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within immune cells play a critical role in disease pathogene-

sis, linking metabolic dysregulation to immune responses in 

chronic inflammation.2 Dysregulation in lipid metabolism, 

mediated by pathways such as peroxisome proliferator-acti-

vated receptor (PPAR) signaling, plays a critical role in immune 

cell function and inflammatory responses in IBD and other 

metabolic-inflammatory conditions. Lipid metabolism influ-

ences key processes such as macrophage polarization, T-cell 

differentiation, and epithelial barrier integrity, which are cen-

tral to Crohn’s disease (CD) pathophysiology.3 For example, in 

metabolic-associated liver disease, dysregulated lipid metabo-

lism contributes to inflammation and immune dysregulation 
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Inflammatory bowel disease (IBD), encompassing Crohn’s disease (CD) and ulcerative colitis, is a chronic condition marked 
by immune dysregulation, genetic predisposition, and metabolic disturbances. Emerging evidence highlights the role of lipid 
metabolism and peroxisome proliferator-activated receptor (PPAR) signaling in modulating immune responses in IBD. PPAR-γ 
and PPAR-α regulate macrophage polarization, T-cell differentiation, and epithelial barrier integrity, influencing disease sever-
ity and progression. Alterations in PPAR activity contribute to metabolic stress and inflammation, linking IBD pathophysiol-
ogy to immunometabolism. Studies suggest that targeting PPARs may mitigate inflammation through modulation of cytokine 
production, immune cell function, and gut microbiota interactions. In this review, we focus specifically on CD and explore how 
PPAR signaling intersects with mesenteric adipose tissue dysfunction and microbial dysbiosis, 2 hallmark features of CD. PPAR 
agonists, already used in metabolic-inflammatory diseases such as metabolic-associated liver disease, have demonstrated anti-
inflammatory effects in experimental colitis models. Translating these findings into clinical applications could offer novel treat-
ment strategies for CD. Future research should focus on clinical trials, genetic studies, and microbiota-targeted approaches to 
elucidate PPAR-driven mechanisms in CD pathogenesis. Understanding the interplay between PPARs, lipid metabolism, and 
immune responses may lead to innovative therapeutic strategies, improving disease management and patient outcomes. (In-
test Res 2026;24:11-26﻿﻿)
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REVIEW

INTRODUCTION 

Inflammatory bowel disease (IBD), manifests as chronic in-

flammation across various sections of the gastrointestinal tract. 

Disease activity is influenced by multiple factors, including ge-

netic predisposition, environmental triggers, alterations in gut 

microbiota, and immune dysregulation.1 Recent insights into 

immunometabolism have revealed that metabolic processes 
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through ectopic fat deposition, lipotoxicity, and the accumula-

tion of toxic lipid species like ceramides and diacylglycerols.4

PPARs, a family of nuclear receptor transcription factors, 

regulate lipid metabolism, energy homeostasis, and immune 

responses. PPARs exist in 3 isoforms: PPARα, PPARβ/δ, and 

PPARγ, each encoded by distinct genes and exhibiting tissue-

specific expression (Table 1).5-10 PPARs function by forming 

heterodimers with the retinoid X receptor and binding to 

PPAR response elements in the promoter regions of target 

genes. Upon ligand binding, PPARs recruit co-activators or co-

repressors to regulate gene transcription. In immune cells, 

PPAR activation can suppress pro-inflammatory pathways 

such as nuclear factor kappa B (NF-κB) and activator pro-

tein-1 (AP-1) while promoting lipid-catabolic and oxidative 

metabolic programs.11 Given these functions, PPARs serve as 

molecular bridges between metabolic cues (like fatty acids or 

eicosanoid ligands) and immune cell behavior.7,8,11-14 In this 

review, we examine the role of PPAR signaling in the patho-

genesis and regulation of IBD, with a particular focus on CD. 

We explore how PPAR isoforms—especially PPARγ—modu-

late immune cell phenotypes, maintain epithelial barrier in-

tegrity, and influence the inflammatory environment within 

the gut. 

IMMUNOMETABOLIC DYSREGULATION IN CD

CD is fundamentally an immune-mediated disorder, but its 

pathogenesis cannot be fully explained without considering 

metabolic context. Immunometabolism refers to how cellular 

metabolism governs immune cell function and fate. In CD le-

sions, immune cells exist in a nutrient- and oxygen-deprived 

milieu, forcing metabolic adaptations that can intensify inflam-

mation. For example, classically activated M1 macrophages 

(abundant in active CD) rely on aerobic glycolysis and broken 

tricarboxylic acid cycle activity to sustain rapid cytokine pro-

duction, whereas anti-inflammatory M2 macrophages use oxi-

dative metabolism and fatty-acid β-oxidation.11 In CD, the per-

sistent presence of microbial antigens and cytokines (e.g., in-

terferon γ [IFN-γ], tumor necrosis factor α [TNF-α]) drives 

macrophages toward the pro-inflammatory M1 state, accom-

panied by metabolic reprogramming that favors glycolytic en-

ergy production and lipid droplet accumulation. Similarly, ef-

fector T cells in the inflamed gut favor glycolysis, while regula-

tory T cells and memory T cells depend more on lipid oxida-

tion and mitochondrial respiration. These metabolic programs 

are tightly linked to the cells’ inflammatory outputs–an emerg-

ing paradigm is that tweaking cellular metabolism can modu-

late immune responses in IBD.

The intestinal microenvironment in CD further reflects this 

immunometabolic imbalance. Mucosal tissues from CD pa-

tients often show an altered lipid profile and energy metabo-

lism signature. Mesenteric adipose tissue hypertrophies into 

“creeping fat” around areas of transmural inflammation, indi-

cating a redistribution of lipid storage and metabolism to the 

intestinal vicinity. This creeping fat is not inert; it secretes adi-

pokines like leptin and adiponectin, and pro-inflammatory 

mediators, which can influence immune cell polarization and 

fibrosis in the gut. Notably, creeping fat adipocytes exhibit 

changes in their metabolic gene expression. Single-cell tran-

scriptomic studies have identified a subpopulation of stromal 

cells within creeping fat that highly expresses lipoprotein li-

pase and shows elevated transcriptional activity of PPARγ and 

related lipid metabolic pathways.15,16 This suggests that PPARγ-

driven lipid metabolism in creeping fat may be a response to–

or contributor to–intestinal inflammation, potentially by sup-

plying energy-rich lipids or antimicrobial molecules to the in-

Table 1. Key Features of PPARα, PPARβ/δ, and PPARγ5-10

Feature PPARα PPARβ/δ PPARγ

Tissue expression Liver, heart, muscle, intestine Ubiquitous (muscle, gut, adipose) Adipose tissue, colon, immune cells

Endogenous ligands Fatty acids, eicosanoids Unsaturated fatty acids, 15-HETE 15d-PGJ2, oxidized lipids

Synthetic ligands Fibrates (e.g., fenofibrate) Seladelpar, GW501516 (research use) TZDs (e.g., rosiglitazone, pioglitazone)

Main functions Fatty acid oxidation, lipid catabolism Energy expenditure, lipid metabolism Adipogenesis, insulin sensitization

Immune role Anti-inflammatory, promotes M2 
macrophages

Suppresses M1, supports immune 
balance

Strongly anti-inflammatory, M2 
polarization

Associated diseases Dyslipidemia, NAFLD, atherosclerosis Metabolic syndrome, NAFLD T2D, obesity, IBD, NASH

PPAR, peroxisome proliferator-activated receptor; 15-HETE, 15-hydroxyeicosatetraenoic acid; 15d-PGJ2, 15-deoxy-delta-12,14-prostaglandin J2; TZD, 
thiazolidinedione; NAFLD, nonalcoholic fatty liver disease; T2D, type 2 diabetes; IBD, inflammatory bowel disease; NASH, nonalcoholic steatohepatitis.
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flamed gut wall (e.g., through upregulation of lipid-handling 

and antibacterial genes). Thus, metabolic reprogramming is 

intertwined with immune regulation in CD at both the cellular 

and tissue level.

PPARs are central to immunometabolic regulation, making 

them well-positioned to influence CD processes. As lipid sen-

sors, PPARs respond to fatty acids, eicosanoids, and other me-

tabolites that accumulate in inflamed or hypoxic tissues. Acti-

vation of PPARα or PPARγ can recalibrate the metabolism of 

macrophages and T cells: for instance, PPAR activation pro-

motes β-oxidation of fatty acids and dampens glycolytic flux, 

which can push macrophages toward a more restorative M2 

phenotype and encourage T cells towards regulatory or less 

inflammatory states.17 In parallel, PPAR signaling directly sup-

presses pro-inflammatory gene transcription (via transrepres-

sion of NF-κB, AP-1, and other pathways) and induces genes 

involved in cellular stress defense (such as antioxidant en-

zymes and anti-apoptotic factors). These effects exemplify 

how manipulating metabolism can have downstream im-

mune consequences. Indeed, loss-of-function models have 

shown that without PPARs enforcing metabolic checks, in-

flammation is amplified: mice lacking PPARα develop a height-

ened Th1/Th17 response to commensal microbiota and suffer 

more severe colitis.18,19

Moreover, immunometabolic perturbations in CD extend to 

the epithelial barrier, where energy metabolism influences 

barrier integrity and mucus production. Butyrate–a short-

chain fatty acid (SCFA) produced by gut microbiota–is a prime 

example of an immunometabolic mediator: it serves as the 

primary fuel for colonic epithelial cells and also exerts anti-in-

flammatory effects. Butyrate has been shown to enhance in-

testinal barrier function by acting on epithelial cell metabolism 

and by activating PPARγ. In colonic epithelial models, butyrate 

upregulates PPARγ and stimulates PPAR-responsive genes, 

thereby tightening junctional complexes and reducing perme-

ability. In active CD, where butyrate-producing microbes are 

often depleted, reduced PPARγ activity in epithelial cells may 

contribute to barrier defects and increased translocation of lu-

minal antigens.20 This example illustrates how microbial me-

tabolites, PPAR signaling, and immune activation form a triad 

critical to gut homeostasis. In summary, CD can be viewed as 

a state of pathologic immunometabolism, and PPARs repre-

sent nodal points in the network of metabolic and inflamma-

tory pathways. We next examine each PPAR isoform’s specific 

roles in the context of CD.

PPARγ: MODULATING INFLAMMATION,  
BARRIER FUNCTION, AND FIBROSIS

PPARγ is the most extensively studied PPAR isoform in IBD 

and is highly expressed in colonic epithelial cells, adipocytes, 

and immune cells of the gut mucosa.21 It functions as a master 

regulator of adipogenesis and has potent anti-inflammatory 

properties in immune cells. PPARγ’s role in CD is multifaceted, 

affecting immune cell polarization, cytokine responses, intes-

tinal barrier maintenance, and fibrotic remodeling.

1. Regulation of Mucosal Immunity
PPARγ serves as an important brake on inflammatory my-

eloid cells. In macrophages, ligand-activated PPARγ trans-re-

presses inflammatory gene expression–it can interfere with 

NF-κB and signal transducer and activator of transcription 1 

(STAT1) signaling and promote an alternative activation state 

(M2) characterized by secretion of interleukin (IL)-10 and 

transforming growth factor β (TGF-β) rather than TNF-α and 

IL-12.22,23 In vivo evidence comes from murine IBD models: 

mice engineered to lack PPARγ in myeloid cells develop mark-

edly exacerbated colitis with high levels of IFN-γ, enhanced 

expression of Toll-like receptor (TLR) co-stimulatory mole-

cules, and an accumulation of inflammatory Ly6Chi mono-

cytes.24,25 Similarly, T cell-specific PPARγ knockout leads to ac-

celerated colitis, with increased Th1/Th17 cytokines (IL-6, IL-

1β) and loss of regulatory T cells.26,27 These findings demon-

strate that PPARγ in both innate and adaptive immune com-

partments restrains pathogenic inflammation in the gut. 

Mechanistically, PPARγ activation in T cells has been linked to 

suppression of SOCS3 and NF-κB–dependent apoptotic path-

ways, as well as preservation of FoxP3+ regulatory T cells.11,26 

Thus, PPARγ acts as an immunoregulatory factor, helping to 

maintain tolerance to commensals and preventing overactive 

immune responses in the intestine.

2. Maintenance of Epithelial Integrity
PPARγ is expressed by intestinal epithelial cells (especially in 

the colon), where it contributes to barrier function and anti-

inflammatory signaling. PPARγ activation promotes differen-

tiation of goblet cells and enhances the expression of tight 

junction proteins, partly via upregulating genes that support 

mucosal repair and by transcriptional suppression of inflam-

matory cascades within epithelial cells. In mice with epithelial-

specific PPARγ deletion, the colonic epithelium is more sus-

ceptible to injury: experimental colitis causes more severe 
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erosions and ulceration in these mice, accompanied by great-

er leukocyte infiltration.28 Interestingly, the impact of epithelial 

PPARγ loss on clinical colitis indices was strain-dependent in 

studies (significant in C57BL/6 background), but in all cases 

there was evidence that epithelial PPARγ helps limit inflam-

matory damage.28,29 One way PPARγ might protect the epithe-

lium is through influencing immune-epithelial cross-talk–for 

example, PPARγ in epithelial cells can affect the cytokine mi-

lieu (such as IL-10 levels in local lymph nodes) that in turn 

shapes T cell responses. In summary, PPARγ helps maintain 

the integrity of the gut lining, making it harder for bacteria and 

antigens to provoke inflammation.

3. Anti-Fibrotic Effects
CD often leads to transmural fibrosis and stricture formation 

due to chronic wound-healing responses. PPARγ has emerged 

as a negative regulator of fibrogenesis in the gut. This stems 

from PPARγ’s ability to antagonize TGF-β/Smad signaling, the 

central pathway driving collagen deposition and myofibro-

blast activation. Indeed, PPARγ agonists inhibit the differentia-

tion of intestinal fibroblasts into collagen-secreting myofibro-

blasts in vitro.22,30,31 In other organs, PPARγ ligands have been 

shown to upregulate anti-fibrotic genes (e.g., matrix metallo-

proteinases) and downregulate collagen I, and similar mecha-

nisms likely apply in intestinal fibrosis.32 In a murine model of 

chronic TNF-driven ileitis, PPARγ activation was found to re-

duce fibrotic stricture severity by suppressing profibrotic gene 

expression (such as α-smooth muscle actin and collagen).33,34 

Clinically, while anti-fibrotic therapy in CD remains an unmet 

need, these insights position PPARγ as a promising target for 

preventing or treating strictures. It is notable that standard 

IBD drugs 5-aminosalicylic acid (5-ASA) compounds activate 

PPARγ–this is thought to contribute to their anti-inflammato-

ry effect, though 5-ASA alone does not reverse established fi-

brosis.35,36 A specially designed 5-ASA derivative (GED-0507, a 

partial PPARγ agonist) showed anti-fibrotic potential in pre-

clinical studies, but a clinical trial in CD strictures was halted 

due to recruitment issues.11,33

4. Evidence in IBD Patients
Translational studies provide hints that PPARγ activity is per-

turbed in IBD. In ulcerative colitis (UC), PPARγ expression is 

markedly diminished in inflamed colonic mucosa–one land-

mark study showed PPARγ mRNA and protein levels in UC 

patient biopsies were drastically lower than in healthy controls 

(and even lower than in CD biopsies).5,37 This finding aligns 

with clinical observations that PPARγ agonists (like rosigli-

tazone) have moderate efficacy in UC. In CD, the reduction of 

PPARγ appears more nuanced. Several studies have reported 

that colonic PPARγ mRNA is significantly downregulated in 

both active CD and UC.38-40 Another cohort study found that 

PPARγ levels in non-inflamed areas of CD patients were rela-

tively preserved, and that PPARγ expression did not correlate 

with CD severity or location, in contrast to UC where it tracked 

disease activity.39 These data suggest that while PPARγ is in-

volved in CD pathogenesis, its impairment is less uniform 

than in UC. Genetic studies echo this pattern: the common 

functional variant PPARG Pro12Ala (rs1801282), which re-

duces PPARγ activity, is linked with susceptibility to UC but 

less associated to CD.41,42 The lack of a strong genetic associa-

tion in CD implies that PPARγ dysfunction in CD is likely con-

text-driven (e.g., due to inflammation or microbial products) 

rather than primary.11 Importantly, even if not a primary risk 

gene, PPARγ remains a critical node that can be therapeutical-

ly leveraged to modulate downstream inflammation.

5. Summary
In summary, PPARγ in the gut orchestrates a wide array of pro-

tective functions: it tempers innate and adaptive immune acti-

vation, bolsters the epithelial barrier, and counteracts fibrosis. 

Insufficient PPARγ activity–whether through genetic predis-

position, inhibitory post-translational modifications, or over-

whelming inflammatory signals–can remove these brakes, ex-

acerbating the chronic inflammation of CD. The therapeutic 

implications of this are discussed later; notably, PPARγ ago-

nists are being explored as a means to reinforce these endoge-

nous anti-inflammatory pathways in IBD.

PPARα: INTEGRATING LIPID METABOLISM 
WITH MUCOSAL IMMUNITY

PPARα is classically known for its role in hepatic lipid oxida-

tion and fasting metabolism, but it is also expressed in the gas-

trointestinal tract and immune cells where it has significant 

immunomodulatory effects. In the small intestine, PPARα is 

present at high levels in the duodenum/jejunum and in vari-

ous hematopoietic cells including monocytes, macrophages, 

and dendritic cells.43 PPARα activation drives transcription of 

genes for fatty acid β-oxidation (e.g., acyl-CoA oxidase, CPT1) 

and simultaneously exerts anti-inflammatory actions.44 In CD, 

where an imbalance of pro- and anti-inflammatory lipid me-

diators is evident, PPARα plays a pivotal regulatory role.
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1. Host Defense and Tolerance to Microbiota
Elegant studies have shown that PPARα is indispensable for 

maintaining immune homeostasis in the gut in the face of the 

microbiota. PPARα-knockout mice exhibit an exaggerated in-

flammatory reaction to commensal bacteria, resulting in 

spontaneous or more severe induced colitis.45-47 This dysregu-

lated response is partly due to PPARα’s role in constraining 

Th1/Th17 polarization–PPARα-/- mice have an expansion of 

Th1 and Th17 cells in the colon, along with higher levels of 

pro-inflammatory cytokines, which can be ameliorated by an-

tibiotic depletion of the microbiota. One critical cytokine in-

fluenced by PPARα is IL-22, produced by innate lymphoid 

cells (ILC3) and Th22 cells. IL-22 is essential for epithelial bar-

rier integrity and antimicrobial peptide production. In PPARα 

deficiency, IL-22 levels are reduced, compromising epithelial 

defense.17 Thus, PPARα helps calibrate the mucosal immune 

system’s interaction with gut bacteria–it promotes tolerance 

and balanced immune responses, preventing the overactiva-

tion that characterizes IBD.

2. Inflammatory Pathway Modulation
At the molecular level, PPARα activation directly antagonizes 

key inflammatory signaling pathways. PPARα can physically 

interact with transcription factors like NF-κB p65 and AP-1 (c-

Jun), acting as a transcriptional sink that blunts their ability to 

induce pro-inflammatory genes.48,49 For instance, PPARα ago-

nists suppress IL-6 and TNF-α production in activated mono-

cytes and adipocytes by these transrepression mechanisms.50 

PPARα also facilitates the catabolism of inflammatory lipid 

mediators.6 In PPARα-null mice, this catabolic pathway is ab-

sent and LTB4-driven neutrophilic inflammation is un-

checked–indeed, PPARα-/- mice cannot efficiently resolve in-

flammation mediated by LTB4 and related mediators.51 Fur-

thermore, PPARα suppresses Th1 differentiation by downreg-

ulating T-bet (the master transcription factor for Th1) via inhi-

bition of p38 mitogen-activated protein kinase (MAPK) phos-

phorylation.52 Through such mechanisms, PPARα activation 

broadly attenuates both innate and adaptive inflammatory 

circuits that are active in CD.

3. Effects on Epithelial Cells and Barrier
While PPARα is less abundant in colonic epithelial cells than 

PPARγ, it is present in small intestinal epithelium and may 

contribute to barrier function indirectly. PPARα activation in 

macrophages and ILC3 leads to higher IL-22, which, as noted, 

strengthens the epithelial layer by inducing antimicrobial pep-

tides and mucins.53 Additionally, some metabolites that acti-

vate PPARα have been shown to improve epithelial integrity. 

Palmitoylethanolamide (PEA), a naturally occurring fatty acid 

ethanolamide and PPARα agonist, is elevated in inflamed in-

testinal tissues, perhaps as an endogenous protective re-

sponse.54 Supplementation with PEA in mice reduced experi-

mental colitis severity and improved gut permeability.55 Nota-

bly, PEA’s anti-inflammatory benefit was lost if PPARα was 

pharmacologically or genetically blocked, confirming that 

PPARα mediates a significant part of PEA’s effect.56,57

4. CD and PPARα in Humans
Similar to PPARγ, PPARα-related pathways are perturbed in 

IBD patients. Integrative-omics analyses have identified that 

genes under PPARα regulation are downregulated in IBD mu-

cosa compared to healthy mucosa.3 This likely reflects the in-

flammatory milieu down-modulating metabolic genes. Clini-

cally, indirect evidence points to PPARα’s importance: for ex-

ample, therapy with statins (HMG-CoA reductase inhibitors 

that also upregulate PPARα expression in liver and macro-

phages) has been associated with reduced risk of developing 

CD in epidemiological studies.52,58 Moreover, in patients with 

established IBD, those on statins have shown decreased pro-

gression to surgery, hinting at a beneficial modulation of dis-

ease course.59 While confounding factors exist, these observa-

tions align with the idea that PPARα activation exerts anti-in-

flammatory and possibly anti-fibrotic effects in CD.

5. Preclinical Therapeutic Studies
PPARα agonists (fibrate drugs) have been tested in animal 

IBD models with promising, though sometimes conflicting, 

results. In IL-10 knockout mice (a spontaneous colitis model 

marked by Th1/Th17 excess), the PPARα agonist fenofibrate 

significantly reduced colonic inflammation, lowering IFN-γ 
and IL-17 levels and ameliorating histopathology.60 This sug-

gests activating PPARα can rein in pathogenic T cell respons-

es. Conversely, a study in acute dextran sulfate sodium (DSS) 

colitis reported that fenofibrate worsened inflammation and 

epithelial injury via PPARα-dependent changes in lipid me-

tabolism (e.g., altered ceramide/sphingolipid levels leading to 

epithelial cell necrosis).61 The discrepancy likely owes to dif-

ferences between chronic versus acute models and highlights 

that PPARα’s effects might vary with context (timing, cellular 

target, and presence of certain lipids). Nonetheless, the overall 

evidence supports an anti-inflammatory role for PPARα, and 

interest has translated to clinical trials: fibrates are currently 
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being repurposed in early-phase trials for UC (as adjunct ther-

apy), and similar approaches may extend to CD if safety and 

efficacy signals are positive.62 Importantly, DSS results are a 

proxy for IBD but not specific to CD pathology. Further stud-

ies using CD models demonstrating transmural inflammation 

(e.g., IL-10–/–, SAMP1/YitFc, TNFΔARE mice) are warranted to 

confirm potential translation of PPAR-based interventions to 

CD.

6. Summary
In conclusion, PPARα serves as an important immunometa-

bolic checkpoint in the gut. It connects the sensing of nutri-

tional and microbial-derived lipids to appropriate immune re-

sponses–promoting lipid catabolism and dampening exces-

sive inflammation. In CD, enhancing PPARα activity repre-

sents a logical strategy to restore metabolic-immune balance, 

by clearing pro-inflammatory lipid mediators, bolstering epi-

thelial defenses, and limiting pathogenic T cell responses. Any 

future therapy targeting PPARα will need to carefully navigate 

its complex biology (to avoid unwanted metabolic side ef-

fects), but the potential to “reset” mucosal immunity via meta-

bolic modulation is a compelling avenue in IBD research.

PPARβ/δ: EMERGING INSIGHTS INTO INTESTINAL 
HOMEOSTASIS

PPARβ/δ, also referred to as PPARδ, remains the least explored 

of the PPAR isoforms in the context of CD, yet emerging re-

search highlights its significant influence on intestinal homeo-

stasis and potential relevance to CD pathology. PPARδ is ex-

pressed broadly, including in colonic epithelial cells, immune 

cells, and even Paneth cells of the small intestine.45 It is a po-

tent regulator of processes like fatty acid metabolism and cel-

lular differentiation. While much attention has focused on its 

roles in metabolic disorders and cancer, its contributions to 

gut physiology are now coming into focus. Below, we explore 

PPARδ’s multifaceted roles in intestinal immunity, epithelial 

function, and T cell metabolism, alongside considerations for 

its therapeutic potential in CD.

1. Macrophage Polarization
PPARδ plays a nuanced role in regulating macrophage behav-

ior, distinct from the predominantly anti-inflammatory effects 

of PPARα and PPARγ. Its impact on macrophage polarization 

depends on the cellular context and ligand activation. When 

activated by agonists, PPARδ can suppress pro-inflammatory 

cytokine release by disrupting its interaction with the tran-

scriptional repressor B-cell lymphoma 6 (BCL-6). In its unli-

ganded state, PPARδ associates with BCL-6 to inhibit anti-in-

flammatory gene expression, but ligand binding releases this 

suppression, allowing PPARδ to curb inflammatory path-

ways.63 Additionally, CD137 signaling also induces M2 polar-

ization through the STAT6/PPARδ pathway.64

2. Paneth Cell Function and Microbiota Composition
One of the most intriguing roles of PPARδ is in Paneth cells, the 

specialized epithelial cells at the base of small intestinal crypts 

that secrete defensins and shape the microbiome. CD (partic-

ularly ileal CD) is associated with Paneth cell dysfunction and 

reduced antimicrobial peptide secretion, leading to dysbiosis. 

One study showed that PPARδ is a key regulator of Paneth cell 

differentiation via interactions with the Hedgehog signaling 

pathway.65 Mice lacking PPARδ had significantly fewer Paneth 

cells and diminished expression of defensins. Consequently, 

these PPARδ-deficient mice harbored an altered gut microbi-

ota.65,66 Given that ileal CD is characterized by defective Paneth 

cells and an expansion of adherent invasive bacteria, PPARδ 

loss could be a contributing factor to this phenotype. Con-

versely, ensuring adequate PPARδ activity might preserve Pan-

eth cell numbers and their microbial control function, thereby 

preventing dysbiotic triggers of inflammation.

3. Metabolic Reprogramming of T Cells
PPARδ has been implicated in the metabolism of T lympho-

cytes as well. Memory CD8+ T cells, for example, rely on fatty 

acid oxidation for their long-term persistence. PPARδ is report-

ed to promote the switch from glycolysis to oxidative metabo-

lism during the formation of memory T cells. It can suppress 

anaerobic glycolysis in activated T cells, thereby favoring a 

metabolic state that is less inflammatory and more conducive 

to longevity and immune regulation.67,68 In CD, where a chronic 

inflammatory environment may skew T cells towards continu-

ous effector activity (and thus glycolytic metabolism), PPARδ 

activation might push some of these cells toward a memory or 

regulatory phenotype by altering their metabolic program-

ming. Additionally, PPARδ in mesenchymal stem/stromal cells 

has been linked to the regulation of Th17 responses via meta-

bolic effect69 though this is an emerging area of study.

4. Therapeutic and Cautionary Notes
Unlike PPARα and PPARγ, no PPARδ-targeted therapy is cur-

rently in use for IBD. In fact, full agonists of PPARδ (like GW 
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501516) have raised concerns after causing tumors in rodent 

studies, halting their clinical development for metabolic dis-

eases. PPARδ’s pro-proliferative effects in certain contexts (e.g., 

promoting angiogenesis and cell survival in colorectal cancer 

models) warrant caution.70 CD patients already carry an ele-

vated risk of colorectal cancer due to chronic inflammation,  

so any intervention that broadly activates PPARδ would need 

careful evaluation for cancer risk. On the other hand, selective 

modulation of PPARδ in immune or Paneth cells might be ben-

eficial. For instance, strategies to boost PPARδ in the intestinal 

epithelium (without systemic exposure) could enhance barrier 

defense against bacteria without significant oncogenic risk. An 

interesting development in another field is the drug seladelpar, 

a PPARδ agonist tested in primary biliary cholangitis, which 

appeared safe and effective in phase III trials (no cancers ob-

served over a limited period).71 This suggests that with proper 

targeting and dosing, PPARδ agonism might be harnessed 

therapeutically. Any such approach in CD would require en-

suring that benefits (e.g., restoring Paneth cell function, reduc-

ing inflammation) outweigh potential long-term risks.

5. Summary
In summary, PPARβ/δ occupies a unique niche in intestinal 

homeostasis: it influences macrophage activation, supports 

Paneth cell-dependent microbial balance, and adjusts T cell 

metabolism. Its role in CD is less well defined than PPARα/γ, 

but emerging evidence indicates that a deficiency in PPARδ 

activity could contribute to microbial dysbiosis and perhaps 

sustained inflammation in CD patients. More research is 

needed to clarify whether PPARδ could be a safe therapeutic 

target or biomarker in IBD. For the remainder of this review, 

our focus will return to the more immediately translational as-

pects of PPARα and PPARγ in CD, particularly how we can le-

verage these pathways for treatment.

CROSSTALK WITH MICROBIOTA, ADIPOSE  
TISSUE, AND VIRUSES IN PPAR SIGNALING

The activity of PPAR pathways in CD is not only determined 

by host genetics and cells-intrinsic factors, but also by external 

and microenvironmental influences. Gut microbes, mesenter-

ic adipose tissue, and viral infections can all modulate PPAR 

signaling, thereby influencing disease outcomes.

1. Gut Microbiota and PPARs
The intestinal microbiota provides ligands and signals that 

modulate PPAR activity. Beneficial commensal bacteria pro-

duce SCFA like acetate, propionate, and butyrate, which, as 

discussed, can activate PPARγ in colonocytes and macro-

phages. By upregulating PPARγ, these microbial metabolites 

help maintain an anti-inflammatory tone and reinforce the 

mucosal barrier.72 When dysbiosis occurs in CD (often a de-

crease in SCFA-producing Clostridia and an increase in pro-

inflammatory pathobionts), the supply of these PPAR-activat-

ing metabolites dwindles. This may lead to reduced PPAR sig-

naling and thereby less restraint on inflammation. On the flip 

side, certain microbial components drive inflammation that 

inhibits PPAR function. For example, bacterial lipopolysaccha-

ride through TLR4 activation triggers pathways (MAPK, NF-

κB) that can phosphorylate or otherwise impair PPARγ’s tran-

scriptional activity.73 In IBD patients, increased TLR4 signaling 

in active disease correlates with decreased PPARγ expression 

in the colon.74 There is also evidence of a direct microbiota-

PPAR interface: PPARα-deficient mice have an expansion of 

bacteria that incited colitis, whereas activating PPARα leads to 

tolerance of microbiota and prevention of dysbiosis-driven in-

flammation.75,76 Intriguingly, some bacteria might actively ex-

ploit PPAR pathways; one report showed that Enterobacteria-

ceae (a family often overgrown in CD dysbiosis) can flourish if 

PPARγ signaling in epithelial cells is suppressed, whereas ro-

bust epithelial PPARγ activation can inhibit the bloom of these 

pro-inflammatory bacteria.75 In summary, a healthy microbi-

ome likely promotes PPAR activity (through metabolites and 

low-level tonic signals), and in turn PPARs help maintain a 

balanced microbiome–a positive feedback loop that, when 

broken, contributes to IBD.

2. Mesenteric Adipose Tissue (“Creeping Fat”)
CD uniquely features hypertrophy of mesenteric fat wrapping 

around the inflamed intestine. This creeping fat is not merely 

a side effect but actively participates in immune regulation. 

Adipocytes and stromal cells in creeping fat secrete a host of 

cytokines and adipokines: for instance, leptin (pro-inflamma-

tory, promoting Th1 responses and fibrogenesis) is elevated in 

CD fat, whereas adiponectin (usually anti-inflammatory) may 

be dysregulated.77,78 PPARγ is the master regulator of adipo-

cyte differentiation and function; thus, it is highly relevant in 

creeping fat biology. In fact, single-cell RNA-seq has identified 

cell subsets in CD mesenteric fat with upregulated PPARγ sig-

naling, particularly in a subset of preadipocyte/stromal cells 

that co-express genes for lipid metabolism and antimicrobial 

defense.16 This suggests creeping fat might mount a PPARγ-
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driven response to help contain bacterial spread from the in-

testine (acting as an immunometabolic “firewall”). PPARγ ac-

tivation in adipose tissue tends to induce adiponectin and 

suppress leptin, skewing towards anti-inflammatory adipo-

kine profiles. Consistently, thiazolidinedione PPARγ agonists 

increase adiponectin levels systemically and could potentially 

do so in mesenteric fat, thereby mitigating local inflammation. 

Moreover, creeping fat produces PEA and other PPARα li-

gands in situ,79,80 which may diffuse into the intestine and 

dampen inflammation. However, if PPAR signaling in creep-

ing fat is insufficient or becomes aberrant, the fat may become 

a chronic source of inflammation and fibrosis. Leptin from 

PPARγ-deficient adipocytes, for example, can drive macro-

phages toward collagen-producing, TNF-secreting pheno-

types that exacerbate strictures.81 Therefore, maintaining nor-

mal PPAR function in mesenteric fat is likely important for its 

proposed “shielding” role in CD. This interplay is complex: 

creeping fat can be viewed as both a marker of severe CD and 

an effort by the body to localize disease; PPARs within that fat 

determine whether it is friend or foe to the intestine.

3. Viral Interactions
Viral infections have been proposed as environmental triggers 

or exacerbating factors for IBD. Certain viruses can modulate 

host PPAR pathways, thereby influencing inflammation. For 

example, influenza virus has been shown to deliberately 

downregulate PPARγ in alveolar macrophages, causing an ex-

aggerated inflammatory response (a “cytokine storm”).82 In 

that context, treating infected mice with a PPARγ agonist 

blunted harmful inflammation without impairing viral clear-

ance. While the lung is a different organ, similar principles may 

apply in the gut: a viral gastroenteritis could transiently sup-

press PPARγ or PPARα in intestinal immune cells, lowering the 

threshold for a CD flare. Notably, type I interferons produced 

during viral infection can inhibit PPARα’s lipid metabolic genes 

(since interferon signaling shifts cell metabolism toward an 

antiviral state), which might curtail PPARα’s anti-inflammatory 

effects during and after the infection. There is also evidence 

that some viral proteins interact with PPARs; for instance, hu-

man immunodeficiency virus type 1 (HIV-1) gp120 was found 

to influence PPARγ activity in microglia, promoting inflamma-

tion.83 In the gastrointestinal realm, norovirus is temporally 

linked to triggering flares in CD patients, especially those with 

genetic autophagy defects. It is conceivable that noroviral in-

fection of intestinal immune cells could interfere with PPARγ, 

compounding inflammation. On a more positive note, PPAR 

agonists have shown antiviral benefits in some studies: PPARγ 
activation can promote barrier integrity during viral infection 

of the gut. A striking example comes from simian immunode-

ficiency virus-infected macaques (a model of HIV gut patholo-

gy)–administration of a cannabinoid Tetrahydrocannabinol 

(THC), which engages PPARγ, was found to improve intestinal 

epithelial integrity and reduce microbial translocation in the 

infected monkeys.84 This suggests that enhancing PPARγ dur-

ing chronic viral infection protects the gut lining and limits im-

mune activation. In summary, viruses can tip the balance of 

PPAR signaling to favor inflammation, and in such cases PPAR 

activation could serve as an adjunctive strategy to maintain re-

mission in CD patients prone to viral reactivations.

4. Summary
In essence, PPAR pathways in CD are dynamically influenced 

by the microbial and viral milieu and by the metabolic signals 

from adjacent tissues like fat. Understanding these interac-

tions is crucial because they may explain fluctuations in dis-

ease activity and responses to therapy. For instance, a patient’s 

diet (affecting microbiota and metabolites) or intercurrent vi-

ral infections might change PPAR activity and thus the effec-

tiveness of a PPAR-targeted treatment. It also opens the door 

to combination interventions–for example, using prebiotics or 

probiotics to boost PPAR agonist availability (such as butyrate 

producers) alongside pharmacologic PPAR activators. The 

complexity of these networks underscores that successful 

modulation of PPARs in CD may require a holistic approach, 

addressing not only the receptor and its ligands but also the 

environment that feeds into this signaling system.

THERAPEUTIC IMPLICATIONS: PPAR-TARGETED 
INTERVENTIONS IN CD

Given their significant roles in regulating inflammation and 

metabolism, PPARs have attracted considerable interest as 

therapeutic targets in IBD. Both synthetic ligands (drugs de-

veloped for other indications) and natural compounds that 

activate PPARα or PPARγ are being repurposed or optimized 

for IBD treatment. Synthetic agents like thiazolidinediones 

(pioglitazone, rosiglitazone, troglitazone) activate PPARγ to 

reduce pro-inflammatory cytokines and NF-κB signaling, with 

promising preclinical and early clinical data. PPARα agonists 

(e.g., fibrates) and dual agonists enhance fatty acid oxidation 

and suppress inflammation but require careful use due to 

metabolic risks. Although PPARδ agonists are not yet used 
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clinically due to safety concerns, indirect activation via exer-

cise or partial modulators may offer future potential. Natural 

compounds—such as omega-3 fatty acids, curcumin, resvera-

trol, and fiber-derived butyrate—modulate PPAR activity and 

show anti-inflammatory and gut barrier-enhancing effects in 

models of colitis. Table 2 reviews the current state of PPAR-di-

rected therapies and their mechanisms of action in the con-

text of preclinical models of IBD such as DSS-induced coli-

tis.33,85-101 It is important to note that DSS colitis is largely con-

fined to the colon and causes superficial mucosal inflamma-

tion, whereas CD often features transmural inflammation, 

patchy (“skip”) lesions, and frequent ileal involvement, which 

DSS does not replicate. Notably, DSS-induced inflammation 

is driven by epithelial injury and innate immune activation, 

with minimal adaptive (T-cell) priming, and granulomas or 

fistulas typical of CD pathology do not occur in DSS models. 

These differences mean that findings from DSS models may 

not fully translate to CD. For example, PPAR-targeted thera-

pies that show efficacy in DSS colitis might behave differently 

in a CD-like immune milieu. Indeed, the same PPAR agonist 

can yield opposite outcomes in different models: fenofibrate 

(a PPARα agonist) improved chronic Th1-driven colitis in IL-

Table 2. The Current State of PPAR-Directed Therapies and Their Mechanisms of Action in the Context of Crohn’s Disease

Therapy type Compound PPAR target    Experimental model Effect

Synthetic Pioglitazone PPARγ DSS-induced colitis mice Inhibits NF-κB activation, reducing inflammation85

Rosiglitazone PPARγ HT-29, Caco-2 cells;  
DSS-colitis mice, rats

Inhibits IL-6, TNF-α, NF-κB; reduces neutrophil 
chemotaxis86

Troglitazone PPARγ HT-29, Caco-2 cells;  
DSS-colitis mice

Inhibits NF-κB activation, reducing inflammation87,88

Adelmidrol PPARα, CB1, 
CB2

DNBS-induced colitis mice Reduces NF-κB translocation, COX2, MAPK, cytokines; 
modulates ICAM-1, etc89

CBt-PMN PPARβ/δ, RXR DSS-induced colitis mice Down-regulates TNF-α, IL-6 in monocytes90

GW0742 PPARβ/δ DSS-induced colitis mice Reduces pro-inflammatory cytokines; improves 
histological scores91

Tropisetron PPARγ DSS-induced colitis mice Reduces pro-inflammatory cytokines; improves 
histological scores92

GED-0507-34 Levo PPARγ Mice, inflammation-driven  
fibrosis

Studied for anti-fibrotic effects33

n3-PUFA (DHA, EPA) PPARγ, NFAT TNBS-colitis rats Decreases inflammation, IL-2, IL-4; increases PPARγ; 
reduces NFAT expression93

Natural Abelmoschus  
manihot extract

PPARγ DSS-colitis mice Regulates gut microbiota and Th17/Treg balance94

Magnolol PPARγ DSS-colitis mice Counteracts TNF-α, IL-1β, IL-12 via NF-κB pathway 
regulation95

Oxylipins  
(Chlamydomonas 
debaryana)

PPARγ TNBS-colitis mice Decreases TNF-α, IL-1β, IL-6, IL-17, COX2, NF-κB; 
improves morphology96

Portulaca oleracea  
extract

PPARγ DSS-colitis mice Inhibits pro-inflammatory cytokine release, reduces  
NF-κB phosphorylation97

Sargahydroquinoic acid PPARγ HT-29, Caco-2 cells Dual anti-inflammatory and antioxidant effects98

Tetramethylpyrazine PPARγ OXA-colitis mice, Caco-2  
cells

Reduces TNF-α, IL-6, IL-8, ROS via PPARγ signaling; 
inhibits NF-κB99

Verbascoside PPARα Mice, IBD model Activates PPARα, reducing inflammation100

Oleylethanolamide PPARα DSS-colitis rats Activates PPARα, involved in feeding regulation and  
anti-inflammatory effects101

PPAR, peroxisome proliferator-activated receptor; DSS, dextran sulfate sodium; NF-κB, nuclear factor kappa B; IL, interleukin; TNF-α, tumor necrosis 
factor-alpha; DNBS, dinitrobenzene sulfonic acid; COX2, cyclooxygenase-2; MAPK, mitogen-activated protein kinase; ICAM-1, intercellular adhesion 
molecule 1; RXR, retinoid X receptor; NFAT, nuclear factor of activated T-cells; ROS, reactive oxygen species; OXA, oxazolone; IBD, Inflammatory bowel 
disease.
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10 knockout mice (a CD-like model) but actually exacerbated 

acute DSS colitis via altered lipid metabolism and necrosis 

pathways.60,61 This underscores while DSS studies provide 

valuable insights, their relevance to CD must be viewed with 

caution, given the stark pathophysiological differences.

1. �Mechanistic Considerations and Personalized 
Therapy

The therapeutic exploitation of PPARs in CD raises the ques-

tion of patient selection and personalization. Not all patients 

may equally benefit from PPAR modulation. Potential factors 

to consider:

• �PPAR expression and activation status: Some patients, 

especially those with long-standing inflammation, might 

have profoundly low PPARγ expression in their intestinal 

tissue (as seen in subsets of IBD patients).39 These individ-

uals could be ideal candidates for PPARγ augmentation 

therapy, since their baseline anti-inflammatory checks are 

blunted. On the other hand, patients whose disease is pri-

marily driven by pathways unrelated to PPAR (e.g., IL-23/

Th17 axis overwhelming everything) might not respond as 

well to PPAR agonists. Molecular profiling of a biopsy – 

looking at PPARα/γ target gene expression–could serve as 

a biomarker of an ongoing PPAR activity. Low PPAR target 

gene signature might predict a more robust response to a 

PPAR agonist (because there is more “room” to activate 

those pathways).

• �Genetic polymorphisms: PPARγ Pro12Ala polymorphism 

and possibly other variants could influence individual re-

sponses.41 While Pro12Ala is not common in CD, if present 

it results in a less active PPARγ. Paradoxically, one might 

think patients with this variant would respond even better 

to PPARγ agonists (as pharmacologic activation might 

compensate for genetic hypofunction). Conversely, those 

with inherently hyperactive PPAR variants might not need 

additional activation. Beyond PPAR genes themselves, 

polymorphisms in PPAR co-regulators (like PGC1α, or co-

repressor genes) or upstream signals (like fatty acid bind-

ing proteins that deliver ligands to PPAR) could also mod-

ulate efficacy. As pharmacogenomic research in IBD ad-

vances, we may identify a panel of gene markers that pre-

dict who will benefit from PPAR-targeted therapy.

• �Disease location and behavior: It is conceivable that co-

lonic-predominant CD might respond differently to PPARγ 
agonists than small-bowel CD. PPARγ is more highly ex-

pressed in the colon, and agents like 5-ASA (a PPARγ acti-

vator) work in UC (a colonic disease) but not reliably in 

small-bowel CD. For small intestine disease, PPARα (abun-

dant in ileal enterocytes and liver) might be more rele-

vant–for example, patients with fistulizing ileal CD might 

benefit from PPARα-driven improvements in barrier func-

tion and bacterial clearance. Likewise, a fibrostenosing 

phenotype might particularly merit PPARγ therapy for its 

anti-fibrotic effects, whereas an inflammatory phenotype 

might benefit from both PPARα and PPARγ activation to 

quell inflammation.

• �Microbiome composition: The baseline microbiota might 

also guide therapy. A patient whose microbiome is rich in 

butyrate producers (indicating good natural PPARγ ligand 

availability) might not need as much PPARγ agonist drug, 

whereas someone with a dysbiotic, SCFA-depleted micro-

biome might be a candidate for intensive PPARγ activation 

(and possibly simultaneous microbiota restoration). There 

is an intriguing possibility of using microbiome metabo-

lites as surrogate markers for PPAR engagement: e.g., mea-

suring fecal SCFA or lipid mediator levels could reflect how 

robustly PPAR pathways are being stimulated in the gut.

Looking ahead, a personalized medicine approach for CD 

could involve stratifying patients by such biomarkers and tai-

loring a regimen that includes PPAR modulators. For instance, 

a young adult patient with moderate colonic CD, low PPARγ 
expression on biopsy, and creeping fat seen on magnetic reso-

nance imaging (suggesting active adipose involvement) might 

receive a PPARγ agonist plus dietary supplementation (like 

curcumin and omega-3), on top of standard immune-sup-

pressive therapy, aiming for both inflammation control and fi-

brosis prevention. On the other hand, an older patient with 

primarily ileal disease and a history of cardiovascular disease 

risk (where thiazolidinediones are relatively contraindicated) 

might be directed more towards a PPARα-focused interven-

tion (like a trial of fenofibrate, given its dual benefit on lipids 

and inflammation) if appropriate.

2. �Translating PPAR Agonist Benefits from Cholestatic 
Liver Diseases to CD

The successful application of PPAR agonists in cholestatic liver 

diseases provides a compelling rationale for exploring their 

use in CD. The anti-inflammatory and anti-fibrotic properties 

of PPARα and PPARγ agonists observed in cholestatic liver 

diseases could similarly attenuate intestinal inflammation and 

fibrosis in CD.102,103

Moreover, the interplay between mesenteric adipose tissue 
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and intestinal inflammation in CD parallels the role of adipose 

tissue in primary biliary cholangitis and primary sclerosing 

cholangitis, where PPAR agonists regulate adipokine secretion 

and inflammatory responses.103 Additionally, the safety and 

tolerability of PPAR agonists as shown in studies on cholestat-

ic liver diseases support its potential trial in CD.104,105 However, 

despite the promising short-term biochemical responses ob-

served with newer selective PPAR agonists like elafibranor 

and seladelpar, long-term efficacy and safety profiles remain 

areas requiring further investigation.106

Most PPAR agonists share lipid-binding moieties that facili-

tate receptor dimerization and anti-NF-κB activity. Future 

studies should prioritize: (1) comparative trials of PPARα vs 

PPARγ agonists in CD; (2) pharmacogenomic profiling of 

PPAR variants; and (3) microbiota-targeted approaches to 

modulate endogenous PPAR ligands.

FUTURE PERSPECTIVES

Research over the past decade has solidified that PPARα and 

PPARγ are integral regulators of the immunometabolic distur-

bances in CD. They function at the intersection of metabolic 

and inflammatory signaling–a nexus highly relevant to a dis-

ease characterized by chronic immune activation amid envi-

ronmental and dietary challenges. PPARs help govern the bal-

ance between pro- and anti-inflammatory immune cells, 

maintain the integrity of the gut barrier, influence the microbi-

al ecosystem, and even modulate fibrogenesis (Fig. 1). In CD, 

these receptors often appear underactive or overwhelmed, ev-

idenced by reduced expression in active disease and the exag-

gerated inflammation seen in PPAR-deficient models.11 Har-

nessing PPAR pathways thus represents a compelling strategy 

to restore homeostasis.

Therapeutically, there is now a clearer path forward for 

PPAR-targeted approaches in IBD. Clinical trials of PPARγ ago-

nists, while still few, demonstrate proof-of-concept that en-

hancing PPAR signaling can translate into clinical improve-

ment (as shown in UC and suggested in pilot CD studies). The 

ongoing development of gut-specific PPAR modulators (like 

MBF-118) and the exploration of dual agonists or combination 

Fig. 1. Schematic representation of the proposed anti-inflammatory and barrier-enhancing effects of peroxisome proliferator-activated 
receptor (PPAR)γ agonism in the gut. Upon activation, PPARγ forms a heterodimer with retinoid X receptor (RXR), binding to peroxisome 
proliferator response elements and initiating transcriptional programs that (1) upregulate tight junction proteins ZO-1 and occludin, en-
hancing epithelial barrier integrity; (2) increase adiponectin and suppress nuclear factor kappa B (NF-κB) signaling, leading to reduced 
pro-inflammatory cytokines tumor necrosis factor α (TNF-α) and interleukin 6 (IL-6) in mesenteric adipose tissue (MAT); and (3) promote 
M2 macrophage polarization and regulatory T cell (Treg) differentiation, thereby modulating immunometabolism. Most of the evidence 
supporting these mechanisms is derived from preclinical models and should be interpreted with caution in the context of human inflam-
matory bowel disease. 
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treatments provide optimism that efficacy can be achieved 

without undue side effects. Likewise, repurposing safe existing 

medications (e.g., fibrates, which have decades of clinical use 

in metabolic diseases) for adjunct IBD therapy is an attractive 

low-cost avenue. Even if PPAR agonists by themselves are not 

sufficient to induce remission in severe CD, they could be 

combined with immune biologics to address aspects those bi-

ologics do not–for example, using a PPARγ agonist alongside 

an anti-TNF agent might synergistically reduce inflammation 

and at the same time promote mucosal healing and reduce fi-

brosis, ultimately improving long-term outcomes. 

Moreover, the interplay between gut microbiota and PPARs 

opens new therapeutic concepts: fostering a microbiome that 

naturally activates PPARs could be a gentle way to keep in-

flammation at bay. This might involve diet plans or next-gen-

eration probiotics engineered to secrete PPAR-activating me-

tabolites in the intestine. Similarly, understanding PPARs’ role 

in mesenteric fat may inspire therapies aimed at “reprogram-

ming” creeping fat from a pro-inflammatory tissue to a healing 

one–perhaps by local PPARγ stimulation to increase anti-in-

flammatory adipokine release.

Of course, challenges remain. Much of the current mecha-

nistic understanding of PPAR signaling in IBD is derived from 

in vitro models and animal studies, and thus, its translational 

relevance to human disease must be interpreted with caution 

and validated in robust clinical trials. Additionally, PPAR-tar-

geted drugs must be fine-tuned to avoid unwanted systemic 

effects. Long-term safety data in the context of IBD (where pa-

tients may be young and on therapy for life) will be needed. 

Also, CD is heterogeneous; PPAR modulation may dramati-

cally help some patients but be less effective in others, so iden-

tifying predictors of response is crucial. As we accumulate 

more clinical trial data and real-world experiences, these 

questions will be answered.

In conclusion, the role of PPARs in CD exemplifies the grow-

ing realization that metabolic pathways are inseparable from 

immune regulation in chronic inflammatory disorders. PPARα 

and PPARγ act as guardians of gut immune homeostasis by 

sensing metabolic cues and appropriately tuning immune 

and epithelial cell function. Their impairment can tip the 

scales toward uncontrolled inflammation, whereas their acti-

vation can restore equilibrium. With an armamentarium of 

PPAR agonists (both old and new) at our disposal, gastroen-

terology stands at the cusp of translating these insights into 

novel therapies. The coming years will likely see PPAR-focused 

treatment strategies moving from bench to bedside–poten-

tially inaugurating a new era of immunometabolic therapy for 

CD, wherein nurturing the body’s own regulatory pathways 

leads to deeper and more durable remission for patients. Such 

an approach, especially if personalized, holds promise to tack-

le facets of CD that remain difficult to manage with current 

therapies, bringing us closer to the goal of complete mucosal 

healing and disease modification in CD.
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