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Abstract: Pulmonary fibrosis (PF) is a chronic respiratory inflammation disease that threatens human health.
The topical immune microenvironment of lung tissue regulates progression of fibrosis. In this study, the efficacy
and molecular mechanism of suplatast tosilate (ST) against PF were observed. ST is a T helper 2 (Th2) cytokine
inhibitor for clinical treatment of bronchial asthma. But whether it can be applied to therapy of chronic PF and the
biomechanism of ST inhibiting Th2 cytokine release are not clear. Using in vivo and in vitro experiments, we found
that ST can significantly suppress the pathogenesis of chronic PF induced by multiple bleomycin injury, improve
the lung function, and decrease the deposition of collagen in lung tissue. In addition, ST decreases Th2 cytokine
releasing through restraining Th2 cell differentiation in the meantime, but did not influence the T helper 1 (Thl)
cell differentiation and Thl cytokine releasing. Further studies showed that ST inhibits Th2 cell differentiation by
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down-regulating GATA-binding protein 3 (GATA3) expression and activity through inhibiting the phosphorylation

of signal transducer and activator of transcription 5 (STATS) and mammalian target of rapamycin (mTOR). The

excessive expression of GATA3 in lungs can reverse the anti-PF effect of ST. All procedures involving animal

treatment were approved according to the Committee on the Ethics of Animal Experiments of the Institute of

Materia Medica, Chinese Academy of Medical Sciences. Our research not only clarifies the pharmacological

mechanism of ST, but also provides a new selection for clinical anti-PF drug therapy.
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Suplatast tosilate (ST) attenuates pulmonary fibrosis (PF) development. A: Hematoxylin-eosin staining (HE, up) and Masson

staining (down) were analyzed to evaluate the lung fibrotic changes of multiple bleomycin (mBLM)-challenged mice along with ST treatment.

Scale bars, 2 mm; B, C: Hydroxyproline content (B) and lung index (C) were assessed to evaluate the PF changes; D: Pulmonary function

indices including inspiratory capacity (IC), respiratory system resistance (Rrs), respiratory system elastance (Ers), and respiratory system

compliance (Crs) were detected in indicated mice. n = 8, mean + SEM. Statistical significance among groups was determined by one-way

ANOVA
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Figure 2 ST promotes T helper 1 (Thl) polarization and restrains T helper 2 (Th2) polarization. A: Flow cytometry analyses (left) and
quantitative diagram (right) of Th1 and Th2 cell percentage in bronchoalveolar lavage fluid (BALF) from indicated mice (n = 6); B: Contents
of Thl cytokines were measured in BALF (n = 6); C: Contents of Th2 cytokines were detected in BALF (n = 6); D: Th2 polarization propor-

tion in splenic T cells was measured by flow cytometry after indicated treatment (n = 5, Th2 inducer: 10 ng-mL" TL-4, 30 U-mL" IL-2,

2 000 ng-mL" soluble anti-CD28, and 5 000 ng-mL" anti-IFN-y; E: Proportion of Th1 differentiation in splenic T cells was analyzed by flow
cytometry after indicated exposure (n = 5, Thl inducer: 15 ng-mL" IL-12, 30 U-mL" IL-2, and 5 000 ng-mL" anti-IL-4). Mean + SEM.

Statistical significance among groups was determined by one-way ANOVA. PBS: Phosphate buffer saline; IFN-y: Interferon-y; TNF-a:

Tumor necrosis factor-a; IL: Interleukin
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Figure 3 ST down-regulates expression of GATA-binding protein 3 (GATA3). A: HEK293 cells were transfected with GATA3-luc reporter

gene plasmid. Luciferase assays were performed to evaluate the function of GATA3 after ST treatment (n = 5); B: The mRNA levels of
GATA3 in Th2 cells with ST treatment. Th2 cells were generated from splenic T cells with Th2 inducers (n = 6); C: Western blot of GATA3

expression in Th2 cells after ST 500 pmol-L™" exposure (n = 5); D: HEK293 cells were transfected with TBRE-TK-luc reporter gene plas-

mid. Luciferase assays were performed to evaluate the function of T-bet after ST treatment (n = 5); E: RT-PCR assays showed the mRNA

levels of T-bet in Th1 cells after ST exposure. Thl cells were differentiated from splenic T cells with Thl inducers (n = 6); F: Western blot of

T-bet expression in Th1 cells after ST 500 umol-L" exposure (z = 5). Mean = SEM. Statistical significance between the two groups was de-

termined by unpaired two-tailed Student's 7-test, statistical significance among groups was determined by one-way ANOVA. Th2 inducer:

10 ng-mL™" IL-4, 30 U-mL" IL-2, 2 000 ng-mL"' soluble anti-CD28, and 5 000 ng-mL" anti-IFN-y; Th1 inducer: 15 ng-mL" IL-12, 30 U-

mL™" IL-2, and 5 000 ng-mL" anti-TL-4
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Figure 4 ST inhibits upstream signaling pathways of GATA-binding protein 3 (GATA3). A: Western blot of phosphorylated and total signal
transducer and activator of transcription 6 (STAT6) expression in differentiated Th2 cells with ST 500 pmol-L™ treatment. Quantitative
diagram demonstrated the ratio of p-STAT6 to STAT6 (n = 3); B: Western blot of phosphorylated and total signal transducer and activator of
transcription 5 (STATS5) expression in Th2 cells after ST 500 umol-L™ treatment. The proportion of p-STAT5 to STATS was quantified (n = 3);
C: Western blot of phosphorylated and total mammalian target of rapamycin (mTOR) expression along with ratio of p-mTOR/mTOR in
differentiated Th2 cells with ST exposure (n = 3). Mean = SEM. Statistical significance between the two groups was determined by unpaired
two-tailed Student's #-test
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Figure5 Overexpression of GATA3 relieves the anti-fibrosis effect of ST. A: HE (up) and Masson staining (down) were performed to evaluate
the lung fibrotic changes of mBLM-exposed mice along with indicated treatment. Scale bars, 2 mm; B-D: Hydroxyproline content (B), lung
index (C), and Crs (D) were assessed to evaluate the PF changes of treated mice. n = 6, mean + SEM. Statistical significance among groups

was determined by one-way ANOVA
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M PR 7 IL-5 J2 IL13 (1) )3 8l F X3 # A % T GATA3 45
A7 AP, GATAS AH A 38 ik Yo o )57 5 20 45 TL-4 1R
15, B GATA3 v A 5 B & 1 1E & Bl 4%, 1L-4.
IL-5 F1IL-13 = AR AL T [/ — A DNA A7 &, Rk
GATA3 X T~ 1% L6 4f Jfa K] 7 1) % 5% 7] B A7 76 B A4 1k .
AW R BIR, F )R] DL 2 Bl Th 2240 g
IR 7R, 3% T BE 5 GATAS R S5 1 15 05 S 1k 25 TR
Ko BEAL, HUEF]RE IR A HNH] Th B G SN, 45 7 /&
1E mBLM ) ifi &6, A% A R8I0 1 Th Y4 % &,
X BE A A 5 GATA3 ThREAH K . GATA3 MU A2 i3k
Th2 21 g 43 A%, 18 BT L A1 ThO 41 g i) Th 41 i 43 1L,
HARI A2 ML AT B8N GATA3 R A 40 i/ & 12
24k (interleukin-12 receptor, IL-12R) f#] ¢ i% i £,
T R i 0 455 42 75 AT DA i CD4" T 41 g 1 TL-12R #
RIETHEH— L.

FEE ) A (R R A0S R R R ) 2 — ok Y
Th2 4 i DX 7 301 771), K B iE H 2 03, Bk =] 4 AN AN m]
PLA 4 Th2 40 L Rl 7 (IL-4 . IL-5) F& R, 3 0] LA i)
0 B T 24 L P A i R T L 4T B P RS, R
SV TR TR AT B S E, PR AR UL Y5 2 fi AR I3 e 2 BR
# [ E (immune globulin E, IgE) 7K “F; [A] i 411 i) 45 5
PE 1B u A A 5 109 BE K 20 A Aot S0kr A0 58 14 A Jo3 R T
H AT, A R R TR T 8 P R 5 S U R
IO B g AR N 6 RN T ke A B 2 2 A A 2
P o (R BF, PR ] AR B o I T DA o o A B
BRI HES BT SO £F 4 AL, I a0 ) B v g0 i
MCP-1 677 H. kX BLM Frifs 3l £F 4402, RuF 5
71N FRRSE ) 4 ] AP 12 M i 41 4B AL 9697, mBLM 4
BB B R S ST B R T 5 S il 4 4 f s Y
E 0 U 30 I A it 4T ¢4 A, £ 2 B A0 R e, LB
RIS L E I G, TR 58 05& & 1 PR 25 0 76 97 V7
Yoo BB IR T H i ERER 2T L, 5o

PRI AT Ak (5 324 1 2 9 ia)T IiE #% .

1B & STEk: XU 51 3T R AR T 40 2 B 35 77 R R AL 43 #r &
B XM 2 m AL S S AR KA AE5T 25 T
a3 B SCHRBE B B e A o SC B AE 2R A4 S R BTt N
FURERSE: A 15 1 P AR AE R 2 bR
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