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In vitro experiments have been widely used for more than a century to elucidate molecular 
mechanisms in cells and pathogen-host interactions, as well as for drug screening. Cell lines 
have been modified to reflect researchers’ specific purposes, and in vitro experiments have 
become fundamental for biological studies, with an ability to replace in vivo experiments. 
However, immortalized cell lines and cancer-derived cell lines have the limitation of losing 
their inherent properties, potentially resulting in changes in signaling pathways and cell me-
tabolism. These limitations have made it necessary for researchers to find a novel way to 
overcome the limitations of cell lines. In recent years, organoids, which are 3-dimensional 
multicellular in vitro tissue constructs that fundamentally imitate in vivo organs, have been 
developed as alternative systems to study various aspects of organs. Herein, we review recent 
studies on the application of organoids in disease modeling, with a focus on intestine, lung, 
and tonsil organoids. These 3 organoids have been of utmost interest to researchers since 
their initial development. Most importantly, organoids are novel experimental models that 
can simulate in vivo organs and can therefore replace or support existing in vitro and in vivo 
models. 
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Introduction 

In vitro experiments became essential for research in biology af-
ter Harrison et al. reported successful animal cell culture in vitro 
in 1907 [1]. L cell lines from mice and HeLa cell lines from a 
human were established as immortalized cell lines that are now 
recognized as fundamental [2,3]. At present, it is possible to pur-
chase 3,219 cell lines from American Type Culture Col lection 
(USA). The development of genetic recombination technology 
has also made it possible to generate diverse cell lines. These 
cell lines serve as tools to discover cell-cell interactions and the 
modes of action of several drugs. Understanding novel pathways 

in the cell or discovering the mode of action of a drug at the 
molecular level is no longer serendipitous or experience-based; 
instead, experiments using cell lines can elucidate these ques-
tions. Studies using in vitro culture systems are essential before 
conducting in vivo studies to determine the drug targets for viral 
and bacterial infections and cancer. 

For decades, biology has advanced rapidly based on research 
using well-established and modified cell lines. However, immor-
tal cell lines or cancer-derived cell lines lose the inherent  cellu-
lar properties that they had as a component of an organ [4,5]. In 
these cell lines, several signal pathways change, which could alter 
cellular metabolism [6]. Typically, cell lines are composed of a 
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single cell type and do not represent the structure, complexity, 
and function of a tissue. Thus, classical studies using cell lines 
have been replaced by other methods, such as tissue cultures 
and model organisms, although these methods also do not fully 
represent the in vivo environment.  

Organoids are 3-dimensional (3D) multicellular in vitro tis-
sue constructs that fundamentally imitate the corresponding 
in vivo organs in a culture dish [7]. For this reason, organoids 
have recently been used as alternative systems to study certain 
aspects of organs. Organoids can be derived from embryonic 
stem cells, pluripotent stem cells (PSCs), and adult stem cells 
from diverse organs [8]. An organoid can comprise complex 
systems based on the developmental potential of the stem cells. 
Therefore, organoid systems have advantages in human phys-
iological studies, disease simulation studies, and preclinical 
studies. Furthermore, organoids can mature and differentiate 
in different directions in a 3D culture system, which could be 
useful for visualizing the growth of organoids and their genetic 
diversity [9,10]. For this purpose, several growth factors are 
used in the culture of organoids to control the proliferation and 
differentiation signaling pathways of organoids in a tissue-spe-
cific manner [11]. 

In the current review, we discuss several tissue organoid 
systems, with a particular focus on lung, intestine, and tonsil 
organoids, which can be adopted for research on drug screening 
and modes of action. This review deals with intestine, lung, and 
tonsil organoids because these organoids are similar to organs 
that respond quickly to viruses. In previous decades, sufficient 
in vitro assays were developed to study viral mechanisms, and in 
vivo assays could provide further support to reveal the mecha-
nisms of viral infections. However, there are sometimes discrep-
ancies between mechanisms identified in vitro and in vivo, due to 
many potential factors [12]. One possible explanation for these 
discrepancies could be the limitation of cell lines that they lose 
their original functions. This limitation has prompted the use of 
organoids as a novel experiment tool. Researchers expect that 
studies using organoids could reveal the mechanisms of viruses 
or bacteria without the limitation of cell lines. In this review, we 
discuss the viruses that infect each organoid and list the latest 
papers. 

Ethics statement: This study was a literature review of pre-
viously published studies and was therefore exempt from in-
stitutional review board approval.

Disease modeling using tissue-specific 
organoids 

1. Intestinal organoids 

The gastrointestinal tract is a complex organ of the digestive 
system. It is composed of various polarized epithelial layers 
containing diverse cell types. The small intestine, including the 
duodenum, jejunum, and ileum, and the large intestine, includ-
ing the proximal and distal colon, have distinct functions and 
interact with various symbiotic bacteria or pathogens [13]. The 
intestine contains multiple types of cells, including enterocytes, 
goblet cells, Paneth cells, and stem cells. The first intestinal 
organoid cultures were successfully established in 2009 from 
Lgr5+ murine epithelial intestinal stem cells [14]. Similarly, 
organoids derived from human PSCs and biopsy samples were 
developed. Two types of intestinal stem cells have been used: 
PSCs from epithelial cell culture with or without mesenchyme 
cells [15,16]. 

Research on infectious diseases often requires complex con-
ditions for pathogen culture. As a result of host specificity for a 
particular pathogen, it is sometimes the case that only humans 
can be infected as a host, while experimental animals or cell lines 
cannot be infected with a pathogen [17]. In addition, experi-
ments using cell lines are generally not suitable considering the 
life cycle of a pathogen. However, organoid cultures, including 
both 3D and monolayer culture systems, could be used to study 
viruses that only infect human cells, such as norovirus, rotavirus, 
enteroviruses, and adenoviruses [18,19] (Fig. 1). Organoid cul-
tures can also be adopted for functional research on human gas-
trointestinal pathology under infectious conditions [20]. Glob-
ally, norovirus, along with rotavirus, is one of the main causes 
of aseptic gastroenteritis and is known to be a major cause of 
diarrhea or benign convulsions in children [21]. Attempts to 
cultivate human norovirus using various cell lines or animal 
models have continued for about 40 years since norovirus was 
discovered in 1968 [22]. Most experiments have failed, while 
very few have succeeded under highly limited conditions. These 
issues have hindered researchers from accurately understand-
ing the mechanisms of human norovirus infections. However, 
human norovirus has been successfully cultured in monolayer 
organoids or enteroids, suggesting the possibility of culturing 
non-cultivable human pathogens using organoids [23,24]. It has 
been shown that human norovirus can proliferate in enteroids, 
and bile acids aid in the proliferation of some norovirus strains 
[25,26]. The replication of norovirus strains is based on the 
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Fig. 1. Gastric organoids to study the host specificity of a particular pathogen. It is widely recognized that some pathogens are difficult 
to culture because they require specific conditions depending on their life cycle. In particular, attempts have been made to culture noro-
virus, rotavirus, and enterovirus in various cell lines and animal models. However, most of those trials failed, except in gastric organoids, 
in which researchers have observed that the infection exhibited similar characteristics as observed in patients’ organs. In the near future, 
pathogens that do not easily infect cell lines or animal models could be studied using 3-dimensional organoid systems to develop novel 
treatments and further understand the mechanisms of pathogens’ pathophysiology. MPE, malignant pleural effusion.

expression of the human norovirus histo-blood group antigen 
(HBGA) [27]. HBGA biosynthesis is regulated by genetically 
encoded glycosyltransferases such as fucosyltransferase 2 [27]. 
This implies that organoids are very useful systems with a high 
level of biological relevance in culturing human pathogens and 
understanding host-virus interactions. 

Rotavirus infections in enteroendocrine cells have been 
reported in cell lines and mice [28]. However, it is not known 
whether human rotavirus strains infect enteroendocrine cells 
in the human body [29]. Organoid studies have demonstrated 
that rotavirus only infects differentiated enterocytes and entero-
endocrine cells [28]. It was suggested that the differentiation of 
organoids is important for virus replication. Inclusion bodies 
and lipid droplets, which are known to be the main features of 
rotavirus replication, were observed in differentiated organoids 
[30,31]. In addition, when rotavirus infects organoids, it in-
duces unique physiological responses such as lumen expansion 
and fluid secretion through the action of viral enterotoxin [32]. 
Before the adoption of organoids as experimental systems, it 
was shown that rotavirus infection in colon carcinoma cells 
increased the transcription and translation of type I interferon 
(IFN) expression [33]. Based on this, we can presume that type 
I IFN may be critical for suppressing viral replication in vivo, 
although both type III and type I IFN responses are primary 

responses of antiviral activity [31]. However, it is not yet clear 
which route is dominant. Therefore, further research using or-
ganoids is needed. 

Globally, enteroviruses, which include poliovirus, coxsack-
ievirus, echovirus, and enterovirus A71, are serious causes of 
human infections [34]. Researchers’ understanding of entero-
viral infections in the gastrointestinal tract is also entering a 
new phase through the development of systems that can induce 
immune responses in organoids, especially in enteroid models 
[28]. Previous studies on enteroviral infections were limited to 
murine models, in which the host immune cells were ablated 
and the infection was delivered via intraperitoneal injection [35]. 
Infection of enteroviruses in colon carcinoma cell lines showed 
no induction of strong antiviral responses, suggesting that the 
colon carcinoma cell lines had attenuated host innate immunity 
[32]. Diverse enteroviruses, including coxsackievirus B, echovi-
rus 11, and enterovirus, have been used to infect enteroids and 
induce virus-specific antiviral responses, as well as inflammatory 
signaling pathways [36,37]. Echovirus 11 infection in enteroids 
induced the differential expression of 350 transcripts, while 
coxsackievirus B induced the differential expression of 13 tran-
scripts [37]. In these studies, new discoveries on the cell-speci-
ficity of infections were reported in organoids with echovirus 11 
infections. Infections were observed in enterocytes and entero-
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endocrine cells, but not in goblet cells [38]. Furthermore, bacte-
ria including Clostridium difficile, Salmonella, and Escherichia coli, 
as well as parasites such as Cryptosporidium, were reported to be 
available for the development of infection models using organ-
oids [39,40]. 

2. Lung organoids 
The lung is a highly complex organ. The bronchial airway is con-
nected to a single tube, and at the distal end, the bronchial air-
way narrows and extends to the bronchial tubes, which branch 
into smaller tubes called bronchioles [41]. Each bronchiole is 
lined with alveolar ducts and terminates with alveolar sacs and 
alveoli [42]. The resident cells of lung tissue include all the cells 
in 3 compartments: cells that make up the bronchial tubes, alve-
olar unit cells, and pulmonary vascular cells, which are further 
divided into about 40 different cell types. In the first trial for the 
development of lung organoids, which was carried out in 1987, 
researchers could culture alveolar epithelial type 2 cells in vitro 
[43]. The daughter cells of hemorrhoid epithelial type 2 cells 
showed the characteristics of the original cells. Subsequently, in 
1991, lung cancer cells were cultured using a specific system that 
used a gas-medium interface and showed reorganized and dif-
ferentiated structures similar to the original tissues with typical 
histological characteristics [44,45]. When mouse and human 

cells were cultured as organoid cultures, they could self-renew 
and develop into the original tissue. Alveolar epithelial type 2 
cells were also cultured into a 3D co-culture system with niche 
factors [46]. In 2014, human alveolar epithelial progenitor cells 
were cultured into spheroids, and in the following year, human 
lung organoids were induced from human PSCs to convert 
them into branching airways and early alveolar structures con-
taining the mesoderm and pulmonary endoderm [47,48] (Fig. 
2). Lung organoid systems are an emerging research topic, as 
well as a useful tool for the modeling of respiratory diseases, 
such as lung cancer or idiopathic pulmonary fibrosis [49]. 

Respiratory diseases result in high morbidity and mortality in 
humans. Idiopathic pulmonary fibrosis is a chronic disease that 
causes lung function to decline and results in the progression of 
fibrosis [50]. Although idiopathic pulmonary fibrosis has tradi-
tionally been considered a rare disease, the number of idiopathic 
pulmonary fibrosis patients has consistently increased in recent 
years. Smoking and viral or bacterial respiratory infections are 
considered to be the major risk factors for this disease [51,52]. 
The etiology of idiopathic pulmonary fibrosis is unknown, 
although it is assumed to be a progressive form of pneumo-
nia. Pulmonary hypertension (PH) is commonly observed in 
idiopathic pulmonary fibrosis patients and increases with the 
severity of idiopathic pulmonary fibrosis [53]. No appropriate 

Fig. 2. Using organoids to model a disease that is difficult to mimic in vitro or in vivo. The lung is a highly complex organ that contains 3 
tissue types. Lung organoids were developed decades ago, and researchers cultured alveolar epithelial type 2 cells in vitro. Since their de-
velopment, lung organoids have been used to model respiratory diseases such as lung cancer, idiopathic pulmonary fibrosis, and chronic 
obstructive pulmonary disease. A human lung bud tip organoid was recently developed to be used for disease modeling and drug screen-
ing.
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treatment currently exists for PH associated with idiopathic 
pulmonary fibrosis [54]. Targeted drug treatment for PH is rare, 
and clinical trials have yet to report evidence for improvements 
in symptoms or other outcomes in idiopathic pulmonary fibro-
sis patients [55]. Thus, studies based on lung organoids might 
help to identify drug candidates for the treatment of PH associ-
ated with idiopathic pulmonary fibrosis, as well as ameliorating 
idiopathic pulmonary fibrosis. 

Among respiratory diseases, chronic obstructive pulmonary 
disease (COPD) is the next leading cause of death after idio-
pathic pulmonary fibrosis. COPD is characterized by the loss of 
parenchymal lung tissue function and the loss of gas exchange 
in alveoli [56]. It is an irreversible and progressive disease 
that leads to shortness of breath, chronic cough, and catarrh 
production, and it is characterized by 2 defined pathological 
patterns: chronic obstructive bronchitis and emphysema of 
the lung [57,58]. It also results in narrowing of the airways due 
to alveolar thickening [59]. Lifestyle habits such as smoking 
reduce epithelial integrity and cause dramatic epithelial re-
modeling, contributing to the development of COPD and lung 
cancer [60,61]. Reactive oxygen species (ROS) are considered 
a mediator of COPD due to their involvement in apoptosis, 
mitochondrial damage, and inflammation of AT2 cells [62]. It is 
generally accepted that alveolar macrophages play an important 
role in the occurrence of COPD. In patients with COPD, the 
number of alveolar macrophages increases noticeably in the 
airways, lung parenchymal tissues, bronchoalveolar lavage fluid, 
and sputum [63]. Patients with obstructive pulmonary disease 
have a large number of macrophages, and alveoli are destroyed 
as a consequence of the release of matrix metalloproteinase 
(MMP)-2, MMP-9, and cathepsin K [64]. Damage to alveolar 
macrophages leads to bacterial clustering and exacerbation of 
the condition by respiratory viruses or bacteria [65]. 

In a previous study, a 2-dimensional in vitro COPD model was 
using cigarette smoke extract [66]. Researchers observed that 
cigarette smoke extract induced inflammation and ROS produc-
tion [59]. They also suggested that high expression of RAGE 
by DAMP-Nrf signaling in COPD-like conditions damaged 
AT2 cells in vitro and in vivo [67]. In contrast, treatment with a 
RAGE antagonist (FPS-ZM1) prevented damage by blocking 
RAGE-mediated DAMP-Nrf2 signaling [68]. It is important to 
determine the mechanism of disease occurrence or infection in 
in vitro models that are similar to the human lung environment. 
The obvious limitations of animal models desperately need to 
be supplemented by applying human alveolar cell compart-
ments. In another study, human lung bud tip organoids were 
grown and differentiated into alveolar-like cells under special 

conditions [69]. Furthermore, human lung bud tip organoids 
that expressed ACE2 and TMPRSS2 were infected with severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) [69]. 
Therefore, organoid systems are expected to be used for disease 
modeling and drug screening. Furthermore, organoid models 
could also be used in preclinical research for drug discovery for 
human COPD and SARS-CoV-2 infection. 

3. Tonsil organoids 
The tonsils (a term that usually refers to the palatine tonsils) are 
a pair of soft tissue masses located on the rear sides of the human 
throat. They are lymphoid organs located at the junction of the 
respiratory and alimentary canals and play an important role in 
the immune system by receiving antigens from the bloodstream. 
The palatine tonsils and the adenoid tonsils are organs consist-
ing of lymphoepithelial tissue located near the oropharynx and 
nasopharynx [70]. The tonsils develop after birth and decrease 
in size to some extent after adolescence. The pharyngeal tonsils 
develop extensively at a young age, becoming adenoids that 
could be subjected to removal if necessary [71]. The palatine 
tonsils predominantly contain B cells, with a few myeloid cells 
[72]. A peculiarity of tonsils is that, unlike the normal periph-
eral lymph nodes, they have no lymphatic vessels. In the tonsils, 
antigen-presenting cells such as dendritic cells and B cells are 
considered to be a starting point for the recognition of antigens 
[73]. When B cells recognize antigens, they start to produce a 
neutralizing antibody within the germinal centers (GCs) and 
extrafollicular regions in the lymphoid organs [74]. T follicular 
helper cells and some of the hematopoietic and non-hematopoi-
etic cells transduce signals that are required for survival, prolifer-
ation, antibody affinity maturation, class-switch recombination, 
and differentiation to GC B cells [75]. 

In a previous study, researchers reported that thymus cells 
separated from a murine model could be cultured and re-asso-
ciated in vitro to reenact a major role in selecting T cells [76]. In 
another recent study, researchers applied a similar approach to 
culture human tonsil organoids. Cells obtained from the tonsil 
were plated at high density into trans-wells and were treated 
with the antigen of interest in the presence of B-cell activating 
factor [77]. Several days later, tonsil cell culture showed re-ag-
gregated regions of clustered cells, as well as GC-like structures 
with B cells and T cells. In tonsil organoids, an organization of a 
light zone and dark zone was observed, which is a characteristic 
of GCs. Affinity maturation was also observed to have occurred 
in tonsil organoids, which is one of the key functions of GCs 
[78]. Within these tonsil organoids, SARS-CoV-2 is potently 
amplified through multiple rounds of infections, resulting in 

Organoid 2022;2:e15 • https://doi.org/10.51335/organoid.2022.2.e15

5j-organoid.org

O



abundant secretion of the viral particles [79]. These studies sug-
gest that tonsil organoids could mimic various aspects of the hu-
man immune responses, especially the interaction of the innate 
immune response with the adaptive immune response, provid-
ing a novel tool for the production of human antibodies against 
specific antigens of interest (Fig. 3). For example, research on 
viral infections could use liver organoids, intestine organoids, 
or lung organoids and even brain organoids as a tool, and tonsil 
organoids could be used in research on the viral response. 

Conclusion 

Organoids are an experimental model similar to cell lines that 
have been used for decades to study cellular mechanisms and to 
develop novel treatments for various diseases. Although in vitro 
assay systems using cell lines have several advantages, they can-
not directly mimic in vivo systems; instead, organoids could be 
used as alternatives to mimic the actual situation in organs. Or-
ganoid systems also have several advantages over cell lines, since 
there is no loss of function due to immortality, as is the case in 
vivo, and they are easy to manipulate and observe. Moreover, 
organoids can reproduce the cell layers and tissue structures that 
can be seen in organs. This suggests that organoids can be cul-

tured for longer periods, frozen like cell lines, and used to study 
physiological phenomena more realistically than is possible with 
cell lines using next-generation in vitro analysis methods. 

The bio-similarity of organoids makes it easier to proceed 
with the sophisticated modeling of complex diseases, such as in-
fectious diseases, genetic diseases, and cancer. The modeling of 
these diseases is not restricted to discovering new treatments for 
the diseases, but could also yield insights into the mechanism of 
disease onset. One of the advantages of organoid models over 
cell lines is their ability to reproduce complex interactions be-
tween organs, which could otherwise only be investigated in an-
imal experiments, to evaluate the efficacy and toxicity of drugs. 

However, organoids are not yet reliable enough to completely 
replace experiments using cell lines or animal models. Organoid 
culture systems have developed rapidly since they were first 
introduced and are still developing, but organoid cultures are 
expensive and have difficulty replicating the scale of massive 
cell-line culture systems. The external substrates or scaffolds 
used for 3D culture are expensive and difficult to handle, which 
imposes a limitation on culture. In addition, imbalances in the 
distribution of nutrients, growth and differentiation factors, and 
the number of the stem cells obtained from the organ may occur 
during the culture, preventing the quantification of growing 

B cell

Fig. 3. New tool for screening antibodies using tonsil organoids. The tonsils are lymphoid organs located near the tracts of the respira-
tory and alimentary canals that play an important role in the immune system. In the tonsils, B cells recognize antigens, and these anti-
gen-presenting cells start to produce neutralizing antibodies within the germinal centers and extrafollicular regions. The germinal center 
forms in tonsil organoids, as demonstrated in a recent study. In a tonsil organoid model, an organization of a light zone and dark zone, 
which is a characteristic of the germinal center, was reported. Affinity maturation was also observed. This suggests that tonsil organoids 
could respond to foreign antigens that infect humans, which could lead to the next step of antibody development to obtain a specific 
human antibody that can bind to the antigen.
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organoids. Moreover, one of the main obstacles in current or-
ganoid systems is that the histological structure and functions of 
organoids are still limited in comparison to actual organs. How-
ever, the most important aspect of organoids is that they are in 
vitro experimental models that can simulate in vivo phenomena, 
and due to this advantage, we believe that organoids will replace 
or support existing models as a higher-level experimental mod-
el. 
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