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ABSTRACT
PURPOSE: The alveolus is the functional unit of the lung. It consists of flattened AT1 cells, responsible for the gas exchange, and cuboidal AT2 cells, which produce surfactants. Alongside AT1 and AT2 cells, endothelial cells (ECs) of the capillaries help form the air-blood barrier which enables gas exchange.Disruption of alveolar development can lead to lifelong lung disease in newborns and children. In vitro models that recapitulate the endothelial-epithelial crosstalk are currently missing. The aim of this study is to develop a novel in-vitro model of alveolar development from amniotic fluid stem cells to better understand the pathogenesis of congenital lung diseases.
METHODS:  We optimized an established differentiation protocol to derive ECs from an amniotic fluid stem cell-derived hiPSC line. Human alveolospheres (hAO) were generated from reporter hiPSCs (NKX2.1-GFP/SFTPC-TdTomato) according to established protocols. As proof of concept for lung organoid and EC co-culture, we used HUVEC cells overexpressing ETV2 (RVECs), carrying an EGFP reporter to test media formulation that can support the co-culture and enable monitoring tubulogenesis. Results of the differentiation and the co-culture were monitored through brightfield images, immunostainings, flow-cytometry, and qPCR. 
RESULTS: HiPSC-ECs differentiation resulted in clear morphological changes with visible transition away from hiPSC colony phenotype. Flow cytometry of hiPSC-ECs at day 11 revealed variable differentiation efficiency ranging from 1% to 12% CD31/CD34 double-positive cells (Figure A). Supplementation of bFGF and Heparin to RVECs culture in lung epithelial expansion medium resulted in an increase of the area covered by cells-forming tubules. The co-culture of hAOs and RVECs showed a progressive integration of endothelial cells with 3D lung organoids as resulted by immunostaining analysis (Figure B) as well as in the upregulation of AQP5 (AT1 marker) and SFTPC (AT2 marker) gene expression.
CONCLUSION: We developed an efficient protocol for differentiating amniotic fluid stem cells-derived hiPSCs into hiPSC-ECs. We also developed a proof-of-concept experiment for co-culturing endothelial and lung epithelial organoids in 3D. Our in-vitro model of distal lung development will be useful to model and better understand the pathogenesis of newborn children lung diseases in vitro.
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1) INTRODUCTION

1.1 EMBRIOLOGY 
1.1.1 Embriology of the Cardiovascular System
The cardiovascular system is the first to develop and become functional in the human embryo [1,2].
During the first two weeks of development, the nourishment of the embryo is achieved by diffusion from the maternal blood.
Starting from the 3rd week, however, the increasing needs of the rapidly growing embryo stimulate the development of the cardiovascular system.
The process that allows the “de novo” blood vessels formation is called “vasculogenesis”. The extraembryonic vasculogenesis starts about 2 days earlier than intraembryonic vasculogenesis, when mesenchymal cells differentiate into endothelial cell precursors, called angioblasts.
The first stage of vasculogenesis is the aggregation of angioblasts to form “angiobastic cords” or “aggregates”. The angioblasts, then, flatten to form endothelial cells and the angioblastic cords become fluid-filled vesicles called “blood vessel islands”. These cavities lined by endothelium fuse with the neighboring to form the “primary vascular plexus”, whose structure resembles the sinusoid vessels of the spleen.
These primordial vessels are only lined by endothelium; later on, in the embryonic development, vessel remodeling and maturation occur to respond to pressure stimuli. In fact, smooth muscle cells and fibroblasts are recruited to strengthen the wall of the vessels forming the tunica media and the adventitia.
Together with the vasculogenesis, during the 3rd week the heart develops from the mesenchymal cells in the cardiogenic area: paired endothelial lined chambers fuse to form the primordial heart tube.
At the end of the 3rd week the heart is beating and the blood is circulating in the embryo, forming a primordial uteroplacental circulation.
After vasculogenesis, remodeling and vascular formation from pre-existing vessels take place and this process is called angiogenesis.
Angiogenesis occurs through sprouting, intussusception, fusion or regression of vessels (figure 1).
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Figure 1
Mechanisms of Angiogenesis

1.1.2 Embriology of the Lung
Lung development starts around the 3rd week of gestation and has a prenatal and post-natal phase. During morphogenesis the lung changes from a gland-like structure to an open, alveolar structure [1, 3-6].
Prenatally, the respiratory system develops from the 4th pharyngeal pouch, as laryngo-tracheal groove. This groove is the primordial tracheabronchial tree, whose endoderm will give rise to the pulmonary epithelium [1].
By the end of the 4th week, the lung buds appear and progressively elongate to form the respiratory buds.
These respiratory buds divide to form the primary bronchi at the beginning of the 5th week of gestation (figure 2) [1].
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Figure 2
Embriology of the bronchial tree. Adapted from Moore et al.


Maturation of the lung goes through four, partially overlapping, stages (figure 3) [1, 6]:
1- Pseudoglandular
2- Canalicular
3- Saccular
4- Alveolar
During the pseudoglandular stage (from 5 to 17 weeks of gestation (GA)) there is a progressive branching of the bronchi to form the primitive airways and the acinar tree. By the end of this stage all the lung structures but those for the gas exchange are formed.
The canalicular stage [16-26 week GA) is characterized by the expansion of the lumen of the bronchial tree to generate the respiratory bronchioles, which divide to form the primordial alveolar ducts.
During the saccular stage (26 week GA-birth) many more terminal sacs develop, which are surrounded by capillaries. The intimate contact between the epithelium forming the saccules and the endothelial cells of the respiratory capillaries establishes the blood-air barrier, which is responsible for the gas exchange. During this stage also the alveolar epithelium matures: the saccules are lined by flat alveolar type (AT) 1 cells, while the cuboidal AT2 cells produce surfactant. The production of the surfactant starts around the 22nd week, however it is very scarce until birth. Moreover, the AT2 cells play the role of lung stem cells, capable to differentiate into AT1 cells.
The alveolar stage starts at around 32 weeks of GA and it continues after birth. During this stage there is an explosion of production of alveoli and the lung becomes not only functionally but also structurally mature (i.e. it undergoes complete maturation). About 95% of all the alveoli are produced postnatally. It is not well established when the alveolar stage ends: some state it ends by the age of 8 [1, 7], Burri et al. suggested it stops at the age of 1-2 years [8], while Schittny et al. proposed that alveologenesis continues until the age of 18 years, whit the most part of alveolar production occurring between 3 and 18 years of age [9].
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Figure 3
Schematic illustration of the lung development. Adapted from Thébaud B et al. Nature Review 2019.

1.2 ROLE OF THE ENDOTHELIAL CELLS
Blood vessels play a pivotal role in physiological and pathological mechanisms; in fact, they are involved in the generation and repair of the organs but also in the progression of many diseases, such as cardiovascular diseases, congenital vascular diseases and tumorigenesis [10,11].
The innermost layer of the blood vessels is made by a monolayer of endothelial cells (ECs), which are therefore directly in contact with the bloodstream (figure 4) [12].
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Figure 4
Image of the vessel structure. Adapted from Trillhaase et al. Stem Cell Reviews and Reports (2021).

ECs play an important role in maintaining tissutal homeostasis: they are involved in vasodilation and vasoconstriction and have signaling functions through the production of angiocrine factors [10-12].
Altered ECs contribute to fibrosis and tumor progression [13].


1.2.1 Blood-gas barrier

ECs are fundamental for the correct function of the blood-gas barrier, also known as alveolo-capillary barrier.
The blood-gas barrier of the alveolus is the functional element of the lung, composed by the pulmonary epithelial cells (alveolar cells type 1 and 2; AT1,2), the endothelial cells of the alveolar capillaries and the mesenchymal cells laying in the extracellular matrix (fibroblasts, smooth muscle cells, pericytes) (figure 5) [4-6, 14].
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Figure 5
Schematic illustration of the blood-gas barrier, showing the interaction among the different cells and the basal membrane (BM). AM: mast-cells. ATI: alveolar type 1 cells. ATII: alveolar type 2 cells.

The blood-gas barrier is not only a mere physical barrier but rather a complex and dynamic structure which allows the diffusion of gases (O2, CO2), regulates the permeability of the alveolus and is capable to respond to external stressors.
The interaction among all the cellular components of the barrier is possible through a complex paracrine activity.
In this context, ECs play a pivotal role not only in regulating the permeability of the barrier, but also in lung regeneration and healing through the stimulation of the angiogenesis and by extension the induction of alveolar growth and remodeling also inducing the differentiation of AT2 into AT1 cells. [3,14].

Any disruption of this fragile equilibrium leads to the development of several congenital or acquired diseases, such as pulmonary hypoplasia (mainly secondary to congenital diaphragmatic hernia), pulmonary hypertension, bronchopulmonary dysplasia, pulmonary edema and many others (figure 6).
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Figure 6
Disruption of the equilibrium in the blood-gas barrier lead to congenital lung diseases. Adapted from Tsikis et al. Frontiers Mol Bio 2022 and Thébaud B et al. Nature review 2019


1.3 TISSUE CULTURE

1.3.1 Endothelial generation

Due to the important role of ECs in physiological and pathological pathways, many efforts have made to produce ECs which could be cultured in vitro.
For decades, human umbilical vein ECs (HUVECs) have been the gold standard in ECs research because they were easily accessible [15].
More recently, Endothelial Progenitor Cells (EPCs) from cord blood or even from adult peripheral blood have been proposed, however they are not easly accessible in healthy donors [15,16].
The derivation of healthy and patient-specific ECs has been always difficult and only a few models of vascular cells are available up-to-now [12,15].
Starting from the early 2000s, the discovery of induced pluripotent stem cells (iPSCs) allowed the production of patient-specific ECs to study physiological and pathological mechanisms and the response to drugs [17].
Briefly, iPSCs are adult somatic cells which are reprogrammed by forced expression of pluripotency factors [12]. They have the advantage to ideally allow the generation of different cell types from the same reprogrammed cells of a single individual [12,14,15].
Many protocols of ECs differentiation from iPSCs have been proposed.
The first to obtain iPSCs-derived ECs were Choi et al and Taura et al. in 2009 using a co-culture of iPSCs and mouse bone marrow stromal cell lines [18, 19]. Even though those ECs had good features in terms of surface markers, tube formation and cell behavior, the total differentiation efficiency was low and the use of animal feeder made them impossible to translate the protocol in human research [12].
In 2010 the groups of Park et al and Homma et al. independently obtained ECs without using animal feeder and they found that mesoderm induction was a key step for EC generation [20, 21].
In 2014, the group of Orlova at al. showed that the GSK3-ihibitor CHIR99021 alone was able to induce mesoderm differentiation obtaining ECs with a good efficiency. In 2017 Ikuno et al. added the cAMP to this protocol in order to try to increase its efficiency [11,15].
In the same year, Palpant et al. produced a very efficient protocol to obtain ECs, however it was very long and complicated [22].
The generation of 2D cultures of iPSCs-derived ECs, however, was insufficient to reproduce the “in vivo” environment. Therefore, more recently 3D tissue cultures (organoids) and tissue models have been developed from iPSCs to resemble many organ structures and function.

1.3.2 3D cultures: Alveolar organoids (AO)

The increasing need to find models that allow to study the pathophysiology of many congenital and acquired diseased has led to the generation of 3D multicellular models, the so-called organoids [12,14].
iPSCs-derived alveolar organoids, also known as Alveolospheres, are spheroids which resemble the functional unit of the lung: the alveolus.
In 2019 Jacob et al published a Nature protocol which allowed to obtain stable AO starting from double reporter iPSCs [Jacob].
By reproducing the normal embryology of the distal lung, they firstly induced endodermal differentiation of iPSCs and then patterned the endodermal cells into anterior foregut primordial NKX2-1+ cells which were then differentiated into distal lung AT2 ( SFTPC+) cells [23].
The alveolospheres obtained by Jacob et al., however, were only made by AT2 cells, which are known to have a staminal function.
In order to obtain a more physiological model of the alveolus, many Authors tried co-cultures with mesenchymal and endothelial cells to stimulate an AT1 differentiation of the AT2 cells, to reach a normal AT1/AT2 ratio [14,24-26].
Inthis context, the 3D AOs were also used to understand the mechanisms underlying many congenital pulmonary diseases [27].

1.3.3 Alveolar organoids as disease model 

As previously mentioned, the strong interaction among ECs, epithelial cells and mesenchymal cells allows the correct activity of the blood-gas barrier.
During the lung embryogenesis mesenchymal cells increase the expression of the Vascular Endothelial Growth Factor (VEGF) activating the VEGFR-2 (receptor), stimulating both the capillary formation and the alveolar budding. Thus, any disruption of the vascular development might results in congenital lung diseases [3, 26].
This statement leads to the idea that targeting the ECs to increase vasculogenesis and angiogenesis might have important implications in the treatment of several congenital lung diseases [3,4].
Therefore, the generation of vascularized AOs is of pivotal importance to understand all the pathways involved in the normal and abnormal pulmonary growth.


2. AIM OF THE STUDY

Endothelial Cells (ECs) play a pivotal role in lung maturation and regeneration through complex paracrine mechanisms which are not completely understood yet [3,4].
The blood/gas barrier (or alveolar/capillary barrier) is the functional unit of the lung composed by alveolar type 1 and 2 cells, endothelial cells and mesenchymal cells. It allows gas exchanges between the internal surface of the alveolus and the blood.
Any disruption of its equilibrium leads to several lung diseases (such as Pulmonary Hypoplasia, Pulmonary Hypertension, Bronchopulmonary Dysplasia, Respiratory Distress Syndrome) [3-6,14,26].
The use of human induced-pluripotent stem cells (hiPSCs) might help in generating a 3D model of the lung starting from the same cells which can be used to study the physiology and the pathology of the lung [12].
Up-to-now, a few optimized models of ECs generation from hiPSCs exist in literature which allow to obtain functioning ECs [11,15,22].
The aim of our study was therefore to optimize previously existing protocols of Endothelial Cells Differentiation using Amniotic fluid stem cells-derived iPSCs.
Moreover, as a proof-of-concept experiment, we differentiated human Alveolospheres (AOs) from iPSCs and we co-cultured them with reset-vascular ECs (RVECs) in order to produce an in-vitro model of alveolar differentiation.



3. MATERIALS AND METHODS

3.1 ENDOTHELIAL CELLS (EC) GENERATION
We used a line of amniotic fluid stem cell-derived iPSCs (H0220C) generated from the laboratory of Prof. De Coppi (Zayed Center of Research, UCL Institute of Child Health, London).
Starting from the protocol from Orlova et al. (2014) we generated structurally normal ECs as follows (figure 7):
· Day -4: iPSCs were passaged and seeded in 12 well plates at the density of 5-6 colonies/well and expanded in mTeSR+ Rho-kinase Inhibitor (RI) (StemCell Technologies). mTeSR was renewed daily without RI.
· Day 0: Mesoderm induction was started by replacing mTeSR with Mesoderm Induction Medium (MIM; B(P)EL + Activin A, BMP4, VEGF, CHIR) for 48 hours (tables X Y)
· Day 2: MIM was changed with Vascular Specification Medium (VSM; B(P)EL+ VEGF, SB431542) for 96hours (tables X Y)
· Day 6: refresh VSM
· Day 8 refresh VSM
· Day 10: refresh VSM
· Day 11: Sorting of ECs. Prepare gelatin-coated (0,1%) 6 well plates. After sorting, replate ECs into gelatin-coated wells with Complete EC-SFM (Gibco; tables 1 a-d) for expansion.
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Figure 7
Diagram showing the steps of ECs differentiation.

3.1.1 Sorting protocol:
· Split cells with TryplE for 5’ at 37°C
· Move the cells in a Falcon tube and suspend in DMEM+ 10%FBS
· Centrifuge tube at 300g for 5’ at 4°C
· Aspirate supernatant and resuspend pellet with DMEM+10%FBS
· Centrifuge tube at 300g for 5’ at 4°C
· Prepare antibodies (Ab) solution: we made 250uL PBS + 5uL CD31 FIT-C and 5uL CD34 PE
· Aspirate supernatant
· Resuspend pellet in 100uL Ab solution
· Incubate for 30-40’ in the fridge
· Make a solution of PBS+1%FBS
· Resuspend cells with the solution of PBS+1%FBS up to 14ml in a Falcon Tube
· Centrifuge tube at 300g for 5’ at 4°C.
· Aspirate supernatant
· Resuspend in 400uL PBS and move to a FACS tube


Table 1
from Orlova et al.
a) B(P)EL medium: BSA polyvynilalchohol (P) essential lipids (in which P is eliminated)
	Composition
	Final concentration

	1 × Iscove's modified Dulbecco's medium (IMDM)
	

	1 × Ham's F-12 nutrient mixture
	

	Protein Free Hybridoma Medium (PFHMII)
	5%

	10% (wt/vol) BSA in IMDM (deionized)
	0,25%

	Lipids (100×)
	1x

	ITS-X (100×)
	0.1x

	αMTG (13 μl in 1 ml IMDM)
	450 μM

	AA2P (50 mg/ml)
	0.05 mg/ml

	GlutaMAX (200 mM)
	2 mM


b) Mesoderm Induction Medium (MIM)
	Composition
	Final concentration

	B(P)EL
	

	ActivinA
	25ng/ml

	BMP4
	30ng/ml

	VEGF
	50ng/ml

	CHIR
	1.5 μM


c) Vascular Specification Medium (VSM)
	Composition
	Final concentration

	B(P)EL
	

	VEGF
	50ng/ml

	SB431542
	10 μM


d) Complete EC-SFM medium
	Composition
	Final concentration

	EC-SFM
	

	VEGF
	30ng/ml

	bFGF
	20mg/ml



3.2 ALVEOLAR ORGANOIDS (ALVEOLOSPHERES, AO) GENERATION
We used a double reporter line of iPSCs (BU3NGST NKX2-1GFP/SFTPCTdTomato) as per protocol by Jacob et al. (figure 8, table 2) [23].
Brefly:
· Precoat 6-well plates with 0.5%MRF in DMEM/F12 (2mL/well for 1h @RT). Expand hiPSCs in mTeSR medium (Stemcell Technologies). Add RI when thawing, then change medium daily without RI until 80% confluency. 

· Day 0-1. When cells reach 80% confluency, commit cells to Endoderm by treating hiPSCs with RPMI 1640 (with Glutamax and HEPES 1X (or 25mM)) medium plus 1% p/s, 1% NEAA and 1x of 50x B27-supplement minus insulin supplemented with 100ng/mL Act-A, 20ng/mL bFGF, 10ng/mL BMP4 and 3µM CHIR-99021 for 1 day and with 100 ng/mL Act-A for 1 additional day, until cells reach 100% confluency.

· Day 2-5. At Day 2 split cells by washing twice with PBS-/-, then add 1mL TryplE and incubate 2min in the incubator. Collect cells in a tube and dilute with PBS-/-. Centrifuge @300g for 5min. Aspirate supernatant and resuspend in “DS/SB” medium supplemented with RI to split cells 1:7 in 1% MRF-coated 6-well plate. At Day 3 change medium by adding “DS/SB” without RI until Day 5. 

· Day 6-15. Change CBRa medium every other day.

· Day 15-16. Sorting (2 wells). Wash twice with PBS-/- and incubate with 1mL TryplE for 5min or until complete cell detachment. Collect cells in a 15-mL tube, dilute with PBS and centrifuge @300g for 5min. Resuspend in 300uL FACS Buffer (0.5% BSA in PBS-/- + 2mM EDTA +RI) and transfer in FACS tubes. Prepare collection tube: 1.5mL Eppendorf with 300uL of “CK+DCI” +RI.
Add PBS to 1mL and centrifuge in the microcentrifuge @500g for 4min (or @1200g for 3min). Under the hood, remove supernatant and add MRF according to the number of cells (350-400 cells/uL). Plate cells in 24-well plate and add “CK+DCI” +RI (first 48h hours only).
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Figure 8
Diagram showing the steps of Alveolospheres differentiation.

Tables 2
Media from Jacob et al.
a) Complete serum-free differentiation medium (cSFDM)
	Composition
	Final concentration

	IMDM
	

	Ham’s F12
	

	GlutaMAX
	1%

	B27 supplement
	1%

	7.5% BSA
	0.6%

	N2 supplement
	0.5%

	Ascorbic Acid
	50μg/ml

	MTG
	4.5 × 10−4 M

	Pen/Strep
	1%


b) Lung progenitor–specification medium (CBRa) 
	Composition
	Final concentration

	cSFDM
	

	CHIR
	3 μM

	BMP4
	10ng/ml

	Retinoic Acid
	100 nM



c) CK-DCI Medium
	Composition
	Final concentration

	CI stock Medium
	

	cSFDM
	

	CHIR
	3 μM

	FGF7
	10ng/ml

	Dexamethasone
	50 nM



3.3 RESET-VASCULAR ENDOTHELIAL CELLS (RVECs)
We used HUVEC cells overexpressing ETV2 (RVECs) as per Paliquki et al. carrying an EGFP reporter to test media formulation that can support the co-culture and enable monitoring tubulogenesis (figure 9) [13].








Figure 9
RVECs generation through transfection of ECs with a lentivirus carrying ETV2 gene. Adapted from Paliquki et al.

3.4 CO-CULTURE EXPERIMENTS

All co-culture experiments were performed in 3D Matrigel.
Roughly 200000 RVECs and about 30/40 AO of a diameter of 200-400μm were mixed and seeded in 24-Transwell plates (Falcon).
The expansion and differentiation media used were those optimized by Benoist et al. (unpublished data) starting from Paliquki et al. and Jacob et al media in order to obtain higher tubularization (figure 10).
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Figure 10
a.EC tube formation was quantified for various culture conditions using the software AngioTool. b. EC tube area percentage was quantified for RVECs cultured in lung epithelial culture media with or without bFGF and heparin, and in lung epithelial differentiation medium. 

Based on the results, we used AO expansion and differentiation media added with bFGF, heparine and VEGF, to allow EC growth.
Results of the differentiation and the co-culture were monitored through brightfield images, immunostainings, flow-cytometry, and qPCR. 

RESULTS
4.1 EC GENERATION
The experiment was performed in 3 replicates.
Starting from D2 of differentiation, iPSCs showed morphological changes visible at brightfield (figure 11).
Differentiated cells were sorted at D10 or D11, according to confluency, in order to isolate the endothelial-like cells.
Cells were sorted for the CD31+ and CD34+ and we could find a clear subset of double positive cells (average 11%; range 12.2%-9%) indicating the presence of endothelial-like cells following differentiation (figure 12).
Double CD31+/CD34+ cells were then replated and expanded in vitro and resembled the morphology of the control HUVECs (human umbilical vein ECs) (figure 11).
Additional characterisation now underway (immunostaining, qPCR) to confirm endothelial cell identity and phenotype.

[image: A collage of images of different shapes and sizes

Description automatically generated]



[image: A collage of images of different shapes and sizes

Description automatically generated]																																																			

[image: A close-up of a grey surface

Description automatically generated]
(reference HUVECs)



Reference HUVECs

Figure 11
Brightfield images of differentiation process. Expanding ECs in 0.1% gelatin coated wells resemble the morphology of referenc HUVECs.
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Figure 12
Gating strategy on flow cytometry to sort CD31+/CD34+ double positive cells.

4.2 ALVEOLOSPHERES GENERATION
Starting from D1 of differentiation, the iPSCs were committed to endoderm until 100% confluency.
At D2 cells were splitted 1:7 and reseeded with DS/SB medium until D5, then medium was changed to lung specification medium (CBRa).
At D15 cells were confluent and could be sorted for the NKX2-1+ positive cells. During the entire process a change of morphology can be observed at brightfield (figures 13,14).
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Figure 13
Brightfield images of endoderm (D1-2) and lung (D3-D15) induction of iPSCs.

After sorting, a 40% of NKX2-1+ cells was found and used to generate AOs on 3D Matrigel culture.
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Figure 14
Cell sorting of lung NKX2-1+ progenitor cells.

After a few days of culture, AOs appear expressing the distal AT2 marker SFTPC, as shown at fluorescence microscopy (figure 15).
																									NKX2-1 SFTPC
Bright field











Figure 15
Brightfield image of AOs and same field on fluorescence. On D25 SFTPC+ (AT2) cells are already visible.

4.3 CO-CULTURE EXPERIMENTS
RVECs were expanded in EGM2 medium.
Co-culture of RVECs and AOs was performed in 24-transwell plate using expansion medium + FGF + heparin for 7 days and then substituted with differentiation medium + FGF + heparin + VEGF throughout all the co-culture. Transwells also allowed the creation of an air-liquid interface.
As cells grew and form AOs and tubules they formed a network of vessels surrounding the AOs and after 5-7 days of differentiation AOs showed markers of distal differentiation into alveolar type 1 and 2 cells, respectively Aquaporin5 (Aqp5) and Surfactant protein C (SFTPC). These data suggest that ECs play a pivotal role in AOs maturation and differentiation (as per Curradi et al. and Lee et al.) (figure 16 a,b).
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Figure 16
Co-culture system:
a. Representative drawings and brightfield pictures of the condensed co-culture method. Red asterisk: organoid. Magnification: x20 
b. Wholemount staining of human epithelial and human endothelial condensed co-cultures in Matrigel. Magnification: 20x. 


5. CONCLUSIONS
With our experiments we optimized an already established protocol for Endothelial Cells generation, obtaining morphologically and functionally differentiated cells from amniotic fluid- derived iPSCs.  Up-to-know we are performing functional assays of hiPSC-derived ECs to assess tubule formation efficiency compared to RVECs.
Using already generated RVECs, we could perform a proof-of-concept experiment in which we demonstrated the feasibility of endothelial/epithelial co-culture.
In fact, the integration of both AOs and ECs generated from patient-derived iPSCs opens the way for a future establishment of a patient-specific 3D model of disease.
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