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Background: The aim of this study was to analyze the single nucleotide polymorphisms (SNPs) of genes known to be involved in vita-
min D metabolism in the placenta using the placental tissue of mothers diagnosed with gestational diabetes mellitus (GDM) to deter-

mine whether the SNPs and occurrence of GDM are related.

Methods: We enrolled 80 women of the same gestational age, 40 with and 40 without GDM. The placenta was obtained from each
woman after delivery and SNP genotyping was performed on seven SNPs in the CYP27B1 (rs10877012), CYP24A1 (rs2248359,
rs6013897, and rs2209314), and GC (rs2282679, rs16847024, and rs3733359) genes. Maternal serum 25-hydroxyvitamin D levels
were measured during the first trimester of pregnancy and before delivery.

Results: At the time of delivery, vitamin D levels were lower (21.05+ 12.05 mg/dL vs. 31.31 +£20.72 mg/dL, p=0.012) and the frequen-
¢y of vitamin D deficiency was higher (60.7% vs. 32.5%, p=0.040) in the GDM group. In women with GDM, the G allele of rs10877012
was more common (86.3% vs. 65.0%, p=0.002). The rs10877012 GG genotype was more common in the GDM group (72.5% vs.
42.5%, p=0.007) and the rs10877012 TT genotype was more common in the control group (12.5% vs. 0%, p=0.007).

Conclusion: Mothers with GDM have lower serum concentrations of vitamin D before delivery than healthy controls and vitamin D
deficiency is common. A polymorphism in CYP27B1 (rs10877012) is considered to be a cause of GDM pathogenesis.
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Introduction

Gestational diabetes mellitus (GDM) affects 1% to 14% of all preg-
nancies [ 1] and is defined as a state of glucose intolerance that oc-
curs during pregnancy [2]. Recently, GDM has become more
common due to advanced maternal age, obesity, and multiple

pregnancies from the use of assisted reproductive techniques [3,4].

The occurrence of GDM and the genetic background of the pa-
tient are known to be associated because there is often a family his-
tory of GDM, and recurrence of GDM is common in subsequent
pregnancies [4].

Several factors play a role in the occurrence of GDM, and GDM
has been linked to vitamin D deficiency [5]. Vitamin D is an im-

portant factor in bone metabolism and is known to cause pregnan-
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cy-related complications because of its role in pregnancy mainte-
nance. The concentration of vitamin D in maternal blood increases
throughout pregnancy, reaching approximately twice the prepreg-
nancy concentration in the third trimester [6-8]. Moreover, the
placenta regulates the expression of enzymes involved in vitamin D
metabolism and the concentration of vitamin D is elevated by CY-
P2B1 expression, and downregulation of CYP24A1 and group-spe-
cific component, the latter of which is the main protein responsible
for the transport of active vitamin D [9]. Examining the genetic
variations in vitamin D pathway-regulating genes present in the
placental tissue of mothers with GDM will also help us understand
the genetic background of GDM.

Single nucleotide polymorphisms (SNPs) are site-specific ge-
nome variants in which one nucleotide base is replaced with an-
other [10]. Polymorphisms refer to mutations that occur in more
than 1% of the population, while those occurring in less than 1% of
the population are called mutations [11]. SNPs are the most com-
mon genetic variants and are widely used as markers for genetic
mapping because of their low variability and high intergenerational
stability [12,13].

Therefore, this study analyzed the SNPs of genes known to be
involved in vitamin D metabolism in the placenta using the placen-
tal tissue of mothers diagnosed with GDM to determine whether
specific SNPs and the occurrence of GDM are related.

Methods

Ethical statements: Ethical statements: Before enrolment
in the study, all participants provided informed consent. This
study was approved by the Institutional Review Board (IRB)
of Kyungpook National University Chilgok Hospital, Daegu,
Korea (IRB No: 2018-01-010-001).

1. Participants and tissue sampling

‘We enrolled 40 women with GDM and 40 women without GDM
of the same gestational age as the control group. GDM was diag-
nosed using a two-step approach: a 50-g glucose tolerance test as a
screening test between 24 and 28 weeks of gestation and a 100-g
glucose tolerance test when the initial test value was greater than
140 mg/dL. In addition, the Carpenter—Coustan criteria were
used to diagnose GDM [ 14]. All women delivered at full term and
had no fetal chromosomal or structural anomalies. Women with
pregnancy-related complications or risk factors, such as multiple
pregnancies, gestational hypertension, preeclampsia, preterm la-
bor, and fetal growth restriction, were excluded from this study
(Fig. 1). Maternal blood was drawn from a cannulated vein during
the first trimester of pregnancy and before delivery, and 25-hy-
droxyvitamin D (25(OH)D) levels were determined using a com-

Pregnant women with prenatal test including VITD at first visit (n=1,721)
(Jan 1,2018-Dec 31, 2019)

Exclusion criteria (n=807)
* Multiple pregnancy

» * Chromosomal anomaly
« Fetal anatomic anomaly
« follow-up loss

Pregnant women with GDM screening
between 24 and 28 weeks of gestation

|
GDM group (n=91)
[

Exclusion criteria
« follow-up loss
« Delivery at another center
* No VITD results at delivery
* Preterm delivery, obstetric complication

such as preeclampsia, IUG

I
GDM as study group
(n=40)

|
Non-GDM group (n=823) |
|
Non-GDM as control group (n=40)
* Matched in a 1:1 ratio for gestational
age and estimated fetal weight with the
study group

Fig. 1. Patient flow diagram in this study. All women deliver at full term with no fetal chromosomal or structural anomalies. If
a woman has pregnancy-related complications and risks, such as multiple pregnancies, gestational hypertension, preeclampsia,
preterm labor, or fetal growth restrictions, she is excluded from the study. VITD, vitamin D; GDM, gestational diabetes mellitus;

IUGR, intrauterine growth restriction.
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mercial enzyme immunoassay kit. A level of 25(OH)D <20 mg/
dL was defined as vitamin D deficiency [ 15,16]. For all 80 partici-
pants, the placenta was cut into 1 x 1-cm pieces and stored in a

freezer at —70°C immediately after delivery.

2. Single nucleotide polymorphism selection

SNP genotyping was performed on seven SNPs in CYP27B1
(rs10877012), CYP24A1 (rs2248359, 1s6013897, and 1s2209314),
and GC (rs2282679, rs16847024, and rs3733359). In this study, a
minor allele frequency (MAF) of >0.0S was used to filter SNPs
that are published in the NCBI Variation Viewer (https://www.
ncbinlm.nih.gov/variation/view/ ). The SNPs were selected based
on their potential biological significance.

3. DNA extraction and genotyping

The QIAamp Fast DNA Tissue Kit (Qiagen, Valencia, CA, USA)
was used to extract genomic DNA from the postoperative placen-
tal tissue, and the quality and quantity of the extracted DNA were
evaluated using a NanoDrop ND-2000 spectrophotometer (Ther-
mo Fisher Scientific, Waltham, MA, USA) [17].

SNP genotyping was performed on an Applied Biosystems
7500 real-time polymerase chain reaction (PCR) system (Applied
Biosystems, Foster City, CA, USA) using thAmp SNP Assays (In-
tegrated DNA Technologies, Coralville, IA, USA) and TagMan
SNP Genotyping Assays (Applied Biosystems). Table 1 lists the
predesigned assays.

The rhAmp SNP Genotyping Assay was performed in accor-
dance with the manufacturer’s instructions. The 10-uL PCR mix
included 5 ng of DNA, 5.3 pL of Combined Master Mix and Re-
porter Mix, 2 x thAmp Genotyping Master Mix (Integrated DNA
Technologies), 40 x rhAmp Reporter Mix with Reference (Inte-
grated DNA Technology), and 0.5 pL of thAmp SNP assays (Inte-
grated DNA Technologies). The PCR cycling was performed ac-
cording to the manufacturer’s recommendation (60°C for 1 min-
ute, 95°C for 10 minutes, followed by 40 cycles of 95°C for 10 sec-
onds, 60°C for 30 seconds, and 68°C for 20 seconds).

The TagMan SNP Genotyping Assay was performed following
the manufacturer’s instructions. The 10-uL PCR mix comprised
10 ng of genomic DNA, 5.0 pL of 2 X TagMan Universal PCR
Master Mix No UNG; and 0.5 pL of 20 x SNP Genotyping Assay
(probes and primers). The PCR cycling was performed according
to the manufacturer’s recommendation (60°C for 1 minute, 95°C
for 10 minutes, followed by 40 cycles of 92°C for 15 seconds and
60°C for 60 seconds).

Using the chi-square tests, the genotype frequencies of the given
data were examined for compliance with the Hardy—Weinberg
equilibrium.

4. Statistical analysis

Haploview software ver. 4.2 (Broad Institute, Cambridge, MA,
USA; http://broadinstitute.org/haploview/haploview) was used
to analyze linkage disequilibrium (LD). LD patterns were created
using an algorithm designed by Gabriel et al. [17] with a MAF of
> 1%.

The Hardy-Weinberg equilibrium and chi-square tests were
used to compare variables between the two groups [ 18] using IBM
SPSS ver. 26 (IBM Corp., Armonk, NY, USA). A two-sided p-val-
ue of < 0.05 was considered statistically significant.

Results

Table 2 summarizes the baseline characteristics of patients in the
GDM and control groups. There were no significant differences
between the two groups in terms of gestational age at delivery,
birth weight, or placental weight. However, the maternal age, pre-
pregnancy maternal weight, and body mass index (BMI) were
higher in the GDM group than in the control group. At the time of
delivery, vitamin D levels were lower (21.05 + 12.05 mg/dL vs.
31.31+20.72 mg/dL, p=0.012) and the frequency of vitamin D
deficiency was higher (60.7% vs. 32.5%, p=0.040) in the GDM
group than in the control group. To determine whether significant

differences in maternal age and prepregnancy BMI between the

Table 1. Predesigned rhAmp SNP Assays and TagMan SNP Genotyping Assays

Gene SNP Assay system Assay ID Ref SNP alleles (Ref/Alt)

CYP27B1 rs10877012 rhAmp SNP Genotyping Assay Hs.GT.rs10877012.T.1 GIT

CYP24A1 rs2248359 rhAmp SNP Genotyping Assay Hs.GT.rs2248359.T.1 c
rs6013897 rhAmp SNP Genotyping Assay Hs.GT.rs6013897.A.1 T/A
rs2209314 rhAmp SNP Genotyping Assay Hs.GT.rs2209314.C.1 T/C

GC rs2282679 TagMan SNP Genotyping Assay C__26407519_10 T/G
rs16847024 rhAmp SNP Genotyping Assay Hs.GT.rs16847024.1.1 cr
rs3733359 TagMan SNP Genotyping Assay C__25652813_40 G/A

SNP, single nucleotide polymorphism; Ref, reference; Alt, alternative.

rhAmp SNP Assay: Integrated DNA Technologies, Coralville, IA, USA; TagMan SNP Genotyping Assay: Applied Biosystems, Foster City, CA, USA.
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Table 2. Basal characteristics of the GDM and control groups

Characteristic GDM group (n=40) Control group (n=40) p-value
Age (yr) 35.21+3.43 3295+4.24 0.011?
Nullipara (%) 410 47.50 0.724
Height (cm) 160.42 +£5.14 161.20 £4.43 0.474
Prepregnancy body weight (kg) 64.77 +14.52 58.33+9.45 0.023”
Delivery maternal body weight (kg) 73.80+13.81 69.70+9.83 0.133
Prepregnancy BMI (kg/m?) 25.28+5.55 2248+3.83 0.012?
Vitamin D level at 1st trimester (mg/dL) 13.73+5.04 19.06+12.67 0.102
Vitamin D deficiency at 1st trimester (%) 83.3 77.273 0.937
Vitamin D level at delivery (mg/dL) 21.05+12.05 31.31+£20.72 0.012?
Vitamin D deficiency at delivery (%) 60.7 325 0.040”
Gestational age at delivery (wk) 38.14+0.87 38.51+1.16 0.123
Birthweight (g) 3,089.00+474.91 3,113.50+ 434.05 0.815
Male sex (%) 46.2 42.50 0.920
Placental weight (g) 684.36+138.12 668.00+ 117.76 0.572
Total calcium level (mg/dL) 10.01+0.58 9.61+0.66 0.422
Phosphate level (mg/dL) 5.09+0.61 547+1.20 0.230

Values are presented as mean *standard deviation or percentage only.
GDM, gestational diabetes mellitus; BMI, body mass index.
?p<0.05.

GDM and control groups affected vitamin D levels, these con-
founding factors were corrected and analyzed. The results also
confirmed that vitamin D levels in the GDM group were lower
than those in the control group.

All observed allele and genotype frequencies were in Hardy—
Weinberg equilibrium. Table 3 shows that there was no statistically
significant difference in the allele frequencies of all SNPs except for
rs10877012. In women with GDM, the G allele of rs10877012
was more common (86.3% vs. 65.0%, p=0.002). In addition, the
allele frequency of rs2248359 showed borderline significance
(p=0.051). Table 4 shows the genotype frequencies of the SNPs.
Among the seven SNPs studied, rs10877012 revealed the most
significant difference, with the rs10877012 GG genotype being
more common in the GDM group (72.5% vs. 42.5%, p=0.007)
and the rs10877012 T'T genotype being more common in the
control group (0% vs. 12.5%, p = 0.007). Although not statistically
significant, the rs6013897 T'T genotype was less common in the
GDM group (p=0.051).

Discussion

Vitamin D is a steroid hormone responsible for the metabolism of
calcium and phosphorus and is associated with bone mineraliza-
tion; however, it is also linked to the pathogenesis of various diseas-
es. In particular, it has been reported to be closely related to cardio-
vascular disease [ 19], cancerous conditions such as colorectal can-
cer [20], obesity [15], and autoimmunity [21]. In the field of ob-
stetrics, vitamin D is associated with preterm birth [22] and pre-
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Table 3. Allele frequencies at Hardy-Weinberg equilibrium of SNPs

SNP GDM group Control group p-value

rs10877012 0.002”
G 69 (86.3) 52 (65.0)
T 11 (13.8) 28 (35.0)

rs2248359 0.051
C 43 (53.8) 55 (68.8)
T 37 (46.3) 25(31.3)

rs6013897 0.077
T 64 (80.0) 72 (90.0)
A 16 (20.0) 8 (10.0)

rs2209314 0.521
T 45 (56.3) 49 (61.3)
C 35(43.8) 31(38.8)

rs2282679 0.235
T 51(63.8) 58 (72.5)
G 29 (36.3) 22 (27.5)

rs16847024 0.807
C 71(88.8) 70 (87.5)
T 9(11.3) 10 (12.5)

rs3733359 0.603
G 55 (68.8) 58 (72.5)
A 25(31.3) 22 (17.5)

Values are presented as number (%).

SNP, single nucleotide polymorphism; GDM, gestational diabetes melli-
tus.

7p<0.05.

eclampsia [23,24]. In addition, it acts on beta cells, affecting GDM
occurrence [25], implying that genetic variation in the vitamin D
pathway is a major risk factor for GDM.
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Table 4. Genotype frequencies of SNPs

SNP GDM group Control group p-value
rs10877012 0.007”
G/G 29 (72.5) 17 (42.5)
GIT 11 (27.5) 18 (45.0)
T 0(0) 5(12.5)
rs2248359 0.090
c/Cc 9(22.5) 18 (45.0)
c 25 (62.5) 19 (47.5)
T 6 (15.0) 3(7.5)
rs6013897 0.051
T 24 (60.0) 32 (75.0)
T/A 16 (40.0) 8 (25.0)
AJA 0(0) 0(0)
rs2209314 0.458
T 14 (35.0) 14 (35.0)
T/C 17 (42.5) 21 (52.5)
c/C 9 (22.5) 5(12.5)
rs2282679 0.415
T 16 (40.0) 20 (50.0)
T/G 19 (47.5) 18 (45.0)
G/G 5(12.5) 2(5.0)
rs16847024 0.960
c/C 32 (80.0) 31(77.5)
c 7(17.5) 8 (20.0)
T 1(2.5) 1(2.5)
rs3733359 0.872
G/G 19 (47.5) 21 (52.5)
G/A 17 (42.5) 16 (40.0)
AJA 4(10.0) 3(7.5)

Values are presented as number (%).

SNP, single nucleotide polymorphism; GDM, gestational diabetes melli-
tus.

?p<0.05.

In general, vitamin D concentration is regulated by the activity
of enzymes found in the kidneys. 1-Hydroxylase (i.e., CYP27B1)
converts 25(OH)D into 1,25-dihydroxyvitamin D (1,25(0OH)2D),
an active form with biological functions, whereas 24-hydroxylase
(ie., CYP24A1) catabolizes 25(OH)D and 1,25(OH)2D into in-
active forms. 25(OH)D is the main circulating metabolite of vita-
min D and is an indicator of vitamin D concentration [15]. During
pregnancy, 1-hydroxylase, 24- hydroxylase, vitamin D receptor,
and vitamin D-binding protein are found in the placenta, indicat-
ing that the placenta is closely involved in vitamin D metabolism
[24,26,27].

In this study, mothers with GDM had lower serum vitamin D
concentrations before delivery and a higher incidence of vitamin D
deficiency than those in the control group. The GDM group was
older than the control group and had a higher BMI before preg-
nancy. However, after correcting for confounding factors, the
GDM group also had lower vitamin D levels. Agiiero-Domenech

etal. [28] reported in 2021 on the relationship between vitamin D,
GDM, and BM], indicating that vitamin D levels and BMI were
not significantly related in patients with GDM. In the present
study, there was no statistically significant difference between the
GDM and control groups with respect to vitamin D supplementa-
tion. Vitamin D levels were not significantly different in the two
groups in the first trimester of pregnancy but were significantly dif-
ferent just before delivery. Thus, vitamin D may have a certain ef-
fect on GDM pathogenesis and metabolism.

Consistent with this study, several papers have already reported
that GDM and vitamin D deficiency measured in the third trimes-
ter of pregnancy are closely related [16,29,30]. A previous study
showed that lower vitamin D levels measured at 16 weeks of gesta-
tion increased the risk of future GDM [29]; however, another
study found no link between vitamin D deficiency and GDM in
the first trimester of pregnancy [31]. In the present study, vitamin
D concentration in the first trimester of pregnancy was slightly
higher in the GDM group than in the control group; however, the
difference was not statistically significant, confirming the above
findings. Vitamin D is produced in the placenta during pregnancy,
and its concentration increases as the placental mass increases
[16,32]. It can be seen that the association between GDM and vi-
tamin D levels differs depending on the stage of pregnancy.

Cho et al. [16] reported an increase in the expression of CY-
P24A1, which is involved in the vitamin D pathway, in the placen-
tas of mothers with GDM and found a link between its expression
and blood vitamin D levels. Zhou et al. [ 33] studied the associa-
tion between GDM occurrence and vitamin D receptor gene poly-
morphisms. In the present study, no statistically significance differ-
ence in CYP24A1 coding SNPs was found, but the difference be-
tween SNPs encoding the CYP27B1 gene was confirmed. In wom-
en with GDM, the rs10877012 G allele was the most common.
Furthermore, the rs10877012 GG genotype was more common in
the GDM group, whereas the rs10877012 TT genotype was more
common in the control group. CYP27BI is located on 12q14.1
and is composed of nine exons [20]. The rs10877012 is located in
the CYP27B1 promoter, plays an important role in transcription
and translation, and is related to the concentration of circulating
25(OH)D [34]. According to the SNP database, the MAF was
found to be 27.8% in the global population, 35.0% in the control
group, and 13.75% in the GDM group in this study.

The CYP27BI gene polymorphism rs10877012 is associated
with the development and prognosis of various diseases such as
colorectal cancer, asthma, and chronic hepatitis C [20,35,36].
Moreover, a recent meta-analysis suggested that this CTP27B1
gene polymorphism is related to susceptibility to organ-specific
autoimmune endocrine diseases [37]. Several studies have at-
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tempted to determine the correlation between type 1 diabetes
mellitus (not GDM) and CYP27BI1 gene polymorphisms but
have not obtained consistent results [38-40].

The strength of the present study is that, to the best of our
knowledge, it is the first to show a link between the CYP27B1
rs10877012 polymorphism and the occurrence of GDM, and the
first to compare vitamin D levels in the first trimester of pregnancy
and just before delivery in GDM and control groups. However, a
limitation of this study is the small sample size. Both rs2248359
and rs6013897 polymorphisms showed borderline significance,
emphasizing the need for further large-sample studies. GDM is
caused by a complex mechanism and combination of various fac-
tors. In this study, a CYP27B1 gene polymorphism involved in the
vitamin D pathway was identified, and its association with gesta-
tional diabetes was considered. We do not think that this one factor
is the only mechanism underlying the disease. Furthermore, a
long-term follow-up study will be needed in the future, and it will
be interesting to learn about the differences in SNPs between the
two groups, especially when mothers with GDM develop overt di-
abetes mellitus in the future versus those who do not.

In summary, mothers with GDM have lower serum concentra-
tions of vitamin D before delivery than healthy controls, and vita-
min D deficiency is common. This may be due to polymorphisms
in a gene involved in vitamin D metabolism in the placenta. The
CYP27B1 polymorphism of the CYP27B1 gene rs10877012 can
also be considered one of the various causes of GDM pathogenesis.
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