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Aim: ANGPTLS is a cytokine expressed and secreted by liver and adipose tissue, and is
involved in glucose, lipid, and energy metabolism. Although studies have shown that
ANGPTLS is elevated in type 2 diabetes mellitus (T2DM) and cardiovascular disease, few
have examined the association between ANGPTLS single-nucleotide polymorphisms and the
risk of macrovascular complications in T2DM patients. This study aimed to explore the
relationship between rs2278426 and carotid intima—media thickening (cIMT) in T2DM.
Methods: A total of 217 T2DM patients and 201 healthy control subjects with normal
glucose tolerance were recruited in the study. T2DM patients were divided into two
groups: T2DM patients without cIM thickening (cIMT <1 mm, 109 cases) and T2DM
patients with cIM thickening (cIMT >1 mm, 108 cases). rs2278426 genotypes in all 418
subjects were determined and the risk of T2DM and T2DM with cIM thickening
analyzed.

Results: CT+TT-genotype frequency in T2DM was higher than in controls with normal
glucose tolerance, and the proportion of the CT+TT genotype in the group with cIMT was
higher than in the group (P<0.05). In addition, T alleles were associated with waist:hip ratio,
triglycerides, high density—lipoprotein cholesterol, plasma glucose at 2 hours’ oral glucose
tolerance, and homeostatic model assessment of insulin resistance (P<0.05).

Conclusion: Generally, carriers of the T allele at 1s2278426 are more likely to develop
T2DM, and the risk of cIM thickening is significantly increased for T-allele carriers with
T2DM, which indicates an increased risk of macroangiopathy.

Keywords: type 2 diabetes mellitus, angiopoietin-like protein 8, carotid intima—media
thickness, polymorphism, rs2278426

Introduction

Type 2 diabetes mellitus (T2DM) is a chronic metabolic disease, and its incidence is
increasing worldwide.! According to data from the International Diabetes
Federation, global DM prevalence increased from 108 million in 1980 to 463
million in 2019. It is estimated that global prevalence will reach 700 million by
2045.%3 With development in the course of DM, the risk of microvascular and
macrovascular complications increases. Among these are microvascular complica-
tions, mainly including diabetic nephropathy, retinopathy, and neuropathy, and
macrovascular complications, mainly including coronary artery disease, peripheral
vascular disease, and carotid artery disease.* Due to the lack of early symptoms or
signs of T2DM, some T2DM patients have DM complications before clinical
diagnosis, which seriously threatens disease control and their quality of life.? As
a representative of macrovascular diseases, cardiovascular disease (CVD) is the
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main cause of death of T2DM patients.” Therefore, early
prevention and diagnosis of DM and its macrovascular
complications are particularly important.

The pathological basis of diabetic macroangiopathy is
atherosclerosis, which is often evaluated by carotid
intima—media thickening (cIMT) from the inner surface
to the outer surface of the carotid artery.*’ Because the
process of atherosclerosis can directly affect blood-vessel
walls and compensatory dilation often occurs before ste-
nosis, it is difficult to predict the degree of atherosclerosis
in the early stages by the degree of stenosis of the lumen
secondary to the formation of plaques. Pignoli et al found
that cIMT measured by B-ultrasound is highly reliable and
repeatable and can be used for the evaluation and diag-
nosis of atherosclerosis.®* ' Since atherosclerosis is clo-
sely related to cardiovascular and other major vascular
diseases, cIMT has also been widely used in observational
epidemiological studies and clinical trials as an alternative
marker of CVD.'"""7

T2DM macroangiopathy is affected by many factors.
Research data show that >75% of T2DM patients have
DM-related lipid-metabolism abnormalities, due to hyperin-
sulinemia, insulin (Ins) resistance, and apoptosis of islet 3
cells, which are mainly mixed-lipid abnormalities, which
increase the incidence of macrovascular diseases.™® 2% In
recent decades, genetic factors have also been widely stu-
died. More and more susceptibility genes have been found,
and single-nucleotide polymorphisms (SNPs) of these sus-
ceptible genes have also been proved to be related to the
occurrence and development of macroangiopathy.> ¢
Therefore, SNP-related research has important clinical
value in the prevention, diagnosis, treatment, and prognosis
of T2DM and macroangiopathy.

ANGPTLS (also known as RIFL, lipasin and betatro-
phin) is a cytokine secreted mainly by the liver and adi-
pose cells. Its expression and secretion are affected by the
nutritional or metabolic state of the body, and it can
regulate the metabolism of glucose and lipid to different
degrees.”’*? In previous studies, our research team found
that the serum concentration of ANGPTLS is significantly
increased in newly diagnosed T2DM patients.** In follow-
up clinical studies, other researchers obtained the same
results with us,>* and serum ANGPTLS concentration
has been found to be independently related to fasting
blood glucose and T2DM.* In addition, ANGPTLS is
also associated with pre-DM, retinopathy, and renal func-
tion in T2DM patients.>** On the other hand, ANGPTLS
and its protein-family members can participate in the

regulation of lipid metabolism by inhibiting the activity
of lipoprotein lipase (LPL) and increasing the level of
circulating triglycerides (TGs).*'" Clinical studies have
shown that the level of circulating ANGPTLS in obese and
overweight patients is significantly increased.*’ Therefore,
ANGPTLS may be involved in the occurrence and devel-
opment of T2DM and its macrovascular lesions through its
important regulatory role in glucose and lipid metabolism.

The 152278426 polymorphism of the ANGPTLS gene is
an SNP locus discovered in recent years. The wild-type
gene of this locus is C and the mutant gene T. The fre-
quency of the T allele is about 5% in Caucasians, 25% in
Mexican Americans, and 50% in Native Americans. In a
Japanese study, T-allele carriers were more likely to have
T2DM and impaired glucose tolerance.® Other researchers
have also found that the T allele is related to low density—
lipoprotein cholesterol (LDL-C) and high-density—lipopro-
tein cholesterol (HDL-C), and individuals carrying the T
allele may have lower total cholesterol (TC) and HDL-C
levels.”> However, the relationship between polymorphism
of this locus and cIMT in T2DM has not been reported. In
this study, we explored the relationship between the
rs2278426 polymorphism of ANGPTLS and cIMT in
T2DM, which may provide a new way for the early predic-
tion, prevention, and diagnosis of T2DM macroangiopathy.

Methods

Subjects for Genotyping
We genotyped the ANGPTLS rs2278426 SNP in 217 T2DM
patients and 201 healthy control subjects with normal glucose
tolerance (NGT) from Jiangsu Province, China. T2DM
patients were divided into two groups: those without cIMT
(cIMT<1 mm, 109 cases) and those with cIMT (cIMT>1 mm,
108 cases). We used the WHO DM diagnosis and classification
standard of 1999, ie, the blood glucose >11.1mmol/L, fasting
blood glucose>7.0mmol/L, or plasma glucose at 2 hours
(2hPG) >11.1mmol/L on the oral glucose-tolerance test.
Using a commercial kit (DP348-03; Tiangen Biotech,
Beijing, China), genomic DNA was isolated from whole
blood cells treated with EDTA according to product specifi-
cations. We mixed 500 pL blood with 1 mL cell lysate,
centrifuged at 10,000 rpm for 1 minute, discarded the super-
natant, retained the nucleus precipitation, and mixed with
200 pL buffer. Then, we added 220 pL prepared protease K
solution, mixed this well, and kept it at 56°C for 10 minutes.
After 5 minutes at room temperature, proper amount of
buffer solution was added and the mixture transferred to
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the adsorption column, then centrifuged at 12,000 rpm for
30 seconds. Tinse solution was added, the whole centrifuged
at 12,000 rpm for 30 seconds, and the adsorption column
washed and dried for 2 minutes. DNA on the column was
eluted by centrifugation at 12,000 rpm for 2 minutes, and
genomic DNA was obtained. Consent was obtained from all
T2DM patients and control subjects, and the experimental
design was approved by the ethics committee of Affiliated
Hospital of Jiangsu University.

Genotyping of Polymorphisms
Using the genomic DNA of subjects as the template, DNA
fragments containing ANGPTLS 152278426 was amplified by
PCR (forward primer 5'-CAGGAGTTCTATTGTGCGGC-
3', reverse primer 5'-CCTGATGCAACTATCGCACC-3").
PCR products were digested by restriction enzymes and
products analyzed by 3% agarose-gel electrophoresis (80V,
45 minutes). PCR products containing the T allele can be
divided into two fragments of 331bp and 56bp by restriction
endonuclease (BseGI). Because of the smallness of the 56 bp
fragment, the migration of electrophoresis is too fast, and it
cannot be observed. Therefore, the electrophoretic results of
restriction-enzyme products were CC (one band at 387 bp),
CT (two bands at 387 bp and 331 bp), and TT (one band at
331 bp; Figure 1A). PCR reaction and restriction enzyme
digestion—reaction kits were purchased from Thermo Fisher
Scientific.

In addition, we randomly selected PCR products repre-
senting different genotypes for two-way sequencing analysis
to verify the genotyping results of restriction enzyme—

A
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digestion reaction. The results showed that the similarity
between the PCR products of ANGPTLS 12278426 and
the original gene provided by the NCBI website was 99%,
and the cleavage site was the same as the mutation site. The
results of DNA sequencing were consistent with those of
restriction-enzyme digestion. The two-way gene sequencing
was completed by the Beijing Genomics Institution, and
results were analyzed with Chromas 2.33 (Figure 1B).

Anthropometric and Biochemical

Measurements

Neck circumference (NC), waist circumference (WC), and
hip circumference (HC) of all patients were measured to the
nearest 0.1 cm. Waist:hip ratio (WHR) was calculated as WC
divided by HC, and BMI calculated as weight divided by
height squared (kg/m?). Glucose oxidase was used to detect
plasma glucose at each time point of the oral glucose-toler-
ance test and chemiluminescence used to measure Ins levels.
Hemoglobin A;c (HbA;.) was detected by HPLC. HDL-C,
LDL-C, TGs, and TC were measured by the kinetic method
(Beckman Coulter, Brea, CA, USA). The Ins-resistance
index was assessed by a steady-state model (Homeostatic
Model Assessment of Insulin Resistance [HOMA-IR] = fast-
ing plasma glucose [FPG] X fasting Ins [Fins]/22.5). The
cIMT was measured by ultrasound, and mean values of left
and right common cIMT were calculated.

Statistical Analysis
Data were analyzed using IBM SPSS version 20.0 soft-
ware. Quantitative data conforming to normal distribution
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Figure | Genotyping and validation results of rs2278426. (A) Electrophoretic results of restriction-enzyme products: CC (one band at 387 bp), CT (two bands at 387 bp
and 331 bp), and TT (one band at 331 bp). (B) Results of DNA sequencing: CC, CT, and TT genotypes from top to bottom, and position indicated by arrows was the

mutation site.
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are expressed as means + SD, and Student’s s-test was
used for comparison between the groups. For data of
abnormal distribution, medians and quartile spacingwere
used, and for comparison between the groups the nonpara-
metric Mann—Whitney U test was used. Qualitative data
are expressed as frequency, and y* tests were used to
compare differences in rs2278426 genotype and allele
frequency between the groups. Logistic regression was
used to estimate the relative risk of genotypes.
Differences were considered significant at P<0.05.
Distribution of SNP genotype and allele frequency were
calculated using direct counting, then tested for fitting
Hardy-Weinberg balance with goodness-of-fit y* test.
When P>0.05, the genotype-distribution frequency con-
forms with the Hardy—Weinberg equilibrium law, and
samples are representative of the population.

Results
Comparison of General Data and

Biochemical Indices
Compared with the NGT group, BMI, NC, WC, WHR,
systolic blood pressure (SBP), FPG, 2hPG, HbA,., FIns),

Table | Comparison of General Data and Biochemical Indices

Ins at 2h on Ins-release test (2hlns), and HOMA-IR
increased, while HDL-C and LDL-C decreased significantly
in the T2DM without cIMT group (cIMT<I mm, P<0.05).
On the other hand, BMI, NC, WC, HC, WHR, SBP, diastolic
BP (DBP), total TGs, FPG, 2hPG, HbA,, FIns, 2hlns, and
HOMA-IR were significantly higher, while HDL-C was sig-
nificantly lower in the T2DM with cIMT group (cIMT>1
mm) than in the NGT group (P<0.05). In T2DM patients,
levels of HC, SBP, DBP, TG, and FIns were significantly
higher in the cIMT group, while HDL-C was significantly
lower in the cIMT group (P<0.05, Table 1).

rs2278426 Gene Polymorphism and Risk

of T2DM

Frequency of the CC, CT, and TT genotypes was 65.2%,
29.9%, and 5.0% in the NGT group and 54.4%, 38.7%,
and 6.9% in the T2DM group, respectively. The Hardy—
Weinberg test was used to test genetic balance in all
subjects (y*=0.367, P>0.05 in controls; y*=0, P>0.05 in
T2DM), as shown in Table 2. There were significant
differences in the distribution of genotypes between the
two groups, and the frequency of CT-genotype distribution

NGT (n=201) T2DM (n=217)
cIMT <I mm (n=109) cIMT =21 mm (n=108)

Age 48.78+9.31 58.06+12.21 65.71+9.40
Sex (M/F) 92/109 62/47 66/42
BMI (kg/m?) 23.69+3.75 24.63+3.49* 25.3243.19*
NC (cm) 34.11+3.38 36.15+3.47* 36.48+3.33*
WC (cm) 81.47+11.83 88.90+10.04* 91.36£8.90*
HC (cm) 94.62+7.09 95.02+8.11 97.30+7.16"1
WHR 0.85+0.07 0.93+0.05* 0.93+£0.06*
SBP (mmHg) 120.25+15.04 130.71x16.12* 136.5215.01"F
DBP (mmHg) 78.25%11.19 78.77+9.55 81.38+9.25"1
TC (mmol/L) 4.69+0.83 4.56+1.04 4.82+1.03
HDL-C (mmol/L) 1.37£0.99 1.12+0.32% 0.99+0.25"
LDL-C (mmol/L) 2.70 (2.29-3.19) 2.53 (2.03,2.90)* 2.62 (2.05,3.23)
TGs (mmol/L) 1.39+0.82 1.55+0.73 1.92+0.76"
FPG (mmol/L) 5.15+0.46 9.89+3.56* 9.40+2.97*
2hPG (mmol/L) 5.88x1.11 17.76+5.53* 17.78+5.12*%
HbA,| . 5.40+0.28 8.96x1.91* 8.82+1.85%
Fins (uIU/mL) 5.68 (4.12-7.94) 7.28 (4.14,12.47)* 9.85 (5.07,16.00)""
2hins (WU/mL) 25.76 (17.1443.82) 31.01 (16.94,52.34) 40.09 (24.62,63.74)*
HOMA-IR 1.31 (0.92—1.84) 3.07 (1.83,5.11)* 4.04 (2.22,6.65)*

Notes: *P<0.05between NGT and cIMT<| mm or cIMT 2| mm; P<0.05 between cIMT<| mm and cIMT 2| mm.
Abbreviations: BMI, body -mass index; NC, neck circumference; WC, waist circumference; HC, hip circumference; WHR, waist:hip ratio; SBP, systolic blood pressure;
DBP, diastolic blood pressure; TC, total cholesterol; HDL-C, highdensity—lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TGs, total triglycerides; FPG,
fasting plasma glucose; 2hPG, plasma glucose at 2 hours (oral glucose-tolerance test); HbA, ., hemoglobin A,¢; Fins, fasting insulin; 2hlns, insulin at 2 hours on insulin-release

test.
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Table 2 Hardy-Weinberg Equilibrium Coincidence Test of rs2278426 SNP
Genotype | NGT Ve P T2DM Ve P
Observed Cases Expected Cases Observed Cases Expected Cases
Ci/C 131 129 0.367 0.833 118 118 0.000 0.999
CIT 60 64 84 84
TIT 10 8 15 15

in the T2DM group increased significantly. In analysis of
the dominant model, the distribution frequency of CT+TT
in the T2DM group (45.6%) was significantly higher than
in the NGT group (34.8%, P<0.05). Relative-risk analysis
showed that the CT+TT genotype was a risk factor of
T2DM (OR 1.57, 95% CI 1.05-2.32). Distribution of
1s2278426 alleles also showed the same trend of differ-
ence. Distribution frequency of the T allele in the T2DM
group was 26.3%, significantly higher than in the NGT
group (19.9%, P<0.05), and T carriers had a higher risk of
T2DM (OR 1.43, 95% CI 1.03-1.98; Table 3).

rs2278426 Gene Polymorphism and Risk
of Carotid Intima—Media Thickening in

T2DM

Frequency of the CC, CT and TT genotypes was 65.1%,
29.4%, and 5.5% in the T2DM without ¢cIMT group and
43.5%, 48.1%, and 8.3% in the T2DM with cIMT group.
There were significant differences in genotype distribution
between the groups (P<0.05). Frequency of the CC genotype

was lower and that of the CT+TT genotype higher in the
T2DM with cIMT group. In the dominant model, distribution
frequency of the CT+TT genotype was significantly higher in
the T2DM with cIMT group (56.5%) than the T2DM without
cIMT group (34.9%, P<0.05). Relative-risk analysis showed
that the CT+TT genotype was a risk factor of cIMT in T2DM
patients (OR 2.42, 95% CI 1.40-4.19). The distribution of
rs2278426 alleles also showed the same trend. Frequency of
the T allele was 32.4% in the T2DM with cIMT group,
significantly higher than in the T2DM without cIMT group
(20.2%, P<0.05), and T2DM patients with the T allele had a
higher risk of cIMT (OR 1.89, 95% CI 1.22-2.93); Table 4).

Comparison of General Data among
Genotypes

In all subjects, WHR with the CT+TT genotype was sig-
nificantly higher than the CC genotype. This may be due
to relatively larger WC in CT+TT carriers (P=0.071), but

Table 4 rs2278426 Gene Polymorphism and the Risk of Carotid
Intima—Media Thickening in T2DM

Table 3 rs2278426 Gene Polymorphism and Risk of T2DM
cIMT<I cIMT 21 P OR (95% CI)
NGT T2DM P OR (95% CI) mm mm
(n=201) (n=217) (n=109) (n=108)
12278426 (CIT) rs2278426 (CIT)
cC 131 (65.2%) 118 (54.4%) | 0.079 cc 71 (65.1%) 47 (43.5%) 0.006*
cT 60 (29.9%) | 84 (38.7%) | 0.036* | 1.55 (1.02-2.35) cT 32 (294%) | 52 (48.1%) | 0.002% | 2.45 (1.38-4.35)
T 10 (5.0%) 15(69%) | 0229 | 1.66 (0.72-3.84) ™ 6 (5.5%) 9 (8.3%) 0.136 | 2.26 (0.75-6.78)
Recessive Recessive
model model
CC+CT 191 (95.0%) | 202 (93.1%) CC+CT 103 (94.5%) | 99 (91.7%)
T 10 (5.0%) 15 (6.9%) | 0404 | 1.41 (0.62-3.23) T 6 (5.5%) 9 (8.3%) 0411 | 156 (0.53-4.54)
Dominant Dominant
model model
cc 131 (65.2%) | 118 (54.4%) cc 71 (65.1%) | 47 (43.5%)
CT+TT 70 (34.8%) 99 (45.6%) 0.025* 1.57 (1.05-2.32) CT+TT 38 (34.9%) 61 (56.5%) 0.001* | 2.42 (1.404.19)
Allele Allele
C 322 (80.1%) | 320 (73.7%) C 174 (79.8%) | 146 (67.6%)
T 80 (19.9%) | 114 (263%) | 0.029% | 1.43 (1.03-1.98) T 44 (202%) | 70 (32.4%) | 0.004* | 1.89 (1.22-2.93)
Note: *P<0.05. Note: *P<0.05.
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in the NGT and T2DM groups, the difference weakened.
In the NGT group, SBP and DBP with the CT+TT geno-
type were slightly higher than the CC genotype, but did
not reach statistical significance (P=0.052 and P=0.058,
respectively). There were no significant differences among
the genotypes in other general data (Table 5).

Comparison of Lipid-Metabolism Indices

among Genotypes

In both overall subjects and the NGT and T2DM groups
individually, we found that TGs of CT+TT-genotype car-
riers were significantly higher than CC-genotype carriers
(P<0.05). Also, in the T2DM group HDL-C levels with the
CT+TT genotype were significantly lower than with the
CC genotype (P<0.05), and no significant difference was
found in subjects overall or the NGT group (Table 5).

Comeparison of Glucose- and Insulin-

Metabolism Indices among Genotypes
Compared with CC-genotype carriers, CT+TT-genotype
carriers had significantly higher 2hPG overall. FPG levels
showed a similar trend, but did not reach statistical sig-
nificance (P=0.076). HbA,. levels with the CT+TT geno-
type were also higher than with the CC genotype
(P=0.075). Levels of 2hIns and HOMA-IR with the CT
+TT genotype were significantly higher than those with
the CC genotype (P<0.05). In the NGT group and T2DM
groups, there was no significant difference in glucose or
Ins metabolism between the genotypes, except that
HOMA-IR with the CT+TT genotype in the NGT group
was slightly higher than with the CC genotype (P=0.085,
Table 5).

Logistic Regression Analysis of Risk of
Carotid Intima—Media Thickening in
T2DM

Risk factors of cIMT in T2DM patients were age, sex,
BMI, TGs, SBP, and rs2278426 T allele. After adjusting
for age, sex, BMI, TGs, and SBP, the rs2278426 T allele
was still an independent risk factor of ¢cIMT in T2DM
(Table 6).

Discussion

In this study, we found that the ANGPTLS gene rs2278426
polymorphism was related to T2DM and c¢IMT in T2DM,
and also to Ins resistance, glucose, and lipid metabolism.
In general, the T allele of this locus can increase the risk of
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Table 6 Logistic Regression Analysis of Risk of Carotid Intima—
Media Thickening in T2DM

p SE Wald P OR 95% CI
2

rs2278426 (T) | 0.939 0314 | 8921 0.003 | 2.557 | 1.381-4.734
Age 0.073 0.017 | 19.038 | 0.000 | 1.075 | 1.04I-I.111
Sex 0.447 0315 | 2013 0.156 | 1.563 | 0.843-2.898
BMI 0.007 0.048 | 0.019 0.891 1.007 | 0.917-1.105
TGs 0.628 0.225 | 7.793 0.005 | 1.875 | 1.206-2.914
SBP 0.010 0.010 | 0.935 0.333 | 1.010 | 0.990-1.031
Constant —8.746 | 1.934 | 20.444 | 0.000 | 0.000

T2DM. At the same time, T2DM patients with the T allele
are more likely to have cIMT. In addition to environmental
factors, the occurrence and development of T2DM are
closely related to genetic factors. Many genes and poly-
morphisms have been confirmed to be related to T2DM. It
has been found that the T allele at ANGPTLS rs2278426
significantly increased the risk of T2DM.?® In this study,
we first verified previous research results and reached the
same conclusions. Analysis of the dominant model showed
that the frequency of the CT+TT genotype in T2DM group
(45.6%) was significantly higher than in the NGT group
(34.8%). Relative-risk analysis showed that the CT+TT
genotype was a risk factor of T2DM (OR 1.57, 95% CI
1.05-2.32). Distribution of rs2278426 alleles also showed
the same trend of difference. T carriers had a higher risk of
T2DM (OR 1.43, 95% CI 1.03—1.98), suggesting that the
rs2278426 polymorphism is closely related to T2DM.
With disease progression, most T2DM patients will
inevitably develop diabetic complications, such as macro-
angiopathy, microangiopathy, and neuropathy, which will
seriously affect their quality of life and increase the social
burden.* Among all complications, CVD is the main cause
of death in T2DM patients. T2DM macroangiopathy is
characterized by arterial IMT and atherosclerosis, and its
occurrence is affected by many factors, such as BP, blood
glucose, blood-lipid level, Ins resistance, while genetic
factors have been studied widely in recent decades.?>*
Among these, SNPs of various susceptibility genes have
been confirmed to be related to the occurrence and devel-
opment of IMT, atherosclerosis, and macroangiopathy in
T2DM patients.”> 2® In this study, we found that
rs2278426-genotype frequency was different in T2DM
patients with and without cIMT. Genotype distribution of
ANGPTLS 152278426 in T2DM was CC 47 (43.5%), CT
52 (48.1%), and TT nine (8.3%). Frequency of the CT
genotype increased significantly in the T2DM group, while

the CC genotype decreased significantly. Further domi-
nant-model analysis showed that the frequency of the CT
+TT genotype in T2DM group was significantly higher
than in the T2DM group (34.9%). Relative-isk analysis
showed that the CT+TT genotype was a risk factor of
cIMT in T2DM patients (OR 2.42, 95% CI 1.40-4.19).
Distribution of rs2278426 alleles also showed the same
trend. T2DM patients with the T allele were at higher risk
of cIMT (OR 1.89, 95% CI 1.22-2.93). Multivariate logis-
tic regression analysis showed that the T allele of
1s2278426 may be an independent risk factor of cIMT in
T2DM patients (OR 2.557, P=0.003) after adjusting for
age, sex, BMI, and other factors. Therefore, the rs2278426
gene polymorphism may be related to the risk of cIMT in
T2DM patients. We note that in another study, the
researchers also found that frequency of the T allele of
1s2278426 in CVD patients was higher than in non-CVD
but the
significant.*! This may be due to ethnic differences or

patients, difference was not statistically
different grouping indicators.

T2DM macroangiopathy is characterized by athero-
sclerosis. In addition to the classic lipid-metabolism fac-
the of T2DM

macroangiopathy are also related to many factors, such

tors, occurrence and development
as Ins resistance and hyperglycemia. ANGPTLS is com-
posed of 198 amino acids, about 22 kDa in size. It is a
cytokine secreted mainly by liver and adipose cells,”’ and
the relationship between ANGPTLS and lipid metabolism,
glucose metabolism, and Ins resistance has been widely
studied.?”** A previous study by our group found that
levels of circulating ANGPTLS in patients with newly
diagnosed T2DM was significantly higher than in healthy
controls with NGT.> Later, more and more studies found
that ANGPTLS is also related to pre-DM, retinopathy, and
renal function in T2DM patients.**>* Some researchers
believe that the effect of ANGPTL8 on glucose metabo-
lism may be related to Ins resistance. In animal experi-
ments, expression of ANGPTLS is increased in OB/OB,
DB/DB and pregnant mice. In Ins-resistant mice induced
by S961, serum levels of ANGPTLS also increased, and
similar results have been found in clinical studies.>*** >
On the other hand, Guo et al found that in HepG2 cells,
ANGPTLS can improve Ins resistance through the Akt—
GSK3p or Akt—FoxOl signaling pathway.** Similarly, Luo
et al found that ANGPTLS can improve Ins resistance and
adipose-tissue inflammation in diet-induced obese mice.*
Therefore, changes in protein structure and stability caused
by ANGPTLS 152278426 polymorphism may lead to Ins
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resistance and glucose-metabolism disorders.'® In this
study, we found that 2hPG, Flns, and HOMA-IR with
the CT+TT genotype were significantly higher than with
the CC genotype (P<0.05). These results suggest that
ANGPTLS 152278426 polymorphismmay be involved in
the process of T2DM and cIMT in T2DM through Ins
resistance and glucose-metabolism disorders.

On the other hand, regulation of ANGPTLS on lipid
metabolism may be realized by changing the active state
of LPL. Two LPLs can be combined to form a biologically
active LPL dimer, which hydrolyzes TGs from chylomi-
crons and very low—density lipoproteins to free fatty acids,
which are absorbed by such peripheral tissue as fat, mus-
cle, and heart, and also leads to the production of athero-
sclerotic factors, such as LDL-C.** Mamputu et al found
that exogenous LPL can increase the adhesiveness of
human monocytes and make it easier for them to enter
the vascular wall. Therefore, the expression of LPL in the
arterial wall promotes the formation of foam cells, which
is very important in the pathogenesis of atherosclerosis.*’
In addition, LPL can also promote proliferation of smooth-
muscle cells, and proliferation and transformation of
smooth-muscle cells also play an important role in the
of
Therefore, LPL is considered an important atherogenic
factor. After ANGPTLS is combined with ANGPTL3, it
can destroy the dimer of LPL and inhibit the activity of
LPL.* In clinical studies, levels of ANGPTLS8 in the
circulation of obese and overweight patients increases
significantly.*® The T allele at rs2278426 of ANGPTLS
represents Arg59Trp replacement, but the -circulating
level of ANGPTLS is not affected.’® Bioinformatis analy-
sis has shown that ArgS9Trp replacement caused by the T
allele can reduce stability of the ANGPTLS protein.”'
Therefore, the protein’s stability and interaction with

occurrence and development atherosclerosis.*®

ANGPTL3 may change. In subjects overall, as well as
both the NGT and T2DM groups, we found that TG levels
with the CT+TT genotype were significantly higher than
with the CC genotype (P<0.05), while in the T2DM group
HDL-C level of the CT+TT genotypes were significantly
lower than the CC genotype (P<0.05). Therefore, the
higher risk of cIMT in T-allele carriers may also be caused
by the abnormal regulation of LPL and disorders in lipid
metabolism caused by structural change of the ANGPTLS8
protein.'® The rs2278426 T allele of the ANGPTLS gene
may cause changes in protein structure, disorder the inhi-
bition of ANGPTLS8 on LPL activity, increase the

production of atherosclerotic factors, and increase the
risk of cIMT in T2DM patients.

In general, this study found that ANGPTLS rs2278426
was related to blood glucose, Ins resistance, TG levels, and
cIMT in T2DM. Levels of blood glucose, TGs, and Ins
resistance in CT+TT-genotype and T-allele carriers were
significantly higher than in CC-genotype or C-allele car-
riers. Combined with previous studies and the results of
this study, we speculate that ANGPTLS polymorphism
may participate in the process of cIMT by affecting Ins
resistance, blood-glucose control, and lipid metabolism by
regulating LPL activity. At the same time, there are some
shortcomings in this study. Firstly, the sample in this study
was rather small, secondly, we did not strictly restrict the
use of statins in T2DM patients, and thirdly, this was a
cross-sectional study, which cannot fully reveal the
mechanism of gene polymorphism affecting the risk of
cIMT. In future, while controlling the influence of drug
factors, prospective studies of larger samples should be
carried out so as to explore the mechanism behind them
more deeply. In sum, we found that the CT+TT genotype
of ANGPTLS 152278426 increased the risk of cIMT in
T2DM patients.

Conclusion

In this study, we found that frequency of the CT+TT
genotype at rs2278426 was significantly increased in
T2DM patients with cIMT comparws to those with
T2DM without cIMT. The rs2278426 polymorphism of
the ANGPTLS gene was associated with glucose, lipid,
Ins metabolism, and risk of cIMT in T2DM patients.
Compared with the CC genotype, the CT+TT genotype
increased the risk of cIMT in T2DM patients.

Compliance with Ethical Standards
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