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To Investigate the Protective Effect and Mechanism Study of Budesonide
on Hyperoxia-induced Bronchopulmonary Dysplasia in Neonatal Mice Based
on TGF-B1-Smad2 Signaling Pathway*
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(Department of Pediatrics, Lingang District of Shanghai Sixth People's Hospital, Shanghai, 201306, China)

ABSTRACT Objective: To investigate the protective effect and mechanism study of budesonide on hyperoxia-induced bronchopul-
monary dysplasia (BPD) in neonatal mice based on transforming growth factor-31(TGF-g1)-mothers against decapentaplegic homolog 2
(Smad2) signaling pathway. Methods: 60 SD mice were randomly divided into control group, model group, low/middle/high dose budes-
onide groups, with 12 mice in each group. The control group was exposed to the air, and the model group and low, medium, and high
dose budesonide groups were exposed to a high oxygen environment to establish a BPD model. 24 h after modeling, the low/medi-
um/high dose budesonide groups was inhaled with 1 mL/2 mL/4 mL budesonide suspension daily, 12 h/times, and continued to atomize
until death, 24 h after modeling, the control group and the model group were atomized and inhaled normal saline daily, 12 h/times. 7 d
and 14 d after modeling, HE staining was used to observe the morphological changes of lung tissue in each group. Radial alveolar count
(RAC) and mean alveolar intercept (MLI) were measured by Image-Pro Plus 6.0 software, and TGF-g1, Smad2, nucleotide-binding
oligomerization domain-like receptor protein 3 (NLRP3) and cysteine aspartate protease-1 (caspase-1) protein levels were detected by
Western blotting. Serum interleukin (IL)-13 and IL-18 levels were detected by enzyme-linked immunosorbent assay. Results: 7 d and 14 d
after modeling, the lung tissue structure of the model group was severely damaged, the alveolar structure was simple, the volume in-
creased, and bullae were formed, and the tissue deformation increased with the extension of modeling time. The degree of lung tissue
damage in low, medium and high dose budesonide groups improved with the increase of budesonide concentration, and the alveolar
structure was gradually complete. Compared with the control group, the RAC of the model group was significantly reduced at 7 d and 14
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d after modeling, and the MLI and lung tissue TGF-B1, Smad2, NLRP3, Caspase-1 protein levels and serum IL-13, IL-18 levels were sig-

nificantly increased (P<<0.05). Compared with the model group, the RAC of the low, medium and high dose budesonide groups gradually

increased, MLI and lung tissue TGF-B1, Smad2, NLRP3, Caspase-1 protein levels, and serum IL-1p8, IL-6 levels gradually decreased

(P<<0.05). Conclusion: Budesonide may inhibit inflammatory response by regulating the NLRP3/Caspase-1 signaling pathway, and regu-

late the TGF-B1/Smad2 signaling pathway to inhibit the process of pulmonary fibrosis, and play a protective role in BPD in neonatal

mice.
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7.d.\14 d J5 RAC W4/, MLI B 2 F{E(P<<0.05) ; 5 fii s 4%
ferhs AL gL, A AR R i A 7 d 14 d J5 RAC B
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% 1 &4 RAC F1 MLI LEE(xt 5)
Table 1 Comparison of RAC and MLI in each group (xt s)

RAC(n) MLI(jum)
Groups n
7 d after modeling 14 d after modeling 7 d after modeling 14 d after modeling

Control group 6 9.67+ 2.52 10.25+ 2.75 40.63+ 1.32 38.82+ 1.71

Model group 6 3.25% 0.86* 1.53+ 0.27* 50.25+ 1.79* 53.34+ 2.20°
Low dose budesonide group 6 3.52% 0.89° 4.52+ 0.95® 49.11+ 1.72¢ 47.82% 2.07*
Medium dose budesonide group 6 5.96% 1.21% 8.98+ 0.91% 46.32+ 1.84% 41.07+ 1.83%™
High dose budesonide group 6 7.1+ 1.18% 9.69+ 1.67™ 42.86% 1.35%¢ 39.86+ 1.08™

Note: compared with the control group, *P <<0.05; compared with the model group, *P <<0.05; Compared with low dose budesonide group, P <<0.05;

compared with medium dose budesonide group, ‘P<<0.05.

B 1 ZHEEE 7d ARRSFEWUHE= 400)
Fig.1 Lung histomorphological changes in each group on the 7d after modeling (HEX 400)

Note: a: Control group, b: Model group, c: Low dose budesonide group, d: Medium dose budesonide group, e: High dose budesonide group.

2 FRIAEE 14d AR EFEH(HEX 400)
Fig.2 Lung histomorphological changes in each group on the 14d after modeling (HEx 400)

Note: a: Control group, b: Model group, c¢: Low dose budesonide group, d: Medium dose budesonide group, e: High dose budesonide group.
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% 2 &4EFZAL TGF-B1,Smad2 NLRP3, Caspase-1 & B 7K FE LB (xt s)
Table 2 Comparison of TGF-B1, Smad2, NLRP3 and caspase-1 protein levels in lung tissue of each group (xt s)

Groups n TGF-g1/GADPH Smad2/GADPH NLRP3/GADPH  Caspase-1/GADPH
7 d after modeling 6 1.00+ 0.21 0.96+ 0.18 0.16+ 0.03 0.13+ 0.02
Control group
14 d after modeling 6 1.03+ 0.31 1.02+ 0.23 0.27+ 0.04 0.21+ 0.03
7 d after modeling 6 3.75¢ 0.56° 1.86+ 0.56° 0.57+ 0.08" 0.57+ 0.06°
Model group
14 d after modeling 6 3.89+ 0.69° 2.52+ 0.51° 1.35+ 0.12¢ 0.78%+ 0.09*
Low dose 7 d after modeling 6 3.12+ 04® 1.79+ 0.49* 0.52+ 0.06™ 1.23+ 0.11*
budesonide group 14 d after modeling 6 2.99+ 0.76® 1.86%+ 0.39* 0.50+ 0.05® 0.62+ 0.08®
Medium dose 7 d after modeling 6 2.51% 0.38* 1.43+ 0.26™ 0.47¢ 0.09% 1.02+ 0.08™
budesonide group 14 d after modeling 6 243+ 0.58* 1.35+ 0.22% 0.41% 0.07% 0.54% 0.09%
High dose 7 d after modeling 6 1.79% 0.36* 1.21+ 0.22% 0.38+ 0.06™¢ 0.75+ 0.09%
budesonide group 14 d after modeling 6 1.81% 0.47% 1.08+ (.18 0.29+ 0.03% 0.43+ 0.04°

Note: compared with the control group, *P <<0.05; compared with the model group, °P <<0.05; Compared with low dose budesonide group, °P <0.05;

compared with medium dose budesonide group, ‘P<<0.05.

%3 KAME IL-18.1L-18 K FEELE (ng/L,xt 5)
Table 3 Comparison of serum IL-1@ and IL-18 levels in each group (ng/L,xt s)

IL-1B IL-18
Groups n
7 d after modeling 14 d after modeling 7 d after modeling 14 d after modeling
Control group 11.32+ 2.79 11.88+ 2.97 127.67+ 15.97 136.19 26.67
Model group 37.67+ 7.52° 41.33% 6.80° 273.57+ 28.11* 482.18% 27.77°
Low dose budesonide group 32.18+ 6.33® 27.69+ 5.76™ 154.18+ 26.69® 249.70% 27.19®

Medium dose budesonide group 25.16 5.08*

A N N N D

High dose budesonide group 21.38+ 4.07%¢

21.67+ 4.44% 149.33+ 24.77™ 237.21% 26.43*

16.68+ 3.16™ 132.19+ 24.89% 227.59+ 23.20%4

Note: compared with the control group, *P <0.05; compared with the model group, *P <<0.05; Compared with low dose budesonide group, ‘P <0.05;

compared with medium dose budesonide group, P<<0.05.

3 g

TP L AR SR H 237 v SR B R, (R B ] B
W 7 547 , 33 BPDI, 5% R @ il R R = LS
AL AR )L BPD R AEF S ik 50%, & I3F BPD B L&
I A RO TR0 i T — ™ L, AR B A LA
Kbz sl & B R i RE VAR 45 ), kA JLRH I i I
(R PR PME A Ai b 2 P2 — o B S 3%, % BPD IR 7 2L
REARR] REIRAH I, ARFITEs R, AL A 7
d. 14 d JE R4S =R, Al 45 b4 i B, ARG K JE Bt K
I, 20 SV T W AT [ S T i, R Tl A s
A v i 791 ek 2L i 2 2 35 A Tl T B I 5 A b 2% A v 3 1
TN | A Z5 42 T 52 4%, RAC 32 i i, MLL 2 R4
Vi A M 25 B BE A S BPD S8 liZ 4L

SEAE RE AT M 41 SR A W A2 280, 5 i Rl .
BRE GRS, X G5 BPDM, BFsy %0, ifid
JiE ] RN BPD RS, S A B G  IL-1 32
PRAEBUR B RIS 0 507 A I 8 5 N A 2R 4 Ak, A
RS R ER, MR, BRI @ 7 d. 14 d )5 1035
IL-18 IL-18 /KB S T, 156 BPD ] 5 ML A S E K .
SR A, A b A ARG P R R R A v IL-18 IL-18 /K
S-St AR AR, L 2 A e 2 e 8 8 o — 2B R K, 16 A

A ERE A FEAC LIS IL-18 IL-18 /K-, & fi# BPD 5t a4
SESNE, KA BPD {RIFE . IS K ST 8 S0 S S
BPD & Az ) S {H 56 T B S F38 BRATIA AR IR B 2 17
FRES & SERAEE U BRE S22 — S MU AZ A, RIS Bl R IR o fis
RG, UEFHUAR S i 382, NLRP3 ML IRAS & 2 R 1k 4
PSR SZ (S S IR B — PR A E A K, 24 NLRP3 B
Jii, Refitdk pro-Caspase-1 &1k fy Caspase-1,Caspase-1 L
1] 154k pro-IL-1B . pro-IL-18, Z4f# fy IL-1B8 . IL-18, & 5 A &4
JEGAE ST FES, miinfE DRI R BPD —ZEBiiR 25, iR 4
T8, ek DR T B 25 R0 THP-1 B B4R i th NLRP3 4
E/MATE AR, AP EE R BR , FH L X IR, R s 7 d
14 d Ji5 fifi 41 21 NLRP3 Caspase-1 &5 1 /K F- W] i 42 7+, $0W]
BPD H1 NLRP3/Caspase-1 {558 B B8 , W] INEE 580F Sz
ERERIZE LU, AT MR AL L o | ) B 2 i 4 20 NLRP3 (Cas-
pase-1 £ [ 7K TPt 5 7 b 2 7 e 5 1 o i WS AR, 50 D A b
ZE AT GEE T A BPD 5132 ) NLRP3/Caspase-1 15-5-i# %
I, S0 M IL-18 IL-18 /K F-3R3K , & #5 BPD {4 /EH] .

TR LU ¥ B B ferdifbid 22 5 BPD K4,
B LI & & IEA T/ INE A A ZE I, PRI B, it
A 451 48T 2 BB 3o B AR S R, 5 | AR it 6 A R 6 A It A
I, BT 4R, TGF-B1 & H Bl C 0 Hcsm (1) 3T 4k
R, BRI B, T2 4 Ak )N BRI B 2 24 4 B i =2 <



DREYESSHE  biomed.cnjournals.com Progress in Modern Biomedicine Vol21 NO.20 OCT.2021

- 3827 -

& TGF-B1 Tk LiF, H 5022 (b 72 5 5 1F A3 562,
TGF-B1 il i 456 H 11 B2 (A4S Smad (558 1, e et
2 b 7 I o R O o e 1 O - e e W o N
TR I 1 e A0 B - TR) SR AR R AL AR R R A
Feff, BN AL, SEAEA ISR , M0 TGF-B1/Smad2
55 TE T BPD 2 SRR IR RN, SIS
R A AR FRIO AR ST S S N, AH R B A 21 A
7 d. 14 d J5 i 2 TGF-B1 . Smad2 2 /KW 27t $50]
BPD 1 TGF-B1/Smad2 {5538 90T . SRR Lhi, fi il
ZAEAR b R AR 44 40 TGF-B1  Smad2 & (1 /K- B #5 A
L ZS A e ST B S AR, 8 PR AR Hb 23 4] BESE s B ] BPD
S HY TGF-B1/Smad2 {54538 M , 3 00400 il it 47 4 Ak ik
&, 7F BPD R ER .

L5 TR, A0 Hh S 7 R] B3 A3 4% NLRP3/Caspase-1 {55
3 PR A S SN , P45 TGE-B1/Smad?2 {3553 % 410 1 it 27 4
FLERR, 7F BPD B/ N R R EA

& # 3L #k(References )

[1] PREFZAILHAFZSLFAINFA, PRI LERBELT A T

FILLAEMARTRRBREE L RER J FRILHLRE,

2020, 58(5): 358-365

[2] Askie LM, Darlow BA, Finer N, et al. Association Between Oxygen

—

Saturation Targeting and Death or Disability in Extremely Preterm In-
fants in the Neonatal Oxygenation Prospective Meta-analysis Collab-
oration[J]. JAMA, 2018, 319(21): 2190-2201

At dh, X35 F I X AEMEE R RARERE [J]. 16 RREL RS,
2018, 31(3): 107-111

RE, MM, FHEF FPLLATHATRRERFTEER
SR [J]. P B S ARILAHE &, 2020, 22(8): 805-814

WM, B, MG, 5. T FAC BN e A S TR G ARAR B A AR R
BILXAEMEF R R ] F 45 RILAHE R 4 &, 2018, 33(2):
117-119

3

—

[4

[y

[5

[}

[6

[}

Principi N, Di Pietro GM, Esposito S. Bronchopulmonary dysplasia:
clinical aspects and preventive and therapeutic strategies [J]. J Transl
Med, 2018, 16(1): 36

[7] Lal CV, Bhandari V, Ambalavanan N. Genomics, microbiomics, pro-

—

teomics, and metabolomics in bronchopulmonary dysplasia[J]. Semin
Perinatol, 2018, 42(7): 425-431

[8] Negreros M, Hagood JS, Espinoza CR, et al. Transforming growth fac-

[t

tor beta 1 induces methylation changes in lung fibroblasts [J]. PLoS
One, 2019, 14(10): 0223512

(9] A #tde, Fie, &K, 5. % HIF£ilit TGF-B1/Smad i %474 &
FAE 0 A T RALAT SLT]. b A 5 B A AR kR A, 2019, 37
(5): 337-341

[10] Wang Z, Meng S, Cao L, et al. Critical role of NLRP3-caspase-1
pathway in age-dependent isoflurane-induced microglial inflammatory
response and cognitive impairment[J]. J Neuroinflammation, 2018, 15
(1): 109

[11] Han W, Guo C, Liu Q, et al. Aberrant elastin remodeling in the lungs
of O,-exposed newborn mice; primarily results from perturbed inter-
action between integrins and elastin[J]. Cell Tissue Res, 2015, 359(2):
589-603

[12] =A%, s, 234554, F. FAILLAEMET R RGH 0 E
4 B fn % MMP-16 NF-xB #6915 & &L [J]. AR A4 E 3

J&, 2020, 20(3): 561-564, 557

[13] Siddaiah R, Oji-Mmuo CN, Montes DT, et al. MicroRNA Signatures
Associated with Bronchopulmonary Dysplasia Severity in Tracheal
Aspirates of Preterm Infants[J]. Biomedicines, 2021, 9(3): 25

[14] Go H, Ohto H, Nollet KE, et al. Red cell distribution width as a pre-
dictor for bronchopulmonary dysplasia in premature infants [J]. Sci
Rep, 2021, 11(1): 7221

[15] McEvoy CT, Ballard PL, Ward RM, et al. Dose-escalation trial of
budesonide in surfactant for prevention of bronchopulmonary dyspla-
sia in extremely low gestational age high-risk newborns (SASSIE)[J].
Pediatr Res, 2020, 88(4): 629-636

[16] &, BER, FEL, F AUREGETFILLAEHEET
R Rl RATF[T]. P B e JR 25 2 5 4 &, 2020, 36(4): 390-392

[17] Heo M, Jeon GW. Intratracheal administration of budesonide with
surfactant in very low birth weight infants to prevent bronchopul-
monary dysplasia[J]. Turk J Pediatr, 2020, 62(4): 551-559

[18

=

Savani RC. Modulators of inflammation in Bronchopulmonary Dys-
plasia[J]. Semin Perinatol, 2018, 42(7): 459-470
[19

[}

Dong Y, Speer CP, Glaser K. Beyond sepsis: Staphylococcus epider-

midis is an underestimated but significant contributor to neonatal

morbidity[J]. Virulence, 2018, 9(1): 621-633

[20] Wang J, Bao L, Yu B, et al. Interleukin-13 Promotes Epithelial-De-
rived Alveolar Elastogenesis via av@36 Integrin-Dependent TGF-3
Activation[J]. Cell Physiol Biochem, 2015, 36(6): 2198-2216

[21] 4. fif 25 HBAEAZ D G@MEANE -6 KF5FZILLAF

FAH R R X RD] FEIGKE & & &, 2020, 48(3): 361-363

Reicherzer T, Hiffner S, Shahzad T, et al. Activation of the NF-xB

pathway alters the phenotype of MSCs in the tracheal aspirates of

[22

—

preterm infants with severe BPD [J]. Am J Physiol Lung Cell Mol
Physiol, 2018, 315(1): L87-L101

[23] Hsiao CC, Lin HC, Chang Y], et al. Intravenous fish oil containing
lipid emulsion attenuates inflammatory cytokines and the develop-
ment of bronchopulmonary dysplasia in very premature infants: A
double-blind, randomized controlled trial [J]. Clin Nutr, 2019, 38(3):
1045-1052

[24] JUM, Yo A R4S F R M B L HRE G 3 Lk ikap
HFII]. P A NE R S s Ae T AR 4, 2020, 14(1): 60-66

[25] Karasawa T, Takahashi M. Role of NLRP3 Inflammasomes in
Atherosclerosis[J]. J Atheroscler Thromb, 2017, 24(5): 443-451

[26] Li N, Wu K, Feng F, et al. Astragaloside IV alleviates silica-induced
pulmonary fibrosis via inactivation of the TGF-g1/Smad2/3 signaling
pathway[J]. Int ] Mol Med, 2021, 47(3): 16

[27] A#et, 2E A, B54e. T2 )L LRSI T R B8 K I AL A
FRRE[T]. B RILA S 2 &, 2019, 46(11): 831-834

[28] Ruan H, Lv Z, Liu S, et al. Anlotinib attenuated bleomycin-induced
pulmonary fibrosis via the TGF-B1 signalling pathway [J]. J Pharm
Pharmacol, 2020, 72(1): 44-55

[29] Kim KK, Sheppard D, Chapman HA. TGF-B1 Signaling and Tissue
Fibrosis[J]. Cold Spring Harb Perspect Biol, 2018, 10(4): a022293

[30] Jin M, Lee J, Lee KY, et al. Alteration of TGF-B-ALK-Smad signal-
ing in hyperoxia-induced bronchopulmonary dysplasia model of new-
born rats[J]. Exp Lung Res, 2016, 42(7): 354-364

[31] Kunzmann S, Ottensmeier B, Speer CP, et al. Effect of progesterone
on Smad signaling and TGF-B/Smad-regulated genes in lung epithe-
lial cells[J]. PLoS One, 2018, 13(7): 0200661



