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Figure S1. DEX can alleviate steroid-sensitive asthma induced by OVA. A. Flow chart for
a steroid- sensitive mouse model establishment. B. The airway hyperresponsiveness of mice
was measured by lung resistance (RL) (n =5-6). C. Numbers of total inflammatory cell in
bronchoalveolar lavage fluid (BALF) (n = 5-6). D. Frequencies of neutrophils, eosinophils and
macrophage in CD45" cells from pulmonary single-cell suspension through flow cytometry (n
= 5-6). E. Representative histological analysis of lung sections with HE, PAS and masson
staining, scale bar=200 um. Data are presented as mean + SEM. * p <0.05, ** p <0.01,
*¥*%* p <0.001*p < 0.05; **p < 0.01; ***p <0.001, as analyzed by one-way ANOVA and with

post-hoc test. All experiments were performed in triplicates unless otherwise stated.
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Figure S2. Validation of MALT1 and MIF in an asthma mouse model.

A. Frequencies of

neutrophils and eosinophils in CD45" cells from BALF suspension through flow cytometry. B.



ELISA analysis of cytokines in lung lysates (n =5-6). C. ASM thickness and PAS positive cells
of HE and PAS stain. D and E. Real-time QPCR analysis mRNA levels in lungs (n = 5-6). F.
Immunoblotting analysis of MALT1 and MIF levels in lungs with B-tubulin as internal control.
Data are presented as mean + SEM. * p < 0.05, ** p <0.01, *** p <0.001*p <0.05; **p<0.01;
**%p < 0.001, as analyzed by one-way ANOVA and with post-hoc test. All experiments were

performed in triplicates unless otherwise stated.
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Figure S3. Cell Type Annotation and Proportional Distribution in Single-Cell
Transcriptomics (GSE193816). (A) Dot plot showing marker gene expression across
annotated cell types. Dot size represents the percentage of cells expressing each marker, while
color intensity reflects average expression levels. (B) Bar plots illustrating the total cell counts

(left) and relative proportions (right) of each cell lineage across individual samples. (C)



Comparison of cell lineage composition between asthma and control groups. Total cell counts
(left) and stacked proportions (right) reveal shifts in immune and epithelial populations

associated with disease status.
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Figure S4. Combined treatment of MI-2 and DEX can effectively alleviate steroid-
resistant asthma. A. Frequencies of GATA3 cell, Rory t* cell and T-bet” cell from pulmonary
single-cell suspension through flow cytometry (n = 5-6). B. Immunofluorescence staining of
lung slides with anti-CD74 antibody, scale bar =50 um. C and D. Real-time QPCR analysis
mRNA levels in lungs (n = 5-6). E. Immunofluorescence staining of lung slides with anti-MPO
and anti-MALT1 antibody, scale bar =50 um. Data are presented as mean £ SEM. * p <0.05,
** p<0.01, *** p<0.001*p < 0.05; **p < 0.01; ***p < 0.001, as analyzed by one-way
ANOVA and with post-hoc test. All experiments were performed in triplicates unless otherwise

stated.
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Figure S5. Combined treatment of ISO-1 and DEX can effectively alleviate steroid-
resistant asthma. A. The expression of MIF was detected by immunohistochemistry in lung
tissue, cale bar = 50 um. B. Immunofluorescence staining of lung slides with anti-MIF
antibody, scale bar =50 um. C. ELISA analysis of cytokines in BALF (n =5-6). D. Real-time
PCR of mRNA levels normalized to GAPDH (n =5-6). Data are presented as mean + SEM.
* p<0.05, ** p<0.01, *** p <0.001*p < 0.05; **p <0.01; ***p <0.001, as analyzed by

one-way ANOVA and with post-hoc test. All experiments were performed in triplicates unless

otherwise stated.
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Figure S6. Absence of IL-17A enhances the hormone sensitivity of severe asthma. A.

Frequencies of neutrophils and eosinophils in CD45" cells from BALF through flow

cytometry. B. Frequencies of GATA3cell, Roryt" cell and T-bet" cell from pulmonary single-

cell suspension through flow cytometry (n = 5-6). C. ELISA analysis of cytokines in lung (n
=5-6). D. Real-time PCR of mRNA levels normalized to GAPDH (n =5-6). E.



Immunofluorescence staining of lung slides with anti-F4/80, scale bar = 50 um. Data are
presented as mean + SEM. * p < 0.05, ** p <0.01, *** p <0.001*p < 0.05; **p <0.01; ***p
<0.001, as analyzed by one-way ANOVA and with post-hoc test. All experiments were

performed in triplicates unless otherwise stated.
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Figure S7. DEX can effectively alleviate steroid-resistant asthma in I/17a” mouse. A.
Numbers of total inflammatory cell in bronchoalveolar lavage fluid (BALF) (n = 5-6). B.
Frequencies of GATA3 cell, Roryt” cell and T-bet" cell from pulmonary single-cell suspension
through flow cytometry (n = 5-6). C. ELISA analysis of cytokines in BALF (n =5-6). D. Real-
time PCR of mRNA levels normalized to GAPDH (n =5-6). Data are presented as

mean £ SEM. * p <0.05, ** p <0.01, *** p < 0.001*p < 0.05; **p <0.01; ***p <0.001, as
analyzed by one-way ANOVA and with post-hoc test. All experiments were performed in

triplicates unless otherwise stated.



>

o

\
(&)
-
— WT Ctrl WT rPEA 11217 Ctrl 1121 rPEA
<+-) Eosniphil Neutrophi 7 Eosriphi Netrophi MNeutraphil
_Q ] 174 122 ] 862 517 769
= E
=
(] . 1
c 1 1
c i 1
o] T T anss s ey T TR T T T i T
0]
-
S
— 2.5 * ) 109 .as *%
3 = S Achaid
— b | |
= r [ ] *
3 2.0 8 8- S
et In
<t
S 1.5+ a 6-
a . o
(&) ele c 4
c - - -
£1.0 = .
] " o
o +
. w2
4 051, =
J h
= 2 |eanlléh
0.0 0
e WTCtrl + [-21/Ctrl
= WTrPEA v .27YPEA
40— . 3007 o 80+ s 607 sk s
* *eddk A — *% %% N
: : — E n /_E—-
E 304 LI E 5 60 5
2 2 200 um 2 2 40—
a2
S S < -
o
¥ 20 % < 40- Gy
m : m = =
3 it 3 1004 w L 20+
m 10 @ I 20 1z s
= 1° f I i i ﬁ
iﬁ
0 0 - 0 0
WT Ctrl WT rPEA 1121+ Ctrl 11217 rPEA
3
N4 138 086 | 094|082 100 233 | 1.20 188 236 174 | 088 | 080 | 097 [ 113 | 144 243 | 123 158
6 117 074 063 155 105|185 | 161 | 162 | 121
IM7a-| 067 078 089 [ 134 143 2.00 118
H17f4 079 173|071 | 116 064 169 | 0.79 | 085
1122 0.70 095 | 158 2.05 1.56 224
11234 121 | 063 | 068 | 138 | 1.29 | 158 | 2.31 167 | 110 | 185 | 2.01 151 | 098 247 | 223
Jf,ng- 110 | 1.44 | 0.83 [ 063 078 2.29 184 145 | 1.31 | 145 137 | 094 | 148 1.26 2
Tnfa- 089 123 | 0.86 | 1.02 | 0.85 1.35 | 0.65 | 0.88 | 1.08 | 0.75
Cxcl1- 104 | 105 107|100 | 072 218 | 2.06 | 2.06 | 0.77 | 0.63
Cxel2-4 077 | 120 1.33 | 099 | 0.78 233 | 089 | 1.31 | 0.81
Ccf3-4 089 133 | 1.35 | 083 | 0.81 247 | 2.08 | 094 144 | 198
Ccf7- 154 096 081|084 | 078 165 | 147 | 252 | 1.03
Ccl11-4 100 | 0.74 | 142 | 121 | 0.76 | 0.82 0.86 1.08 | 1.05 | 0.62
e 1
Ccl24-4 067 1.01 | 090 132 110 0.83 1.70 | 1.30 | 1.04 | 0.66 | 068 | 0.79 | 0.64 | 0.99
Nr3c14 124 . 113|129 | 0.82 0.75 063 068 | 065 | 1.61 158 1.05 078 | 153 | 1.31 | 1.09
Grip- 164 | 066 125 ( 080 | 0.65 1.34 | 1.26 157 | 068 | 1.04 085 | 0.80 1489
Hda2c- 118 | 110 | 1.12 103 0.93 072 113 081 0.73
Hds11b- 1.70 | 0.63 | 1.17 | 0.80 | 0.71 | 1.24 | 1.11 1.25| 1.00 | 1.06 | 0.69 | 0.64 | 0.86 | 0.74 ( 0.94 | 0.69 0.64 | 0.86 | 0.74 | 0.94




Figure S8. Absence of IL-21enhances the hormone sensitivity of severe asthma. A.
Frequencies of neutrophils, eosinophils and macrophage in CD45" cells from BALF through
flow cytometry. B. Frequencies of IL-4"cell and IL-17a" cell from pulmonary single-cell
suspension through flow cytometry (n = 5-6). C. ELISA analysis of cytokines in BALF (n =5-
6). D. Real-time PCR of mRNA levels normalized to GAPDH (n =5-6). Data are presented as
mean £ SEM. * p <0.05, ** p <0.01, *** p <0.001*p < 0.05; **p <0.01; ***p <0.001, as
analyzed by one-way ANOVA and with post-hoc test. All experiments were performed in

triplicates unless otherwise stated.
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Figure S9. DEX can effectively alleviate steroid-resistant asthma in 7/21”" mouse. A.
ELISA analysis of cytokines in BALF (n =5-6). B. Real-time PCR of mRNA levels
normalized to GAPDH (n =5-6). Data are presented as mean +£ SEM. * p <0.05, ** p <0.01,
*¥** p<0.001*p < 0.05; **p <0.01; ***p <0.001, as analyzed by one-way ANOVA and with

post-hoc test. All experiments were performed in triplicates unless otherwise stated.
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Figure S10. Absence of IL-21R enhances the hormone sensitivity of severe asthma. A.

Frequencies of neutrophils and eosinophils in CD45" cells from BALF through flow

cytometry. B. Frequencies of IL-4"cell and IL-17a" cell from pulmonary single-cell

suspension through flow cytometry (n = 5-6). C. Real-time PCR of mRNA levels normalized
to GAPDH (n =5-6). Data are presented as mean = SEM. * p <0.05, ** p <0.01,
**% p <0.001*p < 0.05; **p <0.01; ***p < 0.001, as analyzed by one-way ANOVA and with

post-hoc test. All experiments were performed in triplicates unless otherwise stated.
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Figure S11. Gating strategies in flow cytometry analysis. Gating strategies to define
neutrophils and eosinophils (A), TH1 (T-bet), TH2 (GATA3) and TH17 (Roryt) cells (B) from

pulmonary single - cell suspension through flow cytometry.
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Figure S12. Uncropped images of Western blots. Uncropped images related to different
immunoblotting results as indicated.



