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Abstract
Cilia in the lungs have a primary role in many respiratory diseases. Disruption of ciliated epithelial cell functions 

results in excess mucus in the airways, termed watery phlegm according to the Traditional Chinese Medicine Theory. 
Traditional Chinese Medicine prescription to treat respiratory diseases caused by watery phlegm attenuate cilia 
shortening, aid the clearance of ciliated epithelial cells and reduce excess mucus in the airways. Further studies are 
required to determine the role and mechanism of Traditional Chinese Medicine decoction and its analogous formulae 
and this might help develop new drugs for the treatment of respiratory diseases. 
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Introduction
Cilia was discovered around 1674-1675 and the research was largely 

focused on motile cilia’s structure, movement and biogenesis at first, 
but with the discovery of intraflagellar transport and the link between 
primary cilia ciliogenesis and disease, research on primary cilia has 
dramatically increased [1]. Cilia not only plays the critical role in lung 
disease [2], but also has ciliopathy component in any other diseases 
within the field of cancer and neuroscience [3,4]. The function of cilia 
is connected with other mechanical and chemical signaling including 
the autophagy [5], which suggests that studies of cilia in respiratory 
diseases and other diseases will be more important in future and that 
regulating the function of cilia may lead to new therapeutics. In this 
review, we focus on the cilia function as a target for respiratory diseases 
and the effect of Traditional Chinese Medicine (TCM) on cilia function.

Cilia function and impaired mucociliary clearance
Cilia in the lungs have a primary role in innate defense mechanisms 

and the clearance of mucus. Under normal circumstances, the 
mucociliary escalator covers most of the bronchus, bronchiole and nasal 
cavity, which is composed of ciliated epithelium and goblet cell that 
secrete mucus. Ciliated epithelial cells eliminate particles and pathogens 
trapped in mucus from the airways. In pulmonary disease, disruption 
of airway epithelial cell functions results in impaired mucociliary 
clearance. This is followed by reepithelialization dominated by goblet 
cells resulting in excess mucus production, which might promote 
susceptibility to respiratory infections [2]. Chronic inflammatory 
disease of the airways, such as chronic obstructive pulmonary disease 
(COPD) and asthma, are characterized by the differentiation of goblet 
cells, mucus hypersecretion and cilia dysfunction [6,7]. Furthermore, 
airway ciliary dysfunction is associated with adverse postoperative 
outcomes in some congenital heart disease patients [8]. Targeting 
cilia function would improve mucociliary clearance and reduce excess 
mucus, which may benefit treatment of respiratory diseases. 

The mechanisms of ciliated epithelial cell dysfunction 
The mechanisms of ciliated epithelial cell dysfunction remain 

unclear, but are thought to involve a reduction in epithelial cell cilia 
length and airway epithelial cell death leading to cilia shortening 
and altered airway function. Autophagy has multifunctional roles in 
the regulation of organelle homeostasis and protein turnover, which 
further influences the progression of human diseases and lung disease 
[9]. In the process of cilia dysfunction, selective autophagy for cilia 
components is important. Cloonan et al. coined the term ciliophagy 
to describe the selective autophagy that regulates cilia dysfunction in 

COPD and which degrades ciliary proteins by the autophagy-dependent 
pathway and correlates with cilia shortening [10]. Under pathological 
circumstances, oxidative stress and other factors cause ciliary protein 
damage, which promotes the formation of autophagosomes dependent 
on the autophagy proteins Light Chain 3B (LC3B) and beclin 1.

Qi et al. [11] found that ovalbumin (OVA) exposure caused the 
reduction in cilia length compared with that observed in the normal 
group and viable airway cells displayed an increase in the number of 
autophagosomes containing large amount of degradative autophagic 
vacuoles and few mitochondria. The above verified that asthma also 
has cilia dysfunction-ciliophagy [11]. We further confirmed that 
TCM, which increased mucus clearance, influenced the function of 
ciliated epithelial cells and had a satisfactory therapeutic effect [11]. 
The role of ciliophagy in other lung diseases should be investigated to 
better understand the mechanisms involved in ciliated epithelial cell 
dysfunction.

Anti-respiratory disease TCM for watery phlegm 
modulates mucus 

TCM prescription treats cold fluid, cough, asthma and influenza 
viruses [12] caused by watery phlegm. Many decoction analogous 
formulae mentioned by Zhang Zhongjing in the TCM textbook Shang 
Han Lun (Treatise on Cold Damage Diseases) is used to treat these 
respiratory diseases [13] and the proportion of analogous formulae is 
greater than 80.2% [14]. Xiaoqinglong decoction analogous formulae 
such as the Xiaoqinglong (XQL), Mahuang Xingren Shigao Gancao, 
Mahuang Fuzi, Houpu Mahuang and Daqinglong decoctions, have 
been widely used for bronchitis, asthma, cnidosis, pneumocardial 
disease [14].

Most studies of XQL focused on relieving cough and fever, 
inhibiting inflammation and anaphylaxis and reducing airway hyper-
reactivity and remodeling [15,16]. We further examined the change 
and mechanisms of XQL on mucus hypersecretion in the airways using 
an OVA-induced asthma mouse model and found that XQL reduced 
the amount of airway mucus, which helped to improve asthma [11]. 
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However, further study is required to determine the role and mechanism 
of XQL decoction analogous formulae. 

Anti-Respiratory Disease TCM for Watery Phlegm 
Modulates Cilia Function

Ciliophagy reduces mucociliary clearance and the subsequent 
elimination of particles and pathogens from the airways and promotes 
susceptibility to airway diseases [10]. Anti-respiratory disease TCM as a 
modulator of mucus should be further examined to determine its effect 
on cilia function including the length of cilia and ciliophagy, which are 
related to airway mucus clearance. 

As a famous TCM prescription to treat asthma and influenza 
viruses [12,13], XQL contains eight herbal components including 
Ephedrae (Ephedra sinica Stapf, Ephedra intermedia Schrenk & C.A. 
Mey.), Ramulus Cinnamomi (Cinnamomum cassia (L.) J. Presl), 
Rhizoma Zingiberis (Zingiber officinale Roscoe), Radix Asari (Asarum 
heterotropoides f. mandshuricum (Maxim.) Kitag., Asarum sieboldii 
Miq.), Fructus Schisandrae (Schisandra chinensis (Turcz.) Baill.), 
Glycyrrhiza Uralensis (Glycyrrhiza uralensis Fisch.), Rhizoma Pinelliae 
(Pinellia ternata (Thunb.) Makino) and Radix Paeoniae Alba (Paeonia 
lactiflora Pall.). Based on the dosage by Xie et al. [17], we found that 
XQL, which was orally administered, restored cilia length, reduced the 
number of degradative autophagic vacuoles and increased the number 
of mitochondria in the tracheal epithelium compared with the asthma 
model group [11]. The expression of LC3 was lower in the tracheal 
epithelium of the XQL-treated group than in the asthma model group 
[11].

With the fingerprints of high performance liquid chromatography 
for XQL’s single herb and herbal pair including Mahuang-Gancao, 
Mahuang-Guizhi, Shaoyao-Guizhi, Shaoyao-Gancao, Wuweizi-Xixin, 
we discussed main components of a single herb and herbal pair and 
summarized the character of the Xiaoqinglong decoction [18], but 
future studies should determine the different roles of these herbal 
components to modulate cilia function.

Conclusion
Ciliophagy impairs airway mucus clearance. Reducing ciliophagy 

allows airway function recovery and mucus homeostasis of the airways, 
suggesting this pathway might be a new target of pharmacotherapy. 
Treatment with XQL attenuated mucus secretion in the airways, 
improved cilia length and reduced ciliophagy. Further studies should 
investigate the different roles and mechanisms of XQL decoctions 
and analogous formulae to modulate cilia function, which might be a 
potential target of the treatment to pulmonary diseases (Figure 1).

Acknowledgment

We thank Edanz Group China (www.liwenbianji.cn/ac), for editing the English 
text of a draft of this manuscript.

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

This work was supported by the National Natural Science Foundation of China 
[grant number 81403313 to Qingqing Wang].

References

1. Satir P (2017) CILIA: Before and after. Cilia 6:1.

2. Tilley AE, Walters MS, Shaykhiev R (2015) Cilia Dysfunction in Lung Disease. 
Annu Rev Physiol 77: 379-406.

3. Légaré S, Chabot C, Basik M (2017) SPEN, a new player in primary cilia 
formation and cell migration in breast cancer. Breast Cancer Res 19: 104. 

4. Kirschen GW, Xiong Q (2017) Primary cilia as a novel horizon between neuron 
and environment. Neural Regen Res 12: 1225-1230.

5. Orhon I, Dupont N, Pampliega O (2015) Autophagy and regulation of cilia 
function and assembly. Cell Death Differ 22: 389-397. 

6. Lam HC, Cloonan SM, Bhashyam AR, et al. (2013) Histone deacetylase 
6-mediated selective autophagy regulates COPD-associated cilia dysfunction. 
J Clin Invest 123: 5212-5230.

7. Wan WY, Hollins F, Haste L (2016) NADPH Oxidase-4 overexpression is 
associated with epithelial ciliary dysfunction in neutrophilic asthma. Chest 149: 
1445-1459.

8. Stewart E, Adams PS, Tian X (2017) Airway ciliary dysfunction: Association with 
adverse postoperative outcomes in nonheterotaxy congenital heart disease 
patients. J Thorac Cardiovasc Surg [in press]. 

9. Ryter SW, Choi AM (2015) Autophagy in lung disease pathogenesis and 
therapeutics. Redox Biol 4: 215-225. 

10. Cloonan SM, Lam HC, Ryter SW (2014) Ciliophagy: The consumption of cilia 
components by autophagy. Autophagy 10: 532-534.

11. Qi MY, Zhou JC, Zhang XW (2017) Effect of Xiaoqinglong decoction on mucus 
hypersecretion in the airways and cilia function in a murine model of asthma. J 
Tradit Chin med Sci 4: 290-296.

12. Ma LL, Ge M, Wang HQ (2015) Antiviral activities of several oral traditional 
Chinese medicines against influenza viruses. Evid Based Complement Alternat 
Med 2015: 367250.

13. Zha Q, Lin S, Zhang C (2013) Xiaoqinglong granules as add-on therapy for 
asthma: Latent class analysis of symptom predictors of response. Evid Based 
Complement Alternat Med 2013: 759476.

14. Fan XH, Xiao S, Ai N (2015) Dissecting functional chemome of Xiaoqinglong 
decoction analogous formulae using network formulaology approach. 
Zhongguo Zhong Yao Za Zhi 40: 2634-2638.

15. Nagai T, Nakao M, Shimizu Y (2011) Proteomic analysis of anti-inflammatory 
effects of a Kampo (Japanese Herbal) medicine “Shoseiryuto (Xiao-Qing-Long-
Tang)” on Airway Inflammation in a Mouse Model. Evid Based Complement 
Alternat Med 2011: 604196. 

16. Wang SD, Lin LJ, Chen CL (2012) Xiao-Qing-Long-Tang attenuates allergic 
airway inflammation and remodeling in repetitive Dermatogoides pteronyssinus 
challenged chronic asthmatic mice model. J Ethnopharmacol 142: 531-538.

Figure 1: Cilia function as a target for respiratory diseases and the effect of 
Traditional Chinese Medicine (TCM) on cilia function
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