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CTNNA3 genetic polymorphism may e

be a new genetic signal of type 2 diabetes
in the Chinese Han population: a case control
study

Yunjun Zhang'", Xiaoman Zhou'f, Wanjuan Dai?, Juan Sun', Mei Lin', Yutian Zhang' and Yipeng Ding'"

Abstract

Background: Type 2 Diabetes (T2D) is the result of a combination of genes and environment. The identified genetic
loci can only explain part of T2D risk. Our study is aimed to explore the association between CTNNA3 single nucleo-
tide polymorphisms (SNPs) and T2D risk.

Methods: We conducted a ‘case—control’study among 1002 Chinese Han participants. Four candidate SNPs of
CTNNA3 were selected (rs10822745 C/T, rs7920624 A/T, rs2441727 A/G, 17914287 A/G), and logistic regression analy-
sis was used to evaluate the association between candidate SNPs and T2D risk. We used single factor analysis of vari-
ance to analyze the differences of clinical characteristics among different genotypes. In this study, haplotype analysis
was conducted by plink1.07 and Haploview software and linkage disequilibrium (LD) was calculated. The interaction
of candidate SNPs in T2D risk was evaluated by multi-factor dimensionality reduction (MDR). Finally, we conducted a
false-positive report probability (FPRP) analysis to detect whether the significant findings were just chance or note-
worthy observations.

Results: The results showed that CTNNA3-rs7914287 was a risk factor for T2D ('T: OR=1.33, p=0.003;'TT: OR=2.21,
p=0.001;TT" (recessive): OR=2.09, p=0.001; Log-additive: OR = 1.34, p =0.003). The results of subgroup analysis
showed that rs7914287 was significantly associated with the increased risk of T2D among participants who were older
than 60 years, males, smoking, drinking, or BMI > 24. We also found that rs2441727 was associated with reducing the
T2D risk among participants who were older than 60 years, smoking, or drinking. In addition, rs7914287 was associ-
ated with T2D patients with no retinal degeneration; rs10822745 and rs7920624 were associated with the course of
T2D patients. High density lipoprotein levels had significant differences under different genotypes of rs10822745.
Under the different genotypes of rs7914287, the levels of aspartate aminotransferase, alanine aminotransferase and
gamma-glutamyltransferase were also significantly different.

Conclusion: We found that CTNNA3 genetic polymorphisms can be used as a new genetic signal of T2D risk in Chi-
nese Han population. Especially, CTNNA3-rs7914287 showed an outstanding and significant association with T2D risk
in both overall analysis and subgroup analysis.
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Introduction

Type 2 diabetes (T2D) is non-insulin-dependent diabetes,
is a form of diabetes is much more prevalent.The preva-
lence of T2D is getting higher and higher worldwide. T2D
and its complications have reached the level of an epi-
demic, which has attracted great attention in the field of
scientific research [1]. A number of studies have confirmed
that T2D is a complex disease affected by multiple factors
and is the result of the interaction between genes and the
environment [1-4]. Evidence from genetic epidemiology
indicates that the occurrence of type 2 diabetes has a strong
genetic basis [5—8]. In recent years, with the improvement
and application of molecular epidemiology or genetic test-
ing technology, some T2D-related genetic loci have been
identified one after another [9-15], but it can only explain
the T2D risk among part of population [1, 16]. Therefore, it
is necessary to discover new genetic signals of T2D in dif-
ferent populations, which will provide valuable references
for clinical diagnosis and early prevention of T2D.

CTNNA3 can encode aT-catenin protein and is a mem-
ber of the a-catenin family of cell-cell adhesion molecules
[17]. Chiarella, S. E., et al. have proposed that CTNNA3
may be the most relevant type of a-catenin in human dis-
eases [18]. In a recent genome-wide association study
on Metabolic Syndrome of African Lineage (MetS), sin-
gle nucleotide polymorphism (SNPs) of CTNNA3 were
reported can be new genetic signals of metabolic syndrome
risk. There have been studies have reported that people
with MetS have at least a five-fold increase in the risk of
T2D [19, 20]. But so far, there is no report about the asso-
ciation between CTNNA3 SNPs and T2D risk.

Therefore, in order to explore the association between
CTNNA3 SNPs and T2D risk, we conducted a ‘case—con-
trol’ study among a total of 1,002 Chinese Han population.
We not only conducted an overall analysis, but also divided
participants according to the known potential environmen-
tal risk factors of T2D for subgroup analysis, such as drink-
ing [21], smoking [22], age [23], etc. Finally, the association
between candidate SNPs and T2D risk will be evaluated.
Our study will provide data supplement for genetic loci
associated with T2D risk in Chinese Han population, and
lay a certain theoretical foundation for the individualized
prevention and treatment of T2D.

Materials and methods

Study subjects

In this study, a ‘case—control’ study design was used
to analyze the association between SNPs and T2D
risk among 1002 participants (501 cases and 501

controls). Case group: (1) T2D patients who are out-
patients or hospitalized in Hainan General Hospital.
(2) Patients who were diagnosed as T2D for the first
time or who have been clearly diagnosed as T2D (Fast-
ing blood glucose (FBG)>7.0 mmol/L, OGTT 2 h
blood glucose>11.1 mmol/L or random blood glu-
cose>11.1 mmol/L). (3) No history of other compli-
cated diseases (malignant tumors, cardiovascular disease
history, etc.). (4) No history of genetic diseases. Control
group: (1) Healthy individuals undergoing physical exam-
ination at the same hospital’s health examination center
during the same period. (2) FBG<6.1 mmol/L. (3) No
complicated chronic diseases, and tumor patients or peo-
ple with tumor history are excluded. (4) Recruit healthy
individuals who match the case group in terms of age and
gender (excluding confounding factors caused by differ-
ences in the distribution of exposure factors in the case/
control group).

In this study, questionnaire survey on demographic and
epidemiological information among all participants was
conducted by a professional doctor. The contents of the
questionnaire include gender, height, weight, smoking/
drinking status, whether diabetic patients were accompa-
nied by retinopathy, and the course of T2D. After obtain-
ing the informed consent of all participants, we collected
their peripheral blood samples for subsequent DNA
extraction. The study was approved by the ethics com-
mittee of Hainan General Hospital.

Selection of SNPs

The specific steps for selecting SNPs are as follows: (1)
We obtained the physical position of the CTNNA3 on
the Chromosome 10: 65,912,457-67,763,637 through the
e!GRCh37 database (http://asia.ensembl.org/Homo_sapie
ns/Info/Index). In the VCF to PED Converter window
(http://grch37.ensembl.org/Homo_sapiens/Tools/Vcfto
Ped), we entered the gene location, selected the CHB and
CHS population, and downloaded the ped and info file
for the variations of CTNNA3. (2) Then we used Haplov-
iew software for quality control (HWE >0.01, MAF >0.05,
Min Genotype>75%, and Tagger r*>0.8) to select tag-
SNP. Finally, four SNPs of CTNNA3 (rs10822745 C/T,
rs7920624 A/T, rs2441727 A/G, rs7914287 A/G) were
selected for our study’ You can check the revisions from
the ‘Methods-Selection of SNPs.

DNA extraction and genotyping
DNA extraction and purification were performed accord-
ing to the instructions of the kit (GoldMag Co. Ltd. Xi'an,
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China). We store the purified DNA in an ultra-low tem-
perature refrigerator (—80 ‘C) until needed in the next
experiment. We used MassARRAY Assay Design soft-
ware to design all primers we need. The genotyping in
this study was conducted by the MassARRAY system
(Agena, San Diego, CA, USA).

In order to reduce experimental errors and ensure the
reliability and repeatability of experimental results, we
randomly select 10% of DNA samples for repeatability
testing. The repetition rate of experimental results needs
to be>99%.

Statistical analysis

The differences in demographic characteristics (age,
gender, BMI, etc.) were tested by SPSS version 21.0
software (SPSS, Chicago, IL, USA) (x> test/t-test).
After testing whether the four candidate genetic loci
of CTNNA3 meet Hardy—Weinberg equilibrium (SPSS
version 21.0 software), we used logistic regression
model to calculate the odds ratio (OR) and 95% confi-
dence interval (CI). Then, according to the value of OR
and CI, the association between CTNNA3 candidate
SNPs and T2D risk was estimated (OR value represents
relative risk; OR=1: this factor has no effect on T2D
risk; OR<1: T2D protective factor; OR>1: T2D risk
factor). Using the wild-type allele as a reference, the
online tool software plink 1.07 was used to estimate
multiple genetic models. The statistical results obtained
were adjusted by age and gender, and all tests were two-
sided tests. In addition, we conducted a false-positive
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report probability (FPRP) analysis to detect whether
the significant findings were just chance or noteworthy
observations [24]. In this study, haplotype analysis was
conducted by plinkl.07 and Haploview software and
linkage disequilibrium (LD) was calculated. Finally, the
interaction of candidate SNPs in T2D risk was evalu-
ated by multi-factor dimensionality reduction (MDR).

Results

Sample overview and collection

There was no genetic relationship among all partici-
pants in our study. Among them, the average age of
T2D patients was 59.86+12.86 years old, males 359
(72%), females 142 (28%). The average age of healthy
individuals was 59.604+10.09 years, males 359 (72%),
females 142 (28%). The basic demographic and epide-
miological information was shown in Table 1. There
was no statistical difference between the case and the
control group in gender (p =0.528) or age (p =0.714).

Genotyping and information about candidate SNPs

The 4 candidate genetic loci of CNNTA3 (rs10822745
C/T, rs7920624 A/T, rs2441727 A/G, rs7914287 A/G)
were successfully genotyped. As shown in Table 2, all
candidate SNPs met HWE (p >5%). The results of Hap-
loReg showed that the candidate SNPs were regulated
by a variety of factors, and the specific factors were
detailed in Table 2.

Table 1 Characteristics of patients with type 2 diabetes and healthy individuals

Characteristics Cases Control P
n=>501 n=>501

Age (years) Mean £ SD 59.86+12.86 59.604+10.09 0.714
>60 240 (48%) 262 (52%)
<60 261 (52%) 239 (48%)

Gender Male 359 (72%) 359 (72%) 0.528
Female 142 (28%) 142 (28%)

Course of disease >10 versus < 10 years 194 (39%) 306 (61%)

No retinal degeneration Yes 70 (14%) -
No 240 (48%) -

Smoking Yes 218 (44%) 124 (25%) 0.593
No 281 (56%) 173 (35%)

Drinking Yes 109 (22%) 127 (25%) <0.0001
No 385 (77%) 143 (29%)

BMI (kg/mz) BMI> 24 239 (48%) 187 (37%) 0.089
BMI<24 203 (41%) 123 (25%)

Course of disease: the length of time the case has suffered from T2D (participants are divided by the average of the length of time)

BMI, Body mass index
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Table 2 The basic information and HWE about the selected SNPs of CTNNA3
Gene SNP ID Function Chr: position Alleles MAF HWE Haploreg 4.1

(A/B) (P value)

Cases Controls

CTNNA3 rs10822745 Intronic 10: 66,194,307 /T 0429 0417 0.646 Motifs changed
CTNNA3 157920624 Intronic 10: 66,203,428 AT 0.488 0.498 0.929 Motifs changed
CTNNA3 152441727 Intronic 10: 66,465,128 A/G 0.182 0.204 0.406 NHGRI/EBI GWAS hits
CTNNA3 157914287 Intronic 10: 67,590,805 T/C 0.355 0.292 0.124 -

HWE, Hardy-Weinberg equilibrium; Alleles (A/B), minor/major allele; SNP, single nucleotide polymorphisms; MAF, minor allele frequency

p>0.05 indicates that the genotypes were in Hardy-Weinberg Equilibrium

Evaluation of association between candidate SNPs and T2D
risk (overall analysis)

The evaluation results of the association between can-
didate SNPs and T2D risk (Table 3) showed that only
CNNTA3 rs7914287 had a significant association with
the T2D risk among participants. Specifically, rs7914287
can significantly increase the T2D risk under allele (T vs.
C: OR=1.33, CI1.10-1.61, p=0.003), homozygous (TT
vs. CC: OR=2.21, CI1.41-3.47, p=0.001), recessive (TT
vs. TC-CC: OR=2.09, CI1.36-3.22, p=0.001), and log-
additive models (OR=1.34, C11.10-1.62, p=0.003). We
did not find any evidence that the remaining three candi-
date SNPs were associated with the T2D risk.

Evaluation of association between candidate SNPs and T2D
risk (subgroup analysis)
Age and gender The results showed (Table 4) that
CNNTA3 rs2441727 can significantly reduce the T2D
risk in participants who were aged <60 years old under
multiple genetic models (heterozygote: OR=0.58,
C10.39-0.87, p=0.008; dominant: OR=0.64, CI0.44—
0.93, p=0.021). rs7914287 was not only a risk factor for
T2D in participants aged > 60 years old (allele: OR=1.37,
CI1.06-1.79, p=0.018; homozygote: OR=2.22, CI1.18-
4.17, p=0.013; dominant: OR=1.56, CI1.08-2.25,
p=0.019; recessive: OR=1.85, CI1.02-3.35, p=0.044;
log-additive: OR=1.47, CI1.11-1.94, p=0.007), but also
a risk factor for T2D in participants aged <60 years old
(homozygote: OR=2.71, CI1.36-5.42, p=0.005; reces-
sive: OR=2.73, CI1.40-5.32, p=0.003; log-additive:
OR=1.33, CI1.01-1.75, p=0.041). In the gender strati-
fication analysis, rs7914287 can significantly increase the
T2D risk in male participants (Allele: OR=2.33, CI11.07—
3.67, p=0.012; homozygote: OR=2.20, CI1.29-3.77,
p=0.004; recessive: OR=2.08, CI1.24-3.49, p=0.005;
log-additive: OR =2.33, C11.06-3.67, p=0.013).
Smoking and drinking The results showed (Table 5) that
rs2441727 significantly reduced the T2D risk in partici-
pants with a history of smoking (heterozygote: OR=0.61,
CI0.41-0.92, p=0.018; dominant: OR=0.65, CI10.44—
0.97, p=0.034). At the same time, rs2441727 reduced

the T2D risk in drinking participants under the heterozy-
gous genetic model (heterozygote: OR=0.63, CI0.42—
0.94, p=0.025). rs7914287 was a risk factor for T2D
in smoking (allele: OR=2.36, CI1.01-4.82, p=0.023;
homozygote: OR=2.50, CI1.18-5.32, p=0.017; reces-
sive: OR=2.44, CI1.18-5.05, p=0.016) and drinking
participants (allele: OR=1.41, CI1.04-2.91, p=0.025;
homozygote: OR=2.11, CI1.34-5.20, p=0.008; reces-
sive: OR=2.00, CI1.33-4.77, p=0.008).

BMI The results showed (Table 6) that rs7914287
was a risk factor for T2D no matter in the participants
with BMI <24 or BMI >24. Specifically, among the par-
ticipants with BMI <24, rs7914287 can significantly
increase the T2D risk under allele (OR=1.57, CI1.11-
2.24, p=0.011), homozygote (OR=3.66, CI1.43-5.36,
p=0.007), recessive (OR=2.25, CI1.31-4.07, p=0.011),
and log-additive genetic models (OR=1.60, CI1.12—
2.29, p=0.010). Among the participants with BMI > 24,
rs7914287 can also significantly increase the T2D
risk under allele (OR=1.45, CI1.08-1.96, p=0.014),
homozygote (OR=2.86, CI1.32-6.24, p=0.008), reces-
sive (OR=2.58, CI1.22-4.47, p=0.014), and log-additive
genetic models (OR=1.48, CI1.09-2.01, p=0.013).

No retinal degeneration and course of T2D The results
showed (Table 7) that rs7914287 was associated with
T2D patients who have no retinal egeneration under
multiple genetic models (allele: p=0.022, homozygote:
p=0.004, recessive: p=0.003, log-additive: p=0.021).
We also found that the candidate SNPs associated with
the course of T2D were rs10822745 (allele: p=0.022,
homozygote: p=0.017, recessive: p=0.027, log-additive:
p=0.023), rs7920624 (allele: p=0.030), and rs2441727
(allele: p=0.030; heterozygote: p=0.001; dominant:
p=0.001; log-additive: p=0.003).

Differences in clinical indicators under different gen-
otypes We also evaluated the impact of 4 candidate
CTNNA3 SNPs on the level of clinical indicators under
different genotypes. The result showed (Table 8) that
high density lipoprotein levels had significant differ-
ences under different genotypes of CTNNA3 rs10822745
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Table 3 Analysis of the association between susceptibility of type 2 diabetes and single nucleotide polymorphism of CTNNA3

SNP ID Model Genotype Case Control Adjusted by age and gender
OR (95% CI) p
rs10822745 Allele C 430 (42.91%) 417 (41.70%) 1.05 (0.88-1.26) 0.582
T 572 (57.09%) 583 (58.30%) 1.00
Genotype CcC 87 (17.4%) 84 (16.8%) 1.10(0.76-1.59) 0.631
cT 256 (51.1%) 249 (49.8%) 1.09 (0.82-1.44) 0.558
T 158 (31.5%) 67 (33.4%) 1.00
Dominant CC-CT 343 (68.5%) 333 (66.6%) 1.09 (0.84-1.42) 0.528
T 158 (31.5%) 67 (33.4%) 1.00
Recessive CcC 87 (17.4%) 84 (16.8%) 1.04 (0.75-145) 0.811
CT-TT 414 (82.6%) 416 (83.2%) 1.00
Log-additive - - - 1.05 (0.88-1.26) 0.575
157920624 Allele A 485 (48.79%) 498 (49.80%) 0.96 (0.81-1.15) 0.653
T 509 (51.21%) 502 (50.20%) 1.00
Genotype AA 0(22.1%) 123 (24.6%) 0.91 (0.64-1.31) 0.623
AT 265 (53.3%) 252 (50.4%) 1.08 (0.80-1.46) 0.629
T 22 (24.6%) 125 (25%) 1.00
Dominant AA-AT 375 (75.5%) 375 (75%) 1.02 (0.77-1.37) 0.872
T 22 (24.6%) 125 (25%) 1.00
Recessive AA 0(22.1%) 123 (24.6%) 0.87 (0.65-1.17) 0.349
AT-TT 387 (77.9%) 377 (75.4%) 1.00
Log-additive - - - 0.96 (0.80-1.15) 0.637
152441727 Allele A 182 (18.16%) 202 (20.45%) 0.86 (0.69-1.08) 0.197
G 820 (81.84%) 786 (79.55%) 1.00
Genotype AA 17 (3.4%) 17 (3.4%) 0.91 (0.46-1.83) 0.802
AG 148 (29.5%) 168 (34%) 0.81 (0.62-1.06) 0.128
GG 336 (67.1%) 309 (62.5%) 1.00
Dominant AA-AG 165 (32.9%) 185 (37.5%) 0.82 (0.63-1.07) 0.137
GG 336 (67.1%) 309 (62.5%) 1.00
Recessive AA 17 (3.4%) 17 (3.4%) 0.98 (0.49-1.95) 0.955
AG-GG 484 (96.6%) 477 (96.6%) 1.00
Log-additive - - - 0.86 (0.69-1.08) 0.192
17914287 Allele T 355 (35.50%) 284 (29.22%) 1.33(1.10-1.61) 0.003*
@ 645 (64.50%) 688 (70.78%) 1.00
Genotype T 68 (13.6%) 34 (7%) 2.21(1.41-347) 0.001*
TC 219 (43.8%) 216 (44.4%) 1.12 (0.86-1.46) 0.389
CC 213 (42.6%) 236 (48.6%) 1.00
Dominant TT-TC 287 (57.4%) 250 (51.4%) 1.27 (0.99-1.63) 0.062
CC 213 (42.6%) 236 (48.6%) 1.00
Recessive T 68 (13.6%) 34 (7%) 2.09(1.36-3.22) 0.001*
TC-CC 432 (86.4%) 452 (93%) 1.00
Log-additive - - - 1.34(1.10-1.62) 0.003*

SNP, Single nucleotide polymorphisms; OR, odds ratio; Cl, Confidence interval
p<0.05, bold text and "*indicate statistical significance

u_n

indicates Log-additive model

(p=0.013). The level of aspartate aminotransferase There was no significant difference between the remain-
(»=0.037), alanine aminotransferase (p=0.044) and ing candidate SNPs and the level of clinical indicators
gamma-glutamyltransferase (p=0.029) also had signifi- (Additional file 1: Table S1).

cant differences under different genotypes of rs7914287.
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Table 4 The SNPs of CTNNA3 associated with susceptibility of type 2 diabetes in the subgroup tests (age and gender)
SNP ID Model Genotype Age, years Gender
OR (95% ClI) p OR (95% ClI) P OR (95% ClI) p OR (95% CI) p
<60 (N=500) >60 (N=502) Female (N=284) Male (N=718)
rs10822745  Allele 1.03(0.80-1.32) 0844 1.07(0.83-1.38) 0587 1.09 (0.78-1.53) 0.600 1.04 (0.84-1.28) 0.749
T 1.00 1.00 1.00 1.00
Genotype CcC 1.09 (0.65-1.85) 0.739 1.05(0.61-1.79) 0.872 1.20 (0.61-2.36) 0.601 1.05(0.68-1.64) 0816
cT 091(061-136) 0660 1.21(0.81-1.81) 0.348 1.08(0.64-1.82) 0775 1.09(0.78-152) 0613
T 1.00 1.00 1.00 1.00
Dominant CC-CT 096 (0.65-1.40) 0819 1.17(08-1.71) 0426 1.11(068-182) 0675 1.08(0.79-1.48) 0.630
T 1.00 1.00 1.00 1.00
Recessive CcC 1.16(0.73-1.84) 0541 0.93(0.58-1.51) 0.771 1.15(0.62-2.11) 0659 1.00 (0.68-1.48) 0.999
CT-TT 1.00 1.00 1.00 1.00
Log-additive - 1.02(0.79-1.32) 0854 1.05(0.81-1.37) 0.699 1.09 (0.78-1.52) 0601 1.04(0.84-1.29) 0.742
157920624 Allele A 1.13(0.88-1.45) 0329 1.05(0.82-1.35) 0.700 0.95(068-131) 0.737 097(0.79-1.19) 0.749
T 1.00 1.00 1.00 1.00
Genotype AA 1.28(0.76-2.14) 0350 1.09 (0.65-1.83) 0.745 0.89 (0.46-1.73) 0.727 093 (0.60-142) 0.720
AT 1.02 (0.65-1.59) 0949 147(094-2.29) 0.092 1.00 (0.57-1.76) 1.000 1.11(0.78-1.59) 0.567
TT 1.00 1.00 1.00 1.00
Dominant AA-AT 1.09(0.72-167) 0679 133(0.87-2.03) 0.183 096 (0.57-1.64) 0890 1.05(0.75-1.48) 0.779
T 1.00 1.00 1.00 1.00
Recessive AA 1.27 (0.84-1.90) 0259 0.84(0.55-1.28) 0411 0.89 (0.51-1.54) 0673 086(0.61-1.22) 0399
AT-TT 1.00 1.00 1.00 1.00
Log-additive - 1.14(0.88-147) 0336 1.04(0.81-1.35) 0.755 094 (0.68-1.32) 0733 096(0.78-1.19) 0.733
1s2441727 Allele A 0.98(0.71-135) 0.887 0.78(0.58-1.07) 0.122 0.89(0.60-1.33) 0581 0.85(065-1.11) 0.238
G 1.00 1.00 1.00 1.00
Genotype AA 046 (0.11-1.88) 0.281 0.73(049-1.67) 0.748 0.95(0.36-2.03) 0933 0.82(0.33-2.06) 0677
AG 0.86 (0.43-1.26) 0.757 0.58(0.39-0.87) 0.008* 0.80(048-1.31) 0371 082(0.59-1.13) 0218
GG 1.00 1.00 1.00 1.00
Dominant AA-AG 0.84(0.70-148) 0931 064 (044-093) 0.021* 0.83(0.51-1.33) 0433 0.82(0.60-1.12) 0.206
GG 1.00 1.00 1.00 1.00
Recessive AA 045(0.11-1.84) 0267 057 (0.60-0.76) 0.455 0.94(040-1.23) 0812 0.88(0.35-2.19) 0.775
AG-GG 1.00 1.00 1.00 1.00
Log-additive - 0.96 (0.68-1.36) 0.830 0.77(0.57-1.05) 0.103 0.89(0.60-1.33) 0579 0.84(064-1.11) 0.228
1s7914287 Allele T 1.31(1.00-1.72) 0052 137(1.06-1.79) 0.018% 1.34(0.94-1.90) 0.107 2.33(1.07-3.67) 0.012*
C 1.00 1.00 1.00 1.00
Genotype T 271(1.36-542) 0057 222(1.18-4.17) 0.013* 2.26(0.97-522) 0.058 2.20(1.29-3.77) 0.004*
TC 0.99 (0.68-1.44) 0952 143(097-2.11) 0.070 1.11(0.67-1.83) 0681 1.12(0.82-1.54) 0461
CcC 1.00 1.00 1.00 1.00
Dominant TT-TC 1.18(0.82-1.68) 0372 1.56(1.08-2.25) 0.019* 1.27(0.79-2.04) 0330 1.27(095-1.71) 0.113
CcC 1.00 1.00 1.00 1.00
Recessive T 2.73(140-532) 0.120 1.85(1.02-3.35) 0.044* 2.14(096-4.76) 0.063 2.08(1.24-349) 0.005*
TC-CC 1.00 1.00 1.00 1.00
Log-additive - 133(1.01-1.75) 0064 147(1.11-194) 0.007* 1.35(0.94-1.93) 0.106 2.33(1.06-3.67) 0.013*

SNP, Single nucleotide polymorphisms; OR, odds ratio; Cl, Confidence interval

p<0.05, bold text and "*' indicate statistical significance

u_n

indicates Log-additive model
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Table 5 The SNPs of CTNNA3 associated with susceptibility of type 2 diabetes in the subgroup tests (smoking and drinking)

SNP ID Model Genotype Smoking Drinking
OR (95% Cl) p OR (95% Cl) p OR (95% CI) p OR (95% CI) p
No (N=454) Yes (N=342) No (N=528) Yes (N=236)
rs10822745  Allele 096 (0.70-131) 0777 1.11(0.85-146) 0447 1.13(0.78-1.63) 0524 1.05(0.80-1.39) 0.715
T 1.00 1.00 1.00 1.00
Genotype CcC 0.79 (0.40-156) 0500 1.26(0.73-2.17) 0407 1.26 (0.57-2.76) 0.568 098 (0.57-1.69) 0.954
cT 1.25(0.76-2.05) 0377 1.11(0.72-1.71) 0.628 1.21(0.68-2.14) 0518 143(093-2.21) 0.107
T 1.00 1.00 1.00 1.00
Dominant CC-CT 1.13(0.70-1.8) 0619 1.15(0.77-1.73) 0488 122 (0.71-2.11) 0476  1.28(0.86-1.91) 0.230
T 1.00 1.00 1.00 1.00
Recessive CcC 0.69(0.38-1.27) 0233 1.18(0.73-191) 0496 1.12(0.55-2.27) 0.750 0.80(0.50-1.30) 0.375
CT-IT 1.00 1.00 1.00 1.00
Log-additive - 0.95(068-1.33) 0.773 1.12(0.86-1.46) 0403 1.14(0.78-1.66) 0.505 1.05(0.79-1.37) 0.753
157920624 Allele A 1.01(0.74-1.39) 0931 095(0.73-1.25) 0.733 1.10(0.77-1.59) 0598 0.99(0.75-1.29) 0921
T 1.00 1.00 1.00 1.00
Genotype AA 1.03(0.54-197) 0918 0.89(0.52-1.51) 0.659 1.23(0.60-2.53) 0574 097(0.56-1.65) 0.899
AT 1.52(0.88-2.63) 0.131 1.02(0.65-1.60) 0.943 136 (0.73-2.55) 0334 137(0.86-2.19) 0.182
T 1.00 1.00 1.00 1.00
Dominant AA-AT 136 (0.81-2.27) 0249 097 (063-149) 0.898 1.31(0.73-2.36) 0361 1.22(0.79-1.89) 0.363
T 1.00 1.00 1.00 1.00
Recessive AA 0.77 (046-131) 0342 0.88(0.56-1.37) 0.567 1.01(0.56-1.83) 0978 0.78(0.50-1.23) 0.286
AT-TT 1.00 1.00 1.00 1.00
Log-additive - 1.02(0.74-142) 0892 094(0.72-1.23) 0674 1.11(0.78-1.59) 0563 099 (0.75-1.31) 0937
152441727 Allele A 1.01 (0.67-1.53) 0953 0.79(0.56-1.10) 0.154 097 (0.62-1.51) 0.89 080 (0.57-1.12) 0.191
G 1.00 1.00 1.00 1.00
Genotype AA 3.08(036-641) 0305 1.32(041-4.29) 0.645 0.67(0.15-2.95) 0599 260 (0.57-5.82) 0.215
AG 0.88 (0.55-142) 0607 061(041-0.92) 0.018* 1.08(0.63-1.87) 0778 063 (042-0.94) 0.025%
GG 1.00 1.00 1.00 1.00
Dominant AA-AG 0.94 (0.58-1.50) 0.780 065 (0.44-0.97) 0.034* 1.04(061-1.76) 0892 0.69(046-1.03) 0.071
GG 1.00 1.00 1.00 1.00
Recessive AA 0.82(0.38-1.34) 0.287 0.57(049-1.06) 0448 0.65(0.15-2.83) 0570 0.27(0.68-1.83) 0.144
AG-GG 1.00 1.00 1.00 1.00
Log-additive - 0.93 (0.66-1.55) 0963 0.75(0.54-1.06) 0.108 098 (0.62-1.56) 0947 0.83(0.58-1.17) 0.281
157914287  Allele T 136 (0.97-191) 0078 236(1.01-482) 0.023* 1.20(0.81-1.77) 0368 141(1.04-291) 0.025*
C 1.00 1.00 1.00 1.00
Genotype T 1.91(0.87-4.21) 0.109 250(1.18-532) 0.017* 133(0.55-3.20) 0.527 2.11(1.34-5.20) 0.008*
TC 1.29(0.80-2.07) 0302 1.06(0.71-1.58) 0.788 1.21(0.70-2.09) 0501 1.08(0.72-1.62) 0.721
CcC 1.00 1.00 1.00 1.00
Dominant TT-TC 1.39(0.89-2.19) 0.152 1.23(0.83-1.81) 0.299 1.23(0.73-2.07) 0436 1.28(0.86-1.90) 0.219
CcC 1.00 1.00 1.00 1.00
Recessive T 1.69 (0.79-3.60) 0.175 244(1.18-5.05) 0.016* 1.21(0.52-2.79) 0655 2.00(1.33-4.77) 0.008*
TC-CC 1.00 1.00 1.00 1.00
Log-additive - 1.35(0.96-1.89) 0.089 1.34(0.99-1.80) 0.055 1.17(0.79-1.73) 0428 1.41(1.04-191) 0.027*

OR, odds ratio; Cl, confidence interval

p<0.05, bold text and "*' indicate statistical significance

u_n

indicates Log-additive model
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Table 6 The SNPs of CTNNA3 associated with susceptibility of type 2 diabetes in the subgroup tests (BMI)

SNP ID Model Genotype BMI

OR (95% Cl) p OR (95% Cl) p
<24 (N=326) >24 (N=426)

rs10822745 Allele T 1.12 (0.81-1.54) 0.499 0.89 (0.68-1.17) 0415
Homozygote cc/IT 143 (0.69-2.95) 0332 0.77 (0.44-1.37) 0375
Heterozygote cT 0.95 (0.58-1.56) 0.839 06 (0.68-1.67) 0.793
Dominant CC-CT/1T 1.04 (0.64-1.67) 0.881 0.97 (0.63- O) 0.905
Recessive CC/CT-TT 1.48(0.77-2.85) 0.244 0.74 (0.45-1 22) 0.237
Log-additive - 1.13(0.81-1.59) 0.465 0.90 (0.68-1.19) 0.448

rs7920624 Allele AT 1.05 (0.76-1.44) 0.763 1.12 (0.85-1 47) 0430
Homozygote AA/TT 1.13(0.56-2.26) 0.733 1.25(0.72-2.17) 0422
Heterozygote AT 1.16 (0.66-2.04) 0.610 1.28 (0.81-2.02) 0.294
Dominant AA-AT/TT 1.15(0.67-1.99) 0613 1.27 (0.83-1.95) 0.276
Recessive AA/AT-TT 01 (0.58-1.77) 0.963 1.07 (0.67-1.72) 0.765
Log-additive - 1.06 (0.75-1.51) 0.727 1.13 (0.86-1.49) 0.385

152441727 Allele A/G 0.72 (0.48-1.08) 0.115 1.00 (0.70-1.41) 0.993
Homozygote AA/GG 1.10 (0.19-6.24) 0913 1.32(0.32-5.51) 0.705
Heterozygote AG/GG 0.64 (0.39-1.03) 0.068 0.96 (0.63-1.45) 0.829
Dominant AA-AG/GG 0.66 (0.41-1.06) 0.082 0.97 (0.65-1.46) 0.896
Recessive AA/AG-GG 1.30 (0.23-7.31) 0.765 1.34(0.32-5.56) 0.689
Log-additive - 1.16 (0.77-1.74) 0484 1.00 (0.69-1.45) 0.991

157914287 Allele T/C 1.57 (1.11-2.24) 0.072 1.45 (1.08-1.96) 0.014*
Homozygote TT/CC 3.66 (1.43-5.36) 0.120 2.86(1.32-6.24) 0.008*
Heterozygote TC/CC 1.27 (0.79-2.06) 0325 1.24 (0.82-1.88) 0.302
Dominant TT-TC/CC 52(0.96-242) 0.073 142 (0.96-2.11) 0.080
Recessive TT/TC-CC 2.25(1.31-4.07) 0.093 2.58(1.22-4.47) 0.014*
Log-additive - 60 (1.12-2.29) 0.110 1.48 (1.09-2.01) 0.013*

OR, odds ratio; Cl, confidence interval
p<0.05, bold text and "* indicate statistical significance

~"indicates Log-additive model

FPRP analysis

The results of FPRP analysis showed that (Additional
file 2: Table S2) the association between CTNNA3
rs7914287 and T2D risk in drinking participants was
not noteworthy at the prior probability level of 0.25 and
FPRP threshold of 0.2. The FPRP of the remaining sig-
nificant results were all less than 0.2, which means that
these positive results were noteworthy.

LD and haplotype analysis

The results of linkage disequilibrium and haplotype
analysis of CTNNA3 polymorphism showed (Fig. 1):
there is an LD block (D’=0.968, R?>=0.665) composed
of 2 SNPs (rs10822745 and rs7920624). However, logis-
tic regression results showed that there was no sta-
tistically significant difference among the CTNNA3
haplotype frequencies in the cases and controls (Addi-
tional file 3: Table S3).

Analysis of MDR

We used MDR to analyze and predict the interaction
between SNP-SNP. Figure 2 was dendrogram analysis
of SNP-SNP interaction. The color in the figure rep-
resents whether the effect of SNP-SNP on T2D risk is
synergistic or redundant. The color in the figure rep-
resents whether the effect of SNP-SNP on T2D risk
is synergistic or redundant. The blue line in the den-
drogram indicates that candidate SNPs have a redun-
dant role in regulating T2D risk (Fig. 2). The results
(Table 9) showed that the four loci models (rs10822745,
rs7920624, rs2441727, rs7914287) have the highest
test accuracy. However, considering the small sample
size, the rs7920624 and rs2441727 two-site model was
regard as the overall best model, with a test accuracy of
0.541 and a good CVC (9/10).
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Table 7 The SNPs of CTNNA3 associated with susceptibility of type 2 diabetes in the subgroup tests (no retinal degeneration and

course of type 2 diabetes)

SNP ID Model Genotype No retinal degeneration Course of type 2 diabetes (> 10
(No retinal degeneration in cases vs. <10 years)
vs. < control) (N=500)
(N=741)
OR (95% Cl) p OR (95% Cl) p
rs10822745 Allele /T 07 (0.86-1.33) 0.552 0.74 (0.57-0.96) 0.022*
Homozygote T (O 66-1.72) 0.795 049 (0.28-0. 88) 0.017%
Heterozygote cT 0(0.92-1.85) 0.139 0.83 (0.55-1.25) 0.368
Dominant CC-CT/TT 1.24 (0.89-1 74) 0.204 0.73 (0.49-1.09) 0.120
Recessive CC/CT-TT 0.90 (0.59-1.38) 0.631 0.55 (0.33-0. 94) 0.027*
Log-additive - 1.07 (0.86-1.35) 0.540 0.73 (0.55-0.96) 0.023*
rs7920624 Allele AT 0.95(0.76-1.18) 0.647 33(1.03-1.72) 0.030*
Homozygote AA/TT 0.88 (0.55-1.41) 0.602 73 (1.00-3. 01) 0.052
Heterozygote AT 1.29 (0.88-1.90) 0.187 0(0.94-2.40) 0.091
Dominant AA-AT/TT 1.16 (0.80-1.67) 0430 6 (1.00-2.45) 0.051
Recessive AA/AT-TT 0.74 (0.50-1.08) 0.118 1.30 (0.84-2.03) 0.238
Log-additive - 0.95(0.76-1.19) 0.640 1.31(1.00-1.73) 0.051
152441727 Allele A/G 81(0.61-1.08) 0.152 1.33(1.03-1.72) 0.030*
Homozygote AA/GG 0.56 (0.20-1.54) 0.261 61 (0.22-1.68) 0336
Heterozygote AG/GG 0.83(0.59-1.16) 0.268 0.49 (0.32-0.76) 0.001*
Dominant AA-AG/GG 0.80(0.58-1.11) 0.188 0.50 (0.33-0.76) 0.001*
Recessive AA/AG-GG 0.59 (0.22-1.64) 0314 0.74(0.27-2.04) 0.558
Log-additive - 0.80 (0.60-1.08) 0.140 0.59 (0.41-0.84) 0.003*
157914287 Allele T/C 1.31 (1.04-1.66) 0.022* 1.10 (0.85-1.44) 0466
Homozygote TT/CC 2.20(1.29-3.75) 0.004* 1.23(0.70-2.16) 0479
Heterozygote TC/CC 1.07 (0.77-1.49) 0.682 0.89 (0.60-1.34) 0.587
Dominant TT-TC/CC 1.23 (0.90-1.68) 0.200 0.97 (0.66-1.41) 0.859
Recessive TT/TC-CC 2.13(1.28-3.54) 0.003* 1.30 (0.76-2.21) 0334
Log-additive - 1.32(1.04-1.68) 0.021* 1.05 (0.80-1.37) 0.721

OR, odds ratio; Cl, confidence interval
p<0.05, bold text and "*indicate statistical significance

u_n

indicates Log-additive model

Discussion
The incidence of Type 2 diabetes has increased signifi-
cantly worldwide, and the number of T2D patients in
many countries is increasing year by year [1]. More and
more studies have confirmed that genetic factors play an
indispensable role in the T2D risk [2]. More and more
efforts are also devoted to improving the status quo of
T2D, but there are still some clinical challenges to be
overcome. For example, the existing clinical markers are
not fully applicable to clinical diagnosis [25]. It was esti-
mated that the genetic signals that have been discovered
can only explain 2% of the T2D risk [16]. Therefore, it
is still an arduous and long-term task to discover more
genetic polymorphisms related to T2D risk.

There are relatively few studies on the associa-
tion between CTNNA3 genetic polymorphisms and

diseases. In recent reports, CTNNA3 single nucleotide
polymorphisms in African populations can be used as
new genetic signals for MetS, and MetS risk is closely
associated with T2D risk [19, 20]. Our study is the first
to explore the association between CTNNA3 SNPs and
T2D risk in Chinese Han population, and we found
strong evidence of potential association between them.
In general, among the 4 candidate SNPs, only CTNNA3
rs7914287 was significantly associated with T2D risk in
the Chinese Han population under allele, homozygous,
recessive and log-additive models. It may be a risk fac-
tor for T2D. We found no evidence that the remain-
ing three SNPs are associated with T2D risk among
participants.

Type 2 diabetes is most common in the elderly, but
due to lack of physical activity and healthy eating habits
[26-28], there are more and more obese patients among
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Table 8 Clinical characteristics of patients (N=501) based on the genotypes of selected SNPs
Characteristics  rs10822745 rs7914287

1N TC cC p 1N TC de p
FBS 7224293 7464346 7231401 0.770 7.34+3.03 7311344 7394348 0.976
GHbA1C 8114+1.99 8174216 771£183 0212 76+£1.79 8.18+1.99 811422 0.135
TC 35+£148 3574148 37341443 0.763 3324+1.59 3.64+3.03 3.59+147 0.598
TG 2894341 2664268 2574£241 0.670 2444355 283426 2694297 0.651
HDL 1.03+£0.28 0.99+£0.24 126+£1.63 0.013* 1.08£0.33 1.1+£1.04 0.99+0.25 0.306
Urea 6.36£2.39 6.76£3.94 6.1+£2.19 0.206 6.27+1.71 64+244 6.72+4.21 0.494
Cr 70.78 £55.46 73.38+£56.92 65.54£29.61 0493 68.02+£29.28 68.17£26.33 7544 +74.01 0.320
Cys-c 099+£047 1.02+£048 14034 0.709 0.98+0.38 1.03+£034 14057 0.690
AST 21.57£13.08 2201£1646 21494+£11.82 0.939 2262+12.84 2341+£19.17 19.84+£859 0.037*
ALT 246812487 246242739 252242321 0.982 23.08+£14.14 28.07+£3491 2197+£15.68 0.044*
GGT 30.88+£248 34.61+3941 3267+5754 0.652 29.63£19.1 38.54+54.75 28.72£20.7 0.029*
LPa 20549421061 21426+£22375 246.77+241.11 0392 19982419991 23056+£21936 20944+23349 0516

p <0.05, bold text and "*' represent statistical significance

FBS, fasting blood glucose; GHbA1c, glycosylated hemoglobin A1c; TC, total cholesterol; TG, triacylglycerol; HDL, high density lipoprotein; Cr, creatinine; Cys-c, cystatin
c; AST, aspartate aminotransferase; ALT, alanine aminotransferase; GGT, gamma-glutamyltransferase; LPa, lysophosphatidic acid

children, adolescents and young people, which in turn
leads to type 2 diabetes [29]. Therefore, we divide the
participants according to the current status of T2D inci-
dence and the potential risk factors of T2D for subgroup
analysis, with a view to provide a valuable reference
for T2D risk assessment in specific populations. And

rs10822745
rs7920624
rs2441727
rs7914287

Block 1 (9 kh)
1 2

w
=

Fig. 1 Linkage disequilibrium (LD) plots containing four
polymorphisms from CTNNA3. The lighter the color, the lower the
degree of linkage. The numbers inside the diamonds indicate the D’
for pairwise analyses

subgroup analysis for potential risk factors is an effec-
tive way to remove the influence of confounding factors.
Alcohol [21], smoking [22], and aging [23] have been
reported as risk factors for T2D. In this study, rs2441727
significantly reduced the T2D risk among participants
who were > 60 years old, smoking, or drinking, and it also
showed a trend to reduce the risk of T2D among par-
ticipants who were <60 years old, no smoking/drinking.
Our results indicate that CTNNA3-rs2441727 may be a
protective factor for T2D in Chinese Han population, and
this protective effect is not affected by the potential envi-
ronmental risk factors of T2D. However, a large sample
size and further verification tests are necessary to ensure
that our results are more accurate.

Nevertheless, our study is the first to report the corre-
lation between CTNNA3-rs2441727 and T2D risk.

Whether in the overall or subgroup analysis
(age>60 years old, smoking, drinking, male, BMI> 24,
and no retinal degeneration), CTNNA3-rs7914287 can
increase the T2D risk under multiple genetic models
among participants. However, it is worth noting that in
the overall analysis, under the allelic inheritance model,
the allele ‘T” of rs7914287 seemed to show a tendency
to reduce the risk of T2D, the result was not signifi-
cant. We speculated that potential risk factors such as
age > 60 years old, males, smoking or drinking may pro-
mote the allele “T” of rs7914287 to become a risk fac-
tor for T2D. In addition, we also found that the results
of our study are similar to previous studies: Kautzky—
Willer et al. have reported that T2D risk has gender dif-
ferences. And this gender difference may be affected
by environmental factors such as age and obesity rate
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157920624
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Fig. 2 Dendrogram analysis of SNP-SNP interaction. The colors in the tree diagram represent synergy or redundancy

Table 9 SNP-SNP interaction models analyzed by the MDR method

Model Training Bal. Acc Testing Bal. Acc OR (95% Cl) p value CcvC
rs7914287 0.537 0.520 1.35(1.05-1.73) 0.0191 9/10
157920624, rs2441727 0.557 0.541 1.58 (1.23-2.04) 0.0003 9/10
157920624, rs2441727, 157914287 0.582 0.525 1.96 (1.52-2.54) <0.0001 9/10
1510822745, 157920624, rs2441727, 157914287 0.607 0.543 241 (1.86-3.12) <0.0001 10/10

MDR, multifactor dimensionality reduction; Bal. Acc., balanced accuracy; CVC, cross-validation consistency; OR, odds ratio; 95% Cl, 95% confidence interval

p values were calculated using x? tests; p < 0.05 and bold text indicate statistical significance

[30]. Our study also found that the association between
CTNNA3-rs7914287 and T2D risk had gender differ-
ences. Increased BMI is strongly associated with T2D
risk [31]. Our study also found that rs7914287 was signif-
icantly associated with T2D risk among participants with
BMI > 24. In addition to the above findings, we found that
CTNNA3-rs7914287 was a risk factor for T2D patients
with no retinal degeneration. However, numerous studies
have reported that retinal degeneration is closely related
to T2D [32, 33]. Combined with the results of this study,
CTNNA3-rs7914287 can significantly increase the risk
of T2D participants and may not be affected by retinal
degeneration or not.

In summary, rs7914287 is a risk factor for T2D. And
potential risk factors such as age>60 years old, males,
smoking or drinking et al. may have a synergistic effect
with rs7914287 in increasing the risk of T2D.

And we were also pleasantly surprised to find that
the levels of AST, ALT and GGT of T2D patients were
significantly different under different genotypes of
rs7914287. And there were studies have reported that the
increase in AST, ALT and GGT levels may be related to
the increased risk of T2D [32, 34, 35]. In our study, the
T2D participants had significantly higher AST, ALT and
GGT levels under the rs7914287 TC genotype. Therefore,
we speculate that CTNNA3-rs7914287 may increase the
T2D risk by affecting the levels of AST, ALT and GGT.
But this is just a speculation, CTNNA3-rs7914287 mech-
anism in the pathogenesis of T2D risk remains unclear,

further research is needed. Nevertheless, our study sug-
gest that CTNNA3 genetic polymorphism may be a new
genetic signal of T2D risk in Chinese Han population,
providing new ideas and valuable references for clinical
early prevention and individualized treatment of T2D in
Chinese Han population.

It is worth noting that our study still has certain limita-
tions. If the sample size is further expanded for research
verification, it will be more helpful to confirm the results
of our study.

Conclusion

In summary, we found that CTNNA3 genetic polymor-
phisms can be used as a new genetic signal of T2D risk in
Chinese Han population. Especially, CTNNA3-rs7914287
showed an outstanding and significant association with
T2D risk in both overall analysis and subgroup analysis.
Our study has provided valuable data supplements for
the T2D susceptibility loci in Chinese Han population.
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