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In this issue of Genes & Development, Unger and col-
leagues (doi:10.1101/gad.353153.125) combined human
pluripotent stem cell-derived in vitro models with target-
ed in vivo mouse models to reveal multiple develop-
mental defects triggered by HNF1A mutations causing
maturity-onset diabetes of the young. This work paints
the picture of a disorder that starts well before diabetes
manifests, highlighting its complexity arising from the
diverse roles of HNF1A across distinct cell types, each po-
tentially differentially impacted by different mutations.

Maturity-onset diabetes of the young (MODY) is a
monogenic formof diabetes caused bymutations affecting
key regulators of pancreatic β-cell identity and function.
The most prevalent form, caused by mutations in the
transcription factor HNF1A, has long been regarded as a
disorder characterized by impaired insulin secretion
from adult pancreatic β-cell, accompanied by hepatic dys-
function (Zhao et al. 2022). However, this perspective
struggles to account for the clinical heterogeneity ob-
served in patients and is increasingly challenged by
emerging evidence of developmental abnormalities. Hun-
dreds of pathogenic variants in HNF1A have been identi-
fied (Fig. 1A; Çubuk and Yalçın Çapan 2021), leading to
a broad spectrum of clinical phenotypes that are not fully
captured by models focusing solely on β-cell dysfunction.
In this issue of Genes & Development, Unger et al. (2026)
show that HNF1A-MODY starts far earlier than previous-
ly appreciated, at the level of fundamental cell fate deci-
sions during development. Their work contributes to
repositioning HNF1A-MODY as a developmental disor-
der whose trajectory may be shaped long before diabetes
becomes clinically apparent.

Over the past decades, mouse models of HNF1A defi-
ciency have provided important mechanistic insights;
however, they only partially mirror the human condition,
as heterozygousmutations are sufficient to cause progres-
sive diabetes in humans but not in rodents. These limita-
tions have spurred the development of human pluripotent
stem cell (hPSC) systems. These models, leveraging
differentiation protocols that recapitulate pancreatic
development, have been instrumental in interrogating
mutation-specific effects and revealing early developmen-
tal defects associated withHNF1Amutations that are dif-
ficult to capture in vivo (Cardenas-Diaz et al. 2019; Low
et al. 2021; Cujba et al. 2022; Hermann et al. 2023). By re-
capitulating key stages from the definitive endoderm to
the posterior foregut, pancreatic progenitors, and endo-
crine lineages (Rezania et al. 2014), hPSC-based frame-
works allow precise identification of the developmental
windows at which HNF1A dysfunction exerts its effects.
They have shown that HNF1Amutations can lead to a re-
duced number of pancreatic progenitors (Low et al. 2021;
Cujba et al. 2022), impaired differentiation resulting in
perturbed α-cell to β-cell ratios (Cardenas-Diaz et al.
2019; Cujba et al. 2022; González et al. 2022), and reduced
insulin secretion (Cardenas-Diaz et al. 2019; Low et al.
2021; Cujba et al. 2022; González et al. 2022) and glucose
sensing (Cardenas-Diaz et al. 2019; Low et al. 2021;
González et al. 2022). Several of these defects have been
reported in mutants, leading to HNF1A total deletion
(Cardenas-Diaz et al. 2019), truncations (Cujba et al.
2022), or mutations in the DNA-binding domain (Gonzá-
lez et al. 2022). In contrast, gain-of-function mutations
impairing DNA binding and transactivation resulted in
insulin hypersecretion (Hermann et al. 2023). Unger
et al. (2026) show that new lines with the truncatedmuta-
tion studied previously (Cujba et al. 2022) have an earlier
effect on development and interfere with Hedgehog (HH)
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signaling, a fundamental pathway in lineage segregation
in the posterior foregut during embryonic patterning.

Using both CRISPR-edited and patient-derived hPSC
models focusing on the truncating p291fsinsC mutation,
Unger et al. (2026) demonstrate that HNF1A deficiency
perturbs developmental programs as early as the posterior
foregut stage (Fig. 1B). They uncover a regulatory feedback
loop inwhich full-lengthHNF1A is required for the proper
processing of GLI3R, a repressor of the HH pathway,
which in turn is necessary to sustain HNF1A expression
and ensure effective repression of HH signaling. In cells
expressing truncated HNF1A, this loop is disrupted, lead-
ing to reduced GLI3R activity, diminished expression of
the fate determinant HHEX, and a developmental diver-

sion away from pancreatic progenitor identity toward
intestinal and hepatic lineages. Although later differenti-
ation steps enrich for pancreatic endocrine cells, this early
mispatterning leaves a lasting imprint. Indeed, progenitor
cells with intestinal gene signatures are maintained up to
the stage of islet production in HNF1A-deficient cells. In
addition, they display a persistent bias toward glucagon-
producing α cells over insulin-producing β cells, though
it is not clear if it is a consequence of the early patterning
defects or an independent role of HNF1A. Notably, simi-
lar α-cell biases have been reported in hPSCmodels carry-
ing truncating mutations in other regions of the HNF1A
gene (Cardenas-Diaz et al. 2019; González et al. 2022),
whereas this phenotype is absent in a model expressing
full-length but transcriptionally inactive HNF1A (Her-
mann et al. 2023), underscoring the importance of muta-
tion-specific mechanisms.

Crucially, using mouse models carrying four different
Cre-inducible deletions of exon 4 that generate a truncat-
ed but stable HNF1A protein, Unger et al. (2026) con-
firmed and further characterized their human in vitro
observations (Fig. 1C). They found thatHNF1A deficiency
in endocrine progenitors of the pancreas reduces β-cell dif-
ferentiation and increases α cells. As this was observed
upon mutation induction in endocrine progenitors, this
effect is not a consequence of the earlyHH-driven pattern-
ing defects seen in humans but an independent role in
endocrine progenitors. Moreover, by systematically com-
paring multiple lineage-restricted Cre drivers, the study
identifies expression of truncated HNF1A in glucagon/
GLP-expressing enteroendocrine cells as a driver of intes-
tinal elongation through increased epithelial prolifera-
tion, independently of pancreatic dysfunction. While gut
elongation may in principle be caused by the increase in
intestinal lineage seen in the human model, this is an ad-
ditional later effect, as the mutation was introduced in
mice after the patterning stage. Together, these findings
establish HNF1A as a regulator of multiple early develop-
mental patterning decisions that shape both endocrine
lineage allocation and intestinal architecture, with conse-
quences that persist despite later differentiation and tis-
sue maturation. Further functional and differentiation
defects of enteroendocrine cells that may have secondary
effects on diabetes would be worth investigating. They
also show the importance of HH control downstream
fromHNF1A, which raises the question of the relation be-
tween the effect of the truncation onHH signaling and the
previously reported effect mediated by a dimerization
with HNF1B. Further investigations with mutations that
cannot heterodimerize should help with disentangling
this.

By demonstrating that HNF1A-MODY has deep devel-
opmental roots, this work strongly suggests that disease
trajectoriesmay be establishedwell before clinical diagno-
sis, potentially opening windows for earlier and more tar-
geted interventions. The findings also highlight critical
questions for the field. First, to what extent do these early
lineage biases and intestinal phenotypes manifest in hu-
man patients? While in vitro models show a clear shift to-
ward α cells, this has rarely been reported in patients
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Figure 1. HNF1A truncating mutations affect multiple steps of
development. (A) Structure of the HNF1A gene (exons [in blue]
and introns), transcripts (multiple schematized as one), and pro-
teins (several schematized as one). The dimerization domain
(DD), DNA-binding domain (DBD), and transactivation domain
(TA) are shown, aswell as the fewhumanmutations onwhich hu-
man pluripotent stem cellmodels have been studied (pink). (B) Ef-
fect of HNF1AP291fsinC mutation on in vitro differentiation steps
from pluripotent stem cells to endocrine cells. The steps affected
are shownwith pink arrowsmarking either a decrease or increase
in efficiency, encoded by the arrow size. (DE) Definitive endo-
derm, (GT) primitive gut tube, (PF) posterior foregut, (PP)
pancreas progenitors, (EP) endocrine progenitors. The different
endocrine cell types are denoted by their Greek symbol. (C ) An
increase of glucagon/glucagon-like peptide (GCG/GLP1)-express-
ing cells is observed in mice with Hnf1afl[exon4] conditional trun-
cating mutations driven by different Cre lines targeting the
pancreas as well as intestinal elongation. Ptf1aCre targets the
pancreas, Pdx1Cre targets the pancreas/intestine/posterior stom-
ach, Ngn3Cre targets pancreatic endocrine and enteroendocrine
cells, and GcgCre targets α cells and GLP1/GCG-expressing
enteroendocrine cells.
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(Østoft et al. 2014), underscoring the complex interplay
between mutation type, protein stability, and gene dos-
age. Moreover, intestinal elongation may be a readout of
interest for patient stratification. Future studies must
directly assess endocrine and intestinal characteristics
in HNF1A-MODY patients to bridge the gap between
bench and bedside. Finally, the models used here, while
powerful, represent homozygous HNF1A deficiency rath-
er than the heterozygous state typical of MODY, high-
lighting the need for mutation-matched and dosage-
matched systems, as well as multilineage hPSC models
capable of capturing extrapancreatic manifestations.
Taken together, Unger et al. (2026) provide a compel-

ling, multisystem investigation that reframes HNF1A-
MODY as a developmental disorder rather than a solely
pancreatic β-cell dysfunction. By integrating sophisticated
hPSC and in vivo models, they reveal how a single muta-
tion can disrupt fundamental patterning decisions, with
consequences that ripple through to themature endocrine
system and beyond. This work not only provides a new
conceptual framework for HNF1A-MODY but also goes
beyond, as some HNF1A variants also predispose to type
2 diabetes. It thus lays out a clear and challenging road
map for future research aimed at translating these devel-
opmental insights into clinical practice.
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