was associated with the risk of coronary heart disease.**** AST and ALT have previously been used to diagnose coronary
heart disease.’® Our regression analysis confirms that WBC (OR=2.555), HDL-C (OR=2.555), GLU (OR=20.166), TC
(OR=2.207), CB (OR=0.187), AST (OR=2.666), and AST/ALT (OR=1.863) are the independent risk and protective factors
for T2DM+CAD. In addition to this, our study observes that under traditional and dominant inheritance patterns (GG vs GA
+AA), the experimental group rs11569562 GG genotype is lower than that of the control group (P = 0.008), the G allele is
significantly lower than that of the control group, and the A allele is significantly higher than that of the control group (P =
0.004). This suggests that patients with the GG rs11569562 genotype have a lower risk of developing T2DM+CAD.
Regression analysis also showed that the variant of rs11569562 (OR = 0.353) was an independent protective factor for
T2DM+CAD. It is well known that abnormal lipid levels and abnormal blood clots exacerbate cardiovascular risk in diabetic
patients.’'>? Hess et al also proposed a new aspect of the role of C3 in diabetes in relation to cardiovascular disease risk - The
involvement of C3 in low fibrin lysis, which promotes thrombosis.>® Subsequently,

King and Rhodri suggested that inhibition of the interaction between C3 and fibrinogen may help reduce cardiovas-
cular events in diabetic patients.**** Combining previous studies and our findings above, we hypothesize that
rs11569562 may affect the risk of coronary heart disease in diabetic patients by affecting lipid levels and coagulation-
related markers.
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To further explore the inter-occurrence of the C3 gene and validated independent factors and the effects of these
independent factors when they act together in the disease, we used the MDR approach to construct a gene-environment
interaction model. In this model, we add smoking and alcohol consumption to the analysis to explore the effects of C3
gene polymorphisms (rs11569562, rs1047286) and known independent factors validated in this study (WBC, HDL-c,
GLU, TC, CB, AST, AST/ALT) on diabetes mellitus with coronary heart disease. The analysis reveals a significant
antagonistic effect between rs11569562 and AST (4.44%) and between WBC and AST/ALT (5.89%) when acting
together on the disease. Independent main effects are ranked from highest to lowest, WBC (7.99%), AST (6.86%), HDL-
C (3.59%), AST/ALT (3.19%),rs11569562 (1.72%), TC (1.42%), rs1047286 (0.94%), CB (0.5%), cigarette smoking
(0.03%), alcohol consumption (0%). This suggests that when these independent influences act together in diabetes
mellitus with coronary artery disease, the role of 1s11569562 (1.72%) on T2DM-+CAD remains very significant and may
have the potential to diagnose the disease in conjunction with other factors.

The shortcoming of this study is that the cases registered in our study were not newly diagnosed. Given the fact of the
retrospective case-control design, results involving other environmental risk factors may be biased due to confounding.
Further expanded and replicated studies would help to draw more convincing conclusions and explain the inherent
mechanisms.

Conclusions

In conclusion, our study provides the first evidence of an association between the rs11569562 locus of the C3 gene and the risk
of developing type 2 diabetes combined with coronary heart disease. We find that the GG phenotype of 1511569562 is an
independent protective factor for T2DM and CAD, and variants at its locus may be strongly associated with APTT,
lipoprotein(a), APOA, AST, ALT, and AST/ALT levels; and that its GG genotype has a significantly lower Gensini score
and number of stenoses than the GA and AA genotypes. Multifactorial dimensionality reduction finds a strong correlation
between rs11569562 and AST when applied to T2DM+CAD (antagonistic effect); the effect of rs11569562 on T2DM+CAD
remains strong in terms of the independent effects of each attribute. Thus rs11569562 locus is expected to be an independent
predictor of type 2 diabetes mellitus combined with coronary heart disease in the Chinese population. Variation at the
rs1047286 locus may have an effect on APTT, Lp(a), and AST/ALT levels. In T2DM combined with CAD, the interaction
between environmental factors such as smoking and drinking and the two loci of C3 is weak, at least in this study.(Combined
Figure 3 and Table 3 results)
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