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News & Views

Pancreatic development: one cell at
a (pseudo)time
Zhe Liu & Julie B Sneddon

Gaining a comprehensive understanding of
the principles guiding lineage differentia-
tion during organogenesis is a challenge.
In this issue, Yu et al (2019) tackle this
venture by taking advantage of single-cell
transcriptomic analyses and multiple
mouse genetic tools. Their work provides
new insights into pancreatic endocrine
and exocrine cell differentiation land-
scapes and identifies new pathways regu-
lating pancreatic lineage allocation
in vivo.

The EMBO Journal (2019) 38: e101891

See also: X-X Yu et al (April 2019)

I ntensive work on the biology of the

pancreas has focused on developing

better treatments for devastating pancre-

atic diseases, including diabetes mellitus,

pancreatitis, and pancreatic cancer. Notably,

elucidation of the embryonic development

of the pancreas, particularly the mechanisms

underlying endocrine cell specification, has

provided important guidelines for deriving

pancreatic cells from human pluripotent

stem cells for therapeutic purposes (Sneddon

et al, 2018).

The pancreas is comprised of both endo-

crine and exocrine compartments. In mice,

all pancreatic epithelial lineages arise from a

pool of multipotent progenitor (MP) cells in

the gut endoderm, marked by expression

of the transcription factor pancreatic and

duodenal homeobox 1 (Pdx1). From embry-

onic day (E) 9.5 to E10.5, rapid expansion of

MP cells drives pancreatic bud growth, lead-

ing to the formation of an epithelial tube by

E12.5. Between E12.5 and E15.5, bi-potential

cells in the trunk of the epithelial tube are

restricted to ductal cells and neurogenin3

(Ngn3)-expressing endocrine progenitor

(EP) cells, whereas cells at the tip adopt an

acinar fate. Thereafter, EP cells undergo allo-

cation to differentiate into hormone-produ-

cing endocrine cells within the islets of

Langerhans, including glucagon-producing a
cells and insulin-producing b cells. In

addition to this main lineage trajectory, a

wave of initial a cells has been observed in

the dorsal endoderm from E9.0 to E11.0 and

is considered the earliest event-marking

a-cell fate specification (Shih et al, 2013;

Fig 1A).

Over the past several years, single-cell

RNA-sequencing (scRNA-seq) has enhanced

our understanding of pancreatic lineage

trajectories during development, with multi-

ple groups deciphering cell lineage dynamics

during pancreas organogenesis. Taken

together, these studies have revealed that

seemingly equivalent embryonic pancreatic

progenitors contain previously underappre-

ciated cellular heterogeneity, including a

new intermediate EP population defined by

the expression of Fev (Byrnes et al, 2018) a

subset of EP cells expressing Myt1 biased

toward b-cell fate (Liu et al, 2018), and a

progenitor of a cells marked by the expres-

sion of SLC38A5 (Stanescu et al, 2017).

In a new study, Yu et al (2019) capture

2,282 high-quality cells from various knock-

in or transgenic mouse strains covering the

full panoply of embryonic pancreatic epithe-

lial developmental stages from E9.5 to E17.5

and subject them to transcriptomic analyses

by Smart-seq2. The increased sequencing

depth of Smart-seq2 technology compared

to droplet-based microfluidics (Pijuan-Sala

et al, 2018) provides a transcriptionally

comprehensive embryonic pancreatic devel-

opmental landscape.

Using principal component analysis

(PCA) and Monocle pseudotime analyses,

Yu et al (2019) have identified fifteen cell

population clusters expressing distinct gene

features. Among them, they find two MP

subpopulations: MP-early cells and MP-late

cells (Fig 1B). MP-early cells express Pdx1

but not NeuroD1 and are mainly found at

E9.5, whereas MP-late cells show enhanced

expression of Ptf1a and Sox9 and include

cells from E10.5 and E11.5 stages. The exis-

tence of MP-early cells and MP-late cells is

confirmed via Nr2f2 expression, which is

observed in E9.5 but not E10.5 pancreatic

buds.

Consistent with previous findings, EP

cells present from E13.5 to E15.5 contain

multiple intermediate stages (Scavuzzo et al,

2018). In this paper, seven subgroups of 670

genes are found to be distinctly expressed in

four transient EP stages, termed EP1 through

4, which represent progressively more

mature EP states (Fig 1B). In addition, 48

transcription factors (TFs), including key

fate regulators Arx, Pax4, and Ngn3, are vari-

ably expressed across EP1-EP4 cells; these

dynamically expressed TF clusters may

promote EP cells and islet lineage cell speci-

fication. Notably, Fev, a gene defined as a

marker of a novel intermediate EP in a previ-

ous study (Byrnes et al, 2018), was validated

as a marker of the EP3 and EP4 cell stages.

The events comprising cell fate determi-

nation of a cells have been relatively under-

studied compared to those of b cells. By

generating a new a-cell reporter mouse

strain (Gcg-P2A-GFP), the authors demon-

strate several new steps along the trajectory

of a-cell differentiation. At E9.5-E10.5, an

early “first-wave” of a cells (pre-a-1st cells)
expressing Arx, but not Gcg, derives from
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MP-early cells; at E10.5-E13.5, pre-a-1st cells
further give rise to a-1st-early and a-1st-late
cells, which both express Gcg and Arx, while

a well-differentiated “second-wave” of a-cell
(a-2nd cells) highly expresses Gcg at E15.5

(Fig 1B). Collectively, these data indicate

that a cells follow a previously unexplored

step-wise path toward maturation. Further-

more, Yu et al (2019) also provide new

insights into key transcriptional regulators

controlling a cell maturation, which now

await further investigation.

In addition to identifying new pancreatic

progenitor subtypes along the path toward

differentiation, the authors also highlight the

concept of pancreatic cell branching nodes,

whereby progenitor cells undergo fate

restriction and slowly become definitive, dif-

ferentiated endocrine or exocrine cell types.

Taking advantage of PCA and pseudotempo-

ral analyses, Yu and colleagues describe four

key lineage branching nodes in the trajec-

tory taken by differentiating epithelial cells.

In this pancreatic development landscape,

the first node is composed of MP-early cells,

which then enter the MP-late cell stage and

develop into tip cells. The second branch

node is made up of the tip cells, which

generate acinar and trunk cells. Trunk-early

cells are considered the third node, where

the bi-potential trunk-progenitor cells dif-

ferentiate into ductal cells and EP cells, and

the EP4 cells are the fourth and major

branching node, from which islet lineage

allocation begins (Fig 1B). This branching

information shapes the skeleton of the over-

all pancreatic epithelial lineage trajectories.

Precise transcriptional regulation is

required during a-cell and b-cell fate alloca-

tion. In this study, Yu et al (2019) find that

the extracellular signal-regulated kinase

(ERK) pathway is down-regulated during the
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Figure 1. Single-cell transcriptomic analyses of pancreatic organogenesis in the mouse embryo.
Schematic illustration of cellular transition and branching models of pancreatic endocrine and exocrine cell differentiation based on previous (A) versus current (B) data.
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cell fate restriction of trunk cells to EP cells,

which will further generate definitive islet

cells. Administration of ERK signaling inhi-

bitor U0126 to in vitro cultured Ins1-RFP or

Gcg-GFP pancreatic explants at E13.5

resulted in an increased percentage of RFP-

or GFP-expressing cells after 48 h, suggest-

ing that the repression of ERK signaling may

be important for a-cell and b-cell fate specifi-

cation. This finding reveals the power of

scRNA–seq in examining key fate regulation

pathways, but awaits further confirmation

via orthogonal methods, such as mouse

genetics.

Taken together, Yu et al (2019) provide a

comprehensive roadmap of murine embry-

onic pancreatic epithelial cell lineage trajec-

tories and transcriptional landscapes, which

hold the potential to guide the application of

developmental principles to therapeutic use.

To that end, defining the developmental

similarities between mouse and human

pancreas will be an important next step.

While scRNA–seq has broadened our under-

standing of pancreas development at the

transcriptional level, future work can further

flesh out the roles of epigenetic and post-

transcriptional regulation to achieve an even

more thorough understanding of pancreas

organogenesis. As a complex organ, the

pancreas contains diverse non-epithelial cell

populations (e.g., nerves, smooth muscle

cells, endothelium, and mesenchyme) that

provide important cues for epithelial devel-

opment (Golosow & Grobstein, 1962;

Lammert et al, 2001). As described previ-

ously, the pancreatic mesenchyme harbors

rich cellular heterogeneity that is yet to be

functionally characterized (Byrnes et al,

2018). Integrating mesenchymal cell hetero-

geneity and lineage trajectories when investi-

gating pancreas organogenesis will assist in

modeling pancreas development as a whole.
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