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1 | INTRODUCTION

Type 2 diabetes mellitus (T2DM) is a common metabolic disorder
characterized by hyperglycemia and insulin resistance.® Studies

showed that 425 million people suffered from diabetes in 2017,

| Jamshid Karimi?® | Iraj Khodadadi® | Massoud Saidijam® |

Background: Angiopoietin-like protein 8 (ANGPTL8) is a hormone that mainly se-
creted from the liver and adipose tissue and plays an important role in the prolifera-
tion of pancreatic beta cells and lipid metabolism. Therefore, we studied the
association of ANGPTLS8 rs2278426 (C/T) and rs892066 (C/G) polymorphisms with
the risk of type 2 diabetes mellitus (T2DM) and their association with biochemical
parameters.

Methods: Two hundred and eighty-eight subjects (controls; n = 138 and type 2 dia-
betic patients; n = 150) were enrolled in this study. Direct haplotyping was per-
formed using amplification-refractory mutation system (ARMS)-RFLP-PCR.

Results: The CT genotype frequency of rs2278426 (C/T) variant was significantly
higher in T2DM patients compared to the controls group (P = 0.02), and there was a
significant association between this genotype and increased risk of T2DM (OR: 2.41,
Cl: 1.26-4.59, P = 0.007). In addition, there was a significant relationship between CT
genotype of this variant and high-density lipoprotein cholesterol (HDL-C), fasting
blood sugar (FBS), insulin, insulin resistance and glycated hemoglobin (P < 0.05).
Furthermore, bioinformatics analysis revealed that arginine (Arg) to tryptophan (Trp)
substitution at rs2278426 position causes structural instability of ANGPTL8 protein.
Genotype and allele distribution of rs892066 (C/G) was not statistically significant in
T2DM patients compared to the control group. The distribution of haplotypes had no
significant difference between controls and T2DM patients (P = 0.24).

Conclusion: Our results suggest that the rs2278426 (C/T) variant is associated with
increased risk of T2DM and may cause dyslipidemia due to its effect on decreasing
HDL-C levels.
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and this number is estimated to rise to 629 million by 2045.2 The
diabetes prevalence in Iran was 9.3% in 2011 and is expected to in-
crease to 13.1% by 2030.2 It seems insulin has an important role in
carbohydrate and lipid metabolism, and therefore, insulin resistance

caused by T2DM can affect metabolism of these compounds. The
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increased triglyceride (TG) level and the reduced HDL-C in T2DM
patients suggest that type 2 diabetes is associated with dyslipid-
emia.*¢ Meanwhile, insulin resistance caused by T2DM induces ex-
cessive division and thus a decrease in pancreatic beta cell mass.”
Therefore, the study of factors involved in beta cell proliferation and
lipid metabolism regulation can be effective in controlling diabetes
complications.

ANGPTLS8 (also known as betatrophin, TD26, IRFL or lipasin)
as a member of angiopoietin-like proteins family is a hormone that
mainly expressed in the liver and fat tissue.® Studies conducted on
animal models of insulin resistance show that ANGPTLS8 is a po-
tential factor in inducing beta cell proliferation that consequently
increase insulin content, islet size, and improved glucose metabo-
lism.”%° Several studies have shown that besides the pivotal role in
proliferation of beta cells, ANGPTLS affects the lipid profile through
the regulation of very low-density lipoprotein (VLDL) secretion from
the liver, inhibition of lipoprotein lipase activity and interaction with
angiopoietin-like protein 3 (ANGPTL3).1112

ANGPTLS8 gene (Gene ID: 55908) is located in the correspond-
ing intron of DOCK6é on chromosome 19 open reading frame 80
(c190rf80). Considering the role of ANGPTLS in the proliferation of
pancreatic $-cells and lipid metabolism, it seems that gene variants
of ANGPTLS8 are associated with lipid profile and glucose metabo-
lism.231% The rs2278426 (C/T) variant of ANGPTL8 gene results in
the substitution of Arg amino acid (C allele) with Trp amino acid (T
allele). Previous studies have shown that rs2278426 (C/T) is related
to reduced LDL-C and HDL-C and increased the FBS level 3116
However, a study on African Americans population showed that this
variant is associated with a decrease only in HDL-C.Y”

Another ANGPTL8 gene variant is rs892066 (C/G), a synony-
mous sequence variation that substitutes Leu with Leu amino acid. A
study on the Kuwaiti population showed that there is no association
between rs892066 (C/G) variant and level of HDL-C and LDL-C.*®

Given the importance role of ANGPTL8 gene and its variants in
lipid and glucose metabolism, especially in T2DM patients on the
one hand and the paucity of research on the effect of this gene vari-
ations on lipid metabolism in Iranian population on the other, we in-
vestigated the genotype and allele frequency of rs2278426 (C/T)
and rs892066 (C/G) polymorphism and their association with the
risk of T2DM development and biochemical parameters in these pa-
tients and healthy controls.

2 | MATERIALS AND METHODS

2.1 | Subjects

Two hundred and eighty-eight subjects participated in this study,
including 150 patients with T2DM (aged 61.32 + 13.6 years)
and 138 age and sex-matched healthy (aged
59.12 + 10.4 years). They enrolled between 2013 and 2015
from the Diabetes Consulting Center of Imam Hossein Hospital,

controls

Hamadan University of Medical Sciences, Iran. T2DM was

diagnosed based on American Diabetes Association criteria.'

All patients with gestational diabetes, chronic liver and kidney
disorders, malignancy, thyroid diseases and patients receiving
insulin were excluded from the present study. Control subjects
were selected from among those who referred for laboratory
routine tests. Controls had FBS< 100 mg/kg, HbAlc < 5.7% and
none of whose first-degree relatives had diabetes. This study
was approved by the Ethics Committee of Hamadan University
of Medical Sciences, and informed consent was obtained from

all subjects.

2.2 | Sample preparation and laboratory
measurements

After about 12-hour fasting, whole blood was collected from all
subjects and fractioned into an EDTA-containing tube and a clot
tube. Genomic DNA was extracted from the EDTA-containing
tube using salting out method.'” Lipid profile, including total
cholesterol, triglyceride (TG), HDL-C and FBS were assayed by
use of a Hitach-912 Autoanalyser (Roche, Switzerland) with com-
mercial reagents, calibrators and controls (Pars Azmoon, Tehran,
Iran). Low-density lipoprotein cholesterol (LDL-C) was calculated
according to Friedewald formula. Glycated hemoglobin (HbA1c)
was measured using a BioSystems kit (Barcelona, Spain) accord-
ing to the manufacturer’s protocol. Insulin concentration was
assayed using an ELISA kit (Monobind Inc, USA), and insulin
resistance was calculated according to the homeostatic model
assessment (HOMA-IR) formula [insulin
(mmol/L)/22.5].°

(pU/mL) x glucose

2.3 | Haplotyping

The ARMS-PCR technique was used for allele separation in posi-
tion of rs892066 (C/G). ARMS-PCR reactions were performed
using a premix PCR kit (Bioneer, Korea) in two tubes by the fol-
lowing primers: common primer 5- ATTGTGCGGCCATAGAGACC
-3', specific primers 5- TGCCTGCTCTGTGCCTGATC -3', and
5'- TGCCTGCTCTGTGCCTGATG -3’ (one in each tube). The cycling
condition was followed after initial denaturation in 95°C for 4 min-
utes by 30 cycles (95°C for 30 seconds, 58°C for 45 seconds and
72°C for 40 seconds) with a final extension step in 72°C for 7 min-
utes. Subsequently, 2% agarose gel was used to confirm ARMS-PCR
product (214 bp). The pattern of electrophoresis at this step was
such that in case of heterozygotes (CG), the ARMS-PCR product
was observed in both microtubes; while in homozygotes (CC or
GG), the product was seen only in one microtube. The products of
ARMS-PCR step (214 bp) were used for rs2278426 (C/T) genotyp-
ing by RFLP technique. For this purpose, ARMS-PCR products were
digested with BtsCl restriction enzyme (NEB) and electrophoresed
on 3% agarose gel. The electrophoresis pattern was such that one
bond (214 bp) was detected for CC genotype, two bonds (171 and
43 bp) for TT, and three bonds (214, 171 and 43 bp) were detected

for heterozygote genotype (CT).1*
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2.4 | Bioinformatics analysis

We performed multiple sequence alignment (MSA) to evaluate the
sequence conservation using multalin (http://multalin.toulouse.inra.
fr/multalin). The effect of rs2278426 (C/T) on protein stability and
protein structure was also assessed using PolyPhen-2%! and MUpro
server.?? In addition, the linkage disequilibrium (LD) of variants was
evaluated by HploReg V4 (http://archive.broadinstitute.org/mam-
mals/haploreg/haploreg.php).

2.5 | Statistical analysis

SPSS 16.0 was used for data analysis. Normal distribution of data was
evaluated by one-sample Kolmogorov-Smirnov test. The quantitative
data were presented as mean + SD or median (interquartile range).
The Student t, Mann-Whitney U and chi-square tests were used to
evaluate the statistical differences between the two groups. The as-
sociation between genotypes and biochemical factors was analyzed
by ANOVA or Kruskal-Wallis H tests. The logistic regression was used
to estimate the relative risk of genotypes. In addition, compatibility of
genotype frequency with Hardy-Weinberg equilibrium was evaluated

by chi-square test. All comparisons were significant when P < 0.05.

3 | RESULTS

3.1 | Characteristics of the population

Table 1 shows the characteristics of all study population (see sup-
plementary file 1). Based on this table, there was no significant dif-
ference between age, sex and BMI in controls and T2DM patients
(P >0.05). In addition, the values of TG and LDL-C were significantly
higher in T2DM patients compared to the control group (P < 0.05)
while total cholesterol and HDL-C concentration did not show any
significant difference between the two groups (P > 0.05). On the
other hand, the values of insulin, insulin resistance, FBS and HbAlc
were significantly higher in T2DM patients compared to the control
group (P < 0.001).

3.2 | NAGPTL8 rs2278426 (C/T)

The genotype and allele frequency distribution of rs2278426 (C/T)
are presented in Table 2. The genotype frequency of rs2278426
(C/T) was compatible with Hardy-Weinberg equilibrium in both
groups (XZ test, P > 0.05). Distribution of genotypes and alleles
of this variant showed a significant difference between the two
groups (P < 0.05). The CT genotype frequency in T2DM patients
(32.6%) was significantly higher than that in the control subjects
(21.73%) (P = 0.02). The binary logistic regression analysis after ad-
justment for BMI, age and lipid profile revealed that the odds ratio
was significantly higher for CT genotype (OR: 2.41, 95% Cl: 1.26-
4.59, P =0.007). In the dominant model, distribution of genotypes
between the two groups showed a significant statistical difference

(P =0.01). Furthermore, a logistic regression analysis of this model

WILEY-2®

TABLE 1 Demographic and biochemical characteristics of the

T2DM patients and control subjects

Controls? T2DM patients?

Variables (n=138) (n =150) P
Age (y) 59.12 + 10.4° 61.32 £13.6 0.12
Sex (Male/ 74/64 87/63 0.45

Female)

BMI (kg/mz) 27.45(25.6-28.96) 27.4(25.07-28.9) 0.35
LDL (mg/dL) 94.5 (85-110) 103.5 (84.3-115) 0.03
HDL (mg/dL) 42 (39-47) 41.5 (38-46) 0.12
TG (mg/dL) 153.94 + 25.37° 162.54 + 33.01° 0.01
Total cholesterol 160 (145-178) 160 (143-186) 0.47

(mg/dL)

Fasting blood 90 (85.75-97) 138 (126.75-153.25) 0.000
sugar (mg/dL)

HbA1c (%) 4.44 (3.66-4.96) 7.92(7.22-9.4) 0.000

Insulin (p IU/mL) 5.34 (4.36-7.12) 9.32 (8.35-9.81) 0.000

HOMA-IR 1.14 (0.95-1.52) 3.35(2.87-4.05) 0.000

BMI, Body Mass Index; HbA1lc, glycated hemoglobin; HDL-C, high-
density lipoprotein cholesterol; HOMA, homeostasis model assessment
of insulin resistance; LDL-C, low-density lipoprotein cholesterol; TG,
Triglycerides.

2Data are presented as median (interquartile range).

PResult is presented as mean+SD.

showed that there is a significant association between the geno-
type of rs2278426 (C/T) variant and type 2 diabetes (OR: 2.5, 95%
Cl: 1.26-4.59, P = 0.004).

3.3 | The association between rs2278426 (C/T)
genotype and biochemical parameters

The biochemical parameters of study population based on the
rs2278426 (C/T) genotype are shown in Table 3. Different genotypes
of this variant did not show any significant difference in the values
of BMI, TG, LDL-C, and total cholesterol (P > 0.05). However, geno-
types of this variant showed a significant difference in HDL-C level
(P =0.003). Furthermore, fasting blood sugar, HbA1c, insulin, and in-
sulin resistance also showed a significant difference between geno-
types (P < 0.05).

3.4 | NAGPTL8rs892066 (C/G)

The allele frequency and genotype distribution of rs892066 (C/G)
in T2DM patients and control subjects are presented in Table 4. The
genotype distribution of rs892066 (C/G) was in Hardy-Weinberg
equilibrium in the control group (P > 0.05). The genotype and allele
frequency of rs892066 (C/G) was not significantly different be-
tween groups (P > 0.05). In addition, in the dominant and recessive
models, the groups did not show any significant statistical difference
(P > 0.05). Binary logistic regression analysis showed that there was
no significant difference in the genotype distribution between con-
trols and T2DM patients (P > 0.05).
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TABLE 2 The allele and genotype distribution of rs2278426 (C/T) in the T2DM patients and control subjects

T2DM patients

Genotype Controls (138) (150) P OR (95% CI)? P® OR (95% ClI)°
rs2278426 (C/T)

cC 104 (75.38%) 92 (61.4%) 0.03

CT 30(21.73%) 49 (32.6%) 0.02 1.84(1.02-3.14) 0.007 2.41(1.26-4.59)

TT 4(2.89%) 9 (6%) 0.11 2.54(0.75-8.53) 0.06 3.54(0.91-13.77)
Recessive model

CC+CT 134 (97.11%) 141 (94%)

TT 4(2.89%) 9 (6%) 0.2 2.13(0.74-7.1) 0.27 2.05(0.57-7.36)
Dominant model

CT+TT 34 (24.62%) 58 (38.6%) 0.01 1.92(1.16-3.2) 0.004 2.5(1.33-4.71)

cc 104 (75.38%) 92 (61.4%)
Allele

C 238 (86.23%) 233 (77.66%)

T 38 (13.77%) 67 (22.34%) 0.008 1.07 (0.71-1.61)

2P and OR calculated by

chi-square test.

bP and OR calculated by logistic regression test after adjustment for Age, BMI and lipid profile.

TABLE 3 Biochemical parameters of

EP2r P (I ANGPTL8 rs2278426 genotypes in study

Variables CC (n = 196) CT (n=79) TT (n=13) P population
BMI (kg/m?) 26.74 + 3.22 27.3+2.43 27.87 £ 3.85 0.23
LDL (mg/dL) 96.72 +21.1 100.9 + 24.99 94.03 + 25.64 0.31
HDL (mg/dL) 44.4 + 6.99 37.84 +5.12 39.38+7.13 0.003
TG (mg/dL) 157.27 £ 29.79 160.63 £ 29.76 162.38 + 32.68 0.62°
Total cholesterol 162.94 + 27.54 160.9 + 28.29 160.15 +45.23 0.8

(mg/dL)
Fasting blood sugar 6.34 +1.61 6.99 £1.82 6.57 +1.39 0.01

(mmol/L)
HbA1c (%) 6.04 £2.45 7.07 £2.62 6.46 +2.02 0.008
Insulin (pu 1U/mL) 7.22 +2.37 8.19 +2.01 7.49 +1.85 0.005
HOMA-IR 2.25+1.3 2.82+1.36 246 +1.03 0.004

2P calculated by Kruskal-Wallis H.
PP calculated by one-way ANOVA.

3.5 | Bioinformatics analysis of variants

The MSA analysis showed that the sequence of ANGPTLS is rela-
tively conserved (Figure 1). However, as shown in this figure, the
wild-type allele C of rs2278426 (C/T) is well conserved among the
different species. Evaluation of protein structure stability using
PolyPhen-2 database revealed that rs2278426-T allele probably
causes damage to the ANGPTLS structure (Score: 998, sensitivity:
0.27; specificity: 0.99). Furthermore, MUpro analysis also demon-
strated that mutant residue decreases protein stability (confidence
score: —0.88). In order to find other variants with strong linkage
to rs2278426 and rs892066, haplotype blocks were analyzed
(Table 5). There were several variants with high LD (r? = 0.9) includ-
ing rs34692794, rs17699089, rs3760782, rs737337, rs737338, and

rs3745683. Among the variants of this block, the rs34692794 poly-
morphism changes the structure of the Pax-4 motif that has been
shown to regulate pancreas development?® and is therefore linked
to diabetes.??22% LD block analysis for rs892066 (C/G) demon-
strated that rs10406522, rs12979813, rs10421795, rs10421382,
and rs6511729 have a strong linkage with this variant (C/G).

3.6 | Thers2278426 (C/T)and rs892066
(C/G) haplotype

Based on the direct haplotyping technique results, nine haplotypes
were detected in this study (Table 6). Haplotype distribution analysis
showed that there was no significant difference in distribution of

haplotypes between the two groups (P = 0.24).



GHASEMI ET AL.

WILEY->°®

TABLE 4 The allele and genotype distribution of rs892066 (C/G) in the T2DM patients and control subjects

T2DM patients

Genotype Controls (138) (150)
rs892066 (C/G)
CcC 92 (66.6%) 98 (65.3%)
CG 38(27.7%) 42 (28.1%)
GG 8(5.7%) 10 (6.6%)
Recessive model
CC+GC 130 (94.3%) 140 (93.4%)
GG 8(5.7%) 10 (6.6%)
Dominant model
GG+ GC 46 (33.4%) 52 (34.7%)
cC 92 (66.6%) 98 (65.3%)
Allele
G 54 (19.5%) 62 (20.6%)
C 222 (80.5%) 238 (79.4%)

2P and OR calculated by chi-square test.
PP and OR calculated by logistic regression test after adjustment for Age,

i 10 20 30 40 50

p? OR (95% CI)? p® OR (95% CI)°

0.9

0.89 1.03 (0.61-1.75) 0.82 0.94 (0.54-01.61)
0.74 1.17 (0.44-3.1) 0.93 0.96 (0.35-2.63)
0.7 1.16 (0.44-3.03) 0.9 1.01(0.37-2.7)

0.8 1.06 (0.65-1.72) 0.84 0.94 (0.57-1.57)
0.74 1.07 (0.71-1.61)

BMI, and lipid profile.

60 70 80 90 100 110 120 130

I

Y HPYPALCLLHALAMYTRPASARPHGGPELAOHEEL TLLFHGTLOLGOALNGYYRTTE
Gorilla  HPYPALCLLHALAMYTRPASARPHGGPELAQHEEL TLLFHGTLOLGOALHGYYRTTE

Orangutan HPYPALCLLHALANYTRPASAAPHGGPELAQHEEL TLLFHGTLOLGOALNGYYRTTE

Chimpanzee HPYPALCLLHALANYTRPASAAPYGGPELAOHEEL TLLFHGTLOLGOALNGYYRTTE
Monkey HPYPALCLLHALANYIQPASARPYSSPELAEHEEL TLLFHGTLOLGOALNGYYKTTE

Human

1
TKARNSLGLYGRTIELLGQEYSRGRDAAQELRASLLE TOMEEDIL QLOAEATAEVLGEYAQAOKVLROSY
TKARNSLGLYGRTIELLGQEYSRGRDAAQELRASLLE TOHEEDIL QLOAEATAEVLGEYAQAOKYLROSY
TKARNSLGL YGRTIELLGQEYSRGRDARQELRASLLETOHEEDILQLOREATAEYLGEYAQROKYLODSY
TKARNSLGLYGRTIELL GOEYSRGRHARQELRASLLETOHMEEDILQLOQAEATAEYLGEYAQROKYLOQDSY
TKARNSLGLYGRTHELL GAEYSRGRDARQELRASLLETOMEEDILQLKAEATAEYLEEYAQROKYLOQDSY

Mouse  HAYLALCLLHTLASAYRPAPYAPLGGPEPAQYEEL TLLFHGALOLGOALNGYYRATEARL TEAGHSLGL YDRALEFLGTEYROGADATOELRTSLSEIOVEEDALHLRAEATARSLGE YARAOOALRDTY
Rat HYYPILCLLHAIATAYRPAPYAPLGGPEPAOYEEL TLLFHGALOLGOALNGYYKATEARL TEAGRNLGLFDQALEFLGREYNOGRDATRELRTSLSEIOREEDTLHLRAEATARSLREYARAOHALRNSY
Bovin  HPHLVLCLLCALAMTAQPALYGSHSGSEPAOQEELTLLFHGALOLSOALNGYYKATEAL IKARNSLSL YGQYLGLLGKEYSOGODARQELRASLLENOIEEDGLKLQAEATAQALGEYARGOAQYLOEKH
Consensus HpvpalClLLwalfin,.rPA.vap.ggpEpA# . EELTLLFHGaLQLgOALNGYYkaTE. tkArnslgl%gr.lellG.EYsqGrDAaqELRaSL1E.Q.EED.L.LqAEATA, .LgEVArall.vLq#sv
rs2278426 (CIT)

131 140 150 160 170 180 190 198

1 1

Human QRLEVOLRSAHLGPAYREFEYLKAHADKQSHILMAL TGHYQRORREHVAQQHRLROTQERLHTAALPA

Gorilla  RRLEVOLRSAMLGPAYREFEYLKAHADKASHILHAL TGHYORORREMVAQOHRLROTQERLHTAALPA

Orangutan RRLEVOLRSAHLGPAYREFEVLKAHADKOSHILHAL TGHYORARQEMYAQQHRLROTQERLHTAALPA

Chimpanzee RRLEVALRSTHLGPAYQEFEYLKAHADKQSHILHAL TGHYQRARREHYAQQHRLROTQERLHTAALPA
Monkey QRLEVOLRSAHLGPAYQEFEYLKAHADKASHILHAL TGHYQRARREHYAQOHRLROIOERIHKAALPA
Mouse  RRLOVOLRGAHLGOAHQEFETLKARADKQSHLLHAL TGHYOROOREHAEQOQHLROTQORLHTAALPA

Rat RRLOYOLRGAHLGOAHQEFENLKDRADKONHLLHAL TGHYOQROQREHAEOOQHLROTOORLHHAALPA
Bovin  KOLEVOLKGYHLGHYRQEFEALKAHADEQSHIYHYLTGHYOROKQEHHAQQQRLROIQERLHHAALPA
Consensus rrlL#V0LrgalLG,a,qEFE,LKahADkOsHilHal TGHYORQ, rEN, a00qrLROIO#R1H, ARLPA

FIGURE 1 Multiple sequence alignment result for ANGPTL8 sequence in different organism. The ANGPTL8 sequence is partially

conserved but rs2278426 (C/T) position is highly conserved between different species

4 | DISCUSSION

TT genotypes. The present study also showed that in subjects with CT

ANGPTLS8 protein is a hormone that mainly secreted from the liver
and adipose tissue.!” There is plenty of evidence that ANGPTLS has
animportant role in pancreatic -cells proliferation and lipid metabo-
lism.2® In this study, we aimed to investigate the association between
the rs2278426 and rs892066 variant of ANGPTL8 gene and T2DM
and their relationship with biochemical parameters in these patients.

The present study showed that there is a significant difference in
distribution of genotypic and allelic frequency of ANGPTL8 rs2278426
(C/T) polymorphism between T2DM patients and healthy controls. In
addition, our results showed that subjects with CT genotype compared
to other genotypes are more susceptible to develop T2D. That is, in sub-
jects carrying CT genotype, the values of FBS, insulin, HbAlc, and in-

sulin resistance were significantly higher than in those carrying CC and

genotype compared to those carrying CC and TT genotypes, the level of
HDL-C was significantly lower. On the other hand, there is showed that
distribution of the genotypes and alleles of ANGPTLS8 rs892066 (C/G)
polymorphism had no association with biochemical factors of study
subjects. In addition, the distribution of two-allele haplotypes between
T2DM patients and controls was not statistically significant.

Previous studies on nondiabetic people have shown that there is
a relationship between ANGPTLS8 rs2278426 (C/T) polymorphism
and lipid profile. In the Dallas Heart Study as a multiethnic study, re-
sults showed that in the African American and Hispanic population,
T allele of rs2278426 (C/T) caused a significant decrease in levels of
HDL-C and LDL-C.'®> However, no association was found between
this allele with LDL-C and HDL-C in European-American popula-

tion. In another study on participants in the Atherosclerosis Risk in
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TABLE 5 Variants that have strong linkage (r? 2 0.9) to ANGPTLS rs2278426 and rs892066 (C/G)

Polymorphism Position (hg38) R? D’

rs2278426 (C/T) Chr19: 11232871 0.92 0.98
Chr19: 11233119 0.94 0.97
Chr19: 11224801 0.91 0.98
Chr19: 11236817 0.91 0.98
Chr19: 11236981 0.92 0.98
Chr19: 11237845 0.93 0.98

rs892066 (C/G) Chr19: 11230959 0.9 0.98
Chr19: 11232027 0.9 0.98
Chr19: 11233730 0.93 0.98
Chr19: 11234297 0.9 0.98
Chr19: 11235576 0.94 0.98

TABLE 6 Two allele haplotype distribution of rs2278426 (C/T)
and rs892066 (C/G) in the T2DM patients and control subjects

Controls T2DM patients
Haplotype (n=138) (n =150) P
Ccc/cc 76 (55.1%) 2 (41.3%) 0.24
CC/CG 25(18.1%) 5(16.7%)
CC/TC 14 (10.1%) 1(20.7%)
CC/TG 12 (8.7%) 14 (9.3%)
CG/CG 3(2.2%) 5(3.3%)
CG/TG 4(2.9%) 4(2.7%)
TC/TC 2 (1.4%) 5(3.3%)
TC/TG 1(0.7%) 3(2%)
TG/TG 1(0.7) 1(0.7%)

Communities Study (ARIC), it was shown that in European American
participants, the T allele was associated only with decrease in HDL-
C.» In addition, Hanson et al?* revealed that T allele of rs2278426
(C/T) variant is associated with decreased levels of total cholesterol
and HDL-C in Pima Indians and Mexican Americans.

Abu-Farha et al®® studied the relationship between ANGPTL8
rs2278426 (C/T) variant and glucose level in nondiabetic Arab popu-
lation. Consistent with our results, their study demonstrated that the
level of FBS in subjects with CT genotype was significantly higher
than those carrying CC genotype. On the other hand, there was no
significant relationship between this variant and HDL-C and LDL-C.

There is a disparity between reported results about ANGPTL8
rs2278426 (C/T) polymorphism and biochemical factors, which is
mainly due to the differences in the race of the studied populations.

I** showed that differences in race can affect

In this regard, Guo et a
allelic and genotypic frequency of ANGPTLS8 rs2278426 (C/T) and
also their relationship with other biochemical parameters.

The current study demonstrated that CT heterozygote geno-
type of rs2278426 (C/T) might be associated with reducing HDL-C
levels. The molecular mechanism of this association is unknown.

Previous studies have shown that ANGPTLS3 inhibits the lipoprotein

Linked variant Motif changed GENCOD gene
rs34692794 Glis2, Pax-4, Zfp740 DOCKé6
rs17699089 RBP-Jkappa, Znf143 DOCK6
rs3760782 17 altered motifs DOCKé6
rs737337 - DOCK6
rs737338 - DOCK6
rs3745683 RXRa DOCK6
rs10406522 CTCF, Rad21 DOCKé6
rs12979813 = DOCKé6
rs10421795 EBF, LUN-1 DOCKé6
rs10421382 HP1-site-factor, Mef2, DOCKé6
Zfp105
rs6511729 EBF, SP1 DOCKé6

lipase (LPL) activity.?>?” In addition, another study showed that
inactivation of ANGPTL3 causes a significant reduction in HDL-C
level 28 Therefore, it can be concluded that ANGPTL3 activity is
necessary for HDL-C biogenesis. Quagliarini et al*> demonstrated
that ANGPTL3 activity required its interaction with ANGPTLS.
Therefore, it is possible that any factor interfering with this interac-
tion can decrease HDL-C level.

Arg replacement with Trp caused by rs2278426 polymorphism,
firstly reduces the ANGPTL8 protein charge and possibly its in-
teraction with other proteins, and secondly the mutant residue
which is bigger might lead to bumps and reduction in ANGPTL8
stability.2?? Overall, our hypothesis is that this variant probably
affects the interaction of ANGPTL8 with ANGPTL3 and thus re-
duces HDL-C levels. However, elucidation of this issue requires
further investigation. One of the important factors involved in the
phenotypic manifestation of gene variants is LD with other ca-
sual variants. Bioinformatics analysis in the present study demon-
strated that several variants including rs34692794, rs17699089,
rs3760782, rs737337, rs737338, and rs3745683 had a high LD
with ANGPTL8 rs2278426 variant. Cannon et al?* demonstrated
that rs3760782, rs737338, and rs3745683 are associated with de-
creased levels of HDL-C. Therefore, it is possible that the associa-
tion between rs2278426 polymorphism with decreased HDL-C in
the Iranian population is related to LD with these variants.

Another interesting point in our results was that there was a
significant association between the heterozygote genotype and the
increased risk of T2DM, while there was no such association with mu-
tant homozygote. This could be due to the low frequency of homozy-
gous mutant genotypes, and it is likely that by increasing the sample
size, a similar association would be observed in homozygous mutants.

The present study further highlights that ANGPTL8 gene may
be involved in glucose metabolism in Iranian population. That is,
CT heterozygote genotype of rs2278426 (C/T) polymorphism had
higher levels of FBS, HbA1lc, insulin, and insulin resistance com-
pared to CC and TT genotypes. In the other word, CT genotype is
associated with the risk factors of T2DM. Abu-Farha et al'® study
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on nondiabetic population revealed that FBS level in subjects with
the CT genotype of rs2278426 variant compared to those carrying
CC genotype is significantly higher. Another study by Quagliarini
etal®®
heart study (DHS), those carrying TT genotype of rs2278426 vari-

ant had higher significantly FBS level than subjects with CC homo-

reported that in Hispanic participant subjects of Dallas

zygote genotype. These results suggested that heterozygote (CT)
and homozygote mutant (TT) of rs2278426 variant are associated
with the increased level of FBS. The mechanism of this association
is unknown. Previous studies have shown that in T2D condition,
increased levels of glucose caused increase the levels of HbAlc
and insulin.3%3! Therefore, it is likely that the association between
CT genotype of rs2278426 variant with HbA1c, insulin, and in-
sulin resistance was related to the effect of this genotype on the
FBS level. The relationship between the CT genotype and insulin
resistance is also debatable from another aspect. One of the com-
pensating responses to insulin resistance condition is an increase
in the number and activity of pancreatic p-cells.3%33 Accordingly,
interfering factors in the process of beta cell proliferation can ex-
acerbate insulin resistance. Bioinformatics analysis in the current
study demonstrated that rs2278426 (C/T) has a strong linkage
with rs34692794 variant that itself changes the binding site of
Pax-4. Previous studies showed that Pax-4 is a conserved tran-
scription factor that mainly expressed in the pancreas and play an
important role in the generation of insulin producing [3—ce||s.34'37
Therefore, it is possible that impaired function of this transcript
factor causes insulin resistance and increases the risk of T2DM.
Altogether, it can be hypothesized that the association of CT gen-
otype of rs2278426 variant with insulin resistance condition is
related to its strong linkage with the rs34692794 casual variant.
The present study showed that there is no significant difference
in the genotypic frequency of ANGPTL8 rs892066 polymorphism

1% also

between T2DM patients and control subjects. Abu-Farha et a
demonstrated that different genotypes rs892066 variant have no
significant differences in HDL-C, LDL-C, FBS, and total cholesterol.
The LD of this variant with other variants was also evaluated. None
of these linked variants were associated with the biochemical fac-
tors. As this variant causes a synonymous substitution, the effect
of this variant on ANGPTLS8 structure and function is unexpected.
Finally, there are no significantly differences in two-allele haplo-
types of rs2278426 and rs892066 variants between T2DM patients
and controls. Therefore, it can be concluded that there is no linkage
between these two variants.

5 | CONCLUSION

The findings of our study demonstrated that ANGPTL8 rs2278426
(C/T) polymorphism is associated with increased risk of T2DM
and decreased HDL-C level. The mechanism of this association is
unclear and may be due to the effect of this variant on the pro-
tein function or the strong linkage of this variant with causative

variants.
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