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Abstract

Tagql is a single nucleotide polymorphism (SNP) located in the exon 9 of the vitamin D
receptor (VDR) gene of the immune system-related cells and tissues of placenta with
paracrine effect. Recent research has concentrated on the potential contribution of VDR
gene variations, the SNP Tagl, Bsml and Apal, to the development of conditions like
different cancers, autoimmune diseases, preterm delivery, low-birth-weight
preeclampsia, and infection susceptibility. These genetic variations might impact the
stability and effectiveness of translation and transcription in VDR gene. A single base
shift (T to C) in codon 352, at the 3' end of the gene, is the Taql single nucleotide
polymorphism. However, there is lack of information to explain the relation of mother’s
SNPs on fetal outcome, requiring more attention from researchers to develop beneficial
approaches. Therefore, this review was aimed to evaluate the association of mothers’

SNP of Taqgl with risk of preterm birth and birth weight.

Keywords: SNPs, Polymorphism, Tagl, Vitamin D receptor, Preterm birth, Birth
weight
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Chapter 1

Introduction

Despite advancements in healthcare, adverse pregnancy outcomes remain a significant
public health issue. Preterm birth (PTB) is a significant problem, as it is the major
reason of death among newborns and the reason of death that ranks second among
children under the age of five. The World Health Organization (WHO) depicts that
more than 15 million infants, or over 10% of all babies, are born prematurely each year
(Barchitta et al. 2018). Several risk factors of PTB have already been identified. Genetic
susceptibility plays a significant role in affecting the environment within the
intrauterine, duration of pregnancy, and growth of fetus. Genetic variations found in
both fetuses and mothers have been identified as contributing factors to this effect (York
etal., 2014). The largest risk factors for subsequent PTB are personal and family history
of PTB, therefore, the research is concentrated on identifying variances in genes that
could be potential candidates. Researchers are currently conducting extensive findings
on the significant role of vitamin D metabolism during pregnancy, with a particular
focus on its potential link to preterm birth. Cholecalciferol, also referred to as vitamin
D3, is one of the two forms of Vitamin D produced in the skin through exposure to
sunlight to ultraviolet light. It is a precursor to hormones and a fat-soluble vitamin. It is
widely known that vitamin D is important for calcium and phosphorus metabolism, but
it has also been found to play a role in other biological processes, such as
immunomodulation at the feto-maternal interface. Research has shown that there may
be a connection between the level of Vitamin D and premature birth of neonates, which
could be influenced by SNPs in the VDR. According to (Gunter, 2023), a single
nucleotide polymorphism is a change or alteration in the DNA sequence of an

organism's genome at only one base position situated in the DNA which pertains to



both non-coding regions of the genome and genes.. The VDR gene has been found to
have 63 polymorphisms, and out of those, five have been extensively studied: Cdx2,
Fokl and Bsml, Apal, and Tagl in the promoter, second coding exon, and 3’
untranslated regions respectively. It’s interesting to note that there may be a connection
between the levels of vitamin D and PTB which could be influenced by these SNPs in
the VDR (Krpina et al. 2020; Rosenfeld et al. 2017; Javorski et al., 2018). Also, it is
important to identify the primary genetic risk factors for adverse pregnancy outcomes,

as they account for approximately one-third of the risk.

Previous studies have looked at specific genetic variations in the vitamin D receptor
(VDR) to determine the potential impact on reducing pregnancy complications and
improving neonatal health. Results have shown that certain maternal VDR
polymorphisms can lead to the development of hypovitaminosis D and other outcomes,
with either protective or negative effects (Karras et al., 2021). Research has found that
certain variations in the VDR gene can lead to lower birth weight and smaller skin folds
in newborns, as well as a higher risk of small-for-gestational-age infants in both black
and white mothers. There is also a gender-specific pattern of genetic variations in
placental vitamin D metabolism that can affect birth weight. In a recent analysis of data,
it was discovered that specific patterns of VDR gene variations can impact birth weight
and other neonatal outcomes. Additionally, maternal genetic differences in the GC
gene, which encodes the vitamin-D binding protein, can affect the correlation between
maternal and cord-blood concentrations of 25(OH)D and birth weight (Barchitta et al.
2018; Chung et al. 2017; Workalemahu et al., 2017). To date, one of the most explored
VDR polymorphisms is rs731236 (Taql). There is a modification in Tagl where a one
nucleotide changes from A to G within exons 9. Various studies have shown that Taqgl

SNPs do not alter the protein structure of VDR, but they may affect the efficiency and



stability of the mRNA translation process. Many research studies have also linked
polymorphisms in the VDR gene with a variety of human diseases and an increased risk
of neonatal complications, including respiratory distress syndrome (RDS),
intraventricular hemorrhage, bronchopulmonary dysplasia, necrotizing enterocolitis,
and retinopathy of prematurity (Imani et al., 2020; Kosik et al., 2020). Taql is one of
the most extensively sought single nucleotide variations (SNVs) including Apal, Bsml,
Fokl of the VDR gene in relation to clinical outcomes. It has been studied that
individuals with the CC genotype variation within the Taql polymorphism have a 5.22
times higher risk of developing RDS. Additionally, preterm infants with RDS were
found to have a 3.26 times higher likelihood of having the Taql CT genotype variation.
(Kosik et al., 2020). On the other hand, studies have also showed limited connection
between PTB and VDR (Taql) polymorphisms. The VDR gene Taql polymorphism
was found in the non-coding region, and had no impact on the ultimate protein of
concern. Hence, the research did not identify any significant findings in the distribution

pattern of the Taqgl genotype/allele (Patel et al., 2017).

Vitamin D has a positive impact on immune function, neuroprotection and cardiac
function due to the widespread distribution of (VDR) in almost every tissue. One of the
most extensively researched single nucleotide polymorphisms (SNPs) associated with
various diseases and outcomes is the Tagl of the gene. Currently, the evidence linking
VDR polymorphisms to negative pregnancy outcomes is not strong or conclusive.
There is a lot of variation in the findings across different studies, which makes it
difficult to draw definitive conclusions. With inconclusive, controversial and
inconsistent findings of different studies, this review is performed to weigh the
association of Mothers’ Single Nucleotide Polymorphisms of Taql with Risk of Preterm

Birth and Birth Weight



1.1 Aim of study

The aim of this review is assessing the relationship of mother’s single nucleotide

polymorphism in the Taql gene with the risk of PTB and LBW.

1.2 Objectives

e Assessing the relationship within the mother’s vitamin D levels and single
nucleotide polymorphism of the Tagl gene

e To evaluate the risk of PTB due to alteration of SNP of the Taq|l

® To find out the measurements to deduce the chance of LBW in neonates as a result

of alteration of single nucleotide polymorphism of the Tagl gene



Chapter 2

Methodology

This study was conducted by reviewing PubMed, Elsevier, ResearchGate, for relevant
literature, searching for relevant information with keywords ‘pregnancy', ‘preterm
birth’, ‘low birth weight’, ‘vitamin D’, ‘vitamin D receptor’, ‘single nucleotide
polymorphism’ in accordance to articles relevant to the research. The review paper
discusses the association of Vitamin D receptor gene Taql single nucleotide
polymorphism on low maternal vitamin D levels and its contribution in causing preterm
birth and low birth weight in neonates. The information for these articles was obtained

manually. Additionally, sources were cited using the Mendeley software.



Chapter 3

Result and Discussion

Preterm birth (PTB) with LBW is one of the major reasons of the death of newborn
babies globally (Samuel et al., 2019). Almost 35% of neonatal deaths occur due to
preterm birth whereas LBW contributes to 40-60% of newborn mortality. The genetic
implications on preterm birth and LBW in understanding the impact of environmental
factors can be challenging. For instance, a mother's diet during pregnancy can affect
genetic expression and elevated the chance of having various disorders, such as diabetes
and hypertension, in the individual. (Sangkaew et al., 2018). In the human population,
genetic polymorphism may raise the chance of diseases that alter the metabolic
response to diet. About 10% of the human DNA is modulated by dietary vitamin D,
which also plays a role in developmental processes. Prematurity and low birth weight
that may result from the mother's vitamin D deficiency during pregnancy are just two
potential health outcomes that occurs due to vitamin D homeostasis during pregnancy
(Patel et al., 2017). The VDR gene has different versions called single nucleotide
polymorphisms (SNPs). These variations have been associated with various physical
and medical traits in certain groups of people, especially during pregnancy. The most
studied VDR SNPs are Fokl, Bsml, Apal, and Taqgl, identified as rs10735810,

rs1544410, rs7975232, and rs731236, respectively. (Rosenfeld et al., 2017).

3.1 Preterm birth: Definition, etiology and risk factors

Preterm birth (PTB) refers to the delivery before 37" week of pregnancy. Prematurity
is the leading factor behind the mortality of children under the age of 5. Preterm babies
may experience both immediate and long-term health complications, which can affect

various systems such as the immune system, cardiovascular system and many others.



Additionally, issues such as growth and development may arise. (Oliveira et al., 2016;
Blencowe et al., 2013). PTB may be caused by various risk factors such as an unhealthy
lifestyle, mental stress, pregnancy at a younger or older age, and malnutrition (Bilge et
al., 2015). It is depicted that a deficiency in vitamin D controls the levels in body
inflammatory factors that trigger an increase in uterine contraction hormones like

prostaglandin, resulting in preterm birth (Yang et al., 2016).

3.2 Pathophysiology of preterm birth resulting from vitamin D deficiency

Vitamin D deficiency during pregnancy is frequent around the world. Professional
bodies have recommended a daily vitamin D intake of 400 1U foe every infant in order
to address the widespread concern about childhood vitamin D deficiency. (Lian et al.,
2021). Vitamin D's effect on the innate immune reaction is most likely the main process
underlying its ability to avoid preterm birth. Immune cells like macrophages and
dendritic cells have vitamin D detectors that allow them to recognize microbe-derived
molecules. These immune cells generate antimicrobial peptides after becoming
activated. The perinatal infections linked to preterm delivery may be prevented due to
this antimicrobial pathway. Additionally, 1,25-dihydroxyvitamin D has been
demonstrated to have a suppressive impact on a number of cytokines linked to
inflammation (interferons, interleukin 6, and tumor necrosis factor [TNF]). The method
by which deficiency of vitamin D in mothers is linked to elevated risk for PTB is
believed to be this steroid hormone's involvement in a number of other

immunomodulatory effects (Yang et al., 2016; Woo, Giurgescu and Wagner 2019).
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Figure-1: Calcitriol’s Impact on the Immune System in Pregnancy (Barrera et al., 2015).
Figure 1 indicates that calcitriol has an impact on the immune system in pregnant
women. It plays a role in regulating various aspects of the immune system in both
immune cells for instance macrophages, dendritic cells and non-immune cells (like
trophoblasts) at both the systemic and fetoplacental levels. This leads to changes that

promote a Th2 profile, which is associated with a successful pregnancy.

3.3 Low birth weight: Definition, etiology and risk factors

Low birth weight can result from restricted development in the womb or premature
birth, and can have negative impacts on health such as increased risk of development
of infants, including high rates of infant mortality, stunted growth, and impaired
cognitive development and chronic non-communicable diseases later in life. The World
Health Organization defines low birth weight as less than 2500 grams at birth. (5.5
pounds) (World Health Organization 2022). Globally, it is estimated that 20% of all
births result in low LBW, which equates to over 20 million births each year. Developing
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countries have a higher incidence of LBW at 7%, which is more than double the rate of
developed countries. Southern Asia is the region with the highest number of LBW
newborns, accounting for almost half of all cases worldwide. The weight of newborns
in Bangladesh is influenced by a variety of factors, including biological and
demographic factors. Factors such as the mother's education, wealth index, antenatal
care (ANC) visits, delivery place, and mode of delivery, as well as the mother's height,
weight, body mass index (BMI), age, and parity, were all significantly associated with

low birth weight. (Khan et al., 2018; Pollob, et al., 2022).

3.4 Pathophysiology of low birth weight resulting from vitamin D deficiency

Low birth weight is believed to result from intrauterine growth restriction (IUGR) and
premature delivery, but the specific cause of low birth weight remains unclear. IUGR
occurs when there is not enough blood flow and nourishment from the mother to the
fetus, which affects the baby's physical measurements. Babies with IUGR show signs
of malnutrition at birth. As Preterm delivery is caused by extra-uterine infection,
trauma, illness, IUGR, fetal infection, and anomalies, growth retardation as a
consequence of preterm birth leads to LBW (Basel and Singh, 2020). Vitamin D (vit D)
is important for fetal development as it interacts with the parathyroid hormone and helps
keep up with Ca2+ homeostasis. Research has found that low levels of vit D during and
after pregnancy can have a negative impact on bone mineralization and may increase
the likelihood of small for gestational age (SGA) births. Furthermore, the deficiency of
vitamin D in pregnant women that occur during colder months can result in SGA births

more frequently. (Khalessi et al., 2015).
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Figure-2: Effect of maternal 25(OH)D insufficiency and deficiency on neonates
(Karpova et al., 2022).

Figure 2 shows that low levels of 25(OH)D in women who are can lead to numerous
health complications, not only for the mother but also for the newborn. These
complications include a higher risk of neonatal health issues such as premature birth,
small for gestational age babies, low birth weight, limited head growth, and reduced
length and weight of the fetus in the third trimester. Additionally, babies may have a
lower Apgar score at 1 and 5 minutes after birth, and are more susceptible to respiratory
syncytial infections and respiratory problems like BPD. Low levels of 25(OH)D during

pregnancy have also been linked to asthma and wheezing.

3.5 Single nucleotide vitamin D receptor polymorphisms

The active vitamin D  metabolite, 1,25-dihydroxyvitamin D  (1,25-
dihydroxycholecalciferol or 1,25(0OH)2Dz), selectively binds to a specific vitamin D
receptor (VDR) (Morrison et al., 1994). The vitamin D receptor controls the
transcription of genes that play a role in the metabolism of calcium, proliferation and
differentiation of cells, and T-cell regulated immune responses. Additionally, vitamin
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D receptors are present in pancreatic  cells (Johnson et al., 2004), It is important to
note that maintaining normal insulin levels in response to glucose levels is crucial for
glucose tolerance. (Bilge et al., 2015; Ishida and Norman, 1988; Zaki et al., 2017). The
VDR gene plays a key role in how vitamin D affects our bodies. If there are any
impairments or reduced functionality due to genetic changes, it can affect how vitamin
D is distributed and used throughout the body. This can impact the overall balance of

vitamin D in our circulation and its metabolite activity.

The VDR gene was analyzed using Restriction Fragments Length Polymorphism assays
to identify four significant polymorphisms. One of these polymorphisms, located in
intron 8 and detected by the Apa-1 restriction enzyme (rs7975232), results in a change
from T (variant "A") to G (variant "a").(Faraco et al. 2010). There are two genetic
variations that have been identified. The first one is called Bsm-1 polymorphism
(rs1544410) and is located in intron 8. This variation causes a change from A to G,
resulting in two variants: "b" and "B". The second variation is called Taq-1 (rs731236)
polymorphism and is observed in exon 9. This variation results in a silent mutation in
codon 352 and changes T to "t" and C to "T".(Morrison et al., 1994). The transition of
Fok-1 (rs2228570) in exon 2 leads to the production of two variants of VDR protein,
one with 427 amino acids (f (T)) and the other with 424 amino acids (F (C)). In certain

cell types, the F variant is more active than the other variant. (Cieslinska et al., 2018).

3.6 Association of single nucleotide polymorphism of Taql with Vitamin D
deficiency resulting in PTB and LBW
During pregnancy, there is a threat of deficiency of vitamin D and shortage resulting

from low concentration of vitamin D in blood, have been linked in studies to preterm.
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Vitamin D3, also known as cholecalciferol, is naturally produced in the skin when it is
exposed to ultraviolet B rays from sunlight. Additionally, it can also be obtained from
certain foods such as fatty fish and plants which consists of cholecalciferol and
ergocalciferol respectively(Christakos et al., 2015; Bouillon et al., 2008; Wang et al.,
2017). In order to become active, both vitamin D2 and vitamin D3 must go through two
hydroxylation reactions: the first occurs in the liver where 25-hydroxylase creates
25(0OH) D (the circulating form), and the second occurs in the kidneys by 1a-hydroxylase

where 1,25(0OH)2D is produced (the metabolically active form) (Fleet, 2017).

25(0OH) D Vitamin D levels should be over 30 ng/mL to be considered acceptable;
under 20 ng/mL to be considered inadequate. During pregnancy, having insufficient
vitamin D levels can increase the likelihood of pregnancy complications such as
diabetes during pregnancy, hypertension, limitation in the growth of fetus, bacterial
vaginosis due to bacteria, c-sections, as well as preterm. Globally, the mean for
gestational insufficiency is 87.0%, while deficiency of Vitamin D is 29.8%.

(Pfotenhauer et al., 2017; Aghajafari et al., 2013).

The VDR gene with the Gene ID 7421; MIM 601769 encodes the vitamin D receptor
(VDR), located on chromosome 12g13.11. This receptor is responsible for most of the
biological effects associated with vitamin D. It belongs to the family of steroid hormone
receptors and regulates effects in vitamin D by controlling gene transcription of various
kinds (Whitfield et al., 1995). Important errors in the activation of genes which impact
metabolism of calcium, cell growth, and immunological role can result from changes

in the VDR gene. Tagl is one of the most extensively researched single nucleotide

12



variations (SNVs) including Apal, Bsml, Fokl of the VDR gene in relation to clinical

outcomes.(Dutra et al., 2020; Bouillon et al., 2008)

As a precursor to hormones, vitamin D has been linked to a number of metabolic
conditions, including obesity, diabetes, cardiovascular disease (CVD) risk factors, and
inflammatory diseases. Most affected groups include children as well as women,
despite the fact that the general populace was found to have declined levels of vitamin
D. Vitamin D receptors of type Nuclear, found in many organs, allow vitamin D to
regulate gene transcription. The impacts of VDR have been linked to the pathogenesis
of obesity. According to (Zaki et al., 2017), there are noticeable variations between
obese and control cases in the VDR gene polymorphism, where, females who possess
the alleles Tt or tt for Tagl have noticeably low serum 25(OH) D, high HOMA-IR, and
blood pressure when compared to those with the common homozygous alleles AA, FF,
TT for the VDR. In (Patel et al., 2017) researchers looked into whether the VDR gene
polymorphism could be a factor in making West Indian women who were pregnant
more susceptible to prematurity. The study found that women with PTB had lower
levels of 25 (OH) D in their blood compared to the control group. This confirms that a
lack of vitamin D can increase the risk of premature birth. The difference in levels was
statistically significant (p<0.05). The study found that women with a history of preterm
birth have different variations of the VDR Taql polymorphism gene compared to
control subjects. Specifically, 48.61% had the TT genotype, 43.06% had the Tt
genotype, and 8.33% had the tt genotype, whereas the control group had 52.17%,
39.13%, and 8.7%, respectively. There was no significant difference (p=0.73) observed
between the PTB group and control group in terms of the frequency of T alleles 70.14%

vs. 71.71% and t alleles 29.86% vs 28.26% of VDR Tagl polymorphism.(Patel et al.,
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2017). Similar results were generated in (Karras et al. 2020) where groups of maternal
Vitamin D status were defined using a 50 nmol/I threshold. The percentage of mothers
with 25(OH)D >50 nmol/l was 64%, while it was 36% in those with less than 50 nmol/1..
Regardless of the Vitamin D threshold used, there were no variations detected in the
distribution of genotype of the additional polymorphisms Apal, Taql, Bsml, Fokl
within the various maternal groups, there are differing levels of Vitamin D status.
(Karras et al., 2020). The amount of vitamin D present in a mother is directly linked to
the amount found in her fetus. Not having enough vitamin D has been linked to a higher
chance of certain childhood illnesses. During pregnancy, the level of albumin decreases
and the production of vitamin D-binding protein in the liver increases. As a result, there
is a change in the way the mother's body processes vitamin D. This reduces the amount
of free vitamin D available and leads to an increase in the 25(OH) D conversion to 1,
25(0OH)2D3 using the placenta. The placenta is the main site for this conversion outside
of the kidneys because of the ascended activity of 1a-hydroxylase.(Smith et al. 2019).
Additionally, when a baby is born prematurely, of vitamin D transfer to fetus may be
affected. Therefore, researchers have conducted studies to examine the levels of vitamin
D in the bloodstream of pregnant women. (Qin et al., 2016; von Websky et al.. 2018).
According to (Dutra et al., 2019), mothers who gave birth prematurely and have the AG
genotype, AA genotype, AG genotype Taql, Apal, Fokl SNV respectively, had lower
levels of 25(0OH) D compared to full term mothers. Likewise, premature infants
carrying the GG genotype (Fokl SNV) had lower levels of 25(OH) D compared to full
term babies. (Tayel et al.) also studied the genotype of VDR and its association with
vitamin D estimation where VDR polymorphism at rs731236 Tagl CC and CT
genotypes and C allele frequencies were predominant in cases however they were not

significantly different versus healthy control either in mothers group with vitamin D
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deficiency (Tayel et al., 2018). Table 1 has shown the association between single
nucleotide polymorphism of Tagl with Vitamin D deficiency in different studies (Table
1).

Table-1: Association between single neucleotide polymorphism of Taqgl with Vitamin
D deficiency resulting in preterm and low birth weight.

Authors Gene Genotype | Ethnicity | Total cases | Controlled | Allele | Genotyping | p
of Vitamin | group Method value
D (Vitamin D
deficiency | sufficiency)
Dutraetal., | Tagl/A> | AA Mixed - - Allele | TagMan
2020 G AG A Assay 0.165
(Dutra et GG Allele 0.016
al. 2019) G
Patel et al., | rs731236 | TT Mixed 25.74+4.56 | - Allele | PCR- ref
2017 (Patel Tt 22.34+9.34 T RFLP 0.27
et al. 2017) tt 23.45+8.63 Allele 0.42
t
Zaki et al., | Taql TT Mixed 57.7% 7-3.8% Allele | PCR- 0.3
2017(Zaki Tt 39.8% 18.1% T RFLP
et al. Tt 10.4% 8.32% Allele
2017) T 69.5% 82.9% t
t 59.8% 17.1%
Karras et | Taql TT Mixed 14 (31) 11 (44) Allele | PCR- 0.6
al, 2020 Tt 23 (51) 10 (40) T RFLP
(Karras et tt 8 (18) 4 (16) Allele
al. 2020) t
Tayel et Taql C/C Mixed - - Allele | TagMan 0.818
al., 2018 TIC T Assay
TIT Allele
C

Currently, screening women who are pregnant and have a risk of vitamin D deficiency
may benefit from taking daily doses of vitamin D supplements ranging from 600 to
1000 IU are advised by some nations and international scientific groups. More research,

according to the WHO, is required before vitamin D supplementation in amounts higher
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than 200 units per day is advised. It is significant to note that mother’s deficiency of
vitamin D is associated to a number of other pregnancy and neonatal complications,
including an increased risk of diabetes mellitus with the mother, preterm birth, low birth

weight as well as potential non genetic impacts on fetus (Woo et al., 2019).

3.9 Association of single nucleotide polymorphism of Taql Premature birth

The link between vitamin D levels and PTB might be influenced by specific genetic
variations in the vitamin D receptor gene, known as single nucleotide polymorphisms .
There are 63 variations in the VDR gene, but only five have been studied thoroughly
including Cdx2, Fokl, Bsml, Apal, and Taql in the promotion, second coding exon and
3’ untranslated region respectively. Based on the evidence available, there may be a
link between specific Single nucleotide polymorphisms and preterm birth. However,
the results are conflicting. (Krpina et al., 2020).

Previous studies suggest that there is no significant link between VDR variants and the

risk of having prematurity. (Table 2).
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Table-2: Some studies on the association of single nucleotide polymorphism of Taql

and premature birth

Authors Gene Genotype | Ethnicity Total Controlled | Allele | Genotyping | p
cases of | group Method value
preterm number
birth

Baczynska-

Strzecha et

Allele

al., 2016 TT 45 (45%) | 37 (37%)

. T TagMan

(Baczynska- | rs731236 Tt Caucasian 41 (41%) | 49 (49%) 0.4668

Allele | Assay

strzecha and tt 14 (14%) | 13 (13%) .

Kalinka

2016)

Rosenfeld et

TT 39.7% 40.8%
al., 2017 | rs10735810,

tt Mixed 15.5% 14.1% - RFLP 0.944
(Rosenfeld

Tt 44.8% 45.1%

et al. 2017)

Dutra et al., | Tagl/A>G | AA Mixed 19 25 Allele | TagMan 0.072

2020 (Dutra AG (47.5%) (27.2%) A Assay

et al. 2019) GG 18 (45%) | 46 (50%) | Allele
3(7.5%) |21 G

(22.8%)

Manzon et | rs10735810 | T>C Jewish/Arab | 11.5% 33.9% Allele | RLFP 0.032

al., 2014 T

(Manzon et Allele

al. 2014) C

Patel et al., | rs731236 TT Mixed 35 72 Allele | PCR-

2017 (Patel Tt (48.61%) | (52.17%) | T RFLP 0.59

et al. 2017) tt 31 54 Allele 0.96
(43.06%) | (39.13%) |t
06(8.33%) | 12 (8.7)

Studies that have linked certain variations in the VDR gene with an increased likelihood

of preterm birth were listed in Table 2. (Manzon et al. 2014) The study examined 33

Jewish Israeli mothers of Caucasian descent and their premature babies (born between
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24-35 weeks gestation) as well as 98 other mothers and their full-term newborns. The
T allele of Tagl SNV is less common in preterm mothers, but no correlation was found
between genotypes and preterm/full-term birth (Manzon et al., 2014). Furthermore,
(Baczynska-Strzecha et al., 2016) 100 mothers of preterm babies and 99 mothers of
full-term babies were studied from Poland. The frequencies of individual genotypes
were similar between the two groups. However, we observed that certain genotype
combinations, such as Bsml/bb-Apal/AA-Tagl/TT and Bsml/BB-Apal/aa-Taql/tt,
were more common in the preterm group. On the other hand, the BsmI/Bb-Apal/AA-
Taql/Tt and Bsml/BB-Apal/Aa-Taql/tt combinations were associated with a lower risk
of preterm birth (Baczynska-strzecha and Kalinka, 2016). In contrast, (Rosenfeld et al.,
2017) study consisted of 146 Israeli women who were Jewish and their premature
newborns, as well as 229 FTNs of other type, discovered that the Tagl SNV genotype
was not linked to premature birth (with a p-value greater than 0.05). (Rosenfeld et al.,

2017).

In another study by (Dutra et al) mothers of preterm neonates were found to have a
higher occurrence of the AAG (Tagl/A- Apal/A-Fokl/G) and GCA (Taql/G-Apal/C-
Fokl/A) haplotypes. On the other hand, mothers of full-term neonates had a higher
frequency of the GG genotype of Tagl, CT genotype of Bsml SNVs, and GCG (Taql/G-
Apal/C-Fokl/G) haplotype. Certain gene genotypes, such as AG Fokl and certain Apal
genotypes, are linked with lower levels of 25(OH) D. Mothers with AA Apal and TT
Bsml genotypes are at higher risk of preterm birth with 25(OH) D deficiency, while

carriers of GG Taqgl have lower risk. (Dutra et al., 2019).
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The variants that were studied were identified using a validated and reliable method
called gPCR with TagMan probes. This discovery suggests that there could be a link

between the marker locus and the likelihood of premature birth.

3.10 Association of single nucleotide polymorphism of Tagl with LBW

A sensitive measure of the population's general health is the baby's birth weight.
Cognitive deficits, motor delays, cerebral palsy, as well as other behavioral and
psychological issues are risks for LBW infants. Additionally, it is a predictor of future
neonatal deaths, child malnutrition, and cardiovascular disease risks in adulthood in
addition to being an indirect sign of maternal health (Arnold, Hoy and Wang, 2016;
Thapa et al., 2022; Baas et al., 2021). Newborn birth weight can be influenced by social
and environmental factors, but genetics have the greatest impact. Researchers have also
found a link between vitamin D and pregnancy end results (Liu and Hewison, 2012).
Most people are aware that vitamin D is important for human bone development, but
during pregnancy it serves many other purposes, including aiding in implantation,
supporting a healthy pregnancy, facilitating fetal growth by delivering calcium,
promoting the production of placental hormones, and reducing inflammation. (Liu and
Hewison, 2012). Moreover, VDR plays a role in the various effects of vitamin D, and
when its expression in the placenta is reduced, it can contribute to complications during
pregnancy (Murthi et al., 2016). The presence of VDR in the human placenta suggests
that vitamin D may affect the development, growth, and cell differentiation of the fetus

and placenta, as well as signaling between the mother and fetus (Krpina et al., 2020).

The impact of VDR SNPs on VDR protein function and signaling is not yet fully
understood, but certain variations can alter the levels of vitamin D in the bloodstream

and its effectiveness in the body (McGrath et al., 2010) Studies show that the vitamin
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D receptor genotype has an impact on the ideal vitamin D level and can lower the risk
of negative perinatal results. On the other hand (Krpina et al. 2018) found that newborn
birth weight was impacted by the Fokl TT genotype, but there was no variation in the
occurrence of Fokl genotypes/alleles among patients and controls. Likewise, indicated
that the presence of the mother’s Fokl T allele significantly raised the likelihood of
SPTB, with odds ratios of 3.32 and 7.49 (Manzon et al., 2014) and (Javorski et al.,
2018). In a previous study that examined the link between Vitamin D receptor
polymorphism and birth weight among the newborns, it was discovered that the Fokl
A allele was connected to lower birth weight. This finding contradicts the results of
Kepina. (Barchitta et al., 2018). Additionally, other researchers have observed an
intriguing impact of fetal VDR genotype on anthropometric measurements at birth in
pregnant women with lower levels of vitamin D. Morley et al. discovered that variations
in the VDR gene of infants influenced the influence of vitamin D insufficiency in
mothers on the size of their newborns at birth (Morley et al., 2009). Infants who have
homozygous Fokl major allele or are heterozygotes may have lower newborn birth

weight if they have low levels of vitamin D.

Furthermore, (Javorski et al., 2018) discovered a notable variation in Cdx2 genetic
variations between the maternal group with SPTB and the control group. Additionally,
| recognized a correlation between this genetic variation and the birth weight of
newborns. It's worth mentioning that children who had Apal heterozygotes had a lower
birth weight. (Pereira-santos et al., 2019). In non-Hispanic black women, there is a
correlation between certain SNPs in the maternal Vitamin D receptor gene and a
decrease in newborn birth weight (Swamy et al., 2011). Differences in population,

participant selection, and sample size could explain the varying results in the five SNPs
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studies. None of these findings showed any relation between Taql-SNP and low birth

weight among pregnant mothers.

Chapter 4

Conclusion

Despite extensive study, the genetic factors that contribute to unexpected birth without
a known cause before the due date is still poorly understood. Determining potential
mechanisms and genetic factors responsible causing spontaneous idiopathic preterm
birth allows for the identification of targets for diagnostic and therapeutic interventions.
Our findings imply that single and multiple variants in the VDR gene, especially Taql
polymorphism in the mother can be linked to preterm births of fetus. The Taql
polymorphism has been reported to influence susceptibility to some diseases such as
diabetes mellitus. Studies also suggests, Vitamin D receptor Taql polymorphism might
comprise within the predisposition to respiratory distress syndrome (RDS) in neonates
born prematurely. Therefore, this genetic changes suggestively can be used as a
diagnostic tool to foretell pre-term deliveries along with other factors, particularly for
women who have had prior miscarriages. Since vitamin D levels can be changed by
diet, this creates a potential treatment pathway to influence results. Future research is
necessary to determine whether nutritional therapies can provide a potential solution
for the genetic preside position. In order to confirm the link between genotype and
preterm birth risk, we require larger, multi-center studies due to the complexity of gene-
gene and gene-environment interactions. Additionally, we need to analyze a higher

number of vitamin D receptor polymorphisms and their combinations.
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Limitation of the study

The major shortcoming of our findings were there only few studies done regarding
VDR polymorphisms and PTB risk. These studies investigated the relationship between
various racial groups and people of different ethnicity in medium to large populations.,
therefore this review cannot be particular for a single group of population. However,
we cannot perform a meta-analysis of the association between VDR polymorphisms
and the measurements of a newborn’s body dimensions due to inconsistent reported
outcomes. Moreover, a few findings studied the impact of genetic polymorphism of
Vitamin D with birth weight and most of them remain controversial.

In future studies, it would be beneficial to gather more data on other body
measurements. Additionally, it's important to consider the impact of unmeasured
factors like sun exposure, mother’s habits, and levels of vitamin D in the blood. Vitamin
D levels from supplements as well as fortified foods were not measured or calculated
in these findings; therefore, there is no accurate way to measure vitamin D intake was
investigated due to informal investigation, lack of consistency and the use of non-
specific questions. In addition, some studies have revealed no connection between PTB
and VDR (Taql) polymorphisms. The Taql polymorphism of the VDR gene is found in
the non-coding region, and it has no impact on ultimate protein. The distribution pattern
of Taql genotype and allele was not produce any notable findings in several research
(Patel and Sodagar 2017).

Another possible weakness confined in our findings is that not all the studies performed
examination of Taql SNP from the maternal gene specifically. Previous research has
indicated that the maternal genotype is the primary factor that impacts subsequent

preterm birth (PTB). It is important to note that our findings may be limited by multiple
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comparisons and the potential for false positive results, underscoring the need for

further confirmation of our conclusions regarding specific genetic polymorphisms.
Future Research Plan

The interactions between the mother and fetus at a molecular and biological level are
still not fully understood. While there are many social and environmental factors that
can affect a newborn's birth weight, genetics has the greatest impact. Such research may
ultimately help in building bridges between the genetic predisposition pregnancy
outcome such as preterm birth, low birth weight and level of maternal vitamin D. This
research suggest that it may be important to examine the association between maternal
25-(OH)D status and birth size in the context of infant VDR genotype. However, when
conducting future studies on low birth weight, it is important to take into account
environmental factors such as diet and nutrition.

Similarly, future studies should investigate the effects of other genetic variations in
vitamin D metabolism genes, including DHCR7, CYP2R1, CYP24Al, and GC. These
variables can influence vitamin D status, but unmeasured factors may limit our
conclusions on the association with neonatal measures and low birth weight risk.
Additional research, including observational studies and clinical trials, is needed to
develop effective preventive strategies.

Lastly, more studies are needed to understand the relationship between genotype and
preterm birth risk. Analyzing more VDR polymorphisms and their combinations is
crucial due to the complexity of gene-gene and gene and environment interactions.
Discrepancies in health outcomes may be due to variations in genetics, ethnicity, and
race are notable factors and latitude of habitance. Population-specific studies are

necessary.
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