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Abstract

The mechanisms that are involved in maintaining a human pregnancy to term, and the
switches that lead to a normal labour and pregnancy imétcor indeed an adverse
outcome such as miscarriage, -ptampsia (PE), fetal growth restriction (FGR) or
preterm labour, are complex but the role of the placenta is crucial to them all. Heat shock
proteins HSPs) play an important role in regulating sigtransduction, inhibition of
apoptosis and cellular proliferation and differentiatichpoptosis has been implicated in
both PE and labour. In the apoptotic pathway, HSPs act at several stages to prevent ce
death initiated by stresaduced damage.Toll-like receptors (TLR) are the principal
signalling molecules through which mammals sense infecBimte these pathways play a

role in oxidative stress and inflammation, both features of labouP&nthe hypothesis

was that placental stress pathway@iSP70, HSP27, HSF2, small HSPs family,
DNAJAB, HSP60, GRP78, HSP90AA, HSP90B1 and HSP1b#Blammatorymediates
(TLRs, MyD88 and\F-a Band apoptotiecnarkers(caspasefCASP) 3, 7 and Ppathways
expression would alter during labour and pregnancies complications such as PE and FGF
and this would varyin different placental zonegerhaps due to the variation in blood
supply to eaclzone or link to ischemiereperfusion(IR) injury and are some zones of
placenta more susceptible to IR injuidSPs, TLRs and caspases were examined in
placentas obtained from women who delivered by caesaezion (norabour) and were

not in labour andompared to the equivalent zone of placentas obtained from women who
delivered vaginally (labour) following an uncomplicated labour. Samples were obtained
from 12 sites within each placenta: 4 equally spaced apart pieces were sampled from th
inner, middé and outer placental regionIhe expression was investigated by Western
blotting (HSP70, HSF1, HSP27 aneHSP27) and real time PCRISPfamilies, HSF12,

TLRs, MyD88,NF-a Band caspases).

The first aim of this study was to examine the spatial exmnessi HSPs, caspases and
TLR genes in placentasiwo HSF1 forms were observed in all samples which, according
to the data sheet represent the phosphorylatddSfPL) and noiphosphorylated (NP
HSF1) formsHSP70, HSF1 and HSP27 are expressed in a spaiaher in the placenta

with the highest expression being in the middle zone in the labour group (HSF1, both
forms) and in both the labour and the #Aabour groups (HSP70 and HSP27). HSF1
MRNA expression was spatial distributed in the notabour group wh highest

expression being in the outer zondo spatial diffeences were noticeith both RHSP27



protein expression antiRNA expression obther HSPsfamilies HSR2, TLRs, MyD8§
NF-a Band caspases3, 7 and 9 genes.

Human parturition involves interactioof hormonal, neurological, mechanical stretch and
inflammatory pathways and the placenta plays a crucial ide second aim of this study
was to determine these genes expression in thdabowr group compare to the labour
group at the inner, middland outer placental zonesWwhen norlabour groups were
compared with the labour group at the three zones the changes foundstanrbarized

as follows:

HSP70 protein expression was increbsethe labour grougompared to the nelabour
groupand in catrast to that, HSP27 protein and mRNA expressiereincreased in the
nortlabourgroup both tithe middle zone.

PhosphorylatedHSP27 (P-HSP27) expression was increased in the 4tamour group
compared to the labour group at the in(al ser sitesandouter(ser 15 and 78zones.

No differences were found at the middle zad8F1 protein expressions (both forms) was
increased in the nelabour, group compared to the riaour group, paradoxically, HSF1
MRNA expression was increased in in the laboaugrd the innerzone

HSPB6, HSP32 an®NAJB1 mRNA expressiorwas increased irthe nonlabour group
compared to the labour groug the middle zoneHSPB2, HSP90AA and HSP90B1
MRNA expressiomwasincreased irthe labour groupcompared to the nelabour goup at

the outer zoneTLR5 and CASP7mRNA expressionwas increased in labour group
compared to the nelabour group athe middle zone TLR9-10 mRNA expressiorwas
neglectable No other changes were found for astiier genes.

PE is associated with mated and placental oxidative stress. The third aim was to
determine the expression of genes of the same pathways described above in the placenta
pregnancies complicated with PE and FGR compare to the normal pregnaH8es,
TLRs and caspaseagere exanned in placentas obtained from nlabouring women who
delivered by caesarean section (normal pregnancy and PE) and compared to women wh
delivered vaginally (normal pregnancy and PE). Samples were obtained from 12 sites
within each placenta: Four equalspaced apart pieces were sampled from the inner,
middle and outer, however, due to time constsammly the inner and middle zones were
investigated in PE group (except HSP27 and HSP3@)mnples from FGR placentas were
obtained from 8 sites within eaghlacenta represent inner and outer zon&gestern
blottingandgRT-PCRwas used for the analysis as required

When PE ifonlabour and labour) and FGR (labour only) groups were compared with th

controls (noAabour and labogratthetwo zonesthe chages found can beummarized as



follows: HSP70 was increased the nonlabourPE group compared to the nelabour
control groupat the inner zoneNo other differences were fountllon- Phosphorylated

HSF1 (NP-HSF1) protein expressioand HSF1 mRNA expressn wereincreased in the

PE group (nonlabour and labourgompared to the control grofponlabour and labour)

at the inner zonddSP27 andP-HSP27protein expression was increased in the PE (labour)
compared to the control (labour) at the middle zdde.changes were found in the mRNA
expression of HSP27There was a significant increase irHBP27 protein expression in
labour PE compared to the labour control at the inner (ser 78 and 82) and middle (ser 15
zones.

CASP7 and CASP9 mRNA expression wasréased in thaonlabourcontrol compared

to the nonlabour PE at theinner (CASP7) andniddle (CASP9)zones. CASP3 mRNA
expression was increased in the labour PE compared to labour control at the middle zone.
There was decreased in mRNA expression oPB3 TLR5 and TLR1 in the PE group
nontlabour compared to the contnoin-labour at thenner (HSPB6) andhiddle (TLR1 and

TLR5) zones.

Towards the end of the PhD time preliminary experiments were performed to determine if
different zones of the placenta ngemore susceptible to heat shock and IR injaryitro.

The markers mentioned above were used and pieces of placenta from each zone wel
exposed to 2% oxygen then 8% oxygen for different time periods to create an IR model.
The number of experiments veenot sufficient to make definitive conclusions but the pilot
data suggest this should be explored more in future studies include more placenta tissu
exposed to IR injury and heat shock to understand how placental stress might affect
placental function

Obesity is characterized by a chronic, lgrade inflammation and an impaired
intracellular stress defence syste@besity increases the risk for PEhe last aim was to
screen for different HSPs and CASPs families in plasanitéained from 4 BMI groups
(nontlaboup. In general HSPsexpressionwas reduced whereas caspasggressiorwas
increased in the morbid obesity group (BMO0) compared to the normal BMI grouphis
indicates reduced cellular protection and incredscellular damage respectively in
placentas from obese women.

In summary this thesis has reiterated the importance of controlled sampling of the placente
for studying pregnancy disorderd.he results show that spatial changes in inflammatory
and stress markers occur in both labour andT§ng to make sense of the data is very
difficult however the preliminary data from tievitro studies suggests that further studies

exposing different zones of the placenta to stress may help to understand the process th



take place during stressle@rly the bigger aim would be, one day, to try and decide which

of the pathways might be targeted for therapy fortpren labour and PE.
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cells comprised of trophoblast cells seen in purple (arrowgr cell mass and blastocyst
cavity (arrows). The endometrium is seen in red (ArrOM)............oevvvvvvvviemmeeeeeeeeennnns 58

Figure 13: Inflammatory pathway in parturition is associated with the influx of leukocytes
(mainly neutrophils and macrophages) into the myometrium and cervix during labour,
result in release IL 1, IL6 and IL8. These cytokinesregulate MMP expression and
activity in the cervix, causing collagen breakdown and cervical ripening. In the
myometrium, IL1activity leading to more calcium entry to cells, also cytokines increase
COX2 expression, causing increase of prostaglandin production both will stimulate
myometrium contractions. Modified from (Jabbour et al., 2009).............cccvvvviieenns 67
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Figure 25: Example of transcript from Nanodrop reading inpdgfhe ratio of absorbance

at 260 nm and 280 nm (260/280) is given an indication of RNA purity.................. 113
Figure 26: RNA concentration of representative placenta sample: number 1BMI6 in ng/ul
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Figure 27: Gel showing products of the PCR multiplex reaction using the Human
cDNAOK ® Kit (Microzone, cat.no. 2HCDOK.50). cDNA was made using Quantitect®
kit and Go S transcipiade. Produutewer® separated on 2% agarose gel using
100 bp moelcualr ladders. The negative control was run in first lane. The other lanes show

different samples that showed good quality CDNA ..........oomiiiiiiiiiiieeee 115



18

Figure 28: 2% gel electrophoresis of PCR products of HSP70 TagMan gene expression
assay, band corresponded to amplicon length of the TagMan 124 base pairs. Negativ
control was loaded in first lane showed N0O expressian................vvveviccreeeeevennnnnnn. 124

Figure 29: Figure showing the time course of hypereperfusion experiment. (A)
Collection of first reference samples from (inner (1Z), middle (MZ) and outer (OZ)
placental zones). The rest of placentauessamples were collected in three flagé )

for each of the three zones. (B) in the lab: the second reference samples were collecte
from the three zones, the remaining placenta tissue samples were cut up and distribute
into control 8% O,) and exeriment(2% G), then each were put into relevant incubator.

(C) After one hour all plates were taken out the incubators and were placed in the
biological safety unit (BSU) and then transferred into a new culture nf@#ia0y,). All

were returned back toel{8% O) incubator for different time points. (D) After each time
point (2, 6, 12 and 22 h) one plate containing control and experiment tissue for inner,
middle and outer zones was taken out of the incubator, the tissue were snap frozen in liquic
nitrogen then stored aB0 °C...........cooiiiiiiiiiieeee e 128

Figure 210: Figure showing the time course of heat shock induction experiment. (A)
Collection of first reference samples from (inner (1Z), middle (MZ) and oul) (
placental zones) and collection of placenta samples in three flasks represent the thre
zones. (B) Placenta samples were cut down and were distributed into cartrols
experiment (heat shock). Controls were placed in 37°C incubator and experiments were
placed in 43°C oven for 30 min. (C) After 30 min plates were taken out of the incubator
and oven, were put in the BSU and then were transferred into a new culturg37édia.

All were placed back to th@7 °C) incubator for different time points. (Biter each time

point (1, 3, 6, 12 and 24 h) one plate contain control and experiment tissue for 1Z, MZ and
OZ was taken out of the incubator and snap frozen in liquid nitrogen, then sto&@at C .

Figure 31: HSP70 gene structure and domains: HSP70 contain two domains; nucleotide

binding domain/ ATPase domain and substra

Figure 32: HSF1 activation and degradation cycle. In4stness conditions, HSF1 exists

as an inactive monomer in the cytoplasm. Upon stress HSF1 form homotrimers linked
together by disulphide bond and become localized to the nucleus to bind to HSE in the
promoters of stressesponsive genes. HSF1 becomes dissociated from DNA after HSP70
and HSP40 rassociate with the HSF1 transactivation domain. Adapted with permission

from (Neef et @l., 201 L) . ..o e e e s 148
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Figure 33: Representative images of Western blots showing HSP70 protein expressions in
inner, middle and outer zones of individual placentas oflabaur group (A) and labour
group (B). Four quadrants were sampled in each zone. Graphs showdina foe HSP70

protein expressions. Comparison between zones was performed using Friedman analysi

Figure 34: Representative images of Western blots showing HSP70 expressions in the
inner, middle and outer placental zones in #i@pour and labour (n=6 in each group). The
graphs show the box and whiskers analysis of the blots. Comparison between zones wa
performed using ManrhVhitney analysis. NLG netabour group, LG labour group...153

Figure 35: RQ values for HSP70 mRNA measurements in inner (n=4), middle (n=4) and
outer zones (n=4) of individual placentas (Habour and labour groups). Four quadrants
were sampled in each ze. Graphs show the median for HSP70 mRNA expressions.
Comparison between zones was performed using Friedman analysis................. 154

Figure 36: RQ values for HSP70 mRNA measurements in-latwour (n=6)compared to

the labour group (n=6) at the inner, middle and outer placental zones. Comparison betweel
zones was performed using MawWhitney analysiS.........ccccooveeeiiiiiiiccc 154

Figure 3-7: Representative images$ Western blots showing HSP70 expressions in the
inner, and outer placental zones in #dabour control (n=6) and nelabour PE (n=3). The
graphs show the box and whiskers analysis of the blots of three placenta zones. In the
Middle Western blot image emptane was removedi¢tted liney. Comparison between
zones was performed using Mawhitney analysis. NL& nonrlabour control group,
NLG-PE noRIaboUr PE grOUP........uuiiiiiiii e eceeeeeeie e eeeeeememe e 155

Figure 3-8: Representative images of Western blots showing HSP70 expressions in the
inner and middle placental zones in labour control and labour PE groups (n=6 for each
group). Western blot image empty lanes were remodetied line¥. The graphs show the

box and whiskers analysis of the blots. Comparison between zones was performed using
MannWhitney analysis. L&C labour control group, LPE labour PE group............ 156

Figure 3-9: RQ values for HSP70 RNA measurements in inner, middle and outer
placental zones for the ndabour control group (n=6) compared with Aabour PE

groups (n=3). Comparison between zones was performed using-\Miaitmey analysis.

Figure 3-10: RQ values for HSP70 mRNA measurements in inner, middle and outer
placental zones for labour control group (n=6) compared with labour PE groups (n=6).

Comparison between zones was performed using Méhitney analysis.................. 157
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Figure 3-11. RQ values for HSP70 mRNA measurements in normotensive pregnancies
group (norlabour and labour were combined) (n=12) compared to the pregnancies
complicated with PE groufnonlabour and labour were comileid) (n=12) at the inner,
middle and outer placental zones. Comparison between zones was performed using Manr
WHITNEY @NAIYSIS. ... eeeieiiieiieee e eeer e 158

Figure 3-12. Representative images of Western blots showis§P70 expression at the
inner zone (upper panel) and the outer zone (lower panel) in labour control (n=6) and
labour FGR group (n=6). The graphs show the box and whiskers analysis of the blots.
Comparison between zones was performed using Mdnitney anasis. LGC labour

group control, LGFGR labour group FGRu.........cciiiiiiiiiiececrceeeicii e 159

Figure 3-13: RQ values for HSP70 mRNA measurements in inner and outer placental
zones for labour control group (n=6) compared with labour fg&Rps (n=6).
Comparison between zones was performed using Mdnitney analysis.................. 160

Figure 3-14. Representative images of Western blots showing expression of HSF1
phosphorylated and nemphosphorylated forms expressions in inner, middle and outer
zones of individual placentas of ntabour group. Four quadres were sampled in each
zone. Graphs show median and interquartile range for HSF1 phosphorylated and non
phosphorylated forms expressions. Comparison between zones was performed usin

Friedman analysis. -ASF1= phosphorylated HSF1, NFSF1= nonphosphoylated

Figure 3-15. Representative images of Western blots showing HSF1 phosphorylated and
nonphosphorylated forms expressions in inner, middle and outer zones of individual
placentas of labour group. Four quadrants were sampled in each zone. Graphs sho\
median and iterquartile range for HSF1 phosphorylated and-ploosphorylated forms
expressions. Comparison between zones was performed using Friedman analghs. P

1= phosphorylated HSF1, NPSF1= nonphosphorylated HSF1...............c.c.coooooe 162

Figure 3-16. Representative images of Western blots showing HSF1 phosphorylated form
(upper panel) and HSF1 ng@mosphorylated form (lower panel) expressions in the inner
placental zone in nelabour and labour (n=6 in each group). Both bands of Western blot
image showed separately. The graphs show the box and whiskers analysis of the blots
Comparison between zones was performed using Mdéhnitney analysis. NLG non
labour group, LG 1abour group...........ooei e ceeeeese e eeeeeenee e e 163

Figure 3-17: Representative images of Western blots showing HSF1 phosphorylated form
(upper panel) and HSF1 n@mosphorylated form (lower panel) expressions in the middle

placental zone in nelabour and labour (n=6 in each group). First lane is the protein
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maiker and second lane is the positive control sample. The graphs show the box anc
whiskers analysis of the blots. Comparison between zones was performed using Mann
Whitney analysis. NLG netabour group, LG labour group.............cceeeevvvevviieennennn. 164

Figure 3-18. Representative images of Western blots showing HSF1 phosphorylated form
(upper panel) and HSF1 n@mosphorylated form (lower panel) expressions in the outer
placental zone in nelabour and labour (n=6 in each group). First lane is the protein
marker and second lane is the positive control sample. The graphs show the box anc
whiskers analysis of the blots. Comparison between zones was performed using Mann
Whitney analysis. NLG nctabour group, LG labour group.............c.eevveeeiiiiieecennnee. 165

Figure 3-19: RQ values for HSF1 mRNA measurements in in inner (n=4), middle (n=4)
and outer zones (n=4) of individual placentas (lour and labour groups). Four
quadrants were sampled in each zone. Graphs show the median for HSF1 mRNA
expressions. Comparistaetween zones was performed using Friedman analysis166
Figure3-20: RQ values for HSF1 mRNA measurements in-tadoour (n=6) compared to

the labour group (n=6) at the inner, middle anceoptacental zones. Comparison between
zones was performed using MawWhitney analysiS.........ccccooveeeiiiiiiiccc 166

Figure 3-21: Representative images of Western blots showing HSF1 phosphorylated form
(upper paneland HSF1 nofphosphorylated form (lower panel) expressions in the inner
placental zone in nelabour control (n=6) and nelabour PE (n=3). First lane is the
protein marker and second lane is the positive control sample. The graphs show the bo;
and whiskes analysis of the blots. Comparison between zones was performed using Mann
Whitney analysis. NLEC nonlabour control group, NL&E nonlabour PE group...167

Figure 3-22: Representative images of Western blots showing HSF1 phosphorylated form
(upper panel) and HSF1 n@losphorylated form (lower panel) expressions in the middle
placental zone in nelabour control (n=6) and neabour PE (n=3). First lane is the
protein marker and second lane is the positive control sample. The graphs show the bo»
and whiskers analysis of the blots. Comparison between zones was performed using Mann
Whitney analysis. NLEC nonlabour control group, NL&E nonlabour PE group....168

Figure 3-23. Representative images of Western blots showing HSF1 phosphorylated form
(upper panel) and HSF1 ngmosphorylated form (lower panel) expressions in the inner
placental zone in labour control and PE (n=6 for both groups). The graphs show the box
andwhiskers analysis of the blots. Comparison between zones was performed using Mann
Whitney analysis. L&C labour control group, LPE labour PE group...................... 169

Figure 3-24: The graphs presentatioshiow the box and whiskers analyisis of HSF1
phosphorylated form and HSF1 nphosphorylated form expressions in the middle
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placental zone in labour control and PE (n=6 for both groups). Both bands of Western blot
image showed separately. As curved getaarof splicing of gel image where indicated
(dotted liney. Comparison between zones was performed using Mémtney analysis.

LG-C labour control group, LEPE labour PE group............eeeevvviiiiiiicesiiieee 170

Figure 325 RQ values for HSF1 mRNA measurements in inner and middle placental
zones for nodabour control group (n=6) compared with Aabour PE groups (n=3).
Comparison between zones was performed using Méitney analysis.................. 171

Figure 326. RQ values for HSF1 mRNA measurements in inner and middle placental
zones for labour control group (n=6) compared with labour PE groups (n=6). Comparison
between zones was performed using ME¥imtney analysis...........ccccceeeeeeeiiiivieeeennn. 171

Figure 327: RQ values for HSF1 mRNA measurements in normotensive pregnancies
group (n=12) compared to the pregnancies complicated with PE {e@p) at the inner

and middle placentalanes. Comparison between zones was performed using-Mann
WHhItNEY @NAIYSIS.......oeeiieiiiiie s eerrer e e e e e e e e e e e e e e e e e rnraeaaaeaees 172

Figure 328. RQ values for HSF2 mRNA measurements in in inner (n=4), middle (n=4)
and outer (n=4) zones of indiwdl placentas (nelabour and labour groups). Four
quadrants were sampled in each zone. Graphs show the median for HSF2 mRNA
expressions. Comparison between zones was performed using Friedman analy4ig3

Figure 329 RQ values for HSF2 mRNA measurements in -layour group (n=6)
compared to the labour group (n=6) at the inner, middle and outer placental zones.
Comparison between zones was performed using Mdnitney analysis.................. 174

Figure 330: RQ values for HSF2 mRNA measurements in-tadoour control group (n=6)
compared to the nelabour PE group (n=3) at the inner and middle placental zones.
Comparison between zones was peredmsing ManiWhitney analysis.................. 174

Figure 331: RQ values for HSF2 mRNA measurements in labour control group (n=6)
compared to the labour PE group (n=6) at the inner and middle placenta. zone
Comparison between zones was performed using Mdnmitney analysis.................. 175

Figure 332 RQ values for HSF2 mRNA measurements in normotensive pregnancies
group (n=12) compared to the pregnasaemplicated with PE groum=12) at the inner

and middle placental zones. Comparison between zones was performed using Mann
WHItNEY @NAIYSIS. ... it e e et e e e e e e s s 176

Figure 41: HSP27 gene structure. Thet®&mnus of HSP27 contains a hydrophobic
WDPF motif, which is adjacent to a mitogantivated protein kinases associated protein
(MAPKAP) kinases (MK2) phosphorylation site at Serl5. Theei@inal 1820 amino
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aci ds i nceystallid motifahat is Highlyonserved among species and a flexible C
terminal tail modified from (Salinthone et al., 2008).............coovviriiicceeeeeeeeeiiiine 191

Figure 42: PHSP27 functions and its possible implication in diseases. HSP27 may be
presat in unphosphorylated and phosphorylated forms depending on the cellular stress
conditions. The central part is referred to the normal function of HSP27 -&fsPR7

(pink). The outer part is referred to the pathogenic conditions (blue) adapted from
(Henderson and Pockley, 2012)..........uuuuiiiiiiiii s ceeeiiiiiee s e e e e e e vaeees e e e e e e e eaaaeeees 196

Figure 43: Representative images of Western blots showing HSP27 protein expressions in
inner, middle and outer zones of individual placentas oflabaur group(A) and labour

group (B). Four quadrants were sampled in each zone. Graphs show the median for HSP2

protein expressions. Comparison between zones was performed using Friedman analysi:

Figure 44: Representative images of Western blots showing HSP27 expressions in the
inner, middle and outer placental zones in-feour and labour (n=6 in each group). The
graphs show the box and whiskers analysis of the blots. Comparison between zones wa
performed using Manr#hVhitney analysis. NLG netabour group, LG labour group...198

Figure 45: RQ values for HSP27 mRNA measurements in in inner (n=4), middle (n=4)
and outer zones (n=4) ofdividual placentas (nelabour and labour groups). Four
qguadrants were sampled in each zone. Graphs show the median for HSP70 mRNA
expressions. Comparison between zones was performed using Friedman analy4i39

Figure 46: RQ values for HSP27 mRNA measurements in-latwour (n=6) compared to

the labour group (n=6) at the inner, middle and outer placental zones. Comparison betweel
zones was performed using Mawhitney analysis............cccccoeeeiiiiiiieeee e, 200

Figure 4-7: Representative images of Western blots showing HSP27 expressions in the
inner, middle and outer placental zones in-talour control (n=6) and nelabour PE

(n=3). The graphs show the bordawhiskers analysis of the blots. Comparison between
zones was performed using Mawhitney analysis. NL& nonlabour control group,
NLG-PE NORIADOUI PE GrOUP......uuiiiiiiiiiiiiiiiiiee ittt 200

Figure 48: Representats images of Western blots showing HSP27 expressions in the
inner, middle and outer placental zones in labour control and labour PE groups (n=6 for
each group). The graphs show the box and whiskers analysis of the blots. Comparisor
between zones was perfeethusing ManfWhitney analysis. L&C labour control group,

I C T o P o oL U T gl o o oV o S 201

Figure 49: RQ values for HSP27 mRNA measurements in inner, middle and outer

placental zones for the néabour control group (n=6) compared with Aabour PE
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groups (n=4). Comparison between zones was performed using-\Maitmey analysis.

Figure 410: RQ values for HSP27 mRNA measurementsiriner, middle and outer
placental zones for labour control group (n=6) compared with labour PE groups (n=6).
Comparison between zones was performed using Mdnitney analysis.................. 203

Figure 411 RQ values for HSP27 mRNA measurements in normotensive pregnancies
group (n=12) compared to the pregnancies complicated with PE ¢me@p at the inner,
middle and outer placental zones. Comparison between zones was performed using Manr
WHITNEY @NAIYSB......eeieieiiiiiie e eeer e 204

Figure 412 Representative images of Western blots showing HSP27 expression at the
inner zone (upper panel) and the outer zone (lower panel) in labour control (n=6) and
labour FGR grop (n=6). The graphs show the box and whiskers analysis of the blots.
Comparison between zones was performed using Mdnitney analysis. L& labour

group control, LGFGR labour group fetal growth restriction.................ccceeevvieeennn. 205

Figure 413. RQ values for HSP27 mRNA measurements in inner and outer placental
zones for labour control compared with labour FGR groups. Comparison between zones
was performed using MarWhitney analysis..............ooooiiiiiimeenieeeeee e 206

Figure 414: Representative images of Western blots showtSP27 ser 15 expression

in inner, middle and outer zones of two individual placentas-(@oour group). Four
guadrants were sampled in each zone. Grapbs median and interquartile range fer P
HSP27 ser 15 expressions. Comparison between zones was performed using Friedma
ANAIY SIS, ..t ———— e aman e e aaaaaaaaaes 207

Figure 415. Representative images of Western blots shgwrHSP27 ser 78 expression

in inner, middle and outer zones of two individual placentas-(@oour group). Four
guadrants were sampled in each zone. Graphs show median and interquartile range for F
HSP27 ser 78 expressions. Comparison between zonepesfasmed using Friedman

o F= 112 1TSS 208

Figure 416: Representative images of Western blots showiitSP27 ser 82 expression

in inner, middle and outer zones of two individual placentas-(@oour group). Four
guadrants were sampled in each zone. Graphs show median and interquartile range for F
HSP27 ser 82 expression. Comparison between zones was performed using Friedma
=T =Y 1 TSP 209

Figure 417. Representative images of Western blots showiitSP27 ser 15 expression

in inner, middle and outer zones of two individual placentas (labour group). Four quadrants
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were sampled in each zone. Graphs show median and interquartile calgdSP27 ser

15 expression. Comparison between zones was performed using Friedman anais.
Figure 418 Representative images of Western blots showtSP27 ser 78 expression

in inner, middle and outer zones of two individual placentas (labour group). Four quadrants
were sampled in each zone. Graphs show median and interquartile rangd 382 ser

78 expression. Comparison between zones was performed using Friedman anals.
Figure 419: Representative images of Western blots showiitSP27 ser 82 expression

in inner, middle and outer zones of two individual placentas (labour group). Four quadrants
were sampled inazh zone. Graphs show median and interquartile range t8H27 ser

82 expression. Comparison between zones was performed using Friedman anaRi?s.
Figure 420: Representative images of ¥ern blots showing PHSP27 at ser 15 (upper
panel), ser 78 (middle panel) and ser 82 (lower panel) expression in the inner placenta
zone in noAabour and labour (n=6 in each group). The graphs show the box and whiskers
analysis of the blots. Comparisomtlyeen zones was performed using Mavhitney
analysis. NLG noflabour group, LG labour group.............cccceeeiiiiiiceccviiiiicinee e 213

Figure 421. Representative images of Western blots showut$SP27 at ser 15 (upper
panel),ser 78 (middle panel) and ser 82 (lower panel) expression in the middle placental
zone in norlabour and labour (n=6 in each group). The graphs show the box and whiskers
analysis of the blots. Comparison between zones was performed usingV\hdtney
analysis. NLG nonrlabour group, LG labour group.............ccocccviviiimmmnnniiiiiiine 214

Figure 422 Representative images of Western blots showing PHSP27 at ser 15 (upper
panel), ser 78 (middle panel) and ser 82 (lower panel) ssipre in the outer placental
zone in norlabour and labour (n=6 in each group). The graphs show the box and whiskers
analysis of the blots. Comparison between zones was performed usingV\héney
analysis. NLG no#labour group, LG labour group.............ccoccceviiiiimmmnniiniiiiiinee 215

Figure 423. Representative images of Western blots showing PHSP27 at ser 15 (upper
panel), ser 78 (middle panel) and ser 82 (lower panel) expression in the inner placenta
zone in labour controlnE6) and labour PE group (n=7). The graphs show the box and
whiskers analysis of the blots. Comparison between zones was performed using Mann
Whitney analysis. L&C labour group control, L&E labour group preclampsia......216

Figure 424: Representative images of Western blots showing PHSP27 at ser 15 (upper
panel), ser 78 (middle panel) and ser 82 (lower panel) expression in the middle placenta
zone in labour control (n=6) and labour PE grq¢op7). The graphs show the box and
whiskers analysis of the blots. Comparison between zones was performed using Mann

Whitney analysis. L&C labour group control, L&PE labour group preclampsia......217



26

Figure 51: RQ values for HSPB2 mRNA measurements in in inner (n=4), middle (n=4)
and outer zones (n=4) of individual placentas {fadoour and labour groups, 6 placentas in
each group). Four quadrants were sampled in each zone. Graphs showdite fore
HSPB2 mRNA expressions. Comparison between zones was performed using Friedmar
ANALY SIS ettt e e et e e e e e e e e e e e e e e e e e e e e e e e 237

Figure 52: RQ values for HSPB2 mRNA measurements in-latmour (n=6) compared to

the labow group (n=6) at the inner, middle and outer placental zones. Comparison
between zones was performed using Mevimtney analysis..........cccccoeeeeeeiiiiiieeeennn. 238

Figure 53. RQ values for HSPB2 mRNA measurements in-kamour control (n=6)
compared to the nelabour PE groups (n=3) at the inner and middle placental zones.
Comparison between zones was performed using Méhitney analysis.................. 239

Figure 54: RQ values for HSPB2 mRNA measurements in labour control (n=6) compared
to the labour PE groups (n=6) at the inner and middle placental zones. Comparison
between zones was performed using ME¥imtney analysis...........ccccceeeeeeeiiiivieeeennn. 239

Figure 55: RQ values folCRYAB mMRNA measurements in in inner (n=4), middle (n=4)
and outer (n=4) zones of individual placentas (fadpour and labour groups, 6 placentas in
each group). Four quadrants were sampled in each zone. sGshplw median and
interquartile range folCRYAB mRNA expressions. Comparison between zones was
performed using Friedman analySiS.......ccccooeiieeiiiiiiieeeicce e 240

Figure 56: RQ values foCRYAB mRNA measurements in néabour (n=6) compared to

the labour (n=6) group at the inner, middle and outer placental zones. Comparison
between zones was performed using ME¥imtney analysis...........ccccceeeeeeeiiiiiieeenn. 241

Figure 57: RQ values dr CRYAB mRNA measurements in ndabour control (n=6)
compared to the nelabour PE (n=3) groups at the inner and middle placental zones.
Comparison between zones was performed using Mdnitney analysis.................. 241

Figure 58: RQ values forCRYAB mRNA measurements in labour control (n=6)
compared to the labour PE (n=6) groups at the inner and middle placental zones.
Comparison between zones was performed using Mdnitney analysis.................. 242

Figure 59: RQ values for HSPB6 mRNA measurements in in inner (n=4), middle (n=4)
and outer (n=4) zones of individual placentas {fadrour and labour groups, 6 placentas in
each group). Four quadrantgere sampled in each zone. Graphs show median and
interquartile range for HSPB6 mMRNA expressions. Comparison between zones was

performed using Friedman analySiS.......ccoouiiiieeieiiiiieeeecies e erne e 243
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Figure 510: RQ valuesdr HSPB6 mRNA measurements in Aabour (n=6) compared to

the labour group (n=6) at the inner, middle and outer placental zones. Comparison
between zones was performed using ME¥imtney analysis..........cccccceeeeeeeeeievieeeenn. 243

Figure 511: RQ values for HSPB6 mRNA measurements in-laour control (n=6)
compared to the nelabour PE (n=3) groups at the inner and middle placental zones.
Comparison between zones was performed using Ménitney analysis.................. 244

Figure 512 RQ values for HSPB6 mRNA measurements in labour control (n=6)
compared to the labour PE (n=6) groups at the inner and middle placental zones.
Comparison between zones was performed udiaign-Whitney analysis.................. 245

Figure 513 RQ values foHSPB7mRNA measurements in in inner (n=4), middle (n=4)
and outer (n=4) zones of individual placentas ¢fadoour and labour groups, 6 péntas in

each group). Four quadrants were sampled in each zone. Graphs show median an
interquartile range for mMRNA expressions WEPB7 Comparison between zones was
performed using Friedman analySiS.......ccccoiiiieiiiiiiiieeeiece e 245

Figure 514: RQ values foHSPB7mRNA measurements in ndabour (n=6) compared to

the labour (n=6) group at the inner, middle and outer placental zones. Comparison
between zones was performed using MEVimtney analysis............cccccoevviiiiiiiienenn. 246

Figure 515. RQ values forHSPB7 mRNA measurements in ndabour control (n=6)
compared to the nelabour PE (n=3) groups at the inner and middle placental zones.
Comparison between zones was perform@dgiMannaWhitney analysis.................. 247

Figure 516. RQ values forHSPB7 mRNA measurements in labour control (n=6)
compared to the labour PE (n=6) groups at the inner and middle placental zones.
Comparison between zones was performed using M&hitney analysis.................. 247

Figure 517: RQ values for HSPB8 mRNA measurements in in inner (n=4), middle (n=4)
and outer (n=4) zones of individual platas (noAabour and labour groups, 6 placentas in
each group). Four quadrants were sampled in each zone. Graphs show the median fc
MRNA expressions HSPB8. Comparison between zones was performed using Friedmat
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Figure 518 RQ values for HSPB8 mMRNA measurements in-latoour (n=6) compared to

the labour (n=6) groups at the inner, middle and outer placental zones. Comparison
between zones was performed using Mavimtney analys. ...........cccccoeeeeieivviiiennnn. 249

Figure 519: RQ values for HSPB8 mRNA measurements in-kamour control (n=6)
compared to the nelabour PE (n=3) groups at the inner and middle placental zones.

Comparison between mes was performed using Malivhitney analysis.................. 249



28

Figure 520: RQ values for HSPB8 mRNA measurements in labour control (n=6)
compared to the labour PE (n=6) groups at the inner and middéenpdh zones.
Comparison between zones was performed using Méitney analysis.................. 250

Figure 61: RQ values for HSP32 mRNA measurements in in inner (n=4), middle (n=4)
and outer (n=4) zonesf andividual placentas (nefabour and labour groups). Four
guadrants were sampled in each zone 6 placentas were studied in each group. Graphs she
the median for mMRNA expressions of HSP32. Comparison between zones was performe
USING Friedman @nalySIS........coooiiiiiiiiiiiiee e 264

Figure 62: RQ values for HSP32 mRNA measurements in-latwour (n=6) compared to

the labour group (n=6) at the inner, middle and outer placental zones. Comparison
between zones was penfioed using MarkWhitney analysis..........cccooeeeeeeeeeiiivieeeennn. 265

Figure 63. RQ values for HSP32 mRNA measurements in-laour control (n=6)
compared to the nelabour PE (n=3) groups at the inner and middle placeruaés.
Comparison between zones was performed using Méhitney analysis.................. 265

Figure 64: RQ values for HSP32 mRNA measurements in labour control (n=6) compared
to the labour PE groups (n=@} the inner and middle placental zones. Comparison
between zones was performed using MEVimtney analysis............cccccoevviiiiiiiienenn. 266

Figure 65: RQ values foDNAJB1 mRNA measurements in in inner (n=4), middie4)

and outer (n=4) zones of individual placentas (fadoour and labour groups, 6 placentas in
each group). Four quadrants were sampled in each zone. Graphs show the median fc
MRNA expressionsof DNAJBL Comparison between zones was performed using
Friedman @nalySIS.........ooooiiiiiiiiii et e e e e e ana e as 267

Figure 66: RQ values foDNAJB1 mRNA measurements in ndéabour (n=6) compared

to the labour (n=6) group at the inner, middle and outer placental zones. Comparison
betwe@ zones was performed using MaWthitney analysis............cccceevvviiiiiicenenn. 267

Figure 67. RQ values forDNAJB1 mRNA measurements in ndabour control (n=6)
compared to the nelabour PE (n=3) groups at the innerdamiddle placental zones.
Comparison between zones was performed using Ménitney analysis.................. 268

Figure 68. RQ values forDNAJB1 mRNA measurements in labour control (n=6)
compared to the bour PE (n=6) groups at the inner and middle placental zones.
Comparison between zones was performed using Mdnmitney analysis.................. 269

Figure 69: RQ values for HSPD1 mRNA measurements innimer (n=4), middle (n=4)

and outer (n=4) zones of individual placentas (fadoour and labour groups, 6 placentas in

each group). Four quadrants were sampled in each zone. Graphs show the median fc
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MRNA expressions of HSPD1. Comparison between zones psd®rmed using
Friedman @nalySIS.........ooiiiiiiiiiiiii oo e e e e e e e e e anrn s 270

Figure 610: RQ values for HSPD1 mRNA measurements in-ladmour (n=6) compared

to the labour (n=6) group at the inner, middle and outer placental zddesparison
between zones was performed using Mevimtney analysis..........cccccoeveeeeiiiiiieeeennn. 270

Figure 611 RQ values for HSPD1 mRNA measurements in-katrour control (n=6)
compared to the nelabour PE (n=3) gmnaps at the inner and middle placental zones.
Comparison between zones was performed using NMdénitney analysis.................. 271

Figure 612 RQ values for HSPD1 mRNA measurements in labour control (n=6)
compared to the labour PE (n=6) groups at the inner and middle placental zones.
Comparison between zones was performed using Méhitney analysis.................. 272

Figure 71: RQ values for HSPA5 mRNA easurements in in inner (n=4), middle (n=4)
and outer (n=4) zones of individual placentas (fadoour and labour groups, 6 placentas in
each group). Four quadrants were sampled in each zone. Graphs show the median and f
MRNA expressions HSPAS5. Companis between zones was performed using Friedman
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Figure 72: RQ values for HSPA5 mRNA measurements in-tadiour (n=6) compared to

the labour (n=6) groups at the inner, middle ande placental zones. Comparison
between zones was performed using ME¥imtney analysis...........ccccceeeeeeeiiiivieeenn. 285

Figure 7#3: RQ values for HSPA5 mRNA measurements in-laour control (n=6)
compared to the nelabour PE (n=3) groups at the inner and middle placental zones.
Comparison between zones was performed using Méhitney analysis.................. 285

Figure 7#4: RQ values for HSPA5 mRNA measurementsainour control (n=6) compared

to the labour PE (n=6) groups at the inner and middle placental zones. Comparison
between zones was performed using MEimtney analysis............cccceevvviiiiiicenenn. 286

Figure 75. RQ valies forHSP90 AA mMRNA measurements in in inner (n=4), middle
(n=4) and outer (n=4) zones of individual placentas {abour and labour groups, 6
placentas in each group). Four quadrants were sampled in each zone. Graphs show tt
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Figure #6: RQ values foHSP9OAAMRNA measurements in ngéabour (n=6) compared

to the labour (n=6) group dhe inner, middle and outer placental zones. Comparison

between zones was performed using ME¥imtney analysis..........ccccccoeeeeeeeiiivieeeennn. 288
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Figure #7: RQ values foHSP90AA MRNA measurements in ndabour control(n=6)
compared to the nelabour PE (n=3) groups at the inner and middle placental zones.
Comparison between zones was performed using Méitney analysis.................. 288

Figure 78: RQ values forHSP9OAA mRNA measurements in labour control (n=6)
compared to the labour PE (n=6) groups at the inner and middle placental zones.
Comparison between zones was performed using Ménitney analysis.................. 289

Figure 79: RQ values foHSP90BIMRNA measurements in in inner (n=4), middle (n=4)
and outer (n=4) zones of individual placentas (fadoour and labour groups, 6 placentas in
each group). Four quadrants were sampled in each zone. Graphs shoedtae for
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Figure 710: RQ values foHSP90BIMRNA measurements in ndabour (n=6) compared

to the labour (n=6) group at the inner, middle and outer placental zones. Comparison
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Figure 711: RQ values foHSP90B1ImMRNA meastements in noslabour control (n=6)
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Figure 712 RQ values forHSP90B1 mRNA measurements in labour control (n=6)
compared to the labour PE (n=6) groups at the inner and middle placental zones.
Comparison between zones was performed using Mdnitney analysis.................. 292

Figure 713 RQ values for HSPH1 mRNA measurements in in inner (n=4), middle (n=4)
and outer (n=4) zones of individual placentas (fadoour and labour groups, 6 placentas in
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Figure 81: Apoptotic signaling pathways with overview of two major caspdsgendent
apoptotic including (1) cytokines/Fasediated CASP8 pathways, (2) mitochondrial
mediated CASP9 pathways. MiGed from (Kwak, 2013).........ccccevviiiiieieeiiirieeeeieennn. 305

Figure 82: RQ values for CASP3 mRNA measurements in in inner (n=4), middle (n=4)
and outer (n=4) zones of individual placentas (fadoour and labour groups, @pentas in

each group). Four quadrants were sampled in each zone. Graphs show the median fc
MRNA expressions of CASP3. Comparison between zones was performed using Friedmat
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Figure 83: RQ values for CASP3 mRNA measurements in-latmour (n=6) compared to

the labour (n=6) group at the inner, middle and outer placental zones. Comparison
between zones was performed using ME¥imtney analysis...........ccccceeeeeeeeiiivieeeenn. 309

Figure 84: RQ values for CASP3 mRNA measurements in-kamour control (n=6)
compared to the nelabour PE (n=3) groups at the inner and middle placental zones.
Comparison between zones was performed using Méhitney amlysis.................... 309

Figure 85: RQ values for CASP3 mRNA measurements in labour control (n=6) compared
to the labour PE (n=6) groups at the inner and middle placental zones. Comparison
between zonewas performed using MaAWhitney analysis............cccccoevviiiiiiicenenn. 310

Figure 86: RQ values for CASP7 mRNA measurements in in inner (n=4), middle (n=4)
and outer (n=4) zones of individual placentas (tadoour anddbour groups, 6 placentas in
each group). Four quadrants were sampled in each zone. Graphs show the median fc
MRNA expressions of CASP7. Comparison between zones was performed using Friedmat
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Figure 87: RQ values for CASP7 mRNA measurements in-latmour (n=6) compared to

the labour (n=6) group at the inner, middle and outer placental zones. Comparison
between zones was performed using MEimtney analysis............cccceevvviiiiiicenenn. 311

Figure 88. RQ values for CASP7 mRNA measurements in-lamour control (n=6)
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Figure 810: RQ values for CASP9 mRNA measurements in in inner (n=4), middle (n=4)
and outer (n=4) zones of individual placenfa@sn-labour and labour groups, 6 placentas in

each group). Four quadrants were sampled in each zone. Graphs show the median fc
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MRNA expressions of CASP9. Comparison between zones was performed using Friedmat
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Figure 811 RQ values for CASP9 mRNA measurements in-latnour (n=6) compared to

the labour (n=6) group at the inner, middle and outer placental zones. Comparison
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Figure 812 RQ values for CASP9 mRNA measurements in-katmour control (n=6)
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Figure 813 RQ values for CASP9 mRNA measurements in labour control (n=6)
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Figure 91: RQ valuesfor TLR1-4 mRNA measurements in in inner, middle and outer
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Figure 92: RQ values for TLR®8 mRNA measurements in in inner, middle and outer
zones of individual placentas of ntabour (n=6) and labour groups (n=6). Four quadrants
were sampled in each zone. Graphs show the median for-BLRBNA expressions.
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Figure 93: RQ values for TLR1 (A) and TLR2 (B) mRNA measurements in-labour
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Comparison between zones was performed using Méhitney analysis.................. 333

Figure 94: RQ values for TLR3 (A) and TLR4 (B) mRNA meaements in nottabour
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Figure 95: RQ valwes for TLR5 (A) and TLR6 (B) mMRNA measurements in -hedsour
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Figure 96: RQ values for TLR7 (A) and TLR8 (B) mMRNA measurements in-labour
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between zones was performed using M&¥imtney analysis..............cccciiiiieieeeee, 336

Figure 97: RQ values for TLR1 mRNA measurements in the -tadoour PE group
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Figure 98: RQ values for TLR2 mRNA measurements in the -ladoour PE group
compared to the nelabour control group at the inner and middle placental zones.
Comparison between zones was performed using Mahitney analysis.................. 337
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Figure 911 RQ values forTLR6 mRNA measurements in the nlabour PE group
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Figure 912 RQ values for TLR7 (A) and TLR8 (B) mRNA measurements in the non
labour PE group compared to the dahour control group at the inner and middle
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Figure 913 RQ values for TLR1 mRNA measurements in the labour PE group compared
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to the normotensive pregnancy group at the inner and middle placental zones. Compariso
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to the normotensive pregnancy group at the inner and middle placental zones. Compariso
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Figure 920: RQ values for TLR3 (A) and TLR4 (B) mRNA expression in the PE
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Figure 9222 RQ values for TLR7 (A and TLR8 (B) mRNA expression in the PE
pregnancy group compared to the normotensive pregnancy group at the inner and middl

placental zones. Comparison between zones was performed using\h@ney analysis.

Figure 923: RQ values for MYD88 mRNA measurements in in inner, middle and outer
zones of individual placentas (ntabour and labour groups). Four quadrants were
sampled in each zone. Graphs show the median for MYD88 MRNA expressi
Comparison between zones was performed using Friedman analysis................. 349

Figure 924: RQ values for MYD88 mRNA measurements in #i@bpour compared to the
labour group at the inner, middle aadter placental zones. Comparison between zones
was performed using MaAWhitney analysis.............ccccoovvviiiiiieee e 349

Figure 925. RQ values foMYD88 mRNA measurements in ndabour control compared

to the norAlabour PE groups at the inner and middle placental zones. Comparison between
zones was performed using MawWhitney analysiS.........cccccceeeiiiiiiicccs 350

Figure 926: RQ values foMYD88 mRNA measurements in labourntool compared to

the labour PE groups at the inner and middle placental zones. Comparison between zone
was performed using MarWhitney analysis............cooooiiiiiiimennieee e 351

Figure 927: RQ values foMYD88 mRNA measurements in normotensive pregnancies
group compared to the pregnancies complicated with PE gabtipe inner and middle

placental zones. Comparison between zones was performed usingMhéney analysis.

Figure 928 RQ values forNF-aB mRNA measurements in in inner, middle and outer

zones of individual placentas (ntabour and labour groups). Four quadrants were
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sampled in each zone. Graphs show the medianNiBroB MmRNA expressios.
Comparison between zones was performed using Friedman analysis................. 352

Figure 929: RQ values foNF-aB mMRNA measurements in néabour compared to the
labour group at the inner, middle andter placental zones. Comparison between zones
was performed using MarWhitney analysis.............ccoooiiiiiimmneee e 353

Figure 930: RQ values foNF-aB mMRNA measurements in labour control compared to the
labour PE goups at the inner and middle placental zones. Comparison between zones was
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Figure 931 RQ values foNF-sB mMRNA measurements in labour control cargd to the
labour PE groups at the inner and middle placental zones. Comparison between zones ws
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Figure 932 RQ values forNF-sB mRNA measuremestin normotensive pregnancies
group compared to the pregnancies complicated with PE gabtipe inner and middle

placental zones. Comparison between zones was performed using/XMétney analysis.

Figure 101: Western blots showing HSP70 expression (upper panel) in the inner placental
zone. Refl is the sample collected in the labour suite. Ref2 is the sample collected afte
arriving in the laboratory. Different time points (3, 6, 12 &&dh) of reperfusion were
performed. The graph shows the interaction plot analysis of the data for HSP70 protein
expression at the inner zone. Samples exposed to hympesfusion are shown as a (red
dotted line, YES) and compared to the control samffd#se continuous line, NO) at
different tiMe POINTS.........uuice e ee e e e e e ———— e 369

Figure 102: Western blots showing HSP70 expression (upper panel) in the middle
placental site. Refl is the sample collected in theda suite. Ref2 is the sample collected
after arriving in the laboratory. Different time points (3, 6, 12 and 22 h) of reperfusion
were performed. The graph shows the interaction plot analysis of the data for HSP70
protein expression at the middle si@amples exposed to hypoxi@perfusion are shown

as a (red dotted line, YES) and compared to the control samples (Blue continuous line,
NO) at different time POINTS..........ooiiiiiiiii e e e e e e e as 370

Figure 103: Westerrblots showing HSP70 expression (upper panel) in the outer placental
zone. Refl is the sample collected in the labour suite. Ref2 is the sample collected aftel
arriving in the laboratory. Different time points (3, 6, 12 and 22 h) of reperfusion were
perfomed. The graph shows the interaction plot analysis of the data for HSP70 protein

expression at the outer zone. Samples exposed to hympaeusion are shown as a (red
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dotted line, YES) and compared to the control samples (Blue continuous line, NO) at
different tIMe POINTS.........uuieiie e e e e n——e e 371

Figure 104: The graph shows the interaction plot analysis of the data for HSP70 mRNA at
the inner zone. The graph shows data of the samples exposing to hygp@iasion

(Red dotted line, YES) compared to the control samples (Blue continuous line, NO) at
different tiMe POINTS.........uiiiiie e e e erer e e e e e e e e e e e e e e e n—ne e e 372

Figure 105: The graph shows the interaction plot analysis of the datll$P70 mMRNA at

the middle zone. The graph shows data of the samples exposing to hgpetfasion

(Red dotted line, YES) compared to the control samples (Blue continuous line, NO) at
different tiMe POINTS..........uiiee e erer e e e e e e e e e e e ———— e 373

Figure 106: The graph shows the interaction plot analysis of the data for HSP70 mRNA at
the outer zone. The graph shows data of the samples exposing to hypoxia reperfusion (Re
dotted line, YES) compared to the control samplesgBlontinuous line, NO) at different
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Figure 107: Western blots showing HSP27 expression (upper panel) in the inner placental
zone. Refl is the sample collected in the labaites Ref2 is the sample collected after
arriving in the laboratory. Different time points (3, 6, 12 and 22 h) of reperfusion were
performed. The graph shows the interaction plot analysis of the data for HSP27 protein
expression at the inner zone. Sarsmeposed to hypoxieeperfusion are shown as a (red
dotted line, YES) and compared to the control samples (Blue continuous line, NO) at
dIfferent tiMe POINTS.......eiiiiiiiiieie e 375

Figure 108: Western blots lowing HSP27 expression (upper panel) in the middle
placental zone. Ref 1 is the sample collected in the labour suite. Ref 2 is the sample
collected after arriving in the laboratory. Different time points (3, 6, 12 and 22 h) of
reperfusion were performedlhe graph shows the interaction plot analysis of the data for
HSP27 protein expression at the middle zone. Samples exposed to hygpexiasion are
shown as a (red dotted line, YES) and compared to the control samples (Blue continuou:s
line, NO) at difErent time POINTS..........uuiiiiiiiiiiiiiii e 376

Figure 109: Western blots showing HSP27 expression (upper panel) in the outer placental
zone. Ref 1 is the sample collected in the labour suite. Ref 2 is the sanipiéedohfter
arriving in the laboratory. Different time points (3, 6, 12 and 22 h) of reperfusion were
performed. The graph shows the interaction plot analysis of the data for HSP27 protein
expression at the outer zone. Samples exposed to hypaeision are shown as a (red
dotted line, YES) and compared to the control samples (Blue continuous line, NO) at

dIfferent tiMe POINTS......e e e e e e e e e e e e bbb nnne e e 377
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Figure 1010: The graph shows the interaction plot as@yof the data for HSP27 mRNA

at the inner zone. The graph shows data of the samples exposing to Hrgpexiasion

(Red dotted line, YES) compared to the control samples (Blue continuous line, NO) at
dIfferent tIMe POINTS.......eiii e een e 378

Figure 1011: The graph shows the interaction plot analysis of the data for HSP27 mRNA
at the middle zone. The graph shows data of the samples exposing to frgpexiasion

(Red dotted line, YES) compared to thenttol samples (Blue continuous line, NO) at
dIfferent tIMe POINTS.......eiiiiiiiiiee e 379

Figure 1012: The graph shows the interaction plot analysis of the data for HSP27 mRNA
at the outer zone. The graph slsodata of the samples exposing to hyparjgerfusion

(Red dotted line, YES) compared to the control samples (Blue continuous line, NO) at
dIfferent tIME POINTS.......eiiiiiiiiie e e 380

Figure 1013: The graph sbws the interaction plot analysis of the data for HSF1 mRNA at
the inner zone. The graph shows data of the samples exposing to hgpetfasion

(Red dotted line, YES) compared to the control samples (Blue continuous line, NO) at
dIfferent tIME POINTS.......veiiiiiiiee e 381

Figure 1014: The graph shows the interaction plot analysis of the data for HSF1 mRNA at
the middle zone. The graph shows data of the samples exposing to hngpetfasion

(Red dotted ihe, YES) compared to the control samples (Blue continuous line, NO) at
AIfferent tiIME POINTS.......eiiiiiiiie e 382

Figure 1015: The graphs show the interaction plot analysis of the data for HSF1 mRNA at
the outer zone. The graph shows data of the samples exposing to hgguifusion

(Red dotted line, YES) compared to the control samples (Blue continuous line, NO) at
dIfferent tiMe POINTS.......eiiiiiiiiieie e 383

Figure 1016: The graph shows the interaction plot analysis of the data for HSP90OAA
MRNA at the inner zone. The graph shows data of the samples exposing to hypoxia
reperfusion (Red dotted line, YES) compared to the control samples (Blue continuous line,
NO) at different time POINTS..........ooiiiiiiiii e e e e e e e as 384

Figure 1017: The graph shows the interaction plot analysis of the data for HSP90OAA
MRNA at the middle zone. The graph shows data of the samples exposiygoioa
reperfusion (Red dotted line, YES) compared to the control samples (Blue continuous line,
NO) at different time POINTS.......ccoeii i eeee s 385

Figure 1018: The graph shows the interaction plot analysishe data for HSP90AA

MRNA at the outer zone. The graph shows data of the samples exposing to -hypoxia
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reperfusion (Red dotted line, YES) compared to the control samples (Blue continuous line,
NO) at different time POINTS........ccoeiii e 386

Figure 1019: The graph shows the interaction plot analysis of the data for HSP90B1
MRNA at the inner zone. The graph shows data of the samples exposing to -hypoxia
reperfusion (Red dotted line, YES) compared to thérobsamples (Blue continuous line,

NO) at different time POINTS.......cccoeeie e s 387

Figure 1020: The graph shows the interaction plot analysis of the data for HSP90B1
MRNA at the middle zone. The graphogls data of the samples exposing to hypoxia
reperfusion (Red dotted line, YES) compared to the control samples (Blue continuous line,
NO) at different time POINtS.......cccoeeiii e 388

Figure 1021: The graphshows the interaction plot analysis of the data for HSP90B1
MRNA at the outer zone. The graph shows data of the samples exposing to -hypoxia
reperfusion (Red dotted line, YES) compared to the control samples (Blue continuous line,
NO) at different time POIS........ccooeeeiei e 389

Figure 111: Western blots showing HSP70 expression (upper panel) in the inner placental
zone. Ref is the sample collected in the labour suite. Different time points (1, 3, 6, 12 and
24 h) of recovery at 37C were studied. Graphs show the interaction plots analysis of the
data for HSP70 protein expression at the inner zone. Samples exposed to heat shock a
shown as a (red dotted line, YES) and compared to the control samples¢Btureious

line, NO) at different time POINtS.......ccccciiiiiiiiiiieeee e, 396

Figure 112: Western blots showing HSP70 expression (upper panel) in the middle
placental zone. Ref is the sample collected in the labote. shifferent time points (1, 3,

6, 12 and 24 h) of recovery at 3C were performed. Graphs show the interaction plots
analysis of the data for HSP70 protein expression at the middle zone. Samples exposed t
heat shock are shown as a (red dotted MtEeS) and compared to the control samples
(Blue continuous line, NO) at different time pPoIntS...........cccoeeeeviiiiiccice e 397

Figure 113: Western blots showing HSP70 expression (upper panel) in the outer placental
zone.Ref is the sample collected in the labour suite. Different time points (1, 3, 6, 12 and
24 h) of recovery at 37C were studied. Graphs show the interaction plots analysis of the
data for HSP70 protein expression at the outer zone. Samples exposatl sbdck are
shown as a (red dotted line, YES) and compared to the control samples (Blue continuou:s
line, NO) at different time POINTS.......ccooiiii e e 398

Figure 114: The graphs show the interaction platsalysis of the data for HSP70 mRNA

at the inner zone. The graph shows data of the samples exposing to heat shock (Red dott:
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line, YES) compared to the control samples (Blue continuous line, NO) at different time
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Figure 115: The graphs show the interaction plots analysis of the data for HSP70 mRNA
at the outer zone. The graph shows data of the samples exposing to heat shock (Red dott
line, YES) compared to the control samp{Btue continuous line, NO) at different time
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Figure 116: The graphs show the interaction plots analysis of the data for HSP70 mRNA
at the outer zone. The graph shows data ofdhgptes exposing to heat shock (Red dotted
line, YES) compared to the control samples (Blue continuous line, NO) at different time
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Figure 117: Western blots showing HSP27 expressjapper panel) in the inner placental
zone. Ref is the sample collected in the labour suite. Different time point (1, 3, 6, 12 and
24 h) of recovery at 37C was performed. Graphs show the interaction plots analysis of
the data for HSP27 protein expressat the inner zone. Samples exposed to heat shock
are shown as a (red dotted line, YES) and compared to the control samples (Blue
continuous line, NO) at different time POINIS..............uuuuiiiiiiiieeeiiiiiiieeeeeeee e eaa 402

Figure 11-8: Western blots showing HSP27 expression (upper panel) in the middle
placental zone. Ref is the sample collected in the labour suite. Different time points (1, 3,
6, 12 and 24 h) of recovery at 3T were performed. Graphs show the interaction plots
analysis of the data for HSP27 protein expression at the middle zone. Samples exposed t
heat shock are shown as a (red dotted line, YES) and compared to the control sample
(Blue continuous line, NO) at different time POIMLS.............uuviiiiiiiiieeeiiiiiiieeeeeeeeee 403

Figure 119: Western blots showing HSP27 expression (upper panel) in the outer placental
zone. Ref is the sample collected in the labour suite. Different time points (1, 3, 6, 12 and
22 hours) of recovery at 3€ were performed. Graphs show the interaction plothef

data for HSP27 protein expression at the outer zone. Samples exposed to heat shock a
shown as a (red dotted line, YES) and compared to the control samples (Blue continuous
line, NO) at different time POINTS.........couuiiiiiiiii e e 404

Figure 1210: The graphs show the interaction plots analysis of the data for HSP27 mRNA
at the inner zone. The graph shows data of the samples exposing to heat shock (Red dott:
line, YES) compared to the control samples (Bloatinuous line, NO) at different time

Figure 1111: The graphs show the interaction plots analysis of the data for HSP27 mRNA
at the middle zone. The graph shows data of the ssngdposing to heat shock (Red



40

dotted line, YES) compared to the control samples (Blue continuous line, NO) at different
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Figure 1112: The graphs show the interaction plotslgsis of the data for HSP27 mRNA

at the outer zone. The graph shows data of the samples exposing to heat shock (Red dott
line, YES) compared to the control samples (Blue continuous line, NO) at different time
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Figure 121. Western blots showing HSP70 expressions in the inner placental zone in 4
BMI groups (n=6 in each group). Graphs show the median for HSP70 protein expressions.
Comparison between zones was performed usingkdr¥§allis analysis.............. Error!
Bookmark not defined.

Figure 122: Western blots showing HSP70 expressions in the middle placental zone in 4
BMI groups (n=6 in each group). Graphs show the mediaHSP27 protein expressions.
Comparison between zones was performed using KrWgkills analysis................... 417

Figure 123: Western blots showing HSP70 expressions in the outer placental zone in 4
BMI groups (n=6 in each group). Graphs show the median for HSP27 protein expressions.
Comparison between zones was performed using KrWkills analysis................... 418

Figure 124: Graph showing mRNAxpressions of HSP70 in the in 4 BMI groups (n=6 in
each group) at the inner, middle and outer placental zones. Graphs show the median fo
MRNA expressions of HSP27. Comparison between zones was performed using-Kruskal
WallisS @NalySiS. ......cevviiiiiiiiiiiii e e 41O

Figure 125: Western blots showing HSP27 expressions in the inner placental zone in 4
BMI groups (n=6 in each group). Graphs show the median for HSP27 protein expressions.
Comparison between zones wasf@aned using KruskalWallis analysis................... 420

Figure 126: Graph showing the swtdnalysis of 4 BMI groups HSP27 expression at the
inner zone. Groups30, 3035 and 3540 groups compared to the >>BMI group(n=6 in

each group). The graphs show the box and whiskers analysis of the blots. Comparisor
between zones was performed using Mavimtney analysis...........ccccooeeeeiviiviiiceennnn. 420

Figure 127: Western blotshowing HSP27 expressions in the middle placental zone in 4
BMI groups (n=6 in each group). Graphs show the median for HSP27 protein expressions.
Comparison between zones was performed using KRWkills analysis................... 421

Figure 128: Graph showing the stdmalysis of 4 BMI groups for HSP27 expression at the
middle zone. Groups30, 3035 and 3540 groups compared to the >40 BMI grons6

in each group). The graphs show the box and whiskelysas of the blots. Comparison

between zones was performed using ME¥imtney analysis..........cccccceeeeeeiiiivieeeennn. 422
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Figure 129: Western blots showing HSP27 expressions in the middle placental zone in 4
BMI groups(n=6 in each group). Graphs show the median for HSP27 protein expressions.
Comparison between zones was performed using KrWkills analysis................... 423

Figure 1210: Graph showing the stdnalysis of 4 BMI groups HSP27 expression at the
middle zone. Groups30, 3835 and 3540 groups compared to the >40 BMI graums-6

in each group). The graphs show the box and whiskers analysis of the blots. Comparisor
between zones was performed using Mavinitney analysis.........ccccveeeeeeeiievieeeenn. 423

Figure 1211: Graph showing mRNAexpressions of HSP27 in the in 4 BMI groups (n=6

in each group) at the inner, middle and outer placental zones. Graphs show the median fc
MRNA expressions of HSP27. Comparison between zones was performed using-Kruskal
WalliS @NAlYSIS.......ccoiiiiiieeeeeeeme e e e s snnnnnn e 424

Figure 1212 Graph showing mRNAexpressions of HSPB6 in the in 4 BMI groups (n=6

in eachgroup) at the inner, middle and outer placental zones. Graphs show the median for
MRNA expressions of HSPB6. Comparison between zones was performed using-Kruskal
WalliS @NAlYSIS.......ccooiiiiieeeeeeme e e e s smenn e 42D
Figure12-13: Graph showing the stdnalysis of 4 BMI groups HSPB6 expression at the
middle zone. Groups30, 3835 and 3540 groups compared to the >40 BMI grams-6

in each group).The graphs show the box and whiskers analysis of the blots. Comparisor
betwe@ zones was performed using MaWfitney analysis..........ccceeeeeeeiiiiiieeenn. 425

Figure 1214: Graph showing mRNAexpressions of HSPB2 in the in 4 BMI groups (n=6

in each group) at the inner, middle and outer placeotas. Graphs show the median for
MRNA expressions of HSPB2. Comparison between zones was performed using-Kruskal
WalliS @NAlYSIS.......cccoiiiiiiieeeeeee e ssnennn e 420

Figure 1215: Graph showing mRNAexpressions of HSP32 ithe in 4 BMI groups (n=6

in each group) at the inner, middle and outer placental zones. Graphs show the median fc
MRNA expressions of HSP32. Comparison between zones was performed using-Kruskal
WalliS @NalYSIS......uiiiiiiiiiiiie e ermmr e aenneeennnn e A2 T

Figure 1216: Graph showing mRNZA&xpressions of DNAJBL1 in the in 4 BMI groups (n=6

in each group) at the inner, middle and outer placental zones. Graphs show the median fc
MRNA expressions of DNAJB1. Comparison between zomas performed using
KruskakWalliS @nalySiS.......ieciiiiiiiiiie ittt emme e e e e e e e e e e e e aenns 428

Figure 1217: Graph showing the stdnalysis of 4 BMI groups mRNA expression of
HSPD1 at the middle zone. Group80, 3035 and 340 groups cmpared to the >40

BMI group (n=6 in each group). The graphs show the box and whiskers analysis of the

blots. Comparison between zones was performed using-Médmmey analysis........ 429
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Figure 1218: Graph showing the stdmalysis of 4 BMI groups mRNA expression of
HSPAS at the middle zone. Groug80, 3035 and 340 groups compared to the >40

BMI group (n=6 in each group).The graphs show the box and whiskers analysis of the
blots. Comparison be®en zones was performed using Maihitney analysis......... 430

Figure 1219 Graph showing mRNAexpressions of HSPO0AA in the in 4 BMI groups
(n=6 in each group) at the inner, middle and outer platezones. Graphs show the
median for mMRNA expressions of HSP90AA. Comparison between zones was performed
using KruskalWallis analySiS.........cccoeeeiiiiiiiiiiiiccceeeeeeeeeeen . 430

Figure 1220: Graph showing mRNAexpressions oHSP90B1 in the in 4 BMI groups

(n=6 in each group) at the inner, middle and outer placental zones. Graphs show the
median for mMRNA expressions of HSP90B1. Comparison between zones was performec
using KruskalWallis analySiS..........cccoueeiiiiiiiiiiiiccceeeeeeeeeeen e 431

Figure 1221: Graph showing the stdmalysis of 4 BMI groups mRNA expression of
HSPH1 at the middle zone. Group80, 3035 and 340 groups compared to the >40

BMI group (n=6 in each group). The graphs show the bad whiskers analysis of the
blots. Comparison between zones was performed using-Méniimey analysis........ 432

Figure 1222: Graph showing mRNAexpressions of CASP3 in the in 4 BMI groups (n=6

in each group) at the inner, middle and outer placental zones. Graphs show the median fao
MRNA expressions of CASP3. Comparison between zones was performed using-Kruskal
WalliS @NalYSIS.......cvviiiiiiiiieiii e e B33

Figure 1223: Graph showing the swdnalysis of 4 BMI groups mRNA expression of
CASP3 at the inner zone. Group30, 3635 and 340 groups compared to the >40 BMI
group (n=6 in each group). The graphs show the box and whiskers analysis of the blots.
Compaison between zones was performed using Ma#iitney analysis.................. 433

Figure 1224: Graph showing the swdnalysis of 4 BMI groups mRNA expression of
CASP3 at the middle zone. Groug30, 3035 and 3540 groups compared to the >40 BMI
group (n=6 in each group). The graphs show the box and whiskers analysis of the blots.
Comparison between zones was performed using Mdnitney analysis.................. 434

Figure 1225: Graph showing mRNAexpressions of CASP7 in the in 4 BMI groups (n=6

in each group) at the inner, middle and outer placental zones. Graphs show the median fc
MRNA expressions of CASP7. Comparison between zones was performed uskgtK
WalliS @NAlYSIS......ccceieiiieeeieeee e e e e e e e s ennnnn e e e F 3D

Figure 1226. Graph showing mRNAexpressions of CASP9 in the in 4 BMI groups (n=6

in each group) at the inner, middle and outer placental zones. Graphs showlite fore
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MRNA expressions of CASP9. Comparison between zones was performed using-Kruskal
WalliS @NAlYSIS.......ccoiiiiiieieeeeiieeme e e e e s enennn e A 30

Figure 1227: Graph showing the stdmalysis of 4 BMI groups mRNA expression of
CASP3 at the middle zone. Group30, 3635 and 3540 groups compared to the >40 BMI
group (n=6 in each group). The graphs show the box and whiskers analysis of the blots.

Comparison between zones was performed using Ménitney analysis.................. 436
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Chapté&ener al Il ntroducti on

11l ntroducti on

1.1The placent a

The human placenta is a unique organ that connects the growing fetus to the uterine wal
via the umbilical cord. According to the Oxford English dictionaayplacenta is a flattened
circular shape organ formed in the uterus of pregnant mammals, that provides nourishment
maintaining, waste elimination and gas exchange of the fetus through the umbilical cord
(Dictionary, online)(Benirschke et al., 2012c)It also produces hormonékat support
pregnancyand fights against infectionin early pregnancy the placenta is formed from the

union ofthe chorion and the allantois.

1.1.1The term placent a

The full term human placenta is a disc like and round to oval organ in about 90 % of cases
(Benirschke et al., 2012c) In approximatelyl0% of the cases, however, it has an
abnormal shape, such as placenta duplex, placenta succenturiate, zonary placenta at
placenta membranacdaorpin, 1969) At term, the placenta is on average 22 cm in
diameter, 5 cm central thickness and an average weight about 470 (@mrschke et

al., 2012a) Thosemeasurementshow considerable individual variatiaependingon
several factors such as mode of delivery, time of cord clamping and time between delivery
andexamination. As the placenta is a highly vascular argthe time of cord clampinig
important because fetal and maternal blood loss can have an impact on the measureme
(Bouw et al, 1976)

The fetal surface named as the chrorionic or amniotic plate has a glossy appearance ar
facing the amniotic cavity, it is a vascular membrane that contains the chorionic vessels
(Figure 11). Chorionic vessels branch out over the placenta amd & star like pattern
network, where the arteries cross superficial to the véelimg chorionic vessel network is
covered by a single epithelium layefThe chorionic plate has an opaque appearance
because of a huge number of collagen fibers accompanyesselsThere are transparent

areas in between, which are black and shine because of maternal blood in the intervillou:
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space(Benirschke et al., 2012c)The transparency of the chorionic plate dases near

the placental margin.

The materal surface of the placenta asm opaquesurface originatingrom the separation

of the organ from the uterine wgkigure 11). This process of separation subdivides the
junctional zone between the placenta and uterine wall into the basal plate amdaplace
bed. The basal plate is thettachment site of the placenta to the uterus and it is composed
of decidual cells and trophoblastic embedded in an extracellular fibrinoid, debris and blood
clots(Benirschke et al., 2012c)The placental bed neains in the uterus after delivery. The
placenta is subdivided by grooves into about4@Oirregular shaped lobules named
cotyledons. Major branches of the umbilical circulation supply each cotyledon

Cotyledons consist of villous trees structure bathedaternal blood.

Figure 1-1: Pictures of the term human placenta. The left panel shows the fetal side of the
placenta and umbilical cord inserts within the chorionic plate. The right shows the maternal
side which is contact with uterus and divided into cotyledons. (C): cotyledons. (A): amnion.
(UC): umbilical cord.
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1.12Pl acent aansdhacpoer d i nserti on:

The umbilical cord contains two arteries and one vein, it is approximateB05&m in

length and iserts eccentrically in most placentas into the chrorionic R&enpersad et

al., 2011) The cord insertion point and the placenta shape are important structurally
parameters but not functiohaland algorithms can be used to obtain the shape index into
either round (Salafia et al., 2007pr oval shapegPathak et a] 2010) It has been
suggestedSaldia et al., 2010}hat increased variability in the pattern of placenta growth
associated with different placenta function dimensions, as assessed by the ratio of birth an
placenta weights that may indicate utptacental pathology. The umbilical cordis
usually inserted near the center of the placenta as a result of a blastocyst orientation durin
the implantation.It has been show(Pathak et al., 201@hat eccentric is the common site

of cord insertion. The ratio of fetal to placenta weight is lower in a-céhter cord
insetion, suggesting placenta function dimens{®ampolky et al., 2009) High blood
vessels resistance of the umbilical circulation is associated with eccentric insertion of the

umbilical cord(Nordenvall et al., 1991)
1.13Eardegvel opment of the human pl a

1.1.3.1 The decidua of the endometrium

Preparation of the endometrium for implantation depends on hormonal stimulation as well
as theinteraction between the blastocyst and the endomeftioke et al., 1995, Gellersen

et al., 2007, Ramathal et al., 201Q)his interaction is mediated by several factors such as
growth factors, cytokines and adien molecules, which are secreted by the endometrium
and the blastocys{Cross et al., 1994, Lindhard et al., 2002)Preparation of the
endometrial stroma (decidualizatiomy the changesthat occur in the endometrium
structure in anticipation of pregnancy. The decidua is a specialized, modified
endometrium of pregnancy and isfanction of hemochorial placentation that has a
common process of trophoblast invasiomhe decidualization is started in the mid
secretory phase of each menstrual cycle, in pregnancy and due to high level of
progesterone continues throughout the pregnabecidualization is mainly dependent on
oestrogen, progesterone and regulatory molecules that include cytokines, chemokines an
proteasegDimitriadis et al., 2010) Cytokines include leukaemia inhibitory factor (LIF)
(Laird et al., 1997)and interleukin (IL) 11(Dimitriadis et al., 2003poth are important
factors in the implantation processThe decidua is composed of three parts, decidua
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basalis that lies beneath the site of blastocyst implantation, decidua capsularis which

overlies the blastosy and decidua parietalis whitine the rest of the uterus.
1.1.3.2 Early development of the blastocyst

Following fertilization,thefertilized eggcalledthe zygote,moves down thefallopiantube

to the uterinecavity. In the fallopiantubethe zygoteundergos mitotic division to form a

ball of cells (morula), which are surrounded by the zona pellucida that helps to hold them
together. On day 45 post conception the morula subsequently develops into a blastocyst
soon after entering theterine cavity. The blastocystis formed of a fluid filled cavity
surroundedby differentiatedtrophoblastforming a single outer layer of multinucleated
syncytiotrophoblas{STB) that later forms the extraembryonicmembraneand placenta
(Luckett, 1978) At one end of the blastocystthe inner cell massis formed by an
asymmetriggroupof cellsthatgive rise to the embry@oyd and Hamilton, 1970, Selwood

and Johnson, 2006, Benirschke et al., 2012a)

1.141 mpl antation of the bl astocyst

1.1.4.1 Pre-lacunar stage

Blastocyst implantation is thenportant key step for pregnancy to occukpposition of

the blastocystis the first stepin implantationthenfollowed by an adhesiorstep(Schlafke
andEnders,1975) The ability of the blastocyst to adhere to the epithelium (apposition) is
dependenbn the interaction between cell surface receptors at the site of implantation and
receptor on the blastocydtessey and Castelbaum, 2002, Liadhet al., 2002) Epithelia
receptive development depends mainly on estrogen and progesterone production by th
corpus luteum after ovulatioif,blastocyst approaches the endometrium after day Bdeof
cycle the potential for adhesion is decreased assult of the synthesis of aatilhesive
glycoproteins that prevent receptor interactiiavot et al., 1991) The pe-lacunarstage
beginson day 6-7 postconception,microvillus emanatingfrom the trophectoderrmake

the initial contactwith the uterusepithelium (Figure 12). Attachmentof the blastocyst
follows soonthrougha complexinterplaybetweerboth deciduaandtrophoblastells. The
blastocystbeginsinterstitial implantationcloseto the maternalblood vesselswhich will

provide the placentawith bloodflow. The blastocyst adhesion involves modification in to
the expression of cellular adhesion molecules such as inte@iie. area of the uterus

underlying the placenta (placenta bed), contains spitaties that play a role in supporting
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placenta. By day 7 post conception trembryois embeddedn the uterusand epithelial
cells grow over the site of implantation(Hertig et al., 1956) The inner cell massalso

differentiatedgnto bilaminardisk of embryoblasandamnioblas{Rampersaetal., 2011)

B ORI

Figure 1-2: lllustration shows the blastocyst just before implantation (apposition). The
blastocyst contains a single layer of trophoblast (trophectoderm) which is the outer layer of
cells comprised of trophoblast cells seen in purple (arrow), inner cell mass and blastocyst

cavity (arrows). The endometrium is seen in red (arrow).

1.1.4.2 Lacunar stage

Around 8 dayspost conceptionmultiple vacuoledilled with fluid begin to developvithin

the STB mass.Thesevacuolescoalesceand becomeconfluent,forming the lacunae. The
separatingamellaeof STB are called the trabeculaeand their appearancesdicate the
beginnng of placentatrabecularstage. After formation of the lacunaethe trophoblasts
subdividesinto threelayersthe first oneis facing the blastocystandis calledthe primary
chorionicplate,the secondayeris the lacunartogethemwith thetrabeculaesystemtogether

and the third layer is facing the endometriumand called the cytotrophoblasticshell
(Benirschkeetal.,2012a) After implantation is completed the trophoblast undergo further
differentiation into inner Mous cytotrophoblast (vCTB) aneéxtra villous trophoblast
(EVT), each one has distinct functions when it makes contacts with the maternal tissue
(Loke et al., 1995) The vCTB villous are the precursor cells that differentiate into STB.
The EVT becausef their location migrate into decidua and myometrium (attaching to the
extracellular matrix, degrading and then migrating), and then penetrating the maternal

vasculature this is the beginning of the process of trophoblast invédeekins et al.,



59

1994, Pijnenborg et al., 2006, Pijnenborg et al., 198hge EVT then follow two pathways
either interstitially or follow an endovascular roufehe interstitial trophoblasts invade the
maternal decidua and myometrium the placenta bed and surround the spiral arteries.
The endovascular trophoblasts (ETB) enter the lumen of spiral artéftes. process is
regulated by several factors including decidua, trophoblast cells and other diffusible factors
(Lyall, 2006) The cells invading the uterus reach up to an inner third of the myometrium,
where some undergo fusidéorming giant cell{Al-Lamki et al., 1999) In the earlystages

of implantation, endometriumsuperficial venules undergo dilation to form sinusoids,
which are subsequentlherodedinto by the STB (Hertig et al., 1956) forming the venous
circulation and maternalarteriescirculation will be establishedoy the end of the first
trimester(Burton et al., 1999) Subsequentlythe early inter-villous space is formed to
allow the intercommunication network in particular oxygen and nutrient transport between
mother and fetugBurton et al., 1999) In the first 10 weeks of pregnancy there is no
maternal blood flow going to the intervillous space due to trophoblast plugs, thisswuil

in low oxygen levels until losing the trophoblast plggall and Belfort, 2007) During

the organogenés stagethe low oxygen environmentprotectsthe fetus from reactive
oxygen species(ROS) (Burton et al., 1999) Plasmalfiltrate and uterine glandular
secretions in the intervillous space provide the nutrients necessaryfor embryo
development. At the end of the first trimesterthe oxygen concerdtion rises three fold,
and may precipitate in a pregnancy complication by inducing the oxidative @ressn

et al.,, 1999) However, the placenta expresses -amtdantsin normal pregnancy which
help protect from the onset of oxidative str¢Bsirton et al., 1999) Fetatmaternal
exchangeof oxygenand nutrientsstartsat the end of the first trimesterafter the spiral

arteriolesbeginto perfusetheintervillousspacegHustinetal., 1988)

1.15Devel opment of the -pllacemtta and

circul ati on

1.1.5.1 Villous structure and development

The villi are complex treéke projections of the chorionic plate into the intdious
space. These projections represent primary Vvilli, which are composed of core of
mononucleated cytotrophoblasts (CTB) and are covered by an outer layer of
multinucleated STB. Their presence marks the beginning of the villous stages of
placentation. Trophoblasts formhe villi cover which is bathed initially by the clear fluid
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and later by the maternal bloodThe secondary villi is formed from the primary villi
arourd week five of gestation after invading the extraembryonic mesenchyme, which then
initiates the development of primitive villous tressd the fetegplacenta circulationWhen
primitive villous treescontactthe trophoblastic shell, they are called anatgrvilli.
Mesenchymal villi give rise to the maturgermediate villj from whichterminal villi will

sprout Non-branching angiogenesis gives rise to terminal villi and because they are in
contact with the trophoblast, they are the last to form ve#isalsallow the exchange of
oxygen and nutrients Fetal vessels are present inside the villi that connect to the fetal
circulatory system via the umbilical corddowever, the fetal and placental circulations
develop independently with a little communicatiup to the sixth weekCorner, 1929)

With subsequent villi development, the villous tree is established throughout the feto
placenta circulation forming a ogplex network which supportsdlgrowing fetus by the

maternal.
1.1.5.2 Trophoblast invasion

Trophoblasts are the first cell lineage to differentiate during developnigophoblasts

play a critical role at the fetahaternal interface. Trophoblasts are derivefiilom the
trophoectoderm of a developing blastocyst, after eight days of fertilization and initial
blastocyst implantation the trophoblast has differentiated into an outer multinucleated
syncytium (primitive STB) and inner mononuclear CTBfter implantaton is complete

the trophoblast undergo further differentiation into villous and EVfe villous gives rise

to the chorionic villi of the placenta with functions in the transport of oxygen and nutrient
between the mother and fetus, as well as placentaidre and growth factor production.

The invading extra villous trophoblast cells follow twautes,endothial trophoblas&TB)

cells which penetrates the lumen of maternal spiral arteries, and the interstitial trophoblast
cells which migrate into decidund myometrium, then penetrate the maternal vasculature
forming the placenta bed and surrounding the spiral art@®iggenborg, 1994) This is a
controlled process regulated by several factors including decidua, trophoblast cells anc
other diffusible factorgLyall, 2006) The perivascular trophoblasts at eight weeks form
around 20% of myometrium spiral arteries and 60% al8@&veeks(Pijnenborg et al.

1983)

After 11 weeks of gestation the number of CTB is reduced probably due to the formation
of a multinuclear giant cells after the fusion of the CTB dé&ligenborg, 1996)The ETB

invasion occurs in two different wavedsirstly, a decidual phase completed witHi@
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weeks and the second myometrium phase startihgvdeks late(Pijnenborg et al., 1983)

The morphological basis of thisabry is still uncleafLyall, 2005) However,(Robson et

al., 2001)reported that endovascular migration into myometrium arteries is a continuous
progressive procssrather than two different wave3he interstitial trophoblast migrates
and invades the uterine tissue and anchors the placenta to the Utiemiise spiral arteries
undergo physiological modification as a result of the interaction of the invasiveaB@ B

the arterial vessel wallAs a result the spiral arteries are converted into distended, inelastic
flaccid vessels without maternal vasomotor contrbhis process is termed a conversion
which forms a vessel of low resistance and high capacitanceder ¢0 meet fetal
requirements The remodelling can be classified into three phases; trophoblast invasion
without vascular changes, vascular remodelling by perivascular interstitial trophoblast and

trophoblast infiltration of arterial wa{Kaufmann et al., 2003)

During the invasion process the trophoblast becomes embedded in a wall of spiral arteries
replacing the endothelial cell lining, and destroying the elastic and musculavitoh is
replaced by an amorphous fibrinoid materidhe conversion of the spiral arteries occurs

by end of the first trimestgiLyall and Belfort, 2007)) This process involves mainly the
spiral arteries in the centre of the placental bed, the density of invasion of spiral arteries

decreases towardisd placenta margi(Brosens, 1988)

The source of ETB cells and route of invasion i8l g£ontroversial between the
intravasation, and extravasation models.the intravasation model the spiral arteries are
infiltrated by interstitial and perivascular trophoblast. In the extravasation model the
endovascular trophoblasts enters the spit@ries from the intervillous space and migrate
along the arterial lumen retrograde to blood flow to replace the endothelium and infiltrate
the wall and centrifugally invade media and adventit@ne group(Kam et al., 1999)
suggested a combination of two hypotheses, infiltration and replacement by interstitial
trophoblast followed by replacement of endothelium by a miffe population of

trophobast.
1.6 Mechani sm of control of t he tro

Invasion of the decidua and myometrium by trophoblast occurs in a controlled manner.
The villous trophoblast changes their differentiation into anchoring trophoblast due to
decidua contact either thugh a paracrine pathway or by a direct contact with the

extracellular matriXxKam et al., 1999) Signals from the decidual extracellular maiay
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a role in this differentiatiot Vi | ov a ¢ .eHoweadr,(cyfokineQp@racjine factors
effect the trophoblast express specific antigens such as the integextcadellular matrix
antigens, metalloproteinases, adhesion kinase, transforming growthffactdr , i rsul |

growth factor2, vascular endothelial factor and its recehdyatt, 2002)
1.1.6.1 Role of integrin and cell adhesion molecules:

The extra villous trophoblast expresses extracellular molesulds as integni, selectins

and immunoglobuliron the trophoblast surface to enable their adhesion to the extracellular
matrix in decidua which contraheir invasion include(Kreis and Vale, 1993) The
integrin is acting as a receptor for the extracellular matrix which plays an important role in
the trophoblast invasionProliferating ad invasve trophoblast secrete different kinds of
integrin (Damsky et al., 1994) In addition, proliferating cells secrete cell adhesion
molecules for example-Eadherin which response for cell to cell conf@ateis andVale,

1993)

1.1.6.2 Role of PECAM-1

Platelet endothelial cell adhesion moleelllPECAM-1) is a transmembrane glycoprotein
present in a wide range of cell including endothelfa¢w studiessuggested that the CTB
that invades spiral arteries and replaceeheothelialcells express PECAML.. However,

it has been showthat that PECAML doesnot play a role in trophoblagBlankenship and
Enders, 1997, Holthe et al., 2004, Lyall et al., 2001)

1.1.6.3 Role of proteases

Trophoblast invade the decidua and myometrium after degrading the extracellular matrix
by releasing enzynseknown as proteases matrix metalloproteinase (MMBsahamm

and Lala, 1992 Proteases matrix metalloproteinase include MMHKinterstitial
collagenase) degrade fibrillar collagens, MR 72kDa type VI collagenase, gelatinase

A), MMPs 9 (92kDa type IV collagenase, gelatinases B) degrade denatured collagens,
MMP-3 (stromelgin), MMP-7 (matrilysin) have several substrate include fibronectin,
laminin, elastin, and collagens Ill, V, and [Klyatt, 2002) MMP-14, MMP-15, MMP-

16, and MMP17 present on the cell surfaces and activates progela#inésgall, 2006)
Trophoblast invasion also involves a balance between the release of MMPs and their tissu
inhibitors(Lyall, 2006)
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1.1.6.4 Oxygen tension and trophoblast invasion

Before twelve weeks of pregnancy the villous tissue is segghriiom the maternal
circulation by a trophoblast layer indicating that during the early stages of gestation the
placenta develops in a physiological low oxygen environr(igmtton et al., 2001) It was
reported that at 2@2 weeks of gestation maternal blood flow comes into the intervillous
space with an increase in oxygen tens{@auniaux et al., 2003a) This alteration in

oxygen tension affects the trophoblast invasi®ioav tension prevents invasion by EVT.

Other factors include@poptosis, carbon monoxide (CO) and hemeoxygenase (HO), nitric
oxide synthase and trophoblast invasiaxygen tensiontrophoblast invasion and human

leukocyte antigetG andnatural killer cels.

1.1.7Pl acenta functions

Placenta is a remarkable organ with diverse functiohBese unique functions include
maternefetal transport, hormone synthesis and production, metabolism of several

compounds, barrier to vertical transmission of pathogedsaa mmunological interface.
1.1.7.1 Hormone synthesis and secretion

Placenta plays an important role as a secretory organ by synth@sia@®rtant hormones

that support pregnancyMost of the placenta hormones are produced and secreted from
CTB, STB, or both. Mosbf these placenta hormones are proteins hormones; however
progesterone and oestrogen are steroid hormomémcenta hormones include estrogen,
progesterone, human chorionic gonadotropin (hCG), human placental lactogen (hPL),
human placental growth hormer{hPGH)(Lacroix et al., 2002) It also produces many
growth factors that promote uterine blood flow and placental development such as
placental growth facto(PIGF), epidermal growth factorHGF), \ascular endothelial
growth factor VEGF), and transforming growth factor (TGF). Furthermore it also secretes
others peptide hormones such as oxytoammjbits, corticotrophinreleasing hormone
(CRH) and prolactirtKay et al., 2011)

1.1.7.2 Placental transport system

Nutrients, ions, gases and water are transported to the fetus and waste products ar
transferred via the placent&everalmategno-fetal exchange systems are involved include
passive diffusion, active transport, facilitated diffusimm diffusion systemsnd receptor
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transport; these are reviewed(fibley and Boyd, 1988, Kay et al., 2Q11Excretion of
waste products such as uric acid, urea and creatinine are transferred to the matern:

circulation by the placenta through diffusion.
111 Pl acental sampling and mRNA Anal

Studies of gene expression have been used to investigate the paiblogly of several
placental diseasesSpecial collection procedures are required in order to obtain accurate
representative sample, these procedures firstly start with mode of delidepfacenta
delivered after vaginal delivery either spontaneous immtuced is associated with
metabolic, endocrine and cytokine changgsneration of oxidative and other stresses,
activation of signalling pathways and gene transcription compswedhe placenta
delivered after caesarean sect{@urton et al., 2014, Yung et al., 2014aylany of the
changes in normal placenta after labour are also observed in the placenta from a pre
eclampsia (PE) patieiCindrovaDavies et al., 2007b)Therefore, the placenta delivered

by a caesarean section (CS) should be subject to analysis to separate from the effects
labour. Second variations in the time interval between delivedysample collection will

be important Inevitably, the placenta is exposed to a period of ischaemia following
separation from the uterine wall and as mRNA degrades rapidly following delivery,
freezing of tissue samples shoblel done rapidly, preferably thin 10 min.several studies
reported thatfeer 10 min oxidative and metabolic changes are detec(8leldkova et al.,

2003, Yung et al., 2014a)0One group recommended that the placenta sample should be
taken in a systemic iform random sampling in which the first sample is chosen randomly
and then a preetermined pattern decides the sites of the other saifiéagew, 2008)

In addition, others, recommended that samples should be taken from at least ten placente
becauseof the intra and inter placenta variability in gene expres@iamila et al., 2010)

Our own publicabns (which make up part of this thesis) found a clear zonal variation in
gene expression across individual plac€Afadulsid et al., 2013a, Abdulsid et al., 2013Db,
Abdulsid and Lyall, 2014, Alwarfaly, 201%nd ths varied from gene to geneé?lacenta
samples should be washed thoroughly in buffered saline to remove maternal contaminants
frozen rapidly in liquid nitrogen, and then stored irR8A°C freezer until processingA
housekeeping gene should be used ¢oemse the accuracy of normalizat{@snirschke et

al., 2012b)
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1.2Nor mRdr t uri ti on

Pregnancy is characterized by a complex interplay of inflammatory events regulated by
both the innate and acquired immune systeimshumans parturition involves interaction

of harmonal, neurological, mechanical stretch and inflammatory pathways and the placenta
plays a crucial rolgChallis et al., 2000, Keelan et al., 2003, Petraglia et al., 2010,
Maclintyre et al., 2012)

1.21 Def i ni ti on

Labour (parturition) is a physiological process during which the fetus, membranes,
umbilical cord, and placenta are expelled fritr@ uterus.Labour is initiated by hormones
which cause the muscular walls of the uterus to contract and the process is asftieved
changes in the biochemical connective tissue and with gradual effacement and dilatation o
the uterine cervix as a result of rhythmic uterine contractions of sufficient frequency,
intensity, and duration(Norwitz, 2003) Obstetricians havelivided labour into three
stages which occurs in a continuous manriene first stage begins with regular uterine
contractions and ends whéretcervix fully dilated at 10 cm.hE seond stage begins with

full cervical dilation and ends with delivery of the fetu$he third stage is the period
between delivery of the fetus@the delivery of the placenta.

l22Parturition as an infl ammatory

It is known that normal pregnancy is aopnflammatory state (Redman et al., 1999)
which increases in normal pregnancy as the pregnancy ad@hedgtt and Harrington,
2005)

Inflammatory mediators such as cytokines and prostaglandins in the cervix, myometrium,
placenta and fetal membranes play a crucial role in parturiticily, 1996, Thomson et

al., 1999, Jabbour et al., 2009, Macintyre et al., 2012, Osman et al., 2003, Z>opezzet

al., 2013) Leukocytes, predominantly neutrophils and macrophag#dirate the
myometrium especially lower uterine segment during labatirterm adaptive immune
cells, and specifically T cells, play a role in the onset of spontaneousr labderm
pregnancy(Thomson et al., 1999, Gonm&ppez et al., 2013) Leukocyteinfiltration has

been demonstrated in all these tisg@BemezLopez et al., 2011) In addition neutrophil
chemokines and other inflammatory mediators are-expressed in the choramniotic

membranes, even in the absence of leukocyte infiltration (histologic chorioamnionitis)
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(Haddad et al., 2006, Goméppez et al., 2013)

The inflammatory cell infiltration may be attracted by an increase in cell adhesion
molecule and Eselectin expressioon the vascular endothelium of myometrium, placenta,
cervix, and fetal membranes at or immediately after the arfsketbour (Winkler et al.,
1998, Thomson et al., 1999, Ledingham et al., 2001, Ghmpez et al., 2013)
Coincident with infiltration of leucocytes is the producti@inpro-inflammatory cytokines
(IL-1 b, -6, IL18 ) and tumour n e c(©smani e al.,f2808,tGomgd (
Lopez et al., 2013(Figure 1-3). In addition, it has been shown that twecdll subsets of
memorylike T cells; duster of differentiation(CD) (CD3+ CD4+ CD45R0O+ and CD3+
CD4CD8CD45R0O+ cells) were identified in the chediecidua of women who had
spontaneous labou{GomeZ_ opez et al., 2013) Leukocytes particularly neutrophils
contribute to cervical remodelling byleasing proteolytic enzymes such as collagenase
and elastase that effect on collagen fibre molecule, which provides the rigidity for cervix
that will result in cervical ripenin@labbour et al., 2009)

The initiation ofthis process could involve neutrophil chemotactic agents such-8s IL
Stimulation of 1.8 occur either in the cervical fibroblast or monocytes which are potent
sources of I8, prostaglandirE and nitric oxide (NOJKelly, 2002) It has been proposal

that labour would result by release of two activating and effectdecules waves, which
together create local responses leading to induction of myometrium contractions and
extracellular degradation in cervical canal and promote spontaneous (&looneZ_opez

et al., 2013) Activating molecules include prof n f | ammat ory cyt oki ne
chemokines (chemokine CXC motif ligand 8 or IL8 (CXCL8), CXCL{®pmezLopez et

al., 2011) Effectar molecules include MMPs angrostaglandingMaymon et al., 2000,

Xu et al., 2002, Gomé&kzopez et al., 2013)

The biochemical events associated with labour invohereased IL1 b(Allport et al.,
2001) IL-1 b and TNFU rodutton of @atemases fineludipgMP-1, MMP-3,
MMP-9 and cathepsin S that can digest the collagen and elastin fibres in theetutea
matrix of the cervixLedingham et al., 2000a, Kelly, 2002t has been reporteithat IL-
10 anld IhlLav e b e éduceproMMR-8, cytlanxygenase 200X2) and
ProstaglandifE2 production, all of which play essential rolesmgometrium contraction
andcervical ripening and dilutiofimada et al., 1997, Gom&opez et al., 2013)Figure
1-3).
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Figure 1-3: Inflammatory pathway in parturition is associated with the influx of leukocytes
(mainly neutrophils and macrophages) into the myometrium and cervix during labour, result
in release IL 1, IL6 and IL8. These cytokines up-regulate MMP expression and activity in the
cervix, causing collagen breakdown and cervical ripening. In the myometrium, IL1 activity
leading to more calcium entry to cells, also cytokines increase COX2 expression, causing
increase of prostaglandin production both will stimulate myometrium contractions. Modified
from (Jabbour et al., 2009).

NO is an inflammatory mediator that is increased at term and along with prostagt2ndin
increases blood vessel permeability for leukedyafficking (Ledingham et al., 2000b)
Cytokines release leads to-tggulationof several inducible enzymes includir@OX2 and
inducible nitric oxide synthase (INOS). COX2 is induced rapidly during labour and play a
role in conversion of free arachidonic acid into prostaglandin precu(Stater et al.,
1999) In vitro studies also suggest that hyperg@mxygenation increases COX2 which
may in turn play a role in augmentation or even initiation of laljBurdon et al., 2007)
Prostaglandin is a potential stimuatfor uterine contractionsClinically, INOS has an
important role in cevical ripening(Ledingham et al., 2000a)n addition, human placental
trophoblastshows activation of thauclear factor kapphght-chainenhancer of activated
B cells (NF-aB), COX2 and INOS during labouAllport et al., 2001) Furthermore,
corticotrophin releasing hormone and oxytocin secreted from placentacraol
mediabrs involved in human parturitiofMacintyre et al., 2012) Increase in levels of
cleaved caspasg (CASP3) and cleaved casp&€CASP9) confirm evidence of placental
apoptosis during labo€indrovaDavies et al., 2007b)

Several studies showed that imfilamatory gene expression jgofoundly altered during

parturition(Bollopragada et al., 2009)Theinitiating signal that drives these inflammatory
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events is still unknown; however, some studies showed that Toll like receptors (TLRs) that
are responsible for receiving these signals increased toward end of pregnancy and durin
labour (CindrovaDavies et al., 2007b) In addition, chemotactic ability of leukocytes
increases in those taken from blood samples of labouring women compared to-the non
labouring womergYuan et al., 2009)

Prostaglandins are well established agent in having a primary actaervical ripening

and have considerable clinical use where labour is associated with poor poogo#ss
cervical ripening(Kelly, 1996) Prostaglandins formation is known to be stiated by
pro-inflammatory cytokines that are secreted locally by intrauterine tissues. Just before
labour, the myometrium switch from prostacyclin synthesis (uterine contraction
suppressor) to ProstaglandiBd and Prostaglandifi®2 synthesis (uterotonic).
Prostaglandins arise by action of COX enzymes, primarily via transcriptiorragugation

of the inducible isoform COXgKniss, 1999)

Studies showed that asatiflammatory pathways are also involved in the mechanism of
parturition, for example, during labour IL10 levels increase in amriaiat (Gotsch et al.,
2008) In addition, it has been reportgdlaldonadePerez et al., 2009hat anti
inflammatory lipid mediators such as lipoxins increase in both synthetic capacity and
receptor density of these molecules in the myometrium during labdareover, othe
research group has been showrat mechanical stretch could promote ave of entry of
amniotic fluid components into the uterine blood vessel and this would be followed by the
second big wave of subsequemgometrium contractiofKobayashi, 2012)

1.23Parturition and Istmkswi th oxi da

The contractions that occur during labour are associated with intermitten{plaeental
perfusion and could lead to an ischemeperfusion (IR) type injury to the placenta
(Fleischer et al., 1987, Brar et al., 1988)his intermittent perfusion can be expected to
provide the basis for IR type injury of the placentadeed Doppler ultrasound studies
have demonstrated a linear inverse relationship between uterine artery resistance and tr

intensity of the uterine contractions during lab(@rar et al., 1988)

Labour is also associated with placental alterations in sevehalagd linked to oxidative
stresg(Many and Roberts, 1997, Cindroilavies et al., 2007b, Sitras et al., 2008, Lim et

al., 2012, DiazCastro et al., 2015)Oxidative stress is related with conversion of xanthine
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dehydrogenase to xanthine oxidase (XD/XO) a marker of IR injury, and the latter increases
in labouring placentas compared to the-fadyour control{Many and Roberts, 1997)n
addition, diring labour there is a reduction in tissooncentrations of ATP, depleti of
vitamin C in maternal blood and high glutathione levels in umbilical venous blood
compared to the nelabour controls(Bloxam and Bobinski, 1984, Woods et al., 2002,
Raijmakerset al., 2003)

During oxytocininduced contractions, a 50% reduction in flow into the intervillous space
was found compared to when no contractions occurfBlais suggests that intermittent
perfusion of the intervillous space would lead to an IR injurghe placenta.Reactive
oxygen speciesROS and the oxidant/antioxidant balance can be affected as a result
(Mccord, 1993) Other studies looking at heat shock proteins (HSBs)peroxide
dismutasg(SOD) is arenzymethat alternately catalyzesehdismutation(or partitioning)

of thesuperoxidgO,') radicalinto either ordinary molecularxygen(O,) orhydrogen
perxide (H20,). Mn-SOD, Cu/ZRSOD We conclude thabxidative stresgs a potent
inducer ofplacentakynthesis and release mbinflammatoryfactors. Most of
theseeffectsare mediated through  thep38MAPK andnuclearfactor
kappaBpathwaysand can be eftdively blocked bwitaminsC and E in vitro.
Peroxidationof lipids and oxidative damage mediators also show an association between
labour and placental oxidative stre@SindrovaDavies et al., 2007b, Abdulsid ei.,
2013b, Abdulsid et al., 2013a, Di@astro et al., 2015)
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1.3 Pr-ecl ampsia (PE)

PE is a disorder of widespread vascular endothelial dysfunction and vasoconstriction
which occurs after the 30weeks of pregnancy and can present as lateGawdeks fer
delivery. PE remains to be one of the leading causes of maternal morbidity and mortality
worldwide. PE affects about-3% of all pregnancy but this can be much higher in
underdevelopa countries. About 50 thousamwdomen die in developing countriesah

year from PE disordgiDuley, 1992) Maternal mortality is far less in developed nations
due to proper perinatal observation; nevertheless morbidity still remains the leading cause
of admissions to intensive unit cafBang et al., 1997) PE isan important cause of fetal
growth restriction and iatrogenic prematuriBedman and Sargent, 2003)f all preterm

births 8% are due to delivery of women who develop severe PE early in geftatamth

and Vintzileos, 2006) PE is a common cause of still birth and early neonatal dblafbc

et al., 2006) PE is also associated with several pregnancy complications such as placente
abruption and caesarean section decislomen who develop PE are at an increased risk

of cardiovascular disease latedifie (Myatt et al., 2014b)

131 Definition of PE

A number of classifications for hypertensive disorders in pregnancy have been proposec
(Davey and Ma@Gillivray, 1988, Chung et al., 2001)According to thelnternational
Society for the Study of Hypertension in Pregna(i®SHP)(Myatt et al., 2014Q)PE is
currently defined as blood pressure of >140/90 mm ldg two occasions at least six
hours apart occurring in women who was normotensive b&@taveeks gestation and
accompanied by proteinuria (>300 mg/L in a 24 hour urine collectiot) without
evidence of endbrgan damageHowever, since this system dorot take into account the
multisystem nature of PE, patients with other characteristics such as thrombocytopenia,
abnormal liver function ofetal growth restriction (FGRmay be overlooke@Chung et al.,

2001) PE is alsodefined as aardiovasular and renal dysfunction identified by blood
pressure and proteinuria measurementsin women with preexisting essential
hypertension, PE is diagnosed if systolic blood pressure (SBP) has increased by 30 mm Hi
or if diastolic blood pressure (DBP) hastieased by 15 mm Hg. Sever PE is defined as the
presence of PE with presence one of the following symptoms and signspoegant
(Table 1) (Paruk and Moodley, 2000)Eclampsiais defined as a pregnanspecific
seizure disorder that oaot be attributable to other causes in a woman witliGtiesley,
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1984) Eclampsia is estimated to occur in 1 of 200 cases of PE when magnesium
prophylaxis is not administereflLivingston et al., 2003) Delivery of the fetus and

placenta are thenty way to relieve PE symptoms.

Table 1-1: Severe PE criteria.

1) SBP of 160 mm Hg or higher or DBP of 110 mm Hg or higher
2 occasions at least 6 hours apart.
2) Proteinuria of more than 5 g in a Zdlour collection or more tha
3+ on 2 random urine samples collected at least 4 hours apart
3) Oliguria (< 400 mL in 24 hours).
4) Epigastric pain.
5) Impaired liver function.
6) Pulmonary oedema.
7) Thrombocytopenia.
8) HELLP syndrome.
9) Placental abruption
Neurological symptoms or signs:
1 Persistent headaches.
1 Visual blurring.
! Altered consciousness

1.32PE ri sk

The incidence of PE is higher in women with a history of PE, multiple gestations, and
chronic hypertension or underlying renal dseaGestational hypertension and proteinuria
predict an increased risk for developing Rffowever, there is an increased risk associated
with hypertension when accompanied by other systemic involvement even without
proteinuria(Myatt et al., 2014b) There are several risk factors for PE include maternal:
old age> 40, nulliparity, black race, high BMI, diabetes mellitus, chronic renal disease and
chronic hypertensior{(Knight et al., 2010, Practice, 2002, Ziadeh and Yahaya, 2001,
Sohl berg et al ., 2012, O 06 Br iFetah facers incude.
multiple pregnancy and environmental factfreng and Oats, 198 Neela and Raman,
1993) There is also a correlation between PE and maternal ¢Boégrts and Cooper,
2001)
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1.33Cl i ni cal presentation

Maternal organ systems that are susceptible to excessive inflammation and endothelia
damage are the CNS, kiglys, lungs, liver, systemic vasculature, coagulation, and the
heart. Patients frequently have epigastric or right upper quadrant pain, along with
headache, visual changes, and nausea or vomiting, seem to be more predictive than a
laboratory parametersif adverse maternal outcom@&ibai, 2004, Cavkaytar et al., 2007)

The HELLP syndrome is a serious complication in pregnancy characterized by haemoly
elevated liver enzymes and low platelet count occurring in 0.5 to 0.9% of all pregnancies
and in 1020% of cases with severe PEomplications of HELLP syndrome are abruption
placentae, disseminated intravascular coagulation (DIC), pulmonary oedeum,renal
failure, eclampsia and stdapsular liver haematonfelaram et al., 2009)

1.34PE c¢cl assi ficati on

Several schemes have been proposed for PE classification, and the most common is t
divide cases clinically into early and ladeset PE (ternand preterm PE), according to

the gestational age at diagnosis drew delivery is necessitatedhe majority of cases are
late-onset, usually defined as PE that occurs after 34 weeks of the gestationklasge.

onset is often considered more sevess, it is associated with a higheate of
complications such as FGRBnd risk of maternal cardiovascular complications after
delivery(Paruk and Moodley, 2000)t has been proposed that PE can be classified on the
basis of pathophysiolognit o 6 pl acent al 6 and 6 maRedmanal 6
and Sargent, 2005) In the placental class, it is postulated that malperfusion leads to
placental stress and hence the release of cytokines and angiogenic reguladbrsyilivh

then cause maternal endothelial cell activati®ecently(Redman et al., 2014uggested

that there maype two placental causes for PE, the first is an extrinsic placental mechanism
is thedysfunctional remodelling of the uteroplacental spiral arteries that feeding blood into
the intervillous space, the second is intrinsic placental meshawhich due to an
increasingplacental size leato a restricted intervillous perfusiorin the matenal class,

it is believed that the same final stage is reached due to a predisposing exaggerate
maternal endothelial sensitivity to factors emanating from a relatively normal or
excessively large placentaThe maternal classification is based on norm@Egnancy

being a preinflammatory state, with an activation of circulating immune c@ledman

and Sargent, 2003)nd elevated systemic oxidative stress as gestation ad@eleset
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al.,, 2004) Therefore, maternal PE has been suggested to be an excessive materna
response towards an exigjiinflammation(Redman et al., 1999)Several studies showed

that women with chronic systemic inflammatiomedto conditions such as renal disease,
autoimmune diseases or metabolic syndromes, have an increased risk of developing P!
near to tern{Duckitt and Harrington, 2005)

1.35Pat hophysi ol ogy of PE

PE is a condition of imbalance between factors produceatidoplacenta and the maternal
reaction to them Although the cause of PE remains largely unknown, bust@a@e model

is suggested for the (placental type) of (Rédman and Sargent, 2010yhe T'stage is
dysregulated immunological factors; th¥ &age is an abnormal placentation with reduced
trophoblast invasion and failure to fully remodel maternal spiral arteries antf tage is

the clinical signs © PE hypertension and proteinuria due to an excessive maternal
inflammatory response and endothelial dysfunction as a result of placenta oxidative and
endoplasmic reticulum (ER) stresg®®dman and Sargent, 200bnormal placentabn,
immunologic intolerance, cardiovascular and inflammatory changes, genetic and

environmental factors are important factors in PE develop(@miningham et al., 2014)
1.3.5.1 Immunological factors in PE

Immunological factors have long been considered to be a key factor iOREImportant
component is a poorly understood dysregulation of maternal tolerance to paternally derived
placental and fetal antigensOne important theory was based on a model of immune
regulation in pregnancy that is based on shifting of the maternal immune resp@yse a
from Thl (Thelperl celmediated graft rejection responses) to Thzah€lper2 antibody
mediated responses) that result in protecting the conceptus from the maternal cell mediate
immune attacKWegmann et al., 1993)in PE, the pregnancy shift to Th2 either does not
occur or is reversed early in the disordérhus, Thl responses are not suppressed and
production of cytokine interferea (-b F N i s Thereisna possibility thafetal
antigen play a role in this regulati¢8argent et al., 2006)n addition, the endothelial cell
dysfunction may be partially due to an extreastivation of leukocytes in the maternal
blood circulation, as evidenced by an-tggulation of Thl.Immune responses may play

an important role in PE by restricting trophoblast invasion through the interaction of
trophoblast major histocompatibility complex (MHC) and decidual natural killer (NK)

cells in early pregnancy and through the interaction of STB debris and circulating NK cells
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to stimulate the intense systemic inflammatory response in late preg{&argent et al.,
2006)

1.3.5.2 Abnormal placentation

The mecharims that are involved in maintaining a human pregnancy to term, and the
switches that lead to a normal labour and pregnancy outcome or indeed an advers
outcome such as miscarriage, PE, FGR or preterm labour, are complex but the role of the
placenta is croial to them all(Petraglia et al., 2010, Challis et al., 2000, Roberts and
Escudero, 2012, Burton and Jauniaux, 201Apnormal placentation and trophoblastic
invasion of uterine spiral arteries is a major caokéypertension associated with PE
syndrome(Redman and Sargent, 2005, Zhou et al., 1990)ring a healthy pregnancy
maternal spiral arteries are dramatically remodellBdey become widely dited and lose
their responsiveness to vasoconstrictive stimiitws blood enters the integillous space

in a nonpulsatile manner and under low presslnyall, 2006) PE is characterized by
defective in spiral arteries remodelling, high resistance of ygi@awental circulation, and
inadequate placenta perfusionThe frequent findings in the PE are low number of
trophoblast invasion of & maternal spiral arteries and muscular media persists these
changes involve myometrial arteries primar{ligijnenborg et al., 1991) Incomplete
trophoblastic invasion of the spiral arteries is directly correlated with the severity of
subsequent maternal hypertensionin PE spiral artery remodelling is pait or
incomplete(Lyall, 2006) The ensuing high pressure flow results in a hydrostatic damage
to the placental villi. Acute atherosis iglso a characteristic of decidual chang@legll,

2003, Staff et al., 2014)Furthermore perfusion by intermittent pulses of fully oxygenated
arterial blood is thought to lead to fluctuations in oxygen éejivesulting in oxidative
stress and release of systemic vasoactive compdqBod®on and Jauniaux, 2011, Roberts
and Hubel, 2009) These compounds cause vasoconstriction, endothelial damage,
inflammation hypercoagulability and platelet dysfunction, which all contribute to organ
dysfunction and clinical feature of PHhe maternal syndrome is, at least in part, due to
the maternal response to this damaged placenta. This is known as tis¢atygomodel of

PE (Roberts and Hubel, 20Q9)

Placental pathology is generally worse in an earlget PE however there is no
histological evidence that spiral artery remodelling is restricted to-eadgt disease only
(Lyall et al., 2013a) There appears to be a spectrum of changes both within all the spiral
arteries of individual cases and across gestational(agai et al., 2013a)
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1.3.5.3 Endothelial dysfunction

In PE, new hypertension and proteinuria arise secondarily to diffuse maternal endothelial
and inflammatory dysfunction.Imbalance of proangiogenic and antiangiogenic factors
produced by the placentaay play a major role in mediating endothelial dysfunction.
Markers ofendothelial cell injury can be demonstrated in women who develop PE before
they became symptomatic.These markers include endothelin, cellular fibronectin,
plasminogen activator inhiior-1 and von Willebrand factdiTaylor et al., 1997, Friedman

et al., 1995) A poorly perfused placenta resultiftgm insufficient trophoblast invasion
and placental bed vascular remodelling, may cause the placesgerébe placental factors
into the maternal circulationnd this will altered the endothelial cell activityThis
activation will lead to change in the vascular sensitivity to activate coagulatidmeduce
vascular integrity resulting in the pathophysiological changes of PEidative stress,
inflammation &ad circulatory maladaptation also contribute to the endothelial dysfunction
and PE pathogenegiStaff et al., 2010)

1.3.5.4 Angiogenic factors in PE

Angiogenesis is important for successful placentation and the normal interaction between
trophoblasts and uterus endotheliufrhe circulating proangiogenic factors secreted by the
placenta include a vasculardathelial growth factor (VEGF), soluble vascular endothelial
growth receptofd (SVEGFR1), sVEGFRL1 also known asoluble fmslike tyrosine kinase
receptorl (sFIt1l), placental growth factor (PR} and soluble endoglin (SsEngJhe
receptor sFHL is a salible isoform of Fk1, which is a transmembrane receptor for VEGF.
Although sFIlt1 lacks the transmembrane domain, it contains the ligamting region and

is capable of binding circulating VEGF and PIGF, hence preventing these growth factors
from binding to the transmembrane receptors. Thus-EFflas an antiangiogenic effect.
VEGF and PIGF are growth factors produced by the placenta and the serum level of PIGF
rises much more during pregnancy. In women who later develipdbere is an increased
level of sFItl (antagonist of VEGF and PIGfWaynard et al., 2003, Thadhani et al., 2004,
Vatten et al., 2007and decrease levels of both VEGF and PIG&aylor et al., 2003,
Maynard et al., 2003, Levine et al., 2004, Thadhani et al., 20@4¢arly onset PE, there

are elevated levels of sHlt sEng with reduced PIGfMaynard et al., 2003, Staff et al.,
2013)and the serum level of sHFltwas higher in women who developed severe early PE

(< 34 wk) than it was in women who developed mild PE at t@ravine et al., 2004)
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However, late onset PE is not characterized by low circulating levels of BiGHRarker
for poor placental functignand elevated sFIt1 but the angiogenic imbalance is therefore

not likely to explain all features of the heterogeneous PE syndigta#f et al., 2013)

The vascular endothelial growth factor A (VE@®IF levels in PE are biologically active
and one study suggested that the cause of an increased vascular permeability @fid’E i
to loss of the repression of VEGFR1 signalling by RIGRnd VEGE B ¢Bills et al.,
2011) The sEng is a soluble isoform of-oeceptor for transforming the growth factor
beta (TGFb ) . As sEng -tobhtadhagt tdemdiGh ating t C
TGFb and decrease TGHbr ciud ada i pgodreyiedgeni c
effect of high levels of SEng is arg@ngiogenic. SEng is found in the blood of a women
with PE and its level in maternal circulation correlates with the syndrexezity (Levine

et al., 2006, Venkateshat al., 2006) sEng inhibits TGFb i n endot hel i al
inhibits TGRDb -1 activation of NO mediated vasodilatatiQvienkatesha et al., 2006)
There is also evidence thaEng may act in concert with sFltl to indusevere PE
(Venkatesha et al., 2006)

1.3.5.5 Genetics factors in PE

PE has been shown to involve multiple gen&everal genes (maternal and paternal) have
been studied for their association with PE, including genes known to play anrole
cardiovascular diseag@/illiams and Morgan, 2012)There is a family risk of PE between
close relative.However, as the PE a genetically and phenotypically complex disease, it
is unlikely that any single gene will be shown to play a dominant role in vieslafgment
(Liu et al., 2015)

136 Prediction of PE

In the past two decades, our understanding of PE has increased greatly. In vivo and ir
vitro studies have increased our knowledge of the mesmaniinvolved in failed
conversion of the maternal spiral arteries (Lyall et al., 2013b) and this can lead to an IR
injury of the placenta (Burton et al., 2009a). PE is a multisystem disorder with an
inflammation role involve in their pathogenesis (Robestsal., 1989). Me organs
involvements include liver, kidneYCNS, cardiovascular system and placenta. However,

although this has helped to direct research efforts to better understand the PE etiology, i
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has not had a significant effect on the clinicenagement for PE patients or indeed how

the condition is predicted reliably.

There are several promising attempts for prediction and the most successful one was t
measure factors for example placental derived factors, implicated in the pathophysiology
of PE to try predicting the PENone have as yet been adopted for use in a routine clinical
practice due to problems such as adequate sensitivity and spe¢ffioitgeAgudelo et

al., 2009, Redman et al., 2014Measurement of urinary kallikrein was st to have a

high predictive value, but it was not reproducifig/le et al., 1996) Although work on

sFIt1, PIGF, and VEGF has been promising, their positive predictive value in predicting
PE have yet to be evaluated in a prospective fashion. In addiifteads et al., 2008)
reviewed 27 predict testsrf@E, only a few reached specificities above 90%sts that
reached specificities above 90% were body mass index greater than 34etiphatein

and uterine artery Doppler (bilateral notchingSensitivity of higher than 60% was
achieved only by uteme artery Doppler resistance index and combinations of indices.
Kallikreinuria (sensitivity >80% and specificity >90%), cellular and total fibronectin

(specificity >90%) seem worthy of further investigatideads et al., 2008)

Prediction and treatment of PE has mewrore successful in small studies than larger
powered multicentre studies.This has been put down to smaller studies having a more
homogenous population and conversely larger reelitre trials having a more
heterogenous populatigMyatt et al., 2014a) Add to this the factors being measured are
not present in all women with P@yatt et al., 2014a) All of this supports the idea that

subgroups of PE exist which all end up presented ashlmid pressure and proteinuria.

1.3.7PE and | ink with oxidative stre

Oxidative stress occurs when the production of ROS overwhelms the intrinsoxiaaint
defences.It may induce a range of cellular responses depending upon the severity of the
insult and the compartment in which reactive oxidative species are gen@uaten and
Jauniaux, 2011, Roberts and Hubel, 200%here is an iefutable evidence of placental
oxidative stress in PE, including increased concentrations of protein carbonyls, lipid
peroxides, nitrotryosine residues, glutathione and DNA oxidgfumton and Jauniaux,
2011, Myat and Cui, 2004, Serdar et al., 2003, Orhan et al., 20038)PE, there are

increased levels of placenfdtmyc downstreanregulated gene (INDRG1) (response for
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hypxia) expressior{Choi et al., 2007)hypoxiaactivated gees(Vaiman et al., 2005)STB
apoptosis(Leung et al., 2001, Allaire et al., 2000haternal serum celtee fetal DNA
(Sekizawa et al., 2003)naternal serum TNB , -6 IL-8 (Johnson et al., 2002)nd
maternal serum lepti(Laivuori et al., 2006) PE, andthe deleterious effect ;0S may

be counteract by an antioxidaherapy, and there is the need to investigate the optimum
dosing and timing of antioxidants administration, since an inappropriate
antioxidanttreatmenin pregnant women may hav deleterious consequences,
reducingplacentakells proliferation until to cell deatl{Fiore and Capasso, 2008Yhe
superoxi@ dismutase gene SOD3 Ala40Thrsingle nucleotide polymorphism a
Caucasian population fromdungaryalso increased in blood with the oxidative stress in
sevee FGR complicated PERosta et al., 2009)Due to the deficiency of the superoxide
dismutase activity, the concentration of superoxide anion concentration is increased, whick
in conjunction with increased concentration of iron would result in a greater oxidative
stresgZhang et al., 2005)In addition, NO reacts with a superoxide during the deficiency
of superoxide dismutase activity formingtaong oxidizing agent (peroxynitrite (ONOO))

that initiates lipid peroxidation.
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14 Fet al growth restriction (FGF

141Def i ni ti on

FGR is the failure of the fetus tchieveits genetically predetermined potential size due

to adverse genetic or environmerf@ttors. FGRIis a serious complication of pregnancy;

it affects 310% of pregnancies, and is generallgfined as an estimated fetal weight
(EFW) at or below the Tdpercentilefor his or her gestation age in wedkg using the
Standardized Scottish (other) Birth Weight Tabl€éResnik, 2002, Alberry and Soothill,
2007) Perinatal morbidity and mortality increases markedly as birth weightfifaits the

10" to the first percentiléResnik, 2002) Severe FGR is defined whenretfetal weight
estimation is less than thd” ercentile and most consistently associated with adverse
perinatal outcoméUnterscheider et al., 2013)This definition excludes fetuses that are
small for gestational age (SGA), in which the estimated weight is less than a cut off weight
for a given population, ofte because of constitutional factorsThere are numerous
standard curves for fetal growth that has been published and it is well recognized that
growth may be influenced by factors such as race, gender and socioeconomic environmen
Customized growth cureefor ethnicity, parental height and weight and fetus gender are in
development in order to improve the sensitivity and specificity of a diag(@sislosi,

2006, Groom et al., 2007)n addition, using a customized rather than population based
growth curve is more accurafBigueras et al., 2007)Furthermore, it would thus seem
good to use a single customized standard chart for all racial groups within a specific
geqyraphic area(Greene et al., 2008) Perinatal morbidity is more predicted with
asymmetric fetal estimated weight less trﬁﬁ{hpercentile. FGR can be classified along
with the Doppler measurement of umbilical/uterirartery blood flow; abnormal
measurement is associated with poor progn@disaiges et al., 2000) It contributes to a

third of antepartum death, 10 fold rises in perinatal mortality and also increases health

complications later on in an adult life.

l42Pat hophysiology of FGR

FGR is not a specific disease, but rather a manifestation of many poss@larfdt
maternal disorders. However,lthough the aetiology is multifactorial, placenta
insufficiency is the most common cause and is usually due to poorpléeental blood
flow and placental infarct¢Alberry and Soothill, 2007) FGR with PE and abption
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placenta are pregnancy disorders associated with placental ischemia and share mar
similar pathological and pathophysiological features and are usually associated with failure
to delivery oxygen and nutrients to the placefRaberts, 2014) Early onset PE and
chronic hypertensiowith superimposed PE usually have the most profound effect on fetal
growth (@degard et al., 2000) There is a strong association between FGR and
chromosomal disorders such as trisomy 13, d&] 21, those are frequently growth
restricted(Snijders et al., 1993, Resnik, 2002n addition, there i@ several factors that
seemsto be associated with FGR such as prothrombin gene mutation, antiphospholipid
syndrome, materhanutritional abnormalitiescytomegalovirus infection, or fetal alcohol
syndrome(Kupferminc et al., 2000, Resnik, 2002yGR fetuses placentas will frequently
have abnormal size and function, F@Rcentas are usually much smaller than normal
placentas(Heinonen et al.,, 2001) Krebs et al.(Krebs et al., 1996found severe
abnormalities at the terminal villous, which explains vascular impedance observed

clinically using Doppler velocimetry.

143Causes of FGR

There are numerous causes leading to FGR without a direct link to the placenta, and thes
including genetic abnamalities such as imbalances of chromosome number, mosaicism
and single gene mutations. Environmental causes like maternal infection
(cytomegalovirus), drugs (opiates, cocaine, and somehgpértensive drugs) and severe
alcohol consumption may influendbe fetal growth. Also, smokingmediated through
nicotine that mediates secretion of vasoconstrictive catecholamine to which the placenta
adapts by increasing angiogenesis and excessive apopt®€iR occurs when gas
exchange and nutrient delivery to tetus are not sufficieniRobers, 2014) this process

can occur because of a maternal disease such as chronic hypertension, diabetic
autoimmune disease, protaialorie malnutrition and uterine malformations. Placental
causes includeultiple gestations, chronic abruptiacord andolacental abnormalities and

placenta previgSeveri et al., 1999)

1.44Di agnosi s and Surveillance

FGR screening is based on clinical examination and identification of risk facidisas
previous history of pregnancy with FGR, PE and a jpre/pregnancy weight.Screening
includes abdominal palpation, symphysi® fundal (SF) height measurement, and

Ultrasound scafUSS examination. For most cases, astimation fetal weight§FW) at
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or below the 18 percentile is used to identify fetuses at rigkowever, it is importanto
understand that this is not a definitive cut off for utplacental insufficiency. USS
evaluation of the fetus is considered the standard for the diagob&iGR agt gives a
reasonably precise estimates of fetal weight, as well as the ability to follow interval growth
and the pattern of growth abnormality (symmetric or asymmetitgwever, although a
diagnosis of placenta insufficiency can be basedU&% parameters, FGR is often a
diagnosis of exclusion.When a small fetus is detected, diagnostic signs also include
abnormal umbilical artery Doppler impedance indexes, reduced amniotic fluid volume,

decreased fetal growth rate gafetal karyotype abnaorality.

145Fet al and mater nal heal th ri sks

The growth restricted fetus can experience several complications in the neonatal period du
to growth insults as well as antepartum and intrapartum factors which include neonatal
asphyxia, meconium aspiration ancgbglycaemia.The FGR infant is at an increased risk

of mortality, necrotizing enterocolities and a need for respiratory supparite et al.,

2004) The FGR infant also associated with spastic cerebral {Blsyr ard Stanley,

1990) Later on in the adult life of the FGR is a significant risk factor diabetes, chronic
hypertension, ischemic heart disease and obstructive lung didgaser, 2001) The
underlying placental dysfunction suggests that there would be a similar increase in future
maternal morbidity and mortality among womemhose pregnancies are complicated by
FGR, especially when it is earbnset and severe, resulting in a preterm biRbw studies

found that there is an inverse relationship between infant birthweight and cardiovascular
mortality in the mothe(Smith et al., 2000a, Smith et al., 2009his may be related to the
adverse effects of an increased total cholesterol, higher triglycerides, increased BMI,
increased insulin resistance, gengtiathway and socioeconomic statéound among

women with a history of FGR.

146The placenta in FGR

At the same time, there are direct placenta dependent causes that result inAFGR.
decrease in placental weight and a reduction in functional placental umitgeaerally
related to FGR(Heinonen et al., 2001, Pardi et al., 200Zyailure of remodeling of
maternal spiral arteries is another cause of FGR, villus injury and thrombotic lesions
(Parham, 2004, Burton et al., 2009a, Roberts, 20I4)ese lesiongan be diagnosis by
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sonographic examination which may reveal placenta lakes in severe cases of &€3R.

lakes are described by an area of hgpbogenicity and defined as ischemic throtit
lesions. The placenta has a significant reserve capacity, and due to the accumulation of
uteroplacenta lesions and villus injury, this leads to the clinical apparent placental
dysfunction.

Apoptotic pathways is associated with FGR placentas, thénereased level gilacental
NDRG1 expressin (responsdor hypoxia)(Choi et al., 2007)there is no changes in the
Hypoxiaactivated genes in FGf¥aiman et al., 20055TB apoposis(Leung et al., 2001,
Allaire et al., 2000and INA damage(Takagi et al.2004) Thereis also no change in
maternal serum ceffee fetal DNA(Sekizawa et al., 2003jnaternal serum TNE, IL-6,

IL-8 (Johnson et al.,, 2008nd maternal serum lept{(haivuori et al., 2006 ER stress

also plays a role in the pathophysiology of unexplained FGR, with speculation that this

arises secondary to mpérfusion(Burton et al., 2009b)
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1.5 Mat er nal obesity

Obesity is a condition characterised by excess of body fat, frequently resulting in a
significant impairment of health and longev{t)/ HO, 2000) Body mass index (BMI) is

used to classify obesityObesity is a chronic multifactorial disease caused by genetic,
behavioural and environmental factors that leads towse health consequencefbese

adults are at significantly higher risk for cancer, cardiovascular and metabolic morbidity
and mental disease, as well as overall mortéltglle and Kaaks, 2004, Kenchaiah et al.,
2002, Friedman and Brownell, 1995, Allison et al., 1998)addition, the health resources

of a population are increase as the number of obese individuals in that population increase
(Popkin et al., 2001, 2013)

1.510besity classification

BMI is the body weight of an individual in kilograms divided by their height in metres
squared [weight (kg)/height (m2)]A BMI below 18.5 is categorised at underweight, a
BMI of 18.524.9 is normal/healthy weight, a BMI of 25209.9 is overweight and a BMI

of 30 and above is obetEable 12).

Table 1-2: Classification of weight status according to BMI (WHO, 2000).

BMI (kg/m2 Classification
<18.5 Underweight
18.524.9 Normal weight
25-29.9 Overweight
30-34.9 Obese |
35-39.9 Obese Il

>40 Obese Il
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1.520besity and pregnancy

Obesity inpregnancy is increasing worldwide and is associated with increased risk of
advese outcomes for both mother and cl{iNg et al., 2014, Lutsiv et al., 2015Dbesity
complicates around 20% of pregnancies in a typical antenatal clinic in the UK and leads to
short and longterm complicationsffecting the fetus, mother and the pregnafityda et

al., 2010, Jarvie and Ramsay, 2010, Kerrigan and Kingdon, 2010, McGuire et al., 2010)
Prepregnant obesity is associated with increased risk of PE, gestatiahatic mellitus
(GDM), venous thromboembolism (VTENd CS(Jarvie and Ramsay, 2010, Flick et al.,
2010, Faucher and Barger, 2015, Sween et al., 2015)

Obese pregnant women are more likely to give birth tonami with congenital anomalies
(Stothard et al., 2009nd obesity also lowers detection rates of fetal anomalies during
prenatal USSDashe et al., 2009)

Multiple studies have been shown that maternal obesity and excessive weight gain during
pregnancy are associated with large for gestational age itffeusher and Barger, 2015)
Offspring of obese mothers have a higperinatal morbidity and mortalityyigher birth
weightand longterm health problemsuch as coronary heart disedbkaeri et al., 2009,
Ferraro et al.,, 2012) The odds ratios for these outcomes directly increase with pre
pregnant BMI(Schrauwers and Dekker, 2009, Flick et al., 2010)

153The rising trends in maternal o

Obesity in the pregnant population has increased by more than 70% over a decade and 1 |
5 pregnant women in the United Kingdom is ob@seslehurst et al., 2010)This lead to
increased risk for several clinical and obstetric complications such preterm delivery,
instrumental delivery, operative and anaesthetic issuebighdnjury (Sebire et al., 2001,
Torloni et al., 2009a, Torloni et al., 2009b, Lutsiv et al., 2028aternal obesity has also
been linked to the development of obesity in offspring via a fetalswaply of gucose
and/or lipids in uterg¢Faucher and Barger, 2015)
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154Maternal complications associ at

1.5.4.1 Maternal mortality

Maternal obesity is overrepresented in maternal deaths in developed courikhes.
Confidential Enquiries into Maternal Deaths (CEMACH) répmy maternal death in the
20032005 triennium showed that 28% of mothers who died overweight or ¢beses,

2007) although inthe published repor20082011 maternal obesity prevalence rate was
runningat 16%and so it has been chosen as CEMA
maternal healtliLewis, 2011) This finding reflect the fact that obesity is a leading cause
of mortality by either direct or indirect causes include PE, cardiovasculasdséCVD)

and thromboembolism.

1.5.4.2 Gestational diabetes mellitus (GDM)

Diabetes mellitus is a metabolic disorder characterized by persistent hyperglycemia, with
disturbance of carbohydrate metabolism resulting from a defect in insulin secretion
(Consultation, 1999) There is a strong correlation between obesity and GBébre et

al., 2001, Torloni et al., 2009a)rorloni et al (Torloni et al., 2009ajeported that morbid
obesity BMI >40 kg/m is associated witfive times the increased risk of GDMOther

risk factors related to the development of GDM are age, parity, family history and ethnicity
(Group, 2008)

1.5.4.3 Thromboembolic complications

Venous thromboembolic (VTE) complications are a leadiimgct cause of maternal
mortality in the UK and other developed countriBsurjeily et al., 201Q) There is two

and half times more risk for obeseomen to develop VTE compared to lean pregnant
women(Knight, 2008) The possible mechanisms for VTE may related to several factors
include inflammatorydamage to thevenous endotheiuymsedentary lifestyle and high
maternal coagulation factofkippi and Frachini, 2008)

1.5.4.4 Effects of obesity on labour and delivery

Obese pregnant women have an increased incidence of labour induction, CS, infection an
postpartum haemorrhag@hang et al., 2007, Sebire et al., 2001, Pobat al., 2009,
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Heslehurst et al., 2008)n addition, obese women have prolonged labour and reduction in

uterine contractiofKominiarek et al., 2011)

1.5.4.5 Hypertensive disease in pregnancy

Several studies show that maternal obesity is associatednergased risk of gestational
hypertension( O6 Br i e n e tTwoadrge popubatiofbased studies also showed
strong positive associations between-pregnancy BMI and the risk of PSebire et al.,
2001, O6 Br i e m adgition,@e¢llamy et alQ POB7howed thatvomen who
develop PE are more likely to develop CVD later in lifehe association between the PE
prevalence and high BMI may be explained by inflammation, oxidative stress and insulin

resistanc€OtengNtim and Doyle, 2012)
1550besity and PE

PE risk is linked with greater BMI; the mechanisms for this relationshigireomclear.
Several of the postulated causal pathways are studied but most of them from observatione
studies and inevitably suffer from potential limitatid@attar and Freeman, 2012Jhese
pathways include obesity association with metabolic syndrome include hypertension and

proteinuria, dyslipidaemia, insulin resistance, inflammation and altered vascular function.

There is muclevidence that obesity is a major risk factor for essential hypertension and
risk of proteinuria in noipregnant subjectéWhaleyonnell et al., 2006) Obesity is
associated with the mild form of PE rather than the sefgem (Bodnar et al., 2007)
Furthermore, there is a clearsasiation between PE and subsequent CVD risk especially
in early onset PESattar and Freeman, 2012)

PE is characterized by dygidaemia, predominantly hypertriglgridemia, linked to this,

the plasma levels of free fatty acid (FFA) and loensity lipoprotein (LDL) molecules
concentrations are also increag8attar and Greer, 2002 here are several mechanisms
that show tke associations between lipid profile and PE, these include LDL molecules,
which are more prone to oxidation and the rise in FFA may facilitate lipid accumulation in
some organs such as liver and kidney, placéB@tar et al., 1996) The relative
endothelial dysfunction in obese pregnancy is in part explained by altered levels of plasma
cytokines IL6 and IL10 with obesifistewart et al., 2007)In addition, high maternal BMI

is associated with increasezlels of circulating leptin secreted by placentas in PE patients
(Chappell et al., 2002)
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However, raise lipids levels in PE could also serve as a protective mechanism (improve
transfer & placental nutrient), thereby counteracting deficiencies arising from

compromised placental blood flof8attar and Freeman, 2012)

Several researchers suggested that PE arises from an inflammatoryrstatghers with

PE there are high circulating levels of pndlammatory cytokine levelLyall et al., 1997,
Freeman et al., 2004as wdl as changes of inflammatory profile in the placeot@bese
women (Walsh, 2007) Obesity islinked to a lowgrade inflammatory respse in
pregnancy and some postulated that dpesicrease PE risk through inflammatory
pathway, however, this relationship d@® not approved (Ramsay et al.,, 2002)
(Walsh,2007) There are no studies of amilammatory interventions that have addressed
the prevention or treatment of PE, trials of low does aspirin have been approached but
remains to approved, however aspirin has less effect on this pat(®eia and Freeman,
2012) In addition, it has been show(Poston et al., 2006}hat concomitant
supplementation wh vitamin C and vitamin E does not prevent PE in women at risk, but
does increase the rate of low birthweighEurthermore, it has been reported that no
evidence support the use of antioxidants during pregnancy for the prevention of PE anc

other outcomegSalles et al., 2012)

Lipid peroxides are increased in healthy pregndhdtle and Gladen, 1999however few
findings are avdable on oxidative stress in obese pregnantry.addition, obesity puts
overload on the ER due to an accumulation of misfolded proteins, lipidsapgty and
increased demand on the synthetic machir{@gcan et al., 2004) Increased glucose
metabolism can also cause an insee& ROS in the mitochondrialt has been shown
(Houstisetal.,2000 y using gene expression anal ysi
glucocorticoid models of insuliresistance.As both ER and oxidative stress are known to
induce inflammatory signalling cascadgszcan et al., 2004, Kamata et al., 2Qa&gse

may provide another explanation by which otedisrupts isulin signalling.

PE is characterized by maternal vascular dysfunctMaternal obesity is associated with

an atherogenic LDL sufyaction phenotypéMeyer et al., 2013) In addition, elevation in
plasma levels of asymmetritmethylargininglADMA) (NO synthesis inhibitor) has been
shown to predict coronary heart disease (CHD) andRiberts et al., 2011) ADMA

levels are effected by many factors such as obesity and dietary factors, few studies

postulated thierole as link between obesity and HEoberts et al., 2011)
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Insulin resistance could be a major link between PE and obesity as it is involved in several
abnormal pathways such as dyslipidemia, vascular dysfunction, inflammation and PE.
Reducing insulin resistance via either lifestyle s or pharmacotherapy might
therefore lead to decrease PE rigk.addition, it has been showbDe Leo et al., 2011that
continuing metformin therapy throughout pregnancy resulted in significant reduction in
pregnancycomplicationsfor example PE in women witpolycystic ovarian syndrome
(PCOS and hyperinsulinerra. However, conflicted resudt came from another study
(Vanky et al., 2010)

Successful placentation is essential for healthy pregnancy outcome, and in PE partia
failure of trophoblast invasion igely to play a major role in the disease progessll et

al., 2013b) There is no clear causal link between obesity and PE but few speculatives
have been carried out including how obesity can influence pkttamtand placental
function and thereby contribute to the primary pathology in(B&tar and Freeman,
2012) Plasma adiponectinoncentrations arelevated in women with PEperhaps as a

salvage mechanisfiRamsay et al., 2003)

Physical activity and lifestyle interventiongesns to be associated with lower PE risk
(Sorensen et al., 2003)Weight loss via bariatric surgery caronsiderably decrease PE
risk (Bennett et al., 2010) In addition, the current evidence does not favour use of
antioxidant supplements to prevent PEumbold et al.,, 2008) Thus, while obesity
appears causally related to riskRE, there appears to be no single mechanism that is able
to explain this link(Sattar and Freeman, 2012)

156 Obest y managemegntprdeugbn ancy

There are currently no universal guidelines for management of the obese woman during
pregnancy and recent review of evidence relating to interventions targeting weight loss
showed a lack in appropriate interventigBgdsall et al., 2009) Diet and exercise have a

role in the management of obesity in pregnancy and the ideal weight gain for various
degrees of maternal obesigystill unknown. Ideally, women would try to achieve a lower
BMI prior to pregnancy and attend for prenceptual counselling clinic according to the
ACOG Committee opinion no. 54@013)

It is recommended that obese women should give birth in consldthomnits in view of

the increased risk of induction cidour and emergency caesarean sectitinis also

recommended that the psychological, social and emotional needs of each obese pregna
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woman should be recognised, despite their care being largely consedtarithe support
of a named midwife should bavailable to all women throughout the childbearing

experience.

16 Thesi s ai ms

Uterine contractions during labour are associated with intermittent -pl@cental
perfusion providing the basis for ischerngperfusion type injury to the placenta. Doppler
ultrasound studies have demonstrated a linear inverse relationship between uterine arter
resistance and the intensity of the uterine contractions during lababour is associated

with placental alterations in several pathways linked to oxidative stress.

PE is an important cause of maternal death worldwide and a leading cause of iatrogenic
prematurity and FGR. In PE spiral artery remodeling is partial or incomplete in many
cases. The ensuing high pressure flow results in hydrostatic damage to the plagkint
Furthermore perfusion by intermittent pulses of fully oxygenated arterial blood is thought

to lead to fluctuations in oxygen delivery resulting in oxidative stress.

HSPs play an important role in regulating signal transduction, inhibition gitegie and
cellular proliferation and differentiationApoptosis has been implicated in both PE and
labour. In the apoptotic pathway, HSPs act at several stages to prevent cell death initiates
by stressnduced damage.TLRs are the principal signalling atecules through which
mammals sense infectionSince these pathways play a role in oxidative stress and
inflammation, both features of labour and PEhe hypothesis was that placental stress
pathways, inflammatory mediators and apoptotic markers wdtdd @uring labour and
pregnancies complications such as PE and F&lRthermore changes in expression vary

in different placental zones perhaps due to the variation in blood supply to each zone ot

due to the fact that some zones of the placenta aresusceptible to IR injury.

Clearly the bigger aim would be, one day, to try and decide which of the pathways might

be targeted for therapy for pterm labour and PE.
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16.1Pl acent a t iinsesnutes lekyp er

The first aim of this project was to investigate #patial expression of both protein and
MRNA of stress proteins HSP70, HSF1, HSP27 ahtSP27and mRNA expression of

() Stress genes (HSF2, HSRB2 HSP32, HSP40, HSP60, GRP78, HSP90AA,
HSP90B1 and HSP105).

(i) Inflammatory mediators (TLRS).

(i)  Apoptotic pathway m&ers (CASP3, 7 and 9)

For the above, placentas were obtained fromlabour and labour groups and the spatial
distribution was assessed by comparing the inner, middle and outer placenta zones withit

individual placentas.

The second aim of this project wiscompare expression of both the protein and mRNA
of stress proteins HSP70, HSF1, HSP27 amtBIP27 and mRNA expression of

(i) Stress genes (HSF2, HSRPRB2 HSP32, HSP40, HSP60, GRP78, HSP90AA,
HSP90B1 and HSP105)

(i) Inflammatory mediators (TLRS)

(i) Apoptotic pahway markers (CASP3, 7 and 9)

For the above, placentas were obtained from-labour and labour groups and the
difference in expression was assessed by comparing the inner, middle and outer placent

zones of the netabour group with the respective zoofethe labour group.

The third aim of this project was to compare both the protein and mMRNA expression of
stress proteins HSP70, HSF1, HSP27 ahtSP27 and mRNA expression of

() Stress genes (HSF2, HSRB2 HSP32, HSP40, HSP60, GRP78, HSP90AA,
HSP90B1 and BP105)

(i) Inflammatory mediators (TLRS)

(i)  Apoptotic pathway markers (CASP3, 7 and 9)

For the above, placentas were obtained from-labour PE, labour PE, ndabour

control and labour control groups. Due to time constraints only the inner and middle

zoneswere examined for the mRNA work. Protein analysis of HSP70 and HSP27 was

performed on all placenta zone$he aim was to determine if there was a difference, at
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each zone, for labour PE versus control labour and-labour PE versus nelabour

control.

162Ti ssue culturestexdyeri ments

The aim of the first study was to developiarvitro model of the hypoxieperfusion that

the placenta is exposed to during labour contractions and also in PE as a result of failec
spiral artery physiological conversio.he ain was to measure expression ofgeéned
proteins or mMRNA at placental samples taken from different zones and then exposed to thit
stress. This might help explain why protein expression varied between zones in labour anc
PE in the initial experimnts performed in this thesis. Specifically, at the protein level
HSP70 and HSP27 were studied and at the mRNA level HSP70, HSP27, HSF1, HSPO0OAA
and HSP90B1 were studied.

The aim of second study was to determine how heat shock (classical way of indessg s
proteins) affected the expression of-pefined proteins or mMRNA. The aim was also to
determine if any zones of the placenta were more susceptible to heat shock which migh
help explain why protein expression varied between zones in labour ang8eEifically

at the protein level HSP70 and HSP27 were studied and at the mRNA level HSP70,
HSP27, HSPB6, HSPB2, HSP32, DNAJAB1, HSP90AA, HSP90B1, HSPD1, HSF1,
HSF2, CASP3, CASP7 and CASP9 were studied.

163BMI study

Nothing is known about HSPs expressiortha placenta of obese women. However since
obesity is associated with oxidative stress and inflammati@natm was to screen for
different HSPs and CASPs families in the human placenta and then compare their
expression in placentas from 4 different Bigtoups at the inner, middle and outer
placental zonesSpecifically at the protein levels of HSP70 and HSP27 were studied and
at the mRNA level HSP70, HSP27, HSPB6, HSPB2, HSP32, DNAJAB1, HSPD1, HSPAS,
HSP90AA, HSP90B1, HSPH1, CASP3, CASP7 and CASP9 siadied.
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Chapter II: Materials and methods

2 Materi als and met hods

21Patient consenting process

2111 denti fi cati on

Women who underwent elective caesarean section surgery for obstetric reasons wer
identified as a potential participanfhe participants inhe control groups of nelabour

and obese group were identified by reviewing the surgical list of the obstetrics operation
theatre. The participant control labour group were identified by review the antenatal ward
list or labour room notice board showitigbse who were in in first stage of their labour.
The mrticipants in the Pland fetal growth restriction group were identified by reviewing

the maternity department notes.
212Patient recruitment

Women were approached when they were admitted to the matdepartment. During

this routine meeting with them, | would introduce my study to them and remuvésts

them to consider participating in it; they would also be given an informahest. The

period between approach (i.e the first introduction o throject to prospective
participants) ad obtaining consent varied from a few hours to 2 days. Written consent was
always obtained through a signed consent form, and the women were given time making
their decision between their admission into a laboua cecovery room and a few hours
prior to the delivery.This is the time period that the women will have rdery to decide
whether they want ttake part in the study and to sitire consent form.It was made clear

to the womerthat they would always havthe right to withdraw from participating at any
time, irrespective of the fact that they had signed a consent fdfnra woman was
interested in participating in the study once they were approached at the maternity
department, | would discuss the studyther and answer any questions she might have.
All consent forms were filed along with the clinical notes pertaining to the pa#eocbpy

was kept in the study file até¢ Medical Genetics Department.
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213Et hi cal approval

Human term placentae were cotled from pregnant women at the Southern General
Hospital, Glasgow. The ethical approval for this project was approved by the \West
Scotland Research Ethics servarel was in compliance to the terms in the Declaration of
Helsinki (REC reference number3MS/0149, IRAS ID 30896) consent forms and
informationsheetsSigned patient consent was obtained prior to deliv&he information
and consent sheets were also approved by the ethics comnailteggned consent sheets

were stored in casd the reed for an audit arogaeppendix 1).
22Subjects

The participants were pregnant women at the Southern General Hospital, GlaBgew.
patient 6s de (Table R13 anc (Table Z)h Rlasemtasiwere collected from:

221Contr ol groups:

Women who had uncomplicated pregnancies and either had spontaneous vaginal deliver
at term (labour group (LG), n= 6) or deliveries by elective caesa®etion (nodabour

group (NLG), n= 6).All those in thdlabour group had spontaneous labour; this was a tight
group in term of length of delivery (the minimum time taken for labour was 3 hours and
the maximum was 8 hours)CS was performed for obstetrieasons such as breach
presentation, previous caesarean section or because of maternal reglleshosen
placentas were confirmed free of infection by pathology repiire control groups studied

had no underlying maternal conditionscBuas hypertemsn, PE diabetes or gestational
diabetes or other medical disordeiBhere was no fetal pathology such as fetal anomalies
or FGR.

2220bese group:

Obesity is a condition characterized by excess of body fat and consequently resulting in &
significantimpairment of health B MI (kg/ m}) I's defined as
by the height (m?2).1t is a simple index that is commonly used to classify overweight as
BMI >25 and obesity BMI >30 in adults.Obese women who had uncomplicated
pregnancies deliveredylelective CS were classified into three groups eting to their

BMI (Table 22).


http://www.plosone.org/article/info%3Adoi%2F10.1371%2Fjournal.pone.0054540#pone-0054540-t001
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Obesity group 1: BMI between 30 and 35 (n=6), group 2: BMI between 35 and 40 (n=6),
group 3: BMI equal or greater than 40 (n=6he control placental samples were cobelct

from women with normal BMi.e BMI between 19 and 25(n=6).

223PE group:

This group includes mmen who had pgnancies complicated by PE. N@bour PE

(n=5) and labourPE (n=7) were compared to nabour and labour normotensive
pregnancies.Late onsePE is defined as blood pressure of >140/90 mm Hg on at least 2
occasions at least 6 hours apart occurring in women were normotensive before pregnanc
after 20 weeks06 gestation and accompani e
collection) with no ther underlying clinical problems or maternal disease such as renal

impairment(Brown et al., 2001)
224FGR group

This group includes mamen who had pregnancies complicated by FEGRBR is a concept
signifying that the fetus has nathieved its optimal growth and it generally defined as
EFW at or below the foweight percentile for his or her gestation age in weekasver

FGR when EFW is at or below'3veight percentile and is probably a more reliable cut off
for associated peratal morbidity(Resnik, 2002) However, some of the FGR definitions
used in the puished literature varyor can be used inappropriatébout 5370% of the
babies in research publications are actually constitutionally small, with fetal growth
appropriate for maternal size and ethnigi®lberry and Soothill, 2007) The Royal
College of Obstetricians and Gynaecologists in Giégm Guideline No. 31 have of
defined FGR as AGrowth restriction impli
potential. As a result, growth restricted fetuses may manifest evidence of fetal
comprani se (abnor mal Doppl er s Aluthkisanples useckin u ¢

this study (n=8) were obtained from a sever group with EF{l<wBight percentile.
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Table 2-1: Patient clinical details. NLG (non-labour group); LG (labour group); NLG-PE (non-labour-PE); LG-PE (labour-PE); EMC/S (emergency caesarean

section); ELC/S (elective caesarean section); SVD (spontaneous vaginal delivery); BMI (body mass index); LG-FGR (labour-FGR); PG (primigravida); G

refers to the number of pregnancies the woman has had and P refers to the number of live children from these pregnancies. PO+2=2 miscarriages.

Sample

NLG
NLG
NLG
NLG
NLG
NLG

LG

LG

LG

LG

LG

LG
NLG-PE
NLG-PE

Age (years)

22
34
26
22
34
32
27
28
22
25
28
25
34
33

Parity

G3P2
G2P1
G2P1
PG
G3P2
G2P1
PG
PG
PG
PG
G3P2
G4P3
G3P2
PG

Smoker

NO
NO
YES
YES
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO

Gestation
(weeks/ days)
38 +4
41+3

39

39+2
39+1

39

40+2
40+4
41+3
41+3
37+6
41+1

39

36+6

Birth weight (g) Placenta

3840
3100
2860
3050
3555
4255
4192
3646
3940
3310
3354
3870
3490
2800

weight (g)
680
450
683
465
685
605
585
595
700
486
636
535
592
450

Mode
delivery
ELC/S
ELC/S
ELC/S
ELC/S
ELC/S
ELC/S
SVD
SVD
EMC/S
SVD
SVD
SV
ELC/S
ELC/S

of BMI

37
30.6
23
21
32.4
27
24
28
34
24
26
33.9
27
39




NLG-PE
NLG-PE
NLG-PE
LG-PE
LG-PE
LG-PE
LG-PE
LG-PE
LG-PE
LG-PE
LG-FGR
LG-FGR
LG-FGR
LG-FGR
LG-FGR
LG-FGR
LG-FGR

LG-FGR

28
38
29
42
32
30
32
28
17
35
27
33
30
32
22
28
23

42

G2PO0
G2P1
G2P1
G6P4
PG
PG
PG
PG
PG
PO+2
G4P2
G2P1
G2P1
G8PO
PG
G3P2
PG

PG

YES
NO
NO
NO
NO
NO
NO
NO
NO
YES
NO
NO
YES
NO
NO
NO
NO

YES

36+3
39

37 +3
36+6
38+1
28+5
38+3
40+6
29+2
35+6
37

35+2
34+4
37+4
37+6
37+2
38+4

36.6

4525
3736
3210
2248
2812
1230
2990
3530
1260
2210
1880
1850
1056
1990
2368
2075

2880
2180

1309
695
675
449
521
265
420
692
317
780
310
370
350
265
470
324
427

442

ELC/S
E/CLS
ELC/S
EMC/S
SVvD
EMC/S
EMC/S
SVD
EMC/S
SVD
SVD
EMC/S
EMC/S
EMC/S
EMC/S
EMC/S
SVvD

EMC/S

57.3
47.2
32.2
29

23

29.7
21.9
26.7
23

29.2
29

34.5
18.1
39

21.3
20.1
224

181




Table 2-2: BMI patient details.
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Sample

BMI 1-1

BMI 1-2

BMI 1-3

BMI 1-4

BMI 1-5

BMI 1-6

BMI 2-1

BMI 2-2

Age years Parity

26

22

32

25

32

36

34

34

G2P1

G2P1

G2P1

G2P1

G2P1

G2P1

G3P2

Smoker

YES

YES

NO

NO

NO

NO

NO

NO

Gestation

(weeks/ days)

39

39+2

39

40

39

39+1

41+3

39+1

Birth weight (g) Placenta

2860

3050

4255

5250

3510

4220

3100

3555

weight (g)

683

465

605

980

716

630

450

685

Mode of delivery

ELC/S

ELC/S

ELC/S

ELC/S

ELC/S

ELC/S

ELC/S

ELC/S

BMI

23

21

27

24.1

24.4

23

30.6

324
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BMI 2-3

BMI 2-4

BMI 2-5

BMI 2-6

BMI 3-1

BMI 3-2

BMI 3-3

BMI 3-4

BMI 3-5

33

29

43

37

25

40

32

36

33

G2P1

G2P1

G4P3

PG

G2P1

G3P2

PG

G2P1

G3P2

YES

NO

NO

NO

NO

NA

NA

NA

YES

38+6

37+3

37

38+3

39+5

38+4

38+5

39+3

40+1

3450

3210

3515

3460

3770

4850

2740

4035

3725

625

675

750

595

690

940

430

790

722

ELC/S

ELC/S

ELC/S

ELC/S

ELC/S

ELC/S

ELC/S

ELC/S

ELC/S

33.2

32.2

32.8

33.1

36.7

36.6

37.9

35.9

37.4
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BMI 3-6

BMI 4-1

BMI 4-2

BMI 4-3

BMI 4-4

BMI 4-5

BMI 4-6

22

29

46

42

25

38

33

G3P2

G3P2

G3P1+1

G3P2

G3P1+1

G2P1

G2P1

NO

NO

NO

NO

NO

NO

NO

38+4

39+3

38

39+3

38+4

39

39+2

3840

4015

2845

3550

3575

3736

2940

680

995

590

685

645

695

494

ELC/S

ELC/S

ELC/S

ELC/S

ELC/S

ELC/S

ELC/S

37

40.3

42.3

44.7

49

47.2

52
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23Buf fers

Water (dHBO) used in buffer preparation was Mil) RG Ultrapure.

231 Phosphaitfeé dsral i( P8 S)

1 PBS(SigmaAldrich, cat.no. P441-60 TAB)

Phosphate buffered saline: A solution of one PBS tablet pemL@6i,0

232Ti ssue homo geurfifge&)si on

Tris (SigmaAldrich, cat.no. 93352)
EDTA (SigmaAldrich, cat.no. E6758)
Sucrose $igmaAldrich, cat.no. S9378)

)l
1
1
1 Protease Inhibitor Cocktail (PIC) (Sigma Aldrich cat. no. P8341)

1L of dH,O, 25mM Tris (3.02g), 1mMethylenediaminetetraacetic ac{EDTA) (0.49),
250mM sucros€85.6¢g). The gH adjusted to 7.6The buffer was stored at 4°C. Gme
experiment day 12.5ul/ml of PIC designed for use with mammalias (@80l in 20ml of
the buffer) was added.

233Bradford Assay buffers

1 Bovine Serum Albumin (BSA) (Sigmaldrich, cat.no A7906-50G)
1 Bradford reagent (Sigmaldrich, cat.no. B691600ML)

Stock standard solution for Bradford assay contained 10mg of BSA in 10ml dH20
234Western blotting buffers
1 10% sodium dodecyl sulphate (SDS)gdmaAldrich, cat.no. 35000)

1 Bromophenol blue (sal) (SigmaAldrich, cat.no. B012&5G)

]

Glycerol (SigmaAldrich, cat.no.G2025)

=

Tris (SigmaAldrich, cat.no. 93352)

=

Acrylamide(SigmaAldrich, cat.no.A3699100ML)
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T  Ammonium persulfat¢SigmaAldrich, cat. No. A3678L00G)

1 TEMED: N,N,N,N tetramethylethylenedrane (SigmaAldrich, cat.n0.T9281
100ML).

2.3.4.1 Sample loading buffer (2x)

1.2ml of 1M Tris, PH 6.8, 2ml Glycerol, 4ml of 10% SDS, 0.8ml o,@H2ml of 1M
dithiolthreitol (DTT) and a few bromophenol blue crystals.

2.3.4.2 Buffer A for the resolving gel (1L, pH 8.8)

Ore L of dHO contained 1.5M Tris (181.65 g) and 0.4% SDS (40 ml of 10% SDS).
The pH was adjusted to 8.8.

2.3.4.3 Buffer B for the stacking gel

One L of dBO contained 1M of Tris (60.55¢g) and 0.4 % SDS (40 ml of 10% SDS). The
pH was adjusted to 6.8.

2.3.4.4 Composition of resolving and stacking gels (Table 2-3)

Table 2-3: Resolving and stacking gels compositions.

Reagent Resolving gel (2 gels) Stacking gel (2 gels)
(10%) (4%)
Volume Volume
30% acrylamide/bis- 24 ml 2.7 ml
acrylamide
50% glycerol 4.8 ml N/A
Buffer A 18 ml N/A
Buffer B N/A 5 ml
Distilled water 24.8 ml 12.2 mi
10% AMPS 360 pl 100 pl
TEMED 36 pl 20 pl

Total 36x2 mlfor 2 gels 20 mlfor 2 gels
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2.3.4.5 10% ammonium per sulphate (APS) solution
To 1ml of dH0, 0.1 g of APS wsadded and allowed to dissolve
2.3.4.6 Running buffer (5x)

FourL of dH,O contained25mM Tris (60.4 g), 190mM glycine (288,¢0.4% SDS200ml
of 10% SDS)vas added. ThpH was adjustetb 8.3.

2.3.4.7 Running buffer diluted

Diluted 1:5 onthe day of experimen®.5L running buffer (5x) added 1 L of dH,O.
235Transfer of protei:bsaftree@uitred el
1 Tris (SigmaAldrich, cat.no. 93352)
1 NaOH (SigmaAldrich, cat.no. 655104)
1 Glycine (SigmaAldrich, cat.no. G889%00G)

Transfer bifer in 1L: 800ml of dBO, 25mM of Tris (3 g), 190mM glycine (14.4 g), 20%
methanol (200 ml).

Sodium hydroxide solution (NaOH): 0.1 g NaOH in 100ml dH20.

2361 mmuuet ecti on wobfu fpfreocq veiirnesd

2.3.6.1 TBSTB (in 1 Litre, PH 7.5)

Tris (SigmaAldrich, cat.n093352)

NaCl (SigmaAldrich, cat.n0.S7653)

Tween20 (SigmaAldrich, cat.no.P1379)

Bovine serum albumin (BSA) (Sigr#ddrich, cat.no. A7906)

= =4 4 =4

700 ml of dH,O contained20 mM Tris (2.4g9), 5M HCL (3ml, pH 7.5), 0.5M NaCL
(29.29), 0.4% Twee0 (4 ml) and 0.25% BA (2.5g) wasnixed and final volume of 1 L
was made anstored at 4°C.

237TAE buffer for gel el ectrophores

1 Tris (SigmaAldrich, cat.no. 93352)
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1 EDTA (SigmaAldrich, cat.no. E6758)
1 Glacial acetic Acid $igmaAldrich, cat.no. 1005708X1.5ML)

1L of dH,O contined 242 g, 0.5M EDTA (100 ml, pH 8.3) and 57.1 ml of glacial
acetic acid. This was stored at room temperature.

238Suppl emented media for fsiepeué ucu
and heat shock experiments).

T Medi uml199 ( M199) (gwtanmine anBediurh bicarbnate. Jhet s ,
liquid was suppliedsterilefiltered, cell culture tested) (Sigm#ddrich, cat. no.
M4530-100ML).

1 5% fetal bovine serum (heat inactivated) (FBS) (Sigxithich, cat. no. F9665)

1 1% antibiotic antimycotic solution (Ab/Am) (Sigma#drich, cat. no. A5955)

Every 20 mlaliquotof M199 media was supplemented with 5% of FBS (1ml) and 1%
Ab/Am (0.2ml).

24 Pl aceampl sng met hods

Placentas were obtained after delivery arashed withtap waterto remove blood.The
amnion was cut off and thethe whole placenta was weigdd. The placenta was divided

into three zones (inner, middénd outer) by three imaginary concentric circles and was
labelled with 12 numberbefore a photograptvastaken (Figure 21). Eachcircle was
divided into quadrants A full thickness piece of placentapproximately~1 cnt was
obtainedfrom each of the three zones by taking measurements from the umbilical cord
insertion point: inner zone being the inner third closest to cord insertion point, the middle
zone being ta third located roughly in the middle of the distance between the umbilical
cord insertion point and the periphery, and the outer zone being the third closes to the
periphery of the placentalhis was all performeds previously describezhd isshown in
(Abdulsid et al., 2013b, Abdulsid et al., 2013a, Abdulsid and Lyall, 2014, Alwarfaly,
2015) In the FGR placentas, as placenta wemealler samples were obtained from two
zones (inner and outer). Within each zonefour separate samples were obtained
representing the four quadrant®lacentas had a central cord insertioBamples were
immediately flash frozen in liquid nitrogenThe remaining part of the placenta was
transported to the pathology department amtices were examined by a pathologist.
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Figure 2-1: Photograph of placenta shown the 12 sites within the three placenta zones

where samples were obtained in each individual placenta.

241Col Il ecti on Bndpptoceéteibsamatiet he del
sui te

Tissue samples were collected accordingsystemic sampling methodsThey were
wasted three times in PBS (phosphétéfered saline) until any remaining traceshddod

was washed awathen, flash frozen inliquid nitrogen. The lquid nitrogenhas been
collected in sterile containers and all equipment used for the tissue collection was sterile
Cryostat containersvere cooledon dry iceand each was labelled and used to store a
sample of tissue Snap frozertissue was then brought to the dastoryon dry iceand
storedin -80 °Cuntil required

25Protein expression analysi s:

251Pl acenta tissue homogeni sati on

An appropriate volume of tissue homogenising buffer (secti8r2)2supplemented with
protease inhibitorcocktail was aliquot into a universabntainerand kept on wet ice.
Relevant tissue samples were removed fi@@ °C storageand ground down to a fine
powder in liquid nitrogen using mortar and pestleHomogenisingouffer was added to
the fine powdeiat a final ratio of 3:1 (viw).The sample was then homogesising5

bursts of 10 second atspeed 20 with 1 minuténin) of cooling interval on ice between
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burstsusing a rotoistator homogene (polytron® PT 1600E, Lucerne, Kinematicas

used Placenta homogenates weteen spun at 50009 for 10 mat 4°C to remove debris.

The supernatant containing the total protein (both particular and cytosolic fractions) was
extracted and divided into aliquots and stored78C. The amount of protein in each

sampe was quantified by the method of Bradford.

252Protein estimation using Bradfor

The protein concentration waetermined according to the Bradford eyiading method
(Bradford, 1976) Bradfordassay: is @pectroscopianalytical procedure used to measure
the concentration giroteinin a solution. It is subjectivee., dependent on the amino acid
composition of the measured proteifhe quantification is based on the colour change of
Coomassie Blue @50 in response to various concentrations of protds based on
anabsorbancshift of the dyeCoomassie Brilliant Blue @50in which under acidic
conditions the red form of the dye is converted into its bluer form to bind to the protein
being assayedThe stock standdrsolution (STD) of bovine serum albun{iBSA) (1 mg

per ml) (section 2.3) was used to create the standard €ui series of standard solution

(STD) using the dilutions below weeprepared as shown in (Tabld

Table 2-4: Standards stock dilution (ug/ml).

STD concentration Vol. stock std (H) Vol. of d H20 (ul)
(Mg/ml)
n/a 50
200 10 40
400 20 30
600 30 20
800 40 10
1000 50 n/a

Samples were dilutett40 (39 pl of dHO and 1 pl ofproteinhomogenate) Measurement

of protein samles was performedin duplicate and samples were read ia
BioPhotometer® (Eppedorf). A standard curve was created of absorbance against
different BSA concentratian and this was used to find the concentratidnprotein
samplesoncentratior(Figure 22). For a Western blot, 5@ng of protein loaded into each
well. The alculatin to convertug to mg = reading value dividday 1000 The value

obtained was then multiplied I8 (dilution factor).


https://en.wikipedia.org/wiki/Spectroscopy
https://en.wikipedia.org/wiki/Protein
https://en.wikipedia.org/wiki/Absorbance
https://en.wikipedia.org/wiki/Coomassie_Brilliant_Blue
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Figure 2-2: Example of standard curve.

253Westernhibibot

Sodium dodecyl sulphat@olyacrylamide (SDSPAGE) gel electrophoresis sepagte
proteins according to their molecular weighBroteins migration is determined Iblye
negative chargt mass ratio.Proteins separation is determined by the size optbieins

as well as the size dthe pores of the gel The protocolin this study used 10% resolving
gel and 4% stackingel.

2.5.3.1 Samples preparation and gel electrophoresis

Equal concentration of protein samples (including contealje denatured and reducéd
the presence of mercatoatiol andsodium deodecyl sulphate (SDS) (2.4.4.1) by boiling
for 5 minin heat block a5 °C before loading After brief centrifugationeach well was
loaded with 5Qul of protein samples (50 mg of protei0 ul of pre-stained SDSFAGE
protein moleculaweight $andards (Low range, BKRAD, cat.no. 1640305) was loaded
to the first well 50 pl of positive control game normal placenta used for all yelsas
loaded to the second well and used as a reference séwnmabsequent densitometry
Samples wexr resoved on polyacrylamide gels #0%) (section:2.4.4.2 to 2.4.4.5).
Samples were separated using the Protean II® xi Cell SysteraR@loLaloratories,
Hemelhempstead, UKinmersed in running buffer (section 2.4.4.6380 V, 27 mA for
thefirst hour(h) thenthe current was turnagp to30 mA, foratotal time period of about 5
hours (h) until the dye front was close to bottom of thegel (Figure 23).
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Figure 2-3: PROTEAN Il xi systems by Bio-Rad Laboratories: photograph shows a sample

being loaded (left) and a gel that is running (right).

2.5.3.2 Transfer of proteins to Nitrocellulose (semi-dry transfer):

Resolved proteins were electransferred onto Whatman Protran® nitrocellulose transfer
membranes (SimgaAldrich, cat.no. Z61360). Two blotting papers and nitrocellulose
paper were kept in transfer buffgsection 2.4.5) for 20 minThe transfer was performed
usinga TransBlot SD SemiDry® Electrophoretic Transfer Cell (BiBad, cat.no. 170
3940) at 22/olts (V) and aconstant current (mdonane area x 2.5) for 30 mirSuccessful
transfer was indicated by full transfer of the prestained molecular weight markers onto the
nitrocellulose membraneComplete transfeof protein waslemonstrated usingonceals
solutionstaining and then dstaining of thenitrocellulosewas carried ouin 0.1% NaOH

solution (Figure 24).

2.5.3.3 Immuno-detection of proteins (Immune-blotting)

Membranes were blocked in 5% normal donkey serum (Semdeop CO6SBZ) or 5%
normal goat srum (SigmaAldrech, cat.nocat.G9023) in TBSTB (section 2.3.6) for &h
room temperaturéRT) with gentle agitation.Primary antibodies @are preabsorbed for 30
min in 5% normal human serum (Sera Laboratories International, catha318) in
TBSTB atroom temperature during the blocking stadembranes were then exposed to
specific primary antibdies and incubated for 1& RT (Table 25). Different positive
control protein samples were run when appropriate (Talig 2ZThe membranes were
washed hree times for 5 mirach in TBSTB(section 2.3.6.1pefore adding appropriate
horseradish peroxidise (HRP) conjugated -amthunoglobuln G (IgG) secondary
antibodyat the appropriatdifferent dilution in TBSTB buffe for 1h at RT Table 2-7).
After secadary antibody incubation membranes werehedstwice in TBSTB for 5 min

each andhen in water for 5 min



Table 2-5: Primary antibodies
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Antibody

HSP27
P-HSP27 Gerl§
P-HSP27 Ger7§
P-HSP27 Ger82
HSF1

HSP70

Actin-b
Caspase3

TLR4

TLR4

TLR2

TLR4

Supplier

Cell Signalling Technology
Cell Signalling Technology
Cell Signalling Technology
Cell Signalling Technology
Enzo

Enzo

Abcam

Enzo

Abcam

Abcam

Santa Cruz

Santa Cruz

Catalogue No

2402
2404S
2405S
2401S
ADI-SPA-901
ADI-SPA812
Ab8227
ADI-AAP-113
ab47839
ab22048
Sc8690
S¢-8694(C18

Host

Mouse moneclonal
Rabbit polyclonal
Rabbit polyclonal
Rabbit polyclonha
Rabbit polyclonal
Rabbit polyclonal
Rabbit polyclonal
Rabbit polyclonal
Rabbit polyclonal
Mouse monoclonal
Goat polyclonal

Goat polyclonal

Dilution

1:1000
1:1000
1:1000
1:1000
1:1000
1:1000
1:2000
1:1000
1:500

1:1000
1:200

1:200
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Table 2-6: Cell lysate positive control

Cells Supplier Catalogue nunber Cell type Source Function
HL-60 Santa Cruz Sc2209 Whole cell lysate Ready made Positive control
HEL92.1.7 Santa Cruz Sc2270 Cell lysate Ready made Positive control

Caco2 Santa Cruz Sc2262 Cell lysate Ready made Positive control




Table 2-7: Secondary antibodies
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Antibody

Donkey antimouse IgGHRP

Donkey antiRabbit IJgGHRP
gout anttMouse IgGHRP

Rabbitant-MouselgG-HRP
Donkey antiGoat IgGHRP

Rabbit antiGoatlgG-HRP

goat antiRabbit IgGHRP

Supplier

Abcam

Abcam

Abcam

Abcam

Santa Cruz

Santa Cruz

Cell-Signalling
Technology

Catalogue

ab6820

ab7083
ab6789

ab6728
Sc2033

Sc2768

7074

Host Dilution
Donkey polyclonal antibody t« 1:1000
mouse

Donkey polyclonhantibody to rabbit 1:3000
Goat polyclonal antibody to Mouse 1:2000

Rabbit polyclonal antibody to Mous 1:2000
Donkey polyclonabntibody to Goat 1:200

Rabbit polyclonal antibody to Goat 1:1000

Goat polyclonal antibody to rabbit  1:1000
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2.5.3.4 Detection

Immunologically reactiveprotein were visualised using the enhance Amersham ECL®
Western Blotting Substrate (Amersham Pharmacia Biotech, GE healthcare, cat. No
RPN2106) Chemiluminescent images of immudetected bands werebtained on
sensitive autoradiography-bay films (Kod& film. Sigma Aldrich, cat.no. Z373508
50EA) afterexposed for different timegeriods (e.g. 1 min, 30 secosdhen 10 secors)

until bands were clearly not saturated)he films weredeveloped usingn Ecomax xray

film processor (Protec Medical Systentat.no. 1186-0000). Intensities of bands on
exposed films were quantitatively analysesing amulti-Analysis® software BieRad GS

700® imaging densitometeilhe censity ofthe placental reference sampedded to every

gel)was used as internal cooltand other bands densityere expressed relative to it.

2.5.3.5 Loading control

Ponceau S solutioalsowas used to ensure the transfer and equality of salogdeng
(Figure 24).

Figure 2-4: Example of nitrocellulose membrane illuminated with Ponceau S solution.



112

26 RNA extraction from placenta

26,1RNA extraction

Total RNA was extracted usirthe RNeasy Midi Kit (Qiagen .cat.no. 75142) from snap
frozen placenta samples. RNA extraction after overnight irituban RNALater®
(SigmaAldrich, cat.no R0901) was also attemptatdthe beginning of the thesksut
because of poor yields of RNA obtained compared toftéghly frozen samples all

subsequent samples were snap frozen immediately after milect

When equiredplacenta samples were removed freB0° C sbrage and placed in a pre
weighed plate to determine the correct weight of starting maténelximum 250 mg of
tissuewas used at any one tijneThe sample was disrupted in 4 ml RLT buffer (provided
with the kit) supplemented with Betsle r ¢ a pt o eMEN(40rOd FMB (pdy 1ml of
RLT Buffer). Homogenisatiorof tissue was carried out using a Restaitor homogeniser
(Polytron PT1600E, Lucerne, Kinematica) at full speed setting for 45 second
Homogenisd lysate from each sample wésen spunat 4000g, 25°C for 10 minThe
supernatant was then removed carefully to a new 15ml Falcon tube {Sidrich,
cat.n0.Z2617849) and thenrdl of ethanol (70%) was added to the supernatant and mixed

by shaking vigorasly until the solution was clear.

RNasey® Midi kit spin columns already contained within the 15 ml collection tubes were
retrieved and 4 ml of mixed supernatant (ethanol and supernatant) was added to the colum
which was then spuat 4000g, 25°Cfor 5 min Theflow-through was discarded\ext the
column was washed three timi@s4.0 ml of RW1 buffer (provided witkhe kit) then2.5

ml of RPE (twice) After each wash the column was spu#@0g, 25°C, fob, 5 and 2

min respectively For RNA elution, tle RNeasy column was transferred to a new 15 ml
collection tube. 250 ul of RNadece water was added intthe RNeasy silicagel
membraneand allowed to stand for 1 minAfter that the columns were spah 4000g,

25°C for 3 min This step was then repedtivice. Then RNA was aliquied and stored at
-80°C.

26.2Quanti fication of RNA

Total RNA concentration (ng/pl) was calculated using Manodr op 10

spectrophotometer (Thermo Scientificfhe ratio of absorbance at 260/280 nm indicates



113

the RNA purity; a vale ratio close to 2 indicates optimal puritfhe final measurements
were in ngul (Figure 25) (Figure 26).

lame \

Report Full Mode Ignore

=

Sampl ng/ul 2607230
blank | Sandy | 02/05/2012 21:47 0.16 0.004 0.006 0.65 0.25
2PE1 | Sandy | 02/05/2012 21:48 | 376.08 | 9402 4484 210 2.28
2PE6 | Sandy | 02/05/2012 21:49 | 30519 | 7630 3596 212 2.26
6PE1 | Sandy | 02/05/2012 2150 | 34698 | 8674 4131 210 2.31
6PE6 | Sandy | 02/05/2012 2151 | 25652 | 6.413 3013 213 233
7PE1 | Sendy | 02/05/2012 21:52 | 51383 | 12846 | 5929 217 224
7PE6 | Sandy | 02/05/2012 21:53 | 35728 | 8932 4238 211 227
8PE1 | Sandy | 02/05/2012 2154 | 39243 | 981 4678 210 227
8PE6 | Sandy | 02/05/2012 2155 | 15439 | 3860 1.802 2&4 2.19

Figure 2-5: Example of transcript from Nanodrop reading in ng/pl. The ratio of absorbance at
260 nm and 280 nm (260/280) is given an indication of RNA purity.

Measurement complate 24/04/2013 19:06 F
LUser Sandy |

o1 Crwardey conrol | Clesr graph esch Sample = Sample Twvpe FRA=A0 ﬂ
9.00-
B00- Sample D 1E8416
F.00=
600- .
500 - Sample # 3

400~ | 230 =|am  Abs 4266

3.00-
2.00
1.00=

AZE0 10 mmpath 9162

10 men Absorbance

A-2B0 10 mm path. 4,481

2EO/260 204

Ll 260/2300 2.5
=1.01=, i 1 i i P i i i i i i i
220 230 240 250 260 270 280 290 300 IO 320 330 340 I50

Wanalength nm ngful 366.5

AT BIGSTE 0740424

Figure 2-6: RNA concentration of representative placenta sample: number 1BMI6 in ng/ul
(366.5).
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26 3Reverse transcription dRkMA)Vvertin

RNA was revers#ranscribed to first strand complementary DNA (cDNA) useiy
adapted protocathat used th®Quant i Tech Ki 't ( Qi agen, cat
(Promega, cat.no. A5003)As a result ofan initial optimization process, the qualiof
cDNA obtained using GoScriptE rthan eevesse t

transcriptase of the Qiagen Kkit.

Reverse transcription reaction lnded two steps as follows

1 Genomic DNA elimination reaction:

Based on their original concentratidghe amount of RNA required for 100 ng was

calculatedaccording to following equation:

Required RNA (pl)=100ng X 1pl / orginal concentration (ng /pl)

For each DNA elimination reactiofin(each PCR tubethe mixture was12 ul of RNA
(100 ng) fromthe previous calculatior?, € | @t buifer (@&gen kit) was added to
mixture aml tubes were put through gOUT program, using a thermal cyclerA(DN
Engine®, BieRad) for 3 mimat 42 °C.

1 Reverse transcript (RT) reaction

Oncetheg DNA wi peout reaction was compl eted,
transcriptase griPmemeMiay ,( Qi &ademRTki t) anc
were added and PCR tubes wagain placed in ththermal cyclerand theRT4 program

was used as follows80 minat 42°C and 5 miat 95°C. Once the reaction was completed,

the cDNA was stored a0 °C.

264Testing c¢cDNA quality

The cDNA quality was testedsing the human cDNAOK!® kit (Microzone, cat.no.
2HCDOK-150). The human cDNAOK mix and megaMi@old ae supplied from
Microzone and the primers sequencesWweald by company Interpretation of the re#is as
following: expected fragment size: 125 bp, 250, 375, 500 and 650flgt. 5 fragments
are observed the cDNiitergrateis okay. The 500 bp (arrow) fragment is derived from an
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internal control and should always be present (even in negativeipiitnot, PCR has
failed and needs repeatinglowever, if less than 5 fragments are observed then the cDNA
is likely to not be okay.The PCR reaction was as following; 7.5 pl of human cDNAOK!®
Kit mix, 12.5p master mix Gold, 4uRNasefree waterand 1ul cDNA (RNasefree water
was added to the negative control). PCR tubes were put into the thermal cycler prograrm
(cDNAOK)
0 95°C for 30 seconds
o For 35 cycles:
1 95°C for 30 seconds
1 59°C for 20 seconds
1 72°C for 45 seconds
Once completed, the PCR products eveeparated oa 2% agarose gel a constant
voltageof 50V (Figure2-7).

F __'J'l‘.v >

Figure 2-7: Gel showing products of the PCR multiplex reaction using the Human
cDNAOK ® Kit (Microzone, cat.no. 2HCDOK-150). cDNA was made using Quantitect® kit and
GoScriptE reverse transcriptase. Products were s
moelcualr ladders. The negative control was run in first lane. The other lanes show different

samples that showed good quality cDNA .

265Gel el ectrophr g@gaioss essgiedng 2% a

1g of agarose (Sigmaldrich, cat.no. 050660G) was added to 5@l of TAE (section
2.4.7)buffer then dissolved ia microwave for 3020 and 10 seconds withshort interval
between each time.7uL of Sybr safeDNA gel stain(Invitrogen cat.no. S33102) was
added. Gel electropinesis was performeds i ng RunOneE El ectroph
cat.no. E15659). The loading was as following; DNA ladder (Sigildrich,
cat.no.P1473) was loaded tine first well, dH20 as negative control ithe secand well,
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then samples were then added in oraed finally the positive control. Thein was at
constant 50 Vthe gel was then viewed on 8@V transilluminator and a photograph was

taken.

266 Quantitative real atiinme epaplRti @B a(s

Genespecific reaitime PCR TagMan gene expression assays were predesigned
Applied Biosystems All gene expression assays h&Bv ME r eporter dye
the probe, TagMan® MGB probe and a #ftuorescent quencher at tig end of
probe. Both the TagMan® MGB probes and primers have been premixed to a
concentration of 18 uM for each primer and 5 uM for the proBé#.gene expression
assays amplicokrengthwereless than 150 bp (endogenous control amplleamgth was

171 bp) and all werdinked to FAMMGB dye. Theseassayswere readymade and
supplied by Applied Biosystemsdt.no4331182) If possible, the primers weselected
spanexonsin order toexclude tle amplification of genomic DNA.

Realtime PCR was perfornge from reverse transcribed cDNA samples using the
Quantitative PCR StepOnePlus® machine (applied Biosystems), following the
manuf act ur er @seflyi 100sny ofucDNAI (inctuding the reference sample)
were diluted 1:5in RNasefree water and themadded to a 96vell MicroAmp® Fast
Optical Reaction Plate (Applied Biosystems, cat.no. 4346906) ¥0 ul of TagMan
Master mix (Applied Biosystems, cat.no. 4369514), 4 ul RNase water and 1 pl
TagMan Gene Expression Assay (either ggpecific inventoied assays or endogenous
reference assays)b-actin (Applied Biosystems, cat.no. Hs99999903) mhs used as an
internal control for normalising relative expression leviel the different RNA samples.

The choice of endogenous control is important and for this work the endogenous control
w a s-actim which has previously been demonstrated as a suitable endogenous control in
this laboratory. Placenta cDNA (primer design) was used as a positive reference sample.
Thermal cycling and fluorescent monitoring were performsthgi the StepOnePlus®

machine Applied Biosystems).

PCR amplification was performagking the following conditions: initial haldg stage at
50 °C for 2 minand then 95 °C for 10 mifgllowed by a total of 50 cycles (15 sewlsat

95 °C for denaturation and 1 min at 60 °C donealéxtend. During the extension step of
each cycle the fluorescence data were collechsljative controls using RNasee water
as template were included to test for the presence of any genomic DNA contamination.
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TagMan gene expression assaysdifferent genes which were used in my studies are
shown in(Table 2.8), (Table 29) and (Table 20). All assays were inventoried assays
(prepared by Applied Biosystems) and have a unique catalogue nu4384A182. This
means that primer sequences and detailsviindeld by the company.
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Table 2-8: TagMan gene expression assays of stress pathways. Hs means Homo sapiens, m means an assay whose probe spans an exon junction, s an

assay whose primers and probes are designed within a single exon. Such assays, by definition, detect genomic DNA. g an assay that may detect genomic

DNA. The assay primers and probe may also be within a single exon.

Human assay ID

Hs00328933_rh
Hs00166138_m

Hs00157107_rh
Hs00205056_rh
Hs03044127 g1
Hs00155436_rh
Hs00272204 &

Hs00205296_rh

Hs01110250_m1
Hs00428680_rh
Hs01036753 1
Hs00359163 s1

Gene naméGene aliases

heat shock protein, alptaystallinrelated,B6/ (HSP20)
crystallin, alpha A (HSPB4, HSP20)

crystallin, alpha B (HSPB5, HSP20)

heat shock 22kDa protein/HSP22

heat shock 27kDa protein 1

heat shock 27kDa protei/@HSPB2C110, MKBBP

heat shock 27kDa protein 3

heat shock 27kDa protein family, member 7 (cardiovascu
(ccv HSP)

heme oxygenase (deding) ¥ HSP32

DnaJ (Hsp40) homolog, subfamily B, memb&HEP40)

heat shock 60kDa protein 1 (chaperonin)

heat shock 70kDa ptein 1A

Gene

Symbol
HSPB6
CRYAA
CRYAB
HSPBS8
HSPB1
HSPB2
HSPB3

HSPB7

HMOX1
DNAJB1
HSPD1
HSPA1A

Assay Design

probe spans exons
probe spans exons
probe spans exons
probe spans exons
probe spans exons
probe spans exs

both primers and prob
map within a single exor

probe spans exons

probe spans exons
probe spans exons
probe spans exons
both primers and prob

map within a single exor

Amplicon length
96

123

66

66

145

116

79

82
130
81
124
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Hs00607129 M
Hs00743767 14

Hs00427665_1
Hs00971475_rh
Hs00232134 rh
Hs00988308_1

heat shock 70kDa protein 5 (glucesgulated protein, 78kDa HSPA5S

Heat shock protein 90U

heat shock protein 90kDa beta (Grp94), member 1
heat shock 105kDa10kDa protein 1

heat shock transcription factor 1

heat shock transcription factor 2

HSP90AAl

HSP90B1
HSPH1
HSF1
HSF2

probe spans exons 146
both primers and prob 133

map within asingle exon

probe spans exons 135
probe spans exons 114
probe spansx®ns 102
probe spans exons 68




Table 2-9: TagMan gene expression assays of inflammatory pathways: TLRs, MYD88 and NFKB1. SA: single exons
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Human assay 1D

Hs00413978_rh
Hs00610101_m1
Hs01551078_m1
Hs0015289_m1
Hs00152825_rh

Hs00271977 &

Hs00152971_m1
Hs00152972_m1
Hs00152973_m1l

Hs01675179_m1

Gene naméGene aliases

toll-like receptor 1
toll-like receptor 2
toll-like receptor 3
toll-like receptor 4
toll-like receptor 5

toll-like receptor 6

toll-like receptor 7
toll-like receptor 8

toll-like receptor 9

toll-like receptor 10

Gene

TLR1

TLR2

TLR3

TLR4

TLRS

TLR6

TLR7

TLR8

TLR9

TLR10

Assay Design

probe spans exons
probe spans exons
probe spans exons
probe spans exons
probe spans exons

both primersand pobemapwithin SA

probe spans exons
probe spansxons
probe spans exons

probe spans exons

Amplicon length

72
80
132
89
78

122

125
89
139

121
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Hs00182082_m1 myeloiddifferentiation primary ~ MYD 88 Probe spans exons 104
response 88

Hs00765730_m1 nuclear factor of kappa light NFKB1 probe spans exons 66
polypeptide gene enhancer in B
cells
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Table 2-10: TagMan gene expression assays of apoptotic pathways: CASP3, CASP 7, CASP9 a pAdtin AZMah® gete expression assay ID

beginning with fAiHs999999¢é0 and ending in A_mld identifies that amplifies a regi
Human assay ID Gene naméGene aliases Gene Assay Design Amplicon length
Symbol
Hs00234387_r caspase 3, apoptosislated cysteine peptidase CASP3 probe spans exons 100
Hs00154264m1 caspase 9, apoptosslated cysteine peptidase CASP9 probe spans exons 65
Hs00169152n1 caspase 7, apoptosslated cysteine peptidase CASP7 probe pans exons 76
Hs99999938-m1 dractin ACTB amplicon spans exons ar 171

probe does not span exons




123

267qRIPCR data analysi s

Gene expression in different samples was quantified using the comparativetfiod

( eeaCas describedoy Livak and SchmittgenLivak and Schmittgen, 2001and
according to Applied Biosystem guides (part numBd&i76785). Thereare two different
methods of analysing data from réimhe, quantitative PCR experiments: absolute
guantification and elative quantification. The absolute quantification determsnthe
transcript copy number usually comparing to a standard curve while the relative
guantification related the PCR signal (or fold change in gene expression level) of a target
gene in a one gup to the positive control after normalising to an endogenous reference
gene. We followed the relative quantification methottased onC values. Briefly,
threshold cycle @ ) is the fractional cycle at which the amount of PCR amplified gene
reaches a fied threshold in exponential phasg, is determined from a Ieljnear curve

where PCR signal is plotted against the cycle number, and was obtained from the PCF
machine. The C values of each sample were then imported into Microsoft Excel at end of
PCR raction.

The amount of transcript gene detected at a certain cycle number is directly related to the
initial amount of target in the sampleln order to determine the amount of specific
transcripts present in cDNA, firstly, Gralues for each sample showd normalised to

o bt ai .nForaeackCgroup; subtracting the meanv@lue of endogenous reference gene
b-actin from the correspondingmeanal ue of speci=G G-dne
actin). Then concentration & specific gene in the samplesdative to the positive control

was normalised byubtractionto obtainee@& values( eeae€ a€ample- & C of
positive control) Finally, the relative expression which is often named as RQ value was
determined by raising 2 to the power of the negative | ue qZse&@xa&C each
sample(Amount oftarget= "ze a€ ?).

268Eval uation of TagMan gemedkwgtpr es
perforgmelingel ecé¢ sioph

This step was done iorderto ensure that TagMan gene expression assaye working
properly. Amplified PCR productsvere then run om 2% agaose gel to detect the right
Amplicon length forthe specific gene.For example, HSP78ene expression rAplicon
lengthwas 124 base pairs; the bamds exactly at 125dsepair confirming that itwas the

specifc geng(Figure 28).
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300 =—>

200 =——>
100 =

ve Amplified HSP70 PCR products

Figure 2-8: 2% gel electrophoresis of PCR products of HSP70 TagMan gene expression
assay, band corresponded to amplicon length of the TagMan 124 base pairs. Negative

control was loaded in first lane showed no expression.

27 Mammal i an tissue cul ture

All cell culture procedures were carried out inaiBiological Safety Unit (BSULIlass I
hoods using standard aseptic techniques and sterile instrumidmggissue culture flasks,
dishes andipettes wereobtained fromCorning (UK). Culture reagetts were purchased
from SigmaAldrich.

271Hypoxmioa moxi a (Inkbdjedr wf ti ssue cu

This experiment was undertaken to investigate the effect of exposing placenta tissue to 2%
O, (hypoxia) forone hour followed by exposing the same placental sampl8% O,
(normoxia) (normal @concentration in placent&r four time points (2, 6, 12 and 23.h
Control samples were exposed&® O, for the entire duration This tissue experiment

was done taecreate the type of ischemic reperfusion of placenta that occurs in labour and
PE and to examine this effect on expression of selected geDesing labour, due to
uterine muscle contractions the blowdssels contract and relax givimg IR kind of

injury. In PE, uterinespiral arteryremodellingis incomplete and blood flownay occur in
pulsatilemanner which is also aliR kind of injury. The aim was to determine whether
pilot data from this group of experiments revealed any data suggestingndrat
experiments were needett was known at the start of this group of experiments that there

was only enough time to perform pilot experiments.
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The experimentvascarried out as follows:

2.7.1.1 Experiment preparation

One day before experiment (in the lab)va'NUAir® incubators were set to 2% (hypoxia)

and 8% (normoxia) @concentration.Three T5 culture flasks (labelled inner, middle and
outer zones) with 10 ml of supplemented media (sectid!®)2Avere placed in the 8%50
incubator (normal placenta oxygenncentration¥or 24 hbefore tissue collectionThese

sets of culture flask were transported to the maternity unit on the day of tissue collection

with the lids sealed.

Twelve culture Plates (24 well culture plateshtaining twoml of supplemented media
(section 23.8) were placed in the 8% ncubator (normal placentaggen concentration)

for 24 hprior to tissue collectionThese sets of twelve plates remained in the laboratory

2.7.1.2 In the hospital collection room

Step 1:Three piecs of placenta tissueepresenting thénner, middle and outer zones
(2cn?) were taken and each was cut ifvar parts. The first piece was used baseline
referencenence it wasmmediately snafrozenin liquid nitrogen The other three pieces
were collectedand then trasported to the laboratory in tA& culture flasks (Figure2-9
A).

2.7.1.3 On the day of experiment (in the lab):

Step 2:Theplacentakissue was transported ttoe Yorkhill Hospital laboratory irthree8%

O, T5 culture flasks each flask contained inner, middbe outer zones placenta tissue
Each flask contained three pieces; the first piece was useskasrad reference poiafter
sample transportation to the lab in order to investigate transport time effect on stress gene
expression.The other two piecesere cut downnto four equal sized piece&ight culture
plateswere removed fronthe 8% O, incubator(four plates for the experiment group and
four plates for the contr@roup; each plate was used for each time pointi.e 2, 6, 12 and 22
h. Four piecegin the first row) were added to the experimental cultural plates and four
pieces (in the first row) were added to the control cultural plairegach well one piece

from each zone was addedhe four experimental plates were put in thé @, incubator

and the four control plates were put back 88 O, incubator (Figure-9 B).
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2.7.1.4 The experiment (in the lab):

Step 3:The hypoxia exposure time for akperimentaplacental pieces (irar, middle and
outer) was 1 hat 2% Q. After thatthe tissue platesere removed from the incubator,
samples were transferred poe-equilibrated 8% @medium (the other four platesjand
transferredbackto the 8% Qincubator. The recoverytime in 8% O, for the experiment
plates were?, 6,12 and 22 h respectivelyThe control samplesvere incubated for 1h in

8% O incubatorrather than 2% @ They then underwent the same second step and were
placed back in th8% O incubator (Figure2-9 C). Thus the control samples did not get

exposed to the low oxygen environment.
2.7.1.5 Experiment recovery time (in the lab):

Step 4: A the end ofeach time point (2, 6, 12, 22)hthe relevant tissue plateagtaken
from the 8% Qincubator andhe three piece®f placenta tissue of thaner, middle and
outer zonesrom both experiment2¢6 O, -8% O, and control wells (8%, .8% O,) were
collected snap frozen in liquid nitrogen and stored-& °C. Oneml of tissue culture
mediawastaken in each point and stored for cytokine analysis should time falidhisin
thefuture (Figure2-9 D).

When required tissues were taken freBO °C storage,RNA and proteinwas then
extracted from the frozen tissue and proedsaccording tothe protein or molecular

analysis protocol.
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Figure 2-9: Figure showing the time course of hypoxia-reperfusion experiment. (A) Collection of first reference samples from (inner (I1Z), middle (MZ) and
outer (OZ) placental zones). The rest of placenta tissue samples were collected in three flasks (8% O,) for each of the three zones. (B) in the lab: the second
reference samples were collected from the three zones, the remaining placenta tissue samples were cut up and distributed into control (8% O,) and
experiment (2% O,), then each were put into relevant incubator. (C) After one hour all plates were taken out the incubators and were placed in the biological
safety unit (BSU) and then transferred into a new culture media (8% O,). All were returned back to the (8% O,) incubator for different time points. (D) After
each time point (2, 6, 12 and 22 h) one plate containing control and experiment tissue for inner, middle and outer zones was taken out of the incubator, the

tissue were snap frozen in liquid nitrogen, then stored at -80 °C.
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272HSPi nduction experi ment

The heat shockroteininduction experiment was undertaken to investigate the effect of
exposing placenta tissue from thi@ifferent placental zones to heat shock {€3 for 30

min followed by a recovery period compared to the control gwbpeh did not receive

heat shock andremained at 37C throughout This experiment was undertaken to
investigatewh et her a <c¢l assi cal Ashocko would di
different placental zonesThe aim was to determine whether pilot data from this group of
experimats revealed any data suggesting that more experiments were wairartied
future. Heat shock ighe classicalvay to induce heat shock proteins therefore a decision
was made to try and determine #féects of heat shock exposure the different placdal
zones. If there was a response the next step would be determine if different placental
zones were differentially sensitive heat shockand this might give some clues to help
understand whyhe proteinexpression oHSPsproteinscan vary at diffenet zones of the

placenta.
The experiment wasarried out as follows:

2.7.2.1 Experiment preparation (in the lab):

All media preparation wadone onthe day of the experimentAn ovenincubator(Philip
Harris Itd, Shenstonejvas adjusted to 43 °C and NUAir® inctisas were set to 20% 0
90% humidity and 37 °C

Three T5 culture flasks (labelled mn middle and outer zones) containih§ ml of
supplemented media (section 2.3.8), ten cultlaé&ep (24 well culture plategpntaining
two ml of suppemented media ireach well and1l5 bijous containing fourml of
supplenented media werplaced in the20% G at 37 °C incubator for fourhours before
tissue collection.These alture flasls were transported to the maternity unit on the same
day for tissuecollection withthe lids sealed whil¢he platesand bijousremained in the

laboratory.

2.7.2.2 In the hospital collection room:

Step 1: Tissue collectionThe T5 culture flasks were retrieved from the incubator and
transported tohe theatre.One piece of tissue was collected eachplacentazonelZ, MZ

and OZ. Eachpiecewas cut intathree and one section was used dmseline reference
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hence was immediategnapfrozenin liquid nitrogen. Thetwo remainingpieces of tissue
collected(2X3= 6) wereputthreeT5 cultureflasks (Figure 20A).

2.7.2.3 On experiment day (in the lab):

Step 2: The tissue was transported to Yorkhill Hospitdle placenta tissue was removed
quickly fromthe cultural flasls. Eachpiece from eaclzone (2) was cut up into fivequal

sized piecedive pieces were used as controls and five were experim@mgaire 210 B).
2.7.2.4 The experiment (in the lab)

Step 3: Experimental placenta pieces were placed into pre incubated bijous to then be
placedin an oven adjusted at 43 °C for 30 minControl samples werplaced into pre
incubated [atesand werancubaed for 30 minat 37 °C.

After heat shock in the oven experimental tissue was placed into pre incubated plates ir
order to be incubated &7 °C. Tissues were allowed to recover from that point on for
periads of 1, 3, 6, 12 or£h (Figure 210C).

2.7.2.5 Experiment recovery period (in the lab)

Step 4: A each tme point (1, 3, 6, 12, 24 h) the relevant tissue plate contgiieegs of
inner, middle and outer mes of both heat shocked armhtrolsampleswere cdlected and
snap frozen in liquichitrogen. 1 ml of tissue culture media waaken in each point and

stored for cytokine analysghould time allows in the future (Figurel® D).

RNA and protein were then extracted from the frozen tissue and procesdiragdo

protein or molecular analysis protocol.



In the hospital collection room

In the laboratory

131

Inner zone (1Z2)
Middle zone (MZ)
Outer zone (0Z)

Placenta tissue 12

Placenta tissue NMZ

Placenta tissue OZ

Placenta tissue

Snap frozen for each zone
separately

v

Placenta tissue

Placenta tissue
MZ

Placenta tissue
o=

v

C 7 ijfrif\ﬁzri ozﬁ_f\ C 7 = 7 Mzw : OZT

‘REEE - EEE

=

The control samples incubated
at 20% 02 & 37°C

cont

The samples incubate
in 43 °C For 30 minutes

¥ B

cont



cont

d

After 30 minutes

132

cont

4

After 30 minutes

=] Tissue were placed in BSU , then transferred to 5 equal issues (each for one time points) were placed in BSU ,
< fresh media with the then transferred to fresh media
_8 heat shocked (HS) samples
= e
v ;lggn = <~ E
= HS -
= After 1 hour After 3 hours
= <= c <= mMZ

ns Hs o m——

Aft.ezr 6 hours === After 12 hours
c oz
LXRESr 20 [o=urs Return back the plates to 20% O, C
at 37 °c incubator

v

After 1 hour

S=EE s
HS

After 3 hours

After 6 hours

= = o= o=
HS

After 12 hours After 24 hours

c < c <=
HS HS

\ Flash frozen in liquid nitrogen and storage at -80 °C / D

Figure 2-10: Figure showing the time course of heat shock induction experiment. (A) Collection of first reference samples from (inner (I1Z), middle (MZ) and

outer (OZ) placental zones) and collection of placenta samples in three flasks represent the three zones. (B) Placenta samples were cut down and were

distributed into controls or experiment (heat shock). Controls were placed in 37°C incubator and experiments were placed in 43°C oven for 30 min. (C)

After 30 min plates were taken out of the incubator and oven, were put in the BSU and then were transferred into a new culture media (37° C). All were

placed back to the (37 °C) incubator for different time points. (D) after each time point (1, 3, 6, 12 and 24 h) one plate contain control and experiment tissue

for IZ, MZ and OZ was taken out of the incubator and snap frozen in liquid nitrogen, then stored at 1 8 0

C.
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28St atistical anal ysi s:

Statistical anlgsis was performed usin@GraphPad prism 5. Results are expressed as
median unless otherwise state®epeated measuresme way ANOVA (Friedman test)
foll owed by Dunnds post hoc test were us
of parametric data for the samples from same placehtdruskalWallis test was used to
compare difference within threer four groupsof nonparametric data for the samples
from different placenta.Comparison between the two groups was performed using Mann
Whitney test (two tailed) and using whiskers: min to m&tatistical significance was
considered with p values of <0.05. Graphsvgtbox and whiskers plotsThe statistical
analysis of hypoxiaeperfusion and heat shock expenmse was performed using
Minitabl7 software General linear model twavay ANOVA was using with Turkey pair
wise comparison post hoc testwo factors (hypow and time) or (heat shock and time)

were measuredGraphs show interaction plots were demonstrated.

29 Troubl eshooting

29.10pti mi zation of Sant a2aGrduzflLaRnd A
antibodi es

| started looking at TLR2 an@LR4 protein expressionusing commerciallyavailable
antibodies used in published papeksowever, it soon become clear that these antibodies
either do not work or produce many ngpecific bands, | have detailed the procedure
followed in troubleshootingin the end we were refunded by the conipa for the cost of

the antibodiesSummary of severaxperiments thavere carried out is shown below
292Di f ferent protocol s

Differentwestern blotting protocols were attempted but the correct molecular weight bands
were not detected.These protcols inctle using different reagents (TSBA, PBS and
TSHB), using milk as blocker and overnight incubation of primary antib&dynary
antibodies that had been used are showmablé 211).
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me mbr ane

Membrane proteins were separated aun according tthe Western blot protocdbut also

multiple nonspecific bands were detected.

Table 2-11: Different primary and secondary antibodies were run for TLR2 and TLR4

pr o

Antibody Company/ Secondary Observation Action
cataloge antibody
number
TLR4 Santa Cruz (€ donkey anti multiple bands  secondary was
18): Se8694. goat IgG diluted and
1:200 HRP: Se different blocker
2033, 1:100 protocolswere
tried
TLR4 Abcam mouse gout antt no band positive controlun
monoclonal mouse IgG
ab22048. HRP
1:200 ab6789
1:2000
TLR2 Santa Cruz (€ donkey ant no bands different primary
19): Se8690. goat IgG antibody
1:200 HRP: Se concentratios
2033 were tried
1:100
TLR4 Abcam Rabbit donkey anti no bands positive control
polyclonal, Rabbit 1gG was run
ab47839. HRP
1:500 ab7083.
1:3000
294Running the positive control

antibody

us i

Positive controlswere purchased frorfS8anta Cruzthe companyiterature stated that they

are detected bthe TLR4 antibody It became clear thahese positive controls do not
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detect the antibody These are two positive controls that | tried from Santa Ctyz.
Positive control cac@ cell lysate: S@262 2) Positive control H60 whole cell lysate:
Sc2209 Next a different control supplied by eollaboratorwas used No bands \re

detected by both protocols.
295Bl otting using only secondary an

Several Western blots were run in standard way but without primary antibodies in order to

detect if there is angonspecific bandsMultiple nonspecific bands were detected.
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Chapter Ill: HSP70, HSF1 and HSF2 expression in
normal pregnancies and pregnancies complicated
with PE and FGR (HSP70 only).

Sl ntroducti on

31Heat shock proteins

Heatshock proteins (HSPs) aee family of protein that are expressed by all cells and
organisms. They have many important physiological functions as well as helping cells to
cope with stressful situationsSome HSPs are expressed constitutively while others are
induced by a range alamaging insults including heat shock, ischemia, hypoxia, oxidative
stress and physical injufLanneau et al., 2010)HSPs perform chaperone function by
stabilizing new protein to ensure correct folding. HSPs are required for proper folding and
activity of protein in the cellSaibil, 2013) HSPs are classified according to their
molecular weight into two groups: the smEIEPs family and the high molecular weight
HSPs. The small HSPs are ATP independent and their functions controlled by their
phosphorylation status. The high molecular weights HSPs include HSP60, HSP70, HSPI(
and HSP110 familiesThey are ATP dependentaberones.HSPshave become aarea

of intensive research due to their remarkable properties, their role in disease and the

potential to modulate their exgssion for therapeutic benefit.
3.1.1Di scovery

In 1962, it was observed that exposing salivary glanthefruit fly (Drosophila busckii)

to heat induced a characteristic pattern of puffing on tigee chromosomedRitossa,

1962) This indicated heat shock induced gene expression and rapidly induced the
synthesis of a new set of proteimghich eventwally became known adSPs(Tissiéres et

al., 1974) HSPs aréhighly conserved and afeund in virtually all living orgaisms, from
prokaryotes to eukaryotg§eder and Hofmann, 1999)HSPs are expressed in distinct
compartments of the cell includingytoplasm, nuches, mitochondria an&R. Theyare
associated with various structural proteins such as actin and coll@dger®ng et al.,
2009)
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312Functions
3.1.2.1 Intra-cellular HSPs

HSPsare chaperones being important in profeding of nascent proteingefolding,
assembly and degradation of proteimsfact, notall, but most of the HSP function is as
chaperonegHorvath et al.,, 2008 Their expessions allow cells to survivaulslethal
conditions by binding to partially denatured proteins, dissociating protein aggregdtes
regulating correct foldindJolly and Morimoto, 2000, Young et aRP04, Sarto et al.,
2000, de Jong et al., 2009, Horvath et al., 2008%Ps have been shown to be involved in
cell differentiation, tissue development, apoptosis and hormonal stimu(&#oto et al.,

2000) The ER is a major site for production of proteins and controls this pro€ess: i
overburdened by misfolded proteins this will triggers cell death by apogimisg et al.,

2004) All HSP familiescontain of members expressed either constitutively or regulated
inductively and are targeted to several cellular compartnm(&usmitt et al., 2007)For
example, m contrast to the HSP90, which is expressewstitutively, HSP27 and HSP70

are highly inducible proteinéSchmitt et al., 2007) HSPs also have an important role
under normal physiological conditions with the constitutively expressed protein making up
to 510% of total cellular protein.Under stressful conditions the concentration can be
increased two to three fo[#Pockley, 2003) HSPs function under nestress conditions by
carrying denatured proteins to the proteasome and helping newly synthesised protein folc
properly. When cells exposed to stress, the expression of HSPs are increased and becar
upmost important to the cells to ensure protein confirmation in the correct form. In
addition to their role as molecular chaperones they also influence transport, aiggrega
and folding of other proteinsHSPs play a critical role in modulating the execution of the
apoptotic signalling pathways to maintain cell survival and to ensure that stress induced
damage does not trigger cell death inapproprig@ethmitt et al., 2007, Latchman, 2001)
They are two apoptotic pathwaystrinsic and extrinsic pathways, HSPs play an important
role in regulation of these pathwaysThe intrinsic pathways (mitochondria) can be
induced by HSP10 and HSPEBamali et al., 1999nd inhibited by HSP70, HSP27 and
HSP90 (Bruey et al., 2000aBeere et al., 2000, Pandey et al., 2000)he extrinsic
pathways (receptor mediated) are inhibitedH8P27, HSP90 andSP70(Charette et al.,

2000, Sato et al., 2000, Garrido et al., 20@8able 31) shavs mgor HSPsfamilies and

their intracellular location andoles
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Table 3-1: functions and intra-cellular location of major HSPs Adapted from (Pockley, 2003,

Calderwoodet al ., 2007a, Nobl e et al., 2008, Grubi gi
HSP familiesnames Intracellular location Functions

SmallHSBsU, b ¢ r y s Cytoplasm Cytoskeletal stabilisation
HSP25/HSP27 Cytoplasm and nucleus  Molecular chaperone an

antrapoptotic

HSP32 Cytoplasm Anti-oxidant (heam
catabolism)

HSP40 Cytoplasmand nucleus Co-factor of HSP70

HSP47 ER Processing opro-collagen

HSP60 (chaperonins) Cytoplasm and

mitochondria Assist correct folding,
assembly of multimeric
complexes and anti

inflammatory

HSP70

Inducible:HSP70/HSP72 Cytoplasmand nucleus
Constitutive: HSC70/HSP75 Cytoplasmand nucles
GRP78 mitochondria

Molecular chaperone

Mitochondria chaperone
ATPase activity, HSP70
down regulates HSF1
activity
HSP90 Cytoplasmand nucleus Molecular chaperone
In nonstress cellular
condition HSP90
maintenance of the HSF1
monomeric state
HSP110 Cytoplasmand nucleus Molecular chaperone

Thermal tolerance
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3.1.2.2 Extra-cellular HSPS

HSPs were initially believed to be solely intracellular, where they have their cytoprotective
functions (molecular chaperonesilowever, it is now well established thdSPs can be

also be present extracellularly where they display a different fun@iiambula et al.,
2007, De Maio and Vazquez, 2013, Binder, 2014S5Ps outside the cell act as cellular
communicators in respoago stress by alerting other cells especially immune system cells
to avoid the propagatioof the insult(De Maio, 2014, De Maio, 2011, Binder, 2014, De
Maio and Vazquez, 2013)It has been reporte@Gastparet al., 2004)that HSP70 was
expressed in human tumour plasma membranes. H&®réssion has also been shown in
several tissues such as vascular smooth muscle, blood mononuclear cells and neuron
cells (Robinsonet al., 2005, Liao et al., 2000, Hureavin et al., 2004) Recombinant
HSP70 cai€modulate the immune system agtivation ofmacrophageshis activation can
measured by increases in calcium levels and cytokine reléasa et al., 2000HSP70
bound with high affinity to the plasma membrane, elicited a rapid intracellular calcium
flux, activated nuclear factor (NfKappaB and upregulated the expression of- pro
inflammatory cytokines tumor necrosis factor (TANEpha, inerleukin (IL)-1beta and IL6

in human monocytes. In addition, several studies have demonstrated that HSP70 is
capable of activating cells of the immune syst@ega et al., 2008, Henderson and
Pockley, 201Q) HSP 60 and HSP70 have been detected in blood serum sqdPpiétey

et al., 2008) HSP60 was detected in the plasmambrane of mitochondria and cardiac
myocytes(Gupta and Knowlton, 2002, Lin et al., 2007Furthermore HSP60 has been
found in plasman some disease conditio(Bockley et al., 2000lGRP78 (HSPA5)which

is ER resident, has also been detected in the extracellular compartment human periphere
circulation (Delpino and Castelli, 2002) In addition, ahomologous form of cytosolic
HSP90 (GRP94) was also detected outsidebthiey hamster kidnegells secreted into a
serumfree mediumEvdokimovskaya et al., 2012)The small heat shock protein fanas
(SHSP$ are also secreted by cells and modulate the immune systmNoort et al.,
2012) HSP27 has been detected imdd during pathological diseases suchchsonic
pancreatitis and pancreatic carcinofhbi@o et al., 2009)

The mechanism of export of HSPs to the extracellular compartmentebasalso subject
of controversy among researchéBe Maio, 2014, Henderson and Pockley, 2012, De
Maio, 2011) Different mechanisms have been proposed including translocation across the

plasma membrane, endolysosal pathways and the passive release after cell death by
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necrosis(De Maio, 2014, Mambula and Calderwood, 2006b, Vega et al., 2008, Mambula
and Calderwood, 2006a)

HSP70 secretion does not follow a leader classigalal pathwaygCalderwood et al.,
2007a) It was suggeste(Nickel and Seedorf, 2008hat HSP70 may be exported via an
alterndive mechanism, which has been named the-atassical or unconventional
secretory pathwalgut the mechanism for this pathways has not yet emewyedther way
of HSP extrecellular secretion is via secretory vesicles in a similar to intedikin
(leadeless protein) secretion from macrophdlyeacKenzie et al., 2001, De Maio, 2011)
HSP27, HSC70, HSP70 and HSP90 have been shown to be releasextlxdrdy from
heat shocked Bells via exosomegClayton et al., 2005) HSP70 is also released via
lysosomal endosomes especially from tumour cells that transfer intracellular proteins to the
plasma membrane then release them to the-egthalar spacéMambula and Calderwood,
2006b) In addition,HSP90 has beeproposed as being exported via exosomedy
direct translocation acrodse plasma membrari®cCready et al., 2010, Li et al., 2012b)

31.3Synt hesi s of HSPs

HSPproduction is a key part afhe heat shock respons&lSPs expression can be induced

by several insults other than heat shotkese insults include steroid hormones
hyperthermiaROS, hypoxia, ischemia, bacterial infection amflammation(Patel et al.,
1995, Horvath et al., 2008, Kukreja et al., 1994, Norton and Latchman, 1989, Rethard
al., 1996, SLAKEY et al., 1993, Zheng et al., 2004eat shock transcription factor 1
(HSFL) is the stress responsive transcriptional activator responsible for the inducible
transcription of genes encoding HSPs. It binds to regulatory heat shoadn&dgmesent in

the promoter region of all heat shock ge(¥ao et al., 2006) In nonstress conditions
HSF1 is present as a monomer in the cytosAfter stress, dmaged protein induced
phosphorylation of HSF1 and then HSF1 is translocated into the nuclear compaiiment.
the nucleus, HSF1 forms homotrimers and bind to HSP gene promoter regions, leading tc
induction of HSP gene transcriptionUpon cell recovery, BF is dephosphorylated,
however, little is knowrabout the fate of HSF1 after its dissociation from D&l many
controversies in this aredt has been suggest€dang et al., 2008)hat HSF1 mg be a
substrate for chaperomeediated autophagyln addition,the fate of he disulphide linked
HSF1 monamers isalsonot known if they reduced and allowing the HSF1 to retain to an
inactive state in the cytoplasm or just degraded after its dissociation DNA (Neef et

al., 2011)
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31l1HSPs and the I mmune system

The extracellular HSPs functions have been investigatehsively for exampldheir
interaction with the immune system(Calderwood et al., 2007b, Srivastava, 2000,
Calderwood et al.,, 2005, Binder, 2014)HSPs plays important roles include pro
inflammation and lead to cytokine releag@sea et al., 2002)antrinflammation (Van
Eden et al., 2005, HauBroere et al., 2006and antigen presentatigiNoessner et al.,
2002) Extracellular HSPs whichfunction asantrinflammatory agent includeHSP20
(Wang et al., 2009)HSP27(Calderwood et al., 2007&@nd HSP3ZYeh et al., 2009)
Other immune functions of extellular HSPs include HSP60 as pnflammation(Lin et

al., 2007)and HSP70 as psmflammation and antigen pregation (Lin et al.,, 2007,
Gastpar et al., 2004, Liao et al., 2000, Noessner et al., .2B@&H90 functions as pro
immune (Calderwood et al., 2007.a)Secreted HSPs, including HBP, can take part in
immune surveillance.They can capture antigens and interact with receptorantigen
presenting cells. HS® complexes are able to deliver antigensé&gor histocompatibility
complex(MHC) class | and Il molecules on tlaatigen presenting celAPC) cell surface
and lead to the presentation of tunamtigens to T lymphocytesHSP70 also has anti
inflammatory properties. For example it can bind to, and acteahuman monocytes,
inhibiting the secretiorof inflammatory cytokines, such as TNF, -11bL athathd | L

increasing secretion of the aimilammatory IL-10 (Asea et al., 2000)
315Fami |l ies of heat shock protein

HSPs are cladfied into six major families: HSP110, HSP90, HSP70, HERE6SP40,
HSP32 (heme oxygenadg, small HSPs (sHSPs) where the monomer size typically ranges
between 12to 30-kDa( e. g HSP 2 0, -ciySaRire)yandaubiquitildichman,
2001, Pockley, 2003, Kappe et al., 2003)he sHSP subfamily consists of 10 members
(HSPBXHSPB10). It was proposed byre group(Taylor and Benjamin, 200%) classify

the sHSPs into major categories (class | and IlI) according to their subcellular location,
gene expression patterns and transcriptional regulatizifferent HSPs families will be

discussed in more detail in thdléaving chapters. HSP70 wibe discussed in this chapter.
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32Heat shock (pH®SRZQA)n 70

HSP70 is the most abundant chaperone and exist in different cellular compartiteats.
HSP70 family comprises at least 13 members, which are different from eachbgther
amino acid sequence, expression level and cellular location, this family also contains 50 .
proteins (DNAJ or HSP40 proteinXampinga et al., 2009, Tavaria et al., 199@)he
diversity of the HSP40 cahaperones allow recruitment of different members of the
HSP70 family to multiple cellular location and activities other than chaperone roles
(Kampinga and Craig, 20LOHSP70 is the most conserved protein in evoluflondquist

and Craig, 1988, Daugaard et al., 2007Tinmunoglobulin heawghain binding protein

(BiP) is the ER orthologue of the I$P70 family. BIP is intricately involved in most
functions of this organelle through its interactions with a Warief substrates and

regulatoryproteins(Behnke et al., 2015)
321HSPOBtructur e

The HSP70 family function depends on their ability to bind and release target proteins
coupled with conformational changes in HSP70, driven by hydrolysis and release of ATP.
HSP70 has two major functional domainshe Nterminal ATPase domain (NBD) binds
ATP and hydrolyses it to ADP lead to conformational changes in other doiihaayer

and Bukau, 2005) The second domain is the substrate binding domain (SBD) that can be
further divided into suftrate binding subdomain andt€minal subdomainThe substrate
binding subdomaircontains a groove that recognizes exposed hydrophobic segments of
target protein. The Gterminal subdomain is rich in alpha helical structanelacts as a

'lid" for the sibstrate bindinggroove (Lund, 2001) These domains are connected by an
inter-domain linker (Figure 31). SBD and NBD interact when HSP70 is ADP bound
(Swain et al., 2007) When HSP70 is ATP boundhé lid is open with low affinity for
peptide and rapid kinetics of binding and releag¢hen HSP70 is ADP the lid is closed
and affinity for peptides is increased while kinetics of binding and release is reduced.
When peptides bind the SBD it stimulatég tATPase activity helping to promote target
protein loading of HSP70. ThEISP70 intrinsic ATPase activity is low and for his
chaperone activity HSP70 needs acbaperone HSP4(MHenderson and Pockley, 2012)
HSP70 activity depends on the interaction between these domains and their interactior
with the @-chaperone for example HSP40 and nucleotide exchange féftoderweg et

al., 2013) The binding of an extended segment of a polypeptide chaiHS870 can

preventmis-folding, aggregation and help to maintain the unfolded state for translocation
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to another cellular compartment. HSP40 has a diverse function and targets specific sites o
HSP70. HSP40 is thought to act as a primary substrate for HSP70 that stirthdates
HSP70 ATPas@ampinga and Craig, 2010, Saibil, 2013)

Substrate gg |
Binding Domain |f

A:i'Pase Domain

393

Substrate binding pocket

Figure 3-1: HSP70 gene structure and domains: HSP70 contain two domains; nucleotide
binding domain/ATPase domain and substrate binding domain modified from (Grubig i c ,
2005).

322HSPO ami |l y members and chaperone

The HSP70 family contain several slightly different H8Pproteins they all share a
common domain structure but with different function and cellular locations. HSC70
(HSPAB/HSP73) is a constitutiyeexpressed chaperone proteillSP70 (HSPALA) is a
stressnducibleone. HSP70is oneof the best studied HSKRNollen and Morimoto, 2002,
Clerico et al., 2015) Both forms are localised in the cytoplasm anel tiacleugBrown et

al., 1993, Noble et al., 2008)The HSP70 family also include HSP78 (E&)d HSP75
(mitochondrid, both function as chaperongsloble et al., 2008) HSP70 has been
localised in the extraellular spac€éSchmitt et al., 2007)
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323HSPO haperone function

In nonstress conditions HSP70 and HSC70 act as molecular chaperones and theit
functions include assisting protein folding and refolding, degradation of unstable protein
and msfolded proteins and transport of proteins between different cellular compartments.
HSP70 is induced under stress conditions to maintain cellular stability and protect cells
against damaggschmitt et al., 2007, I€rico et al., 2015) HSP70 also binds to all newly
forming polypeptides on ribosomes in cells to keep them from folding inappropriately
while they are being synthesized. HSP70 protein Will?, HSP40 and HSP90 binds the
misfolded proteins. However, Ifrefolding does not occur, then Bagand E3ubiquitin

ligase CHIP binds to HSP70, then this complex targets the misfolded protein to the

proteasome where it is ubiquinated and degrddadneau et al., 2010)
324HSPO0 andapaonpttiot i c functi on

HSP70 ca blockapoptosis regulator BAXranslocation and preventitochondrial outer
membrane permealiji. HSP70 can bindhe apoptdic protease activating factor Agaf-
1) and prevent formation of the apoptosome (Apafcytochrome C,CASP 9) and
activation of CASP3(Joly et al., 2009) HSP70 canalso stabilizethe nduced myeloid
leukemia cell differentiation proteifMcl-1) which prevents BAX activigon and
mitochondrial mediate€ASP3 mediated apoptosiSharp et al., 2013) Co-chaperone
HSP40with HSP70 can inHuit several apoptotic signalling molecules inclutenour
necrosis factor(TNF) induced apoptosis, assembly of the death inducing signalling
complex (DISC), inhibiting transmembrane protefias and TNF-related apoptosis
inducing ligandTRAIL) (Joly et al., 2009, Sharp et al., 2018)SP70 canblock c-Jun N
terminal kinasefJNK) induced réease ofBcl-2-associated death promot@AD) from
mitochondria leadig to block of CASP8 activation, and bindingapoptosis signal
regulating kinase IASK1) and blockmitogenactivated proteifMAP) kinase induced
apoptosigJoly et al., 2009)

325 HSPONd i nfl ammatory pathways

HSP70 has a profound effect on immune pathways and generally shown to have anti
inflammatory effects by reducing the activation of the-jpftammatory gene transcription
includeNF-HB in myocytecells (Shimizu et al., 2002) HSP70 form a complex witNF-

HB that may be cell and stimulus specifielSP7@ NF-HB interactioncan decrease levels

of TNF, IL-1, MMP9 and other prinflammatory mediators that are regulatedNuiy-Hs
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(Sharp et al., 2013) HSP70decrease MMP processing from inactive to active forms
(Sharp et al., 2013)In addition, HSFP0 decreaseMMP9 activity throughNF-H8. HSP70
can also down regulate MMP2 possibly through interactions ddR70 with signal

transducers and activators of transcription (STAKLN et al., 2012)

HSP70 can affect both the innate and adaptive immune systems, anallgeappear to be
pro-inflammatory. HSP70 can stimulate Toll like receptor 2 (T2)RTLR4 and cluster of
differentiation 14 CD14) pathways on monocytesacrophages and dendritic celiad
activate intracellulaNF-HB, interferon regulatory factotRF) and STATB signalling(Joly

et al., 2009) HSP70peptide complexes caactivateCD8+ and CD4+ T cell responses
(Joly et al., 2009, Sharp et al., 2013HISP70 protein appears to be released into blood

afteracute disorderiike myocardial infarctior{Giffard et al., 2008)
326 HSP70 and cardio protection

HSP70 is expressed in myocardial tissue under assault and provides gaotection
againstmyocardial injuriesand stress, including IR injurfLatchman, 2001, Lepore et al.,
2001, Liu et al., 2012)A study(Liu et al., 2007)was performed using liposormeediated

gene transfer of HSP70 into rat myometrium showed that overexpression of HSP70
provided protection against IR injuryn addition, y-regulation ofHSP70 plays a role in
myocardial adaptation to acute ischemia stig&agma, 1999) Heat shock induak
expression of HSC7Was shown to restridhe degree of myocardial damage caused by

ischemia in rat heart myogenic celMestril et al., 1994)

HSP70 is important in regulatinghe myocardial innate immune response and cardiac
function afterIR injury (Liu et al., 2012) HSP70 promotes cardiomyocyte survival by the
conservationof antioxidants and inhibition of prapoptotic pathways including caspase
and Fas mediated deathscadeqSuzuki et al., 2002, Zhao et al., 2007, de Jong et al.,
2009) HSP70 induces pranflammatory cytokinesia activation of TLR4 in macrophages
and myocardiunfLiu et al., 2012) In addition,overexpression of 8P70 in myocardium
tissue improved posschemic ardiac contractility, which inversely correlated with infarct
size (Plumier et al., 1995, de Jong et al., 2009 a rabbit model of IR injuryntra-
myocardial injection of recombinant adenovirheaman HSP70 constructs resied in a
twofold reduction ininfarct size (Okubo et al.,, 2001) Increased levels of HSP70
expression was associated with improvement of ventriutention aftercardiopulmonary
bypassassociated myocardial IR injutyan et al., 2013)
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Besides its function as a molecular chaperone in cardiac tissBB§,0Hs also involved in
inflammatory responses after cardiac surgely Jong et al., 2009)High levels ofpre-
operative myocardial HSP&howed reduced levels of biochieal markers of myocardial
injury postoperatively, whereas patients withw levels of myocardial HSP70 pre
operative showed an almost twofold increase of biomarkers of myocardial injury after

surgery(Demidov et al., 1999, Giannessi et al., 2003)

HSP70 induces cardiac activity tolerance to endotoxin by reducing’NFr e s po n's
endotoxin in macrophages and also inhibithtig-aB activity, TNF U a n d -1lle@efs M
in cardiac tissue@Ao et al., 2009, Su et.ak010b, Liu et al., 2012)

The level of HSPO is significantly decreased in diabetic myocardium because of insulin
deficiency (Liu et al., 2012) HSP70 is commonly found in atherosclerotic plaguas
atherogenesis and it appears to be a protective factor against cellulafCusst et al.,
2008) HSP70 expression was decreased significantly in the hypertrophied myocardium

from peripheral vascular disead&wada and Ishii, 2009)

327THSPOG n cancer

HSP70 is expressed in malignant tumours of different ori¢fihgsser and Morimoto,
2004) and its expression correlates with lymph node metastasessasect cell
proliferation and therapeutic drug resistance in breast cé@amca et al 1993, Vargas

Roig et al., 1998) HSP70 and HSP90 are very interesting HSPs from drug discovery
perspective as both have been shown to be highly expressed in (Saw&rosa et al.,
1997, Nanbu et al., 1997ri€b et al., 1998, Ricaniadis et al., 2001)

328HSPOQene regul ation
3.2.8.1 Heat shock elements (HSEs)

Genomic studies on the HSP70 promoter showed that heat shock induce a rapid binding o
HSFs to a region of the 5 nGGAn sequence named H&egulation of HSPsapes is
mediated by the interaction of HSF with HSEs in the heat shock promoter regions
(Voellmy, 1993)
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3.2.8.2 Heat shock transcription factors (HSFs)

Heat shock factors are a family of 4 transcription factors (H§RRkerfelt et al., 2010,
Nakai et al., 1997) HSFL is the stress responsive transcriptional activator resperfsibl
the inducible transcription of genes encoding HSRsbinds to regulatory heat shock
elements present in the promoter region of all heat shock ¢éae<t al., 2006, Sarge et
al., 1993) HSF2 has the characteristics of a temperature sensitoteip and it is
inactivated when exposed to heddSF2 is more selective in function and also induced
during differentiation and early developméRtrkkala et al., 2001)It has been shown that
HSF2 associated with the expression of chaperone preteoding genes via
heteromultimerization with HSF(Sandqvist et al., 2009)In addition HSF2 in concert
with HSF1, pranotes the expression afJ Berystallin (Shinkawa et al., 2011)

HSF1 alsaegulates the expression of genes involved in other cell suagpactsuch as
protein degradationsignal transduatin, energy generation, carbohydrate metaboésich
cytoskeletonformation (Trinklein et al., 2004, Gonsalves et al., 201 HSF1 promotes
survival and proliferation of highly malignant ce(idendillo et al., 2012, Santagata et al.,
2013, Vihervaara and Sistonen, 2014)

HSF1 is usually present in the cytoplasm as a latent monomer that has no ability for DNA
binding. In nonrstress conditions HSF1 is phosphorylatedser303 andes307 residues
and its activity is repressedhrough theinteraction of the chaperone proteins HSP70,
HSP90 andHSP40(Shi et al., 1998, Zou et al., 1998, Guo et al., 20Q@Igon stress, HSF1

is phosphorylated from a monomer (inactiv@)a trimer (activated) translocate from the
cytosol to the nucleus order to bind DNA(Sarge et al., 1993, Pockley, 2003, Neef et al.,
2011)(Figure 32). Disulphide bonds stabilize trimer formatiddSP trimes bind toHSP
gene promoter regionggading to induction oHSP genetranscription This results m
increased transcription of H3@ and eventually increased translatoihmore HSP70
protein HSP70 is needed for thactivation of heat shock factbin mammalian cell§Ahn

et al., 2005) HSF1 is hyper phosphorylated during HS#ejpendent transactivation; this
process is repressed through a negative feedback inhilditunction of HSPs has to be
tightly controlled as inappropriate growth control mlegd to cell death. One mechanism
that regulates HSP expression is the binding of HSP70 to the HSF1 activation @®hnain
et al., 1998, Neef et al., 2011)'he second mechanism is the interactietween heat
shock protein binding factor 1 (HSBP1) and HSP70, which lead to inhibition of the
capacity of HSF1 to bind to DNASatyal et al., 1998) For example,HSF70 gene
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transcription is dowaregulated by interaction of $70 or HSBP1 with the HSF triens
(Pockley, 2003) Upon cell recoverytHSF1 fate is still uncleaand two mechanisms have
been suggesteeitherHSF1 is dephosphorylated and retained in the cytoptasgiSF1 is
degradedNeef et al., 2011HSFs also play other important functions spanning from heat
shock response to metabolism, development, lifegpandisease in particular canceda

neurodegenerative disorders.

HSF1 is involved irbalancingcellular processes during stress #mehenables their rapid
re-establishmenbnce suitable conditions for proliferation have beestored. HSF1also
controk target genes inell stress, development and cancer progredditemdillo et al.,
2012, Le Masson et al., 2011, Vihervaara et al., 2013)

Cytoplasm I Nucleus
Degradation?

Dissociation from DNA by HSP70/HSP40 inhibit transcription

acetylation activit
HSF1 monomer \; vc C X
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I Cytoplasmlc trimer I
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Figure 3-2: HSF1 activation and degradation cycle. In non-stress conditions, HSF1 exists as

N
GAANNTTCNNGAA

an inactive monomer in the cytoplasm. Upon stress HSF1 form homotrimers linked together
by disulphide bond and become localized to the nucleus to bind to HSE in the promoters of
stress-responsive genes. HSF1 becomes dissociated from DNA after HSP70 and HSP40 re-
associate with the HSF1 transactivation domain. Adapted with permission from (Neef et al.,
2011).

HSF2 is not activated in response to cleaisstress stimuli, but under developmentally
related conditions Animal studies showed that HSF2 is not able to functionally substitute
for HSF1 or to rescue the heat shock response in HSF1 knockou{Mub#llan et al.,
1998, Xiao et al., 1999) Human HSF2 and HSF4dre capable of complementing the
viability defect and conferrgnthermotolerance in S. cerevisiae cells carrying a lethal HSF
deletion(Liu et al., 1997, Tanabe et al., 199%owever,different member®f the HSF
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family could also cooperate in order to regulaberession of their target gentor
example,HSF3 has a dominant role in the regulation of the heat shock response and
directly influences HSF1 activitffanabe et al., 1998)

HSF2 isa nonstressresponsive membesf the HSF family. However, HSF2 plays an
important rolein controlling deveopment and differentiatiofdkerfelt et al., 201Q)for
example, severatudies showed that HSP70 transcripiioduced by hemin in K562 cells

is mediated by HSF2Morimoto, 1998, Theodorakis et al., 1989, Schuetz et al., 1991)
Furthermore,n K562 cells undergom heminmediated erythroid differentiation, thegh

level of HSF2 protein levels is preceded by transcriptional induction of the HSF2 gene,
accompanied by ineased HSF2 mRNAIn contrastHSF2 is dowrregulation during
TPA-mediated megakaryocytic differiation (PIRKKALA et al., 1999)

HSF2 binds to the promoters of $Psand modulates the taty of HSF1 through
formation of HSFIHSF2 heterotrimergSandqvist et al., 2009) HSF2 deficiency has
been shown to reduce the tempera at which HSF1 is activaté8hinkawa et al., 2011)
HSF2 is a sbrt-lived protein with a tissue and developmental stggecific expression
pattern (Bjork et al., 2010) HSF2 activity is regulated by its levels within the cells
(Sandqgvist et al., 2009, Bjork and Sistonen, 2018)SF2 expression decaseduring
mitosis in human cell linesvhich corresponds to the S#70 induction and protection

against stresmduced mittic abnormalities and apoptogElsing et al., 2014)
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3.3.1.1 Normotensive, PE and FGR groups:
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anal ysi s

NLG normotensive compared to LG normotensive grol{iSc and LG normotensive

groups then compared to the NLG and LG PE groups. LG normotensive groups comparec

to the FGR group (Tabld-2). The comparisons between groups carried out by using one

way ANOVA. Significant p values were stanalysed individuall{Table3-3).

Table3-2: Pat i ent 6s

clinical

det ai | s;

t he

descriptive

deviation. Analyses between the five groups were performed using one way ANOVA, P

value < 0.05 was considered statistically significant. Non-labour controls (NLG-C), labour
controls (LG-C), non-labour PE (NLG-PE), labour PE (LG-PE) and labour FGR (LG-FGR).

Category NLG-C | LG-C NLG-PE LG-PE LG-FGR p-value
(n=6) (n=6) (n=5) (n=7) (n=8)

Maternal 28.3345.| 26+2.28 | 32.4+4.03 | 30.57+6.88 | 28.88+37 | p=0.9

age(years) |7

Placenta 594.7+1 | 589.5+75 | 662.2+164. | 591.7+161. | 369.8+71.2 | p=0.001

weight (g) 10.5 12 4

Birth weight | 344353 | 3719+347 | 3552+645.5] 2959+567 | 2035+516.3| p=0.0007

(9) 7 4

No prier | 1 4 1 6 3

gravida

Gedation 39.3+1.0] 40.31+1.4 | 37.64+1.29 | 38.55+2.02 | 36.7+1.3 P=0.001

age at 4

delivery

(weeks)

No. Smokers | 2 0 1 1 2

BMI 28.5046.| 28.33+£4.6 | 38.56+11.3 | 25.46+£2.93 | 25.3+7.9 P=0.02
01 5
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Table 3-3: Patients clinical details; statistical analysis of the groups that were statistically
significant in Table 2-2 above. The analysis between two groups was performed using the

Mann Whitney test, p<0.05 was statistically significant.

Category p values group comparison

p value analysis for placentg NLG-C v LGC (p=0.9)
weight NLG-C v NLG-PE (p=0.7)
LG-C v LG-PE (p=0.7)
LG-CvLGFGR (p=0.0007)

p value analysis for birth weight | NLG-C v LGC (p=0.2)
NLG-C v NLG-PE (p=0.9)
LG-C v LG-PE $=0.03)
LG-CvLG-FGR (p=0.0007)

p value analysis for gestation agd NLG-C v LGC (p=0.2)
NLG-C v NLG-PE (p=0.05)
LG-C v LG-PE (p=0.1)
LG-C vLG-FGR (p=0.004)

p value analysis for BMI NLG-C v LGC (p=0.9)
NLG-C v NLG-PE =0.09)
LG-C v LG-PE (p=0.3)
LG-CvLGFGR (p=0.3)

332Anal ysi s of protevoexgpmresmRNMA HJF
pregnancy

Experiment 1: This experiment was designed to test if there was a shiiéence in
protein expressions of HSPWithin individual placentas obtained from women who were
not in labour (nodAabour group) and from women whwere in labour (labour group).
First the nodabour group was compared=xamples of Western blots showiltSP70
protein expressions forthe nontlabour ae shownin (Figure 33). The graphs and
statistical analysis are shown below the bladBmparison between zones was performed
using Friednan test analysisThere was a&ignificant difference in protein expression of
HSP70between the three zones oéthonrlabour groupand the labour group (p=0.0dr

both). The subanalysis showed that there was a significant decrease in HSP70 expression
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in outer zones compared to the middle zones for bothlatmur and labour groups

(p=0.03, p=0.02 respectively).

Non-labour group

Inner zone Middle zone Outer zone

Labour group

Inner zone Middle zone Outer zone

HSP70 HSP70
A i | B
p=0.04 p=0.04

p=0.03
6_

p=0.02

Optical density units
B
1

Optical density units
F:Y
1

Inner Middle Outer Inner site Middle site Outer site

Non-labour group Labour group

Figure 3-3: Representative images of Western blots showing HSP70 protein expressions in
inner, middle and outer zones of individual placentas of non-labour group (A) and labour
group (B). Four quadrants were sampled in each zone. Graphs show the median for HSP70

protein expressions. Comparison between zones was performed using Friedman analysis.

Experiment 2 This experiment was designed to test if there wasdéference in HSP70
protein expression betweelabour and notabour groups at the inner, middle or outer
zones of placentasWestern blots showing placental protein expressioH®®70in the
nonlabour and the labour at the inperiddle and outerones are shown in (Figure-3).

The graphs and atistical analysis are shown below the blotBhere was asignificant
decrease in HSP7Xpression in thaonlabourgroup when compared to thebour group

at themiddle zone(p=0.008. There was no significant difference in HSP70 expression in
the nonlabour group when compared to the labour group at the inner and outer zones

(p=0.2, p=0.06 respectively).
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Figure 3-4: Representative images of Western blots showing HSP70 expressions in the

inner, middle and outer placental zones in non-labour and labour (n=6 in each group). The

graphs show the box and whiskers analysis of the blots. Comparison between zones was

performed using Mann-Whitney analysis. NLG non-labour group, LG labour group.

Experiment 3This experiment was designed to test if there were any differences in mRNA

expression of HB70 within individual placentas at different zones (inner, middle and

outer) in either labour or ndabour. No spatial differences were found within placentas at

the mRNA level in nonlabour groupand labour group (p=0.95, p7@). (Figure 35)
shows the HSP70 RQ values in the inner, middle and outer zones #abwam (A) and

labour (B).
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Figure 3-5: RQ values for HSP70 mRNA measurements in inner (n=4), middle (n=4) and outer
zones (n=4) of individual placentas (non-labour and labour groups). Four quadrants were
sampled in each zone. Graphs show the median for HSP70 mRNA expressions. Comparison

between zones was performed using Friedman analysis.

Experiment 4: his experiment was designed to test if there were any differences in mRNA
expression of HB70in the nonlabour compared to the labour group at the inmeddle

and outer zonesFigure 4shows theHSP70RQ values in the notabour compared to the
labour group at the inner (A), middle (B) and outer zones (G)ere wasno significant
differencein mRNA expressiorof HSP70 in the notabour group compared to the labour
groupat theinner,middle and outer zosd€p=0.69, p=0.39, p=0.93 respective{iFigure 3

6).

A HSP70 B HSP70 c HSP70

51 =0.69 1.5+ 47
P _ W p=0.93

4+ _ 3

— 1.0
3-
2 g £

a 051 e

14 b

c T 1 00 T T 0 — 1 T

NLG LG NLG LG NLG LG

Inner zone Micdle zone Quter zone

Figure 3-6: RQ values for HSP70 mRNA measurements in non-labour (n=6) compared to the
labour group (n=6) at the inner, middle and outer placental zones. Comparison between

zones was performed using Mann-Whitney analysis.
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333Anal ysiprotein and MR N A HSP™HO
pregnancies complicated with PE

Experiment 1: Thigxperiment was designed to test if there wasdifierence in protein
expression of BP70betweennonlabourcontrol and norlabour PE groups atte inner,
middle and outer zonesf placentas. Wesern blots showing placental HSPpootein
expression irthe nonlabourcontrolandthe nonlabourPE at the nner, middle and outer
zones arehown in (Figure 37). The graphs and statistical analysis are shown below the
blots. There was asignificant decrease in HSP7&Xpression in theonlabour control
group when compared to the nlabour PE groupat the inner zone (p=0.02)There was

no gsgnificant difference iINnHSP70 expression in thenonlabour control group when
compared to the nelabour PE group at the middle and outer zon¢s=0.16, p=0.71

respectively).

Inner zone

Non-labour control (n=6) Non-labour PE (n=3)
A —
Middle z
Non-labour control (n=6) i ¢ zone Non-labour PE(n=3)

B s— — —"——
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Non-labour control (n=6) Non-labour PE (n=3)

Cc --—V_——r m—— S e

HSP70 B HSP70 c HSP70

—_—
p=0.02 —p— p=0.16

8
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Figure 3-7: Representative images of Western blots showing HSP70 expressions in the inner, and
outer placental zones in non-labour control (n=6) and non-labour PE (n=3). The graphs show the box
and whiskers analysis of the blots of three placenta zones. Middle Western blot image empty lane was
removed (dotted lines ). Comparison between zones was performed using Mann-Whitney analysis.

NLG-C non-labour control group, NLG-PE non-labour PE group.

Experiment 2: This experiment was designed to test if there was any difference in HSP7C
expresion between labour control and labour PE groups at the inner, middle and outer
zones of placentasWestern blots showing placental HSP70 protein expression in the
labour control and the labour PE at the inner, middle and outer zones are sl{bignna

3-9). The graphs and statistical analysis are shown below the blbtere was no
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significant difference in HSP70 expression in the labour control group compared to the
nontlabour PE group at the inner, middle and outer zones.gp=0=0.9, p=0.1

respedtely).

Inner zone

Labour control (n=6) Labour PE (n=6)

-— .
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Figure 3-8: Representative images of Western blots showing HSP70 expressions in the inner and
middle placental zones in labour control and labour PE groups (n=6 for each group). Western blot
image empty lanes were removed (dotted lines ). The graphs show the box and whiskers analysis of
the blots. Comparison between zones was performed using Mann-Whitney analysis. LG-C labour

control group, LG-PE labour PE group.

Experiment 3: This experimentas dsigned to test if there were any differences in mRNA
expressiorof HSP70 in the notabour control compared to the ntabour PE group at the
inner, middle and outer placentaines. (Figure3-10) shows the HSP70 RQ values in the
nonlabour control compad to the nodabour PE group at thieaner (A), middle (B)and
outer (C)zones There was no significant difference in HSRA&RNA in thenonlabour
controlgroupcompared to the nelabour PE at the inner, middle and outer zones (p=0.9,

p=0.09, pH.71 repectively).
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Figure 3-9: RQ values for HSP70 mRNA measurements in inner, middle and outer placental
zones for the non-labour control group (n=6) compared with non-labour PE groups (n=3).

Comparison between zones was performed using Mann-Whitney analysis.

Experiment 4 This experiment was designed to test if there was any differem&MNA
expressiorof HSP70betweenabour control andabour PE groups at the inneniddleand
outer zones of placentagzigure 8 showsthe HSP70 RQ values in the labour control
compared to the labour PE group at theer (A), middle (B) and outer (C)zones
Comparison between zones was performed using Mann Whitney test arighgsiswas
no significant difference in MRNA exmsion of HSP70in the labour controlgroup
compared to the labolRE group in the inner, middle and outer placentaies (p=0.48,
p=0.06,p=0.48 respectivglyFigure 311).
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Figure 3-10: RQ values for HSP70 mRNA measurements in inner, middle and outer placental
zones for labour control group (n=6) compared with labour PE groups (n=6). Comparison

between zones was performed using Mann-Whitney analysis.
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Experiment 5 This experiment was designed to test @rthwas any difference mRNA
expressionf HSP70betweennormotensive pregnancies and pregnancies complicated
with PE (both labour and nelabour cases were combined) at the inng@ddle and outer
zones of placentas (Figure 312) shows the HSP70 RQalues in the normotensive
pregnancies group compared to the PE pregnawggecmg. Comparison between zones
was performed using Mann Whitney test analyJieerewas a highly significant decrease

in MRNA expression oHSP70in the normotensive pregnanciggoup compared to the
pregnancies complicated with PE group in the midoie.009). No difference was found

in the inner and outer placentnes (p=0.54, p=0.1p

57 | | & —_— 4 p=0.21
=1 p=0.54 p=0.009 =—1— .
4 8- 3 -
3-
g 9 B
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QOuter zone
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Figure 3-11: RQ values for HSP70 mRNA measurements in normotensive pregnancies group
(non-labour and labour were combined) (n=12) compared to the preghancies complicated
with PE group (non-labour and labour were combined) (n=12) at the inner, middle and outer

placental zones. Comparison between zones was performed using Mann-Whitney analysis.

334Anal ysi s of protein andHSYR/NA ier
pregnacoimps i cated with FGR.

Experiment 1: This experiment was designed to test if there was any difference in HSP7C
protein and mMRNA expressiobgtween labour control and labour FGR groups at the inner
or outer zones of placentadDue to time constraints only one set of experiments was
performed for labour groups and in the inner and outer zones oOritye aim was to
determine whether pilot dateom this group of experiments revealed any data suggesting
that more experiments were warrantedWestern blots showing placental HSP70
expression at the inner zone (upper panel) and placental HSP70 expression at the oute
zone (lower panel) of the labogontrol group and the labe&GR group are shown in

(Figure 313). The graphs and statistical analysis are shown below the Albtre was a
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significant decrease in HSP70 expression in the laB@R group compared to the control
labour group in thewer zone (p=0.01)There was no significant difference in the HSP70

expression between the labour control and labour FGR groups at the inner zone (p=0.17).

HSP 70 (Inner zone)

Labour group- control (n=6) Labour group- FGR(n=6)

A ~—
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Figure 3-12: Representative images of Western blots showing HSP70 expression at the
inner zone (upper panel) and the outer zone (lower panel) in labour control (n=6) and labour
FGR group (n=6). The graphs show the box and whiskers analysis of the blots. Comparison
between zones was performed using Mann-Whitney analysis. LG-C labour group control,
LG-FGR labour group FGR.

Experiment 2: tested whether there was any difference between labour control and labou
FGR at the inner or outer zones at the HSP70 mRNA leVéle results are shown in
(Figure3-14). No differences were found in thener or outer zones in the HBPMRNA

expression.
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Figure 3-13: RQ values for HSP70 mRNA measurements in inner and outer placental zones
for labour control group (n=6) compared with labour FGR-groups (n=6). Comparison

between zones was performed using Mann-Whitney analysis.

335Anal ysi s of protein andSFUMRNA og @
pregnancy

Experiment 1: This experiment was designed to test if there was a spatiandiéfan
protein expressionf HSF1 within individual placentas obtaine@rdr women who were

not in labour(nonlabour group) and from women who were in labour (labour group).
First the nodabour groups were comparedwo main bands were detected in@hcenta
samples, which, according to the data sheet represent the phosphorylated 80 kDa and no
phosphorylated 65 kDa form&xamples of Western blots showing HSF1 (phosphorylated
80 kDa) and (noiphosphorylated 65 kDa) expressions for+dvour areshovn in (Figure

3-15). The graphs and statistical analysis are shown below the I@otsparison between
zones was performed using Friedman test analydigre was no significant difference in
protein expression of either form between the three zond® afonlabour group (p=0.65,

p=0.12 respectively).
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Figure 3-14: Representative image of Western blot showing expression of HSF1
phosphorylated and non- phosphorylated forms expressions in inner, middle and outer
zones of individual placentas of non-labour group. Four quadrants were sampled in each
zone. Graphs show median and interquartile range for HSF1 phosphorylated and non-
phosphorylated forms expressions. Comparison between zones was performed using
Friedman analysis. P-HSF-1= phosphorylated HSF1, NP-HSF-1= non-phosphorylated HSF1.

Experiment 2: This experiment was designed to test if there was a spatial difference in
expression of HSF1 within individual placentas obtained from women who were in.labour
Two main bands were detected in all placenta samples, which, according to the data shee
represent the phosphorylated 80 kDa andploosphorylated 65 kDa form$&Examples of
Western blots showing HSF1 (phosphorylated 80 kDa) andghosphorylated 6%Da)
expressions for labour group afeown in(Figure 316). There was a significant decrease

in both phosphorylated and nphosphorylated forms at the outmnes compared to the
inner and middle zones of the labour group (p=0.04 for boite subaralysis showed

that there was a significant decrease in both phosphorylated asphasphorylated forms

of HSF1 expression in outer zones compared to the inner zone for labour group (p=0.02 fol
both).
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Figure 3-15: Representative image of Western blot showing HSF1 phosphorylated and non-
phosphorylated forms expressions in inner, middle and outer zones of individual placentas
of labour group. Four quadrants were sampled in each zone. Graphs show median and
interquartile range for HSF1 phosphorylated and non-phosphorylated forms expressions.
Comparison between zones was performed using Friedman analysis. P-HSF-1=
phosphorylated HSF1, NP-HSF-1= non-phosphorylated HSF1.

Experiment 3: This experiment was designedest if there was any difference in HSF1
phosphorylated and and nphosphorylated forms expression between labour and non
labour groups at the inner, middle or outer zones of placentésstern blots showing
placental protein expression of HSF1 in tlwerlabour and the labour at the inner zone are
shown in(Figure 3-17) phosphorylate@0 kDa (upper panel) and ng@hosphorylated 65
kDa (lower panel). The graphs and statistical analysis are shown below the blbiste

was a significant decrease in FHEexpression in the labour group when compared to the
nonlabour group for both the phosphorylated form and thepiawsphorylated forms at
the inner zone (p=0.02, p=0.04).
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Figure 3-16: Representative images of Western blot showing HSF1 phosphorylated form (upper panel)
and HSF1 non-phosphorylated form (lower panel) expressions in the inner placental zone in non-
labour and labour (n=6 in each group). Both bands of Western blot image showed separately. The
graphs show the box and whiskers analysis of the blots. Comparison between zones was performed
using Mann-Whitney analysis. NLG non-labour group, LG labour group.

Western blots showing placental HSF1 phosphorylated form (upper panel) and HSF1 non
phosphoriated form (lower panel) expressions in Aahour and labour at the middle
zone areshown in (Figure8-18). The graphs and statistical analysis are shown below the
blots. There was a highly significant decreaseHSF1 expression in the labour group
when compared to the ndabour group for both the phosphorylated and -non
phosphorylated forms at the middle zone (p=0.01, p=0.008 respectively).
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Figure 3-17: Representative image of Western blot showing HSF1 phosphorylated form
(upper panel) and HSF1 non-phosphorylated form (lower panel) expressions in the middle
placental zone in non-labour and labour (n=6 in each group). First lane is the protein marker
and second lane is the positive control sample. The graphs show the box and whiskers analysis
of the blots. Comparison between zones was performed using Mann-Whitney analysis. NLG

non-labour group, LG labour group.

Western blots showing placental HSF1 phosphorylated form (upper panel) and HSF1 non
phosphoryléed form (lower panel) expressions in the #amour and the labour at the
outer zone are shown (Figure3-19). The graphs and statistical analysis are shown below
the blots. There was no significant difference HSF1 expression at the outer zone for

both forms(p=0.30, p=0.48 respectively).
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Figure 3-18: Representative image of Western blot showing HSF1 phosphorylated form
(upper panel) and HSF1 non-phosphorylated form (lower panel) expressions in the outer
placental zone in non-labour and labour (n=6 in each group). First lane is the protein marker
and second lane is the positive control sample. The graphs show the box and whiskers analysis
of the blots. Comparison between zones was performed using Mann-Whitney analysis. NLG

non-labour group, LG labour group.

Experiment 4 this experiment was designed to test if there were any differences in mRNA
expression of HSF1 within individual placentas at different zones (inner, middle and outer)
in either labouor norlabour. In the nonlabour group there wassignificantincreased at

the outer zongp=0.0001). No spatial differences were found within placentas at the
MRNA level in labour group (p=0)4 (Figure 320) showsthe HSF1 RQ values in the

inner,middle and outer zones for ndabour (A) and labour (B).
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Figure 3-19: RQ values for HSF1 mRNA measurements in in inner (n=4), middle (n=4) and
outer zones (n=4) of individual placentas (non-labour and labour groups). Four quadrants
were sampled in each zone. Graphs show the median for HSF1 mRNA expressions.

Comparison between zones was performed using Friedman analysis.

Experiment 5 this experiment was designed to test if there were any differences in mRNA
expression of HSF1 in the néambour compared to the labour group at the inner, middle
and outer zones(Figure 321) showsthe HSF1 RQ values in the néabour compared to

the labour group at the inner (A), middle (B) and outer zones (Chere was,
pamdoxically, an increase in HSF1 mRNA in the labour group at the inner zone (p=0.01).
No differences were found in HSF1 mRNA expression at the middle and outer zones (p=1,
p=0.8).
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Figure 3-20: RQ values for HSF1 mRNA measurements in non-labour (n=6) compared to the
labour group (n=6) at the inner, middle and outer placental zones. Comparison between

zones was performed using Mann-Whitney analysis.
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336 Anal ysipsrooei nmR&aAd expr esfsi HEF 1
pregnascoiml i cated with PE

Experiment 1 This experiment was designed to test if there wasd#iference in HSF1
phosphorylateénd ron-phosphorylatedorms expression betweemontlabourcontroland
nonlabour PE groups at lte inner and the middle zoned placentas. Due to time
constraints only two placental zones experiments \@aedysed Westen blots showing
placental HSFJroteinexpression irthe nonlabourcontrol andthe nonlabourPE at the
inner zone arshownin (Figure 322) phosphorylated 80 kDéupper panel) and nen
phosphorylated 65 kDa (lower panellhe graphsand statistical analysis are shown below
the blots. There was aignificant decrease in HSF1 expression inrthelabourcontrol
group when compared to the nlabour PE group for the nonphosphorylated fors
(p=0.04). There was no significant differencetime phosphorylated form at the inreeme
(p=0.24).
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Figure 3-21: Representative image of Western blot showing HSF1 phosphorylated form
(upper panel) and HSF1 non-phosphorylated form (lower panel) expressions in the inner
placental zone in non-labour control (n=6) and non-labour PE (n=3). First lane is the protein
marker and second lane is the positive control sample. The graphs show the box and whiskers
analysis of the blots. Comparison between zones was performed using Mann-Whitney

analysis. NLG-C non-labour control group, NLG-PE non-labour PE group.
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Western blots showing placental HSF1 phosphorylated form (upper panel) ancétgF1
phosphorylated form (lower panel) expressionghia nonlabour control andhe non
labour PE at the nddle zone are showm (Figure 323). The graphs and statistical
analysis are shown below the blotsThere was no significantlifference in HSF1
expression in the netabour group when compared to the Aabour PE group for both

the phosphorylated and n@hosphorylated forms at the middle zone (p=0.54, p=0.89

respectively).
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Figure 3-22: Representative image of Western blot showing HSF1 phosphorylated form
(upper panel) and HSF1 non-phosphorylated form (lower panel) expressions in the middle
placental zone in non-labour control (n=6) and non-labour PE (n=3). First lane is the protein
marker and second lane is the positive control sample. The graphs show the box and whiskers
analysis of the blots. Comparison between zones was performed using Mann-Whitney

analysis. NLG-C non-labour control group, NLG-PE non-labour PE group.

Experiment 2 This experimenwas designed to test if there wagy alifference in HSF1
phosphorylatednd ron-phosphorylatedorms expression betweethe labour control and
the labour PE groups at e inner and the middle zone$ placentas. Wesern blots
showing placental HSF&xpression in laboucontrolandPE at the nner zonds shownin
(Figure 324) phosphorylate80 kDa (upper panel) and ng@hosphorylated 65 kDa (lower
panel). The graphs and statistical analysis are shown below the Glbere was dighly
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significant decease in HSF1 expression in the laboointrolgroup when compared to the
labour PE group forthe nonphosphorylated fornfp=0.002). There was no significant
difference inthe phosphorylated form at the inrsme (p=0.39).
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Figure 3-23: Representative image of Western blot showing HSF1 phosphorylated form
(upper panel) and HSF1 non-phosphorylated form (lower panel) expressions in the inner
placental zone in labour control and PE (n=6 for both groups). The graphs show the box and
whiskers analysis of the blots. Comparison between zones was performed using Mann-
Whitney analysis. LG-C labour control group, LG-PE labour PE group.

Western blots showing placental HSF1 phosphorylated form (upper panel) anchétbF1
phosphorylated form (lower panel) expressionghe labour control andhe labour PE at
the middle zone arghown in(Figure 325). The graphs and statistical analysis are shown
below the blots. There was a significant decreaseHB8F1 expression ithe labourPE
group when compared to the labaamtrol group for the notphosphorylatedorm at the
middle zone (p=0.08). There was no significant difference in phosphorylatethfat the
middle zone (p=0.17).
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Figure 3-24: The graphs presentations show the box and whiskers analyisis of HSF1 phosphorylated
form and HSF1 non-phosphorylated form expressions in the middle placental zone in labour control
and PE (n=6 for both groups). Both bands of Western blot image showed separately. As curved gel,
areas of splicing of gel image where indicated (dotted lines ). Comparison between zones was

performed using Mann-Whitney analysis. LG-C labour control group, LG-PE labour PE group.

Experiment 3This experimentwvas designed to test if there were any differences in mRNA
expressiorof HSF1 in the notlabour control compared to the nrt@bour PE group at the
inner and middle placental zoneéFigure 326) showsthe HSF1 RQ values in the nen
labour control comparea the noAlabour PE group at thianer(A) andmiddle (B)zones
There was a significant decreasemiRNA expression oHSF1 in thenonlabourcontrol
group compared to the nelabour PEat the inner zonép=0.09. No differences were
found in HSF1 mRNA epression at the middle zone (p=0.1).
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Figure 3-25: RQ values for HSF1 mRNA measurements in inner and middle placental zones

for non-labour control group (n=6) compared with non-labour PE groups (n=3). Comparison

between zones was performed using Mann-Whitney analysis.

Experiment 4 This experiment was designed to test if there was any differem&NA

expression®f HSF1betweenthe labour control andhe labour PE groups at the inner or

middle zones oplacentas (Figure 327) showghe HSF1RQ values in the labour control

compared to the labour PE group at theer (A) and middle (B) zones Comparison

between zones was performed using Mann Whitney test analysessewas no significant

differencein mMRNA expression oHSF1 in the labour controgroup compared to the

labourPEgroup in the inneor middle placentatones (p=0.1, p=0.06 respectivély
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Figure 3-26: RQ values for HSF1 mRNA measurements in inner and middle placental zones

for labour control group (n=6) compared with labour PE groups (n=6). Comparison between

zones was performed using Mann-Whitney analysis.
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Experiment 5 This experiment was designed to test if there was any differamo&NA
expression®f HSF1betweemormotensive pregnancies and pregnancies complicated with
PE regardless the labour factat the inner or middle zones of placentg&igure 328)
shows the HSF1 RQ values in the labour control compared to the lab@mikEat the
inner (A) andmiddle (B) zones Comparison between zones was performed using Mann
Whitney test analysis.Therewas a highly significant decrease in mRNA expression of
HSF1in the normotensive pregnanciggoup compared to thpregnancies copiicated

with PEgroup in the inneand middle placentaones (p=0.007, p=0.01
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Figure 3-27: RQ values for HSF1 mRNA measurements in hormotensive pregnancies group
(n=12) compared to the pregnancies complicated with PE group (n=12) at the inner and
middle placental zones. Comparison between zones was performed using Mann-Whitney

analysis.

33.7Anal ysi s of MR NA exXpr ems sinom mad
pregnancies andcgompelginaantcd ke swi t h
i nner aned znoindedsl.

Experiment 1:This experiment was designed to test if there was a spfffietence in
MRNA expression of HSF®&ithin individual placentas obtained from women who were
not in labour(nonlabour group) and from women who were in labour (labowug)
(Figure3-29) showsthe HSF2 RQ values within individual placenta in the #alpour and
labour group at thénner (A) and middle (B) zones Comparison between zones was
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performed using Friedman test analysiBhere was a significant difference imRNA
expression of HSFBetween the three zones of the #abourand labour gups (p=0.9
for both).
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Figure 3-28: RQ values for HSF2 mRNA measurements in in inner (n=4), middle (n=4) and
outer (n=4) zones of individual placentas (non-labour and labour groups). Four quadrants
were sampled in each zone. Graphs show the median for HSF2 mRNA expressions.

Comparison between zones was performed using Friedman analysis.

Experiment 2 This experiment was desigh¢o test if there was grdifference in mRNA
expressiorof HSF2betweenthe labour andhe nonlabour groups athe inner, middle or
outer zone®f placentas(Figure 330) shows the HSF1 RQ values in the Aahour group
compared to the labour group aetinner (A, middle (B)and outer (C) placentalones
Comparison between zones was performed using Mann Whitney test andlysige. was

no significant difference iIMRNA expressionof HSF2 in the nontlabour group when
compared to the labour groapthe inner, middle and outer zones (p=0.69, p=0.58, p=0.24

respectively).
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Figure 3-29: RQ values for HSF2 mRNA measurements in non-labour group (n=6) compared
to the labour group (n=6) at the inner, middle and outer placental zones. Comparison

between zones was performed using Mann-Whitney analysis.

Experiment 3 This experiment was designed to test if there was any differemo&MNA
expression®f HSF2betweenthe nonlabour control andhe nonlabour PE goups at the
inner or middleplacentalzones.(Figure 331) showsthe HSF1 RQ values in the nen
labour control group compared to the Aabour PE group at thaner(A) andmiddle (B)
placentalzones Comparison between zones was performed using Mantn&yhiThere
was nosignificant difference in the mRNA expression of HS#&s found at the inner and
middle zones (p=0.90 for both).
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Figure 3-30: RQ values for HSF2 mRNA measurements in non-labour control group (n=6)
compared to the non-labour PE group (n=3) at the inner and middle placental zones.

Comparison between zones was performed using Mann-Whitney analysis.
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Experiment 4 This experiment was designed to test if there was any differemo&MNA
expressionsof HSF2between labour control and labour PE groups at the inner or middle
placentalzones (Figure 332) $iows the HSF1 RQ values in the labour control group
compared to the labour PE group the inner (A) and middle (B) placentalzones
Comparisn between zones was performed using Mann Whitiégre was nasignificant
difference in the HSFB'RNA was found at the inner amdiddle zones (p=0.32, p=0.95).
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Figure 3-31: RQ values for HSF2 mRNA measurements in labour control group (n=6)
compared to the labour PE group (n=6) at the inner and middle placental zones. Comparison

between zones was performed using Mann-Whitney analysis.

Experiment 5 This experiment was designed to test if there was afgrelifce inmRNA
expressions®f HSF2betweemormotensive pregnancies and pregnancies complicated with
PE regardless the labour factat the inner or middle zones of placent@Ssgure 3-33)
shows the HSF2 RQ values in the labour control compared tokiberl@Egroup at the
inner (A) and middle (B) zones Comparison between zones was performed using Mann
Whitney test analysisTherewas no significant decrease in mRNA expressioH®F2in

the normotensive pregnanciggoup compared to thpregnancies amplicated with PE

group in the inneand middle placentalones (p=0.14, p=0.9B
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Figure 3-32: RQ values for HSF2 mRNA measurements in normotensive pregnancies group
(n=12) compared to the pregnancies complicated with PE group (n=12) at the inner and
middle placental zones. Comparison between zones was performed using Mann-Whitney

analysis.

338Resul ts summary
3.3.8.1 Summary results for HSP70 expression in normal pregnancy:

Experiment 1: Within individual placentdbere was a significant difference in protein
expression of HSP70 between the three zones of théabonr group and the labour group
(p=0.04for both). The subanalysis showed that there was a significant decrease in HSP70
expression in outer zones cpared to the middle zones for both Aabour and labour
groups (p=0.03, p=0.02 respectively

Experiment 2:There was aignificant decrease in HSP&Xpression in theonlabour
group when compared to tHabour group at themiddle zone (p=0.00§. No othe

differences were found when comparing labour with-ladtrour.

Experiment 3: Within individual placentas no differences in mRNA expression for HSP70

were found either in the labour or rt@bour groups.

Experiment 4There waso significant differencén mRNA expressiorfor HSP70 in the

nonlabour group when compared to the labour gratugineinner, middle and outer zones
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3.3.8.2 Summary results for HSP70 expression in pregnancies complicated
with PE

Experiment 1. When the PE groups (Aahour) were compareditl the control groups
(nonlabour) for protein expression of HSP7d the inner, middle and outer zones the
changes foundan be summarized as followshdre was a significant decrease in protein
expression of HSP70 in the ntabour control group compateo the noAabour PE group

at the inner zone (p=0.02No other differences were found when comparing-iatour

control with nonlabour PE.

Experiment 2: When the PE groups (labour) were compared with the control groups
(labour)for protein expressionf HSP70at the inner, middle and outer zones the changes
found can be summarized as follows: There was no significant difference in HSP70
expression in the labour control group comparcethe norlabour PE groupat the inner,

middle and outer zones.

Expaiment 3: Therewas no significant difference in HSPTORNA in the nonlabour

controlgroupwhen compared to the ndabour PE at the inner, middle and outer zones.

Experiment 4: There was no significant difference in HSP70 mRNA in the labour control

groy when comparetb the labour PE at the inner, middle and outer zones.

Experiment 5: When non labour and labour was combined, thera Wighly significant
decrease in mMRNA expressiontdEP70in the normotensive pregnancigsoup compared
to thepregnagies complicated with PE group in the mid¢lbe-0.009). No difference was
found in the inner and outer placentahes.

3.3.8.3 Summary results for HSP70 expression in pregnhancy complicated
with FGR

Experiment 1:When the FGR groupdapour) were compad with thke control groups
(labour) for protein expression of HSPA theinner and outer zones the changes found
can be summarized as follows: there was a significant decrease in protein expression o
HSP70 in the=GR labourgroup compared to the labooontrol group at the outer zone
(p=0.0). No other differences were found when comparing FGR labour with labour

control at the inner zone.

Experiment 2:There was a significantdifferences were foundshenlabour control and

labour FGRgroups were compared thieinner or outer zones.
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3.3.8.4 Summary results for HSF1 expression in normal pregnancy:

Experiment 1: Within individual placentdbere was no significardpatial difference in
protein expression of either foraf HSF1between inner, middle and outer placermaes

of the nonlabour group

Experiment 2:Within individual placentasthere wasa significant decrease in both
phosphorylated and ngghosphoylated formsin outer zone compared to the inner and
middle zones of the labour group (p=0.04 for botfihe subandysis showed that there

was a significant decrease in HSF1 expression in outer zones compared to the inner zor
for both forms (p=0.02 for both).

Experiment 3 There was a significant decrease in HSF1 expression in the labour group
when compared to the ndéabour group for both forms #te inner zone (p=0.02, p=0.04
respectively and at the middle zone (p=0.01, p=0.008 respectiveljo other changes

were found at the outer zone.

Experiment 4: Within individual placentathere wasa significant spatial fiference inthe
MRNA HSF1in the nonlabour groupwith high expression @he outer zon¢p=0.0001).
No spatial differences were found within placergathe labour group.

Experiment 5There was, paradoxically, an increase in HSF1 mRNA in the laboup @it
the inner zone (p=0.01)No differences were found in HSF1 mRNA expressad the

middle and outer zones.

3.3.8.5 Summary results for HSF1 expression in pregnancies complicated
with PE

Experiment 1: When the PE groups (Hahour) were compared with thentmol groups
(nontlabour) for protein expression of HSFat the inner, middle and outer zones the
changes found can be summarized as follows: there was a significant decrease in protei
expression oHSF1in the nonlabour control group compared to the Habhour PE group

for the nonphosphorylated forsi(p=0.04) at the inner zoneThere was no significant
difference inthe phosphorylated form at the inneone. There was no significant

difference in HSF1 expression was found at the middle zone.

Experimen 2: When the PE groups (labour) were compared with the control groups
(labour)for protein expression of HSF1 for both formtstheinner andmiddle zones the

changes found can be summarized as followkere was &ignificant decrease in HSF1



179

expressionn the labourcontrolgroup when compared to the labd&E group forthe non
phosphorylated format the inner zone (p=0.002)There wasa significant decreasm
HSF1 expression in the laboBE group when compared to the labaantrol group for
the nonphosphorylatedorm at the middlezone (p=0.08). There was no significant
difference inthe phosphorylated form at the inrserd middle zone (p=0.39).

Experiment 3: There was a significant decreaseaRNA expression oHSF1 in thenon
labour control group compared to the nelabour PEat the inner zon€p=0.02. No

differences were found in HSF1 mRNA expression at the middle zone.

Experiment 4 Therewas no significant difference in mRNA expressionH8F1in the
labour controlgroup compared to thalbour PE group in the inneor middle placental

zones.
3.3.8.6 Summary results for mRNA expression of HSF2

Experiment 1: Nospatial differences were found imRNA expression of HSFvithin

placentas in labour or ndabour groups.

Experiment 2. No differences wefound inmRNA expressiorof HSF2between labour

and nonlabour groupst the inner, middle and outer zones.

Experiment 3No differencen mRNA expression of HSR2as foundbetweemon-labour
control andnon-labour PEat the inner and middle zones

Experment 4:No differencein mRNA expression of HSF#as foundbetween labour

control and labour PEt the inner and middle zones

Experiment 5: When non labour and labour was combined, therenwasgnificant
difference in MRNA expression &fSF1in thenormdensive pregnancieggoup compared

to thepregnancies complicated with PE granghe innerand middle placentaones.
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34 Di scussi on

341 HSPGnd present findings

This study sbhws for the first time that HS® is expressed in a spatial manner in the
placenta with the highdsexpression being in theiddle zonein both labour and nen
labour groups The study also shows the impamce of using a systematic method to
sample the @icenta. Previous reports of HS® expression, and indeed most studies of
expression of other proteinglo not take this into accountTherefore by taking a single
sample or averaging protein expression of several samples may well mask possible
changes irexpression. The increase in HS® in labarr, PEand FGR at precise zones
sugeests that there is autrolled spatial change in H3@ expression.The physiological

and pathological significance of these remains to be elucidated butiexidaess is the

common link.
342Key findi7bgs HSP

The main findings of this study were that PI® is expressed in a spatial manner in the
placenta with the highest expression being in the middle zone in both labour and non
labour groups (p=0.04)There was a significant increase in protein expression of HSP70
in labour group compared the nonlabour group at the middle zone (p=0.008here

was no significant difference in mMRNA expression of HSP70 between the labour and the
nortlabour groups. There was a significant increase in protein expression of HSP70 in
nontlabour PE compared to ndabour control group (p=0.02) at the inner zon&here

was no change in protein expression of HSP70 in labour PE compared to the labour contro
group. No changes were found on mRNA leveflowever, when notabour and labour
groups combined there was a sigrafit increase in mRNA expression of HSP70 in PE
compared to the normotensive group at the middle zone (p=0.008)e FGR study there

was a significant increase in protein expression of HSP70 in labour control compared to
the labour FGR guup at the owr zone (p=0.04).

343HSF1 and present findings

Heat shock proteins (HSPajeinduced in cells as a protective mechanism to cope with
cellular stress. The activation of the heat shock response is mediated by heat shock

transcription factor 1 (HSF1HSFs(HSF1-4) bind to the promoter regions tdrget genes.
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HSFL exists in a complex with HSP40, HSP70 and HSP90 as inactive maaaiter
stress HSE is and trimerizesTwo HSF1 bands were observed which; according to the
data sheet represent the phosphoryl&@#Da (active form) and nephosphorylated 65
kDa (inactive form).

344Key findilngs HSF

This study sbws for the first time that protein expression of H$&patialdistributedin

the placenta with the highteexpression being in theiddle zonein the labour group
(p=0.04). There was no significant difference in nlatour group. There was a
significant increase in nelabour group compared to the labour group for both forms
phosphorylatecand nontphosphorylatecht the inner zone (p=0.02, p=0.04 respety)

and middle zone (p=0.01, p=0.008 respectiveMp change was found at the outer zone.
There was apatial distribution in mRNA expression of HSF1 in the Aabour group
(p=0.001). No change was found in the labour grolhere was a paradoxicalcrease in
MRNA expression of HSF1 in the labour group compared to thdahaur at the inner

zone (p=0.01). No difference was found at the middle zon&here was a significant
increase in thaonphosphorylatedorm of labour PE compared to the lab@ontrol in the

inner and middle zones (p=0.04, p=0.004 respectivalizere was a significant increase in
MRNA expression of HSF1 in ndabour PE compared to the ntabour control at the

inner zone (p=0.02).No other changes were foundWhen all lalour and norabour
groups were combined, there was a significant increase in mRNA expression of HSF1 in
PE compared to the normotensive group at the inner and middle zones (p=0.007, p=0.0:
respectively). (Table-d8) showed comparison in protein and mRNApmssion of both
HSP70 and HSF1.
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Table 3-4: Summary of different comparison in protein and mRNA expression of HSP70

(blue arrow) and HSF1 (red arrow) in non-labour group (NLG), labour group (LG), non-

labour-PE (NLG-PE) and labour group-PE at the inner, middle and outer zones of placentas.

Both HSF1 forms; phosphorylated (P) and non-phosphorylated (NP) were included. Spatial

distribution also was included. Comparison was pointed by arrows to either increase,

decrease or no change.

Protein expression

Spatial distribution

NLG versus LG

Inner Midle Outer

Yes for HSP70 both NLG and LG groups, highest in the middle
Yes for HSF1 (both forms) only LG, highest in the middle zone.

<—>T (both forms)\l, T (both forms) <> <>

NLG-PE versus NLGC 1\ 1\ (NP) S>>
LG-PE versus LGcontrol IS R (N
MRNA

Spatial distribution

NLG versus LG

NLG-PE versus NLGC

LG-PE versus LGC

No for HSP70
Yes for HSF1 only NLG, highest in outer zone.

<—>l, > <> <> <>
PN <
C s e <« <>

345Key f

I ndi2ngs HSF

There was no spatial difference in mMRNA expression of HSHiere was no differerec

when nonlabour and labour groups compared at the inner, middle and outer placental

zones. There was no difference comparing both #amour and labour PE group with both
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labour and noitabour control. When labour and nelabour groups were combinedetie

was no difference imRNA expression of HSE2

346 HSPOXxpression in | abour, PE and

The main components of the HSP70 family are HSHSP 70i) (induced during cell
stress) andHSP73 (HSCO0) which is constitutively expressed in all cells. Both hasey/ v
similar amino acid sequencesBoth are involved in translocation of proteins from the
cytosol into theER and mitochondria and in protein folding during and after synthesis.
Other family members include GRP75 and GRP78. H5¢an rescue cells from atd by
inhibiting activation effector caspasé¥atteld, 1999) There has been some confusion
over the usef names for HSPs including H3® (Kampinga et al., 2009) The HSHO
used in this study is part of the HSPA family. HIPA(also called HSPZQ; HSP72;
HSPA1) and HSPA1B (also called HSPZOdiffer by only two amino acids and are
believed to be fully interchangeable protein§ogether with HPA6 (Heat shock 70kD
protein 6 (HSP70B)) they are the most inducible HSPs. HSPa#s3d&signated previously
as (HSC70; HSC71,; HSP71,; HE8RE2P) ngod HSH® Aa
and is involved in cdranslational folding and protein translocation across intracellular

membranegKampinga etl., 2009)

Under nonstressful conditions constitutively expressed members of each HSP family are
found in almost all organelles including the nucleus, cytopl&fRend mitochondria. By
interacting with proteins and peptides they play an important iroleell and organ
survival. HSPs are induced in response to cell stresses including heat shock, oxidative
stress, ultraviolet radiationlR injury, viral infections, nutrient deprivation, hypoxia,
physical damage, ischemia and chemicdlse perils of absequent protein misfolding are
controlled by two mechanisms: (i) the molecular chaperones (including HSPs) that
facilitate assembly, folding and translocation of proteins as welkhas refolding of
denatured proteinsand (i) the ubiquitirproteasome $sfem which regulates the
degradation of misfolded proteins which cannot be rena{iBedes et al., 2012)

Although originally thought to bind directly to the signalling recept®tdR2, TLR4,
cluster of differentiation(CD) 40, a CD91 it is nowknown that HSP70 binds to
scavenging receptors includingciin-like oxidized LDL receptofl (LOX-1), scavenger

receptor egressed by endothelial cél(SRECG1), andfasciclin, EGFlike, laminintype
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EGFlike, and link domaircontaining scavenger receptbr(FEEL-1). On binding to the
receptor it is thought that HSP70 then signals to the TLR2 receptor which in turn signals
MyD88 activation leading to the phosphorylation of ERK wtgah trigger the activation

of an undetermined transcription factor that will bind theld_gene promoter leading to
IL-10 productionBorges et al., 2012)Interestingly 1.-10 can be pranflammatory at the

end of labar and it has been proposed that this inflammatory action of a usually anti
inflammatory gtokine might be an evolutionary adaptation to accelerate parturition and
delivery and allow the fetus rapidly to exit a hostile environm@&ibb WL, 2006)
Labaur is a normal physiological process REis a disorder.lt is possible ilrPEthat IL-

10 production could be a protective response anddirwitro studies could deterine if

this is mediated by HS®.

Apoptosis has been implicated in b&tk and labar. In the apoptotic pathway, HSPs act
at several stages to prevent cell death initiated by strdased damage.For example
HSP70 inhibis CASP3 and 9. Thus it is possible HSP acts to keep the rate of apoptosis
in check(Borges et al., 2012)

HSP70 also has aninflammatory properties.For example it can bind to, and activate,
human monocytes, inhibiting the secretion of inflammatory cytokines, such a&JTNF | L
16, a6n (Ased et al., 20000nd increasing sedren of the antinflammatory I1L-10.
Since labour and PE are piflammatory states, HSP70 could again be a protective

medanism to countebalance this.

There aresome publications in which H3P expression in the placenta and changes
during adverse pregincy have been reportedThe major point to highlight is that
controlled sampling and the confounding effects of lmblsave not been considered.

These studies can be summarized as follows.

Diverset al (Divers et al., 1995also performed armimunohistochemical (IHC) study of
HSP70 expression in preerm labair, term labar, term nonlabaur and preterm cesarean
section forPE or FGR. No changes in HSF® were reported however different tissues
were studied namely amniochorion and basal platee placenta itself was not examined

and controlled sampling was not performed.

Lietalr eported increased expression of HSP7
vascul ar diWGReaadsP& @ludU@EREa)l combined in one group) compared
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with term nondiseased placentag@i et al., 1996) All were delivered by caesarean

section. No systematic sampling was performed and labour was not studied.

Shahet al usedIHC to assess HS® expression in paraffin sections of placenteom
normal term pregancies and reported immunostaining on cell tyegh in cytoplasm
and nucleugShah et al., 1998)Site of sampling or laheo was notassessed.

Ziegertet al (Ziegertet al., 1999)reported that HSP70 was expressed in placenta and
reported nadifference between lalo and norlabaur however no data or p values were
shown to support this statement and no systematic sampling was perfd&meldurly (Li

et al., 1996found no difference between lalvcand noAlabaur but similar issues applied.
Several years ago we examthHSP70 expression in placentasm normal andPE with

or withoutlUGR. At that time no clear difference in expression was found but we too did

not control for labar or sampling are@Hnat et al., 2005)

Barut et al preformed immunofluorescence on paraffectsons and xeamined HSP70
expression.HSP70 expression was reported to be increasedTd) CTB and extravillous
trophoblast inPE and on endothelial cells in intrauterine growth restrictiBarut et al.,

2010) This study did not control for placental site or labo

Kim et alreported that the presence of a uterine artery notch in a mixed group of normal
pregnantPE andPE plus IUGR was associd with increased eNOS and HBPin basal
plate samples taken from patients who underwent caesarean g&dtoet al., 2010)

Placental villous tissue was not studied

Padmini and Lavanya using western blottarglimmunofluorescencéund thatprotein
expressionof HSP70 was increasedin PE endothelial cells when compared to

normotensive subjec{®admini and Lavanya, 2011a)

In addition, the same resehrgroup(Padmini and Lavanya, 2011a, Padmini et al., 2012a)
using ELISA found thaexpressiorof HSP70was increasetty 30.2% in PEendothelial

cells when compared to normotenssudhijeds.

Some studies have examined HBRexpression in early pregnan¢yauniaux et al., 2000)
demorstrated a sharp increase in HBRIuring 89 weeks of gestation when blood flow to
the placenta is initiatedThey proposed that the placentaregulates protective proteins

to protect it at this time as the initiation of blood flow represents an oxidative stress insult.
(Hempstock et al., 2003jound increased syncytial HSP70 immunostaining in early
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pregnancy miscarriag@lacentae compared with placentae match for gestation from
pregnancies terminated for psychosocial reasons. Onset of the maternal circulation is
associted with a thredold rise in the oxygen concentration within the placenta resulting

in increased generation of reactive oxygen speg¢iksiniaux et al., 2003Bxamined
HSP70 and nitrotyrosine expression in placentae obtained from surgically terminated
pregnancies bewen 813 weeks of gestationThey sampled the inner and outer third.
Immunorectivity for HSP70and nitrotyrosine residues was greater in samples from
peripheral than from central regions of normal placentas and from missed miscarriages
compared to contts. They proposed that oxidative damage to the trophoblast, induced by
premature onset of the maternal placental circulation is a key factor in early pregnhancy

loss.

Johnstoneet al measured HSP) in purified CTB cells obtained from normal anéE
pregnanies (Johnstone et al., 20L1HSP70 was reported to be reduced in the cells from
PE cases however labpand site of sampling was not studiedhanges due to the shock

of enzyme digestion and celurification are also confounding factors.

A mechanism whiclwas proposed for increased H&Pand the link to laho was as
follows. Intracellular HSP70 binds to the progesterone receptor, thus functions as a co
repressor of this receptor and suppregs@gesterone binding to the nuclear response

element(Chaiworapongsa et.aR008)

Hung et al exposed term placenta explants from 4hedvour cases tolR in vitro and
showed this led to increased HBPexprasion and this could be reducedthe presence

of reactive oxygen species scavendehsng et al., 2001)

Malyshevet al showed that oxidative stress increal€saB which in turn activates nitric
oxide synthasenitric oxide release and subsequently H@mhduction in several organs
(Malyshev et al.,, 1995) Blocking nitric oxide synthase activity inlited HSHO
induction Our lab group have previously shown that villous endothelial ekND&it et
al., 1997) nitrotyrosine(a marker of peroxynitrite produced by supedaxand nitric oxide
interaction(Myatt et al., 1996and 4hydroxy-2-nonenal adducts (HR) a marker for lipid
peroxidation(Hnat et al., 2005are both increased IRE as isserum placental nitric oxide
accumulation(Lyall et al., 1995) Hencefuture studieghat will investigatethe role of
nitric oxide synthase in increasing HBPin the placentavould be recommended study
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by (Kakui et al., 2003)eported that protein expression of nitric oxide synthase isoforms

were not altered in lalbmw however nitric oxide synthase activity was not investigated.

HSPs can be detected in the circulatiomhe few reported studies ¢iSP70 serum
concentrations ifPE and labar are conflicting(Fukushima et al., 2005, Chaiworapongsa
et al., 2008)

347THSEi n | abour and PE

HSF1 is a prime coordinator of transcription in stressed cellsraotiyed n a multitude

of physiological processg¥ihervaara and Sistonen, 2014)pon stress HSFtontrols

the composition of the entighaperone machinegndadjusts the expressiaf ubiquitin
through theproteasomal pathwai¥ihervaara et al., 2013)HSF1 is the stress responsive
transcriptional activator responsible for the inducible transcription of genes encoding
HSPs. It binds to regulatory heat shock elempngsent in the promoter region of all heat
shock genegYao et al., 2006) It has leen showrthat active HSF is stably bound to DNA
and any turnover of transcriptioactivator is not required for rounds diSP70
transcription(Yao et al., 2006)

The expression of HSF1 was investigatedsimilar to HSP70 there waa spatial
distribution in proteinexpressiorof HSF1in the labour group for both isoformmth the
highest being in the middle zan@here was no change HiSF1 protein expression the
nortlabour placentasHowever, at the mRNA levahere wasspatial differences onlin
nortlabour group. The complexityof these changes makes it difficult to make clear
conclusions however the middle site appears to be the site that, for reasons to be explaine
shows more change#lso differences in labour and ndabour may also fate to the fact

that labour is a large stress compared to-labour. Further difficulties in explaining the
findings relate to what causes the initial labour contractions to start versus the
consequences of labouithe fact that mRNA did not always jadlel the protein changes

may also be linked to the same explanation as well as possible differences in
MRNA/protein stability/turnover in different zones and in labour versuslaimyur.
Overall it can be seen that changes in mMRNA and protein are coraptexhe most
important conclusion of all is the need for researcher to be consistent in sampling methods
within their own studies and if comparisons are to be made with other studies then it is
important that everyone agrees on a sampling methddsdate despite much discussion

on this, this has not been achieved.
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There are several post translationahodifications sites on HSF1 including
phosphorylation, acetylation astimoylationsites on different serine and threonine sites
that can be activated byrass active kinases resulting in either activation or inhib{fian

et al.,, 2012) HSF1 is stronglyinduced during stress conditi@nd the phosphorylation
levd of HSF1 correlates well with its transcriptional activigeo et al., 2006) Our
findings show tha both isoforms of HSF1 were increagen the nonlabour groups
compared to the labour at ther and middle zones, this may be explain that in lathour
Is possible that HSF1has increased and then retained to normasdeveltime before
placenta waslelivered. This is correlated with our results that have been shown irstteas
in HSP70, which induced by H& in labour group compared to the Aabour(Abdulsid

et al., 2013h)

The ron-phosphorylatedorm of HSF1 was increased in the nlafour and labour PE
groups compared to the ndéabour and labour control groupsDiminished or poor
placental function iflPEincreases the chances of apopt@aitaire et al., 2000) HSP70 is
an antrapoptotic protein that can influence the apoptotic cascade at multiple Qs
expression of HSFand HSP70are suggesting their protective role relation to the

oxidative stresgenerated ifPE.

Disruption of HSF1resultsin reducedconstitutive expression of several HSPs, which is
intimately associated with impaired redox homeostasis and mitochondrial dé@vizaget

al., 2002) There are few studies on HSF1 expression in placentas and PE most of them are
from one researcigroup (Padmini and Lavanya, 2011a, Padmini and Lavanya, 2011b,
Padmini et al., 2012a, Padmini et al., 2012b)

Padminiet al (Padmini and Lavanya, 2011bhowed that nophosphorylate HSF1 (NP
HSF1) in normotensive women was detected mainly in cytoplasm, whereas phosphorylate
HSF1 (RHSF1l) in PE women wasletected at high level in the nuclear fraction.

Systematic sampling and labour were not included.

Padmini et al (Padmini and Lavanya, 2011a, Padmini and Lavanya, 20fedmrted
increasedhuclear fraction of phoswrylatedHSF1 protein expressioin placentae from
PE cases compare with uncomplicated pregnancids. shown from this study not

controlling for labour or sampling zone might alter the findings.

Oddly the same groujramayya et al., 199T¢ported that there was ntRNA expression

of HSF1 in placentaHowever, in our study mRNA expressiomasvfound.
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348HSF2 in | abour and PE

HSF2 is not activated in response to classical stress stimuli, but under developmentally
related conditions.There was no spatial distribution @notein or mRNA expression of
HSF2 in norlabour and labour groups, also there was no significant differences when
comparing different groups at different placental zores HSF2 appears to have a role in
development and differentiation but not stresswould be of interest to follow the
expression of HSF2 in placental zones throughout gestaticeddition, it clear that HSF1

and HSF2 function in response to stress are not linked to each other.
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Chapt eHSR2A/7 athSdP2P7 expr essi
nor malgnamei es and pregnanc
complicated with PBnadaiyd .FC

4 1l ntroducti on

Heatshock proteins (HSPs) are a family of proteins expressed by all ddBRsare
chaperones important in the folding, assembly and degradation of protdihsir
expresions allow cells to survive to subthal conditions by binding to partially denatured
proteins, dissociating protein aggregates and regulating correct f¢&®ani et al., 2000)

Heat shock proteins are expredsin response to a wide variety of physiological and
environmental insult such as heat, inflammation, reactive oxygen species, ischemia anc
some anticancer drugSarto et al., 2000, Macario and Conway, 2006, Laonet al.,

2010) HSPs also play ammportant role in regulating sigl transduction, inhibition of
apoptosis and cellular proliferation and differentiatidASP27is a molecularchaperone

and several different mechanisms involvéheir cytoprotectivectivity.

41Heat shock (pHRFRein 27

HSP27(also known HSPB1) belongs to the familfysmall heat shock proteif{sHSPs)
(15-30 kDa) which includeubiquitin; U-crystallin and HSRO (Schmitt et al., 2007)
HSP27 is ATRindependent and protectgaanst strestnduced aggregation of proteins.
HSP27present in many cell types especially all types of muscle cklis.over expressed
during different stages of cell differentiation and development and becomes
phosphorylated in response to variousngti through interaction with different kinases
(Sarto et al., 2000)In response to streschanges in expression of HSFoccurs and, like
many proteins, HSR7 function can also be regulated by at the -pastslational level
(GhayourMobarhan et al., 2012)

411HSP7yene structure

One of the best studied small HSPs is HSEampinga et al., 2009) HSP27 contais
two terminals (Figure 4). The first oneis less conserved and referred tothe N

terminus and contains a WDPF motif necessary for multimer formatemmd protein
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oligomerization Multimers are reduced tdimers by phosphorylation of consesguK?2
phosphorylation sites aesne residues (ser) 15, 78 and @hayourMobarhan et al.,
2012) The second terminal is the-t€rminuswhichi n ¢ | ucdystalin rdotif that is
highly conserved among specieBhe crystallin domain is necessary for dimer formation
while the flexible region has been suggested to participate in the interaction with target
proteins, to be involved in oligomerizah, and to be important for solubili@alinthone

et al., 2008, Gusev et al.,, 2002Yhe sHSPs are often found in oligomeric complexes
involving one or more family mebers(Lelj-Garolla and Mauk, 2005)SP27 activation is
stimulus dependent.

QKD

S15
.
- T
WDPF o Crystallin domain
[ Multimers [ Dimers

Figure 4-1: HSP27 gene structure. The N-terminus of HSP27 contains a hydrophobic WDPF
motif, which is adjacent to a mitogen-activated protein kinases associated protein
(MAPKAP) kinases (MK2) phosphorylation site at Serl5. The C-terminal 18i 20 amino acids
i ncl ud ecrystalin thotif that is highly conserved among species and a flexible C-

terminal tail modified from (Salinthone et al., 2008).

412Posttr ansl ati onal modi fications

HSP27 underges different types ofpaost-translation modification HSP27 is the main
methylglyoxal modified proteinn different cancer cells that are characterized by high
level of glycolysis(Sakamoto et al., 2002) Under conditions of oxidative stress and
during ischemia and reperfusion, HSPundergoes $hiolation (Eaton et al., 2002)
HSP27 undergoes multisite phosphorylatianthree serine sitéser 15, 78 and 82), which
is named as phosphorylatetbP27 (PHSP27) HSPF27 can oligomerize into large
aggregates up to 800 kDa, but it can also form hetikgomers with other sHSP family
members (e. g.-cryst8lin)2 This gpmosphotyldtion causes decrease in
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HSP27 oligomers siz€Rogalla et al., 1999) Large oligomers are the structural
organization of HSP27 requireidr its anttapoptoic activity, chaperone activity and
protection against oxidative strg$®ogalla et al., 1999, Bruey et al., 2000b, Mehlen et al.,
1997, Kato et al., 1994b)Regulation of these modification control by cellulagrsilling
pathways of HSP27 and invohachetypal phosphorylation cascades, such as MAPKAP
and PRAK (GhayourMobarhan et al., 201Zhat can be induced by a variety of stress
including differentiating agentsnitogens, inflammatory cytokines such as T{{l®ppler

et al., 2005, Garrido, 2002) Phosphorylationof HSP27 has been shown to result in
complex dissociation and the subsequent loss apetoning activityWelsh and Gaestel,
1998) Activation of phosphatases and inhibition of upstream signalling pathways are
involoving in inhibition d HSP27 phosphorylatiofCairns et al., 1994) Phosphorylation

of ser-15 seems to induce only a small effect on oligomerizaimstenko and Moens,
2009) The residues corresponding to-4érand er-82 in human HSP27 are conserved
throughout the anima&lingdom It was reporteqStokoe et al., 1992, Paul et al., 2013t
ser82 is phosphorylated much faster than eitherl&epr sef78. Oligomerization of
HSP27is affected bythe phoghorylation pattern bubhow phosphorylation governs the
oligomerization process is not knoidenderson and Pockley, 2012)

It was reported(Bruey et al. 2000b, Garrido, 2002hat in tumour cellgrowingin vivo or
grown at confluencan vitro, cell-cell contactsinduce the formation of large oligomers,
whatever the phosphorylation status of the protdiheseposttranslational modifications

are obsared within minutes after cellular stress. This rapidity of modification implicates
HSP27 in the early response even before HSP27 gene transcripéiotition
(JozefowiczOkonkwo et al., 2009) One study (Henderson and Pockley, 2012veakd

that stimulusnduced HSP27 phosphorylation is often transient, so that HSP27
phosphatases are also implicated in cdimigpthe thosphorylation status of HSP27.

413Functiongx70f HSP

There are several intracellular function of HSP27 such as chaperone activity, control of
apoptotic signalling, regulation of cell glutathione levels, inhibition of actin
polymerization, stabiliation of actin filament arrays as well as protection against heat
shock, oxidative stress and mechanical st(Bsswn et al., 2007, GhayoiMobarhan et

al., 2012) HSP27 is expressed during both skeletal and cardiaclendevelopment and

has been shown to be involved in a diverse asfagllular processed®rown et al., 2007)

HSP27 can bindo proteins and affect their functioand there is evidence that HSP
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inhibits enzymes in the apoptot@thway(GhayourMobarhan et al., 2012)HSP27 also
plays a role in atherosclerog{Martin-Ventura et al., 2004)in regulation of cytokine
production from monocytes as well as expression oflit@l receptorgDe et al., 200Q)
and may play a role in protecting the immature human myocardium in response to stress

during open headurgery(Walker et al., 2013)
4.1.3.1 HSP27 and chaperone function

HSP27act as a protein chaperone by binding to unfolded proteins and preventing their
aggregatior(Knauf et al., 1994) Un-phosphorylated HSP27 fornterge multimers, which
are responsible for protection against cellular stress, while phosphorylation results in
conformational changeand formation of smaller -dand tetrameric unit¢Kato et al.,
1994b)and in coperation of other chaperones allow the target proteins to regain their

native structuréEhrnsperger et al., 1997)
4.1.3.2 HSP27 and actin filament functions

In addition to its chaperone function, HSP27 gy animportantrole as aregulator of
structural integrity and membrane stabilitytoskeleton formation, cell cycle progression,
pro-inflammatory gene expression, muscle contraction, signal transduction pathways and
apoptosigWelsh and Gaestel, 1998, Charette et al., 2000, Gerthoffer, 2005, Garrido et al.,
2006, Stetler et al., 2008)Under stressphosphorylation of HSP27 hdseen shown to
improve cytoskeleton stability in cells thate known to express constitugly wild type
HSP27(Lavoie et al., 1995)One of important functions of-ASP27 is the regulatory role

of P-HSP27 in actin filament functions and their associated processes such as muscle
contraction, cell division, differentiatioand migration(Kostenko et al., 2009)In its un
phosphorylated form, HSP27 inhibits actin polymerizatidrile in RPHSP27 allow small
oligomers to bind to actin and stabilizing théBominguez and Holmes, 2011HSP27

also protect cytoskeleton of neonatal cardiac ¢eds de Klundert et al., 1998a)
4.1.3.3 HSP27 and anti-apoptotic function

Un-phosphorylated and phosphorylated 23 exhibit antapoptotic functions via
different mechanisms P-HSP27 binds to Daxx and inhibitsT NF U  a samédiatEda s
apoptosisor stimulates the preurvival Akt pathway(Benn et al., 2002, Arrigo, 2000,
Charette et al., 2000, Garrido et al., 2Q0&tivates protein kinase Akt, phosphorylating

Bax which preents pore formation in the outer mitochondria membrane and thus prevents
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liberation of cytochrome ¢ from mitochond(idavasi et al., 2008)HSP27 also seems to
inhibit the Ask:JNK pathway which through &k leads to cytochrome c leaka(detler
et al., 2009) Un-phosphorylated HSP27 can block apoptosis pathways iakibit the
activation of precaspas® by its interactiorwith cytochrome aipon its relese from the
mitochondria thus preventing the correct formati@nd function of the apoptosome
complex(Bruey et al., 2000a, Garrido et al., 2006, Paul et al., 2010, Lanneau et al., 2007,
Concannon et al., 2003)n the extrinsicapoptotic pathway, HSPZitevents trariscation
of activated Bidto the mitochondrial membrane and thus inhibits apopi{@sia et al.,
2007) In addition, HSP2&ctivation of transcriptioal activity of NFeB can be another
pathway providing for amtapoptotic activity of HSP7 (Mymrikov et al., 2011)
However, other studies have also shown increbk&27protection via mechanisms other

than interaction with the apoptotic procesdeaul et al., 2002)
414HSP27 and oxidative stress

Oxidative stress is accompanied increased levels of toxic ROS, such as peroxides and
free radicals.HSP27 has important ardkidant function by maintaing glutathione in its
reduced form, to decrease RQSrigo, 2007) Un-phosphoylated HSP27 reduced ROS
production, enhanced glutathione levels, and provided cellular protection against oxidative
stress(Mehlen et al., 1997)HS P 2 7 BacrydtallinUdecrease the intracellulavel of

iron, andas a resultghey interfere with formation of hydroxyl radicals via the Fenton
reaction(Arrigo, 2007) Cell culture of lippocampal HiB5cells expressing high level of
HSPR2D (where er-15 is notsubstituted by sp) displayedbettersurvival rats and actin
stability against heat shock than cells eggpressing HSP2ZA (Geum et al., 2002)This
showed that phosphorylation of HSP27 is important for maintenance of the actin fibres and
thus enhancethermosresistancgGeum et al., 2002) Furthermore, demonstrated that

HSP27 protected cells againsxidative stresgRogalla et al., 1999)

HSP27 can alsprotect against oxidative strelsg the nonspecific chaperottike activity
that prerents aggregation of partially denatured proteins by their renaturation or

proteasomalependent degradation

415HSP7and ER stress

HSP27 was reported to be induced as a result of ER dfitesst al., 2005) There are
several conditions that lead to didiance in ER homeostasier example, protein
misfolding, changes in calcium intracellular levedad oxidative stressevolve an ER
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stress response in order to cope with the protein load in the orgaihelley and Kaufman,
2004) The ER has evolved highly specific signalling pathways that causes a general
attenuation of translation, a transcriptional activation of chaperones, and the ER associate
degradation (ERAD)f misfolded proteins by theroteasomethis response is named
unfolded protein response (UPRJaufman, 2002) HSP27 is involved in proteasome
apoptotic pathwayn vitro andin vivo by binding topolyubiquitin chains and to the 26S
proteasoméParcellier et al., 2003)The ubiquitinproteasome pathway is involved in the
activation of transcription factor (NF-kB) by degrading its inhibitor B U) .
Overexpression of HSP27 increaddb-kB nuclear rearrangement, the degradation of
phosphorylated-kB U was d e thesintedaetiort of HSR27 with the 26S proteasome
(Parcellier et al., 2003)It was shown(Kato et al., 2002)hat RHSPZ  a n-drystallB

are recruited to proie aggresomes in muscle atrophihis finding is suggested to Iiee

ability of HSP27 to bind to ubiquitin(Parcellier et al., 2005)

416 HSP27 and Di sease

HSP27 has a role in human pathogenéBigure 42) for example; HSP27 expression
levels areincreased in many cancer cells and their expression contributes to the malignant
properties of cancer cells such as increased tumorigenicity and treatment resistance, an
inhibition of apoptosigCalderwood et al., 2006, Wyttenbach et al., 2002, Kostenko and
Moens, 2009) HSP27 expression associated with pathogenesis of neurodegenerative
disorders, inherited peripheral neuropathy and cardiovascular digeass et al., 2006,
Welsh and Gaestel, 1998, Houlden et al., 20085P27 also has been localized to the
extracellular compartmeniCalderwood et al., 2007a)n animal studies enhanced HSP
phosphorylatia is associated withephrotic syndrome and diabetic nephropdtyoyer

et al., 1996, Park et al., 2008Animal studies showed that HSP27 also play an important
role in prevention opulmonary oedema and viral infecti¢iniu et al., 2009, Singh et al.,
2007)
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Figure 4-2: P-HSP27 functions and its possible implication in diseases. HSP27 may be
present in un-phosphorylated and phosphorylated forms depending on the cellular stress
conditions. The central part is referred to the normal function of HSP27 and P-HSP27 (pink).
The outer part is referred to the pathogenic conditions (blue) adapted from (Henderson and
Pockley, 2012).

41.7HSRP7as a therapeutic agent

HSP27regulatesnultiple processes in cells and therefore, it may be a potentially important
therapeutic targetFor exampleatovastin which modulates HSP@osphorylation can be
potentially useful in the case @fchemic heart diseag®rundel et al.,2008) Electro
injection of HSP27in retinal ganglion cells protects them from apopt@sig can be a
treatment agent of someeurodegenerativelisorders( O6 Rei | | y .eHSP2@ 1| . ,
probably can protect hafocytes against liveRlinjury (Ye et al., 2011) HSP27affects
many different processemnd uncontrolled increase HSP27expression correlates with

increased resistance to anticancer drugs

42 Resul t s

421Patient clinical data anal ysi s

Patient data analysis is the same as section (3.4.1.1), @sailysis is showm (Table 3
2) (Table 33).
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422Anal yosfip sot ein and mMRNA HS$SP2 hoexma
pregnancy

Experiment 1: This experiment was designedest if there was a spatidifference in
protein expressions of HSP®ithin individual placentas obtained from women who were
not in labour (nodabour group) and from women wiwere in labour (labour group).

First the nodabour group was comparedExamples of Western blots showiktSP27
protein expressions forthe nonlabour are showrin (Figure 43). The graphs and
statistical analysis are shown below the blots. Comparison between zones was performe
using Friednan test analysisThere was aignificant difference in protein expression of
HSP27between the three zones of the i@bour groupand the labour group (p=0.0dr

both). The subanalysis showed that there was a significant decrease in HSP27 expression

in inner zone compared to the middenefor nonlabour group (p=0.02).

Non-labour group

Inner zone Middle zone Outer zone

e el . -

Labour group

Inner zone Middle zone Outer zone

B W e =X i

HSP27
| B HSP27
p=0.04
40+ 20- p=0.04
p=0.02
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Figure 4-3: Representative images of Western blots showing HSP27 protein expressions in
inner, middle and outer zones of individual placentas of non-labour group (A) and labour
group (B). Four quadrants were sampled in each zone. Graphs show the median for HSP27

protein expressions. Comparison between zones was performed using Friedman analysis.
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Experiment 2 This experiment was designed to test if there wasdidference in protein
expressiorof HSP27between labour and ndabour groups at the inner, middle or outer
zones of placentasWestern blots showing placental protein expressioH®®27in the
nonlabour and the labour at the inpemiddle and outezones areshownin (Figure 44).

The graphs and statistical analysis are shown below the bldisre was asignificant
decrease in HSP27 expression inld®urgroup when compared to the nlabour group

at themiddle zone(p=0.003. There was no significanifterence in HSP27 expression in

the nonlabour group when compared to the labour group at the inner and outer zones

(p=0.93, p=0.69 respectively).
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Figure 4-4: Representative images of Western blots showing HSP27 expressions in the
inner, middle and outer placental zones in non-labour and labour (n=6 in each group). The
graphs show the box and whiskers analysis of the blots. Comparison between zones was

performed using Mann-Whitney analysis. NLG non-labour group, LG labour group.

Experiment 3This experiment was designed to test if there were any differences in mRNA
expression of HB27 within individual placentas at different zones (inner, middle and
outer) in either labour or ndabour. No spatial diffeences were found within placentas at

the mRNA level innontlabour groupand labour group (p=0.74, p=0)95(Figure 45)
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shows theHSP27RQ values in the innemiddle and outer zones for ndetoour (A) and
labour (B).

A HSP27 ; B HSP27
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Figure 4-5: RQ values for HSP27 mRNA measurements in in inner (n=4), middle (nh=4) and
outer zones (n=4) of individual placentas (nhon-labour and labour groups). Four quadrants
were sampled in each zone. Graphs show the median for HSP70 mRNA expressions.

Comparison between zones was performed using Friedman analysis.

Experiment 4: his experiment was designed to test if there were any differences in mMRNA
expression of HB27in the nonlabour compared to the labour group at the inmeddle

ard outerzones. (Figure 46) shows the HSP27 RQ values in the 4adrour compared to

the labour group at the inner (A), midq®) and outer zones (C)There wasa significant
decreasen mRNA expressiorof HSP27 in the labour group compared to the-labour
group at theinner andmiddle zones(p=0.02, p=0.008espectively). No difference was

found at the outer zone (p=0.1
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Figure 4-6: RQ values for HSP27 mRNA measurements in non-labour (n=6) compared to the

labour group (n=6) at the inner, middle and outer placental zones. Comparison between

zones was performed using Mann-Whitney analysis.

423Anal ysi s of protein a n dH STPRNPA
pregnancy complicated with PE

Experiment 1: Thigxperiment waslesigned to test if there wasyadifference in protein
expression of HSP2Betweennonlabour control and norlabour PE groups at tie inner,
middle and outer zonesf placentas. Wesern blots showing placental HSP®rotein
expression irthe nontlabourcontrolandthe nonlabourPE at the nner, middle and outer
zones are showm (Figure4-7). Thegraphs and statistical analysis are shown below the
blots. There was no significant difference HEP27expression in th@onlabourcontrol
group when comgred to the notabour PE group at the inner, middle and outer zones
(p=0.16, p=0.60, p=0.43 respectively).
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Figure 4-7: Representative images of Western blots showing HSP27 expressions in the
inner, middle and outer placental zones in non-labour control (n=6) and non-labour PE
(n=3). The graphs show the box and whiskers analysis of the blots. Comparison between
zones was performed using Mann-Whitney analysis. NLG-C non-labour control group, NLG-

PE non-labour PE group.
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Experiment 2: Thigxperiment was designed to test if there wasdifierence in HSP27
expression between laboaontrol and labourPE groups at lte inner, middle and outer
zonesof placentas. Wesern blots showing placental HSPProtein expression inthe

labourcontrolandthelabourPE at the nner, middle and outer zones atewn in (Figure

4-8). The graphs and statistical analysis are shown below the blotere was a
significant decrease in HSP27 expression in labour control compatee labour PE at
the middle and outer zones (p=0.01, p=0.04 respectivalg. difference was found in

HSP27expressiorat the inner zone (p=0.9).
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Figure 4-8: Representative images of Western blots showing HSP27 expressions in the
inner, middle and outer placental zones in labour control and labour PE groups (n=6 for
each group). The graphs show the box and whiskers analysis of the blots. Comparison
between zones was performed using Mann-Whitney analysis. LG-C labour control group,
LG-PE labour PE group.

Experiment 3: This experimentas designed to test if there were any differences in mRNA
expressiorof HSP27 in the notabour control compared to the ntabour PE group at the
inner, middle and outgylacental zones(Figure4-10) showsthe HSP27 RQ values in the



202

nonlabour control compared to the ntabour PE group at thiener (A), middle (B)and
outer (C)zones There was no significant difference in HSRRRNA in thenonlabour
controlgroupcompared to the netabour PE at the inner, middle and outer zones (p=0.9,

p=0.4, p=0.71 respectively).
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Figure 4-9: RQ values for HSP27 mRNA measurements in inner, middle and outer placental
zones for the non-labour control group (n=6) compared with non-labour PE groups (n=4).

Comparison between zones was performed using Mann-Whitney analysis.

Experiment 4 This experiment was designed to test if there was any differemo&NA
expression®f HSP27betweenlabour control andabour PE groups at the inneniddle
and outerzones of placentas(Figure 411) shows the HSP27 RQ values in the labour
control compared to the labour PE group at the ifAgrmiddle (B)and outer (Cxones
Comparison between zoness performed using Mann Whitney test analySiberewas
no significant difference in MRNA expression EEP27in the labour controlgroup
compared to the labolRE group in the inner, middle and outer placentaies (p=0.5,

p=0.3,p=0.30 respectively
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Figure 4-10: RQ values for HSP27 mRNA measurements in inner, middle and outer placental
zones for labour control group (n=6) compared with labour PE groups (n=6). Comparison

between zones was performed using Mann-Whitney analysis.

Experiment 5 This experiment was designed to test if there was any differem&MNA
expressionf HSP27betweennormotensive pregnancies and pregnancies complicated
with PE regardless the labour factor at the innmarddle and outerzones of placentas.
(Figure 412) showsthe HSP27 RQ values in the labour control compared to the labour PE
group at thenner (A), middle (B) and outer (Ckones Comparison between zones was
performed using Mann Whitney test analysi$here was no significant difference in
MRNA expression oHSP27 wherthe normotensive pregnanciggsoup compared to the
pregnancies complicated with PE group in the inner, middle and (#tér9, p=0.72,
p=0.72 respectively).
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Figure 4-11: RQ values for HSP27 mRNA measurements in normotensive preghancies group
(n=12) compared to the pregnancies complicated with PE group (n=9) at the inner, middle
and outer placental zones. Comparison between zones was performed using Mann-Whitney

analysis.

424Anal ysi s of protein andHSTPRNA ier
pregnacoimps i cated with FGR.

Experiment 1 This experiment was designed to test if there was any difference in HSP27
expressions between labour control and labour F@Rpgr at the inner or outer zones of
placentas.Due to time constraints only one set @periments was performed for labour
groups and in the inner and outer zones oilllye aim was to determine whether pilot data
from this group of experiments revealedy data suggesting that more experiments were
warranted. Western blots showing placental HSP27 expression at the inner zone (upper
panel) and placental HSP27 expression at the outer zone (lower panel) in labour contro
and labour FGR are shovim (Figure4-13). The graphsnd statistical analysis are shown
below the blots. There was no significant difference in the HSP27 protein expression
between the labour control and labour FGR groups at the inner or outer zones (p=0.09
p=0.81 respectively).
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Figure 4-12: Representative images of Western blots showing HSP27 expression at the
inner zone (upper panel) and the outer zone (lower panel) in labour control (n=6) and labour
FGR group (n=6). The graphs show the box and whiskers analysis of the blots. Comparison
between zones was performed using Mann-Whitney analysis. LG-C labour group control,

LG-FGR labour group fetal growth restriction.

Experiment 2 This experimentwas tested whether there was any differenoetween
labour control and labour FG& mMRNA expression oHSP27at the inner or outer zones.
The results are shown (Figure4-14). Therewas a significant decrease in HEPMRNA
expressionn the labour control compared to the labour FGR groupBeatnner and the

outer zonegp=0.008, p=0.02 respectively).
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Figure 4-13: RQ values for HSP27 mRNA measurements in inner and outer placental zones
for labour control compared with labour FGR groups. Comparison between zones was

performed using Mann-Whitney analysis.

425Anal ysis of proteHBPEXpaesseonlb
82n nor mal pregnancies and pregn;
PE

Experiment 1: This experiment was designed to test if there was al spHigrence in
expression of HHSP27 at ser 15, 78 and 82 within individual placentas obtained from
women who were not in labauExamples of Western blots showingHSP27 at ser (15,

87 and 82) expression for 2 different placentas (altlabour) areshownin (Figures4-15)
(Figures 416) (Figures 417). The graphs and statistical analysis are shown below the
blots. Friedman test analysis showed there was no significant difference in expregsion of
HSP27 at ser 1%p=0.4, p=0.06)ser 78 (p=0.65, p=@7) andser 82 (p=0.65, p=0.27)
between the three zones (inner, middle, outer) within individual placémabke non

labour group.
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Figure 4-14: Representative images of Western blots showing P-HSP27 ser 15 expression in
inner, middle and outer zones of two individual placentas (non-labour group). Four
guadrants were sampled in each zone. Graphs show median and interquartile range for P-
HSP27 ser 15 expressions. Comparison between zones was performed using Friedman

analysis.
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Figure 4-15: Representative images of Western blots showing P-HSP27 ser 78 expression in
inner, middle and outer zones of two individual placentas (non-labour group). Four
guadrants were sampled in each zone. Graphs show median and interquartile range for P-
HSP27 ser 78 expressions. Comparison between zones was performed using Friedman

analysis.
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Figure 4-16: Representative images of Western blots showing P-HSP27 ser 82 expression in
inner, middle and outer zones of two individual placentas (non-labour group). Four
quadrants were sampled in each zone. Graphs show median and interquartile range for P-
HSP27 ser 82 expression. Comparison between zones was performed using Friedman

analysis.

Experiment 2: This experiment was designed to test if there was a spatial difference in
expression of HHSP27 at ser 15er 78 andser 82 within individual placentas obtained
from women who were in labouExamples of Western blots showingHSP27 at ser (15,

87 and 82) expression for 2 different placentas (all labour) are sho@igure 4-18)
(Figure4-19) (Figure4-20). The graphs and statistical analysis are shown below the blots.
Friedman test amgsis showed there was no significant difference in expressioR of
HSP27 at ser 15 (p=0.43, p=0.38¢r78 (p=0.27) ander82 (p=0.65)between the three

zones (inner, middle, outer) within individual placerftasthe labour group
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Figure 4-17: Representative images of Western blots showing P-HSP27 ser 15 expression in
inner, middle and outer zones of two individual placentas (labour group). Four quadrants
were sampled in each zone. Graphs show median and interquartile range for P-HSP27 ser 15

expression. Comparison between zones was performed using Friedman analysis.
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Figure 4-18: Representative images of Western blots showing P-HSP27 ser 78 expression in
inner, middle and outer zones of two individual placentas (labour group). Four quadrants
were sampled in each zone. Graphs show median and interquartile range for P-HSP27 ser 78

expression. Comparison between zones was performed using Friedman analysis.
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Figure 4-19: Representative images of Western blots showing P-HSP27 ser 82 expression in
inner, middle and outer zones of two individual placentas (labour group). Four quadrants
were sampled in each zone. Graphs show median and interquartile range for P-HSP27 ser 82

expression. Comparison between zones was performed using Friedman analysis.

Experiment 3: This experiment was designed to test if there was any differenee in P
HSP27 at ser 15er78 andser82 expressions between nt@bour and labour groups at
the inner, middlendouterzonesof placentas.Western blots showing placentaHSP27

at ser 15 (upper paneber78 (middle panel) ander82 (lower panel) expression in non
labour and labour at ¢hinner site are showin (Figure4-21). The graphs and statistical
analysis are shown below the blotsThere was a significant decrease iFHBP27
expression in the labour group when compacethe noAlabour group at the inner zone

for all P-HSP27 aser 15ser78 andser82 (p=0.008, p=0@.1, p=0.05 respectively).
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Figure 4-20: Representative images of Western blots showing PHSP27 at ser 15 (upper

panel), ser 78 (middle panel) and ser 82 (lower panel) expression in the inner placental zone
in non-labour and labour (n=6 in each group). The graphs show the box and whiskers
analysis of the blots. Comparison between zones was performed using Mann-Whitney

analysis. NLG non-labour group, LG labour group.

Wesern blots showing placentatiSP27 at ser 15 (upper panel), ser 78 (middle panel)
and ser 82 (lower panel) expression in4hvour and labour at the middle zone are shown
in (Figure4-22). The graphs and statistical analysis are shown below the Alb&se was

no significant difference inPISP27 expression at the middle zone for aH$HP27 at ser
15, 78 and 82 (p=0.13, p=0.30, p=0.69 respectively).

















































































































































































































































































































































































































































































































































































































































































































































































































































































