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    Abstract
Introduction Despite impressive progress in development of human pulmonary organoid models, majority of these models are comprised predominantly of epithelial cells, with just a few reporting presence of supporting mesenchymal cells. These organoids do not yet recapitulate the complex structure and cellular interactions of the highly vascularized alveolar region. Therefore, more complex models utilizing the entirety of the lung architecture are required.

Objective Here we aimed to develop an organoid model representative of human distal lung tissue comprised of primary human pulmonary epithelial, mesenchymal and endothelial cells.

Methods Primary human distal lung epithelial (Promocell), endothelial (Promocell) and lung mesenchymal stromal cells (MSCs) directly isolated from human lung tissue were co-cultured in Matrigel for 21 day. The morphology, size and cellular composition of the resultant structures were assessed by confocal and transmission electron microscopy. We compared organoids seeded with MSCs isolated from healthy and COPD donor lungs. Secretion levels of hepatocyte growth factor (HGF) were assessed by ELISA.

Results At 21 days organoids reach 1000 µm in size and develop multiple budding spherical structures with a lumen approx. 150–200 µm diameter. These structures are composed of alveolar epithelial cells (SPC+ ATII-like, AQP5+ ATI-like, and SPC+AQP5+ cells indicating intermediate phenotype). Presence of Krt5+, p63+ and MUC5+ epithelial cells is also observed. Interconnected network of endothelial cells is observed throughout the organoid (figure 1). Presence of endothelial cells is critical for organoid reaching 1000 µm size, while presence of lung MSCs is critical for structural symmetry. Organoids seeded with MSCs derived from COPD lungs are characterised by non-symmetrical morphology and smaller size compared to organoids seeded with MSCs isolated from lungs of healthy donors and were unable to support endothelial cells, recapitulating loss of vasculature in emphysema. Both COPD lung MSCs and COPD organoids had lower levels of HGF secretion expression compared to their healthy lung counterparts.
[image: Abstract T4 Figure 1]
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Abstract T4 Figure 1 Cellular condensation of primary distal lung cells; epithelial, endothelial, and mesenchymal stromal cells in Matrigel results in a large multicellular structure that matures over a period of 21 d to resemble the normal human alveoli. A Whole organoid imaging reveleas protruding bulbous structures projecting away from the main organoid body, are composed of SPC+ epithelial cells and are connected by a basic network of CD31+endothelial cells. Scale bar: 250 μm. Blue: DAPI, Green: SPC, Magenta: CD31. B Alveolar-like spheres are composed of SPC+ (green) and AQP5+ (red)cells. Scale bar: 100 μm. Blue: DAPI, Green: SPC, Red: AQP5. C Organoids formed with the seeding of MSCs isolated from healthy lungs (top) and MSCs isolated from lungs of COPD (bottom). Replacement of healthy MSCs with COPD MSCs results in loss of organoid symmetry and reduced size. Scale bar 1000 μm D HGF secretion levels are significantly lower in the organoids formed with COPD MSCs compared to organoids with healthy MSCs (P<0.05, Kurskal-Wallis)




Conclusion Condensation of primary pulmonary cells provides a physiologically relevant distal lung organoid model that features endothelial cell presence. COPD lung MSCs are not able to support growth of endothelial cells and induce irregular spatial organisation of alveolar epithelial cells.

Funding MRC UK MR/S009426/1 to Dr. Anna Krasnodembskaya
Please refer to page A208 for declarations of interest related to this abstract.
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