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ABSTRACT

Background: Vascular endothelial growth factor (VEGF) is an iaggnic growth
factor having both angiogenic and vascular perntigal@lements. It helps in the
development of first blood vessels and the fornmtibnew vessels from the existing
vessels. VEGF stimulates the proliferation of agiphoblast cells for the invasion of
decidua and spiral artery remodelling. This progegmtes uteroplacental circulation
and helps in nutrition transport. It also stimusatetric oxide, a vasodilator, reduces
peripheral resistance of the maternal vessel anteases cardiac output thereby
increases nutrition transport. These roles of VEGEarly pregnancy are associated
with the growth of the placenta and fetus. Butehe a lack of literature on its role in
the growth in later stages of pregnancy and alsorépancies about its expression at
term. Studying relationships between the VEGF lewdh placental and fetal
parameters will explain its role in growth. Thigtiar has been studied as a prediction
marker for pre-eclampsia and intrauterine growttrietion pregnancies. However,
the results varied. Therefore, a marker alone nwybe beneficial in understanding
the pathology. Therefore, there is a need to stilslyexpression level and its
relationship with growth parameters and factorguaricing the VEGF expression,
which will be beneficial in understanding the oute of the complicated

pregnancies.

Objective: To study the expression of VEGF in fetal growthpbgcental morphology

and its immunohistochemistry.

Methodology: Placentae of 32 - 41+ weeks of gestation wereectdt from the
Obstetrics and Gynaecology Unit, Dr Prabhakar Koharitable Hospital, Belagavi.

The sample size was 385. Placentae of singletognprey without any maternal

XX



systemic disorders were included in the study. plaeentae were observed for cord
and membrane attachment. A central section of ldeepta was taken and processed
for immunohistochemical and Haematoxylin (H) angiBdE) staining. VEGF-A165
Mouse Monoclonal Antibody was used. The VEGF exqoes was observed in
syncytiotrophoblast, blood vessels and Hofbauds.cBlepending on the expression,

the intensity of staining was quantified from thes#s in Image J Software.

Results: The expression of VEGF did not change from 32 wé@ks of gestation, but
the expression was increased in 41+ weeks of gmstaMaternal age, parity,

gravidity and mode of delivery did not affect thepeession of VEGF. Fetal (birth

weight, length, head circumference and abdominedupiference) and placental
parameters (placental weight, volume, surface ane€lanumber of cotyledons) did not
change with the VEGF level. Hemoglobin level lesant 11 g/dL and male fetuses
showed an increase in the VEGF level. The expresigeel was decreased in the
abnormal umbilical cord and membranous attachniér@.VEGF level was increased

significantly in all the complicated pregnancies.

Conclusion: The VEGF expression was stabilized in the thinchéster of pregnancy.
The expression was increased in 41+ weeks duatemlal insufficiency. The VEGF
did not show a relationship with fetal and placegtawth measures. Therefore, we
can say that VEGF was not associated with growthjtb stabilized expression was
important in maintaining pregnancy. Hence, the VH&FeI at term cannot be useful
in predicting fetal growth parameters. The VEGFelewas reduced in the abnormal
umbilical cord and membranous attachment of plasenthe reduced VEGF level
may cause morphological malformations of the pléceiso, the VEGF was
increased in all the complicated pregnancies, fogmtly in PE and IUGR.

Therefore, VEGF alone may not be beneficial in mtaty a single disease.
XXI



Combinations with other markers will be beneficial differentiating multiple

complications.

Keywords: Blood vessels; Fetal development; ImmunohistochieynisPlacenta;

Pregnancy; Vascular endothelial growth factor.
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I ntroduction

1. INTRODUCTION
1.1 Background

The development of the fetus depends entirely ensthucture, function and
growth of the placenta.The human placenta is haemochorial, where the erleth
blood meets the chorion without rejectioh.is very important for the growth and
development of the fetus in the womb and is a miofogprenatal fetal development.
Structurally it consists of villi, forms the funotial components of the placenta, and
consists of a layer of cytotrophoblast (CT), symtypphoblast (STB) and a core of
mesoderm with blood vessels (BV). These villi faitme placental barrier and transfer
nutrients from mother to fetus and waste producish ffetus to mother. It also acts as
a barrier to pathogens and the maternal immunesrsysThe cells of these villi
function as an endocrine gland and synthesize ngaowyth factors, hormones and
other bioactive products which maintain pregnahtyfo execute these functions, it
requires normal placentation, which is marked bg tevelopment of the rich
vascular network, the proliferation of trophobl&@EB), invasion of the endometrium
and vasculogenesis, branching angiogenesis inittstetfimester and nonbranching
angiogenesis in second and thirst trimester in plecenta and endometriuin.
Placentation is a complex process where concepinsval requires an elaborate
connection with the maternal vessels, a novel fofwasculogenesis. To achieve this,
the placental unique epithelial cells, CT, acquumour-like properties; invade the
interstitium of the decidua and inner third of myatnum (interstitial invasion), to
attach conceptus to the uterine wWalDuring the invasion, the mass of these cells
recanalize the uterine arteries (endovascular iamgsincrease the diameter and

decrease the resistance of vessels. In this mamantrioles are remoulded into
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I ntroduction

amalgamated vessels consisting of fetal and madteeils which divert the uterine
blood to the placenta to meet the requirementhefdeveloping fetus®> Once the
lumina reform, uteroplacental exchange océurbjch determines the healthy viable
outcome of the fetus. Reduced or increased pratifar leads to macrosomic or fetal
growth restrictior. The surface area which is required for nutrieahsfer depends
on this. This differentiation is controlled by colamentary actions of factors such as
matrix metalloproteinase-9, vascular endotheliadlheain, vascular cell adhesion
molecule 1, several integrins, which stimulatesnstell differentiation, proliferation
and invasiorf. Some of the physiological parameters such as oxigesion, growth
factors, cytokines, transcription factors, chemekinand protein fragments regulate
vessel growth and developmé&mmong these, angiogenic growth factors are the key
regulators of vessels of the placenta. The vaseulesjs; formation of first capillaries
within villi begins on the 21st day of post-contiep by the appearance of
macrophages which secretes angiogenic growth fgttarich stimulates the
hemangioblast cells, which are precursors of erdiaih cells derived from
mesenchyme arrange like long cords within the witldl forms the first vess&IThis

is followed by branching angiogenesis (starts fidag 32 to week 25), the number of
vessels will increase rather than the type of uesée this stage, existing capillaries
start sprouting and branching and form a networlcagillaries inside the vilfi**
After 26 weeks of gestation, nonbranching angiogenstarts and continues till
termX? Most of the pregnancy complications are closelidi to the development of
vessels in the placenta, which is reflected throyngcental weight and fetal
growth*?*® The vascular endothelial growth factor family pinteare the one who

regulates placental vascularization throughout maagy*®*?

Page 2



I ntroduction

Vascular endothelial growth factor (VEGF):

VEGF is first identified in bovine pituitary follidar cells by Napoleone
Ferrara and his colleagues at Genentech in 1988. only angiogenic factor having
both vascular permeability and endothelial mitogepioperty’® It is a dominant
angiogenic growth factor and function as a prinicripgulator of vessel development.
Involved in the development of both pathologicatl ahysiological angiogenesiS.
VEGF is a dimer of 46kD#. It is strongly stimulated by hypoxia through hypaxi
inducible factor-1 (HIF-1§2?*There are different types of VEGF namely; VEGF-A,
VEGF-B, VEGF-C, VEGF-D, VEGF-E and placental growfdictor (PIGFf*?%’
Among these VEGF-A or commonly called as VEGF isnpnently present in the
placente® The VEGF-A exists in six splice forms, having 1445, 165, 183, 189
and 206 amino acids (VEGF-A121, VEGF-A145, VEGF-B1GEGF-A183, VEGF-
A189 and VEGF-A206j° VEGF-A165 form the chief source of VEGF family
proteins secreted in the placeffaVEGF binds to 2 tyrosine kinase receptors;
vascular endothelial growth factor receptor-1 [VEGE or fms like tyrosine kinase-1
(FIt-1)]*° and vascular endothelial growth factor receptdqEGFR-2 or kinase
domain receptor (KDRJ} which are present in TB and endothelial c&l$.also acts
through Neuropilin-1 (NRP-1) and Neuropilin-2 (NRP2° Through these receptors,
VEGF stimulates endothelial cells to form blood sais** To support this, gene
knockout studies have identified the significant&/BGF proteins and receptors in
vasculogenesis and angiogenesis and the mice @i¢odabnormal endothelial cell
growth and blood vessel formatidh®* An organized angiogenesis is required for

nutrient transfer and fetal development.
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I ntroduction

VEGF expression is upregulated by hypoxia, suppgrthe hypothesis that
the placenta develops under a hypoxic condition shienulates VEGF and helps in
placental developmenit.Less oxygen stimulates VEGF expression via HIRich
interacts with the hypoxic response element (HRE)tHe VEGF gen&*’ The
increased VEGF stimulates the differentiation arafiferation of CT®which helps in
invasion and remodelling of the spiral artéry.Thereby VEGF helps in the
placentation and initiates uteroplacental circokati Failure in VEGF and VEGF
receptor (VEGFR) interaction observed in pre-eclsimgPE), suggest that in early
pregnancy VEGF-VEGFR interactions are essenti#hendifferentiation and survival
of CT, which invades the uterine wall and chanmsliznaternal blood to the
placent? VEGF helps in the formation of first blood vessel. ivasculogenesis and
branching angiogenesis (formation of new vessehfthe existing vessel) till mid-
gestation, where its expressions are more secieyeT cells’®*° After mid-

gestation it helps in nonbranching angiogeneditetin with PIGF*?

VEGF regulates apoptosis of endothelial cells tghothe phosphatidylinositol
3-kinase (PI3K) pathway and stimulates prolifenati thereby helping in
vasculogenesis in endometrium and plac&itd®VEGF also helps in the secretion
of nitric oxide (NO) by stimulating NO synthase, ialh is present in ST8** and
endothelial cell§> NO is a vasodilator that reduces the peripheraistase of
maternal blood vesséfsand increases the cardiac output and plasma vobirtiee
mother?* which is positively linked with fetal growt}?. The VEGF-A also improves
the permeability by phosphorylation of vasculara@hédlial (VE)-cadherin at Tyr-685
and Tyr-731% This increases paracellular clefts allowing macrlemales 76kDa
dextrans; this function of VEGF is assisted by PEid VEGF-A165b. The interplay

of VEGF-A165 molecules with PIGF is essential inim&ning the vessel junctions
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I ntroduction

and for viable outcome in normal and complicateegpancieé’ All these functions
of the VEGF is correlated with the growth in eapyegnancy?® We, therefore,
presumed that VEGF stimulates the growth of theeita by increasing branching
and non-branching angiogenesis thereby increasimface area and vascular
permeability for nutrition transport which is refted through placental growth which
in turn increases the fetal growth. Therefore, ydging placental and fetal

parameters association with the VEGF level willlaxpits role in growth.

A marker that reflects placental function and adegesutcomes of pregnancies
is in demand for researéhMany studies tried identifying VEGF as a markerPdf
and intrauterine growth restriction (IUGR) pregnasc However, the results have
varied; some studies show increased and other stheeveased expression of
VEGF %3 The placenta is a source of markers that will érptae mechanism
behind the complications. A single marker alone nm@y predict the outcomes.
Clinical features and fetal, placental and matepsabmeters association with these
markers may be helpfiflbecause the normal placentae have different pppesand

vary in pathology and molecular levéfs.
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1.2 Literature review

Successful pregnancy depends on the implantatidrfamation of fetal and
maternal blood vessels to supply the increasingatielnof nutrition for developing
embryo®®VEGF-A is an angiogenic growth factor, induced lypdxia, contributes to
endothelial growth, differentiation, function andseular permeability. Imbalance of
pro- and anti-angiogenic factors can cause endathelpairment. This will reduce
uteroplacental blood flow and can cause fetal hip@nd deatfi’™® The growth
factors which stimulate and maintain vascular ghowand function have
developmental and clinical significan€eMany researchers have studied VEGF-
Al165 in the placenta and the serum/plasma levelmothers in normal and
complicated pregnancies but the results are vaflée origin of VEGF is still

unknown.
VEGF expression in human placenta and animals:

Sharkey AM et al first showed VEGF in the placenyareverse transcription-
polymerase chain reaction (RT - PCR) and in-sitbhrigyzation method in the first
trimester and term placenta. They found 189, 185,dnd 121 isoforms of VEGF in
the first trimester and term placenta. The VEGFsaerger ribonucleic acid (mMRNA)
expression was found in STB, CT and Hofbauer cgfi€) of mesoderm in the
placenta of the first trimester. Decidua of thestfitrimester uterus also showed the
presence of VEGF. Strong expression of VEGF was abserved in the glandular
epithelium and the uteroplacental junction adjacentNitabuch's stria. In term
placenta, the VEGF mRNA was observed in STB and HCthe uterus, the
expression was observed in extravillous tropholBStT). Amnion and chorion also

expressed VEGF. The study concluded that the VE@GE\ST in decidua may be due
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to the presence of macrophages in between the ES. GThey also observed strong
VEGEF stain in the isolated mesenchymal cells withia villi, suggesting that VEGF
expression within each villous was regulated byldactors. This study also showed
low VEGF expression in the first trimester with ieased expression at term. The
complex expression of VEGF was involved in angi@gs on both fetal and
maternal parts of the placenta. This study concutiat the prime source of VEGF

was from macrophagé8.

Demir R et al studied VEGF and its receptor iniwif early pregnancy
placenta (22- 66" day of post-conception, n=35). The VEGF expressias found
moderately in CT, intense staining in HC and melsgmal cells. The VEGF secreted
from these cells recruits and helps in the fornmatd first angiogenic cells. In the
stroma of villi, a significantly increased immunactivity was observed as
pregnancy progressed. The expression was increggaticantly between 24 and 34
days. Flt-1 and KDR were found on CT, haemangiageords, stromal cells and
endothelium. These receptors expression showedltbgtmaintain placental vessel
development in a paracrine and autocrine way throotgractions with their ligands.
This study concluded that the VEGF in CT cells stated vasculogenesis and the

angiogenesis by stromal cells and HC together Watcells®

Vuorela et al identified the presence of VEGF, VEBNEGF-C and PIGF
MRNAs in the term placenta (n=5). In situ hybridiza analyses showed that the
mesenchymal cells within the chorionic plate expeds VEGF mRNA.
Immunohistochemical results showed protein expoassi villous blood vessels and

stroma. Hence, the cells of chorionic plate secviE&F, which diffuses through the
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villi and acts on the endothelium of vessels di inl paracrine mode, while the PIGF

mRNA expression was observed in TB and proteirascular endotheliurf.

In one of the studies, Cooper JC et al studied VEGdFits receptor in human
placenta and decidua by immunohistochemistry. TR&N was found in HC of the
placenta and decidual cells, glandular epitheliud BEVT in the uterus of the first
trimester (n=3). In term placenta (n=8) of cesarsgaation, expression of VEGF was
found in STB, EVT and the extracellular materiaim#on did not show VEGF
expression. The flt-1 receptor was found on endheells in the first trimester and
on EVT and HC in the term placenta. The expressioWEGF by HC can act on
endothelial cells for controlling proliferation ammbrmeability. The flt-1 expression
regulates endothelial function by autocrine modeis Tstudy concluded that these

factors may be involved in the migration and défeiation of EVT until ternf?

Zhou Y et al in an in-vitro and in-vivo (n= 19) dipdemonstrated VEGF
expression in chorionic villi cells and fetal velssim the villous stroma in the first
trimester. The CT of the proximal cell column didtrstain for anti-VEGF but the
distal cell column showed increased immunoreactibine CT in the superficial
uterine wall and cells of the placenta, which odedpghe lumen of uterine vessels,
showed intense staining with anti-VEGF. The VEGEalzation and intensity of
staining did not change from first to the seconchéster. They also observed anti-
VEGF staining in stromal cells, BV in the villousesenchyme and CT of term
placenta. Their in-vivo assay indicates that VEGKpression regulates the
differentiation and invasion of CT that are essdni early placental growth. This

research revealed that members of VEGF family cbstrrvival of CT®
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Geva E et al studied the VEGF-A, angiopoietin-1 Al and angiopoietin-2
(Ang-2) and their role in vasculogenesis and argnegis in a first (n=7), second
(n=7) and third trimester (n=10) placentae. Theynfb a linear increased level of
VEGF and Ang-1 mRNA in the first and third trimestevhile Ang-2 mRNA
expression was increased more than the VEGF andlAangd decreased in the third
trimester. VEGF mRNA was localized to CT, STB, sted macrophages and in
perivascular cells of first, second and third tritee placentae. But in PE (n=5),
VEGF was found mainly in STB and fibrous stromaisTstudy found differential
cellular expression of VEGF in PE and normal. ThRNA results were consistent
with the protein expression. They concluded thaséhfactors were important in
placental vascular biology (vasculogenesis andogyggiesis) and remodelling in an

autocrine or paracrine pathway.

Ghosh D et al studied VEGF and PIGF in rhesus mpnke primary
implantation site during lacunar (n=6), villous @=and villous placenta (n=6) stages
of early gestation. In the lacunar stage, CT linihg extraembryonic cavity and in
TB, the trophoblastic plate showed VEGF. But thePkexpression was less in these
cells. With the development, VEGF and PIGF expmessiwere observed in CT, cells
of anchoring villi in the villous stage but EVT argsed at a lower level. Expression
of both the factor was also observed in amnionfiohoand stromal cells of vilfi®
These expressions were concordant with the mRNAesspn. All the epithelial
cells expressed VEGF but PIGF was found only iréaepithelium in the lacunar
stage. With the development, VEGF and PIGF in pdagall decreased. But the
VEGF was increased in glandular epithelium and PMaB at a low level. Expression

was less observed in stromal decidual cells, buhénvillous stage, the expression
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was increased. Stage dependent actions of thesghgfactors during implantation

was important in establishing placental sufficiefity

In one of the studies, natural killer (NK) cellsorin decidua of the first
trimester expressed angiogenic growth factordhese were the main sources of
angiogenic growth factors at the maternal and fetattion and helped for vascular
remodelling®® VEGF mediated angiogenesis played a key role ip#teogenesis of
defective placentatioff. An in-vitro study revealed that VEGF/PIGF stimelht
endothelial cells and monocytes to release coagunlaissue factor. The increased
tissue factor production may cause pathologicalgmeacy complications like

thrombosi$’ 58

An in-vivo model study also showed the ability ofE@F to promote
angiogenesis and a role as inducer of microvasgaaneability’® This induced the
extracellular matrix formation which favoured enugltal cell migration and new
blood vessel growtf Another cell culture study showedcreased endothelial cell
permeability after adding VEGF-A165a and a redurciio permeability with VEGF-
A165b. VEGF-A165b reduced the VEGF-A165a mediateltl mermeability. Adding
PIGF to endothelial cell culture did not affect thermeability mediated by VEGF-
Al65a. Adding of VEGF-Al165a disrupted the VE-cadimgunctions and increased
the paracellular clefts, but VEGF-A165b or PIGF diot affect the cell junctions.
However, VEGF-A165b abolished the effect of VEGFeA& mediated disruption of
cell junctions. Co-incubation of VEGF-A165b and PI® culture reduced the effect
of VEGF-A165b on VEGF-Al65a. They also noticed H&F competes with VEGF-
A165b to bind with VEGFR-1 and inhibits the VEGF68b binding to VEGFR-1.

Thus, inhibition of VEGF-Al165a mediated endothetall permeability by VEGF-
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A165b may be through the actions of PIGF on VEGEFRA it is clear that PIGF
rescues the functions of VEGF-Al65a from the VEGESBb inhibition. The
interplay of VEGF-A165 molecules with PIGWwas important in maintaining the
placental endothelial junctions (barrier) and irable outcome in normal and

complicated pregnanciés.

Reports also showed that the VEGF through antiapicpRasRaf/mitogen-
activated protein kinase (MAPKXtracellular signal-regulated kinase (MEK) and
PI3K/Akt signalling pathways reduces apoptosis of enel@hcells and stimulates
proliferation of endothelium. When impaired, thesgulatory pathways can lead to
an increase in apoptosis and thereby the deathewéloping embryo. Therefore,
antiapoptotic molecules can be activated for hglpmangiogenesis and VEGF can

be targeted for antiapoptotic therafdy.

In one of the studies, macrophages were isolated the placental villi to see
the coordinated expression of tumour necrosis fact¢TNFo-) and VEGF mediated
signalling components in early (9-12 weeks) and faegnancy (38-40 weeks). There
was a minimal expression of TMFin macrophages and all the cells expressed
VEGF. They also observed increased production edetfactors with gestational age
and reduction of their antagonist's soluble tummaarosis factor receptor-1 (STNFR-
1) and soluble vascular endothelial growth factqs\tEGFR-1). The expression of
these factors by macrophages of the placenta shdiveid dual immune and
morphogenetic role in the placenta. This study stbuhat these receptors share

common regulatory pathways.

Evans Phylip et al studied VEGF in 60 non-pregmeminen and 363 pregnant

women between 41-91 days of gestation. The studweth increased VEGF level in
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pregnant women (2.13 pg/l) compared to non-pregwanten (1.10 pg/l). The serum
VEGF level was positively correlated with gestaibage and negatively correlated
with maternal height and weight. It also had a {pasicorrelation with progesterone
and human chorionic gonadotropin hormone (HCG)s Biuidy suggested that VEGF
production could be influenced by HCG and progesterwould have a direct effect
on it and had influenced placental function. TheGFEmay help in adjusting

maternal cardiovascular system in early pregnahcy.

Clark et al studied VEGF and flt-1 receptors thiomgf the pregnancy. In the
first trimester (normal sample), the VEGF expressias observed in the glandular
epithelium, decidua, BV of villi and TB. Flt-1 was TB, decidua and endothelium of
BV expressed KDR. In the second trimester (aneralgpplacenta sample), the
VEGF expression was observed in EVT and TB. Fltdswn EVT and KDR by
endothelial cells. The staining was darker in CantlsTB as in the first trimester. In
the third trimester (normal sample), expression alzserved in STB, CT, endothelial
cells, EVT, HC and diffused staining within thelviFIt-1 was seen in TB and EVT
cells. This study showed that VEGF and its recepéxpression changed throughout

gestation depending on ne€ds.

Basu J et al studied the VEGF isomer 165b in huplacentae of 1st,
2nd and 3rd trimester pregnancy by employing enzinked immunosorbent assay
(ELISA) method in normal pregnancy. They observeat expression of 165b was
158.11 pg/100mg in the 1st trimester, 437.09 pgHA®0On the 2nd trimester and
239.68 pg/100mg in the 3rd trimester. The exprestoel was not affected by the
parity and ethnicity of the mother. In the firsiriester, gestational age demonstrated

a strong association with VEGF-165b and the exjmessduced thereafté?.
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They also observed a difference in the level ofulBbwomen, those who received
misoprostol and those who did not. This study aethes that 165b helps in vascular
development and its expression in the placentandutevelopment may antagonize

the functions of VEGF, which could lead to complieas in pregnancy{f
Expression of VEGF in complicated pregnancies:

Farias PS et al induced rats for diabetes andestutieir placentae for VEGF
expression. They found the increased intensitytaihmg for VEGF in diabetic than
the normal group. VEGF was found in TB giant celigycogen cells and in
spongiotrophoblast cells in the junctional zoneth@a labyrinth zone, strong intensity
of staining was observed only in TB. In a semiqitative analysis of stained cells,
they found that glycogen and TB giant cells staineate for VEGF in the diabetic
group. Spongiotrophoblast staining was similarathbgroups’.”

Meng Q et al studied 20 placentae of diabetic pmagp. The VEGF
expression was observed in the STB layer. The VE(RNA and protein decreased
in diabetic placentae. They also observed strulctcinanges in the villi of the
placenta. They concluded that decreased VEGF eaffettte placental angiogenesis
and structure thereby placental functién.

Pietro L et al studied VEGF and its receptor in drgbycemic pregnant
women. The VEGF expression was found in STB, eral@ihcells of BV, smooth
muscles of vessels and mesenchymal cells of Villhe placenta. In maternal tissue,
VEGF expression was observed in EVT, endotheliuih mscles of vessels. The
expression of VEGF in these cells and its intengdyied among diabetic groups.
STB showed VEGF in all groups. The VEGF was exm@éss endothelium and

muscle cells of villi in the normal, hyperglycermaad clinical diabetic groups. The
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gestational diabetes mellitus (GDM) group did nodw VEGF in endothelium and
muscle cells. VEGF expression showed in maternsdels and CT cells of decidua in
normal, mild glycemic and clinical diabetic groufdut EVT staining was weak in
intense GDM. VEGFR-1 staining was observed in Ghical and normal but
weakly in milder hyperglycemic and staining waseslied in vessels of villi and TB.
VEGFR-2 was present in all cases. STB cells stainezhsely in all groups. The
endothelium of large vessels and capillaries andemehymal cells in normal and
hyperglycemic women also showed expression. Iniracal diabetic woman, villi
showed similar results except for capillary endbtime. In GDM women, staining
was observed only in STB. EVT showed expressioalligroups especially more in
milder hyperglycemic women. They observed a dismmep in VEGF staining in all
groups. They concluded that hypercapillarizationnmild hyperglycemia due to
downregulation of VEGFR-1 which stimulated VEGF/VE&-2 interaction lead to
angiogenesis. These changes were compensatoryedchyshemodynamic changes
associated with hyperglycenfia.

A similar study conducted by Bhattacharjee D etshbwed fibrinoid
substance deposition, villous immaturity and chgmsis as common
histopathological changes in hyperglycemia, GDM awert diabetic placenta.

In the normal placenta (n=12), the VEGF expressian observed in STB. Moderate
staining was also observed in CT, villi mesenchyné vessel endothelium. Cells of
capillary endothelium showed strong staining.

In hyperglycemia (n=13), moderate VEGF expressias wbserved in STB,
CT, mesenchymal cells and strong expression wasisdbe capillary endothelium.
However, weak expression was observed in endothedind smooth muscle cells of

blood vessels.
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In GDM (n=33), moderate staining was observed irBS#hile a weak
expression was seen in CT. No other tissue of ldeepta showed VEGF expression.

In overt diabetes (n=18), STB and capillary endiaihe showed strong
expression of VEGF, while CT and mesenchyme ofi silowed moderate, and
vascular smooth muscles showed weak staining. YVesskthelium did not show
expression of VEGF.

In overall observation, the VEGF expression shotiedmost deviation from
the normal in GDM placentae. The expression wasilaimto normal in
hyperglycemic and more altered in overt diabetégyTconcluded that an imbalance
in the VEGF expression may cause several histofmgioal malformations in
diabetic placent®

In one of the studies of induced PE in rats, dem@aexpression of VEGF
(51.47 + 17.52 pg/ml) in the PE group was found parad to normal (108.55 +
21.07 pg/ml). They also found increased micro RNAIHiR155) in PE. They
concluded that increased expression of miR155 noayncegulate the expression of
VEGF in PE2!

Lyall et al studied serum VEGF level in the umlalicvein and protein
expression in the placenta of PE (n=9), IUGR (na@fl PE with IUGR (n=7)
pregnancies through ELISA and immunohistochemisiiyey found a decreased
VEGEF level in PE pregnancy to 50 pg/ml. In fourigats with PE with IUGR, VEGF
levels were same and were not statistically sigaift. But in IUGR pregnancy, the
VEGEF level was 175.35 pg/ml and this result wasstatistically significant. VEGF
immunoreactivity was found in STB and stromal cellbe degree of staining was

reduced in all cases compared to controls. Thidystuggested that reduced VEGF

Page 15



I ntroduction

leads to impaired vessel development and the sairs#GF may not be from the
hypoxic environment?

One of the studies by Akercan Fuat et al studied®BEQlacental biopsies by
immunohistochemistry and compared the results wihtrols (n=10). The VEGF
level was increased in PE cases than conffols.

Ahmad Shakil et al found elevated levels of VEGRPE and IUGR cases compared
to normal. They also observed increased solubladdike tyrosine kinase-1 (sflt-1)
levels in PE cases and observed that withdrawatfitfl produced endothelial
migration (in-vitro method). The sflt-1 level wascreased by hypoxia. They
concluded that sflt-1 is an antagonist to angiogenand increased level of it may be

the reason for inhibiting angiogenesis in BE.

Sundrani et al studied promoter CpG methylatioVBGF, KDR and flt-1
genes, found differential methylation in the proerategion in preterm PE, term PE
and normotensive. Expression of VEGF, KDR and fljdne levels was more in
preterm than the other groups. Deoxyribonucleid @BNA) methylation was altered
in all the genes in PE casd%is study showed that altered methylation mayhee t
cause of PE. Altered DNA methylation has a roleangiogenesis of placenta and

leads to adverse outconi@s.

In one of the studies of hypertensive disordérs MEGF was observed in TB,
endothelial cells, stromal cells and HC in PE wigmolysis, elevated liver enzymes,
low platelet count (HELLP, n=20). In gestationalpkytension (GHP, n=20) and PE
(n=20), the placental components (vessels, HCstr@ells) were reactive but only
some tracts of TB showed a reaction. mMRNA levelV&EGF in PE was lower

compared to control. PE with HELLP mRNA level waatistically lower and was
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higher in hypertension compared to control. Thiglgtshowed differential expression
of VEGF that depended on the severity of the deseakich might have been due to
hemodynamic changes that occurred in these diseésesompensate the

uteroplacental blood flof

In one of the studies, expression of VEGF, PIGF tar receptors were
studied in PE placenta (early-onset and late-oR&9t The VEGF and PIGF were
found in STB, BV and also in mesenchymal cells. Th& was also expressed by
similar cells. They found a decreased level of eh@®teins in PE cases compared to
normal. They found more structural impairmentsh& placenta in early-onset of PE
than late-onsét.

A study showed predominant expression of isofo ih the placenta of PE,
IUGR and normal cases. The level of VEGF isoformd &wtal VEGF mRNA was
more in PE and IUGR compared to control. Matermaé fand bound VEGF was
higher in PE and IUGR compared to control. Theyp &sind that sflt was more in PE
and IUGR. The VEGF expression was observed in €Band EVT®
In another study, the VEGF was noticed in STB, (Hls¢ fetal and maternal
endothelial cells and decidual cells. All the casésiormotensive and hypertensive
groups showed endothelial expression. The endathakpression was more
compared to the hypertensive cases (n=15), buast mot statistically important. The
STB cells showed expression in 93.3% of casesarhiipertensive group, but in the
normotensive group, only 13.3% showed VEGF expoessThe differences in the
expression were statistically significant. The insiéy of the staining of STB cells was
strong in the hypertensive group and moderate @& rtbhrmotensive group. The
expression of VEGF in CT cells was 40.0%, in deaidcells was 40.0% and in

maternal endothelial cells was 6.7% in the hypeit@ngroup. In a normotensive
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group, the expression of VEGF in CT cells was 33.8B%@ecidual cells was 73.3%
and maternal endothelial cells was 20.0%. In thisdys VEGF in STB was
significantly increased in the hypertensive gratngs could be used as a biomarker of
hypertensive pregnanéy.

Ali LE et al studied PIGF, VEGF and hypoxia-inthle factor-In (HIF-1a )
in severe PE (n=62), mild PE (n=102) and controls=101) by
immunohistochemistry. The expression of PIGF waseoked in 16% of severe PE,
8.8% of mild PE and 40.6% of control placentae. ifhensity of expression of PIGF
was lower in severe PE compared to mild and cttwhich was statistically
significant. The VEGF was expressed in 32%, 17.6%b B4.9%, in the severe PE,
mild PE and control placentae respectively. Theresgion of VEGF was more in
severe PE which was statistically significant. HiEexpressed in 15%, 10.8% and
5.0% of the severe PE, mild PE and control plaeeme&spectively. None of the
placentae showed high intensity for HIk-IThey concluded that these three factors
were involved in the pathophysiology of PE.

In another study, decreased serum VEGF expresgias reported in
pregnancy-induced hypertension (PIH, n=36) comp#watbrmal pregnancy (n=36).
The systolic and diastolic blood pressure was meggtcorrelated with the serum
VEGEF level. They also noticed significantly incredssflt-1 in PIH mothers compared
to normal mothers. The systolic and diastolic blpogssure was positively correlated
with the increased sflt-1. The increased sflt-1l Wwihd to the VEGF and reduce free
functional VEGF. This was, may be the reason fdeerease in serum VEGF in PIH
mothers. Histological examinations of these plamendhowed increased syncytial
knot formation, fibrinoid necrosis, CT cell prolitgion, stromal fibrosis,

hyalinization and calcification in PIH mothers. $tstudy suggested that increased
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systolic and diastolic blood pressure with alteped- and anti-angiogenic growth
factors will help in identifying PIH mothers in tiearly stage to refer them to a higher

health care centre for better management of coatjiics of PIH"

An immunohistochemical study reported increasedesgion of VEGF in PE
(n=20) placentae compared to normal (n=20). The FE@pression was found in
cells of blood vessels of villiin normal. In PEEGF was found in endothelial cells
and also in HC. Differential cellular expression\dEGF was noted in this study.
They also observed decreased placental and feightiven PE cases than normal.

Calcification, infarction and velamentous cord itis® were more in PE placente.

Andraweera PH et al studied VEGF mRNA in the pléaenof adverse
pregnancy outcomes by RT-PCR. They observed reduéddA (53%) expression in
PE (n= 18) placentae compared to uncomplicatedhareges. In GHP (n= 15), it was
reduced by 47%, in normotensive small for gestaliage (SGA, n=13) pregnancies
it was reduced by 42%, in spontaneous preterm iti0) it was reduced by 58%
compared to normal pregnancy (n=30). This studyckmled that the common
pathway behind these complications would help tariifor screening and treatment

of disease&’

Some RT-PCR studies also showed decreased lev®lE@GF mRNA in PE
and the cellular expression of VEGF was found idoghelial cells of BV of villi?*%°

But a study by Geva E et al showed increased VEGRAin PE case?’

The pathophysiology of PE was potentially linked Bs-cell-mediated
production of autoantibodies (AA). One of the sasdshowed the presence of AA for
VEGF-A, VEGFR-1 and PIGF angiogenic growth factamsthe placenta. They

observed that in nulliparous, AA VEGFR-1 and AA FI@nd in multiparous, AA
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VEGFR-1 were reduced significantly in PE comparedadntrols. In non-obese PE
women, AA VEGFR-1 and AA PIGF and in obese with Riwels of AA VEGF-A
and AA VEGFR-1 were significantly reduced. In uneded analyses of the
association of antibodies and PE showed that aocias®n between AA VEGF-A
and AA VEGFR - 1 with PE can be the predictor of REnulliparous women, AA
VEGFR-1 and AA PIGF were associated with PE. Intipatous, none of the AA
was associated with PE. In non-obese, AA VEGFRd AA PIGF were associated
with PE. In obese women with PE, none of the AA yweedictor of PE. In the group
of PE and controls with overlapping ratios of dHBF and AA, VEGF-A was
associated with PE. This study suggested that @digb had a protective role in

pregnancy and might be the contributing factorségulating antiangiogenests.

Placental VEGF promoter polymorphisms and its datoa with VEGF
MRNA has been reported in PE and controlled pregnafhe VEGF mRNA level
was high in PE cases and was more in —-634CC geaatgmpared to CG + GG
genotypes of PE. This study found the —-634CC gg®éas a risk factor for PE. They
did not find an association between VEGF mRNA ai&4G/A and -2549 I/D

polymorphisms in both PE and contrds.

In a study, quantitative RT-PCR method revealedea®sed expression of
miR-203 and reduced VEGF-A in PE (n=18) than themab group (n=20). A
negative association was found between miR-203d@@F-A. The downregulation
of VEGF-A was, may be due to the upregulation ofRf2D3. The
immunohistochemical staining of VEGF-A was foundvitlous TB along with weak
staining in the endothelium of the placenta. The&SW¥EA protein was down-regulated

in PE compared to normal; this was, may be assatiaith the occurrence of PE.
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The TB cell lines from the first trimester showegeexpression of miR-203, which
reduced the proliferating capacity of cells and thieibition of miR-203 showed
increased proliferation. Transwell migration andasion assay showed that miR-203
increased the capacity for invasion and TB migratithe miR-203 reduced the level
of VEGF-A mRNA and protein. This study showed timaR-203 was involved in the
occurrence of PE through decreasing VEGF-A whiclkluced the invasion,
proliferation and migration of TB. The relationstptween VEGF-A/miR- 203 was,
may be the reason for onset/progression for PEcduatbe used as a biomarker or a

pathway to develop a drug to treat BE.

In one of the studies, 60 angiogenic factors (jamed anti-angiogenic) were
studied in mild PE (n=21) patients and normal (n=By the protein quantitative
macroarray method. They found an increased corat@nirof 8 proteins, leukemia
inhibitory factor, interleukin-6, interferon-gammi@gpatocyte growth factor, heparin-
binding EGF-like growth factor, C-X-C motif chemak-10, platelet-derived growth
factor-BB and leptin, which are involved in the lpagenesis of PE. They also
observed a decrease in VEGF, PIGF and follistawuell in the plasma of PE cases.
The VEGF had a positive correlation with follistgtso reduced follistatin level was
may be due to reduced VEGF. This may be the nelwwaat for PE. This study
identified some of the novel markers, which carubed as biomarkers for diagnosis

of PE®®

In one of the studies, Ahmed MA et al have showeclavated expression
level of TNFa- and decreased level of VEGF mRNA. This study aée these
proteins as markers for PRnother study also showed an increase in VEGF mRNA

in PE cases. In this study, the non-severe PE gsbopved a significant rise in the
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VEGF compared to a severe group of PE where VEGS$ dezreased. This study
concluded that VEGF had a major role in i another immunohistochemical study,
decreased expression of VEGF in PE was reportedrasdtudy infered that early

occurrence of PE was associated with impaireduslidevelopment?

A study showed miR-152 and VEGF expression andreeledion between
them in the placental tissue of rats. They foumg@in miR-152, VEGF mRNA and
protein in PE cases. Increased miR-152 was pobkitogrelated with VEGF. The in-
vitro experiment showed that miR-152 promoted apsiptof TB cells by increasing
pro-apoptotic gene Bax and reducing anti-apopiggice B-cell lymphoma protein-2

at the same tim&*

VEGF family proteins are important in angiogenebighalance in angiogenic

proteins leads to PE, where sFlt-1 was increased.

A recent cell culture study had used magnetic beadted with VEGF in PE.
The functionalized magnetic beads with VEGF reduteel level of sFlt-1 and
released PIGF to maintain angiogenesis. This shadyprovided a new therapeutical

approach for PE*?

In one of the studies, Regnault TRH et al studieithe placenta for VEGF,
PIGF and its receptors in a IUGR model. Ligands e receptors were identified
in the ovine placenta for 55 and 90 days afteruso{dpc), as well as in maternal
tissue. VEGF expression was increased with theaitesal age. VEGF mRNA level
was increased in hyperthermic ewes at 55 dpc cadparnormothermic. At 90 dpc
VEGF mRNA levels were not altered by hyperthernmeatment. The receptors

MRNA increased throughout but in hypothermal remepthRNA reduced. SVEGFR-
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1 did not found in these tissues. They concluded timbalance in these growth

proteins and receptors lead to IUGR.

In one of the studies, 42 placentae were studiedkpression of VEGF in
pathological conditions. Moderate to an intenseellef VEGF mRNA and protein
was identified in EVT and decidual cells. Expresswas clear in hypoxic or
ischemic changes like Vvillous infarction, syncytogthoblastic knots, villous
hypercapillarization and in achorionic plate witlhodoamnionitis (CAM). The
intensity of staining was more in tunica media fefool vessels of hypoxic/ischemic
changed villi compared to normal. Less staining whserved in endothelium and
mesenchyme and the expression was similar to thosewere normal. But the
MRNA expression was observed more in mesenchymelessdblood vessels of
hypoxic or ischemic changed villi. The hypoxic schiemic changed villi endothelial
cells showed more expression of KDR. The intengaession of VEGF in blood
vessels and KDR suggested paracrine regulatioreltd of blood vessels by VEGF
through KDR receptors to hypoxia or ischemia. Isgefit-1 mRNA was observed in
the STB of hypoxic or ischemic villi but weak to devate protein expression was
observed in TB. Positive staining was also obsemadfiltrated inflammatory cells
in the chorion in CAM. These ligands may help witheir migration.
Immunoreactivity for KDR was absent here. In vigljtthey did not find any positive
reaction for any of these ligands and receptorsnomonuclear cells, which are
infiltrated in the villi, may be the phenomena ofynation of inflammatory cells were

different in CAM and villitis'**

Some studies found that VEGF and its receptorel lelecreased in the

placenta of miscarriage and blighted ovtfh.
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Tseng JJ et al studied VEGF, PIGF and its receptorthe placenta of
pregnancy complicated by placenta accreta. The momstochemical study of
VEGF receptors in this study showed weak expredeio"EGFR-2 in STB of cases
than control. The VEGFR-2 in CT and EVT cells anEGFR-1, VEGFR-3 in TB
cells were not different in cases and controls. d#fes blot analyses showed
expression in STB of 70% of samples. ELISA resudtealed a higher level of VEGF
(31.1G8.4 vs. 12.7G3.7 pg/ml) in accreta than narifbe sSVEGFR-1 levels were
lower in accreta compared to normal pregnancy (895942.5 vs. 1573.4G241.1
pag/ml). They concluded that other microenvironmkfatetors were the reason for the
reduction of VEGFR-2. Reduced VEGFR-2 probably nmeot be for placental
accreta, it may be to balance the pro- and anasive factors to regulate the
invasion. The increased VEGF and reduced sVEGFRg@ested that they act on

paracrine mode to stimulate neovascularizatiohéndevelopment of accret®.

In another study, VEGF expression was studied e glacenta of accreta
patients (n=23) and its correlation was comparet thie miR-518b. This had a close
relationship with placental development. The VEGEWncreased significantly in the
placenta of accreta cases compared to the contsapgThe VEGF mRNA and the
miR-518b level were also recorded more in the dageoup. This study showed that
there was a close relationship between increase@FR/EBnd the occurrence of
placenta accreta because VEGF helps in the invasiohB during implantation,
which was important in the occurrence of placewtaeta. This study concluded that
increased expression of miR-518b increased thesiomaof TB and caused placenta
accreta and its expression was correlated witheasgd VEGF. This molecular

mechanism can help in the development of theramamst accrets.
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Distribution of VEGF was studied in 22 nonimmurgitohydropsfetalis (HF)
of 25-41 weeks of gestation and was compared vigh75 normal pregnancies. In
both the groups, VEGF expression was observed B ®foughout the gestation.
Stromal cells of villi also showed VEGF in the n@inplacenta of the first trimester.
Its expression also continued in term pregnancythe HF placenta. Stromal
expression and STB expression in HF showed polmugilvascular development and

failed to participate in the function of angiogeiseand vascular permeabilit{?

A study showed the consumption of aspartame, #iceitsweetener would increase
the expression of VEGF. Ultrastructural observasbowed the condensed nuclei of
endothelial cells, changes in nuclei of STB and ¢&lls. This study suggested that

consumption of artificial sweeteners would havetiact on VEGF-%

VEGF plays a major role in physiological and patigital angiogenesis.
Recently drugs have been developed for anti-VEGReMtralizing antibody and
multikinase inhibitors for lung, renal, colorectatancers and glioblastoma
patients:***** Anti-VEGFR-1 or anti-VEGFR-2 neutralizing antibgdgoluble
VEGFR-3, VEGFR-1 or VEGFR-2 peptide vaccine thet&pgnd anti-PIGF antibody

2 neutralizing antibody®***are developed and undergoing clinical tridfs.

VEGF's role in the growth of placenta and fetus inearly pregnancy in human

and animals:

Some of the studies showed an association betwagnexpression of VEGF
with placental and fetal parameters. A study by @ée T et al showed VEGF
concentration in maternal serum and its associatitm placental and fetal growth in
early pregnancy (14 weeks gestation). The studyuited 655 participants; after the

exclusion, 596 normal pregnant women were takerifferstudy. They observed an
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increased VEGF concentration up to 20 weeks ofatjest The VEGF concentration
of early pregnancy was positively correlated withcpntal volume at 16-20 weeks,
placental and fetal weight at delivery. VEGF lewgls significantly higher in women
carrying female fetuses than the male fetuses. sihey showed that the positive
relationship between VEGF serum concentration whil growth of placenta and

fetus was, may be due to the influence of VEGF @ngvoductior®

Another study showed the relationship between VEABHE placental and
endometrial vascularity in the pig. They observetteased VEGF mRNA expression
with several blood vessels in the placenta and metitum throughout the gestation.
This was consistent with the immunohistochemicalregsion of VEGF from early to
late gestation. The VEGF mRNA was positively catetl with fetal weight,
placental weight and placental efficiency. Thisdgtueported that increased blood
vessels at the placental endometrial interfacdtegsin an increased nutrient transfer
between mother and fetus. They also demonstratatl tincreased VEGF-165

isoforms with fetal weight had the potent abilityihcrease vascular permeabiftty.

In another study, VEGF expression was studied atetic placentae and its
relationship with the weight of the fetus. Theyriduhat a diabetic group with large
gestational weight babies (4370 + 250) placentaveddoincreased VEGF expression
(1.2816 = 0.87) with more placental weight (790301 In fitted multiple regression
models, they observed that VEGF expression andeptat weight had a positive
correlation with the newborn weight. They also fdumean blood glucose and
HbAL1C as explanatory variables revealing its refahip with fetal weight in the

third trimestert*’
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VEGF and von Willebrand factor (Factor VIII) was udied by
immunohistochemistry in a different part of theruteand the placenta at different
stages of gestation and correlated with the fetaketbpment. At 80 and 105 days of
gestation, these factor levels were higher. Theyndit see a difference between the
side of the uterus, segments, and fetal sex and identified in all the segments of
the uterus. A positive correlation was observedvbeh VEGF and fetal weight at 80
and 105 days of gestation. They concluded thatetha of these factors upregulated
till the middle third of pregnancy, therefore vaseudevelopment occured before this

stage'®

Literature shows differential expression of the WE(@vel in normal and
complicated pregnancies. There are no studiesrsmlaly explaining the relationship
between VEGF expression and its association widteital, fetal and maternal

parameters to explain its role in growth in latages of pregnancy.
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1.3 Justification:

VEGF is an angiogenic growth factor; has been stlidor its role in early
pregnancy in vessel development and implantation tfsere is a lack of literature on
its role in growth in later stages of pregnancy aiso discrepancies about its
expression at term. Studying relationships betw¢EGF level with placental and
fetal parameters will explain its role in growthhi§ factor has been studied as a
predictive marker for PE and IUGR pregnancies. Hakethe results varied. So a
marker alone may not be beneficial in understantiegpathology. Therefore, there
is a need to study its expression level and itsticeiship with growth parameters at
term and factors influencing the VEGF expressiomictv will be beneficial in

understanding the outcome of the complicated preges.
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1.4 OBJECTIVE
* To study the expression of VEGF in fetal growth gdgicental morphology and its

immunohistochemistry.
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2. MATERIALS AND METHODS

Source of data:Study was conducted in the Department of AnatomiN. Medical
College, KLE Academy of Higher Education & ResearBelagavi. Samples were
collected from the Obstetrics and Gynaecology Ubit,Prabhakar Kore Charitable

Hospital, Belagavi.

Ethical clearance:The study was approved by KAHER's Ethical Committee

Consent form: Detailed information about the study was explait@dhe mothers

and consent has been taken from all the mothers.

Inclusion criteria:

Live birth placenta of:
» Singleton birth
» 32 weeks and more gestation period

» All mothers without any systemic diseases

Exclusion criteria:
» HIV patients

» Hepatitis patients

Sample size:

The sample size was calculated as follows:
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Formula:

n= 72, x SO Id?

Z1.,= 1.96 with 95% confidence interval

SD = Standard deviation

d = Tolerable error

Sample size

d (tolerable

| _ . .
Variable (literature) 48119 error) Sample size| 10% attrition
\|</|EeirF1 3.2 0.15 237.7353|  261.5088
SD 1.18
Welghiﬂggslacenta 516.89 4.4 347.3683 382.1051
SD 41.84
VO'”m;S;E'ace”ta 506.51 4.4 349.5302 384.4832
SD 41.97
Sur':‘/la;::narea 270.89 4 181.1797 199.2976
SD 27.47
Welgl\t:fe gafews 2813.6 50 102.3325 112.5657
SD 258.06
Head Cl\l/zgl;rr?ference 351 0.3 72.13671 79.35038
SD 1.3
Abdominal
circumference 33.7 0.3 138.2976 152.1274
Mean
SD 1.8
Length I\(/IC(J;aor\]/vnhee') 49.4 0.4 201.9241 222.1165
SD 2.9
VeS&Z':r/]V'”' 5.9 0.3 344.2757|  378.7032
SD 2.84
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For each variable, the sample size was calculdted highest sample size
attained was 349. With a 10% attrition factor, Hanple size was 384. The final

sample size was adjusted to 385.
Data collection:

The collection of placenta samples was started BnAdgust 2017 and
continued until we reached the sample size i.e, 886ich was completed on 80
November 2017. Placentae were collected immediatiedy the delivery. They were
first observed for the attachment of the cord aathlf membranes. After that,
membranes were trimmed from the attachment andifiglical cord was cut 2 cm
away from the attachment. Placental variables Wieght, volume, surface area and

the number of cotyledons were recorded.

After recording the placental parameters, a sectiom the centre of the
placenta was taken. Sectioned tissue was washeautitdy to remove the blood and
then transferred into sterilized plastic containeositaining 10% neutral buffered
formalin for fixing. Bottles were then brought toet Anatomy Laboratory for further

processindgFig. 1 and 2)

Fig. 1: Samples from 1 - 300 Fig. 2. Samples from 300 - 385
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1. Recording of placental variables:

i.  Measurement of the weight of the placenta (Fig. 3)°

The collected placentae were washed.

They were wiped to remove the excess mucous, 8ol maternal
blood.

The umbilical cord of the placentae was trimmedrapimately 2
cm from the insertion.

The fetal membranes were trimmed.

The weighing machine was plugged into an elecuitet.

On/off key was pressed to start.

Readings of the scale were ensured to 0.00 gm éé&feping the
placenta.

The placenta was placed on the weighing scale.

Readings were measured with an accuracy of 10 gm.

Fig. 3: Weight of placenta
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i. Measurement of volume of the placenta (Fig. 4 arb):*?°

Scherle’s water displacement method was used fasuorang the volume of the

placenta.

The collected placentae were washed.

They were wiped to remove the excess mucous, #ndimaternal blood.

* The umbilical cord of the placentae was trimmedrapimately 2 cm from the
insertion.

* The fetal membranes were trimmed.

* Water was taken in a 2000 ml measuring jar.

* The initial level of water was measured.

« The placenta was submerged into the jar.

» Care was taken to submerge the placenta completelgter.

» Displacement of water was measured after the supngeof the placenta.

« The volume of the placenta was calculated¥y,

The volume of placenta = Initial level of waterisplaced water level

Fig. 4. Initial level of water Fig. 5: Displaced water level
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iii. Measurement of the surface area of the placenta (@i 6 and 7):***

» The collected placentae were washed.

* They were wiped to remove the excess mucous, 8ndimaternal blood.

* The umbilical cord of the placentae was trimmedrapimnately 2 cm from the
insertion.

* The fetal membranes were trimmed.

» The placenta was placed on a flat surface.

« Using a measuring tape, the largest and smallegtHeof the maternal surface
was measured.

« These measurements were used to calculate trecewafea as follows?!

121
4

Surface areax dl x ds / dl: largest diameter

ds: smallest diameter

Fig. 6: Measuring largest diameter Fig. 7: Measuring smallest diameter
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iv.  Attachment of cord: Umbilical cord was observed for the following typefs

attachment on the fetal surface:

Central(Fig. 8)
* Eccentric(Fig. 9)

* Marginal (Fig. 10)

* VelamentougFig. 11)

Fig. 10: Marginal cord attachment Fig. 11: Velamentous cord attachment
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Membrane attachment: Membranes of the placentae were observed for the
following types of attachment:
* MembranougFig. 12)

» CircummarginatéFig. 13)

» Circumvallate(Fig. 14)

Fig. 12: Membranous attachment Fig. 13: Circummarginate attachment

Fig. 14: Circumvallate attachment
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vi. Cotyledons count: Cotyledons were counted on the maternal surface

(Fig. 15 and 16)

Fig. 15: Cotyledons of maternal surface

Fig. 16: Cotyledons countin
(Circle indicates one cotyledon) g Y g

2. Recording maternal history:
On the next day of delivery, the history of a mothleout the present and previous
pregnancy and socio-demographic variables were rdedo on predesigned
proforma.
3. Methodology for fetal variables:
I. Recording gestational age of the newborn:
» Gestational age was recorded from the first daythe last
menstrual period.
ii. Measurement of the birth weight of newborn*??
e Birth weight was estimated by the electronic gaggoale.
* The calibration of the weighing machine was donghatbeginning

of the study.

Page 38



Materials and Methods

* Onl/off key was pressed to start the weighing maehiiis will set
the scale readout to zero.
* The newborn was set on the centre of the weightadesand the
weight of the baby was measured with an accuradygrh.
iii. Measurement of length (Crown-heel length) ofhe newborn#

The length of the baby was measured by an infartentfé

The newborn was placed on an infantometer in tloaindent
position facing feet towards the foot piece anddheavards the
fixed headpiece.
* The head was placed in the Frankfort horizontaigla
* The head was secured by lightly cupping our palues the ears of
the baby for proper alignment.
* With one hand, the child’s legs were aligned bytipgt mild
pressure on knees.
* At the same time with another hand, foot piece piashed towards
the child’s heel to rest firmly.
* The feet were flexed opposite against the acrglat piece.
* The newborn length was measured in centimetres matrest to
0.1cm
iv. Measurement of head circumferencé?
» The child was asked to put over the shoulder irstiggne position
by a parent or guardian.
« A tape was wrapped around the forehead slightlyvabthe

eyebrows in front.
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It was above the ears on the side and over theitagprominence
on the back of the head.

The tape was moved up and down over the back ohdag to
locate the maximum circumference.

The tape was tightened around the head to compnessair and
underlying soft tissues.

Head circumference was measured nearest to 0.1 cm.

v. Measurement of the abdominal circumferencé??

Measurement was done by using a measuring tape.

The child was measured naked.

The newborn was positioned in a supine position.

The measuring tape was extended around the unibgigean.

The tape was positioned in a horizontal plane édfitbor.
Tightening the insertion of tape around the umailicegion and
circumference was measured.

Abdominal circumference was measured in centimegarest to

0.1 cm.

A. Preparation of tissue blocks and slides:

The tissues were fixed in 10% neutral buffered fimand were further processed

as follows:

» Dehydration: The tissues were dehydrated in 70%, 80%, 95%
alcohol, one hour each, followed by three changfe$00%
alcohol, one hour each.

» Clearing: Two changes of xylene, one hour each for clearing.
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* Impregnation with paraffin wax: The tissues were kept in
two changes of paraffin for two hours each for iegpration.

» Embedding: The tissues were embedded in a paraffin block
(Fig. 17 and 18)

» Sectioning: Paraffin-embedded tissue blocks were sectioned at
a 4 - 5um thickness on a microtome.

* Fixing the tissue on slides:The sections were floated in a
60°C hot water bath and were taken onto 3,
aminopropyltriethoxysilane  (APES) coated slides for
immunohistochemistry and on gelatin-coated slidew f

hematoxylin and eosin (H and E) staining.

B 25 3 ; "~ “&ﬁ '.”r ‘i\upg}‘;!"
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Fig. 17: Tissue block preparation Fig. 18: Prepared tissue blocks

B. Immunohistochemical staining:

To study the VEGF, the slides were processed fuftt@ammunohistochemical

staining.
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Reagents used:

VEGF-A primary antibody

Mouse monoclonal VEGF-A primary antibody was pirec from Diagnostic

BioSystems USA Pleasanton (catalogue # PDM{big) 19).

MACH 2 Universal Horseradish peroxidase (HRP) (catbbgue #

M2U522H) —

Buffers:

Polymer detection kit contained (Fig. 1P
Peroxidase block

Protein block

3’, 3’ Diaminobenzidine (DAB) chromogen and

DAB substrate buffer.

Tris ethylene diamine tetraacetic acid (EDTA)
buffer (pH 9) was used as an antigen retrieval
solution.

Tris buffer saline (TBS, pH 7.2-7.5) was used as a

wash buffer.

Xylene for clearing and dewaxing.

100% alcohol for dehydration.

Distilled water for wash and for preparing buffers.

Harris hematoxylin for counterstaining.

Dibutyl phthalate xylene (DPX) for mounting.
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Fig. 19: Primary antibody (VEGF-A) and secondary kt

Preparation of antigen retrieval and wash buffers:
1. Tris EDTA buffer (pH 9):
» EDTA - Disodium salt — 0.37 gm.
e Tris buffer — 1.21 gm.

+ Distilled water — 1 lit.

2. Tris buffer saline (TBS, pH 7.2-7.5):
* Tris buffer — 8.6 gm.
e Sodium chloride — 9.6 gm.

+ Distilled water — 1 lit.

[PH was adjusted with 9% Hydrochloric acid (HCL) 8 HCL + 91 ml distilled

water)].

The chemicals required for the preparation of baffeeere procured from Nice

Chemicals (P) Ltd, Kochi.
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C. The methodology followed for immunohistochemical stining:

Fixing the sections:The slides were incubated at’&in an incubator
overnight.

Dewaxing: The slides were kept on a hotplate af 63for one hour
and then treated with two changes of xylene forrgnutes(Fig. 20
and 21)

Dehydration: Slides were treated with two changes of 100% alcoho
for five minuteg(Fig. 21).

Wash: Slides were washed with distilled water for fivenotes.

Antigen retrieval: Retrieval was done using a pressure cooker and
induction stove. In a slide, basket slides weraraged and submerged
in a pressure cooker containing one litre of amtigetrieval solution
and heated on an induction stove for three whistdesalf an hour.
Then the cooker was cooled with lid for 15 minuses without lid for

20 minutes before proceeding to the next step.

TBS wash: The slides were washed with three changes of TB8ve
minutes.

Peroxidase block:The slides were treated with peroxidase block for
ten minutegFig. 22)

Protein block: The tissues were rinsed with three changes of fbBS
five minutes. Then the protein block solution wasled and kept for
15 minutes.

Primary antibody incubation: After 15 minutes, the excess of protein
block solution was removed and the primary antibadyg added onto

the slides directly and incubated with the antibddly 45 minutes.

Page 44



Materials and Methods

Then the slides were washed with three changesBS Tor five
minutes.

* Polymer — HRP: The slides were treated with HRP for 30 minutes.
Then the slides were washed with three changesBS Tor five
minutes.

» Chromogen: After the TBS wash, a fresh DAB solution was preplar
by adding 32 ul of DAB chromogen per 1.0 ml of DABbstrate
buffer and the slides were incubated with DAB dolutfor five
minutes.

* Counterstaining: The slides were washed with water and kept in
Harris hematoxylin solution for 30 seconds. Aftieist the slides were
rinsed in running tap water and kept in a hot wagth (48 - 50 C)
for one minute. Then the slides were dried on alhte.

* Mounting: The slides were dipped in xylene and mounted wiRtXD

Positive control tissue and negative control tissuand staining: Here kidney tissue
was used as a positive control for the VEGF-A antib Reagent control was used as
a negative control by skipping the primary antibo®pth the controls were run

together with the sample tissue for every lot afrst
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Fig. 20: Dewaxing Fig. 21: Dewaxing and clearing

Fig. 22: Immunoh@chemical staining

D. Interpretation of immunohistochemical staining:
The stained slides were observed for,
* Localization

* Intensity

Localization of VEGF-A antibody staining in placent tissue:VEGF-A antibody
IS a cytoplasmic and extracellular protein. Cytspi&c staining of VEGF-A was
found in the cells of the villi of the placenfgig. 23 and 24) Depending on the

expression, the intensity was measured from thelé®io Image J software.
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Fig 23: VEGF expression in syncytiotrophoblast cedl (STB),
Hofbauer cells (HC) and blood vessels (BV) of vilbf placenta

Fig. 24: VEGF expression in syncytiotrophoblast céd (STB),
Hofbauer cells (HC) and blood vessels (BV) of vilbf placenta

Intensity quantification using Image J software:In immunohistochemically stained
slides, the stained area appears as varying degfemsdouration to the human eye,
the darker regions holds more proteins but this dras lower intensity values,

bringing about an opposite relationship between rieasure of antigen and its
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numerical worth. This will give a false result dmetlevel of antigen. To overcome

this a new technique can be adapted, i.e. ‘recgiotensity’.

1123

The maximum intensity of a red, blue, green col@®6GB) is 250 in the white

unstained area of images estimated by standardsibgefunction in the Image J

software. The stained area will have an intendlitiess than 250. Thereby reciprocal

intensity is calculated by subtracting minimum ngiy from the maximum. That

corresponds to the amount of protein pre$&ht.

Steps followed:

6.

. Stained slides were observed under the researctosoape and

were photographed, numbered and saved.

Photographed slide pictures were opened in Fijafend) software.
Uniformly sized circular draw tool (100 x 60) wasadn over the

region of interest and the average intensity wdsutated by

measure tool under the menu ‘Analyze’.

Then the mean intensity was deducted from the maxinmtensity

to get reciprocal intensity. Reciprocal intensityresponds to the
amount of protein present.

Reciprocal intensity is nothing but quantified VE{Rhe tissue of
the placenta.

The reciprocal intensity was measured for all 3B@&¢ntal tissues.

A. Methods followed for H and E staining:

The slides were deparaffinized for five minuteshwiivo changes

of xylene.
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Then the slides were kept in 100% alcohol, for thanges, five
minutes each and 95%, 70% and 50% alcohols, regekctfor
three minutes each.

Water wash - five minutes.

Hematoxylin - 45 seconds

Bluing

Dipping in eosin - 30 seconds

Water wash

Dehydration with absolute alcohol - one dip

The slides were dried

Cleared with xylene

Mounted in DPX.

B. Methods followed for interpretation of H and E staned slides:

The slides were focused under 40X.

Here we counted the number of vessels in ten rahdeelected
terminal villi (Fig. 25 and 26)from a different region and an
average of ten villi vessels was taken for the toun

Observations were photographed.
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Fig. 25: Placentaahd E staining (10X)

Mesoderm

Blood vessels

— STB

Fig. 26: H and E staining (40X) showing blood vesisain
the terminal villi of placenta of normal

Definitions:

Gestational age:Counted from the first day of the last menstruaiqukto the present
date. Recorded in week&'

Parity: Number of pregnancies reaching viable gestatiaget®®

Primipara: Women who have given birth to one viatblidd }*

Multipara: Women who have given birth to two or meiable childrer?®
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Gravidity: Number of times the women were pregndnt.

Primigravida:Women who are pregnant for the first tifi2.

Multigravida: Women who have been pregnant for more than one'time

PE: Occurs after 20 weeks of pregnancy with hyperten&l40/90 mm Hg), protein
in the urine, decreased in platelets count, altéxeat and kidney function, fluid in
lungs, new-onset of headaches and visual distuesaffc

GHP: Occurs after 20 weeks of gestation with pregnanitly viaypertension (140/90
mm Hg), previously no blood pressure, no proteithaurine?®

Eclampsia (EC): Development of convulsions in preexisting BE.

IUGR: Birth weight below the 10th percentile for the ig¢isnal age?®®

GDM: GDM is characterized as any level of glucose imtnlee with onset or first
recognition during pregnanc$’

Anemia: Reduced hemoglobin level. Hemoglobin concentratibh g/dL during the
first trimester, <10.5 g/dL during the second tratee and <11 g/dL during the
third trimester:*

Hypothyroid : Elevated thyroid stimulating hormone levels dgrpregnancy>*
Antepartum hemorrhage (APH): APH is characterized as bleeding from or into the
genital tract, appears from 24+ weeks of pregnamog before the birth of the
baby*?

Premature rupture of membranes (PROM): PROM is the tearing of the fetal
membranes before the beginning of labtiir.

Lowbirth: Birth weight under 2500 g (up to and including 2499
Oligohydramnios: Reduced amniotic fluid (amniotic fluid index5 cm, single

deepest pocket <2 cniy’
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Polyhydramnios: Excess of amniotic fluid (amniotic fluid index >&8), single
deepest pocket >8 crift*’
Preterm birth: When birth occurs between 20 - 37 weeks of gestaif

Congenital anomalies:Structural or functional defects that occur dgnntrauterine

life. 139
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3. DATA ANALYSISPLAN

First, the data was cleaned by checking for missing values and the outliers.

. Mean and standard deviation was calculated for continuous variables and the

percentage was calculated for categorical variables. Grouping of the continuous
variables was also done.
. The z-values were calculated for continuous variables and grouping of z-values of
these variables was done.
. To check the goodness of data, the chi-square test was applied by taking expected
and observed frequencies. Using the midpoint of z-score, observed and expected
frequencies, normal distribution curve was prepared to check whether it is
normally distributed or not.
. The categorical datawere calculated for percentage and tabulated.
. To check the role of VEGF in the growth of placenta and fetus, mean and SD of
the intensity of STB, BV and HC cells were tabulated to each placental and fetal
morphometrical variable and applied z-test to check the differencesin VEGF level
with the group of each variable.

Datainclusion criteriato check therole of growth of fetus:

» Placentaof 32- 41 weeks of gestational age.

Data exclusion criteria:

= Mothers with hypertensive disorders of
pregnancy (PE, EC, GHP).

= Mothers with oligohydramnios
polyhydramnios, APH, PROM, GDM,

placenta previa and placental abruption.
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= Fetuswith congenital anhomalies.
* |UGR fetus.

7. Mean and SD of the VEGF expression in complicated pregnancies was taken (PE,
EC, GHP, oligohydramnios, polyhydramnios, APH, PROM, GDM, a fetus with
congenital anomalies and IUGR) and compared it with the VEGF expression of
the norma placenta (37 - 41 weeks of gestation (70 cases), without any

complication).
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4. RESULTS
1. Percent distribution of maternal parameters:

Table 1: Percent distribution of maternal age at marriage

Z-score Midpaint of Frequency distribution
z-score .
group of group of Subjects Nor mai
mater nal age n
ot mayriage | Maternal age (") | Obsarved | igribution
. %)
at marriage ( (%)
-3(-2) 2.5 7 1.82 1.75
-2(-1) -1.5 36 9.35 12.95
-1-0 -0.5 193 50.13 35.2
0-1 0.5 91 23.64 35.2
1-2 1.5 35 9.09 12.95
2-3 2.5 21 5.45 1.75
3+ 3.5 2 0.52 0.09
Total 385 100 100
Mean= 20.42, SD= 3.26

Graph 1: Percent distribution of maternal age at marriage
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Table 1 and Graph 1 reveal that the percent digtab of maternal age at marriage
was positively skewed with mean 20.42 and SD 3l@6expected data, 50% of
women were married above the average age, but seroéd data, 38.70% were

married above the average age, it was significep&@.001.
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Results

Table 2: Percent distribution of mater nal age at first pregnancy

Z-score Midpoint Frequency distribution
group of of z- score .
mater nal group of | Subjects Observed .Nolrmql
age at first materr_lal (n) (%) distribution
pregnancy age at first (%)
pregnancy
- 3(-2) -2.5 1 0.26 1.75
-2(-1) -1.5 57 14.81 12.95
-1-0 -0.5 190 49.35 35.2
0-1 0.5 88 22.86 35.2
1-2 1.5 31 8.05 12.95
2-3 2.5 15 3.9 1.75
3+ 3.5 3 0.78 0.09
Total 385 100 100
Mean=22.12, SD=3.11

Graph 2: Percent distribution of maternal age at first pregnancy
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Table 2 and Graph 2 reveal that the percent digtab of age at first pregnancy of
mother was positively skewed mean 22.12 and SD. 3rilgxpected data, 50% of
women were first pregnant at above the average lagein observed data, 35.58%

were first pregnant at above the average age,stsigmificant at p<0.001.
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Table 3: Distribution of marital relations

: . _ Per centage
Marital relations | Subjects(n)
(%)
Consanguineous 73 18.96
Non -
_ 312 81.04
consanguineous
Total 385 100

Table 3 shows 81.04% of marriages were non-consaegus and 18.96% were

consanguineous.

Table 4: Distribution of gravidity

o Subjects | Percentage
Gravidity
(n) %
Primigravida 159 41.30
Multigravida 226 58.70
Total 385 100

Table 4 shows the distribution of gravidity. Inghstudy, 41.3% of mothers were

primigravida and 58.70% were multigravida.
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Table5: Distribution of parity

) Subjects | Percentage
Parity
(n) %
Primipara 197 51.17
Multipara 188 48.83
Total 385 100

Table 5 depicts distribution of parity. In this du51.17% were primipara mothers

and 48.83% were multipara.

Table 6: Mode of delivery

) Subjects | Percentage
Typeof delivery
(n) %
Normal vaginal 201 52.21
Cesarian section
184 47.79
(CIS)
Total 385 100

Table 6 depicts 52.21% of women in this study grdejivered normally and 47.79%

of women delivered by C/S.
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Table 7: Percent distribution of maternal hemoglobin level

Results

Z-score O.f Mzi-gg)(;)rigto?f Subjects e dislt\lr(i)?rlilt;(l)n
herir:]ogllglbln hemoglobin (n) Ob?;:;led distribution
in g/dl (%)
<-3 -3.5 2 0.52 0.09
-3-(-2) -2.5 10 2.6 1.75
-2-(-1) -1.5 42 10.91 12.95
-1-0 -0.5 134 34.81 35.2
0-1 0.5 135 35.06 35.2
1-2 15 57 14.81 12.95
2-3 2.5 5 1.3 1.75
Total 385 100 100

Mean= 11.08, SD= 1.31

Graph 3: Percent distribution of maternal hemoglobin level
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between the expected and observed distributions.

Table 7 and Graph 3 reveal that the percent digtab of maternal hemoglobin was

normally distributed with mean 11.08 and SD 1.3lLg/@here were no differences
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2. Percent distribution of fetal parameters:

Table 8: Percent distribution of gestational age

Z-score o ) Frequency distribution
group of Midpoint of z Subjects Nor mal
gestational Szgaet%r?;paog (n) Obs;srved distribution
age g g (%) (%)
<-3 -3.5 2 0.52 0.09
-3-(-2) -2.5 11 2.86 1.75
-2-(-1) -1.5 30 7.79 12.95
-1-0 -0.5 81 21.04 35.2
0-1 0.5 168 43.64 35.2
1-2 15 93 24.16 12.95
Total 385 100 100
Mean=37.98, SD=2.01

Graph 4. Percent distribution of gestational age
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Table 8 and Graph 4 reveal that the percent digtab of gestational age was
negatively skewed with mean 37.98 and SD 2.01 wdeksxpected data, 50% fetal
gestational age was below the average age, butbsereed data, 32.21% fetal

gestational age was below the average gestatigeaitavas significant at p<0.001.

Page 60



Results

Table 9: Percent distribution of birth weight

. Frequency
Z_Scoregroup MIZC-i[;(:(I)rI}'[eOf SubJ ects distribution
of birth
weight group _of (n) Observed | Expected
birth weight (%) (%)
<-3 -3.5 4 1.04 0.09
-3-(-2) -2.5 13 3.38 1.75
-2-(-1) -1.5 42 10.91 12.95
-1-0 -0.5 114 29.61 35.2
0-1 0.5 162 42.08 35.2
1-2 15 45 11.69 12.95
2-3 2.5 5 1.3 1.75
Total 385 100 100
Mean=2658.71, SD=471.27

Graph 5: Percent distribution of birth weight
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Table 9 and Graph 5 reveal that the percent digtab of birth weight was negatively
skewed with mean 2658.71 and SD 471.27 gm. In eé@getata, 50% birth weight
was below the average birth weight, but in obsemdaid, 44.94% birth weight was
below the average birth weight. The difference leeimvthem was not statistically

significant.
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Table 10: Percent distribution of fetal length

7 -score Midpoint of Frequency distribution
group fetal Z-score :
Iength group fetal SUbj ects Observed Nor mal
length (n) (%) distribution (%)
<-3 -3.5 4 1.04 0.09
-3-(-2) 25 15 3.9 1.75
2-(-1) 15 31 8.05 12.95
-1-0 -0.5 143 37.14 35.2
0-1 0.5 137 35.58 35.2
1-2 15 53 13.77 12.95
2-3 2.5 2 0.52 1.75
Total 385 100 100
M ean=48.02, SD= 3.61

Graph 6: Percent distribution of fetal length
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Table 10 and Graph 6 reveal that the percent biigtan of fetal length was normally
distributed with mean 48.02 and SD 3.61cm. Thereewe differences between the

expected and observed distributions.
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Table 11; Percent distribution of fetal head circumference

. Midpoint of z- Frequency distribution
_?gtc;eh%;?jup score %re(;lép fetal Sut():]t)ects Observed | Ngr ma%l
circumference | . o (%) distribution
(%)
<3 -3.5 8 2.08 0.09
-3-(-2) 2.5 11 2.86 1.75
-2-(-1) -1.5 26 6.75 12.95
-1-0 -0.5 122 31.69 35.2
0-1 0.5 173 4494 35.2
1-2 15 42 10.91 12.95
2-3 2.5 3 0.78 1.75
Total 385 100 100
Mean= 33.53, SD= 2.22

Graph 7: Percent distribution of fetal head circumference
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Table 11 and Graph 7 reveal that the percent bligtan of fetal head circumference
was negatively skewed with mean 33.53 and SD 2122 expected data, 50% fetal
head circumference was below the average headndiecence, but in the observed
data, 43.38% of babies fetal head circumference belsw the average head

circumference, it was significant at p<0.05.
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Table 12: Percent distribution of fetal abdominal circumference

Midpoint of z- Frequency distribution

Z-scoregroup scoregroup | Subjects Nor mal
(.)f abdominal of abdominal (n) Observed digri o 0

circumference | . o once (%) istribution(%)

<-3 -3.5 1 0.26 0.09

-3-(-2) 2.5 6 1.56 1.75
-2-(-1) -1.5 47 12.21 12.95

-1-0 -0.5 121 31.43 35.2

0-1 0.5 166 43.12 35.2

1-2 15 32 8.31 12.95

2-3 2.5 11 2.86 1.75

3+ 3.5 1 0.26 0.09

Total 385 100 100
Mean=28.93, SD= 2.37

Graph 8: Percent distribution of fetal abdominal circumference
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Table 12 and Graph 8 reveal that the percent ligtan of fetal abdominal

circumference was negatively skewed with mean 288BSD 2.37 cm. In expected
data, 50% fetal abdominal circumference was beltwe tiverage abdominal
circumference, but in observed data, 45.45% fekalominal circumference was
below the average abdominal circumference. Theswdiffce between them was not

statistically significant.
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Table 13; Distribution of sex of thefetus

Sex of the | Subjects %
fetus (n)

Male 195 50.65
Female 190 49.35
Total 385 100

Table 13 shows the distribution of sex of the fe&®&65% of newborns were male

and 49.35% were female.
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3. Percent distribution of placental parameters:

Table 14: Percent distribution of the weight of the placenta

Results

Z-scoref xiggg(i)?; - Frequency distributic;ln
group o | ECtS Norm
waghtof | S0 &1 ()| OOl distribution
placenta olacenta (%)
-3-(-2) 2.5 6 1.56 1.75
-2-(-1) 1.5 53 13.77 12.95
-1-0 -0.5 145 37.66 35.2
0-1 0.5 127 32.99 35.2
1-2 15 43 11.17 12.95
2-3 2.5 9 2.34 1.75
3+ 3.5 2 0.52 0.09
Total 385 100 100
M ean=420.39, SD= 94.81

Graph 9: Percent distribution of the weight of the placenta
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Table 14 and Graph 9 reveal that the percent kigtan of the weight of the placenta
was positively skewed with mean 420.39 and SD 941 In expected data, 50%
placenta weight was above the average placentahtydigt in observed data, 47.01%

were above the average. The difference was noifisigmt.
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Table 15: Percent distribution of the volume of placenta

7 -scor ef ggigpégé?; e Freguency distribution
volumeor | 9roup of | =G| opserved | TR
lacenta volume of (%) 0
P placenta (%)
-3-(-2) 25 6 1.56 1.75
-2-(-1) -1.5 53 13.77 12.95
-1-0 -0.5 148 38.44 35.2
0-1 0.5 125 32.47 35.2
1-2 15 40 10.39 12.95
2-3 2.5 10 2.6 1.75
3+ 3.5 3 0.78 0.09
Total 385 100 100
M ean= 415.86, SD= 95.52

Graph 10: Percent distribution of the volume of placenta
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Table 15 and Graph 10 reveal that the percentildigion of the volume of the
placenta was positively skewed with mean 415.862D®5.52 ml. In expected data,
50% placenta volume was above the average voluatantobserved data, 46.23%
placenta volume was above the average placentaimel the difference was not

significant.
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Table 16: Percent distribution of the surface area of the placenta

7-score Midpoint of Frequency distribution
group of £-score Subjects Normal
surfacearea | _9rOUP of (n) Observed (%) | distribution
of placenta surface area (%)
of placenta
-3-(-2) -2.5 6 1.56 1.75
-2(-1) -1.5 49 12.73 12.95
-1-0 -0.5 156 40.52 35.2
0-1 0.5 105 27.27 35.2
1-2 15 57 14.81 12.95
2-3 2.5 10 2.6 1.75
3+ 3.5 2 0.52 0.09
Total 385 100 100
M ean= 236.46, SD= 51.38

Graph 11: Percent distribution of the surface area of the placenta
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Table 16 and Graph 11 reveal that percent distahubf the surface area of the
placenta was positively skewed with mean 236.46 8DBd51.38 crh In expected

data, 50% of the surface area of the placenta Wwageathe average, but in observed
data, 45.19% were above the average surface atba placenta, the difference was

not significant.
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Table 17: Percent distribution of number of cotyledons of the placenta

Midpoint Frequency distribution
gzr-ol;scpor;c of z- score Subjects Nor mal
No. of grl\(ngpofof (n) Ob(s;r;/ed distribution
cotyledons cotyl odons ° (%)
-3-(-2) -2.5 4 1.04 1.75
-2-(-1) -1.5 31 8.05 12.95
-1-0 -0.5 166 43.12 35.2
0-1 0.5 107 27.79 35.2
1-2 15 66 17.14 12.95
2-3 2.5 9 2.34 1.75
3+ 35 2 0.52 0.09
Total 385 100 100
Mean= 19.77, SD=4.15

Graph 12: Percent distribution of number of cotyledons of the placenta
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Table 17 and Graph 12 reveal that the percentildigion of cotyledons of the

placenta was positively skewed with mean 19.77%Dd.15. In expected data, 50%
of cotyledons of placenta were above the averageoNootyledons, but in observed
data, 47.79% were above the average No. of cotgkedbthe placenta, the difference

was significant at p<0.01.
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Table 18: Percent distribution of No. of blood vesselg/villi of the placenta

7 score Midpoint of Freguency distribution
group of No. Z-score Subjects Normal
of blood N%“;‘]f%lg;d (n) Ob{’g ;’ed distribution
vessIsVIlll | st il (%)
3(-2) 25 3 0.78 1.75
-2-(-1) -1.5 51 13.25 12.95
-1-0 -0.5 160 41.56 35.2
0-1 0.5 115 29.87 35.2
1-2 15 45 11.69 12.95
2-3 2.5 4 1.04 1.75
3+ 3.5 7 1.82 0.09
Total 385 100 100
Mean=6.73, SD=1.34

Graph 13: Percent distribution of No. of blood vessels/villi of the placenta
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Table 18 and Graph 13 reveal that the percenilalision of No. of blood vessels/villi

of the placenta was positively skewed with mead @iad SD 1.34. In expected data,
50% number of blood vessels/villi of the placentsvabove the average No. of blood
vessels/villi, but in observed data, 44.42% werevabthe average No. of blood

vessels/villi of the placenta, the difference watsignificant.
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Table 19: Cord attachment of the placenta
Cord

attachment Subjects () %
Central 35 9.091
Eccentric 282 73.25
Marginal 56 14.55
Velamentous 12 3.117
Total 385 100

Table 19 shows the distribution of cord attachmehtthe placenta.73.24% of
umbilical cord showed eccentric attachment, 14.%Héwed marginal attachment,

9.09% showed central and 3.12% showed velameattarshment.

Table 20: Membrane attachment of the placenta

Type of .
atta)g;]ment Subjects | %
Membranous 305 79.27
Circummarginate 56 14.55
Circumvallate 24 6.23
Grand Total 385 100

Table 20 shows the distribution of membrane attasttnof the placenta. 79.22% of
placentae showed membranous attachment, 14.55% edhosircummarginate

attachment and 6.23% showed circumvallate attachmen

Table 21: Anomalies of the placenta

Anomalies Subjects (n) %

No anomalies 211 54.81
Infarction 82 21.30
Calcium salts 43 11.17
Infar_ctlon and 49 12.73

calcium salts
Total 385 100

Table 21 shows the distribution of anomalies of pecenta. 54.81% of placentae
were normal, 21.30% were infarcted, 11.17% showadiuom salt deposition and

12.73% showed both infarction and calcium salt déjmm.
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4. Percent distribution of cellular expression of VEGF:

Table 22: Percent distribution of STB cellsVEGF

. Frequency distribution
Z-score f Midpoint of z-score Subiect
group o group of STB cells 1SS Observeq | | [Normal
STB cellsVEGF VEGE (n) (%) | distribution
° (%)
<-3 -3.5 1 0.26 0.09
-3-(-2) -2.5 3 0.78 1.75
-2-(-1) -1.5 52 13.51 12.95
-1-0 -0.5 147 38.18 35.2
0-1 0.5 123 31.95 35.2
1-2 1.5 47 12.21 12.95
2-3 2.5 12 3.12 1.75
Total 385 100 100
Mean= 114.75, SD=9.44

Graph 14: Percent distribution of STB cellsVEGF
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Table 22 and Graph 14 reveal that the percentlaision of STB cells VEGF of the
placenta was positively skewed with mean 114.75 @bBd9.44. In expected data,
50% of STB cells VEGF of the placenta was aboveatlerage of STB cells VEGF,
but in observed data, 47.27% were above the avesh@TB cells VEGF of the

placenta. The difference between them was nosstaily significant.
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Table 23: Percent distribution of BV VEGF

Midpoint Frequency distribution
Zame |dzeme | gy
BV VEGF BV (n) Observed digﬁrbmuﬁlon
VEGF (%) (%)
3.(2) 25 11 286 175
2-(1) 15 53 13.77 12.95
-1-0 -0.5 111 28.83 35.2
0-1 0.5 159 41.3 35.2
1-2 15 43 11.17 12.95
2-3 2.5 8 2.08 1.75
Total 385 100 100
Mean= 117.64, SD= 11.43

Graph 15: Percent distribution of BV VEGF
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Table 23 and Graph 15 reveal that the percentildision of BV VEGF of the
placenta was negatively skewed with mean 117.64Sind. 1.43. In expected data,
50% of BV VEGF of the placenta was below the avera§ BV VEGF, but in
observed data, 45.45% were below the average oVBGF of the placenta. The

difference between them was not statistically igant.
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Table 24: Percent distribution HC VEGF

Results

Midpoint Frequency distribution
Z-score | of z-score Subiects
group of | group of (:,) Observed Nor mal
HC VEGF HC (%) distribution
VEGF (%)
-3-(-2) -2.5 12 3.12 1.75
-2-(1) -1.5 52 13.51 12.95
-1-0 -0.5 131 34.03 35.2
0-1 0.5 130 33.77 35.2
1-2 15 50 12.99 12.95
2-3 2.5 8 2.08 1.75
3+ 35 2 0.52 0.09
Total 385 100 100
Mean= 121.02, SD= 9.34

Graph 16: Percent distribution of Hofbauer cellsVEGF
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Table 24 and Graph 16 reveal that the percentildision of HC VEGF of the
placenta was normally distributed with mean 121202 SD 9.34. There were no

differences between the expected and observedbdistms.
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Table 25: Percent distribution total VEGF

Z-score | Midpoint of Frequency distribution
T | goup ot | | Observed | Giohma
VEGF | total VEGF (%) (%)
3(-2) 25 4 1.04 1.75
2-(-1) 15 67 17.4 12.95
1.0 05 115 29.87 35.2
0-1 0.5 145 37.66 35.2
12 15 44 11.43 12.95
23 25 9 234 1.75
3+ 35 1 0.26 0.09
Total 385 100 100
Mean= 117.81, SD= 8.03

Graph 17: Percent distribution of total VEGF

Total VEGF intensity

40
FU

fi \ —o—0bserved
// ‘: \ ~l-expected
/-
y/ A
s 2 a4 o 1 2 s

Z-score

Table 25 and Graph 17 reveal that the percentildigion of total VEGF of the

placenta was negatively skewed with mean 117.813nd.03. In expected data,
50% of the total level of VEGF of the placenta \batow the average level of VEGF,
but in observed data, 48.31% were below the avdeage of VEGF of the placenta.

The difference between them was not statisticadjgiBcant.
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Expression of VEGF by maternal, fetal and placental growth parameters:

. Expression of VEGF by maternal parameters:

Expression of VEGF by age of the mother:

Table 26: Expression of VEGF by the age of the mother

A,‘[%Z?Tr]gtjhp;f Intensity of | Intensity of | Intensity of J IgglF p-value
(in years) STB BV HC intensity
<20 N 5 5 5 5 NS
Mean 113.40 114.67 117.97 115.34
SD 6.42 7.75 6.23 5.86
20-24 N 103 103 103 103 HC(p<0.001
Mean 113.88 115.45 119.53 116.28
SD 9.03 11.83 9.32 8.21
25-29 N 50 50 50 50 HC(p<0.001
Mean 111.47 112.64 120.95 115.02
SD 8.78 11.09 6.50 7.17
30-34 N 10 10 10 10 NS
Mean 114.47 118.79 117.75 117.00
SD 9.97 9.85 11.43 7.67
35+ N 5 5 5 5 NS
Mean 115.60 110.57 118.57 114.91
SD 14.77 14.89 10.28 12.28
Total N 173 173 173 173 HC(p<0.001)
Mean 113.25 114.66 119.76 115.89
SD 911 11.52 8.63 7.90

(NS-Not significant)

Table 26 shows the expression of VEGF by the ag¢hefmother. The cellular

expression of VEGF did not change with the mateaws (19 - 35+). The cellular

expression between the cells was more in HC ckds 1STB and BV, which was

significant at p<0.001 in 20 - 24, 25 - 29 and ltatge group mothers.
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Expression of VEGF by parity:

Table 27: Expression of VEGF by parity

Parity Intensity of Intensity | Intensity T(?tal VEGF p-value
STB of BV of HC intensity
Primipara N 83 83 83 83 HC(p<0.001
Mean 112.04 114.51 119.44 115.33
SD 8.16 11.70 8.98 7.91
Multipara N 90 90 90 90 HC(p<0.001
Mean 114.37 114.80 120.06 116.41
SD 9.79 11.30 8.28 7.89
Total N 173 173 173 173 HC(p<0.001)
M ean 113.25 114.66 119.76 115.89
SD 9.11 11.52 8.63 7.90

Table 27 shows the expression of VEGF by paritye €kpression of VEGF did not

change with the parity. The expression was inceeagmghtly in multipara than

primipara, but it was not significant (p>0.05). Tbellular expression between the

cells was more in HC cells than STB and BV, whicasvsignificant at p<0.001 in

both the groups.
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Results

Expression VEGF by mode of delivery:

Table 28: Expression VEGF by mode of delivery

Type of delivery InteSnTsiéy of Inter;’/ty of Inteanci:ty of Total VEGF p-value
intensity
\':';élrr?:: N 102 102 102 102 | HC(p<0.001)
Mean 114.10 116.09 120.42 116.87
SD 8.96 11.14 8.20 7.39
C/S N 71 71 71 71 HC(p<0.00
Mean 112.04 112.62 118.82 114.49
SD 9.24 11.83 9.20 8.43
Total N 173 173 173 173 HC(p<0.001)
Mean 113.25 114.66 119.76 115.89
SD 9.11 11.52 8.63 7.90

Table 28 shows the VEGF expression by mode of eglivihe expression of VEGF

did not change with the mode of delivery. The dalwexpression between the cells

was more in HC cells than STB and BV, which wasisigant at p<0.001 in both the

groups.
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Expression of VEGF by the hemoglobin level of the mother:

Table 29: Expression of VEGF by the hemoglobin level of the mother

Hemoglobin _ . . Total p-value
Intensity of | Intensity of | Intensity of
group of mother VEGF
STB BV HC _ _
(g/dL) intensity
7-10.9 N 77 77 77 77 HC(p<0.001)
Mean 115.22* 115.70 119.90 116.94
SD 9.62 11.30 9.06 8.16
11+ N 96 96 96 96 HC(p<0.001)
Mean 111.67 113.83 119.65 115.05
SD 8.40 11.68 8.32 7.62
Total N 173 173 173 173 HC(p<0.001)
Mean 113.25 114.66 119.76 115.89
SD 9.11 11.52 8.63 7.90

Table 29 shows the expression of VEGF by matereaidglobin level. VEGF was

increased in STB, BV cells and total in 7 - 10.8Lghemoglobin group mothers than

the normal hemoglobin group (11+ g/dL). But theeria STB was significant at

p<0.05. The VEGF in HC cells did not change. Thkulze expression between the

cells was more in HC cells than STB and BV, whicasvsignificant at p<0.001 in

both the hemoglobin group.
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I1. Expression of VEGF by fetal parameters.

Expression of VEGF by gestational age:

Table 30: Expression of VEGF by gestational age

Gestational age

group (in Intensity of | Intensity of | Intensity of Tgtal VI;GF o-value
weeks) STB BV HC Intensity
<37 N 25 25 25 25 BV(p<0.05
Mean 109.56 116.02 116.65 114.07 HC(p<0.0D1)
SD 8.23 10.07 6.54 6.21
37-38 N 59 59 59 59
Mean 113.37 113.93 121.78 116.36 HC(p<0.0D1)
SD 11.46 12.42 8.74 9.11
39-40 N 77 77 77 77
Mean 113.41 115.07 117.32 115.26 HC(p<0.0p1)
SD 7.41 12.09 7.59 7.65
41+ N 12 12 12 12 STB(P<0.000)
Mean 119.33*** 112.86*** 132 *** 121.40** HC(p<0.00)
SD 2.60 4.38 4.73 2.12
Total N 173 173 173 173 HC(p<0.001)
Mean 113.25 114.66 119.76 115.89
SD 911 11.52 8.63 7.90

(**p<0.001, **p<0.01, *p<0.05)

Table 30 shows the expression of VEGF by gestdtiaga The expression of VEGF

did not change with gestation from 32 - 40 weekgeasdtation. The VEGF level was

increased in 41+ weeks of gestation significankigint 32 - 40 weeks, differences

between them were significant at p<0.001. The VEGE increased in HC cells than

STB, BV cells, which was very highly significant @0.001 and in BV cells of <37

(p<0.05) and in 41+ STB cells (p<0.001).
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Expression of VEGF by sex of the fetus:

Table31: Expression of VEGF by sex of the fetus

Sex of fetus Intensity | Intensity of | Intensity of | Total VEGF p-value
of STB BV HC intensity
Male N 84 84 84 84 HC(p<0.001
Mean 113.30 116.49* 120.23 116.67
SD 10.02 12.34 8.35 7.97
Female N 89 89 89 89 HC(p<0.00
Mean 113.20 112.94 119.33 115.15
SD 8.22 10.46 8.91 7.80
Total | N 173 173 173 173 HC(p<0.001)
M ean 113.25 114.66 119.76 115.89
SD 9.11 11.52 8.63 7.90
(*p<0.05)

Table 31 shows the VEGF expression by sex of thesf@’he VEGF expression was

increased in BV in male than a female fetus, whias significant at p<0.05. The

cellular expression between the cells was moreGncills than STB and BV, which

was significant at p<0.001 in both the groups.
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Expression of VEGF by birth weight:

Table32: Expression of VEGF by birth weight

Birth weight group | Intensity Intensity of | Intensity | Total VEGF p-value
(ingm) of STB BV of HC intensity
2000-2499 N 36 36 36 36 HC(p<0.01)
Mean 113.84 116.75 119.67 116.75
SD 10.41 7.93 8.22 6.79
2500-2999 N 90 90 90 90 HC(p<0.001)
Mean 112.03 114.76 119.70 115.49
SD 8.25 12.05 8.47 7.49
3000+ N 47 47 47 47 HC(p<0.001)
Mean 115.15 112.89 119.96 116.00
SD 9.19 12.68 8.67 9.21
Total N 173 173 173 173 HC(p<0.001)
Mean 113.25 114.66 119.76 115.89
SD 9.11 11.52 8.63 7.90

Table 32 shows the expression of VEGF by birth Weidhe VEGF expression did

not change with the birth weight. The cellular eegsion between the cells was more

in HC cells than STB and BV, which was significantp<0.001 in 2500 - 2999 and

3000+ group, and 2000 - 2499 at p<0.01.
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Expression of VEGF by the length of the fetus:

Table 33: Expression of VEGF by thelength of the fetus

1)

Fetal length _ . . p-value
group (in cm) Intensity of | Intensity of | Intensity of T(')tal VI'EGF
STB BV HC intensity
<45 N 17 17 17 17 HC(p<0.05
Mean 113.90 116.14 121.34 117.13
SD 11.07 10.80 8.49 7.92
45-56 N 156 156 156 156 HC(p<0.00
Mean 113.18 114.50 119.59 115.76
SD 8.70 11.59 8.62 7.85
Total | N 173 173 173 173 HC(p<0.001)
M ean 113.25 114.66 119.76 115.89
SD 9.11 11.52 8.63 7.90

Table 33 shows the expression of VEGF by the lergdthhe fetus. The VEGF

expression did not change with the length. Theutzllexpression between the cells

was more in HC cells than STB and BV, which wasi$icant at p<0.001 in the 45 -

56 length group and in <45 at p<0.05.
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Expression of VEGF by head circumference:

Table 34: Expression of VEGF by head circumference

Head . _ _ p-value
dir cumference Intensity of | Intensity of | Intensity of T?tal VI?GF
group (in om) STB BV HC Intensity
<32 N 35 35 35 35 HC(p<0.001)
Mean 112.85 116.08 119.09 116.01
SD 9.61 9.89 6.73 6.68
33-35 N 117 117 117 117 HC(p<0.001)
Mean 112.80 114.33 119.62 115.58
SD 8.53 12.07 8.97 8.10
36+ N 21 21 21 21 HC(p<0.05)
Mean 116.44 114.14 121.69 117.42
SD 11.08 11.20 9.63 8.76
Total N 173 173 173 173 HC(p<0.001)
Mean 113.25 114.66 119.76 115.89
SD 9.11 11.52 8.63 7.90

Table 34 shows the expression of VEGF by head wifetence. The VEGF did not

change with the head circumference. The cellulqression between the cells was

more in HC cells than STB and BV, which was sigraifit at p<0.001 in <32, 33 - 35

and in total groups and 36+ at p<0.05.
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[11.  Expression of VEGF by placental parameters:

Expression of VEGF by placental weight:

Table 35: Expression of VEGF by placental weight

Placenta . . . Total p-value
_ Intensity of | Intensity of | Intensity of
weight group VEGF
. STB BV HC . .
(in cm) intensity
<400 N 50 50 50 50 HC(p<0.01
Mean 113.25 115.77 118.42 115.81
SD 9.49 12.67 9.86 8.42
400- HC(p<0.001)
N 114 114 114 114
600
Mean 113.20 114.61 120.33 116.04
SD 8.98 10.70 7.92 7.51
600+ N 9 9 9 9 HC(p<0.05
Mean 113.92 109.27 120.10 114.43
SD 9.46 13.43 9.57 9.78
Total N 173 173 173 173 HC(p<0.001)
Mean 113.25 114.66 119.76 115.89
SD 911 11.52 8.63 7.90

Table 35 shows the expression of VEGF by placemédiht. The VEGF expression

did not change with the placental weight. The datl@expression between the cells

was more in HC cells than STB and BV, which wasidicant at p<0.001 in 400 -

600 and in total and in <400 at p<0.01 and in 680p<0.05.
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Expression of VEGF by placental volume:

Table 36: Expression of VEGF by placental volume

volzlr?](;eg:gup Intensity of | Intensity of | Intensity | Total VEGF p-value
(in m) STB BV of HC intensity
<400 N 57 57 57 57 HC(p<0.09
Mean 113.90 117.05 118.28 116.41
SD 9.80 12.13 8.71 7.93
400-600 N 105 105 105 105 HC(p<0.0(
Mean 112.58 113.57 120.23 115.46
SD 8.64 10.82 8.26 7.65
600+ N 10 10 10 10 NS
Mean 115.34 111.43 121.45 116.07
SD 9.73 12.91 9.97 9.55
Total N 172 172 172 172 HC(p<0.001)
M ean 113.25 114.66 119.76 115.89
SD 9.11 11.52 8.63 7.89

Table 36 shows the expression of VEGF by placertkime. The VEGF expression

did not change with the placental weight. The datl@expression between the cells

was more in HC cells than STB and BV, which wasigicant at p<0.001 in 400 -

600 and in total and in <400 at p<0.05 and in 6@®@sugh the expression was

increased, it was not statistically significant.
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Expression of VEGF by placental surface area:

Table 37: Expression of VEGF by the placental surface area

sur:‘:li(e:e'aqrg (in Intensity of | Intensity of | Intensity of T(?tal VEGF p-value
om? STB BV HC intensity
<200 N 26 26 26 26 NS
Mean 112.36 114.84 116.73 114.31
SD 9.88 14.59 8.79 8.88
200-300 N 121 121 121 121 HC(p<0.001)
Mean 113.37 114.93 120.42 116.24
SD 9.20 11.27 8.47 7.86
300+ N 25 25 25 25 HC(p<0.01)
Mean 114.12 113.35 120.92 116.13
SD 7.56 9.37 8.53 7.07
Total N 173 173 173 173 HC(p<0.001)
Mean 113.25 114.66 119.76 115.89
SD 9.11 11.52 8.63 7.90
26 26 26 26

Table 37 shows the expression of VEGF by the platesurface area. VEGF
expression did not change with the placental sarfaea. The cellular expression
between the cells was more in HC cells than STBBWdwhich was significant at
p<0.001 in 200 — 300 and in total and in 300+ ab.p%¥ and in <200 though the

expression was increased, it was not statisticadjgificant.
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Expression of VEGF by the number of cotyledons of the placenta:

Table 38: Expression of VEGF by the number of cotyledons of the placenta

Cotyledons Intensity of | Intensity of | Intensity of | Total VEGF p-value
group STB BV HC intensity
10-25 N 145 145 145 145 HC(p<0.001)
Mean 112.87 114.83 119.27 115.66
SD 9.27 11.93 8.63 8.08
25+ N 28 28 28 28 HC(p<0.001)
Mean 115.23 113.82 122.29 117.11
SD 7.85 8.93 8.17 6.87
Total N 173 173 173 173 HC(p<0.001)
Mean 113.25 114.66 119.76 115.89
SD 9.11 11.52 8.63 7.90

Table 38 shows the expression of VEGF by the nurabeotyledons of the placenta.

The VEGF expression did not change with the nunabgrlacental cotyledons. The

cellular expression between the cells was moreGncills than STB and BV, which

was significant at p<0.001 in all the groups.
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Expression of VEGF by umbilical cord attachment:

Table39: Expression of VEGF by umbilical cord attachment

Umbilical cord Intensity of | Intensity of | Intensity of | Total VEGF p-value
attachment STB BV HC intensity
Central N 15 15 15 15 NS
Mean 116.15 119.40 123.14 119.56
SD 11.34 10.22 9.23 7.78
Eccentric N 127 127 127 127 HC(p<0.001)
Mean 113.32 114.70 119.18 115.73
SD 8.18 11.78 8.69 7.73
Marginal N 26 26 26 26 HC(p<0.001)
Mean 110.79 112.47* 121.14 114.80
SD 10.84 10.14 7.91 7.99
Velamentoug N 5 5 5 5 NS
Mean 115.75 110.92 117.36 114.68
SD 14.07 13.95 8.01 11.39
Total N 173 173 173 173 HC(p<0.001)
M ean 113.25 114.66 119.76 115.89
SD 911 11.52 8.63 7.90

(*p<0.05, NS=not significant)

Table 39 shows the expression of VEGF by attachroémihe umbilical cord. The
expression of VEGF from normal attachment (centoaleccentric) to abnormal
(marginal and velamentous) reduced consistentlyt. tBa difference between the
expression of VEGF from central to marginal attaehtrwas statistically significant
in BV cells (p<0.05). In the velamentous cord, YHeGF level was less than other
types, but we could not conclude anything due $s8 kample size in that group. The
cellular expression between the cells was moreGncills than STB and BV, which
was significant at p<0.001 in eccentric and maigioad attachment and total, and in
central and velamentous, though the expressioniweasased, it was not statistically

significant.
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Expression of VEGF by membrane attachment of the placenta:

Table 40: Expression of VEGF by membrane attachment of the placenta

Intensit Intensit Intensit Total VEGF -value
Membrane attachment of STBy of BVy of HCy intensity P
Membranous N 139 139 139 139 | HC(p<0.001)
Mean 113.39 114.96 119.88 116.07
SD 9.40 11.70 8.94 8.05
Circummarginate N 23 23 23 23 NS
Mean 115.01 115.31 119.39 116.56
SD 8.17 10.36 8.24 7.68
Circumvallate N 11 11 11 11 HC(p<0.001)
Mean | 107.82*** 109.62 119.13 112.19*
SD 4,54 11.25 5.30 5.68
Total N 173 173 173 173 HC(p<0.001)
Mean 113.25 114.66 119.76 115.89
SD 9.11 11.52 8.63 7.90

(***p<0.001, *p<0.05, NS=not significant)

Table 40 shows the expression of VEGF by the mengbrattachment. The

expression of VEGF was reduced consistently frommab membrane attachment to

circumvallate. The differences between membranond aircumvallate were

significant in STB (p<0.001) and total (p<0.05) eegsion. The cellular expression

between the cells was more in HC cells than STBBMdwhich was significant at

p<0.001 in membranous, circumvallate and in total & circummarginate though

the expression was increased in HC cells, it wastadistically significant.
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Expression of VEGF by the number of blood vessels/villi:

Table 41: Expression of VEGF by the number of blood vessels/villi

Blood vessels | Intensity of | Intensity | Intensity | Total VEGF p-value
group STB of BV of HC intensity
4-9 N 169 169 169 169 HC(p<0.00
Mean 113.30 114.68 119.69 115.89
SD 9.17 11.60 8.61 7.96
10+ N 4 4 4 4 HC(p<0.05
Mean 110.99 114.16 123.05 116.07
SD 5.95 8.53 8.96 5.01
Total N 173 173 173 173 HC(p<0.001)
M ean 113.25 114.66 119.76 115.89
SD 9.11 11.52 8.63 7.90

Table 41 shows the expression of VEGF by the nunolbéslood vessels/terminal

villi. The VEGF did not change with the number ¢ddd vessels/terminal villi. The

cellular expression between the cells was moreGnchlls than STB and BV, which

was significant at p<0.001 in 4-9 and in total andO+ at p<0.05.
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IV. Expression of VEGF in complicated pregnancies:

Table42: Expression of VEGF in complicated pregnancies

. . . Total VEGF p-value
Case Subjects Intensity of STB Intensity of BV Intensity of HC intensity
Mean SD Mean SD Mean SD Mean SD
Normal 70 111.97 8.29 112.56 12.38 119.98 854 gul4. 8.13 | HC(p<0.001)
PE 33 117.89*** 9.58 123.97*** 10.81 121.99 9.84 1128** | 8.09 | BV(p<0.05)
Eclampsia 7 118.26 9.57 115.01 12.38 119/56 10.3517.61 9.37| NS
] ] ) BV/(p<0.05)
*
GHP 23 112.32 8.76 117.68 7.7 121.31 8.50 117.116.90 HC(P<0.001)
IUGR 30 121.35*** | 10.36 124.69*** 10.32 123.02 7.97123.02*** | 7.42 | NS
GDM 13 115.45 12.22 125.24%** 13.59 123.30 1406 1383 11.66| NS
Anemia 41 115.31 9.77 118.84** 9.99 121.74 7.68 .638 6.95 | HC(P<0.001)
Hypothyroid 42 115.62* 8.58 119.44** 11983 123.5P*8.28 | 119.55***| 7.67| HC(P<0.001)
BV/(p<0.05)
*
APH 10 110.97 10.20 121.85 10.78 120 9.97 117.61 .798 HC(p<0.05)
PROM 52 118.68*** 7.96 117* 11.41 122.74 10.89 uB** | 8.06 | HC(P<0.01)
Oligohydramnios 29 118.48**% 8.43 122.24%*% 8.68 41350 6.21| 121.11** 510 HC(P<0.05)
Congenital 18 11330 | 10.65 125.38*% 1062 12358 1041 12074| 7.55 | BY(P<0.001)
anomalies HC(p<0.01)
. . BV(p<0.01)
* * kK| *%
Low birth weight 92 114.73 8.93 118.45 9.09 120 8.50 118.02 6.63 HC(P<0.001)
. j BV/(p<0.05)
g *% *
Polyhydramnios 9 113.78 5.53 122.22 8.71 121.93 .538] 119.31 5.64 HC(p<0.05)

(***p<0.001,**p<0.01,*p<0.05,NS=not significant)
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Table 42 shows the VEGF expression in normal amdpticated pregnancies.
The cellular expression was more in HC cells ofnrmadrthan STB and BV cells,
which was significant at p<0.001.

In PE and IUGR placenta, the VEGF was increasedifgigntly in all the
cells and in total than the normal, which was veighly significant at p<0.0001 in
STB, BV and total. Though the expression was irsgdan the HC cell, it was not
significant. In PE, comparing the cellular expreasbetween the cells, we found the
expression was more in BV cells which was significat p<0.05. In IUGR, the
expression level was not significant between this.ce

In eclampsia, though the expression level was asaéd than the normal, it
was not statistically significant and the differerizetween the cell group was also not
significant.

In GHP, the VEGF level was increased in all thdscahd was statistically
significant only in BV cells (p<0.05) of GHP thahet normal. In GHP, when the
comparison was made between three cells, the aebuxipression was found more in
HC (p<0.001) and BV cells (p<0.05).

In GDM, the expression level of VEGF was increasedall the cells
compared to normal, was significantly high in BMlsat p<0.0001 than the normal.
The difference between the cell group was not Sggmt.

In anemia, the expression of VEGF was increasedllirthe cells, but a
significant difference was observed in BV and totald was highly significant at
p<0.01. When cells were compared for expressiomwdmt the cells, the cellular
expression was found more in HC cells (p<0.001).

In hypothyroid, the VEGF was significantly incredsen STB , HC cells

(p<0.05), BV cells (p<0.05) and in total (p<0.0Ghpn normal. When cells were
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compared for expression between the cells, thellaelexpression was found to be
more in HC cells (p<0.001).

In APH, the expression was significantly increagedV, HC, and in total,
but significantly increased in BV cells (p<0.05helcellular expression between the
cells was more in HC and BV cells (p<0.05).

In PROM, the expression was very highly significant STB and total
(p<0.001) and was significant in BV cells (p<0.08)ugh the expression was more
in HC cells, it was not significant, but when compg the expression between cells,
HC cells exhibited a significant rise (p<0.01).

In oligohydramnios, the VEGF increased in STB, B\dan total, which was
significant at p<0.001, though the expression wagenmn HC cells, it was not
significant, but when comparing the expression ketwcells, HC cells displayed a
significant rise (p<0.05).

In a congenital anomaly, the expression was veghlhisignificant in BV and
total (p<0.001), though the expression was morél@ and STB cells, it was not
significant. When we compared expression betweercéfis, BV cells showed more
expression at p<0.001 and HC cells at p<0.01.

In low birth, the VEGF increased in BV (p<0.001tal (p<0.01) and in STB
(p<0.05), though the expression was more in HCscdllwas not significant. The
expression between the cells was increased in HG.Qp1) and BV cells (p<0.01).

In polyhydramnios, the VEGF was significantly highBV cells (p<0.01) and in total
(p<0.05), though the level was more in HC and S&Bscwhich was not significant.
The expression between the cell group BV and HOs cgiowed more intensity

(p<0.05).
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5. DISCUSSION

The present study was conducted in the departniematomy. The samples
were collected from the Obstetrics and Gynaecoldgyt, Dr Prabakar Kore
Charitable Hospital, Belagavi. The study aimed hleak the expression of VEGF in
the placenta and its association with growth patareeo study its role in growth. To
study the role of VEGF in the growth of the plaeeand fetus, we compared the
expression of VEGF with morphometrical variablestlod placenta and fetus. The
VEGF in the placenta helps in the sprouting oft filwod vessels. The development
of vessels is important in the transport of nuntbetween maternal circulation and
placenta, which determines the growth of the plecemd thereby the fetus. We,
therefore, presumed that the VEGF stimulates thawity of the placenta by
increasing branching (vessel formation) and nomditeng angiogenesis thereby
increasing surface area and vascular permeabdoitynfitrition transport, which is

reflected through placental growth which in turorgeses the fetal growth.
Expression of VEGF by maternal parameters:
Expression of VEGF by mater nal age:

The cellular expression of VEGF did not change Wit maternal age (19 -
35+). A serum analysis study showed that the VE&¥Ellat 8 - 20 weeks of gestation
did not correlate with maternal a@feBy these results, we can say that VEGF

expression was not affected by maternal age.
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Expression of VEGF by parity and gravidity:

In this study, VEGF expression did not change wai#hity and gravidity. A
study showed that serum VEGF level did not chanigje tve parity of the mother at 8
- 20 weeks of pregnané§ Therefore, the VEGF expression was not affectethby

parity and gravidity of the mother.
Expression of the VEGF by mode of delivery:

The expression of VEGF did not change with the mafdgelivery. Malamitsi
Pucher A et al have reported similar findings vadmum level VEGF at term. By our

results, we can say that VEGF expression was fexttafi by the mode of delivet{’
Expression of VEGF by the hemoglobin level of the mother:

The expression of VEGF was increased in STB, B\6aald total in 7 - 10.9
g/dL hemoglobin group mothers than the normal hdalg group (11+ g/dL). But
the VEGF expression in STB was increased signifigan 7 - 10.9 g/dL hemoglobin
group mothers (p<0.05). The low hemoglobin levairdases the oxygen content of
the blood. VEGF is a hypoxia-inducible factor. Tihereased expression in this study

was due to hypoxia-induced VEGF secretith.

Expression of VEGF by fetal parameters:

Expression of VEGF by gestational age:

In this study, the VEGF expression did not chafrgen 32 - 40 weeks of
pregnancy. In >37 weeks of gestation, the VEGEllexas 109.56 £ 8.23 in STB, in
BV it was 116.02 £ 10.07, in HC it was 116.65 5% and the total expression was

114.07 £ 6.21. In 37 - 38 weeks of gestation, tl&G¥F level in STB was 113.37 +
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11.46, in BV it was 113.93 + 12.42, in HC it wasllZB + 9.11 and the total was
116.36 £ 9.11. In 39 - 40 weeks of gestation, tl&G¥ level in STB was 113.41 +
7.41, in BV it was 115.07 + 12.09, in HC it was 26 + 7.65 and the total was
115.26 £7.65. In 41+ weeks of gestation, the exgioaswas increased significantly
compared to 32 - 40 weeks of pregnancy. The VE@# ia STB was 119.33 + 2.60,
in BV it was 112.86 + 4.38, in HC it was 132 + 4&83d the total was 121.40 + 2.12.
The VEGF expression was increased significantilim weeks compared to 32 - 40
weeks, the rise in the expression was statisticaifjnificant (p<0.001). As the
gestational age advances, blood vessel formatmeases, the oxygen level becomes
stable through vasodilation of blood vessels by’f@t the end of pregnancy, blood
vessel formation was stabilized and sufficient @tygupply may be the reason why
we did not see changes in the level of VEGF in 8@ weeks of gestation. VEGF was
increased in 41+ weeks, may be due to placentaiffioency. Because after 40
weeks of gestation, calcium and fibrin start defpagion villi which limits the blood
supply**® A histological study also showed underperfused il the placenta of
prolonged pregnancy? This reduces amniotic fluid volume, which comprestee
umbilical cord****%So, there was hypoxia created by placental insaffiy. The

increased expression of VEGF in 40+ weeks of gestah this study was, may be

due to hypoxia created by placental insufficiency.

A study showed that the VEGF was regulated diffeéaéiy depending upon

the physiological needs of the mother and fetusutiinout gestatiof.’
Expression of VEGF by sex of fetus:

VEGF was increased in the male fetus. The expnessidhe BV cell was

116.49 + 12.34 in males and 112.94 + 10.46 in femathe rise in VEGF was
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statistically significant (p<0.05). One of the gdtsl showed increased angiogenic
factors (PIGF, VEGF) in women carrying a male fetMale baby carrying women
show more pro-angiogenic respon$eOur study also agrees with these reports that

VEGF expression was affected by the sex of fetus.
Expression of VEGF by fetal morphometrical parameters:

VEGF expression did not change with the birth weidangth, head and
abdominal circumference of the fetus from 32 - deeks of gestation. Sundrani et al
in their longitudinal study of angiogenic factoradatheir association with fetal
growth measures in normal pregnancy showed that VEfression at term, the
average of gestational age was 39.36 = 1.1 weeks, not correlated with birth
weight, length and head circumference of the feBug.they found that a correlation
between early expression VEGF with birth weight@t- 20 weeks of pregnancy and

with the length at 26 - 30 weeks of pregnatty.

In a study of angiogenic factors and their assmeiawith birth outcomes
showed that VEGF expression in normal (gestatiagal 39 + 1 weeks) and in PE
(gestational age 38 + 1 weeks) did not show assogiavith birth weight, fetal

length, head and chest circumferefie.

In another study of basic fibroblast growth factod VEGF in early neonatal
life found that serum level of VEGF at term [an iaage of gestational age was 38.8 +

1.1 weeks (range, 37 - 40 weeks)] did not showaation with birth weight***>*

A study also found no association between fetakssizvith VEGF-A

expression in a pitp?
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These studies did not mention the molecule of VEB&Hied and all studied
plasma and serum level VEGF at term were from &0 weeks. But in this study, we
studied VEGF-A165 molecule and was an immunohistogbal study of placental
tissue. Our study was focused on one moleculeMEEGF-A165. In serum and
plasma, other molecules of VEGF were also presentve cannot say their exact
role. From our study, we can say that fetal grofsdim 32 - 41+ weeks of gestation

was not associated with placental expression ofGFHA165 molecule.
Expression of VEGF by placental mor phometrical parameters:

VEGF expression from 32 - 41+ weeks of gestatiahrdit change with the
placental weight, volume, surface area and numibberotyledons from 32 - 41+
weeks of gestation. Our study confirms fetal morphtiical findings because fetal
growth is a reflection of placental weidfi, volume, surface area and several
cotyledons of the placenta. The relationship ofglaeenta and newborn birth weight
is 1: 6, which implies that fetal development relien placental function and

development™

Expression of VEGF by attachment of umbilical cord:

The expression of VEGF was reduced significantlytlas cord becomes
noncentral [from central (119.40 £+ 10.22) to maajifl12.47 + 10.14) attachment]
consistently which was significant at p<0.05. Ire thelamentous cord (110.92 +
13.95), the expression reduced from central butdcoat get statistically significant
results due to less sample (n= 5) in this groupstéddy reported that abnormal
umbilical cord attached placentae had sparse blesdels, this we can correlate with

the reduced VEGE®® Another study also reported reduced VEGF expression
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anatomical malformation of the umbilical cord andnarmal cord attachment
(marginal). This research demonstrated that VEGE imaolved in umbilical cord
development>®From our result we can confirm that reduced VEG#sed abnormal

umbilical cord attachment.
Expression of VEGF by membrane attachment of placenta:

The VEGF was reduced prominently in the circummeatg and
circumvallate type of membrane attachment of pleeethan membranous. With this
result and above abnormal umbilical cord attachmesult, we can say that reduced

VEGF affected the morphology of the placenta.
Expression of VEGF by the number of blood vesselsivilli of the placenta:

The VEGF expression did not change with the nundfevessels. By this
result, we can say that after 32 weeks of gestati&@GF did not affect the number of
vessels. The VEGF helps in maintaining the bloosseks and vascular permeability

than angiogenesfS.
Expression of VEGF in complicated pregnancies:

The VEGF was increased significantly in PE (12128.09) and IUGR
(123.02 = 7.42) cases compared to other compliczdeds and the normal (114.84 +
8.13), which was very highly significant at p<0.0@4 study by Vassilis T showed
increased VEGF mRNA levels in placental tissue pladma of PE and IUGR cases
compared to control. Maternal free and bound VEG®as higher in PE and IUGR
compared to control. They also found that sflt wase in PE and IUGE Another
immunohistochemical studies also reported increaseatession of VEGF in PE

placentad®%?

Page 100



Discussion

In GHP, the expression of VEGF was increased intredl cells and was
statistically significant only in BV cells (117.68 7.77, p<0.05) of GHP than the
normal. A study showed increased expression of VHGETB cells of the placenta
and concluded that the increased VEGF can be usedbgomarker of hypertensive
disorders of pregnandy. Another serum analyses study also showed increased

expression of VEGF in pregnancy-induced hypertensio

In pregnancy-induced hypertensive diseases and lgfeBnancies, there is
an inadequate invasion of trophoblast cells, tleiads to failure in spiral artery
remodelling resulting in poor perfusion and hypoxXfa® The VEGF is a hypoxia-

inducible factor. The increase in VEGF in theseesagas, may be due to hypoxia.

In GDM cases, the expression of VEGF increased\IncBlIs significantly
(125.24 + 13.59, p<0.001). A study showed increA486F in diabetic raté’ But, in
another study, the expression was normal in hypeeghic mothers and increased in
overt diabetic mothef®. The impaired glucose level may be the reason fer th

increase of VEGF in GDM pregnanci€s:®1%2

The expression of VEGF increased significantly ypdthyroid (119.55 +
7.67) and anemia (118.63 + 6.95) cases comparedrinal (114.84 + 8.13). A study
showed avascular villi, fibrin deposition, incredsgyncytial knots, cytotrophoblast
cell proliferation and stromal fibrosis in anemikagenta. This study showed that
morphological changes were a sign of chronic hypaxid placental insufficiency?
Even hypothyroidism causes morphological and histodcal changes in the

placenta®*1%°
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In hypothyroid and anemia, both cause structurahgks in the placenta that
lead to placental insufficiency. The increased egpion was, may be due to a

compensatory mechanism.

The VEGF expression was also increased signifigamtihe PROM (119.48 +

8.06) cases. The role of VEGF in amnion and fewtoranes is still unknown.

A study also showed increased expression of VEGFreterm PROM
pregnancy in fetal membran®8 Similar results were found in cord blood of temula
preterm rupture of membrantd. This study showed that the elevated VEGF was,
may be from the placenta or fetiféIn another study, increased expression of VEGF
was also observed in the decidf&From previous reports and our study, we can say
that the rupture of the membrane was regulated B@RA from the fetal membrane,
decidua, and placenta together. Both fetal and nmatenteraction regulates the
PROM!®® The mechanism behind the increased VEGF-A in PRG¥ds to be

explored.

The VEGF expression was increased in both oligadoyaiios and
polyhydramnios cases significantly. A study showrett esophageal ligation in sheep
increased expressions of VEGF. This study conclutleat increased VEGF
stimulates vascularity and permeability which mayse polyhydramnic$? Another
study also found increased VEGF in oligohydramiipsat models® These results
clearly show that VEGF has a role in maintainingnantic fluid quantity:® The

mechanisms behind this need to be explored.

The VEGF level was increased significantly in lowthb placentae. A study

also showed increased serum VEGF in small birterat babies/*We also noticed a
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rise in the VEGF level in the placentae of congdrahomaly cases. Carmeliet P and
Ferrara N showed that the absence of the VEGF gamsed abnormal angiogenesis,
defect in heart development and defect in the dgwveént of vessels in organs and

placenta®** So, we can say that alterations in VEGF levelaarse birth defects.

Our study showed an increase in the VEGF level linthee complicated
pregnancies. Many studies concentrated on idengfYfEGF as a marker of PE and
IUGR pregnancies. But there is a lack of reportsttenrole of VEGF in all other
complicated pregnancies. The increase in VEGF may, be compensatory because
hypoxia is common in all pregnancy-related discsd&"Similar studies may be
required to understand the mechanisms behind theedse in VEGF in these

complications.
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6. CONCLUSION

VEGEF is an angiogenic growth factor that helps in blood vessel formation in
the placenta and decidua, thereby helping in nutrition transport and growth of the
fetus. In this study, we studied the role of VEGF in the growth of the fetus by
comparing the placental and fetal parameters with VEGF expression from 32 - 41+
weeks of pregnancy. The VEGF expression was stabilized in the third trimester of
pregnancy. The expression was increased in 41+ weeks due to placental insufficiency.
The VEGF did not show a relationship with fetal and placental growth measures.
Therefore, from our study, we can say that VEGF was not associated with growth, but
its stabilized expression was important in maintaining pregnancy. Hence VEGF level
at term cannot be useful in predicting the fetal growth parameters. Also, the VEGF
expression was not influenced by maternal factors. But it was dependent on the sex of

the fetus and hemoglobin level of mothers.

The VEGF level was reduced in the abnormal umbilical cord and membranous
attachment of placentae. The reduced VEGF level may cause morphological
malformations of the placenta. So VEGF may be involved in the development of

umbilical cord and fetal membranes.

The VEGF was increased in all the complicated pregnancies, significantly in
PE and IUGR. Many studies have been limited to the role of VEGF in PE and IUGR
pregnancies. In our study, we observed that VEGF was increased significantly in
many complications not only in PE and IUGR. Therefore, from this study, we can say
that VEGF alone cannot be useful in predicting the complications. Combinations with

other markers will be beneficial in differentiating multiple complications. The
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molecular mechanisms behind this increase in the VEGF level in these complications

need to be explored.

Limitations and recommendations;

1. This is an immunohistochemical study of the placenta; there is a lack of
literature on immunohistochemical results to compare the VEGF level with
growth parameters. Similar studies may be required to confirm our results.

2. The VEGF level was increased in all the complicated pregnancies. Further
studies can be conducted to understand the molecular mechanisms behind this
as there are no studies so far explaining its role in complicated pregnancies

other than PE and IUGR cases.
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7. SUMMARY

VEGF is a dominant angiogenic growth factor, prominently expressed in the
placenta. VEGF stimulates the proliferation of CT cells for the invasion of decidua
and spira artery remodelling thereby helping in initiating uteroplacental circulation.
This is also a vascular permeability factor that increases vascular permeability by
stimulating NO secretion. NO is a vasodilator that reduces the peripheral resistance of
the maternal vessel and increases the cardiac output thereby increasing the nutrition
transport and growth of the fetus. The early expression level of VEGF was correlated
with arise in the number of placental and endometrial vessels with placental and fetal
weight. In later stages of pregnancy, it helps in nonbranching angiogenesis. But there
isalack of literature on itsrole in the growth of the placenta and fetus in later stages
of pregnancy. The present research was therefore intended to study the placenta
VEGF in later pregnancy and its relationship with growth parameters. The present
study was carried out in the department of Anatomy J. N. Medical College, Belagavi.
Samples were collected from the Obstetrics and Gynaecology Unit, Dr Prabhakar
Kore Charitable Hospital, Belagavi. The sample size was 385. Placentae of singleton
pregnancy of 32 - 41+ weeks of gestation were collected. The placentae were
observed for the attachment of cord and membranes, then a central section was taken
and processed for immunohistochemistry and H and E staining. The dlides were
stained with VEGF-A165 mouse monoclonal antibody. Photos of the stained dlides
were taken and intensity was quantified using the Image J Software.

Expression of VEGF-A was observed in STB, BV and HC cells. The mean
and SD of the intensity of these cells were tabulated. To check the goodness of data,
the chi-square test was applied by taking expected and observed frequencies. Using

the midpoint of z-score, observed and expected frequencies, normal distribution curve
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was prepared to check whether it was normally distributed or not. The z-test was
applied to check the differences in the VEGF level with the group of each variable.
The expression of VEGF in complicated pregnancies was tabulated and studied
separately.

The VEGF level did not change from 32 - 40 weeks of gestation. The
expression was increased significantly in 41+ weeks of gestation due to hypoxia
created by placental insufficiency in prolonged pregnancy.

The expression of VEGF was compared with maternal age, mode of the
delivery gravidity and parity. The expression of VEGF did not change with these
parameters of the mother. But the mothers with less hemoglobin levels showed a
significant increase in the VEGF. This was, may be due to hypoxia created by less
oxygen.

To find the role of VEGF in the growth of the placenta and fetus, we
compared placental and fetal morphometrical parameters with the VEGF level of 32 -
41+ weeks of gestation. The expression did not show any relationship with the
placental and fetal growth parameters. But the VEGF level was dependent on the sex
of the fetus. The male fetus showed increased placental VEGF expression due to more
proangiogenic response than the femal e fetus.

We also observed decreased expression of VEGF with the abnormal umbilical
cord and membranous attachment of the placenta.

The expression of VEGF was also studied in complicated pregnancies. The
expression level was more in PE and IUGR cases than all other complications. But the
expression was increased significantly in all the complicated pregnancies compared to

normal cases.
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Annexures

ANNEXURE - | - PROFORMA

PROFORMA

Title of the project: Immunohistochemical Evaluation of Vascular Endothelial Growth
Factor-A (VEGF-A) in Human Placenta and Its Role in Growth of Placenta and Fetus

Sr.no. Admission date:

Registration Number:

Sociodemographic Information:

Sr.no | Variables with codes Responded code Remarks
1 Name, Address, Mobile number
2 Age
. Religion: 1.Hindu 2. Muslim 3. Christian
4.Jain 5. others
i Marital relations:
1.Consanguineous 2. Non consanguineous

Life style and exposure:

Sr.no | Variables with codes Responded Remarks
codes
Habits =
7 1. Tabacco chewing
2. Alcohol 3. Drug addiction
Occupation
" 1. Agriculture labour 2. Cultivator 3.Household duties
4. Employee 5.Employer 6.Nonworker 7.Rentier 8.Student
9. Nonworker
Food Habits: 1 Vegetarian
a) Lacto
9 b) Ovo vegetarian
c) Vegan

2.Non vegetarian
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Previous pregnancy history:

Annexures

Sr.no | Variables with codes Responded code Remarks
10 Age at marriage (in years)
11 Age at first pregnancy
12 Birth interval between earlier pregnancy
13 Use of contraceptive 1.Yes 2.No
History of spontaneous abortion 1. None 2. One
o 3. Two 4.Three or more
s History of induced abortion 1.None 2.One
3. Two 4.Three or more
16 History of Pre-eclampsia 1.Yes 2.No
17 History of Gestational hypertension 1.Yes 2.No
18 History of Gestational diabetes mellitus 1.Yes 2.No
19 History of Anemia 1.Yes 2.No
20 History of any infection 1.Yes 2.No
21 History of nausea and vomiting 1.Yes 2.No
22 History of antepartum hemorrhage 1.Yes 2.No
- History of normal vaginal delivery 1. None 2. One
3. Two 4.Three or more
» History of assisted vaginal delivery 1. None 2. One
3. Two 4.Three or more
55 History of Cesarean section delivery 1.None  2.0One
3.Two  4.Three or more
26 History of postpartum hemorrhage 1.Yes 2.No ]
- History of still birth delivery 1. None 2. One
3. Two 4.Three or more
on History of lowbirth weight delivery 1.None 2.0One
3. Two 4.Three or more
29 History of twins 1.Yes 2 No
30 History of preterm birth delivery 1. None 2. One
3. Two 4.Three or more
. History of neonatal death 1. None 2. One
3. Two 4 Three or more
32 History of congenital disorder delivery I.Yes 2.No
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Present pregnancy related information:

Annexures

Sr.no | Variables with codes Responded code Remarks
33 LMP (Date)
34 EDD (Date)
e Type of conception
1. Normal 2. Assisted reproductive techniques

36 Gravidity
37 Parity
38 Birth order
39 Interval between present and last pregnancy
a0 ANC visit 1.One 2.Two 3. Three 4. Four

5. None
41 Antepartum hemorrhage 1.Yes 2.No
42 Premature rupture of membranes 1. Yes 2.No
43 Pre-eclampsia 1. Yes 2.No
R Gestational hypertension 1. Yes 2.No
45 Gestational diabetes 1. Yes 2.No
46 Jaundice 1. Yes 2.No
47 Anemia 1. Yes 2.No
48 Thyroid disease 1. Yes 2.No
5 Have you experienced any other disease during pregnancy?

1. Yes (specify) 2. No

. Blood group 1A 2.B" 3.0, 4. AB',

5.A 6.B° 7.0 8.AB
51 HB (gm%)
52 Folic acid supplements l. Yes 2.No
53 Calcium supplements 1. Yes 2.No
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Annexures

54 Any other medications (Specify)

Fetal Variables and Delivery information:

Sr.no | Variables with codes

Responded code

Remarks

55 Date of delivery

56 Weeks of gestation at delivery

. Type of delivery 1.Normal vaginal, 2. Assisted
vaginal, 3.Cesarian Section
s Fetal presentation 1. Vertex 2. Breech
3 Oblique 4. Others
59 Sex 1.male 2. female

60 Mode of placental delivery  1.Normal

2 Retained

61 Placental weight (gm)

62 Volume of Placenta (ml)

63 Surface area of Placenta (cm®

64 Birth weight (gm)

65 Length (cm)

66 Head circumference (cm)

67 Abdominal circumference (cm)

68 Congenital anomaly

69 Inborn disease of fetus any (Remarks of doctor)

Histological and immunohistochemical variables:

Sr.no Variables

Recordings
70 Cellular expression of VEGF in Placenta
71 Level of expression of VEGF
72 Vessels/villi of placenta
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ANNEXURE —I I - INFORMED CONSENT
& PATIENT INFORMATION SHEET

WEDICAL
#\\ Col(

KLE UNIVERSITY’S J.N. MEDICAL COLLEGE, NEHRU
NAGAR, BELAGAVI

PARTICIPANTS INFORMATION SHEET

This Informed Consent Form is for women who admit for delivery and who we are inviting to
participate in research on Vascular Endothelial Growth Factor-A in placenta.
The Title of the project: Immunohistochemical Evaluation of Vascular Endothelial Growth
Factor-A (VEGF-A) in Human Placenta and Its Role in Growth of Placenta and Fetus.
Name of the Investigator: Mrs.Vanitha
Name of Organization: Department of Anatomy,

KLE University's JN Medical College,

Belagavi.

Introduction: I am Vanitha Full time Ph.D. scholar in the department of Anatomy JNMC
Belagavi. We are doing research on Vascular endothelial growth factor-A in the placenta. The
placenta is connecting organ between mother and developing fetus. Vascular endothelial growth
factor-A is present in the placenta helps in the formation of the blood vessel and in the
development of the placenta. Defects in development of placenta lead to the alteration in the
development of the fetus. This study has been taken to see Vascular endothelial growth factor-A
expression in the placenta which helps in vascular development thereby fetal growth.

I am giving you information and inviting you to be part of this research.

There may be some words that you do not understand. Please ask me to stop as we go
through the information and I will take time to explain. If you have questions later, you can ask
them to me.

Purpose of the research: Growth factors have been shown to play an important role in placental
development and their imbalance is associated with the placental malformation. Vascular
endothelial growth factor-A helps in vascular development, thereby increases nutrient transfer
from mother to fetus, which is necessary for growth. This study focuses on its expression and
level of Vascular endothelial growth factor-A, which may help to understand its normal function

and can able to explain the reasons behind the complications in pregnancy.
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Voluntary Participation: Your participation in this research is entirely voluntary. It is your
choice whether to participate or not. Whether you choose to participate or not, all the services
you receive at this hospital will continue and nothing will change.

Procedure: In this study, we will collect placenta after the delivery. Placenta is a single tissue,
which is expelled after delivery. It is not important to your body after the delivery and it will be
discarded. We are using this tissue for our study which is going to be discarded. If you give this
tissue for our study, we will take weight, volume and surface area of placenta and will section
the placenta into small pieces to study vascular endothelial growth factor-A which helps in the
development of vessels and the placenta. So that we can understand its function and the reasons
behind the complications during pregnancy. We will also take measurements of your baby like
weight, height and circumference with the help of nursing staff in the ward. You will also have
to write answers to questions which are written in a form related to information on present
pregnancy, previous pregnancy, health treatments which are undergone.

Duration of the procedure: The entire procedure may take about 15 minutes if you agree to
participate.

Risk: In this study there is no risk involved, as this study is purely based on a questionnaire
which you are supposed to answer and there is no intervention done in any form.

Benefits: Your participation is likely to be helpful for us to find the answer to the research
question. There may not be any benefit to the society at this stage of the research, but future
generations are likely to benefit.

Reimbursements: No incentives will be given to you for the participating in this study. There
will be no additional cost borne by you in any form for participating in this study. The cost of the
study will be borne by the researcher.

Confidentiality: The information that we collect from this research project will be kept
confidential. Information about you that will be collected during the research will be put away
and no-one but the researchers will be able to see it. Any information about you will have a
number on it instead of your name. Only the researchers will know what your number is and we
will lock that information up with a lock and key. It will not be shared with or given to anyone.
Sharing the Results: The knowledge that we get from doing this research will be presented in
front of research committee before it is made widely available to the public. Confidential
information will not be shared. After the presentation, we will publish the results in order that

other interested people may learn from our research.
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Withdrawal rights: You do not have to take part in this research if you do not wish to do so.
You may also stop participating in the research at any time you choose. It is your choice and all
of your rights will be respected.
Who to Contact:
If you have any questions you may ask them now or later, even after the study has started. If you
wish to ask questions later, you may contact any of the following,
1. Mrs. Vanitha, Mob no: 8095600731
2. Dr. Daksha Dixit, Professor, Department of Anatomy, KLE University's JN Medical
College, Belagavi. Mob no: 9036836799
3. Dr. Anil Hogade, Chairman, Ethical Committee KLE University, Belagavi. 0831-
2473777 Exten.4064/4095

Legal Rights: By signing this consent form, we are not waiving any of your legal rights.

Page 146



Annexures

Consent Form

I have read the foregoing information, or it has been read to me. I have had the
opportunity to ask questions about it and any questions that I have asked have been answered to

my satisfaction. I consent voluntarily to participate as a participant in this research.

Name of Participant

Signature of participant

Date:

Day/month/year
If illiterate

I have witnessed the accurate reading of the consent form to the potential participant, and the
individual has had the opportunity to ask questions. I confirm that the individual has given

consent freely.

Name of witness AND Thumb print of participant

Signature of witness

Date

Day/month/year

Statement by the researcher:

I have accurately read out the information sheet to the potential participant,
and to the best of my ability made sure that the participant understands. I confirm that the
participant was given an opportunity to ask questions about the study, and all the questions asked

by the participant have been answered correctly and to the best of my ability. I confirm that the
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individual has not been coerced into giving consent, and the consent has been given freely and

voluntarily.

A copy of this Informed Consent Form has been provided to the participant.

Name of Researcher

Signature of Researcher

Date

Day/month/year
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ABSTRACT

Introduction: Vascular Endothelial Growth Factor (VEGF) is a potent angiogenic growth factor and
acts as a key regulator of vascular development, implicated in the development of both pathological
and physiological angiogenesis. In the placenta, it has been identified recently and considered as one
of the important angiogenic growth factors in the development of the embryo. We have taken up this
study to see the expression of VEGF-A 165 in normal placenta by immunohistochemistry.

Materials and methodology: One hundred central sections of placentae slides were deparaffinized
followed by peroxidase block and protein block. After this, the slides were incubated in VEGF mouse
monoclonal antibody for 1 hr followed by incubation in Horseradish peroxidase (HRP) for 30 mins
and Diaminobenzidine (DAB). Stained sections were observed for VEGF expression in the villi of
placental tissues.

Results: Expression of VEGF was observed in syncytiotrophoblast, endothelium of blood vessels and
hofbauer cells of villi of the placenta.

Conclusion: In this study, we studied the expression of VEGF in normal term placenta of 37-41
weeks of gestation. The VEGF expression on syncytiotrophoblast and hofbauercells can act on
paracrine mode on vessels to modulate angiogenesis, to maintain endothelium and permeability and
through autocrine mode to influence trophoblast function during pregnancy.

Key words: Placenta, terminal villi, VEGF.

INTRODUCTION

Vascular endothelial growth factor is
an angiogenic growth factor (VEGF),
Disulphide-linked  homodimeric  glyco-
protein which was first identified as a
vascular permeability factor. Later, in 1989,
Napoleone Ferrara and his colleagues at
Genentech, isolated and cloned the vascular
endothelial growth factor from bovine
pituitary follicular cells. It is a potent
angiogenic growth factor and acts as a key
regulator of vascular development, !

implicated in the development of both
pathological and physiological
angiogenesis. 1! In the placenta, it has been
identified recently and considered as one of
the important angiogenic growth factors in
the development of the embryo. There are
different types of VEGF which have been
identified, like VEGF-A, PIGF, VEGF-
B,VEGF-C VEGF-D andVEGF-E, " but
only VEGF-A,PLGF, VEGF-B and VEGF-
C have been identified in placenta. ¥
VEGF-A is also called as VEGF. ¥ There
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are different isoforms of VEGF-A like
VEGF-A121, VEGF-A145, VEGF-A165,
VEGF-A183, VEGF-A189 and VEGF-A
206 having 121, 145, 165, 183, 189 and 206
amino acids. ' VEGF binds 2 tyrosine
kinase receptors, Vascular Endothelial
Growth Factor Receptor-1 (VEGFR-1 or
Flt-1) "' and Vascular Endothelial Growth
Factor Receptor-2 (VEGFR -2 or KDR) 181
which are present in endothelial cells. In
addition, it also binds Neuropilin -1(NRP-1)
and Neuropilin-2 (NRP-2). 1" An in-vitro
study has shown the role of VEGF in spiral
artery remodeling, trophoblast invasion
during implantation and also in the
reduction of apoptosis, thereby helps in
angiogenesisandvasculogenesis. ”!  The
growth factors which stimulate and maintain
vascular growth and function have
developmental and clinical significance.
There are reports on the expression of
VEGF in placenta, but studies showed
discrepancies in the expression of VEGF, so
we have taken up this study to see the
expression of VEGF-A 165 in normal
placenta by immunohistochemistry.

MATERIALS AND METHODS

One hundred normal placentae of
37-41 weeks of gestational age were
collected, after taking an informed consent.
A section of placenta was taken from the
center and fixed in neutral buffered formalin
for 24 hrs. After fixing the tissue, the tissue
was processed for the block preparation.
Then it was sectioned into 3um and
transferred ontopositively coated slides. For
immunostaining, the slide was incubated
overnight at 37°C and in the morning it was
kept on a hot plate for fixing at 63°C for
lhr. Then the slide was processed for
deparaffinization followed by peroxidase
block and protein block. After this, the slide
was incubatedin VEGF mouse monoclonal
antibody (Diagnostic Biosystems USA
Pleasanton, catalog # PDM165-RUO) for
1hr followed by incubation in HRP (Biocare
Medical, USA) for 30 mins and DAB
(Biocare Medical, USA). Positive (Kidney
tissue) and negative control slides (Reagent

control) were run together with the sample
tissue. Stained section was observed for
VEGF expression in the villi of placental
tissues.

RESULTS
The VEGF-A staining was observed
in  syncytiotrophoblast, endothelium of

blood vessels and hofbauer cells of villi of
placenta (Figure 1 & 2). There were no
differences in the expression of VEGF in
37-41 weeks of gestation.

Figure 1: VEGF expression in blood vessels
(BV), hofbauer cells (HC) and syntiotrophoblast
(STB) layer of villi of placenta

Figure 2: VEGF expression in blood vessels (BV),
hofbauer cells (HC), syntiotrophoblat (STB) layer of
villi of placenta

DISCUSSION

Development of vessels in the
placenta, as well as in maternal endometrial
tissue is required to maintain the pregnancy
and fetal growth, which are regulated by the
angiogenic growth factors. Alterations in the
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expression of these growth factors can affect
the development of the fetus. VEGF is
considered to be one of the dominant
angiogenic ~ growth  factors in  the
development of vessels in the placenta. In
this immunohistochemical study, we tried to
find expression of VEGF-A in the normal
placenta of 37-41 weeks of gestation. The
VEGF expression was found in the
syncytiotrophoblast layer, endothelial cells
of blood vessels and hofbauer cells of villi
of placenta. Earlier studies on early and
term normal placenta showed,VEGF in
hofbauer cells and decidual cells, glandular
epithelium and extravillous trophoblast
(EVT) in the uterus of the first trimester. In
term, VEGF was found in
syncytiotrophoblast, EVT and in the
extracellular material. Expression of VEGF
by hofbauer cells can act on endothelial
cells for the capillary formation and vessel
permeability throughout gestation and FIt on
hofbauer cells may act on autocrine manner
to control their function. The expression on
EVT, decidual cells and glandular
epithelium suggests its role in EVT
migration and diffrentiation. "' In another
study,  theexpression = was  observed
insyncytiotrophoblast, cytotrophoblast,
endothelial cells, EVT, hofbauer cellsand
diffused staining within the villous in term
placenta. More staining was observed in
cytotrophoblast than that in
syncytiotrophoblast. "1 Vuorela et al
observed protein expression in villous blood
vessels and less or no staining in the villous
stroma and mRNA  expression in
mesenchymal cells of chorionic plate.
Hence the cells of chorionic plate secrete
VEGF, that diffuses through the villi and
acts on the endothelium of vessels of villi in
paracrine mode. "' In one of in-situ
hybridization studies of the placenta of first
and third trimester revealed, VEGF mRNA
expression on syncytiotrophoblast,
cytotrophoblast and hofbauer cells of
mesoderm, may be involved in the
angiogenesis of fetal blood vessels during
placental growth. Expression was also
observed in decidua of the first-trimester

uterus, in glandularepithelium
anduteroplacental junction adjacent to
Nitabuch’s stria. In term placenta, the
expression of VEGF mRNA was seen in
syncytiotrophoblast cells and inhofbauer
cells.  This study concluded that
macrophages are the primary source of
VEGF. ™I Our study results are consistent
with the mRNA expression of VEGF in
syntiotrophoblast and hofbeaur cells, but not
with the endothelial cells. The endothelial
expression may be due to the presence of
receptors of VEGF by which VEGF acts on
it. " One of the in-vitro studiesshowed
expression of VEGF in cytotrophoblast and
syntiotrophoblast by ribonuclease protection
assay (RPA). However, the expression was
lower compared to PLGF. Under hypoxic
condition, the expressionof VEGF was
increased in cultured cells. " VEGF is
important inthe development of blood
vessels in the placenta and placental
tissue.There was a positive correlation
between the expression of VEGF and blood
vessels /unit area of tissue in the pig.
Increased blood vessels at the placental
endometrial interface results in an increased
nutrient transfer between mother and fetus.
51 One of the study showed increased
expression of VEGF in blood vessels of villi
of placenta under pathological conditions.
U9 In another study, VEGF mRNA was
localized to cytotrophoblast,
syncytiotrophoblast, stromal cells and in
perivascular cells of first, second and third
trimester placentae. But in preeclampsia,
VEGF was found mainly in
syncytiotrophoblast and fibrous stroma. An
increased level of VEGF was observed in
preeclampsia. In this study, they found a
difference in the expression of VEGF in
normal and preeclampsia and their results
were consistent with mRNA expression. '
Isolated macrophages from villi have shown
expression of VEGF, which may have dual
immune and morphogenetic role on the
placenta. " In this study, we found
expression of VEGF in syncytiotrophoblast,
blood vessels of the villi and hofbauercells
of the villous stroma of villi of placenta.
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The VEGF expression on
syncytiotrophoblast and hofbauercells can
act on paracrine mode on vessels to
modulate  angiogenesis, to  maintain
endothelium and permeability and through
autocrine mode to influence trophoblast
function during pregnancy. ">

CONCLUSION

In this study, we observed the
expression of VEGF in syncytiotrophoblast,
blood vessels of the villi and hofbauer cells
of villi of normal term placenta of 37-41
weeks of gestation. This will help to
understand its expression and function in
normal pregnancy.
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ABSTRACT

Vascular Endothelial Growth Factor (VEGF) is a key molecule in the development of vessels
in the placenta. In early pregnancy, it helps in implantation, development of vessels in the villi of
placenta and formation of terminal villi i.e. in non-branching angiogenesis. These are necessary for
placental development and fetal growth. Studies have reported altered expression of VEGF in
complicated pregnancy. To understand pathology, there is a need to understand its expression level
in the normal placenta and its association with the fetal growth parameters.

Placentae of 32-41 weeks of pregnancy were collected. Sections of placentae were stained
with the antibody VEGF-A165. The fetal and placental growth parameters were also recorded. The
expression of VEGF was quantified by using Image analyses software.

The expression level of VEGF was more in Hofbauer cells (HC). The VEGF level did not
change with the gestation from 32-40 weeks. But in 41 weeks, there was an increase in the level of
VEGF. The expression of VEGF was more in the male fetus. We also noticed the expression of
VEGF did not change with fetal and placental growth parameters.

The expression of VEGF is stabilized at the end of pregnancy, but in late term, there was an
increase in the level due to decreased oxygen level in the placenta. The VEGF level at the end of
pregnancy may not be useful in the prediction of growth parameters.

KEYWORDS: Angiogenesis, Fetal growth, Placenta, Vascular endothelial growth factor,
Vasculogenesis.
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INTRODUCTION

Vascular Endothelial Growth Factor (VEGF) is a potent angiogenic growth factor and
vascular permeability factor, prominently expressed in the placenta and helps in the development of
vessels in the placenta'. VEGF helps in implantation, spiral artery remodeling” and also in Nitric
Oxide (NO) secretion which is a vasodilator, helps in vasodilation of vessels and increases the
cardiac output and plasma volume of the mother thereby helps in fetal growth™. Abnormal
pregnancy outcomes are tagged with the vasculogenesis and angiogenesis in the placenta™®’*.
Imbalance in the angiogenic factors will affect the vascular development which will reflect on
placental development and fetal growth’. The normal expression of VEGF is important in the healthy
growth of the embryo and in pregnancy outcome. Altered expression of VEGF was reported in

ILIZISIALS gyt the results are varied. Therefore to understand the

complicated pregnancies
pathology behind complications, it is important to study the VEGF normal expression and its
association with the fetal growth parameters. Studies have reported maternal serum expression of
VEGF in early, and in mid-gestation, and its association with fetal and placental growth

17
parameters' '

. There are no data on the expression of VEGF in different stages of term pregnancies.
Therefore, this study has been undertaken to study its expression in term pregnancies and also to

check changes in the expression of VEGF with placental and fetal growth parameters.

METHODOLOGY

One hundred and seventy three placentae were collected from the Department of Obstetrics
and Gynecology, Dr. Prabhakar Kore Charitable Hospital, Belagavi, after taking informed consents.
Institutional ethical committee permission was obtained for the study. Placentae of 32-41 weeks of
gestation were collected for the study. Mothers with complications like hypertensive disorders of

pregnancy, gestational diabetes and all other complications were excluded from the study.

Recording maternal history

Maternal history was recorded on a predesigned proforma.

Recording placental and fetal parameters

Placental parameters were measured after trimming cord and membranes. The weight of the
placenta was measured on weighing balance, volume by water displacement method and surface area
was measured by taking smallest and largest length by using a measuring tape, then the surface area
was calculated by the formula; Surface area= n x dl x ds /4.

The fetal weight was measured on weighing machine, length by infantometer and head

circumference by using a measuring tape.
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Immunohistochemical procedure

A central section of placenta was fixed in neutral buffered formalin for 48 hrs and then
processed for block preparation. The tissue blocks were sectioned at Spm and the slides were
processed for immunohistochemical staining. Here we used mouse monoclonal antibody VEGEF-
A165 from Diagnostic Biosystems, USA Pleasanton and a secondary kit from Biocare Medical,

USA. The protocol was followed according to company instructions.

Observation of slides and interpretation

The VEGF is a cytoplasmic and extracellular protein. Staining was observed in the cells of
the villi of the placenta. The VEGF staining was found in syncytiotrophoblast (STB), Hofbauer cells
(HC) and endothelium of blood vessels (BV) (Published data- qualitative data)'®. Depending on the

expression, the intensity was measured from these cells in Image analyses software.

Statistical analyses

Statistical analyses were performed in SPSS software version 23. First, we observed for
distribution of variable by applying the chi-square test. The mean and SD were taken for continuous
variable. Then we applied z-test to see the differences between the groups, p<0.05 was considered to

be significant.

RESULTS

Maternal and fetal demographic data

Mean age of the mother was 24.36+3.37, 47.98% mothers were primipara and 52.02% of
mothers were multipara. In this study, 58.96% were delivered normally and 41.04% had a cesarean
delivery.

Mean gestational age was 38.35+1.74, mean birth weight was 2784.45+347.11, mean fetal
length was 48.59+3.14 and mean head circumference was 33.85 + 1.87, 48.55% were male babies
and 51.45% were female babies.

Mean placental weight was 445.03+87.03, mean placental volume was 440.04+87.05 and

mean placental surface area was 246.89+49.19.

VEGF expression and its relation with growth parameters

The total intensity of VEGF in STB cells was 113.25+9.11, HC cells was 114.66+11.52 and
BV cells was 115.89+7.90. The cellular expression of VEGF was more in HC cells which was
statistically significant at p<0.001.
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Expression of VEGF with maternal data

Expression of VEGF did not change with maternal age and parity.

Gestation-wise changes in VEGF expression

The VEGF expression did not change from 32-40 weeks of gestation, their differences were
not statistically significant (p>0.05). In 41+ weeks of gestation, the expression of VEGF was
significantly increased which was statistically significant (p<0.001) (Table No. 1).

Table No. 1: Shows expression of VEGF from 32-41 weeks of gestation

Cratativaslage Intensi.ty of Intensity of Intensity of Tvotal
syncytiotrophoblast | blood vessels Hofbauer VEGF

group (STB) (BV) cells (HC) intensity
<37 N 25 25 25 25

Mean 109.56 116.02 116.65 114.07

SD 8.23 10.07 6.54 6.21
37-38 N 59 59 59 59

Mean 113.37 113.93 121.78 116.36

SD 11.46 12.42 8.74 9.11
39-40 N 77 77 77 (4

Mean 113.41 115.07 11732 115.26

SD 7.41 12.09 7.59 7.65
41+ N 12 12 12 12

Mean 119.33%%%* 112.86%** 132 *** 121.40%*

SD 2.6 438 4.73 2.12

(***p<0.001, **p<0.01, *p<0.05, ns= Not significant)

VEGF expression by fetal parameters

We compared VEGF expression with the fetal parameters like sex (Table No. 2), birth
weight (Table No. 3), length of the fetus (Table No. 4) and head circumference (Table No. 5).
Placenta of male babies showed a significant increase in VEGF in BV (p<0.05) and HC cells. But,
the increased expression of VEGF in HC cells was not statistically significant. We did not see
changes in the expression of VEGF by fetal growth parameters. The differences were not statistically
significant (p>0.05).

Table No. 2: Expression of VEGF by sex of fetus

Intensity of Intensity of Intensity of Total
Sex of fetus syncytiotrophoblast | blood vessels Hofbéuér cells (HC) VEGF
(STB) (BV) ) ] intensity
Male N 84 84 84 84
Mean 113.30 116.49* 120.23 116.67
SD 10.02 12.34 8.35 7.97
Female N 89 89 89 89
Mean 113.20 112.94 119.33 115.15
SD 8.22 10.46 8.91 7.80

(***p<0.001, **p<0.01, *p<0.05, ns= Not significant)
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Table No. 3: Expression of VEGF by birth weight

Annexures

Intensity of Intensity of Intensity of Total VEGF
Birth weight group™ syncytiotrophoblast blood vessels | Hofbauer cells " (: . ity
(STB) (BY) (HO) R
2000-2499 N 36 36 36 36
Mean 113.84 116.75 119.67 116.75
SD 10.41 7:93 8.22 6.79
2500-2999 N 90 90 90 90
Mean 112.03 114.76 119.70 115.49
SD 8.25 12.05 8.47 7.49
3000+ N 47 47 47 47
Mean 115.15 112.89 119.96 116.00
SD 9.19 12.68 8.67 9.21
(***p<0.001, **p<0.01, *p<0.05, ns= Not significant)
Table No. 4: Expression of VEGF by length of fetus
Intensity of o Intensity of
Fetal l:zlgth syncytiotrophoblast Intensity of blood Hofbauer .Total .VEGF
group (STli) vessels (BV) cells(HC) intensity
<45 N 17 17 17 17
Mean | 113.90 116.14 121.34 117.13
SD 11.07 10.80 8.49 7.92
45-56 | N 156 156 156 156
Mean | 113.18 114.50 119.59 115.76
SD 8.70 11.59 8.62 7.85
(***p<0.001, **p<0.01, *p<0.05, ns= Not significant)
Table No. 5: Expression of VEGF by head circumference of fetus
Head Intensity of Intensity of Intensity of Total
circumference syncytiotrophoblast | blood vessels Hofbauer cells VEGF
group " (STB) (BV) (HC) intensity
<32 N 35 35 35 35
Mean 112.85 116.08 119.09 116.01
SD 9.61 9.89 6.73 6.68
33-35 N 117 117 117 117
Mean 112.80 114.33 119.62 115.58
SD 8.53 12.07 8.97 8.10
36+ N 21 21 21 21
Mean 116.44 114.14 121.69 117.42
SD 11.08 11.20 9.63 8.76

(***p<0.001, **p<0.01, *p<0.05, ns= Not significant)

VEGF expression by Placental parameters

We compared expression of VEGF by placental parameters. The expression of VEGF did not

change with the placental weight (Table No. 6), placental volume (Table No.7) and surface area
(Table No. 8).
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Table No.6: Expression of VEGF by placental weight

Placental weicht Intensity of Intensity of Intensity of Total
s g syncytiotrophoblast blood vessels Hofbauer VEGF
group (STB) (BV) cells (HC) | intensity
<400 N 50 50 50 50
Mean 113:25 115.77 118.42 115.81
SD 9.49 12.67 9.86 8.42
400-600 N 114 114 114 114
Mean 113.20 114.61 120.33 116.04
SD 8.98 10.70 7.92 7.51
600+ N 9 9 9 9
Mean 113.92 109.27 120.10 114.43
SD 9.46 13.43 9.57 9.78
(***p<0.001, **p<0.01, *p<0.05, ns= Not significant)
Table No. 7: Expression of VEGF by volume of placenta
Placental volume Intensity of Intensity of | Intensity of | Total
v ns syncytiotrophoblast | blood vessels | Hofbauer VEGF
group (STB) (BV) cells (IC) | intensity
<400 N 57 57 57 57
Mean 113.90 117.05 118.28 116.41
SD 9.80 1213 8.71 7.93
400-600 N 105 105 105 105
Mean 112.58 113.57 20.23 115.46
SD 8.64 10.82 8.26 7.65
600+ N 10 10 10 10
Mean 115.34 111.43 121.45 116.07
SD 973 12.91 9.97 9.55
(***p<0.001, **p<0.01, *p<0.05, ns= Not significant)
Table No. 8: Expression of VEGF by placental surface area
Placental surface Intensity of Intensity of Intensity of | Total
ns) syncytiotrophoblast | blood vessels | Hofbauer VEGF
area (STB) (BV) cells (HC) | intensity
<200 N 26 26 26 26
Mean 112.36 114.84 116.73 114.31
SD 9.88 14.59 8.79 8.88
200-300 N 121 121 121 121
Mean 113.37 114.93 120.42 116.24
SD 9.20 11.27 8.47 7.86
300+ N 25 25 25 25
Mean 114.12 113.3 120.92 116.13
SD 7.56 9.37 8.53 7.07

Annexures

(***p<0.001, **p<0.01, *p<0.05, ns= Not significant)

DISCUSSION

In the present study, we observed the expression of VEGF in the placenta of 32-41 weeks of
gestation and compared their expression with the fetal and placental parameters. Maternal age and
parity did not affect the VEGF expression in this study. The VEGF expression did not change from

32-40 weeks of gestation, the differences between them were not statistically significant, and in 41+
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weeks of gestation (late term), we observed a significant increase in VEGF expression in the three
cells, which was statistically significant (p<0.001). We found increase in VEGF expression in male
fetus in BV and HC cells. When we compared the expression level of VEGF with fetal and placental
growth parameters, we did not see changes in the expression of VEGF with the growth parameters.
One of the study showed increased pro-inflammatory and angiogenic factors (Placental growth
factor (PIGF),VEGF) in women carrying male fetus because male baby carrying women shows more
pro-inflammatory and pro-angiogenic immune response'’, may be the reason of increased VEGF
expression in this study. Lygnos et al studied maternal serum level of VEGF in first, second, third
trimester and at the day of delivery observed that the expression of VEGF was increased in the first
trimester, declined thereafter'®. Sundrani et al also reported similar findings, the maternal serum
VEGEF level was increased from 16-20 to 26-30 weeks of gestation thereafter expression level was
reduced'’. These studies explain that the initial rise in the VEGF is due to decreased oxygen in
developing placenta, the VEGF is a hypoxia-inducible factor and the decreased oxygen stimulates
VEGF secretion. As the blood vessel formation increases, the oxygen level becomes stable through
vasodilation of blood vessels by NO so the VEGF level decreased at the end of gestation'®. In our
study also, we did not observe any changes in the level of VEGF from 32-40 weeks of gestation. At
the end of pregnancy, blood vessel formation is stabilized and sufficient oxygen supply may be the
reason we did not see changes in the level of VEGF. But in 41+ weeks of gestation (late term),
VEGEF is significantly increased than in the 32-40 weeks of gestation, this may be due to the fact that
after 40 weeks of gestation, calcium starts depositing on blood vessels and protein gets deposited on
the placenta, which limits the blood supply through the placenta leading to placental insufficiency
which may be the reason of increase of VEGF in late-term pregnancies™. In the present study we
also compared the expression of VEGF with birth weight, fetal length and head circumference and
also with the placenta weight, placental volume and surface area. We did not see changes in
expression of VEGF with these growth parameters. In one of the study, a positive correlation was
found between early expression of VEGF at 16-20 weeks of gestation with birth weight and
expression of VEGF at 26-30 weeks of gestation with the fetal length. The level of VEGF at the time
of delivery did not show association with the birth weight, length, head circumference and chest
circumference in this study. This study also concludes that early expression of VEGF at 16-20 weeks
can be used to predict the birth weight'’. In one of the study, an association was found between
maternal serum VEGF level at mid-gestation (12-27 weeks) with the placental weight’. Wheeler et al
found a positive correlation between VEGF concentrations at 16-20 weeks with placental volume at
16-20 weeks ultrasonography measurements. The VEGF level at 16-20 weeks was positively

correlated with the birth weight and placental weight at delivery. The VEGF level was elevated up to
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20 weeks of gestation’. In our study, we collected placenta of 32-41 weeks of gestation, where its
expression did not change and at the end of pregnancy VEGF expression is reduced according to
above literature, this may be the reason we did not see the relation with the growth parameters and
VEGEF expression. This was an immunohistochemical study, further similar studies may be required

for the validation of our study findings.

CONCLUSION

The expression of VEGF is stabilized at the end of pregnancy, but in late term, there was an
increase in the level due to decreased oxygen level in the placenta. The VEGF level at the end of

pregnancy may not be useful in prediction of growth parameters.
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ABSTRACT

Introduction and Aim: Terminal villi form the functional units of the placenta. The terminal villi consist o
a layer of cytotrophoblast and syncytiotrophoblast with a core of mesoderm with blood vessels. These vill
form the placental barrier and transfer nutrients from mother to fetus and waste products from fetus to mother.
Successful pregnancy depends upon the formation of blood vessels in the placenta to supply the increasing
demand for nutrition for developing the embryo. Inadequate vessel formation can result in impaired placental3
growth, malfunction, hypoxia, and fetal malnutrition that may result in fetal death. This study has been taken|

up to study the normal vasculature of the terminal villi of term placenta.

Materials and Methods: One hundred and fourteen normal placentae of 37-41 weeks of gestational age were
collected and stained with Hematoxylin and Eosin.

Results: The mean of blood vessels/terminal villi was 6.88 with a standard deviation of 1.39. The number of
vessels/terminal villi was reduced from 37 - 41 weeks of gestation.

Conclusion: In this study, we tried to study the normal vasculature of terminal villi by the histological method,

which explains about normal physiology of blood circulation in the placenta.

Key Words: Terminal villi, term placenta, blood vessels.

INTRODUCTION

uccessful ~ pregnancy depends on the

implantation and formation of fetal and maternal

blood vessels to supply the increasing demand
for nutrition for developing the embryo. Organized
angiogenesis is required for optimal nutrient transfer
between mother and fetus. Inadequate vessel
formation or maintenance in the placenta results in
impaired placental growth, malfunction, hypoxia, and
fetal malnutrition that may result in fetal death (1).

Development of vessels within the villi undergoes
three stages; vasculogenesis, branching angiogenesis
and nonbranching angiogenesis. Vasculogenesis
includes the formation of blood vessels in the villi,

www.biomedicineonline.org

which is initiated by the expression of angiogenic
growth factors. In branching angiogenesis existing
vessels will sprout and branch, and increase the
number of vessels. In nonbranching angiogenesis,
exiting villi are converted into terminal villi. Terminal
villi form the functional units of the placenta (2). The
terminal villi consist of a layer of cytotrophoblast and
syncytiotrophoblast with a core of mesoderm with
blood vessels. These villi form the placental barrier
and transfer nutrients from mother to fetus and waste
products from fetus to mother. It also acts as a barrier
for pathogens and the maternal immune system (3).
The cells of these villi serve as an endocrine organ
and synthesize a plethora of hormones, growth
factors, and other bioactive products which maintain
pregnancy (4). The placenta is a mirror of prenatal
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fetal development and examining the placenta after
delivery will give a history of prenatal fetal and
maternal health (5). The histological examinations of
the placenta are frequently used to study the prenatal
history of events and in identifying the cause of death
of fetus and complications for clinicians and parents

(6).

This study has Geen aimed to see the number of blood
vessels/terminal villi in the placenta of 37 - 41 weeks
of gestation. This will give an idea about the normal
vascular structure of the terminal villi.

MATERIALS AND METHODS

One hundred and fourteen normal placentae were
collected immediately after delivery with the consent
of the participant. A section of the placenta was
taken from the center, fixed in 10% neutral buffered
formalin and processed for Hematoxylin & Eosin (H
& E) staining. Stained slides were observed under
40X for counting vessels. Randomly 10 villi were
selected from the different regions of tissue, and an
average of 10 villi vessels was taken for the count and
tabulated.

RESULTS

We studied 114 normal placentae, in H & E staining
we observed that mean of blood vessels/terminal villi
(Figure No. 1) was 6.88 with standard deviation 1.39
and the number of vessels in terminal villi of 37-41
weeks gestation period is shown in Table No. 1. We
also observed that the number of vessels/terminal villi
was reduced from 37 weeks to 41 (Graph No. 1).

o £ 3 B 5 -
Fig. No.1: Terminal villi (TV) with blood
vessels (BV)
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Table 1: Mean number of blood vessels / terminal
villi in 37 — 41 weeks of gestation period.

Gestational
age (GA) in Number of
weeks cases (n) Mean SD
37 12 7.35 1.08
38 30 6.98 1.54
39 30 6.96 1.18
40 34 6.60 1.35
41 8 6.71 2.03
Total 114 6.88 1.39

Graph 1: Number of blood vessels / terminal villi
in relation to gestational age
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DISCUSSION

Terminal villi are produced by the mature intermediate
villi by out-bulging of coiled capillaries. The terminal
villi development is influenced by the longitudinal
growth of mature intermediate villi and its capillaries.
The number of terminal villi is produced by the more
capillary growth, which exceeds the longitudinal
growth of the mature intermediate villi. The capillary
growth is influenced by hypoxia. The terminal villi
contain only capillaries and sinusoids. The capillary
loops of terminal villi arise from the intermediate villi
and are connected to the neighboring terminal villi.
Thus blood leaving from the terminal villi crosses 3-5
terminal villi. They are arranged parallel to each other.
The average vessel diameter of the terminal villi is
12.3 um, and the length is 3,000-5000 um (7). There
are many angiogenic growth factors identified in the
placenta, which influence the formation of terminal
villi i.e., non-branching angiogenesis. Among these
Biomedicine-Vol. 39 No. 1: 2019
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VEGF is said to be the potent angiogenic growth
factor in the placenta. In branching angiogenesis
Vascular Endothelial Growth Factor (VEGF), fms like
thyrosine kinase receptor-1 (fit-1), Kinase Domain
Receptor (KDR) are increased, and in non-branching
angiogenesis, Placental Growth Receptor (PIGF) and
flt-1 are increased, while VEGF is decreased (2,8).

In this study, we observed that the mean number
of blood vessels/terminal villi of 37-41 weeks of
gestational age placenta was 6.88 + 1.39. The number
of the vessel was reduced from 37 to 41 weeks of
gestation. In one of the studies on terminal villi of
the normal and gestational diabetic placenta, it was
observed that the density of blood vessels/unit area
was 10.70 £ 4.66 (mm?) in normal and in diabetic it
was 21.76 + 8.52 (mm’®) / unit area. The increased
number of blood capillaries is due to hyperplasia of
terminal villi and low oxygen content (9). In normal,
the core of terminal villi consists of 1-6 capillaries/
terminal villi (3). In one of the histomorphometric
study of terminal villi of normal and pre-eclamptic
placentae, it was observed that the vascular density
in normal was 25.63 + 8.88 mm’and 22.04 +8.72
mm? per unit area in pre-eclamptic terminal villi (10).
Studying normal vasculature will help to understand
the placental physiology and pathology.

CONCLUSION

Vessels of the terminal villi are essential areas of
gaseous exchange between fetus and mother for the
growth of the fetus. In this study, we tried to study the
normal vasculature of terminal villi by the histological
method, which explains about normal physiology of
blood circulation in the placenta.
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