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Abstract

Synaptotagmin 13 (hereinafter stated as Syt13) is a pro-endocrine factor required for endocrine-lineage
specification during mouse pancreatic development. To notion, activation of the transcription factor Neurog
3 (hereinafter stated as Ngn3) epithelial cells in the pancreatic cord leads to the rapid progression into post-
mitotic Ngn3 "&" endocrine -committed precursor state. Through co-expression within an micro-environmental
niche of Syt13 along with Ngn3, we challenged the hypothesis by postulating a model in which a particular
level of expression will re-semble to give rise to cells, inherently committed to an endocrine precursor state.

In embrogenesis, a diverse set of signals and factors determine the onset of the particular organ formation.
A detailed roadmap of these processes and machinery involved in lineage segregation of a formerly multi-
potent state of cells is still missing. The gene product of Syt13 suggests to be involved in early embryonic
development, hence expression within adult tissues is not discussed. Syt13, a Ca*-independent atypical
Synaptotagmin-family member, concomitant with Ngn3 indicates to be lineage decisive in the segregation
of the neuro-endocrine progenitor state cells in a particular micro-environmental niche within the epithelial
cord of the evolving pancreatic gland. Mechanistically, Syt13, as a vesicle trafficking protein, initiated
exocystic transport within the filamentous actin network of a cell and re-sembles the exosomes on the inner
membrane surface. Pre-liminary interactom analysis pinpoints to the association of the gene product of Syt13,
concomitant with Ngn3 expression, of a highly regulated cellular process for exocystic release of signal and
factors for cell-to-cell communication.
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Features

Syt13 expression levels initiates different pathways within a
cells

In a global gene expression profiling during mouse pancreatic
development, Syt13 expression pattern was previously identified
and characterized into Syt13'% and Syt13"e" To further evaluate
the different expression patterns of the gene product of Syt13,
correlation in expression to the Tf Ngn3 could emphasize the role
of Syt13 in lineage dcisive segregation processes during mouse
embryogenesis. In a postulazed model, the temporal-spatially
expression level of Syt13Meh Ngn3"e" versus Syt13'*% Ngn3hehis ta-

ken into consideration under the highlight of the pathway analy-
sis (Figure 1). Consistent with current findings, precursor states
in lineage segregating cells express Syt13, along with a distinct
subset of other gene products, here concomittant with the neuro-
endocrine initiating factor Ngn3. Neuro-endocrine factor Ngn3 is
well described in the context of connecting the cell cycle and pan-
creatic endocrine lineage-specification. Notably, Ngn3 expression
level are separated between Ngn3"e" versus Ngn3'*, indicating
for the Ngn3"&" micro-environmental niche a partial decision of
endocrine lineage decision, whereas the Ngn3'°¥ cell micro-envi-
ronmental niche implicates to pre-empts the endocrine-commit-
ment.
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Below, we discuss potential conncetions between the cell
cycle and (related) Syt13 [1,2], respective Ngn3, gene product
levels in endocrine-committed cells, emerging out of the micro-
environmental niche, here stated as endocrine birth niche. Un-
derstanding, how cycling Syt13/Ngn3 progenitors integrate their
behaviour within surrounding dynamics of developing epithelial
micro-environmental niche will be important. For example, what
determines a progenitor maintaining state and/or symmetric en-
docrine birth divisions, and the end-fate endocrine potential of
Syt13 expressing progenitors, could lead to better disease unders-
tanding, through bypassing the essential network, inherently ne-
cessary for proper organ formation [3-6].

Gain and loss of functional studies show the impact of Ngn3
in instructing endocrine lineage segregation, respective differen-
tiation, but other studies had already begun to suggest correla-
tions between a more finely tuned spatial-temporal gene pro-
duct expression level with Syt13 and the potential of the Syt13"e"
Ngn3 sub-population to produce endocrine cells (Figure 1). Ba-
hkti et al. (2022) reported that a high expression levels of Syt13
in endocrine precursor cells prime the R-cell fate, contrary, lack
of Syt13 reduces B-cell specification, futher indicationg that the
mitotic index in the endocrine-biased cells determine the the
expense of endocrine committed cells. In addition to high-level
Ngn3 expression within the endocrine-biased mitotic cell popu-
lation, Syt13 downstream target is expressed at different protein
product levels, suggesting that endocrine-biased cells undertake
a concerted effort to build the framework of a gene regulatory
network that primes intra-epithelial Syt13"* progenitors to the
endocrine lineage, before their commitment. Such concepts have
been referred to as lineage-priming and is familiar to concepts in
the thematic field of neurological and intestinal stem cells. We
propose, that the Syt13'°*Ngn3 state represents a mitotic metas-
table progenitor state in which low Syt13 protein product levels,
under normal conditions, begin to drive cells towards the endo-
crine lineage (Figure 1 and Figure 2) [7-10].

The notion, that Ngn3 can maintain a metastable progenitor
state at low gene product expression level, but at higher gene pro-
duct expression levels trigger cell-cycle exit and endocrine lineage
commitment is a concept not without precedent. In neural pro-
genitors, the Neurog family member Neurog 2 is actively phos-
phorylated by DdKs during S-G2-M phases, resulting in a low level
unstable form that activates progenitor associated target genes.
During G1, however, the increased acitivity of Cdk-inhibitors re-
sults in accumulation of underphosphorylated Neurog2, which is
stabilized and targets different suites of genes that promote neu-
ral differentiation [11,12].

The pathway analysis underpins the association of Syt13,
along with Ngn3, in cytokinetic processes of a single cel (Figure 2).
Mainly, the Syt13'¥ Ngn3"e" sub-population refers to Gene Onto-
logy (hereinafter stated as GO) terms such as negative regulation
of neurogenesis, contrary, the sub-population the Syt13"e" Ngn-
3hieh jllustrates as GO terms a sub-set of genes involved in Axo-
nogenesis and neuron projection morphogenesis. Initiative, the
Syt13'* Ngn3"e" sub-population, positively regulates pseudopo-
dium association, stepwise delamination might occur in the sub-
population of Syt13"e" Ngn3"ie" as pathway analysis reflects a high
abundance with the gene regulatory network in processes asso-
ciated to the GO terms positive regulation of microtubule motor
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activity, actin filament depolymerization, regulation of mitotic cell
cycle phase transition, positive regulation of lamelipodium mor-
phogenesis and cytoskeleton dependent intra-cellular transport
(Figure 2). In a further step, interaction partners, referred to the
gene products ofSyt13, highlight the association of membrane
trafficking proteins and hint to the role of the gene products of
Syt13 in the process of exocyst function. We further postulate a
model for precise analysis of expression pattern and localization
of the gene products of Syt13 in defining the cellular processes of
involvement of the gene product of Syt13 (Figure 3) [13-17]. We
suggest, that the gene product of Syt13 acts as a inner peripheral
membrane protein in exosome shuffling, thus aiming in exocytotic
processes as lipid anchor of the inner membrane proteins of the
inner cell surface of a single cell. The multiparameter heteroge-
neity of exosomes is well described in other contextes, but de-

www.journalononcology.org



ciphering functional heterogeneity, source heterogeneity, timing
heterogeneity and functioal heterogeneity will aid the understan-
ding of multicellular life.

Discussion

Here we present a roadmap to further enhance localization,
function and regulatory netonetwork regarding the gene pro-
ducts of Syt13. Notably, the onset of Ngn3 expression triggers
lineage segregation, thus concomitant to the Syt13 expression
profile, lineage priming to endocrine precursor state is a temporal
and spatial window. In the aspect of cell-to-cell communication,,
the Golgi apparatus serves as regulator of protein trafficking,
releasing vesicle into the cytoplasm from the endosomal mem-
brane. As Stipulated, Syt 13 acts as a trans-acting modulator of
exosome release, that mediates intracellular protein trafficking
pathways [18,19].

The close proximity to Rab exosome effector proteins, under-
pins the role of Syt13 in the exocytotic machinery. Further studies,
related to the exosome content, as well as the exosome itself as
remodeler of the extracellular matrix after fusion of the vessel will
faciliate disease management. In a perspective, the involvement
of Syt13 in exosome biogenesis invites to numerous investigative
quests, likely such as how cell-to-cell communication of different
cells apportion exosome biogenesis between their endosome and
plasma membranes, regulate biogenesis and identify the mecha-
nism that mediate functional delivery of bio-active proteins. Li-
pids, and nucleic acids into target cells [20,21].

On might question the scientific content therein, nonetheless
exosome-mediated signaling plays a role in PD-L1 signaling in im-
munosuppression and in transfer of, f.e. EGFRvIII in canceroge-
nesis. Thus, although one should be skeptical when considering
whether exosomes are important for a particular biological pro-
cess, this skepticism should be tempered by the high likelihood
that multicellular life evolved in the context of constant, never-
ending formation and uptake of exosomes. In conclusion, further
studies on expression and localization of the gene product Syt13
will enhance current findings in the field physiological processes
(e.g. development, tissue homeostasis, aging, metabolic regu-
lation, stress, circadian rhythms), numerous non-infectious di-
seases (e.g. cancerogenesis, inflammation, metabolic disorders,
neuro-degeneration, auto-immunity)and a similar broad array of
infectious diseases (e.g. those caused by infection with viruses,
protozoans, fungi, ect.)

Methods

Publicly available datasets:
https://github.com/theislab/2022_Bakhti_pancreas_Syt13

Statistical analysis: All statistical analysis was performed with
Excel and presented in Figure legends.

Highlights

- cytoskeletal rearrangement is initiated through Synaptotag-
min-13 (Syt 13).

- Syt13high versus Syt13low inititiates a diverse segregation
within the epithelial cord in mouse embryogenesis.

- Neuro-endocrine Transcription Factor (TF) Neurog 3 (Ngn3)
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concomittant with Syt13 regulates delamination within a
micro-environmental niche.

misfunction of Syt13 leads to severe metabolic diseases,
cancerogenesis and cerebral diseases.

References

Bechard ME, et al. Precommitment low-level neurog3 expression
defines a long-lived mitotic endocrine-biased progenitor pool that
drives production of endocrine-committed cells. Genes Dev. 2016;
30: 1852-1865.

Byrnes LE, et al. Lineage dynamics of murine pancreatic develop-
ment at single-cell resolution. Nat. Commun. 2018; 9: 1-17.

Kesavan G, et al. Cdc42-Mediated Tubulogenesis Controls Cell Spe-
cification. Cell. 2009; 139: 791-801.

Pan FC, Wright C. Pancreas organogenesis: from bud to plexus to
gland. Dev. Dyn. 2011; 240: 530-65.

Bastidas-Ponce A, Scheibner K, Lickert H, Bakhti M. Cellular and
molecular mechanisms coordinating pancreas development. Dev.
2017; 144.

L&f-Ohlin ZM, et al. EGFR signalling controls cellular fate and pan-
creatic organogenesis by regulating apicobasal polarity. Nat. Cell
Biol. 2017; 19: 1313-1325.

Bankaitis ED, Bechard ME, Gu G, Magnuson MA, Wright CVE.
ROCK-nmMyoll, Notch and Neurog3 gene-dosage link epithelial
morphogenesis with cell fate in the pancreatic endocrine-progeni-
tor niche. Development. 2018; 145: dev162115.

Gouzi M, Kim YH, Katsumoto K, Johansson K, Grapin-Botton A.
Neurogenin3 initiates stepwise delamination of differentiating en-
docrine cells during pancreas development. Dev. Dyn. 2011; 240:
589-604.

Willmann SJ. Cutting the edge between cancerogenesis and orga-
nogenesis of the pancreatic endocrine lineage allocation-compre-
hensive review of the genes Synaptotagmin 13 and 533041C22 Rik
in epithelial-to-mesenchymal transition. Cancer Metastasis Rev.
Erratum in: Cancer Metastasis Rev. 2021 Jun 10. 2020; 39: 953-
958.

Sharon N, et al. A Peninsular Structure Coordinates Asynchronous
Differentiation with Morphogenesis to Generate Pancreatic Islets.
Cell. 2019; 176: 790-804.e13.

Greiner TU, Kesavan G, Stahlberg A, Semb H. Racl regulates pan-
creatic islet morphogenesis. BMC Dev. Biol. 2009; 9: 2.

Kesavan G, et al. Cdc42/N-WASP signaling links actin dynamics to
pancreatic B cell delamination and differentiation. Development.
2014; 141: 685-96.

Pictet R, Rutter WJ. Development of the embryonic endocrine pan-
creas. Handbook of Physiology. 1972; 25-66.

Pauerstein PT, et al. A radial axis defined by semaphorin-to-neuro-
pilin signaling controls pancreatic islet morphogenesis. Develop-
ment. 2017; 144: 3744-3754.

Freudenblum J, et al. In vivo imaging of emerging endocrine cells
reveals a requirement for PI3K-regulated motility in pancreatic is-
let morphogenesis. Development. 2018; 145: dev158477.

Rukstalis JM, Habener JF. Snail2, a mediator of epithelial-mesen-
chymal transitions, expressed in progenitor cells of the developing

www.journalononcology.org



16.

17.

18.

endocrine pancreas. Gene Expr. Patterns. 2007; 471-9.

Chapman ER. How does synaptotagmin trigger neurotransmitter
release? Annual Review of Biochemistry. 2008; 77: 615-41.

Suadhof TC, Rizo J. Synaptotagmins: C2-domain proteins that regu-
late membrane traffic. Neuron. 1996; 17: 379-88.

Fukuda M, Mikoshiba K. Characterization of KIAA1427 protein as
an atypical synaptotagmin (Syt XIll). Biochem. J. 2001; 354: 249-
257.

19.

20.

21.

von Poser C, Stidhof TC. Synaptotagmin 13: Structure and expres-
sion of a novel synaptotagmin. Eur. J. Cell Biol. 2001; 80: 41-47.

Willmann SJ, et al. The global gene expression profile of the secon-
dary transition during pancreatic development. Mech. Dev. 2016;
139: 51-64.

Bastidas-Ponce A, et al. Comprehensive single cell mRNA profiling
reveals a detailed roadmap for pancreatic endocrinogenesis. De-
velopment. 2019.

www.journalononcology.org



