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Chapter One
Introduction

L1 Preterm Labour

"

between maternal, placental and fetal influences (Liggins etal, 1973; Thorbum etal,,

1991
the e
environment,
The werus,
(Challs et al., 2000). H stemal and fetal
birth (Chalis et al., 2000)
Preterm labo 37
In200:

12.7% of births i the United States (Sayres, 2010) and in 2003, 7.7% of birhs in Canada

1.,2007). Over the past
theleading cause of neonatal mortality and moridityin Norh Ameria, responsible for
approximately 70% of eonataldeaths and 75% of nconaal llness (Challis 2001; Chalis
el 2001; Gibb & Chalis, 2002 Chals . 2002, Ifants bom bfore 37 wecks

blindness, deaf bral ol

P ye, 2001,



In 200 stay fora

preterm infant was approximately 12.9 days,at a cost of $15,100 versus an average S600,

1.9 day stay for 001

bith

o prete births

‘occur for unknown reasons (Challs, 2001; Chalis et al., 2001,Gibb & Chalis, 2002;

Challis et al, 2002), v diagnosti predict pr

binh,

There are risk

binth,tobacco. 008);

premature

labour.

tocolytc,

‘administer corticosteroid to speed up feal lung maturation, Unfortunately, this method

al, 2009)

normal abour.

maternal and fetal influences n preterm birth.



1.2 Uterus: the Myometrium

“The uterus i a hllow reproductive organ unique o viviparous mammals. The human

formation
occur 010) " d
10mL,
oL
2004), ions. First
loping.
fetus. Secondl

(Hertlendy & Zakar, 2004). These robust contratile waves are generated by poorly

et yer.Inthe

Both

" blood vessels




2005) (Figure L)
o 1973).
1.3 Myometrial Contraction
1984) by
ibilar
al, 2003,
ode upof i

caldesmon and calponin, and the myosin thick filaments (Tessier et al., 2003). In uerine

Jar, there s ~6 fold

+2009)

desmosomes, i

the machinery to optimize contractile foree (Wang et al., 2006). Upon labour, the influx

o caleium

MLCK




Figure L1

“The longitudinal muscle

oriented circular muscle layer surrounds the myometrium.



—

Circular

Circular Smooth
Muscle

Endometrium

Longitudinal



. 1991; Rembold, 1 1994;

Hertelendy & Zakar, 2004; Tang et al, 2005). The mechanism through which this force is

hypothesized

may be organized into a transeellular mechanical syneytium. Therefore,the ilaments

Iying parallel

force transmission can generate and transmit force (Kuo & Scow, 2004). This mechanical

and during labour via
extracellular Figure 12). Toge
prope
labour (Williams et l, 2005),
1.4 Phases of Myometrial Differentiation
Each d pregs B

both (Figure 1.3).

e formation of # spontancously

Do 1, 200). The

work presented i Therefore, further



thus, the

formation of a functional syneytium. Adapted from Kuo and Seow, 2003,






Figure 1.3 The dual pathway by

labour i ‘The fetal

labour.

in labour.
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(Figure 1.4)

141 Prolferation

™

i 2009 In

cell

12 of pregnancy.

150f,

both gravid and non-gravid hornsof niltraly pregnant rts, ndicating that

i
06). -
factorsignaling
factor1 (IGF-1
s rcepto, it pronotes cell
(e Roith 2003
nd
L 2000), 16r1

007). IGF-1 is thy erine cell




Figure1
101 consissof .
: Ly, the e
phase (orange)

ansiion

approximate.
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hyperplasia rigge Est

times of h 12009).1

peci

promoting G1. o etal., 2007),
rapamyecin (mTOR) i a serinelthreonine pathway known to regulat cell proliferaton in

many tssues via ell el progression and cell survival (Hay & Sonenberg, 2004), It s

a,2009), Estroge
activates IGF-1 which then binds ot associted recepors, This causes the
v
1K),
0 Akt Ak, Buisa
“Ths reac
e tal., 2009, indicted that upsty
K and4EBP1
whichareall involvd o
ToR's
ivolvement i r al,2009)

Apoptosis, o the action of emoving excess or dysfunctional ells during

development or homeostass,is another process that has been studied with relation o the




d,

(Smith etal., 1997).

(TN recepor pat 006)
by

uterus wall 1950). This path

death (Thomberry, 1996). The exogenous stimulus pathway, evident in pregnancy, is

regulated by the Bel-2 fmily of at-apoptotic regulatory protens, Shynlova e al. (2009)
red ncreased
expressionof Bel-2
proming 1,200,
. "
d relain, lso et phas ofpregnancy
et ofniv e, it was

in Kreb's solution containing nitric oxide (NO) (Buimschi et al., 1995). Cyclic




iyl 1995).Inthe pregant

has been found that diethylenetrianine-NONOate, a NO donor, and

YC-L,aNO . both

day 21 of 005)

iated by 17p-Estradiol i

"

of myometrial contraction i laboratory animals (Kratz et al., 1950). The myom

b bl L 1981),

Bani etal

bovine artery.

the Learginine-nitrc oxide pathway (Bani et al, 1998).

Lye, 1990; Hillh

1999; Negishi et a., 1995; Ricmer t al., 2008), which are intracellular second

messengers that influence ph

iological events (Yuan & Bemal, 2007). One way both

protein kinase A



001

etal, 2000; Gibb & Challs, 2002; Smith, 2007). Lastly,active PKA and PKG promote

mabilzation necessary for contraction (Smith, 2007).

1.4.2 The Synhetic Stage

Around day 14 of pregn
of

1.,2009)

108 phase of i 009);

o 21 pertroph

. 1990) fetws that grows.
and imposes stress upon the uterus s pregnancy progresses

A f i pertrophy. Firsly,

thick

¢ (Gabella, 1990). Secondly, synihe

Jlagen 11 and well

asECM

ges of pregs +1995).



i 19

regulated by

Lye, 2000). When FAK is

activated,

(Richardson & Parsons, 1995; Julano, 1996; Hanks & Poulte, 1997). At focal adhesion

the ECM and the subscquent muscle bundles (MacPhee & Lye, 2000; Williams ctal,

009). Thirdly, an i Judi
hrond I i

(Gabella, 1990). Lastl

protein content i ins, and a higher

1990)

effectorcaspases 3 and 6, which are fundamental o apoptosis (Shynlova et al., 2009)




nick end

2009). The reason for

. impeding

maternal blood flow and oxygen supply (Reynolds, 1949). The shape of fetal growth

erus. Tt w e
timepuint
010).
progescrone,a
1
17:19 of pregnancy.
o
ell growh (Lye et al. 2001, The importance of progeseron s asoilfusirted
o ECM protei 1 collagen It and chastin, A fll inthe
. and with
RUAS6, 1 proge i s
synthetc phase

thus blocking the onset of labour (Lye et al., 2001).



preparation for

al.,2004). Collctivel e
of fetal
‘rowth o promote cell hypertrophy.
1.4.3 The Contractle Stage
Atday 21 of
il abour at day 23. At this s
Myocytes,
009), force through
00 lized
dividual Basement

cell membrane, with a middle ayer composed of collagen IV (COL4) and laminin

LAM), and y 1., 2008

Shynlova et a., 2009). This phenotypic change s evident n the remodeling of the

2009).



2
pregnancy

Jasi LI and IV
only in latr sages of pregs

1. 2004 i i
pregnancy.

from interstitial to the BM protei .
b a 004). When
expression (Shynlova e al., 2004)
14)
» . Low frequency, low amplitud
“contractures”
Lye

& Freitag, 1988) Inthe pregnant

atd19 of pregnancy an intrauteine catheter

low amplitude pressure. AU

2021, elect

howeer,



in local areas, g
etal, 1998)
1.4.4 The Labour Phase

Just prior o day 23, therat myometrium becomes activated and s prepared 0

labour. Dy i piive t0a

1, 2001).

elctrical coupling between myometialcels (Wray & Noble, 2008). This coupling

from cell o cell,

contractiltyin the uterus (Kao, 1967; Garfield et al, 1988; Miller et al., 1989; Marshall,

1962),

uerine.

1962). M

1o labour for

labour (Garfield et al, 1977; Garfield et al, 1988). Lammers et al. (2008) determined that

ovarian end



interconnecting pores between smooth muscle cells. Gap junction formation is

abo

&Lye, 1993).

| high ampliuds

by the low resisance pathways provided by gap junctions. During actual labour FAK

Lye, 2000). ligand-integrin

2009). The focal are main poi

pregnancy,
ption actor ¢-

12001

fos (Mitchell & Lye, 2002, gap junction prtein connexin 43 (Cx43) (Ou et al, 1997)

wnilateral

reater importance, when

al, 1997, Ouet



s
AP activtion
and decrase FAK activity o permit labour (Ou et al., 1998; MacPhee & Lye,
y 17 ofpregnancy
pregnant t, €
. 1998). Theref
1o labour-
1.4 iy pothalamic-Pituitary-drenal (HPA) Axis
i
poor However,
the feal
20
in Sccton 1.4, vas
adrenal
proge halli , 2002),
Jabou
pititary gland, >

ablation of any of these organs prolongs gesation (McDonald & Nathaniclsz, 1991

Gluckman etal., 1991; McDonald et al., 1992). Ths demonstrates the importance of fetal

hormonal

input required for initation of labour.



hallseta.

2002). Brifly, work in sheep suggests that the HPA axis functions to promote a

increased feal L

»
(Rainey et al., 1991; Conley & Bird, 1997). It hasalso been demonsirated that esradiol

1., 2004)

004).

has also been found to

crease the levels of prostaglandins (PG) and with PGEs, in

particular, tal, 1998)

prods labour by causing

increased myometrial contractlty (Bennet et al 1987)

1956), withan

1.,1973),

1979),a

biologically




between PR
has been found in celfines such as COS-1 and Hela. B
PR
1996).In humans, inhibitory PR isoforms,
such as PR-A and PR-C, Gi .
2000). Last
proge don et al, 2003; Mendelson, 2009).
'BP) (Condon et al., 2003). These:
sensitvity of the uterus o contractle simui.
0
labour.
g the protein
responsible forligand-binding, DNA-binding and transcripton activation
199 2000) ER:ESRI
and ESR.
1999). upic
byaligand,

& Chambon, 1988; Ryl etal, 1988; Green & Chambon, 1991; Truss & Beato, 1993;



‘Tsai & O'Malley, 1994). There are muliple signaling pathways involved in cel

vagina,

(Katzenellenborgen, 2000)

(CAP genes, which resultsin myometrialactvation and subsequent labour (Gibb &

Challis, 2006). ER, and

during fano et ol 2002)

pregnancy. 17p-Estradiol at

responsiveness within 4-6 hours (Pinto etal, 1967).

Inthe rat,

Ho

circulating progesterone and labour proceeds i the presence of high levels of

progesteron:
 PRBorPRC)
Hunan PR i W hPRB, P
1R HORB while
2000, PRC
o PR, s impeding PR functi

hormone avway from PR-B (Wei et al., 1996). Towards the end of pregnancy the ratio of

PR-At0 PR-B mRN; y 10-fold




(Mesiano et al., 200
withdrawal effect in human myometrium,

1.6 Mechanical Distension

Although

,or distension, of

etal., 1995; Lye ctal

2001; Gibb et al, 2002) with > 0% of multple birth cases being delivered before 37
weeks (Stock & Norman, 2010). Macrosomia, where the ftus s large for its gesational

uid "

development of synchronous contractions during labour (Smith, 2007),

Invitro studies

of the rat uterus showed tht sreich caused intracellula calcium influ nto the smooth
muscle cells which promoted contraction (Kasai et al, 1995) Calcium is  second

differentit

e
and signal transmission through gap junction proteins (Himpens & Vercecke, 2000).



(Orsino ctal., 199¢ s RN

hours of a

delivery itelf,

(Winterhager etal., 1991; Chow et al, 1994). Cx43 expression i also positively

pact i when an i
there was an
wellas other C: 1997). o inase C)
s
2008). C
. 1993),
amijor
12002
plor spes y
1995). A
el gulating biosynthesis

of PGl T (aP-1)



00: PG also rise, and
labou

unknown, nterms of i

occur (Section 1.4).

1.7 Heat Shock Proteins (Hsps)

“The small from

1243k "

of some pathogenic bacteria (Haslbeck et ol 2005). The mammalian fanily of proteins

(Table 1 1, 2004)

they all

o

(Gusev etal, 199

proteins, as evidenced by the formation of complexes between HpB1-HspBS, HspB6-

HspBS and HspB6-HspB (Sugiyama et a, 2000; Sun et al,, 2004; Fontaine et al, 2005)

heat shock,

2002),

proteins and preventing ther irreversible aggregation (Horwitz, 1992; Jakob et al., 1993).

h . disassembly rnsportof



Table L1 Li

1o ident



HSPBIO

(ODFP)




that Hps, similar to other

from plant

. 1997; Haslbeck et

al, 1999)

nature (Linder et al, 2000; Giese et al., 2002; Friedrich et a., 2004; Haslbeck etal.,
2004; Stromer et al, 2004; Basha et al., 2004)

Hps all b varigble N-

terminal region preceding the crystallin domain, followed by a C-temminal region that s

1998; van

Montfrt et al, 2001) he

interdomain loop (Kim et al, 1998; van Montfor et al, 2001). The majority of Hps aso.

h

1998; MacRae, 2000; Sugiyama et al, 2000), making it one ofthe most prominent

Hsps,and thus very.

(Gaestel, 2002). wiicul

HspBl s one




tropomyosin (Bitar, 2002), thus making phosphorylation of HspB1 a potential

studied 2000

“This wil b discussed in more detal in Section 1.8
18 Heat Shock Protein 20 (Hsp20/Hspl6)

Hp20, or Hp6, was initaly copurified with Hsp27 and aB erystalli in human

o
1999
ofthesmall prtein il Today, 10
Iy cicalyall o
and isses, o 1 muscle,
disphragm, 1,200
o i W0
04 e ch
capabilyof Hip Towas orginally
. o, 199%) Lo =
by Bukach el
Hipls.

g etal, 1999),



prevention of thromb Ser-120

(Matsuno et al, 2003),  potential role n glucose transport when indirectly

(Wang etal, 1999),

al.,2004). A partcularly

000

i

nitroglycerin via the guanylate cyclase/cGMP pathway (Lincoln, 1989). PRAPKG

000), which then s

igure 1.5).

the firstbeing the diret inhibition of cto-myosin cross-bridging via a troponin | like

act

effect (Rembold et al., 2000; Yoshino et al, 2005). Troponin | binding protein

. 1999), Ibinds to actin, holding

‘ troporin




Figure 1.

ing like domain,

ind binding (0 1433,

From Salinthone et ., (2008). Vinculin, Pax/Hic-S, Src, FAK and Talin comprise focal

the cell membrane via integrin.






1991; Rembold, 1992; Jiang & Stephens, 1994; Hertelendy & Zakar, 2004; Tang etal.,

2008). He

Ho-21, u

2000), Theref

troponin i

promoting smooth muscle relaxation (Rembold et al, 2000). Yoshino et al. (2003)

1l
136-147, and g
dues 10-121. B pes -
¢ Both sppesred
by the nterac o withthin
(osino e, 2003, Brophy tal. 1999)

reported that phosphorylated HspB6 associates with G-actin, whereas non-

phosphorylated Hsp20 imterscts with F-actin. These results were abiained by co-

ighly ageregat 3

predominantly found in the pelet as it was barely soluble. However, with

pelle as wel, but i HspB6 really

Bukach etal i HspB6.




per mol of actin. i

‘mutation of HspB6 (Bukach et al., 2005). This suggcsts that neither HsplB6, o ts

stoichiometric complexes with F-actin.

poo of F-actin,
bridy I
001
"
suppression 003 denyl
PKAPKG, P-Serl6
This may.
Ser
protein 14:3:3,
1,2004). 14:3-3

moif,



et AR e B o it

@

Bokoch, 2002; Birkenfeld et al. 2003). Dephosphorylation activates cofln and promotes

005). The

16

| e o,

.
that 14-3-3 spe jated wit Furth

PHspB6 peptides showed a band at ~ 31 KDa, suggesting binding with 14-3-3 protcin

(Dreiza et ., 2005). Together this suggests that both phosphorylated cofilin and

hosphorylated
2009),

Serl6 s

with -acin how P-Serl6

formed

by HspD6 and actin s s0 sl
i clear that the il s quite divided on how P-Serl HspB is promoting

‘elaton.But, regardles of the mecaism, it s undeiabl that expresson of

phosphorylatcd Hspl6 potenially bars signifcan importancein many fckls of

healtheare.

003). For patients




HspB

2008). I the MacPhee

el 2007
19 Hypothesis & Study Obiectives

Given ts potnta a a smooth muscle relaxan,th hypothess for this stdy was

bt srin 16 phosphorylated HspB6 expresion in rat myomerium would be eevated

during pregnancy to potntally promote myometral rlaxation duing this period and

w paricpat in the phaic contractons of lsbour. This might occur when the uierus

ndergoes sch dramatc mechanical secss during mid-ate pregnancy and just pror 0

17p-Estradiol

First,

PSerl6, witha

goals, 3 major objectives were generatd:

Objective I: p

i the rat myometrium throughou pregnancy and labour.



Objective 2:

expression inrat myometrium.
Objective 3: To determine if hormonal nfluence (17-Estradiol) affects P-Serl6.

HspB6 expression i rat myometrium.

collected by previous sudents Bryan White, Brandon Cross and Joy Williams. Additional

described in thisthesis were performed by myself.



Chapter Two

Materials and Methods
21 Animals

from the M

University of Newfoundland, St Joha's, NL, Canada). Animals were kept at the Animal

Care Uit at the Health Sciences Centre, Memorial University of Newfoundland under

igh Rats were fed
LabDiet Prolab RMH 3000 (PMI Nutrition International, Brentwood, MO, USA), while

water was available ad liitum. Vicgin female rats of approximately 220-250 g were

pregnancy. Day 1 of pregn

vaginal
occurted a day 23 of gestaton. All experments were approved by the institutional
anial care committe under protocals 08-02-DM o 10-02-DM.

22 Experimental Design

221 Unitateral Pregnancy Model

Virgin female rats underwent general anacsthesia using a 1:1 rato of ketamine.

'y I Health, Guelph,

(Bayer HealthCare, Toronto, Oniario) per 100 grams weight. Unilatral tubal ligation was

flank

. 2007). Following a7 day recovery period, th ras were mated. Pregnant rat




homs on days 15 (n = 4), 19 (n = 4) and 23 (abour; n = §) of gestation. Labour samples.
were taken during active labour aftr the rat had delivered 2-3 pups.

2.2 Exogenous 17p-Estradiol Administration

11 rato of

Foll 7 oy period, rats were given

(Mitchell & Lye, 2002). Myometral samples were taken at 1,3,6, 12 and 24 hours post
inection.
23 Tissue Collection

S minutes

perature. Tissues

scctioned snd mounted on microscope slides by the Histology Unit of Memorial

University of | Medii

analysis the

was gently blade



‘ %

White et al., 2005). liquid nis

and stored at 80°C.

2.4 Immunoblot Analysis

nd Four
- gestational time poi
Lye. 2000).

i

i radicimmunoprecipitation assay (RIPA) buffer (S0 mM Tris-HCL (pH 7.5), 150 mM

NaCl, 1% (vol/vol) Triton X-100, 1% (wuvol) sodium deoxycholat, and 0.1% (wi/vol)

Biochemicals, Laval, Quebe, Canada). p for 1S minat 15,
000 xgatd

the Bradiord Assay . 1976) using

Lab M Ontario, Canada).

by

acconding to Laemmli (1970). Proteins were transferred o 0.2 um nitrocellulose:

membranes (Thermo Scientific, Rockford, linois, USA).

Aftertransfer,

(TBST; 20 mM Tris base, 137 mM NaCl, and 0.1% Tween-20; pH 7.6) followed by a



1 hblock probed.

P -Serl6 Hipls ed
against a synthetc phosphopeptide SWLLRRA-S-POs-APLPG specific for the rat, site P-
Serl6 HspB6 (Nicolaou et al, 2008; a kind giftfrom Dr. GC Fan, University of

Cincinnati College of Medicine, Ohio, USA) at 110,000 diution ovemight at 4 °C. The

second.

rised against the sequence R-A-S"-A-P (Cat. No. ab38522; Abcam Inc., Cambridge,

MA, 1:2000. After probing,

h antibody i To

buffer (30 mM Tris-CL (p.H 8.0-9.0),7 M urea, 2M thiourea, and 4 % 3-{G-

Phosphatase Inhibitor Cockiil and Complete and Mini EDTA-free protease inhibitors

Laval, Quebec, Canada)

bufer 3 i Urea

in detection of a band at 20 KDa when separated by SDS PAGE. Membranes were also

probed with rabbit polyclonal antisera rased against totallevels of HspB6 (Cat. No.07-

490 y, Lake Placid, NY, USA),

Study) (Cat. No. C2687; Sigma- Aldrich, St. Louis, MO, USA), or rabbit polyclonal

antisea raised against Cx43 (estradiol study) (Cat. No. bl 1370; Abeam, Cambridge,



MA, USA)for 1 h at room temperature at diluions of 1:2000, 1:100,000, 1:2000 and

were probed with

it 16G (H + L) or HRP-

) (Cat. No. 31460 and. P

Rockford, IL, 1:10,000.

SuperSignal West
Brockville, Ontario, Canada). Multple exposures on Amersham

electrochemiluminescence (ECL) film (GE Healtheare Limited, Little Chalfont, BKM,

ge.

G

with both P-Ser-16 HsplB6 and tota HspB6 antisera since this protein is consitutively

Iysis buffr protein extraction (Whiteef al. 2005; Willims e al. 2003). Erk-2 protein

P ly forthe 1 as calponin
responsive 0 estradiol
25 Immunofluorescence
teral
experiments. lides were
3X100%

ethanol (1X 100%, 95%, 90%, 80%, 70% and 0% for 3 min cach) washes followed by a



final seash with PBS (3 X for 7 min cach). Following the washes, slides were washed

scctionsin I (4 mM CaCl, 200 mM Tri, pH

) protocol

lides

horse serum in PBS for 30 min and then i -
P-Serl6 HspB6 (Cat. No. abs8522; Abeam Inc., Cambridge, MA, USA) o with rabbit

anti-P-Serl6 Gc °C.The

antibody was diluted 1:250 in blocking soluton for experiments. Rabbit 1gG (Cat. No.

011:000-003; Jackson s, Inc., West Grove, PA,
scctions were s cyanate (FITC)-
conjugated sheep anti-rabbit 1gG (Cat. No. F7512; Sigma-Aldrich, St. Louis, MO, USA)

ata 1:250 diluon for 30 min with shaking a room temperature. Sections were then

Vectashield

(Vector Laboratories Inc., Burlington, Ontario, Canada), contaning 4',6-diamidino-2-

Leica DMIRE2 Mi (Canada)

Inc, Richmond Hill,

(Qimaging, Surrey, British Columbia, Canada). Images were viewed using Improvision

Openlab Version #5 software (PerkinElmer, Waltham, MA, USA).



26 Cell culture

Johr

‘Copland (Mayo Cline College of Medicine, Jacksonvill, Florida). M-11 was derived

useof any ings, 2007), M1 cells
Devost & Zingg, 2007).

OXTR, alandmark of
Devost & Zings, 2007). Lastly,

2007). The cells were cultured in 75 e’ flasks at 37°C with Dulbecco’s molified

Eagle’s B 10% feal 5), 100 Uiml

penicilin nd 100 pgml sreptomyein,
coverslps at ~ 40,000 cell per coverslip and allowed 1o grow overnightat 37°C, after

in 4% PEAPBS




27 Data Analysis

Fredrick, MD, USA). Densitometric vaues fo P-
B2
1 GraphPad
st vrsion Dicgo, CA, USA.
Data from
& e 1pestadiol

using a One-way analysis of variance (ANOVA) and Two-way ANOVA, respectively

A

pevalue <0.05 was considered significant in cach study



Chapter Three
Results
31 Normal Pregnancy and Labour.

31

Expression of P-Ser6 HspB6 protein
“To assess the commercial and donated P-Ser16 HspB6 ant-sers, immunoblot

i

buffer y iver homoge

extracted with RIPA Iysis bufferresulied in the detection of  band of ~ 40kDa aftr use:

of ot P-Serls i s11
form of Hspl6 was
Before
tesing the -5 tiver
performing weine
i
e 3.12), | 0
muscle dlivertisue
both
. both b Figwe 3.1.3).
tiver




{gure 3.1.1 P-Ser-16 HspB6 protein is expressed inliver and myometrial homogenates.

Detection of
ol 100 g oftotal pr lane. Order of
Tanes: 1,4 KDa, 37

KDaand 75 kDa.



Liver  d19d21d2




Figure 3.1

“Then nuclei are

‘counterstained with DAPI (blue). RBC = red biood cells, BV = blood vessel,

L Control = mouse IgG.




a-smooth
muscle actin

Control




Figure 3.1

and

localization a intercalated diss (srrow), and the absence of any nuclear saining in the

liver arrow). Ctrl = conirol, rabbit gG. Scale = 25 WM.




P-Ser16HspB6 Control

Heart

Liver




and abour in the ra,

NP (non- d6,d12,d1

17,419, 421, 422, 423 and PP (post-partum) (Figare 3.1.4). The immunoblot analysis

3
 One-vay. postp
ol ]
(Newman-Keuls, post-hoc est; p< 0.05).
312 Inmunoftvorescent Detection of P-Ser16 HpB5
gestation,
Detection of
thoughout 3158316)
protocal. Another appr
slides. The dilution of the anti-sera was varied as wellfrom 1:10,000 10 1:2000 and
1:1000. All
hod, i o clear




respectivly.

Toaded per |
and labour (n=4; ANOVA) and

day 15 and day
SEM. Days NP, 6,

»
12,15,17, 19,21, 22, 23 and PP represent gestational timepoints

the pregaant .

(C) Phases of parturition demonsirating thatthe significant increase in P-Ser16 HspB6.




P-Ser16 HspB6 — —— e e 40 kD2

Relative Optical Density
(P-HspBB:calponin)

L

34kDa

EELLLLL PP

Gestation (days)



Figure 3.5

NP, d6,d12, 15, 417, 419, 621

a2,

The images

25M.

= serosa, Ctrl = control,






Figure 3.16 dysis o

the prot

cireular muscle layer. Ctrl = control, rabbit G, Seale =25 M.






immunofluorescence.
32 Unilateral Pregnancy Model
321 Expression of P-Ser!6 HspB protein

A

the gry

3 HpB6 antsera. At d1,

14) (Figure 3.2.1). At 419 and 423, i

P-Serl6

compared tothe non-gravid horn (paired ttes; p < 0.05; Figure 3.2.1.1 and 32,12

respectivly).
and § fold,respectively.
32.2 Immunofluorescent Detection of P-Ser16 HipBs

Detection of P-

S localized

19 of getation (Figure 3.2.2).



Figure32 gestation. The preparation

non-gravid, uteine hom.






Figure3.2.1

ot 0 kDa and

Values are from 4 independent experiments (n = 4) & SEM.
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Figure 32.11 P

R e Dot
ol 2 20kDa
16 Hopbs
i
especivly per
the significan -8 oldin

experiments (n = 4) £ SEM.

6p<005)
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Figure32.12 the gravid

fabour). R i
total
a it P-Ser-16
HpB6 ani
respectively. 100 g of p pe ysi
the gravid
£ p<0.05).

experiments (n = 8) = SEM.
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32
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(Cur = contol,rabbit [gG. Scale =25 M.
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33 Exogenous 17p-Estradiol Administration

3.1 Expression of P-Ser16 HspB6 protein

173 vehicle

followed by collection of 1 various i

3612and i

in detection of foll E

0p Figure 331
Specifcally, expression was elevated at 3,6 and 12 h representing ~ 20.6, 27 and 82 fold
increases over vehicle,respectively. The effect of on total HspB6 protein expression was

examined. 17p-

2 i 4 (Two-
\

way ANOVA; p>0.05).

To o3 Lyeetal

by an assay of

They observed

pos ysisof inthe 17-
Estradiol model demonsrated upregultion of Cx43 only n theIysates ofrats nccted

with 17-Estradiol, ndicating that the model s relable 10 use (Figure 3.3.1B).



Figure33.1 1

total HspB6 protein

0 kDa and Erk-2 deection.
rabbit -
k-2 antisera respectively. 100 ug of protcin was loaded per lan. E =17p-Estradiol; V
hic . Densitometric
17p-Estradiol Immunoblot
361200424
17p-Esradiol
(Two-way. s p < 0.05; Figure
3.4.1). Specifiall 3612 206,270
8 sivel
3 specfic
oaded per lane.

vehicle, Number corresponds to hour postinjection tha sample




Relative Optical Density
(P-HspB6:HspB6)

1E 1V 3 3V 6E 6V 12E 12V 24E 24V
- e . Tispho.
Pl
L Rl HspB6
- —————— v ETk-2
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N LY 6 0 »
Time post injection (hours)

1E 1V 3E 3V 6E 6V 12E 12V 24E 24V
—— - Cx43
o - ————— - Calponin



3232 Inmunofluorescent Detecion of TotalHspBs

Detection of total HspB6 i the muscle layers demonstrated that HspB6 was.

i v

ratsand ras ni (Figure 3.3.2) H

T
ot cansistent throughout
33.3 Inmunofluorescent Detection of P-Ser 6 HspBs

Pser

s in both |

vehicle at 1h, 12h and 24 h,since deteeton was not reaterthan the IgG control (Figure
333)

3.4 Examination of P-Ser16 HspB6 dimers

a 3 weightof
monomeric Hsp6. To determine if this band represented an aggregate dimer, urea

This extraction

ditwas

hypothesized that this would result in more 20 kDa bands detected instead of the 40 kDa

were electrophoresed with d15 samples extracted with RIPA lysis buffe for comparison

As expected, e band 2120




Figure 33, Jysis of total nd

cireular (C} v
‘compared to rats injected with vehicle (V). Timepoints are 1,3,6, 12 and 24 h post-

injection and sections were probed with an anti-rabbit total HspB6 anisera. The images

E6h L= Curl = control, rabbit

15G. Seale =25 uM.



V6h




Figure333
17p-Estradiol injected

are1,12and 24 PSer-

proten (green). Ctrl = control, rabbit IgG. Scale = 25 M.






KDa, while RIP grater detccion of the g
340,
35 Localzaton of P-Ser1 Hapt n culfured Myometial cll
3.1 Inmunofluorescent Detecion of HipB6
o try and assess the qualtyofthe P-Serl6 HspB6 antisea for

immunofluorescent procedures, localization of total HspB6 and P-Serl 6 HspB6 protein

dinmy line (M-11) (Figure

fluence. Total

P-Serl6 HspB6

o found in the

eytoplasm of cells.



Figure 3.4.1 Phosphorylated HspB is detected as a dimer, Immunoblot analyss was

o,

i

of HspB6

HspB6 at ~40 kDa. 100 g oftotal protein was loaded per lane. Order oflanes: 4152
RIPA and 4152 urea.



20 kDa




red). DAPL

‘merged). C

Control = rabbit

15G. Scale =25 M.



Total HspB6 P-Ser16 HspB6

DAPI

PHAL
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Chapter Four
Discussion
“ i abour
Pserls
ol
prviously 2007,
RN
labour
12007 Hiphéto
However the profile of
prgn Asthe

(Rembold etal, 2000), it was imperative to determine the temporal patten of P-Ser16.

HipB6 alone.

as well s partcipation in the phasic contractons of lsbour.

total HspB6,

ra ith, 2007), causing the




(Renfree, 2000). Therefo

“Troponin |
3, 1999), acid

residues 110-121,

etal., 2000)

2000). Thisis
by

protein 14:3-3. which

Bokoch,
2002; Birkenfeld etal, 2003). F
Thus,

(Young, 2007). Ths,



tis possible that
help achieve this feat.
Thisisa
(Shynlova etal., 2009
Jat 006
Ho
+1999) upregulation i inv
3
006 pe
2010). Hormonal
of pregnancy
islow 2006), Given that
HspBG in
the heart Fanetal
mutant forms of HspB6, rlated, (Fan etal




D i

TUNEL

Saining, and DNA laddering - which all point to inhibition of apoptotic cascade.

Therefore, phosphorylated whereas an
(Fan ctal., 2004). tis possible that o
synthetc,

FAK activity — Jat

extracellular matrix reorganization (MacPhee & Lye, 2000). When actvated, FAK

al.,2001). FA are theref

rant linkage for force

the effectof| FAf

£

any FA disrupt




004). The same cells

Dreiza et al. (2004), PS¢ be clevated.

for unwanted

enhancing.
contraction.
42 The Effect of Distension on HspB6 expression

“To determine the effect tha uerine distension had on P-Ser16 HspB6 protein

 This
non-gravid. w©
and
homi d 1o paracrine factors
These can

1 molecules. Lastly, blood flow to

include hormones, growth factors and immunologi

the gravid hom s also lkely g




FA and CAP activ

(d23) (Goldspink & Douglas, 1988; Challsetal., 2001; Lye et al., 2001; Shynlova etal,

2009,
lead to abour, it was
postulated that P- ot
change in toal
homs. Cross and HpB6.
RN
419, However, n
‘ contast, ign i the gravid
h
» o
1999) orvia

actin depolymerization (Drciza et a., 2005).

relaxation, it
protein. When P
purifcation of HspB1 . 1994).




! E

1994). HipBl, s pB6, is functionaly impacted

. 2001). HpB1

11995, Gt

 etal, 1997;

Schafer etal, 1999)

contraction in vascular smooth muscle (Bitar et l, 1991; Larsen et a., 1997; Brophy et
al. 1998). Work previously
Serl HspB1 pr P

expression significantly increased between days 19.and day 23 (White et al, 2005). It
was thus proposed that HspB1 was a candidate CAP.

Considering that

by the co-

i 006). Bukach etal. (2009)

p Furh

formed, the wild type HspB1 inhibited therate o phosphorylation of HspB6 by cAMP-

kinase. Likewise, HspBl via

MAPKAP? kinase (Bukach et al, 2009).

as,

cither during gesation or between the phasic confractions of abour. In  unilateral



Serl HspB1 expression inthe myometrium, It was found that P-SerS HspB1 was also

MacPhe, in prep). It

43 The Effect of 17p-Estradiol on HspB6 expression

Therefore,

17-

Iabourin the ai, the effet, if any, of I LonP.

couldinduce myometrial rlaxation, a hormone associated with labour such as 17-

Estradiol would be expected o inhibit the expression of P-Ser16 Hspi36. Immunoblot
Hap6. affected by 176
oy pregulted in
' with the Ithoug
Hspl6 mRNA

uned




HspBo

intracellular second messengers cAMP or ¢GMP (Lincoln, 1989; Rembold et al, 2000).

Ser-16.
17p-estradiol had 7 times
Davs,
1967). Furthermore,
17pestradiol,
Davis, 1967). This
activation. It

1967). I rat uerine cel lines, 17p-Esteadiol evoked an increase in CAMP levels as

. 1994) Therefore,inthis study it

interact with

state, but are not




.

the pregnant stte

4.4 P-Serl6 HspB6 dimer
“Throughoutthe immunoblot analysis, blots probed with both P-Ser 16 HspB6

HspB6 at 20 kDa. A b

dimer (2X 20 kDa). Bukach et al. (2004) previously performed cross-linking

human HspB6. HspB6 and
ot the
ted i th

appearance of a band abserved at ~40 kDa, in addition o a funter band at 20 kDa. The

molecular mass.

reported that

less stringent and~20

prepared in denaturing urea lysis buffer. Indeed,in our lboratory the production of tissue:



RIP a40kDa -

DS-PAGE gel

Toading bufer. However, upon proten extraction with urea Iysi buer, a more powerful

adarker
band at Ths, itis
dimer at ~ 40 kDa.
the protein.
that HspB6 forms 1.3% of total dispheagm, heart and
Therefore, it may be

amount of P-Serl6 HspB6 a  level that s virtually undetectable o tht the Hspli6

45 Detection of P-Ser16 HspB6 in Myometrium In situ

NP 1o PP.




gravid samples. The immunofluorescent data obtained from 17p-Estradiol study

P-Serl6 HspB. Even P-Serl6 HspB6.

studies

obiained from the immunoblot analyss. The description in Section 4.4, the lterature, and

was valid. The

were not suiable for immunofluorescent.

synihetc pepti 2010,

i th by the fact

recapitulte the 3-dimensional structur or postiranslational modifications of the native:

. 2005). Therefo

inact 010 I




102
being ideal
hman, 2009)
SwWLL PG and R-AS"AP i
forimmunoblot analysis
Inthis thesi were fixed post-col
sectioned and mounted on microscope slides (Chapter 2, Section 2.3). The fixation
P 009
o
1999;
Saper & Sawchenko, 2003). For example, BCL.
L.
1990) 1
BCL2
-PAGE
(Willingham, 1999). i pe




103

accessible in fresh tssue Iysats used in immunoblot analyss. Support for this

protein n the nucleus of the M-11 cellline, which were not paraffn-embedded (Section

46; Figure 3.5.1).

P 3 pep

faults. Under a

for

purposes. -Serl6

HspB6 compared to previous lot, s seen in Figure 3.3.3 and Figure 3.4.1 Thercfore, the

o validae the
immunoflurescent experiments.

46 Cellular Studies

of PSerl6 Tevel

Totl Hspl

f -1 cels while P-Ser16 HspB6 was almost entirely nuclear with only trace amounts



show that

per PSerls
y factors. HpB1
010),
& Levin, 2007 study on celul HpB6 in
‘ forskolin and

itroglycerin thatare known 10 ncrease cAMP and cGMP, which result in

phosphorylation of HspB6 (Rembold & Zhang, 2001). They found that HspB6 was.

mainly found
ihough our localization for

of P-Ser6 HspB6 observed may be cell or tissue specific



Chapter 5
Summary & Future Directions

well understo

Tobeableto

how they p
effectively deal with pretem labour and develop adequate reatmens, we firt have to

understand the biochemical mechanisms underlying normal abour.

The first profile of

I pregnancy and lt

of Hsp PSerl6 pregaancy and

Ser16 HspB6 may faclitate myomet

pregnancy when dis

‘Next the contibution of mechanical distension (0 the regulation of P-Serl6

icated that ot 15, d19 and 423 of gestatc was.

nd Tt would be

mportant n future studics t cary out experiments with a unilatral model that involved
inseting cervical tents (laminari) nto the non-gravid homn for 24 hours during

L would expand




. potential CAP, iynamic relationship.

sate It would

the two remain

From an endocrine standpoint, exogenous 17-Estradiol injection model was used

PSerl6

the vehicle

imjected rts. This suggests that 176-Estradiol i a significant inducer of P-Serl6 HspB6

heat shock prot
e, protein ki
e
a1 y Hiphs,
pro P-Serl Hsplso

expression, asthis hormone can antagonize 17p-Estradiol signallng.
Additional work that is needed to soldiythese findings s  reliable P-Serl6

Hp6 antibody that s suitable fo immunofluorescence. Immunofluorescence was




than the rabbit, which. i are from.

peci rgetofinterest. I the produce
the
notat the ight pr

Inthe case of P-Ser6 HspiB6, the presence of 40 KDa or 20 kD would be suffce as

, Section 4.4). The next

step could be to target models,

probs for -
protein ofinterest. As Hspl6 is a ubiquitous protein, P-Ser] 6 HspB6 knock out
constructscould be obtained that ould b transfected into M-11 cells. Fan etal. (2004)

which could




adition, our laboratory has a vector that overexpresses P-Ser16 HspB6. This could serve

protocol for this

inthis project, but also using a pressure ooker to induce high temperatures or perhaps.

Once epitope:

whichis

Lasty,

However,

cell pe

pertrophy is pr




atis b
attheceluar
| PKA
intibitor. Fyon ctal
Pabo, 1985;
| Favell tal, 1994; Sl 1,1999).
| 2003). 1f
inhiitor,functionlly
Toke
hisasep
pres Habour could be
dclayed.
be
subsantal

Tabour,that distension, orstrech, 3




1o

Serl6 HipB6 expression during mid-ate pregnancy and that 17j-Estradil s lso a

sigificant inducer of P-Ser16 HspB6 expression (Figure 5.1).



Figure 5.1 Increasing stetch and cirulating levelsof 17

Estradiol are the tipping point

during pregnancy, P-Serl6 Hsp
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