
Spotlight

Harnessing PPAR pharmacology 
through dual incretin-directed delivery

Jonas Petersen 1 and Christoffer Clemmensen 1, *
1 Novo Nordisk Foundation Center for Basic Metabolic Research, Faculty of Health and Medical Sciences, University of Copenhagen, 
Copenhagen, Denmark

*Correspondence: chc@sund.ku.dk

https://doi.org/10.1016/j.cmet.2026.04.009

In Nature, Liskiewicz et al. 1 describe a unimolecular conjugate that combines GLP-1R/GIPR co-agonism with 
pan-PPAR nuclear hormone receptor activation, yielding a quintuple receptor agonist that links incretin 
signaling to PPAR-mediated transcriptional control within a single therapeutic scaffold.

Obesity is a chronic, relapsing disease 

affecting more than 1 billion people glob-

ally. Its metabolic consequences are 

closely linked to ectopic fat deposition, 

peripheral insulin resistance, and chronic 

low-grade inflammation, which together 

are believed to disrupt metabolic homeo-

stasis and promote cardiometabolic com-

plications, including type 2 diabetes and 

metabolic dysfunction-associated steato-

hepatitis (MASH). 2 The emergence of in-

cretin-based therapies, particularly sema-

glutide and tirzepatide, has transformed 

obesity pharmacotherapy, demonstrating 

substantial weight loss in clinical trials 

and improvements in a broad range of 

obesity-related comorbidities. 3 Semaglu-

tide has also received FDA approval for 

non-cirrhotic MASH with moderate-to-

advanced fibrosis, consolidating incretin 

pharmacology as therapeutically relevant 

across obesity, diabetes, and fatty liver 

disease. Even so, many patients retain 

substantial residual disease burden, 

including persistent insulin resistance, 

fibrotic liver injury, and broader metabolic 

inflammation, leaving clear room for addi-

tional MASH-directed and complemen-

tary therapies. 3 

The peroxisome proliferator-activated 

receptors (PPARα, PPARδ, and PPARγ) 

are a family of nuclear receptors with key 

roles in energy homeostasis and metabolic 

control, making them attractive targets for 

cardiometabolic disease. 4 PPARα is ex-

pressed predominantly in hepatocytes, 

where it promotes fatty acid oxidation 

and suppresses inflammation. 4 PPARδ is 
expressed across multiple liver cell types 

and supports glucose and lipid utilization 

while exerting anti-inflammatory effects. 4 

In contrast, PPARγ is a central regulator

of adipose tissue biology, driving adipo-

cyte differentiation and enhancing insulin 

sensitivity across adipose tissue, liver, 

and skeletal muscle. 4 Yet therapeutic 

development of this class has been con-

strained by a narrow therapeutic index. 

For instance, tesaglitazar, a PPARα/γ 
dual agonist, improved glucose and lipid 

metabolism in phase 2/3 trials but was dis-

continued due to dose-dependent weight 

gain, renal adverse effects, and an overall 

unfavorable benefit-risk profile. 5 Instead, 

the pan-PPARα/δ/γ tri-agonist lanifibranor 

(Lani) has entered phase 3 clinical devel-

opment after showing significant improve-

ments in MASH resolution and fibrosis 

regression in a phase 2b trial, although 

the exposures required for efficacy were 

associated with weight gain, fluid reten-

tion, and anemia. 6

In a study now published in Nature, Lis-

kiewicz et al. 1 tackle this therapeutic chal-

lenge through a Trojan horse-like molecular 

design. Rather than co-administering Lani 

with a GLP-1R/GIPR co-agonist, they 

combine both modalities in a single hybrid 

molecule (GLP-1:GIP:Lani), leveraging in-

cretin pharmacology not only for signaling 

but also as a receptor-guided carrier for a 

broad-acting nuclear receptor payload 

(Figure 1). The present compound is the lat-

est iteration of a peptide-drug conjugate 

(PDC) program the same group has built 

across more than a decade. In a landmark 

2012 study, Finan and colleagues showed 

that covalent attachment of estrogen to a 

GLP-1 analog enabled receptor-mediated 

delivery of the payload into GLP-1R-ex-

pressing cells, reversing metabolic syn-

drome in mice without systemic estrogenic 

side effects. 7 This proof-of-concept study 

established a key principle: peptide hor-

mones that bind to cell-surface receptors 

can act as delivery vehicles for intracellular 

pharmacophores, effectively transforming 

a drug with widespread systemic effects 

into a receptor-targeted therapy. The strat-

egy has since been extended to glucocor-

ticoid receptor ligands, 8 thyroid hor-

mones, 9 NMDA receptor antagonists, 10 

and PPAR agonists 11 as conjugated 

cargoes. The present work moves this 

concept forward by adding GIPR co-tar-

geting and by using a clinically evaluated 

pan-PPAR agonist as cargo.

Liskiewicz et al. show that GLP-1:GIP: 

Lani retains incretin receptor signaling, ap-

pearing indistinguishable from the parent 

co-agonist in cyclic AMP production and 

glucose-stimulated insulin secretion in iso-

lated pancreatic islets, while additionally 

acquiring robust PPAR target gene activa-

tion in cells co-expressing incretin recep-

tors and PPAR isoforms. Importantly, in 

cells lacking both incretin receptors, GLP-

1:GIP:Lani showed no measurable PPAR 

activity, supporting a receptor-dependent 

delivery mechanism. Because peptide 

and small-molecule cargo are linked in a 

fixed 1:1 molecular format, the effective 

Lani dose delivered through conjugation 

is dramatically lower than the standalone 

dose typically used for Lani monotherapy, 

a difference that likely has implications for 

tolerability.

In diet-induced obese mice, daily sub-

cutaneous GLP-1:GIP:Lani substantially 

outperformed semaglutide, the constitu-

ent GLP-1:GIP peptide, and co-adminis-

tration of GLP-1:GIP and Lani in reducing 

body weight, fat mass, food intake, and 

blood glucose levels. Part of the glycemic 

benefit persisted when compared with 

body weight-matched GLP-1:GIP-treated
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controls, arguing that covalent integration 

genuinely changes the pharmacology 

rather than merely combining two effects 

in one injection. Safety profiling revealed 

no fluid retention, anemia, renal impair-

ment, or pathological tissue changes, a 

favorable outcome compared with higher 

doses of Lani monotherapy.

The mechanistic case is further strength-

ened by targeted genetic and pharmaco-

logical interrogation. Weight loss required 

intact signaling at both GLP-1R and 

GIPR, glycemic benefit additionally de-

pended on PPARδ, and all metabolic ef-

fects were abolished in double-incretin-re-

ceptor knockout mice, consistent with

receptor-dependent targeting. At the neu-

ral level, GLP-1:GIP:Lani comparably acti-

vated brainstem satiety circuits while 

more robustly stimulating hypothalamic 

POMC neurons, as assessed by fiber 

photometry and electrophysiology, sug-

gesting that conjugation reshapes down-

stream neurobiology beyond standard in-

cretin readouts. This central dimension of 

PDC pharmacology resonates with our 

own recent findings, in which GLP-1-

directed delivery of an NMDA receptor 

antagonist achieved safe, brain-region-se-

lective modulation of glutamatergic 

signaling to suppress food intake in obese 

rodents, an effect precluded by systemic

administration of the same cargo. 10 

Together, these studies suggest that 

PDCs are defined both by where the target-

ing peptide delivers the cargo and by the 

pharmacological class of the cargo itself. 

Several important questions remain to 

be addressed in future work. The relative 

contribution of individual PPAR isoforms 

cannot be fully resolved, since germline 

deletion of PPARγ or PPARδ is embryoni-

cally lethal. Some of the observed liver 

and skeletal muscle benefits are likely in-

direct consequences of improved sys-

temic metabolism rather than direct tar-

geting, as the authors themselves 

acknowledge. Longer-term tolerability, 

manufacturability, and human translat-

ability also remain to be established. 

Indeed, the central challenge for this class 

of PDCs is no longer proof of pharmaco-

logical creativity in rodents but demon-

stration that such designs can deliver 

robust and durable therapeutic benefit in 

humans. This challenge also extends to 

dosing interval, since extending half-life 

to a once-weekly format will likely require 

lipidation or other modifications of the 

peptide backbone, which may impact re-

ceptor interactions and payload delivery 

efficiency.

Even so, Liskiewicz et al. provide a 

compelling extension of the PDC concept. 

Rather than simply increasing receptor 

multiplicity, the study suggests that dual in-

cretin scaffolds can be used to couple a 

clinically relevant cargo to established in-

cretin pharmacology and thereby reshape 

metabolic efficacy. Whether that design 

principle will translate clinically remains un-

certain, but the work shows how incretin 

scaffolds may help place otherwise chal-

lenging pharmacology in a more favorable 

therapeutic context.
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