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The carcinogenesis of pancreatic ductal adenocarcinoma (PDA) progresses according to multi-step evolution, whereby
the disease acquires increasingly aggressive pathological features. Lineage-tracing experiments demonstrated that
pancreatic cancerous lesions originate from acinar cells, a highly specialized cell type in the pancreatic epithelium. Acinar
cells are polarized, pyramidal-shaped cells containing numerous acidophilic granules near the apical side. Those granules
contain inactive proteases, which are activated and released into the tubular network upon activation. Primary acinar cells
can survive in vitro as organoid-like 3D spheroids, which can transdifferentiate into cells with a clear ductal morphology in
response to different cell- and non-cell-autonomous stimuli.

This event, termed acinar-to-ductal metaplasia, recapitulates the histological and molecular features of disease initiation.
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| 1. Introduction

Pancreatic adenocarcinoma (PDA) is the most common form of pancreatic cancer, a disease that poses significant
therapeutic challenges and accounts for more than 400,000 deaths worldwide 2. The extremely poor survival rate of 9%
with a five-year survival rate makes PDA the most lethal among major forms of cancer 2. PDA remains asymptomatic for
years and manifests at very late stages, often making the tumor unresectable ZE!. A significant improvement of patient
prognosis comes with earlier diagnoses, which are mostly anecdotal due to the poor understanding of disease initiation
and the lack of biomarkers for early detection 4,

PDA progresses through a multi-step mechanism, where tumor formation is preceded by the formation of non-invasive
pre-neoplastic lesions Bl Genetic, epigenetic, and microenvironmental alterations are necessary for the formation of
pre-malignant foci as well as for their progression to frank carcinoma. Understanding the cascade of events that leads to
oncogenic transformation could illuminate means to prevent the onset of this deadly disease, or to enhance early
diagnosis 4.

Dysplastic lesions are characterized by a distinctive duct-like morphology, which has led to the assumption that PDA
arises from the expansion of mutated ductal cells. However, this notion has been increasingly disputed by several pieces
of evidence since the early 1990s. More recently, a combination of lineage tracing experiments, genomic analyses of
human specimens and in vitro examinations led to the notion that most pancreatic tumors originate from post-mitotic
exocrine acinar cells (discussed below and in [Z),

| 2. Anatomy and Physiology of the Pancreas

Located in the retroperitoneum, the pancreas extends from the C-shaped curve of the duodenum (head), passes behind
the stomach (body), and finishes at the hilum of the spleen (tail). Anatomical placement and gross anatomy of the organ
are illustrated in Figure 1A.
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Figure 1. Anatomy and histology of the pancreas. In (A) anatomic organization of the Gl tract. The pancreas is magnified
on the right, along few representative structures within the organ. (B) shows the cellular heterogeneity of the pancreas,
which is a composite of exocrine (acini), endocrine (Langherans’ islets) and stromal elements. (C) shows the modular
units of the exocrine pancreas (acini). Morphology of an acinar cell is magnified on the right.

The developmentally mature pancreas is composed by a diverse arrangement of epithelial cells (acinar, ductal, the array
of endocrine cells) and stromal cells 8, as schematically shown in Figure 1B. All epithelial cell types retain an elevated

degree of plasticity in adult life and can transdifferentiate, a feature with significant pathophysiological and therapeutic
ramifications (&,

The main pancreatic duct runs longitudinally through the extension of the organ, and branches in a tree of smaller
conduits (Eigure 1A) that are responsible to collect the digestive enzymes produced in the lobular units of the pancreas.

Secretory units are organized in packed serous acinar glands, or acini, which form an anastomosis with the tubular
network (Eigure 1C). Each acinus is composed of post-mitotic epithelial cells, termed acinar cells (AC), and a few

intercalated ductal cells that form the intra-acinar portion of the ductal system, along with one centroacinar cell that
exhibits mixed traits [61. ACs are polarized, pyramidal-shaped cells containing numerous acidophilic granules near the
apical side. Those granules contain inactive proteases, which are activated and released into the tubular network upon
activation. Exocytosis is promoted by elevation of circulating levels of cholecystokinin (CCK), gut-derived Secretin, or by
direct vagal stimulation 19 Early immunostaining examinations and recent analyses of individual cell transcriptomics
(sc/snRNA-Seq) indicate the existence of distinct subpopulations of acinar cells that might reflect regional and/or
functional differences 212 The biological significance of the diversity in the exocrine compartment is difficult to justify
(23] |n fact, the herd of ACs is histologically and morphologically indistinguishable. Some subsets may possess superior
replicative capacity to support tissue homeostasis and repair 1. However, ACs are long-living and the turnover of the
pancreatic epithelium is limited. Thus, the presence of pluripotent-like cells in the adult pancreas is still debated 131,

| 3. Pancreatic Carcinogenesis

PDA tumors are frequently located in the head of the pancreas, and overhaul pancreatic tissue architecture, with
extensive stromal deposition and over-representation of duct-like structures [8l. The reconstruction of tumor cells’ genomic
history indicates that at least eight years span between the first oncogenic event and the detection of an overt PDA mass
(141 This clinically silent incubation period implies a typical late manifestation, which has led to a gap in the study of early
stages of pancreatic carcinogenesis.

Genomic and histopathological analyses of either autoptic pancreata or early stage lesions or aggressive tumors only
partially illuminate the transformative molecular events that lead to PDA L4867 |n the early 2000s, the development
of autochthonous mouse models of pancreatic tumorigenesis allowed the monitoring of disease progression since its
inception 28191 byt only recent lineage-tracing experiments demonstrated that cancerous foci predominantly originate
from metaplastic acinar cells, which undergo ductal transdifferentiation in response to environmental or oncogenic stress
(201 This tumor-initiating event is termed acinar-to-ductal metaplasia (ADM), and is normally a physiologic, reversible
process that supports tissue repair. Temporary metaplasia occurs during pancreatic regeneration after injury. In mice,



drug-induced inflammation causes extensive loss of acinar cells and drives temporary ADM in surviving cells to restore
normal tissue histology after few days [21. However, oncogenic inputs (both cell- and non-cell-autonomous) make ADM
irreversible so that metaplastic cells engage a step-wise process that leads to the formation of low- and high-grade in situ
dysplasia and eventually to metastatic carcinoma (Eigure 2A) 51221,
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Figure 2. PDA progression and in vitro modelling of disease initiation. In (A) step-wise model of PDA progression. Upon
mutation of KRAS, pancreatic acinar cells undergo acinar-to-ductal metaplasia (ADM), a cell transforming event which
initiates the carcinogenic cascade. Cells progressively acquire dysplastic features and accrue genetic mutations. Acinar
cell-derived pre-cancerous lesions are termed Pancreatic Intraepithelial Neoplasms (PanIN) that are defined by different
histological grades and eventually evolve to carcinomas. In (B) acinar cells isolated from mice (genotypes indicated),
immediately embedded in Matrigel and observed over time. Duct-like cystic structures (arrows) are observed after few
days. In (C) time course analysis reveals that KC-derived primary acinar cells undergoing ADM ex vivo (Matrigel-
embedded) upregulate duct-specific genes (Krtl9 and Sox9), and suppress acinar-specific genes (Cpal and Amy2). Data
for each gene are normalized to the first time point (12 h post isolation).

A variety of dysplastic precursors have been classified according to histopathological characteristics. Pancreatic
intraepithelial neoplasia (PaniIN) is the most commonly observed, and histological analysis of human specimens often
reveals areas of acinar-to-ductal metaplasia in close proximity to low-grade PanIN foci 2324 suggesting that the latter
could in fact arise from the expansion of metaplastic cells.

Mutations in the coding sequence of the KRAS oncogene are nearly omnipresent in human PDA samples, but are also
commonly observed in pre-neoplastic lesions [, Bioinformatic deconvolution of whole-genome analyses
traced KRAS mutations very early in the oncogenic progression 4!, Strikingly, mice expressing the mutated form of KRAS
(Kras®2P) in the pancreatic epithelium (Pdx1-Cre;LSL-Kras®??P-“KC mice”) spontaneously develop widespread ADM,
which lead to the appearance of several PanIN foci by few weeks of age 18, Current research shows that activating
mutations of KRAS can exploit acinar cell plasticity to trigger ADM, which eventually progresses to form cancerous lesions
upon additional genetic and epigenetic alterations 22251261 ynderstanding the role of acinar cells in disease is of utmost
importance due to their abundance in the parenchyma and their marked vulnerability to oncogenic insults.

| 4. Organotypic (3D) Acinar Cell Culture

Biochemical examination of acinar cells in vitro is essential to elucidate the cellular mechanisms of pancreatic
carcinogenesis [24. The protocol for the isolation and the culture of acinar cells has been optimized by several laboratories
over the past decades [28I2930I[31] [yt still hinges on a light enzymatic digestion of minced pancreata to preserve the tri-
dimensional organization of the acini. Digestion time is variable 22 and results in a heterogeneous mixture of microscopic
tissue explants. Cocktails of Ser/Thr proteases inhibitors are added in order to prevent autodigestion of the explants (due
to stress-induced release of proteases from acinar cells). A gradient sedimentation step enriches the preparation for acini,
which sink after slow centrifugation, although that does not impede the accidental co-isolation of other cell populations.
Finally, cell suspension is resuspended in Waymouth’s complete medium, or alternatively embedded in a collagen | matrix



or Matrigel®. The short-term suspension culture of dispersed acini is preferred to study the biochemistry and
pathophysiology of the exocrine pancreas [2. A matrix scaffold can extend the in vitro culture period to up to 10 days and
allows morphological and immunostaining analyses, but induces spontaneous ADM [28]. n particular, Matrigel® contains a
population of growth factors that varies considerably across batches and can impact cell identity.

| 5. 3D Culture of ACs to Study Pancreatic Cancer Initiation

In light of the observation that PDA often originates from acinar cells that underwent ADM 29, the culture of dispersed
acini has been adopted by cancer researchers to interrogate the molecular pathways leading to transdifferentiation and
initiation of oncogenesis. Murine ex vivo cultures are excellent surrogates for in vivo models. When embedded in a 3D
matrix (typically, collagen or Matrigel®), freshly isolated acinar cells organize in grape-like structures (acini), easily
recognizable using an optic microscope. Both cell-intrinsic and -extrinsic factors can trigger ductal transdifferentiation
(Eigure 2B). Ex vivo, ADM is often initiated by addition of recombinant TGF or EGF, although that is not necessary when
using growth factor-rich matrices (such as Matrigel®). During this process, acinar cells change morphology, but also lose
their secretory function and markedly alter their gene expression profile, progressively increasing the expression of duct-
specific genes, and reducing the levels of genes encoding for acinar proteases (Figure 2C). After a few days (variable), an

elementary morphological examination reveals the presence of several duct-like, flat, circular structures, not originally
present in the plate. Although a level of plasticity is innate in acinar cells, acini-to-duct conversion can be accelerated or
suppressed by multiple factors that ultimately also either promote or inhibit pancreatic tumor initiation in vivo.

| 6. Final considerations

Acinar-to-ductal metaplasia is widespread in KC mice and gives origin to most precancerous lesions in model organisms.
Isolation of primary acini and their transdifferentiation in vitro is a useful tool to decipher the network of events that lead to
this permanent switch of cellular identity, which marks the initial step in pancreatic carcinogenesis.

It is increasingly clear that pancreatic acinar cells are a diverse bunch LUI213] |t js conceivable that one or more subsets
of acinar cells might be endowed with superior tumor-initiation capacity. At the same time, regional differences in vivo
(nutrient/oxygen supply, distance from hormone-producing cells) might impact acinar cell phenotype.

Tumorigenic driver mutations are prevalent in humans, yet only very few cells transform. In KC mice, oncogenic Kras
expression is widespread in the pancreatic epithelium but only a few scattered pre-neoplastic lesions arise. What renders
a subset of acinar cells susceptible to transformation while the remaining population appears refractory? This is a
fundamental question in cancer biology. Notably, ex vivo cultures are valuable tools to address this question in PDA. Flow
cytometry of cultured acinar cells may permit to discriminate and separate cells undergoing metaplasia in response to
certain stimuli, from cells undergoing incomplete transdifferentiation or maintaining their acinar phenotype.

In this entry, the pivotal role of acinar cells in pancreatic cancer initiation has been outlined; however, several aspects of
acinar cell biology remain elusive and a better understanding of the molecular steps leading to pancreatic cancer
inception is critical to refine current prevention strategies and reduce the number of new cases.
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