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Organoids enabling COVID-19 research and significance of 
Biomaterial technologies 

Organoids, which are self-organizing 3D culture systems, have 
greatly expanded our understanding of molecular interactions 
between cells and their niche, mechanisms underlying development 
and organ regeneration apart from serving as highly valuable in 
vitro model systems for drug testing and platforms for personalized 
therapeutics[1]. Organoids grow in vitro into a complete mimic of 
an organ of interest containing all the cell types present in that 
organ in a three-dimensional (3D) biomaterial environment with 
the source of those cell types derived from the organ of interest 
itself or pluripotent stem cells[1]. 
 
In virology, organoids are particularly useful as they permit studies 
on viruses that are difficult to cultivate[2]. During the 2015 Zika 
virus (ZIKV) epidemic, it was human cerebral organoids which 
provided proof of causation for strong association between ZIKV 
infections and microcephaly during brain development in embryo 
as the virus destroys the neural precursors while post-natal 
infections did not affect the brain[3]. Organoids also help to identify 
species susceptibility to viruses. Human airway organoids, which 
could be expanded in vitro over years and cryopreserved for future 
use, have been useful to assess pandemic threats to humans from 
animal influenza viruses[2-5].  
 
Amidst the ongoing COVID pandemic due to the novel coronavirus 
(SARS-CoV-2), though the virus can be cultivated on the VERO 
cell line, it is capillary and kidney organoids developed in vitro 
which have been able to offer researchers with more beneficial 
information on how the virus spreads through the organs and leads 
to kidney damage in severely ill patients[2]. Intestinal organoids 
have been able to reveal that high levels of ACE2 receptor 
expression through which the virus enters the lung tissue is also 
present in the gastrointestinal tract establishing GIT as another 
major entry route for the infection other than the respiratory 
route[6]. While the tissues from infected human COVID patients 
have been used to cultivate the virus, the virus has not yet been 
able to be cultivated from faecal samples or anal swabs of Chinese 
horseshoe bats which are thought to be the zoonotic source of the 
virus. Intestinal organoids have been reported from the horseshoe 
bat species which could be a potential solution to confirm the 
possible Zoonotic origin of this virus[7]. In the wake of no definite 
vaccine or drug to combat COVID-19 its complications or 
sequalae, organoid cultures made of airway club cells and alveolar 
type 2 (AT2) cells are precious resources for testing drug 
candidates against SARS‐CoV‐2[8].  
 
In the current issue of JSRM, Ozaki et al[9] have investigated the 
various aspects that govern the development of a successful 
“organoid assay” by employing co-culture of lung fibroblasts and 
AT2 epithelial cells in Matrigel. They further tested the utility of 
their  organoid  in  the  context  of  COVID-19   by  examining  the 
 

expression of the receptors on their organoids for the SARS-CoV-2 
virus entry and have established that their organoid is highly 
relevant and suitable for pre-clinical experimentation to understand 
COVID-19 disease pathogenesis other than helping to decipher 
cellular responses to the virus, especially in terms of age-induced 
changes in the lung epithelium[9].  
 
Organoid development needs two essential components, cells and 
biomaterials. Though biomaterial scaffolds such as Matrigel are the 
most commonly employed[9,10], they have limitations including a 
limited capacity to vary their mechanical properties and 
biochemical composition which will influence the differentiation 
and properties of the organoids being formed[10]. Synthetic 
hydrogels such as nanofibrous hydrogels, polyethylene glycol 
(PEG)-based hydrogels, multi-arm PEGs with vinyl sulphone 
functionality (PEG-VS) are viewed as potential solutions[11]. A 
thermo-reversible gelation polymer (TGP) based chemically defined 
system with no matrix proteins has been shown to be capable of 
nearly 1072-fold expansion of human pluripotent stem cells with 
strong maintenance of pluripotency[12], along with maintenance of 
the native phenotype of different types of cells grown in it, earlier 
reported in JSRM[13]. Even adult cells such as the chondrocytes 
derived from osteoarthritic patients have been shown to organize 
into a tissue like structure in this 3D system with pluripotent and 
multipotent stem cells growing along with differentiated cells[14] 
without inducing gene abnormalities[15], apart from enabling 
replication of viruses such as the hepatitis C virus (HCV)[16]. 
Though naturally derived biomaterials such as alginate[17] and 
chitosan[18] have also been explored for similar investigations, 
research into biomaterials which are purely synthetic, highly 
biocompatible, possessing ability to maintain the native phenotype 
of cells and allowing propagation of viruses without mutations is of 
significant importance with reference to organoid based approach in 
virology including that of SARS-CoV-2 and improvise regenerative 
medicine-based solutions.  
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