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ABSTRACT

A computational platform, the Boolean network explorer (BoNE), has recently been developed to infuse Al-
enhanced precision into drug discovery; it enables querying and navigating invariant Boolean Implication
Networks of disease maps for prioritizing high-value targets. Here we used BoNE to query an Inflammatory
Bowel Disease (IBD)-map and prioritize a therapeutic strategy that involves dual agonism of two nuclear
receptors, PPARo/y. Balanced agonism of PPARa/y was predicted to modulate macrophage processes,
ameliorate colitis in network-prioritized animal models, ‘reset’ the gene expression network from disease to
health, and achieve a favorable therapeutic index that tracked other FDA-approved targets. Predictions were
validated using a balanced and potent PPARa/y-dual agonist (PARS5359) in two pre-clinical murine models,
i.e., Citrobacter rodentium-induced infectious colitis and DSS-induced colitis. Using a combination of
selective inhibitors and agonists, we show that balanced dual agonism promotes bacterial clearance more
efficiently than individual agonists, both in vivo and in vitro. PPAR« is required and its agonism is sufficient
to induce the pro-inflammatory cytokines and cellular ROS, which are essential for bacterial clearance and
immunity, whereas PPARy-agonism blunts these responses, delays microbial clearance and induces the anti-
inflammatory cytokine, IL10; balanced dual agonism achieved controlled inflammation while protecting the
gut barrier and ‘reversal’ of the transcriptomic network. Furthermore, dual agonism reversed the defective
bacterial clearance observed in PBMCs derived from IBD patients. These findings not only deliver a
macrophage modulator for use as barrier-protective therapy in IBD, but also highlight the potential of BoNE

to rationalize combination therapy.
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INTRODUCTION

Inflammatory bowel disease (IBD) is an autoimmune disorder of the gut in which diverse components
including microbes, genetics, environment and immune cells interact in elusive ways to culminate in overt
diseases (1-3). It is also heterogeneous with complex sub-disease phenotypes (i.e., strictures, fistula, abscesses
and colitis-associated cancers) (4, 5). Currently, patients are offered anti-inflammatory agents that have a ~30-
40% response-rate, and 40% of responders become refractory to treatment within one year (6, 7). Little is
known to fundamentally tackle the most widely recognized indicator/predictor of disease relapse i.e., a
compromised mucosal barrier. Homeostasis within this mucosal barrier is maintained by our innate immune
system, and either too little or too much reactivity to invasive commensal or pathogenic bacteria, is associated
with IBD(8). Although defects in the resolution of intestinal inflammation have been attributed to altered
monocyte—macrophage processes in IBD, macrophage modulators are yet to emerge as treatment modalities
in IBD (8).

We recently developed and validated an Al-guided drug discovery pipeline that uses large
transcriptomic datasets (of the human colon) to build a Boolean network of gene clusters (9) (Figure 1; Step
0); this network differs from other computational methods (e.g., Bayesian and Differential Expression
Analyses) because gene clusters here are interconnected by directed edges that represent Boolean Implication
Relationships that invariably hold true in every dataset within the cohort. Once built, the network is queried
using machine learning approaches to identify in an unbiased manner which clusters most effectively
distinguish healthy from diseased samples and do so reproducibly across multiple other cohorts (906 human
samples, 234 mouse samples). Gene-clusters that maintain the integrity of the mucosal barrier emerged as the
genes that are invariably downregulated in IBD, whose pharmacologic augmentation/induction was predicted
to ‘reset’ the network. These insights were exploited to prioritize one target, choose appropriate pre-clinical
murine models for target validation and design patient-derived organoid models (Figure 1; Step 0) (9).
Treatment efficacy was confirmed in patient-derived organoids using multivariate analyses. This Al-assisted
approach provided a first-in-class epithelial barrier-protective agent in IBD and predicted Phase-III success

with higher accuracy over traditional approaches (9).

Here we use the same Al-guided drug discovery pipeline to identify and validate a first-in-class
macrophage modulator that is predicted to restore mucosal barrier and homeostasis in IBD (Figure 1; Steps
1). Using primary peritoneal macrophages and specific agonists and antagonists, we reveal the mechanism(s)
of action that enable balanced agonists of this pair of nuclear receptors, PPARa/y, to reverse some of the
fundamental imbalances of the innate immune system in IBD, such that immunity can be achieved without
overzealous inflammation (Figure 1; Step 2). We demonstrate the accuracy and predictive power of this
network-rationalized approach and reveal the efficacy of balanced dual agonists of PPARa/y in two pre-

clinical murine models (Figure; Step 3) and in patient-derived PBMCs (Figure; Step 4).
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RESULTS

Development of a web-based platform for generating a ‘target report card’

We first developed an interactive, user-friendly web-based platform that allows the querying of our Boolean
network-based-IBD map with the goal of enabling researchers to pick high-value targets (9) (Figure 1; Step
0; Supplemental Figure 1). The platform generates a comprehensive automated report containing actionable
information for target validation, a ‘target report card’, which contains predictions on five components (Figure
2A): (1) Impact on the outcome of IBD in response to treatment, which shows how levels of expression of any
proposed target gene(s) relates to the likelihood of response to therapies across diverse cohorts; (ii)
Therapeutic index, a computationally generated index using Boolean implication statistics which provides a
likelihood score of indicate whether pharmacologic manipulation of the target gene(s) would lead to success
in Phase III clinical trials; (iii) Appropriateness of preclinical mouse models, a component that indicates which
murine models of colitis shows the most significant change in the target genes (and hence, likely to be best
models to test the efficacy of any manipulation of that target); (iv) Gender bias, a component that indicates
whether the gene is differentially expressed in IBD-afflicted men versus women; and (v) Target tissue/cell
type specificity, which shows the likely cell type where the target is maximally expressed, and hence, the cell
type of desirable pharmacologic action. Details of how therapeutic index is computed are outlined in Methods
and in Supplemental Figure 2; it is essentially a statistical score of how tightly any proposed target gene(s)
associates with FDA-approved targets versus those that failed, and serves as an indicator of likelihood of
success (9). Similarly, details of how cell type of action is computer are outlined in Methods and in

Supplemental Figure 3.

Ppar-o/y dual agonists are predicted to be effective barrier-protective agents in IBD

Previous work had identified a little over 900 genes in 3 clusters (Clusters #1-2-3 within the IBD map; Figure
1: Step 0; Supplemental Figure 1A-B) as potentially high-value targets, all of which were invariably
downregulated in IBD-afflicted colons (9). Reactome analyses showed that epithelial tight junctions (TJs),
bioenergetics, and nuclear receptor pathway (PPAR signaling) related genes that are responsible for colon
homeostasis are the major cellular processes regulated by these genes (Supplemental Figure 1B).
Downregulation of genes in clusters #1-3 was invariably associated also with an upregulation of genes in
clusters #4-5-6; reactome analyses of the latter showed cellular processes that concern immune cell activation,
inflammation and fibrosis, which are hallmarks of IBD (Supplemental Figure 1B). Of the druggable
candidates within C#1-2-3, 17 targets were identified as associated with GO biological function of ‘response
to stress’/’response to stimuli’. Targeting one of the 17 targets, PRKABI, the subunit of the heterotrimeric
AMP-kinase engaged in cellular bioenergetics and stress response successfully restored the gut barrier
function and also protected it from collapse in response to microbial challenge (9). Here, we prioritized two
more of those 17 targets, PPARA and PPARG, which encode a pair of nuclear receptors, Ppar-a and Ppar-
v, respectively. These two stress/stimuli-responsive genes are equivalent to each other and to PRKABI, and

like PRKABI, are invariably downregulated in all IBD samples (Supplemental Figure 1B-D). PPARA is in
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cluster #2 and PPARG is in cluster #3 (Supplemental Figure 1B). They both were located on the two major
Boolean paths associated with epithelial barrier and inflammation/fibrosis (Supplemental Figure 1B)(9).
Together, these findings imply three things: (i) that PPARA and PPARG are simultaneously downregulated in
IBD, (ii) that such downregulation is invariably associated with inflammation, fibrosis and disruption of the
epithelial barrier, and (iii) that simultaneous upregulation of PPARA and PPARG with agonists may restore
the gut barrier. The last point is particularly important because Ppara/y agonists are known to augment the
expression of PPARA and PPARG, and depletion of either reduced the expression of the other (10).
Noteworthy, while the role of Ppar-y in colitis has been investigated through numerous studies over
the past 3 decades (11-13) (Supplemental Table 1), the role of Ppar-a has been contradictory (Supplemental
Table 2), and their dual agonism in IBD has never been explored. All studies agree that Ppar-y agonists
ameliorate DSS-induced colitis (13-15). Although claimed to be effective on diverse cell types in the gut
(epithelium, T-cells, and macrophages), the most notable target cells of Ppar-y agonists are macrophages and
dendritic cells (16). Furthermore, Phase I and II clinical trials with Ppar-y agonists either alone (17, 18) or in
combination with mesalamine (19) show barrier protective effects in UC patients. Despite these insights, the
biopharmaceutical industry has not been able to harness the beneficial impact of this major target within
emergent therapeutic strategies largely due to a trail of withdrawals after devastating long-term side effects
including heart failure, bone fracture, bladder cancer, fluid retention and weight gain (20, 21). Intriguingly,
and of relevance to this work, the addition of Ppar-a agonistic activity to Ppar-y, Ppar-y, to Ppar-6 agonists
have led to a higher safety profile, leading to their development for use in many diseases, including type 2

diabetes, dyslipidemia and non-alcoholic fatty liver disease (22).

An automated target ‘report card’ for PPARA and PPARG in IBD

We next generated an automated target report card for PPARA and PPARG. A high level of both PPARs,
determined using a composite score for the abundance of both transcripts, was sufficient to distinguish healthy
from IBD samples, not just in the test cohort that was used to build the IBD-map (ROC AUC of 0.74; Figure
2B; see also Supplemental Figure 2A-D), but also in four other independent cohorts with ROC AUC
consistently above 0.88 (Figure 2C). High levels of both PPARs also separated responders from non-
responders receiving TNFa-neutralizing mAbs, GSE16879, E-MTAB-7604 or Vedolizumab that block the
a4pB7 integrin to prevent selective gut inflammatory, GSE73661 (ROC AUC 0.63-0.89, Figure 2D), inactive
disease from active disease (two independent cohorts ROC AUC above 0.93; Figure 2D), and quiescent UC
that progressed, or not to neoplasia (ROC AUC=1.00 for qUC vs. nUC; Figure 2D). High level of PPARA
and PPARG was also able to distinguish healthy from diseased samples in diverse murine models of colitis
(Figure 2E); but such separation was most effectively noted in some models (Citrobacter infection-induced
colitis, adoptive T-cell transfer, TNBS and /L10), but not in others (DSS, and TNFR1/27"). These findings
imply that therapeutics targeting these two genes are best evaluated in the murine models that show the most

consistent decrease in the gene expression, e.g., Citrobacter infection-induced colitis, adoptive T-cell transfer,
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TNBS, etc. This was intriguing because the majority (~90%) of the published work on Ppara/g dual agonists
have been carried out in DSS models (Supplemental Table 1-2).

The expression profile of the target genes in the gut mucosa revealed that PPARA and PPARG are co-
expressed at the highest levels in the crypt top epithelial cells and macrophages (Figure 2F; Supplemental
Figure 3), predicting that dual agonists are likely to preferentially act on these two cell types. The therapeutic
index was below 0.1 for both genes (0.06 for PPARA and 0.04 for PPARG; Figure 2G; Supplemental Figure
2E-F), aligned well with two other FDA-approved targets shown on the line graph (ITGB1, 0.046 and JAK2,
0.032). The index, which is a statistical measure of the strength of association of Pparo/y with genes that are
targets of FDA-approved drugs that have successfully moved through the three phases of drug discovery (i.e.,
proven efficacy, with acceptable toxicity). A low number is indicative of a high likelihood of success in Phase-
III trials. Finally, PPARA and PPARG expression was downregulated to a similar extent in men and women

with IBD (Figure 2H), predicting that therapeutics targeting them are likely to be effective in both genders.

Rationalization of PPARA/G and PPARGCIA as targets in IBD

Because proteins, but not transcripts, are the targets of therapeutic agents, the impact of therapeutics is
translated to cellular processes via protein-protein interaction (PPI) networks, a.k.a interactomes. We next
asked how dual agonists of Ppar-o/y might impact cellular pathways and processes. A PPI network visualized

using Ppar-o and Ppar-y as ‘query/input’ and the interactive STRING v11.0 database (https://string-db.org/)

as a web resource of known and predicted protein—protein interactions curated from numerous sources,
including experimental data, computational prediction methods and public text collections. Pgcla (a product
of the gene PPARGC1A) was a common interactor between the two PPARs (Figure 3A). We noted that Pgcla
also happens to be a major component within the Ppar-o/y functional network, serving as a central hub for
positive feedback loops between the PPARs and their biological function (Figure 3B), i.e., mitochondrial
biogenesis, DNA replication and energetics (electron transport chain and oxidative phosphorylation). When
we analyzed the functional role of the interactomes of Ppar-o/y we noted that indeed both interactomes
converged on lipid metabolism, mitochondrial bioenergetics and circadian processes (Figure 3C), all
representing major cellular processes that are known to be dysregulated in IBD (23-30). These findings are
consistent with the finding that PPARA, PPARG and PPARGCIA are located within clusters #1-2-3 and all of
them are predicted to be progressively and simultaneously downregulated in IBD samples (Figure 3D; based

on the IBD map, Supplemental Figure 1).

PPARA, PPARG and PPARGCIA are downregulated in Ulcerative colitis and Crohn’s Disease

Previous work demonstrated that both Ppar-a and Ppar-y are highly expressed in the colon (31) and that their
expression (proteins and mRNA) is downregulated (by ~60%) in active UC (32), in both inflamed and
noninflamed areas (33). Moreover, the expression of Ppar-y was significantly associated with disease activity
(32). Polymorphisms have also been detected in Ppar-y; while some studies found those to be associated with

an increased risk for CD (34), others found no evidence suggesting any form of association with an increased
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disease risk (35). We collected endoscopically obtained biopsies from the colons of healthy (n = 7) and IBD
(n = 14 and 14 of UC and CD, respectively) patients and assessed the levels of transcripts for PPARA,
PPARG and PPARGCI4 by qPCR (Figure 3E). We confirmed that all three transcripts were significantly
downregulated in UC and CD samples compared to healthy; both PPARG and PPARGCla were more
significantly downregulated in CD compared to UC (Figure 3F). These findings are in keeping with the
network-based predictions that these genes should be downregulated invariably in all IBD samples, regardless
of disease subtype (see individual disease maps; Supplemental Figure 4-5). While both PPARA and
PPARG are in cluster #2 in the UC map, PPARG and PPARA are in separate clusters, clusters 2 and 6,
respectively, in the CD map (Supplemental Figure 4-5). Reactome pathway analyses implied that in the case
of UC, the two nuclear receptors may co-regulate similar cellular homeostatic processes associated with
cluster #2, i.e., mitochondrial biogenesis and translation initiation, infectious disease and detoxification of
ROS (see Supplemental Figure 4). By contrast, in the case of CD, they may independently regulate diverse
cellular processes that maintain cellular homeostasis; while PPARG is associated with cellular metabolism
(TCA cycle) and inhibition of NFkB signaling, PPARA is associated with transcriptional activity of nuclear
receptors, cholesterol biosynthesis and Met/Ras signaling (see Supplemental Figure 5). Taken together, these
findings demonstrate that PPARA/G and PPARGCIA are downregulated in IBD and that they may regulate
key pathophysiologic processes that are vital for cellular homeostasis. Findings support our Al-guided
hypothesis that restoration of the expression of these genes will increase the expression of genes in C#1-2-3

and suppress the expression of , and that such increase.

Synthesis and validation of PARS359, a potent and specific Ppar-o/y dual agonist

We next sought to identify appropriate pharmacologic tools to test our hypothesis. Direct agonism of
PPARGCIA/Pgcla was deemed as not feasible because the only known agonist, ZLNOOS5, non-specifically
and potently also activates AMPK (36), a target that is known to independently improve barrier integrity in
IBD (9). Because Pgcla is intricately regulated by feedback loops by Ppar-a/y (Figure 3B), we strategized
targeting Pgcla indirectly via Ppar-o/y instead. As for Ppar-a/y dual agonists, we noted that all commercially
available compounds lack ‘balanced’ agonistic activities (Supplemental Table 3) (37, 38). Drugs that have
fallen aside due to safety concerns also lack balanced agonism; most of them are more potent on Ppar-y than
on Ppar-a by a log-fold (Supplemental Table 3). All these Ppar-a/y dual agonists have been withdrawn due
to safety concerns (22), but the cause of the ‘unsafe’ profile remains poorly understood. Saroglitazar, the drug
that is the only active ongoing Phase-III trial (NCT03061721) in this class, has ~3 log-fold more potency on
Ppar-a than Ppar-y (39). Because our Al-guided approach suggested the use of simultaneous and balanced
agonism, we favored the use of the only balanced and yet, specific Ppar-a/y agonist described to date,
PARS5359 (40, 41) (see Supplemental Table 4). In the absence of commercial sources or well-defined
methods on how to synthesize this molecule, we generated PAR5359 in 4 synthetic steps (see details in Methods)

and confirmed its specificity and the comparable agonistic activities using pure single Ppar-o [GW7647 (42)]
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or Ppar-y [Pioglitazone (43)] agonists as controls (Supplemental Figure 6). With these potent and specific
compounds as tools, and their doses adjusted to achieve the same potency, we set out to validate the network-

based predictions using pre-clinical models.

PARS359 ameliorates C. rodentium-induced colitis, enhances bacterial clearance

We next sought to assess the efficacy of individual and dual agonists of our compounds in murine pre-clinical
models. Ppar-a/y’s role (or the role of their agonists) in protecting the gut barrier has been evaluated primarily
in DSS-induced colitis (Supplemental Table 1, 2). This model is more related to the UC patient pathology.
However, BoNE prioritized other models over DSS, many of which accurately recapitulate the Ppar-a and
Ppary-downregulation that is observed in the barrier-defect transcript signature in human IBD (Figure 2E).
Among those, we chose C. rodentium-induced infectious colitis, a robust model to study mucosal immune
responses in the gut and understand derailed host-pathogen interaction and dysbiosis, which is closely related
with IBD, and more specifically, CD pathophysiology (44-46). This model is also known to emulate the
bioenergetic dysbalance and mitochondrial dysfunction(47), both key cellular processes represented in C#1-
2-3 within the IBD map (Supplementary Figure 1). Furthermore, this model requires the balanced action of
macrophages (a cell line predicted to be the preferred cell type target; Figure 2F) to promote bacterial
clearance and healing (48).

Colitis was induced by oral gavage of C. rodentium and mice were treated daily with the drugs via the
intraperitoneal route (see Figure 4A for workflow; Supplemental Figure 7A). The dose for each drug was
chosen based on their ECsp on their respective targets so as to achieve equipotent agonistic activities
(Supplemental Figure 6). Fecal pellets of individual mice were collected to determine the number of live
bacteria present in the stool. As anticipated, the bacterial burden in all mice increased from day 5, reaching a
peak on day 7, forming a plateau until day 11 before returning to pre-infection baseline by day 18 (Figure
4B). Compared against all other conditions, PAR5359-treated mice cleared the gut bacterial load significantly
and rapidly (Figure 4B-D). Citrobacter infection was associated with significant epithelial damage and
profuse infiltration of inflammatory cells and edema by day 7 (Supplemental Figure 7B) most of which
resolved by day 18 (DMSO control; Figure 4E). Colons collected on day 7 showed that treatment with
PARS359 significantly reduced these findings when compared to vehicle (DMSO), PPARa and PPARy
agonists alone (Supplemental Figure 7B). Unexpectedly, when we analyzed the colons on day 18, we noted
persistent immune infiltrates in tissues in two treatment arms, pioglitazone and GW7647 (arrowheads; Figure
4E), but not in the vehicle control group, or those treated with PAR5359. These findings indicate that
individual Ppar-a or Ppar-y agonists may either retard bacterial clearance and/or induce an overzealous
amount of inflammation, but the balanced dual agonist (PAR5359) may have effectively cleared infection and
resolved inflammation. PARS5359 also reduced spleen inflammation as evidenced by a decreased spleen
weight and length compared to vehicle control (Supplemental Figure 7C-F). The spleens of mice treated
with DMSO, Ppar-a-alone agonist, GW7647 and Ppar-y-alone agonist, Pioglitazone showed black-

discoloration, presumably infarcts (arrows, Supplemental Figure 7C, 7E). Notably, the spleens of mice
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treated with Ppar-a-alone agonist, GW7647, showed a significant increase in spleen length (Supplemental
Figure 7D, 7F).

Taken together, these findings indicate that Ppar-o/y dual agonist PAR5359 is superior in ameliorating
C. rodentium-induced colitis than either Ppar-a or Ppar-y agonist used alone. Treatment with the dual, but not

the single agonists hastened bacterial clearance, resolved inflammation, and induced healing.

PARS359 resets the colonic gene expression changes induced by C. rodentium infection

Pharmacologic augmentation of PPARA and PPARG was hypothesized to be sufficient to upregulate genes in
C#1-2-3, and restore the entire transcriptomic network to ‘healthy’ state via the invariant Boolean implication
relationships between the genes/clusters. We asked if that was achieved. RNA sequencing (RNA-seq) studies
were carried out on the C. rodentium-infected colons in each treatment group (Figure 4A). As expected,
downregulation of genes in clusters #1-2-3 of the IBD-map was significant in infected untreated (DMSO
control) vs. uninfected controls, indicative of network shift from health towards disease, and treatment with
PARS5359 resisted such shift (Figure 4F).

Pre-ranked gene set enrichment analyses (GSEA) based on pair-wise differential expression analysis
showed that when compared to DMSO control, dual Ppar-o/y agonism with PAR5359, but not individual
agonists Pioglitazone or GW7647 was able to significantly preserve epithelial junction signatures (both tight
and adherens junctions) and balance macrophage processes (compare Figure 4G with Supplemental Figure
8A). These findings are in keeping with the predictions that epithelial cells and macrophages maybe the
primary cell type of action for dual Ppar-o/y agonists. Comparison of all treatment cohorts against each other
revealed that although both PARS5359 and Pioglitazone were superior to GW7647 in maintaining some
epithelial processes (differentiation, tight junctions) and macrophage processes (Supplemental Figure 8B-
E), PAR5359 emerged as the only group that maintained homeostatic PPAR signaling in nature and extent as
uninfected control (Supplemental Figure 8F).

Taken together, these findings suggest that dual agonists of Ppar-a/y are sufficient to either resist
network shift and/or reverse the disease network in the setting of colitis. They also offer clues suggestive of
epithelial and macrophage processes, two key cellular components of innate immunity in the gut lining as
major mechanisms. These transcriptome wide impacts suggest that Ppar-a/y dual agonist PAR5359 is superior

in restoring colon homeostasis in C. rodentium-induced colitis than either Ppar-a or Ppar-y agonist used alone.

PARS359 ameliorates DSS-induced colitis

It is well known that no single mouse model recapitulates a/l the multifaceted complexities of IBD (49, 50).
Because almost all studies evaluating Ppar-a/y-modulators have been performed on the DSS-induced colitis
model (Supplemental Table 1-2), we asked whether the Ppar-o/y dual agonist PAR5359 can ameliorate
colitis in this model. Mice receive intrarectal DMSO vehicle control or PAR5359 while receiving DSS in their

drinking water (Supplemental Figure 9A). Disease severity parameters, i.e., weight loss, disease activity index,
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shortening of the colon and histology score were significantly ameliorated in the PARS5359-treated group
(Supplemental Figure 9A-E). These findings show that the Ppar-o/y-dual agonist, PARS5359, is also effective
in DSS-induced colitis. It is noteworthy that the PARS5359 dual agonist offered protection in the DSS-model,
because prior studies using the same model have demonstrated that Ppar-o agonists worsen (51, 52), and that

the Ppar-y agonists ameliorate colitis (53-55) (see Supplemental Table 1-2).

PARS359 promotes bacterial clearance with controlled production of ROS and inflammation in
peritoneal macrophages
Next we sought to study the mechanism of action of PARS5359, and the target cell type responsible for the
superiority of dual agonism over single agonism. Our Al-guided approach predicted crypt top epithelium and
macrophages as site of action (Figure 2F). Based on prior studies with single agonists in cell-specific KO
mice (Supplemental Table 1) and the phenotypes observed in our animal models (Figure 4; Supplementary
Figure 8-9), single Ppar-y agonism appears sufficient to protect the epithelium in chemical-induced colitis
(dual agonism did not offer additional advantage). The advantage of dual agonism is apparent in the
Citrobacter-colitis model, which most robustly recapitulates the paradoxical immune suppression in the
setting of dysbiosis that is seen in IBD, and most prominently in CD (44, 56, 57). Because the intestinal
macrophages , the known to be the initiators of immune response, are alternatively polarized in this model(58,
59), we hypothesized that balanced agonism may alter macrophage response to dysbiosis. To test this
hypothesis, we incubated macrophages treated or not with the drugs and challenged them with CD-associated
adherent invasive E. coli (AIEC)-LF82; this strain, originally isolated from a chronic ileal lesion from a CD
patient (60). As for the source of macrophages, we isolated metabolically active primary murine peritoneal
macrophages using Brewer thioglycolate medium using established protocols (61, 62). These macrophages
are known to have high phagocytic activity (61) (Figure 5A). Thioglycolate-induced peritoneal macrophages
(TG-PMs) were lysed, and viable intracellular bacteria were counted after plating on an agar plate. Pre-
treatment with 1 uM PARS5359 and an equipotent amount of GW7647 (Ppar-a agonist) promoted bacterial
clearance and reduced the bacterial burden when compared to vehicle control (Figure 5B). By contrast, pre-
treatment with Pioglitazone (Ppar-y agonist) inhibited bacterial clearance; notably, bacterial burden was
significantly higher at both 3 h and 6 h after infection (Figure 5B). Reduced clearance of microbes in the latter
was associated also with reduced cellular levels of reactive oxygen species (ROS) (Figure 5C); oxidative
bur