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ABSTRACT
The pancreatic research community deeply deciphers the evolving pancreatic gland during embryogenesis. The challenge
uncovers factors previously not described, which will further accelerate the understanding of pancreatic organ formation and
especially of pancreatic lineage allocation into the acinar, ductal, and endocrine lineage. Thereby, the focus lies in the
endocrine lineage, as the Islets of Langerhans evolve of this particular lineage. The review aims to introduce lineage
allocation factors in the pancreas and compartmentalizes these specific factors to particular lineages as well as present
orchestrated pathways in a comprehensive way.
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Abbreviations: Ptfla: Pancreas-specific factor 1 a; E: Embryonic stage; Pdx1: Pancreatic duodenal homeobox 1; Sox9:
SRY-box 9; Nkx6.1: NK6 homeobox 1; Nkx6.2: NK6 homeobox 2; Pax6: Paired box 6; Cpal: Carboxypeptidase 1; Nr5a2:
Nuclear receptor subfamily 5 group A member 2; Isl1: islet 1; TF: Transcription Factor; PP: Pancreatic Polypeptide; Ngn3:

Neurogenin 3; TCF7L2: TCF4; Wnt: Wingless; Mib1: mindbomb1

INTRODUCTION

As diabetes is a significant disease according to the WHO
health report, and both diabetes type | and Il means a decline
in B-cells and impairment of Insulin uptake, research is
focusing on these specific R-cells. The B-cells allocate in the
pancreas, which is a compound gland consisting of a
heterogeneous cell population. Whereas the acinar cells
secrete enzymes for lipid catalyzation, which are transported
through the ductal system, the islet of Langerhans consist of
the functionally essential R-cells. As the Islet of Langerhans
comprises more than the B-cells, focusing on signalling and
transcriptional network within R—cell establishment will
bring research further insights into factors mainly for these
specific cell types. Regarding the developmental stages,
when the endocrine cells derive, which give rise to B-cells
might be the best attempt to get to know the different factors
of pancreas organogenesis. Thus, the factor controlling
differentiation, expansion, and maintenance will help to
improve protocols for in vitro and in vivo mimicking
endocrine lineage formation. As a prospective therapeutic
strategy replacing -cells will be more realistic, primarily as
improvement of protocols will facilitate fate converting of
pancreatic progenitors into functional R-cells.

RESULTS

Transcription factor hierarchy orchestrates pancreatic
organogenesis

Hepatic factors as a pancreas-specific factor (Ptfla) although
give rise to liver and pancreas, suggesting intrinsic and
extrinsic signals which specify the fate for either lineage [1].

At E9.5, the lineage for the pancreas will be determined by
co-expression of Ptfla and pancreatic duodenal homeobox 1
(Pdx1) [2]. Nevertheless, Pdx1 is regarded as the entry point
of the pancreas initiation [3]. The transcriptional hierarchy at
this early stage reveals co-expression in line with Ptfla/
Pdx1 of transcription factors as SRY-box 9 (Sox9), NK6
homeobox 1 (Nkx6.1) and NK6 homeobox 2 (Nkx6.2) [4-6]
implicating that the diversity of the transcription factors will
determine the different lineages of the pancreas. This phase
of pancreatic budding is named as first transition phase
(E9.5-12.5), including the first wave of Glucagon-positive
cells as a consequence of paired box 6 (Pax6) expression [7].
Nevertheless, these Glucagon-positive cells will be
diminished at later stages of pancreatic development. More
importantly, the first transition phase initiates the secondary
transition phase in which the lineages allocate to a specific
pattern commonly declared as tip/trunk domain. Zhou et al.
investigated the transcriptional network of pancreas
development, showing that at the beginning of the secondary
transition, specific accumulation of transcription factors
determine a tip/trunk domain within the pancreas.
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Interestingly, at this point, the epithelium of the pancreas is
still multipotent, by means that all lineages can derive out of
single cells within the pancreatic epithelium. This is in line
with knockdowns of acinar determined TF as Ptfla,
Carboxypeptidase 1 (Cpal), nuclear receptor subfamily 5
group A member 2 (Nr5a2)which will lead to hypoplasia
and/ or failure in pancreas organogenesis [8-10] and marks
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out the multipotency of the pancreatic epithelium in the early
embryonic stages (E). Furthermore, TF isletl (isll) is
expressed within  the epithelium and surrounding
mesenchyme, changing in the secondary transition,
specifically to the endocrine lineage in the epithelial cord
[11] (Figure 1).
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Figure 1. Genepaintin silico in situ patterns of Pdx1, Cpal, and Isl1 at E14.5. Whole mount in situ and pancreas Zoom is
indicating the mRNA expression of the selected genes. Pdx1 represents the epithelium, whereas Cpal illustrates the tip pattern
and Isl1 the typical trunk pattern. Mentioning that at E14.5, already lineage restriction is determined through tip/trunk pattern.

The epithelial cord represents the trunk domain, which is a
model harbors the ductal progenitors and the endocrine
progenitors. Whereas at the beginning of the secondary
transition the tip domain is marked by Ptfla/c-myc and Cpal
and although Pdx1 expression, the trunk domain is
characterized by the appearance of TF Sox9, Nkx6.1,
Nkx6.2, and Mucinl [12-15]. Implicating that within the
trunk domain, the pool for the endocrine lineages resides as
early and late endocrine progenitors are expressed in this
specific region of the developing pancreas. Which factors
trigger this process remains elusive as there plays, next to the
TF, signaling cascades a role in the endocrine formation. The
multipotency of the epithelium in the organogenesis of the
pancreas might be a useful tool for research. Using these
multipotent cells and applying different factors will bring
further knowledge about signals and factors which determine
the endocrine lineage.

DISCUSSION

Endocrine lineage formation remodelling epithelial cell
organization

At the latest in the embpryonic stage, E13.5 multipotency of
the epithelium will be disposed of, and cells are restricted to
different lineages. As already mentioned above, exocrine
specific factors play an essential role in pancreas formation,
and here we will focus on the particular factors which drive
the endocrine lineage. Described in Figure 1, the trunk
pattern in the epithelium reflects an epithelial cord, which is
represented by Sox9 expression. Within this cord-like
structure location of the Ngn3-transient population represents

the endocrine progenitors [16-18]. Mainly, lineage-tracing
experiments implicated that Ngn3 is an essential helix-loop-
helix transcription factor is necessary for the establishment of
all endocrine cells as glucagon, insulin, somatostatin and
pancreatic polypeptide (PP), which assemble into the islet of
Langerhans earliest at E18.5 [16]. The latest attempts showed
that Sox9 deficient mice show a severe reduction in
endocrine progenitors marked by Ngn3, implicating that
Sox9 acts upstream of the endocrine lineage [19].

Furthermore, Lynn and Seymour proposed a cell-autonomous
role for Sox9 in Ngn3 induction, suggesting a negative
feedback-loop for co-related expression of Sox9 and Ngn3
[19,13,20]. These results further determine the importance of
Ngn3 as a final TF for the endocrine progenitor.
Nevertheless, upstream TF as Sox9 and Pdx1, specifically in
the duct regulates expression of endocrine precursor Ngn3.
The signal cascade for the regulation of Ngn3 is still
controversial, as there might be extrinsic and intrinsic signals
affecting the proliferation of the endocrine lineage.
Interestingly, signs from mesenchyme might not play a role
in the endocrine formation. As the proximity of epithelium to
the mesenchyme accelerates the exocrine fate, whereas
missing contact of the epithelium to the mesenchyme leads to
the endocrine lineage [21].

Pictet and Rutter already postulated in the 70’s that these
endocrine progenitors delaminate out of the epithelial sheet
and cluster to precursor islet. This Delamination process
accompanies alteration in contact with other cells. In the
neuron crest system, delamination is well studied and
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described as transcriptionally controlled by the Snail family
of transcription factors [22].

In the process, the Snail family Zinc finger TF is involved
and members of the Rho subfamily of GT Pases. Recently
published by Rukstalis, Snail2/Slug is co-expressed with
endocrine progenitor Ngn3 and still maintained in a subset of
differentiated endocrine cells [23]. These results are
suggesting at Epithelial-to mesenchymal-transition (EMT) of
endocrine progenitors as they leave the ductal cord. In
development, cancer cells and metastases EMT is well
studied. In EMT, the epithelial cells remodel their polarity as
they change from epithelial state to mesenchyme. The
characteristic of epithelium is described as apical-basal
polarity, including a polarized actin cytoskeleton. As cells
vary to a mesenchymal state, polarity changes to front-rear
and cell junction remodel as the cell moves out of the
epithelial sheet. The Main TF of EMT are Snail2, Zeb, and
Twist. Another hallmark of EMT is described as the switch
of E-cadherin to N-cadherin. Loosening the epithelial
character includes the down regulation of E-cadherin.
Grapin-Botton already published that Ngn3 overexpression
leads to endocrine differentiation [24].

Further work by Gouzi showed that E-cadherin is
transcriptionally down regulated in endocrine precursors with
Snail2 under the control of Ngn3. These results are
suggesting that endocrine progenitors undergo delamination
with at least partial EMT. Which mechanism in detail is
focused on diabetes research, as it might help to trigger the
endocrine commitment.

More interesting are the switches within the cells. What are
the molecular cues which govern this reprogramming of
epithelial, respective endodermal cells into endocrine cells?
The latest paper by Kesavan suggests remodeling of Actin
filament and centrosome separation in the formation of the
early progenitors, especially in mitosis [25].

Signaling pathways in endocrine lineage formation

At the beginning of the development of the pancreas,Wnt-
signaling plays an essential role. The canonical Wnt-/}-
Catenin pathway facilitates PTF1a expression and, thereby,
pancreas formation [26]. At later stages non-canonical Wnt
ligands as Wnt7b, Wnt5a and Wnt5h [27-29] are expressed
within the pancreatic epithelium, suggesting activation of
pathways which control cell fate and polarity during pancreas
organogenesis [30] lately published by Rodriguez-Seguel
Whntba facilitates Pdx1 expression. In zebra fish null-mutants
of Wnt5a, the islets failed to organize correctly, implicating
for Wntba a role in endocrine formation [28]. More
interestingly, the LEF/TCF family member TCF7L2 (also
named TCF4) as a member of the canonical Wntpathway is
associated with T2D [31]. As further studies by Boj showed
no effect on the endocrine development and outcome of the
B-cells, there remain questions of the Wnt-/B-Catenin
pathway in endocrine formation. By knowledge, B-catenin
also associates with cadherin proteins at the cell surface,
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potentially stabilizing cell-cell interactions [32]. With this
conclusion, there might be a role in the endocrine formation,
at least in adult R-cells, when cadherins affect the
reorganization of cortical actin [33]. Other pathways that are
involved in endocrine formation are Notch signaling, as
inactivation of the Notch ligand Mindbomb 1 (Mibl) effects
an decrease of multipotent progenitors and thereby a
decrease in ductal and endocrine progenitors [34]. By other
means indicating a role of Notch ligands in endocrine
commitment [35]. These results are in line as published that
Notch plays a role in duct formation [36] and thereby
affecting the endocrine progenitors.

CONCLUSION

Next to the essential transcription factors for pancreatic
organ development, signaling pathways such as the Wnt- and
Notch pathways suggest to determine specific lineages within
the pancreatic gland. Within the cell, a lineage allocation of a
single cell might lead to a re-organization of filamentous
structures, thereby affecting the localization of the different
organelles. Until now, it is poorly understood how these
complex interactions might lead to a specific lineage of f.e.
endocrine progenitors [37]. The review summarizes previous
literature of essential factors and signaling pathway in
pancreatic organ development and thus will improve the
understanding and further research attempts in this field.
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