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b-Cell heterogeneity is a phenomenon that has been recog-
nized and studied for decades from different perspectives:
function (1), telomere length (2), cellular age (3), chroma-
tin structure (4), methylation status (5), cyclical or com-
pensatory changes to endoplasmic reticulum (ER) stress
and unfolded protein response (6,7), pathophysiologic states
like senescence (8), and pliability, such as states of transdif-
ferentiation and dedifferentiation (9). Many studies of b-cell
subpopulations have focused on what characterizes their
functional profile based on insulin secretion (10,11). Deter-
minants of heterogeneity in b-cell function have been exam-
ined, such as glucose sensitivity (12) and the biosynthetic
pathways (13). All of these characteristics have been used to
describe b-cell subpopulations that vary throughout stages
of development, age, and pathology, but defining common
mechanisms that determine this heterogeneity has remained
difficult.

Recent single-cell and sorted-cell sequencing studies have
uncovered new markers of b-cell heterogeneity. Four sub-
types of human b-cells were defined by cell surface markers
that are proportionally altered in type 2 diabetes (T2D) (14),
whereas other surface markers have been linked to the indi-
vidual age of the cells (3). Additionally, two populations of
proliferating (Fltp1) and mature (Fltp�) mouse b-cells have
been identified (15). Finally, specialized hub cells, identified
as 1–10% of b-cells with more active mitochondria and less
insulin, were recently reported to synchronize b-cell oscilla-
tions (16). The pathophysiological relevance of b-cell hetero-
geneity has been explored in seminal publications where
researchers performed single-cell sequencing on human is-
lets from people with and without T2D (17–19). While suc-
cessful in defining a robust set of b-cell signature genes and
identifying hundreds of differentially expressed candidate
genes in T2D b-cells versus nondiabetic b-cells, the small
number of donors and modest number of cells per donor

profiled in each study has hindered the ability to define ro-
bust and reproducible human b-cell subpopulations to date.

While there have been clear advances in identifying
and describing markers of putative b-cell subpopulations,
open questions remain about the developmental time
point(s) at which they are generated or specified, the corre-
lation between markers of b-cell heterogeneity, their
dynamics (stable versus cyclical), and, more importantly,
the molecular mechanism(s) that establishes and main-
tains these (meta)stable differences. Previous DNA meth-
ylation analyses suggested that changes in mature islets
were driven by age-dependent demethylation of regula-
tory elements and altered chromatin accessibility or struc-
ture, with consequent changes in b-cell function (5).

In this issue of Diabetes, Parveen et al. (20) define an
epigenetic mechanism that contributes to pancreatic b-cell
heterogeneity based on the analysis of a developmentally
regulated tyrosine hydroxylase (TH1) subpopulation, which
they thoroughly characterize at transcriptomic, molecular,
and metabolic levels. Strong and convincing data indicate
that developmental restriction of this subpopulation is de-
termined by de novo DNA methylation of the TH pro-
moter during embryonic b-cell differentiation (Fig. 1).
Conditional ablation of the de novo DNA methyltransfer-
ase Dnmt3a in PDX11 pancreatic progenitors or NGN31

endocrine progenitors leads to increased TH1 b-cells, sug-
gesting that this subpopulation emerges from progenitors
in which the DNA is demethylated at the Th gene promoter.
Consequently, when Dnmt3a is deleted from mature b-cells,
the TH1 subpopulation is unchanged. In adulthood, restric-
tion of the TH1 subpopulation is maintained by Dnmt1,
but it dynamically reemerges in response to metabolic
challenges such as high-fat diet (Fig. 1).

The proportion of TH1 b-cells, which resolves to be-
tween 1% and 3% after birth, is similar to the frequency
of senescent cells in young mice (3,8). However, the TH1
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population does not express markers of senescence, is not
proinflammatory, and can proliferate, in stark contrast to
senescent cells, which, by definition, are unable to divide.
Instead, TH1 cells express ER stress and unfolded protein
response markers, which could be compatible with Fltp1

or ER and oxidative stress subpopulations that were pre-
viously described (6,7,15). Further studies will be impor-
tant to corroborate or refute this possibility.

This study establishes de novo and maintenance of pro-
moter DNA methylation as a mechanism contributing to
developmental specification of a b-cell subpopulation. Given
the universal nature of this epigenetic modification ge-
nome-wide, it will be important to determine its role in reg-
ulating other key gene targets that are developmentally
controlled. Additionally, this work provides new insights
into the developmental regulatory dynamics of the TH1

subpopulation, which initially appears during the developing
or neonatal period in the mouse, peaks during a postnatal
critical window, and becomes restricted in adults. TH1 cells
are also present in the human pancreas, supporting their
physiological importance and pointing to DNA methylation
as a preserved developmental mechanism across species.
This concept may be particularly important for the directed
differentiation of progenitors into functional b-cells. Given
the developmental restriction of the TH1 subpopulation, it
should serve as a useful marker to study models such as
transgenic mice, and these markers can be used to evaluate
the relevance of DNA methylation in determining other key

parameters of b-cell heterogeneity. For example, the func-
tional characteristics of TH1 cells, and their physiological
role within the islets and the organism, remain to be
determined.

The results of this study naturally raise new questions.
Studies could focus on understanding the relationship be-
tween the TH1 subpopulation and previously described
b-cell subpopulations in mice and humans (calcium cur-
rents, hub cells, age markers, insulin secretion, and telo-
mere length, among others). The presence of TH1 b-cells
in the human pancreas raises questions about their path-
ophysiological relevance and the role they may play in
type 1 diabetes and the different subtypes of T2D (21).

Another interesting area for investigation arising from
this study is the mechanism(s) that determines DNA meth-
ylation and chromatin structure, which impact the transcrip-
tomic cellular identity of b-cells. To resolve this question,
it will be important to understand whether these are uni-
versal regulators of methylation states that lead to the
identification of other key b-cells that are developmen-
tally controlled or restricted by this mechanism. However,
due to the low frequency and exceeding rarity of the TH1

population in mice and humans, respectively, it remains
unclear if or how the DNA methylation at work in this
subpopulation represents a robust and generalizable mech-
anism contributing to the general determination, mainte-
nance, or restriction of other b-cell subpopulations and
other islet cell types.

Figure 1—De novo DNA methylation in PDX11 pancreatic progenitors or NGN31 endocrine progenitors restricts Th1 b-cells. This popula-
tion becomes restricted to 1–3% of b-cells in the postnatal period but can be dynamically restored in response to high-fat diet (HFD)
through demethylation. BioRender.com was used to create part of the figure. E, embryonic day.
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In summary, Parveen et al. (20) provide an important
proof-of-principle study that demonstrates a role for de
novo DNA methylation in refining islet b-cell expression
of one target gene (Th) (Fig. 1). This is a model that can
be used to make further analyses of broader changes with
potentially important implications to understand more
complex mechanisms behind b-cell heterogeneity.
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