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total HSPBI after l2-24hrs. To analyse the role of myometrial stretch on HSPBI 

expression, unilaterally pregnant and non-pregnant ovariectomizcd rat models were 

utilized. Regardless of the endocrine environment, myometrial stretch facilitated an 

increase in both HSPBl and pSerlS HSPBI expression. However, total HSPBl only 

increased when the hormone environment was intact, which also dirccted its sub-cellular 

localization in situ. In total these data validate our hypothesis and specifically show that 

hormonal and stretch-facilitated signalling pathways, perhaps in concert, regulate HSPBl 

gene expression. These data also support an ongoing hypothesis in the lab that prior to 

labour HSPB I may facilitate proper structural organization of the actin cytoskeleton and 

incorporation into focal adhesions on the cell membrane while at labour HSPB I may 

facilitate association of myosin with actin in the cytoplasm, to allow for the high 

amplitudc contractions necessary for parturition. 
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Chapter 1 

Literature Review 

1.1 Pregnancy 

Pregnancy and parturition (the act of giving birth) arc processes that are 

fundamental to the continuation of human life. They arc highly regulated sequences of 

events that promote the growtb of a foetus to the point where it is ready to be expelled 

from the uterine environment and able to survive on its own. Regulatory inputs arise from 

the mother, foetus, and the placenta. With the proper signals, a foetus will be ready for 

survival when born, but ifpregnancy is disturbed for some reason, the foetus may be born 

prematurely. 

Pre-term birth is described as a human birth that occurs prior to 37 weeks 

gestation as a result of an underlying asynchrony between fetal maturation and the labour 

process (Challis et aI., 2000, 2002). This remains a significant problem in many 

countries. For example, approximately 5-10% of all pregnancies in North America 

happen pre-term (Challis, 2001; Lye & Olson, 1996). Canadian statistics from 1996 

showed that approximately 7.1 % of all pregnancies occurred pre-term (Public Health , 
Agency of Canada. 1999). Although this number is relatively stable, a continual and 

gradual increase has been observed over the past 30 years. For example, 6.3% oflive 

births in 1981 occurred pre-term, with this number rising to 6.8% by 1991, and 

subsequently 7.1% by 1996 (Joseph et al.. 1998; Public Health Agency of Canada, 1999). 

To further emphasize this health problem, preterm birth accounted for 75-85% of 



neonatal deaths, making it the leading cause of neonatal morbidity and mortality, as 

babies born premature have 40% higher mortality than those born at term (Challis, 2001; 

Gibb & Challis, 2002; Lye & Olson, 1996; Lyndon, 2006; Public Health Agency of 

Canada, 1999). If we then consider the infants born premature that do survive, these 

individuals have a higher risk of having neurological and pulmonary disorders, including 

cerebral palsy, blindness and deafness (Lye et al., 2001). These individuals also have an 

increased risk for problems later in life such as learning disabilities and behavioural 

problems (Marlow et al., 2007; Sullivan & McGrath, 2003). 

There exist many causes of pre-term birth, with approximately 30% due to an 

underlying infection (Challis et al., 2002; Gibb & Challis, 2002), and 50% due to 

unknown causes (idiopathic). Interestingly, in cases of pregnancy problems such as 

preeclampsia, preterm birth often has to be surgically initiated. Other risk factors for pre-

term birth include stress, smoking, drug usage, low body weight, and even previous 

repeated abortions (Goffinet, 2005; Reedy, 2007). Mueh of the research that has been 

undertaken to combat pre-term labour has targeted on drug development to inhibit 

myometrial contractility. Even though greater understanding of uterine contraction has ,. 
been achieved, this has not translated into a decreasing of pre-term birth occurrence 

(Challis et aI., 2002; Lye et aI., 2001). In order for a better control of, and increased 

prevention of, preterm labour to occur, future researeh must focus on a greater 

understanding of the underlying mechanisms of uterine contraction (Slattery & Morrison, 

2002). This research could lead to a better recognition of, and therapies for, premature 



delivery. 

1.2 Uterine Structure (Myometrium) 

In many ways, the uterus during pregnancy is unlike any other organ. Allhough it 

is only used for a brief period of time to house the foetus, it is required to function 

properly to facilitate continuation of the species. It must quickly change its 

responsiveness to a wide variety of biochemical signals, that originate from various 

sources. This transition can range from hours to months, with the signals coming from 

both the local environment and the overall systemic endocrine environment. 

The extent to which the uterus is able to adapt and change, is evident in the 

physical characteristics of this organ. The human pre-pregnancy uterus is around 40-70g 

in weight with an internal volume of 10mL, whereas the human uterus at labour averages 

1100-1200g and can hold upwards of5L (Monga & Sanborn, 2003). In addition, the size 

of human myometrial cells themselves have been found to increase up to 10 times in 

length and 3 times in width during pregnancy (Monga & Sanborn, 2003). These changes 

describe not only an alteration in the overall size due to fetal growth-induced uterine , 
distention, but also an increase in mass due to growth of the uterus. As described later 

(See section 1.5: Phases of Myometrial Activation), these changes in mass and size 

correspond to distinct uterine phases of pregnancy (Shynlova et al., 2009). As stated, 

regulation of these changes/phases is due to a multitude of sources, however the main 

influences are the circulating honnonal milieu and uterine mechanical stretch, and will 



comprise the main focus of this thesis. 

The majority of mammals, including rats used as a model in this thesis, have a 

uterus that is bicornuate (V-shaped) with an ovary at the distal end of each hom, 

connected in the centre to the cervical opening. It is comprised offoue distinct layers 

(Figure 1-1); (from outs ide to inside) serosa, outer longitudinal muscle, inner circular 

muscle, and the endometrium (Shynlova et at., 2005). The two myometrial layers are 

separated by a vascular plexus which provides the blood supply, and are easily 

distinguishable by microscopy in cross section by the direction of the muscle fibres. The 

longitudinal layer is comprised of muscle bundles that run the length of the uterus, while 

the circular layer bundles run in a circumferential manner. This separation of layers is 

further emphasized in the differing lineages of the two layers. The longitudinal layer is 

derived from the mesenchyme of the subperimetrial zone of the urogenital ridge, while 

the circular layer originates from the middle layer of mesenchyme in the urogenital ridge, 

near the Mullerian duct, and develops first (Brody and Cunha, 1989; Williams et al., 

2010). As such, the two layers have different physiological characteristics and respond to 

differing stimuli for much of pregnancy, yet late in pregnancy stimulation of the two 

I 
layers become more coordinated through a development of the gap-junction and 

cytoskeletal components (Tomiyasu, 1988; Tuross et aI., 1987) 

As a caveat, this layered organization of uterine smooth muscle is not observed in 

humans (young, 2007). Human uteri are composed of an intermixing of the various 

myometrial cell types, that cannot be easily distinguished. It is debated whether human 



Figure 1-1 

Graphical representation of the various layers of the rat uterus. 



Rat Uterine Horn 
Organization 

~::----- Serosa 

Longitudinal 
Smooth Muscle 

Circular 
Smooth Muscle 

Endometrium 

Lumen 



uteri thus have the same distinct muscle layer signalling that other mammals have, or 

whether the signalling is unitary. 

Muscle cells, including smooth muscle, have important intramolecular structures, 

as well as intermolecular. Myometrial cells, not unlike all mammalian cells, have a 

cytoskeleton of interconnected microfilaments, intermediate filaments, and microtubules, 

composed of such proteins as actin, vimentin, and tubulin (Figure 1·2; Dahl et al., 2008; 

Wade, 2007). In smooth muscle, these filaments are connected together through 

structures termed dense bodies which are dispersed throughout the cytoplasm and nuclear 

membrane (Small & Gimona, 1998). Connection to the external environment is facilitated 

through cellular membrane attachment points termed focal adhesions or dense plaques 

(MacPhee & Lye, 2000). Thcse focal adhesions are composed of a large complex of 

structural and signalling molecules, such as vinculin, paxilin, tal in, and focal adhesion 

kinase (FAK), ultimately ending with a connection to the extracellular matrix (ECM) 

through integrin molecules. Through this organization, not only can force be transmitted 

through neighbouring cells, but outside:inside signalling cascades can bc produced from 

stretch signals originating within the ECM. Acting through integrins in the membrane, 

I 
stretch can signal molecules within the focal adhesion and thus into the cell itself. It has 

been suggested that force applied to a utcrine smooth muscle ccll can be transmitted 

along the muscle bundle in a similar way to that in other types of smooth muscle. Forces 

applied to one cell can pass through the cytoskeleton and the nucleus, and onto an 

adjacent cell through focal adhesions in each cell that are located opposite one another 



Figu re 1-2 
Architecture of the myometrial smooth muscle cell. The cytoskeleton of the myometrium 
undergoes a substantial remodelling process that equips it with the machincry required to 
rcspond to contractile stimuli at the time of parturition onset. This involves rearrangement 
of the proteins that constitute the thin and thick filaments as well as those that make up 
the intermediate filaments. Electrical communication between adjacent cells can be 
achieved through gap junctions whilst mechanical coupling through focal adhesions 
provides a means for mechanotransduction. 
From MacIntyre et al., 2007. Reproduced by permission of the author. 
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(Figure 1-3). In this way the cells in a bundle act as onc to generate and transmit force, 

forming a functional syncytium (Kuo & Scow, 2004). 

1.3 Endocrine Control 

The major hormones that playa role in uterine smooth muscle regulation include 

progesterone, estrogens, oxytocin, and the prostaglandin hormone family. As a general 

ovclView,lhese honnoncs are concerned with maintenance of the uterine growth 

environment, uterine musculature development, and stimulation of contraction, 

respectively. Each of these will be addressed individually and then tied together in an 

overall model of hormonal control ofprcgnancy. 

1.3.1 Progesterone. 

Progesterone, a C-21 steroid hormone, is intimately involved in the regulation of 

pregnancy. It is primarily produced by the ovaries (corpus luteum), the adrenal glands, 

and the placenta (Hadley, 2000). As with all steroid honnoncs, synthesis ofprogeslcronc 

originatcs with cholesterol. Cholesterol from the maternal circulation is processed in the ,. 
placenta by cytochrome p450sec, and after three hydrolysis reactions produces 

pregnenolone (Tuckey, 2005). Pregnenolone forms the basis of virtually all further steroid 

honnone production. Following pregnenolone production, the 3~-hydroxysteroid 

dehydrogenase (3~-HSD) enzyme faci li tates the conversion to progesterone through two 

steps involving oxidization and tautomerization. Both pregnenolone and progesterone are 
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