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What questions were addressed and why? 
The airway epithelium and its surrounding structural cells is the primary site of pathology for chronic 
airway inflammatory diseases. The concerted effort of the airway cells ensured the proper functioning 
of the airway physiological functions, as well as preventing damage leading to any impairment1. 
However, in many chronic inflammatory airway diseases elicited by either allergic or infective (viral or 
bacterial) processes, loss of function or dysfunction in airway physiology leads to the pathology and 
unresolved inflammation in the airway leading to chronic inflammatory symptoms2-4. While proper ciliary 
ultrastructure and/or function is indispensable to maintain the homeostasis of the airway, this has been 
often overlooked as an important target for intervention in the treatment of chronic airway inflammatory 
diseases. We previously showed that ciliary ultrastructural defects are associated with chronic airway 
inflammatory diseases5,6. As Such, functional restoration of defective respiratory cilia represents a novel 
approach which could act synergistically with other anti-inflammatory approaches7,8.  
 
What was the nature of the research? 
To address the questions pertaining to ciliary impairment and their association to chronic airway 
inflammatory diseases, identification of the potential mechanisms underlying defective cilia (including 
indirect causes such as airway microenvironment changes, altered homeostasis and metabolism and 
differentiation changes) if required. Such work will lead to the development of novel and effective 
approaches for reversing and controlling the persistence and evolution of inflammatory responses in 
chronic airway diseases. Hence, -omics based research was used to identify potential mechanisms, 
and laboratory research was carried out to verify the mechanism involved based on the following 
hypothesis: Inflammation in the airways with chronic inflammatory diseases alters airway metabolism 
and energy dynamics in the epithelium and surrounding structural cells that may contribute to ciliary 
changes and chronic inflammatory pathologies.    
 
Research course adapted from the original plan 
While the hypothesis remained the same, changes have been adopted for the research plan due to the 
duration of the fellowship and the decision to focus the resources on cilia associated changes. To 
accomplish this, a list of motile cilia related genes was collated from previous studies and Gene ontology 
database to identify the main ciliary dysfunction and associated impairments in chronic airway 
inflammatory diseases. The list was analyzed in U-BIOPRED dataset to establish ciliary dysfunction in 
asthmatic airways. The functional impairment of motile cilia can then be applied to functional and studies 
to identify the mechanisms of ciliary dysfunction in chronically inflamed airway. In addition, due to 
resource constrains on the cell types banked from volunteers, airway smooth muscle cells (ASMC) were 
used as a proxy for the experiment on airway cell energy state to establish the seahorse protocol for 
future experiments on the airway epithelium. With these changes, the specific aims were adapted to 
the following: 
Specific aim 1: To identify motile cilia and associated dysfunctions and their prevalence in asthmatic 
phenotypes under inflammatory conditions.  
Specific aim 2: To compare energy state and mitochondrial functions of airway smooth muscle cells 
between healthy and asthmatic airways as a means of establishing seahorse assay protocol for airway 
epithelium comparison.  
 
Research performed pertaining to specific aims: 
Establishment of genes involve in the formation and function of motile cilia 
As there are currently not many studies focusing on motile cilia and their role in chronic airway 
inflammatory diseases, we first establish a list of genes involved in the formation and function of motile 
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cilia, including ciliogenesis, ciliary assembly and cilia motility. By identifying ciliary genes from 
experimental evidences and online databases, we collated a gene list of 269 genes that were involved 
in different aspects of motile cilia formation and functions. 
 
Motile cilia gene expression impairment in U-BIOPRED asthmatic cohorts 
Upon establishing the ciliary gene sets, gene set variation analysis (GSVA) was performed on with the 
motile cilia gene sets, its sub-annotations and associated functions like ATP production and respiration 
on U-BIOPRED datasets of asthma patients. By comparing the enrichment levels of the motile cilia and 
associated gene sets in nasal brushings and sputum cells of severe and mild asthmatics to healthy 
controls, we identified and listed potential ciliary and associated functions linked to asthma severity and 
pathogenesis. The functions most impacted include ciliogenesis, ciliary assembly and functions. In 
additoon, we also further look at the ATP production in these datasets as ciliary assembly and functions 
are ATP intensive functions. There is a significant degree of overlap between ATP synthesis and 
oxidative phosphorylation suggesting that the impairment of the ATP production gene expression may 
arise from the mitochondria, in which oxidative phosphorylation to generate ATP occurs.  
 
ATP synthesis and production in airway smooth muscle cells from donor sources of different asthmatic 
severity 
In order to further ascertain that ATP production may be altered in asthmatic airway cells, we subjected 
ASMC from severe asthma, mild and moderate asthma, and healthy control donors to seahorse assay 
to assess the ATP production and ATP-linked respiration. This was done using Seahorse XF ATP-Rate 
assay and Mito Stress assay kits in the Seahorse analyzer to assess oxygen consumption rate (OCR) 
for the calculation of ATP production rate, basal respiration and ATP-linked respiration. ASMCs from 
different donor source were cultured and analyzed for their ATP production. The comparison showed 
that the rate of ATP production from both glycolysis and mitochondrial pathway, as well as ATP-linked 
respiration may be affected in an asthmatic airway as shown in ASMC. This warrants further increase 
in experimental numbers as well as testing in other cells to assess if the trend and difference persist 
across different cell types in the airways. Additionally, we also further found that induction of the ASMCs 
into inflammatory (TNFα) and proliferative (TGFβ with serum) states further altered the ATP production 
rate and ATP-linked respiration.  
 
How will the findings impact future research? 
In this 6-month research fellowship, we investigated the role of motile cilia and the mechanisms of its 
impairment in chronic airway inflammatory disorder based on understanding of our previous work. We 
studied the motile ciliary gene expression in U-BIOPRED cohorts to identify potential genes from the 
nasal brushing and sputum on motile cilia that may function as biomarkers for asthmatic airways, as 
well as to find out potential mechanisms to focus on for studying of motile cilia impairment. We identified 
that the sputum cells contained source of mis-expressed motile cilia genes and that the main impairment 
in motile cilia is due to aberrant expression of ciliogenesis, ciliary assembly and function genes. In 
addition, we also assess the energy state of airway cells using ASMCs through Seahorse assay and 
found reduced ATP production rate that may indirectly contribute ATP poor environments in the airway 
but would require further studies on epithelial cells to confirm such findings. Therefore, the future work 
for the continuation of this study is to investigate the energy state of basal cells from the nasal 
epithelium, as well as the fully differentiated nasal epithelial cells using Seahorse assay. The 
investigation of the submerged basal cell culture can be directly performed on the Seahorse analyzer 
and they can be compared between basal cells of different sources. Fully differentiated nasal epithelial 
cells in air-liquid interface (ALI) would require specialized well in Seahorse which require further 
optimization for that portion of the study.  

 
Personal reflection on the time spent for the fellowship 
The 6 months spent in Fan Chung’s lab in NHLI, Imperial College London is a fruitful one. While there 
were needs to adapt the research protocol due to the changes in resources available, the situation is a 
good learning experience as it trains people involved to be able to best make use of available resources 
to achieve the best outcome in the study. Throughout the fellowship, I have learned new techniques 
like seahorse that is an important component for the motile cilia studies that I am pursuing. Additionally, 
learning GSVA has equipped me with an additional analysis tool for integrating transcriptomics and 
other large omics dataset to assist in my research studies. At he same time, the work performed can 
be followed up and may lead to publishing of 1 to 2 scientific article in the field. Finally, the people I met 
and collaborated in Imperial College London expanded my network and I look forward to building more 
collaborations in the future as I pursue an academic career. On the other hand, areas which I sought to 
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improve is to engage in more detailed planning in understanding the resources available to prevent time 
loss in adapting plans and experiments. Furthermore, I would also like to learn more on prioritizing the 
most important aspects of the learning experience when presented with a variety of learning 
opportunities. Being focused on the most prioritized portion of the opportunities would enable me to 
stay focus on my goals in my career and would help me in the long run as there will be times where I 
will have to choose and will be unable to handle everything presented. In conclusion, the fellowship has 
equipped me further with the tools I need to succeed in my pursuit of a scientific career.   
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