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CHAPTER-1

INTRODUCTION




1.0. INTRODUCTION

Preeclampsia is a pregnancy-specific rapidly progressive disorder having devastating
effect on the mother and developing fetus and known as one of the leading cause of
maternal morbidity and mortality globally. The syndrome is mainly characterized by
new onset of hypertension and proteinuria after twenty weeks of gestation. Besides,
the other symptoms are nausea, epigastric/right upper quadrant pain, renal

insufficiency, blurred vision, persistent headache and sudden weight gain®.

The maternal complications are hypertension, cardiovascular diseases, kidney injury,
liver failure, central nervous system damage, stroke, seizures, diabetes mellitus,
pulmonary edema, cardiomyopathy, coronary artery disease and death. It also
contributes to fetal complications such as Intra Uterine Growth Restriction (IUGR),
placental abruption, preterm delivery, neonatal respiratory distress syndrome, cerebral
palsy, retinopathy of prematurity, sepsis and still birth. The children born to
preeclamptic mothers are at the risk of developing stroke, impaired cognitive

function, metabolic syndrome and coronary heart disease in their adult life?.

Even though, this disease is known from a long time, the exact etiology and
development of the disease is still not known. However, there exist two variants of
pregnancy hypertensive complications, pre-eclampsia and eclampsia. Preeclampsia is
characterized with new onset of hypertension and eclampsia with development of

seizures in women with preeclampsia’.

Francois Mauriceau was a pioneer mentioned Obstetrics as a speciality and he
illustrated preeclampsia in 1637 as high risk of seizures in primigravidas. Later on

preeclampsia was described by John Lever in 1843 as the presence of albumin in




urine of women. Dr. Robert John noted symptoms of headache, proteinuria, vision
changes and edema in preeclamptic patients and hence these symptoms are indicating

the possibility of convulsion conditions”.

In the 20" century, considerable progress was made in the understanding of
pathophysiological changes of preeclampsia development. Several research groups
explained the placental physiology between preeclampsia and non-preeclampsia.
Histo-pathogical examination of placental biopsies describes inadequate invasion of
placental trophoblast cells into maternal spiral arteries and convert arteries from small
muscular vessels into large and low resistance vessels in preeclampsia. The lack of
spiral artery conversion limits arterial lumen diameter and distensibility. As a
consequence, in 1960 research evidences suggested impaired placentation and
perfusion in preeclampsia connected with wide spread endothelial dysfunction. Since
then, researchers demonstrated major advances in preeclampsia research in an attempt

to find out the basics of pathogenesis”.

The underlying mechanisms responsible for the etio-pathogenesis of preeclampsia are
complex and poorly elucidated, however several pathological and clinical studies
evidenced placental abnormality that plays as a fundamental role. Such that impaired
placental implantation and elevated oxidative stress at the maternal-fetal interface
leads to maternal vascular inflammation and endothelial cell activation. Besides
impaired placentation, the involvement of maternal immune, genetic, angiogenic and
metabolic factors have also been implicated in the pathogenesis of the disorder®.
Although, removal of the placenta on delivery resolves the clinical symptoms and

stress but also preeclampsia can continue after delivery or postpartum.




1.1. Epidemiology

Worldwide, the incidence of Preeclampsia complicates up to 2-10% of pregnancies’.
Every day, approximately 800 women die from pregnancy and child birth related
complications around the world8. Every vyear, ten million women develop
preeclampsia around the world and it also responsible for about 76,000 pregnant
women and 5 lakhs fetal and neonatal deaths®. The distribution of mortality rate of
preeclampsia in the developed and developing countries varies. World Health
Organization (WHO) estimates the occurrence of preeclampsia to be seven times
higher in developing countries than in developed countries. Whereas in India, the
frequency of preeclampsia is reported to be 8-10% among the pregnant women®®. As
per the recent study conducted in Karnataka state reported 7.9% incidence of

hypertensive disorders**,

1.2.Guidelines for the Diagnosis of Preeclampsia

1.2.1. World Health Organization (WHO)

As per the 2011 report of WHO, the Criteria for the diagnosis of preeclampsia is
onset of new episode of hypertension after 20 weeks of pregnancy characterized by
persistent hypertension with diastolic blood pressure > 90 mmHg and substantial
Proteinuria > 0.3 g/24hrs*.

1.2.2. American College of Obstetricians and Gynecologists’ (ACOG) Task Force
In November 2013, ACOG guidelines described that the diagnosis of preeclampsia
does not require the detection of Proteinuria. With a blood pressure cut off of >
140/90 mmHg at or beyond 20 weeks of pregnancy and/or thrombocytopenia, renal
insufficiency, severe headache, heart-lung compromise and impaired liver function
were considered. Organ problems with the kidney and liver can also occur without

signs of proteinuria and so the amount of protein in urine does not predict the




progression and severity of the disease. This information was based on the report by
National High Blood Pressure Education Program (NHBPEP) Working Group in

Pregnancy™®.

In January 2019, the ACOG practice bulletin number 202 stated the diagnostic criteria
for preeclampsia as hypertension i.e., systolic blood pressure (SBP) of 140 mm Hg or
more or diastolic blood pressure (DBP) of 90 mmHg or more on two occasions at
least 4 hours apart after 20 weeks of gestation in a women with a previously normal
blood pressure. Along with new onset hypertension with fresh commencement of any
of the conditions like thrombocytopenia, renal insufficiency, impaired liver function,

pulmonary oedema, headache and visual impairment were noticed™*.

1.3. Etiopathogenesis

Placental bed is a specialized flattened organ has two components, one at fetal side as
fetal placenta (Chorion frondosum) and other at maternal side as maternal placenta
(Desidua basalis) that connects the developing fetus to the uterine wall through
umbilical cord. It is an interface between the mother and the fetus and provides
immunological tolerance, nutrient and gaseous exchange and produces hormones
essential during pregnancy. Therefore, placental abnormality plays a central role in

the etiology of preeclampsia process.

The cause for pathogenesis of preeclampsia is multifactorial and several mechanisms
have been proposed to explain the basis of pathogenesis. Currently considered few
causes for preeclampsia are placental implantation with abnormal trophoblastic
invasion of uterine vessels, immunological maladaptive tolerance between maternal

and fetal tissues, maternal mal-adaptation to cardiovascular or inflammatory changes




of normal pregnancy, genetic factors including inherited predisposing genes and

epigenetic influences™.

Essentially, the etiology of preeclampsia is multifactorial and complex in nature and
is represented as an interlinked two staged disorder associated with abnormal
placentation and maternal syndrome as shown in Figure 1. Relative placental ischemia
linked to maternal inflammatory response and endothelial cell activation via release of

placental factors appears to underlie the clinical features of preeclampsia.

Spiral arteries in non-pregnant women are the terminal branches of the uterine arteries
that supply blood to the endometrium. They are small, muscular arteries, richly
innervated and sensitive to humoral and neural signals. During normal pregnancy,
between 10-20 weeks of gestation, these vessels undergo physiological changes i.e.,
they are invaded by mononuclear extravillous fetal cytotrophoblasts and the muscular
and elastic components of the invaded segments are replaced by fibrinoid and
connective tissue transforming them into flaccid and widely dilated tubes to increase

the utero-placental blood flow with low resistance.

The spiral arteries remodeling take place more in the center of the placental bed and
progressively reduces towards the periphery. These spiral arteries are extensively
remodeled upto the inner third of the myometrium and this depth of invasion is
important for successful pregnancy. The uterine blood flow is increased considerably
to ensure adequate blood supply for fetal development. Whereas in pathological
conditions like preeclampsia, endovascular trophoblast invasion is restricted to the
peripheral decidual segments of the spiral arteries which are incompletely remodeled

and retain their smooth muscle and elastic lamina. These inadequately remodeled




arteries remain tortuous, thick-walled and less dilated than the normally transformed

arteries.

These arteries further remain sensitive to humoral and neuronal vasoconstrictor
influences. Retention of vasoactive smooth muscle in the vessels results in
intermittent perfusion leading to oxidative stress. Many predisposing risk factors like
genetic, demographic and environmental factors can cause abnormalities in integrin
which are transmembrane receptor involve in cellular adhesion, matrix
metalloproteinases, major histocompatibility complex and cytokines leading to
superficial vascular remodeling, vasoconstriction of the uteroplacental vasculature,
apoptosis of the trophoblast cell and abnormal placental development which leads to

reduced utero-placental perfusion pressure resulting placental ischemia®.

This stimulates the generation of anti-angiogenic factors (sEndoglin and soluble fms
like tyrosine kinase-1 (sFltl), inflammatory cytokines, Reactive Oxygen Species
(ROS), Hypoxia Inducible Factor-1 alpha (HIF-1a) and Angiotensin 1 receptor
Agonistic AutoAntibodies (AT1-AA). sFIt-1 acts as a receptor for Vascular
Endothelial Growth Factor (VEGF), thus decreasing VEGF bioavailability where it is
implicated in placental angiogenesis, neovascularisation, maintains the homeostasis
of endothelial cell and regulates the proliferation and induces the synthesis of Nitric

oxide molecule.

Episodes of uteroplacental ischemia-reperfusion injury in the intervillous space
triggers placental oxidative and endoplasmic reticulum stress and finally activating
the apoptotic cascade leading to trophoblast cell apoptosis*’. This causes the shedding
of toxic placental debris into the maternal circulation that incites systemic

inflammatory response and endothelial cell dysfunction. An imbalance of vasodilators




like Nitric oxide and Prostaglandin I, (PGly) and vasoconstrictors like Thromboxane

A, (TXA;) and Endothelin leads to vasospasm.

Endothelial cell dysfunction and intense vasospasm affects the vessels of the uterus,
kidney, placental bed and brain leading to the clinical complications of preeclampsia.
Thus, placenta plays a crucial role in the development and progression of
preeclampsia®®. Pre-existing maternal endothelial cell dysfunction aggravates during
pregnancy which could also prone to preeclampsia. The pathological findings of the
preeclamptic placenta are associated with fibrin deposition, infarcts, atherosis,

sclerotic narrowing of arteries, leading to placental hypoperfusion and ischemia®®,

1.4. Risk factors for Preeclampsia

Pregnancy complications are associated with the following several risk factors. They
are essentially primigravida, nulliparity, extremes of maternal age, multi-fetal
pregnancy, multiple gestation and prior preeclampsia. The other maternal risk factors
include chronic inflammatory conditions such as systemic lupus erythematosus,
chronic infections and chronic hypertension. Besides, insulin resistance, pre-existing
thrombophilias, obesity (pre-pregnancy BMI>30 kg/m?), antiphospholipid antibody
syndrome, renal disease, genetic susceptibility and assisted reproductive technology

are also listed®®.

1.5. Oxidative stress in preeclampsia

Oxidative stress and energy metabolism takes place in the placental tissue during
pregnancy. In normal pregnancy, the ROS act as signaling molecules and induces the
gene expression for many cellular activities like trophoblast invasion, proliferation,
angiogenesis and apoptosis in order to maintain placental homeostasis®’. Altered

homeostasis of oxidants and antioxidants at placental and maternal level play a key




role in the pathophysiology of preeclampsia. Oxidative stress at the maternal-fetal
interface is induced by repetitive ischemia-reperfusion injury due to superficial

trophoblast invasion and defective spiral artery remodeling in preeclampsia.

The main sources of ROS are mitochondria and endoplasmic reticulum, besides they
are also produced during metabolic process with an involvement of Cyclooxygenase
2, Lipooxygenases, Xanthine oxidase (XO), NADPH oxidases (NOX), uncoupled

nitric oxide synthase (NOS) and heme oxygenase system?”.

Nitric oxide is synthesized by NOS that catalyse the oxidation of L-arginine into
citrulline. When intracellular production of superoxide radical is increased, it reacts
with Nitric oxide forming peroxynitrite and thus the bioavailability of Nitric oxide is

low.
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Peroxynitrite brings about nitration of lipids and proteins, damages DNA and oxidizes
tetrahydrobiopterin  present in its oxy-iron species essentially required for
hydroxylation reaction of L-arginine during production of Nitric oxide as depicted in
Figure 2. Generally, tetrahydrobiopterin (BH4) helps in electron transfer and gets
converted to trihydrobiopterin (BH3) radical and stabilizes the dimerisation of NOS.
But in the deficiency of BH4 uncoupling of NOS generates superoxide that
accentuates oxidative stress. Peroxynitrite generally acts through the p38 Mitogen
Activated Protein Kinase (MAPK) pathway activating Cyclooxygenase-2 enzymes,
Vascular Cell Adhesion Molecule-1 (VCAM) and release of pro-inflammatory

cytokines®.

Ischemia reperfusion injury induce XO activity and generates superoxide radical and
hydrogen peroxide during catalysis of the conversion of xanthine to uric acid. It also
triggers the release of cytokines and inflammatory factors like Interleukins (IL-6 &
10), Tumor Necrosis Factor-alpha (TNF-a)) and C-Reactive Protein (CRP). Therefore,

oxidative stress favors the redox signaling pathway to induce placental apoptosis*.

In preeclampsia, peroxynitrite and superoxide radical stimulates vascular dysfunction
by contraction of vascular smooth muscle occurring through influx of calcium
intracellular stores. Accumulation of intracellular calcium induce mitochondrial
permeability of the transition pore in the inner mitochondrial membrane and alters
requisite inter membrane proton gradient and hence decrease ATP synthesis during
oxidative phosphorylation, consequently the ionic homeostasis is lost and the cell

undergoes apoptosis.
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Similarly, HIF-1a is accumulated in the placenta due to ischemia stimulates the anti-
angiogenic factor sFLT-1 and sEndoglin which are contributing to insufficient
trophoblast invasion and induces angiotensin converting enzyme expression in the

kidney and lungs®.

At initial stage, the effect of hypoxia on endoplasmic reticulum results in endoplasmic
reticulum stress and produce misfolded proteins, accumulation of such misfolded
proteins activates unfolded protein response (UPR) to re-establish cellular
homeostasis. Thus, the UPR is cytoprotective which triggers chaperones to bind to the
unfolded proteins and brings about degradation of misfolded proteins. Prolonged
endoplasmic reticulum stress induces apoptosis through conformational changes in
the apoptotic regulator proteins like B-cell lymphoma 2-associated X (BAX) & B-cell
lymphoma 2 antagonist killer (BAK) proteins. Which has direct role on outer
mitochondrial membrane permeabilization and thus leading to activation of caspases
through activated calcium dependent cysteine protease (Calpin) in turn cleaves

inactive pro-caspases into active caspases (Caspase 12 & 9).

Further, these active casapses binds to the released mitochondrial cytochrome-c and
Apoptotic Protease Activating Factor-1 (APAF-1), the combined effect activates
executioner Caspase-3 that brings finally cell death®®. In addition to the above caspase
activation pathway, endoplasmic reticulum stress also triggers Inositol Requiring
Enzyme 1 (IRE-1) mediated and C/EBP Homologous Protein (CHOP)/Growth Arrest
DNA Damage 153 (GADD153) i.e.,(CHOP/GADD153) for cellular apoptosis in

response to endoplasmic reticulum stress.
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ROS also mediates mitochondrial stress and causes damage to inner mitochondrial
membranes and impairs proteins and DNA function associated with the ATP
synthesis. Inadequate ATP concentration affects the metabolic functions and promotes
cellular apoptosis. The cumulative effect of endoplasmic reticulum and mitochondrial
stress in response to oxidative stress in pregnancy conditions increase
syncytiotrophoblast apoptosis and release of toxic placental debris (pro-inflammatory
molecules and oxidative stress mediators) into the maternal circulation which provoke

maternal systemic inflammation and vascular endothelial cell dysfunction?®’.

1.6. Placental protein 13 (PP13)

PP13 is a glycoprotein synthesized in the syncytiotrophoblast belongs to beta-
galactoside binding soluble-type galectin super-family. PP13 is one among the 56
proteins isolated from the placenta by Hans Bohn?. The synthesis of PP13 occurs on
free ribosomes in the cytoplasm of syncytiotrophoblast and immunohistochemical
studies evidenced that it is present in soluble form in the brush border apical plasma
membrane of the syncytiotrophoblast. The gene LGALS13 located on the long arm of

chromosome 19 at loci q13.2 encodes PP13.

PP13 lacks N-terminal signal peptide sequence hence it bypasses endoplasmic
reticulum and Golgi bodies. So it reaches the maternal circulation by the
“non-classical” secretory pathway or unconventional route either through direct
translocational process or vesicular shedding in the form of microvesicles or
exosomes. PP13 is highly co-localized with cytoskeletal protein actin, annexin 1I,
placental alkaline phosphatase, a glycophosphotidyl inositol-anchored lipid raft

protein and a non- raft plasma membrane protein CD71. The motor proteins, actin
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cytoskeleton polymerization and with the help of lipid rafts of the syncytiotrophoblast

are the driving force for the PP13 secretion®.

PP13isa prototype galectin with molecular weight 32 kDa consisting of 139 amino
acid residues. It is a homo-dimer stabilized by disulfide bonds, having the
carbohydrate content 0.6%, isoelectric point is 4.7, sedimentation co-efficient 3.1
Svedberg unit and its electrophoretic mobility is similar to aloumin. It is secreted into
maternal circulation from 5-6 weeks of gestation, its level gradually increase as

gestational age advances and decline 4-5 weeks after delivery.

The maternal plasma PP13 concentrations depends on the trophoblastic synthesis and

trophoblast mass®. It

is reported that, the normal term placenta yields nearly 2.5mg of
PP13 and makes upto approximately 7% of the total placental proteins. The primary
structure of PP13 has two linear polypeptide chains with Aspargine at the amino
terminal and methionine at the C-terminal. The primary structure of PP13 has 69%
similarity to Galectin 10/ Human Eosinophil Charcot-Leyden crystal structure and

secondary structure is similar to Galectin-7 and Galectin-10. The C-terminal

carbohydrate recognition domain (CRD) is same as Galectin 3 (chimera type).

The structural alignment of PP13 consists of five stranded (F1-F5) and six stranded
(S1-S6 a/S6b) B-sheets stabilized by one or two a-helices at their ends as illustrated in
Fig 3A. The two subunits of PP13 are linked by disulphide bonds between four
cysteine residues (Cys19, Cys92, Cys136 and Cys138) on its surface. The conserved
CRD consists of 13 residues, of which eight residues (Arg53, Asn65, Trp72, Glu75,
Arg55, His57, Val63 and Thr77) play important role in sugar binding. From these
eight residues, four residues are similar to other galectins (Val63, Asn65, Trp72 and

Glu75) and four are substituted conservatively (Arg53, Arg55, His57, Thr 77) in
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PP13.The CRD is present on the concave face of S4-S5-S6 p—sheets as shown in

Figure 3B.

Substrate automatic docking experimental analysis indicated binding of ligand to
protein conformations. It also showed that PP13 has high affinity for
N-acetyllactoseamine, lactose, mannose, N-acetyl galactosamine and Galactose.
N-acetyllactoseamine has higher binding energy (-26.9kcal /mole) because of strong
Van der Waals forces and stacking interactions with the aromatic ring of
Tryptophan72 (Trp72) and three strong hydrogen bond interactions (<2.5A% with

Arg55, Asn65 and GIn75 residues in the CRD of PP13 as illustrated in Figure 3C.

The conserved Arg53 and Arg55 in the CRD plays a key role in the interactions
between PP13 and lactose moiety. Mannose has the lowest VVan der Waals interaction
with the PP13 but no hydrogen bond interactions are present. Mass spectrometry
revealed Annexin Il and beta/gamma actin are ligands for PP13 and hence these

proteins play a key role in embryo implantation and placentation®..

Computational analysis indicated sites for serine/tyrosine kinase phosphorylation at
Ser48 (44-57) and Tyr4l (37-45) and Tyr80 (76-84) adjacent to CRD domain.
However the carbohydrate binding affinity was same in both placental expressed
phosphorylated form (PP13-B) and bacterial expressed non-phosphorylated form
(PP13-R). Inadequate information is available on phosphorylation and functions of
PP13 with phosphorylation®.

PP13 display many diverse functions during pregnancy. Like other galectins, it
participates in many signaling pathways and involve in regulation of biologic
response like cell differentiation, cell migration and apoptosis. It binds to  and y

actin within the syncytiotrophoblast and facilitates its migration towards the placental
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bed and also promotes vascular remodeling of maternal spiral arteries in early
placentation by the involvement of nitric oxide or prostacyclin pathways®®. PP13 is
one of the placenta specific galectins that regulate immune responses at the maternal-
fetal interface. PP13 with the help of Annexin Il is secreted into the intervillous space,
drains through the decidua basalis veins to form perivenous crystal like aggregates in
proximity to decidual veins in the extracellular matrix. The lysophospholipase activity
is thought to be implicated in this process however this mechanism needs to be

elucidated.

Thus formed PP13 aggregates serve to activate, attract and bring about apoptosis of
the maternal T cells to provide immune tolerance to the semi-allogeneic fetus and also
to enable spiral artery remodeling. Proper transformation of the maternal vasculature
is important to meet the needs of the growing fetus for oxygen and nutrients.
Inadequate spiral artery remodeling is linked to immune maladaptation syndrome like
preeclampsia. PP13 forms decidual crystal like aggregates within “decidual zones of
necrosis’consisting of necrotic and apoptotic immune cells like CD68+ macrophages,
CD45RO memory T cells and CD57+ large granular lymphocytes. The “zones of
necrosis” peak at 7-8 weeks of gestation when placental circulation is still not
established and lessen after the completion of spiral artery remodeling at about 10-14

weeks of gestation.

Immuno stainings reported IL-1a and I1L-6 were expressed within the macrophages in
the zones suggesting PP13 pro-inflammatory role**. PP13 purified from placenta
triggers the secretion of cytokines and chemokines into the culture medium from
mononuclear cells from peripheral blood of pregnant women. This in-vitro study
supports PP13 with pro-inflammatory property?. On the other hand, truncated PP13

lacking CRD region cannot bring about T cell apoptotis and hence structural integrity
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of PP13 is vital for cell-matrix interactions for successful placentation. As a result,
structural derangement with altered function of PP13 results in adverse conditions

during pregnancy and poor obstetric outcome®.

PP13 is also important for differentiation and syncytialization of the villous
trophoblast that is important for the release of immune proteins and placental
hormones for immune tolerance and embryo development®. Besides, its mild
Lysophospholipase A activity causes the release of Linoleic acid from the plasma-
membrane contributing to implantation. PP13 with its haem-agglutination property
binds to B-galactosides (Galactose, Fucose and N-acetyl galactoseamine) present on
the terminal positions of ABO blood group antigens with highest affinity to AB blood
group. Sugar binding assays revealed that PP13 exhibits sugar binding properties and
haemagglutination activity only in its homodimer form, whereas reducing agents tend
to weaken the di-merization of structure and thus alters the functional properties®.

Animal model studies demonstrated that PP13 contributes to vasodilation and
remodeling of uteroplacental vasculature and improves pregnancy outcome. However
the exact molecular mechanism of vasodilation and the unknown responsive factor
that regulates endothelial nitric oxide synthase and cyclooxygenase needs to be

elucidated®” %,

Further exploration to assess the therapeutic use of PP13 in humans for improving
blood flow and better pregnancy outcome in hypertensive disorders of pregnancy or
preeclampsia is fundamental requisite. Another in-vitro experiment, demonstrated the
effect of PP13 on cultured trophoblasts and presented trophoblast membrane
depolarization by calcium ions causing the release of Linoleic acid from membrane
lipids that favors synthesis of prostacyclin that possess anticoagulant and vasodilatory
properties*®.
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Fig 3: A) Jellyroll structure of PP13 with five stranded (F1-F5) and six stranded
B- sheet (S1-S6a/S6b) linked by two a-helices at the two ends

B) The CRD of PP13 with eight amino acid residues (Arg 53, Arg 55, His 57, Thr
77, Val 63, Asn 65, Trp 72, Glu 75)

C) Crystal structure showing stacking interactions between N-acetyl
Lactosamine and CRD of PP13

Source: Visegrady B, Than NG, Kilar F, Sumegi B, Bohn H. Homology modeling and
molecular dynamic studies of human placental tissue protein 13 (galectin-13).
Protein Eng. 2001;14(11):875-80
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1.7. LECTIN GALACTOSIDE SOLUBLE 13 (LGALS13) Gene

The LGALS13 gene on chromosome 19g13.1 encoding PP13 is expressed in the
syncytiotrophoblast, it comprises promoter region followed by four exons E1, E2, E3
and E4 spaced by Intronic regions with a total base pairs of 5064 as depicted in
Figure 4. A part of Exon 3 and Exon 4 exclusively codes for the entire CRD?.
The expression of the gene is down-regulated due to single nucleotide polymorphism
(SNP) in promoter region, single nucleotide deletions (delT221) in exon 3 and
mutations at the exon-intron boundaries (Dex-2 mutation). Impaired
Lysophospholipase activity of PP13 could also be associated with intronic
polymorphisms. The DNA variants leads to the formation of a truncated, misfolded,
functionally altered protein that may be associated with preeclampsia by virtue of
disruption of normal placentation and implantation***?. The decreased measurement
of MRNA level of LGALS13 provided information on its expression in first trimester
of gestation period that could be associated with the pathophysiological changes in

preeclampsia®®®.

In addition to the above obvious important information few exciting information have
been assembled based on the research reports with respect to importance of PP13 in
consideration as early risk indicator in pregnancy complications like preeclampsia.
The collective information from 2008-2018 reported measurement of PP13 as
independently or in combination with Pregnancy Associated Placental Protein-A
(PAPP-A), Placental Growth Factor (PIGF) and uterine artery Doppler pulsatality
index*®*°. The reported genetic incidence of preeclampsia pertaining to the screening
of plasma LGALS13 gene analysis in first trimester is seldom and available within

UK population in risk prediction (-98A/C) and sequence analysis of LGALS13 gene

19




evidenced exonic variant (221DelT) at exon 3 in South African population. Similar
genetic and biochemical data availability in Indian population is limited and becomes
essential hence data needs to be documented. Therefore, the present study focus is to
know plasma PP13 level and its gene LGALS13 sequence in cord blood. Furthermore,
the association of PP13 and other placental proteins with endothelial functions are the

other parameters of interest in the study.
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Source : National Center for Biotechnology Information (NCBI)
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1.8. Xanthine Oxidase (XO)

Xanthine oxido-reductase (XOR) exists in two iso-forms such as dehydrogenase and
oxidase which are inter-convertible. Xanthine dehydrogenase (XDH) is a homodimer
with Molecular weight 300 kDa. Each subunit consists of a single polypeptide chain
with 1330 amino acids. Each subunit binds to a Flavin Adenine Dinucleotide (FAD)
site, two lron-Sulphur (Fe,S,) sites and molybdenum cofactor for its catalytic activity
as represented in Figure 5A. Many factors such as growth factors, hormones,
inflammatory cytokines and hypoxia upregulate the expression of XOR. XO is
versatile in healthy tissues and is found in heart, kidney, lung, placenta and vascular

endothelium®.

Xanthine dehydrogenase (XDH) converts hypoxanthine/xanthine to uric acid by
transferring electrons to NAD" to form NADH. During hypoxia/reperfusion injury,
XDH released into circulation from the liver gets converted to XO (EC: 1.17.3.2) by
either calcium mediated proteolysis or oxidation of thiol (-SH) groups of cysteine
residues as shown in Figure 5B. Proteolysis of the surface exposed loops of the
protein brings about conformational changes in the Flavin Adenine Dinucleotide
(FAD) binding sites which pass the electrons to oxygen to form superoxide radical.
XO is found in the cytoplasm of the endothelial cell and is also attached to the
glycosaminoglycans on the apical surface of the endothelium. Increased breakdown of
ATP in hypoxic conditions leads to accumulation of purine catabolites, adenosine and
hypoxanthine. During reperfusion, XO catalyses conversion of hypoxanthine/xanthine
to uric acid along with generation of ROS (superoxide radical, hydrogen peroxide and
hydroxyl radical) in the endothelium, leading to endothelial dysfunction as seen in

preeclampsia’.
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Natural compounds with xanthine oxidase inhibitory activity: A review.
Chemical Biology and Drug Design. 2018;93(4):387-418.
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Unlike XDH, Xanthine oxidase exhibits higher affinity to oxygen than NAD", so the
electrons generated from the conversion of hypoxanthine to xanthine are quickly
accepted by oxygen and forms hydrogen peroxide and superoxide radical®’. Very few
studies reported increase of XO activity in pregnancy complications such as

preeclampsia®™**.

1.9. Cysteine dependent aspartic specific protease-3 (CASPASE-3)

Apoptosis is brought about by Caspases a family of integral protease enzymes playing
essential roles in programmed cell death and inflammation. The role of Caspases in
apoptosis was well characterized and established in 1993. Apoptosis is important to
maintain cellular homeostasis with the degradation of cellular components in a
controlled manner. There are 14 Caspases and 11 of them are present in humans.
There are three type of Caspases, they are Initiator (2,8,9,10), Effector (3,6 & 7) and
Inflammatory Caspases (1,4,5,12). The apoptotic cascade is stimulated by the two
signaling pathways i.e., Intrinsic (mitochondrial) and Extrinsic (death receptor)
pathway. Caspases are cysteine proteases attack at nucleophilic site and cleaves after

the aspartate residues on the target proteins.

Caspase-3 (EC:3.4.22.56) is a protease formed from 32 kDa zymogen pro-Caspase-3
which is cleaved at a specific site to form pl7 and p12 subunits, active heterodimer
stabilized by hydrophobic bonds. The six B sheets of each heterodimer (four anti-
parallel B sheets from p17 and two from p12 subunit) fuse with six § sheets of another
heterodimer to form 12 stranded f sheet structure surrounded by a helices. The active
enzyme is in the form of hetero tetramer. The catalytic site of the enzyme consists of
Cysteine-285 and Histidine-237 responsible to cleave the aspartate residues present on

the polypeptide chain® as illustrated in Figure 6.
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In response to cellular stress, the pro-apoptotic factors like Bcl, induce the
permeability of the outer mitochondrial membrane releasing cytochrome-c into the
cytosol. The mitochondrial transmembrane potential collapses and ATP production
declines. Cytochrome c forms multi protein complex apoptosome on binding to
AFAP-1 and Caspase-9. This leads to activation of effector caspases (3,6 &7) for final
apoptosis. In the extrinsic pathway, the ligands TNF-o, TNF-Related Apoptosis-
Inducing Ligand (TRAIL) and First Apoptosis Signal Ligand (FASL) bind to death
receptors TNF-a receptor, TRAIL receptor and FASL receptor on the membrane and
forms death inducing signaling complex, which further cleaves pro-Caspase 8 & 10 to
form Caspase 8 & 10 which inturn activates effector Caspases stimulating the
destruction of the cell®®. The two apoptotic signaling pathways are described in

Figure 7.

The biochemical changes occurred in apoptotic cell is cell shrinkage, cell membrane
blebbing, degeneration of nucleus, cross-linking and cleavage of proteins. Apoptosis
plays a major role in all stages of pregnancy includes placental development and
attachment, spiral artery transformation, trophoblast differentiation and also in
immune tolerance at the feto-maternal interface®’. In placental pathology such as
apoptosis of the utero-placental tissue as seen in preeclampsia occured due to elevated

hypoxia induced reperfusion injury and oxidative stress.
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1.10. The endothelium

The endothelium is the largest endocrine organ consisting of a thin layer of a single
layered squamous cells which are mesodermal in origin. The human body is made up
of 1-2 trillion endothelial cells with a surface area of 400 square meters weighing 1.5
kg. It lines the interior surface of the blood and lymphatic vessels and forms a

structural barrier between circulating blood or lymph in the lumen and the vessel wall.

1.10.1. Endothelial cell structure

The endothelial cells are flat, have a central nucleus with a thickness of 1-2 um and
with a diameter of 10-20 um. These mono-nucleated cells rest on thin basal lamina
separating them from surrounding tissues. The cells are flat and elongated with their
long axis parallel to the direction of the blood flow in the artery. The nucleus of the
endothelial cell is also elongated in the direction of blood flow. The cytoplasm
consists of few organelles concentrated in the perinuclear zone. Many membrane
bound vesicles and caveolae help in trans-endothelial transport of molecules Weibel-
Palade bodies are rod like cytoplasmic inclusions that consists of pro-coagulant von

Willebrand factor®®,

The cytoskeleton consists of microtubules and a network of actin and intermediate
filaments. These organelles provide structural support and mechanism for changes in
cell shape during endothelial contraction. The luminal surface of each endothelial cell
is coated by negatively charged glycocalyx rich in proteoglycans and glycoproteins.
Endothelial cells are linked by intercellular junctions like tight, gap, adherens and

desmosomal junctions to serve as a semi permeability barrier.
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Few endothelial cells are organised like the cortical web, junction associated actin
filament system and striated myofibril like filament bundles or stress fibres. The
cortical web provides shape and elasticity to the cells. The junction associated actin
filament system is present in the intercellular space and its contraction and relaxation
controls the dimension of the intercellular space. The functions of junction associated
actin filament system could be altered by pro-inflammatory cytokines, thrombin,
ROS, platelet activating factor, increased calcium concentration, ATP exhaustion and
other toxic substances. Stress fibers play an important role in cellular contractility and

also in functions such as cell adhesion, migration and morphogenesis®.

The plasma membrane of the endothelial cell show flask shaped invaginations rich in
proteins and lipids such as cholesterol and sphingolipids. They play a role in signal
transduction, endocytosis, mechanoprotection, mechnosensation, oncogenesis and
uptake of pathogenic bacteria and certain viruses. There are several ways of
transporting plasmatic molecules through the endothelial barrier by intercellular
junctions, vesicles and true transcellular channels formed from calveolae.
Abnormalities in the structure and function of the endothelium play a role in the

development of many diseases.
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1.10.2. Functions of endothelium

The biological functions of endothelium are maintenance of extracellular matrix,
transport functions, pro and antithrombotic, defense mechanism, vascular tone,
regulation of cell growth and angiogenesis. Endothelium is also critical for
remodeling of blood vessels and angiogenesis for tissue growth & repair. The
potential ability of the endothelium is to release various chemical mediators that
regulate vascular homeostasis. Factors like prostacyclin and nitric oxide acts as
vasodilators and inhibits platelet and neutrophil adhesion. Besides, the enzyme

Ectonucleotidases regulates vascular tone and platelet function.

Platelet activating factor activates platelets and leukocyte function, Endothelin
facilitates vasoconstriction, cell adhesion molecules (VCAM-1, P-Selectin, Platelet
and Endothelial Cell Adhesion Molecule-1 (PECAM) and E-Selectin) promote
leukocyte adhesion and cytokines like IL 1,6 and 8 have effects on immune system. In
addition, von Willebrand factor and tissue factor promotes coagulation and and
plasminogen  activator inhibitor inhibits  fibrinolysis. = Thrombomodulin,
Glycosaminoglycans, Protein C and Protein S inhibits coagulation, Tissue

plasminogen activator (tPA) brings Fibrinolysis.

Nitric oxide plays a crucial role in regulation of blood pressure. It is synthesized by
the endothelial NOS, diffuses into the smooth muscle and mediates vasodilation
through cGMP mediated process and it also inhibits neutrophil and platelet activation.
Prostacyclin is synthesized from arachidonic acid by the enzymes cyclooxygenase-1
& 2 (COX). It promotes vascular smooth muscle cell relaxation through stimulation
of Inositol Phosphate receptor in vascular smooth muscle cell which increases cCAMP

and decreases intracellular calcium resulting in vasorelaxation. Furthermore, it also
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inhibits platelet aggregation, promotes angiogenesis, neovascularisation in hypoxic
tissues and stimulates renin secretion. Endothelium derived hyperpolarising factor
also brings about vasodilation by potassium efflux and reduction in calcium influx

into the endothelial cells®.

1.10.3. Endothelial function in normal pregnancy

During normal pregnancy, physiological and anatomical changes of the vascular
endothelium in the placental, uterine and systemic vasculature are necessary to ensure
proper fetal development. Maternal vasculature is adapted to an increase in blood
volume and cardiac output with decrease in vascular resistance to enhance the blood
flow to the utero-placental unit. Besides embryo implantation, placental vascular
endothelium is essential to produce angiogenic growth factors, placental hormones
like estrogen and progesterone, exchange of nutrients and gases, produces
vasodilators like nitric oxide, elimination of waste materials and helps to keeps the
fetus safe from harmful substances®. The uterine smooth muscle microvasculature,
vascular smooth muscle cell hypertrophy, endothelial hyperplasia and vessel
lengthening promotes increased blood flow with decreased vascular resistance to the
placenta. These changes are required for adequate transport of nutrients and gases,
removal of waste materials®®. In normal pregnancy the extracellular vesicles derived
from the normal turnover of the syncytiotrophoblast contains molecules that are
biologically active that interact with leukocytes, platelets and endothelial cells of
maternal circulation which communicate between maternal and fetal compartment.
They also confer maternal immunoregulatory functions by activating innate
immunity, inflammatory response, suppressing immune reactions towards the fetus

and hypercoaguable state during normal pregnancy®.
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1.10.4. Endothelial dysfunction in preeclampsia

Placental vascular defects leads to placental insufficiency and IUGR in preeclampsia.
All the major symptoms of preeclampsia such as hypertension, proteinuria and
coagulation abnormalities are due to endothelial dysfunction. The intensity of the
oxidative stress is the major contributing factor to maternal and placental vascular
dysfunction in preeclampsia. Some toxic factors released from the vesicles due to
enhanced apoptosis in preeclampsia induce inflammation and endothelial

dysfunction®.

Anionic phosphatidyl serine and tissue factor present on the surface of the vesicles
causes hypercoaguable state in preeclampsia. Increased expression of adhesion
molecules on the surface of the vesicles promotes aggregation and activation of
platelets on the endothelial surface. The anti-angiogenic factor (sFlt-1) present in the
vesicles stimulate endothelial dysfunction. These extracellular vesicles stimulate
monocytes, neutrophils, T and B lymphocytes to generate TNF-a, and IL 1B, 6,8,12

and 18 which induce injury to endothelium causing increased vascular permeability.

The syncytiotrophoblast derived vesicles stimulate the neutrophils to produce reactive
oxygen species that injures not only the placental endothelial cells but also the blood
vessels of other organs such as liver, kidney and brain. Besides these extracellular
vesicles also blocks endothelial NOS thus reduce the Nitric oxide synthesis. In
preeclampsia, the hypercoagulable state results in fibrin deposition on the
endothelium further increasing the rigidity of the blood vessel wall which induces
hypertension, increased number of extracellular vesicles exaggerate inflammation® as
depicted in Figure 9. Endothelial cell activation is defined as the pro-coagulant and

pro-inflammatory state of the endothelium. Increased vascular permeability and
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sensitivity to vasoconstrictors, decreased calcium signaling and vasodilator
production are observed in the damaged endothelium in preeclampsia. This leads to
an increase in vascular resistance contributing to hypertension in preeclampsia. The
integrity of the endothelial cells is lost especially in the glomerulus (glomerular
endotheliosis) and blood-brain barrier resulting in proteinuria and seizures

respectively®.

In addition, in preeclampsia hypoxia, cytokines and AT1-AA stimulate endothelial
cells to produce vasoconstrictor Endothelin-1. It acts through the endothelin receptors
on the vascular smooth muscle cells stimulates the release of intracellular calcium and
also calcium entry through calcium channels and through Protein Kinase C pathway

induces vascular smooth muscle contraction.
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Figure 9: Schematic representation of Syncytiotrophoblast derived extracellular
vesicles and their effect in preeclampsia

Source: Han C, Han L, Huang P, Chen Y, Wang Y, Xue F. Syncytiotrophoblast
Derived Extracellular Vesicles in Pathophysiology of Preeclampsia.
Front. Physiol. 2019;10: 1236.
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Endothelin induces generation of anti-angiogenic factors, oxidants trophoblast and
trophoblast apoptosis®’. TXA, a prostanoid produced by COX-1 in the platelets that
stimulates vascular smooth muscle cell proliferation, mitogenesis and platelet
aggregation. It also causes vasoconstriction by increasing intracellular calcium and
activates prostanoid receptors and protein kinases such as MAPK, Rho-kinase and
Protein kinase C in vascular smooth muscle cell. Increased lipid peroxides may also
increase  TXA, production by activating COX-1 in the platelets®®. Elevated
thromboxane leads to aggregation and adherence of platelets to the damaged
endothelium leading to thrombocytopenia. Inflammatory cytokines TNF-a and IL-1
produced from the damaged endothelium increase the expression of cell adhesion
molecules like integrins, selectins and cadherins that mediate the adherence of
neutrophils and leukocytes to the endothelium. Thus, activated neutrophils contribute

the vascular damage by releasing proteases, elastase and ROS®.

In preeclampsia neutrophils are activated in the hypoxic placenta in response to
oxidative stress and inflammation. The uncontrolled neutrophil activation results in
Neutrophil Extracellular Traps (NETSs) which are long filaments of DNA and histones
formed in the intervillous space which promotes platelet aggregation and blood
coagulation. This leads to thrombus formation in the placental vasculature
aggravating placental ischemia. Micro-infarctions and fibrin deposition which are

common in preeclamptic placentas™.

Hyperlipidemia is also associated with endothelial dysfunction in preeclampsia.
Circulating lipid peroxide products cause increased synthesis of thromboxanes.
Increased levels of oxidized low density lipoproteins accelerates the formation of

atherosclerotic lesions in the placenta. In preeclampsia, the maternal immune
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dysfunction and inflammatory reactions affect the coagulation and fibrinolytic system
leading to multi-organ dysfunction and systemic metabolic disorders’t. The
inflammatory cytokines in ischemic placenta are one of the cause of endothelial
dysfunction in preeclampsia. TNF-a stimulates the secretion of Endothelin-1 and cell
adhesion molecules by the endothelium, destabilizes mitochondrial electron flow

forming free radicals and stimulates Angiotensin 11 synthesis’.

Decreased expression of endothelial NOS, increased ADMA and arginase expression
are responsible for decreased Nitric oxide synthesis.The interactions between uterine
natural Killer cells and regulatory CD4+ T cells are crucial in accepting and
recognizing fetal antigens to facilitate maternal immune tolerance in placental growth.
In preeclampsia, in response to placental ischemia, CD4+ and CD8+T cells mediates
oxidative stress by increasing the levels of TNF-a, IL-17, sFlt-1 and autoantibodies to
Angiotensin Il that induces the release of Endothelin 1 from the activated endothelium
which results in hypertension and contributes to the pathophysiology of

preeclampsia’.

1.11. Nitric oxide

Nitric oxide is an endothelium derived relaxant factor and is the smallest biologically
active molecule produced from its precursor, L-arginine by the enzyme Nitric oxide
synthase in the presence of cofactor such as tetrahydrobiopterin (BH,), nicotinamide
adenine dinucleotide phosphate, FAD, FMN, iron protoporphyrin IX and calmodulin’
as shown in Figure 10. The three different isoforms of NOS are endothelial, inducible
and neuronal forms. Endothelial NOS is present in the caveolae on the endothelial

plasma membrane and numerous mechanisms regulate its activity. BH, is essential for
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the homodimerisation of NOS, while ROS can oxidise BH, to BH3 radical leading to
uncoupling of Nitric oxide synthase.

The Asymmetric dimethyl arginine (ADMA) and arginase both decrease Nitric oxide
synthesis by reducing the binding of I-arginine to NOS. Nitric oxide stimulates the
formation of guanosine 3',5'-cyclic monophosphate from soluble Guanyl cyclase in
vascular smooth muscle cell which further activates Protein kinase A and Protein
kinase G, which promotes the expulsion of intracellular calcium and uptake of
cytosolic calcium by the sarcoplasmic reticulum and activation of calcium dependent
potassium channels. Hence the reduced concentration of intracellular calcium
inactivates calmodulin so that the myosin light chain kinase cannot phosphorylate
myosin protein leading to vascular smooth muscle cell relaxation. In the same way
Nitric oxide can also stimulate calcium ATPase of endoplasmic reticulum to reduce
the concentration of intracellular calcium causing vascular smooth muscle cell
relaxation. In hypoxic conditions, cyclic inosine monophosphate formed from soluble
guanyl cyclase causes the activation of Rho-associated protein kinase that inhibits the
activity of myosin light chain phosphatase which results in the process of

contraction’®.

Nitric oxide inhibits the generation of superoxide radical and oxidation of low density
lipoprotein -cholesterol and hence considered as an “anti-atherosclerotic molecule”.
Inducible NOS is expressed at the maternal fetal interface and endothelial NOS is
expressed mainly by the syncytiotriophoblast and endothelial cells plays a major role
in vascular tone regulation. In the placenta, nitric oxide plays a crucial role in embryo
development and implantation, trophoblast invasion, inhibits platelet aggregation in
the intervillous space and promotes angiogenesis. The expression of angiogenic

factors like VEGF, Angiopoietin-1 and Basic Fibroblast Growth factor are mediated
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by Nitric oxide’. Reduced levels of Nitric oxide in the placenta leads to
vasoconstriction involved in resistance and hypertension. Decreased levels of
L-arginine and increased ADMA also contribute to endothelial dysfunction by
decreasing Nitric oxide synthesis’’. Till date there are conflicting results regarding the
levels of Nitric oxide in preeclampsia. Some reported increased’®, decreased” and no

change® in Nitric oxide levels in preeclampsia.

1.12. Asymmetric dimethylarginine (ADMA)

Protein methylation is a post translational modification catalyzed by an enzyme
protein arginine methyltransferase (PRMT) which transfer the methyl group from
S-adenosyl methionine. This results in the formation of methylated proteins and
S-adenosyl homocysteine®™. The cellular processes regulated by methylated proteins
are RNA processing, transcriptional regulation, signal transduction and DNA repair.
During protein turnover of methylated proteins, ADMA, toxic N- monomethylargine
(MMA) and non-toxic Symmetric dimethyl arginine (SDMA) are formed as shown in
Figure 12. Methylated proteins are present endogenously. There are two types of
PRMT Type | and Il. PRMT Type | are responsible for the production of N-MMA
and ADMA and Type Il produces SDMA as illustrated in Figure 11. The methylation

of arginine residues can be blocked by peptidyl arginine deaminases.

ADMA is released out of the cell by cationic amino acid transporters that determine
the distribution of ADMA between extracellular fluid and cytosol in kidney, liver and
brain for degradation. ADMA is metabolized by three enzymes, Dimethylarginine
Dimethyl Amino Hydrolase (DDAH) 1 & 2 and Alanine-Glyoxylate Amino
Transferase 2 (AGXT2)%. DDAH-1 is present in tissues that express neuronal NOS

and DDAH-2 is prevalent in tissues expressing endothelial NOS. DDAH catalyses
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Figure 10: Showing reaction catalyzed by endothelial Nitric oxide synthase

Source: Zhao Y, Vanhoutte PM, Leung SWS. Vascular nitric oxide: Beyond eNOS.
Journal of Pharmacological Sciences. 2015;129(2):83-94
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ADMA to form L citrulline and dimethylamine, AGXT2 breaks down ADMA to form
a-keto-6-(NG,NG-dimethylguanidino) valeric acid. AGXT2 is an amino transferase
expressed in the mitochondria present abundantly in the kidney. The levels of ADMA
in the tissues is regulated by the activities of AGXT2 and DDAH. B- amino isobutyric
acid is known to inhibit AGXT2. SDMA is eliminated from the circulation mainly by
urinary excretion, and N-MMA in much lower concentration in circulation inhibits

NOS.

Oxidative stress, TNF-a, hypertension, hypercholesterolemia, hyperhomocysteinemia,
Angiotensin 11, hyperglycemia and Oxidized LDL inhibit DDAH activity®®. Under
oxidative stress conditions, the Cysteine (Cys)-249 in the active site of DDAH
undergoes reversible nitrosylation thereby inactivating the enzyme. Histidine (His)
162, Glutamate (Glu)-114 and Cys-249 forms a catalytic triad in the active site of
DDAH. Cys-249 is responsible for the catalytic activity of the enzyme and His-162
and Glu-114 keep the cysteine in active state by forming thiolate-imidazolium ion

pair.

By feedback inhibitory mechanism, increased nitric oxide causes the accumulation of
ADMA by bringing about the S-nitrosylation of DDAH®*. DDAH brings about
catabolism of N-MMA and ADMA to citrulline and mono/di methylamine. Both
N-MMA and ADMA inhibit the three isoforms of NOS competitively. Less
information is available on the degradative pathway of ADMA by AGXT2.
Approximately 20% of ADMA is excreted by kidney and 80% is metabolized by

enzyme DDAMH to L citrulline and dimethylamine as shown in Figure 13.
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In normal pregnancy, the levels of ADMA increases as pregnancy advances.
Increased ADMA levels in the third trimester increases the contractile activity of
uterine muscle fibres before labor to antagonize the effects of Nitric oxide to promote
successful delivery. The placenta expresses DDAH-2 subtype which is responsible for

the breakdown of ADMA. In preeclampsia, DDAH-2 is sensitive to oxidative stress®.

ADMA is a competitive inhibitor of L- arginine for NOS thereby decreases the
synthesis of Nitric oxide. Besides, it induces endothelial NOS uncoupling, transport of
electrons are impaired within the catalytic domains of endothelial NOS, oxygen
accepts the electrons instead of arginine to produce superoxide, which further reacts
with Nitric oxide to produce peroxynitrites. The latter further promotes NOS
uncoupling either by inactivating the cofactor BH, or by releasing Zinc from the
enzyme®*®, ADMA is reported to have the function of decreasing the concentrations
of cGMP, reduction in renal plasma flow and glomerular filtration rate (GFR) at

pathophysiological conditions.

Studies have also reported the role of ADMA in the pathophysiology of vascular
dysfunction related to cardiovascular diseases. Elevated levels of ADMA were
associated with the thickness of carotid artery intima, predicts the progression of
intimal thickness during follow-up and is also associated with 4 fold risk for acute
coronary syndrome and thus can be considered as an independent risk factor for
cardiovascular disorders®®. ADMA inhibits the cellular uptake of L-arginine by
cationic amino acid transporter system thus decreasing Nitric oxide synthesis. In
hypercholesterolaemia ADMA is also known to exhibit anti-angiogenic effects
induces vascular lesions and increases the activity of Angiotensin converting

enzyme®. Besides ADMA was also found to be elevated in severe Liver failure,
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Renal disorders, Hyperthyroidism, Insulin resistance, Metabolic syndrome,

Preeclampsia and Neuro degenerative disorders.

1.13. Lacunae of the knowledge

Preeclampsia is a disease of placental origin has become challenging to health care
system. This leading disorder has more impact on maternal and perinatal morbidity
and mortality especially in the developing countries. The early understanding of
preeclampsia is much needed and important goal in obstetrics for its management.
Preeclampsia usually breaks out in the second trimester but the underlying
pathological processes in the placenta develop very early. Thus early detection of
preeclampsia risk during pregnancy can provide a means to prevent the disease or
reduce the severity of the symptoms. Therefore, identification of early indicators for
detection, understanding the mechanism of the disorder and management of
preeclampsia is crucial. Hence large prospective studies are required to identify new

markers with good predictive value to understand the aetiology of preeclampsia.

Oxidative stress index (OSI) represents the ratio of total oxidant status (TOS) and
total antioxidant status (TAS). Information on oxidants and antioxidants are available
in terms of oxidative stress separately or in combination in several research reports.
This study focus on TOS and TAS represented as OSI during normal pregnancy and

pregnancy complications through all trimesters and its influence on placenta.

PP13 was studied internationally as single or in association with other markers like
Pregnancy associated placental protein-A (PAPP-A), Placental growth factor (PIGF)

and uterine artery Doppler pulsitality index for risk assessment at early stage.

As per the international research reports, decreased PP13 level in first trimester

pregnancy and then after consistently increased PP13 level was reported and it is
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unclear from these reports about the reason for low PP13 level in first trimester.
Addressing the exact reason for low PP13 levels is challenging. Besides, obtaining
baseline data of PP13 level in normal pregnancy and in pregnancy complication in our
population and also to find any association with endothelial dysfunction is an essential

requirement.

The data on plasma PP13 level in Indian women during pregnancy and in
preeclampsia is inadequate and the frequency of any genetic polymorphism in PP13
(LGALS13) gene in South Indian population is not known. Hence, this research gap

has become the need for the study.

XO activity during pregnancy trimesters in longitudinal study was not documented.
Hence, assay of XO activity in first and second trimesters of pregnancy in

preeclampsia and normotensive pregnant women is essential.

Caspase-3 is a terminal enzyme in cellular apoptotic pathway. Measurement of
Caspase-3 in circulation indicate apoptosis of the placental trophoblast destruction in
response to oxidative stress environment. Since no data is able regarding plasma
Caspase-3 levels in pregnancy condition. Therefore it is desirable to explore the
possibility of Caspase-3 in normal pregnancy and pregnancy complications to

establish as a marker for early assessment of preeclampsia.

ADMA regulates NOS by inhibitory action and controls synthesis of the Nitric oxide
in the endothelium. Studies have reported elevated ADMA and decreased Nitric oxide
levels under oxidative stress conditions in pregnancy and its complications. However
the data available on ADMA:Nitric oxide ratio during pregnancy is requisite and also
to find an association of PP13 with respect to Nitric oxide and ADMA synthesis

becomes essential.
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Therefore, current research is prioritized to find out the effect of oxidative stress on
placental cellular integrity measured in terms of PP13 level, XO activity and
Caspase-3 levels and their possible association with endothelial function in first and
second trimesters with genetic screening of LGALS-13 gene sequence from cord
blood to know the frequency of polymorphism has become the newer aspect of the

study.
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2.0. REVIEW OF LITERATURE

The following are the recent literature reviewed in respect of the study on oxidative

stress, placental proteins, endothelial function and LGALS13 gene.

2.1. OXIDATIVE STRESS

In 2016, Ostaz E et al conducted a case control study in Turkey on determination of
maternal serum TAS, TOS and OSI along with paraoxonase (PON) and arylesterasein
severe preeclampsia and preeclampsia related perinatal morbidity.The results showed
significant increase in oxidative stress markers along with TAS in preeclampsia
compared to the healthy pregnant group. However, OSI did not show and significant
difference between the two groups. In preeclampsia, Oxidative stress markers were
positively correlated with adverse perinatal outcomes and a significant negative
correlation was observed between serum TAS levels and gestational weeks and also
between PON and birth weight. This study concluded that elevated oxidative stress is
associated with severe preeclampsia and positively correlated with perinatal

outcomes. Limitation of the study is small sample size of the groups™.

In 2016, De Lucca and co-workers conducted a case control study in Santa Maria to
investigate the levels of Delta-aminolevulinate (5-ALA) dehydratase activity and
oxidative stress markers in mild and severe preeclampsia. Thiobarbituric acid —
reactive species (TABRS) was significantly higher and thiol groups, levels of vitamin
C, catalase and 5-ALA dehydratase activity were significantly lower in preeclampsia
compared with healthy women. In oxidative stress conditions, the sulfhydryl groups
in 6-ALA dehydratase is inhibited leading to accumulation of the substrate 5-ALA

which generates excessive ROS with depletion of antioxidant levels.
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The study concluded iron supplementation may promote a protective effect against
oxidative damage produced during pregnancy. However, the iron levels were not

measured and studies in a larger cohort should be carried to confirm these findings®'.

Draganovic D and co-workers in 2016 conducted a case-control study to determine
the levels of oxidative stress markers like thiobarbituric acid reactive substance to
analyze correlation with ultrasound and cardiotocography parameters in women with
pregnancy induced hypertension especially preeclampsia. The study results showed
statistically significant high values of TABRS and also strong association between
TABRS levels and ultrasound (amount of amniotic fluid and fetus biophysical profile)
and cardiotocography recording. This study concluded TABRS levels could be used
as risk assessment of pregnant women with pregnancy induced hypertension (PIH),

however further research is required on larger population®.

Ferguson KK and co-workers in 2017 conducted a longitudinal study in USA on
oxidative stress and inflammation biomarkers in preeclamptic and normotensive
pregnancies. Oxidative stress and inflammatory markers were analyzed in plasma
samples at 10, 18, 26 and 35" weeks of pregnancy. The hazard ratios in preeclampsia
were significantly elevated in association with oxidative and inflammation biomarkers
in second trimester. The study concluded that this data can be useful in understanding
the maternal inflammatory profile in pregnancy in early second trimester so that
preventive measures can be undertaken. The limitation of the study was small sample

size and confounders such as diet were not included *.

D’Souza JMP and co-workers in 2017 conducted a case-control study in India to
evaluate ischemia modified albumin (IMA) and advanced oxidation protein products

(AOPP) in different hypertensive disorders in pregnancy and investigated their
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association with antioxidant parameters such as albumin, total antioxidant activity and
total thiols. The study results showed a significant increase in advanced oxidation
protein products and IMA and also a significant decrease antioxidant levels in every
hypertensive disorder of pregnancy compared with controls. A significant positive
correlation was observed between IMA and AOPP and a significant negative
correlation was observed between protein oxidation and antioxidant status in all
hypertensive disorders of pregnancy. These results evidenced imbalance between pro-
oxidants and antioxidants as an underlying factor in the pathogenesis of the pregnancy
hypertension. The limitation of the study is the parameters could have been measured
in the placenta and cord blood which could probably give an indication on the origin

of oxidative stress™.

Al- Kuraishy HM and co-workers in 2018 conducted a cross sectional study in Iraq to
investigate serum levels of free radicals and also endothelial dysfunction in
preeclampsia. Preeclamptic women showed significant increase in the levels of
peroxynitrite and Malondialdehyde (MDA) and significant decrease in paraoxonase
and Nitric oxide levels. These observations evidenced that oxidative stress plays a
significant role in the pathogenesis of preeclampsia and could also induce endothelial
dysfunction. The main limitation of the study is small sample size, cross-sectional
design and no placental hormones were measured to study the placental function.
Longitudinal studies should be carried out to assess the effect of anti-hypertensive

agents on oxidative stress during preeclampsia®®.

Mannaerts D and co-workers in 2018 conducted a longitudinal study in Belgium to
elucidate the correlation between endothelial dysfunction and vascular stiffness in

preeclampsia with oxidative stress and inflammatory markers. Levels of superoxide,
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systemic inflammation and iron status are much higher in preeclampsia compared to
healthy pregnancy. In preeclampsia superoxide was correlated to micro-vascular
endothelial dysfunction. These results support the hypothesis that vascular
dysfunction is  linked to oxidative stress and could be used in the prediction of
preeclampsia. The limitations of the study were a significant difference was observed
in the parity between the groups which could influence the results, small sample size

and iron supplementation was not recorded®.

Ekun OA and co-workers in 2018 conducted a cross-sectional study in Nigeria to
evaluate the interrelationship between oxidative stress, hematological and
inflammatory markers in preeclamptic women. Levels of Superoxide dismutase
(SOD), Catalase (CAT) and Glutathione were reduced and increased levels of MDA,
Cardiac-Specific  Troponin I, Prothrombin Time and Activated Partial
ThromboplastinTime were observed in preeclampsia. Preeclampsia is associated with
elevated oxidative stress along with imbalance in hematological and coagulation

homeostasis which may have deleterious effects on the cardiovascular system®’.

Chiarello DI and co-workers in 2018 in their comprehensive analysis reviewed the
current literature on the role of oxidative stress in pathophysiology of normal
pregnancy and in preeclampsia. In preeclampsia, oxidative stress results from
abnormal placentation, intermittent blood flow to intervillous space and placental
ischemia-reperfusion leading to enhanced inflammatory response and endothelial
dysfunction. The review also addressed that more clinical trials should be carried out

aiming to prevent preeclampsia with antioxidant supplementation®®.

Barneo-Caragol and co-workers in 2019 conducted an observational study to evaluate

serum strontium levels and oxidative stress markers and compare it with other
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complications like IUGR and gestational hypertension. The mean strontium,
sFIt-1/PIGF, uric acid, lipid peroxidation/ total antioxidant activity were significantly
higher and estimated glomerular filtration rate and total antioxidant activity were
significantly lower in early preeclampsia compared with other complications. A
significant positive correlation was observed between strontium with estimated
glomerular filtration rate and sFIt-1/PIGF, a significant negative correlation was
observed between total antioxidant activity with gestational week of sampling and
uric acid. These observations hypothesized that elevated oxidative stress markers like
uric acid and lipid peroxides and lowered total antioxidant activity suggested the
significance of oxidative stress in preeclampsia. The study is limited in being an
observational study and future research is required to elucidate the pathophysiological

mechanisms by which strontium and oxidative stress are involved in the disease®.

Bhat PV and co-workers in 2019 conducted a case-control study in India to evaluate
the effects of metabolic syndrome components and oxidative stress factors among
preeclamptic women. The results showed abnormal lipid metabolism, raised lipid
peroxide concentrations and increased antioxidant status which may result in
oxidative stress and vascular dysfunction in preeclampsia. The study also
hypothesized that metabolic syndrome components play an important role in
pregnancy hypertension. The study is limited to small geographical area, the role of
raised lipoproteins in preeclampsia needs to be explored and future studies with
uniform methodologies must be carried out in larger number of patients at varying

gestational ages™®.

In 2019, Ahmad IM et al conducted a prospective longitudinal study in USA to

measure oxidative stress in early week of gestation (12-20 weeks) and to identify
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women who are at risk for developing preeclampsia. Oxidative stress was measured in
terms of measuring the levels of superoxide, SOD, CAT, oxidized and reduced
glutathione. The study results showed decreased levels of antioxidant enzymes and
increased superoxide. CAT was associated significantly with the reduced
preeclampsia risk and could predict preeclampsia. Besides it can also be used as a
therapeutic agent in prevention trials for preeclampsia. Based on these results, it is

known that oxidative stress plays a key role preeclampsia pathogenesis'®.

Haram K et al in 2019 conducted a case control study in Norway to determine the
levels of adhesion molecules, oxidative stress ,markers and antioxidant levels in the
etiopathogenesis of preeclampsia. This study reported low levels of serum
antioxidants, such as Glutathione peroxidase (GPx), SOD, CAT, Lycopene,
Coenzyme A and other non-enzymatic antioxidants. Besides increase in serum
oxidative stress markers like thromboxanes, MDA and F2 isoprostanes the expression
of adhesion molecules is increased in the placentas of preeclampsia. The study
concludes that oxidative stress in the placenta is an important feature in

preeclampsia®.

2.2. PLACENTAL PROTEIN 13

Moslemi Zadeh et al in 2012 conducted a prospective nested case-control study in
Iran to study the predictive values of biochemical markers like PP13 and PAPP-A at
11-13 and 24-28 weeks of pregnancy in early diagnosis of preeclampsia. Serum PP13
and PAPP-A levels were significantly lowered in women who developed
preeclampsia. Since both these placental proteins play a key role in placentation it is
advantageous to measure their concentrations in first and second trimesters of

pregnancy. The study concluded that the declined levels of these markers in first
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trimester could be good predictive markers for preeclampsia. The limitation of the
study is the reason for the reduced levels of PP13 from the placenta was not

reasoned*’.

In 2014 Ceylan N et al conducted a prospective case-control study in Turkey to assess
if first trimester PP13 and PAPP-Acould predict preeclampsia. The serum levels of
PAPP-Awas lower in early and late preeclampsia when compared to the normal
pregnancies, however no significant differences in the levels of PP13 were observed
between the three groups. The predictive capacity of PAPP-A and PP13 was assessed
by plotting Receivers operating characteristic (ROC) curve. The area under curve
(AUC) for PAPP-A was 0.751 and for PP13 was 0.543. Odds ratio (OR) showed the
risk for the development of Preeclampsia was decreased as the concentrations of
PAPP-A increased however no significant differences were observed in the
comparison of risk between the three groups. This study concluded that neither PAPP-
A nor PP13 can be used as reliable screening markers for preeclampsia in first

trimester. The limitation of the study is small sample size'®.

In 2014, Meiri H et al conducted a prospective case-control study to determine
whether preeclampsia can be predicted by PP13, mean arterial pressure (MAP) and
risk factors such as history of preeclampsia, contraception by assisted fertility , BMI
>35 or maternal age > 40. The detection rate of preeclampsia was 80% in PP13 alone
with or 14.6, 55% with only risk factors with OR 14.6, 85% with PP13 and risk
factors with OR 32.1 and 93% with PP13+MAP+risk factors with OR 119.6. The
study concluded the predictive capacity of preeclampsia is increased by combining

PP13 with MAP and risk factors with an Area under curve (AUC) of 0.93. Benefit of
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using aspirin in the prevention of preeclampsia when the risk was due to low PP13

alone®,

In 2014, Sammar M et al conducted an animal model experiment to demonstrate the
role of full length PP13 (wild type) and truncated variant (DelT2; PP13 variant) in
pregnant rats. The study reported that both wild type and truncated variant reduced
blood pressure but only the wild type PP13 cause expansion of utero-placental
vasculature. The truncated variant lacked a part of exon 3, entire exon 4 and 2 amino
acids forming the CRD indicating that CRD is necessary for lowering blood pressure
and also for vasculature expansion. The study was carried out to demonstrate the
importance of PP13 in regulation of blood pressure and also in vasculature expansion
during pregnancy. The limitation of the study was the experiment was not carried out
in preeclamptic rat models and the future perspective was that full length PP13 could

be replenished to patients at risk for preeclampsia’®.

De Muro et al in 2016 conducted a prospective study in Italy to evaluate the levels of
plasma PP13 in combination with urinary glycosaminoglycans/proteoglycans as early
markers for preeclampsia as early as 11-13 weeks of pregnancy to predict pregnancy
complications such as preeclampsia, Proteinuria and hypertension. The results showed
statistically decreased PP13 levels, no differences in urinary glycosaminoglycans
/proteoglycans, increase in total urinary trypsin inhibitor, reduced excretion of heparin
and chondroitin sulfate in women with pregnancy complications compared with
controls. PP13 plays a crucial role in placental implantation and maternal spiral artery
remodeling, so low levels of PP13 in early weeks of pregnancy could be a risk factor
in the for the development of preeclampsia. The study concluded that early prediction

of preeclampsia in first trimester is important to facilitate therapeutic interventions.
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An increase in total urinary glycosaminoglycans and proteoglycanscould is related to
the inflammatory conditions in preeclampsia. The study limits in small sample size

and no other renal or endothelial dysfunction markers were measured'®.

In 2017, Luo Q et al conducted a prospective study in China to predict the risk for
preeclampsia. They measured PP13, PAPP-A Pentraxin-3, sFlt-1, Myostatin and
Follistatin-like-3 in second trimester. The results showed significant increase in PP13
and sFlt-1 and decrease in Follistatin-like-3 but no significant changes in the levels of
Myostatin, PAPP-A and Pentraxin-3. The detection rate for PP13 was 61.3%, 48.1%
for sFlt-1, and 39.1% for Follistatin-like-3 and when three markers were combined the
detection rate was increased to 69.8% with an AUC of 0.813. Thus these serum
markers play an important role in predicting preeclampsia. The study limited in
measuring more serum markers in second trimester of pregnancy whaich could

predict preeclampsia’®’.

N Yu et al in 2017 conducted a nested case-control study in China to determine the
concentrations of first trimester PP13, PAPP-A, B-human Chorionic Gonadotropin
(B-hCG), a distintegrin and metalloproteas and uterine Doppler in second trimesterto
predict preeclampsia and IUGR. The study results showed PAPP-A and ADAM12
were lower in first trimester with increased uterine artery Doppler in second trimester
which could predict preeclampsia and IUGR. However no significant changes were

observed in the levels of PP13 and B-hCG in both the groups'®,

Beljan et al in 2017 conducted a prospective study in Croatia to detect if first trimester
serum PP13 and Copeptin can predict preeclampsia in advanced age nulliparous
women. The results showed insignificant decreased levels of PP13 and significant

increased levels of Copeptin between preeclampsia and unaffected pregnancies. The
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calculated odds ratio for PP13 was 0.93 and for Copeptin are 2.62. Since PP13plays a
key role in placentation and Copeptin in increasing blood pressure and water
retention, so decreased levels of PP13 and increased levels of Copeptin provides
effective first trimester screening for preeclampsia before clinical diagnosis. The

limitation this study was small sample size (n=3) of the preeclampsia cases'®.

De Villiers et al in 2017 conducted a nested case control study in Denmark in the first
trimester samples obtained from a prenatal screening study conducted to detect
preeclampsia and HELLP syndrome with preterm births. The PP13 concentration was
decreased in preeclamptic women and in women with HELLP syndrome compared to
controls in first trimester. These results suggest that PP13 could be a marker in first
trimester to detect the risk for developing the pregnancy complications and pre —term
delivery. The study also concludes the diagnostic utility of PP13 was increased when
combined with free Leptin index The results of the study reported that the detection
rate of PP13 combined with free Leptin index was improved than with PP13 alone.

The study also reported poor fetal outcome in preeclamptic mothers*.

Asiltas B et al in 2018 conducted a case-control study in Turkey to investigate the
predictive value of PAPP-A, PP-13, B-hCG, and oxidative stress marker MDA
individually or in combination in risk assessment of preeclampsia in the first
trimester. The study reported significantly lower PP13 and higher MDA levels
inwomen who developed preeclampsia. The combined model "MDA + PP-
13+ PAPP-A + B-hCG" exhibited the best predictive outcome with AUC of 0.91 with
97% sensitivity and 75% specificity. The study concluded oxidative stress markers
along with placental markers could be used as predictive markers in early pregnancy

for the prediction of later development of preeclampsia. The limitation of the study is
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small sample size of the preeclampsia group and limited parameters were measured in

this study *°.

2.3. XANTHINE OXIDASE

Bambrana V and her co-workers in 2015 conducted a case control study in India to
evaluate the plasma levels of XO activity, uric acid and Nitric oxide levels in
preeclampsia and normal pregnant women during antenatal and post-partum period.
Results showed significant elevated levels of XO activity and uric acid and decreased
levels of Nitric oxide in preeclampsia compared to healthy pregnant women.
Postpartum, there was decrease in the levels of XO activity and uric acid levels and
increased Nitric oxide levels in preeclamptic women compared to controls.
Correlation analysis in preeclampsia, revealed a non-significant negative correlation
between XO activity and Nitric oxide level before and after delivery. Based on these
results it can be hypothesized that increase in XO activity and uric acid is due to
hypoxia reperfusion injury in the preeclamptic placenta leading to elevated oxidative
stress which suppresses the expression of endothelial nitric oxide synthase. Limitation
of the study is measurement of XO activity in all trimesters of pregnancy would help
us to understand the pathological changes at an early stage and also to know if XO
activity could be a marker for early identification of women at risk for

preeclampsia®.

In 2016, Elmas et al conducted a case-control study in Turkey to study the
relationship between the levels of plasma Allantoin, Uric acid and XO activity and
hypertension and their predictive role in preeclampsia. The results showed uric acid,
XO activity and Allantoin levels were related to arterial blood pressure in

preeclampsia. Higher levels of uric acid, XO activity and Allantoin levels were seen
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in preeclampsia compared to controls. These increased levels reflect high cell death
due to abnormal trophoblastic activity observed in preeclampsia. ROC showed
highest AUC for XO activity 0.92 compared with uric acid (0.88) and Allantoin
(0.73). Uric acid, XO activity and Allantoin showed positive correlations with blood
pressure, however nitrate levels didnot show any changes in cases of preeclampsia.
Limitation of the study is there was no data available on the levels of these markers
before the appearance of preeclampsia symptoms, a prognosis follow-up was not done
and gestational age at delivery and birth weight of all pregnant women were not

recorded!*°.

2.4. CASPASE-3

In 2012, Hsu CD and his co-workers conducted a case control study in China on the
placentas of preeclamptic and normotensive women to determine if gene
polymorphism of Caspase 3 proteins differs between patient with and without
preeclampsia. Their findings indicate that preeclamptic placentas expressed
significantly more genotype of TT of Caspase-3 SNP (+567) than normotensive
patients when compared to CC. These findings indicate that placental caspase-3 gene
polymorphisms are associated with preeclampsia and suggested that preeclampsia is a

trophoblastic disorder**.

In 2013, Cali U and his co-workers conducted aprospective case control in Turkey to
examine the placental expression of Caspase-3 and Bcl2 (inner mitochondrial
membrane protein which inhibits apoptosis) in preeclampsia, IUGR and Hemolysis,
Elevated Liver enzymes and Low Platelet Count (HELLP) syndrome. The results
showed significantly higher Caspase-3 immunostaining score indicating increased

placental apoptosis in each group compared with the control group. Placental
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apoptosis may be initiated by a variety of stimulus like hypoxia and oxidative stress.
Increased apoptosis in the trophoblast may also reduce the nutrient transport across
the trophoblast resulting in IUGR. Limitation of the study is small sample size and
maternal serum Caspase-3 levels were not compared between preeclampsia and

healthy pregnant women™*2.

In 2014, Mendilcioglu | and his co-workers conducted a case-control study on
placental tissue to determine whether preeclampsia is associated with an increase in
placental apoptosis by measuring the placental expression of apoptotic mediators such
as Fas, Fas ligand, Caspase-3, p53, B-cell lymphoma 2 (Bcl-2) and BAX protein. The
study concluded increased apoptosis in preeclampsia may not be associated with

significant alterations in the expression of apoptotic mediators™*.

In 2016, Dagdelen M et al conducted a case control study in Turkey to demonstrate if
placental apoptosis is increased in preeclampsia as compared to normal pregnant
women. Apoptosis was evaluated by Caspase-3, BAX protein and terminal
deoxynucleotidyltransferase-mediated deoxyuridine triphosphate nick end-labelling
(TUNEL) immunohistochemical methods in syncytiotrophoblasts, syncytial cluster,
extravillous cytotrophoblast, decidual and stromal cells. The three methods showed
significant apoptosis in preeclamptic group compared to normal group. Apoptosis in
the placental bed is increased in preeclamptic woman.Limitation of the study is
evaluation of apoptosis in the tissue samples was done by semi-quantitative method
and not by quantitative method like flow cytometry and maternal serum Caspase-3
levels could have been measured to know the early occurrence of increased

apoptosis™.
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In 2018, Suparman E et al conducted a cross-sectional studyin Indonesia to see the
difference of expression of apoptotic markers LC3 and Caspase-3 in normal
pregnancy, early onset and late onset preeclampsia. The study results showed no
difference in the expression of LC3 between the three groups however expression of
Caspase-3 differed significantly. Expression of Caspase-3 in early onset preeclampsia
was higher than normal pregnancy.Weakness of the study was confounding factors
such as nutritional factors and gestational age were not considered during sampling
which could affect the validity of the study and also examination methods used in this

study was another limitation'*°.

2.5. LGALS13 GENE

In 2009, Gebhardt S et al in South Africa conducted a prospective cohort study to
investigate the role of novel and known sequence variations in the LGALS13 gene in
association with adverse pregnancy outcomes (preterm labor). The gene variants
identified in the group were -98 A/C (rs: 3764843), IVS2-36 G/A, IVS2-22 A/G
(rs: 2233706), 1VS2-15 G/A, 130A-G, 221delT, Hotspot, 260A-G, 1VS3+ 72T/A
(rs:2233708) and 351G-A. The novel exonic variant, 221delT was found to be
associated with adverse pregnancy outcome (preterm labor) with a relative risk of
2.27. The deletion of a single thymine base at the nucleotide position 221 in the exon
3 of LGALS13 gene, resulting in substitution of a leucine with the tryptophan residue
at amino acid position 74. This result in production of altered and truncated protein in
which 37 amino acids are removed which may be important for its function.
Limitation of the study is PP13 were not measured inorder to understand whether if
the variant could be associated with the altered protein level and also would be helpful
to know if PP13 could be used as an early biomarker for pregnancy related

complications™.
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In 2018, Madar Shapiro L etalconducted a case-control study in London to predict
the risk of developing preeclampsia in first trimester combining the promoter region
variants and maternal risk factors. The study reported lower LGALS13 expression
with the “A” nucleotide replaced by “C” in the -98 promoter region and adjusted OR
calculated for A/A genotype combined with history of preeclampsia, BMI >35,
advanced maternal age>40, black ethnicity could serve to predict preeclampsia in
first trimester. This was the first study to demonstrate genetic analysis in maternal
plasma samples and suggested polymorphism as a risk factor for the assessment of
preeclampsia. However more studies are required to study the role of polymorphisms

in the development of the disease so as to find novel therapeutic measures*.

2.6. NITRIC OXIDE AND ADMA

In 2012, Rizos D et al in Greece conducted a prospective study to measure the levels
of ADMA in all trimesters in uncomplicated pregnancies, women who developed
preeclampsia and also in women who had small for gestational age babies (SGA). The
study results showed lower levels of ADMA throughout gestation in normal
pregnancies and in women who had SGA babies compared to women who had
complicated pregnancies. However the levels of ADMA were significantly elevated in
women who developed preeclampsia especially in the second trimester which could
be due to reduced activity of DDAH, an enzyme which is sensitive to oxidative stress.
ADMA also showed positive correlation with fetal birth weight in pregnancies with
SGA and in uncomplicated pregnancies. Limitation of the study is small sample size,
missing data on the pregnant women who had IUGR and also on their BMI. This

limited the authors to find out the difference between the levels of ADMA in women
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who had SGA babies and who developed IUGR, and also any role of BMI and

ADMA on the development of preeclampsia™®.

In 2013, Alpoim PN and her co-workers in Brazil conducted a case-control study to
evaluate the levels of ADMA in early-onset and late-onset (severe) preeclampsia.
The results showed that ADMA levels were increased in the early severe
preeclampsia compared to late severe preeclampsia and normotensive pregnant
women. No difference was observed comparing late severe preeclampsia and
normotensive pregnant. This study concluded that oxidative stress occurs during in
early placental development in preeclampsia causing inactivation of the enzyme
DDAH I1 leading to accumulation of ADMA. ADMA is known to affect angiogenesis
and decreases the synthesis of nitric oxide thus impairing placentation and causing
endothelial dysfunction as seen in preeclampsia. The limitation of the study was
ADMA was not measured longitudinally to know if ADMA could be used as a marker

for preeclampsia in early pregnancy™’.

In 2013, Laskowska M et al conducted a case control study in Poland. The levels of
serum endothelial nitric oxide synthase, ADMA and homocysteine levels were
measured in normal and preeclamptic pregnancies. The study reported higher levels of
ADMA and homocysteine levels in preeclampsia compared with controls, however
there was no significant differences in the levels of these molecules in early and late
preeclampsia. Endothelial NOS level was lower in both groups of preeclampsia
compared to controls but was non-significant. The study concluded that the elevated
levels of ADMA and not the decreased levels of endothelial NOS is responsible for
the decreased levels of Nitric oxide in preeclampsia. The study limits in measuring

Nitric oxide levels and small sample size. They study also suggested reducing the
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levels of ADMA and homocysteine may help in prevention and treatment of

preeclampsia®*®.

In 2014, Tayal D et al conducted a case control study in India to find out the
association of inflammatory cytokines, lipid peroxidation end products and NO with
clinical severity and fetal outcome in preeclampsia and also to assess their role as
prognostic determinants. The results showed the parameters MDA, Nitric oxide, IL-6
and TNF were significantly higher and fetal birth weight were significantly lower in
subjects with preeclampsia. A significant positive correlation was observed between
Nitric oxide and uric acid, MDA and urinary proteins and a significant negative
correlation was observed between levels of Nitric oxide, MDA and severe Proteinuria
with fetal birth weight. ROC curve analysis showed AUC for Nitric oxide and MDA
as 0.995 and 0.981 respectively. According to multivariate analysis, Tumor necrosis
factor had superior predictive role in assessing the severity of preeclampsia. The study
concluded that preeclampsia is a disease of multifactorial etiology associated with
oxidative stress, inflammation and endothelial dysfunction. Limitation of the study is
the study design, because longitudinal studies would help in early detection and aid in

better management of this disorder™*®.

In 2015, Zheng Bian and his co-workers in China conducted a prospective nested
case-control study to investigate whether first trimester serum levels of sFLT1, PIGF
and ADMA and second trimester pulsatility index could be markers to predict
preeclampsia. The results showed significantly higher sFLT1 and ADMA levels and
lower PIGF levels in first trimester of women who developed preeclampsia compared
with normal pregnancies. ROC showed an AUC for PIGF + ADMA was 0.902,

BMI+ PIGF+ ADMA was 0.909 which were better than second trimester uterine
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artery pulse index 0.836, but was not significant. Limitation of the study was no sub
group analysis was done; women with only no pregnancy and obstetrics
complications were included in the control group which could introduce bias and

small sample size. Further studies in larger populations are needed?°.

In 2015, Zeng et al conducted a case-control study in China to investigate the change
of levels of serum Homocysteine, Endothelin-1 and Nitric oxide in preeclampsia and
normotensive women. They reported significantly high concentrations of
Homocysteine and Endothelin-1 and low levels of Nitric oxide in patients with
hypertensive disorders complicating pregnancy compared to the control group.
Correlation analysis showed level of serum Homocysteine and Endothelin-1 was
positively correlated and Nitric oxide was negatively correlated with severity of the
disease. Increased Homocysteine levels could be due to insufficient intake or
malabsorption of B group vitamins leading to elevated levels of Homocysteine
resulting in endothelial cell injury. This results in increased synthesis of Endothelin-1
and decreased synthesis of Nitric oxide. The limitation of the present study is the
patients were not followed up and could not get data of serum Homocysteine,

Endothelin-1 and Nitric oxide levels after recovery and pregnancy outcomes*?.

In 2015, Lopez —Alarcon et al in Mexico conducted a prospective cohort study to
evaluate whether serial determinations of ADMA and Homocysteine levels could be
useful during pregnancy to predict preeclampsia. Vitamins Bg, B, and Folic acid
were also measured. The study reported that elevated levels of ADMA and
Homocysteine precede the clinical manifestations of preeclampsia and monitoring

their levels help to identify women at risk for preeclampsia®?.
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In 2015, Zheng JJ et al conducted a case control study in China to study the
relationship between the steroid hormones such as estradiol and progesterone and
ADMA and their role in causing endothelial dysfunction in severe preeclampsia. This
study results showed significantly increased serum and placental levels of ADMA in
severe preeclampsia compared to normal pregnant women. Significantly increased
levels of progesterone, decreased estradiol and decreased progesterone/estradiol ratio
was observed in severe preeclampsia. Significant positive correlation was observed
between systolic blood pressure (SBP), MAP and progesterone/estradiol ratio with
serum ADMA levels in both severe preeclampsia and control group. Estradiol is
known to increase the expression of endothelial NOS to maintain the placental
vascular tone and also to regulate blood pressure. Imbalance in the levels of steroid
hormones and increase in ADMA levels is thought to result from ischemic placenta
which is responsible for the clinical manifestations of preeclampsia. The study also
suggested that estradiol therapy could reduce ADMA levels as it can reverse the effect
of oxidized low density lipoprotein on the activity of DDAH. The study limits in not
measuring the expression of DDAH in the placenta and correlating it with

progesterone/estradiol ratio’?.

Hodzic J et al in 2017 conducted a prospective cross sectional study in Zenica to
investigate the biosynthesis of Nitric oxide in preeclampsia and in normal pregnancy.
The results showed that levels of Nitric oxide increased as gestation progressed
compared to non-pregnant women. However the late third trimester of normal
pregnant showed non-significant decrease in Nitric oxide levels compared to the non-
pregnant women. A statistically non-significant decrease in serum levels of Nitric
oxide was seen in preeclampsia compared to non-pregnant and control group. A

significant positive correlation was also seen between Nitric oxide concentrations and
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systolic blood pressure, diastolic blood pressure, creatinine clearance and uric acid. A
significant negative correlation was observed between Nitric oxide levels and platelet

count. Limitation of the study is small sample size'**.

Darkwa E.O et al in 2018 conducted a case-control study in to compare the levels of
Nitric oxide in healthy pregnant women and preeclampsia in Ghana. This study
reported that there was a significant difference in the blood pressure between the
preeclampsia and normotensive group, however there was no significant reduction in
plasma Nitric oxide levels between the two groups. A non-significant negative
correlation was observed between plasma Nitric oxide levels and MAP. The study
concluded that plasma Nitric oxide may not play a role in the pathophysiology of
preeclampsia and changes in Nitric oxide levels are a poor predictor of mean arterial

pressures in preeclampsia®.

Deniz R et al in 2019 conducted a case-control study in Turkey to evaluate the levels
of Elabela, Apelin and Nitric oxide levels in maternal blood of normal pregnant
women, pregnant women with preeclampsia, severe preeclampsia and umbilical
arteries and venules of new born. The study results demonstrated low levels ofthese
molecules in preeclampsia and severe preeclampsia and their newborns’ venous-
arterial blood and also their relation with low birth weight. The possible reason for
the reduced levels of endothelial dysfunction markers could be due to pathological
changes in preeclampsia. Limitation of the study is low sample size and since Apelin
and Nitric oxide results were controversial in preeclampsia more studies are needed to

evaluate this relationship*%.

Abraham AJM et al in 2019 conducted a cross sectional study in India to evaluate the

predictive capacity of ADMA, TAS and time of onset of hypertension for adverse
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neonatal outcomes like low birth weight, fetal and infant mortality, pre-term births
and with low apgar score in hypertensive disorders of pregnancy. The study reported
ADMA with an AUC of 0.752 could predict fetal mortality and with an AUC of 0.731
can predict babies with low apgar score. TAS was also reported to be a predictor of
preterm births with an AUC of 0.718. The study also reported the role of blood
pressure and time of onset of hypertension to predict adverse fetal outcomes.
Although oxidative stress parameter MDA was measured however, the study limits in
measuring the levels of folic acid, homocysteine and DDAH to know the other

reasons for the elevated levels of ADMA?.
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3.0. AIM AND OBJECTIVES

3.1 Aim

Measurement of Oxidative Stress Index, Caspase-3 and Placental protein 13 during
placentation and their possible relation with endothelial dysfunction in first and
second trimesters of preeclampsia and normotensive pregnancy with LGALS-13 gene

analysis in the cord blood.

3.2. Objectives

1. To determine the Oxidative Stress Index in terms of total oxidant status and total
antioxidant status in the first and second trimesters of normotensive pregnancy
and in preeclampsia cases.

2. To determine the concentration of plasma Placental protein 13, Caspase-3 and
Xanthine oxidase activity in first and second trimesters of normotensive
pregnancy and in preeclampsia cases.

3. To estimate the ratio of Asymmetric dimethyl arginine to Nitric oxide in relation
to endothelial dysfunction in first and second trimesters of normotensive
pregnancy and in preeclampsia cases.

4. To find out the frequency of occurrence of genetic polymorphism of LGALS13

gene from the cord blood of preeclamptic and normotensive women postpartum.
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4.0. RESEARCH METHODOLOGY

4.1. MATERIALS

Study designed was prospective nested case-control carried out in R L Jalappa
Hospital and Research Centre, Tamaka, Kolar. The duration of the study was three
years (August 2016 to August 2019), and study was conducted by the Department of
Biochemistry in collaboration with Department of Obstetrics and Gynaecology of
Sri Devaraj Urs Medical College, Tamaka, Kolar. The study design and the patients
recruitment criteria was approved by the University Central Ethics Committee of Sri
Devaraj Urs Academy of Higher Education and Research Centre in a letter with vide
number SDUAHER/KLR/R&D/47/2017-18 dated on 7-7-2017. The participants of

the study were recruited on obtaining patient written informed consent.

4.1.1. Calculation of sample size

Sample size was calculated based on the difference found in PP13 levels between
cases and controls. To detect the concentration difference of 16.2pg/mL in PP13
between the cases and controls with 90% power, 95% confidence interval with an

average variance estimate of PP13 as 243.36 pg/mL*’.
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Based on the following equation, the estimated total sample size was 268 pregnant

womenwith 10% dropout rate during the follow-up.

Where Z, = standard normal deviate for a 95% = 1.96, Zg = standard normal deviate

for B with power 90% = 1.28 and d= difference in means.

4.1.2. Sample collection

Four ml of whole blood was collected in EDTA tubes from pregnant women in first
and second trimesters of pregnancy during their antenatal check-up visit to the
Department of Obstetrics and Gynecology. Blood samples were centrifuged at 3000
rpm for 10 minutes at 4°C to obtain the clear plasma. Thus obtained clear plasma was
stored at-80°C until analysis. The umbilical cord was clamped, wiped with antiseptic,
needle was inserted into the vein in the umbilical cord at fetal side and 2ml of cord
blood was drawn in an EDTA tube which was stored at 4°C for extraction of the
DNA. Soon after the sample was collected both the mother and the neonate were

treated in R.L.Jalappa Hospital as per the standard care adapted by the hospital.

4.1.3. Inclusion criteria

Pregnant women who visited for prenatal check-up in the first trimester to the
Department of Obstetrics and Gynaecology were enrolled in the study. Based on the
criteria women who were primigravida with healthy single fetus without any

anomalies confirmed by ultrasonography were included in the study. They were also
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followed at second trimester and until delivery for record of fetal outcome and

collection of cord blood.

4.1.4. Exclusion criteria

Pregnant women with any history of chronic hypertension and on treatment, renal
disease, thyroid disorder, gestational diabetics, epilepsy, hypertensive
encephalopathy, cardio vascular disease, twin pregnancies and those having the habit

of tobacco chewing/consumption were excluded from the study.
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4.2. METHODS
The following Table 1 describes various methodologies and instruments used in the
study.

Table 1: Methods and Instruments used for biochemical analysis

S.No. Parameter Make/Catalog Instrument
[0}

1. Total Oxidant Status (U/mL)  Double antibody Sunred, Merilyzer
sandwich Shanghai, EIAQuant
ELISA China
201-12-5538
2. Total Antioxidant Status Double antibody Sunred, Merilyzer
(U/mL) sandwich Shangai ElAQuant
ELISA, China
201-12-7412
3. Placental protein 13 (pg/mL) Competitive inhibition  Cusabio, China  Merilyzer
Enzyme immunoassay =~ CSB-E12733h  EIAQuant
technique
4. Xanthine Oxidase activity Colorimetric Assay Biovision, USA  Merilyzer
(mU/mL) K710-100 EIAQuant
5. Caspase-3 (pg/mL) Quantitative sandwich ~ Cusabio, China  Merilyzer
enzyme immunoassay ~ CSB-E08856h  EIAQuant
technique
6. Nitric oxide (nmol/pL) Colorimetric Assay Biovision, USA  Merilyzer
K262-200 ElAQuant
7. Asymmetricdimethylarginine Quantitative sandwich ~ Cusabio, China  Merilyzer
(ng/mL) enzyme immunoassay ~ CSB-E09298h  EIAQuant
technique
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4.2.1. DETERMINATION OF PLASMA HUMAN TOTAL OXIDANT STATUS
Method: Human Total oxidant status (hTOS) measured by enzyme-linked
immunosorbent assay (ELISA) technique as per the procedure supplied by Shanghai
Sunred Biological Technology Company Ltd, China.

Principle: This quantitative technique based on the principle of double-antibody
sandwich ELISA method.The antigen which is to be analyzed in plasma sample is
incubated with specific antibody coated to the well. Then a second antibody which is
labeled with horse radish peroxidase (HRP) is added which binds to the coupled
antigen-antibody to form antibody-antigen/antibody complex and thus the antigen is
now sandwiched between two antibodies. After washing procedure, substrate was
added and allowed to react by an enzyme conjugated with antibody that can catalyze
the conversion of colourless substrate into coloured product. The intensity of the
colour produced is directly proportional to the antigen/total oxidant capacity in the
sample measured at 450 nm.

Reagents:

Standard solution (480 U/mL)
Standard diluents
Streptavidin-HRP conjugate
30X Wash solution
Biotin-(TOS) antibody
Chromogen solution A

Chromogen solution B

© N o o~ w DN PE

Stop solution

Procedure: To the test wells 50 pL of patients serum sample and 50 pL of standard
(S1-S5) was added. 10 pL of Biotin-(TOS) antibody was added to test wells and not
to the standard wells because standards already had combined biotin antibody.

50 pL of Streptavidin —HRP- conjugate reagent was added to test wells and standard

74




wells. The plate was sealed with the sealing membrane and incubated for 60 minutes
at 37°C. After washing procedure, 50 uL chromogen A and 50 pL chromogen B
solution was added. The sealed plate was incubated for 10 minutes at 37°C and 50 L
of stop solution was added to all the wells. The blank and standards were run in
duplicates. The blank was adjusted to zero and optical density (OD) was measured at

450 nm.

Calculation: After plotting the standard concentration on the X-axis and the OD
values on the Y-axis, the standard curve was drawn on excel sheet. According to
standards’ concentration and corresponding OD values, the standard curve linear
regression equation was calculated. The OD values of the sample was applied in the
regression equation (y= 0.018x- 0.0487, R?= 0.994) and corresponding TOS in the
sample was calculated. The sensitivity of the test was1.362 U/mL. The assay range

was 1.5- 400 U/mL. The result was represented as U/mL.
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Preparation of standard curve for Total Oxidant Status

Standard S1 S2 S3 S4 S5
Concentration U/mL 15 30 60 120 240
Absorbance 450 nm 0.12 | 0.22 0.57 1.37 2.49

STANDARD CURVE FOR TOTAL OXIDANT
STATUS
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Concentration of Total Oxidant Status in U/mL
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4.2.2. DETERMINATION OF PLASMA HUMAN TOTAL ANTIOXIDANT
STATUS

Method: Human Total antioxidant status (hTAS) measured by enzyme-linked
immunosorbent assay (ELISA) technique as per the procedure supplied by Shanghai

Sunred Biological Technology Company Ltd, China.

Principle: This quantitative technique based on the principle of double-antibody
sandwich ELISA method. The total antioxidant status measured by considering
antioxidant enzymes in a sample.The antigen which is to be analyzed in plasma
sample is incubated with specific antibody coated to the well. Then a second antibody
which is labelled with HRP is added which binds to the coupled antigen-antibody to
form antibody-antigen/antibody complex and thus the antigen is now sandwiched
between two antibodies. After washing procedure, substrate is added and allowed to
react by an enzyme conjugated with antibody that can catalyze the conversion of
colorless substrate into coloured product. The intensity of the colour produced is
directly proportional to the antigen/total oxidant capacity in the sample measured at

450 nm.

Reagents:

Standard -144U/mL
Standard Diluent
Streptavidin-HRP conjugate
30X Wash solution
Biotin-(TAS) antibody
Chromogen solution A and B

N o a ~ wbdhPF

Stop solution
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Procedure: 50 pL of serum sampleand 50 pL of standard (S1-S5) were added to the
wells. The blank and standards were run in duplicates. The 10 pL of Biotin-(TAS)
antibody was added to the test wells and not to the standard wells because standards
already had combined biotin antibody. 50 pL of Streptavidin—-HRP- conjugate reagent
was added to test and standard wells. The plate was sealed with the sealing membrane
and incubated for 60 minutes at 37 °C. After washing process, 50uL chromogen A
and 50uL chromogen B was added to all the wells. Theplate was sealed and incubated
again for 10 minutes at 37 °C and 50 pL of stop solution was added. Taking blank as
zero, OD was measured under 450 nm wave length within 15 min after adding the

stop solution.

Calculation: Taking the standard concentration on the X-axis and the OD values on
the Y-axis, the standard curve was drawn on excel sheet. According to standards’
concentration and corresponding OD values, the standard curve linear regression
equation was calculated. The OD values of the sample was applied in the regression
equation (y= 0.041x-0.010, R*= 0.993) to calculate the corresponding TAS in the
sample. The sensitivity of the test was 0.411 U/mL. The assay range was

0.5-120 U/mL. The result was represented as U/mL.
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Preparation of standard curve for Total Antioxidant Status

Standard S1 S2 S3 S4 S5
Concentration U/mL 45 9 18 36 12
Absorbance 450 nm 0.114 | 0.337 | 0.829 | 1.601 2.906

Absorbance 450 nm

STANDARD CURVE FOR TOTAL
ANTIOXIDANT STATUS
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4.2.3. DETERMINATION OF PLASMA PLACENTAL PROTEIN 13
Method: Placental protein 13 (PP13) is measured by enzyme-linked immunosorbent
assay (ELISA) technique as per the procedure supplied by Cusabio Biotech Co. Ltd,

China.

Principle: This assay employs the competitive inhibition enzyme immunoassay
technique. Antibody specific for PP13 has been pre-coated onto a micro plate. A
competitive inhibition reaction launched between PP13 (standards or samples) and
HRP-conjugated PP13 with the pre-coated antibody specific for PP13. The more
amount of PP13 in the samples, the less antibody bound by HRP-conjugated PP13.
Following washing procedure, substrate was added to the wells, colour develops is
inversely proportional to the concentration of PP13 in the sample and measured at 450

nm.

Reagents

Standard
HRP-Conjugate
20 X Wash buffer
Substrate A
Substrate B

L

Stop Solution

Procedure: 50 pL of patients serum sample and 50 pL of standards (S1-S5) were
added to the wells. The standards and blank were run in duplicates. 50 pL of HRP-
conjugate was added to both standards and sample wells but not to blank well. The
plate was gently shook and incubated for 1hour at 37 °C. Each well was aspirated and
washed thrice with the wash buffer. 50 puL of Substrate A and 50 pL of Substrate B
was added to each well and mixed well. The plate was incubated for 15 min at 37 °C.

50 uL of stop solution was added to each well and the plate was tapped gently to
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ensure thorough mixing. The optical density was determined within 10 minutes using

a micro plate reader set to 450 nm.

Calculation: The standard curve was plotted by taking the mean absorbance for each
standard on the x-axis against the concentration on the y-axis. With the sample OD
value in the equation (y= 0.041x + 0.010, R*= 0.996), the PP13 concentration in the
sample was calculated. The detection range was 2.5 -1000 pg/mL. The sensitivity was

less than 1 pg/mL.The result was represented as pg/mL.
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Preparation of standard curve for PP13

Absorbance 450 nm

Standard S1 S2 S3 S4 S5 S6
Concentration pg/mL 0 25 10 50 250 1000
Absorbance 450 nm 3.27 | 210 | 1.10 | 0.62 0.21 0.11
STANDARD CURVE FOR PLACENTAL
PROTEIN 13
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4.2.4. DETERMINATION OF PLASMA XANTHINE OXIDASE ACTIVITY

Method: Xanthine oxidase activity is measured by colorimetric assay as per the

procedure supplied by BioVision Incorporation, USA.

Principle: Xanthine oxidase oxidizes xanthine to hydrogen peroxide (H2O,) which
reacts stoichiometrically with OxiRed (chromogen) probe to generate pink colour

measured at 570 nm.

Reagents:

Xanthine oxidase assay buffer
OxiRed™ probe

Xanthine oxidase enzyme mix
Xanthine oxidase substrate mix
Xanthine oxidase positive control
H,0O, standard

S o

Procedure: To the standard wells 10, 20, 30, 40, 50uL of the 0.2 mM H,0, standard
was added. The total volume was made up to 50 pL in each well with distilled water
to generate 0,2,4,6,8,10 nmol/H,0, standards. 50 M1 test samples wasadded to sample
wells. For the positive control, SulL of positive control solution was added and the
volume was made upto 50 pL/well with distilled water. 50 puL of reaction mix (Assay
buffer+ substrate mix +enzyme mix+OxiRed™) was added to each well containing
standard, positive control and test samples. The plate was measured immediately at
570 nm at T; and A;was recorded. The plate was incubated away from light at 25°C
for 10-20 minutes and measured again at T, to read A,. The signal generated by XO

is AA = A ,- Ax. The kit detects 1-100 mU XO in 100ul reaction volume.
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Calculation: The background absorbance was subtracted from all the values. The
H,0, standard curve was plotted. The sample AA was applied to the H,O, standard

curve to get B nmol of H,O,. The result was represented as mU/mL.

B x sample dilution factor
XO activity (mU/mL) =

(T2-T1) x V

Where B = amount of H,O,generated by xanthine oxidase from standard curve (nmol)
T1 = time of the first reading (A) (in min)
T,= time of the second reading (A) (in min)
V = pre-treated sample volume added into the reaction well (in ml)
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Preparation of standard curve for XO activity

Standard S1 S2 S3 S4 S5
Concentration mU/mL 2 4 6 8 10
Absorbance 450 nm 0.073 | 0.124 | 0.224 | 0.325 0.392
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4.25. DETERMINATION OF CONCENTRATION OF PLASMA CASPASE 3

Method: Caspase-3 concentration measured by enzyme-linked immunosorbent assay

(ELISA) technique as per the procedure supplied by Cusabio Biotech Co. Ltd, China.

Principle: The assay employs the quantitative sandwich enzyme immunoassay
technique. Antibody specific for Caspase-3 pre-coated onto wells of micro plate.
Standards and samples are added into the wells. Caspase-3 present in plasma bound to
immobilized antibody. After removing any unbound substances during washing
procedure, HRP-conjugated antibody specific for Caspase-3 was added into the wells.
On addition of substrate solution, HRP catalyses conversion of substrate into yellow
coloured product measured at 450nm. The intensity of the colour is proportionate to

the amount of Caspase-3 content.

Reagents

Standard
HRP-Conjugate
HRP-Conjugate Diluent
Sample Diluent

Wash buffer

TMB Substrate

Stop Solution

N o a k~ wDnh e

Procedure: 100 pL of standards (S0-S1) and samples were added per well. The plate
was covered with adhesive strip and incubated for 30 minutes at 37 °C followed by
washing procedure.100pL of HRP-conjugate was added to each well and the plate
was covered with a new adhesive strip and incubated for 30 minutes at 37 °C and

again subjected for wash process. 90 puL of TMB Substrate was added to each well
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and incubated for 30 minutes at 37 °C. 50 pL of stop solution was added to each well

and OD was measured at 450nm.

Calculation: The standard curve was constructed by plotting mean absorbance for
each standard on x-axis against the concentration on the y-axis. With the sample OD
value in the equation (y= 0.682x* — 3.729x + 4.335, R?> = 0.960) the caspase-3
concentrationin the sample was calculated. The detection range was 0.312 -20 ng/mL.
The sensitivity of the assay was less than 0.078 ng/mL.The result was represented as

ng/mL.
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Preparation of standard curve for Caspase-3

Standard SO S1 S2 S3 S4 S5 S6 S7
Concentration 0 0.312 | 0.625 1.25 2.5 5 10 20
ng/mL
Absorbance at | 0.1001 | 0.1233 | 0.1547 | 0.3049 | 0.3761 | 0.7361 | 0.9197 | 1.8015
450 nm

Concentration of Caspase 3 in ng/ml
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4.2.6. DETERMINATION OF PLASMA NITRIC OXIDE

Method: Nitric oxide in plasmawas measured by colorimetric assay as per the

procedure supplied by BioVision Incorporated, USA.

Principle: The method based on the principle of reduction of nitrate to nitrite by the
action of nitrate reductase. The nitrite produced is estimated by diazotization of
sulphanilamide in acidic medium and then coupling with naphthyethylene diamine
dihydrochloride to produce pink coloured azo compound. The absorbance was

measured spectrophotometrically at 540nm.

Reagents:

Assay Buffer
Enzyme cofactor
Enhancer

Nitrate Reductase
Nitrate standard

Griess Reagent R1

N o a ~ w nhoE

Griess Reagent R2

Procedure: 5uL of the 100 mM Nitrate standard was reconstituted with 495uL of
Assay Buffer to generate 1 mM standard working solution. Into a series of wells
0,2,4,6,8,10 pL of standards were added. The volume was adjusted to 85 pL with
Assay Buffer to generate 0,2,4,6,8,10 nmol/well of Nitrate Standard. The standards
were run in duplicates. 85 pL of sample was added to each well. To the Blank well,
115 pL of Assay Buffer was added. 5 pL of the Nitrate Reductase mixture and 5 pL
of the enzyme cofactor was added to standards and test wells. The plate was covered
and incubated at room temperature for 1 hour to convert nitrate to nitrite. 5pL

enhancer was added to each well and incubated for 10 minutes. 50 uL Griess Reagent
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R1 and 50 pL Griess Reagent R2 was added to each well. The colour was developed

for 10 minutes at room temperature and the absorbance was read at 540 nm.

Calculation: Taking the concentration of Nitrate in nmol on x axis and absorbance
at 540 nm on y axis, the standard curve was plotted. The absorbance of each sample
was applied in the equation (y=0.157x + 0.009, R” = 0.996) and the concentration of
nitrate inthe sample was calculated. The detection range was 1 nmol nitrate/well or

10pM. The result was represented as nmol/pL.
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Preparation of standard curve for Nitrate

Standard S1 S2 S3 S4 S5
Concentration ng/mL 2 4 6 8 10
Absorbance at 450 nm 0.145 | 0.247 | 0.349 | 0.456 | 0.580
STANDARD CURVE OF NITRATE
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4.2.7. DETERMINATION OF PLASMA ASYMMETRIC DIMETHYL
ARGININE

Method: Asymmetric dimethylarginine (ADMA) concentration measured by
enzyme-linked immunosorbent assay (ELISA) technique as per the procedure

supplied by Cusabio Biotech Co. Ltd, China.

Principle: The assay was based on the principle of quantitative sandwich technique.
The antibody specific for ADMA was pre-coated onto micro plate wells.Standards
and samples wereadded into the wells. ADMA present in plasma was bound to the
immobilized antibody. After removing any unbound substances by washing
procedure, biotin-conjugated antibody specific for ADMA was added to the wells. On
washing, avidin conjugated HRP was added to the wells. After wash process,
substrate solution was added into the wells and yellow colour developed is proportion

to the amount of ADMA measured at 450nm.

Reagents

Standard
Biotin-antibody
HRP-avidin
Biotin-antibody Diluent
HRP-avidinDiluent
Sample Diluent

Wash Buffer

TMB substrate

Stop solution

© 0o N o g B~ w b PE

Procedure: 100 pL of standards (S1-S7) and samples were added to the micro titre
plate. The plate was covered with adhesive strip and incubated for 2 hours at 37 °C.

Liquid in each well was removed but not washed. 100 pL of Biotin-antibody was
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added to each well (standards and test wells). The microtiter plate was sealed with
adhesive strip and incubated for 1 hour at 37 °C. After washing procedure, 100 pL of
HRP-avidin was added to each well and the plate was incubated for 1 hour at 37 °C.
After washing procedure, 90 pL of TMB Substrate was added to each well and the
plate was again incubated for 15-30 minutes at 37 °C. 50 pL of Stop Solution was

added and OD was determined at 450 nm.

Calculation: The standard curve was constructed by plotting mean absorbance for
each standard on x-axis against the concentration on the y-axis. With the sample OD
value in the equation (y=905.5x*— 280.7x +30.93, R?*= 0.960), the concentration of
ADMA in the sample was calculated. The detection range was 7.8 -500 ng/mL. The

sensitivity was less than 1.95 ng/mL.The result was represented as ng/uL.
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Preparation of standard curve for ADMA

Standard S1 S2 S3 S4 S5 S6 S7
Concentration ng/mL 7.8 156 | 31.2 | 625 | 125 | 250 | 500
Absorbance at 540 nm | 0.150 | 0.177 | 0.272 | 0.383 | 0.478 | 0.743 | 0.855

STANDARD CURVE FOR ADMA
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4.2.8. ANALYSIS OF LGALS13 GENE

The LGALS13 gene encoding for PP13 is located on chromosome 19q13.1. It consists

of promoter region and four exons E1-E4. The cord blood at fetal side was collected

for isolation of DNA, amplification and sequencing of the gene.

Analysis of LGALS13 gene consists of the following procedures.

o a k~ wnE

Isolation of genomic DNA

Determination of purity of the DNA

Standardization of the exons of LGALS13 gene
Amplification of DNA by polymerase chain reaction (PCR)
Purification of amplified product

Sequencing

1. Isolation of Genomic DNA

Genomic DNA extraction protocol consisted of treating 2 ml of cord blood sample by

salting out procedure®’.

Reagents:

Erythrocyte Lysis Buffer (ELB): (1L, pH 7.4 set with concentrated HCI, stored
at 4°C) - 0.155M 8.3g NH.CI, 0.01M 0.03g EDTA and 0.0001M 1.1g
KHCO;s.

20% sodium dodecyl sulphate (SDS): (100mL, stored at room temperature to
prevent precipitation): 20 g of SDS dissolved in 80mL of milli-Q water which
was further made upto 100mL.

Proteinase K (stored at -20°C): 20mg/mL dissolved in milli-Q water, aliquot
in 1.5mL Eppendorf tubes

NaCl : (500mL, saturated solution): 5M 146.1g NacCl

80% Ethanol (freshly prepared): 80mL of 100% ethanol in 20mL of milli-Q

water
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vi.  Tris EDTA buffer (100mL, pH 8)-1M 121.14g Tris-Cl& 0.5M 292.25g EDTA
Measure 1mL of 1M Tris-Cl and 0.2mL of 0.5M EDTA and add to Duran
bottle. Make up the volume to 100mL by adding 98.8mL distilled water. Close
the lid and invert the bottle for few minutes to mix thoroughly.

vii.  Isopropyl alcohol

Procedure: This method was based upon salting out of cellular proteins by
dehydration and precipitation by saturated NaCl solution.The stored samples were
brought to room temperature and vortexed for 1-2 minutes and later transferred to 15
mL falcon tube. The volume was made upto 12 mL with ELB and vortexed
vigorously for 2-3 minutes. Any debris or clumps formed in the tube was discarded.
The tubes were kept in the refrigerator for 30 minutes. The tubes were centrifuged for
10 min at 3000 rpmand supernatant was disposed, without disturbing the pellet. The
pellet was dissolved in 10mL ELB, centrifuged at 3000 rpm for 10 min, supernatant
was discarded keeping the pellet. The pellet was dissolved again in 8mL ELB,
centrifuged at 3000 rpm for 8 min. 5SmL of ELB was added and mix thoroughly. 270
ML of 20% SDS and 30 pL of proteinase K (20mg/mL) were added. The tubes were
swirled slowly so that no foam was formed and incubated overnight in 37°C water

bath.

500uL of 5M NaCl was added in the falcon tubes drop by drop. Equal volume of
Isopropyl alcohol was added, mixed, and swirled gently until the DNA strands are
visible. DNA was carefully transferred to an eppendorf containing 500uL of 80%
ethanol, air-dried at room temperature for half an hour and centrifuged at 12,000 rpm
for 7 minutes. The supernatant was discarded without disturbing the pellet. 500uL of

80% ethanol was added and centrifuged for 5 minutes at 12,000 rpm.
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The supernatant was again discarded and centrifuged for 2 min. The supernatant was
discarded and the pellet was air dried for 45 minutes. 500pL of Tris EDTA buffer was
added and kept in 65°C water bath for half an hour. Eppendorfs were parafilmed and
placed in the rotator so that the DNA was solubilised in the TE buffer. DNA sample

was stored at -80° C till further analysed.

2. Determination of DNA purity
The DNA obtained from the above procedure was subjected for checking purity by
using spectrophotometer against TE buffer as blank. The absorbance of DNA sample
mixed with TE buffer was measured at 260nm and 280nm. The purity was
representedby the ratio between 260/280 nm, the DNA samples having the ratio
between 1.7-1.9 were considered for PCR reactions. The DNA samples with expected

purity were used for PCR reactions.

3. Standardization of the Exons of LGALS13 gene

Reference sequence for LGALS13 gene (Accession No: NC _000019.10) was
retrieved from the NCBI website. The gene consists of 4 exons spaced by introns.
The primer pairs (forward and reverse) for each coding exon were designed using the
software IDT (Integrated DNA technologies, Inc, Coralville, 10, USA) and was also
checked for hair pin loops, presence of homo and heterodimers, Primer melting
temperature Tm (°C), Primer GC content and Primer size. The primers were
purchased from Sigma Merck company.

The software In-silico PCR was used to check if the designed primer was amplified.

LGALS13 primers details were given in the Table 2.
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Reagents for PCR

i. PCR purification kit (Genei Pvt. Ltd)

ii. Taq DNA polymerase buffer

iii. Tag DNA polymerase

iv. dNTP (10mM)

v. Primers (Sigma Aldrich chemicals USA)

Reagents for agarose gel electrophoresis

I Agarose
ii. Loading dye: 0.042% (W/V) Bromophenol blue powder, 2.5% Ficoll and

0.042% (W/V) Xylene Cyanol FF.

iii. Ethidium bromide
v, Tris Acetate EDTA buffer (TAE): 50X stock solution: Dissolve 242g Tris

base in water adding 57.1mL glacial acetic acid and 100mL of 500mM EDTA
(pH 8.0) solution and the volume was made upto 1 liter. 1X TAE buffer was

prepared by diluting 20mL of stock into 980mL of deionised water.

Procedure: The gene was standardized using gradient PCR reactions for each exon
using forward and reverse primer. The annealing temperatures were calculated based
upon the GC and AT content by the formula 4GC+2AT. To know the exact annealing
temperature, gradient PCR was run. The amplified products were run on Agarose gel
electrophoresis. 2% agarose gels were prepared by dissolving 2g of agarose in 100mL

of 1X TAE buffer in a conical flask.
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Table 2: Details of LGALS13 primers

SALES ORDER NO: 3001464003
CUSTOMER NO: 2035582539
SHIPMENT DATE: 25/06/2019

Technical Datasheet INSTITUTE: Orbit Science
RESEARCHER: Orbit Science

PURCHASE ORDER NO: ORBIT/PO/181/SDUAHER

This is computer generated repot and needs no signature

Batch # Oligo Name Oligo # Len|Pur |Scale [MW |Tme® [ugioD[OD [ug  |nmol ,(',’,:}'c‘,’“',' Dimer |2ndry GC% %&-Sequence(shif)
BA01020197 [LGAL13ExontFP_ |3001464003-1000 |20 [DST [0.025 [6031 [641 |18 [o0 [2870 [a75 [.891 [No |weak  |s5 |a75 |ccrosrascceaatceacas
[Ba01020198 [LGAL13 Exont R Ta001464003-2000 [20 [D$T [o.025 6015 [ea0 [s12 [77 2407 Jaoo |-924 [No [None |50 Jaoo :::cazcmmecmcmc
[Ba0t020190 [LoaL1zExona FP [3001464003-300 |20 [osT [o025[se70 [64.1 [342 [ss Js355 [s61 | 746 |No [None  [so  [ser szizcccTTTCATCTCCAA
[Bact020200 [LoAL13 Exon2 kP [3001464003-400 |20 [DST Jo.025 [6013 640 [334 o1 Jsoss [s06 | 795 [No [weak  [ss  |sos :z:it\ccc;xcmmmﬁm
[BA01020201 [LGAL13 Exon3 P [aoo1a4003-500 |20 [oST [o.025 [e228 [640 [315 [102 [5214 [516 |76 [No |Moderate |so st ?f:ca:TcTGGGGArGAGGAG
[8a01020202 [LoAL13 Exon3RP [s001464003.600 |20 [osT o025 [sees [638 [s26 [o1 [2969 [407 | 828 |No |none  [so Jae7 Sjjilrlcccmmcacoccr
[BA01020203[LGAL13 Exon 7P [s001464003.7000 [22 [osT [oo2s [eess [e38 [200 |70 |68 |45 [287 [No [None  Jso Jsas ::::xcmsmommswc
[8A01020204 [LGAL13 Exone RP [s001464003-800 [o2 [oST [o02s [esss [e18 [207 |78 |21 [537 |14 |No |Veryweak [s0 Jsa7 ::j;cemewemecmc

SiLS/14/12
* Calculation is provided for olgos shipped dry

Key to Symbols:R=A+G, Y

Phosphorothioate linkages

C+T M
*, 2'0-Methyl RNA

[=] # [=]

Bin Number: 5

Centrifuge tube prior to opening to prevent loss of pelleted oligonucleotide.

For R&D u nly. Not for drug, household, or other uses.
A+CK=G+T,5=G+CW=A+ A+T+CB=G+T+CD=G+A+TN=A+C+G+TV=G+A+C
[mA], ImG], [mC], [mU], LNA Bases = [+A], [+G], [+C], [+T], DNA Bases within RNA oligos = [dA], [dC], [dG], [dT]

T,H=

sStan & save pONe

SIGMA-ALDRICH"
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Agarose was melted for 45 seconds in oven and allowed to cool at room temperature.
4uL of ethidium bromide was added to cooledagarose and was poured into the gel
caster and comb was placed. The bubbles were removed from the surface of the
agarose and ensured no bubbles were trapped beneath the comb. The gel was allowed
to solidify at room temperature for 30-45 minutes. Gel was transferred to the
electrophoresis tank, sufficient 1XTAE was added to cover the gel to the depth of

approximately 1Imm and the comb was removedcarefully.

4 uL PCR product was mixed with 1uL of loading buffer and loaded into the wells
on the submerged gel with a micropipette. 3uL of an appropriate DNA molecular
weight marker was also loaded into a well on the gel. The lid of the electrophoretic
tank was closed and the run was allowed to take place at 100 volts and 400mA for 45
minutes. The DNA bands were visualized on the gel under UV illumination in Biorad
Gel Documentation system and captured in Gel Doc system. The observed annealing

temperature for Exon 1 (61.3°), Exon 2 (61.3°), Exon 3 (61.3°) and Exon 4 (64.3°).

. Amplification of DNA by Polymerase Chain Reaction (PCR)

The isolated DNA from each cord blood sample was subjected to PCR reactions by
using both forward and reverse primer of the respective exons at their annealing
temperatures. The amplification was assessed by running the amplicons along with
the DNA markers on Agarose gel electrophoresis and the bands were visualised in
Bio Rad Gel Doc System. The amplified DNA products that exhibited prominent and
clear bands on gel were subjected for further purification. The composition of PCR

mix is given in Table 3.

100




5. Purification of PCR amplified products
Purification of the PCR product was carried out according to the protocol
provided in the GeneiPure™Quick PCR purification kit manual (Cat No.
2115300021730) for the removal of primer, primer-dimers and low molecular
weight DNA fragments generated by non-specific amplification. 100ul PCR
product was added to 500pl of binding buffer and mixed thoroughly. GeneiPure™
Column was placed into 2 ml Collection tube and the sample was loaded into the
column and subjected to centrifugation for 1 minute at 11,000 rpm. The flow
through was discarded and the GeneiPure™ Column was placed back in the

Collection tube.

The GeneiPure™ Column was washed with 500ul with Wash Buffer I,
centrifuged at 11,000 rpm for 1 minute and flow through is discarded and the
column was placed back in the Collection tube. 150ul of Wash Buffer 11 is diluted
with 600ul of absolute ethanol (1:4) and mixed thoroughly. GeneiPure™ Column
was subjected for washing with 700 pl of diluted Wash Buffer Il, centrifuged at
11,000 rpm for 1 minute, flow through was discarded and the GeneiPure™
Column was placed back to the Collection Tube. It is again subjected for
centrifugation for 2 minutes at 11,000 rpm to remove the traces of Wash Buffer.

The Collection Tube was discarded.

The GeneiPure™ Column was opened and placed in a 1.5 sterile vial and
incubated for 2 minutes at 70°C to ensure the complete removal of ethanol. In
another sterile 1.5ml vial, required amount of Elution Buffer was taken and pre-
warmed in a dry bath set at 70°C for 5 minutes. For elution of DNA, 50ul of

Elution Buffer was added to the centre of the column and incubated at room
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temperature for 1-2 minutes to increase the yield of DNA. The eluted DNA

centrifuged for 1 minute at 11,000rpm and stored at -20°C.

6. Sequencing

The purified DNA used for sequencing all the four exons of LGALS13 gene. The

procedure consists of a) Amplification of the target DNA b) post-sequencing clean

up c) analysis.

a) Amplification of the target DNA: The PCR purified products were subjected
to sequencing reactions with only the forward primer of the respective exon.
The components of the PCR mix for the sequencing reactions are shown in the
Table 4.

b) post-sequencing clean up :

Reagents:
1. EDTA 125mM (pH 8.0) :

2. Sodium Acetate 3M (pH 5.2):
Master mix 1 consists of 2 pl of 125 mM EDTA and 10 pl sterile Milli Q water. The
total reaction volume was 12 pl. Master mix 2 was prepared by adding 2 pl of sodium
acetate and 50 pl of ethanol. The total reaction volume was 52 pl. 10 pl of PCR
sample was taken in a sterile eppendorf and 12 pl of master mix 1 and 52 pl of master
mix 2 was added. The eppendorf was vortexed and incubated at room temperature for
15 minutes followed by a spin at 14 thousand rpm for 5 minutes. The supernatant was
discarded by blotting on the tissue paper. 250 pl of 70% ethanol was added and the
eppendorf was incubated at room temperature for 5 minutes and spun down for 10
minutes at 12 thousand rpm followed by the removal of supernatant by blotting on the

tissue paper.
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Table 3: Composition of PCR mix

Components Final
Volume(ul)
1. Forward primer 1.0
2. Reverse primer 1.0
8 DNA sample 3.0
4. 1X Taq Buffer with MgCl; 4.0
5. dNTPs 2.5
6. Taq polymerase 0.3
7. Milli Q water 13.2
Total reaction volume 25.0

Table 4: Composition of PCR mix for sequencing PCR

Components Final
Volume (ul)

1. Forward primer 2.0
2. DNA sample 2.0
8l Dilution Buffer 1.5
4. Dideoxy nucleotides 1.0
5. Milli Q water 4.0
Total reaction volume 10.0
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The pellet was dried at room temperature for 15 minutes and 12 ul of Hi-Di™
Formamide (Applied Biosystems). The solution was mixed with the micropipette
properly along the walls of the eppendorf and subjected to denature in PCR at 96°C

for 2 minutes and snap chilled at 4°C.

c) Sequencing of exons: On completion of post-sequencing clean up of sequencing
DNA of all the exons were subjected for sequencing. DNA sequencing was performed
for all the four exons of the LGALS13 gene with BigDye® Terminator v3.1 Cycle
Sequencing Kit using ABI-3500 Genetic Analyzer (Applied Biosystems, USA)
according to the manufacturer’s instructions. The results obtained from sequencing of
all the exons were recorded and subjected for data analysis to identify any

polymorphism.

Data analysis
Chromas software was used to get the FASTA sequence. Mutational analysis was
performed using clustal omega multi-sequencing software by comparing with the

reference LGALS13 gene sequence.

According to WHO, in pregnancy > 11g/dL is non-anemia, < 11g/dL as anemia, <10
g/dL as moderate anemia and < 7g/dL as severe anemia '*®. The criteria for the
diagnosis of preeclampsia was systolic blood pressure > 140 mmHg and/or diastolic
blood pressure > 90mmHg recorded with 4 hours apart on two occasions, plus
dipstick Proteinuria > 2+ after 20™ week of pregnancy. Gestational age (weeks) was
calculated based on the first day of the last menstrual period. According to WHO, the
infants are classified as Low Birth Weight (LBW) with <2500 grams and normal birth

weight as 2500-4000 grams™?°.
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4.3. STATISTICAL ANALYSIS

The research data of the study was not normally distributed and hence the results were
represented as median (inter-quartile range) and the level of significance between the
measured parameters in first and second trimesters was derived from Wilcoxon signed
rank test. To assess the correlation between the measured parameters in preeclampsia
group and control group, Spearman’s rank correlation was used. ROC curve was
plotted to know the diagnostic performance of the parameters. Statistical analysis was
done using SPSS licensed version IBM 22.0 and p-value<0.05 was considered

statistically significant.
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CHAPTER-5

RESULTS &DISCUSSION




5.0. RESULTS AND DISCUSSION

5.1. Results

The study population comprised of the normotensive pregnant women (n=268) at
their first trimester in the age group of 20-30 years. The demographic details were
recorded and blood samples were collected during their first trimester (8-11 weeks)
visit for antenatal check up. The same group were followed in a longitudinal manner

to second trimester and up to delivery.

During follow-up, 12 women underwent spontaneous abortions after their first
trimester. The results observed from the 12 abortive cases were also recorded. So the
number of subjects entered into second trimester were n=256. Blood samples were
collected in the second trimester (20-24 weeks). The number of subjects that
developed preeclampsia during follow up were recorded (n=22). The basal first
trimester data and the second trimester data of the preeclamptic cases (n=22) and
normotensive group (n=248) were compared to find out any research evidence of the

study parameters that can serve as a predictive marker.

The haematological and biochemical characteristics of normotensive group and
preeclampsia were illustrated in Table 5. The investigations were screened as general
characteristics during patient visit to OBG department for antenatal check-up were
presented. The women who developed preeclampsia had median maternal age 21

years with hemoglobin levels < 11g/dL.
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Table 5: Comparison of | trimester maternal characteristics, hematological and

biochemical parameters in preeclampsia and normotensive women

Variables Trimester-I Trimester-I Spontaneous
abortions
(n=22) (n = 246)
(n=12)
Median IQR Median IQR Median IQR
Maternal age (years) 21 20-22 24 22-25 21 20-22
Body weight (kg) 51 47-54 53 51-54 52 51-54
Height (m) 1.56 1.48-1.6 1.56 1.49-1.6 1.53 1.5-1.57
BMI (kg/m?) 20.31 18.59-23.03 21.33 18.1-22.65 21.22 18.32-22.1
SBP (mmHg) 110 100-200 110 100-110 110 100-200
DBP (mmHg) 70 65-80 70 70-80 70 65-80
MAP(mmHg) 83.33 78.33-93.33  83.33 76.66-90 83.33 78.33-93.3

Haemoglobin (gm%b) 10.4 9.2-11.35 12.2 11.5-12.7 12.15 11.5-12.7

Platelets (10°/uL) 265 238-280 266 254-315 266 254-315
Total Count (mm®) 8.21 7.40-8.8 8.2 7.6-8.6 8.0 7.6-8.6
MCV (Fl/red cell) 73.11 72.8-77.6 87.1 85.4-89.9 87.1 85.4-89.9
MCH (pg/cell) 2431 20.21-26.13 28.42 26.44-30.22 27.22 26.44-30.2
RBS (mg/dL) 99 95.75-108.2  100.5 95.75-110 97.5 95.75-110
Creatinine (mg/dL) 0.7 0.6-0.8 0.7 0.6-0.8 0.7 0.6-0.8
Blood Urea (mg/dL) 22 20.5-25.5 24 21-27 25 21-27
Calcium (mg/dL) 9 8-10 9.9 8.9-10.8 9.9 8.9-10.8
Uric acid (mg/dL) 3.2 2.9-3.45 3.3 3.1-38 3.3 3.1-3.8

*p<0.05 statistically significant.BMI — body mass index; SBP- systolic blood pressure;

DBP- diastolic blood pressure; MAP - mean arterial pressure.
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Table 6 depicts the median and inter-quartile range of TOS, TAS and OSI in first and

second trimesters of normotensive women and the cases developed preeclampsia.

In normotensive pregnant women, even though TOS was elevated, simultaneously to
counteract the oxidative stress, TAS was also elevated. Therefore OSI was marginal
between trimesters. However, the basal values of the preeclampsia group indicated 2.4
fold increase of oxidative stress evinced minimal increase of antioxidant status. The
OSU in normotensive pregnant group is marginally declined between first and second
trimesters whereas the same indicator in second trimester of preeclampsia developed
cases elevated to 2.6 fold when compared basal values in the first trimester. The
research resultsdenotes the characteristic cause in onset of preeclampsia is linked to

elevated oxidative stress with inadequate TAS.

Thereby concentration of free radical species in a hypoxic environment play

predominant role as one of the causative factor in onset of preeclampsia.
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Table 6: Oxidative Stress Index in | & Il trimesters of normotensive and cases

developed preeclampsia

Variables Trimester- |

(n = 246)

Normotensive

Tr

(

imester-11

n = 234)

Normotensive

Median IQR Median  IQR P
Total Oxidant Status (U/mL) 33.08 30.53-42.8 555 50.15-60.4  <0.001"
Total Antioxidant Status (U/mL) 15.47 14.22-22.3  34.67 8.80-50.0 <0.001"
Oxidative Stress Index (TOS/TAS) 2.1 2-2.20 1.61 1.12-5.67 0.191
Trimester- | Trimester-11
(n=22) (n=22)
Preeclampsia Preeclampsia
Median IQR Median IQR p
Total Oxidant Status (U/mL) 37 34.5-38 89.67 76.1-107.26  <0.001"
Total Antioxidant Status (U/mL) 14.65 13.93-18.1 20 6.22-24 0.300
Oxidative Stress Index (TOS/TAS) 2.02 1.85-223 529 3.69-16.28  <0.001"

*p<0.05 statistically significant, IQR inter-quartile range
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Table 7 illustrates the values of Placental protein 13, Caspase 3 and XO activity in 1&
Il trimesters of normotensive and preeclampsia group. PP13 level observed
considerably lowered by 1.54 fold in first trimester compared to the second trimester
in the normotensive pregnant group. Whereas fourfold decrease of PP13 value

observed in the baseline data of the cases developed preeclampsia in the study group.

The overall research results emphasize that the predominant role of PP13 during
placentation process and also signifies the key importance of considering as a
biochemical indicator during pregnancy period to understand early the possible
implication of disease process and the probability of such subjects develops

preeclampsia.

In addition to this, elevated XO enzyme activity also contributes in predicting
preeclampsia. XO activity was not increased to an appreciable level in first and
second trimester of normotensive pregnant. However in cases of preeclampsia, its
activity doubled. Therefore screening of XO activity along with oxidative stress index
provides useful information in diagnosis of preeclampsia. XO activity at first trimester
of pregnancy irrespective of the vulnerability of the subjects towards preeclampsia
implies almost same value. While the normotensive subjects in their pregnancy period
exhibited almost similar value in first and second trimester. The notable research
outcome is that the cases prone towards preeclampsia and developed preeclampsia at
second trimester indicated significant elevated XO activity. Hence, study propose that

screening of XO activity has diagnostic importance in predicting preeclampsia.

Cellular Caspase-3 is a terminal enzyme in a cascade process of apoptosis. In
pregnancy, the involvement of placenta and itsexposure to oxidative stress alters the

cellular integrity and releases to blood. Caspase-3 concentration at first and second
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trimesters gradually increases by 2 fold in normotensive and 3 fold in preeclampsia.
Therefore oxidative stress index, PP13, XO activity and Caspase-3 levels are elevated
in the same manner in preeclampsia condition. Therefore, Caspase-3 level observed
increase in second trimester of normotensive (11 ng/ml) and further higher value in
preeclampsia (18 ng/ml). The data of Caspase-3 measurement facilitates to diagnose
the involvement of placental pathology in preeclampsia and serves as a cost effective

marker.

Table 8 narrates the parameters linked to vascular function in normotensive
pregnancy and in preeclampsia. The Nitric oxide plays a predominant role in the
regulation of blood pressure. Therefore adequate concentration of Nitric oxide is of
paramount importance. However generation of Nitric oxide by NOS in the
endotheliAL cell is regulated by various factors. ADMA is of one such factor alters
the activity of NOS and thus alters Nitric oxide level. Most commonly Nitric oxide is
detected in the plasma as a stable form of nitrate. The Nitric oxide level in second
trimester increases by two fold in normotensive group and also cases developed
preeclampsia. Since the Nitric oxide level is unaltered in the second trimester of
normotensive group and in preeclampsia cases, determination of Nitric oxide as a

single parameter is not reliable and conclusive in early prediction of preeclampsia.
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Table 7: Placental protein 13, Caspase-3 and Xanthine oxidase activity in | & 11

trimesters of normotensive and cases that developed preeclampsia

Variables Trimester- | Trimester-11

(n = 246) (n = 234)

Normotensive Normotensive

Median IQR Median IQR P
Placental protein 13 (pg/mL) 20591 102-296 323.38  189-463 <0.001"
Xanthine oxidase activity 125 10.8-14.7 135 12.3-16.4 <0.001"
(mU/mL)
Caspase-3 (ng/mL) 5.56 5-6.20 10.9 9.88-12.07  <0.001"

Trimester- | Trimester-11

(n=22) (n=22)

Preeclampsia Preeclampsia

Median IQR Median 1QR P
Placental protein 13 (pg/mL) 110.98  99-221 429.78  344-540 <0.001"
Xanthine oxidase activity 12.2 10.8-13.7 33.9 22.15-42.5  <0.001"
(mU/mL)
Caspase-3 (ng/mL) 5.8 4.9-6.4 17.99 10.11-19.35 <0.001"

*p<0.05 statistically significant, IQR inter-quartile range
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Whereas ADMA serves as a significant marker by virtue of its diagnostic importance.
As per the research results ADMA level in second trimester of normotensive is
increased by 2 fold (45 ng/ml). The same parameter increased by 4 fold in
preeclampsia (84.69 ng/mL) determines ideal conditions to serve as a marker in
assessment of preeclampsia at early stage and found to be statistically significant. In
the second trimester, the normotensive group showed marginal increase in ADMA:
Nitric oxide where as preeclampsia group showed 2 fold increases from its base line
first trimester values. Two fold increase in ADMA:Nitric oxide was also observed

between normotensive group and preeclampsia in second trimester.

Table 9 reflects fetal outcome and gestational age at delivery. Normotensive group
and cases of preeclampsia reveals lower gestational age and slightly lowered birth
weight in preeclampsia. Significant difference was noted with respect to gestational

age by 2 weeks difference without contributing much for fetal weight.

However, the preeclampsia developed cases have less haemoglobin level <11gm/dl
compared to the normotensive group <l14gm/dl. Thereby there is direct evidence
linked between maternal anemia and low birth weight. Based on the available
information, feto-maternal circulation of oxygen and increased oxidative stress is

associated with impaired placentation and vascularisation.
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Table 8: Showing the concentrations of Nitric oxide, ADMA and ADMA:Nitric
oxide in relation to endothelial functionin 1& Il trimesters of
normotensive and cases developed preeclampsia

Variables Trimester- | Trimester-11

(n = 246) (n = 234)

Normotensive Normotensive

Median IQR Median IQR P

Nitric oxide (nmol/uL)  2.43 2.02-3.12 4.45 4.14-4.78 <0.001"
ADMA (ng/mL) 20.99 16.43-24.77  45.65 37.99-51.02 <0.001"
ADMA:Nitric oxide 9:1 10:1

Trimester- | Trimester-11

(n=22) (n=22)
Preeclampsia Preeclampsia
Median IQR Median IQR P
Nitric oxide (nmol/pL)  2.22 1.83-3.01 4.33 4.09-4.8 <0.001"

ADMA (ng/mL) 21.6 19.61-23.38 84.69  74.57-96.37  <0.001"

ADMA:Nitric oxide 10:1 20:1
*p<0.05 statistically significant, IQR interquartile range

Table 9: Showing fetal outcome in study population

Parameter Normotensive Preeclampsia
(n=234) (n=22)
Gestational age at delivery 39 [38-40] 37 [38-39]
(weeks)
Infant birth weight (kgs) 3.0[2.60-3.0] 2.40[2.2-2.4]

*p<0.05 statistically significant, IQR inter-quartile range
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Table 10 shows the correlation between OSI, Caspase-3 and PP13 with endothelial
function markers at first trimester in normotensive group and preeclampsia. Among
normotensive group, OSI is very weak negative correlated with Nitric oxide and it
was found to be statistically significant (p=0.030). Whereas ADMA has a moderate
correlation which was found to be statistically significant (p<0.001). Caspase-3 has a
positive correlation with Nitric oxide which was not statistically significant but has a
fair degree of negative correlation with ADMA and was also found to be statistically
significant (p<0.001). But PP13 has a very weak non-significant positive correlation

with Nitric oxide and ADMA.

Among preeclampsia, OSI shows a positive correlation with Nitric oxide and ADMA
which is a weak correlation and was not statistically significant. Whereas Caspase-3
has a negative weak correlation with Nitric oxide but has weak positive correlation
with ADMA which was not found to be statistically significant.Whereas PP13 has a
weak positive correlation with Nitric oxide but positive correlation with respect to

ADMA.

Table 11 shows the correlation between OSI, Caspase-3 and PP13 with endothelial
function markers at second trimester in normotensive group and preeclampsia. In
normotensive group, in the second trimester OSI and Nitric oxide shows weak
correlation which was statistically significant. Similarly with ADMA, OSI showed a
positive non-significant positive correlation. Whereas Nitric oxide and ADMA has
no significant correlation with Caspase 3. Nitric oxide and ADMA did not show any

significant correlation.
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Table 10: Correlation between Oxidative Stress Index, Caspase-3 and PP13 with
endothelial function parameters at first trimester in normotensive
pregnant women and in preeclampsia

Normotensive Spearman’s Preeclampsia  Spearman’s P
group rho (p) rho (p)

OSI& Nitric oxide -0.139 0.030° | OSI& Nitric +0.026 0.901
oxide

OSI& ADMA +0.230 <0.001" | OSI& ADMA +0.176 0.399

Caspase-3 &Nitric  +0.108 0.093 | Caspase-3 -0.201 0.335

oxide &Nitric oxide

Caspase-3& -0.250 <0.001" | Caspase-3& +0.015 0.943

ADMA ADMA

PP13 & Nitric +0.103 0.108 | PP13 & Nitric +0.119 0.570

oxide oxide

PP13 & ADMA +0.106 0.099 |PP13& ADMA  +0.346 0.090

*p<0.05 = statistically significant

Table 11: Correlation between Oxidative Stress Index, Caspase-3 and PP13 with
endothelial function parameters at second trimester in normotensive
pregnant women and in preeclampsia

Normotensive  Spearman’s Preeclampsia Spearman’s
group rho (p) rho (p)

OSI& Nitric +0.242  <0.001" | OSI& Nitric -0.034 0.879
oxide oxide
OSI& ADMA +0.329 0.109 | OSI& ADMA +0.410  <0.001"
Caspase-3 & +0.010 0.875 | Caspase-3 & -0.339 0.097
Nitric oxide Nitric oxide
Caspase-3& -0.023 0.729 | Caspase-3& +0.308 0.134
ADMA ADMA
PP13 & Nitric -0.074 0.265 | PP13 & Nitric -0.487 0.016"
oxide oxide
PP13 & ADMA -0.121 0.068 | PP13 & ADMA +0.405 0.044"

*p<0.05 = statistically significant
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In second trimester among the preeclampsia group, OSI and Nitric oxidehas a very
weak negative correlation, OSI and ADMA has a moderately high correlation which
was found to be statistically significant (p <0.001). Caspase-3 shows a negative
correlation with Nitric oxide which was not statistically significant. ADMA has a
positive correlation with Caspase-3 and not found to be statistically significant. PP13
was negatively correlated with Nitric oxide and showed significance (p=0.016).

ADMA has a significant positive correlation with PP13 (p=0.044).

Table 12 illustrates the sensitivity, specificity and area under curve of the
parameters analyzed in first trimester. The data showed good area under curve for

PP13, ADMA, TAS and OSI in preeclampsia.

Table 13 illustrates the sensitivity, specificity and area under curve of the parameters
analyzed in second trimester. The data showed good area under curve for PP13,
Caspase-3, XO activity, ADMA and TOS in second trimester in women who

developed preeclampsia.
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Table 12: Receivers operating characteristic curves for the parameters in first
trimester of pregnancy

Trimester-I

Parameter Cut-off  Sensitivity Specificity AUC 95% CI p
Range
(%) (%)
PP13 (pg/mL) 117.77 95 78 0.932 0.855-1.00 <0.001
ADMA(ng/mL) 19.7 72 78 0.733 0.921-1.00 0.008
TAS (U/mL) 20.06 91 78 0.807 0.657-0.95 <0.001
osl 1.86 73 82 0.747 0.586-0.90 0.005

Table 13: Receivers operating characteristic curves for the parameters in second
trimester of pregnancy

Trimester-11

Parameter Cut-off Sensitivity Specificity AUC 95% ClI p
Range

(%) (%)
PP13 (pg/mL) 371.25 95 87 0.955 0.887-1.00 <0.001
Caspase-3 12.9 64 82 0.704 0.53-0.877 0.021
(ng/mL)
XO activity 17.25 95 78 0.969 0.921-1.00 <0.001
(mU/mL)
ADMA(ng/mL) 50.36 100 100 1.00 1.00-1.00 <0.001
TOS (U/mL) 53.76 95 82 0.971 0.928-1.00 <0.001
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Figure 15: Gel picture of standardization of the four Exons of LGALS13 gene
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Reference Promoter

ANGCCCGAGEECARGECTGARGTGEGTCATTTAAATGCTGCAAMCT CAGAGATTCACTCAG
ANGCCCERAGEECARGECTGARGTGEGTCATTTAAATGCTGCARMCT CAGAGATTCACTCAG
AMGCCCGAGEECARGECTGARGTGGGTCATTTRAAATGCTGCARCT CAGAGATTCACTCAG
AAGCCCGAGEGCALGECTGARGTGEEGT CATTTARAT GCTGCARCT CAGRGATTCACT CAG
ARGCCCGAGEECANGECTGARGTGEEGTCAT TTARAT GCTGCARCT CAGRGATTCACTCAG
ARAGCCCGAGEEFCANGECTGARGTGEETCAT TTARAT GCTGCARCT CAGRGATTCACT CAG
ARGCCCGAGEEFCANGECTGARGTGEETCAT TTARAT GCTGCARCT CAGRGATTCACTCAG
ANGCCCGAGEECARGECTGARGTGEGTCATTTAAATGCTGCAAMCT CAGAGATTCACTCAG
ANGCCCERAGEECARGECTGARGTGEGTCATTTAAATGCTGCARMCT CAGAGATTCACTCAG
AMGCCCGAGEECARGECTGARGTGGGTCATTTRAAATGCTGCARCT CAGAGATTCACTCAG
AAGCCCGAGGGCALGECTGARGTGEEGT CATTTARAT GCTGCARCT CAGRGATTCACT CAG
AAGCOAGAGGECARGGCTGARGTGGGTCATTTALATGCTGCALCT CAGAGATTCACTCAG
ARGCOARAGEECANGECTGARGTGEETCAT TTARAT GCTGCARCT CAGRGATTCACTCAG
ANGCOARRAGEECARGECTGARGTGEGTCATTTAAATGCTGCARMCT CAGAGATTCACTCAG
ANGCOARRAGEECARGECTGARGTGEGTCATTTAAATGCTGCAACT CAGAGATTCACTCAG
AAGCORGAGEECARGECTGARGTGGGTCATTTRAAATGCTGCARCT CAGAGATTCACTCAG
ANGCOAGAGEECARGECTGARGTGEGTICATTTARATGCTGCARCT CAGAGATTCACTCAG
AAGCOAGAGGGCALGECTGARGTGEEGT CATTTARAT GCTGCARCT CAGRGATTCACT CAG
ARGCOARAGEEFCANGECTGARGTGEETCAT TTARAT GCTGCARCT CAGRGATTCACT CAG
ARGCOARAGEECANGECTGARGTGEETCAT TTARAT GCTGCARCT CAGRGATTCACTCAG
ANGCOARRAGEECARGECTGARGTGEGTCATTTAAATGCTGCARMCT CAGAGATTCACTCAG
ANGCOARRGEECARGECTGARGTGEGTCATTTAAATGCTGCARCT CAGAGATTCACTCAG
AAGCOARAGEECARGECTGARGTGGGTCATTTRARAATGCTGCARCT CAGAGATTCACTCAG
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Figure 16: Alignment of promoter sequence of LGALS13 gene of samples with

NCBI reference sequence of the promoter region. Samples S1 to S21
showing the -98 SNP (Cytosine replaced by Adenine)
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AGCCIGAGGGC

pAGC P AGGGC.

-98 C

-98 A promoter variant

Figure 17: Sequencing Chromatograms showing SNP at -98 position in promoter
region of LGALS 13 gene in preeclampsia in comparison with
promoter region of normal pregnant group
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EEFERENCE EXON1

510
511
512
513
514
515
516
517
518
519
520
521
522

ATGICTICTITTACCC
ATGICTICTITTACCC
ATGICTICTTITACCC
ATGICTICTTITACCC
ATGTCTTCTITTACCC
ATGTCTTCITTACCC
ATGEICTICITTACCC
ATEICTICITTIACCC
ATGICTICITTACCC
ATGICTICTTTACCC
ATGICTICTITTACCC
ATGICTICTITTACCC
ATGICTICTTITACCC
ATGICTICTTITACCC
ATGTCTTCTITTACCC
ATGTCTTCITTACCC
ATGEICTICITTACCC
ATEICTICITTIACCC
ATGICTICITTACCC
ATGICTICTTTACCC
ATGICTICTTTACCC
ATGICTICTITTACCC
ATGICTICTTITACCC

kAR R TR R T R

NCBI reference sequence of Exon 1
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Figure 18: Alignment of Exon 1 sequence of LGALS13 gene of samples with




REFERENCE EXON2

GIGCCATACARACTGCCIGIGICITIGICIGITGEIICCIGCGT GATART CARAGGEACA
GIGCCATACARACTGCCIGIGICITIGICIGITGEIICCIGCGT GATART CARAGGEACA
GIGCCATACARACTGCCIGIGICITIGICIGITGEIICCIGCGT GATART CARAGGEACA
GIGCCATACARACTGCCTGTGICTITGICTGITEGTIICCTIGCGTGATAATCARAGEERACH
GIGCCATACARACTGCCTGTGICTITGICTGITEGTIICCTIGCGTGATAATCARAGEERACH
GIGCCATACARACTGCCTGTGICTITGICTGITEGTIICCTIGCGTGATAATCARAGEERACH
GIGCCATACARACTGCCTGTGICTITGICTGITEGTIICCTIGCGTGATAATCARAGEERACH
GIGCCATACARACTGCCTGTGICTITGICTGITEGTIICCTIGCGTGATAATCARAGEERACH
GIGCCATACARACTGCCTGTGICTITGICTGITEGTIICCTIGCGTGATAATCARAGEERACH
GIGCCATACARACTGCCTGTGICTITGICTGITEGTIICCTIGCGTGATAATCARAGEERACH
GIGCCATACARACTGCCTGTGICTITGICTGITEGTIICCTIGCGTGATAATCARAGEERACH
GIGCCATACARACTGCCTGTGICTITGICTGITEGTIICCTIGCGTGATAATCARAGEERACH
GIGCCATACARACTGCCTGTGICTITGICTGITEGTIICCTIGCGTGATAATCARAGEERACH
GIGCCATACARACTGCCTGTGTICTITGICTGTITEGTTCCTGCGT GATAAT CARAGEERACH
GIGCCATACARACTGCCTGTGTICTITGICTGTITEGTTCCTGCGT GATAAT CARAGEERACH
GIGCCATACARACTGCCTGTGTICTITGICTGTITEGTTCCTGCGT GATAAT CARAGEERACH
GIGCCATACARACTGCCTGTGTICTITGICTGTITEGTTCCTGCGT GATAAT CARAGEERACH
GIGCCATACARACTGCCTGTGTICTITGICTGTITEGTTCCTGCGT GATAAT CARAGEERACH
GIGCCATACARACTGCCTGTGTICTITGICTGTITEGTTCCTGCGT GATAAT CARAGEERACH
GIGCCATACARACTGCCTGTGTICTITGICTGTITEGTTCCTGCGT GATAAT CARAGEERACH
GIGCCATACARACTGCCTGTGTICTITGICTGTITEGTTCCTGCGT GATAAT CARAGEERACH
GIGCCATACARACTGCCTGTGTICTITGICTGTITEGTTCCTGCGT GATAAT CARAGEERACH
GIGCCATACARACTGCCTGTGTICTITGICTGTITEGTTCCTGCGT GATAAT CARAGEERACH

ER R LR R e e R R e

EEFERENCE EXONZ2 CCRATCCACTCTITITAT 77
51 CCAATCCACTCTTITITAT 77
52 CCAATCCACTCTTITTAT 77
53 CCAATCCACTCTITTAT 77
54 CCARATCCACTCTITITAT 77
55 CCAATCCACTCTITTAT 77
1 CCAATCCACTCTTITTAT 77
57 CCAATCCACTCTITTAT 77
58 CCRATCCACTCTITITAT 77
55 CCAATCCACTCTTITITAT 77
510 CCAATCCACTCTTITTAT 77
511 CCAATCCACTCTITTAT 77
512 CCRATCCACTCTITITAT 77
513 CCAATCCACTCTTITITAT 77
514 CCAATCCACTCTTITTAT 77
515 CCAATCCACTCTITTAT 77
516 CCRATCCACTCTITITAT 77
517 CCAATCCRACTCTTITTAT 77
518 CCAATCCACTCTITTAT 77
5159 CCARATCCACTCTITITAT 77
520 CCAATCCACTCTITTAT 77
521 CCAATCCACTCTTITTAT 77
522 CCAATCCACTCTITTAT 77
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NCBI reference sequence of Exon 2
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Figure 19: Alignment of Exon 2 sequence of LGALS13 gene of samples with




REFERENCE EXON3

REFERENCE EXCN3
31
52
33
34
35
36
57
38
39
310
511
312
513
314
515
316
517
318
519
320
521
522

CAATGACCCACAGCTGCAGRTGEATTTCTACACTGACAT GEATGAGGATTCAGATATTGE
CAATGACCCACAGCTGCAGETGEATTTCTACACT GACAT GEAT GAGGATTCAGATATTGE
CAATGACCCACAGCTGCAGETGEATTTCTACACT GACAT GLAT GAGGATTCAGATATTGE
CAATGACCCACAGCTGCAGETGEATTTCTACACT GACAT GLAT GAGGATTCAGATATTGE
CAATGACCCACAGCTGCAGGTGEATTTCTACACTGACATGEATGAGGATTCAGATATTGE
CAATGACCCACAGCTGCAGLTGEATTTCTACACTGRCATGEATGAGGATTCAGATATIGE
CAATGACCCACAGCTGCAGLTGEATTTCTACACTGACATGEATGAGGATTCAGATATIGE
CAATGACCCACAGCTGCAGRTGEATTTCTACACTGACAT GEATGAGGATTCAGATATTGE
CAATGACCCACAGCTGCAGRTGEATTTCTACACTGACAT GEATGAGGATTCAGATATTGE
CAATGACCCACAGCTGCAGETGEATTTCTACACT GACAT GEAT GAGGATTCAGATATTGE
CAATGACCCACAGCTGCAGETGEATTTCTACACT GACAT GLAT GAGGATTCAGATATTGE
CAATGACCCACAGCTGCAGETGEATTTCTACACT GACAT GLAT GAGGATTCAGATATTGE
CAATGACCCACAGCTGCAGGTGEATTTCTACACTGACATGEATGAGGATTCAGATATTGE
CAATGACCCACAGCTGCAGGTGEATTTCTACACTGACATGEATGAGGATTCAGATATTGE
CAATGACCCACAGCTGCAGLTGEATTTCTACACTGACATGEATGAGGATTCAGATATIGE
CAATGACCCACAGCTGCAGSTGEATTTCTACACTGACAT GEATGAGGATTCAGATATTGE
CAATGACCCACAGCTGCAGRTGEATTTCTACACTGACAT GEATGAGGATTCAGATATTGE
CAATGACCCACAGCTGCAGETGEATTTCTACACT GACAT GEAT GAGGATTCAGATATTGE
CAATGACCCACAGCTGCAGETGEATTTCTACACT GACAT GEAT GAGGATTCAGATATTGE
CAATGACCCACAGCTGCAGETGEATTTCTACACT GACAT GLAT GAGGATTCAGATATTGE
CAATGACCCACAGCTGCAGGTGEATTTCTACACTGACATGEATGAGGATTCAGATATTGE
CAATGACCCACAGCTGCAGGTGEATTTCTACACTGACATGEATGAGGATTCAGATATTGE
CAATGACCCACAGCTGCAGLTGEATTTCTACACTGACATGEATGAGGATTCAGATATIGE
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CTTCCEITICCGARTGCACT TTGECAATCATGTGGTCATGAACAGECGTGAGTTTGRGAT
CITCCGITICCRARTGCACTTTGGCAATCATRTGET CATGARCAGRCGTGAGTTTGGGAT
CTTCCEITICCGARTGCACT TTGECAATCATGTGGTCATGAACAGECGTGAGTTTGRGAT
CITCCGITICCRAGTGCACTTTGGCAATCATGTGETCATGARCAGECGTGAGTTTGGGAT
CTTCCEITICCRART GCACT TTGECARTCATGT GRTCATGAACAGECATGAGTTTGEGAT
CITCCGITICCRAGTGCACTTTGGCAATCATGTGETCATGARCAGECGTGAGTTTGGGAT
CTTCCEITICCRART GCACT TTGECARTCATGTGRTCATGAACAGECGTGAGTTTGEGAT
CITCCGITICCRAGTGCACTTTGGCAATCATGTGETCATGARCAGECGTGAGTTTGGGAT
CTTCCEITICCRART GCACT TTGECARTCATGTGRTCATGAACAGECGTGAGTTTGEGAT
CITCCGITICCRAGTGCACTTTGGCAATCATGTGETCATGARCAGECGTGAGTTTGGGAT
CTTCCEITICCRART GCACT TTGECARTCATGTGRTCATGAACAGECGTGAGTTTGEGAT
CITCCGITICCRAGTGCACTTTGGCAATCATGTGETCATGARCAGECGTGAGTTTGGGAT
CTTCCEITICCRART GCACT TTGECARTCATGTGRTCATGAACAGECGTGAGTTTGEGAT
CITCCGITICCRAGTGCACTTTGGCAATCATGTGETCATGARCAGECGTGAGTTTGGGAT
CTTCCEITICCRART GCACT TTGECARTCATGTGRTCATGAACAGECGTGAGTTTGEGAT
CITCCGITICCRAGTGCACTTTGGCAATCATGTGETCATGARCAGRCGTGAGTTTGGGAT
CTTCCEITICCRART GCACT TTGECARTCATGTGRTCATGAACAGECGTGAGTTTGEGAT
CITCCGITICCRAGTGCACTTTGGCAATCATGTGETCATGARCAGRCGTGAGTTTGGGAT
CTTCCEITICCRART GCACT TTGECARTCATGTGRTCATGAACAGECGTGAGTTTGEGAT
CITCCGITICCRAGTGCACTTTGGCAATCATGTGETCATGARCAGRCGTGAGTTTGGGAT
CTTCCEITICCRART GCACT TTGECARTCATGTGRTCATGAACAGECGTGAGTTTGEGAT
CITCCGITICCRAGTGCACTTTGGCAATCATGTGETCATGARCAGRCGTGAGTTTGGGAT
CITCCGITICCRARTGCACTTTGGCAATCATGTIGETCATGAACAGRCGTGAGTTTGGGAT
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BEFERENCE EXON3
51
52
33
54
55
56
g7
38
59

ATGGATGTTGGAGGAGACARCAGACTACGTGCCCTITGAGGATGGCARACARTTTGAGCT
ATGGATGTTGEAGGAGACARCAGACTACGTGCCCTITGAGSAT GGCARACARTTTGAGCT
ATGGATGTTGGAGGAGACARCAGACTACGTGCCCTITGAGGATGGCARACARTTTGAGCT
ATGGATGTTGEAGGAGACARCAGACTACGTGCCCTITGAGSAT GGCARACARTTTGAGCT
ATGGATGTTGGAGGAGACARCAGACTACGTGCCCTITGAGGATGGCARACARTTTGAGCT
ATGGATGTTGEAGGAGACARCAGACTACGTGCCCTITGAGSAT GGCARACARTTTGAGCT
ATGGATGTTGGAGGAGACARCAGACTACGTGCCCTITGAGGATGGCARACARTTTGAGCT
ATGGATGTTGEAGGAGACARCAGACTACGTGCCCTITGAGSAT GGCARACARTTTGAGCT
ATGGATGTTGEAGGAGACARCAGACTACGTGCCCTITGAGSAT GGCARACARTTTGAGCT
ATGGATGTTGGAGGAGACARCAGACTACGTGCCCTITGAGGATGGCARACARTTTGAGCT

510 ATGGATGTTGEAGGAGACARCAGACTACGTGCCCTITGAGSAT GGCARACARTTTGAGCT
511 ATGGATGTTGGAGGAGACARCAGACTACGTGCCCTITGAGGATGGCARACARTTTGAGCT
512 ATGGATGTTGEAGGAGACARCAGACTACGTGCCCTITGAGSAT GGCARACARTTTGAGCT
513 ATGGATGTTGGAGGAGACARCAGACTACGTGCCCTITGAGGATGGCARACARTTTGAGCT
514 ATGGATGTTGEAGGAGACARCAGACTACGTGCCCTITGAGSAT GGCARACARTTTGAGCT
515 ATGGATGTTGGAGGAGACARCAGACTACGTGCCCTITGAGGATGGCARACARTTTGAGCT
516 ATGGATGTTGEAGEAGACARCAGACTACGTGCCCTITGAGRATGGCARRCARTTTGAGCT
517 ATGGATGTTGEAGGAGACARCAGACTACGTGCCCTTTGAGRATGGCARRCARTTTGAGCT
518 ATGGATGTTGEAGEAGACARCAGACTACGTGCCCTITGAGRATGGCARRCARTTTGAGCT
519 ATGGATGTTGEAGGAGACARCAGACTACGTGCCCTTTGAGRATGGCARRCARTTTGAGCT
520 ATGGATGTTGEAGEAGACARCAGACTACGTGCCCTITGAGRATGGCARRCARTTTGAGCT
521 ATGGATGTTGEAGGAGACARCAGACTACGTGCCCTTTGAGRATGGCARRCARTTTGAGCT
522 ATGGATGTTGEAGEAGACARCAGACTACGTGCCCTITGAGRATGGCARRCARTTTGAGCT

LT T T P T T T T P P T e P e )
BREFERENCE EXOM3 GTGCATCTACGTACATTACAATEAGTATGRAL
31 GITGCATCTACGTACATTACRATGAGTATGAR
52 GIGCATCTACGTACATTACAATGAGTATGAG
53 GTGCATCTACGTACATTACAATEACGTATGRAL
34 GTGCATCTACGTACATTACAATEAGTATGAR
35 GIGCATCTACGTACATTACAATEAGTATGAR
=1 GTGCATCTRACGTACATTACAATEGACGTATGRAS
57 GITGCATCTACGTACATTACAATGAGTATGAL
38 GTGCATCTACGTACATTACAATEAGTATGAR
55 GIGCATCTACGTACATTACAATGAGTATGAG
510 GTGCATCTACGTACATTACAATEACGTATGRAL
511 GTGCATCTACGTACATTACAATEAGTATGRAL
312 GITGCATCTACGTACATTACRATGAGTATGAR
513 GIGCATCTACGTACATTACAATEAGTATGAR
514 GTGCATCTRACGTACATTACAATEGACGTATGRAS
515 GTGCATCTACGTACATTACAATEAGTATGRAL
516 GITGCATCTACGTACATTACRATGAGTATGAR
317 GIGCATCTACGTACATTACAATGAGTATGAG
518 GTGCATCTACGTACATTACAATEACGTATGRAL
519 GTGCATCTACGTACATTACAATEAGTATGAR
520 GIGCATCTACGTACATTACAATEAGTATGAR
521 GTGCATCTRACGTACATTACAATEGACGTATGRAS
522 GITGCATCTACGTACATTACAATGAGTATGAL
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Figure 20: Alignment of Exon 3 sequence of LGALS13 gene of samples with
NCBI reference sequence of Exon 3
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EEFEEENCE_EXON4

BREFERENCE Exond
31
52
53
54
53
56
57
58
59
510
511
512
513
514
515
516
517
518
520
521
522
519

ATARAGETCAATGECATACGCATTTACGECTTIGTICCATCOGAATCCCGCCATCATIIGIG
ATARAGGTCAATGGCATACGCATTTACGGCTTIGTCCATCGRATCCCGCCATCATITIGIG
ATARAGGTCAATGEGCATACGCATTTACGGCTTIGTCCATCGRATCCCGCCATCATTITGTIG
ATARAGGTCAATGGCATACGCATTTACGGCTTIGTCCATCGRATCCCGCCATCATITIGIG
ATARAGGTCAATGEGCATACGCATTTACGGCTTIGTCCATCGRATCCCGCCATCATTITGTIG
ATARAGGTCAATGGCATACGCATTTACGGCTTTGTCCATCGRATCCCGCCATCATTTGTG
ATARAGGTCAATGEGCATACGCATTTACGGCTTIGTCCATCGRATCCCGCCATCATTITGTIG
ATARRGETCAATGECATACGCATTTACGECTTIGICCATCGAATCCCGCCATCATIIGIG
ATARAGGTCAATGEGCATACGCATTTACGGCTTIGTCCATCGRATCCCGCCATCATTITGTIG
ATARRGETCAATGECATACGCATTTACGECTTIGICCATCGAATCCCGCCATCATIIGIG
ATARAGGTCAATGGCATACGCATTTACGGCTTIGTCCATCGRAATCCCGCCATCATIIGIG
ATARRGETCAATGECATACGCATTTACGECTTIGICCATCGAATCCCGCCATCATIIGIG
ATARAGGTCAATGGCATACGCATTTACGGCTTIGTCCATCGRATCCCGCCATCATITIGIG
ATARRGETCAATGECATACGCATTTACGECTTIGICCATCGAATCCCGCCATCATIIGIG
ATARAGGTCAATGGCATACGCATTTACGGCTTIGTCCATCGRATCCCGCCATCATITIGIG
ATARAGETCAATGECATACGCATTTACGECTTIGTCCATCGAATCCCGCCATCATIIGIG
ATARAGGTCAATGGCATACGCATTTACGGCTTIGTCCATCGRATCCCGCCATCATITIGIG
ATARAGGTCAATGEGCATACGCATTTACGGCTTIGTCCATCGRATCCCGCCATCATTITGTIG
ATARAGGTCAATGGCATACGCATTTACGGCTTIGTCCATCGRATCCCGCCATCATITIGIG
ATARAGGTCAATGEGCATACGCATTTACGGCTTIGTCCATCGRATCCCGCCATCATTITGTIG
ATARAAGETCAATGGCATACGCATTTACGGCTTTGTCCATCGAATCCCGCCATCATTTGTG
ATARAGGTCAATGEGCATACGCATTTACGGCTTIGTCCATCGRATCCCGCCATCATTITGTIG
ATARRGETCAATGECATACGCATTTACGECTTIGICCATCGAATCCCGCCATCATIIGIG

L L L T T T

ARGRTGGTGCARGTGTCGAGAGATATCTCCCTGACCTCAGTGTGTGICTGCARTTGA
ARAGATGGTGCARGT GTCGAGAGATATCTCCCTGACCTCAGTGTGTGICTGCAATTGA
ARAGATGGTGCARGT GTCGAGAGATATCTCCCTGACCTCAGTGTGTGICTGCAATTGA
ARGATGETGCARGT GTCGAGAGATATCTCCCTGACCTCAGTGTGTGICTGCARATTGA
ARGRTGGTGCARGTGTCGAGAGATATCTCCCTGACCTCAGTGTGTGICTGCARTTGA
ARGATGGETGCARGT GTCGAGAGATATCTCCCTGACCTCAGTGTGTGICTGCAATTGA
ARGATGETGCARGT GTCGAGAGATATCTCCCTGACCTCAGTGTGTGICTGCARATTGA
ARGRTGGTGCARGTGTCGAGAGATATCTCCCTGACCTCAGTGTGTGICTGCARTTGA
ARGATGGETGCARGT GTCGAGAGATATCTCCCTGACCTCAGTGTGTGICTGCAATTGA
ARAGATGGTGCARGT GTCGAGAGATATCTCCCTGACCTCAGTGTGTGICTGCAATTGA
ARGRTGGTGCARGTGTCGAGAGATATCTCCCTGACCTCAGTGTGTGICTGCARTTGA
ARGATGGETGCARGT GTCGAGAGATATCTCCCTGACCTCAGTGTGTGICTGCAATTGA
ARAGATGGTGCARGT GTCGAGAGATATCTCCCTGACCTCAGTGTGTGICTGCAATTGA
ARGRTGGTGCARGTGTCGAGAGATATCTCCCTGACCTCAGTGTGTGICTGCARTTGA
ARAGATGGTGCARGT GTCGAGAGATATCTCCCTGACCTCAGTGTGTGICTGCAATTGA
ARAGATGGTGCARGT GTCGAGAGATATCTCCCTGACCTCAGTGTGTGICTGCAATTGA
ARGRTGGTGCARGTGTCGAGAGATATCTCCCTGACCTCAGTGTGTGICTGCARTTGA
ARAGATGGTGCARGT GTCGAGAGATATCTCCCTGACCTCAGTGTGTGICTGCAATTGA
ARAGATGGTGCARGT GTCGAGAGATATCTCCCTGACCTCAGTGTGTGICTGCAATTGA
ARGRATGGTGCARGTGTCGAGAGATATCTCCCTGACCTCAGTGIGTGICTGCARTTGA
ARGRATGGTGCARGTGTCGAGAGATATCTCCCTGACCTCAGTGTATGTCTGCARTTGA
ARGATGGTGCARGT GTCGAGAGATATCTCCCTGACCTCAGTGTGTGICTGCAATTGA
AEGAIGEIGCAEGIGIdﬂ@GﬁGAIEICICCCIG&CCICAGIGIGIGICIGCAEIIGE
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Figure 21: Alignment of Exon 4 sequence of LGALS13 gene of samples with

NCBI reference sequence of Exon 4. Silent mutation inC.78 G>A,;

P.26 serine-serine (S19)
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B NORMOTENSIVE ~ m PREECLAMPSIA m SPONTANEOUS ABORTIONS

Figure 22: Pie-chart Showing distribution of sub groups as Normotensive/
Preeclampsia/Spontaneous abortions in percentage
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Figure 23: Depicting the median TOS concentration in normotensive pregnant
women at first and second trimesters of pregnancy
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Figure 24: Depicting the median TAS concentration in cases developed
preeclampsia at first and second trimesters of pregnancy
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Figure 25: Depicting the median TAS concentration in normotensive pregnant
women at first and second trimesters of pregnancy
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Figure 26: Depicting the median TAS concentration in cases that
developed preeclampsia at first and second trimesters of pregnancy
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Figure 27: Depicting the median OSI in normotensive pregnant women at first and
second trimesters of pregnancy
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Figure 28: Depicting the median OSI in cases that developed
preeclampsia at first and second trimesters of pregnancy
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Figure 29: Depicting the median PP13 in normotensive pregnant
women at first and second trimesters of pregnancy
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Figure 30: Depicting the median PP13 in cases developedpreeclampsia
at first and second trimesters of pregnancy
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Figure 31: Depicting the median XO activity in normotensive pregnant
women at first and second trimesters of pregnancy
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Figure 32: Depicting the median XO activity in cases developed
preeclampsia at first and second trimesters of pregnancy
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Figure 33: Depicting the median Caspase-3 in normotensive pregnant
women at first and second trimesters of pregnancy
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Figure 34: Depicting the median Caspase-3 in cases developed preeclampsia
at first and second trimesters of pregnancy
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Figure 35: Depicting the median Nitric oxide in normotensive pregnant
women at first and second trimesters of pregnancy

[

TRIMESTER I

TRIMESTER II

Figure 36: Depicting the median Nitric oxide in cases developed
preeclampsia at first and second trimesters of pregnancy
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Figure 37: Depicting the median ADMA in normotensive pregnant
women in first and second trimesters of pregnancy
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Figure 38: Depicting the median ADMA in cases developed preeclampsia in
first and second trimesters of pregnancy
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Figure 39: Receiver operating characteristic curve showing the area under curve
for TAS in first trimester of pregnancy

The diagnostic performance of first trimester TAS was represented by receiver
operating characteristic curvewith False Positive Rate (1- specificity) on X -axis and
True Positive Rate (sensitivity) on Y-axis. Cut-off of 20.06 U/mL showed sensitivity
(91%), specificity (78%), and area under curve (AUC) (0.807), 95% confidence
interval range (0.657-0.956) and p <0.001. Hence, area under curve showed good

accuracy for the test parameter in first trimester.
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Figure 40: Receiver operating characteristic curve showing the area under
curve for OSI at first trimester of pregnancy

The diagnostic performance of first trimester OSI was represented by receiver

operating characteristic curve with False Positive Rate (1- specificity) on X -axis and

True Positive Rate (sensitivity) on Y-axis. Cut-off of 1.86 showed sensitivity (73%),

specificity (82%), AUC (0.747), 95% confidence interval range (0.586-0.908) and

p=0.005. The AUC showed moderate accuracy for the test parameter in first trimester.
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Figure 41: Receiver operating characteristic curve showing the area under curve
for TOS at second trimester of pregnancy

The diagnostic performance of second trimester TOS was represented by receiver
operating characteristic curve with False Positive Rate (1- specificity) on X -axis and
True Positive Rate (sensitivity) on Y-axis. Cut-off of 53.76 U/mL showed sensitivity
(95%), specificity (82%), AUC (0.971), 95% confidence interval range (0.928-1.000)

and p<0.001. AUC showed good accuracy for the test parameter in second trimester.
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Figure 42: Receiver operating characteristic curve showing the area under curve
for PP13 at first trimester of pregnancy

The diagnostic performance of first trimester PP13 was represented by receiver

operating characteristic curve with False Positive Rate (1- specificity) on X -axis and

True Positive Rate (sensitivity) on Y-axis. Cut-off of 117.77 pg/mL showed

sensitivity (95%), specificity (78%), and AUC (0.932), 95% confidence interval range

(0.855-1.000) and p<0.001. AUC showed good accuracy for the test parameter in first

trimester.
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Figure 43: Receiver operating characteristic curve showing the area under curve
for PP13 at second trimester of pregnancy

The diagnostic performance of second trimester PP13 was represented by receiver
operating characteristic curve with False Positive Rate (1-specificity) on X -axis and
True Positive Rate (sensitivity) on Y-axis. Cut-off of 371.25 pg/mL showed
sensitivity (95%), specificity (87%), AUC (0.955), 95% confidence interval range
(0.887-1.000) and p<0.001. AUC showed good accuracy for the test parameter in

second trimester.
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Figure 44: Receiver operating characteristic curve showing the area under
curve for Caspase-3 at second trimester of pregnancy

The diagnostic performance of second trimester Caspase-3 was represented by

receiver operating characteristic curve with False Positive Rate (1-specificity) on X -

axis and True Positive Rate (sensitivity) on Y-axis. Cut-off 12.90 ng/mL showed

sensitivity (64%), specificity (82%), AUC (0.704), 95% confidence interval range

(0.530-0.877) and p = 0.021. AUC showed moderate accuracy for the test parameter

in second trimester.
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Figure 45: Receiver operating characteristic curve showing the area under curve
of XO activity in second trimester of pregnancy

The diagnostic performance of second trimester XO activity was represented by
receiver operating characteristic curve with False Positive Rate (1-specificity) on X -
axis and True Positive Rate (sensitivity) on Y-axis. Cut-off of 17.25 mU/mL showed
sensitivity (95%), specificity (78%), AUC (0.969), 95% confidence interval range
(0.921-1.000) and p<0.001. AUC showed good accuracy for the test parameter in

second trimester.
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Figure 46: Receiver operating characteristic curve showing the area under curve
of ADMA in first trimester of pregnancy

The diagnostic performance of first trimester ADMA was represented by receiver
operating characteristic curve with False Positive Rate (1-specificity) on X -axis and
True Positive Rate (sensitivity) on Y-axis. Cut-off of 19.70 ng/mL showed sensitivity
(72%), specificity (78%), AUC (0.733), 95% confidence interval range (0.921-1.000)

and p =0.008. AUC showed good accuracy for the test parameter in first trimester.
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Figure 47: Receiver operating characteristic curve showing the area under curve
of ADMA in second trimester of pregnancy

The diagnostic performance of second trimester ADMA was represented by receiver
operating characteristic curve with False Positive Rate (1-specificity) on X -axis and
True Positive Rate (sensitivity) on Y-axis. Cut-off of 50.36 ng/mL, showed
sensitivity (100%), specificity (100%), AUC (1.000), 95% confidence interval range
(1.000-1.000) and p<0.001. AUC showed best accuracy for the test parameter in

second trimester.
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5.2. DISCUSSION

Our findings on the demographic characteristics of the study population revealed that
pregnant women with 21 years of age group with primigravida were more tend to
develop preeclampsia in comparison with the normal pregnant women with age of
24-25 years. Generally, advanced maternal age (>30 years) is a risk factor for pre term
delivery and early onset of preeclampsia'®®. Few studies have reported teenage
pregnancy adds to the risk of preeclampsia'®***2. On the other hand, a study also
reported young maternal age (<25 years) is a risk to pre-term birth, low birth weight
and preeclampsia™. In the current study demographic details are also in line with the

above findings and serves as one of the cause for maternal complications.

Maternal anemia in first trimester provides a basis for adverse pregnancy outcomes
like preeclampsia, low birth weight and still birth. The prevalence of anemia is

65-70% in pregnancy in India'**

. A prospective community based observational study
conducted in Kolar, Karnataka with a sample size of 446 pregnant women reported
62.3% incidence of anemia in the age group of 21-30 years with low literacy and were
associated with pregnancy and fetal complications™®. In similar to this report, our

study also indicated 45.14 % of incidence of anemia at the age group of 20-30 years.

In the same way, maternal anemia was also recorded in a retrospective study
conducted on 4012 sample size*®, whereas a large prospective study with 72,750
pregnant women in Maharashtra reported maternal anemia in second trimester is

associated with low birth weight, still birth and neonatal deaths*®’.

Maternal anemia has the molecular basis of insufficient placental oxygen transport,
results placental hypoxia and leads to free radical stress which stimulates

inflammatory, anti-angiogenic and endothelial dysfunction factors in the process of
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development of preeclampsia'®®. Furthermore, maternal anemia is also linked to
altered endothelial NOS activity and is responsible for poor placental and fetal

development™.

In contrast to this, few studies reported elevated hemoglobin at first trimester with

adverse pregnancy outcome®*®14,

Phaloprakarn C et al in his retrospective study
indicated no association between low birth weight and first trimester hemoglobin
levels in pregnant women'. However, Cakmak BD et al in his retrospective
observational study reported both increase (>13g/dL) and decrease (<11g/dL)

hemoglobin levels in first trimester that could be associated with poor pregnancy

outcome™®,

We confirm that, in support of the above observations, our study demographic data
also presented a link between maternal anemia, preeclampsia and poor fetal outcome.
Thereby, the awareness between maternal anemia and preeclampsia in younger age
pregnancy advocated for anemia management for improvementof maternal and fetal

health status.

Many etiological factors implicated in pathogenesis of preeclampsia, and associated
with more amount of ROS and low levels of antioxidants'*. Oxidative stress in
preeclampsia is influenced by ischemia reperfusiondue to inadequate trophoblast
invasion and linkedto intra uterine growth restriction. Hypoxicated trophoblastic cells
with endoplasmic reticulum and mitochondrial stress affected by free radical injury
irreversibly damages the cellular components and cellular functions like enzyme
activity, signal transduction andapoptosis. These cytotoxic factors released from the
ischemic placenta into the maternal circulation could be causative for the onset of

maternal inflammatory response and endothelial cell activationin preeclampsia.
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Although there is no direct link between oxidative stress and antioxidant status in
pathogenesis of preeclampsia and its complications, however numerous research
reports indicated elevated oxidative stress, oxidation of cellular components and low
antioxidant status were associated with early risk factors of preeclampsia and
eclampsia®®?146147 A recent study also reported a similar observation, elevated
levels of protein carbonyls and MDA in maternal plasma and cord blood were
reported in preeclampsia women with adverse neonatal outcomes like IUGR, low

birth weight and respiratory distress syndrome®*®

. Increased lactate dehydrogenase
levels reflect hypoxia and oxidative stress in preeclampsia which is associated with

greater incidence of poor perinatal outcome™®°.

In contrary, increase of antioxidants level wasobserved over well-known decreased

levels of antioxidants in preeclampsia'*®***

. Though a larger study population
reported that supplementation of antioxidants has no protective role in development of

preeclampsia nevertheless, this aspect needs to be elucidated™>>*.

However, in the second trimester of the current prospective study, women who
developed preeclampsia showed increased TOS, marginally increased TAS with
significantly increased OSI. This kind of unique observation was not seen in
normotensive group. This fact suggest that restoring total antioxidants level in
normotensives is beneficial to combat the effect of oxidative stress by the scavenging
action that might facilitate for minimizing the deleterious effects in preeclampsia.
Very few studies have prospectively measured oxidative stress markers during
pregnancy to link with the onset of preeclampsia. Literature on the longitudinal

measurement of oxidative stress is scarce.
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A longitudinal study conducted in Spain with a sample size of 140 in which 22 were
reported as preeclamptic, 9 IUGR, 32 Gestational hypertension and 77 normotensive
pregnant women. Study showed increased oxidative stress at 25 weeks of gestation
i.e., elevated sFIt-1/PIGF ratio, Strontium, uric acid and lipid peroxidation/Total
antioxidant activity were observed in early onset preeclampsia complications like

defective remodeling of spiral arterioles and vascular endothelial damage®.

Yet another longitudinal study conducted by Ferguson KK et al in 2017 in USA with
441 subjects in which 50 were preeclamptic and 391 were normotensives. They
measuredplasma inflammatory markers and urinary oxidative stress markersat interval
of 10, 18, 26 and 35 weeks. Elevated urinary oxidative stress markers (8-isoprostane
and 8-hydroxydeoxyguanosine and plasma inflammatory markers (IL-1, IL-6, IL-10
and TNF-a) were seen at the start of second trimester (18 weeks). In the study,
increased interleukins suggest an elevated inflammatory response at early pregnancy
and decreased urinary 8-isoprostane and 8-hydroxy deoxyguanosine suggest high
placental oxidative stress. However the fetal complications like preterm birth and low

fetal birth weight were reported in the study®.

In an Indian prospective case-control study with a sample size of 211 pregnant
women with 148 controls reported elevated oxidative stress in 63 preeclampsiacases.
Oxidative stress markers (MDA, SOD, GPx and reduced glutathione) were measured
at 16-20 weeks, 26-30 weeks and at delivery. Preeclamptic women has increased
oxidative stress at 16-20 weeks of gestation and decreased which may impair
placental development. Decreased geneexpression of endothelial nitric oxide
synthase, GPx and SOD were also found in placentas of preeclamptic women .

A case-control study mentioned oxidative stress (arylesterase levels) andelevated TAS
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in 30 preeclampsia compared to 30 healthy controls®’. De Luca et al also measured
decreased antioxidants vitamin c, catalase, thiol groups and increased delta-amino
levulinic acid activity as oxidative stress marker in Brazilian population *’. Similarly
Al Kuraishy et al also reported increased oxidative stress marker peroxynitrite and
MDA and decreased antioxidant activity of PON and Nitric oxide levels in
preeclampsia compared to healthy controls (n=28)%. Conflicting data was also
reported in a study where decreased oxidative stress markers like PON and

arylesterase measured in severe preeclampsia™.

Several markers have been identified in the literature in order to assess preeclampsia.
Even then, there is a scope to screen new biomarkers which facilitates the early
diagnosis procedure of preeclampsia. PP13, Caspase-3 and XO are biomarkers that
secretes into maternal circulation during pregnancy. PP13 secretes before 6th week of
gestation from exosomes or micro-vesicles and remains even after 2-5 weeks of
delivery inmaternal circulation. The functional role of PP13 is embryoimplantation
and for proper placental development. Recently, PP13 attracted importance as

probable marker for early diagnosis of preeclampsia.

To the best of our knowledge, PP13 and its importance as likely a marker for early
diagnosis of preeclampsia in Indian population is seldom. However, few studies
conducted in Bulgaria, Austria, Florida and Israel population reported measuring

PP13 level at first trimester has some predictive value in preeclampsia®®1%155-1%7,

A typical observation with respect to serum PP13 levels in preeclampsia cases at
second trimester was four fold higher values compared to its basal value in the first
trimester of normotensive pregnant women. Whereas two fold increase of serum

levels of PP13 was observed in second trimester in the normotensive group, reflects
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the impact of oxidative stress and elevated placental apoptosis in preeclampsia.
Therefore screening for low PP13 serum levels at first trimester and/or elevated serum
PP13 level at second trimester indicate the more possibility of development of
preeclampsia. Our research findings demonstrate that maternal anemia; oxidative
stress on placenta links to derangement of placental integrity and serves as the basis of

contribution to the pathophysiology of the disease.

In contrary to the above, Ceylan N et al reported no differences in the first trimester
PP13 or PAPP-Alevel in the preeclamptic women compared to control group®.
Seravalli V et al also reported that measuring PP13 in first trimester doesn’t improve
the prediction of preeclampsia nor small for gestational age™*®. Contradictory findings
were reported in a longitudinal study conducted in Bulgarian population showed that
no significant differences were observed in the PP13 levels between first trimester and

second trimester in both preeclampsia cases and control**°.

Cellular Caspase-3 an apoptotic enzyme triggered by endoplasmic reticulum stress
under oxidative environment and XO an enzyme heightens the oxidative stress by
release of hydrogen peroxide and thus regarded as an enzyme oxidant. The levels of
these enzymes in plasma are associated with placental trophoblastic cell integrity.
Their levels are increased in second trimester than first trimester and further elevated
in cases developed with preeclampsia. Amongst, Caspase-3 level was significantly
increased compared to XO activity. Thereby, these plasma enzymes levels could be
considered as enzyme markers in earlyrisk assessment of placental aberration in
preeclampsia. As per the literature search, not much data/information is available

about maternal plasma Caspase-3 and its significance relevant to preeclampsia.
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Whereas, few studies have reported more expression of Caspase-3 in placental tissues

in preeclampsia*?**®,

The possible explanation for the increased XO activity could be due to release of
xanthine and hypoxanthine substrates. Therefore increased substrate availability in
placental hypoxia due to increased break down of ATP and also conversion of
cytokine activated xanthine dehydrogenase to its oxidase form increases XO activity
that releases into maternal circulation from placenta. Research on XO and its relation
to pregnancy complications are limited and hence scarce data is available. However,

limited studies highlights increased plasma XO activity in preeclampsia®*°*1°,

Hyperuricemia in preeclampsia is well documented, even in the present study also
Hyperuricemia in second trimester of women who were prone to develop
preeclampsia was noticed compared to women who had healthy pregnancies. Few
studies are available in support of this observation in preeclampsia cases'®®¢%,
Whereas, contradictory to these findings, reports also mentioned about the uric acid
that has no role in the abnormal placentation and hence cannot predict

preeclampsia®®1%.

ADMA is a metabolic byproduct of protein methylation process produced in-vivo into
cytoplasm and known as inhibitor of endothelial NOS that catalyze the conversion of
arginine into Nitric oxide. We have measured plasma ADMA levels of normotensive
pregnant womenand also in preeclampsiaat first and second trimesters during
pregnancy under oxidative stress conditions. ADMA concentration generally gets
cleared by the hydrolytic reaction catalyzed by DDAH. Oxidative stress has an impact
on the DDAH expressed in placenta because the thiol group of the active site cysteine

residue is more sensitive to oxidative inactivation leading to accumulation of
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ADMA™®. Therefore in the present study, high ADMA levels recorded in first
trimester (21 ng/ml), second trimester (46 ng/ml) and in preeclampsia cases
(85 ng/ml). This suggested that increased ADMA levels in the system compromises
nitric oxide synthesis and hence contributes to vascular endothelial dysfunction

leading to angiogenesis.

The research findings directly links the role of ADMA between Nitric oxide synthesis
and oxidative stress in pregnancy and its complications. When considering ADMA
and Nitric oxide together in terms of ADMA:Nitric oxide ratio in preeclampsia cases
was 19:1 whereas in normotensive pregnant women at first trimester was found to be
9:1 and in second trimester 10:1. Therefore, ADMA:Nitric oxide ratio may be
regarded as one of the factor to be considered for early assessment of preeclampsia
and partly accountable in understanding the biochemical basis contributing to the
etiology of preeclampsia. Thus, this current study creates scope for determination of
factors/ therapeutic strategy to reduce ADMA levels for better women and child

health.

Number of longitudinal studies showed elevated ADMA prior to the development of
clinical symptoms of preeclampsia''®*?°?27 And few case-control studies also
reported high ADMA levels resultin endothelial dysfunction in support of our study

resu |t585'117'118’122’123.

In the present study, Nitric oxide levels were increased by 2 fold in second trimester
than first trimester basal value innormotensive pregnant women and also in
preeclampsia. There was no prominent difference in the Nitric oxide levels between
first and second trimester of normotensive and cases with preeclampsia. Hence Nitric

oxide could be a poor predictor of preeclampsia in early pregnancy. Similar results
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were also observed in few studies that supports the present Nitric oxide results which
also explain that Nitric oxide has no role in thepathophysiology and cannot be the

80,168,169

main reason of placental injury in preeclampsia . But small case control

170-173

studies reported increased Nitric oxide level in preeclampsia than the control

174,175 62,85,176,

group. However few longitudinal studies and case-control studies
reported decreased level of Nitric oxide in preeclampsia. As per our study results,
measurement of Nitric oxide in combination with ADMA represented as
ADMA:Nitric oxide ratio is more precise and beneficial to know preeclampsia onset

than normal pregnants.

Statistical analysis exhibited positive correlation of PP13 with ADMA in both first
and second trimesters in cases that developed preeclampsia. This observation was
scientifically answered by hypothesis of relationship between PP13 and ADMA may
be indirectly involved in endothelial function. The effect of placenta purified PP13 on
the isolated mononuclear cells from peripheral blood of pregnant women showed
increased secretion of IL-1a & 6 into the culture medium*®. Inflammatory cytokines
that induce oxidative stress in endothelial cells can inactivate the active site of the
enzyme DDAH, leading to accumulation of ADMA'"*®, By these studies it can be
proposed that concentration of PP13 and its association with increased ADMA level.
Our study results are in support of the above observation regarding importance of

PP13 concentration during pregnancy condition for better obstetric management.

Preeclampsia is complex genetic disorder comprising numerous genetic variants
occurs as a result of mutation or genetic polymorphisms. Many candidate genes were
studied in providing genetic evidences related to preeclampsia complications. Wider

scope exist to study the products expressed by the genes and also to know the
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functional roles in relation to preeclampsia. Therefore understanding the pattern of
gene structure, expression in exerting molecular mechanism is essential to address
etiopathogenesis linked to genetic causes. The targeted pharmacological agents for
any genetic disorder is useful as an additional therapeutic approach in the diagnosis
and management of the pregnancy associated complications. The involvement of
many genes such as Factor V Leiden, Methylene tetrahydrofolate, Endothelial NOS3,
VEGF receptor 1, Angiotensinogen, Apolipoprotein E, Tumor necrosis factor a and
Glutathione-S-transferase with respect to preeclampsia have been studied ™.

LGALS13 is one such gene and its expressed protein PP13 studied to limited extent.

The low concentration of plasma PP13 was reported as a risk factor in placentation
process and in later development of preeclampsia in pregnancy.As per the data, the
low levels of PP13 was noticed in first trimester subsequently its levelincreased in
second trimester onwards. The exact reason for low PP13 level in first trimester is not
clearly known. Our study findings are also in align with the studies which reported
low levels of PP13 and different from other studies by collecting its gene LGALS13
sequence analysis data in an attempt to find the possible explanation. LGALS13 gene
was subjected for sequence analysis by employing molecular techniques. The analysis
of sequence data of LGALS13 gene of preeclampsia cases was done by comparing to
reference sequence as obtained from NCBI data base. The sequence analysis of 22
preeclampsia cases revealed-98C/A SNP in the promoter region of LGALS13 gene of
12 cases that amounts to 54.54%.

Whereas the same data compared to the total subjects of the study amounts to 4.48%

as direct genetic evidences from 8.2% of preeclampsia cases.
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Promoter variant -98C/A of LGALS13 gene responsible for low levels of PP13 in
early pregnancy (South Africa and London) i.e., in first trimester of the subjects prone
to develop preeclampsia is evident by few studies **2. Even though the reason for the
low levels of PP13 is a challenge since PP13 is involved in placentation, inflammation
and immune defense during trophoblast invasion during spiral artery remodeling.
PP13 decreases blood pressure by causing vascular dilation and diameter expansion.
However the exact functional role of PP13 is directly linked to decrease of blood

pressure and the mechanism is also not clear.

Sequence analysis results of the preeclampsia DNA sample exhibited -98C/A
mutation at the promoter region in South India population. We report this observation
for the first time in the South Indian population as per the available data to the best of
our awareness. From 22 DNA samples, 12 DNA samples showed SNP at promoter
region which have the mean value of PP13 in first trimester 108.09 pg/mL and in
second trimester 404.74 pg/mL. Whereas the preeclampsia cases without the promoter
variant exhibited 117.25 pg/mL in first trimester and 455.49 pg/mL in second
trimester.The major finding of the study concludes that a narrow range variation of
PP13 i.e., (8%) in DNA sample with promoter variant compared with DNA sample

without SNP helps for preeclampsia prediction at an early stage.

There is a paucity of information on similar SNPs in study population or Indian
population as a whole. So there is a scope to evaluate the structure of PP13 expressed
from normotensive group and preeclampsia in order to know the role of PP13

function at early placentation process has creates a scope for further research.
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6.0. SUMMARY & CONCLUSION

6.1. Summary

Every effort has been made and careful attention was given during analysis of the

research data and our research findings are summarized as below.

In the first trimester of the study population, TOS, OSI & TAS measured as base line
values in normotensive pregnant in the age group of 20-30 years with gestational
period of 8-12 weeks. Whereas the same parameters measured during follow up in
second trimester (20-24 weeks) showed increased OSI and marginally increased total
antioxidant status in cases that developed preeclampsia. These subjects showed poor
fetal outcome in terms of low birth weight. However, in the normotensive women at

second trimester showed increased TOS and TAS but remarkably decreased OSI.

Similarly, plasma levels of PP13 and Caspase-3 & XO activity were determined in the
first and second trimester during follow up of the study. The cases developed
preeclampsia prominently revealed an increase of the above parameters compared to
baseline first trimester values. Low plasma PP13 level in the first trimester appraises
as marker to distinguish preeclampsia in the study population. PP13 concentration in
second trimester was elevated both in normotensive and preeclampsia cases; even
then persistent high value was noticed in preeclampsia cases than normotensive in the
second trimester. Thereby recording drastic reduction of PP13 in first trimester to the
half of the PP13 level in the normotensive group and persistent high value in second
trimester preeclampsia cases (30%) compared to normotensive group serves as a

marker to predict early onset of preeclampsia.
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XO an enzyme oxidant contributes to oxidative stress and its activity is not in
appreciable level in first and second trimester of normotensive pregnant. However its
activity was elevated in preeclampsia cases. Therefore screening of XO activity along

with OSI helps for diagnosis of preeclampsia.

Plasma Caspase-3 level during pregnancy under prevailing oxidative stress was
elevated. Its concentration is associated with trophoblastic destruction and integrity.
Elevated oxidative stress affects the placental trophoblastic integrity and consequently
sheds placental proteins into maternal circulation. Therefore, Caspase-3 level was
high in second trimester of normotensive and further elevated in preeclampsia. Hence,
Caspase-3 measurement adds usefulness to diagnose the involvement of placental

pathology in preeclampsia and can be considered as a cost effective marker.

ADMA and Nitric oxide were measured in the study group and presented as ADMA:
Nitric oxide ratio in the first and second trimesters. The data of the second trimester
compared to the baseline levels of ADMA and Nitric oxide in first trimester. ADMA
concentration increased in second trimester of normotensive by two fold where as in
preeclampsia attained fourfold elevation. Hence screening of ADMA and
ADMA:Nitric oxide ratio has become a new tool to understand early the development

of preeclampsia.

The cord blood was collected postpartum from the fetal side of placenta from the
cases that developed preeclampsia (n=22) and from normotensive pregnant women.
The DNA wasextracted and subjected for analysis of whole gene sequencing of
LGALS13 gene consists of E1-E4 exons.Sequence analysis indicated a single
nucleotide polymorphism (SNP) i.e., the cytosine at the -98 position in the promoter

region is replaced by adenine (-98C/A) noticed.
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This promoter variant was observed in 12 cases which amount to 55 percent.
However, SNPs were not observed in the promoter region and other exons of

LGALS13 gene in the normotensive pregnant women.

6.2. Conclusion

The longitudinal study presents measurement of biochemical markers like PP13, XO
activity, Caspase-3, Nitric oxide and ADMA involved in placentation and endothelial
function during first and second trimesters of pregnancy. Which provide information
on change in the pattern of the markers under oxidative stress conditions (OSI) in
normotensives and women at risk for preeclampsia.The study results provides the
relation to the low levels of plasma PP13 and preeclampsia. Elevated ADMA: Nitric
oxide and OSI represents vascular endothelial dysfunction. Genetic analysis of
LGALS13 on South Indian population was to analyze LGALS13 gene sequence using
cord blood DNA from normotensive and cases developed preeclampsia. LGALS13
gene from preeclampsia DNA samples showed -98C/A promoter variant single
nucleotide polymorphism. None of the DNA samples from normotensive group

exhibited any SNP at promoter and in other exons region.

Furthermore, study can be extended using larger population for finding any other
genotype polymorphism in the LGALS13 gene, expression of PP13 and its functional

aspect associated to the regulation of blood pressure.

157




CHAPTER-7

BIBLIOGRAPHY




7.0. BIBLIOGRAPHY

1. Mayrink J, Costa ML, Cecatti JG. Preeclampsia in 2018: Revisiting Concepts,
Physiopathology, and Prediction. Scientific World Journal.
2018;2018:6268276. PMID: 30622442.

2.  Amarlal LM, Wallace K, Owens M, laMarca B. Pathophysiology and Current
Clinical management of Preeclampsia. Curr Hypertens Rep. 2017;19(8): 61.
PMID: 28689331.

3. Munoz-Hernandez R, Medrano-Campillo P, Miranda ML, Macher HC,
Praena- Fernandez JM, Vallejo-Vaz AlJ et al. Total and Fetal Circulating Cell-
Free DNA, Angiogenic, and Antiangiogenic Factors in Preeclampsia and
HELLP Syndrome. Am J Hypertens. 2017;30(7):673-82. PMID: 28338787.

4. Johns R. Observations of puerperal convulsions. Dublin Journal of Medical
Science. 1843;24(1):101-15.

5. Bell MJ. A historical overview of preeclampsia-eclampsia. J Obstet Gynecol
Neonatal Nurs. 2010;39(5):510-18. PMID: 20919997.

6. Lokki Al, Heikkinen-Eloranta JK, Laivuori H. The Immunogenetic
Conundrum of Preeclampsia. Front Immunol. 2018;9:2630. PMID: 30483272.

7. Wagnew M, Dessalegn M, Worku A, Nyagero J. Trends in
preeclampsia/eclampsia and maternal and neonatal outcomes among women
delivering in Addis Ababa selected government hospitals, Ethiopia: a
retrospective  cross-sectional study. Pan Afr Med J. 2016;25:12.
PMID: 28439336.

8. WHO (World Health Organization) 2012 Fact: Maternal mortality: Fact sheet

No 348.

158




10.

11.

12.

13.

14.

15.

16.

Preeclampsia foundation. Preeclampsia and maternal mortality: A Global
Burden. 2013.

Ministry of health and family welfare. NHP India. National Health Portal.
Gateway of authentic health information. Preeclampsia. 2016.

Thobbi VA, Anwar A. A study on maternal morbidity and mortality die to
Preeclampsia and eclampsia. Al Ameen J Med Sci. 2017;10(3):174-79.

World Health Organization (WHO) WHO recommendations for prevention
and treatment of Pre-eclampsia and eclampsia. Geneva: World Health
Organization; 2011.

American College of Obstetricians and Gynecologists, Task Force on
Hypertension in Pregnancy. Hypertension in pregnancy. Report of the
American College of Obstetricians and Gynecologists’ Task Force on
Hypertension  in  Pregnancy.  Obstet  Gynecol.  2013;122:1122.
PMID: 24150027.

ACOG Practice Bulletin No. 202: Gestational Hypertension and Preeclampsia.
Obstet Gynecol. 2019;133(1):e1-e25. PMID: 30575675.

Williams Obstetrics. F. Gary Cunningham, Kenneth J Leveno, Steven L
Bloom, Catherine Y. Spong, Jodi S. Dashe, Barbara L.Hoffman et al.
Hypertensive disorders. 24™ Edition. United States of America: McGraw Hill
Education. 2010:732-35.

Can M, Guven B, Bektas S, Arikan I. Oxidative stress and apoptosis in

preeclampsia. Tissue Cell. 2014;46(6):477-81. PMID: 25200618.

159



http://www.uptodate.com/contents/preeclampsia-clinical-features-and-diagnosis/abstract/4
http://www.uptodate.com/contents/preeclampsia-clinical-features-and-diagnosis/abstract/4
http://www.uptodate.com/contents/preeclampsia-clinical-features-and-diagnosis/abstract/4
http://www.uptodate.com/contents/preeclampsia-clinical-features-and-diagnosis/abstract/4

17.

18.

19.

20.

21.

22.

23.

24,

25.

Burton GJ, Yung HW, Cindrova-Davies T, Charnock-Jones S. Placental
endoplasmic reticulum stress and oxidative stress in the pathophysiology of
unexplained intrauterine growth restriction and early onset preeclampsia.
Placenta. 2009;30:43-8. PMID: 19081132.

Possomato-Vieira JS, Khalil RA. Mechanisms of Endothelial Dysfunction in
Hypertensive Pregnancy and Preeclampsia. Adv Pharmacol. 2016:77:361-431.
PMID: 27451103.

Shanmugalingam R, Hennessy A, Makris A. Aspirin in the prevention of
preeclampsia: the conundrum of how, who and when. J Hum Hypertens.
2019;33:1-9. PMID: 30232399.

English FA, Kenny LC, McCarthy FP. Risk factors and effective management
of preeclampsia. Integr Blood Press Control. 2015;8:7-12. PMID: 25767405.
Wu F, Tian FJ, Lin Y. Oxidative Stress in Placenta: Health and Diseases.
Biomed Res Int. 2015;2015:293271. PMID: 26693479.

Aouache R, Biquard L, Vaiman D, Miralles F. Oxidative Stress in
Preeclampsia and Placental Diseases. Int. J. Mol. Sci. 2018;19:1496.
PMID: 29772777.

Webster RP, Roberts VHJ, Myatt L. Protein Nitration in Placenta-Functional
Significance. Placenta. 2008;29(12):985-94. PMID: 18851882.
Sanchez-Aranguren LC, Prada CE, Riano-Medina CE, Lopez M. Endothelial
dysfunction and preeclampsia: role of oxidative stress. Frontiers in
Physiology. 2014;5:372. PMID: 25346691.

Tal R. The role of hypoxia and hypoxia-inducible factor-lalpha in

preeclampsia pathogenesis. Biol Reprod. 2012;87:134. PMID: 23034156.

160




26.

27.

28.

29.

30.

31.

32.

Paridaens A, Laukens D, Vandewynckel YP, Coulon S, Van Vlierberghe H,
Geerts A et al. Endoplasmic reticulum stress and angiogenesis: is there an
interaction between them?. Liver Int. 2014;34 (6):e10-8. PMID: 24393274.

de Lucca L, Rodrigues F, Jantsch LB, Kober H, Neme WS, Gallarreta FMP et
al. Delta-aminolevulinatedehydratase activity and oxidative stress markers in
preeclampsia. Biomed Pharmacother. 2016;84:224-29. PMID: 27657831.
Bohn H, Kraus W, Winckler W. Purification and characterization of two new
soluble placental tissue proteins (PP13 and PP17). Oncodev Biol Med.
1983;4(5):343-50. PMID: 6856484.

Than NG, Balogh A, Romero R, Karpati E, Erez O, Szilagyi A et al. Placental
Protein 13 (PP13)- A Placental Immunoregulatory Galectin Protecting
Pregnancy. Front Immunol. 2014;5:348. PMID: 25191322.

Jeschke U, Hutter S, Heublein S, Vrekoussis T, Andergassen U, Unverdorben
L et al. Expression and function of galectins in the endometrium and at the
human feto-maternal interface. Placenta. 2013;34(10):863-72.
PMID: 23911101.

Visegrady B, Than NG, Kilar F, Simegi B, Than NG, Bohn H. Homology
modeling and molecular dynamics studies of human placental tissue protein
13(galectin-13).Protein Eng. 2001;14(11):875-80. PMID:11742106.

Than NG, Pick E, Bellyei S, Szigeti A, Burger O, Berente Z et al. Functional
analyses of placental protein 13/galectin-13. Eur J Biochem.

2004;271(6):1065-78. PMID: 15009185.

161




33.

34.

35.

36.

37.

38.

Hutter S, Knabl J, Andergassen U, Hofmann S, Kuhn C, Mahner S et al.
Placental expression patterns of Galectin-1, Galectin-2, Galectin-3 and
Galectin-13 in cases of intrauterine growth restriction (IUGR). Int J Mol Sci.
2016;17(4):523. PMID: 27070577.

Kliman HJ, Sammar M, Grimpel YI, Lynch SK, Milano KM, Pick E et al.
Placental protein 13 and decidual zones of necrosis: an immunologic diversion
that may be linked to preeclampsia. Reprod Sci. 2012;19:16-30. PMID:
21989657.

Than NG, Romero R, Goodman M, Weckle A, Xing J, Dong Z et al. A
primate subfamily of galectins expressed at the maternal-fetal interface that
promote immune cell death. Proc Natl Acad SciUSA. 2009;106(24):9731-36.
PMID: 19497882.

Orendi K, Gauster M, Moser G, Meiri H, Huppertz B. The choriocarcinoma
cell lineBeWo: syncytial fusion and expression of syncytium-specific proteins.
Reproduction. 2010;140:759-66. PMID: 20696850.

Gizurarson S, Huppertz B, Osol G, Skarphedinsson JO, Mandala M, Meiri H.
Effects of placental protein 13 on the cardiovascular system in gravid and non-
gravid rodents. Fetal Diagn Ther. 2013;33(4):257-64. PMID: 23420029.
Gizurarson S, Sigurdardottir ER, Meiri H, Huppertz B, Sammar M, Sharabi-
Nov A et al. Placental Protein 13 Administration to Pregnant Rats Lowers
Blood Pressure and Augments Fetal Growth and Venous Remodeling. Fetal

Diagn Ther. 2016;39(1):56-63. PMID: 26314825.

162




39.

40.

41.

42.

43.

44,

Drobnjak T, Gizurarson S, Gokina NI, Meiri H, Mandald M, Huppertz Bet
al.Placental protein 13 (PP13)-induced vasodilation of resistance arteries from
pregnant and non pregnant rats occurs via endothelial-signalling pathways.
Hypertens Pregnancy. 2017;36(2):186-95. PMID: 28524718.

Burger O, Pick E, Zwickel J, Klayman M, Meiri H, Slotky R et al. Placental
protein 13 (PP-13): effects on cultured trophoblasts, and its detection in human
body fluids in normal and pathological pregnancies. Placenta. 2004;25(7):608-
22. PMID: 15193867.

Gebhardt S, Bruiners N, Hillermann R. A novel exonic variant (221 delT) in
the LGALS13 gene encoding placental protein 13 (PP 13) is associated with
preterm labour in a low risk population. Journal of Reproductive Immunology.
2009; 82(2):166-73. PMID: 19818512.

Madar- Shapiro L, Karady I, Trahtenherts A, Syngelaki A, Akolekar R, Poon
L et al.Predicting the Risk to Develop Preeclampsia in the First Trimester
Combining Promoter Variant -98A/C of LGALS13 (Placental Protein 13),
Black Ethnicity, Previous Preeclampsia, Obesity, and Maternal Age. Fetal
Diagn Ther. 2017;43(4):250-65. PMID: 28728156.

Sekizawa A, Purwosunu Y, Yoshimura S, Nakamura M, Shimizu H, Okai T
et al. PP13 mRNA expression in trophoblasts from preeclamptic placentas.
Reprod Sci. 2009;16(4):408-13. PMID: 19087972.

Farina A, Zucchini C, Sekizawa A, Purwosunu Y, de Sanctis P, Santarsiero G
et al. Performance of messenger RNAs circulating in maternal blood in the
prediction of preeclampsia at 10-14 weeks. Am J Obstet Gynecol.

2010;203:575.e1-575.e7. PMID: 20934680.

163




45.

46.

471.

48.

49,

50.

51.

Sammar M, Nisemblat S, Fleischfarb Z, Golan A, Sadan O, Meiri H et al.
Placenta-bound and body fluid PP13 and its mRNA in normal pregnancy
compared to preeclampsia, HELLP and preterm delivery. Placenta.
2011;32:S30-S36. PMID: 21257080.

Odibo AO, Zhong Y, Goetzinger KR, Odibo L, Bick JL, Bower CR et al.
First-trimester Placental protein 13, PAPP-A, uterine artery Doppler and
maternal characteristics in the prediction of pre-eclampsia. Placenta.
2011;32(8):598-602. PMID: 21652068.

Moslemi Zadeh N, Naghshvar F, Peyvandi S, Gheshlaghi P, Ehetshami S.
PP13 and PAPP-A in the First and Second Trimesters: Predicitve Factors for
Preclampsia? ISRN Obstet Gynecol. 2012;2012:263871. PMID: 22778981.

De Villiers CP, Hedley PL, Placing S, Wojdemann KR, Shalmi AC, Carlsen
AL et al. Placental protein-13 (PP13) in combination with PAPP-A and free
leptin index (fLI) in first trimester maternal serum screening for severe and
early preeclampsia. Clin Chem Lab med. 2017;56(1):65-74. PMID: 28704180.
Asiltas B, Surmen-Gur E, Uncu G. Prediction of first-trimester preeclampsia:
Relevance of the oxidative stress marker MDA in a combination model with
PP-13, PAPP-A and beta-HCG. Pathophysiology. 2018;25(2):131-35.
PMID: 29510888.

Harrison R. Structure and function of xanthine oxidoreductase: where are we
now? Free Radic Biol Med. 2002; 33(6):774-97. PMID: 12208366.

Yilidirim A, Aktinkaynak K, Aksoy H, Sahin YN, Akcay F. Plasma xanthine
oxidase, superoxide dismutase and glutathione peroxidase activities and uric
acid levels in severe and mild pre-eclampsia. Cell Biochem Funct.

2004;22(4):213-17. PMID: 15248180.

164




52.

53.

54.

55.

56.

S7.

58.

59.

Granger DN, Kvietys PR. Reperfusion injury and reactive oxygen species: The
evolution of a concept. Redox Biology. 2015;6:524-51. PMID: 26484802.
Karabulut AB, Kafkasli A, Burak F, Gozukara EM. Maternal and fetal plasma
adenosine deaminase, xanthine oxidase and malondialdehyde levels in pre-
eclampsia. Cell Biochem Funct. 2005;23(4):279-83. PMID: 15515122,
Bambrana V, Dayananad CD, Kotur PP. Is Xanthine Oxidase, a Marker in
Pre-eclampsia? A Case-Control Study. J Clin Diagn Res. 2015;9(10):BC01-3.
PMID: 26557508.

Maciag JJ, Mackenzia SH, Tucker MB, Schipper JL, Swartz P, Clark AC.
Tunable allosteric library of Caspase-3 identifies coupling between conserved
water molecules and conformational selection. Proc Natl Acad Sci U S A.
2016;113(41):E6080-E6088. PMID:27681633.

Savitskaya MA, Onishchenko GE. Mechanisms of Apoptosis. Biochemistry
(Mosc). 2015;80(11):1393-405. PMID: 26615431.

Straszewski-ChavezVikki M. Abrahams, Gil Mor. The Role of Apoptosis in
the Regulation of Trophoblast Survival and Differentiation during
Pregnancy.Endocr Rev.2005;26 (7):877-97. PMID: 15901666.

Liu HB, Zhang J, Xin SY, Liu C, Wang CY, Zhao D, Zhang ZR. Mechano
sensitive properties in the endothelium and their roles in the regulation of
endothelial ~ function. J Cardiovasc Pharmacol. 2013;61(6):461-70.
PMID: 23429585.

White GE, Fujiwara K. Expression and intracellular distribution of stress

fibers in aortic endothelium. J Cell Biol. 1986;103(1):63-70. PMID: 3722269.

165



javascript:;
javascript:;
javascript:;

60.

61.

62.

63.

64.

65.

66.

67.

Majed BH, Khalil RA. Molecular mechanisms regulating the vascular
prostacyclin pathways and their adaptation during pregnancy and in the
newborn. Pharmacol Rev. 2012;64(3):540-82. PMID: 22679221.

Osol G, Mandala M. Maternal uterine vascular remodeling during pregnancy.
Physiology (Bethesda). 2009;24:58-71. PMID: 19196652.

Osol G, Ko NL, Mandala M. Altered Endothelial Nitric Oxide Signaling as a
Paradigm for Maternal Vascular maladaptation in Preeclampsia. Curr
Hypertens Rep. 2017;19(10):82. PMID: 28942512.

Tannetta D, Masliukaite I, Vatish M, Redman C, Sergeant |. Update of
syncytiotrophoblast derived extracellular vesicles in normal pregnancy and
preeclampsia. J Reprod Immunol. 2017;119:98-106. PMID: 27613663.

Han C, Han L, Huang P, Chen Y, Wang Y, Xue F. Syncytiotrophoblast-
Derived Extracellular Vesicles in Pathophysiology of Preeclampsia. Front.
Physiol. 2019;10: 1236. PMID: 31632289.

Lee SM, Romero R, Lee YJ, Park IS, Park CW, Yoon BH et al. Systemic
inflammatory stimulation by microparticles derived from hypoxic trophoblast
as a model for inflammatory response in preeclampsia. Am J Obstet Gynecol.
2012; 207(4):337.e1-8. PMID: 23021701.

Ali SM, Khalil RA. Genetic, Immune and vasoactive factors in the vascular
dysfunction associated with hypertension in pregnancy. Expert Opin Ther
Targets. 2015;19(11):1495-515. PMID: 26294111.

Mazzuca MQ, Li W, Reslan OM, Yu P, Mata KM, Khalil RA.
Downregulation of microvascular endothelial type B endothelin receptor is a
central vascular mechanism in hypertensive pregnancy. Hypertension.

2014;64(3):632-43. PMID: 24914193,

166




68.

69.

70.

71.

72.

73.

74.

75.

Schramm AM, Clowse ME. Aspirin for prevention of preeclampsia in lupus
pregnancy. Autoimmune Dis. 2014;2014:920467. PMID: 24778868.

Kunder M, Kutty AM, Lakshmaiah V, Sheela SR. Correlation of Plasma
Neutrophil Elastase Activity and Endogenous Protease Inhibitor Levels with
the Severity of Pre-eclampsia. J Clin Diagn Res. 2017;11(3):BC09-BC12.
PMID: 28511370.

Hu Y, Li H, Yan R, Wang C, Wang Y, Zhang CE et al. Increased Neutrophil
Activation and Plasma DNA levels in Patients with Pre-eclampsia. Throm
Haemost. 2018;118(12):2064-73. PMID: 30453347.

Han L, Liu X, Li H, Zou J, Yang Z, Han J et al. Blood coagulation parameters
and platelet indices: changes in normal and preeclamptic pregnancies and
predictive values for preeclampsia. PL0oS One. 2014;9(12):e114488.
PMID: 25464515.

Udenze I, Amadi C, Awolola N, Makwe CC. The role of cytokines as
inflammatory mediators in preeclampsia. Pan Afr Med J. 2015;20:219.
PMID: 26113950.

Harmon AC, Cornelius DC, Amaral LM, Faulkner JL, Cunningham MW Jr,
Wallace K et al. The role of inflammation in the pathology of preeclampsia.
Clin Sci (Lond). 2016;130(6):409- 19. PMID: 26846579.

Ghimire K, Altmann HM, Straub AC, Isenberg JS. Nitric oxide: what’s new to
NO? Am J Physiol Cell Physiol. 2017;312(3):C254-C262. PMID: 27974299.
Zhao Y, Vanhoutte PM, Leung SW. Vascular nitric oxide: Beyond eNOS. J

Pharmacol Sci. 2015;129(2):83-94. PMID: 26499181.

167




76.

77,

78.

79.

80.

81.

82.

Frank S, Stallmeyer B, Kampfer H, Schaffner C, Pfeilschifter J. Differtential
regulation of vascular endothelial growth factor and its receptor fms-like-
tyrosine kinase is mediated by nitric oxide in rat renal mesangial cells.
Biochem J. 1999; 338(Pt 2):367-74.PMID: 10024512.

Lowe DT. Nitric oxide dysfunction in the pathophysiology of preeclampsia.
Nitric Oxide. 2000;4(4):441-58. PMID: 10944429.

Adu-Bonsaffoh K, Antwi DA, Obed SA, Gyan B. Nitric oxide dysregulation
in the pathogenesis of preeclampsia among Ghanaian women. Integr Blood
Press Control. 2015;8:1-6. PMID: 25733925.

Hodzic J, lzetbegovic S, Muracevic B, Iriskic R, Stimjanin Jovic H. Nitric
oxide biosynthesis during normal pregnancy and pregnancy complicated by
preeclampsia. Med Glas (Zenica). 2017;14(2):211-17. PMID: 28786966.
Darkwa EO, Djagbletey R, Essuman R, Sottie D, Dankwah GB, Aryee G.
Nitric oxide and Pre-Eclampsia: A comparative Study in Ghana. Open Access
Maced J Med Sci. 2018;6(6):1023-27. PMID: 29983795.

Morales Y, Caceres T, May K, Hevel JM. Biochemistry and regulation of the
protein arginine methyltransferases (PMRTSs). Arch. Biochem. Biophys.
2016;590:138-52. PMID: 26612103.

Rodionov RN, Martens-Lobenhoffer J, Brilloff S, Hohenstein B, Jarzebska N,
Jabs N et al. Role of alanine:glyoxylate aminotransferase 2 in metabolism of
asymmetric dimethylarginine in the settings of asymmetric dimethylarginine
overload and bilateral nephrectomy. Nephrol. Dial. Transplant. 2014;29:2035-

42. PMID: 25002409.

168




83.

84.

85.

86.

87.

88.

89.

Palm F, Onozato ML, Luo Z, Wilcox CS. Dimethylarginine dimethyl
aminohydrolase (DDAH): Expression, regulation, and function in the
cardiovascular and renal systems. Am. J. Physiol. Heart Circ. Physiol.
2007;293:H3227-H3245. PMID: 17933965.

Leiper J, Murray-Rust J, McDonald N, Vallance P. S-nitrosylation of
dimethylarginine dimethylaminohydrolase regulates enzyme activity: further
interactions  between nitric oxide synthase and dimethylarginine
dimethylaminohydrolase. Proc Natl Acad Sci USA. 2002;99:13527-32.
PMID: 12370443.

Demir B, Demir S, Pasa S, Guven S, Atamer Y, Atamer A et al. The role of
homocysteine, asymmetric dimethylarginine and nitric oxide in pre-eclampsia.
J Obstet Gynaecol. 2012;32(6):525-28. PMID: 22779953.

Bode-Boger SM, Scalera F, Ignarro LJ. The L-arginine paradox: Importance
of the L-arginine/asymmetrical dimethylarginine ratio. Pharmacology and
therapeutics. 2007;114:295-306. PMID: 17482266.

Ito A. Novel Mechanism for Endothelial Dysfunction: Dysregulation of
Dimethyl arginine Dimethylamino hydrolase. Circulation. 1999;99:3092-95.
PMID: 10377069.

Chan JR, Boger RH, Bode-Boger SM, Tangphao O, Tsao PS, Blaschke TF et
al. Asymmetric dimethylarginine increases mononuclear cell adhesiveness in
hypercholesterolemic humans. Arterioscler Thromb Vasc Biol. 2000;20:1040-
46. PMID: 10764607

Vallance P, Leiper J. Cardiovascular biology of the asymmetric
dimethylarginine: dimethylarginine dimethylhydrolase pathway. Arterioscler

Thromb Vasc Biol. 2004; 24:1023-30. PMID: 15105281.

169




90.

91.

92.

93.

94.

95.

Suda O, Tsutsui M, Morishita T, Tasaki H, Ueno S, Nakata S et al.
Asymmetric dimethylarginine produces vascular lesions in endothelial nitric
oxide synthase-deficient mice: involvement of renin-angiotensin system and
oxidative stress. Arteriolar Thromb Vasc Biol. 2004;24(9):1682-88.
PMID: 15217805.

Oztas E, Ozler S, Tokmak A, Erel O, Ergin M, Uygur D, Danisman N.
Oxidative Stress markers in severe preeclampsia and preeclampsia-related
prenatal morbidity- Preliminary report. Ginekol Pol. 2016;87(6):436-41.
PMID: 22418221.

Draganovic D, Lucic N, Jojic D, Milicevic S. Correlation of oxidative stress
markers with Ultrasound and Cardiotocography Parameters with Hypertension
Induced Pregnancy. Med Arch. 2016;70(6):437-40.

Ferguson KK, Meeker JD, McElrath TF, Mukherjee B, Cantowine DE.
Repeated measures of inflammation and oxidative stress biomarkers in
preeclamptic and normotensive pregnancies. Am J Obstet Gynecol.
2017;216(5):527.e1-527.€9. PMID: 28043842.

D’souza JMP, Harish S, Pai VR, Shriyan C. Increased Oxidatively Modified
Forms of Albumin in Association with Decreased Total Antioxidant Activity
in Different Types of Hypertensive Disorders of Pregnancy. Indian J Clin
Biochem. 2017; 32(2): 200-6.

Al-Kuraishy HM, Al-Gareeb Al, Al-Maiahy TJ. Concept and connotation of
oxidative stress in preeclampsia. Journal of Laboratory Physicians.

2018;10(3):276-82. PMID:30078962.

170




96.

97.

98.

99.

100.

101.

102.

Mannaerts D, Faes E, Cos P, Briede JJ, Gyselaera W, Cornette J et al.
Oxidative stress in healthy pregnancy and preeclampsia is linked to chronic
inflammation, iron status and vascular function. PL0S One.
2018;13(9):€0202919. PMID: 30204759.

Ekun OA, Ogidi NO, Lawal RA et al. Interrelationship Between Markers of
Oxidative Stress, Inflammation and Haematological Parameters Among
Preeclamptic Nigerian Women. Med Sci Monit Basic Res. 2018;24:225-31.
PMID: 30555153.

Chiarello DI, Abad C, Rojas D, Toledo F, Vazquez CM, Mate A, Sobrevia L,
Marin R. Oxidative stress: Normal pregnancy versus preeclampsia. Biochim
Biophys Acta Mol Basis Dis. 2018;S0925-4439(18):30491-95.
PMID: 30590104.

Barneo-Caragol C, Martinez-Morillo E, Rodriguez-Gonzalez S, Lequerica-
Fernandez P, Vega-Naredo I, Alvarez FV. Increased serum strontium levels
and altered oxidative stress status in early-onset preeclampsia. Free Radic Biol
Med. 2019;138:1-9. PMID: 31055131.

Bhat PV, Vinod V, Priyanka AN, Kamath A. Maternal serum lipid levels,
oxidative stress and antioxidant activity in preeclampsia patients from
Southwest India. Pregnancy Hypertens. 2019;15:130-33. PMID: 30825910.
Ahmad IM, Zimmerman MC, Moore TA. Oxidative stress in early pregnancy
and the risk of preeclampsia. Pregnancy Hypertens. 2019;18:99-102.
PMID: 31586785.

Haram K, Mortensen JH, Myking O, Magann EF, Morrison JC. The Role of
Oxidative Stress, Adhesion Molecules and Antioxidants in Preeclampsia. Curr

Hypertens Rev. 2019;15(2):105-112. PMID: 30663572.

171




103.

104.

105.

106.

107.

108.

109.

Ceylan N, Ozaksit G, Unlu BS, Yildiz Y, Yilmaz S, Agaca F. Can first
trimester placental protein-13 and pregnancy-associated plasma protein-A
predict pre-eclampsia in Turkish women? J Obstet Gynaecol. 2014;34(6):482-
85. PMID: 24786703.

Meiri H, Sammar M, Herzog A, Grimpel YI, Fihaman G, Cohen A et al.
Prediction of preeclampsia by placental protein 13 and background risk factors
and its prevention by aspirin. J Pernat Med. 2014;42(5):591-601.
PMID: 24607918.

Sammar M, Nisamblatt S, Gonen R, Huppertz B, Gizurarson S, Osol G et al.
The role of the carbohydrate recognition domain of placental protein 13
(PP13) in pregnancy evaluated with recombinant PP13 and the DelT221 PP13
variant. PLOS One. 2014;9(7):e 102832. PMID: 25079598.

De Muro P, Capobianco G, Lepedda AJ, Nieddu G, Formato M, Tram NH et
al. Plasma PP13 and urinary GAGs/PGs as early markers of pre-eclampsia.
Arch Gynecol Obstet.2016;294(5):959-65.

Luo Q, Han X. Second-trimester maternal serum markers in the prediction of
preeclampsia. J Perinat Med. 2017;45(7): 809-16. PMID: 27935854.

Yu N, Cui H, Chen X, Chang Y. First trimester maternal serum analytes and
second trimester uterine artery Doppler in the prediction of preeclampsia and
fetal growth restriction. Taiwan J Obstet Gynecol. 2017;56(3):358-61.
PMID: 26800048.

Beljan P, Elvedi-Gasparovic V, Oguic SK, Radosevic V, Schuster S, Skrablin
S. Can first trimester placental biomarkers copeptin and PP13 predict
preeclampsia in advanced age nulliparous women? Signa Vitae.

2017:139(Suppl 3):65-9.

172




110.

111.

112.

113.

114.

115.

Elmas O, Elmas O, Aliciguzel Y, Simsek T. The relationship between
hypertension and plasma allantoin, uric acid, xanthine oxidase activity and
nitrite, and their predictive capacity in severe preeclampsia. Journal of
Obstetrics and Gynecology. 2015;36(1):34-8. PMID: 26366935.

Hsu CD, S. Polavarapu, L. Parton. Placental caspase 3 gene polymorphism is
associated with preeclampsia. Pregnancy Hypertension: An international
journal of women’s cardiovascular health. 2012;2(3):308. PMID: 26105450.
Cali. U, Cavkaytar. S, Sirvan. L, Danisman. N. Placental apoptosis in
preeclampsia, intrauterine growth retardation, and HELLP syndrome: an
immunohistochemical study with caspase 3 and bcl,, Clin Exp.Obstet Gynecol.
2013;40(1):45-8.

Mendilcioglu 1, Karaveli S, Erdogan G, Simsek M, Taskin O, Ozekinci M.

Apoptosis and expression of Bcl-2, Bax, p53, caspase-3 and Fas, Fas ligand in
placentas complicated by preeclampsia. Clinical and Experimental

Obstetricians & Gynecology. 2011;38(1):38-42. PMID: 21485723.

Dagdelen M, Temur M, Yilmaz O, Altindag T, Uslu T, Ozbay PO. Placental
bed apoptosis is increased in pregnant women with pre-eclampsia versus
normotensive pregnant women. J Obstet Gynaecol. 2016;36(8):974-79.
Suparman E, Mose JC, Handono B. Comparison of LC3 and Caspase 3 level
in normal pregnancy, early onset preeclampsia, and late onset preeclampsia.

Electron J Gen Med. 2018;15(4):em56.

173




116.

117.

118.

119.

120.

121.

Rizos D, Eleftheriades M, Batakis E, Rizou M, Haliassos A, Hassiakos D,
Botsis D. Levels of asymmetric dimethylarginine throughout normal
pregnancy and in pregnancies complicated with preeclampsia or had a small
for gestational age baby. J Matern Fetal Neonatal Med. 2012;25(8):1311-15.
PMID: 22010788.

Alpoim PN, Sousa LP, Mota AP, Rios DR, Dusse LM. Asymmetric
Dimethylarginine (ADMA\) in cardiovascular and renal disease. Clin Chim
Acta. 2015; 440: 36-9. PMID: 25444745.

Laskowska M, Laskowska K, Terbosh M, Oleszczuk J. A comparison of
maternal serum levels of endothelial nitric oxide synthase, asymmetric
dimethylarginine and homocysteine in normal and preeclamptic pregnancies.
Med Sci Monit. 2013;19:430-37. PMID: 23739294.

Tayal D, Goswami B, Patra SK, Tripathi R, Khaneja A. Association of
inflammatory cytokines, lipid peroxidation end products and nitric oxide with
clinical severity and fetal outcome in preeclampsia in Indian women. Indian J
Clin Biochem. 2014;29(2):139-44. PMID: 24757293.

Bian Z, Shixia C, Duan T. First trimester maternal serum levels of sFlt-1,
PGF and ADMA predict preeclampsia. PLOS ONE. 2015;10(4):e0124684.
PMID: 25906026.

Zeng Y, Li M, Chen Y, Wang S. Homocysteine, endothelin-1 and nitric oxide
in patients with hypertensive disorders complicating pregnancy. Int J Clin Exp

Pathol. 2015;8(11):15275-79. PMID: 26823880.

174




122.

123.

124.

125.

126.

127.

128.

Lopez-Alarcon M, Montalvo-Velarde I, Vital-Reyes VS, Hinojosa-Cruz JC,
Leanos-Miranda A, Martinez-Basila A. serial determinations of asymmetric
dimethylarginine and homocysteine during pregnancy to predict preeclampsia:
a longitudinal study. BJOG.2015;122(12):1586-92.

Zheng JJ, Wang HO, Huang M, Zheng FY. Assessment of ADMA, estradiol,
and progesterone in severe preeclampsia. Clin Exp Hypertens.
2016;38(4):347-51. PMID: 27152507.

Hodzic J, lzetbegovic S, Muracevic B, Iriskic R, Jovic HS. Nitric oxide
biosynthesis during normal pregnancy and pregnancy complicated by
preeclampsia. Med Glas (Zenica). 2017;14(2):211-17. PMID: 28786966.
Deniz R, Baykus Y, Ustebay S, Ugur K, Yavuzkir S, Aydin S. Evaluation of
elabela, apelin and nitric oxide findings in maternal blood of normal pregnant
women, pregnant women with pre-eclampsia, severe pre-eclampsia and
umbilical arteries and venules of newborns. J Obstet Gynaecol. 2019;7:1-6.
PMID: 31064239.

Abraham AJM, Bobby Z, Chaturvedula L, Vinayagam V, Syed H, Jacob SE.
Utility of time of onset of hypertension, ADMA and TAS in predicting
adverse neonatal outcome in hypertensive disorders of pregnancy. Fetal
Pediatr Pathol. 2019;26:1-17. PMID: 31130051.

Miller SA, Dykes DD, Polesky HF. A simple salting out procedure for
extracting  DNA from human nucleated cells. Nucleic Acids Res.
1988;16:1215. PMID: 3344216.

World Health Organization. International statistics classification of diseases
and related health problems. 10" revision, Vol 2. Geneva, Switzerland:

WHO,1993.

175




129.

130.

131.

132.

133.

134.

135.

World Health Organization (WHO) Global nutrition targets 2025: low birth
weight policy brief. Geneva:WHO;2014.

Ortiz C, Rondeau NU, Moore LE, Mulla ZD. Parental Age and the Risk of
Gestational Hypertension and Preeclampsia. South Med J. 2018;111(9):544-
48. PMID: 30180252.

Bakwa-Kanyinga F, Valerio EG, Bosa VL, Alfama CO, Sperb M, Capp E et
al. Adolescent pregnancy: Maternal and fetal outcomes in patients with and
without preeclampsia. Pregnancy Hypertens. 2017;10:96-100.

Patabendige M, Barnasuriya G, Mampitiya 1. Severe Preeclampsia,
Antiphospholipid Syndrome and Ulnar Artery Thrombosis in a Teenage
Pregnancy: A Rare Association. Case Rep Obstet Gynecol.
2018;2018:1794723.

Li X, Zhang W, Lin J, Liu H, Yang Z, Teng Y et al. Preterm birth, low birth
weight, and small for gestational age among women with preeclampsia: Does
maternal age matter? Pregnancy Hypertens. 2018;13:260-66. PMID:
30177063.

Kalaivani K. Prevalence and consequences of anaemia in pregnancy. Indian J
Med Res. 2009;130:627-33. PMID: 20090119.

Suryanarayana R, Chandrappa M, Santhuram AN, Prathima S, Sheela SR.
Prospective study on prevalence of anemia of pregnant women and its
outcome: A community based study. J Family Med Prim Care. 2017;6(4):739-

43. PMID: 29564255.

176




136.

137.

138.

139.

140.

141.

Ali AA, Rayis DA, Abdallah TM, Elbashir MI, Adam I. Severe anaemia is
associated with a higher risk for preeclampsia and poor perinatal outcomes in
Kassala hospital, eastern Sudan. Research Notes. 2011;4:311.
PMID: 21867566.

Patel A, Prakash AA, Das PK, Gupta S, Pusdekar YV, Hibberd PL. Maternal
anemia and underweight as determinants of pregnancy outcomes: cohort study
in eastern rural Mabharashtra, India. BMJ Open. 2018;8:e021623.
PMID: 30093518.

Maynard SE, Min JY, Merchan J, Lim KH, Li J, Mondal TA et al. Excess
placental soluble fms-like tyrosine kinase (sFIt-1) may contribute to
endothelial dysfunction, hypertension and Proteinuria in pre-eclampsia. J.
Clin. Invest. 2003;111(5):649-58. PMID: 126185109.

Forstermann U, Sessa WC. Nitric oxide synthases: regulation and function.
Eur Heart J. 2012;33(7):829-837d. PMID: 21890489.

Amburgey OA, Ing E, Badger GJ, Bernstein IM. Maternal haemoglobin
concentration and its association with birth weight in newborns of mothers
with preeclampsia. J Matern Fetal Neonatal Med. 2009;22(9):740-44.
PMID: 19557662.

Gaillard R, Eilers PH, Yassine S, Hofman A, steegers EA, Jaddoe VW. Risk
factors and consequences of maternal anaemia and elevated haemoglobin
levels during pregnancy: a population-based prospective cohort study. Paediatr

Perinat Epidemiol. 2014;28(3):213-26. PMID: 24506330.

177




142.

143.

144.

145.

146.

147.

148.

149.

Wang C, Lin L, Su R et al. Hemoglobin levels during the first trimester of
pregnancy are associated with the risk of gestational diabetes mellitus,
pre-eclampsia and pre-term birth in Chinese women: a retrospective study.
BMC Pregnancy Childbirth. 2018;18(1):263. PMID: 29940874.

Phaloprakarn C, Tangjitgamol S. Impact of high maternal hemoglobin at first
antenatal visit on pregnancy outcomes: a cohort study. J Perinat Med.
2008;36(2):115-19.

Cakmak BD, Turker UA, Oztas S, Arik M, Ustunyurt E. The effect of first
trimester hemoglobin levels on pregnancy outcomes. Turk J Obstet Gynecol.
2018;15:165-70. PMID: 30202626.

Taysi S, Tascan AS, Ugur MG, Demir M. Radicals, Oxidative/ Nitrosative
Stress and Preeclampsia. Mini Rev Med Chem. 2019;19(3):178-93.
PMID: 30324879.

D’Souza V, Rani A, Patil V, Pisal H, Randhir K, Mchendale S et al. Increased
oxidative stress from early pregnancy in women who develop preeclampsia.
Clin Exp Hypertens. 2016;38(2):225-32. PMID: 26817695.

Cuffe JSM, Xu ZC, Perkins AV. Biomarkers of oxidative stress in pregnancy
complications.Biomark Med. 2017;11(3):295-306.

Bharadwaj S, Bhat VB, Vickneswaran V, Adhisivam B, Zachariah B,
Habeebullah S. Oxidative stress in preeclamptic mother — newborn dyads and
its correlation with early neonatal outcome — a case control study. J Matern
Fetal Neonatal Med. 2018;31(12): 1548-53. PMID: 28412854.

Dave A, Maru L, Jain A. LDH (Lactate Dehydrogenase): A Biochemical
marker for the Prediction of Adverse Outcomes in Pre-eclampsia and

Eclampsia. J Obstet Gynaecol India. 2016;66(1):23-9. PMID: 26924903.

178




150.

151.

152.

153.

154.

155.

156.

Nikolic A, Cabarkapa V, Novakov Mikic A, Jakovljevic A, Stosic Z.
Ceruloplasmin and antioxidative enzymes in pre-eclampsia. J Matern Fetal
Neonatal Med. 2016; 29(18):2987-93. PMID: 26571141.

Keshavarz P, Nobakht M Gh BF, Mirhafez SR, Nematy M, Azimi-Nexhad M,
Afin SA et al. Alterations in Lipid Profile, Zince and Copper Levels and
Superoxide Dismutase Activities in Normal Pregnancy and Preeclmpsia. Am J
Med Sci. 2017; 353(6):552-58. PMID: 28641718.

Polyzos NP, Mauri D, Tsappi M, Tzioras S, Kamposioras K, Cortinovis | et al.
Combined vitamin C and E supplementation during pregnancy for
preeclampsia prevention: a systemic review. Obstet Gynecol Surv.
2007;62(3):202-6. PMID: 17306042.

Rumbold A, Duley L, Crowther CA, Haslam RR. Antioxidants for preventing
pre-eclampsia. Cochrane database Rev. 2008;1:CD004227. PMID: 18254042.
Kumru S, Aydin S, Gursu MF. Changes in serum paraoxonase (an HDL-
cholesterol-associated lipophilic antioxidant) and acylesterase activities in
severe preeclamptic women. Eur J Obstet Gynecol Reprod Biol.
2004;114:177-81. PMID: 15140512.

El Sherbiny WS, Soliman A, Nasr AS. Placental Protein 13 as an Early
Predictor in Egyptian Patients with Preeclampsia, Correlation to Risk, and
Association  With  Outcome. Journal of investigative medicine.
2015;60(5):818-22.

Farina A, Bernabini D, Zucchini C, De Sanctis P, Quezada MS, Mattioli M
et al. Elevated maternal placental protein 13 serum levels at term of pregnancy
in postpartum major hemorrhage (>1000 mLs). A prospective cohort study.

Am J Reprod Immunol. 2017;78(3). PMID: 28508390.

179




157.

158.

159.

160.

161.

162.

Beljan P, Elvedi-Gasparovic V, Oguic SK, Radosevic V, Schuster S, Skrablin
S. Can first trimester placental biomarkers copeptin and PP13 predict
preeclampsia in advanced age nulliparous women? SIGNA VITAE.
2017;139(SUPPL3):65-9.

Seravalli V, Grimpel Y1, Meiri H, Blitzer , Baschat AA. Relationship between
first-trimester serum placental protein-13 and maternal characteristics,
placental Doppler studies and pregnancy outcome. J Perinat Med. 2016; 44(5):
543-9. PMID: 2544745.

Chalova KI, Pehlivanov BK, Amaliev IG, Amaliev GIl, Raycheva RD,
Ivanovska MV. Maternal serum Concentrations of Corin, Endoglin, PP13, and
sFlt-1 and their Changes with Advancement of Pregnancy and Correlation
with Doppler of Uterine Arteries. Folia Med (Plovdiv). 2018;60(4):558-64.
Yalamati P, Bhongir AV, Betha K, Verma R, Dandge S. Relationship of
serum uric acid, serum creatinine and serum cystatin C with maternal and fetal
outcomes in rural Indian pregnant women. Int J Reprod Contracept Obstet
Gynecol. 2015;4(5):1505-10. PMID: 26583159.

Rezk M, Gaber W, Shaheen A, Nofal A, Emara M, Gamal A et al. First
versus second trimester mean platelet volume and uric acid for prediction of
preeclampsia in women at moderate and low risk. Hypertension in Pregnancy.
2018;37(3):111-17. PMID: 29893156.

Ryu A, Cho NJ, Kim YS, Lee EY. Predictive value of serum uric acid levels
for adverse perinatal outcomes in preeclampsia. Medicine (Baltimore).

2019:98(18): 15462. PMID: 31045822.

180




163.

164.

165.

166.

167.

168.

Williams KP, Garlerneau F. The role of serum uric acid as a prognostic
indicator of the severity of maternal and fetal complications in hypertensive
pregnancies. J Obstet Gynaecol Can. 2002;24(8):628-32. PMID: 12196841.
Thangaratinam S, Ismail KM, Sharp S, Coomarasamy A, Khan KS. Tests in
Prediction of Pre-eclampsia Severity review group. Accuracy of serum uric
acid in predicting complications of preeclampsia: a systemic review. BJOG.
2006;113(4): 369-78. PMID: 16553648.

Punthumapol C, Kittichotpanich B. Serum calcium, magnesium and uric acid
in preeclampsia and normal pregnancy. J Med Assoc Thai. 2008;91(7):968.
PMID: 18839833.

Leiper J, Murray-Rust J, Mc Donald N, Vallance P. S-nitrosylation of
dimethylarginine dimethylamino hydrolase regulates enzyme activity: further
interactions  between nitric oxide synthase and dimethylarginine
dimethylamino hydrolase. Proc Natl Acad Sci USA. 2002;99:13527-32.
PMID: 12370443,

Karampas GA, Eleftheriades MI, Panoulis KC, Rizou MD, Haliassos AD,
Metallinou DK et al. Prediction of pre-eclampsia combining NGAL and other
biochemical markers with Doppler in the first and/or second trimester of
pregnancy. A pilot study. Eur J Obstet Gynecol reprod Biol. 2016;205:153-7.
PMID: 27599094,

Diejomach FM, Omu AE, Al-Busiri N, Taher S, Al-Othman S, Fatinikun T et
al. Nitric oxide production is not altered in preeclampsia. Arch Gynecol

Obstet. 2004; 269(4):237-43.

181




169.

170.

171.

172.

173.

174.

175.

176.

Nishizawa H, Pryor-Koishi K, Suzuki M, Kato T, Sekiya T, Tada S et al.
Analysis of nitric oxide metabolism as a placental or maternal factor
underlying the etiology of pre-eclampsia. Gynecol Obstet Invest. 2009;68:239-
47,

Vural P. Nitric oxide/endothelin-1 in preeclampsia. Clin Chim Acta. 2002;317
(1-2): 65-70. PMID: 11814459.

Demircan Sezer S, Kucuk M, Nergiz Avcioglu S, Zafer E, Altinkaya SO,
Bicakci B et al. Comparison of maternal and umbilical cord blood HIF-1a and
nitric oxide levels in early and late onset preeclamptic pregnancies. Gynecol
Endocrinol. 2015; 31(12): 945-48.

Acauan Filho BJ, Pinheiro da Costa BE, Ogando PB, Vieira MC, Antonello
IC, Poli-de-Figueiredo CE. Serum nitrate and NOXx levels in preeclampsia are
higher than in normal pregnancy. Hypertens Pregnancy. 2016;35(2):226-33.
PMID: 27003519.

Von Mandach U, Lanth D, Huch R. Maternal and fetal nitric oxide production
in normal and abnormal pregnancy. The Journal of Maternal-Fetal and
Neonatal Medicine. 2003;13(1):22-7.

Hodzic J, lzetbegovic S, Muracevic B, Iriskic R, Stimjanin Jovic H. Nitric
oxide biosynthesis during normal pregnancy and pregnancy complicated by
preeclampsia. Med Glas (Zenica). 2017;14(2):211- 17.

Teran E, Escudero C, Vivero S, Molina G, Calle A. NO in Early Pregnancy
and Development of Preeclampsia. Hypertension. 2006;47:e17.

Sankaralingam S, Xu H, Davidge ST. Arginase contributes to endothelial cell
oxidative stress in response to plasma from women with preeclampsia.

Cardiovasc Res. 2010;85(1):194-203. PMID: 19684035.

182




177. Lin KY, Ito A, Asagami T, Tsao PS, Adimoolam S, Kimoto M et al. Impaired
nitric oxide synthase pathway in diabetes mellitus: role of asymmetric
dimethylarginine and dimethylarginine dimethylamino hydrolase. Circulation.
2002;106:987-92. PMID: 12186805.

178. Teerlink T. ADMA metabolism and clearance. Vascular Medicine.
2005;10:S73-81. PMID: 11950212.

179. Williams PJ, Broughton Pipkin F. The genetics of pre-eclampsia and other
hypertensive disorders of pregnancy. Best Pract Res Clin Obstet Gynaecol.

2011; 25(4):405-17. PMID: 21429808.

183




List of reprints of the publications pertaining to the Ph.D. topic

APPENDIX-I

S.No. Title Journal name Indexation

1. Maternal Serum Open Journal of Obstetrics | Web of science,
Biochemical Indicators of | and Gynecology. Google Scholar,
Trophoblastic Cell and 2018; 8, 867-881. Pubmed,
Endothelial Function at Pubmed central
First Trimester of
Pregnancy

2. Relationship between Open Journal of Obstetrics | Web of science,
Mean Arterial Pressure, and Gynecology. Google Scholar,
Uric Acid and Calcium 2018; 8: 1532-1548. Pubmed,
with Xanthine Oxidase Pubmed central
Activity and Fetal
Outcome in Normotensive
and Preeclampsia in a
Nested Study

3. Placental protein 13: An Journal of Circulating Pubmed
important biological Biomarkers. DOAJ
protein in preeclampsia 2018;7:1849454418786159

4. Placental protein 13 and Biomedical Research. Scopus
asymmetric dimethyl 2019;30(2). EMBASE
arginine for early
assessment of
preeclampsia

5. Relevance of Placental Journal of Medical Scopus

protein 13 in combination
with Asymmetric
dimethylarginine, Caspase
3 and Xanthine oxidase
activity in early prediction
of Preeclampsia and an
evidence of LGALS13
gene promoter variant

Sciences.

Under review

184




Open Journal of Obstetrics and Gynecology, 2018, 8, 867-881
http://www.scirp.org/journal/ojog

ISSN Online: 2160-8806

ISSN Print: 2160-8792

/
o2o Resmits
0.00 Publishing

Maternal Serum Biochemical Indicators of
Trophoblastic Cell and Endothelial Function at
First Trimester of Pregnancy

Ranjeeta Gadde!, Chikkanayakanahalli Doddaiah Dayanand?!*, Shimoga Rangappa Sheela?

'Department of Biochemistry, Sri Devaraj Urs Medical College, SDUAHER, Tamaka, Kolar, India
*Department of Obstetrics and Gynaecology, Sri Devaraj Urs Medical College, SDUAHER, Tamaka, Kolar, India
Email: ranjeetanksr@gmail.com, *cd8905@yahoo.co.in, co.ahs@sduu.ac.in

How to cite this paper: Gadde, R,
Dayanand, C.D. and Sheela, S.R. (2018)
Maternal Serum Biochemical Indicators of
Trophoblastic Cell and Endothelial Func-
tion at First Trimester of Pregnancy. Open
Journal of Obstetrics and Gynecology, 8,
867-881.
https://doi.org/10.4236/0jog.2018.810090

Received: July 24, 2018
Accepted: August 24, 2018
Published: August 27,2018

Copyright © 2018 by authors and

Scientific Research Publishing Inc.

This work is licensed under the Creative
Commons Attribution International
License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

Abstract

Background: Preeclampsia is a worldwide pregnancy complication, and early
identification of patients with an increased risk is one of the key goals in ob-
stetrics. First trimester screening is crucial over the second trimester for un-
derstanding the early onset of the disorder, with basal levels of the biochemi-
cal parameters associated with the underlying placentation process. Objec-
tive: The study aims to assess the levels of serum biochemical markers in
pregnant women at first trimester, to evaluate statistical significance and cor-
relation of the values in support of trophoblastic cell integrity, endothelial
function and oxidative stress. Materials and Methods: A longitudinal study
was conducted on 86 pregnant women of age group 20 - 35 years, Primigra-
vida with singleton pregnancy who visited prenatal check up between 11 - 13
weeks of gestation. Maternal sera was collected for screening Placental pro-
tein 13 (PP13), Caspase 3, Asymmetric dimethylarginine (ADMA), Nitric
oxide (NO) by ELISA. Xanthine oxidase (XO) activity was assayed spectro-
photometrically. Calcium and Uric acid (UA) were measured by dry chemi-
stry analyser. Results: The mean + SD values for mean arterial pressure
(MAP) are 108.4 + 18.9, UA 2.01 + 0.85, Total oxidant status (TOS) 12.83 +
5.17, Total antioxidant capacity (TAC) 24.10 + 14.28, XO 1.01 + 2.67, Cas-
pase-3 1.76 + 2.22, PP13 489.77 + 53.6, Calcium 10.88 + 1.97, ADMA 19.03 £
17.08 and NO 1.16 * 0.75. The statistical analysis by SPSS package version 20
revealed positive correlation between ADMA & Caspase-3 (r = +0.435), PP13
& NO (r = +0.241), TOS & TAC (r = +0.176), UA & ADMA (r = +0.176), UA
& TAC (r = +0.168) and negative correlation between PP13 & ADMA (r =
—-0.158), NO & TOS (r = -0.114), UA & XO (r = —0.173), UA & NO (r =
—0.186), UA & Caspase 3 (r = —0.106) and MAP & Calcium (r = —0.303).
Conclusion: The study concludes that first trimester biochemical markers
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Abstract

Preeclampsia is a pregnancy complication; early identification with increased
risk is one of the key goals in obstetrics. In a nested case control study, serum
uric acid and calcium measured in first and second trimesters of pregnancy
were correlated with Xanthine oxidase (XO) activity, mean arterial pressure
(MAP) and fetal birth weight. The mean + SD of uric acid (2.01 £ 0.85, 4.8 +
1.93), calcium (10.88 + 1.97, 9.72 £ 2.04), MAP (84.32 + 6.71, 78.40 + 8.53)
and XO activity (11.96 * 1.91, 14.05 * 3.09) of the study group (n=86) were
observed in the first and second trimesters respectively. First trimester nor-
motensive group (n=79) and preeclampsia cases (n = 7), showed a mean * SD
of uric acid (1.93 + 0.80, 2.9 + 0.88), Calcium (10.92 + 1.9, 10.6 + 1.72), MAP
(84.19 £ 6.75, 85.71 * 6.58) XO activity (11.82 + 1.83, 13.57 + 2.21). In the
second trimester, normotensive group and preeclampsia cases showed a
mean * SD uric acid (4.6 + 1.75, 7.3 + 2.19), Calcium (9.4 + 1.85, 12.9 + 1.04),
MAP (76.41 £ 5.41, 100.95 + 2.52) and XO activity (13.37 + 1.93, 21.70 *
3.50). Statistical analysis revealed a non-significant positive correlation in first
trimester between uric acid and MAP (r = +0.116, p = 0.288), negative corre-
lations between uric acid and fetal birth weight (r = —0.118, 0.279) and be-
tween calcium and MAP (r = —0.288, p = 0.007). In the second trimester, sig-
nificant positive correlations were observed between uric acid (r = +0.246, p =
0.022), calcium (r = +0.326, p = 0.007) with MAP along with a significant nega-
tive correlation between uric acid (r = —0.641, p = 0.000), calcium (r = —0.316, p
= 0.003), Proteinuria (r = —0.514, p = 0.000) with fetal birth weight. The
screening of first and second trimesters XO activity, uric acid, calcium and
MAP during pregnancy is beneficial in identifying women likely to develop
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Placental protein 13: An important
biological protein in preeclampsia
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Abstract

Placental protein 13 (PP13), a glycan binding protein predominantly expressed in syncytiotrophoblast, dimeric in nature,
lacks N-terminal signal peptide, bypasses the endoplasmic reticulum, and secretes into maternal circulation as exosomes
or microvesicles. PP13 has jelly roll fold conformation with conserved carbohydrate recognition domain which specifically
binds to B-galactosides of the glycan receptors during placentation. PP13 binds to glycosylated receptors on human
erythrocytes and brings about hemagglutination by the property of lectin activity; other functions are immunoregulation
and vasodilation during placentation and vascularization. The gene LGALSI3 located on 19ql13.2 comprising four exons
expresses a 32-kDa protein with 139 amino acid residues, PP|3. Impaired expression due to mutation in the gene leads to
a nonfunctional truncated PP13. The low serum levels predict high risk for the onset of preeclampsia or obstetric
complications. Hence, PPI3 turned to be an early marker for risk assessment of preeclampsia. The recombinant PP13 and
monoclonal antibodies availability help for replenishing PP13 in conditions with low serum levels and for detection and
prevention of preeclampsia, respectively.
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Introduction of the syncytiotrophoblast to the glycans of the membrane

and extracellular matrix proteins such as annexin II is a
primary requisite for the placental implantation to the
endometrium. '’

PP13 also binds to B- and y-actin within trophoblasts,
which facilitates the migration of trophoblasts toward the
placental bed and also increases the release of prostacyclins
for vascular remodeling of maternal spiral arteries in early
placentation.'® From the immunological point of view, for
an effective placentation, PP13 induces the apoptosis of

Preeclampsia is a pregnancy-specific disorder character-
ized by hypertension and proteinuria after 20 weeks of
gestation.! Although the exact etiology of the disorder is
still not known, the impairment in the early placentation is
associated with onset of preeclampsia that complicates up
to 2-8% of all the pregnancies.” Prediction, understanding
of underpinning mechanism and prevention of preeclamp-
sia, is still not clear. Hence, preeclampsia and eclampsia are
the leading causes of maternal, perinatal morbidity, and
mortality.** Placental protein 13 (PP13) is a carbohydrate
binding protein synthesized in the syncytiotrophoblast,
which is involved in early placentation process.™® It is a

' Department of Biochemistry, Sri Devaraj Urs Medical College, Kolar,
India

member of galectin family with a conserved carbohydrate
recognition domain (CRD).”® The specificity of this site
for B-galactosides-containing glycoconjugates'®'? is
established and plays a significant role in biological events
such as implantation and embryogenesis.'>*'* The biologi-

cal specificity of the PP13 present in the apical membrane
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Abstract

Objective: To evaluate serum levels of biomarkers as early indicators of onset of preeclampsia during
pregnancy.

Method: A nested case-control study was conducted among the pregnant women who visited for
antenatal check-up at R.L. Jalappa Research Center, Kolar between August 2017 and May 2018. Serum
levels of placental protein 13 (PP13), asymmetric dimethylarginine (ADMA), nitric oxide and caspase-3
which represents placentation and endothelial function were measured and compared between
trimesters.

Results and Discussion: There were 86 pregnant women enrolled at first trimester, the baseline values of
women who developed preeclampsia were PP13 (477.54 + 62.72 pg/ml), ADMA (21.06 + 19.42 ng/ml),
nitric oxide (3.71 + 2.76 nmol/uL) and caspase-3 (6.15 + 0.55 ng/ml). In the second trimester on follow
up, the mean serum concentration of PP13 was 530.64 + 69.10 pg/ml in preeclampsia versus 518.26 +
49.33 pg/ml in normal pregnancy. The mean serum concentration of ADMA was 73.43 + 30.95 ng/ml and
nitric oxide 4.10 + 2.70 nmol/pL in preeclampsia versus 21.06 + 19.42 ng/ml and 4.85 + 2.19 nmol/pL in
normal pregnancy. The mean serum concentration of caspase-3 in preeclampsia was 22.65 + 0.91 ng/ml
versus normal pregnancy 18.45 + 2.62 ng/ml were recorded. In preeclampsia, PP13 was positively
correlated with nitric oxide and negatively correlated with ADMA.

Conclusion: Decreased PP13, nitric oxide and elevated ADMA in first trimester and increased PP13,
ADMA and decreased nitric oxide at second trimester reflects altered placentation and endothelial

function.

Keywords: Asymmetric dimethylarginine, Placental protein 13, Preeclampsia, Caspase-3D.

Introduction

Preeclampsia contributes to the global incidence of 2-8% of
pregnancies with maternal/neonatal morbidity and mortality in
developing countries with poor antenatal care. The criteria for
diagnosis of preeclampsia are blood pressure > 140/90 mmHg
with  renal insufficiency, impaired liver function,
haematological and neurological complications [1]. The
adverse outcomes of preeclampsia are fetal growth restriction
with oligohydramnios, preterm birth, low birth weight, severe
birth asphyxia, still birth or intrapartum death. Many etiologies
linked to this syndrome, viz. insufficient trophoblast invasion,
uteroplacentalischemia, vascular disorders of the placenta,
insulin resistance, systemic maternal inflammation, endothelial
dysfunction and antiangiogenic state [2]. Even though, the
exact reason for this pregnancy disorder is not known,
preeclampsia research is striving to address this issues related
to early diagnosis, underlying mechanism and management of
the disorder. Therefore, the early assessment of preeclampsia
by using biomarkers is effective and has drawn much attention.
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Human placental protein 13 (PP13) is 32 kDa [-galactoside
binding  soluble-type  galectin  synthesized in the
syncytiotrophoblast. The presence of carbohydrate recognition
domain (CRD) in its structure enables binding to the glycans of
endometrial membrane and annexin II of the extracellular
matrix during implantation and embryogenesis. PP13 binds to
B and vy actin proteins of cytoskeleton in the
syncytiotrophoblast and facilitates its migration by increasing
prostaglandin release, which is important for vascular
remodelling during placental development. Besides, it is also
known to provide immune tolerance at the maternal-fetal
interface [3]. Nevertheless, theexact actiology of preeclampsia
is unclear, abnormal remodelling of uterine blood vessels and
immunological tolerance between fetal and maternal tissues
play possible role in the pathogenesis of this disorder [4].
Therefore, early assessment of PP13 concentrations seems
advantageous.

Asymmetric dimethylarginine (ADMA), a methylated
compound generated by post translational modification of
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Relevance Of Placental Protein 13 In Combination With Asymmetric Dimethyl
Arginine, Caspase 3 And Xanthine Oxidase Activity In Early Prediction Of
Preeclampsia And An Evidence Of LGALS13 Gene Promoter Variant

Background: Preeclampsia is a pregnancy specific hypertensive disorder and its

complications are linked to maternal morbidity and mortality.

Objectives: The aim of the study is to determine early placental and endothelial dysfunction

markers in first and second trimesters of pregnancy in the prediction of preeclampsia.

Materials and Methods: Study design was longitudinal nested-case control, consisted of 268
pregnant women enrolled during ante-natal screening. Blood samples were analysed for total
oxidant status (TOS) total antioxidant status (TAS), Placental proteinl3 (PP13), Caspase-3
and Asymmetric dimethyl arginine (ADMA) by ELISA, Xanthine oxidase (XO) activity and
Nitric oxide (NO) by colorimetric assay. Oxidative Stress Index (OSI) was denoted as the
ratio of TOS/TAS. On follow-up, 22 subjects developed preeclampsia and 12 had
spontaneous abortions.PP13 gene, LGALS13 was sequenced to know any polymorphism.
Results were analysed by Wilcoxon Signed Ranks test know the level of statistical
significance, correlation analysis by Spearman’s correlation and diagnostic performance of

the measured parameters by receivers operating characteristic (ROC) curve.

Results: Preeclampsia onset women had low PP13 levels in first trimester and elevated OSI,
XO activity, Caspase-3 and ADMA in second trimester (p<0.001). PP13 gene revealed 55%
of preeclamptic cases with -98C/A SNP at promoter region. Elevated ADMA:NO ratio
represents vascular endothelial dysfunction. ROC curve showed AUC for first trimester PP13
(0.932), second trimester PP13 (0.955) second trimester XO activity (0.967) and second
trimester ADMA (1.000).

Conclusion: Our results suggest that oxidative stress, placental and endothelial dysfunction
biomarkers would be helpful for early prediction of preeclampsia.

(Under Review in Journal of Medical Sciences)
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