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1 Abstract 28 

Obesity leads to ovarian dysfunction and the establishment of local leptin resistance. The aim of our 29 

study was to characterise levels of Nod-Like Receptor Protein 3 (NLRP3) inflammasome activation 30 

during obesity progression in the mouse ovaries and liver and test the putative role of leptin on its 31 

regulation. C57BL/6J mice were treated with equine chorionic gonadotropin (eCG) or human 32 

chorionic gonadotropin (hCG) for oestrous cycle synchronisation and ovaries collection. In diet-33 

induced obesity (DIO) model, mice were fed chow diet (CD) or high fat diet (HFD) for 4 or 16 weeks 34 

(wk), whereas in hyperleptinemic model (LEPT), mice were injected with leptin for 16 days (16L) or 35 

saline (16C) and in the genetic obese leptin-deficient ob/ob (+/? and -/-) animals were fed CD for 36 

4wk. Either ovaries and liver were collected, as well as cumulus cells (CCs) after superovulation 37 

from DIO and LEPT. In DIO protocol, protein expression of NLRP3 inflammasome components was 38 

increased in 4wk HFD, but decreased in 16wk HFD. Moreover LEPT and ob/ob models revealed 39 

NLRP3 and IL-1β upregulation in 16L and downregulation in ob/ob. Transcriptome analysis of CC 40 

showed common genes between LEPT and 4wk HFD modulating NLRP3 inflammasome. Moreover 41 

analysis in the liver showed upregulation of NLRP3 protein only after 16wk HFD, but also the 42 

downregulation of NLRP3 protein in ob/ob-/-. We showed the link between leptin signalling and 43 

NLRP3 inflammasome activation in the ovary throughout obesity progression in mice, elucidating 44 

the molecular mechanisms underpinning ovarian failure in maternal obesity. 45 

 46 

 47 

 48 

 49 

 50 

 51 

 52 

 53 

.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted August 17, 2021. ; https://doi.org/10.1101/2021.08.16.456479doi: bioRxiv preprint 

https://doi.org/10.1101/2021.08.16.456479
http://creativecommons.org/licenses/by-nc-nd/4.0/


 

 
3 

 54 

2 Introduction 55 

Obesity leads to self-directed tissue inflammation, a process mostly promoted by the 56 

continuous expansion of adipose tissue (Hotamisligil and Erbay 2008; Odegaard and Chawla 2008). 57 

Furthermore, literature presents a solid link between obesity and reproductive failure in women (Chu 58 

et al. 2007). Indeed, obesity in women has been associated to ovarian dysfunction, embryo 59 

implantation failure, abortion, foetal congenital abnormalities, and adult offspring adiposity and 60 

metabolic dysfunction (Chu et al. 2007; Penzias 2012; Robker 2008; Samuelsson et al. 2008). The 61 

ovaries from mice fed high fat diet (HFD) showed increased apoptosis and fewer mature oocytes 62 

(Jungheim et al. 2010). Furthermore, due to lipid accumulation, endoplasmic reticulum (ER) stress, 63 

mitochondrial dysfunction and increased ovarian cell apoptosis, these mice displayed anovulation 64 

and reduced in vivo fertilization rates (Wu et al. 2010), as well as abnormal embryo development 65 

(Minge et al. 2008). We have recently demonstrated the establishment of leptin resistance in the 66 

ovaries of mice treated with HFD (Wołodko et al. 2020) was mostly mediated by suppressor of 67 

cytokine signalling 3 (SOCS3). Hence, changes in local leptin signalling were shown to contribute to 68 

the pathophysiology of ovarian failure in obese females (Wołodko et al. 2021). 69 

The inflammasome is a large intracellular protein complex that contains a cytosolic pattern 70 

recognition receptor. Among NOD-like receptors (NLR), the NLR protein 3 (NLRP3) inflammasome 71 

has been best characterised as a complex of proteins responsible for controlling the activity of two 72 

proinflammatory cytokines interleukin (IL)-1β and IL-18 (Davis, Wen, and Ting 2011; De Nardo and 73 

Latz 2011; Martinon, Burns, and Tschopp 2002). Activation of the pattern recognition receptor 74 

NLRP3 can be accomplished through two major signals: (i) priming signal, induced by the toll-like 75 

receptor (TLR)/nuclear factor (NF)-κB pathway; and (ii) pathogen-associated molecular patterns 76 

(PAMPs) and damage-associated molecular patterns (DAMPs) leading to assembly of inflammasome 77 
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(Lamkanfi and Dixit 2014; Martinon, Burns, and Tschopp 2002). Both mechanisms lead to the 78 

recruitment of the adapter apoptosis-associated speck-like protein containing a C-terminal caspase 79 

recruitment domain (ASC), resulting in the activation of pro-caspase-1 (CASP1) and cleavage into 80 

the active form (Davis, Wen, and Ting 2011). The formation and activation of the inflammasome is 81 

possible through ASC, which links NLRP3 to CASP1 by means of its pyrin and caspase recruitment 82 

domain motifs (Martinon et al. 2006). Finally, activated CASP1 is known to process the maturation 83 

of IL-1β and IL-18 into active cytokines (Lamkanfi 2011). Importantly, obesity and insulin resistance 84 

(IR) have been associated with inflammation and subsequent activation of NLRP3 inflammasome 85 

(Traba and Sack 2017). The onset of inflammasome activation was also shown to be mediated by 86 

factors like glucose, ceramide, uric acid, or lipopolysaccharide (LPS) (Stienstra et al. 2012; Traba 87 

and Sack 2017). Furthermore, secondary signals could also come from extracellular ATP inducing 88 

K+ efflux; DAMPs/PAMPS leading to reactive oxygen species (ROS) production (Shao et al. 2015; 89 

Tőzsér and Benkő 2016). Saturated free fatty acids (FFAs) were equally linked to inflammasome 90 

activation through both signals (Wen et al. 2011), as increased levels of FFAs are a general feature of 91 

obesity, IR or type-2 diabetes (Boden 2002; Krebs and Roden 2005). More recently, a link has been 92 

also established between NLRP3 inflammasome activation and levels of leptin signalling in various 93 

cellular contexts (Fu et al. 2017), corroborating the proinflammatory role of leptin (Cauble et al. 94 

2018).  95 

A recent report has shown the presence of NLRP3 inflammasome components at ovarian 96 

level during follicular development in mice, suggesting its involvement in ovulation (Z. Zhang, 97 

Wang, and Zhang 2019). Most importantly, NLRP3 was also suggested to be involved in the 98 

pathophysiology of polycystic ovary syndrome (PCOS) (Rostamtabar et al. 2020). Therefore, we 99 

presently hypothesise the regulation of NLRP3 in the ovary of obese mice is mediated by leptin 100 

signalling. We firstly confirmed NLRP3 inflammasome expression profile changed in the ovaries of 101 
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cyclic mice. Subsequently, we also confirmed NLRP3 inflammasome components were differently 102 

expressed in the ovaries of 4 and 16 weeks (wk) diet induced obese (DIO) mice. Furthermore, using a 103 

mouse model of pharmacological hyperleptinemia (LEPT) and a genetic obese mouse which lacks 104 

leptin (ob/ob) we demonstrated the association between levels of leptin signalling and NLRP3 105 

inflammasome activation in the ovary of obese mice. Moreover, we analysed the transcriptome of 106 

cumulus cells (CCs), the somatic companions of the oocyte, and concluded once more that leptin 107 

treatment-upregulated genes associated with NLRP3 inflammasome. Finally, we studied the NLRP3 108 

inflammasome expression in the liver of DIO, LEPT and ob/ob mice and despite observing a 109 

different temporal signature in DIO, with regard to the ovary, we also found a consistent 110 

downregulation in NLRP3 inflammasome activity in ob/ob, which are obese and lack leptin. 111 

3 Materials & Methods 112 

3.1 Animals 113 

Female B6 mice (8 wk old) and B6.Cg-Lepob/J (ob/ob) were housed in the Animal Facility of 114 

Institute of Animal Reproduction and Food Research, Polish Academy of Sciences in Olsztyn. 115 

Breeding pairs were purchased from Jackson Laboratories (Bar Harbor, ME). Mice were housed with 116 

free access to food and water for the duration of the study (humidity 50±10%; 23oC; 12L:12D cycle). 117 

All procedures were approved by the Local Animal Care and Use Committee for University of 118 

Warmia and Mazury, Olsztyn. Guidelines for animal experiments followed EU Directive 119 

2010/63/EU. Throughout the whole experiments, mice were monitored for any sings of welfare or 120 

disease. At 21 days of age female progeny were weaned and housed in groups of 3–5 in plastic cages 121 

with fresh sawdust bedding. By 8 wk of age, one group of B6 mice was subjected to hormonal 122 

protocol, while the other group was segregated into two different dietary protocols matched for 123 

similar body weight. In DIO model (n=10/group) mice were placed on standard CD (Picolab Rodent 124 
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diet 20, #5053) with 13% of calories coming from fat, or on HFD with 59 % of calories coming from 125 

fat (AIN-76A with 33% hydrogenated coconut oil; LabDiet) for 4 or 16 wk. Hyperleptinemia model 126 

(n=8/group) was utilized to mimic high level of leptin through its intraperitoneal injections twice a 127 

day at total dosage 100 µg/day (injected at 09:00 and 21:00), while the control group received saline 128 

injections(Recombinant Mouse Leptin, GFM26, Cell Guidance Systems). Regarding ob/ob model 129 

(n=6/group), mice were kept on CD until 12 wk of age. 130 

3.2 Induction of oestrus and dioestrus stages 131 

The oestrous cycle was monitored studying vaginal cytology. Cells collected via saline lavage 132 

were placed on glass slide and stained with Diff Quik® kit (Medion Diagnostics AG, Switzerland, 133 

DQ-ST). Oestrus was characterised by cornified epithelium cells; metoestrus by both cornified cells 134 

and leukocytes; dioestrus by predominant leukocytes; and pro-oestrus by nucleated cells, as 135 

previously described (Kyrönlahti et al. 2011). 136 

Group of female B6 mice (8 wk old) was injected in oestrus stage with eCG (G4877, 5IU, Sigma 137 

Aldrich, Saint Louis, Missouri, USA) followed after 48 h by hCG (Chorulon, 5IU, MSD Animal 138 

Health, Boxmeer, Netherlands) and tissues collected 18-20 h later in E. The second group of mice 139 

were injected with hCG and tissues were collected 16-18 h later in D. To reduce variation between 140 

groups ovaries from females from the remaining experiments were collected in dioestrus stage. 141 

3.3 Protein extraction and Western blotting analysis 142 

Protein expression in mouse ovary and liver was assessed by Western blotting. Ovaries and livers 143 

were homogenized with RIPA buffer (R0278; Sigma) containing protease inhibitors 144 

(phenylmethylsulfonyl fluoride, PMSF and Protease Inhibitor Cocktail, P8340; Sigma-Aldrich, St. 145 

Louis, MO, US) and phosphatase inhibitors (Pierce Phosphatase Inhibitor Mini Tablets 88667; 146 
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Thermo Fisher Scientific) and incubated on ice for 1 h while vortexing in the meantime. After 147 

centrifugation (20 000 g, 15 min, 4oC) the supernatants were collected and protein concentration was 148 

determined with the Smith (Smith 1985) copper/bicinchoninic assay (Copper (II) Sulfate, C2284; 149 

Sigma and Bicinchoninic Acid Solution, B9643, Sigma). Samples were run (40 µg of protein) on 10-150 

18% polyacrylamide gels. Immunoblotting was performed using the following primary antibodies 151 

NLRP3 (AG-20B-0014-C100; Adipogen), CASP1 (ab108362; Abcam), IL-18 (ab71495; Abcam), β-152 

actin (A2228; Sigma), glyceraldehyde 3-phosphate dehydrogenase (GAPDH, ab9485; Abcam) and 153 

then transferred to nitrocellulose (10600009; GE Healthcare Life Science) or polyvinylidene fluoride 154 

(PVDF) membrane (IPVH00010; Merck Millipore). The membranes were blocked in phosphatase 155 

buffered saline (PBS) solution containing 3% powdered milk for 1 h. Primary antibodies were used at 156 

1:1 000 (NLRP3, CASP1) and 1:250 (IL-18) dilution and incubated overnight at 4oC. The following 157 

day, proteins were detected by incubating the membranes with a polyclonal anti-mouse horseradish 158 

peroxidase (HRP)-conjugated secondary (1:10 000, 31430; Thermo Fisher Scientific), polyclonal 159 

anti-rabbit HRP-conjugated secondary (1:20 000, 31460; Thermo Fisher Scientific), polyclonal anti-160 

mouse alkaline phosphatase-conjugated secondary (1:10 000, 31321; Thermo Fisher Scientific) and 161 

polyclonal anti-rabbit alkaline phosphatase-conjugated secondary (1:10 000, A3687, Sigma) 162 

antibodies, for 1,5 h in chemiluminescence method or 2,5 h in colorimetric method at room 163 

temperature (RT). All antibodies specifications are summarised in Table 1. Immunocomplexes were 164 

visualized subsequently using chemiluminescence detection reagent (SuperSignal West Femto kit, 165 

34095; Thermo Fisher Scientific) or chromogenic substrate NBT/BCIP diluted 1:50 (11681451001; 166 

Roche) in alkaline phosphate buffer. Band density for each of the target protein was normalised 167 

against β-actin for NLRP3 and IL-18, while GAPDH was used for CASP1 as a reference protein. 168 

Finally, bands were quantified using the ChemiDoc or VersaDoc MP 4000 imaging system (Bio-169 

Rad). Quantitative measurements of blot intensity were performed using ImageLab software. 170 

.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted August 17, 2021. ; https://doi.org/10.1101/2021.08.16.456479doi: bioRxiv preprint 

https://doi.org/10.1101/2021.08.16.456479
http://creativecommons.org/licenses/by-nc-nd/4.0/


 

 
8 

3.4 Total RNA Isolation and cDNA Synthesis 171 

Total RNA was extracted from whole ovary and 10 mg of liver, using TRI reagent (T9424; 172 

Sigma Aldrich) following the manufacturer’s instructions. RNA samples were stored at -80oC. 173 

Concentration and quality of RNA was determined spectrophotometrically and the ratio of 174 

absorbance at 260 and 280 (A260/280) was analysed confirming good RNA quality. Subsequently, 2 175 

�μg of RNA was reverse transcribed into cDNA using Maxima First Strand cDNA Synthesis Kit for 176 

RT-qPCR (K1642; ThermoFisher Scientific) (Galvão et al. 2012). 177 

3.5 Real-time PCR 178 

Real-time PCR assays were performed in a 7900 Real-time System (Applied Biosystems), using a 179 

default thermocycler program for all genes: a 10 min preincubation at 95°C was followed by 45 180 

cycles of 15 sec at 95°C and 1 min at 60°C. A further dissociation step (15 sec at 95°C, 15 sec at 181 

60°C, and 15 sec at 95°C) ensured the presence of a single product. Ribosomal protein L37 (Rpl37) 182 

was chosen as a house keeping gene and quantified in each real-time assay together with target gene. 183 

Based on gene sequences in GenBank (National Center for Biotechnology Information), the primers 184 

for Nlrp3, Casp1, Il-1β, Il-18, Asc, Il-10, Tnf , which sequences are presented in Table 2, were 185 

designed using Primer Express 3.0 software (Applied Biosystems). All reactions were carried out in 186 

duplicates in 384-well plate (4309849; Applied Biosystems) in 12 µl of total solution volume 187 

(Galvão et al. 2014). The data were analysed using the real-time PCR Miner algorithm (S. Zhao and 188 

Fernald 2005). 189 

3.6 ELISA immunoassay 190 

The concentrations of IL-1β in tissue extracts of ovaries and livers were determined using an IL-1 191 

beta Pro-form Mouse Uncoated ELISA kit (88-8014-22; Thermo Fisher Scientific) following 192 
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manufacturer's instructions. The standard curve concentrations ranged from 25�ng/ml to 3000�ng/m 193 

and interassay coefficient variation (CV ) was 7.27%. 194 

3.7 Statistical analysis and data presentation 195 

Statistical analyses were performed using the GraphPad Prism Software (Version 7.01, GraphPad 196 

Software, Inc.; La Jolla, CA, USA). Paired t test was employed to compare the changes of protein 197 

expression in mouse livers and ovaries. Comparisons of gene expression were performed using 198 

Wilcoxon matched pairs test. Results are presented as mean with standard deviation. Differences 199 

between the means for all tests were considered statistically significant if p< 0.05. 200 

2.8 RNA-seq data from CCs  201 

Methods followed the previously described (Wołodko et al. 2020). The GEO accession 202 

number for the dataset Sequencing is under submission. 203 

4 Results 204 

4.1 NLRP3 inflammasome components expression change in the ovary of cyclic mice 205 

We first sought to characterise the expression of NLRP3-induced inflammasome components 206 

in the ovaries of mice, throughout the oestrous cycle. Fifteen female 8 wk old C57BL/6 (B6) mice 207 

were treated with hormones in order to synchronise oestrous cycle (Figure 1A). Mice received either 208 

equine chorionic gonadotropin (eCG) or human chorionic gonadotropin (hCG), as previously 209 

described (Hasegawa et al. 2016). Ovaries were collected in oestrus (E) and dioestrus (D) stage and 210 

further processed for mRNA or protein expression analysis, respectively. Real-time PCR analysis 211 

(n=7/group) revealed increased levels of Casp1, Il-1β and Il-18 mRNA in D stage (Figure 1B, 212 

p<0.05). Moreover, Western blotting revealed increased NLRP3 protein expression in D (Figure 1C, 213 

p<0.05), as well as the pro-peptide (p24) and mature form (p18) of IL-18 (Figure 1F, G; p<0.01). 214 
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Regarding CASP1, the long form (p45) was decreased in D (Figure 1D; p<0.05), but no significant 215 

changes were observed for the active CASP1 (p20) (Figure 1E). These results suggest the activation 216 

of NLRP3 inflammasome in D stage, through upregulation of NLRP3 and its downstream mediator 217 

IL-18. Next, we characterised the cellular distribution of NLRP3 protein in the ovaries collected from 218 

mice in D, using immunohistochemistry (IHC) and immunofluorescence (IF). We confirmed that 219 

NLRP3 protein was globally distributed in the ovary (Figure 1I). On the other hand, a closer 220 

observation with IHC revealed staining in granulosa cells (GC) and theca cells (TC), as well as 221 

oocytes, in all developmental stages of follicles in the ovary (Figure 1K-M). Negative controls 222 

stained with secondary antibodies did not reveal any brown staining (Figure 1H, J). The specificity 223 

of our IHC staining was corroborated by IF, in which a clear brown staining was observed in GC, TC 224 

and oocytes (Figure 1O-U). Negative control stained with rabbit immunoglobulin type G (IgG) 225 

confirmed no staining (Figure 1N). Our results once more corroborate the findings of Zhang and co-226 

workers who not only observed the presence of NLRP3 protein in GC, TC and oocytes by IHC, but 227 

also confirmed the upregulation of NLRP3 in the ovaries of eCG treated mice (Z. Zhang, Wang, and 228 

Zhang 2019). Therefore, in subsequent experiments, collections were consistently performed in D. 229 

4.2 Time-course activation of NLRP3-induced inflammasome in the ovary of DIO mice 230 

In the following experiment, we tested the effect of short (4 wk) versus long term (16 wk) 231 

HFD treatment on NLRP3-induced inflammasome activation in the ovary of mice (Figure 2A). We 232 

used the DIO protocol previously validated, in which female mice were fed chow diet (CD) or HFD 233 

for 4 or 16 wk (n=8/group) (Wołodko et al. 2020). After the DIO protocol, we recorded the average 234 

body weight (BW) of 19.7 gram (g) in 4 wk CD group and 24.8 g in 4 wk HFD group, whereas the 235 

16 wk CD presented on average BW of 22.6 g and 16 wk HFD 37.6 g BW (Table 3). After 236 

collection, ovaries were processed for mRNA and protein expression analysis. Real-time PCR 237 

analysis (n=6-8) revealed increased mRNA of Nlrp3 after 4 wk HFD (Figure 2B, p=0.06), whereas 238 
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Il-1β levels were increased after both 4 wk and 16 wk of HFD (Figure 2B, p<0.05). Regarding 239 

Western blotting analysis (n=8), we found the expression of NLRP3, CASP1 p45 and pro-IL-18 p24 240 

were increased in 4 wk HFD group, compared to control group (Figure 2C, D, and F, p<0.05, 241 

respectively). However, opposite pattern was observed in 16 wk HFD, with downregulation of 242 

NLRP3 expression, the mature form of CASP1 p20 and both forms of IL-18 (p24 and p18) (Figure 2 243 

C, E, F and G, p<0.05). Finally, we also confirmed IL-1β protein level was upregulated in 16 wk 244 

HFD after measurement by enzyme linked immunosorbent assay (ELISA) (n=6) (Figure 2H, 245 

p=0.082). Therefore, we presently confirmed that NLRP3, the pro-proteins IL-18 (p18, p24) and 246 

CASP1 (p45) despite being upregulated after 4 wk HFD treatment, after 16 wk HFD treatment a 247 

consistent downregulation of NLRP3 inflammasome, particularly NLRP3, CASP1 (p20) and both 248 

forms of IL-18, was seen. As a result, increased IL-1β protein after 16 wk HFD should be promoted 249 

independently from the NLRP3 inflammasome pathway (Lukens et al. 2014; Ranson et al. 2018). 250 

4.3 Leptin signalling in the ovary drives activation of NLRP3 inflammasome during obesity 251 

progression 252 

After temporally characterising the expression profile of NLRP3-induced inflammasome 253 

components in the ovary of DIO mice, we further interrogated whether activation of the NLRP3 254 

inflammasome was regulated by leptin signalling. Indeed, leptin was previously shown to modulate 255 

NLRP3 expression in vitro (Fu et al. 2017). Furthermore, the expression signature of NLRP3 256 

inflammasome components in the ovaries of DIO mice overlapped both tyrosine 985 of leptin 257 

receptor (Tyr985ObRb) and Janus kinase 2 (JAK2) phosphorylation profile, with the increase at 4 wk 258 

HFD treatment being followed by inhibition at 16 wk HFD and concomitant establishment of leptin 259 

resistance (Wołodko et al. 2020). Therefore, we analysed the levels of NLRP3 inflammasome 260 

components in the ovaries of a previously validated mouse model of pharmacological 261 

hyperleptinemia, which presented increased systemic levels of leptin and increased leptin signalling 262 
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in the ovary without obesity (Wołodko et al. 2020), and a genetically obese mouse B6.Cg-Lepob/J 263 

(ob/ob), characterised by extreme obesity without leptin. In the pharmacological hyperleptinemic 264 

model, ten female B6 8 wk old mice, were treated with leptin intraperitoneally, twice a day for 16 265 

days (16 L), whereas controls were administered saline (16 C) (Wołodko et al. 2020). Moreover, ten 266 

female ob/ob control (+/?) and ten females homozygous mutant (-/-), 8 wk old were kept on CD for 4 267 

wk (Figure 3A). Ovaries from all groups were collected and processed for mRNA and protein 268 

expression analysis. Real-time PCR analysis (n=6-8/group) revealed an increase in Nlrp3 and Casp1 269 

in 16 L, but decrease in ob/ob -/- mice (Figure 3B, p<0.05). Furthermore, mRNA of Il-1β was 270 

upregulated in 16 L (Figure 3B, p<0.05). Finally, the mRNA of Il-18 was significantly 271 

downregulated in ob/ob -/- group (Figure 3B, p<0.05). With regard to protein expression, we found 272 

the 16 L group presented increased levels of NLRP3 (Figure 3C, p<0.05), whereas the opposite 273 

pattern was observed in ob/ob -/- mice, comparing to control groups (Figure 3C, p<0.05). 274 

Accordingly, both pro-peptides CASP1 (p45) and CASP1 (p20) showed increased levels in 16 L 275 

(Figure 3D, E; p=0.07 and p<0.05, respectively), nonetheless, no significant changes were found in 276 

the ob/ob model. Importantly, IL-1β protein measured by ELISA was increased in 16 L, but 277 

decreased in ob/ob -/- (Figure 3F, p<0.05). In this experiment we revealed the functional link 278 

between leptin signalling and NLRP3 inflammasome components regulation in the ovary, with leptin 279 

treatment inducing the activation of NLRP3 and CASP1 with subsequent secretion of IL-1β. 280 

Furthermore, the absence of NLRP3 inflammasome activation in the ovary of ob/ob -/- confirms the 281 

preponderant role active leptin signalling exerts on NLRP3 inflammasome activation in the ovary.  282 

4.4 Leptin promotes changes of NLRP3 inflammasome components gene expression in cumulus cells 283 

during early onset of obesity 284 

In this experiment we examined whether the association previously observed between leptin 285 

signalling and NLRP3 inflammasome activation found in whole ovaries holds true at the cellular 286 
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level, particularly for the somatic companions of the female gamete, the CCs. Indeed, the ovary is a 287 

very heterogeneous organ, with follicles in different developmental stages, and different somatic cells 288 

supporting oocyte development (Chang, Qiao, and Leung 2017). Therefore, we reanalysed our RNA 289 

sequencing (RNA-seq) datasets from CCs from the 4 wk HFD, 16 wk HFD and 16 L groups 290 

(Wołodko et al. 2020). Briefly, we collected approximately 50 CCs per animal, after superovulation, 291 

and RNA-seq libraries were generated using a Smart-seq2 oligo-dT method (Figure 4A; Wołodko et 292 

al. 2020). We started confirming the expression level of leptin and NLRP3 pathway components for 293 

16 L and 4 wk HFD. Despite no changes in Nlrp3 in CCs after 4 wk HFD, the gene was upregulated 294 

in 16 L (Figure 4B). Certainly, the low coverage of the samples (an average of 5.5 million reads) and 295 

the weak expression level of Nlrp3 in CCs may account for the lack of changes in 4 wk HFD. 296 

Nonetheless, the consistent upregulation of various components of the NLRP3 inflammasome, like 297 

Nlrp3 itself, or Il-18, Casp1, Il-1β and Asc in 16 L, is suggestive of the stimulatory effect of leptin on 298 

the expression of NLRP3 inflammasome genes also in CCs (Figure 4B). As previously shown, 299 

DESeq analysis revealed 997 differentially expressed genes (DEGs) in 4 wk HFD and 2026 DEGs in 300 

16 L (Wołodko et al. 2020), in comparison to their control groups (p<0.05; Wołodko et al. 2020). In 301 

the present analysis, we overlapped the DEGs from 4 wk HFD and 16 L and identified seven genes 302 

either up- or downregulated in both conditions (Figure 4C). Subsequently, we integrated these 14 303 

DEGs with the main components of NLRP3 and leptin signalling pathways (Wołodko et al. 2020) 304 

based on the correlation between their expression levels (p>0.90), obtaining five clusters, with one of 305 

them underscoring the gene interaction between Casp1, phosphatase and tensin homolog (Pten) and 306 

signal transducer and activator of transcription 5a (Stat5a), as well as the link between Socs3 and Il-307 

1β, known as an important axis involved in the mediation of immune response (Chaves de Souza et 308 

al. 2013). Importantly, other genes were highlighted in the network, as solute carrier family 22 309 

member 15 (Slc22a15), a cell membrane transporter and metabolic gene (Nigam 2018), or stress 310 

associated endoplasmic reticulum protein 1 (Serp1) involved in protein unfolding and stress response 311 
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(Yamaguchi et al. 1999). Indeed, metabolic performance in the preovulatory follicle is tightly 312 

regulated and involves the crosstalk between GC and oocyte (Wołodko et al. 2021). Also, the ER 313 

stress is a common feature observed in the ovaries of obese mothers (Robker, Wu, and Yang 2011) 314 

(Figure 4D). Finally, gene ontology analysis for the presented network revealed three main events, as 315 

negative regulation of glucose transport, positive regulation of cytokine biosynthesis and response to 316 

ATP (Figure 4E, p<0.05). Those certainly are key processes for oocyte maturation, as glucose 317 

metabolism in GC provides energy supplies for oocyte maturation (Wołodko et al. 2021). 318 

Furthermore, energy production through lipid oxidation and ATP production, is also fundamental for 319 

oocyte maturation (Wołodko et al. 2021). Finally, we plotted a subset of genes known to directly 320 

activate the NLRP3 inflammasome signalling pathway (Weber et al. 2020), particularly regarding the 321 

regulation of glutathione, major mediator of NLRP3 signalling (Hughes et al. 2019), as well as other 322 

genes involved in the pathway regulation (Barlan et al. 2011; Billon et al. 2019; Guglielmo et al. 323 

2017; Y. He et al. 2016; Hughes et al. 2019; Hughes and O’Neill 2018; Iyer et al. 2013; Jo et al. 324 

2016; Kim et al. 2015; Li et al. 2016; Martine et al. 2019; Mitoma et al. 2013; Palazón-Riquelme et 325 

al. 2018; Shuvarikov et al. 2018; X. Wang et al. 2014; Wolf et al. 2016; T. Zhang et al. 2021; Zhou et 326 

al. 2010), and confirmed the similarities between 16 L and 4 wk HFD for those gene lists, in 327 

opposition to 16 wk HFD (Figure 4F). Thus, as presently shown, systemic administration of leptin 328 

activated genes from the NLRP3 inflammasome pathway in CCs, corroborating once more the 329 

functional link between leptin signalling and NLRP3 inflammasome activation in CCs of DIO mice. 330 

4.5 Time-course activation of NLRP3-induced inflammasome in liver of DIO mice  331 

Different organs can uniquely adapt to systemic insults like obesity (Smith et al. 2018). 332 

Therefore, in the last experiment was asked to what extent mounting inflammatory response through 333 

NLRP3 inflammasome activation in the ovaries of DIO mice precede other metabolic organs like the 334 

liver. We analysed the expression profile of NLRP3 inflammasome genes in the liver of DIO mice, 335 
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besides testing once more the functional link between leptin signalling and activation of NLRP3 336 

inflammasome at hepatic level, using pharmacological hyperleptinemic and ob/ob mouse models. 337 

Liver samples were collected from DIO, leptin treated and ob/ob female mice, for mRNA 338 

transcription and protein expression analysis (Figure 5A). Real-time PCR analysis (n=5-7/group) 339 

showed no significant changes in expression of all inflammasome components, except for the 340 

increase of Nlrp3 and Il-1β mRNA in 16 wk HFD, but downregulation of Nlrp3 in ob/ob-/- (Figure 341 

5B, p<0.05). Furthermore, protein analysis determined by Western blotting (n=4-8/group) showed an 342 

increase in protein levels of NLRP3, CASP1 (p20), and IL-18 (p18) after 16 wk HFD treatment, 343 

comparing to control (Figure 5C, E and G, p=0.07, p<0.05). Regarding the pro-peptide of CASP1 344 

(p45), its protein was upregulated in 16 L, but downregulated in ob/ob -/-, comparing to controls 345 

(Figure 5D, p<0.05 and p<0.01, respectively). Finally, CASP1 (p20) and IL-18 (p18) proteins were 346 

decreased in ob/ob-/- (Figure 5E, G, p<0.05 and p=0.08, respectively). No significant changes were 347 

observed for pro-IL-18 (p24). The present results on our analysis in the liver indicate a site dependent 348 

NLRP3 inflammasome regulation throughout obesity, since overexpression of NLRP3, CASP1 (p20) 349 

and IL-18 (p18) took place only at 16 wk of DIO. Differences in NLRP3 inflammasome profile 350 

between liver and ovary certainly relay on the intrinsic immunological complexity the liver presents. 351 

The liver, in opposition to the ovary, is constantly exposed to proinflammatory mediators, having 352 

developed the ability to tightly control inflammation (Robinson, Harmon, and O’Farrelly 2016). 353 

Another important observation was the downregulation of NLRP3 and CASP1 (p20) in livers from 354 

ob/ob -/- mice. Other studies corroborated these observations (Negrin et al. 2014), and despite all 355 

intricacies of NLRP3 inflammasome regulation, leptin seems to directly modulate NLRP3 356 

inflammasome activation at hepatic level. Hence, we confirmed the latency of NLRP3 inflammasome 357 

activation in the liver of DIO female mice, which showed signs of upregulation only after 16 wk 358 

HFD treatment. Furthermore, we have confirmed the functional link between leptin and NLRP3 359 

inflammasome activation in the liver. 360 
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5 Discussion 361 

The present study gives the first characterisation of NLRP3 induced inflammasome activation 362 

in the ovaries of DIO mice. Maternal obesity has been largely associated with increased ovarian 363 

inflammation (J. Nteeba et al. 2013; Jackson Nteeba, Ganesan, and Keating 2014; Robker, Wu, and 364 

Yang 2011; Ruebel et al. 2017; Snider and Wood 2019), being a better knowledge of its pathogenesis 365 

of undeniable value for our understanding of ovarian failure and infertility during obesity. We firstly 366 

confirmed the effects of cyclicity on NLRP3 inflammasome activation in the ovaries of lean mice, 367 

observing the upregulation of NLRP3 inflammasome components in D. Subsequently, we temporally 368 

characterised the expression profile of NLRP3 inflammasome components in the ovary, throughout 369 

obesity progression. Indeed, the rapid upregulation of NLRP3 protein in early obesity (after 4 wk 370 

HFD treatment), was followed by a consistent downregulation of NLRP3 inflammasome 371 

components, as NLRP3 and CASP1, in late obesity (after 16 wk HFD). Importantly, using either a 372 

pharmacological hyperleptinemic and a genetic obese ob/ob mouse, we not only evidenced the 373 

functional link between levels of leptin signalling and NLRP3 activation in whole ovaries, but also 374 

the role of leptin on Nlrp3, Il-18 and Il-1β gene expression upregulation in CCs from ovulated 375 

follicles. Finally, after analysing the NLRP3 inflammasome expression pattern in the liver, we 376 

confirmed NLRP3 and CASP1 overexpression took place exclusively after 16 wk HFD treatment, 377 

suggesting a delayed activation of NLRP3 inflammasome activation in comparison with the ovary. 378 

Hence, these results suggest a greater vulnerability of the ovaries in general, and the gamete in 379 

particular, to the energetic surplus females face under obesogenic conditions.  380 

A recent study by Zhang and colleagues evidenced for the first time NLRP3 expression in 381 

various cellular components like GC, TC and oocytes of mouse ovaries (Z. Zhang, Wang, and Zhang 382 

2019). We presently confirmed not only the similar pattern of cellular expression for NLRP3, but 383 

also the upregulation of NLRP3 inflammasome components during D. These findings corroborate 384 
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previous results suggesting the involvement of NLRP3 in inflammation during ovulation in mice (Z. 385 

Zhang, Wang, and Zhang 2019). Furthermore, NLRP3 proinflammatory role in ovarian function 386 

starts getting noticed not only under physiological context (Z. Zhang, Wang, and Zhang 2019), but 387 

also as an important mediator of ovarian pathology during ageing (Navarro-Pando et al. 2021). 388 

Certainly, our hypothesis of NLRP3 inflammasome involvement in inflammatory response in the 389 

ovary of obese mothers seems to be supported also by earlier reports showing NLRP3 inflammasome 390 

activation during development and treatment of PCOS (Guo et al. 2020; F. Wang et al. 2017).  391 

The NLRP3 inflammasome is a critical component of innate immunity, frequently associated 392 

with human disease (Y. He, Hara, and Núñez 2016). Our results evidencing NLRP3 inflammasome 393 

activation in the ovaries of 4 wk HFD treatment are in line with previous reports showing the 394 

accumulation of proinflammatory mediators in the ovary after short term (6 wk HFD) dietary 395 

protocols (Shen, Xu, and Li 2021). Indeed, we presently observed the upregulation of IL-18 protein, 396 

as well as increased mRNA of Tnf (data not shown), after 4 wk HFD underscoring the mounting 397 

inflammatory response. Nonetheless, maintenance of inflammation in the ovaries in long term DIO 398 

mice (after 16 wk HFD) seems to be mediated independently from NLRP3 inflammasome pathway, 399 

as IL-18 and CASP1 mature proteins were significantly downregulated at this time point. 400 

Undeniably, increased levels of IL-1β in the ovaries of 16 wk HFD mice confirm the 401 

proinflammatory state in the ovaries of DIO mice after 16 wk HFD, supported by several studies in 402 

mice showing the abundancy of inflammatory markers like Il-1β, Il-6 and Tnfα and in the ovary of 403 

long term DIO mice fed for 24 wk HFD (J. Nteeba et al. 2013). As a result, the increased levels of 404 

IL-1β at 16 wk HFD confirm the existence of alternative pathways to NLRP3 inflammasome, 405 

mediating IL-1β upregulation (Donado et al. 2020; Jain et al. 2020; Pyrillou, Burzynski, and Clarke 406 

2020; Schmidt and Lenz 2012; Zhu and Kanneganti 2017). To this extent, we have recently shown 407 

the temporal pattern of expression of proinflammatory genes in CCs from DIO mice (Wołodko et al. 408 
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2020). In early obesity, inflammatory cues in CCs were mediated by cellular response to stress 409 

through upregulation of genes like DEAD-box helicase 5 (Ddx5), hypoxia inducible factor 1 subunit 410 

alpha (Hif1a), ADAM metallopeptidase domain 9 (Adam9). Indeed, mediators of stress response as 411 

ROS are known to prime the NLRP3 inflammasome (Gurung et al. 2014). Subsequently, in late 412 

obesity, we saw the overexpression of genes involved in anatomical structural morphogenesis, as C-413 

C motif chemokine ligand 7 (Ccl7), an important chemoattractant of leukocytes (Menten et al. 1999), 414 

and also known to interact with matrix metalloproteinases (MMPs) (Liu et al. 2018), or complement 415 

C3a receptor 1 (C3ar1), a complement component known to mediate neutrophil mobilisation 416 

(Brennan et al. 2019) and lately described as a marker of PCOS progression (D. He et al. 2020). 417 

Therefore, these data suggest important temporal dynamics on the regulation of the inflammatory 418 

response in the ovary throughout obesity progression, with NLRP3 inflammasome playing a critical 419 

role mostly in the initiation of inflammation in the ovaries in early obesity. Conversely, in late 420 

obesity, immune mediated response in the ovary progresses to infiltration of immune cells and 421 

structural reorganisation, independently from the activation of NLRP3 inflammasome. 422 

Our study also sheds light on the important crosstalk between leptin signalling and 423 

inflammasome NLRP3 activation in the ovary of DIO mice. As reviewed by Wani and co-workers, 424 

numerous factors were shown to activate NLRP3 inflammasome during obesity, such as cellular 425 

metabolites, carbohydrates or lipids (Wani et al. 2021). Nonetheless, leptin, a conserved 426 

proinflammatory cytokine (Iikuni et al. 2008; La Cava 2017), was recently shown to upregulated 427 

NLRP3 components in vitro (Fu et al. 2017). Thus, in order to test the hypothesis whether repression 428 

of NLRP3 inflammasome activation in ovaries of 16 wk HFD mice was due to the establishment of 429 

leptin resistance (Wołodko et al. 2020), we studied NLRP3 inflammasome activation in the ovaries 430 

of pharmacological hyperleptinemic and ob/ob mice. Strikingly, we observed a consistent 431 

upregulation of NLRP3 inflammasome genes and accumulation of IL-1β protein in ovaries of leptin 432 
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treated mice, in opposition to ob/ob -/- mice which evidenced consistent downregulation of NLRP3 433 

and IL-1β proteins. Furthermore, reduced levels of NLRP3 were also observed in ob/ob -/- mouse 434 

peritoneal macrophages treated with LPS and nigericin in comparison to wild type mice (Yang et al. 435 

2021), what certainly underlines the preponderant role of leptin on NLRP3 inflammasome regulation. 436 

Therefore, our results invite us to suggest the activation of NLRP3 inflammasome in the ovary of 437 

DIO mice is mediated by leptin signalling. In early obesity (4 wk HFD treatment) leptin actively 438 

signals through receptor b (ObRb) in the ovary (Wołodko et al. 2020), with the overexpression of 439 

NLRP3 inflammasome components; nonetheless, in late obesity (16 wk HFD treatment) after the 440 

establishment of leptin resistance in the organ (Wołodko et al. 2020), expression of NLRP3 441 

inflammasome is drastically repressed. 442 

Next, we reanalysed our datasets on global gene expression in CCs collected from 443 

pharmacological hyperleptinemic and DIO mice, in order to test the association between leptin 444 

signalling and activation of NLRP3 inflammasome in the somatic companions of the oocyte. 445 

Importantly, CCs are known as faithful indicators of intrafollicular environment (Wołodko et al. 446 

2021) and their transcriptome has been used to predict oocyte and embryo quality (Uyar, Torrealday, 447 

and Seli 2013). Despite no changes in 4 wk HFD, we confirmed the overexpression of NLRP3 448 

inflammasome genes in CCs from 16 L. Consequently, we interrogated whether DEGs overlapping 449 

both 16 L and 4 wk HFD treatment could interacted with NLRP3 inflammasome genes. Indeed gene 450 

ontology for associated genes revealed key terms for oocyte maturation, as regulation of glucose 451 

transport, response to ATP and regulation of cytokine biosynthesis. Metabolic regulation in 452 

preovulatory follicles appears to control major steps for maturation of female gamete, as meiosis 453 

resumption, chromatin condensation and cytoplasm maturation (Wołodko et al. 2021). For instance, 454 

glucose, which is mostly metabolised in CCs (Sanfins, Rodrigues, and Albertini 2018) was shown to 455 

be key for oocyte competence (Wilding et al. 2009), as well as reduced ATP content in oocytes was 456 
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linked to failure in fertilisation, arrested division and abnormal embryonic development (J. Zhao and 457 

Li 2012). Furthermore, the aforementioned involvement of NLRP3 inflammasome in ovulation (Z. 458 

Zhang, Wang, and Zhang 2019) can be considered amongst the regulation of the cytokine milieu 459 

locally produced in CCs. Given leptin direct and indirect role in ovulation (Wołodko et al. 2021), 460 

failure in leptin signalling and NLRP3 inflammasome activation in late obesity can account for 461 

increased anovulatory rates in obese mothers (Hou et al. 2016; Wu et al. 2010). Finally, absence of 462 

changes in 4 wk HFD in NLRP3 inflammasome genes can be ascribed to low coverage of our 463 

reduced-cell libraries and also low levels of gene expression. Indeed, the present RNA-seq protocol 464 

used as little as 50 cells per mouse, which has limitations while analysing weakly expressed genes. 465 

Collectively, our results indicate leptin and NLRP3 inflammasome crosstalk in CCs can interfere 466 

with major steps regulating oocyte maturation and early embryo development. 467 

In the last experiment we confirmed the liver, in sharp contrast to the ovary, activated NLRP3 468 

inflammasome later in time during DIO protocol (after 16 wk HFD treatment) in mice. Temporal 469 

differences in inflammatory response regulation between both organs certainly rely on contrasting 470 

exposition to exogenous pathogens. The liver is an organ constantly exposed to proinflammatory 471 

mediators from dietary and commensal bacterial products (Robinson, Harmon, and O’Farrelly 2016). 472 

Thus, the hepatic immune system is constantly in contact with altered metabolic activity and regular 473 

exposition to microbial products, which results in persistent and tightly regulated inflammatory 474 

response (Robinson, Harmon, and O’Farrelly 2016). On the contrary, the ovary is not only a highly 475 

immunogenic organ constantly secreting large amounts of cytokines and immune mediators (Piccinni 476 

et al. 2021), but also more prone to rapidly mounting proinflammatory response during obesity. 477 

Indeed, the inability of the ovary to control inflammation and exacerbated cytokine production 478 

certainly ascribes for the great vulnerability the female gamete presents to maternal obesity even at 479 
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earlier stages. Thus, our results expose the increased ovarian vulnerability to maternal obesity, with a 480 

rapid mounting inflammation which affects the gamete and impairs fertilisation. 481 

In summary, our work evidences the major role leptin signalling exerts on NLRP3 482 

inflammasome activity in the ovary of obese mice. Noteworthy, failure in ovarian leptin signalling 483 

was associated with repression in NLRP3 activity, but not decreased inflammation and levels of IL-484 

1β. Moreover, NLRP3 inflammasome activation in the ovary precedes liver response during obesity 485 

progression suggesting the greater vulnerability the ovary in general, and gamete in particular, to the 486 

energetic surplus during maternal obesity. 487 
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Figure Legends 851 

Figure 1. Morphofunctional characterisation of NLRP3 in the ovary of cyclic mice 852 

(A) Experimental design: oestrous cycle synchronisation with eCG and hCG as previously described 853 

(Hasegawa et al. 2016). Ovaries were collected from animals in oestrus (E) or dioestrus (D) stage of 854 

the cycle. Quantification of mRNA levels of (B) Nod-Like Receptor Protein 3 (Nlrp3), caspase-1 855 

(Casp1), interleukin-1β (Il-1β), interleukin-18 (Il-18) by real-time PCR. Abundance of (C) Nod-Like 856 

Receptor Protein 3 (NLRP3), (D) pro IL-18 p24, (E) IL-18 p18, (F) pro CASP1 p45 and (G) CASP1 857 

p20 protein during E and D measured by western blotting analysis. Data was normalized to ribosomal 858 

protein L37 (Rpl37) mRNA expression and β-actin of or glyceraldehyde 3-phosphate dehydrogenase 859 

(GAPDH) protein expression. Bars represent mean ± SEM. Statistical analysis between groups was 860 

carried out using Mann–Whitney. n=5-7 for real-time PCR analysis and n=6 for immunoblots. 861 

Asterisks indicate significant differences (*p< 0.05; **p<0.01). Representative immunohistochemical 862 

staining of NLRP3 protein during follicular development in the mouse ovary. Positive staining in 863 

brown, counterstaining with heamatoxylin. (H, J) Negative control incubated with secondary 864 

antibody. Localisation of NLRP3 in (I) whole ovary of 16 weeks (wk) mice fed chow diet (CD), (K) 865 

primary follicles of 16 wk CD mice, (L) secondary follicles of 16 wk high fat diet (HFD) mice, and 866 

(M) preantral follicles of 16 wk CD mice. Staining was detected in granulosa and theca cells. Faint 867 

staining was observed in the oocytes of all stages of folliculogenesis. Arrows denote granulosa cells, 868 

arrow-heads denote theca cells, asterisks denote oocytes. The immunohistochemistry staining was 869 

confirmed by immunofluorescent localisation of NLRP3. Positive staining in orange, nuclear 870 

counterstaining with DAPI in blue. (N) Negative control 16 wk CD stained with polyclonal rabbit 871 

IgG. NLRP3 localised in (O) whole ovary, (P-Q) secondary follicles of 16 wk CD mice, (R-S) 872 

preantral follicles of 16 wk HFD mice, (T-U) antral follicles of 16 wk HFD mice. Inserts in top left 873 

corners represent magnifications of granulosa cells. Scale bars represent 20 or 100 μm.  874 

 875 

Figure 2. Diet induced-obesity changes NLRP3 expression in the ovary 876 

(A) Experimental design: mice were fed either chow diet (CD) or high fat diet (HFD) for 4 weeks 877 

(wk) or 16 wk and ovaries were collected during dioestrus stage. Quantification of (B) Nod-Like 878 

Receptor Protein 3 (Nlrp3), caspase-1 (Casp1), interleukin-1β (Il-1β), and interleukin-18 (Il-18) 879 

mRNA by real-time PCR. Abundance of (C) NLRP3, (D) pro CASP1 p45, (E) CASP1 p20, (F) pro 880 
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IL-18 p24, (G) IL-18 p18 protein measured by western blotting and (H) IL-1β protein measured by 881 

ELISA in ovarian extracts collected from DIO mice. mRNA level was normalized with ribosomal 882 

protein L37 (Rpl37)  value and protein expression with β-actin or glyceraldehyde 3-phosphate 883 

dehydrogenase (GAPDH) level. Bars represent mean ± SEM. Differences between control and 884 

treatment groups analysed with Mann–Whitney; n=6-9 for real-time PCR analysis, n=8 for 885 

immunoblots and n=6 for ELISA. Asterisks indicate significant differences (*p< 0.05; **p<0.01; 886 

+p=0.06; +p=0.07 or +p=0.082 – all values indicated). 887 

 888 

Figure 3. Leptin signalling in the ovary drive changes of NLRP3 during obesity 889 

A) Experimental design: i) pharmacological hyperleptinemia model, mice were either injected with 890 

saline or 100µg of leptin (L) for 16 days ; and ii) genetic obesity model, mice lacking leptin in 891 

circulation (ob/ob -/-) or control group (ob/ob +/?). B) Heatmap illustrating fold of change in 892 

expression of mRNA of genes Nod-Like Receptor Protein 3 (Nlrp3), caspase-1 (Casp1), interleukin-893 

1β (Il-1β), interleukin-18 (Il-18), apoptosis-associated speck-like protein containing A CARD (Asc), 894 

interleukin-10 (Il-10) and tumour necrosis factor alpha (Tnf) in hyperleptinemia and ob/ob models 895 

determined by real-time PCR. The scale matches colours to log 2 fold change (log2_FC) values. 896 

Abundance of (C) NLRP3, (D) pro CASP1 p45, (E) CASP1 p20 measured by wersten blotting and 897 

(F) Il-1β quantified by EIA, in the mouse ovarian extracts. Level mRNA normalized with ribosomal 898 

protein L37 (Rpl37)  value and protein expression with β-actin or glyceraldehyde 3-phosphate 899 

dehydrogenase (GAPDH) . Bars represent mean ± SEM. Statistical analysis between groups was 900 

carried out using Mann–Whitney test. n=6-9 for real-time PCR analysis and n=4-8 for immunoblots. 901 

Asterisks indicate significant differences (*p< 0.05; + p=0.07). 902 

 903 

Figure 4. Cumulus cells transcriptome analysis from diet- induced obese and pharmacologically 904 

hyperleptinemic mice reveals leptin-mediated regulation of NLRP3 inflammasome genes 905 

A) Experimental design: RNA-Seq analysis of differentially expressed genes in cumulus cells 906 

collected from mice: i) with diet- induced obesity (DIO) fed chow diet (CD) or high fat diet (HFD) 907 

for 4 weeks (wk) or 16 wk ii) with pharmacologically hyperleptinemic (LEPT) injected with saline 908 

(C) or 100µg of leptin (L) for 16 days. B) Heatmap illustrating expression of genes from leptin 909 
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signalling pathway and NLRP3 inflammasome in LEPT and 4 wk HFD normalized by control group 910 

fed CD or injected with saline, respectively. Downregulated genes in blue, upregulated genes in 911 

orange. The scale on the right matches colours to log 2 fold change (log2 FC) values. (C) Heatmap 912 

showing significant changes in major constitutive genes in both conditions leptin and 4 wk HFD. (D) 913 

Five main clusters in the network representing strong interaction between selected genes described in 914 

B and genes presented in C. (E) Pie chart that displays the main three gene ontology terms that were 915 

significantly enriched in cumulus cells in both conditions LEPT and 4 wk HFD. Gene ontology 916 

analysis performed with Gene Ontology Enrichment Analysis and Visualisation Tool. (F) Heatmaps 917 

showing conserved genes involved in NLRP3 inflammasome activation, glutathione metabolism and 918 

other regulations. log2 FC of reads per million (RPM).  919 

 920 

Figure 5. NLRP3 activity in the liver of diet- induced obese, hyperleptinemic and genetically obese 921 

mice  922 

(A)Experimental design: i) diet induced obese (DIO) mice were fed chow diet (CD) or high fat diet 923 

(HFD) for 4 weeks (wk) or 16 wk; ii) pharmacologically hyperleptinemic mice were treated with 924 

saline (C) or 100µg of leptin (L) for 16 days; iii) genetically obese mice lacking leptin (ob/ob -/-) and 925 

control group (ob/ob +/?). (B) Heatmap illustrating fold change in expression of mRNA of genes 926 

Nod-Like Receptor Protein 3 (Nlrp3), caspase-1 (Casp1), interleukin-1β (Il-1β), and interleukin-18 927 

(Il-18), apoptosis-associated speck-like protein containing a CARD (Asc), interleukin-10 (Il-10) and 928 

tumour necrosis factor alpha (Tnf) in DIO, hyperleptinemia and ob/ob models in comparison to 929 

respective controls, determined by real-time PCR. The scale on the right matches colours to log2 fold 930 

change (log2 FC) values. Data normalised to mRNA expression of ribosomal protein L37 (Rpl37). 931 

Abundance of (C) NLRP3, (D) pro CASP1 p45, (E) CASP1 p20, (F) pro IL-18 p24 in mouse liver of 932 

DIO, hyperleptinemic and ob/ob mice measured in western blotting analysis. Protein normalised with 933 

β-actin or glyceraldehyde 3-phosphate dehydrogenase (GAPDH) level. Bars represent mean ± SEM. 934 

Statistical analysis between groups was carried out using Mann–Whitney test; n=6-9 for real-time 935 

PCR analysis and n=5-8 for immunoblots. Asterisks indicate significant differences (*p< 0.05; 936 

**p<0.01). 937 

 938 

Table 1. Specification of antibodies used for Western blotting. 939 
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 940 

Antibody name and specificity Company, Cat no, RRID no Antibody dilution 

Mouse monoclonal against NLR 

family pyrin domain containing 3 

(NLRP3) 

AdipoGen Cat# AG-20B-0014, 

RRID:AB_2490202 
1:1000 

Rabbit monoclonal against Caspase 1 

(CASP1) 

Abcam Cat# ab108362, 

RRID:AB_10858984 
1:1000 

Rabbit polyclonal against  

interleukin-18 (IL-18) 

Abcam Cat# ab71495, 

RRID:AB_1209302 
1:250 

Mouse monoclonal against  

β-actin 

Sigma-Aldrich Cat# A2228, 

RRID:AB_476697 
1:10 000 

Rabbit polyclonal against 

glyceraldehyde 3-phosphate 

dehydrogenase (GAPDH) 

Abcam Cat# ab9485, 

RRID:AB_307275 
1:2500 

Goat anti-Mouse IgG (H+L) 

Secondary Antibody, HRP 

Thermo Fisher Scientific Cat# 

31430, RRID:AB_228307 
1:1000 

Goat anti-Rabbit IgG (H+L) 

Secondary Antibody, HRP 

Thermo Fisher Scientific Cat# 

31460, RRID:AB_228341 
1:20 000 

Goat anti-Mouse IgG (H+L) 

Secondary Antibody, AP 

Thermo Fisher Scientific Cat# 

31321, RRID:AB_10959407 
1:1000 

Goat Anti-Rabbit IgG (whole 

molecule) Secondary Antibody, AP 

Sigma-Aldrich Cat# A3687, 

RRID:AB_258103 
1:10 000 

 941 

 942 

 943 

 944 

 945 

 946 

 947 

 948 

 949 

 950 

 951 

 952 
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 953 

 954 

 955 

 956 

 957 

 958 

 959 

 960 

 961 

Table 2. Specific primers used for quantitative real-time PCR. 962 

 963 

 964 

 965 

Gene name Gene 

symbol 

GenBank 

Accession no. 
Sequences 5’-3’ 

Length 

(base 

pairs) 

.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted August 17, 2021. ; https://doi.org/10.1101/2021.08.16.456479doi: bioRxiv preprint 

https://doi.org/10.1101/2021.08.16.456479
http://creativecommons.org/licenses/by-nc-nd/4.0/


 

 
35 

 966 

Table 3. Body weight measurement of 3 mouse models 967 

Diet induced obese (DIO) mice were fed chow diet (CD) or high fat diet (HFD); ii) 968 

pharmacologically hyperleptinemic mice were treated with saline (C) or leptin (L) for 16 days; iii) 969 

genetically obese mice lacking leptin (ob/ob -/-) and control group (ob/ob +/?). Statistical analysis 970 

between groups was carried out using T-test. Asterisks indicate significant differences (**p< 0.01; 971 

***p< 0.001; ****p<0.0001). 972 

 973 

NLR family 

pyrin domain 

containing 3 

Nlrp3 NM_145827.4 

F: TGGATGGGTTTGCTGGGATA 

R: TGCTTGGATGCTCCTTGACC 
190 

Caspase 1 Casp1 NM_009807.2 

F: CATGCCGTGGAGAGAAACAA 

R: GGTGTTGAAGAGCAGAAAGCAA 
151 

Interleukin-1β IL-1β NM_008361.4 

F: TTGACGGACCCCAAAAGATG 

R: GCTTCTCCACAGCCACAATGA 
144 

Interleukin-18 Il-18 NM_008360.2 

F: GAAGAAAATGGAGACCTGGAATCA 

R: TCTGGGGTTCACTGGCACTT 
157 

Apoptosis-

Associated 

Speck-Like 

Protein 

Containing A 

CARD 

Asc NM_023258.4 

F: GCTTAGAGACATGGGCTTACAGGA 

R: CCAGCACTCCGTCCACTTCT 
179 

Interleukin-10 Il-10 NM_010548.2 

F: CCTGGGTGAGAAGCTGAAGAC 

R: CTGCTCCACTGCCTTGCTCT 
91 

Tumor necrosis 

factor 
Tnf NM_001278601.1 

F: GCCACCACGCTCTTCTGTCT 

R: TGAGGGTCTGGGCCATAGAA 
106 

Ribosomal 

protein 

L37 

Rpl37 NM_026069.3 

F:CTGGTCGGATGAGGCACCTA 

R: AAGAACTGGATGCTGCGACA 
108 
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 974 

 0 wk 4 wk 8 wk 12 wk 16 wk 

CD 17.0 (±0.6) 19.7 (±1.0) 20.0 (±0.9) 20.9 (±1.0) 22.6 (±2.5) 

HFD 19.4 (±0.8) 24.8 (±2.5)**** 29.1 (±3.6)**** 33.1 (±4.3)**** 37.6 (±3.7)**** 

 0 d 3 d 9 d 12 d 16 d 

C 21.7 (±1.7) 22.8 (±2.0) 22.1 (±2.1) 21.5 (±1.6) 21.9 (±1.9) 

L 21.8 (±1.9) 20.5 (±1.9) 19.0 (±1.4)** 18.5 (±1.2)*** 19.4 (±1.7) 

 8 wk 9 wk 10 wk 11 wk 12 wk 

ob/ob +/? 20.9 (±1.6) 21.5 (±1.6) 22.2 (±1.6) 22.8 (±2.1) 22.7 (±2.1) 

ob/ob -/- 39.8 (±5.4)**** 43.1 (±5.0)**** 45.0 (±4.7)**** 47.4 (±5.7)**** 48.8 (±4.0)**** 

 975 
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