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Improvement of alveolarization arrest in newborn rats with bronchopulmonary
dysplasia via inhibiting alveolar epithelial cell pyroptosis
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[Abstract] Objective-To study the effect of gasdermin D (GSDMD) inhibitor necrosulfonamide (NSA) on alveolarization arrest in
lipopolysaccharide (LPS)}induced bronchopulmonary dysplasia (BPD) newborn rats via inhibiting alveolar epithelial cell pyroptosis.
Methods - Pregnant SD rats were randomly assigned to four groups as follows: control, BPD, BPD with NSA and NSA group, and
then were prepared to receive intra-amniotic injection of LPS. Lung tissues of newborn rats on the first, third and seventh day after
birth were stained by hematoxylin-eosin (H-E) to observe lung development. The expressions of GSDMD-N-terminal in lungs of
newborn rats in each group were detected by immunofluorescence. The mRNA levels of interleukin-1p (/L-1f) of newborn rats’
lungs was detected by real-time PCR. In vitro, the mouse alveolar epithelial cell line MLE-12 was cultured and treated with LPS/
adenosine triphosphate (ATP) and NSA. The cell viability of MLE-12 cells was detected by CCK-8 method, the pyroptosis was
detected by Hoechst 33342 and propidium iodide (PI) staining, and the expressions of surfactant protein C (SFTPC) and GSDMD-N
protein in MLE-12 cells were detected by immunofluorescence. Results:/n vivo, intra-amniotic injection of LPS hindered lung
development, resulting in the pathological hallmarks of BPD. The GSDMD-N expression of alveolar epithelial cells increased in the
BPD rat model established by intra-amniotic injection of LPS, while NSA treatment significantly improved the lung development of
BPD rats and inhibited the /L-1§ mRNA expression (both P<0.05). In vitro, the study confirmed that LPS/ATP treatment decreased
the viability of alveolar epithelial cells MLE-12 and induced pyroptosis, while NSA treatment increased alveolar epithelial cell
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viability and inhibited pyroptosis (both P<0.05). In addition, NSA treatment upregulated the SFTPC expression and inhibited the
GSDMD-N expression in LPS/ATP-stimulated alveolar epithelial cells (both P<0.05). Conclusion - Inhibiting the alveolar epithelial
cell pyroptosis can improve the alveolar development in BPD newborn rats.
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Note: A. The representative lung sections stained with H-E staining. B. The quantification of the terminal air spaces of lung tissues from newborn rats. C. The
quantification of the secondary septa of lung tissues from newborn rats. D. The quantification of the MLI of lung tissues from newborn rats. ©P=0.000, 2P=

0.010, ®P=0.038, *P=0.004, compared with the control group.
Bl FRREENIEST LPS SBIHYH & R A2 & N5

Fig1 Alveolar developmental arrest caused by intra-amniotic LPS injection
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Note: A. Representative immunofluorescence images of GSDMD-N terminal (red) in the lungs of newborn rats. B. Quantitation of GSDMD-N terminal
fluorescence intensity. P=0.007, ?P=0.015, ®P=0.033, compared with the control group.

E2 BPDHAERAME ERMAMETHEUE

Fig 2 Alveolar epithelial cell pyroptosis in BPD newborn rats
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Note: A. The representative lung sections stained with H-E staining. B. The quantification of the terminal air spaces of lung tissues from newborn rats. C. The
quantification of the secondary septa of lung tissues from newborn rats. D. The quantification of the MLI of lung tissues from newborn rats. E. Comparison of
IL-1B mRNA among the groups. T’PZO,OOO, compared with the control group; @’P:0.0SI, @’P:0.049, Dp=0.002 s 6’PZO.O40, @PZO‘OZO, “’7\'1’:0.024, ©p =0.026,
p=0.014, compared with the BPD group.

3 NSA X #T 4 RAEBHIBRASF0 IL-18 mRNA FRiXHIZ 00

Fig 3 Effects of NSA on lung pathology and expression of /L-/ mRNA in newborn rats
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Note: A. Cell viability of MLE-12 detected by CCK-8 assay. B. Percentages of PI' cells. C. Pyroptotic cells detected by Hoechst 33342 and PI staining. "P=

0.000, compared with the control group; ?P=0.003, ®P=0.008, compared with the LPS/ATP group.

4 NSAXLPS/ATP#SHAfE L KA MLE-12 &£ T HI1E R

Fig 4 Inhibition effect of NSA on LPS/ATP-induced pyroptosis in MLE-12 cells

2.5 LPS/ATP I fil NSA 1 fil i i i F 2 40 MLE-12 f SFTPC Ry KA Z B, 1A NSA
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m 9 @
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Note: A. Representative immunofluorescence images of SFTPC (green) in MLE-12. B. Quantitation of SFTPC fluorescence intensity. ©p=0.002, compared
with the control group; 2p=0.035, compared with the LPS/ATP group.

5 NSAXTAfiiE E K41 AE MLE-12 # SFTPC Ri& RS0

Fig 5 Effect of NSA treatment on SFTPC expression in MLE-12 cells
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Note: A. Representative immunofluorescence images of GSDMD-N terminal (green) in MLE-12. B. Quantitation of GSDMD-N terminal fluorescence

intensity. ©P=0.000, compared with the control group; #P=0.010, compared with the LPS/ATP group.
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Fig 6 Effect of NSA treatment on GSDMD-N expression in MLE-12 cells

3 idie

BPD (1) % A= J& 2 F iy i R 28 3 TR 4 F i 45 21
M 7 BPD B 5 & X 2240 25 5 | Bl S 4 4 M A E S
K7, MG & U A g, RATE e & B
TR P TS LPS RS  hB A BRI & 15 1 & i
W AR T [FIRE, FRATAR BN A GSDMD #i i
FINSA 7] LA BPD B A BRI il v % & B . AT
G HE— A WAE T AEAR SN K P NSA HE A4 i fii ot
AR AET, fEaEM b R i Ak, PRI, FRATTAE
T S Al 3 A AR T T RE AT LS R YA Y BPD AY
— AN RS

AT —FhERRR A AN AR PRI AE, IR 7
BN EHES P —Fh i DL e R E RN o 18 2
F14 240 i T R I i T I R A AR T
AR SNFIR N A R R T g R AR T AR
M, WENAMEET S5 R LR A S REEm A R
SEVEGOR, I BRI Y ek, Mok
%22 I ST IR I T A TR IR 2R 0 s S s Hh A

http://xuebao.shsmu.edu.cn

AR, BFge Y KW, gEETS S BPD B R R
PIMISE, SAE/IMATGS 78 BPD FhE R CHEH . B
A SEIIESE, K 7215 GSDMD-N S i 2 it 0 42 1 7%
i AH A B P9 AT 37 K il 360 40 RE S, A 4 il
H U, WEERE, 7EBPDWIGEM ST, KR
P LA REDR I P IL-18 /K- THi55 5 BPD 9 & B %
PIAHSE 1 BAh, ARSCHRRMER S E o,
il 45 T3 A 56 B 11 RT ARk BPD AR RUAY il &
B, UNEBR Nirp3 e B S il NLRP3 4 i /MA 1 3%
i H caspase-1 TG HE L REBR 1L-18 FE A s ff
FIL-18 5405 1 ¥ REAT 30k 3% BPD 3 2k FUAY i it
RE o TEABTE T, FAVE R 5 LPS 175 5 4
SEHTAE KB BPD LY, e e 45 3 i /s BPD ik
U ¥ - Bz 2 S GSDMD-N ¥t £ 35 71 &, iE B BPD
A U b Rz AR A AR T R e B HA il i I
AL T 5 BPD WY & A AR AE A G, o T4k
BPD B TEIR YT it TR .

FNAIIAE TR DOk, RAEMEBR AT H &
GoREVEBIR I RIS B Hf EOGTR AR BT WK,

SR D) 2023, 43(2) (@)



178 | L@k (e

L i F T3 (4 25 WO IR T ARE L AR R iR AT
Mg 20, mEge T R B, e AR 2 B A
JRAEE A T8 2 WA Y 24 10 AU BE A R0
GSDMD AL ZE PRI A AR T, R A AR e
SE/NERBIFET %, 3 — P £ 14 19 caspase-1 #1 il 57
VX-765 (ST A < ]
(NCT01048255) iy T il it g >, 45 R R

(Belnacasan)

VX-765 JG 7 Jo B A AE R EEAL T 15.6% (&4
HT1.0%), I HAEZEE BN IR A 50 . H
TE BT R g BRI B 5T A R B, VX-765 BE B 1/ R

NI R 1O U @ == 1 N 111 ) [0 8
X RAEMEBER AT — @ PRI RCR . EARF T, 3K
i1 % B GSDMD #1157 NSA T BPD 5, #r4: i
Jii ¥ & B B ek 3t H IL-18 mRNA K- i T, 2
T P A R 4 AR T AT DL BPD Y i i 4
RELT o

£ BPD & A fiL kg it A v %%T%m%*ﬁ
%LQEH@ L A B R i R IE A BT, A IL-1B.

. IL-8%, ﬁxi%%@wﬂﬁka%@L&
%E%RE,W%T%@%kﬁ,MWEﬁT
BPD ' T BUFii b f 20 At AN T Y fili g 1 fz 4 e i
P03 #R-5 BPD % 2 DIAH S ¢, i T Y i b iz 4
JitL B TR S v e, AS(E T S Db il 96 2 TV 14
J, MCGERNPE, ] s Aok T B b R 4
fa, R R 2T TR b p 4 A A
BUEIR, SETHHBEE RS, SlFail, R4S
| BPD &4 . fERAMSIR T, RATEI, T
NSA #] # il LPS/ATP 55 T A9 fili ot b 2 4 i f2 1,
ARG g, R AT DA I AU L R A ARk
Yy SFTPC 123k 5 UF B9 il il 160 I Bz 4 i £ 1= m] LA
AR Bl 7 b Bz 240 348 g () b g 0 780 i v b Rz 40 B 4y
b, MTITEACE i A R o

[1] THEBAUD B, GOSS K N, LAUGHON M, et al
Bronchopulmonary dysplasia [J]. Nat Rev Dis Primers, 2019, 5(1):
78.

[2] STOLL B J, HANSEN N I, BELL E F, et al. Trends in care
practices, morbidity, and mortality of extremely preterm neonates,
1993-2012[J]. JAMA, 2015, 314(10): 1039-1051.

[3] BELLE F, HINTZ S R, HANSEN N I, et al. Mortality, in-hospital
morbidity, care practices, and 2-year outcomes for extremely preterm
infants in the US, 2013-2018[J]. JAMA, 2022, 327(3): 248-263.

[4] ISLAMIJY, KELLER R L, ASCHNER J L, et al. Understanding the

@ JOURNAL OF SHANGHAI JIAO TONG UNIVERSITY (MEDICAL SCIENCE)

2023, 43(2)

i b, RSN B UE B, ) NSA il
GﬁmnNﬁ%LﬂUWﬁ%@L&%%%ﬁt 554
LU BPD B A BRI & & o AW 45 R ] Bk
BPD (67 S AL T — A8 0 ST B, 08 ) il vt b iz 4
Ji A2 T AT E AT LAY R iR YT BPD WA RS it . BRIt

— A WFSE 40 M B2 T % BPD BYVE AL, A B T
— L HR5E BPD KA IR it

7 75 M 22 7 BH/Conflict of Interests

JI A AR5 P IS AR £ 00 2

All authors disclose no relevant conflict of interests.

1E 3B it Fn Bh ¥ AL F) 75 BH/Ethics Approval and Animal Right

B G BE K 0 T A S 56 4 L A Ao A S R 2 R A o B e T A
BEAEBIZE 51 e i A AL HE (LA XHEC-F-2016-210) . JiT A 5258
T FRRRENE (R0 T 1) S R ARV YD) i 2R AT
All experimental protocols in this study were reviewed and approved
by the Ethical Committee of Xinhua Hospital, Shanghai Jiao Tong
University School of Medicine (Approval Letter No. XHEC-F-2016-
210, dated 07/03/2016). All experimental animal protocols were
carried out by following the guidelines of Rules and regulations and

standard operating specifications of Model Animal Research Center.

{£& TT#k/Authors’ Contributions

A, RS KMESS TRREGH, XS EREN: B
NS 5T SE IR B E RN S IR B S BT o BT A AR S B R R B T
KRathndess.

The study was designed by ZHENG Xiaoyan, WANG Xingyun and
ZHANG Yongjun. The research implementation and data analysis were
conducted by ZHENG Xiaoyan. The manuscript was drafted and
revised by ZHENG Xiaoyan, WANG Xingyun and ZHANG Yongjun.
All authors have read the last version and revised and consented for

submission.

 Received: 2022-11-09
* Accepted: 2023-02-06
* Published online: 2023-02-28

short- and long-term respiratory outcomes of prematurity and
bronchopulmonary dysplasia[J]. Am J Respir Crit Care Med, 2015,
192(2): 134-156.

[5] WILLIAMS E, GREENOUGH A. Advances in treating
bronchopulmonary dysplasia[J]. Expert Rev Respir Med, 2019,
13(8): 727-735.

[6] SHI J, GAO W, SHAO F. Pyroptosis: gasdermin-mediated
programmed necrotic cell death[J]. Trends Biochem Sci, 2017,
42(4): 245-254.

[7] JORGENSEN I, MIAO E A. Pyroptotic cell death defends against

Vol.43 No.2 Feb. 2023



[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

intracellular pathogens[J]. Immunol Rev, 2015, 265(1): 130-142.
LIAO J, KAPADIA V S, BROWN L S, et al. The NLRP3
inflammasome is critically in the development of
bronchopulmonary dysplasia[J]. Nat Commun, 2015, 6: 8977.
DAPAAH-SIAKWAN F, ZAMBRANO R, LUO S, et al. Caspase-1
inhibition attenuates hyperoxia-induced lung and brain injury in
neonatal mice[J]. Am J Respir Cell Mol Biol, 2019, 61(3): 341-354.
STOUCH A N, MCCOY A M, GREER R M, et al. IL-1B and
inflammasome activity link inflammation to abnormal fetal airway
development[J]. J Immunol, 2016, 196(8): 3411-3420.

KONG X, GAO M, LIU Y, et al. GSDMD-miR-223-NLRP3 axis
involved in B(a)P-induced inflammatory injury of alveolar epithelial
cells[J]. Ecotoxicol Environ Saf, 2022, 232: 113286.

WAN X P, LI J Q, WANG Y P, et al. H7NO virus infection triggers
lethal cytokine storm by activating gasdermin E-mediated pyroptosis
of lung alveolar epithelial cells[J]. Natl Sci Rev, 2022, 9(1):
nwab137.

HU J J, LIU X, XIA S, et al. FDA-approved disulfiram inhibits
pyroptosis by blocking gasdermin D pore formation[J]. Nat
Immunol, 2020, 21(7): 736-745.

RATHKEY J K, ZHAO J, LIU Z, et al. Chemical disruption of the
pyroptotic pore-forming protein gasdermin D inhibits inflammatory
cell death and sepsis[J]. Sci Immunol, 2018, 3(26): eaat2738.
KALIKKOT THEKKEVEEDU R, GUAMAN M C, SHIVANNA B.
Bronchopulmonary dysplasia: a review of pathogenesis and
pathophysiology[J]. Respir Med, 2017, 132: 170-177.

FRANK D, VINCE J E. Pyroptosis versus necroptosis: similarities,
differences, and crosstalk[J]. Cell Death Differ, 2019, 26(1): 99-114.
ALIT A, ZAMBRANO R, DUNCAN M R, et al. Hyperoxia-activated
circulating extracellular vesicles induce lung and brain injury in
neonatal rats[J]. Sci Rep, 2021, 11(1): 8791.

involved

http://xuebao.shsmu.edu.cn

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

R, F AT B S 0 S SR 7R BB A K UM B s e | 179

CAYABYAB R G, JONES C A, KWONG K Y, et al. Interleukin-13
in the bronchoalveolar lavage fluid of premature neonates: a marker
for maternal chorioamnionitis and predictor of adverse neonatal
outcome[J]. J Matern Fetal Neonatal Med, 2003, 14(3): 205-211.

ZHANG Q, RAN X, HE Y, et al. Acetate downregulates the
activation of NLRP3 inflammasomes and attenuates lung injury in
neonatal mice with bronchopulmonary dysplasia[J]. Front Pediatr,
2021, 8: 595157.

VAN OPDENBOSCH N, LAMKANFI M. Caspases in cell death,
inflammation, and disease[J]. Immunity, 2019, 50(6): 1352-1364.

LU F, LAN Z, XIN Z, et al. Emerging insights into molecular
mechanisms underlying pyroptosis and functions of inflammasomes
in diseases[J]. J Cell Physiol, 2020, 235(4): 3207-3221.

DHANI S, ZHAO Y, ZHIVOTOVSKY B. A long way to go: caspase
inhibitors in clinical use[J]. Cell Death Dis, 2021, 12(10): 949.

BIALER M, JOHANNESSEN S I, KUPFERBERG H 1J, et al.
Progress report on new antiepileptic drugs: a summary of the
Eleventh Eilat Conference (EILAT XI) [J]. Epilepsy Res, 2013,
103(1): 2-30.

FLORES J, NOEL A, FOVEAU B, et al. Pre-symptomatic caspase-1
inhibitor delays cognitive decline in a mouse model of Alzheimer
disease and aging[J]. Nat Commun, 2020, 11(1): 4571.

HIRANI D, ALVIRA C M, DANOPOULOS S, et al. Macrophage-
derived IL-6 trans-signalling as a novel target in the pathogenesis of
bronchopulmonary dysplasia[J]. Eur Respir J, 2022, 59(2):
2002248.

HOU A, FU J, YANG H, Hyperoxia stimulates the
transdifferentiation of type Il alveolar epithelial cells in newborn rats
[J]. Am J Physiol Lung Cell Mol Physiol, 2015, 308(9): L861-L872.

RACKLEY C R, STRIPP B R. Building and maintaining the
epithelium of the lung[J]. J Clin Invest, 2012, 122(8): 2724-2730.

et al.

[AxHmE\] = IF

LSRR (0, 2023, 43(2) (@)



