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Abstract

A rediscovery of three-dimensional culture has led to the development of organ biogenesis, 

homeostasis and disease models applicable to human tissues. The so-called organoids that have 

recently flourished serve as valuable models bridging between cell lines or primary cells grown on 

the bottom of culture plates and experiments performed in vivo. Though not recapitulating all 

aspects of organ physiology the miniature organs generated in a dish are useful models emerging 

for the pancreas, starting from embryonic progenitors, adult cells, tumor cells and stem cells. This 

review focusses on the currently available systems and their relevance to the study of the pancreas, 

of β-cells and of several pancreatic diseases including diabetes. We discuss the expected future 

developments for studying human pancreas development and function, for developing diabetes 

models and for producing therapeutic cells.
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Why three-dimensional (3D) culture models?

Cells, their function and their dysfunction can be studied in the body in their natural niche. 

This environment is chemically and structurally complex; it provides local as well as distant 

cues via hormones and circulating metabolites and can vary with time. The in vivo 
approaches are essential to study β-cell physiology, including the inputs β-cells receive from 

numerous metabolic tissues. They are also essential to decipher the development of the 

pancreas, which is coordinated with the development of other organs. In such a complex 

environment, it is however tedious and difficult to disentangle the fine mechanisms that 

govern function. For example, studies based on gene knock-outs often identify secondary 

consequences rather than the primary effect of a gene. Growing the cells of interest in 

controlled synthetic environments has been very informative to dissect their function in a 

simpler context. However growing primary cells freshly extracted from the body for long 

periods of time is not an easy task and requires identification of culture conditions that suit 

the cells. The primary culture of adult pancreatic cells has been reported for the three main 

cell types of the adult organ: acini, ducts and islets, but the differentiated exocrine and 

endocrine cells plated in the bottom of culture plates rapidly lose their differentiated 
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characteristics, while suspension culture, particularly for islets, enables maintenance for a 

few weeks but without expansion [1–3].

Acinar, α-, β-and ductal cell lines have been derived and selected for their ease of culture. 

However, not all pancreatic tissues have a cell line equivalent. There is notably no cell line 

that has the characteristics of a pancreas progenitor, though the 266-6 line expresses some 

markers of progenitors but not the ability to differentiate into endocrine cells [4, 5]. 

Moreover the existing cell lines do not faithfully recapitulate all the features of the cell one 

wants to model. For example, many β-cell lines poorly secrete insulin. Moreover, while 

endocrine cells have a very limited and controlled ability to proliferate, cell lines have been 

selected to proliferate efficiently and are inadequate models for the study of endocrine cell 

proliferation and the cell cycle.

With regards to in vitro models of pancreas development, the culture of primary cells in 2D 

has been challenging, and isolated pancreatic progenitors were maintained at best for a few 

days in small numbers [6, 7]. However, researchers have been able to grow entire pancreatic 

buds, in general with their associated mesenchyme, from multiple stages of development in 

diverse media and culture systems, including growth on the bottom of a dish, at the interface 

between air and liquid or in collagen [8–11]. A possible reason is that pancreatic cells are 

epithelial cells which thrive in contact with other epithelial cells and in conditions that 

enable their polarization. Hybrid systems where progenitor cells are cultured in 3 

dimensions (3D) have recently emerged combining the simplicity and controllability of in 
vitro culture with the possibility to reconstitute niches more similar to the natural niche. 

Following the example of the intestine, stomach, liver, optic cup, and brain [12–17], where 

3D culture of stem or progenitor cells has enabled the generation of mini-organs with 

structural and functional similarities to parental organs, pancreas organoids have also 

emerged to model the pancreas.

A brief history of organoids

Organoids can be defined as a group of primary cells, embryonic stem cells (ESCs) or 

induced pluripotent stem cells (iPSCs) grown in vitro owing to their self-renewal capacities 

and differentiating into a 3D structure that assumes a similar organization and functionality 

as an organ. As an organ, they contain multiple cell types. In practice the functionality of 

organoids generated so far remains partial but their use has become in a few years part of the 

tool box of many laboratories in academia or in industry [18]. The leading work of the 

Clevers laboratory in developing intestinal organoids from intestinal stem cells in 2009 [19] 

was followed by an engineering and conceptual breakthrough, the development of organized 

eye cups from ESCs in 2011 by the Sasai laboratory [14]. This was continued in other 

organs such as the stomach, liver, lungs, prostate, kidney, pancreas, brain and many others 

[13, 15, 16, 20–24]. Some of their limitations are that they often lack cell types that are 

relevant for the complete organ function such as mesenchymal/stromal cells, blood vessels 

and nerves, but this can also be an asset by reducing the complexity of organ function. They 

usually rely on artificial extracellular matrices, often Matrigel, to promote their self-

organization.
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Organoids are tools to decipher the potency of stem cells, the nature of their niches and the 

development of the organ structure in a self-organizing process [17, 25]. They can also be 

powerful means to generate 3D models of human organs and of their dysfunctions, 

especially when initiated from human stem cells. This review focuses on the organoids 

developed from pancreatic cells and their potential use for understanding pancreas 

development, homeostasis and regeneration as well as disease modeling or therapy. 

Organoids modelling the pancreas remain underdeveloped as compared to the widespread 

use of intestinal organoids and their current limitations will be discussed.

Pancreatospheres: pancreatic progenitors, ductal cells or acinar cells 

expanding into hollow spheres

Frequently, epithelial cells grown in 3D develop into spheres which can be either filled or 

hollow but exhibit limited organization. A typical early example is the neurosphere system 

[26]. Though not strictly speaking organoids because of their limited organization as 

compared to the source organ, these 3D models are useful to expand cell types and study 

them. For example, spheres composed of distal lung epithelial cells or cholangiocytes have 

been used to study the mechanisms of cystic fibrosis and to test therapeutic drugs [27, 28]. 

Pancreatospheres have also been generated from pancreas progenitors, ductal cells and 

acinar cells.

Pancreatospheres from embryonic pancreas

Sugiyama at al. isolated SOX9-positive and NEUROG3-negative multipotent embryonic 

progenitors from the E11.5 mouse pancreas [29] and showed that they could grow at clonal 

density in vitro in Matrigel. They formed spheres of polarized epithelial cells, most 

expressing Mucin1 apically and SOX9, with a subpopulation of SOX9-negative cells 

expressing C-peptide, glucagon and NEUROG3. This expansion protocol required the co-

culture with mesenchymal cells and a defined culture medium, containing B27, FGF10, RA, 

IGF1, insulin and several other components (Fig. 1a). The spheres could be passaged from 

partially dissociated clusters of SOX9-expressing cells but after 3 passages, a decrease in 

multipotency is documented. Genetic manipulations of these cells showed that they 

recapitulate several aspects of pancreas development. An interesting feature of this system is 

that culturing progenitors in lower oxygen levels than common culture conditions, closer to 

physiological levels (5%), induced an increase of several endocrine markers, at the expense 

of cell proliferation. As a result, this culture system allowed the generation of glucose-

responsive Insulin+ cells, which accounted for 20% of the total epithelial cells in culture. 

The surprising aspect of this observation is that ex vivo pancreatic explant vascularization 

and oxygenation has rather been shown to promote endocrine differentiation [30, 31]; thus, it 

is unclear whether low oxygen has an effect on differentiation or rather on selection in the 

pancreatosphere model.

Culturing pancreas progenitors in spheres is robust and can be done in diverse media. 

Greggio et al. [32] expanded similar pancreatospheres from E10.5 progenitors cultured in 

Matrigel with B27, FGF2 and the ROCK-inhibitor Y-27632 (Fig. 1b). The resulting spheres 

could be repeatedly passaged and resembled the structures obtained by Sugiyama et al., with 
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homogeneous expression of progenitor markers such as SOX9, PDX1 and HNF1b and rare 

endocrine and acinar cells. These experiments showed that although single progenitors can 

initiate pancreatospheres with a low efficiency (2%), they grow better when in contact with 

other cells, reaching 90% chances of forming spheres for groups of more than 4 cells. 

Spheres were also grown in Matrigel from pancreata of human fetuses at 8–11 wpc in 

Matrigel using a medium containing EGF, FGF10, R-spondin, and the ROCK inhibitor, 

Y-27362[33]. Retrieval of EGF led the spheres filling with cells, some of which expressed 

endocrine markers.

Recently, spheres were also obtained from human pancreas progenitors derived from hESCs 

[34]. The progenitors were produced using 2D protocols until they expressed PDX1 and 

NKX6.1 [35], and seeded on Matrigel in a medium containing B27, ascorbic acid, insulin, 

hydrocortisone, FGF2, retinoic acid and the rock inhibitor Y267632. They formed spheres 

that expanded for 12 days, could be serially passaged and maintained progenitor markers 

SOX9/PDX1/NKX6.1 in most cells. Addition of a TGFb-inhibitor (A8301), the Notch 

inhibitor DBZ and subsequently FGF7 and EGF promoted differentiation into 10–15% 

ductal cells expressing carbonic anhydrase II and up to 1% cells expressing 

carboxypeptidase 1, likely acinar cells though this is also a progenitor marker in the mouse 

pancreas [36].

Such systems enable the easy maintenance of pancreas progenitors over long periods of time 

and their expansion to large numbers, and thus already enabled multiplexed screening for 

conditions that promote endocrine differentiation or other aspects of development [29]. 

Though still at a small scale, with improved targeting for genetic screens and penetration for 

drug screening, this could be scaled up.

Clonal culture from adult pancreatic ducts

Similar culture systems were developed from adult ductal cells, a cell population that 

naturally proliferates, though with a slow turnover [37]. All these systems also rely on the 

use of Matrigel as a 3D scaffold and though using different media and additives they share a 

few soluble factors, notably R-spondin1 [38] [39] [40].

A first method is based on the FACS isolation of CD133/SOX9+ cells from adult mice, 

likely ductal cells or a large subpopulation of them (Fig. 2c) [38]. The growth system is 

complex, employing a soft gel made of methylcellulose/5% Matrigel, ESC-derived 

pancreatic-like cell conditioned medium, fetal calf serum, nicotinamide, activin B, exendin-4 

and VEGF-A. The spheres in culture were mainly composed of ductal-like cells, but some 

cells expressing very low levels of acinar and/or endocrine markers were detected. R-

spondin1 is instrumental in this system to promote the growth of colonies over weeks and it 

induces at the same time as spheres, the generation of compact high-cellularity colonies with 

higher endocrine progenitor markers. Transferring colonies into PolyEthyleneGlycol (PEG)-

laminin promoted endocrine and acinar differentiation although it is unclear whether this 

promotes differentiation or selection.

Starting from duct fragments, the groups of H. Clevers and H. Heimberg could clonally 

expand ductal cells in Matrigel in the presence of EGF, R-spondin1 and FGF10 (Fig. 2b) 
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[39]. Additional factors such as Noggin and Nicotinamide further improved culture over 

months. In this culture system, a small population of LGR5+ cells emerged. This marker is a 

stem cell marker of the intestine as well as several other stem cell populations in other 

organs but is not expressed in the pancreas unless it is injured by partial duct ligation. The 

spheres grown in vitro maintained an adult duct signature. A latent endocrine differentiation 

potential was revealed after transplantation in vivo under the kidney capsule following 

aggregation with embryonic pancreatic cells. How similar these cells are to endogenous 

endocrine cells remains to be addressed.

The expansion of adult ductal populations in spheres in vitro was also achieved in human 

(Fig. 2d) [40]. The culture system also requires Matrigel, as well as the soluble factors EGF, 

R-spondin1, FGF10, Noggin and nicotinamide. These cells could be passaged up to 3 

months. Although no endocrine cells were found to spontaneously differentiate in vitro, 

adenoviral overexpression of NEUROG3, MAFA, PDX1 and PAX6 converted the ductal 

cells into endocrine progeny with many hallmarks of β-cells, including genes necessary for 

the synthesis, processing, storage and secretion of insulin in response to glucose or 

depolarization stimuli.

These systems are not strictly speaking pancreas organoids as they are essentially composed 

of ductal cells and they grow in spherical shapes rather than forming elongating ducts. There 

is a lot of debate regarding whether the ducts contribute to the formation of endocrine cells 

after birth in homeostasis, under physiological adaptations such as pregnancy or in response 

to endocrine cell loss [41–46]. The experiments done in ductal spheres add an element to the 

controversy. They suggest that adult pancreatic populations expanded in vitro and are 

amenable to endocrine differentiation, at least after overexpression of transcription factors. 

The degree of differentiation without transcriptional reprogramming needs to be further 

explored, conducting thorough validation of the cells expressing endocrine markers, 

including functional exploration.

Clonal suspension culture from non-ductal sources

Although the existence of multipotent stem cell populations in the pancreas is still debated, 

tissue culture may uncover rare populations or latent properties. Starting from dispersed 

adult islet or ductal populations in suspension cultures, Seaberg et al. identified cells that 

could form colonies leading to differentiation of insulin-expressing cells and neurons, both 

in mouse and human [47], in the presence of FGF2 and EGF (Fig. 2e). Cells that have the 

ability to expand and differentiate into both endocrine cells and neurons have not been 

identified in vivo in the ducts and in islets and a characterization of the cells exhibiting these 

properties, if of biological relevance, would be extremely interesting. Though the experiment 

suggests that these cells reside both in ducts and islets it is possible that this feature is due to 

imperfect isolation of ducts from islets. Subsequent work showed that the colonies can start 

from insulin-expressing cells that reduce several differentiation markers as they expand. 

However, it is still unclear whether a specific subpopulation of insulin-expressing can 

expand under these conditions or if all β-cells do so at low frequency [48].

Lastly, spheres were also initiated from centroacinar/distal ducts cells. These cells were first 

described as domains of active Notch/HES1 signaling in the adult pancreas. They are 
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typically located close to the center of acini and can rapidly proliferate following pancreatic 

injury [49, 50]. Rovira et al. demonstrated that this population is characterized by the 

expression of ALDH1a1/7 and E-cadherin, a molecular signature that is used for their 

isolation (Fig. 2f) [51]. When seeded in suspension in the presence of EGF, FGF2, LIF and 

serum these rare cells (1% of pancreas) form expanding spheres. These spheres are compact, 

full of cells. Observations over multiple systems and organs suggest that cells grown in 

Matrigel tend to form monolayers whereas they form cell-filled spheres in suspension. A 

few cells maintained ALDH1 and SOX9 and many spheres exhibited either endocrine or 

acinar markers. The endocrine cells could secrete insulin in response to glucose, though not 

efficiently. These culture conditions may uncover the ability of exocrine or centroacinar cells 

to become endocrine under exceptional circumstances not found in homeostatic conditions 

in vivo [52–55]. The fact that spheres generate either endocrine or acinar cells rather than 

both suggests that this population may not be homogeneous and may contain distinct acinar 

progenitors and ductal cells/progenitors.

Pancreas organoids self-organizing from embryonic progenitors

We have recently identified conditions that enable the expansion, differentiation and self-

organization of dissociated pancreas progenitors into a miniature organ in a dish [32]. This 

includes the initial formation of microlumen, as seen in the E11.5 pancreas, their 

coalescence into a ductal network, branching [56], the maintenance of expanding HNF1b/

SOX9/PDX1-positive cells in the center, the differentiation and segregation of acinar cells to 

the tips of the in vitro-formed tubes as well as the formation of endocrine progenitors and 

endocrine cells in the center. We observed that these formations are initiated from early 

pancreas progenitors before the secondary transition but not later (unpublished). The 

formation of organoids depends on specific culture conditions in Matrigel, with a medium 

whose important components are knockout serum replacement, high levels of FGF10 

potentiated by heparin, the ROCK-inhibitor Y-27632 and other factors that increase the 

efficiency of progenitor expansion (R-spondin1, EGF). The same progenitors grown in 

Matrigel in other media (see above and [32]) form spheres that maintain pancreas 

progenitors but fail to differentiate and do not self-organize. Expansion was found to require 

FGF and Notch signaling, as required in vivo for pancreas development. No organoid was 

found to form from single cells and their formation required clusters of at least 4 cells, 

leading to 100% organoid formation from clusters of more than 12 starting cells. 

Interestingly, another publication reported some level of self-organization though seemingly 

less structured, smaller and studied too superficially to clarify how similar the two systems 

are. The medium used in this system is different, with high Wnt levels in the absence of 

retinoic acid.

These systems recapitulate many aspects of pancreas development but the degree of maturity 

and functionality of differentiated exocrine and endocrine cells remains to be evaluated.

Pancreas tumor models

Organoids/spheroids have been developed as models to study mouse and human pancreatic 

tumor progression. Based on the protocol established to grow ductal spheres [39], spheres 
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were developed from mouse tumor models or by transduction of oncogenes into normal 

spheres (Fig. 2a) [34, 57]. Moreover, small modifications to the system, including the use of 

TGFβ-pathway inhibitors (A83-01 and Noggin) together with R-Spondin1, Wnt3a-

conditioned media, EGF and PGE2 enabled to grow spheres derived from patients with 

adenocarcinoma after tumor resection or from material collected by endoscopy. These 

spheres exhibited a different histological aspect, with a more dysplastic epithelium than the 

normal spheres, resembling the Pancreatic Intraepithelial Neoplasias (PanINs) and EGF- and 

noggin- independent proliferation unlike normal ducts. These cultures are of great interest as 

they enable the amplification of tumor cells without harming the patient to study the type of 

mutations this patient has and the associated RNA and protein profile of tumors. This could 

enable drug testing, guide personalized therapeutic choices, and could help in the 

surveillance during treatment upon re-sampling. The mutations were found to be similar in 

the original tumor and the amplified material, though with limiting information regarding 

the endoscopic biopsies, which suggest that biases linked to selection in culture are not a 

major problem. Orthotopic transplantation into Nude mice enabled to further study the 

patient material, including its progression over time and the stromal reaction it elicited. 

Although this system is not in the strict sense an organoid system as it does recapitulate the 

histology but not the shape of the ducts and does not contain other pancreatic cell types, it is 

expected to become very useful to help in the study and treatment of pancreatic cancer and is 

a first example of the utility of 3D culture system in pancreatic disease modelling.

Pancreatic tumor spheres were also grown in an independent study [34] in medium 

containing B27, ascorbic acid, insulin, hydrocortisone, FGF2, retinoic acid and the rock 

inhibitor Y267632. Interestingly, only pancreatic ductal adenocarcinoma grew in these 

conditions but not intraductal papillary mucinous cystic neoplasms (IPMNs). In this study, 

treatment with the drug most commonly used to treat PDAC, Gemcitabin, showed no effect 

on cell survival or expansion but a small scale screen for other drugs targeting epigenetic 

regulators revealed promising new therapeutic options. The authors also proposed hESC-

derived pancreas progenitor spheres transduced with oncogenes as a model of cancer. It 

would be interesting to broaden the spectrum of tumors to represent the diversity of 

mutations in this cancer, as recently done as a bio banking effort with colon cancer [58].

Future directions: how can 3D in vitro culture advance our approach to 

pancreatic diseases and therapy?

Models of human pancreas development and developmental diseases

An exciting perspective of organoids would be to have a 3D model of human pancreas 

development to complement the knowledge from model organisms. Pancreatic cells from 

human embryos can be used to initiate such organoids. Initial efforts in this direction show 

the maintenance of pancreas progenitors in spheres and some signs of endocrine 

differentiation [33]. These achievements should be developed for a more faithful 

morphogenesis recapitulating duct and acinar cell formation as well as for further 

characterization of the endocrine cells. Considering the scarcity of human embryos, an 

alternative consists in using pancreas progenitors produced from human ES and induced 

pluripotent stem cells as an initial source of cells (iPSCs), as done for other organs such as 
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the intestine, eye or brain [14–16]. The tools developed for other organoids may be applied 

to inactivate genes, modify their expression, localization or to introduce disease-alleles [59, 

60]. Pioneered in the pancreas with the use of viruses to target organoid cells [29], the recent 

gene editing technologies should enable the modification either in the starting ES/iPSCs or 

directly in organoids as done in organoids from other organs [61, 62]. Such disease models 

would be particularly useful to study genetic diseases that affect pancreas development, such 

as neonatal diabetes, certain Maturity Onset Diabetes of the Young and possibly other forms 

of diabetes where developmental defects may contribute. Biopsied cells from patients could 

also potentially be developed into pancreas organoids. At the moment, such biopsies can be 

performed in the pancreatic ducts which develop into spheres in culture [57]. An alternative 

would consist in collecting more accessible biopsies and converting the patient´s cells into 

iPSCs. Reconstitution of organoids from such cells would enable to better understand the 

mechanisms of the disease and to screen for compounds for treatment. For drug testing, the 

thickness of organoids can be a limitation and methods to ameliorate small molecule 

penetration will need further development. Moreover, the cost of Matrigel, its complexity 

and batch variability are limitations for scaling up and standardizing screening that should 

be overcome by designing new 3D niches, possibly using more defined polymers.

Modelling diseases of the adult

As pioneered for pancreatic cancer, pancreas organoids would be very useful to model adult 

diseases as well. In the cancer field, models with multiple cell types, particularly acinar 

cells, and more relevant morphogenesis would extend the current possibilities to study other 

types of pancreatic cancers such as pancreatoblastoma, acinar cell carcinoma, cystic and 

mucinous cancers, insulinoma and other endocrine tumors. The conversion of acini into 

ducts during the early steps of adenocarcinoma would be worth studying in such a system as 

well as the intra papillary mucinous neoplasia. The process of metastasis could also possibly 

be scrutinized and also the importance of epithelial cell interactions in cancer progression. 

Moreover, the models open the avenue to drug efficacy tests [34] that can be performed on 

different tumor types organized in banks [58] or made more personal on the patient´s tumor.

Another class of diseases, the monogenic genetic diseases which develop postnatally such as 

cystic fibrosis or the less frequent Shwachman Diamond or Johansson Blizzard syndrome 

may also benefit from pancreas organoid models. For cystic fibrosis, intestinal and 

cholangiocyte organoids have been used for this purpose and have enabled to make new 

discoveries on cystic fibrosis in these organs but there is no model yet for the pancreas [61, 

63, 64]. Again, model cells could either be extracted from patients, providing the relevant 

genetic background and modifier alleles that may affect the penetrance and expressivity, or 

engineered in ESCs.

For all these models, if the organoid is produced by recapitulating developmental steps of 

organogenesis, it will be essential to assess whether the cells of these organoids have adult 

features. If the cells are biopsied from adult organs, they must also be grown in conditions 

maintaining their adult functional characteristics.

Some diseases such as pancreatitis and diabetes have important contributions from 

inflammation or immunity and the fact that organoids often lack stromal cells, blood vessels, 
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lymphatics and nerves makes the modelling of diseases in which interactions between 

multiple tissues matter difficult. Organoids can nevertheless be used to test the effect of 

specific diffusible molecules produced by inflammatory or immune cells [65]. It is also 

possible to include the relevant blood vessels [66], inflammatory or immune cells [67] in 

organoids, as initiated with liver and intestinal organoids. For type 1 and type 2 diabetes, 

which are diseases that develop over long periods of time, the ability to grow organoids on 

the long term is an important feature. It may not be generally crucial to include the exocrine 

components of the pancreas to model diabetes and the ability to grow islets in 3D for longer 

periods of time than currently possible would already be very valuable. For this purpose, 

culturing islets in Matrigel or other 3D hydrogels would deserve more investigations as 

compared to the current suspension culture. Including non-islet cells may in some cases be 

relevant. For example, there are cross-talks between islets and the exocrine system, notably 

the reduction in exocrine mass in type 1 diabetes, and this could be investigated in organoids 

containing all cell types.

Finally intestinal organoids have been developed to study organ infection by pathogens, 

which could be valuable for the pancreas too [68].

Organoids as production systems for β-cells or islets

In the last 10 years, there has been fast progress in our ability to generate β-cells in vitro 
starting from ESCs/iPSCs, with the purpose of transplanting these cells into patients whose 

cells have been destroyed (T1D) or have lost functionality (some T2D). Generating 

functional cells has been challenging and the Insulin+ cells produced in vitro were initially 

not responsive to glucose [69]. Protocols optimized based on the understanding of normal β-

cell development and on testing more and more complex cytokine cocktails have led to the 

production of cells that are closer to our β-cells though not fully functional [70, 71]. 

Interestingly, these protocols have incorporated steps of 3D culture though it is not clear how 

the 3D environment contributes to production and maturation. Since 3D cues such as apico-

basal and planar polarity complex activities are needed for appropriate endocrine cell 

differentiation [72, 73], it is possible that 3D culture systems improve the production of 

functional β-cells from ESCs/iPSCs in vitro. However, limitations due to the signals 

exchanged by cells in 3D culture, leading to self-organization and differentiation, may 

complicate the control of maturation by the medium.

The development of new matrices that are cheaper than Matrigel, less complex, more 

controllable and safe for transplantation will be a crucial step in this direction.

Although the use of organoids and other 3D cultures is not yet as generally prevalent as it 

has become to study the intestine, one can expect that their use will become widespread in 

the coming years, complementing in vivo investigations, experiments in cell lines and in 

cultured islets and that they will greatly facilitate investigation on human tissues.
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Callouts

- Organoids are a group of primary cells, embryonic stem cells or induced 

pluripotent stem cells grown in vitro owing to their self-renewal capacities 

and differentiating into a 3D structure that assumes a similar organization 

and functionality as an organ.

- As compared to 2D culture systems, organoids mix several organ cell types 

and respect their natural spatial arrangement. The spatial architecture of 

cells is often important for their function.

- Pancreas organoids can be used to model mouse and human pancreas 

development and emerging evidence show that they can be used to model 

disease.
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Figure 1. Spheres and organoids from embryonic tissues
Embryonic pancreatic progenitors from E10.5 (a) [32]) or E11.5 (b) [29]) mouse embryos 

are expanded in Matrigel and in presence of the medium components indicated. The 

expanding cells organize into spheres or organoids. Modified from [74].
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Figure 2. Adult spheres and further endocrine differentiation
Spheres forming from mouse and human adenocarcinoma (a) [57] [34], adult murine ducts 

(b) [39] (c) [38], or human pancreatic ducts (d) [40]), islets (e) [47, 48] or aldefluor-labelled 

exocrine/terminal duct cells (f) [51]. They are expanded in semisolid matrixes (Matrigel) (a-

d) or in suspension on non-adhesive plates (e, f) and generate dense (c) or hollow (a-f) 

spheres in presence of the soluble factors indicated. Different approaches have been used to 

generate endocrine cells from these cultures, as indicated. Modified from [74].
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