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Abstract  26 

Aim: Obesity has been associated with changes in autophagy and its increasing prevalence 27 

among pregnant women is implicated in higher rates of placental-mediated complications of 28 

pregnancy such as preeclampsia and intrauterine growth restriction. Autophagy is involved in 29 

normal placentation, thus changes in autophagy may lead to impaired placental function and 30 

development. The aim of this study was to investigate the connection between obesity and 31 

autophagy in the placenta in otherwise uncomplicated pregnancies.  32 

Methods: Immunohistochemisty and western blot analysis were done on placental and omental 33 

samples from obese (BMI≥30kg/m2) and normal weight (BMI<25kg/m2) pregnant women with 34 

singleton pregnancies undergoing planned Caesarean delivery without labour at term. Samples 35 

were analyzed for autophagic markers LC3B and p62 in the peripheral, middle, and central 36 

regions of the placenta and in omental adipocytes, milky spots, and vasculature.  37 

Results: As pre-pregnancy BMI increased, there was an increase in both placental and fetal 38 

weight as well as decreased levels of LC3B in the central region of the placenta (p=0.0046). 39 

Within the obese patient group, LC3B levels were significantly decreased in the placentas of 40 

male fetuses compared to females (p<0.0001). Adipocytes, compared to milky spots and 41 

vasculature, had lower levels of p62 (p=0.0127) and LC3B (p=0.003) in obese omenta and lower 42 

levels of LC3B in control omenta (p=0.0071).  43 

Conclusions: Obesity leads to reduced placental autophagy in uncomplicated pregnancies; thus, 44 

changes in autophagy may be involved in the underlying mechanisms of obesity-related placental 45 

diseases of pregnancy. 46 

 47 

Key Words: pregnancy; obesity; placenta; autophagy; omentum 48 
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1. Introduction 49 

The prevalence of obesity in North America continues to rise, and this remains true for 50 

women of childbearing age 1, 2. In Canada, approximately one third of pregnant women are either 51 

overweight or obese 3. Obesity affects an array of metabolic processes and is associated with an 52 

increased risk of pregnancy complications, including preeclampsia, hypertensive disorders, 53 

intrauterine growth restriction (IUGR), gestational diabetes and stillbirth 4, 5. One of the 54 

metabolic processes affected by obesity that has been found to play a role in pregnancy is 55 

autophagy 6, 7.  56 

 Autophagy is an intracellular process whereby damaged organelles and proteins within 57 

the cytoplasm are recycled in order to promote cellular homeostasis, particularly under stress 8.  58 

This process begins with the formation of a phagophore (isolation membrane), which encloses a 59 

small quantity of cytosol, forming a double-membraned structure called an autophagosome. The 60 

autophagosome subsequently fuses with a lysosome, resulting in degradation of cytosolic 61 

components. Key markers for autophagy include LC3-I, LC3-II, a p62. LC3-I, which remains in 62 

the cytosol, is post-translationally modified into LC3-II, which incorporates into the growing 63 

autophagosomal membrane and allows for closure of the autophagic vacuole 8, 9. The ratio of 64 

LC3-II/LC3-I directly correlates with the activation of autophagy 9. P62 (or sequestosome-1), a 65 

less specific marker for autophagy, binds to ubiquitinated proteins targeted for degradation and 66 

helps deliver them to autophagosomes through interaction with LC3-II. P62 is degraded together 67 

with the ubiquitinated proteins resulting in reduced levels in situations of increased autophagy.  68 

The metabolic abnormalities related to obesity are associated with dysregulation in 69 

autophagy 10. Autophagic activity has been shown to increase in subcutaneous adipose and 70 

omental tissue from obese subjects 6, 11 and in adipose tissue of patients with type-2 diabetes 12. 71 
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Furthermore, impaired autophagy in hepatocytes has been implicated in non-alcoholic fatty liver 72 

disease, obesity-related pancreatitis, and type-2 diabetes 10.  73 

Our understanding of the function of autophagy in the placenta is still in its early stages, 74 

with fewer than 50 citations in the literature related to the subject 13. Autophagy plays a role in 75 

normal placentation and is upregulated by physiologic hypoxia in the extravillous trophoblast to 76 

promote its invasion 14. In vitro studies have demonstrated impaired invasion and vascular 77 

remodeling in autophagy-deficient extravillous trophoblast cells 7, suggesting an important role 78 

for autophagy in normal placentation and the development of placental-mediated disorders of 79 

pregnancy. Recent research has found differences in placental autophagy between normal and 80 

abnormal pregnancies 14-16. For example, LC3 expression is increased in placentas from 81 

pregnancies with preeclampsia, intrauterine growth restriction (IUGR) and gestational diabetes 82 

14-18. More recently, activation of autophagy was demonstrated in the placentas of male fetuses in 83 

obese women compared to normal weight women 19. Given these findings, it is of clear interest 84 

to further explore the dysfunction of placental autophagy in obese women. 85 

The objective of this study was to investigate the association between obesity and 86 

autophagy in the placenta in uncomplicated pregnancies.  Furthermore, this study aims to 87 

determine whether a correlation exists between autophagic activity in the placenta and in the 88 

omentum of obese patients, as this could provide insight to the underlying mechanisms of 89 

obesity-related placental and metabolic disorders.  90 

  91 
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2. Methods 92 

2.1 Ethics approval and participants  93 

Ethics approval was obtained from Lawson Health Research Institute located in London, 94 

Ontario (REB# 106663). Following admission to the hospital, patients were consented for their 95 

involvement as per institutional research protocols at London Health Sciences Centre, Victoria 96 

Hospital.  97 

 98 

2.2 Placenta tissue collection, processing and sampling 99 

After informed consent was obtained, patients with singleton pregnancies undergoing 100 

planned Caesarean delivery without labor at term (>37 weeks gestation) were included in the 101 

study and were stratified into controls (non-obese, BMI <25kg/m2), and obese (BMI ≥30kg/m2) 102 

based on their pre-pregnancy BMI. Women with hypertensive disorders of pregnancy, 103 

gestational diabetes or other significant medical conditions predisposing to placental dysfunction 104 

(renal, autoimmune disease) and women who were overweight (prepregnancy BMI ≥25 <30 105 

kg/m2) were excluded.  106 

To assess other factors that may affect autophagy, clinical data on patients were collected 107 

including age, gestational age, gravidity, parity, medical history, smoking status, gestational 108 

weight gain and blood pressure. A standard panel of laboratory investigations used in our centre 109 

for preeclampsia diagnosis and screening was drawn on each patient in addition to the routine 110 

preoperative investigations required. Following delivery, fetal and placental weights were 111 

documented and placentas were examined for gross structural abnormalities and cord anomalies. 112 

Photographs were taken for documentation. 113 



6 
 

 
 

Placental tissue samples were taken from three different regions (peripheral, middle and 114 

central) across each placenta (Figure 1) as previous evidence has demonstrated significant 115 

variations in autophagy across the placenta 13. All samples were taken within 30 minutes of 116 

delivery. Full tissue sections were taken and used for immunohistochemical (IHC) analysis, 117 

while smaller samples of placental parenchyma were used for Western blot analysis.    118 

 119 

 120 

Figure 1 Sample collection diagram. Samples were taken from the placenta in three areas: (C) 121 

central, (P) peripheral (approximately 1–2 cm from the placental edge), and (M) middle 122 

(between these two sections). At each site, a full tissue sample from the chorionic membrane to 123 
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the basal plate was removed and stored immediately in formalin for subsequent histology and 124 

immunohistochemistry (IHC). Additionally, at each of the three sites 1 × 1 × 1 cm sections of 125 

placental parenchyma containing villous tissue between the basal plate and chorionic membrane 126 

were taken, flash frozen in liquid nitrogen and stored at −80C for subsequent protein extraction. 127 

 128 

2.3 Western blot analysis 129 

Protein lysates were generated from snap-frozen placental tissue samples stored at –80 130 

°C. Samples were mixed with dry ice pellets, pulverized using a mortar and pestle, homogenized 131 

with RIPA lysis buffer [50 mM Tris-Cl pH 7.5, 150 mM NaCl, 1% NP-40, 0.5% sodium 132 

deoxycholate, and 0.1% sodium dodecyl sulfate, 1 mM sodium orthovandate, 10 mM sodium 133 

pyrophosphate, 10 mM NaF, 1% sodium deoxycholate, betaglyceraldehyde, 1 mM 134 

phenylmethylsulfonyl fluoride, and 1x protease inhibitor cocktail (Roche, Laval, QC)], and 135 

clarified by centrifugation (15 000 x g for 20 min at 4°C). Protein concentration of each lysate 136 

was quantified by Bradford analysis (Bio-Rad Laboratories), and 40 μg of protein was resolved 137 

by 13% sodium dodecyl sulfate-polyacrylamide gel electrophoresis, transferred to a 138 

polyvinylidene difluoride membrane (Roche), and blocked with 5% bovine serum albumin 139 

(BSA) in TBST (10 mM Tris–HCl, pH 8.0, 150 mM NaCl, 0.1% Tween 20). Membranes were 140 

washed in TBST and incubated overnight at 4°C with antibodies (1:1000 in 5% BSA/TBST). 141 

Immunoreactive bands were visualized by incubating for 1 h at room temperature with a 142 

peroxidase-conjugated anti-rabbit or anti-mouse immunoglobulin  (1:10 000 in BSA/TBST; GE 143 

Healthcare, Chicago, IL) followed by exposure to enhanced chemiluminescence reagent 144 

(Luminata Forte Western HRP Substrate, Millipore).  145 
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Antibodies against LC3B (#2775, #3868S) and SQSTM1/p62 (#5114S) were obtained 146 

from Cell Signaling Technology (Danvers, MA). Antibodies against SQSTM1/p62 147 

(WH0008878M1) and tubulin were obtained from Sigma (Mississauga, ON). Horseradish 148 

peroxidase-conjugated anti-rabbit (NA934V) and anti-mouse immunoglobulin (NA931V) were 149 

purchased from GE Healthcare (Chicago, IL). The relative intensity of protein signals were 150 

detected using the Biorad Chemidoc system (Biorad) and normalized to tubulin by densitometric 151 

analysis using Image Lab software (Biorad). Levels of p62, LC3-I, LC3-II, and the ratio of LC3-152 

II/LC3-I were analyzed and compared between obese and control samples. 153 

 154 

2.4 Immunohistochemistry 155 

Formalin-fixed paraffin-embedded (FFPE) tissue samples were sent for sectioning and 156 

staining with haematoxylin and eosin (Molecular Pathology, Robarts Research Institute, London, 157 

ON). Stained slides were scanned using Aperio ScanScope CS (Leica). IHC was performed for 158 

LC3B (1:100) and SQSTM1/p62 (1:400) (Molecular Pathology, Robarts Research Institute, 159 

London, ON). Staining was detected using Novolink Polymer Detection Systems (Leica, 160 

Wetzlar, Germany), and slides were scanned using Aperio ScanScope CS. The placental 161 

specimens were evaluated using the semi-quantitative International Remmele Score (IRS) 20.  162 

The IRS is calculated by multiplying the optical staining intensity graded from 0 to 3 (0 = no 163 

staining to 3 = strong staining) and the percentage of positively-stained cells graded from 0 to 4 164 

(0 = no staining, 1 = <10% of cells, 2 = 11%–50% of cells, 3 = 51%–80%, 4 = >80% of cells 165 

stained). The omental specimens were evaluated using a modified semi-quantitative scoring 166 

method 21. As the omentum is comprised of three morphologically distinct regions (adipocytes, 167 

milky spots, and vasculature) 22, an optical staining intensity score from 0 to 3 was given to each 168 
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tissue region. The final score for the specimen was then calculated by adding the scores from 169 

each of the three tissue regions, for a maximum score of 9 and a minimum score of 0. Two 170 

blinded reviewers (Matthew Cohen, Emily Guo) graded all placental and omental specimens and 171 

scores were averaged.   172 

 173 

2.5 Statistical Analysis 174 

Data are presented as the mean ±SD and were analyzed and plotted using GraphPad 175 

Prism 7 for Mac OS X and Windows (GraphPad Software, Inc., La Jolla, CA, USA). Clinical 176 

data from the two patient groups was compared using two-tailed unpaired t-tests. Data from all 177 

western blot studies were statistically analyzed using the two-tailed unpaired t-test or a one or 178 

two-way ANOVA followed by Tukey’s test. IHC scores of placental samples were analyzed 179 

using the Mann-Whitney U test, and IHC scores of omental samples were analyzed using the 180 

two-tailed unpaired t-test. Statistical significance was accepted at p<0.05 for all comparisons.  181 

 182 

3. Results 183 

From November 2015 to June 2016, 30 subjects were recruited: 15 cases with pre-184 

pregnancy BMI ≥30kg/m2 and 15 controls with normal pre-pregnancy BMI of <25kg/m2. The 185 

pre-pregnancy BMI of the case group was significantly higher than the control group (42.3 vs. 186 

21.1kg/m2, p<0.0001). Patient clinical characteristics, laboratory data, and fetal weights are 187 

presented in Table 1.  188 

  189 
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Table 1: Clinical characteristics and laboratory values 190 
 191 

 

Control: NW 

BMI <25 kg/m2 (n=15) 

Case: OB 

BMI >30 kg/m2 

(n=15) p-value 

Age (years) 31.7 (±4.7) 29.7 (±4.0) 0.5973 

Primiparous  1 (7%) 2 (13%) 0.5500 

Gestational Age (weeks 

+days) 
38+5 (37+4 - 39+3) 39+1 (37+5 - 40+0) 0.9105 

Pre-pregnancy BMI (kg/m2) 21.4 (±2.0) 42.3 (±7.6) < 0.0001* 

Gestational Weight gain (kg) 13.2 (±5.4) 7.3 (±6.9) 0.3548 

Birth Weight (g) 3170 (±403) 3795 (±718) 0.0065* 

LGA Infants 0 (0%) 5 (33%) 0.0160* 

Placenta Weight (g) 592 (±111) 762 (±164.3) 0.0026* 

Birth Weight: Placenta 

Weight 
5.4 (±0.2) 5.0 (±0.1) 0.2821 

Male Neonates 7 (47%) 8 (53%) 0.7199 

Venous Cord pH 7.293 (±0.05) 7.287 (±0.08) 0.0426* 

Hemoglobin (g/L) 118.1 (±11.0) 119.2 (±9.9) 0.7165 

Glucose (mmol/L) 4.32 (±0.5) 4.59 (0.5) 0.8268 

AST (U/L) 20.2 (±4.6) 19.8 (±6.7) 0.1608 

Creatinine (µmol/L) 53.1 (±8.4) 49.6 (±8.7) 0.8724 

Urate (µmol/L) 289 (±58.2) 273 (±67.1) 0.6069 

Note: Data are presented as mean (±SD), mean (range) or n (%) 192 
* indicates a significant difference between case and control (p<0.05) 193 
 194 

 195 
 196 
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3.1 Clinical and laboratory data analysis 197 

Birth weight was significantly higher in the elevated BMI group with a mean difference 198 

of 625 ±213gm (p=0.0065; Table 1). This was associated with a significantly higher placental 199 

weight in pregnancies with elevated BMI with an average difference of 169.7 ±51.2gm 200 

(p=0.0026; Table 1). However, the fetal-placental weight ratio, a measure of placental efficiency, 201 

was not statistically significant, although there was a trend toward decreased placental efficiency 202 

in the elevated BMI group (Table 1).  203 

 204 

3.2 Placental autophagy 205 

IHC confirmed the presence of autophagy proteins, LC3B and p62, in various cell types 206 

within the obese and control placenta samples (Figure 2). Semi-quantitative scoring of LC3B 207 

staining revealed decreased autophagy in obese versus control placentas in the central region 208 

(IRS score 3.3± 0.7 vs. 4.7± 1.3, p=0.0046). This difference, however, was not found in the 209 

peripheral or middle regions of the placenta.  210 

  211 
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 212 

 213 

Figure 2 ICH analysis of LC3B in three regions of the placenta from obese and normal weight 214 

patients. (a) Immunohistochemistry (IHC) scores of LC3B in the peripheral (P), middle (M), and 215 

central (C) regions of obese and control placental samples. Scores were determined by 216 

semiquantitative International Remmele Score (IRS). Data represents mean ± SD (Mann–217 

Whitney U test; *P < 0.05). (b, c) Representative IHC of LC3B in the central portion of the 218 

placenta from the (b) obese (subject 20) and (c) control (subject 22) groups. Medium-power 219 

(bottom) and high-power (top) fields of the (b) fetal and (c) maternal sides of the placenta. 220 

Images are representative of LC3B expression in the amniotic membrane (thin arrow), maternal 221 

decidua (thick arrow), and chorionic villi (asterisk) in the obese group. 222 

 223 

 224 

Western blot analysis found no significant differences in autophagy between control and 225 

obese placentas in any of the regions sampled even when the scores from each region were 226 

combined as a total value within each placenta (Figure 3).  227 

 228 
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 229 

Figure 3 Western blot analysis of autophagic markers in three regions of the placenta from obese 230 

and normal weight patients. (a) Representative western blots illustrating LC3-I, LC3-II, and p62 231 

expression in the peripheral (P), middle (M), and central (C) regions the placenta in obese and 232 

control. Numbers indicate lysate replicate. (b) Quantification of LC3-I, LC3-II, and p62 233 

expression (mean ± SD) in the three regions of the placenta (P, M, and C) from obese and control 234 

patients (two-way ANOVA). 235 

 236 

There were significantly decreased IHC scores for LC3B in the placentas of male 237 

fetuses/neonates compared to females within the obese patient group (IHC score 3.6 ±1.4 vs. 238 

5.4± 1.1, p<0.0001; Figure 4). There were no differences in IHC scores between sexes in the 239 
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normal weight control group. However, we did not observe any sex-specific difference by 240 

western blot analysis of corresponding protein lysates (data not shown). 241 

 242 

 243 

Figure 4 Immunohistochemistry (IHC) analysis of LCB3 in placentas from male and female 244 

fetuses in obese and normal weight patients. IHC scores for LC3B in placentas of (a) male and 245 

(b) female fetuses of obese and normal weight patients. Data are presented as mean ± SD 246 

(Mann–Whitney U test; *P < 0.05). 247 

 248 

In both western blot analysis and IHC there were no statistically significant difference in 249 

autophagy (as determined by LC3) between peripheral, middle and central samples from the 250 

placenta in obese and control specimens. 251 

 252 

3.3 Autophagy in the omentum  253 

IHC confirmed the presence of both LC3B and p62 in adipocytes, milky spots and 254 

vasculature within the omental specimens (Figure 5). Levels of p62 were significantly lower in 255 

adipocytes compared to milky spots and vasculature within obese omenta (F (2, 42) = 4.851, 256 
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p=0.0127). Levels of LC3B were significantly lower in adipocytes compared to milky spots and 257 

vasculature within obese (F (2, 42) = 6.700, p=0.003) and control omenta (F (2, 39) = 5.638, 258 

p=0.0071).  259 

 260 

 261 

Figure 5 Immunohistochemistry (IHC) analysis of autophagic markers in three cell types within  262 

the omentum from obese and normal weight patients. IHC scores of (a, b) LC3B and (c, d) p62 263 

in adipocytes (A), milky spots (M), and vasculature (V) from (a, c) normal weight control and (b, 264 

d) obese omenta. Data are presented as mean ± SD (unpaired t-test, two-tailed; *P < 0.05). 265 

 266 

Quantitative scoring of IHC staining revealed no significant differences in expression of 267 

autophagic markers between omenta of obese and control patients, even when the scores from 268 
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each tissue type were combined to generate a total score within each omental specimen (Figure 269 

6).  270 

 271 

 272 

Figure 6 Immunohistochemistry (IHC) analysis of autophagic markers in the omentum from 273 

obese and normal weight patients. (a, c) IHC scores of (a) LC3B and (c) p62 in obese and normal 274 

weight control samples in omental adipocytes (A), milky spots (M), and vasculature (V). (b, d) 275 

Combined IHC scores (A + M + V) for (d) LC3B and (d) in normal weight control and obese 276 

omental samples. Data are presented as mean ± SD (unpaired t-test, two-tailed). 277 

 278 

4. Discussion 279 

Previous literature has demonstrated that pathological states of pregnancy, such as 280 

gestational diabetes, preeclampsia, and IUGR are associated with the activation of placental 281 
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autophagy above baseline 15-19. Autophagy has also been found to be dysfunctional in various 282 

tissues of obese patients outside of pregnancy, including the liver and visceral adipose tissue, and 283 

appears to play an important role in non-alcoholic fatty liver, type 2 diabetes, and the chronic 284 

inflammatory state of obesity 6, 10, 12. The aim of the present study was to investigate placental 285 

and omental autophagy in otherwise healthy obese pregnant women. Exclusion of obese 286 

pregnant women with signs of cardiometabolic disease or placental dysfunction allowed us to 287 

better elucidate the potential impact of obesity-induced derangements on the process of 288 

autophagy in placenta. 289 

The results of this study provide evidence that autophagy is impaired in the placentas of 290 

obese pregnant women compared to normal weight controls. Analysis of LC3 and p62 IHC 291 

scores demonstrated significantly decreased autophagy in the central region of the placenta. 292 

Toward the middle and peripheral regions, there were trends toward decreased autophagy using 293 

both IHC and western blot but these did not reach statistical significance. Our findings are 294 

consistent with previous studies that found significant decreases in autophagy in the central 295 

region of the placenta, around the umbilical cord insertion in women with Caesarean section 296 

deliveries, compared to the periphery of the placental disk 13. This gradient of decreasing 297 

autophagic activity across the placenta may be attributed to regional variation of placental blood 298 

supply and oxygenation, thus impacting levels of cellular stress.  299 

Findings from this study suggest a decrease in autophagic activity in the placenta of 300 

obese patients, which is in contrast to previous literature that has indicated increased autophagy 301 

in association with obesity-related diseases of pregnancy, such as preeclampsia and IUGR 15-18. 302 

As obesity has also been associated with changes in autophagic activity in adipose tissue outside 303 

of pregnancy 6, 10, 12, we also investigated levels of LC3 and p62 in omental tissue to explore a 304 
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potential correlation between omental and placental autophagy during pregnancy. However, we 305 

demonstrated no significant change in autophagy in obese omenta. Additionally, IHC scores for 306 

LC3B and p62 were not significantly different between obese and control omenta when 307 

analyzing each tissue cell type separately (adipocytes, milky spots, vasculature) or combined. 308 

Within the omentum, LC3B expression was lower in adipocytes than in milky spots and 309 

vasculature suggesting a potential difference in the pathophysiology and mechanisms underlying 310 

autophagy and stress adaptation in adipose tissue during pregnancy.  311 

Unlike findings from previous literature, which suggest that the physiological conditions 312 

of obesity are associated with enhanced autophagy in omental tissue 6, our study found no 313 

difference in autophagy within the omentum of obese patients. Notably, our study population had 314 

no signs of cardiometabolic health abnormalities, regardless of their BMI. It is becoming 315 

increasingly evident that BMI alone is not an accurate measure of an individual’s 316 

cardiometabolic health, and thus, the obese women in our study are still within the window of 317 

metabolically healthy obesity 23, while dysfunctional hyperactivation of autophagy may be seen 318 

in individuals with pathologies indicative of poor metabolic health.  319 

In addition to exploring the difference in autophagic activity between obese and normal 320 

weight placentas and omenta in pregnancy, we also compared autophagy differences between 321 

fetal sexes. Analysis of IHC scoring noted significantly reduced autophagic activity in placentas 322 

of male fetuses compared to that of females in the obese patient group. This finding was found to 323 

contrast a recent study, by Muralimanoharan et al, demonstrating enhanced autophagy in 324 

placentas of male fetuses of obese pregnancies 19. However, their study also revealed higher 325 

levels of p62 in male placentas, suggesting probable autophagic dysfunction in placentas of male 326 

fetuses, which supports the results of our own study. These results are compatible with the 327 
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growing body of research describing the lesser ability of the male fetus to adapt to external 328 

stressors 24, 25.   329 

It is predicted that pregnancy itself induces metabolic changes in adipose tissue, thereby 330 

altering autophagic activity and regulation 26. Therefore, the pathophysiology underlying 331 

autophagy in adipose tissue of pregnant compared to non-pregnant obese women must also be 332 

considered, especially in obese patients with complications of pregnancy including IUGR, 333 

gestational diabetes, and preeclampsia. It is suspected that the inability to utilize autophagy as a 334 

homeostatic response to stressful stimuli may heighten the obese patient population’s 335 

susceptibility to placentally-mediated diseases of pregnancy. This would explain previous 336 

findings of increased autophagy in obesity-related pregnancy diseases and why decreased 337 

autophagy may predispose obese patients to these disease states.  338 

The results from our study are somewhat limited due to small sample sizes and a semi-339 

quantitative immunohistochemical scoring system. However, despite the small study population, 340 

differences in autophagic activity were still observed between otherwise healthy obese and 341 

control patients. The advantages of our study are that all of the tissue samples were obtained 342 

from unlaboured women, ensuring that differences in autophagy between subjects were not due 343 

to the labour process itself. In addition, our study population included only uncomplicated 344 

pregnancies, which highlights that differences in autophagy exist even in metabolically healthy 345 

obese pregnancies without overt pregnancy complications.  346 

The grading system for omental autophagy is not as well-defined as it is for placental 347 

autophagy. Nonetheless, potential differences in autophagic activity were still seen between 348 

obese and control omental tissue samples, though a larger sample size may be required for these 349 

differences to reach statistical significance. In the future, a more in-depth clinical pathology 350 
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assessment of placental and omental tissue will be useful to explore a possible direct connection 351 

between obesity and autophagic activity.  352 

The results from this study demonstrate a reduction in placental autophagy, indicated by 353 

decreased measures of LC3 and p62, in obese placentas compared to normal weight controls. 354 

This reduction was also found in the placentas of male fetuses compared to their female 355 

counterparts in obese mothers. Contrary to what was anticipated, autophagic activity within the 356 

omentum did not significantly differ between obese and normal weight pregnant patients. Our 357 

findings suggest pathophysiological changes within the obese population that may explain the 358 

underlying mechanism for obesity-related placental diseases of pregnancy. Future studies of 359 

placental and adipose tissue autophagy in pregnancies with comorbidities such as gestational 360 

diabetes and hypertensive disorders of pregnancy are necessary in order to determine whether 361 

autophagy is further impaired in these situations. Furthermore, correlation with placental 362 

pathology, inflammatory markers, and metabolites will be key in furthering our understanding of 363 

the role of obesity in placental dysfunction.  364 
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