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SUMMARY  The nucleotide-binding domain, leucine-rich-repeat-containing family, pyrin 
domain-containing 3 (NLRP3) inflammasome is a multiprotein complex found in many 
myeloid cells that plays an important role in regulating the innate immune response. The 
NLRP3 inflammasome requires two signals to become fully activated; a pathogen-associated 
molecular pattern (PAMP) to prime the NF-ΚB pathway and a damage-associated molecular 
pattern (DAMP) to activate inflammasome formation.  The priming of the NF-ΚB pathway 
results in the production of pro-IL-1β, pro-IL-18, and pro-caspase-1, along with a variety of 
other cytokines such as TNF-α. The activated NLRP3 inflammasome cleaves the pro-caspase-
1 into mature caspase-1 which then cleaves the pro-Il-1β and pro-Il-18 into mature Il-1β and 
Il-18 respectively.  The mature Il-1β and Il-18 can then leave the cell via secretion or 
pyroptosis. Panax ginseng is used widely in East Asian traditional medicine for its anti-
inflammatory properties. Many of its medicinal properties are thought to come from 
ginsenoside Rg3 which is thought to play a role in regulating the NLRP3 inflammasome. In 
this study, we sought to develop a working model for the activation of the NLRP3 
inflammasome in J774A.1 murine macrophage cells, and to investigate if Rg3 has inhibitory 
effects on the priming, activation, or both signals leading to NLRP3 inflammasome assembly. 
We were able to detect pro-IL-1β following treatment with LPS. Further, we were able to 
demonstrate the apparent down-regulation of TNF-α production in LPS-treated J774A.1 cells 
by ginsenoside Rg3. 
 
 
INTRODUCTION 

he NLRP3 inflammasome is a multiprotein complex which plays a key role in 
inflammation (1). The NLRP3 inflammasome is highly expressed in myeloid cells, 

including dendritic cells and macrophages, and is an important contributor to the innate 
immune response (1, 2). NLRP3 inflammasome assembly is initiated by a broad range of 
extracellular, intracellular, and environmental signals. This is a 2-step process with priming 
occurring first, followed by activation. Priming can be initiated by stimulation of NOD-like 
receptors (NLRs)s, TOLL-like receptors (TLRs), or cytokine receptors on resting 
macrophages by PAMPs such as lipopolysaccharides (LPS), leading to the activation of the 
transcription factor NF-kB (3). NF-kB then upregulates inflammatory cytokines TNF-α, and 
other proteins involved in the inflammasome response such as NLRP3, pro-caspase 1, and 
pro-IL-1β (2). Once the cell has been primed, activation can be initiated by a variety of 
stimuli, including host, pathogen, and environment-derived antigens such as ATP or 
Nigericin, which is a microbial toxin derived from the gram-positive bacteria Streptomyces 
hygroscopicus (3, 4, 5). Upon stimulation, NLRP3 oligomerizes and recruits the adaptor 
protein ASC (apoptosis-associated speck-like protein containing a caspase recruitment 
domain). Assembled ASC recruits pro-caspase 1 causing proximity-induced caspase 1 self-
cleavage and activation. Caspase 1 then cleaves pro-IL-1β and pro-IL-18 to mature IL-1β and 
mature IL-18 respectively. IL-1β and IL-18 are then released from the cell by either secretion 
or pyroptosis, and act as strong stimulators of inflammation in other cells (2). This release of 
IL-1β mediates the inflammatory response by recruiting neutrophils to the site of infection or 
injury, where they can either digest the pathogenic molecule, or recruit other immune cells to 
defend the host (6, 7). The cell cytoskeleton is also thought to play a role in the regulation of 
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the NLRP3 inflammasome (8) as actin rearrangement has been associated with 
inflammasome formation (9).  

As there are different types of inflammasomes found in vivo including the NLRC4 and 
AIM2 inflammasomes, the formation of the NLRP3 inflammasome does not seem to be 
specifically essential to host defense against pathogens (10, 11, 12). However, in diseases 
such as atherosclerosis, type 2 diabetes, gout and cryopyrin-associated periodic syndromes 
(CAPS), NLRP3 inflammasome activation, and its subsequent IL-1β production, play an 
important role in disease progression and severity (13, 14, 15, 16). Similarly, inflammation 
has been shown to interact with obesity in a pervasive cycle to exacerbate negative effects on 
health. It has been demonstrated that adipose tissue is a source of chemokines and 
proinflammatory cytokines, such as IL-1β, that exacerbate inflammation (17, 18). Further, 
studies have linked the NLRP3 inflammasome and obesity in a bidirectional fashion by 
showing that the inflammasome, and inflammasome-associated cytokines, impact the 
outcome of obesity. Specifically, it has been shown that NLRP3 and caspase 1 mediate 
adipocyte differentiation and adipogenic gene expression, which promote obesity (19, 20). 
The development of modern hygiene practices as well as the widespread use of antibiotics 
and vaccines has nearly doubled life expectancy since the 1700s (21). The decreased 
incidence of acute illness, and increased longevity, have been associated with an increased 
morbidity and mortality burden from chronic illnesses, including many age-related metabolic 
disorders (22, 23). According to Statistics Canada and the CDC, heart disease is the second 
leading cause of mortality in Canada and the first leading cause of mortality in the United 
States (24, 25). Type 2 diabetes and obesity are major risk factors for developing heart 
disease, and according to statistics Canada, in 2018 26.8% of Canadians were considered 
obese and another 36.3% were considered overweight (26). Together, this accounts for 17.2 
million people in Canada alone. Additionally, according to Diabetes Canada, diabetes rates 
are continuing to rise with 5.7 million people in Canada currently diagnosed with diabetes 
(type 1 or type 2), and rates are showing no signs of leveling or decreasing (27). The rising 
frequency of metabolic-related diseases highlights the utmost importance of developing novel 
therapeutics and preventative treatments for these diseases. The NLRP3 inflammasome, 
responding to a diverse array of DAMPs associated with metabolic disease, is a promising 
target for the development of novel therapeutics (22).  

Ginsenoside Rg3 is a chemical ingredient isolated from the traditional medicinal herb 
Panax ginseng which has been used widely in traditional Chinese medicine (28). Rg3 has 
been found to regulate blood vessel growth, decrease inflammation, and inhibit tumour 
growth (29, 30, 31, 32). Because of its pharmacological properties, Rg3 was approved by the 
Chinese Food and Drug Administration for treating non-small cell lung cancer in 2002 (31). 
Rg3 is believed to play an anti-inflammatory role through inhibition of the NLRP3 
inflammasome, however, the mechanisms of this inhibition remain unclear. While some 
studies have shown that Rg3 has the ability to inhibit the priming step of the NLRP3 
inflammasome, mediated through the NF-kB pathway (33, 34, 35), another study 
demonstrated that Rg3 may be able to directly inhibit NLRP3 oligomerization and subsequent 
NLRP3-ASC interactions (36). These studies indicate that Rg3 may be able to regulate the 
NLRP3 inflammasome through multiple mechanisms. Further characterization of the 
mechanisms by which Rg3 inhibits the NLRP3 inflammasome would allow for a better 
understanding of how Rg3 could be used as a novel therapeutic for metabolic-related diseases. 

In this study, we aimed to test the effects of Rg3 on NLRP3 inflammasome activation. 
Firstly, we aimed to optimize the inflammasome activation model by treating J774A.1 murine 
macrophage cells with a range of nigericin concentrations at various time points following 
LPS stimulation. Secondly, to test the effect of Rg3 on NLRP3 inflammasome activation, we 
treated cells with Rg3 prior to and following LPS stimulation, and activated the 
inflammasome with the optimized nigericin stimulation conditions. As previous studies had 
difficulty detecting inflammatory cytokines released by inflammasomes (37, 38, 39), 
fluorescence microscopy of actin structures can provide an additional method of measuring 
inflammasome activation, therefore we used fluorescence microscopy to visualize the actin 
skeletons of each of our conditions by tagging the actin with an Alexa Fluor 568-Phalloidin 
conjugate, then used ImageJ to identify changes in the actin cytoskeleton (40). We predicted 
to see morphological changes in the actin skeleton following inflammasome activation, and 



UJEMI Bootsma et al. 

September 2023   Volume 28: 1-13 Undergraduate Research Article • Not refereed https://jemi.microbiology.ubc.ca/ 3 

a lesser degree of change for the conditions pre-treated with Rg3 assuming it has an inhibitory 
effect on inflammasomes. We observed pro-IL-1β production in response to LPS priming of 
J774A.1 macrophages, yet we were unable to detect the cleaved mature protein in cell lysates. 
However, IL-1β was detectable in the supernatants, and thus this model shows promise to 
detect cleaved IL-1β  production in future studies to measure inflammasome activation. 
Furthermore, we observed a lower production of TNF-α in response to Rg3 treatment, 
supporting that Rg3 is anti-inflammatory.  

 
 
METHODS AND MATERIALS 

Reagent Preparation. LPS (Escherichia coli) (Sigma-Aldrich, Cat no. L4391) available in 
stocks of 1 mg/ml, was used for cell stimulation for signal 1. Nigericin from Streptomyces 
hygroscopicus (EMD Millipore, Cat no 481990) was resuspended in 95% ethanol at 5 mg/mL, 
and was used to stimulate the cell for signal 2. 1mg of ginsenoside Rg3 (Sigma-Aldrich Cat 
no. 64139) was dissolved in 200μl DMSO for final stock concentration of 5mg/mL.  
 
Cell Culture. J774A.1 mouse macrophages (Kronstad Lab, Michael  Smith Laboratories,  
UBC) were cultured in DMEMc media composed of Dulbecco's Modified Eagle Medium 
(DMEM), 10% Fetal Bovine Serum (FBS), and 2mM L-Glutamine (GlutaMax) (Thermo  
Fisher,  Cat no.  35050061). The J774A.1 cells were at passage number 14 at the beginning 
of the experiment. Frozen cell stocks were created using DMEMc + 5% DMSO at 1.87 x 106 
to 3.39 x 106 cells per cryovial. Cells were grown in an incubator at 37°C with 5% CO2 in 
Thermo fisher EasYFlask tissue culture flasks (Thermo Fisher, Cat no. 156340) and Thermo 
fisher adherent cell plates (Thermo Fisher, Cat no. 140675) with the appropriate amount of 
media according to the manufacturer’s instructions. The media was refreshed approximately 
every 2-3 days. The cells were passaged once they reached approximately 80-85% 
confluency. Frozen stocks of cells were thawed in a 37°C water bath and were given at least 
48 hours to recover before changing media, passaging, or treatment. 
 
Stimulation of cells with LPS. To verify successful priming by LPS, two wells of a 6-well 
plate with approximately 3.0 x 105 J774A.1 cells per well were inoculated and grown for 24 
hours. Cells were treated with LPS containing stimulation media, composed of DMEMc + 
500 ng/ml LPS (3), or the PBS control media, composed of DMEMc + an equivalent volume 
of 1x PBS. Inverted phase contrast micrographs (Zeiss Primovert) with the 40X objective 
fitted with an Axiocam ERc5s (Zeiss). were used to image the cells at 3-, 24-, and 48-hours 
post-treatment.  
 
Stimulation for NLRP3 inflammasome. To activate the inflammasome, cells were primed 
with LPS (500 ng/mL) then activated with nigericin (10μM and 15μM, diluted in DMEMc). 
Three 6-well plates were seeded with 4 x 105 cells per well then incubated for 24 hours. 15 
of the 18 wells were treated with LPS stimulation media and the remaining 3 wells were 
treated with PBS control media. The media from the LPS treated wells was removed after 
four hours and replaced with the corresponding conditions: PBS stimulation media was added 
to 3 of the wells, 10μM nigericin stimulation media was added to 6 of the wells, and 15μM 
nigericin stimulation media was added to the remaining 6 wells. After 2 hours of nigericin 
treatment, the supernatants were transferred to Eppendorf tubes, and the cells were lysed over 
ice with 50μL/well of lysis buffer (20mM Tris (pH 8.8), 127mM NaCl, 10% glycerol, 1% 
Triton X-100, 2mM EDTA, and distilled H2O). The lysates were centrifuged for 10 minutes 
at 14,000 RPM at 4°C, and the supernatants were centrifuged at 1000 RPM for 3 minutes to 
remove cell debris before transferring to new tubes. The lysates and supernatants were frozen 
at -20°C until further use.  
 
Rg3 treatment of cells. Four 6-well plates were seeded with 4 x 105 J774A.1 cells/well and 
grown for 24 hours prior to treatment. The concentrations used for this experiment were 15 
μM nigericin, 500 ng/mL LPS, and 5μg/mL ginsenoside Rg3. The media containing the 
previous treatment was replaced with 2mL of media containing the next treatment. The wells 
were treated in duplicates as per the conditions in Table 1.  
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Hour (8hr Timeframe) 1 2 3 4 5 6 7 8 
Condition 1 (PBS Only)   PBS PBS PBS PBS PBS PBS 
Condition 2 (LPS Only)   LPS LPS LPS LPS PBS PBS 
Condition 3 (Rg3 Only)       Rg3 Rg3 
Condition 4 (Rg3-LPS) Rg3 Rg3 LPS LPS LPS LPS PBS PBS 
Condition 5 (LPS-Rg3)   LPS LPS LPS LPS Rg3 Rg3 
Condition 6 (LPS-N)   LPS LPS LPS LPS Nigericin Nigericin 
Condition 7 (Rg3 (1hr)-
LPS-N) 

 Rg3 LPS LPS LPS LPS Nigericin Nigericin 

Condition 8 (Rg3(2hr)-LPS-
N) 

Rg3 Rg3 LPS LPS LPS LPS Nigericin Nigericin 

Condition 9 (LPS-
N&Rg3(1hr)) 

   LPS LPS LPS LPS Nigericin & 
Rg3 

Condition 10 (LPS-
N&Rg3(2hr)) 

  LPS LPS LPS LPS Nigericin & 
Rg3 

Nigericin & 
Rg3 

 
At the end of each treatment condition, we collected the culture media for subsequent ELISA 
experiments, lysed the cells, and handled the samples in the same manner as the stimulation 
test, with the exception of combining the duplicates together to maximize protein quantity. 
 
IL-1β and TNF-α ELISA. The ELISAs were conducted on cell supernatants using the 
Invitrogen IL-1 beta Mouse Uncoated ELISA Kit (Thermo Fisher, Cat no. 88-7013-88) and 
Invitrogen TNF alpha Mouse Uncoated ELISA Kit (Thermo Fisher, Cat no. 88-7324-88) 
according to the manufacturer's instructions. The ELISA wash buffer was prepared using 1X 
PBS and 0.05% Tween-20. 1M H3PO4 was used as an ELISA stop buffer (Thermo Fisher, 
Cat no. SS04). 
 
SDS-PAGE. Cell culture supernatants were concentrated using Amicon Ultra-15 Centrifugal 
Filter Tubes with 10 kDa molecular weight cutoff. Protein concentration was quantified prior 
to loading using the Pierce BCA Protein Assay Kit (Thermo Fisher, Cat no. 23225), following 
the manufacturer’s instructions. SDS-PAGE gels were made with a 12% acrylamide resolving 
layer and 4% acrylamide stacking layer. 20µg/well of protein per well was loaded with 4X 
sample loading buffer (0.25 M Tris-HCl pH 6.8, 8% SDS, 30% Glycerol, and 0.02% 
Bromophenol Blue containing 0.3M DTT). We used 1x Tris-Glycine SDS-PAGE 
Electrophoresis buffer as our running buffer and Triton X-100 lysis buffer as a diluent. The 
Thermo Scientific Spectra Multicolor Broad Range Protein Ladder (Thermo Fisher, Cat no. 
26634) was used. The gels ran in SDS-PAGE running buffer at 200V until the loading dye 
had run off the bottom of the gel (40-50 minutes). The gels were then transferred to an 8 x 
5.5 cm Hybond-P:PVDF (polyvinylidene difluoride membrane) at 30V and 4°C overnight in 
a Towbin buffer (25 mM Tris-HCl pH 8.3, 192 mM glycine, 20% (v:v) methanol). 
 
Western blotting. After blocking the membranes with 5% BSA in TBS-T for 45 minutes at 
room temperature, one membrane was incubated in 1:1000 dilution of goat anti-mouse Il-1β 
Ab (R&D Systems, Cat no. AF-401-NA) and the second was incubated in 1:1000 monoclonal 
mouse anti-mouse β-actin Ab (Sigma-Aldrich, Cat no. A5316) for 1 hour. The first membrane 
was incubated in a 1:10000 dilution of anti-goat IgG Ab HRP conjugate (R&D Systems, Cat 
no. HAF109) in TBS-T + 1% BSA (Sigma-Aldrich, Cat no. A7906) for 45 minutes. The 
second membrane was incubated in a 1:10000 dilution of goat anti-mouse IgG Ab H/L:HRP 
(BioRad, STAR207P) in TBS-T + 1% BSA for 45 minutes. Finally, membranes were treated 
with a 1:1 solution of luminol and peroxide (Biorad, Cat no. 1705061) for 4 minutes, and then 
imaged using a ChemiDoc imaging system.  Two gels were run with equal amounts of protein 
loaded but were probed separately for IL-1β and β-actin respectively. 
 

TABLE. 1 Treatment conditions over an 8-hour period. 
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Visualization of morphology with phase contrast and fluorescence microscopy. J774A.1 
cells were seeded on glass coverslips in a 12-well plate at a density of 0.1 x 106 cells/well. 
Cells were grown to a confluency of 85% and treated with the same conditions as the 6-well 
plate Rg3 procedure, with no replicates. After each treatment was completed, the wells were 
fixed with Pierce 16% Formaldehyde (Thermo Fisher, Cat no. 28906) diluted to 4% as per 
the manufacturer’s instructions and stored in 1x PBS at 4°C. The cells were permeabilized 
with a 0.25% Triton x-100 solution in 1x PBS + 1% BSA for 10 minutes at room temperature. 
The wells were then treated with 1:100 dilution of Alexa Fluor 568- phalloidin (Invitrogen, 
Cat no. A12380) in 1x PBS + 1% BSA for 20 minutes in dark at room temperature to stain 
the actin cytoskeleton. After rinsing with 1x PBS, 1 ml of PBS and 2 drops of Nuc Green 
Dead 488 ReadyProbes (Thermo Fisher, Cat no. R37109) were added to each well and the 
plate was incubated in darkness at room temperature for 25 minutes. Following another 1x 
PBS rinse, coverslips were mounted to a microscope slide using Invitrogen ProLong Gold 
Antifade Mountant (Thermo Fisher, Cat no. P36930) and edges were sealed with clear nail 
polish. The slides were viewed with a fluorescence microscope using 40x and 100x (oil 
immersion) objectives, and images were captured with a Zeiss Axiocam 202 monochrome 
camera. Five representative cells (Supplementary Fig. S4) from the actin labeled images for 
each cell condition (except LPS-N+Rg3(1hr) due to poor image quality), then measured for 
the length at the longest axis, area, perimeter, and circularity index (0-1) using image J. 
 
RESULTS 

LPS induced pro-IL-1β upregulation, but nigericin did not produce detectable 
mature IL-1β. To determine the optimal conditions for inflammasome activation in J774A.1 
macrophages, we analyzed the production of pro-IL-1β and cleaved Il-1β in response to LPS 
priming and different concentrations and time of nigericin stimulation via western blot. Two 
identical membranes were primed for either Il-1β or beta-actin. We found that LPS 
stimulation induced pro-IL-1β production compared to unstimulated controls (Fig.1), but no 
cleaved IL-1β could be detected in LPS and nigericin treated cells. 

 
Exposure to Nigericin leads to increased detection of IL-1β in cell supernatants over 

both time and concentration. Because we were unable to detect cleaved IL-1β in our protein 
lysates, we investigated the cell supernatants to determine if IL-1β was being secreted 
following nigericin treatment. We used a capture antibody ELISA with three technical 
replicates to measure the concentration of secreted IL-1β from J774A.1 murine macrophages 
treated with nigericin for 45 or 120 minutes at 10uM or 15uM concentrations, both after 4 
hours of LPS stimulation (Fig. 2). We detected no IL-1β in the supernatants of our PBS and 
LPS only conditions. We also did not detect any IL-1β in the 10 uM/45 minute nigericin 
treatment condition. We did observe IL-1β secretion for the other three conditions with 
concentration increasing with both time and nigericin concentration, to a maximum of 868 
pg/mL in our 15uM/120 minute treatment condition. Unfortunately, the ELISA does not 
differentiate between pro-IL-1β or cleaved IL-1β. Thus, these results possibly indicate that  

FIG. 1 Pro-IL-1β is induced in 
J774A.1 macrophages in response to 
LPS. Western Blot Analysis for pro-IL-
1β (31kDa) or cleaved IL-1β (17kDa) of 
cell lysates from J774A.1 macrophages 
treated with LPS (500 ng/mL) or PBS for 
4 hours then stimulated with PBS for 2 
hours or nigericin (10uM or 15uM) for 
45 min or 2 hours. β-actin is shown as a 
loading control, probed on a different 
membrane. 
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we did, in fact, create an activated model of the NLRP3 inflammasome, and we are detecting 
cleaved IL-1β, or it might mean that our cells are dying following nigericin treatment, 
releasing pro-IL-1β.  

Rg3 affects TNF-α secretion in LPS stimulated cells. At this point we had been unable 
to detect cleaved IL-1β following cell stimulation, hence, we decided to focus on the initial 
priming step of NLRP3 inflammasome activation. TNF-α is a secreted cytokine which is 
controlled via the NF-κB pathway. Pro-IL-1β, commonly used as a readout for NLRP3 
inflammasome priming, is also regulated via the NF-κB pathway, however, is typically not 
secreted (2). Thus, because they are both regulated via the same pathway, we used TNF-α as 
a proxy for NLRP3 inflammasome priming. We wanted to test the effects of Rg3 on LPS-
dependent TNF-α production and determine if the timing of Rg3 exposure played a role. 
Therefore, we either pre-treated cells with Rg3 for 2 hours prior to LPS stimulation, or treated 
cells with Rg3 for 2 hours after LPS stimulation. As expected, untreated cells had low 
detectable levels of TNF-α in the cultured media, and stimulation with LPS resulted in high 
levels of detectable TNF-α (Fig. 3). However, treatment with Rg3 either before or after LPS 
stimulation inhibited the release of TNF-α. This suggests that Rg3 may inhibit a post-
transcriptional step of TNF-α release, but further tests would need to be done to test this 
hypothesis.  

 

We also treated cells with Rg3 for 1 or 2 hours followed by 4 hours of LPS priming and 
2 hours of nigericin activation. Another set of cells were primed with LPS for 4 hours 
followed by concurrent treatment with nigericin and Rg3 for 1 or 2 hours. Higher levels of 
TNF-α are present when cells were treated with Rg3 concurrently with nigericin following 
LPS treatment compared to when cells were treated with Rg3 before treatment with LPS 
followed by nigericin (Supplementary Fig. S2). However, our activated control (cells treated 
with LPS for 4 hours followed by 2 hours with nigericin) had lower than expected levels of 
TNF-α. If priming occurred as expected in this control, we would expect to see levels of TNF-

FIG. 2 Exposure to Nigericin leads to increased 
secretion of IL-1B over both time and 
concentration. J774A.1 macrophage cells were 
either treated with nigericin for 45 or 120 minutes at 
10uM or 15uM concentrations, both after 4 hours of 
LPS stimulation. Cells were treated with PBS for 4 
hours as a negative control. A capture antibody 
ELISA was used to measure the concentration of 
secreted IL-1β in cell culture supernatants. The 
concentration of IL-1β was observed to increase in 
the nigericin treatment groups compared to the 
control with the highest amounts secreted at the 15 
uM and 120 minute time point.  
 
 

FIG. 3 Rg3 affects TNF-α secretion in LPS 
treated cells. J774A.1 cells were either treated 
with Rg3 (50uM) for 2 hours followed by 4 hours 
of LPS priming (500 ng/mL), or cells were primed 
with LPS for 4 hours followed by treatment with 
Rg3 for 2 hours. Cells were treated with PBS for 
4 hours as a negative control. Cell culture 
supernatants were collected and a TNF-α ELISA 
was performed to detect secreted TNF-α. 
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α comparable to the LPS-only treated cells. Because of this, we can’t be sure of the effect 
Rg3 is having on TNF-α when we treat cells with both LPS and nigericin.  

Treatment of J774A.1 murine macrophage cells with Rg3 may reduce the 
morphological effects of LPS and nigericin treatments. We wanted to determine if there 
were any noticeable morphological differences between the activated cells with or without 
Rg3 treatment. We stained the actin cytoskeleton of the cells in each treatment condition, then 
used fluorescence microscopy to compare their measurements and morphology (Fig. 4). We 
noticed the cells treated with Rg3 only appear to be healthy and similar to the PBS control in 
the fluorescence photos. The LPS-Nigericin treated cells seemed to be the most misshapen 
and had the lowest circularity index based on the ImageJ analysis (Fig. 4D). The LPS only 
condition had a higher circularity index and was not as misshapen compared to the LPS-
Nigericin condition, suggesting that inflammasome activation by nigericin may cause 
additional morphological changes. The conditions treated with Rg3 first, then LPS and 
Nigericin appeared to be less misshapen than the LPS-Nigericin condition. This leads us to 
believe that Rg3 treatment could suppress some of the damaging inflammatory effects of 
inflammasome activation. 
 
 
DISCUSSION 

In this study, we set out to develop a model for the activation of the NLRP3 
inflammasome in J774A.1 murine macrophage cells, and to identify how ginsenoside Rg3 
specifically affects the priming and activation of the NLRP3 inflammasome. While we were 
unable to detect cleaved Il-1β, indicative of a fully activated NLRP3 inflammasome, we were 
able to detect pro-IL-1β, indicating successful priming with LPS in J774A.1 cells. Further, 
we were able to demonstrate the downregulation of TNF-α production in LPS-stimulated cells 
by ginsenoside Rg3. 

Towards optimizing a model for the activated NLRP3 inflammasome. Our first goal 
in this study was to optimize a working model for activation of the NLRP3 inflammasome in 
J774A.1 murine macrophage cells. Activating the NLRP3 inflammasome is a two-step 
process, wherein specific PAMPs stimulate NLRs, TLRs or cytokine receptors on resting 
macrophages, providing the first signal leading to activation of the transcription factor NF-
kB which upregulates NLRP3 and pro-IL-1β (2). We used LPS as a PAMP to stimulate cells 
and found that it did induce pro-IL-1β upregulation compared to the PBS control in cell 
lysates (Fig. 1). The second signal for NLRP3 inflammasome activation is initiated by 
PAMPs or DAMPs which leads to the formation of inflammasome resulting in cleavage of 
pro-IL-1β to mature IL-1β (2). We used nigericin as a DAMP to activate cells and again 
detected pro-IL-1β in cell lysates (Fig. 1), however, no mature IL-1β was detected. Thus, to 
test if cleaved IL-1β was being secreted, we performed an ELISA on the cell supernatants 
and found that exposure to nigericin led to increased secretion of IL-1β over both time and 
concentration (Fig. 2). Unfortunately, the ELISA doesn’t tell us if what we are seeing is pro-
IL-1beta or cleaved IL-1beta, resulting in two separate interpretations for what this data might 
mean. It is possible that we successfully activated signal 2 of the NLRP3 inflammasome and 
we are indeed detecting secreted IL-1β. However, it could instead be possible that signal 1 is 
occurring successfully in these cells, resulting in the production of pro-IL-1β, but that these 
cells are dying following treatment with nigericin and releasing their cytosolic contents, 
leading to pro-IL-1β being detected in the supernatants. Previous research, however, shows 
that nigericin is not toxic to the cells at the chosen concentration (15uM) and time (~120 min) 
(40–42) and only causes cell death when added after LPS pre-treatment. Thus, even if 
nigericin caused cell death, and release of pro-IL-1β into the supernatant, this mechanism was 
probably triggered by the inflammasome activation, which causes downstream cell death. In 
this case, cleaved IL-1β would be present as well as pro-IL-1β, supporting our hypothesis that 
nigericin causes the activation of the inflammasome and cleavage of pro-IL-1β. 

To determine if we were indeed detecting cleaved IL-1β or just pro-IL-1β in our cell 
culture supernatants, we attempted a western blot on concentrated cell culture supernatant 
samples (Supplementary Fig. S1). We treated cells with 500 ng/mL of LPS for 4 hours,  
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FIG. 4 Treatment of J774A.1 murine macrophage cells with Rg3 may reduce the morphological effects of LPS and 
nigericin treatments. (A-C) J774A.1 cells grown on glass coverslips in DMEMc for 48 hours were treated with the above 
conditions (x-axis), 4 hours for LPS (500 ng/ml), 2 hours for nigericin (N, 50µM), and 2 hours for ginsenoside Rg3 (5μg/ml), 
then fixed with 4% formaldehyde, permeabilized with 0.25% Triton x-100, and dyed with Alexa Fluor 568 and Nuc Green 
Dead 488 before undergoing fluorescence microscopy. These images are of the actin cytoskeleton only (red channel). Cells 
treated with PBS only (A) and ginsenoside Rg3 only (B,C) were generally rounded and regular. Cells treated with LPS only 
and, worst so, LPS then nigericin (A) were irregularly shaped and highly variable. Cells treated with Rg3 first, then LPS and 
PBS or nigericin (B) appeared to be more regular and rounded than LPS treated cells without Rg3 treatment. Cells treated 
with LPS first, then Rg3 with or without nigericin (C) seem to be more irregular and variable than the controls (PBS only and 
Rg3 only) and the cells treated with Rg3 first (B). Circularity index of measurements from five representative cells from each 
condition analyzed by ImageJ (D). One-way ANOVA test, P = 0.0040. Tukey’s multiple comparison test: only significant 
data shown on graph, all other pairs ns. 
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followed by 2 hour treatment with 15uM nigericin, as this was the condition where we 
detected the highest concentration of IL1b by ELISA. We included a whole cell lysate sample 
extracted from cells stimulated with LPS as a positive control for pro-IL-1β. We were unable 
to detect pro or cleaved IL-1β in our cell culture supernatants, contrary to our ELISA results. 
Further, the presence of a band at 35 kDa in our cell lysates sample indicates the presence of 
pro-IL-1β, and confirms that our SDS-PAGE and western blot were performed successfully 
(Supplementary Fig. S1). It is important to note that this experiment was done using culture 
media containing 10% FBS. Thus, in the process of concentrating the cell culture supernatants 
much of the protein present may be from components of FBS, and could make it difficult to 
detect our protein of interest by western blotting. To address this concern, we conducted a 
follow-up experiment where we eliminated FBS in the media of each of our final conditions. 
Unfortunately, the ordered Amicon Ultra-15 Centrifugal Filter Tubes did not arrive on time 
and we were unable to test this hypothesis. However, we hope the problems we faced help 
outline next steps for future student researchers. Specifically, we believe there is value in 
optimizing the procedure for detecting cleaved IL-1β in the cell supernatants via Amicon 
Ultra-15 Centrifugal Filter Tubes and Western blotting.  

Rg3 may have an anti-inflammatory effect on LPS-treated J774A.1 cells. Our second 
aim investigated how Rg3 specifically inhibits the NLRP3 inflammasome. Based on previous 
research, we believed that Rg3 would inhibit the inflammasome both by interfering with 
signal 1 (priming), by blocking the NF-κB pathway, and signal 2 (activation), by blocking 
inflammasome assembly (33, 36). Thus, we hypothesized that if Rg3 was added before LPS 
priming, we would see decreased levels of pro-IL-1β and cleaved IL-1β. However, if Rg3 
was added after LPS priming, we hypothesized that we would only see decreased levels of 
cleaved IL-1β. Because we were unable to develop a fully activated model, we decided to 
move ahead and determine how Rg3 was affecting priming in our model. Because we had 
been unable to detect pro-IL-1β in our cell culture supernatants via western blot, and because 
our IL-1β ELISA could not differentiate between pro-IL-1β and IL-1β, we attempted to use 
TNF-α as a proxy for NLRP3 inflammasome priming. Priming of the inflammasome (and 
production of pro-IL-1β) is mediated by the NF-κB pathway (2). The NF-κB pathway also 
mediates production of TNF-α, however, TNF-α is secreted (43), meaning we could use a 
TNF-α ELISA on our cell culture supernatants.  

We demonstrated that treating J774A.1 cells with Rg3 both before and after LPS leads to 
decreased TNF-α production compared to LPS-only treated cells (Figure 3). This 
demonstrates that Rg3 is generally anti-inflammatory. Indeed, the morphology of cells treated 
with Rg3 prior to or following LPS and nigericin treatment was more regular and has a higher 
circularity index than cells treated with LPS and nigericin (Fig. 5), further suggesting that 
Rg3 may prevent some inflammatory effects. However, further studies are needed to link this 
anti-inflammatory effect to the NF-κB pathway and the NLRP3 inflammasome.  

We also attempted to determine how Rg3 affects TNF-α secretion in cells treated with 
nigericin. Treating cells with Rg3 before LPS and nigericin led to lower levels of TNF-α 
compared to when cells were treated with Rg3 concurrently with nigericin following LPS 
treatment (Supplementary Fig. S2). However, it is important to note that our positive control 
for these conditions (cells treated with LPS for 4 hours followed by 2 hours with nigericin) 
had much lower levels of TNF-α than previous researchers have found (44), making 
interpretation of these results difficult. If our model was being effectively primed, we would 
expect to see comparable levels of TNF-α in our LPS-only condition and our LPS followed 
by nigericin treatment. One reason we may have had such low levels of TNF-α in our positive 
control is due to low cell confluency. The cell confluency, both before and after treatment, 
was much lower for the cells treated with LPS followed by nigericin compared to the LPS-
only condition (where cells were treated with PBS following LPS) (Supplementary Fig. S3).  

 
Limitations The main limitation in our study was our inability to establish signal 2 activation 
of NLRP3 in our Western blot procedures. Our Western blot on whole cell lysates did not 
detect a band for cleaved IL-1β which may be due to the sensitivity limitations western 
blotting technique to detect potentially low quantities of the cleaved product in the cell 
lysates. Previous research has successfully observed bands for cleaved IL-1β wherein they 
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loaded 50 ug of protein per well (45). Similarly, a study which used ATP as an activator also 
detected visibly large bands of cleaved IL-1β in their western blot (46). However, in our study, 
we were able to load only 20 ug of protein per well which could have been too low for 
adequate detection.  

Because the literature strongly supports nigericin as a potent activator of the NLRP3 
inflammasome, this suggests the improper functioning of our model (4). While our ELISA 
results on IL-1β may indicate the secretion of cleaved IL-1β, we were unable to support this 
with a Western blot on cell supernatants (Supplementary Fig. S1). Further, the cells following 
LPS and nigericin treatment (Supplementary Fig. S3) did not have characteristic membrane 
bubbling indicative of pyroptosis that other researchers have observed (38, 47). Additionally, 
prior research on NLRP3 inflammasome activation makes use of primary bone marrow 
derived macrophages (BMDMs) (48), B cells (49) or microglia (50) wherein they successfully 
measure cleaved cytokine readouts. Future studies could explore using these other cell lines 
while also optimizing J774A.1 cell response as they have been successfully used in prior 
research (38). This highlights the need to explore how the use of over-passaged cell lines 
could contribute to irregularity in inflammasome activation (51).  

Further, our exclusive readout of IL-1β as indicative of signal 2 activation limits our 
findings. NLRP3 inflammasome activation is a complex process, with multiple possible 
readouts such as blots of cleaved IL-1β or Caspase 1, NLRP3 protein, or ASC speck formation 
- to confirm inflammasome activation (4, 33, 42, 44). Therefore, searching for multiple 
indicators of activation would increase the likelihood of detecting signal 2 activation. 

 Due to the inability to establish a working model, we were unable to test how Rg3 
specifically affects the NLRP3 inflammasome. While our results may indicate a general anti-
inflammatory role of Rg3 on J774A.1 cells, as indicated by decreed TNF-α secretion and 
more regular cell morphology, we were unable to test how these readouts pertain to the 
NLRP3 inflammasome.  
 
Conclusions In this study, we were able to detect successful priming of the NLRP3 
inflammasome in J774A.1 cells via western blot for pro-IL-1β on cell lysates following 
treatment with 500 ng/ml of LPS for 4 hours. We were unable to successfully detect cleaved 
IL-1β in J774A.1 cells treated with 10uM or 15uM of nigericin for 45 minutes or 2 hours 
following LPS priming. However, our results indicate that troubleshooting the western blot 
procedure for cell supernatants may be a valuable pursuit in future research projects. 
Additionally, we were able to demonstrate that Rg3 inhibits TNF-α secretion in LPS-
stimulated J774A.1 cells. 
 
Future Directions As previously suggested, future research should prioritize the 
development of a working model of the fully activated NLRP3 inflammasome. Future studies 
should work towards obtaining higher amounts of protein in their cell lysates to adequately 
test for cytokine upregulation. One potential solution is to allow cells to grow to a higher 
confluency before stimulation with LPS. Our results indicate that there may be a benefit in 
optimizing procedures for the detection of cleaved IL-1β in cell supernatants via Western 
blot. Specifically, removing FBS in cell media for the treatment preceding supernatant 
collection may allow for better detection of cell secreted proteins. Further, the use of Amicon 
Ultra-15 Centrifugal Filter Tubes for the protein concentration of supernatants appears to be 
a valuable method that may require less time and troubleshooting than other methods, such 
as the chloroform/methanol precipitation method.  
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