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Preface to this Thesis  

When this thesis was proposed, we originally sought to elucidate the downstream role of HBC 

polarization induced by intermittent hypoxia on cytotrophoblast differentiation. The 

experimental plan for the original Aim 2 was to create a colour fusion assay to quantify the 

amount of syncytialization, the main step in syncytiotrophoblast formation. After 1 year of 

optimizing this method (May 2023 ï May 2024), these experiments were deemed unfeasible, and 

we pivoted to using immunofluorescence to measure markers of syncytialization. After 3 months 

(May 2024 ï July 2024) of optimizing the antibodies and trying numerous companies, two of our 

required antibodies for measuring cell fusion did not perform as advertised. We therefore 

switched to using western blot methods and optimized the required antibodies (July 2024 ï 

September 2024). Due to the resource limitation of having one tuneable incubator, only one 

experimental condition can be completed at a time and so these experiments could not be 

completed. In the attached appendix of this thesis, the methods of the colour fusion assay, 

immunofluorescence and western blots are provided. My supervisor Dr. Kristi Adamo and thesis 

committee members Drs. Micheal De Lisio and Keir Menzies support the modifications to my 

thesis due to these challenges.  
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Abstract 

Background: Gestational parent (gesP) physical activity (PA) is associated with a plethora of 

health benefits that also provides an advantage to the fetus. Previous work from the Adamo Lab 

has found that the placenta-resident macrophage, termed Hofbauer cell (HBC), favours the anti-

inflammatory phenotype compared to the pro-inflammatory phenotype in the placenta from 

physically active gesPs. A theorised effect of gesP PA is intermittent hypoxia (IH), but we do not 

know if this effect will polarize HBCs in a similar manner. Additionally, the implications on the 

downstream roles in the placenta are not known. 

 

Methods: The first objective of this thesis was to determine if IH influences HBCs in vitro. 

Primary human HBCs were cultured under two conditions: 5% O2 as a control and IH. Flow 

cytometry analysis was conducted to quantify pro- and anti-inflammatory HBCs. CD68 was used 

as a pan-macrophage marker and double positive CD86+/CD68+ or CD206+/CD68+ were 

identified as pro-inflammatory or anti-inflammatory, respectively. To assess the impact of IH on 

the functional purpose of HBCs, we performed a phagocytosis assay. HBC conditioned media 

was collected and analyzed with a cytokine array to determine the components of the media. The 

second aim was to use the HBC conditioned media and determine the independent or combined 

effect with IH on placenta angiogenesis. Human umbilical vein endothelial cells (HUVECs) were 

used in tube formation and migration assays under the following conditions: 8% O2 (control), 8% 

O2 with HBC conditioned media, IH, or combined (HBC conditioned media and IH). 

 

Results: No differences were found in the absolute number of pro-inflammatory (p = .832) or 

anti-inflammatory (p = .614) HBCs. The proportion of anti-inflammatory HBCs between the 

conditions did not differ significantly (p = .543) with a medium effect size, d = 0.55. Similarly, 

the proportion of pro-inflammatory HBCs had a negligible effect size, d = -0.143 , and did not 

differ significantly (p =.752) between the culture conditions. Phagocytosis percentage was also 

not distinct between the two culture conditions (p = .651). We detected differential regulation of 

cytokines depending on the oxygen tension. Identification of many pro-angiogenic, anti-

angiogenic, and pleiotropic factors were identified in the conditioned media. Tube formation 

assays showed significantly shorter segments in the IH (p = .034) and IH/HBC ( p = .026) 
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condition compared to the HBC condition. There was also a lower total mesh area in the IH (p = 

.038) and IH/HBC (p = .015) conditions compared to the HBC condition, along with less master 

segments in the IH (p = .039) condition compared to the HBC condition. Lastly, the master 

segments were shorter in both the IH (p = .038) and IHHBC (p = .028) conditions compared to 

the HBC condition. No significant differences were found between the control condition and the 

experimental conditions. IH and HBCs did not impact endothelial cell migration.  

 

Conclusions: In summary, IH may not be the main driver of differences in HBC polarization as 

previously noted by Goudreau et al. Our culture conditions maintained the heterogenous HBC 

population with some favouring of the pro-inflammatory phenotypes, suggesting that the culture 

conditions may not be fully representative of the in-vivo environment, a continued shortfall of in-

vitro models. However, treatment with IH lead to different secretions from HBCs compared to 

the control. Therefore, IH appears to regulate HBC behaviour, subsequently influencing 

angiogenesis. While the impact of IH and HBCs on tube formation did not deviate significantly 

from baseline, our study shows that HBCs are master regulators of angiogenesis that do not 

override the protective mechanisms for vasculature formation under hypoxic conditions.  
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Preamble to Chapter 1:  

The manuscript titled Breaking Boundaries: A Chronology with Future Directions of Women in 

Exercise Physiology Research, Centred on Pregnancy, was submitted to Advanced Exercise and 

Health Science on March 1st, 2024, as an invited review. The manuscript was revised as 

requested on April 25th, 2024, and was accepted on April 26th, 2024. This manuscript is added to 

the thesis to establish the history of exercise physiology research focused on pregnancy and 

highlight the ongoing gaps in this novel field. 
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Chapter 1: The History of Exercise Physiology in Pregnancy
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Chapter 2: Introduction to the Placenta ï The Conduit of 

Exercise Benefits 

2.1 Benefits of Gestational Parent Physical Activity  

As exercise physiology research on pregnancy has advanced since the 1800s, our knowledge 

surrounding the safety and benefits of gesP PA has led to the development of  rigorous, evidence-

based guidelines for pregnancy. With Canadians leading the charge, the 2019 Canadian 

Guideline for Physical Activity Throughout Pregnancy states that all gesPs without 

contraindications to exercise should engage in PA throughout pregnancy for a minimum of 150 

minutes of moderate-intensity PA over a minimum of 3 days, but movement every day is 

strongly recommended [1].  

 

For the gesP, the risk of pregnancy complications is significantly reduced with habitual 

engagement in PA. Specifically, PA decreases the likelihood of developing gestational 

hypertension and preeclampsia, gestational diabetes mellitus (GDM), urinary incontinence, 

pregnancy loss, anxiety and depression [1ï5]. There is also a reduction in excessive gestational 

weight gain, subsequently lowering the risk of delivering large for gestational-age babies [6]. A 

meta-analysis examining the effectiveness of exercise interventions found that gesP PA prevented 

excessive gestational weight gain and postpartum weight retention [7].  At the time of labour, c-

sections are reduced with those who engaged in PA throughout pregnancy, as well as potentially 

shorter active labour times [8ï10].  

 

Inadequate growth of the fetus is often a concern with gesP PA; but, evidence shows that PA 

promotes appropriate size for gestational-age and prevents macrosomia, the growth of the fetus 

beyond a specific threshold [11,12]. In early life, offspring from a physically active gesP have 

lower adiposity and a decreased risk of neural tube defects [13,14]. As highlighted in Chapter 1, 

the beneficial effects of gesP PA on the fetus are accrued through developmental plasticity or 

fetal programming, according to the DOHaD framework [15]. Fetal programming shows that the 

risk of developing future chronic diseases later in life is reduced with in-utero exposure to PA. 
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GesP PA not only lowers the prevalence of obesity, type 2 diabetes and cardiovascular diseases 

for the pregnant individual but also for the offspring into adulthood [3].  

 

While the benefits of gesP PA have been observed at an epidemiological level, the mechanisms 

behind them are not yet fully known. Since the placenta is not innervated and is the conduit 

between the gesP and fetus, all signalling must be mediated through the placenta. Therefore, it is 

probable that the placenta is the likely affecter of these benefits. The mechanistic role of the 

placenta in gesP PA is supported by changes at this organôs tissue and cellular levels. Previously 

reviewed by Bhattacharjee, Mohammad and Adamo [5], gesP PA positively alters the placenta 

blood flow and hormone secretion and may improve placental efficiency. At the cellular and 

molecular level, gesP PA has been associated with changes in transcriptional, metabolomic, and 

protein expression, eliciting differences in the immune system, nutrient transporters, 

angiogenesis, secreted factors and the mitochondria of the placenta [16]. Changes within the 

genotypic and phenotypic aspects of the placenta suggest that the benefits of gesP PA are accrued 

through the placenta, but we do not yet know the mechanisms that elicit these differences.  

 

As proposed by Clapp [17], changes in oxygen tension, such as intermittent hypoxia (IH), may 

be one of the mechanisms of action behind the changes in the placenta. As the gesP engages in 

PA, the uterine artery constricts, and blood is diverted to the working muscles, leading to a 

transient hypoxic state within the placenta. Supported by a study using ewes, uteroplacental 

blood flow is reduced during PA [18,19]. Utilizing Doppler ultrasound, the literature has 

documented an increase in uteroplacental vascular resistance after 5 minutes of exercise, 

suggesting a temporary decrease in uteroplacental blood flow [20]. The fetus is still adequately 

oxygenated since erythropoietin (a hypoxia marker) is unchanged in cord blood and amniotic 

fluid from physically active gesPs [17,21ï23]. Therefore, reduced blood flow during PA likely 

leads to a redistribution of the blood, favouring the placenta and fetus since fetal hemoglobin has 

a higher affinity for oxygen [19,24]. Once the activity has concluded, the uterine artery will 

dilate to accommodate an influx of oxygen-rich blood that rapidly reoxygenates the placenta [5]. 

We know that the hypoxic state induced by gesP PA is not permanent, as PA improves the 

chronically hypoxic conditions in the placenta induced by obesity [25]. Additionally, the 

mitigation of chronic hypoxia in the placenta with obesity suggests that gesP PA promotes 


























































































































































































































