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F-a(TNF-0))7K-F; 7R 2m B AU ) 2 2 8 = 1 JU; Western blotA& 7 £ 2. # Bel-2. Bax. cleaved cas-
pase-3. RhoA. ROCKE AR, 4R 2=, 5ControlZ848 b, Model4H 28 249 Dygo  F.4%%. SOD.
IL-10. Bel-2 & A K-FHEAK, ot /A =% . ROS. MDA. IL-1B. TNF-a. Bax. cleaved caspase-3.
RhoA. ROCK & AKFH 5 ; 5 Model2BAA L, L-OP2HL. M-OPZHE. H-OPZH 2889 Dyoon SLIEHK.
SOD. IL-10. Bel-2 & #KFF 5, @it =% . ROS. MDA. IL-1B. TNF-o. Bax. cleaved
caspase-3. RhoA. ROCK&AK-FMEAK; 5 H-OPLLAE L, U4661948 40 if.49 Doy F. 144K, SOD.
IL-10. Bel-2 & A K-FHEAL, ot /A =% . ROS. MDA. IL-1B. TNF-a. Bax. cleaved caspase-3.
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Effect of Oleuropein on Alveolar Epithelial Cell Injury Induced
by Streptococcus pneumoniae Infection by Regulating the
RhoA/ROCK Signaling Pathway

YAN Yafen, LU Guangbing, TIAN Liangdong, ZHANG Dongxiang*
(Department of Respiratory and Critical Care Medicine, Meishan Traditional Chinese Medicine Hospital, Meishan 620010, China)

Abstract  The aim of this study is to investigate the effect of OP (oleuropein) on alveolar epithelial cell injury
induced by Streptococcus pneumoniae infection by regulating RhoA (Ras homologous gene family member A)/ROCK
(Rho-associated coiled-coil kinase) signaling pathway. Alveolar epithelial cells A549 were randomly divided into Con-
trol group, Model group, L-OP group, M-OP group, H-OP group and U46619 group (H-OP+RhoA/ROCK signaling
pathway activator U46619). Except for the normal culture of the Control group, the cell injury model was estab-

lished with Streptococcus pneumoniae infection in the other groups. MTT and plate cloning were used to detect the
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proliferation of cells. The levels of SOD (superoxide dismutase), ROS (reactive oxygen species) and MDA (malo-
ndialdehyde) were detected by kits. The levels of IL-10 (interleukin-10), IL-1B and TNF-a (tumor necrosis factor-o)
were detected by ELISA. Flow cytometry was used to detect apoptosis. Western blot was used to detect the expression
of Bcl-2, Bax, cleaved caspase-3, RhoA and ROCK. The result showed that compared with the Control group, the Dag,
clone number, the expression levels of SOD, IL-10 and Bcl-2 in the Model group were decreased; the apoptosis rate,
the expression levels of ROS, MDA, IL-1B, TNF-a, Bax, cleaved caspase-3, RhoA and ROCK were increased. Com-
pared with the Model group, the D, clone number, the expression levels of SOD, IL-10 and Bcl-2 in L-OP group,
M-OP group and H-OP group were increased; the apoptosis rate, the expression levels of ROS, MDA, IL-18, TNF-a,
Bax, cleaved caspase-3, RhoA and ROCK were decreased. Compared with the H-OP group, the Dagy, clone number,
the expression levels of SOD, IL-10 and Bcl-2 in the U46619 group were decreased; the apoptosis rate, the expression
levels of ROS, MDA, IL-1B, TNF-a, Bax, cleaved caspase-3, RhoA and ROCK were increased. As a reminder, OP
may alleviate inflammation and oxidative stress in alveolar epithelial cells infected with Streptococcus pneumoniae by

inhibiting the RhoA/ROCK signaling pathway, thereby promoting cell proliferation, inhibiting cell apoptosis, and al-

leviating cell injury.
Keywords
epithelial cells injury
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BCAE A &R &S PO0I)WHE LifgE =
KAV AREIRA T ; SODIE LR MR & (55
ml092620). MDA E (25 : ml094962). H
i A 2 -1B(IL-1B, B5 : ml058059). MR ¥RFL A
¥ -a(TNF-0, 525 : ml077385). H4HMIA 2 10(IL-



FERESE A RIS I T Rho A/ROCKAE 5 8 NS il 4 B Bk T IRk 4 S BUH i b 1l 240 M 45 40 O S i 1665

10, 525 : ml064299) ELISARFI &I H _FiAFBEIc A
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*P<0.05, 150 umol/L OPZH LL4Z .
*P<0.05 compared with the 0 pmol/L OP group.

Bl FEIREOPXTAS49MATE &R R
Fig.1 The effect of different concentrations of OP on the survival rate of A549 cells
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SRR
Oe&\ V§° AV § & Qb‘b
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©

Control

M-OP H-OP U46619
A: MTTHRIUAHAERESE; B C: ~FAR S BRI A 58 . *P<0.05, 5 ControlZH HLA; *P<0.05, 5 ModelZH FL#%; #P<0.05, S5 L-OPALELES; 4P<0.05,
5M-OP4LLL#%; “P<0.05, 5 H-OPALELEL .
A: MTT assay was used to detect cell proliferation; B,C: plate clones were used to detect cell proliferation. *P<0.05 compared with the Control group;
#P<0.05 compared with the Model group; “P<0.05 compared with L-OP group; #P<0.05 compared with M-OP group; “P<0.05 compared with H-OP group.
E2 OPXFAS494RAIIETE ARG
Fig.2 Effect of OP on proliferation of A549 cells
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A B: U I AR I T 1L . *P<0.05, 5 ControlZHLLLAS; P<0.05, 5ModelZLLLAL; #P<0.05, SL-OPALLLAES; 4P<0.05, 5M-OPHL LA
4P<0.05, SH-OP4 L #%
A,B: flow cytometry was used to detect apoptosis. *P<0.05 compared with the Control group; “P<0.05 compared with the Model group; “P<0.05 com-
pared with L-OP group; 4P<0.05 compared with M-OP group; #P<0.05 compared with H-OP group.
[El3 OPXTAS494RBLE TS
Fig.3 Effect of OP on apoptosis rate of A549 cells
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Az KT &R NSOD/K T B: S &R MROS KT C: iR &AL MIMDAK . *P<0.05, 5 Control 41 HL4L; *P<0.05, 5 Model 41 4%; “P<0.05, 5
L-OPALLLAL; 4P<0.05, 5M-OP4LEL4L; “P<0.05, 5H-OP4LHLA .
A: the kit was used to detect SOD levels; B: the kit was used to detect ROS levels; C: the kit was used to detect MDA levels. *P<0.05 compared with
the Control group; “P<0.05 compared with the Model group; “P<0.05 compared with L-OP group; #P<0.05 compared with M-OP group; “P<0.05 compared
with H-OP group.

&4 OPYTAS494HfI-FSOD, ROS, MDAZFRIXHIFIT
Fig.4 Effect of OP on the expression of SOD, ROS and MDA in A549 cells
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A: ELISAKIL-107KF; B: ELISAKIIL-1B7KF; C: ELISAK I TNF-a7K . *P<0.05, 15 ControlZH HL#%; *P<0.05, S5Model4H HL#2; P<0.05,

HL-OP41Eb#; 4P<0.05, 5M-OPZLLE:; 4P<0.05, S5H-OPZH HLEs .

A: ELISA was used to detect IL-10 levels; B: ELISA was used to detect IL-1p levels; C: ELISA was used to detect TNF-a levels. *P<0.05 compared
with the Control group; “P<0.05 compared with the Model group; ©P<0.05 compared with L-OP group; #P<0.05 compared with M-OP group; “P<0.05 com-

pared with H-OP group.

ElS OPXTAS494EAARIL-10. IL-1B. TNF-0RiARIEN
Fig.5 Effect of OP on the expression of IL-10, IL-1p and TNF-a in A549 cells
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VN SETEE
A: Western blotfr il 21 il ' Bcl-2. Bax. cleaved caspase-3+ RhoA. ROCKZH HFIE/KF; B: Bel-28 AT FIE /KT C: Bax iR H AN FRIEKF;
D: cleaved caspase-3 £ A XT K IE KT, E: RhoA R F AN FRIE /KT F: ROCKER A AN R IE/K . *P<0.05, 5Control 41 LL 4 #P<0.05, S5 Model
A ELE; 2P<0.05, SL-OPZHLLEL; 4P<0.05, 5M-OPALLEL “P<0.05, 5H-OPA L.
A: Western blot was used to detect the protein expressions of Bcl-2, Bax, cleaved caspase-3, RhoA, and ROCK. B: relative expression level of Bcel-2
protein; C: relative expression level of Bax protein; D: relative expression level of cleaved caspase-3 protein; E: relative expression level of RhoA pro-
tein; F: relative ROCK protein expression levels. *P<0.05 compared with the Control group; “P<0.05 compared with the Model group; “P<0.05 compared
with L-OP group; #P<0.05 compared with M-OP group; “P<0.05 compared with H-OP group.

El6 OPXTA5494HPithBcl-2, Bax. cleaved caspase-3. RhoA. ROCKZE B RIAHS N
Fig.6 Effect of OP on the expression of Bcl-2, Bax, cleaved caspase-3, RhoA and ROCK proteins in A549 cells

WA — FEA T BRI, EE RN AR A B, DU AR AR SO A T R R U E
KR . RhoAF AN T GERAFKKMEZR  EEM". — HRhoABIIE, EMEQIR— M
R, A R E . dissl. FR. B 5, 519 NIFFIROCK 7y 1 HEATBERR 1L, 2 1M X



1670 IR L
MR B MRS A BRIk, 2020, 155: 104736.
e T N 6 CHEN B, GONG S, LI M, et al. Protective effect of oxyberberine
RhoA/ROCKf5 Sl Bk (4 4k, im0 O > LM, el Protective yoerber!
against acute lung injury in mice via inhibiting RhoA/ROCK sig-
KEEIEFERIEE AT BERIMEH P Hit, naling pathway [J]. Biomed Pharmacother, 2022, 153: 113307.

X FIX 15 SR RN IC, AU BT 3A T 47
b PR R T P A 2 T SRR, AT N AR IR 1R 9T H
BB BN T . BRI, $0H] RhoA/ROCKAE
SRS, B8 BN E AR Y, B A
111 R R TSR 2 S 4 M IR 1 2, e S e AR
PWER . #E—bH, HEZ: PRIE , FHIKT RhoA/ROCK
5 5 I AN BE B JORE S SR RLBCIRAS 38
RE R Z DR T, Mﬁﬁﬁﬁﬁwﬁ%kﬁ
MRo ARSI, {8 OPYL 3 FRK T il R BEER 15 5
) RhoA/ROCKAE 5 18 % AH ¢ i 1 I 3R IA 7K1, FHHIak
127 AR AEAL RIS AT SR, FIER) T A RIE T SR
1M, RhoA/ROCKAE 51 B UG 71| U466 1910 4% T ik
AL, XN, OPHI AEIH L 4% RhoA/ROCKAE 5
68 S 11 ) 248 o AT N2 R Rk R A RE S I, A1 1) 440
PR, AT ek 40 453473

Zr bATiR , OPH] fE & i@ it # ] RhoA/ROCKAS
S, VR i 98 B IR B R ) It vEL B R A R 2
it 5 SR RLI R S, 3 T A 3 4 L 4 B, 00 1) 4 A

B PR AN AR 1 o BT SR T4 e 2
T BI85 BATE %? CLEAR N dnfaria A/ DL S AR

IAVE AL, 36 7 EEIRATHEAT TR FIEREAN
IOEATI
Sk (References)

[1] ESHWARA V K, MUKHOPADHYAY C, RELLO J. Communi-
ty-acquired bacterial pneumonia in adults: an update [J]. Indian J
Med Res, 2020, 151(4): 287-302.

[2] WEIGHT C M, VENTURINI C, POJAR S, et al. Microinvasion
by Streptococcus pneumoniae induces epithelial innate immunity
during colonisation at the human mucosal surface [J]. Nat Com-
mun, 2019, 10(1): 3060.

[3] OLOTU C, LEHMENSIEK F, KOCH B, et al. Streptococcus
pneumoniae inhibits purinergic signaling and promotes puriner-
gic receptor P2Y2 internalization in alveolar epithelial cells [J]. J
Biol Chem, 2019, 294(34): 12795-806.

[4] JERE, KEAK REE, 5 &SRS IR St A 5 8
AMPK/Nr{217 5 3 i 507 Hili 48 i BR T B 51 2 A Al b 1
Yl B30, Hh ] 4 2% 44 B (FAN C X, ZHANG Z L, FU Y.
Acacetin ameliorates alveolar epithelial cell damage caused by
Streptococcus pneumoniae infection by regulating Sirtl-mediated
AMPK/Nrf2 signaling pathway [J]. Cellular & Molecular Immu-
nology), 2024, 40(3): 513-8.

[5] ABEDIF, HAYES A W, REITER R, et al. Acute lung injury:
the therapeutic role of Rho kinase inhibitors [J]. Pharmacol Res,

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

NEDIANI C, RUZZOLINI J, ROMANI A, et al. Oleuropein, a
bioactive compound from Olea europaea L., as a potential pre-
ventive and therapeutic agent in non-communicable diseases [J].
Antioxidants, 2019, 8(12): 578.

DIKMEN N, CELLAT M, ETYEMEZ M, et al. Ameliorative
effects of oleuropein on lipopolysaccharide-induced acute lung
injury model in rats [J]. Inflammation, 2021, 44(6): 2246-59.
RFTHE, RWHE, ZIURL, 5. XS AEcirc_0038467/miR-
4955 fii ¢ B BR TR 15 3 00 it L i A o 4549 (o sz . o
BEZAE(YULP, YUS J, LI X C, et al. Effect of extract from
scrophulariae on damage of alveolar epithelial cells induced by
Streptococcus pneumoniae regulating by circ_0038467/miR-495
[J]. Cellular & Molecular Immunology), 2023, 39(2): 257-60.
SUBRAMANIAN K, NEILL D R, MALAK H A, et al. Pneumo-
lysin binds to the mannose receptor C type 1 (MRC-1) leading
to anti-inflammatory responses and enhanced pneumococcal sur-
vival [J]. Nat Microbiol, 2019, 4(1): 62-70.

SUBRAMANIAN K, HENRIQUES B, NORMARK S. Emerging
concepts in the pathogenesis of the Streptococcus pneumoniae:
from nasopharyngeal colonizer to intracellular pathogen [J]. Cell
Microbiol, 2019, 21(11): e13077.

HERNANDEZ M, OLIVERO N B, ZAPPIA V E, et al. The
oxidative stress response of Streptococcus pneumoniae: its con-
tribution to both extracellular and intracellular survival [J]. Front
Microbiol, 2023, 14: 1269843.

NARI G B, NIEDERMAN M S. Updates on community acquired
pneumonia management in the ICU [J]. Pharmacol Ther, 2021,
217: 107663.

TR, BT, A MONE T AR YO ST D). AT
TAEREH (WANG Q, GE Y Q, TONG T, et al. Research progress
on bioactivities of oleuropein [J]. Sci Technol Food Ind), 2022,
43(19): 479-86.

ANTOGNELLI C, FROSINI R, SANTOLLA M F, et al. Oleuro-
pein-induced apoptosis is mediated by mitochondrial glyoxalase
2 in nsclc a549 cells: a mechanistic inside and a possible novel
nonenzymatic role for an ancient enzyme [J]. Oxid Med Cell
Longev, 2019, 2019: 8576961.

HUGUET-CASQUERO A, MORENO-SASTRE M, LOPEZ-
MENDEZ T B, et al. Encapsulation of oleuropein in nanostruc-
tured lipid carriers: biocompatibility and antioxidant efficacy in
lung epithelial cells [J]. Pharmaceutics, 2020, 12(5): 429.
ALY, SRELI, SO0, S RO R Gt R R R
JUURE et 28 RE 4510 (0 PR3 4 T D). o [ S 38 27 2 5(CAO W
P, GUO J S, FENG W J, et al. Protective effect of oleuropein
on stress-induced inflammatory injury in myocardial ischemia-
reperfusion rats [J]. Cellular & Molecular Immunology), 2022,
38(16): 1940-5.

IYER M, SUBRAMANIAM M D, VENKATESAN D, et al.
Role of RhoA-ROCK signaling in Parkinson’s disease [J]. Eur J
Pharmacol, 2021, 894: 173815.

WEI L, SHI J. Insight into Rho kinase isoforms in obesity and
energy homeostasis [J]. Front Endocrinol, 2022, 13: 886534.
SAIDOVA A A, VOROBJEV I A. Lineage commitment, signal-



FERESE A RIS I T Rho A/ROCKAE 5 8 NS il 4 B Bk T IRk 4 S BUH i b 1l 240 M 45 40 O S i

1671

[21]

[22]

ing pathways, and the cytoskeleton systems in mesenchymal
stem cells [J]. Tissue Eng Part B Rev, 2020, 26(1): 13-25.
DOKUMACIOGLU E, DUZCAN I, ISKENDER H, et al. RhoA/ROCK-
1 signaling pathway and oxidative stress in coronary artery dis-
ease patients [J]. Braz J Cardiovasc Surg, 2022, 37(2): 212-8.

HE P, GUO Y, WANG J, et al. Protection of ripasudil, a Rho ki-

(23]

nase inhibitor, in lipopolysaccharides-induced acute pneumonia
in mice [J]. Am J Transl Res, 2019, 11(10): 6433-43.

FENG G, SUN B, LIU H X, et al. EphA2 antagonism alleviates
LPS-induced acute lung injury via Nrf2/HO-1, TLR4/MyDg88
and RhoA/ROCK pathways [J]. Int Inmunopharmacol, 2019, 72:
176-85.



