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Abstract

Objective: To investigate the association between three single nucleotide polymorphisms
(SNPs) of the ATP-binding cassette (ABC) gene family and susceptibility to type 2 diabetes
mellitus in a Chinese Han population.

Methods: A total of 1086 type 2 diabetes patients and 1122 healthy controls were included in
this retrospective study. Three genetic variants, rs|800977 and rs4149313 in ABCAI, and
rs| 128503 in ABCBI were included in the study. Susceptibility to type 2 diabetes was evaluated
under three genetic models.

Results: A significant association between rs1800977 and type 2 diabetes was identified in three
different genetic models (TT vs CC, odds ratio [OR]=0.611 [95% confidence interval (ClI),
0.469-0.798]; T vs C, OR=0.841 [95% Cl, 0.745-0.950]; and the recessive model,
OR =0.606 [95% ClI, 0.474-0.774]). Additionally, a significant association between rs4149313
and type 2 diabetes was identified in three different genetic models (AA vs GG, OR =0.467 [95%
Cl, 0.326-0.670]; A vs G, OR=0.819 [95% CI, 0.717-0.935]; and the recessive model,
OR =0.478 [95% ClI, 0.336-0.680]).

Conclusion: We found that SNPs rs1800977 and rs4149313 in ABCAI are significantly associ-
ated with susceptibility to type 2 diabetes in a Chinese population, although this should be
confirmed in a larger study.
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Introduction

Currently, 422 million patients have been
diagnosed with diabetes mellitus world-
wide, of whom 95% have type 2 diabetes
mellitus (T2DM).! Diabetes is an endocrine
disease” characterized by an absolute or rel-
ative lack of insulin secretion and a lower
sensitivity of target organs or cells to insu-
lin.®> Specific clinical symptoms include
abnormalities of glucose and lipids in the
blood.

T2DM occurrence and development are
related to both genetic and environmental
factors. Single nucleotide polymorphisms
(SNP) are one of the most common
human genetic variations, accounting for
more than 90% of all known polymor-
phisms, and hundreds have been found to
be associated with T2DM.*> However,
reported studies only explain some of the
causes of T2DM, and further investigation
is needed to fully understand the relation-
ship between SNPs and T2DM.

ATP-binding cassette transporter Al
(ABCAL1) is a member of the ATP-binding
cassette transporter family which binds and
hydrolyzes ATP, using the energy generated
to transport substances including lipids,
sterols, and cell metabolites.®® ABCAI
was previously shown to play a key role in
the reverse transport of cholesterol. °

Recent studies have shown that ABCAI
is essential for normal glucose regulation,
such as on islet B cells.'” Functional
ABCAI SNPs can change expression levels
and activity, leading to differences in blood
lipid levels and atherosclerosis levels.''

However, the effects and mechanisms of
functional ABCA1 SNPs on T2DM suscep-
tibility remain unclear. Here, we aimed to
investigate the association between three
ABCAI SNPs (rs1800977, rs4149313, and
rs1128503) and susceptibility to T2DM in
a Chinese Han population.

Materials and methods

Study participants

A total of 1086 hospitalized diabetic
patients who were diagnosed according to
American Diabetes Association Criteria
and 1122 age-matched control individuals
with no family history of diabetes recruited
from Renmin Hospital of Wuhan
University were included in this retrospec-
tive study. Clinical data including age, sex,
and body mass index (BMI) were measured
using standard laboratory techniques.
Biochemical parameters including low-
density lipoprotein cholesterol (LDL-C),
high-density lipoprotein cholesterol (HDL-
(), and glycated hemoglobin (HbAlc) were
determined by an automatic biochemical
analyzer using commercial kits (Shenzhen
Renova Technology Industry Co., Ltd,
Shenzhen, China). Blood pressure, includ-
ing systolic blood pressure (SBP) and dia-
stolic blood pressure (DBP), was measured
by a sphygmomanometer with cuff. All
assessments of clinical characteristic data
were blinded for genotyping results. The
study protocol was approved by the Ethics
Committee of Renmin Hospital of Wuhan



Yan et al.

University, and written informed consent
was provided by all participants.

DNA extraction and genotyping

Genomic DNA was extracted from 200 pL
whole blood using the QIAamp blood kit
according to the manufacturer’s protocol
(Qiagen Inc., Valencia, CA, USA).
Genotyping was conducted via the
SNaPshot method.'> Data were analyzed
using  GeneMapper'™ 4.0  software
(Applied Biosystems, Foster City, CA,
USA). For quality control, genotyping
was performed without knowledge of the
subjects’ status, and 50 samples (2.26% of
the cases) were randomly selected for repli-
cate genotyping by a different technician.

Statistical analyses

SPSS version 11.0 software (SPSS Inc.,
Chicago, IL, USA) was used to carry out
statistical analyses. Hardy—Weinberg equi-
librium (HWE) was assessed in patients
and controls by the chi-square test. Odd
ratios (ORs) with 95% confidence intervals
(95% Cls) were calculated to assess the asso-
ciations between SNPs and susceptibility to
T2DM. Associations between SNPs and
T2DM were evaluated using three genetic
models including the allele frequency
model, dominant model, and recessive

Table I. Characteristics of patients and controls.

model. Clinical data between patients and
controls were compared with the Student’s
t test. Multivariate logistic regression analy-
sis was used to assess the influence of clinical
data on results. Multifactor dimensionality
reduction analysis was used to assess the
effect of a combination of SNPs. P <0.05
was considered statistically significant.

Results

Population characteristics and genotype
results

Clinical baseline characteristics in patients
and controls are shown in Table 1 and the
genotype distribution of the three SNPs is
shown in Table 2. There were no significant
differences in sex or age between patients
and controls. However, BMI, SBP, DBP,
and levels of LDL-C, HDL-C, and HbAlc
were significantly increased in patients com-
pared with controls (P <0.001). Genotype
distributions of the three SNPs also differed
between patients and controls. Chi-squared
analysis showed that SNPs in the control
group did not deviate from HWE.

Association between rs1800977,
rs4149313, and rs| 128503 and T2DM

Table 3 shows that there were significant
associations  between  rs1800977 and

Patient group

Control group

(n=1086) (n=1122) P value
Sex (Male/Female) 524/562 571/551 0.215
Age (years) 5881 +9.67 59.15+9.94 0416
BMI (kg/m?) 26.84 +3.49 25.87 £3.77 <0.001
SBP (mmHg) 132.98 + 13.56 131.06 + 13.28 <0.001
DBP (mmHg) 81.11 +£10.89 7858+ 11.24 <0.001
LDL-C (mmol/L) 3.03£1.02 279+ 1.13 <0.001
HDL-C (mmol/L) 1.57+0.51 1.26 +0.48 <0.001
HbAlc (%) 7.794+222 598 +2.14 <0.001

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; LDL-C, low-density lipoprotein cho-
lesterol; HDL-C, high-density lipoprotein cholesterol; HbAlc, glycated hemoglobin.
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Table 2. Genotype distributions of SNPs and Hardy—Weinberg equilibrium test.

Patient group

Control group

SNP Genotype (n= 1086) (n=1122) P
rs1800977 cc 427 (39%) 416 (37%) 0217
cT 541 (50%) 518 (46%)
T 118 (11%) 188 (17%)
C 1395 (64%) 1350 (60%)
T 777 (36%) 894 (40%)
rs4149313 GG 584 (54%) 563 (50%) 0.872
GA 455 (42%) 462 (41%)
AA 47 (4%) 97 (9%)
G 1623 (75%) 1588 (71%)
A 549 (25%) 656 (29%)
rs1128503 T 536 (50%) 572 (51%) 0.144
TC 449 (41%) 444 (40%)
cc 101 (9%) 106 (9%)
T 1521 (70%) 1588 (71%)
C 651 (30%) 656 (29%)

SNP, single nucleotide polymorphism.

*P for Hardy—VWeinberg equilibrium test in the control group.

T2DM in three genetic models (TT vs CC,
OR=0.611 (95% CI, 0.469-0.798),
P<0.001; T vs C, OR=0.841 (95% CI,
0.745-0.950), P=0.005; and the recessive
model, OR =0.606 (95% CI, 0.474-0.774),
P <0.001).

As shown in Table 4, there were also sig-
nificant associations between rs4149313 and
T2DM in three genetic models (AA vs GG,
OR=0.467 (95% CI, 0.326-0.670),
P<0.001; A vs G, OR=0.819 (95% ClI,
0.717-0.935), P=0.003; and the recessive
model, OR=0.478 (95% CI, 0.336-0.680),
P <0.001).

Genetic model distributions of rs1128503
are shown in Table 5. There were no signif-
icant differences between patients and con-
trols in any of the five genetic models.

Association between genotype and clinical
data in patients
Table 6 shows that the rs1800977 CC geno-

type and rs4149313 AA genotype were asso-
ciated with significantly lower levels of

LDL-C, HDL-C, and HbAlc than other
genotypes (P < 0.05).

Association between haplotype and
T2DM susceptibility

As shown in Table 7, CG and TA haplo-
types of rs1800977 and rs4149313 were
associated with significantly higher risks of
T2DM (P < 0.05).

Discussion

T2DM is a polygenic disease closely associ-
ated with hundreds of mutations."> "> Tt is
characterized by a reduced sensitivity of
target organs or cells to insulin, resulting
in metabolic disorders of protein and
fat'®!” and clinical symptoms including an
abnormal increase of blood glucose and

lipids.
ABCA1 is a member of the ABC cell
membrane transport family. Human

ABCAI has 50 exons and is located on
chromosome 9q31.1. It is mainly expressed
in the plasma cell membrane and the Golgi
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Table 5. Association between rs| 128503 and susceptibility to T2DM.

OR (95% CIy*

P

Control group OR (95% ClI)

Patient group

Genetic model

0914

385)
.183)

0.602

0912

315)

1.081 (0.907-
1.021 (0.732—
1.040 (0.907—

0.397
0912

368)

0.591

179)

1.074 (0.932—

0.445

0.092 (0.740—

0.906

309)

444 (40%)
106 (9%)
656 (29%)
550 (49%)
106 (9%)

536 (49%)
536 (49%)
1521 (70%)
536 (49%)
985 (91%)

449 (41%)
101 (9%)
651 (30%)
550 (51%)
101 (9%)

TCvs TT

CCvsTT
CvsT

Dominant

Recessive

T2DM, type 2 diabetes mellitus; OR, odds ratio; Cl, confidence interval; BMI, body mass index; HbAlc, glycated hemoglobin.

*Represents the values after adjustment for age, sex, BMI, blood pressure, and HbAlc.

complex, where its encoded protein trans-
ports cholesterol and phospholipids via
vesicles.'®

In this study, we investigated the associ-
ation between ABCAI variants rs1800977
and rs4149313 and ABCBI variant
rs1128503 with susceptibility to T2DM,
and found that rs1800977 and rs4149313
were associated with a significantly higher
T2DM risk in a Chinese Han population.
In 2018, Li et al.'” conducted a case—control
study including 508 T2DM patients and 614
controls to explore the association between
the ABCAI rs1800977 polymorphism and
T2DM risk in a Chinese Han population.
They showed that the rs1800977 TT geno-
type and T allele were associated with a
reduced risk of T2DM compared with the
CC genotype. In 2019, Yan et al.? assessed
the relationship between ABCAI polymor-
phisms C69T and R230C in literature from
PubMed, Web of Science, EMBASE,
Wanfang Database, China National
Knowledge Infrastructure, and Cochrane
databases. They found that the ABCAI
R230C T allele was associated with a signif-
icantly reduced risk of diabetes (OR =0.75,
95% CI,0.57-0.98, P=0.04).

Some studies have shown that ABCAI
rs4149313 is associated with coronary
heart disease,”'*> while we identified a sig-
nificant association between rs4149313 and
T2DM in three genetic models in this study.
Conversely, while ABCBI rs1128503 has
previously been associated with hepatocel-
lular carcinoma and breast cancer,”>** we
found no association between rs1128503
and T2DM in this study. A possible
reason for this is because rs1128503 is locat-
ed in an intron of ABCBI, and introns lose
their function during evolution.

It has been reported that the ABCAI 1s
2230806 polymorphism provides clinically
relevant information for predicting the ther-
apeutic response to donepezil therapy.>> On
the basis of this finding, ABCAI gene ther-
apy has been attempted for diabetes
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Table 6. Association between genotype and clinical data in T2DM patients.

SNP Genotype LDL-C (mmol/L) HDL-C (mmol/L) HbAlc (%)

rs1800977 CC (n=427) 3.07+1.05 1.62 +0.54 7.854+2.36
CT (n=>541) 3.01 +1.04 1.59+0.53 7.834+2.27
TT (n=118) 2.834+0.94*% 1.4 £ 0.44* 7.19 +2.14*

rs4149313 GG (n=1584) 3.09+1.12 1.64+£0.56 7.87 +£2.35
GA (n=455) 3.0l £1.05 1.59+£0.52 7.834+2.27
AA (n=47) 2.81 +0.92% 1.37 £ 0.41* 7.024+2.01*

rs| 128503 TT (n=536) 3.0241.06 .51 £0.59 7.66 +2.49
TC (n=449) 3.13+1.02 1.62+0.58 7.844+225
CC (n=101) 2.944+0.97 1.54+0.57 7.584+2.27

T2DM, type 2 diabetes mellitus; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol;

HbAIc, glycated hemoglobin.
*Compared with wild-type homozygote, P<0.05.

Table 7. Association between haplotype and susceptibility to T2DM.

Patient, Control

Haplotype Frequency frequencies P
rs1800977%rs4149313
CG 0.454 0.481, 0.428 <0.001
TG 0.273 0.267, 0.279 0.342
CA 0.167 0.162, 0.173 0.300
TA 0.105 0.091, 0.119 0.002

T2DM, type 2 diabetes mellitus.

mellitus treatment. In another form of
ABCAl-related treatment, thiazolidine-
diones are insulin sensitizers related to the
ABCAI gene receptor which enhance the
sensitivity of cells to insulin by activating
peroxisome proliferator-activated receptor
(PPAR) to improve the function of islet
cells.’® For example, rosiglitazone activates
PPAR-gamma, which increases ABCAI
transcription, enhances sensitivity to insu-
lin, and reduces blood glucose levels.?’
Differences in reported associations of
ABCAIl and ABCBI SNPs with disease
between studies may reflect the variation
in SNP detection methods used. For exam-
ple, reported techniques include restriction
fragment length polymorphism analysis,
allele-specific PCR, single-stranded confor-
mation polymorphism, high-throughput

DNA sequencing, and denaturing high-
performance liquid chromatography.?® 3!
A limitation of our study was that we did
not determine all lipid profile parameters.
Additionally, we did not explore the possi-
ble mechanism by which ABCAl was
affected by rs1800977 and rs4149313 in
T2DM. Moreover, our findings need to be
verified in a larger study.

In conclusion, we showed that ABCAI
SNPs rs1800977 and rs4149313 are signifi-
cantly associated with susceptibility to
T2DM in a Chinese population.
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