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A microbial PPARadigm for gut protection

Jonathan Chuck, James V. Parsons & Laura A. Solt

Two independent studies converge on the 
nuclear receptor PPARα as a key node in gut 
microbiome communication, highlighting it 
as a potential therapeutic target in intestinal 
diseases.

The mammalian gut is a highly dynamic environment that must continu-
ously balance immune surveillance against pathogens with immune 
tolerance towards the resident microbiome. Inflammatory conditions 
such as infection or autoimmunity can tip this balance by damaging 
barrier tissues in the gut, leaving patients vulnerable to opportunistic 
infections. This damage can be alleviated by introducing beneficial 
microorganisms, but the mechanisms by which they protect the gut 
from tissue damage are poorly understood. Writing in this issue of 
Nature Microbiology, Kramer et al.1 and Liu et al.2 independently show 
that gut microbiota-derived fatty acid metabolites promote repair of 
the gut epithelial barrier via PPARα (Fig. 1), a ligand-activated transcrip-
tion factor within the nuclear receptor superfamily, using a primate 
model of human immunodeficiency virus (HIV) infection and a mouse 
model of colitis, respectively, two conditions with well-established 
effects on the gut and the microbiome.

Infection by the simian counterpart of HIV, simian immunodefi-
ciency virus (SIV), recapitulates immune pathology observed with HIV, 
including depletion of CD4+ T cells, which play a central part in immune 
health by orchestrating the body’s response to infections. This deple-
tion impairs mucosal immunity, creating conditions conducive to the 
growth of pathogenic bacteria, which outcompete beneficial bacteria 
such as Lactobacillus and Actinobacteria. Moreover, inflammation aris-
ing from host antiviral response damages the gut epithelium, disrupt-
ing tight contacts between cells, allowing these pathogens to infect the 
host3. Building on previous findings that supplementation with Lacti-
plantibacillus plantarum ameliorates gut enteropathy in SIV-infected 
macaques3,4, Kramer et al. conducted untargeted metabolomic profil-
ing of the gut luminal contents of SIV-infected animals with or without 
supplementation with L. plantarum to identify 10-hydroxystearic 
acid (10-HSA), a long-chain fatty acid molecule derived from oleic 
acid, as a potential effector associated with L. plantarum treatment. 
In vitro assays revealed that L. plantarum produced high levels of 
10-HSA, which were protective against gut epithelial damage incurred 
by viral proteins from HIV. Correspondingly, when administered to 
SIV-infected macaques, 10-HSA was sufficient in repairing the gut 
epithelial barrier, as evidenced by greater continuity and organization 
of tight junction scaffold protein ZO-1, but had no impact on depletion 
of CD4+ T cells or the viral load. Therefore, the authors implemented 
an accelerated combination therapy, in which anti-retroviral therapy 
and 10-HSA supplementation were co-administered to SIV-infected 
macaques. Accelerated combination therapy successfully coupled 
the viral control of anti-retroviral therapy with the gut restorative 
effects of 10-HSA, leading to improved control of the disease over 
standard-of-care treatment.

Liu et al. similarly built on the established role of lactic acid bac-
teria in gut epithelial repair3, but employed a targeted approach to 
identify microbial metabolites that interact with PPARα. Using a recom-
binant PPARα ligand-binding domain coupled with mass spectrometry, 
they found another oleic acid derivative, 10-oxostearic acid (10-oxoSA), 
in human faecal extracts, especially enriched in patients with inflamma-
tory bowel disease (IBD) and negatively correlated with the abundance 
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Fig. 1 | Microbial-derived PPARα agonists coordinate gut mucosal repair 
across disease contexts. Dietary oleic acid is metabolized by commensal gut 
bacteria Limosilactobacillus reuteri (left) and Lactiplantibacillus plantarum 
(right) to long-chain fatty acid metabolites 10-oxoSA and 10-HSA, respectively. 
Both metabolites bind and activate the nuclear receptor PPARα, expressed 
in intestinal epithelial cells, via key ligand-binding domain residues (Thr279, 
Lys331 and Ala333), initiating a conserved mucosal repair program. Left, Liu et al. 
reported an upregulation of the Chrna1 pathway, IL-10 and ZO-1 in a mouse model 
of dextran sodium sulfate (DSS)-induced colitis. Right, Kramer et al. reported 
upregulation of histone crotonylation and ZO-1 tight junction proteins in a 
non-human primate model of SIV infection.
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of Limosilactobacillus reuteri. Trying to assess its physiological role in 
a mouse model of IBD, colitis induced by dextran sodium sulfate, the 
authors found that oral and rectal administration of 10-oxoSA showed 
therapeutic effects such as reduction in weight loss, histological dam-
age and pro-inflammatory cytokine expression, with increased levels 
of anti-inflammatory cytokine IL-10 and the tight junction scaffold 
protein ZO-1.

In both studies, the effects of 10-HSA and 10-oxoSA were mediated 
through direct binding to PPARα (Fig. 1), a mechanism independently 
validated by each group through X-ray crystallographic structures of 
the ligands in complex with the PPARα ligand-binding domain. PPARα 
is abundantly expressed in intestinal epithelial cells, where it is well 
positioned to directly sense luminal microbial metabolites. Upon 
activation, PPARα promotes transcription of several genes involved 
in tissue repair, mitochondrial function, fatty acid metabolism and 
non-inflammatory immune responses5. Kramer et al. focused on 
mitochondrial function, determining that 10-HSA-treated macaques 
displayed visibly improved mitochondrial morphology when exam-
ined under transmission electron microscopy. In cell-based experi-
ments using chromatin immunoprecipitation followed by sequencing 
(ChIP–seq), they attributed the transcriptional changes to chromatin 
remodelling via increased addition of crotonyl groups to lysine resi-
dues or crotonylation of histone H3 protein. In parallel, Liu et al. found 
that 10-oxoSA-mediated activation of PPARα upregulated Chrna1, 
which codes for the nicotinic acetylcholine receptor, engaging the 
cholinergic anti-inflammatory signalling pathway leading to mucosal 
healing mediated by IL-10 secretion from intestinal epithelial cells, a 
signalling axis not previously associated with PPARα. Together, these 
findings support a model in which PPARα serves as a central mediator 
of gut–microbiome communication, orchestrating host tissue repair 
in response to microbial-derived metabolites.

This conserved signalling mechanism represents a compelling 
therapeutic axis for the treatment of gut enteropathies, a possibil-
ity that was explored in both studies. Probiotic supplementation in 
clinical trials for HIV management has yielded inconsistent results6. In 
light of the presented data, direct supplementation with 10-HSA may 
represent a viable strategy for overcoming this limitation. Further, 
Liu et al. showed that 10-oxoSA activates PPARα selectively in the gut, 
sparing the liver, a key advantage over synthetic PPARα agonists7,8. Both 
studies also demonstrated long-term in vivo tolerability of the respec-
tive metabolite in SIV-infected macaques or mouse models of colitis. 
These results suggest that microbially derived PPARα agonists may 
represent a safer and more targeted therapeutic modality compared 
with existing synthetic agonists.

However, translating these findings towards clinical application 
will require addressing several important limitations. Although the 
dextran sodium sulfate colitis model captures acute epithelial injury 
and innate inflammatory responses, it does not fully recapitulate the 
complex dysregulated T helper 17 cell-driven pathology characteristic 
of human IBD9. Accordingly, whether 10-oxoSA exerts comparable 
protective effects in T cell-dependent models of colitis remains an 
important unanswered question. Moreover, while the non-human pri-
mate studies by Kramer et al. provide notable translational relevance, 
validation in larger cohorts with rigorous sex-specific analyses will be 

essential before advancing accelerated combination therapy towards 
clinical evaluation. Finally, a more comprehensive understanding of the 
pharmacokinetic and metabolic properties of 10-HSA and 10-oxoSA —  
including interactions within the intestinal metabolome — will be criti-
cal for defining their therapeutic potential in humans.

Beyond addressing these challenges, several avenues for future 
investigation emerge from this work. One particularly intriguing direc-
tion is the exploration of oleic acid, the metabolic precursor of both 
10-HSA and 10-oxoSA. As a naturally abundant monounsaturated fatty 
acid present in dietary animal and plant lipids, oleic acid serves as a 
substrate for diverse bioactive metabolites with immunomodulatory 
potential10. Systematic metabolite-centred screening approaches may 
therefore uncover additional microbiota-derived ligands that engage 
PPARα or other key signalling pathways governing intestinal homeo-
stasis. Complementary retrospective studies examining dietary oleic 
acid intake in patients with enteropathies could further clarify whether 
the precursor itself contributes to gut protection. More broadly, the 
identification of these metabolite-derived PPARα agonists may have 
implications extending beyond inflammatory disease, including for 
cancer, where PPARα signalling has context-dependent roles in shap-
ing immune surveillance, tissue metabolism and tumour progression.

Together, these studies support a model in which the gut micro-
biome signals host physiological status through microbial fatty acid 
metabolites acting via PPARα signalling. PPARα thus functions not only 
as a lipid sensor but as an integrative node linking microbial metabo-
lism to mucosal immune regulation, influencing the severity of diseases 
such as IBD and HIV-associated enteropathy. These findings position 
PPARα as a tractable host-directed therapeutic target and establish 
metabolite-driven host–microbiome signalling as a key determinant 
of gut immune homeostasis, providing a foundation for future mecha-
nistic and translational work.
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