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 Background: Goblet cells have a role in producing mucus response to 
irritant gases, inflammatory mediators, ROS, and changes the biophysical 
environment. Goblet cell hyperplasia found in e-cigarette exposure is 
characterized by increased mucus secretion in respiratory tract and tobacco 
exposure also causes oxidative stress, increases inflammation mucosa. The 
compounds in apples such as phloretin was found to inhibit goblet cell 
hyperplasia. Method: Literature review 34 journals and 4 textbook. The 
journal from Google, NCBI and Pubmed, and research materials into new 
information related to the research objectives. Result: Factors that cause 
goblet cell hyperplasia include exposure to conventional cigarettes, e-
cigarettes, diesel exhaust, and pathological conditions such as asthma and 
COPD. The liquid content (PG / VG) in e-cigarettes was found to have an 
effect on increasing mucin production (MUC5AC). The content of 
polyphenol compounds in apples such as quercetin and phloretin can 
prevent tracheal goblet cell hyperplasia and mucin production. 
Conclusion: Quercetin and phloretin in apples can prevent tracheal goblet 
cell hyperplasia and mucin production. 
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1. INTRODUCTION   

Goblet cells play a role in producing mucus in response to irritant gases, inflammatory mediators, ROS 
(Reactive Oxygen Species), and changes in the biophysical environment [1]. Goblet cell hyperplasia has been 
found in e-cigarette exposure, characterized by increased mucus secretion in the respiratory trac [2]. Aerosol 
produced by e-cigarettes has been reported to be contaminated with oxidants and copper ions. E-cigarettes have 
also been found to cause oxidative stress and an inflammatory response in human lung epithelial cells [3]. On the 
one hand, e-cigarette users are increasing every year and are popular in various countries. E-cigarette use itself is 
around 1.2% in Australia for those aged 14 years and over [4]. Since the invention of e-cigarettes in 2003, overall 
use increased from 3.3% to 8.5% between 2010 and 2013 among adults in the United States. E-cigarette use also 
increased from 4.6% to 8.2% in 2014 among adolescents aged 11–18 in the United Kingdom. This increase is not 
limited to active smokers; non-smokers are also trying it [5]. The chemical mixture in e-cigarettes consists of 
nicotine, propylene glycol, and vegetable glycerin [6]. Exposure to propylene glycol has been shown to increase 
the number of goblet cells in the respiratory tract and nosebleeds in mice [7]. Goblet cell hyperplasia is often 
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associated with asthma. This pathological finding is known to be found across all levels of asthma severity and is 
usually associated with tobacco/conventional cigarette smoking [8]. Goblet cell hyperplasia is also a common 
phenomenon in COPD (Chronic Obstructive Pulmonary Disease) [9]. COPD itself is a condition involving airway 
damage caused by oxidative stress [10]. COPD, a major and common respiratory disease, is characterized by 
progressive and irreversible airflow limitation in subjects exposed to harmful particles and gases, most commonly 
from conventional cigarette smoke [11]. 

Through various antioxidants, apples are known to reduce the risk of degenerative and cardiovascular 
diseases caused by oxidative stress, especially free radicals and ROS (Reactive Oxygen Species). There are 5 
main groups of polyphenol compounds found in apples including flavanols (catechin, epicatechin and 
procyanidins), phenolic acids (especially chlorogenic acid), dihydrochalcones (phloretin glycosides), flavonols 
(quercetin glycosides) and anthocyanins (cyanidins) [12]. 

 
 

2. METHOD  
 A literature review method was used, taking references from 34 international journals indexed Q1 and 

Q2 on Scimagojr and 4 books. Journals were obtained from the search engines Pubmed, ELSEVIER, Wiley, and 
NCBI. 

 
  

3. RESULTS AND DISCUSSION  
In the study of Ghosh A, et al. (2018) [13] by conducting bronchoscopy on 51 subjects in September 2014 

to 2016 targeting smokers, vapor users and non-smokers. It was found that the mucosa in non-smokers showed a 
different pale pink coloration than smokers and vapor users who showed contrast generally experienced 
erythematous compared to non-smokers. In this study, vapor was administered with a PG/VG composition mixed 
with a 55/45 ratio which is a common ratio available in the community. This experiment used 36 puffs per day on 
HBECs (human bronchial epithelial cultures). In addition, data was obtained that showed exposure to one of the 
liquid compositions used by vapor, namely PG/VG (propylene glycol, vegetable glycerin), proven by exposure 
for 30 minutes is enough to increase MUC5AC levels 3 to 4 times. Exposure to PG/VG containing 18 mg/ml 
nicotine had no effect on MUC5AC expression, suggesting that these changes were driven by PG/VG and not 
nicotine. Furthermore, subchronic exposure of HBECs to PG/VG was also shown to increase cellular MUC5AC 
levels. This observation revealed an increase in MUC5AC and MUC4 in vapor users, possibly indicating airway 
remodeling and causing goblet cell metaplasia/hyperplasia. 

Gellatly S. et al. (2020) [14] also conducted a study to determine whether e-cigarette exposure could trigger 
inflammation. Small airway epithelial cells (SAEC) were exposed to 1 to 15 puffs obtained from heating e-
cigarettes of the same brand and flavor as commercially available tobacco. The e-cigarettes were divided into two 
groups: nicotine-containing and non-nicotine-containing. Interestingly, within 24 hours of e-cigarette exposure, a 
significant increase in IL-6 was observed in SAECs, compared to non-nicotine-containing and non-nicotine-
containing e-cigarettes. Vapors containing nicotine did not experience a significant increase in IL 6. 

In line with this research, Czekala L. et al. (2019) [15] conducted a study that found increased IL-6 
secretion with increasing doses of conventional cigarettes. At 24 hours, exposure doses of 27 and 45 puffs resulted 
in 3.4- and 4-fold higher IL-6 levels, respectively, compared to exposure to open air. It is important to note that 
several cytokines, such as IL-6 and IL-3, can cause increased mucin in large airway epithelial cells [14]. 

In the study by Gellatly S. et al. (2020) [14], to investigate whether IL-6 is dependent on mucin production, 
a test was conducted with SAECs exposed to nicotine-free e-cigarettes in the presence of an anti-IL-6 
neutralizer/isotype control antibody (IgG). As expected, the anti-IL-6 antibody effectively neutralized IL-6 and 
inhibited IL-6 detection in ELISA. IL-6 neutralization significantly reduced intracellular MUC5AC protein levels 
in SAECs exposed to nicotine-free e-cigarettes. This indicates that increased IL-6 contributes to increased 
MUC5AC levels following exposure to nicotine-free e-cigarettes. 

In a study by Jin, S.W. et al. (2020) [16], in their mouse model of allergic asthma, no pathological changes 
were found in the lungs of control mice. Lungs from mice receiving OVA (Ovalbumin) or OVA plus Diesel 
Exhaust Particulate Matter (DEPM) showed excessive mucus production with goblet cell hyperplasia, as measured 
by PAS staining. They also had higher goblet cell proliferation and mucus hypersecretion compared to control 
mice. 

In a study by Reidel B. et al. (2018) [17], increased total mucin concentrations and a shift in the ratio 
between the major gel-forming airway mucins MUC5B and MUC5AC have been shown to correlate with smoking 
and the development of COPD. Reidel B. et al (2018) [17] observed that total mucin concentrations in sputum 
samples were significantly increased (P = 0.04) in smokers (1,986 mg/ml 6810 SD) compared with nonsmokers 
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(1,251 mg/ml 6964 SD) and that total mucin concentrations in sputum samples of e-cigarette users, although 
slightly increased (1,322 mg/ml 6663 SD), were not significantly different from those of nonsmokers. Analysis 
of individual MUC5B and MUC5AC concentrations showed that MUC5B levels were unchanged in the sputum 
of smokers or e-cigarette users and thus did not contribute to the observed increase in total mucin. MUC5AC 
concentrations, however, were significantly increased in smokers (132 pmol/ml 658 SD; P = 0.02) and in e-
cigarette users (58 pmol/ml 621 SD; P = 0.05) compared with nonsmokers (15 pmol/ml 66 SD). As a result, the 
MUC5AC/MUC5B ratio was significantly increased in smokers (0.32; P = 0.02) and e-cigarette users (0.34; P = 
0.05) compared with non-smokers (0.11). 

Several studies have shown that lung diseases such as asthma and chronic obstructive pulmonary disease 
(COPD) are determined by chronic systemic and local inflammation associated with oxidative stress. Oxidants 
are known to increase inflammation through the activation of various kinase pathways and transcription factors 
such as NF-kappa B and AP-1 [18]. 

The oxidative stress response in vitro to cigarette and vapor exposure was assessed by measuring the 
release of 8-isoprostane as a biomarker of oxidative stress and antioxidant deficiency [19]. In the study by Czekala 
L. et al. (2019), tissues exposed to conventional cigarettes produced higher levels of 8-isoprostane depending on 
the exposure dose. Exposure to 27 and 45 puffs of conventional cigarettes correlated with increased 8-isoprostane 
levels compared to open-air controls. Furthermore, 8-isoprostane levels were higher at higher doses in 
conventional cigarettes (27 and 45 puffs) than in vapor. The 8-isoprostane levels of exposure to 27 conventional 
cigarette puffs were found to be no different from those of 80 unflavored vaporizers. Therefore, it can be concluded 
that exposure to only 27 conventional cigarette puffs already increases 8-isoprostane levels compared to high-
dose vaporizers. 

Fruits and vegetables have high antioxidant properties and can protect the lungs from oxidative damage 
caused by tobacco smoke and potentially prevent Chronic Obstructive Pulmonary Disease (COPD). Among 
certain foods, consumption of apples, pears, and bananas is strongly associated with an increased risk of COPD. 
Smokers with low fruit consumption (<1 serving/day) have a 38-fold higher risk of COPD compared to smokers 
with high consumption (3 servings/day). Former smokers with low fruit consumption (<1 serving/day) have a 13-
fold higher risk of COPD compared to smokers with high consumption (3 servings/day) [20]. 

 According to Kschonsek J. et al. (2018) [12], there are five main groups of polyphenolic compounds 
found in apples: flavanols (catechin epicatechin and procyanidins), phenolic acids (chlorogenic acid), 
dihydrochalcones (phloretin glycosides), flavonols (quercetin glycosides), and anthocyanins (cyanidin). 
Samsuzzaman et al. (2019) [21] in their review, citing Yang et al., reported that quercetin, found in apples, berries, 
and onions, can reduce MUC5AC mRNA expression at 20 μM by decreasing the NFκB signaling pathway in the 
NCI-H292 cell line. They also confirmed the inhibitory activity of quercetin (e.g., 50 mg/kg) in a mouse model 
of conventional cigarette-induced inflammation, such as mucin synthesis and oxidative stress production in the 
mouse airways, as well as TNF-α release in bronchoalveolar lavage fluid (BALF). Quercetin's ability to provide 
numerous beneficial health effects is claimed, including protection against various diseases such as osteoporosis, 
lung cancer, and cardiovascular disease. Research shows a reduced risk of cardiovascular disease in subjects with 
a high flavonoid intake. Chronic obstructive pulmonary disease (COPD), a progressive disorder of the lung 
parenchyma and airways, is the third leading cause of death in the US. Unfortunately, current therapies for COPD 
are said to be partially effective with possible side effects. Previous preclinical studies have shown that a fourfold 
increase in plasma quercetin levels significantly reduces lung inflammation and prevents disease progression. The 
effects of quercetin and its derivatives on inflammation in an in vivo model suggest that quercetin is a potent anti-
inflammatory agent. In vivo studies in mice have reported reduced inflammatory gene expression using a 
quercetin-enriched diet. In a 12-week clinical trial, quercetin (1000 mg/day) reduced the rate of upper respiratory 
tract infections in middle-aged and older subjects [22]. 

In line with Samsuzzaman et al (2019) found in the study of Huang W. et al (2017) [23] Phloretin (PT) is 
able to reduce eosinophil infiltration in the lungs of asthmatic mice. They also evaluated tracheal goblet cell 
hyperplasia with PAS (periodic acid-Schiff) staining and found that PT can inhibit goblet cell hyperplasia. In 
addition, PT also significantly reduced the levels of CCL11, CCL24, TNF-α, IL-6, IL-5, and IL-13 and PT also 
inhibited IL-4, IL-5, IL-13, MUC5AC, Gob5, iNOS, and COX-2 gene expression. They also found that PT 
reduced ROS production in BEAS-2B cells activated by TNF-α. Furthermore, they examined intracellular ROS 
in intact cells with fluorescence microscopy and found that PT attenuated intracellular ROS expression in BEAS-
2B cells activated by TNF-α. Research using PT doses (5, 10, or 20 mg/kg) in mice aged 5-8 weeks found that the 
higher the dose, the less goblet cell hyperplasia was found. 
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4. CONCLUSION  
Goblet cell hyperplasia is caused by conventional cigarettes, e-cigarettes, diesel exhaust, asthma, and 

COPD, which have been shown to increase mucin (MUC5AC) production. Apples contain polyphenol compounds 
such as quercetin and phloretin, which can prevent goblet cell hyperplasia and mucin production. 

 
5. REFERENCES 

[1] Madas, B. G., & Drozsdik, E. J. (2018). Effects of mucus thickness and goblet cell hyperplasia on microdosimetric quantities 
characterizing the bronchial epithelium upon radon exposure. International Journal of Radiation Biology, 94(11), 967–974. 
https://doi.org/10.1080/09553002.2018.1511931 

[2] Shields, P. G., Song, M. A., Freudenheim, J. L., Brasky, T. M., McElroy, J. P., Reisinger, S. A., Weng, D. Y., Ren, R., Eissenberg, T., 
Wewers, M. D., & Shilo, K. (2020). Lipid laden macrophages and electronic cigarettes in healthy adults. EBioMedicine, 60, 102982. 
https://doi.org/10.1016/j.ebiom.2020.102982 [3] R. Mathews and C. M. Spencer, “National security strategy for U.S. water,” IEEE 
Eng. Med. Biol. Mag., vol. 27, no. 6, pp. 42–53, 2008, doi: 10.1109/MEMB.2008.929887. 

[3] Phillips, B., Titz, B., Kogel, U., Sharma, D., Leroy, P., Xiang, Y., Vuillaume, G., Lebrun, S., Sciuscio, D., Ho, J., Nury, C., Guedj, E., 
Elamin, A., Esposito, M., Krishnan, S., Schlage, W. K., Veljkovic, E., Ivanov, N. V, Martin, F., Vanscheeuwijck, P. (2017). Toxicity 
of the main electronic cigarette components, propylene glycol, glycerin, and nicotine, in Sprague-Dawley rats in a 90-day OECD 
inhalation study complemented by molecular endpoints. Food and Chemical Toxicology, 109, 315–332. 
https://doi.org/10.1016/j.fct.2017.09.001 

[4] Mendelsohn, C. P. (2018). Electronic cigarettes in physician practice. Internal Medicine Journal, 48(4), 391–396. 
https://doi.org/10.1111/imj.13761 

[5] Chen, I. L., Todd, I., & Fairclough, L. C. (2019). Immunological and pathological effects of electronic cigarettes. In Basic and Clinical 
Pharmacology and Toxicology (Vol. 125, Issue 3, pp. 237–252). https://doi.org/10.1111/bcpt.13225 

[6] Husari, A., Shihadeh, A., Talih, S., Hashem, Y., El Sabban, M., & Zaatari, G. (2016). Acute Exposure to Electronic and Combustible 
Cigarette Aerosols: Effects in an Animal Model and in Human Alveolar Cells. Nicotine and Tobacco Research, 18(5), 613–619. 
https://doi.org/10.1093/ntr/ntv169 

[7] Kienhuis, A. S., Soeteman-Hernandez, L. G., Bos, P. M. J., Cremers, H. W. J. M., Klerx, W. N., & Talhout, R. (2015). Potential harmful 
health effects of inhaling nicotine-free shisha-pen vapor: A chemical risk assessment of the main components propylene glycol and 
glycerol. Tobacco Induced Diseases, 13(1), 15–20. https://doi.org/10.1186/s12971-015-0038-7 

[8] Alagha, K., Bourdin, A., Vernisse, C., Garulli, C., Tummino, C., Charriot, J., Vachier, I., Suehs, C., Chanez, P., & Gras, D. (2019). 
Goblet cell hyperplasia as a feature of neutrophilic asthma. Clinical and Experimental Allergy, 49(6), 781–788. 
https://doi.org/10.1111/cea.13359 

[9] Kim, V., Cornwell, W. D., Oros, M., Durra, H., Criner, G. J., & Rogers, T. J. (2015). Plasma Chemokine signature correlates with lung 
goblet cell hyperplasia in smokers with and without chronic obstructive pulmonary disease. BMC Pulmonary Medicine, 15(1), 1–10. 
https://doi.org/10.1186/s12890-015-0103-2 

[10] Pandey, K. C., De, S., & Mishra, P. K. (2017). Role of proteases in chronic obstructive pulmonary disease. In Frontiers in Pharmacology 
(Vol. 8, Issue AUG, pp. 1–9). https://doi.org/10.3389/fphar.2017.00512 

[11] Gohy, S., Carlier, F. M., Fregimilicka, C., Detry, B., Lecocq, M., Ladjemi, M. Z., Verleden, S., Hoton, D., Weynand, B., Bouzin, C., 
& Pilette, C. (2019). Altered generation of ciliated cells in chronic obstructive pulmonary disease. Scientific Reports, 9(1), 1–12. 
https://doi.org/10.1038/s41598-019-54292-x 

[12] Kschonsek, J., Wolfram, T., Stöckl, A., & Böhm, V. (2018). Polyphenolic compounds analysis of old and new apple cultivars and 
contribution of polyphenolic profile to the in vitro antioxidant capacity. Antioxidants, 7(1). https://doi.org/10.3390/antiox7010020 

[13] Ghosh, A., Coakley, R. C., Mascenik, T., Rowell, T. R., Davis, E. S., Rogers, K., Webster, M. J., Dang, H., Herring, L. E., Sassano, M. 
F., Livraghi-Butrico, A., Van Buren, S. K., Graves, L. M., Herman, M. A., Randell, S. H., Alexis, N. E., & Tarran, R. (2018). Chronic 
e-cigarette exposure alters the human bronchial epithelial proteome. American Journal of Respiratory and Critical Care Medicine, 
198(1), 67–76. https://doi.org/10.1164/rccm.201710-2033OC 

[14] Gellatly, S., Pavelka, N., Crue, T., Schweitzer, K. S., Day, B. J., Min, E., Numata, M., Voelker, D. R., Scruggs, A., Petrache, I., & Chu, 
H. W. (2020). Nicotine-free e-cigarette vapor exposure stimulates Il6 and mucin production in human primary small airway epithelial 
cells. Journal of Inflammation Research, 13, 175–185. https://doi.org/10.2147/JIR.S244434 

[15] Czekala, L., Simms, L., Stevenson, M., Tschierske, N., Maione, A. G., & Walele, T. (2019). Toxicological comparison of cigarette 
smoke and e-cigarette aerosol using a 3D in vitro human respiratory model. Regulatory Toxicology and Pharmacology, 103(January), 
314–324. https://doi.org/10.1016/j.yrtph.2019.01.036 

[16] Jin, S. W., Lee, G. H., Jang, M. J., Hong, G. E., Kim, J. Y., Park, G. D., Jin, H., Kim, H. S., Choi, C. Y., Choi, J. H., Lee, S. G., Jeong, 
H. G., & Hwang, Y. P. (2020). Lactic acid bacteria ameliorate diesel exhaust particulate matter-exacerbated allergic inflammation in a 
murine model of asthma. Life, 10(11), 1–16. https://doi.org/10.3390/life10110260 

[17] Reidel, B., Radicioni, G., Clapp, P. W., Ford, A. A., Abdelwahab, S., Rebuli, M. E., Haridass, P., Alexis, N. E., Jaspers, I., & Kesimer, 
M. (2018). E-cigarette use causes a unique innate immune response in the lung, involving increased neutrophilic activation and altered 
mucin secretion. American Journal of Respiratory and Critical Care Medicine, 197(4), 492–501. https://doi.org/10.1164/rccm.201708-
1590OC 

[18] Pizzino, G., Irrera, N., Cucinotta, M., Pallio, G., Mannino, F., Arcoraci, V., Squadrito, F., Altavilla, D., & Bitto, A. (2017). Oxidative 
Stress: Harms and Benefits for Human Health. Oxidative Medicine and Cellular Longevity, 2017. 
https://doi.org/10.1155/2017/8416763 

[19] L. Czekala, L. Simms, M. Stevenson, N. Tschierske, A. Maione, T. Walele, “Toxicological comparison of cigarette smoke and e-
cigarette aerosol using a 3D in vitro human respiratory model”, Regulatory Toxicology and Pharmacology, vol. 103, pp. 314-324, 2019. 

[20] Kaluza, J., Harris, H. R., Linden, A., & Wolk, A. (2018). Long-term consumption of fruits and vegetables and risk of chronic obstructive 
pulmonary disease: a prospective cohort study of women. International Journal of Epidemiology, 47(6), 1897–1909. 
https://doi.org/10.1093/ije/dyy178 

[21] Samsuzzaman, M., Uddin, M. S., Shah, M. A., & Mathew, B. (2019). Natural inhibitors on airway mucin: Molecular insight into the 
therapeutic potential targeting MUC5AC expression and production. Life Sciences, 231(May), 116485. 
https://doi.org/10.1016/j.lfs.2019.05.041 

[22] Anand David, A. V., Arulmoli, R., & Parasuraman, S. (2016). Overviews of biological importance of quercetin: A bioactive flavonoid. 



61 

  

 
APISIO Medika, Vol. 1, No. 2, August 2023: 59-61                   Cardio et al 2023 
DOI : 10.22219/apisio.Vol1.AM2.42240. 

 

Pharmacognosy Reviews, 10(20), 84–89. https://doi.org/10.4103/0973-7847.194044 
[23] Huang, W. C., Fang, L. W., & Liou, C. J. (2017). Phloretin attenuates allergic airway inflammation and oxidative stress in asthmatic 

mice. Frontiers in Immunology, 8(FEB), 1–13. https://doi.org/10.3389/fimmu.2017.00134 
 

 


