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Glucocorticoid resistance in allergic airway diseases, such as 
allergic rhinitis and asthma, or in chronic rhinosinusitis has re-
cently been the most challenging field, and this might be the 
reason for endotyping in these diseases. As described in the 
current article, neutrophils seem to be related to the develop-
ment of glucocorticoid resistance. In asthma, glucocorticoid re-
sistance is associated with increased numbers of neutrophils in 
the peripheral blood and bronchoalveolar lavage fluid 
(BALF).1,2 Also, in chronic rhinosinusitis, increased neutrophil 
infiltration is known to be associated with steroid refractori-
ness.3 While its action on lymphocytes, thymocytes or eosino-
phils is to increase the apoptosis and thus leading to anti-in-
flammatory action,4 glucocorticoid is known to prevent neutro-
phil apoptosis.5 Since the functional longevity of neutrophils in 
inflamed sites is generally controlled by apoptosis,6 neutrophil-
rich condition would sustain inflammatory activity when treat-
ed with glucocorticoid.

One common theory is the dominant negative glucocorticoid 
receptor β isoform (GRβ) which is expressed at a higher level 
than GRα in neutrophils.7 In contrast to GRα, which is known as 
a classic receptor of glucocorticoid and interacts with pro-in-
flammatory transcription factors, such as NF-κB, mediating an-
ti-inflammatory response,8 GRβ is an isoform that has no tran-
scriptional activity and is known to interfere with GRα by form-
ing a heterodimer and thus repressing pro-apoptotic genes.9

The role of IL-17 in asthma and allergic rhinitis had recently 
been elucidated for the recruitment of neutrophils. IL-17A 
mainly secreted from Th17 cells leads to the activation of the 
signaling cascade, finally resulting in the secretion of chemo-
kines CXCL1, CXCL2, and CXCL8, recruiting neutrophils.10,11  
This IL-17 is known to be related to the severity of allergic rhini-
tis.12 Thus, taken together, increased IL-17 in the inflammatory 
airway disease leading to neutrophil recruitment seems to be 
the key feature of glucocorticoid resistance in these diseases.

However, the development of steroid resistance is not so sim-
ple. To understand the steroid resistance, we should first know 
the complexity of the molecular mechanism of the glucocorti-

coid receptor (GR). In the absence of the hormone, the GR pre-
dominantly resides in the cell cytoplasm, and it is combined 
with other proteins, including chaperons and forms a large 
multi-protein complex. When the hormone is bound, confor-
mational changes occur and the multi-protein complex is dis-
sociated. Ligand-bound GR is then translocated into the nucle-
us and thus acts as a regulator for downstream gene expres-
sion.7 This is the genomic action of the GR, however, there are 
some non-genomic actions of the GR as well. In non-genomic 
action, the multi-protein complex dissociates after ligand bind-
ing to GR, and the proteins liberated participate in secondary 
signaling cascade. For example, when liberated from the GR 
complex, c-Src activates multiple kinase cascades that lead to 
the phosphorylation of annexin 1, inhibition of cytosolic phos-
pholipase A2 activity, and impaired release of arachidonic 
acid.13

There are many isoforms of the GR. Isoforms of the GR are 
known to result from alternative splicing, translational iso-
forms, and translational modifications.7 These isoforms are 
known to have different biological activities and to be different-
ly regulated, so that the composition of these isoforms may dif-
fer according to the cell type and tissue. For example, GRβ is 
abundant in certain types of cells such as neutrophil and epi-
thelial cell.14,15 Glucocorticoid resistance seems to be mediated 
by a variety of pathways which influence different activities of 
the isoform composition. Moreover, regulation of the non-ge-
nomic interactions is another mechanism of this resistance. 
The superordinate concept of regulation of this complexity is 
based on the action of increased inflammatory cytokines in 
chronic inflammatory diseases such as asthma, sepsis, and oth-
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er rheumatologic diseases.16

Since the isoformic GR composition and the action of theGR 
are known to be different among different types of cells or tis-
sues (different environment), the influence of chronic inflam-
matory condition may be even more complex.

Previous studies have linked Chlamydia pneumoniae and 
Haemophilus influenzae infections to glucocorticoid-resistant 
asthma. These infections induce strong neutrophilic inflammation 
and potent Th1/ Th17 responses, thus leading to glucocorticoid 
resistance. In the animal model of glucocorticoid-resistant 
asthma, treatment with amoxicillin did not show improve-
ments in Th2 inflammation, but it restored the glucocorticoid 
sensitivity. On the contrary, when treated with clarithromycin 
alone, inflammation has been suppressed by both antimicrobi-
al and anti-inflammatory effects through its action on TNF-α 
and IL-17.17 Thus, macrolides have been proposed as a new 
therapeutic option for glucocorticoid-resistant asthma18 and 
chronic rhinosinusitis,19 as they possess anti-inflammatory 
properties.

In addition, sensitivity of MUC5AC to topical corticosteroid is 
low if the IL-17A level in patients with allergic rhinitis is high,20 
and macrolide is known to have an inhibitory effect on MU-
C5AC secretion,21 which may in part explain a significant de-
crease in nasal secretion in neutrophil-dominant allergic rhini-
tis.

In the current issue of Allergy, Asthma and Immunology Re-
search, Chen et al, have individualized the treatment of allergic 
rhinitis patients according to their nasal cytology. In this study, 
allergic rhinitis patients with locally predominant neutrophils 
had a better response to treatment with oral clarithromycin 
compared to intranasal corticosteroid spray and oral antihista-
mine. It suggested the importance of nasal cytology for subtyp-
ing and individualized treatment.22

Taken together, one of the candidate markers for glucocorti-
coid resistance is the presence of neutrophil in allergic inflam-
matory disease. Proposed mechanisms underlying glucocorti-
coid resistance include the expression of GRβ in neutrophils 
and increased IL-17 cytokine level, resulting in neutrophil re-
cruitment. However, the regulation of the GR is so complex that 
other possible mechanisms leading to glucocorticoid resistance 
should be considered. Another mechanism underlying gluco-
corticoid resistance is the increased infection due to the immu-
nosuppressive action of glucocorticoid, which increases the 
overall inflammation. As clarithromycin has both anti-bacterial 
and anti-inflammatory effects through TNF-α and IL-17, it can 
be used as an alternative drug for glucocorticoid-resistant pa-
tients. In addition, clarithromycin has an additive MUC5AC-
lowering effect, thus alleviating rhinitis symptoms. 

REFERENCES

1.  Macdowell AL, Peters SP. Neutrophils in asthma. Curr Allergy Asth-

ma Rep 2007;7:464-8.
2.  Nair P, Aziz-Ur-Rehman A, Radford K. Therapeutic implications of 

‘neutrophilic asthma’. Curr Opin Pulm Med 2015;21:33-8.
3.  Wen W, Liu W, Zhang L, Bai J, Fan Y, Xia W, et al. Increased neutro-

philia in nasal polyps reduces the response to oral corticosteroid 
therapy. J Allergy Clin Immunol 2012;129:1522-1528.e5.

4.  Ho CY, Wong CK, Ko FW, Chan CH, Ho AS, Hui DS, et al. Apoptosis 
and B-cell lymphoma-2 of peripheral blood T lymphocytes and 
soluble fas in patients with allergic asthma. Chest 2002;122:1751-8.

5.  Cox G. Glucocorticoid treatment inhibits apoptosis in human neu-
trophils. Separation of survival and activation outcomes. J Immu-
nol 1995;154:4719-25.

6.  Haslett C. Granulocyte apoptosis and its role in the resolution and 
control of lung inflammation. Am J Respir Crit Care Med 1999;160: 
S5-11.

7.  Oakley RH, Cidlowski JA. The biology of the glucocorticoid recep-
tor: new signaling mechanisms in health and disease. J Allergy Clin 
Immunol 2013;132:1033-44.

8.  Nissen RM, Yamamoto KR. The glucocorticoid receptor inhibits 
NFkappaB by interfering with serine-2 phosphorylation of the RNA 
polymerase II carboxy-terminal domain. Genes Dev 2000;14:2314-
29.

9.  Lewis-Tuffin LJ, Cidlowski JA. The physiology of human glucocorti-
coid receptor beta (hGRbeta) and glucocorticoid resistance. Ann N 
Y Acad Sci 2006;1069:1-9.

10.  Liu Y, Zeng M, Liu Z. Th17 response and its regulation in inflam-
matory upper airway diseases. Clin Exp Allergy 2015;45:602-12.

11.  Roussel L, Houle F, Chan C, Yao Y, Bérubé J, Olivenstein R, et al. IL-
17 promotes p38 MAPK-dependent endothelial activation enhanc-
ing neutrophil recruitment to sites of inflammation. J Immunol 
2010;184:4531-7.

12.  Ciprandi G, De Amici M, Murdaca G, Fenoglio D, Ricciardolo F, 
Marseglia G, et al. Serum interleukin-17 levels are related to clini-
cal severity in allergic rhinitis. Allergy 2009;64:1375-8.

13.  Solito E, Mulla A, Morris JF, Christian HC, Flower RJ, Buckingham 
JC. Dexamethasone induces rapid serine-phosphorylation and 
membrane translocation of annexin 1 in a human folliculostellate 
cell line via a novel nongenomic mechanism involving the gluco-
corticoid receptor, protein kinase C, phosphatidylinositol 3-kinase, 
and mitogen-activated protein kinase. Endocrinology 2003;144: 
1164-74.

14.  Kubin ME, Hägg PM, Kokkonen N, Väyrynen JP, Haapasaari KM, 
Moilanen J, et al. Glucocorticoid receptors GRα and GRβ are ex-
pressed in inflammatory dermatoses. Eur J Dermatol 2016;26:21-7.

15.  Strickland I, Kisich K, Hauk PJ, Vottero A, Chrousos GP, Klemm DJ, 
et al. High constitutive glucocorticoid receptor beta in human neu-
trophils enables them to reduce their spontaneous rate of cell 
death in response to corticosteroids. J Exp Med 2001;193:585-93.

16.  Rodriguez JM, Monsalves-Alvarez M, Henriquez S, Llanos MN, 
Troncoso R. Glucocorticoid resistance in chronic diseases. Steroids 
2016;115:182-92.

17.  Essilfie AT, Horvat JC, Kim RY, Mayall JR, Pinkerton JW, Beckett EL, 
et al. Macrolide therapy suppresses key features of experimental 
steroid-sensitive and steroid-insensitive asthma. Thorax 2015;70: 
458-67.

18.  Webley WC, Hahn DL. Infection-mediated asthma: etiology, 
mechanisms and treatment options, with focus on Chlamydia 
pneumoniae and macrolides. Respir Res 2017;18:98.

19.  Wallwork B, Coman W, Mackay-Sim A, Greiff L, Cervin A. A dou-



Individualized Treatment for Rhinitis

Allergy Asthma Immunol Res. 2017 September;9(5):383-385. https://doi.org/10.4168/aair.2017.9.5.383

AAIR

http://e-aair.org  385

ble-blind, randomized, placebo-controlled trial of macrolide in the 
treatment of chronic rhinosinusitis. Laryngoscope 2006;116:189-
93.

20.  Tang H, Wang H, Bai J, Ding M, Liu W, Xia W, et al. Sensitivity of 
MUC5AC to topical corticosteroid is negatively associated with in-
terleukin-17A in patients with allergic rhinitis. Am J Rhinol Allergy 
2012;26:359-64.

21.  Tojima I, Shimizu S, Ogawa T, Kouzaki H, Omura S, Sunazuka T, et 
al. Anti-inflammatory effects of a novel non-antibiotic macrolide, 
EM900, on mucus secretion of airway epithelium. Auris Nasus Lar-
ynx 2015;42:332-6.

22.  Chen J, Zhou Y, Zhang L, Wang Y, Pepper AN, Cho SH, et al. Indi-
vidualized Treatment of Allergic Rhinitis According to Nasal Cytol-
ogy. Allergy Asthma Immunol Res 2017;9:403-9.


