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ABSTRACT
Regulatory T cells (TRegs) are stable markers of immune functioning, acting to suppress inflammation. TRegs are important during implantation and early pregnancy where they suppress immune-mediated rejection of the embryo. Given the role of TRegs in the maintenance of pregnancy, their depletion can be associated with obstetric complications. Through the completion of two studies, this thesis seeks to identify the role of TRegs in two forms of perinatal pathology: depression and arterial thickening. The first study examines whether decreased TReg levels during pregnancy are associated with an increase in depressive symptoms, and if this relationship is mediated by maternal stress. We predicted that the TReg-depression relationship would be unique to pregnancy, and not occur in the postpartum. In the second study we assessed if decreased TRegs were inversely correlated with carotid arterial thickness. TReg samples were obtained from women between 24 and 32 weeks gestation (N=16), and at 12 weeks postpartum (N=19). Depression was assessed using the Edinburgh Perinatal  Depression Scale (EPDS) and the Mongomery-Asberg Depression Rating Scale (MADRS) , and stress with the Perceived Stress Scale (PSS). TRegs were measured using flow cytometry. In the first study, we showed that lower TRegs were associated with increased levels of depression in pregnancy, and that this association was mediated by perceived stress. In the postpartum period, TRegs were not associated with changes in mood.  In the second study, we found no relationship between TRegs and carotid arterial thickness. Our results suggest that TReg changes in pregnancy may be associated with maternal mood in pregnancy, but not in the postpartum period. Despite the fact that we failed to find a correlation between TRegs and carotid arterial thickness during pregnancy, our limited sample size leads us to recommend that the presence of an inverse correlation between these two markers not be ruled out, but suggest that these links be further examined using a larger sample and more precise imaging. Together, these two studies may provide very early insights into the role of TRegs in perinatal mood disorders and cardiovascular health and highlight the need for further research.
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CHAPTER 1	
	The current thesis aims to investigate regulatory T cells as markers of immune function during the perinatal period and their links with depression and cardiovascular disease risk through the presentation of two small sub studies. In the first, TRegs during pregnancy will be measured in association with concurrent depressive symptoms. The second study is comprised of an examination of TRegs in concordance with carotid arterial thickness, based on the literature of pre-eclampsia and immune dysfunction. These two studies together provide insight into the role of TRegs in obstetric complication; highlight the need for further research.
   Background
	Regulatory T cells (TRegs) originate in the bone marrow, mature in the thymus and are potent suppressors of inflammation. TRegs have recently garnered significant attention in multiple fields of immune mediated pathology, including cardiovascular disease and depression (Barhoumi et al., 2011; Li et al., 2010). Moreover, TRegs have also been implicated in the pathophysiology of normal and abnormal pregnancy. Characterized by the capacity to potently suppress inflammation, TRegs are required for the success of a pregnancy by suppressing immune mediated embryo rejection (Saito et al., 2010). The literature implicating TRegs in obstetric complications is expanding, yet the immune pathogenesis of obstetric disorders, including pre-eclampsia and perinatal depression, is poorly understood (James et al., 2010; Monk and Osborne, 2013). 
	Partially, this misunderstanding appears to be due at least partly to the ambiguous results of existing studies.  Elevations of specific cytokines have inconsistently been reported in pre-eclampsia, and the origin of such elevations is not known (Molvarec et al., 2011; Xie et al., 2011; Lau et al., 2013). Similarly, conflicting cytokine profiles have been reported with perinatal depression (Christian et al., 2009; Blackmore et al., 2014). Cytokines are not invalid markers of immune function, but their transiency and susceptibility to environmental influences may significantly affect their quantification. As the measurement of TRegs becomes more accurate, stable, and convenient, it may be a useful marker for re-evaluating the role of the immune system in pre-eclampsia and other cardiovascular pathologies, as well as perinatal depression, a neuropsychiatric disorder thought to involve immune dysregulation (Cheng and Pickler, 2014). The current thesis will aim to address these important and timely issues via the conduct of two studies. 
	A brief overview of the major components of the immune system will now be provided with a focus on the role and functioning of regulatory T cells. The significant cross talk that is shared between the immune and stress response systems will be discussed, as both are involved in the development of normal and abnormal pregnancy. Finally, the trajectory and function of TRegs in healthy pregnancies and in the context of obstetric complications will be examined. 
The Immune System
	The immune system functions to eliminate pathogenic and infectious agents from the body, while protecting and preserving host cells. An effective immune response requires accurate identification and efficient elimination of harmful pathogens. Though simple in concept, an immune response is highly complex. First, a pathogen must first be correctly labeled and identified (Abbas et al., 2012). Pathogens express structural binding sites, called antigens. Foreign antigens are recognized by circulating proteins in the host system, called antibodies. The binding of a host antibody to a foreign antigen, tags that pathogen as an invader and marks it for elimination. This process is called opsonization (Abbas et al., 2012). After opsonization, two subsystems execute an immune response mediated by the innate and adaptive immune systems. 
	The innate immune system serves as the body's first line of defense, responding to pathogens in a more non-specific manner. The primary product of the innate immune system is inflammation, clinically characterized by edema, redness, pain and warmth. This response requires the functional integration of many types of leukocytes, including phagocytes, mast cells and natural killer cells (Schenten and Medzhitov, 2011).  Phagocytes describe a large range of cells, including basophils, neutrophils, macrophages and dendritic cells (Baxt et al., 2013). Though the mechanisms by which they act may differ, all phagocytes actively engulf and degrade tagged pathogens. For example, macrophages expose engulfed pathogens to reactive oxygen species resulting in their death by respiratory burst. On the other hand neutrophils contain intracellular granules, composed of defensins and enzymes that quickly digest the ingested pathogen (West et al., 2011; Kumar et al., 2011; Kumar and Sharma, 2010). 
  	Mast cells function to repair pathogenic tissue damage. Upon activation, a mast cell releases histamine from intracellular granules to activate the endothelium. Endothelial activation results in increased permeability and dilation of blood vessels, which allows other immune cells to more easily access the site of invasion (Zhang et al., 2011).  Histamine release is associated with a number of the clinical features of inflammation, including redness, warmth and edema. Lastly, the innate immune system employs natural killer (NK) cells. Unlike mast cells and phagocytes, NK cells work to maintain self-tolerance and efficacy in eliminating the viral infection of host cells (Vivier et al., 2011).  
Certain diseases, such as cancer or viruses act by attacking and infiltrating host cells (Pinney et al., 2009). The viral or neoplastic invasion of a host cell alters the surface receptor expression of that particular cell. NK cells actively bind to these altered receptors, initiate apoptosis of the infected host cell, likely through the release of perforin, a cytotoxic molecule (Lu et al., 2014). 
	The innate immune system functions largely by cyclical communication with small signaling proteins called cytokines.  The binding of a cytokine to a cell surface receptor initiates an intracellular signaling cascade that alters cell function to support or suppress inflammation. Therefore, cytokines can be broadly divided into two groups; pro and anti-inflammatory. (Goldstein et al., 2009). Specific pro-inflammatory cytokines, including interleukin (IL)1 and tumor necrosis factor alpha (TNF-α) are stimulated by antibody release. These cytokines activate macrophages and support an inflammatory response by increasing body temperature and vessel permeability. Further, the activation of innate cells, including  macrophages, neutrophils, dendritic cells and mast cells,  induces the stimulation of other cytokines that support an inflammatory response  (e.g., IL-1, TNF-α, IL-4, IL-6, IL-10) (Lacy and Stow, 2011).
	The innate immune system is effective for a broad and timely response to pathogen or viral invasion. However its non-specific nature is not sufficient for complete pathogen elimination. Though phagocytes, mast cells, and NK cells have individual purposes, their activation and cytokine secretion serves as a messenger to the adaptive immune system (Iwasaki and Medzhitov, 2010). 
	The adaptive immune system is the body's second line of defense, providing a complex and specialized response to infection (Sompayrac, 2012). The adaptive immune system is able to provide this type of response based on prior pathogenic exposure and elimination. For this reason, the adaptive immune system is often referred to as the acquired immune system. An adaptive immune response relies on both B lymphocytes and T lymphocytes (Abbas et al., 2012).
	B lymphocytes originate and mature in the bone marrow, and are fundamental to pathogen recognition. Every B lymphocyte binds exclusively to a specific antigen through a B cell receptor (BCR). Functional B lymphocytes can generally be subdivided into two groups; effector B cells and memory B cells (Batista et al., 2009). Effector B cells circulate in the body until an initial encounter with a pathogen expressing the antigen to which they exclusively may bind. Through receptor-mediated endocytosis, the antigen is absorbed by the effector B cell, and an antibody specific for that antigen is secreted (Sompayrac, 2012). As discussed, antibodies circulate through the host, identifying and tagging any other pathogens expressing that specific antigen for elimination. Effector B cells are therefore necessary for an immune response to occur (Bao and Cao, 2014).  After one exposure to an antigen, some effector B cells differentiate into memory B cells. Memory B cells have a higher binding affinity for their specific antigen based on their past exposure to it (Desjardins and Mazer, 2013). An increased binding affinity will allow for a more efficient production of antigen specific antibodies, and therefore a faster and more effective immune response. 
	T lymphocytes are more involved in the response to pathogenic invasion than the identification.  T lymphocytes mature in the thymus, and express the CD4 and CD8 receptors prior to maturation. After maturation, T lymphocytes are functionally different (Abbas et al., 2012) than they were before. T helper cells (CD4+) are important for regulating inflammation and increasing the efficacy of an immune response. In particular, the primary function of T helper cells is mediating the secretion of cytokines.  
	T helper cells become activated after encountering activated components of the innate immune system, including macrophages and dendritic cells. An activated T helper cell will secrete the growth factor IL-2, and also express the IL-2 receptor (CD25). The autocrine binding of IL-2 to the CD25 receptor triggers the proliferation of T helper cells into three possible subtypes; effector T cells, memory T cells, and regulatory T cells (Sompayrac, 2012).  
	Effector T cell proliferation is induced by activated dendritic cells and other antigen presenting cells, and they are classed according to the stimulatory and effector cytokines, and the cells they act upon. Th1cells proliferate in IL-12 rich environments. The primarily product of Th1 cells is the pro-inflammatory cytokine interferon gamma (IFN-γ). IFN-γ secretion supports an immune response by augmenting macrophage activation, and upregulating the transcription of other pro-inflammatory cytokines including tumor necrosis factor alpha (TNF-α) and interleukin (IL)-10. Conversely, Th2 cells expand from and are marked by the secretion of IL-4, which supports an immune response through the upregulation of B cell IG secretion (Ait-Oufella et al., 2014). However, Th2 cells also have anti-inflammatory actions. Th2 cells alter macrophage activation, resulting in the stimulation of anti-inflammatory cytokines (IL-10 and TNF-β). The effector cytokines of Th1 and Th2 cells (IFN- and IL-4, respectively), are integral to maintaining a Th1/Th2 balance. ATh1/Th2 balance represents optimal immune system functioning, allowing for appropriate and regulated, inflammatory responses to invasion. Specifically, the secretion of IFN-γ inhibits Th2 cell proliferation, while IL-4 attenuates Th1 responses. As with B cells, some helper T cells adapt after exposure to a specific infection. During a repeated encounter with a specific antigen, memory T cells efficiently shift towards a predominantly Th1 or Th2 profile, based on the prior success of that specific pathogen's elimination (der Haan et al., 2014). 
	A third subtype of effector T cells, Th17, has recently been identified. Th17 cell proliferation is induced by elevated levels of IL-6. Upon activation, Th17 cells produce IL-17, resulting in potent pro-inflammatory action (Shibui et al., 2012). IL-17 recruits and activates innate neutrophils, increases the secretion of numerous pro-inflammatory cytokines, and directly degrades the cellular matrix of pathogens. Since IL-17 receptors are located in abundance on various cells throughout the body, the secretion of IL-17 elicits powerful effects (Cua and Tato., 2010). Among the immediate pro-inflammatory actions of IL-17, a recent murine study suggested that IL-17 also increases the expansion of Th1 cells, doubling its inflammatory actions (Feng et al., 2011).  
	In theory, a Th1/Th2/1Th17 balance would be sufficient to regulate an immune response. However, a more potent immune suppressor is required to dampen the immune system after pathogen elimination in order to avoid self tissue destruction. In the body, Regulatory T cells (TRegs) play this role (See Figure 1). Originating in the bone marrow and maturing in the thymus, TRegs are identified by the presence of the CD25 receptor, the transcription factor FOXP3, and by the low expression of the CD127 receptor (Nettenstrom et al., 2013). TRegs can originate from two sites in the body. Natural TRegs refer to those that mature in the thymus, and inducible TRegs refer to those that become functional in the host periphery. Beyond the scope of this thesis, TRegs are involved in self tolerance, as evidenced by their established role in the development of several autoimmune diseases (Jethwa et al., 2014;  Miyara et al., 2014; Noack et al., 2014).  For the focus of this thesis, natural TRegs and their suppression of inflammation will be discussed. The mechanism by which TRegs suppress inflammation is multifaceted, and not fully understood (Schmidt et al., 2012). Using a murine model of lupus, Lan et al. (2012) suggested that TRegs promote the secretion of the anti-inflammatory cytokines, IL-10 and TNF-β, which reciprocally attenuate the expansion of inflammatory dendritic cells. A separate murine study also implicated the TReg secretion of IL-10 in immunosuppression, demonstrating that IL-10 interrupts the IL-6 induction of Th17 proliferation (Chaudury et al., 2011). However, the human literature has suggested that IL-35, independent of IL-10 and TNF-β, is necessary for TReg action (Sawant et al., 2014). Other work indicates that TRegs participate in suppression through cell-cell contact. Sojka et al. (2012) suggest that TRegs directly transfer large quantities of cyclic adenosine monophosphate (cAMP) to target inflammatory agents, which at high levels have been shown to inhibit Th cell proliferation. Overall, while there is disagreement on the mechanism(s) by which TRegs act, their immune suppressive function is clear.  Numerous studies have demonstrated that TReg depletion results in aberrant inflammatory responses, and their deficit have been observed in clinical inflammatory disorders, including Chron's disease, inflammatory bowel disorder, cardiovascular disease, and major depression (Ma et al., 2010; Betelli et al., 2006; Kishimoto, 2010; Ishikawa et al., 2012; Buckner et al., 2010; Hansson and Hermansson, 2011; Li et al., 2010).	
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Figure 1
The proliferation of Th0 cells into Th1, Th2, Th17 and indirectly TRegs is dependent on antigen presenting mature dendritic cells.  The cytokine environment decides the type of cell proliferation. IL-12 stimulates Th1 cells, IL-4 stimulates Th2 cells, and IL-6 and TNF-β stimulates Th17 cells. TNF-β also functions to promote TReg proliferation, acting as a regulatory mechanism (Ait-Oufella et al., 2014) (Permission obtained)






Immune System Crosstalk and Stress
	While the immune system is extraordinarily complex, one of the main tenets of its regulation is homeostasis. Th1 and Th2 responses must be balanced, effector T cells and TRegs must find equilibrium, and the innate immune and adaptive immune systems must communicate to maintain stability. This considered, the immune system also shares bi-directional cross talk with numerous biological systems (Pilon et al., 2013; Demas et al., 2011). Such communication is crucial to daily functioning and healthy immune responses. However, this link also allows any aberrant or abnormal activity within other biological systems to significantly affect immune function. One system that can significantly influence the immune system is the stress response and processing system (Chovatiya and Medzhitov, 2014). 
	 The hypothalamic-pituitary-adrenal (HPA) axis orchestrates the body's physiological responses to acute stressors. In the context of the stress response system, the primary product of the hypothalamus is corticotrophin releasing hormone (CRH). CRH acts on the pituitary gland to stimulate the release of adrenocorticotrophic hormone (ACTH) that acts on the adrenal gland to produce the glucocorticoid, cortisol (O'Keane et al., 2012).  Cortisol serves two primary functions; to stimulate gluconeogenesis for stress response and recovery, and to act as an anti-inflammatory immune regulator (Marques et al., 2010). Glucocorticoid receptors (GR) are integral to HPA axis and cortisol homeostasis (Bellavance and Rivest, 2013). Once cortisol is released and binds to a GR, negative feedback signaling communicates with the paraventricular nucleus and the anterior pituitary gland, to inhibit the release of CRH and ACTH, effectively attenuating cortisol secretion. Coinciding with this is immune regulation. The binding of cortisol to GRs activates the transcription of anti-inflammatory cytokines (IL-10, IL-12) and suppresses the transcription of pro-inflammatory cytokines (IL-2, IL-3, IL-4, IL-5, IL-6, IL-13, IL-15, TNF-α) in both the brain and body (Barnes, 2011; Silverman and Sternberg, 2012). 
	 The HPA axis is complex system; both structurally and functionally, and there are many levels on which it may be interrupted. Functionally, there is significant inter-individual variation in the level of stress required to elicit a response. Indeed, the impact of a stressor is dependent on an individual's psychological perception of that stressor (Juster et al., 2010). When an individual has an appropriate stress threshold, and can adapt and cope with stressors, they are in a state called allostasis. However, a reduction in an individual's stress threshold or the chronic accumulation of acute stressors and chronic activation can have deleterious effects on the HPA axis, leaving the body in a state called allostatic load. Allostatic load can affect the two functions of cortisol, stress response and regulation of inflammation, (McEwen, 2003).  Of particular relevance to this thesis, the inflammatory effects of allostatic load are further exaggerated when an individual has or exercises poor coping techniques, including cigarette or substance use, poor dietary choices, or poor sleep hygiene (Christian, 2012).  
	A recent animal model confirmed the link between high stress and aberrant inflammation by identifying different cytokine profiles among mice exposed to high and low levels of chronic stress. Using the chronic social defeat stress paradigm, mice that encountered frequent chronic stress had elevated levels of IL-7 and vascular endothelial growth factor (VEG-F). In contrast, mice that encountered no stress demonstrated increased levels of the anti-inflammatory cytokine IL-10, suggesting that chronic stress exposure significantly interferes with cytokine balance. 
	Structurally, inflammatory dysfunction may also influence the HPA axis and response to stress. The hippocampus has a strong afferent connection with the hypothalamus, thus the activation of the HPA axis is also regulated by hippocampal function.  Veenema et al. (2004) demonstrated that mice genetically selected to have increased sensitivity behavioural models of stress had significantly decreased hippocampal serotinergic (5-HT1a) receptor density. This suggests that serotinergic expression within the hippocampus may influence stress responsivity. Similar hippocampal serotinergic receptor profiles are observed in TReg deficient mice, which also demonstrated depressed and anxious behaviours in the forced swim test and the elevated plus maze test respectively (Kim et al., 2012). Together, these studies infer that depleted TRegs can affect hippocampal feedback to the HPA axis, directly influencing stress processing and behavior. 
	On a molecular level, chronic stress can result in excess inflammation through GRs. Sensitization of GRs is common with chronic cortisol secretion and can lead to glucocorticoid resistance (Pariante and Lightman, 2008). Schmid and colleagues (2010) induced glucocorticoid resistance in mice using the chronic subordinate colony (CSC) housing paradigm, which is a validated animal model for psychosocial stress. After CSC, increases of TNF-α, and IL-6 were reported, along with decreased TReg populations. 
	However, the link between stress and inflammation is likely bidirectional. In a murine study immuno-compromised, TReg depleted (anti-CD25 treated) mice exposed to chronic immobilization stress, stress levels positively correlated with and increased production of TNF-α, IL-2, IL-4, IFN-γ, and IL-17. These mice also demonstrated anxious and stressed behaviour, as measured by the forced swim test and the elevated-plus maze test (Kim et al., 2012).
The relationship between the inflammation and stress has been consistently noted in human disease. Chronic stress-related disorders, such major depression have been associated with decreased TReg levels and increased pro-inflammatory cytokines (Li et al., 2010; Dowlati et al., 2010). Individuals with inflammatory disorders, including chronic obstructive pulmonary disease manifest a reduced efficiency in HPA axis activity (Barnes, 2009; Miller et al., 2009; Carvalho et al., 2014). The significant overlap between stress and inflammation therefore must be considered when examining periods of specific immune alteration. 
Choosing an Appropriate Marker of Immune Function
	Pro-inflammatory cytokines and TRegs are two features of the adaptive immune system that have close links. However, in the context of acute infection, peripheral cytokine levels will deviate and fluctuate with the course of the infection, while TRegs will not be as transient, and their levels remain relatively stable (Pillai and Karandikar, 2007). However, chronic inflammatory disorders, such as hepatitis C or human immunodeficiency virus, may have accompanying decreases in numbers or function of TRegs (Buckner, 2010). The distinction between chronic and acute infection and their impact on immune markers is crucial, as TRegs may reflect an individual's trait or robust immunological profile, while cytokines may be more of a state marker (Rubtsov et al., 2010; Miller et al., 2011).  
	Aside from the transient nature of cytokines, consistent accuracy in their measurement has been difficult to achieve. Human serum cytokines are typically measured using enzyme-linked immunosorbent assays (ELISA) or multiplex arrays. However, significant intra and inter-kit variability in absolute cytokine values have been reported in the literature using these methods (Breen et al., 2011; Moncunill et al., 2013). Therefore, studies employing serum cytokines alone as markers of inflammation may not be valid or generalizable, due low reliability and reproducibility of quantification methods. 
	TRegs are typically identified using flow cytometry. Flow cytometry identifies and sorts cells based on the level of fluorescence emitted by the sample. In preparation for flow cytometry, a sample is stained with specific antibodies that will mark receptors or proteins of interest on the cell surface to fluoresce. Early studies in mice suggested that the transcription factor FOXP3 was exclusive to TRegs, and for many years its presence was used to identify TRegs in humans (Chen and Oppenheim, 2011). However, it is now acknowledged that some human effector T cells also express FOXP3 (Gavin et al, 2006). Thus, a new gold standard for the identification of TRegs needed to be established. The presence of FOXP3 in combination with high CD25 fluorescence and low CD127 fluorescence is now used to differentiate TRegs from FOXP3+ effector T cells (Grant et al., 2014). There is now a consensus that the use of these gating strategies accurately identifies TRegs with high intra-assay precision (Demaret et al., 2013). As TRegs are a relatively new and rapidly expanding field of study, most research employs this gold standard, or reports multiple TReg levels based on different identification criteria (ie. FOXP3+, CD25+ FOXP3+, CD127- FOXP3+, etc). This helps to ensure that results are generalizable and are comparable across studies.


The Function of Regulatory T Cells in Pregnancy
	TRegs are particularly valuable for studying immune dysfunction during pregnancy based on their stability and function during early pregnancy (Ruocco et al., 2014). The physiological function of TRegs in pregnancy begins prior to implantation. Correlated with estradiol rises, peripheral TReg numbers increase prior to ovulation. It is theorized that the TRegs act to prepare a non-hostile environment in the anticipation of foreign paternal seminal fluid (Arruvito et al., 2007; Robertson et al., 2009).  If implantation is successful, the body responds to the embryo as an antigen, and a second wave of TReg recruitment is required. Migrating towards the fetal-maternal interface, TRegs accumulate in decidual tissue and act to suppress an inflammatory rejection of the implantation (Munoz-Suana et al., 2011; Kahn and Baltimore, 2010). It is hypothesized that TReg migration is induced by the participation of multiple proteins and receptors. Mice with genetically reduced expression of the CCR7 homing receptor demonstrate reduced TReg migration to the site of implantation, and an increased rate of implantation failure (Teles et al., 2013). A separate study demonstrated that human trophoblast cells producing human chorionic gonadotropin (hCG) hormone actively facilitate migration of human TRegs along a hormonal gradient (Schumacher et al., 2013). 
	 In the current research literature, there is unanimous agreement that TReg migration occurs shortly after implantation (Tilburgs et al., 2008; Schumacher et al., 2009; Teles et al., 2013). However, the origin of these migrating TRegs is unclear. Some studies suggest that TRegs arriving at the fetal-maternal interface travel directly from the thymus, while others suggest that TReg migration is facilitated by the depletion of peripheral maternal TRegs (Jin et al., 2009; Tillburgs et al., 2008; Steinborn et al., 2008) If this is indeed true, and the maternal periphery becomes TReg deficient as a result, women may become more vulnerable to infection and dysregulated inflammation. 
	Past implantation, the trajectory of TRegs is less well studied. Both human and murine models provide a consensus that decidual TRegs consistently expand in number throughout pregnancy (Dimova et al., 2011; Zenclussen et al., 2010).  However, the direction of the peripheral TReg fluctuation is disputed, enhancing the debate on the origin of migrating TRegs. Several studies suggest that TRegs in the maternal periphery expand in the first trimester, and either remain stable or continue to increase during the second and third trimesters (Heikkinen et al., 2004; Sasaki et al., 2007; Steinborn et al., 2012). However, a study by Mjosberg et al. (2009) suggested that TRegs levels in the maternal periphery are reduced in the second trimester. Given these results, some authors have stated that the reason their more recent findings contradict previous is because of past studies’ improper phenotyping of TRegs, and that a re-evaluation of these studies is required. Subsequent work has suggested similar results, demonstrating that peripheral TRegs levels are reduced in the third trimester, relative to the postpartum (Wegienka et al., 2011; Ernerudh et al., 2011).  The latter work supports the theory that upon implantation, TRegs migrate from the maternal periphery
The Function of Regulatory T Cells in Obstetric Complication
	The significant role of TRegs in the maintenance and success of pregnancy suggests that their dysregulation may be involved in the pathogenesis of obstetric complications. Indeed, the role of TRegs has been well defined in implantation-related adversities, the most notable of which is spontaneous abortion. In mice prone to spontaneous abortion, Yin et al. (2012) noted that in-vivo expansion of TRegs significantly reduced the rate of fetal resorption mediated pregnancy loss. The function of these administered TRegs was validated by elevations noted in IL-10 and TNF-β. Work examining human pregnancy mirrors these findings as decreased decidual TReg levels have been noted in women prone to unexplained recurring miscarriage (Inada et al., 2013; Mei et al., 2010). Low TReg levels have also been successfully used in the prediction of pregnancy loss in women with a history of spontaneous miscarriage (Winger et al., 2011). This suggests that TReg profiles remain consistent between pregnancies but that they may be involved in pregnancy associated pathology. 
	The role of TRegs in less direct immune obstetric complications is not well understood, particularly in pathophysiology of pre-eclampsia and perinatal depression. Both disorders can have a detrimental impact on maternal and fetal health, and so understanding their role in the genesis of these disorders is vital.
	To date, the role of TRegs has not been examined in perinatal depression. This is despite the fact that major depression has been consistently hypothesized to be an inflammatory disorder (Miller et al., 2009). Recently, an emerging body of work has also highlighted the role of immune related pathology in the development of perinatal depression. However, most of these studies have used cytokines as their marker of peripheral immune functioning (Osborne and Monk, 2013). The role of cytokines in the development of perinatal depression and the questions that this literature leaves unanswered will be addressed in Chapter 2 of the thesis. We propose that TRegs are a more reliable and valid immune marker of perinatal depression because of the crucial role they play in normal pregnancy, their stability, and their interaction with the stress response and processing system. Chapter 2 examines this hypothesis by analyzing the correlation between TRegs and depressive symptoms, at 24-32 gestational weeks, and12 weeks postpartum. 
	Contrary to the lack of literature examining the role of TRegs in perinatal depression, these immune cells have been more widely studied in pre-eclampsia. Indeed, there are consistent reports of depleted TRegs in women presenting with pre-eclampsia (Toldi et al., 2012; Hsu et al., 2012). However, what is not understood is the mechanism behind these findings, or the role TRegs play in the development of pre-eclampsia. Chapter 3 of this thesis includes a more detailed discussion of current theories relating to the role of TRegs in cardiovascular pathology and in particular, vascular thickness. Additionally, Chapter 3 provides a small analysis of TRegs during the third trimester of pregnancy, in relation to carotid artery thickness.











CHAPTER 2: Perinatal Depression
INTRODUCTION
	The perinatal period can be associated with significant changes in mood.  On average, 12% of women of childbearing age will suffer from depression. During pregnancy, this number increases to 20% (Lopez-Molina et al., 2014). Characterized by low mood and feelings of guilt, diminished self worth, and sleep disturbance, perinatal depression can be detrimental to both women and their families (Yonkers et al., 2012; Banti et al., 2011). Perinatal depression is not simply a disruption of mental health during pregnancy or the postpartum, but it is associated with an increased risk of other complications of pregnancy, namely impaired fetal growth, preterm birth, and pre-eclampsia (Accortt et al., 2014; Grigoriadis et al., 2013; Kharaghani et al., 2012).  Extending past pregnancy, perinatal depression can negatively impact maternal-infant bonding, breastfeeding success and duration, and the offspring's mental and general health across the lifespan (Muzik et al., 2013; Keim et al., 2012; Figueiredo et al., 2013; Murray et al., 2011).  
	The combination of adverse co-morbidities and the challenges of treating perinatal depression have lead research to focus on identifying risk factors and predictors (e.g., biomarkers) associated with perinatal depression. Traditionally examined risk factors and biomarkers for major depressive disorder (MDD) have been examined within perinatal depression though these have not significantly advanced the prediction, detection, or treatment of this disorder. For example, early research has mapped the monoamine theory of depression onto perinatal depression. Reduced levels of serotonin and dopamine both have shown associations with depressive symptoms during pregnancy and the postpartum period (Field et al., 2006). Success with the use serotonin reuptake inhibitors (SSRIs) to alleviate depressive symptoms during pregnancy has also been reported (Koren and Nordeng, 2012). However, pregnant women often elect to forgo the use of antidepressant medications including SSRIs, and emerging research indicates that their administration during pregnancy may be associated with a small increase in cardiovascular malformations and respiratory distress in offspring (Colvin et al., 2011; Malm et al., 2011; McDonagh et al., 2014). 
	Though perinatal depression mirrors MDD in some aspects, the unique biological profile of pregnancy must be considered when studying depression in the perinatal period. As previously discussed, pregnancy is immunologically complex. Steroid hormones and immunosuppressive TRegs together compose a delicate environment to support and maintain maternal health and fetal growth (Parker et al., 2011).
	Perinatal depression has recently been conceptualized as an inflammatory disorder (Osborne and Monk, 2013). Even though our current knowledge of links between inflammation and perinatal depression is based nearly exclusively on the study of cytokines, the results of this work are ambiguous. Some clinical studies report an inverse correlation between pro-inflammatory cytokines, IL-17 and TNF-α, and depression during the perinatal period (Shelton et al., 2014) while others report that increased levels of IL-6 and TNF-α in the first trimester, are positively correlated with depressive scores during pregnancy, and that CRP levels predict postpartum depression (Haeri et al., 2013; Scrandis et al., 2008). Further, some studies have reported no relationship between pro-inflammatory markers, IL-6 or TNF-α, and depressive scores at any point during pregnancy (Blackmore et al., 2014). Though discouraging, these discrepancies do not discount the role of the immune system in perinatal depression. Instead, they highlight the need for a stable marker of inflammation, and careful consideration of the mechanisms through which inflammation and perinatal depression may be associated. 
	TRegs are a stable marker of immune function. Their indispensible role in the success of a pregnancy identifies them as a primary candidate in the study perinatal depression.  To date, only one study has examined the association between perinatal depression and perinatal TRegs. Krause and colleagues (2014) reported that increased peripheral TRegs in pregnancy and the postpartum were associated with postpartum depression. While these findings could be seen as contradicting theories that posit that perinatal depression is an 'inflammatory' disorder, TReg populations undergo fluctuation primarily during pregnancy and generally return to stable, non-pregnancy levels in the postpartum (Tele et al., 2013).  This also leaves open the possibility that TRegs are more closely linked to depression during pregnancy, which this study did not record.  Clearly, further research is required to elucidate the role of TRegs in the development of depression during pregnancy.
	Given the significant crosstalk present between the immune and stress responses systems, it is possible that the link between perinatal depression and TRegs is influenced or medicated by stress. Early pregnancy and its immune requirements impose significant strain on the HPA axis (Schminkey and Groer, 2014). The migration and subsequent depletion of TRegs from the maternal periphery may be powerfully affected by cortisol secretion, a primary regulator of inflammation. For this reason, early pregnancy has been described as adaptively hypercortisolemic (Michael and Papgeorghiou, 2008). Pregnancy is inherently enriched with acute stressors. The anticipated financial burden of a baby, strained interpersonal relationships, and physiological wear are just a few of the many stressors that an expectant mother endures (Divney et al., 2012; Dunkel Schetter, 2011; Facco et al., 2010). The presence of acute stressors and immune-induced HPA axis hyperactivity could prove detrimental, reducing the body’s immune regulation and stress processing systems. In pregnant mice, HPA axis overactivity has been shown to significantly increase Th1 pro-inflammatory cytokines in the uterus, and is suggestive of a loss of immune regulation and TRegs. The result of this was often fetal loss (Kwak-Kim et al., 2014). HPA axis over activity also accelerates allostatic load.  As described by McEwen (2003), sleep disruption, negatively skewed interpretations or attitudes, as well as anxiety are all consequences of stress. Each of these consequences is also a significant risk factor for perinatal depression (Swanson et al., 2011; Mellor et al., 2014; Rifkin-Graboi et al., 2013).
	 In late pregnancy, murine research suggests that the HPA axis undergoes an immune driven neuronal change that attenuates HPA axis responsiveness. It has been hypothesized that this attenuation is adaptive, functioning to decrease fetal exposure to high levels of glucocorticoids (Brunton and Russell, 2008; Russell and Douglas, 2008). Similar HPA axis attenuations have been reported in human pregnancy and occur around 31 weeks gestation (Entringer et al., 2010).  However, if allostatic load during early pregnancy is severe, late pregnancy HPA attenuation may be belated.  A recent systematic review reported that psychosocial stress as early as 8-10 weeks gestation predicts depression with an antepartum onset (Lancaster et al., 2010). This suggests that depression may manifest as early pregnancy HPA axis hyperactivity, even prior to clinical presentation. 
	Stress as a risk factor for depression may be time-specific. A study by Altemus and colleagues (2012) demonstrated that psychosocial stressors were risk factors for the onset of depression during pregnancy, but not in the postpartum period. A previous study similarly found that high levels of stress predicted the antepartum but not postpartum onset of depression (Mora et al, 2009). Together, these studies suggest that antepartum and postpartum depression have different risk factors and developmental origins. Given that pregnancy and not the postpartum period, coincides with extreme TReg shifts, it is possible that TRegs may be associated with antepartum, but not postpartum depression.
	To our knowledge, only two studies have explicitly examined the association of stress, immune function and depression in pregnancy. Both reported that women with elevated levels of depressive symptoms also had elevated cytokine levels (IL-6, TNF-α), though no relationship was reported between perceived stress and cytokines. (Christian et al., 2009; Cheng and Pickler, 2014).  This lack of association could be true, or it could be attributable to unstable markers of inflammation or error in their measurement.  
	In light of the paucity of research in this area, a re-evaluation of these studies is merited. We have concretely established that the immune shifts of early pregnancy demand HPA axis overactivity. This, in combination with the abundance of stressors present in pregnancy, increases the risk for the development of antepartum depression. Since stress during pregnancy may also be associated with alterations in immune functioning and in particular inflammation, TRegs may not only be associated with antepartum depressive symptoms but these effects may be mediated by the experience of stress. The current thesis will test these hypotheses, employing TRegs as a marker of immune function (See Figure 2). 
In particular, we hypothesize that:
i. CD25+/CD127l-/ FOXP3+ labeled TRegs, in the third trimester of pregnancy, will be 	inversely related to concurrent antepartum depressive symptoms
	ii. The inverse association of CD25+/CD127l-/ FOXP3+ labeled TRegs and 	depressive symptoms during pregnancy will be mediated by high levels of 	perceived stress (Figure 2).
iii) CD25+/CD127l-/ FOXP3+ labeled TRegs at 12 weeks postpartum will not be 	associated with concurrent postpartum depressive symptoms
	iv. Peripheral pregnancy and/or postpartum cytokine markers of inflammation  
	(e.g., TNF-α, IL-6, IL-10 and cRP), will not be associated with depressive 
	symptoms in pregnancy and/or the postpartum period
	In summary, the current study aims to explore TRegs as a suitable biomarker for perinatal depression, and provide additional insights into the pathogenesis of antepartum and postpartum depression.
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Figure 2
- 
Summary of Hypotheses i & ii
A.
 TRegs migrate to the decidua and are diminished in the maternal periphery, creating a need for HPA axis immune regulation. This, in combination with the abundance of psychosocial and physical stressors natural to pregnancy, reduces stress processing efficiency, resulting in an increased perception and vulnerability to stress. 
B.
 Increased maternal stress is a principal risk factor for the occurrence of depression. Reciprocally, the presence of depressive symptoms reduces stress processing efficiency and increases the maternal perception and vulnerability to stressors. 
C.
 Reduced TRegs and increased peripheral inflammation likely share direct association. Though not depicted in the current thesis, inflammation may reduce serotinergic activity (see Wright et al.. 2014) 
(Appendix 1)
)





METHODS
Participants 
	 Pregnant women between the ages of 18-45 years recruited from the Ultrasound and Diagnostic Imaging Department and the Women’s Health Concerns Clinic at St. Joseph’s Healthcare Hamilton (SJHH) comprised our study sample. To be eligible, they had to be between 24-32 weeks of gestation with a singleton pregnancy.
	Women with a current general medical condition(s) that would alter normal levels of inflammation, currently taking psychotropic medications (e.g., antidepressants, antipsychotics, benzodiazepines, mood stabilizers, etc), those currently smoking cigarettes, and women who were unable to understand English and provide consent were not eligible to participate. All subjects gave written and verbal consent to participate in study, as required by the Research Ethics Boards of St. Joseph’s Healthcare Hamilton.
Study Timeline (See Figure 3)
	Consented participants were seen for Visit 1 at a gestational age of 24-32 weeks. After verbal and written consent was obtained, participants were taken to the Outpatient Laboratory at SJHH for a fasting blood draw, by a venipuncture nurse or a graduate student trained in phlebotomy. Following this, the clinician-rated MADRS was completed, and participants answered a demographic questionnaire. Pre-pregnancy BMI was assessed, and. participants were sent home with a battery of psychometric measures that included the EPDS and PSS, which they were to complete over the following 24-36 hours.  
	Approximately 12 weeks after giving birth, participants returned to complete Visit 2 of the study. This visit included an additional blood draw at the SJHH Outpatient Lab, and a repeat of the clinician administered MADRS. Participants also took home a questionnaire package, including the EPDS and PSS. A summary of the visit time line is displayed in Figure 3.






Figure 3 Study Timeline
EPDS: Edinburgh Postpartum/Antenatal Depression Scale; MADRS: Montgomery-Asberg Depression Rating Scale; PSS; Perceived Stress Scale








Regulatory T Cells
	In preparation for TReg counts, whole blood was collected via venipuncture at Visit 1 & 2 in heparinized tubes and diluted 1:1 with Delbecco's phosphate buffered saline (PBS) without calcium and magnesium. 20 mLs of blood and 20 mLs of PBS were transferred to a 50 mL sterile conical centrifuge tube. 12 mLs of Ficoll-Hypaque solution was subfused into the blood/PBS mixture and centrifuged at 350 x g for 40 minutes at 20°C.      
	After initial centrifugation, peripheral blood mononuclear cell (PBMC) plasma layer was collected and transferred into a new tube and washed with Hank's Balanced Salt Solution (HBSS) for 10 minutes at 400 x g at 20°C. The pellet was resuspended in HBSS and the wash was repeated. After the final wash, the PBMCs were re-suspended in 1.5 mL of freezing media (RPMI with 20% fetal calf serum and 10% Dimethyl sulfoxide) and stored at -80°C until assayed. 
	PBMCs were thawed in a 37°C bath and 200 uL of each sample was placed in a 5mL Polystyrene Round Bottom tube. 1mL of fluorescence activated cell sorter (FACS) Buffer was added to each tube, and tubes were centrifuged at 1500 rpm for 5 minutes at 20°C. 50 uL of diluted antibodies were added to each tube, and tubes were incubated at room temperature for 30 minutes, protected from light. After incubation, 2 mL of diluted BD FACS Lysing Solution was added to each sample, followed by a subsequent incubation for 10 minutes at room temperature, protected from light. Each sample was washed with 2m FACS buffer, followed by centrifugation for 5 minutes at 1500rpm. Supernatant was discarded and pellet was resuspended in 1 mL Fix/Perm Buffer. Samples were incubated for 30 minutes at 4°C, protected from light. Samples were washed twice with 1mL FOXP3 buffer with centrifugation for 5 minutes at 1500 rpm at 20°C in between each wash. Supernatant was discarded, and pellet was resuspended in 50 uL FOXP3 antibody, followed by incubation for 30 minutes at 4°C protected from light. Samples were then washed twice with diluted FOXP3 buffer. After the final wash, supernatant was discarded and pellet was resuspended in 200 uL FACS buffer. Samples were transferred into a 96- well round bottom plate, through a nylon mesh filter paper.  Cytometric analysis was performed using the LSR II flow cytometer, with output analysis performed using FlowJo Software (Version 9.7.5). Gating strategies were based on the McMaster Immunology Research Centre protocol (Figure 4). The final TReg number represents the percentage of the parent population (CD4 cells that are CD25hi and CD127lo) which are positive for the FOXP3 transcription factor. The antibodies used for the identification of regulatory T cells were: CD3-Qdot605 from Life Technologies (Burlington, ON); FoxP3-APC and  CD127-PerCP Cy5.5 from eBioscience (San Diego, CA); CD4-PacBlue and CD25-PE from BD Biosciences (San Jose, CA)
Inflammatory Markers
	Inflammatory markers were also assessed at Visit 1 & 2 in serum. Tumor necrosis factor alpha (TNF-α), interleukin- 6 (IL-6), interleukin- 10 (IL-10) and c-reactive protein (CRP) were quantified from peripheral blood samples by a senior laboratory technician at St. Joseph's Research Laboratory in Hamilton. All samples were assayed in duplicate. TNF-α, IL-6 and IL-10 ELISA assays were performed using kits from R & D Systems (Minnesota, USA) and the CRP ELISA assays were executed using a Ray Biotech kit (Norcross, GA).
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Figure 
4
 Gating Strategy for TRegs
Regulatory T cells were identified using singlet lymphocytes that were positive for CD3 and CD4, of the high CD25 and low CD127 population, and were positive for transcription factor FOXP3.
 
)






Depression
	Symptoms of depression were assessed using both the Edinburgh Postpartum/Antenatal Depression Scale (EDPS) and the Montgomery-Asberg Depression Rating Scale (MADRS). The EPDS is a self-report screening tool developed specifically for assessing depression in perinatal women. It shows good specificity and is sensitive to change in depressive symptoms over time (Cox et al., 1987). The EPDS contains validated subscales that are specific to the anxious (questions 4,5,6) and mood features (questions 1,2,7-10) of perinatal depression. Scores on the EPDS can range from 0-30. 
The MADRS is a clinician rated scale used to establish the clinical severity of depressive symptoms. The MADRS shows high inter-rater reliability and sensitivity to change in symptoms of depression (Montgomery & Asberg, 1979). Scores on the MADRS can range from 0-60. 
Perceived Stress
	The Perceived Stress Scale (PSS) is a 14 item self report questionnaire used to identify subjective stress levels over the past month of an individual's life (Cohen et al., 1983). It was administered to measure subjective perception of stress. Scores can range from 0-56.



Statistical Analysis
	Clinical outcomes and laboratory assays were analysed using the R statistical analysis program (version 3.0.2 “Frisbee Sailing”, Lucent Technologies). Descriptive statistics, including mean, standard deviation and range were assessed using the "psych" package. Graphical output was generated using the "ggplot2" package. Shapiro-Wilk normality tests were performed for all continuous measures.  Data was checked for outliers and inconsistencies and set to boundary limits (outliers) or corrected (inconsistencies). Pearson's R correlations were also employed to validate the stability of TRegs relative to cytokines.
	Pearson's R correlation analyses were used to identify any relationship between pregnancy TRegs and pregnancy depression (EPDS and MADRS). Significant correlations elicited the utilization of multiple linear regressions to further assess associations between perinatal TRegs and depressive scores. Gestational age and pre-pregnancy BMI were adjusted for in the linear regression. The assumptions for the linear model were met, as confirmed by the "gvlma" package. Pearson's R correlation tests were performed to identify any association between postpartum TRegs and postpartum depression. Mediation analyses using the "bstats" and "plyr" packages were performed (Baron and Kenny, 1986). We assessed the mediation of effects of perceived stress (PSS) on the association between perinatal TRegs and depression.


RESULTS
Characteristics of the Sample: Demographic Information
	Sixteen women provided blood for the measurement of peripheral TRegs during pregnancy, while 19 TReg samples were obtained in the postpartum. The TReg samples obtained in this study were not paired samples, thus no comparison between time points can be made. Of the 16 women who gave a blood sample for TRegs during pregnancy, only 5 also gave a postpartum TReg sample. Women who provided postpartum TRegs were seen during third trimester pregnancy, and their demographic information was collected.  Demographics were compared between those with TReg data during pregnancy and the postpartum period and these did not differ significantly (results not shown). 
Independent and Dependent Variable Descriptive Statistics 
	Descriptive statistics for all outcome data are illustrated in Table 2. Shapiro-Wilk normality tests indicated that age (p=0.501) was normally distributed, while gestational age at first visit (p=0.0002) and pre-pregnancy BMI (p=0.002) were not.  Each data point of gestational age and pre-pregnancy BMI was transformed by using the BoxTidwell function of the "car" package of R. Repetition of the Shapiro-Wilk normality test on the transformed variables resulted in gestational age (p=0.06) and pre-pregnancy BMI (p=0.713) being normally distributed.

Table 1 Demographic Information (N=16)
	Age (mean(sd))
	31.24 (3.82)

	Weeks Gestation (mean(sd))
	28.16 (2.88)

	Average Household Income (%)
· >$9999
· $10, 000-19,999
· $20, 000-29,2999
· $30, 000- 39,999
· $40,000- 49,999
· $50,000- 59,999
· $60,000- 69,999
· $70,000- 79,999
· $80,000- 89,999
· $90,000-99,999
· >$100,000
	
0%
3.1%
0%
6.0%
3.1%
6.0%
9.3%
21.8%
12.5%
18.75%
15.6%

	Education Level (%)
· Some high school
· High school completion
· Trade, college or technical school
· Some university
· Bachelor's Degree
· Master's Degree
· Doctoral or Professional Degree
	
3.0%
15.1%
39.3%
3.0%`
24.2%
9.0%
6.0%

	Utilizing Social Assistance (%)
	21.8%

	Percentage of women who have had one or more pregnancies prior to the current
	68.6%


















Table 2 Variable Descriptive Statistics
	
	Mean (SD)
	Range (Min-Max)

	Pregnancy % of  FOXP3+ CD25+/CD127- TRegs
	61.29 (8.53)
	42.7-73.3

	Postpartum % of FOXP3+ CD25+/CD127- TRegs
	75.30 (3.33)
	68.8-83.3

	EPDS Pregnancy
	5.38 (3.91)
	0-12

	MADRS Pregnancy
	4.32 (4.12)
	0-19

	PSS Pregnancy
	18.71 (9.47)
	2-47

	EPDS Postpartum
	4.57 (5.75)
	0-23

	MADRS Postpartum
	3.38 (6.71)
	0-31

	IL-6 Pregnancy
	2.27 (2.76)
	0.14-14.88

	IL-10 Pregnancy
	1.27 (0.86)
	0.33-4.71

	TNF-α Pregnancy
	12.33 (2.14)
	9.87-22.48

	CRP Pregnancy
	6.43(7.92)
	0.78-45.6

	IL-6 Postpartum
	2.57(1.29)
	0.46-6.45

	IL-10 Postpartum
	1.93 (3.65)
	0.58-18.33

	TNF-α Postpartum
	12.53 (1.46)
	10.29-16.09

	CRP Postpartum
	5.06 (11.05)
	0.02-56.4





Variable Distributions
	Pregnancy EPDS score (p=0.009) and pregnancy MADRS score (p=0.002) were not normally distributed. This was expected however, as the study sample size is small, and the population assessed was comprised of mostly healthy euthymic women. Only 6 cases of mild clinical depression were detected using a cutoff score of 11 on the EPDS.  Scoring on the EPDS (Figure 5) and MADRS (Figure 6) scores were skewed toward the low end of the scale, with relatively little variance. Postpartum TRegs (p=0.52) were normally distributed, while postpartum EPDS (p= <0.001; Figure 7) and postpartum MADRS scores (p=<0.001; Figure 10) were not. Similar to the pregnancy depression scoring, this was expected as the majority of the women experienced euthymic mood postpartum, with only 2 cases of mild clinical depression using a cutoff of 11 on the EPDS.
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Figure 5
The distribution of EPDS scores in third trimester pregnancy 
A Shapiro-Wilk normality test indicated that EPDS scores during pregnancy were not normally distributed. The histogram indicates a bimodal distribution with little variance.
)
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Figure 6
The distribution of MADRS scores in pregnancy 
A Shapiro-Wilk normality test indicated that MADRS scores during pregnancy were not normally distributed. The histogram indicates a the distribution is skewed to the left, due to low scores reflective of a healthy population.
)
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Figure 7
The distribution of EPDS scores in postpartum 
A Shapiro-Wilk normality test indicated that EPDS scores at 12 weeks postpartum were not normally distributed. The histogram indicates a the distribution is skewed to the left, due to low scores reflective of a healthy population. 
)
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Figure 8
The distribution of MADRS scores in postpartum 
A Shapiro-Wilk normality test indicated that MADRS scores at 12 weeks postpartum were not normally distributed. The histogram indicates a the distribution is skewed to the left, due to low scores reflective of a healthy population. 
)



	TRegs measured during pregnancy were inversely correlated with antepartum EPDS scores (R= -0.83, p=0.0003), and trended towards an inverse correlation with MADRS scores during pregnancy   (R= -0.51, p=0.07), with depressive scoring increasing as TReg levels decreased.  Multiple linear regression demonstrated that TRegs during pregnancy significantly predicted the variance of pregnancy EPDS scoring (R2=0.66, β=-0.77, p=0.0003) (Figure 9). A second linear regression indicated that pregnancy TRegs were not associated with pregnancy MADRS scoring (R2=0.03,  β=-0.47, p=0.38). 
As the EPDS contains a subscale that is sensitive to the anxious symptoms of perinatal depression (general anxiety, panic symptoms, low threshold to stress), and the MADRS does not, a second linear regression was performed to identify if the anxiety subscale of the EPDS was responsible for the observed the relationship between TRegs and the EPDS and the lack of one between TRegs and the MADRS. Pregnancy TRegs are a significant predictor of the anxiety subscale  (R2=0.56, β=-0.88,  p=0.014) (Figure 10), and less strongly predicted the depression subscale of the EPDS (R2=0.37, β=-0.69, p=0.06) (Figure 11 ).
	 TRegs collected at 12 weeks postpartum were not found to be correlated with postpartum EPDS (R=-0.09, p=0.69 )(Figure 12) or postpartum MADRS scores (R=-0.16, p=0.49)(Figure 13).  To further understand why no association was present between TRegs and EPDS in the postpartum, we examined possible group differences between our postpartum women to identify if there was an unexpected factor that could reduce the strength of these associations. We also identified women who were and women who were not breastfeeding at 12 weeks postpartum. There were no group differences on EPDS (p=0.9)scoring and TRegs (p=0.76) by this grouping.
The relationship between TRegs during pregnancy and pregnancy EPDS scores was partially mediated by perceived stress. As Figure 14 illustrates, the standardized regression coefficient between TRegs and PSS (R2=0.55, p=<0.001)was statistically significant, as was the standardized regression coefficient between pregnancy PSS and pregnancy (R2=0.8, p=<0.001) EPDS. The standardized indirect effect was 0.44. 



 (
Plots of Pregnancy EPDS Scores and TReg Levels
)[image: ]
Figure 9
Regulatory T cells predicting variance of EPDS scores during pregnancy
Linear regression indicated that TRegs during the third were significantly associated with  in third trimester EPDS scores (R2=0.66, p=0.0003)
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Figure 10
Regulatory T cells predicting variance of EPDS subscales
Linear regression indicated that TRegs during the third trimester were significantly associated with  the variance in third trimester anxiety subscale of EPDS scores (R2=0.56, p=0.014)
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Figure 11
Regulatory T cells predicting variance of EPDS subscales
Linear regression indicated that TRegs during the third trimester do not significantly predict the variance in third trimester depression subscale of EPDS scores (R2=0.37, p=0.06)
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Figure 12
Postpartum Regulatory T cells predicting variance of postpartum EPDS
No association between postpartum TRegs and postpartum EPDS score (R=-0.09, p=0.69 )
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Figure 13
Postpartum Regulatory T cells predicting variance of postpartum MADRS
No association between postpartum TRegs and postpartum MADRS score (R=-0.16, p=0.49 )
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Figure 14
The Mediation of TRegs and Depression during Pregnancy by Stress
As predicted in Figure 2
, the association between TRegs during pregnancy and antepartum EPDS scores was partially mediated by perceived stress.
)



	

Correlations of cytokines and TRegs were also assessed. We found no association with cytokines during pregnancy (n=10; TNF-α R=-0.35 p=0.28; IL-10 R=0.31 p=0.34; IL-6 R=-0.08 p=0.83: CRP  R=0.03 p=0.89). Postpartum pro-inflammatory cytokines also did not correlate with postpartum TRegs (n=19; TNF-α R=0.08 p= 0.71; IL-10 R=0.04 p=0.85; IL-6 R=0.22 p=0.32: CRP  R=-0.14 p=0.54).  Finally, inflammatory cytokines during pregnancy demonstrated no relation to depressive symptoms during pregnancy (n=30; TNF-α R=-0.18 p= 0.33; IL-10 R=0.02 p=0.91; IL-6 R=-0.01 p=0.95: CRP  R=-0.02 p=0.90).   The lack of association between TRegs and cytokines in our study, in combination with the relationship between depression and TRegs, but not cytokines during pregnancy, supports this claim.
	The aim of the first study that comprises this thesis was to investigate the association of perinatal TReg levels and depressive symptoms during this time. We showed that TRegs at 24-32 weeks gestation are significant predictors of EPDS scores and predict with moderate strength, current MADRS scores. The link identified between TRegs and EPDS during pregnancy was partially mediated by perceived maternal stress (PSS). TRegs at 12 weeks postpartum were not related to postpartum maternal mood.  




CHAPTER 3: Cardiovascular Health
INTRODUCTION
	Pre-eclampsia is a multi organ disease that affects 2-8% of pregnancies (Steegers et al., 2010).  Clinically, pre-eclampsia is characterized by a blood pressure above 140 mmHg systolic or 90 mmHg diastolic, with accompanying proteinuria (De Silva et al, 2013). Pre-eclampsia is associated with numerous maternal and fetal morbidities. For example, a recent large scale study linked pre-eclampsia to preterm birth, maternal renal insufficiency, pulmonary edema and hepatic dysfunction. Moreover, the mortality rate in pre-eclamptic women may be as high as 13% (von Dadelszen et al., 2011). The maternal effects of pre-eclampsia can also extend past pregnancy. Women with a pre-eclamptic pregnancy are up to three times more likely to develop cardiovascular disease later in life, an effect that is thought to be mediated by lasting endothelial dysfunction (Powe et al., 2011; Brown et al., 2013). These maternal outcomes alone highlight the need to develop preventive strategies for pre-eclampsia. However, in-utero, pre-eclampsia restricts intrauterine growth and reduces fetal oxygen supply, resulting in fetal hypoxia (Gruslin et al., 2011). Low birth weight is common in women with pre-eclampsia, likely due to the increased prevalence of preterm birth and intrauterine growth restriction. 
	Due to the poor outcomes associated with pre-eclampsia, numerous attempts have been made to identify risk factors for its development. Pre-existing hypertension, obesity, and smoking, and previous cardiovascular disease have all been identified as risks for pre-eclampsia (Roberts et al., 2011; Wikstrom et al., 2010; Sibai et al., 2011). Despite these findings, the pathophysiology of pre-eclampsia is still not completely understood.
	Healthy pregnancy is associated with cardiovascular changes, both locally at the fetal-maternal interface, and in the maternal periphery. The placenta acts as an intersection between the maternal and fetal environments. Throughout pregnancy, the vasculature of the placenta changes with fetal needs. The spiral arteries of the placenta in particular deliver blood from the maternal periphery to the fetus (Nevers et al., 2011). In early pregnancy, spiral arteries are composed of vascular smooth muscle cells, similar to other maternal arteries. From 10 to 20 weeks gestation, the nutritional and oxygen demands of the growing fetus increases, requiring an increased blood flow from the maternal system. To facilitate this, extravillous trophoblast cells slowly migrate from the fetus, to invade the spiral arteries. Trophoblast invasion induces significant remodeling of the spiral arteries, eliminating the smooth muscle cell component and reducing elastin levels in the arterial wall (Harris, 2011). Spiral artery remodeling should be complete by week 20 of gestation, and the result is an artery conducive to high flow and low resistance (Salomon et al., 2014). Incomplete trophoblast invasion results in endothelial damage, accompanied by inflammatory action and the secretion of the angiogenic vascular endothelial growth factor (VEG-F).
	It has been hypothesized that pre-eclampsia develops long before its clinical presentation, and incomplete trophoblast invasion and impaired arterial dilation is a candidate mechanism for its early development (Gebb et al., 2011; Lyall et al., 2013). Also consistently reported in pre-eclamptic women, is an unexplained reduction of TRegs (Toldi et al., 2012; Hsu et al., 2012). The role of TRegs in trophoblast invasion should therefore be explored. 
	An eloquent in vitro study by Du et al. (2014) demonstrated that the treatment of decidual dendritic cells with trophoblast supernatant stimulated TNF-β and TReg proliferation, resulting in IL-10 production. Further, this study identified a reciprocal relationship between TRegs and trophoblasts.  TRegs significantly increased the invasive success of trophoblast cells, mediated through IL-10. This study provides evidence that TRegs may significantly promote the success of trophoblast invasion of the spiral arteries, and that this success may also contribute to the immune suppression necessary to pregnancy.
	Decreased decidual TRegs can lead to aberrant Th1 responses, of which TNF-α is a product. TNF-α actively promotes the adhesion of lipoproteins to vascular walls, resulting in arterial thickening and increased blood pressure (Zhang et al., 2014). This is demonstrated in pregnant rats, where excessive TNF-α treatment resulted in increased arterial pressure and thickness, and renal alterations producing proteinuria (Cotechini et al., 2014), mimicking the clinical presentation of pre-eclampsia.  
	TReg depletion may contribute to pre-eclampsia in two ways. First, reduced TRegs may hinder the success of trophoblast invasion, which will cyclically diminish TReg expression. Second, depleted TRegs may contribute to adverse vascular changes, by the inadequate suppression of TNF-α . 
	 Though the literature on pre-eclampsia focuses on arterial changes at the decidual level, the increased risk a pre-eclamptic woman has for later cardiovascular disease suggests that vascular changes may also occur in the periphery. Evidence of peripheral vascular modeling in pre-eclampsia was summarized in a recent meta-analysis by Hausvater et al. (2012) who reported that compared to normotensive pregnancies, women who experienced a pre-eclamptic pregnancy had significantly increased arterial stiffness, indicative of poor vascular dilation. Similar results have been found with arterial thickness. Indeed, women with pre-eclampsia have increased (>0.01mm) carotid intima-media thickness measurements (CIMT) relative to normotensive pregnant women (Stergiotou et al., 2013). 
	The vascular changes of pregnancy should be considered on a continuum, of which pre-eclampsia is an extreme. The proposed role of TRegs in the pathophysiology of pre-eclampsia suggests that TRegs may be involved in these alterations. Given this, moderate decreases in TRegs may predict vascular changes that lead to subclinical but elevated cardiovascular risk. 
In particular, we hypothesize that:
	i. . CD25+/CD127l-/ FOXP3+ labeled TRegs, at 24-32 weeks gestation will 	correlate negatively with maternal carotid intima media thickness (Figure 15)
ii. Peripheral pregnancy cytokine markers of inflammation (e.g., TNF-α, IL-6, IL-10 and cRP), will not be correlated with maternal carotid intima media thickness
	The aim of this second study of the thesis is to determine if TReg are associated with vascular changes during pregnancy, and to potentially shed light on their pathogenic role in pre-eclampsia. 
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Figure 15- Summary of Hypotheses
TRegs are depleted from the maternal periphery and migrate to the deciduas in pregnancy.e A. Depleted TRegs peripherally allow for excessive and unregulated Th1 cytokine profiles, particularly TNF-α, which increases adhesion of lipoproteins and monocytes to endothelial walls. B. Depleted TRegs at the decidua may hinder the success of trophoblast invasion. This results in endothelial inflammation of  the spiral arteries, and aberrant VEG-F secretion.  C. Inflammation and VEG-F at the decidua enter maternal circulation, extending their pro-coagulant effects to the peripheral vasculature. The current study will only measure the direct association between TRegs and peripheral vasculature (i.e., link A.) 



METHODS
Participants
	The participants for the current study were assessed utilized the same inclusion and exclusion criteria as in Chapter 2. 
Visit Timeline 
	Sixteen consented participants were seen for visit 1 at a gestational age of 24-32 weeks. After verbal and written consent was obtained, participants were taken to the Outpatient Laboratory at SJHH for a fasting blood draw, by a venipuncture nurse or a graduate student trained in phlebotomy.  After completion of the blood draw, demographic information was collected, and a requisition for a CIMT ultrasound was made to the Ultrasound and Diagnostic Imaging Department at SJHH. Two to four weeks after the first visit, participants completed the CIMT ultrasound. A video recording of the CIMT ultrasound was sent to the Barbra Streisand Women's Heart Center (Los Angeles, CA) for interpretation and measurement.
Regulatory T Cells
TReg cells were sorted and identified using the methods described in Chapter 2. 
Inflammatory Markers
	Additional inflammatory markers (e.g., IL-6, TNF-α, IL-10, and cRP) were also measured and identified by the methods presented in Chapter 2.

Carotid-Intima Media Thickness
	CIMT was measured by ultrasound and is a non invasive test to detect accelerated atherosclerosis as well as subclinical cardiovascular disease (Simon et al., 2010; Yang & Nambi, 2011). CIMT measures the summative dimensions of the intima and the media layers (mm) of the carotid arterial wall. Epidemiological studies have found that CIMT thickness correlates with CVD risk in women, as well as the progression of atherosclerosis, and future CVD events (Bennett et al., 2013). CIMT was measured using B-mode ultrasound scans and CIMT was estimated as an average over 1 cm segments (25 mm proximal to the bulb) of the posterior (far) wall of the left and right common carotid arteries. The Prosound software developed by Robert Selzer (Jet Propulsion Laboratory, Pasadena) was used to measure CIMT with an automated edge-tracking algorithm (Dwyer et al., 1998). An example of a CIMT measurement still can be found in Figure 6).
Statistical Analysis

	Summaries of population characteristics, variable normality, and the checking of data outliers were performed identically to those highlighted in Chapter 2.  Pearson's R correlation tests were performed to identify associations between pregnancy TRegs and carotid intima media thickness. Correlation analyses were also employed to identify the associations with inflammatory markers (e.g., IL-6, IL-10, TNF-α, and CRP). Quartiles were calculated using the "pylr" package in R, to create participant groupings. A one way analysis of variance (ANOVA) was employed to assess if there were differences in CIMT by TReg quartiles.
RESULTS
	The demographic characteristics of the sample are presented in Table 1. Variable descriptive statistics can be found in Table 3. 
	There was a positive correlation between left and right CIMT (R=0.50, p=0.005). Although the correlation coefficient at first glance is weaker than expected, studies show that thickening of the right carotid can begin up to 10 years later than the initiation of left carotid thickening (Luo et al., 2011).
	No significant correlations were found between pregnancy measures of TRegs and left (R=0.42, p=0.275) or right (R=0.19, p=0.61) CIMT measurements. Our cytokine markers of inflammation were also not associated with left  (IL-6: R=0.97, p=0.079;  IL-10: R=-0.10, p=0.63; TNF-α: R=-0.12, p=0.55, CRP:-0.13, p=0.52) or right CIMT (IL-6: R=0.25, p=0.23;  IL-10: R=-0.20, p=0.34; TNF-α: R=0.08, p=0.70, CRP:-0.32, p=0.12)
The lack of association between TRegs and CIMT on a continuous level merited the analysis of TRegs and CIMT by group. Participants were divided into quartiles according to their TReg values (first =57.87%, second= 63.55%, third = 66.22%, fourth=73.3% FOXP3+ cells), to identify if there were differences in CIMT values by group (Figures 16 and 17).  A one way ANOVA identified that there were no differences in left CIMT measurements by quartile (p=0.653) or in right CIMT (p=0.833).







Table 3 Variable Descriptive Statistics
	
	Mean (SD)
	Range (min-max)

	Pregnancy % of FOXP3+ CD25+/CD127- TRegs
	
61.29 (8.53)
	
42.7-73.3

	CIMT Right (mm)
	0.62 (0.07)
	0.48-0.75

	CIMT Left (mm)
	0.61 (0.05)
	0.49-0.71

	IL-6 Pregnancy
	2.27 (2.76)
	0.14-14.88

	IL-10 Pregnancy
	1.27 (0.86)
	0.33-4.71

	TNF-α Pregnancy
	12.33 (2.14)
	9.87-22.48

	CRP Pregnancy
	6.43(7.92)
	0.78-45.6
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Figure 16
Left CIMT by TReg Percentile
A one way ANOVA indicated no significant differences between TReg quartiles in left carotid intima media thickness (p=0.653)
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Figure 17
Right CIMT by TReg Percentile
A one way ANOVA indicated no significant differences between TReg quartiles in right carotid intima media thickness (p=0.833)




	The aim of this second study of the thesis was to assess associations between TRegs and CIMT in the third trimester of pregnancy. No significant correlations were found between these variables.




























CHAPTER 4: Discussion	
	The aim of the current thesis was to investigate the association between maternal TReg levels during pregnancy and the postpartum period with perinatal depression and cardiovascular risk. In this work, we demonstrated that TRegs measured in the late second/early third trimester were associated with elevated EPDS scores during pregnancy, but did not find significant correlations between postpartum TRegs and postpartum depression. We found no association between TRegs in late second/early third trimester pregnancy and CIMT. These results will be further discussed below.
	Though both the EPDS and the MADRS were used to assess depression, the EPDS was the more strongly associated with TRegs during pregnancy. The discrepancy in strength of the association of these scales, both of which measure depression with TRegs may be due to the way they are administered. The EPDS is aself-report scale that subjectively assesses an individual's mood symptoms over the past two weeks. As with all self report measures, it is possible that participant responses may have been adversely affected by transient events, such as poor sleep the previous night, life stress, and personality traits (Cuijpers et al., 2010). The MADRS may be less affected by these factors, as proper clinical interviewing should elucidate depressive symptoms to from such events. However, the EPDS is the gold standard for depression assessment in the perinatal period, as it eliminates the overlap of somatic symptoms that are explained by pregnancy but also common to depression (Hewitt et al., 2010). 
	Though frequently used in perinatal research, the MADRS has not been validated in pregnancy and there have been numerous reports of false positives with the use of the MADRS during this period (Stewart et al., 2003). In particular, the MADRS contains several items that are sensitive to somatic features of general depression, including a reduction in appetite or changes in sleeping patterns. However, a reduction of appetite and decreased sleep quality and duration can be typical of a healthy pregnancy. As such, an individual answering the MADRS may be reporting these symptoms as a natural result of their pregnancy, but the MADRS score will suggest that the individual is depressed, resulting in false positives. 
	Though the EPDS and MADRS in pregnancy were moderately correlated with each other, the strength of the correlation was less than expected. There are primary differences between the scales that may explain this. For example, the EPDS contains subscales that are sensitive to both depression and anxiety. It is important to note that the MADRS is not sensitive to symptoms of anxiety either independently, or as a result of depression. When the EPDS anxiety subscale and depressive subscale were independently assessed in relation to TRegs, it was identified that the anxiety symptoms were more strongly associated with TRegs than depressive symptoms, and were a significant contributor to the stronger association seen between the total EPDS score and TRegs. This suggests that anxiety symptoms during pregnancy may actually be more closely related to immune function, and explains why the MADRS did not demonstrate as strong an association with TRegs.
	As expected, the association between TRegs and mood did not extend into the postpartum period. The majority of TReg fluctuation in the perinatal period occurs during pregnancy, and stabilizes after delivery (Tele et al., 2013). It is therefore possible that TRegs directly impact depressive symptoms during pregnancy only, as their fluctuation burdens the HPA axis and increases the susceptibility to allostatic load. In the postpartum, TRegs return to non-pregnant levels and resume their immunosuppressive function, reducing HPA axis burden. Krause et al. (2014) did report on whether or not pregnancy TRegs predicted postpartum depression. It is difficult to compare our current findings to this study.  In the current study, we assessed TRegs with current mood, and not a temporal prediction (pregnancy to the postpartum).   
	However, if we had assessed this, we predict our findings would contradict those of the study of Krause and colleagues. Our results indicate that lower pregnancy TRegs are associated with increased depressive scores in pregnancy. Given that depression during pregnancy is an important risk factor for postpartum depression, it is likely that TReg depletion, not elevation in pregnancy would predict a postpartum episode (Faisal-Cury and Menezes, 2012). Unfortunately, Krause et al. did not clearly report depressive symptoms at the time of their pregnancy TReg assessment. Discrepancies between the current thesis and the work of Krause and colleagues (2014) could further be explained by differences in the two samples. The study by Krause et al. measured TRegs at 34 weeks gestation, 3 days postpartum, 7 weeks postpartum, and 24 weeks postpartum. It is likely that by 34 weeks gestation, maternal circulating TRegs are beginning to increase to levels seen outside of pregnancy. The current thesis, in contrast, studied  women that were the mean gestational age of  28 weeks, which may be a more representative depiction of ‘pregnancy’ levels of TRegs. 
[bookmark: _GoBack]Additionally, the Krause study assessed postpartum depression at multiple time points. However, analysis was conducted by grouping women as depressed or not depressed. It was unclear whether this grouping was based on depression at 3 days postpartum, 7 weeks postpartum or 24 weeks postpartum. The point in time which women were grouped based on depressive symptoms is significant to the study results. Depressive symptoms immediately following delivery (eg. 3 days postpartum) are common and hormonally influenced, also known as postpartum blues. However, depressive symptoms at 7 or 24 weeks postpartum are likely indicative of postpartum depression (O’Hara and Wisner, 2014). If the results of the study were based on women who had mood disruption at 3 days postpartum, this may not accurately represent a 'depressed' population, and may skew the results. 
	As predicted, the association between TRegs and EPDS during pregnancy was partially mediated by perceived stress. Given the impact of the immunological demands of pregnancy on the HPA axis, this is plausible. To our knowledge, this is the first study to assess depression during pregnancy in relation to stress and TRegs. The sparse literature that has assessed antepartum depression, stress, and cytokines suggest that cytokines are not associated with stress, but these results may not be accurate, due to the transient nature of cytokines. The current study demonstrated that TRegs do not correlate with peripheral cytokines (IL-6, IL-10, TNF-α, CRP). Further, we found that TRegs, but not cytokines, were associated with antepartum depression. It is possible that the former studies found no link between cytokines, stress and depression during pregnancy, because inappropriate immune parameters were measured. 
Given the background literature, the mediation of TRegs and depression by stress is logical. The HPA axis functions both as an immunosupressor and participates in mood regulation (Marques et al., 2010; Lamers et al., 2013). Future research should further examine the mediatory effect of stress on TRegs and mood during pregnancy by examining biological correlates of stress, such as cortisol. The aim of this addition would be to identify if the HPA axis activity is elevated with TReg depletion and depression, evidenced by a hypercortisolemic state.  
	An understanding of the relationship between TRegs, stress and depression during pregnancy is crucial. However, employment of proper stress coping strategies in early pregnancy could significantly reduce contribution of low TRegs to the development of depression. Proper stress coping is a regular component of clinical psychoeducation, and this holistic approach to the prevention of antepartum depression would likely be embraced by expectant mothers (Goodman, 2009).   
	Regarding cardiovascular health, we found no association between TRegs in late second/early third trimester pregnancy and CIMT. However, the mean age of the women in our study was 31.24 years and atherosclerosis (and consequent thickening of the carotid artery) is a slow and gradual event, averaging at about 7µm/year for young women (Skilton et al., 2010). While CIMT may be a valid marker of cardiovascular disease, in young populations it may be a poor early risk marker. It is likely that our study population was too young for CIMT to provide any substantial cardiovascular risk prediction. There are currently no reference guidelines for CIMT measurements that are stratified by age and sex. However, given the low magnitude of variance we observed for right and left CIMT measurements within our population, we can assume that our pregnant women had good cardiovascular health.
	To accurately identify if perinatal TRegs are indeed predictive of atherosclerosis and CIMT increases, further, longitudinal studies with larger samples is required. For example, a longitudinal follow up after pregnancy with progressive CIMT imaging every 2-5 years would be appropriate. Alternatively, an emerging body of research suggests that high resolution ultrasound can image individual layers of the carotid artery. Moreover, it has been suggested that the intima:media ratio is an accurate marker of subclinical atherosclerosis and cardiovascular risk, but total CIMT is not (Akhter et al., 2013). Similar findings have been identified in a depressed population, with the intima:media ration predicting MDD, but not the total CIMT (Bohman et al., 2010). The use of a more sensitive higher frequency ultrasound and the generation of an intima:media ratio for the current study population could have a significant association with TRegs, and should be explored further.
	Though this thesis examined perinatal depression and CIMT independently in association with TRegs during pregnancy, the two outcomes may overlap. Arterial thickening and depression are both considered to be inflammatory disorders. Further, women who endure a pre-eclamptic pregnancy not only have an elevated risk for cardiovascular disease in later life, but they are more susceptible to and more often suffer from depression (Delahaije et al., 2013; Powe et al., 2011). Reciprocally, it has been reported that women with pre-existing depressive symptoms are at an increased risk for pre-eclampsia (Thombre et al., 2015). We suggest that TRegs may partially explain the co-morbid occurrence of depression and cardiovascular issues during pregnancy, and further investigation of this with high resolution ultrasound is warranted. 
Limitations and Future Directions 

	The main limitation of the current work is its small sample size. The low variability in depressive scores may also reduce the likelihood of finding significant associations with TRegs during pregnancy (or the postpartum period). As there is great variability between individual TReg profiles, it is possible that the current sample size may have been too small to detect significant differences, increasing the chance of a Type II error.  A power analysis indicated that to be statistically powered (80%) to address the research questions under the assumption of a medium effect size, 84 depressed pregnant women would need to complete both pregnancy and postpartum time point assessments. 
	The current study is observational, thus the use of subjective scales and measures was frequent.  Though valuable in clinical research, subjective measures may be influenced by a number of factors, including the diligence of which the scale is completed, and the understanding of the questions. Though the use of such subjective measures is valid, there is a margin of error that must be assumed when using them in clinical research. 
	The design of the study also allows for no suggestion of directionality of causation. An interesting result of the study was the strong association between perceived stress, EPDS and TRegs during pregnancy. Given the background, the strong association between these variables is biologically plausible; however there are no grounds to establish their temporal relation. A redesign of the study, assessing all three variables prior to pregnancy, in each trimester, and quarterly in the postpartum year could help elucidate their temporal relationship.
Conclusion
Despite its limitations, the current study is novel and identifies the need for further research. To our knowledge, this is one of two studies which examine TRegs with respect to perinatal mood, and the first to examine TRegs and CIMT in a perinatal population. After a thorough analysis of the study results, we suggest that the current study hypotheses with respect to depression are upheld, but that a reassessment of the current research question with a larger sample size, using a higher resolution ultrasound to identify intima:media ratio, and utilizing a less emotionally well-adjusted sample.  
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VISIT 1
24-32 weeks gestation
-venipuncture for peripheral TRegs
-demographic information  and EPDS, PSS, MADRS


VISIT 2
12 weeks postpartum
-venipuncture for peripheral TRegs
-EPDS, MADRS
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