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Pancreatic acinar-to-ductal metaplasia (ADM) is a cellular process in which the differentiated pancreatic acinar cells
transform into duct-like cells. This process can occur as a result of cellular injury or inflammation in the pancreas. While
ADM is a reversible process allowing pancreatic acinar regeneration, persistent inflammation or injury can lead to the
development of pancreatic intraepithelial neoplasia (PanIN), which is a common precancerous lesion that precedes
pancreatic ductal adenocarcinoma (PDAC).
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| 1. Introduction

The pancreas composed of endocrine and exocrine components is an important organ for the regulation of food digestion
and blood glucose balance. In human or mouse pancreas, exocrine cells account for more than 90% of the organ. Acinar
cells, the main component of exocrine tissue, are polarized epithelial cells that are responsible for the production of
digestive enzymes, including amylase, protease, lipase and trypsin. Terminally differentiated, secretory acinar cells are
normally post-mitotic and store zymogen granules filled with these enzymes that are secreted by exocytosis. Digestive
enzymes are transported in a network of ducts that discharge pancreatic juices into the duodenum. Ductal cells are
responsible for producing and secreting bicarbonate ions that neutralize the acidic contents of the stomach as they enter
the small intestine.

Pancreatic tissue homeostasis is a regular process of cellular renewal. The homeostatic balance in pancreas is critical for
its normal functions and is disturbed during tissue injury, inflammation and tumorigenesis. Acinar-to-ductal metaplasia
(ADM) is a process that corresponds to pancreatic acinar cells dedifferentiating into ductal-like cells. During ADM, the
acinar cells lose their characteristic shape and function and adopt a ductal-like cell morphology. The process involves
changes in the expression of genes that control cell differentiation, proliferation, and survival. It shows the ability of acinar
cells to adapt to the genetic and environmental pressure. However, the exocrine cellular plasticity within the pancreas is
exploited in tumorigenesis, with metaplastic, dedifferentiation and trans-differentiation processes leading to the
development of pancreatic intraepithelial neoplasia (PanIN).

Pancreatic Ductal Adenocarcinoma (PDAC) is the fourth leading cause of cancer-related deaths worldwide. The projection
of incidence in 2030 indicates that PDAC will become the second most prevalent cause of cancer-related death . As
PDAC is often diagnosed at an advanced stage, the 5-year survival rate is very low, less than 10%. Pancreatic
intraepithelial neoplasia (PanIN) refers to the most frequent PDAC precursor lesions. These microscopic noninvasive
epithelial preneoplastic lesions that are not detectable in humans by radiological examination exhibit varying mucin levels
and degrees of cytologic atypia [&. With oncogenic genetic insults and/or sustained environmental stress, ADM can lead to
PanIN, preceding PDAC.

| 2. Acinar-to-Ductal Metaplasia (ADM) and Transcription Factors Involved

Metaplasia is a reversible change in which one differentiated cell type is replaced by another cell type. This process can
occur in response to various stimuli, such as chronic inflammation or cellular injury. The metaplasia of pancreatic acinar
cells manifests their ability to adapt to the genetic and environmental pressure they encounter. Many studies have shown
the crucial role of acinar cells in post-injury pancreatic regeneration BI4IE. During this process, acinar cells undergo ADM
—which is the traditionally used terminology—by losing their mature and functional characteristics as well as undergoing a
morphological and transcriptional transformation into ductal-like cells with embryonic progenitor properties [EIZE! [ jke
pancreatic progenitor cells, ADM cells are proliferative, whereas mature acinar and ductal cells are largely mitotically



quiescent. ADM cannot be considered as a trans-differentiation event corresponding to direct conversion from acinar to
ductal cells, as acinar cells dedifferentiate into an embryonic progenitor-like phenotype and differentiate into duct-like
cells. The terminology of metaplasia, trans-differentiation and dedifferentiation is a matter of debate [&. Recently, the term
paligenosis, described as the biological process of converting a mature cell into a regenerative cell, was also proposed
(291 |n the context of ADM, acinar cell reprogramming can englobe the different terminologies. ADM appears to be a
protective mechanism that temporarily reduces extensive tissue damage caused by excessive pancreatic secretion of
digestive enzymes. The damaged tissue may return to normal if the stimulus causing metaplasia is removed. Metaplasia,
however, can progress to dysplasia and tumors if the stimuli that promote it persist.

The process is evolutionarily conserved as it happens in rodents (references below) and humans LUR2I13]14]15] ApMm
was demonstrated with the use of genetically engineered mouse models (GEMMs) (references below) and in vitro in 3D
cell culture with mouse and human primary acinar cells (281,

Morphologically, zymogene granules are gradually lost by acinar cells, which show a reduced apical cytoplasm while the
lumen of the acini increases. Acinar cells lose polarity and acquire a cuboidal-columnar morphology resembling ductal
precursors of the embryonic pancreas. During this process, ADM structures composed of both acinar and duct-like cells
can be observed. In the later stages, ADM structures are composed only of duct-like cells, making them difficult to
distinguish from pancreatic branched ducts.

The expression of acinar-specific transcription factors including Ptfla, Mistl and Nr5a2 is reduced, as well as the
expression of digestive enzymes such as carboxypeptidase and amylase, leading to a gradual loss of digestive enzyme
synthesis and secretory functions. During pancreas development, Ptfla is required for the maintenance of multipotent
progenitor cells (MPC) A8 After E12.5, Ptfla expression is restricted to the tip of the pancreatic epithelium adopting an
acinar fate, while the cells in the trunk become restricted to a ductal or endocrine fate 9. Ptfla is required for
maintenance of acinar cell identity by forming a complex network regulating acinar cell-specific digestive enzyme genes €
(2011210[22] | gss of Ptfla in acinar cells is sufficient to induce ADM and potentiate inflammation 231241 Mist1, restricted to
acinar cells throughout development and in adult tissue 23], is a key regulator of acinar cell function, proliferation and
identity maintenance 231281 Mist1 plays a protective role in ADM. Inhibition of Mistl aggravated ADM (271281291 \yhereas
forced expression of Mistl significantly attenuated ADM B9, Nr5a2, a member of the nuclear receptor family of ligand-
activated transcription factors, maintains the secretory functions of acinar cells and is a key regulator of acinar cell
plasticity. Loss of Nr5a2 accelerates the ADM process, and it was shown that Nr5a2 is required for maintenance of acinar
identity and re-establishment of acinar fate during regeneration B,

Co-expression of acinar markers and duct markers is used to detect ADM. The co-expression of various digestive
enzymes is not completely lost in acinar cells during ADM and there is a concomitant upregulated expression of the duct
markers including Sox9 B2, Hnf1b 31341 Hnfe (831 pdx1 B8 cA19-9 BZ cAll 28] cD133 29 and osteopontin £,

The transcription factors Hnflb, Hnf6, Pdx1l and Sox9 are known to play critical roles in the development and
differentiation of pancreatic cells (4122, Hnf1b is a key member of the transcription factor network implicated in pancreatic
MPCs’ control. Hnflb deficiency in embryos leads to pancreas agenesis, showing that Hnflb is required for pancreas
morphogenesis and regional specification of the gut 23, The sequential activation of Hnflb, Hnf6 and Pdx1 controls the
differentiation of endodermal cells into MPCs ¥4 Hnflb was shown to regulate MPC proliferation, survival and
differentiation #2 and was found upregulated in ADM LUSI22I46147] The transcription factor Pdx1 is essential for the
specification and differentiation of MPC into endocrine and exocrine cell types. After pancreatic morphogenesis, Pdx1 is
required for maintaining the identity and function of mature beta cells. Pdx1 was shown to be up-regulated in human and
murine ADM, and persistent expression of Pdx1 in the pancreas causes ADM through Stat3 activation 8. Sox9 is
expressed in pancreatic MPC at E9.5 and is required for proliferation and survival of MPCs 48], Hnf6 is also expressed in
MPCs 44, |n normal adult pancreas, Sox9 and Hnf6 expression is restricted to the duct lineage. Sox9 and Hnf6 are up-
regulated in human and mouse models of ADM and their overexpression in acinar cells leads to ADM. They are required
for repression of acinar genes, for ADM-associated changes in cell polarity and for activation of ductal genes in acinar
cells B2, In order to study to what extent dedifferentiated acini differ from native duct cells and which genes are uniquely
regulating acinar cell dedifferentiation, lineage tracing experiments and RNA sequencing were performed with human
pancreatic exocrine acinar and duct cells. MECOM, regulated by Sox9, was identified as a transcription factor unique to
dedifferentiated acinar cells, critical to maintain cell adhesion and to suppress acinar cell death by permitting cellular
dedifferentiation (4],

If the stimuli causing ADM is removed, the acinar tissue is regenerated, and these duct-like progenitor cells formed by
ADM proliferate and redifferentiate into acinar cells to replenish the damaged organ.
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