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of Six1 in asthma and that it played a key role in pathogenesis. In that 
study researchers utilized an ovalbumin-induced mice model and an-
alyzed findings through immunohistochemistry and western blotting to 
evaluate the expression level of Six1. Further, it was revealed that Six1 
disrupted regular lung tissue and was significantly overexpressed in asth-
ma patients when compared to the negative control. Additionally, Six1 
effect on various leukocytes was also examined; cell numbers for each 
immune cell were highly increased in the upregulated Six1 expressing 
OVA mice, compared to the control. Knockdown of Six1 showed de-
creased numbers. This study confirmed the presence of Six1 in asth-
ma and its effects on several immune cells. However, the exact rela-
tionship between Six1 and airway remodeling is still being investigated.

Airway remodeling is a main mechanism involved in irregular lung 
and bronchus asthma effects. Specifically, it is a pathological change in 
severe asthma and constitutes extracellular and cellular changes in the 
airways. This prognosis has contributed to fibroblast activation, airway 
smooth muscle (ASM) proliferation and epithelial cell apoptosis (Hough 
et al., 2020). One of its main components, epithelial-mesenchymal tran-
sition (EMT), may have direct linkage to Six1 and fibrosis. Furthermore, 
Wang et al. (2021) discovered Six1 promotes EMT in bronchial epitheli-
al cells. Results indicated that Six1 promoted EMT through the TGFB1/
Smad pathway. This pathway is important in mediating fibrosis. Smad 
is a downstream regulator and when exposed to a ligand, Smad pro-
tein nuclear localization is stimulated and regulates targeted gene ex-
pression. For asthma patients, activation of this pathway promotes 
fibrosis and ultimately stimulates airway remodeling as a response.

Within this study, in cells overexpressing Six1, researchers 
were able to determine through rt-PCR and western blotting that both 
TGFB1 and Smad were significantly overexpressed compared to the 
negative control. However, when Six1 was inhibited, TGFB1 and Smad 
protein expression decreased. This study indicated that Six1 expres-
sion contributes to airway remodeling. More specifically, the relation-
ship between Six1 and TGFB1/Smad revealed extensive fibrosis and 
EMT enhancement. Six1 overexpression in asthma promotes nega-
tive effects on cell morphology, pathology, and expression. Potential ef-
fective treatments should focus on inhibiting Six1 in asthma patients. 

Asthma is also associated with increased IgE production with-
in the lungs. Therefore, researchers have also aimed to focus on more 
biologic components to treat, such as inflammatory response. Inflam-
mation is a key characteristic of asthma and is triggered by interleukin-4 
(IL-4) and IL-13. Mediated by receptors, IL-4 and IL-13 play a pivotal 
role in severe asthma. IL-4 is heavily involved in T helper 2 (Th2) lym-
phocyte cell differentiation, while IL-13 works alongside IL-4 to promote 
IgE synthesis, fibroblast proliferation and elicit ASM response (Pelaia 
et al., 2022). Both interleukins share common signaling pathways as 
when selective parts of IL-4 are blocked, IL-13 has potential to also be 
blocked. In severe asthma, these cytokines primarily work to amplify bron-
chial inflammation, persistence, and remodeling. When overexpressed, 
their presence is indicated by heightened IgE levels in lung samples. 

The interleukin-4 pathway is mediated by its receptor IL-4R sig-
naling system. This system includes two receptors, type 1, and type 2. 
However, type 2 IL-4R is more associated with interleukin 13 as it com-
prises an IL-4Ra chain paired with IL-13Ra1 and can be activated by 
IL-13. Type 1 IL-4R cannot be activated by interleukin 13 (Karo et al., 
2018). In general, initiation of the signal transduction requires recep-
tor-associated kinase phosphorylation. IL-4 does not naturally contain 
endogenous kinase activity and so in asthma, its activation is due to 
Jak2 and/or tyrosine kinase 2 (Tyk2) (Ladjemi et al., 2018). When en-
gaged with IL-4 or IL-13, Jak phosphorylates and dimerizes STAT6. 
Subsequently, translocation of STAT6 occurs and induces the tran-
scription of IL-4 and IL-13 thus promoting IL4 and/or IL-13 responses. 

In severe asthma, this mediated response induces differentiation of 
B cells into IgE secreting plasma cells and raises the level of IgE antibod-
ies in the blood. With repeated exposure and secretion, IgE cross-linking 
occurs on mast cells and induces histamine secretion and chemokines that 
cause inflammatory cells, importantly eosinophils, transmigration (Karo et 
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