
INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is a lead-
ing cause of morbidity and mortality worldwide. It features 
airflow obstruction and respiratory symptoms. Risk factors for 
the development of COPD include exposure to inhaled ciga-
rette smoke and air pollutants in combination with genetic, 
developmental, and social factors (Christenson et al., 2022). 
Major pathological features of COPD are poorly reversible 
airway obstruction due to obstructive bronchiolitis, emphy-
sema, and mucus hypersecretion (chronic bronchitis), which 
can lead to air trapping and shortness of breath during physi-
cal exertion (Fig. 1A) (Barnes et al., 2015). COPD develops 
slowly with occasional exacerbation caused by inflammatory 
responses induced by noxious gases, bacteria, or viruses (Li 
et al., 2012). Increase of ageing population also affects COPD 
prevalence because of chronic exposure to particulate matter 
(Christenson et al., 2022). COPD shares several symptoms 
with asthma, such as shortness of breath, chronic inflamma-
tory response, and excessive mucus production (Athanazio, 
2012; Yayan and Rasche, 2016). However, asthma differs 
from COPD in the following aspects: 1) younger age of on-

set, 2) risk factors including allergies or genetic predisposition, 
3) an inflammatory profile associated with eosinophils, mast 
cells, and CD4+ T lymphocytes, 4) reversible airway obstruc-
tion, and 5) high responsiveness to corticosteroids (Barreche-
guren et al., 2015; de Marco et al., 2015). Therefore, COPD 
is a complex respiratory condition that requires careful differ-
entiation from other lung diseases for accurate diagnosis and 
management. The primary diagnostic criterion for COPD is the 
presence of persistent airflow limitation, typically defined as 
a post-bronchodilator FEV1/FVC ratio below 0.7 or the lower 
limit of normal (LLN) (Kahnert et al., 2023). This airflow limita-
tion is less reversible compared to asthma, which is character-
ized by variable expiratory airflow limitation (Barrecheguren et 
al., 2015). Better treatment strategies and public health and 
personalized efforts to limit risk factors are necessary to re-
duce the burden of COPD.

Currently, there are no effective treatments for COPD. 
COPD treatment options rely on minimal exposure to smoke 
inhalation and reducing the occurrence and severity of exacer-
bations (Singh et al., 2018). COPD is a complex condition with 
pathophysiological and clinical variabilities among patients 
(Agusti et al., 2010). Mechanisms underlying COPD are poorly 
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understood at molecular and cellular levels. To develop better 
treatment strategies, it is necessary to study mechanisms of 
COPD using proper experimental models that can recapitulate 
distinctive features of human COPD. Therefore, the present 
review will introduce easily applicable mouse models for in-
vestigating inflammatory processes and basic mechanisms of 
COPD. In addition, human COPD-mimicking human lung or-
ganoid models are introduced to help researchers overcome 
limits of mouse COPD models. 

LUNG DEVELOPMENT AND LUNG STRUCTURE FOR 
GAS EXCHANGE

Lung development in both mouse and human progresses in 

five phases through successive branching: embryonic phase, 
pseudoglandular phase, canalicular phase, saccular phase, 
and alveolar phase (Rackley and Stripp, 2012). Patterning 
and differentiation are regulated via FGF, EGF, TGF-β/BMP, 
WNT, retinoid acid, Hedgehog, and Notch signaling pathways. 
The epithelium is initially composed of multipotent progenitor 
cells that can proliferate and differentiate during development 
processes, thereby forming more restricted, differentiated 
progeny to make up the developed lung epithelium. Embryon-
ic endoderm progressively develops epithelial progenitor cells 
with increasingly restricted developmental potential. During 
the pseudoglandular phase, epithelial cells show differentiated 
characteristics. Ciliated cells and neuroendocrine cells show a 
proximal-to-distal wave of differentiation. Secretory cells and 
basal cells of conducting airways and alveolar type (AT) 1 and 
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Fig. 1. Schematic diagrams of chronic obstructive pulmonary disease and lung structure. (A) For respiratory function, an intact lung struc-
ture is required for efficient air flow through conducting airways and gas exchange in alveoli. Structural changes in small airways and alveoli 
and inflammation are major features of COPD. The airway obstruction in COPD may occur due to a combination of small airway narrowing, 
airway wall inflammation, and emphysema (destruction of alveolar wall and loss of elastic recoil), and mucus hypersecretion. (B) The struc-
ture and epithelial cell composition of the lung are shown. Created in BioRender. Choi, H. (2024) BioRender.com/a53r504.
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2 epithelial cells of the alveolar epithelium appear during later 
canalicular and saccular periods. Finally, maturation of alveoli 
occurs to provide a delicate alveolar structure needed for effi-
cient gas exchange across the blood-air barrier (BAB) through 
septation of primitive alveoli and continuing expansion of the 
microcapillary network during the alveolar phase. Alveologen-
esis occurs in mouse from birth to postnatal 20 days and in 
human from week 36 before birth to 3 years after birth. 

The lung is composed of airways and parenchyma (Fig. 
1A). Cartilaginous bronchi, membranous bronchioles, and 
gas exchange ducts are three major intrapulmonary airways. 
Proximal airway with no gas change is >2 mm in diameter. 
It includes trachea, bronchi, and bronchioles that conduct 
air, whereas distal airway refers to smaller airway (<2 mm 
in diameter) that includes small membranous, terminal and 
respiratory bronchioles, and alveolar ducts (Jain and Szna-
jder, 2007). Respiratory bronchioles and alveolar ducts both 
conduct and exchange gas, whereas small membranous and 
terminal bronchioles only conduct air. Alveoli are saclike struc-
tures (~200 µm in diameter) to carry out gas exchange. They 
can evaginate from respiratory bronchioles, alveolar ducts, 
and alveolar sacs. Airways consist of various epithelial cells 
including ciliated cell, goblet cell, club cell, tuft cell, neuroen-
docrine cell, and basal cells (Fig. 1B). 

The structure of a lung is optimized to carry out its main 
function: gas exchange. Gas exchange takes place in the al-
veolar region (parenchyma). For an efficient gas exchange, 
air and blood are brought in close proximity over large sur-
face, constituting an alveolar BAB (Knudsen and Ochs, 2018). 
The BAB consists of a continuous epithelium (AT1 and AT2), 
a continuous specialized endothelium (aerocyte), and a con-
nective tissue layer between these two layers. The respira-
tory function of a lung is highly correlated with the structure 
of airways and alveolar BAB (Weibel, 2017). The thinness of 
the barrier is essential for efficient flux of oxygen by passive 
diffusion and the strength of the barrier is crucial for maintain-
ing structural integrity against mechanical stress (Maina and 
West, 2005). The extracellular matrix and particularly type IV 
collagen in the basement membrane are assumed to be the 
main stress-bearing components of the thin and strong BAB.

MOUSE MODELS FOR COPD

Since one of the main pathological features of COPD is 
inflammation, in vivo immune competent mouse models are 
necessary for assessing effects of drugs on COPD progress. 
Infiltration of inflammatory cells such as macrophages, neu-
trophils, T and B-lymphocytes appears in the airway wall of 
COPD (Barnes, 2008). Airway obstruction and emphysema 
are other main symptoms of COPD. The structural integrity of 
lung airways and alveoli is highly correlated with lung function 
(Maina and West, 2005; Christenson et al., 2022). The airway 
obstruction of COPD may occur by a combination of small air-
way narrowing, airway wall inflammation, and emphysema-re-
lated loss of elastic recoil (Penman et al., 1970; Colebatch et 
al., 1973). Thus, in vivo mouse model for testing lung function 
is required for assessing COPD severity. There are several 
approaches to initiate COPD in mouse models, including ex-
posing mice to cigarette smoke, inflammation stimuli, proteo-
lytic enzymes, and genetic modification (Fig. 2A) (Ghorani et 
al., 2017). Here, some examples of mouse models for COPD 

will be introduced according to inducers of COPD (Table 1). 
Cigarette smoking is the major risk factor for COPD. It is 

used as the most common COPD-inducer in in vivo animal 
models (Sopori, 2002; Barnes et al., 2003). Constituents of 
cigarette smoke used for exposure, delivery system (whole 
body vs nose-only), and the dose of smoke exposed to ani-
mals should be controlled. Different inbred mouse strains 
show differences in alveolar sizes that might have significant 
influence on lung disease models such as development of em-
physema (Soutiere et al., 2004). Different stains of mice also 
show various levels of sensitivity to cigarette smoke exposure 
(Wright et al., 2008; Ghorani et al., 2017). Cigarette smoke 
can induce many features of COPD in mice, including pulmo-
nary inflammation, airway fibrosis, emphysema, and reduced 
lung function (Churg et al., 2006; Wright et al., 2008; Beckett 
et al., 2013). Cigarette smoke-induced mouse model of COPD 
can produce pathological alterations similar to humans. How-
ever, this model does not produce a severe disabling disease 
shown in humans. In addition, it requires several months of 
exposure. 

Lipopolysaccharide (LPS) is a major proinflammatory gly-
colipid component of Gram-negative bacteria cell walls. It ex-
ists as a contaminant in air pollution, organic dusts, and ciga-
rette smoke (Vernooy et al., 2002). LPS alone or combined 
with cigarette smoke can induce acute COPD exacerbations 
(Wright et al., 2008). Chronic instillation of LPS to mice can 
also induce pathological features of COPD, including pulmo-
nary inflammation and pathological structural changes in the 
lung (Vernooy et al., 2002). LPS may be important for devel-
oping COPD as it can mimic bacterial infection-induced exac-
erbations of COPD. 

Based on the idea that emphysema develops as a result 
of cigarette-smoke-mediated influx of inflammatory cells that 
can release proteases known to destroy the parenchymal 
matrix, elastase, a proteolytic enzyme released by activated 
neutrophils in the lung, has been used successfully as an em-
physema inducer among various proteolytic enzymes (Janoff, 
1985; Wright et al., 2008). Only enzymes that could degrade 
intact elastin are known to produce emphysema, whereas 
collagenases are ineffective (Lieberman, 1976). This model 
can induce the disease easily only by a single instillation of 
the enzyme in the lung. In addition, it can control disease se-
verity by adjusting the amount of the enzyme (Ghorani et al., 
2017). The disadvantage of this model is that the function of 
elastase in COPD emphysema depends on several compli-
cated pathophysiological mechanisms. Elastase emphysema 
mouse models by intratracheal or oropharyngeal instillation of 
elastase have been characterized (Vidal et al., 2012; Hisata 
et al., 2021).

Although cigarette smoke is the leading cause of COPD, 
25-45% of patients with COPD are never smokers (Salvi and 
Barnes, 2009). Risk factors for COPD in never-smokers in-
clude air pollution, asthma, occupational exposures, and 
infections (Salvi and Barnes, 2009; Yang et al., 2022). Fine 
particulate matter (FPM) is a component of air pollutants that 
comprises aerodynamic particles smaller than 2.5 µm. These 
particles are found in a variety of sources, including biomass 
smoke, engine soot, and factory fumes. The impact of FPM on 
human health is significant as it can cause COPD by trigger-
ing inflammatory cascades and lung tissue damage (Zhang et 
al., 2015). Accordingly, in a mouse model where atmospheric 
FPM was collected and injected intratracheally for 3 months, 
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mice developed COPD by showing impaired lung function, 
emphysematous lesions, induced pulmonary inflammation, 
and airway wall remodeling (Li et al., 2020), suggesting that 
FPM alone could cause COPD in mice.

More complex mouse models have also been tried to re-
capitulate human COPD pathogenesis by combining COPD 
inducers. Cigarette smoke and LPS-induced COPD models 
have been used for studying basic mechanisms or complica-
tions of COPD, focusing on inflammation aspects of COPD 
(Hardaker et al., 2012; Pelgrim et al., 2022). Elastin is over-
expressed in lung tissues of COPD patients. It has been re-
ported that elastin peptides derived lung tissues can stimulate 

T helper cells, resulting in Th1- and Th17-polarized immune 
responses (Lee et al., 2007; Deslee et al., 2009). Zhou and 
colleagues have developed a novel mouse model presenting 
a cigarette smoke-induced autoimmune processes of COPD 
(Zhou et al., 2020). This model was achieved by cigarette 
smoke exposure and intratracheal instillation of elastin in 
mice. They demonstrated that MMP12-generated elastin frag-
ments served as a self-antigen and drove cigarette smoke-
induced autoimmune processes in mice. Intranasal exposure 
of elastase and LPS can also induce COPD-like inflammation 
(Sohn et al., 2013). 

As genetically modified animal models, mice with emphy-

Biomol  Ther 32(6), 685-696 (2024) 

Fig. 2. Overview of experimental mouse models and human lung organoid models for modeling chronic obstructive pulmonary disease. (A) 
Cigarette smoke, fine particulate matter (FPM), lipopolysaccharide (LPS), elastase, or combination of inducers are used for development of 
COPD in mice. COPD assessment is conducted by measurement of inflammation, emphysema, and lung function. (B) Human lung organ-
oids can be derived from both adult stem cells (ASCs) and induced pluripotent stem cells (iPSCs). Human ASCs-derived lung organoids can 
be generated from basal cells, airway cells, and AT2 cells derived from patients’ lung specimen. NKX2.1+ progenitors derived from human 
iPSCs serve as the stem cell source for culture of human lung organoids. Both ASCs- and iPSCs-derived lung organoids can be applied for 
modeling various lung diseases including COPD. I.N., intranasal; I.T., intratracheal. Created in BioRender. Choi, H. (2024) BioRender.com/
k37d254.
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sematous phenotype have been generated by deleting five 
Serpina1a-e genes or performing endothelial-specific deletion 
of hypoxia-inducible factor-2α gene (Borel et al., 2018; Pa-
supneti et al., 2020). Due to complex COPD pathophysiology, 
genetically engineered mouse models are not available since 
these models could not feature both chronic bronchitis-related 
and emphysematous changes.

HUMAN LUNG ORGANOID MODELS

Mouse models have provided the majority of understating 
about the development of human lung and COPD pathogen-
esis. However, these models do not completely represent the 
full capacity of a human lung. Thus, in vitro systems that might 
supplement mouse COPD models are needed for a better un-
derstanding of human COPD. Since 2D models have limits 
of not having physiological context or cell-to-cell communi-
cations across lung tissues, more interactive in vitro human 
organoid models need to be developed to better understand 
human lung maturation and pathophysiology of lung diseases 
and develop new therapeutic approaches. Thus, 3D culture 
systems that can recapitulate the microenvironment and spe-
cialized architectures of tissues in vivo have been tried. More 
committed adult stem cells derived from human lungs and 
multipotent stem cells derived from human induced pluripo-
tent stem cells (iPSCs) are being used for different kinds of 
human lung organoid (Fig. 2B). Conducting airway organoids, 
alveolar organoids, and lung organoids have been developed. 
Airway organoids include nasospheres, tracheospheres, and 
bronchospheres, which are composed of pulmonary cells 
such as neuroendocrine, goblet, ciliated, basal, tuft, and club 
cells. Alveolar organoids are composed of AT1 and AT2 cells. 
Whole lung organoids are composed of both cell types (airway 
and alveolar). 

Lung organoid cultures for studying lung diseases have 
been introduced using human adult stem cells derived from 
patient-specific samples or primary human bronchial epithelial 
cells (Table 2) (Tan et al., 2017; Tindle et al., 2021; Chan et 
al., 2022; Iakobachvili et al., 2022). When primary bronchial 
epithelial cells are combined with stromal cells (lung fibro-
blast and lung microvascular endothelial cells) in 3D culture 
conditions, mixed cells undergo rapid condensation and self-
organization into epithelial and endothelial structures to gen-
erate airway organoids (Tan et al., 2017). In that study, both 
proximal and distal epithelial makers were observed over time 
from the proximal source of primary epithelium. A method us-
ing human broncho-alveolar resections or lavage material to 
establish long-term-expanding human airway organoids that 
consist of basal cells, multi-ciliated cells, mucus-producing se-
cretory cells, and CC10-secreting club cells has been reported 
by Sachs et al. (2019). They also showed that the established 
human airway organoids could be used for studying heredi-
tary, malignant, and infectious pulmonary diseases. Patient-
derived adult stem cell-derived human lung organoid has been 
generated by a modified method of Sachs et al. (2019), but the 
discrete airway structure was not observed in the organoid, 
although it contained both proximal and distal epithelia (Tindle 
et al., 2021). Another group also reported a human bronchiolar 
organoid established from patient lung biopsy for testing my-
cobacteria-host interactions (Iakobachvili et al., 2022). It dis-
played a cystic structure that is composed of basal cells lined 

with ciliated and goblet cells on the lumen facing side. COPD 
organoids have been also established as nasopharyngeal and 
bronchial organoids from patient samples (Chan et al., 2022). 
Goblet cell hyperplasia and reduced ciliary beat frequency 
were observed in COPD organoids, which recapitulated hall-
mark features of the disease. They also showed that viral and 
bacterial exposure could induce greater proinflammatory re-
sponses in COPD organoids compared to heathy organoids, 
although organoids were generated from different individual 
donors rather that paired specimens due to limitation in sam-
pling. Other researchers have also established several kinds 
of lung organoids including alveolar organoids as well as up-
per airway organoids, which can be applied in the establish-
ment of COPD organoid (Rock et al., 2009; Barkauskas et al., 
2013; Danahay et al., 2015; Zacharias et al., 2018; Tran et al., 
2022; Alysandratos et al., 2023). Since one of the symptoms 
of COPD is emphysema, alveolar organoids can be useful for 
better understanding the pathology of COPD.

The establishment of protocols for generating human iPSC-
derived lung organoids is a major advance in lung disease 
modeling, drug screening, and regenerative medicine (Table 
3) (Vazquez-Armendariz and Tata, 2023). Efforts have been 
made to generate populations of immature lung epithelial 
and mesenchymal progenitors that can be highly expanded. 
In general, iPSCs are sequentially directed toward definitive 
endoderm, ventral anterior foregut endoderm cells (VAFECs), 
and NKX2-1+ lung progenitors (Green et al., 2011; Huang 
et al., 2014, 2015). Carboxypeptidase M-positive (CPM+) 
surface marker can be used to isolate lung progenitors from 
VAFECs (Gotoh et al., 2014). Organoids derived from VAFECs 
contain NKX2-1-and CPM double positive cells besides AT1 
and AT2 cells. CD47high/CD26neg, a cell surface phenotype, has 
also been successfully used to isolate PSC-derived NKX2-1+ 
lung progenitors (Hawkins et al., 2017). Lung organoids de-
rived from PSCs are generally generated from NKX2-1+ cells 
(Vazquez-Armendariz and Tata, 2023). Depending on specific 
factors added to the culture, NKX2-1+ cells can result in the 
formation of airway organoids, alveolar organoids, lung or-
ganoids, and bud tip organoids. PSCs-derived lung organoids 
have been used for modeling diseases including pulmonary 
fibrosis and hereditary diseases such as cystic fibrosis (Wong 
et al., 2012; Firth et al., 2015; Kim et al., 2021; Suezawa et 
al., 2021). Disease-specific lung progenitors have been gen-
erated from iPSCs derived from patients with cystic fibrosis 
to create a platform for understanding human lung diseases 
(Mou et al., 2012). Moreover, when single cell suspension dis-
sociated from PSCs-derived airway organoids was replated 
in a 2D air-liquid interface culture, these cells displayed multi-
lineage differentiation, showing a possibility of application for 
airway disease modeling (McCauley et al., 2017; Hawkins 
et al., 2021). In a recent study, a co-culture model of iPSC-
alveolosphere with fibroblast derived from COPD patient lung 
was explored for studying epithelial-mesenchymal crosstalk in 
COPD (Dagher et al., 2024). Despite recent advances in or-
ganoid technology, a direct COPD model using iPSCs-derived 
lung organoids has not been reported yet.

FUTURE PERSPECTIVES

Despite pros and cons of mouse COPD models, these 
models are necessary to assess the development of human 
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lung and COPD pathogenesis. Various experimental methods 
have been tried for studying COPD in mice. There is no stan-
dard protocol for parameters to be determined or experimental 
procedures to be performed. Methods for COPD induction and 
measurable and characteristic parameters should be further 
developed to better represent human COPD.

To complement mouse COPD models, human lung organ-
oids can serve as a promising model system for advancing 
translational research. Organoids based on ASCs provide 
fundamental insights into generation and maintenance of 
limited lung tissues. In case of COPD modeling, pharyngeal 
and bronchial COPD organoids generated from ASCs derived 
from a patient can recapitulate the pathology of COPD dis-
ease. However, there are limitations in sampling and expand-
ing ASCs. In this regard, lung organoids based on human 
healthy or patient PSCs can be a promising tool for studying 
COPD and other lung diseases and for screening drugs for 
drug discovery. PSCs-derived organoids are also useful for 
understanding development stages of a human lung organ. 

Many useful organoid models of the lung have been re-
ported using ASCs and PSCs for studying various aspects 
of lung development. Lung is a complex organ that functions 
as a respiratory system. Its structure is highly correlated with 
respiratory function. At present, specialized epithelial cell dif-
ferentiation and cell-cell adhesion are mainly assessed and its 
morphological, structural differentiation for lung function has 
been poorly achieved in lung organoids. Especially, the intact 
structure of alveoli, an important gas-exchange unit, should be 
developed and assessed in generation of alveolar organoids 
to better understand COPD. Additional culture optimization is 
necessary to establish human organoids that can more ac-
curately recapitulate the lung architecture. Until now, most or-
ganoids have been developed with limited lung tissues. Since 
rapid developments are being made in recent years, we can 
anticipate the generation of a whole lung model that can be 
translated into human use. 
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