
12867 | Journal of Innovative and Creativity , 5(2) 2025

Journal of Innovative and Creativity
Journal Homepage: https://joecy.org/index.php/joecy
e-mail: journaljoecy@gmail.com

Faculty of Education
University of Pahlawan Tuanku Tambusai

ISSN 2775-771X (Online)
ISSN 2962-570X (Printed)

5 (2) 2025, Page: 12867-12875

The Role of Goblet Cells and Cilia in Respiratory Tract Mucosal
Protection: A Literature Study

Ihsan Hakim Haviana1

1Faculty of Science and Technology, Universitas Muhammadiyah Bandung
Corresponding Author: Ihsan Hakim, e-mail: ihsanhakimslvp26@gmail.com

Published: July , 2025

ABSTRACT
The human respiratory system relies on a complex defense mechanism to maintain mucosal integrity
against foreign particles, pathogens, and environmental pollutants. Among its key components are goblet
cells, which produce mucus to trap inhaled contaminants, and cilia, which transport this mucus toward the
pharynx for expulsion. This study aims to systematically review the synergistic roles of goblet cells and cilia
in respiratory mucosal defense using a Systematic Literature Review (SLR) approach. Data were collected
from PubMed, ScienceDirect, Google Scholar, and ResearchGate, focusing on studies published between
2010 and 2025. The findings reveal that effective mucociliary clearance depends on the balance between
mucus quality and quantity and the coordinated movement of cilia. Disruptions in this system, whether due
to environmental factors such as air pollution and cigarette smoke or infections like influenza and COVID-
19, can impair mucus clearance, leading to increased infection risk and exacerbation of chronic respiratory
diseases. Furthermore, maintaining the functionality of the mucociliary system is critical for preventing and
managing respiratory disorders. Pharmacological interventions, including mucolytics, bronchodilators, and
hypertonic saline, as well as the development of molecular therapies targeting mucus regulation, are
promising strategies to support mucociliary function. This review emphasizes the importance of
understanding goblet cell–cilia synergy in developing effective preventive and therapeutic approaches for
respiratory health. Future research should focus on optimizing interventions that preserve mucociliary
system function to improve patient outcomes and quality of life in respiratory care.
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INTRODUCTION
The human respiratory system is a vital system that functions to provide oxygen for

cellular metabolism and to remove carbon dioxide as its byproduct (Volsko, 2013). In

daily activities, the air inhaled is not always sterile and clean. Various foreign particles

such as dust, air pollutants, allergens, and microorganisms can enter the respiratory tract

along with inhaled air, requiring the body to have an effective defense mechanism to

prevent these particles from reaching the lungs and disrupting respiratory function.

The mucosa lining the respiratory tract, from the nasal cavity to the bronchioles,

serves as the first line of defense to filter foreign particles before they reach the lower

respiratory tract. This mucosa not only functions as a mechanical lining but also plays an

active role in filtering, expelling foreign particles, and regulating the humidity of the

inhaled air (Rubin, 2014). Through this mechanism, the respiratory tract can remain clean

and protected from various potential pathogenic agents.

The structure of the respiratory tract mucosa consists of ciliated epithelium

equipped with goblet cells, two main components that work synergistically to maintain
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the cleanliness of the airways. Goblet cells play a role in producing mucus that functions

to trap foreign particles and microorganisms (Zhang & Wu, 2020). Mucus has a viscosity

that allows it to capture particles without damaging the mucosal surface, enabling the

effective expulsion of foreign agents through the cleaning mechanism.

On the other hand, cilia are hair-like microscopic structures on the surface of the

respiratory epithelial cells that function to move the mucus, which has trapped foreign

particles, toward the pharynx to be expelled through the cough reflex or swallowed

(Adivitiya et al., 2021). This system is known as mucociliary clearance, an essential

mechanism for continuously maintaining airway cleanliness. The efficiency of this system

is crucial in preventing the accumulation of foreign particles that can trigger inflammation

or respiratory tract infections.

The balance between mucus production by goblet cells and the ability of ciliary

movement is a crucial factor in the effectiveness of the mucociliary system. Disruption of

either component, such as excessive or overly viscous mucus production, can hinder

ciliary movement and cause mucus buildup in the airways (Caon et al., 2020). Conversely,

disturbances in ciliary motility will reduce the effectiveness of expelling mucus that has

trapped foreign particles, increasing the risk of infection and inflammation.

Besides functioning as a mechanical barrier, the mucus produced by goblet cells

also has a biological role in the body's defense system. Mucus contains various bioactive

components such as lysozyme, immunoglobulins, and antimicrobial peptides that play

immunological roles in combating pathogenic microorganisms trapped within the mucus

(Munkholm & Mortensen, 2014). This role positions the mucociliary system as an

important part of the innate immune system in the respiratory tract.

Several studies have shown that disruptions in the function of goblet cells or cilia

can increase the risk of respiratory diseases such as asthma, chronic bronchitis, and cystic

fibrosis. For instance, research by Whitsett & Alenghat (2015) revealed that dysregulation

of mucus production by goblet cells is closely associated with the pathogenesis of

chronic respiratory diseases, while Gudis et al. (2012) found that the loss of ciliary

function can increase mucus accumulation, creating an environment conducive to

pathogen growth.

Exposure to pollutants such as cigarette smoke, industrial dust, and other irritants

can impair the mucociliary system by increasing abnormal mucus production and

decreasing ciliary motility (Button & Button, 2013). Such disruptions not only increase the

risk of infection but can also exacerbate chronic inflammatory conditions in the

respiratory tract. Therefore, understanding the interaction between goblet cells and cilia

in facing environmental exposure is crucial for preventing respiratory disorders.
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In addition to pathological conditions, the mucociliary system is also involved in

the body's response to viral infections such as influenza and SARS-CoV-2. These viral

infections can damage cilia and alter mucus composition, slowing down the clearance of

the respiratory tract and worsening disease symptoms (Uzeloto et al., 2021). This

highlights the importance of the mucociliary system in maintaining respiratory tract

homeostasis not only under normal conditions but also during acute infections.

Literature reviews on the mucociliary system still indicate a lack of comprehensive

understanding regarding the integrated functions of goblet cells and cilia within the

respiratory mucosal defense system. Most studies remain focused on specific pathological

aspects without thoroughly examining the synergistic relationship between mucus

production and ciliary activity in maintaining the integrity of the respiratory mucosa.

Therefore, this literature review aims to systematically examine the roles of goblet

cells and cilia in maintaining the integrity of the respiratory mucosa as part of the body's

defense system. This review is expected to provide a deeper understanding of the

interaction between these two components and their relevance in the development of

preventive and curative therapies for respiratory disorders.

Through a deeper understanding of this mucociliary system, it is hoped that

opportunities will open for the development of therapies that not only target the

reduction of respiratory disease symptoms but also improve the physiological functions

of the respiratory mucosal system. Thus, this study is expected to contribute to the

development of clinical pharmaceutical sciences and respiratory therapies that are more

effective and targeted at improving the quality of life for patients with respiratory

disorders.

METHOD

This study employed a Systematic Literature Review (SLR) method to

comprehensively examine the role of goblet cells and cilia in maintaining the integrity of

the respiratory mucosa. This approach was chosen to obtain a structured understanding

of the synergy between these two components within the mucociliary system based on

scientific evidence from previous studies. Literature searching was conducted following

the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses)

protocol to ensure transparency and accountability in the data collection and screening

process.

Literature was searched through accredited electronic databases such as PubMed,

ScienceDirect, Google Scholar, and ResearchGate using keywords including “goblet

cells,” “cilia,” “mucociliary clearance,” “respiratory epithelium,” “airway mucus,” and

“respiratory defense mechanism.” The articles sought were primary research and review
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articles in English or Indonesian, published between 2010–2025, available in full text, and

relevant to the study's focus. Articles that were incomplete or not directly related to the

topic were excluded from the review process.

Article selection was conducted by reviewing titles and abstracts to ensure

alignment with the research objectives, followed by a full-text reading of articles that met

the initial criteria. The selected articles were analyzed qualitatively to identify patterns of

findings, conceptual relationships, and relevance to the mucociliary system, covering

aspects such as mucus production by goblet cells, the role of cilia in mucus clearance,

and environmental factors affecting their function.

The analysis results were compiled into a scientific narrative describing the role of

goblet cells and cilia in maintaining the cleanliness and protection of the respiratory

mucosa. This process is expected to contribute to pharmaceutical education, the

development of respiratory therapies, and serve as a foundation for further research on

strengthening the mucociliary defense system in the prevention and management of

respiratory disorders.

FINDING AND DISCUSSION

Based on the systematic review of the collected literature, findings indicate that

goblet cells and cilia play complementary roles in maintaining the integrity of the

respiratory mucosa. Goblet cells produce mucus that functions to capture and trap

foreign particles such as dust, microorganisms, and allergens, while cilia actively

transport this mucus toward the pharynx for expulsion from the respiratory tract. The

synergy between these components forms the mucociliary system, serving as the first line

of defense in preventing contamination and infection within the airways.

The findings also show that the quality and quantity of mucus significantly affect

the effectiveness of the mucociliary system. Mucus that is excessively thick due to

hypersecretion or dehydration can impede ciliary movement, whereas insufficient mucus

production reduces the effectiveness of trapping foreign particles. On the other hand,

good ciliary motility enhances the speed of airway clearance, minimizes the risk of

mucus retention, and prevents pathogen colonization that could lead to inflammation

and recurrent infections.

Additionally, environmental factors such as exposure to cigarette smoke, air

pollution, and chemical irritants have a significant impact on the function of goblet cells

and cilia. Such exposures can increase gene expression that triggers hypersecretion of

mucus in goblet cells and damage ciliary structures, reducing their ability to clear mucus

from the respiratory tract. This contributes to an increased risk of acute and chronic

respiratory diseases and delays recovery processes during infections such as influenza

and COVID-19.
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1. Synergy Between Goblet Cells and Cilia in the Mucociliary System

Goblet cells and cilia are two main components of the mucociliary system that

work synergistically to maintain respiratory tract cleanliness and integrity. Goblet

cells produce mucus that functions as a physical trap for foreign particles, pollutants,

and microorganisms inhaled during respiration. The mucus produced is sticky and

rich in glycoproteins, enabling effective trapping of contaminants before they reach

the lower respiratory tract (Gustafsson & Hansson, 2025).

Cilia located on the surface of the respiratory epithelium move in a coordinated

manner to transport mucus containing foreign particles toward the pharynx. This

mechanism allows the expulsion of foreign particles from the body through coughing

or swallowing into the digestive tract. Adivitiya et al. (2021) explain that this

clearance function is an essential part of the body's defense system, preventing the

accumulation of particles and pathogens.

The balance between mucus production by goblet cells and ciliary motility is

crucial for the effectiveness of the mucociliary system. Properly proportioned mucus

production facilitates the cleaning process, while excessive mucus production or

impaired ciliary motility can lead to mucus accumulation that triggers inflammation.

Whitsett & Alenghat (2015) emphasize that the coordinated function of these two

components reduces the risk of respiratory infections.

The synergy between goblet cells and cilia not only supports the process of

clearing foreign particles from the airways but also plays a role in maintaining the

homeostasis of the mucosal environment. Disruption in either component impacts

the entire mucociliary system, making an in-depth understanding of their

mechanisms essential for developing respiratory therapeutic interventions.

2. The Impact of Mucus Quality and Quantity on Clearance Effectiveness

Mucus produced by goblet cells serves as a medium for trapping foreign

particles, but its quality and quantity greatly influence the effectiveness of

mucociliary clearance. Mucus with high viscosity due to dehydration or inflammation

can slow ciliary movement and lead to mucus retention in the airways. Conversely,

insufficient mucus production reduces the effectiveness of trapping foreign particles,

allowing pathogens to reach the lower respiratory tract (Hill et al., 2022).

Fliegauf et al. (2013) found that pathological conditions such as asthma and

chronic bronchitis often lead to mucus hypersecretion, which becomes difficult for

cilia to clear, increasing the risk of secondary infections. Mucus retention can also

cause blockage in small airways, disrupt gas exchange, and increase airway

resistance, thereby worsening the patient’s condition.

The composition of mucus also plays a role in the effectiveness of mucosal

defense, as it contains antibodies and antimicrobial enzymes that help combat
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trapped pathogens. Therefore, not only the quantity but also the quality of mucus is

crucial in maintaining respiratory health. Cortez & Schultz-Cherry (2021) indicate that

regulating mucus production can be a therapeutic strategy to reduce the risk of

exacerbations in respiratory diseases.

By understanding the relationship between mucus quality and quantity and

ciliary motility, therapeutic interventions such as the use of mucolytics and hydration

can be optimized to improve the effectiveness of the mucociliary system in patients

with respiratory disorders.

3. The Impact of Environmental Factors on Goblet Cells and Cilia Function

Exposure to environmental pollutants such as cigarette smoke, air pollution,

and chemical irritants negatively affects the function of goblet cells and cilia. Button

& Button (2013) reported that cigarette smoke exposure can damage ciliary structures

and reduce their beating frequency, hindering the mucociliary clearance process. It

also causes goblet cell hyperplasia, leading to excessive mucus production.

Bustamante-Marin & Ostrowski (2017) demonstrated that air pollution exposure

causes chronic inflammation in the airways, altering mucus composition to become

thicker and more difficult to clear. This increases the risk of infections and

exacerbation of inflammatory conditions in patients with chronic respiratory diseases

such as asthma and chronic bronchitis.

Long-term exposure to pollutants is also known to affect gene regulation in

goblet cells, triggering mucus hypersecretion and altering mucus composition to be

denser with lower water content. This increases the risk of airway obstruction and

facilitates pathogen proliferation in stagnant mucus environments.

Controlling environmental pollutant exposure is a critical strategy in preventing

mucociliary dysfunction. Public education on the dangers of cigarette smoke and air

pollution, along with adopting a healthy lifestyle, will help maintain optimal goblet

cell and cilia function.

4. The Role of the Mucociliary System in Acute Respiratory Infections

In viral infections such as influenza and COVID-19, the mucociliary system

plays a vital role in infection mitigation. Viral infections can damage ciliary structures,

reduce motility, and alter mucus composition, slowing down the clearance of mucus

from the airways (Uzeloto et al., 2021). This leads to pathogen accumulation in the

respiratory tract, prolonging infection duration and increasing symptom severity.

Joskova et al. (2020) reported that COVID-19 patients experience a significant

reduction in ciliary beating frequency, impairing mucus clearance. This becomes a

risk factor for developing more severe lower respiratory tract infections, such as

pneumonia, particularly in patients with comorbidities.
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The mucus produced during infection also undergoes compositional changes,

with increased concentrations of inflammatory proteins, making it thicker and harder

to expel. This condition can slow patient recovery and increase the risk of worsening

respiratory symptoms and impaired gas exchange.

Therefore, maintaining mucociliary function during infection is important as

part of supportive therapeutic strategies. This approach may include ensuring

adequate hydration, using mucolytics, and optimizing patient positioning to facilitate

mucus clearance.

5. Clinical Implications and Mucociliary-Based Therapeutic Approaches

Understanding the role of goblet cells and cilia within the mucociliary system

has important implications for clinical practice and the development of respiratory

disease therapies. Therapeutic approaches that focus solely on symptom reduction

without restoring mucociliary function may lead to mucus retention and increase the

risk of disease exacerbation (Van Heusden et al., 2021).

Pharmacological therapies such as mucolytics, bronchodilators, and hypertonic

saline solutions have proven effective in improving mucus hydration and facilitating

ciliary clearance. Additionally, inhaled beta-agonists can enhance ciliary motility by

stimulating adrenergic receptors, aiding in the restoration of mucociliary clearance.

Molecular-based therapeutic approaches targeting the regulation of mucus

production by goblet cells are also being developed as long-term strategies for

managing chronic respiratory diseases. Cortez & Schultz-Cherry (2021) highlight the

potential use of gene therapy to regulate mucin expression in reducing mucus

hypersecretion.

Implementing therapies that support mucociliary function will help reduce

disease exacerbations, accelerate patient recovery, and improve the quality of life for

patients with respiratory disorders.

CONCLUSIONS

The systematic review conducted in this study confirms that goblet cells and cilia

play a central and synergistic role in the mucociliary system as the first line of defense for

the respiratory tract. Goblet cells are responsible for producing mucus that traps foreign

particles, pathogens, and environmental pollutants, while cilia function to transport this

mucus toward the pharynx for expulsion from the airway. This synergy maintains the

cleanliness and integrity of the respiratory mucosa, preventing infection and supporting

the respiratory system’s overall function.

The effectiveness of the mucociliary system is influenced by the quality and

quantity of mucus, as well as the structural and functional integrity of cilia.

Environmental factors such as air pollution and cigarette smoke, along with acute and
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chronic infections, can disrupt this system by altering mucus composition and impairing

ciliary motility. Such disruptions can lead to mucus retention, increased risk of infection,

and exacerbation of chronic respiratory conditions, highlighting the importance of

maintaining mucociliary function as part of respiratory health management.

A deep understanding of the goblet cell–cilia collaboration opens opportunities for

the development of therapeutic strategies that not only address symptoms but also target

the restoration and optimization of mucociliary function. This includes the use of

pharmacological interventions such as mucolytics, bronchodilators, and hypertonic saline,

as well as the development of molecular therapies to regulate mucus production.

Maintaining the effectiveness of the mucociliary system will contribute significantly to the

prevention, treatment, and management of respiratory diseases, ultimately improving

patient health outcomes and quality of life.
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