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Background: Four novel glucose metabolism risk loci (HKDC1 rs4746822, BACE?2
186517656, SLC16A11 1513342232 and TMEMI163 1s998451) were identified in recent
genome-wide association studies (GWAS) of Afro-Caribbean, European, Hispanic, Thai,
Mexican, Latin American and Indian populations. None of the abovementioned SNPs has
been reported in a Han Chinese population.

Aim: To replicate the relationships between HKDC1 154746822, BACE2 rs6517656,
SLC16A11 1s13342232 and TMEM163 rs998451 with gestational diabetes mellitus (GDM)
in a Han Chinese population.

Methods: This was a case—control study which enrolled 334 pregnant women with GDM
and 367 pregnant women with normal glucose tolerance. The linear regression and logistic
regression were used to estimate the association between SNPs with the risk of GDM,
HOMA-IR and fasting insulin levels. The fasting insulin concentration and HOMA-IR
were log10 transformed before analysis.

Results: No significant differences in the alleles and genotypes of SLC16A411 rs13342232,
HKDCI1 154746822 and BACE?2 rs6517656 were observed between cases and controls. After
adjusting the weekly BMI growth, pre-pregnancy BMI and maternal age, under the additive
model, SLC16A411 rs13342232 was associated with logofasting serum insulin (Beta=0.046,
p=0.016), log;o0HOMA-IR level (Beta=0.061, p=0.003) and fasting plasma glucose level
(Beta=0.164, p=0.011); HKDC1 rs4746822 was associated with OGTT 2-hr plasma glucose
level (Beta=0.239, p=0.016); and BACE?2 rs6517656 was associated with log;ofasting serum
insulin (Beta=—0.053, p=0.044) and log;(QHOMA-IR level (Beta=—0.060, p=0.048). After
correction for multiple testing, the associations of SLC1641] and HKDC1 with glucose
metabolism remained statistically significant. The A allele of TMEM163 1s998451 was not
detected in this population.

Conclusion: HKDC1 1s4746822, BACE?2 156517656 and SLC16A411 rs13342232 are asso-
ciated with glucose metabolism in pregnant women of Han Chinese.

Keywords: gestational diabetes mellitus, SLC16A11, HKDC1, BACE2, TMEM163

Introduction

Gestational diabetes mellitus (GDM) is defined as glucose intolerance first detected
during pregnancy.! It is estimated by the International Diabetes Federation that
21.3 million women (16.2% of live births) in 2017 had some form of hyperglycemia
in pregnancy, and of these, 86.4% were due to GDM.? During pregnancy, insulin
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resistance is enhanced physiologically and can be further
promoted by other factors such as obesity, leading to a high
risk of GDM.>~> Genome-wide association studies (GWAS)
have led to the identification of 8 common-penetrance loci
(CDKALI, GCKR, G6PC2, PCSK1, PPPIR3B, MTNRIB,
HKDC1 and BACE?) for GDM, principally through 2 GWAS
carried out among women of Afro-Caribbean, European,
Hispanic, Thai and Korean descent.®” In replication studies,
most (but not all) risk alleles have been shown to confer
similar effects in different ethnic populations.® '

The study by Hayes et al identified two novel significant
genome-wide associations: 2-hr plasma glucose with HKDC1
1rs5030937 and rs4746822 (top associated SNP) and fasting
C-peptide with BACE? rs6517656 in women with hypergly-
cemia and adverse pregnancy outcomes (HAPO).® HKDC]
encodes hexokinase domain containing 1 and is a member of
the hexokinase family.'” A follow-up study to the GWAS
demonstrated that hexokinase domain containing 1 has hex-
okinase activity and that lower levels of HKDCI1 expression
are associated with higher levels of maternal 2-hr glucose.'® In
the only replication study of this locus, the T allele of HKDC!
154746822 showed a significant association with GDM in
a south Indian population.® BACE2, which encodes P-site
amyloid polypeptide cleaving enzyme 2, is expressed in
human pancreatic beta cells, where its protein product is
located in endocytic vesicles and has been shown to both
augment and inhibit insulin secretion and/or production in
human islets.'° BACE2 1s6517656 has not been studied in
different ethnic GDM populations.

In this replication study, we not only analyzed the
association between HKDC! r1s4746822 and BACE2
rs6517656 with GDM risk but also included two genes
which were revealed to be significantly genome-wide
associated with Type 2 diabetes mellitus (T2DM). The
SIGMA Type 2 Diabetes
9.2 million SNPs in Mexican and Latin American popula-

Consortium  analyzed
tions and identified a novel locus associated with T2DM at
genome-wide significance spanning the solute carriers
SLC16A11 and SLC16A13.>' The top associated variant
is SLC16A411 rs13342232. The SLC16A11 protein is loca-
lized in the endoplasmic reticulum and plays an important
role in lipid metabolism in the liver, salivary gland and
thyroid.?' SLC16A411 rs13342232 has been studied in preg-
nant Mexican women and showed no association with
GDM risk.** Tabassum et al performed a GWAS in an
Indian population and identified a new signal for T2DM
on chromosome 2q21. The strongest signal on the newly
identified locus 2q21 mapped to TMEMI63, which

encodes a probable vesicular transporter in nerve term-
inals. The association of TMEM163 variants (rs6723108
and rs998451) with reduced fasting plasma insulin levels
and Homeostasis model assessment of insulin resistance
(HOMA-IR) indicates that it might modulate susceptibility
to T2DM by affecting insulin secretion.”’

The association between specific gene with the risk of
the same disease may vary among different races. Therefore,
the results of GWAS need to be verified in different ethnic
groups, especially when GWAS did not include these ethnic
groups. To the best of our knowledge, there have been no
association studies on the association between HKDCI
rs4746822, BACE? 156517656, SLC16A11 rs13342232 and
TMEM163 1998451 with GDM risk in a Chinese popula-
tion to date. Therefore, we aimed to study the associations
between the 4 newly identified glucose metabolism GWAS
SNPs with GDM risk in a Han Chinese population.

Materials and methods

Ethics statement

The “Central-South University’s Ethical and Confidentiality
Committee” reviewed and approved the study protocol
(document reference number: CTXY-13003). We got written
informed consent from all participants. This study was con-
ducted in accordance with the Declaration of Helsinki.

Study design and statistical analysis
The research population and most part of the statistical meth-
ods of this study were completely consistent with our previous

articles,”**>

so the same content is not repeated here
(Full version of the materials and methods are available as
supplementary file). Briefly, this was a case—control study
which enrolled 334 pregnant women with GDM and 367

pregnant women with normal glucose tolerance who visited

prenatal clinics regularly and underwent oral glucose tolerance
test (OGTT) during 24-28 weeks. The boundaries of OGTT
were 5.1 mmol/L, 10.0 mmol/L and 8.5 mmol/L for fasting
glucose and 1 and 2 hrs after 75 g oral glucose intake. When
one or more OGTT indicators reached or exceeded the above-
mentioned boundaries, the pregnant woman was diagnosed
with GDM. The following information were collected on the
OGTT morning: maternal age, gestational age, parity, height,
weight, fasting insulin levels, systolic blood pressure and
diastolic blood pressure. We also collected the information of
family diabetes history. Relatives included the paternal grand-
father, paternal grandmother, maternal grandfather, maternal
grandmother, father, mother, brothers, sisters, and brothers and
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sisters of the father and mother. One or more relatives were
diagnosed with diabetes and the pregnant woman was judged
to have a family history of diabetes. Positive family diabetes
history rate=number of cases (controls) with family diabetes
history/number of cases (controls), we calculated the positive
rate in cases and controls, respectively.

Four SNPs (HKDC1 154746822, BACE?2 156517656,
SLC16A411 1s13342232 and TMEMI163 rs998451) were
genotyped in this study. Genomic DNA was extracted
from whole blood using a TIANamp Blood DNA Kit
(DP318-03, TIANGEN, Beijing), which is based on silica
membrane technology and uses a special buffer system for
DNA extraction from fresh or frozen whole blood. SNPs
were genotyped with the SEQUENOM MassARRAY
iPLEX platform. The assay consists of an initial locus-
specific PCR reaction, followed by single-base extension
and matrix-assisted laser desorption/ionization—time of
flight mass spectrometry to identify the SNP allele.?
Table 1 shows the functional consequence, alleles, HWE
p-value of controls and the minor allele frequency (MAF)
of Han Chinese from HapMap project of SLCI6AI1l
rs13342232, HKDC1 1s4746822, BACE?2 rs6517656 and
TMEM]163 rs998451. The primers for each SNP in PCR
reaction are shown in Table 2.

The chi-square test was used to compare the distribution of
genotypes between the case and control groups. In the analysis
of the association between SNPs and disease risk, GWAS used
additive models to assign the SNPs (wild-type homozy-
gotes=0, heterozygous assignments=1, and mutant homozy-
gotes=2, continuity variable). Therefore, this study also used

the additive model to analyze the association between SNPs
and GDM risk and glucose metabolism levels. Logistic regres-
sion was used to estimate the odds ratio (OR) and 95% con-
fidence interval (CI) of each SNP adjusted by maternal age,
pre-pregnancy BMI and weekly BMI growth. Linear regres-
sion was used to estimate the relationship between SNPs and
the OGTT, fasting insulin and HOMA-IR levels, adjusted by
maternal age, pre-pregnancy BMI and weekly BMI growth.
HOMA-IR=Fasting insulin (mIU/L)*fasting blood glucose
(mmol/L)/22.5. The fasting insulin concentration and HOMA-
IR were log;, transformed before analysis. Weekly BMI
growth=(BMI on the OGTT morning-pre-pregnancy BMI)/
gestational age (weeks). The fasting insulin concentration and
HOMA-IR were logl0O transformed before analysis. Three
SNPs were finally included in the analysis; therefore, o was
equal to 0.017 (0.017=0.05/3).

Results

Base information

Table 3 shows the cases’ and controls’ clinical characteris-
tics. Positive family diabetes history rate (p<0.001), weekly
BMI growth (p<0.001), pre-pregnancy BMI (p<0.001), dia-
stolic blood pressure (p<0.001) and systolic blood pressure
(»<0.001) were higher in case group than control group.

Hardy—Weinberg equilibrium

The SNP genotyping detection rate was 99.5%. Hardy—
Weinberg equilibrium (HWE) was observed in the control
group for all SNPs (Table 1).

Table | The functional consequence, alleles, HWE p-value of controls and the MAF of Han Chinese from HapMap project of the SNPs

Gene dbSNP ID Functional consequence | Alleles * HWE p-value of controls HapMap MAF of Han Chinese
SLCI6AI rs13342232 | Synonymous AG 0.051 0.18

HKDCI rs4746822 Intron variant CT 0.750 0.23

BACE2 rs6517656 Intron variant GA 0.308 0.06

TMEMI163 rs998451 Intron variant GA 0

Note: *The second allele was the minor allele.

Table 2 The 5" UTR and 3" UTR region primers of the SNPs in PCR reaction

Gene SNP 5’ UTR region primers 3’ UTR region primers

SLCI6AIl rs13342232 ACGTTGGATGTGAGGTGGAGGGTGATCGC ACGTTGGATGACCCTCTCGCGTTACTTCTC
HKDCI rs4746822 ACGTTGGATGACCTATTGATAGCACCAGGC ACGTTGGATGGTTGACATACAGAGCCATGA
BACE2 rs6517656 ACGTTGGATGATCTCTGGTTGATGCACTGG ACGTTGGATGTCAGGCTGCTAATCACTAAC

TMEMI63 rs998451| ACGTTGGATGTGGAAAGACAGTGGTCACAG ACGTTGGATGTCTAAAGCCTGTGTCAAGCC

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2019:12

submit your manuscript

985

Dove


http://www.dovepress.com
http://www.dovepress.com

Tan et al

Dove

Table 3 Demographic and clinical characteristics of the cases and controls

Controls (N=367) Cases (N=334) p

Maternal age, years 29 (28,32) 29 (27,32) 0.672*
Gestational age at sampling, weeks 25.11+£2.724 25.35+£2.948 0.458**
Pre-pregnancy BMI, kg/m? 20.55 (19.14,22.64) 22.31 (20.29,24.14) <0.001*
Weekly BMI growth, kg/m? 0.114+0.054 0.131+0.056 <0.00I**
SBP, mmHg 111£10.30 1é6x11.12 <0.00|**
DBP, mmHg 70+8.38 74+8.09 <0.00|**
Parity

0 230 (62.7%) 216 (64.7%) 0.3 2%%*

| 123 (33.5%) 93 (27.8%)

2 5 (1.4%) 7 (2.1%)
Family history of diabetes

Yes 62 (17.4%) 94 (29.3%) <0.00 | ##*

No 295 (82.6%) 227 (70.7%)

Notes: *Wilcoxon rank sum test (median, quartiles); **Student’s t-test (mean+SD); ***Chi-square test (number, constituent ratio; in controls column, constituent ratio in
the cell=number of subjects in the cell/number of controls; in cases column, constituent ratio in the cell=number of subjects in the cell/number of cases.

Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure.

Association between alleles and
genotypes with GDM

As shown in Table 4, no significant differences in the
alleles and genotypes of SLC16A411 rs13342232, HKDC1
rs4746822 and BACE?2 rs6517656 were observed between
cases and controls; after adjusting for the weekly BMI
growth, pre-pregnancy BMI and maternal age, the results
were the same (Table 5). The A allele of TMEMI163
1s998451 was not detected in this population.

Association analysis of genetic variants in
SLCI6AII rs13342232, HKDCI rs4746822

and BACE2 rs6517656 with OGTT,

HOMA-IR and fasting serum insulin levels
Besides the fasting plasma glucose level, 1 hr and 2 hrs
plasma glucose levels after oral glucose intake, the fasting
plasma insulin and HOMA-IR levels are also important to
evaluate the level of glucose metabolism. The results of
Hayes et al GWAS® that needed to be replicated were the
relationships assessed with linear regressions between gen-
otypes and glycemic traits. Therefore, in this study, we not
only analyzed the association between the SNPs and GDM
risk but also analyzed the association between the SNPs
and glycemic traits (fasting plasma insulin levels, etc.).
As shown in Table 5, the results of the linear regression
analysis revealed that under the additive model, SLC16411
rs13342232 was associated with fasting plasma glucose levels
(Beta=0.164, p=0.011), logjcfasting serum insulin levels

(Beta=0.046, p=0.016) and log;gHOMA-IR Ilevels
(Beta=0.061, p=0.003); HKDC1 1s4746822 was associated
with OGTT 2-hr plasma glucose levels (Beta=0.239,
p=0.016); and BACE? 1s6517656 was associated with logq
fasting serum insulin levels (Beta=—0.053, p=0.044) and log,,
HOMA-IR levels (Beta=—0.060, p=0.048), after adjusting for
the weekly BMI growth, pre-pregnancy BMI and maternal
age. The p-values of the associations between SLC16A411
rs13342232 with fasting plasma glucose levels (p=0.011),
logofasting serum insulin levels (p=0.016) and log;o0HOMA-
IR levels (p=0.003); and between HKDC1 rs4746822 with
OGTT 2-hr plasma glucose levels (p=0.016) were lower than
the a value (0=0.017) after correction for multiple testing. We
inferred that the SLC16A411 rs13342232 G allele, the HKDC1
rs4746822 T allele and the BACE2 rs6517656 G allele may be
risk alleles for glucose metabolism in pregnant Chinese
women.

Discussion
In this study, we identified six significant associations:
fasting plasma glucose with SLCI6A411 1513342232,
2-hr plasma glucose with HKDCI r1s4746822, fasting
serum insulin and HOMA-IR levels with SLCI6411
rs13342232 and BACE2 rs6517656 in a pregnant Han
Chinese population. The A allele of TMEM163 rs998451
was not detected in this population.

In their GWAS, Hayes et al identified two novel genome-
wide significant associations: 2-hr plasma glucose with
HKDC1 154746822 and fasting C-peptide with BACE2
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Table 4 The distribution of alleles and genotypes of rs13342232, rs4746822, rs6517656 and rs99845|
Gene SNP Allele/genotype Controls Cases
n % n % xz p
SLCI6Al rs13342232 A 657 90.0 583 88.3 1.000 0317
G 73 10.0 77 1.7
AA 299 81.9 258 782 2.102 0.350
GG 7 1.9 5 1.5
AG 59 16.2 67 20.3
HKDCI rs4746822 C 552 754 488 73.3 0.836 0.361
T 180 24.6 178 26.7
ccC 207 56.6 176 529 0.968 0.616
T 21 57 21 6.3
CcT 138 377 136 40.8
BACE2 rs6517656 G 693 94.9 630 95.5 0.207 0.649
A 37 5.1 30 45
GG 328 89.9 300 90.9 0218 0.641
AA - - - -
GA 37 10.1 30 9.1
TMEMI63 rs998451 G 734 100 668 100 - -
A 0 0 0 0
GG 367 100 334 100 - -
AA 0 0 0 0
GA 0 0 0 0
Table 5 The association of rs13342262, rs4746822 and rs6517656 with GDM risk, OGTT, fasting insulin and HOMA-IR levels
Gene SNP OR P Fasting BG I-hr BG 2-hr BG log,o Fasting log,o HOMA-
insulin IR
Beta P Beta p Beta p Beta p Beta p
SLCI6AII | rs13342232 | 1.102 0.593 | 0.164 | 0.011 | 0.091 0.632 | 0.031 0.843 | 0.046 | 0.016 | 0.061 0.003
(0.772,1.572)
HKDCI rs4746822 1.202 0.169 | —0.020 | 0.675 | —0.026 | 0.855 | 0.239 | 0.016 | —0.006 | 0.679 | —0.008 | 0.618
(0.925,1.563)
BACE2 rs6517656 | 0.862 0.597 | -0.086 | 0.377 | —0.207 | 0.476 | —0.347 | 0.147 | —0.053 | 0.044 | —0.060 | 0.048
(0.496,1.496)

Note: Covariates in the logistic regression analyses and linear regression analyses were maternal age, pre-pregnancy BMI and weekly BMI growth. Bold font means the p-

value was less than 0.05.

Abbreviations: BG, blood glucose; HOMA-IR, homeostasis model assessment of insulin resistance.

rs6517656 in pregnant women of Afro-Caribbean, European,
Hispanic and Thai ancestry.® Our results show that the T allele
of HKDC1 1s4746822 is associated with higher 2-hr plasma
glucose; the G allele of BACE?2 rs6517656 is associated with
higher fasting serum insulin and higher HOMA-IR levels. We
did not measure C-peptide; however, previous study revealed
that peripheral insulin and C-peptide concentrations correlated
well with each other.?” Our results indicate that the T allele of
HKDC1 154746822 and the G allele of BACE2 1s6517656 are
not only associated with glucose metabolism in HAPO popu-
lation but also associated with glucose metabolism in pregnant

women of Han Chinese. Several studies have explored possi-
ble mechanisms by which HKDC! and BACE? affect glucose
metabolism. In the follow-up study to the GWAS, the authors
demonstrated that HKDC! is a novel human hexokinase
gene.'® HKDCI rs4746822 lies within a region of the genome
exhibiting chromatin modifications consistent with active gene
regulation across diverse tissues. HKDCI 1s4746822 influ-
ences maternal glucose metabolism by altering the activity of
regulatory elements that control HKDC| expression.'® BACE2
(Beta-Site APP-Cleaving Enzyme 2, 21g22.3) encodes an
integral membrane glycoprotein cleaving the amyloid
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precursor protein into the amyloid beta peptide.?® In the nor-
mal human pancreas, BACE2 expression was restricted to
beta-cells, where it is located in endocytic vesicles. When
BACE2 was pharmacologically inhibited, BACE2 content in
clathrin-coated vesicles was increased. The insulin internaliza-
tion rate was reduced, insulin receptor beta-subunit (IR beta)
expression was decreased at the plasma membrane and
increased in the Golgi apparatus, and a significant reduction
in insulin gene expression was detected. Similar results were
obtained after specific BACE? silencing in MING6 cells. All
these data point to a role for BACE2 in IR beta trafficking and
insulin signaling.'” Esterhazy et al identified BACE2 as the
sheddase of the pro-proliferative plasma membrane protein
Tmem?27 in murine and human [ cells. Mice with functionally
inactive BACE2 exhibit reduced blood glucose levels,
improved intraperitoneal glucose tolerance and increased 3
cell mass. Pharmacological inhibition of BACE?2 increases f3
cell mass and improves glycemic control in mice with obesity-
related insulin resistance.”®

In the previous replication study of SLCI6A411
rs13342232, the authors did not analyze the association
between SLC16A411 1313342232 and glucose metabolism
indicators and indicated that SLC1641] rs13342232 is not
associated with GDM in Mexican women.””> Our study
also showed negative results when we compared cases
and controls with logistic regression analysis; however,
we showed that the A allele of SLC16A411 rs13342232 is
associated with higher fasting plasma glucose, higher fast-
ing serum insulin and higher HOMA-IR levels with linear
regression analysis. SLC16A11 is a proton-coupled mono-
carboxylate transporter. The T2DM risk coding variants
(including rs13342232) disrupt protein—protein interac-
tions responsible for correct SLC16A11 function to affect
the amount of SLC16A11 transport activity.”’

In this study, the A allele of TMEM163 rs998451 was
not detected in Han Chinese population. According to the
search results of the SNPedia website (https://www.snpe
dia.com/index.php/Rs998451), only the CEU European
population from the HapMap project has been able to
identify a population with the A allele present for the
SNP 1rs998451; The A allele was not present in Han
Chinese and other east Asian populations.

To the best of our knowledge, this is the first study
that has focused on the associations between SLC16411
rs13342232, HKDC1 154746822 and BACE?2 1s6517656
with glucose metabolism in a Han Chinese population.
However, this study has certain limitations. First, we did
not obtain any positive results in the logistic regression

analysis comparing cases and controls, which may be
due to an insufficient sample size. It is necessary to
increase the sample size in subsequent studies to verify
the results. Second, the association between these SNPs
and other important glucose metabolism indicators, such
as C-peptide, 1-hr serum insulin, 2-hr serum insulin,
etc., needs further study in pregnant women of Han
Chinese.

Acknowledgments
This work was supported by the National Natural Science
Foundation of China (81373088 and 81773535).

Disclosure
The authors report no conflicts of interest in this work.

References

—_

. Buchanan TA, Xiang AH. Gestational diabetes mellitus. J Clinl Invest.
2005;115(3):485-491. doi:10.1172/J¢i200524531

2. International Diabetes Federation. IDF Diabetes Atlas. 8th ed.
Brussels, Belgium: International Diabetes Federation; 2017. http:/
www.diabetesatlas.org.

. Xiang AH, Takayanagi M, Black MH, et al. Longitudinal changes in
insulin sensitivity and beta cell function between women with and
without a history of gestational diabetes mellitus. Diabetologia.
2013;56(12):2753-2760. PMID: 24030069 PMCID: Pmc4139094.
doi:10.1007/s00125-013-3048-0

4. Stupin JH, Arabin B. Overweight and obesity before, during and
after pregnancy: part 1: pathophysiology, molecular biology and
epigenetic consequences. Geburtshilfe Frauenheilkd. 2014;74
(7):639-645. PMID: 25100878 PMCID: Pmc4119104.
doi:10.1055/5-0034-1368486

. Athukorala C, Rumbold AR, Willson KJ, Crowther CA. The risk of
adverse pregnancy outcomes in women who are overweight or obese.
BMC Pregnancy Childbirth. 2010;10:56. PMID: 20849609 PMCID:
Pmc2949787. doi:10.1186/1471-2393-10-56

. Hayes MG, Urbanek M, Hivert MF, et al. Identification of HKDCI1
and BACE2 as genes influencing glycemic traits during pregnancy
through genome- wide association studies (vol 62, pg 3282, 2013).
Diabetes.  2013;62(10):3641. PMID: WOS:000324748200049.
doi:10.2337/db13-er10

. Kwak SH, Kim SH, Cho YM, et al. A genome-wide association study of
gestational diabetes mellitus in Korean women. Diabetes. 2012;61
(2):531-541. PMID: 22233651 PMCID: 3266417. doi:10.2337/db11-
1034

. Kanthimathi S, Liju S, Laasya D, Anjana RM, Mohan V, Radha V.
Hexokinase domain containing 1 (HKDC1) gene variants and their
association with gestational diabetes mellitus in a south indian
population. Ann  Hum Genet. 2016;80(4):241-245. PMID:
WO0S:000379682000006. doi:10.1111/ahg.12155

. Franzago M, Fraticelli F. Molecular analysis of a genetic variants
panel related to nutrients and metabolism: association with suscept-
ibility to gestational diabetes and cardiometabolic risk in affected
women. J Diabetes Res. 2017;2017:4612623. PMID: 28133617.
doi:10.1155/2017/4612623

10. Huopio H, Cederberg H, Vangipurapu J, et al. Association of risk variants

for type 2 diabetes and hyperglycemia with gestational diabetes. Eur

J Endocrinol. 2013;169(3):291-297. PMID: 23761423. doi:10.1530/eje-
13-0286

W

W

=2

~

el

O

submit your manuscript

988

Dove

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2019:12


https://www.snpedia.com/index.php/Rs998451
https://www.snpedia.com/index.php/Rs998451
https://doi.org/10.1172/Jci200524531
http://www.diabetesatlas.org
http://www.diabetesatlas.org
https://doi.org/10.1007/s00125-013-3048-0
https://doi.org/10.1055/s-0034-1368486
https://doi.org/10.1186/1471-2393-10-56
https://doi.org/10.2337/db13-er10
https://doi.org/10.2337/db11-1034
https://doi.org/10.2337/db11-1034
https://doi.org/10.1111/ahg.12155
https://doi.org/10.1155/2017/4612623
https://doi.org/10.1530/eje-13-0286
https://doi.org/10.1530/eje-13-0286
http://www.dovepress.com
http://www.dovepress.com

Dove

Tan et al

I1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Kim JY, Cheong HS, Park BL, et al. Melatonin receptor 1
B polymorphisms associated with the risk of gestational diabetes
mellitus. BMC Med Genet. 2011;12:82. PMID: 21658282 PMCID:
Pmc3129295. doi:10.1186/1471-2350-12-82

Li C, Qiao B, Zhan Y, et al. Association between genetic variations in
MTNRIA and MTNRIB genes and gestational diabetes mellitus in
Han Chinese women. Gynecol Obstet Invest. 2013;76(4):221-227.
PMID: 24157813. doi:10.1159/000355521

LiuQ, Huang Z, Li H, Bai J, Liu X, Ye H. Relationship between melatonin
receptor 1B (rs10830963 and rs1387153) with gestational diabetes melli-
tus: a case-control study and meta-analysis. Arch Gynecol Obstet.
2016;294(1):55-61. PMID: 26563312. doi:10.1007/s00404-015-3948-y

Stuebe AM, Wise A, Nguyen T, Herring A, North KE, Siega-Riz
AM. Maternal genotype and gestational diabetes. Am J Perinatol.
2014;31(1):69-76. PMID: 23456907 PMCID: Pmc3884679.
doi:10.1055/s-0033-1334451

Vlassi M, Gazouli M, Paltoglou G, et al. The rs10830963 variant of
melatonin receptor MTNRIB is associated with increased risk for gesta-
tional diabetes mellitus in a Greek population. Hormones (Athens).
2012;11(1):70-76. PMID: 22450346. doi:10.1007/BF03401539

Wang Y, Nie M, Li W, et al. Association of six single nucleotide
polymorphisms with gestational diabetes mellitus in a Chinese
population. PLoS One. 2011;6(11):€26953. PMID: 22096510
PMCID: Pmc3214026. doi:10.1371/journal.pone.0026953

Irwin DM, Tan H. Evolution of glucose utilization: glucokinase
and glucokinase regulator protein. Mol Phylogenet Evol.
2014;70:195-203. PMID: 24075984 PMCID: Pmc3897444.
doi:10.1016/j.ympev.2013.09.016

Guo C, Ludvik AE, Arlotto ME, et al. Coordinated regulatory variation
associated with gestational hyperglycaemia regulates expression of the
novel hexokinase HKDCI. Nat Commun. 2015;6:6069. PMID:
25648650 PMCID: Pmc4318120. doi:10.1038/ncomms7069

Casas S, Casini P, Piquer S, et al. BACE2 plays a role in the insulin
receptor trafficking in pancreatic ss-cells. Am J Physiol Endocrinol
Metab. 2010;299(6):E1087-E1095. PMID: 20943756. doi:10.1152/
ajpendo.00420.2010

Esterhazy D, Stutzer I, Wang H, et al. Bace2 is a beta cell-enriched
protease that regulates pancreatic beta cell function and mass. Cell
Metab. 2011;14(3):365-377. PMID: 21907142. doi:10.1016/;.
cmet.2011.06.018]

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy

Publish your work in this journal

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy is
an international, peer-reviewed open-access journal committed to the
rapid publication of the latest laboratory and clinical findings in the
fields of diabetes, metabolic syndrome and obesity research. Original
research, review, case reports, hypothesis formation, expert opinion

21.

22.

23.

24.

25.

26.

27.

28.

29.

Consortium STD, Williams AL, Jacobs SB, et al. Sequence variants
in SLC16A1l are a common risk factor for type 2 diabetes in
Mexico. Nature. 2014;506(7486):97-101. PMID: 24390345
PMCID: 4127086. doi:10.1038/nature12828

Huerta-Chagoya A, Vazquez-Cardenas P, Moreno-Macias H, et al.
Genetic determinants for gestational diabetes mellitus and related
metabolic traits in Mexican women. PLoS One. 2015;10(5):
€0126408. PMID: 25973943 PMCID: Pmc4431878. doi:10.1371/
journal.pone.0126408

Tabassum R, Chauhan G, Dwivedi OP, et al. Genome-wide associa-
tion study for type 2 diabetes in Indians identifies a new susceptibility
locus at 2q21. Diabetes. 2013;62(3):977-986. PMID: 23209189
PMCID: 3581193. doi:10.2337/db12-0406

Hu SM, Ma SJ, Li X, et al. Relationships of SLC2A4, RBP4, PCK1,
and PI3K gene polymorphisms with gestational diabetes mellitus in
a Chinese population. Biomed Res Int. 2019. PMID:
WO0S:000457994700001. doi:10.1155/2019/7398063

Hu SM, Yan JX, You YP, et al. Association of polymorphisms in
STRAG6 gene with gestational diabetes mellitus in a Chinese Han
population. Medicine. 2019;98(11):e14885. PMID:
WOS:000462571200084. doi:10.1097/MD.0000000000014885
Gabriel S, Ziaugra L, Tabbaa D. SNP genotyping using the seque-
nom massARRAY iPLEX platform. Curr Protoc Hum Genet.
2009;2:2-12. PMID:  19170031.  doi:10.1002/0471142905.
hg0212s60

Horwitz DL, Starr JI, Mako ME, Blackard WG, Rubenstein AH.
Proinsulin, insulin, and C-peptide concentrations in human portal
and peripheral blood. J Clin Invest. 1975;55(6):1278—-1283. PMID:
1133173 PMCID: 301883. doi:10.1172/JC1108047

Mok KY, Jones EL, Hanney M, et al. Polymorphisms in BACE2
may affect the age of onset Alzheimer’s dementia in down syn-
drome. Neurobiol Aging. 2014;35(6):1513.e1511-1515. PMID:
24462566 PMCID: Pmc3969241. doi:10.1016/j.
neurobiolaging.2013.12.022

Rusu V, Hoch E, Mercader JM, et al. Type 2 diabetes variants disrupt
function of SLCI16AIll through two distinct mechanisms. Cell.
2017;170(1):199-212.¢120. PMID: 28666119 PMCID: Pmc5562285.
doi:10.1016/j.cell.2017.06.011

Dove

and commentaries are all considered for publication. The manu-
script management system is completely online and includes a very
quick and fair peer-review system, which is all easy to use. Visit
http://www.dovepress.com/testimonials.php to read real quotes from
published authors.

Submit your manuscript here: https://www.dovepress.com/diabetes-metabolic-syndrome-and-obesity-targets-and-therapy-journal

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2019:12

submit your manuscript

Dove

989


https://doi.org/10.1186/1471-2350-12-82
https://doi.org/10.1159/000355521
https://doi.org/10.1007/s00404-015-3948-y
https://doi.org/10.1055/s-0033-1334451
https://doi.org/10.1007/BF03401539
https://doi.org/10.1371/journal.pone.0026953
https://doi.org/10.1016/j.ympev.2013.09.016
https://doi.org/10.1038/ncomms7069
https://doi.org/10.1152/ajpendo.00420.2010
https://doi.org/10.1152/ajpendo.00420.2010
https://doi.org/10.1016/j.cmet.2011.06.018]
https://doi.org/10.1016/j.cmet.2011.06.018]
https://doi.org/10.1038/nature12828
https://doi.org/10.1371/journal.pone.0126408
https://doi.org/10.1371/journal.pone.0126408
https://doi.org/10.2337/db12-0406
https://doi.org/10.1155/2019/7398063
https://doi.org/10.1097/MD.0000000000014885
https://doi.org/10.1002/0471142905.hg0212s60
https://doi.org/10.1002/0471142905.hg0212s60
https://doi.org/10.1172/JCI108047
https://doi.org/10.1016/j.neurobiolaging.2013.12.022
https://doi.org/10.1016/j.neurobiolaging.2013.12.022
https://doi.org/10.1016/j.cell.2017.06.011
http://www.dovepress.com
http://www.dovepress.com/testimonials.php
http://www.dovepress.com
http://www.dovepress.com

