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Research progress on Elastase as a therapeutic target for
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With the advent of the “post-antibiotic era”, the research on new anti-Pseudomonas aeruginosa infection drugs is
urgent. Anti-virulence factor drugs can selectively inhibit the toxin expression, bacterial adhesion and immune
avoidance of bacteria, and reduce the toxicity of bacteria without affecting the growth of bacteria, which has
a promising research prospect. Elastase is the main virulence factor of Pseudomonas aeruginosa, and Elastase
inhibitors can effectively mitigate the toxicity of Pseudomonas aeruginosa, assist the body’s immune system to
eliminate pathogen effectively, which is a promising therapeutic strategy. In this article, the research progress on
the Pseudomonas aeruginosa Elastase and its inhibitors was reviewed, providing theoretical basis for the research of
new therapeutic strategies of Pseudomonas aeruginosa ophthalmic infection.

Elastase; Pseudomonas aeruginosa; virulence factor

7% H A (Date of reception): 2020-05-13

E{S1E#& (Corresponding author): JTf§E, Email: wanpengx@mail.sysu.edu.cn

HE L TH (Foundation item): [E 5245 Wi J7 A F 158 (K0601300); | 748 22¢ &3 4> (2019QX16), This work was supported by the Cooperation
Project of State Food and Drug Administration (K0601300) and Fund of Guangdong Pharmaceutical Society (2019QX16), China.



Elastase fF i fE ALk AR IR BHEGGIRY P i BT e dE e 42, 45

187

B 28R i 1 (Pseudomonas aeruginosa) Jg&:—
il UL AL S BO I, S T BRI I AR A 1 Uk
Pef E BRI, R MR R Rk e P B TR e R
W R R — o AR R AR R 22 H M 24 P T bR Y
B, G R IA YT AOME BE R K3, H i 2575 A8
BIRIT 715 S 250 o gk M PR TR 1) 00 1 R
T H = A 05 ) X e R E A, an gk
W (Elastase) . GRS B . 8 B8 O ASb
FAZEN BB AATXH G A A T O HIL i A TR
AWFGE, 4 25 0 R 3 i O — MR A
HI S5 R IT 7 i, 35 0 4 il 500 i & SR A
LYY ES S &N PR e T

Elastase & —FJ il S A1 50 7 3= 22 A9 7 0 A+
38 3 K A AR RN A R AP BT A 1 E A A
B, BB B ] % 3 B A b B R I ) 1 R i
IgA, M I FISP-ASE G g3 43 T 1 kAL A& e 92 12
JOE, e A1 BT TR 14 B0 T A 2 G EE A Y

YE R4 af R I =2 8 1 7, )
Elastaseff A& #r BT 3E 1 K1 259 © W 3L 4F 2k 1Y
F T TN o ] o M50 B T ) R i e R R R L 3K
H %5, Elastase U il 57 7T A5 %50 R AR AR 2% 11 2P i 18
MY FETE , O iR i TR R AR I ZH AU IR, BE AN
R R G A ROH BRE IR T, B KRR FE b R 8
FHONW, R AR A R BIA YT R

1 Elastase B4 ¥1=45 1%

Elastase /& — it i 4 25 {1 L 7 43 00 3] Jf A1 1Y
HEWEENHA T, o FRE N33 kD, B TREE
R . BB A A lasBEE PR G 38 Y, 1
lasBEE A 1) 2 35 PR IEC N 2R 4 Las TR WL 4257
ElastaseJVE R LT 12, AT 7K i P9 R JIR 6 7K i 1)
IR FR KL . Elastase 1) E0p ML 3 222 4 1 /K fig
6 RN Z R, V¥ 32 0058 O Y
A YIERIE

1.1 Elastase XA & H MK EE M
Elastaseili if R )2 R BN . FiEEN . B
BRZE AR M . TIURTV R iR 25 200 g &0 35 o 28 1
i BLTE EALUREIN, Ry 4 2 AR BB TR A R AR IR
F1, [AIBF, Elastases VR 41 i ] 5% i B 18 -
Pz 18] 388 375 P A TR b BT g wF ek
PR . Elastasen] LU i #0106 85 1 30 C 5 5 3 %
Occludinf1ZO- 158 BHiEHE I R AEWR, AT

M-SR, SR BRI REMIREIR . TR
TR #E T, N A Elastase 1 45 27 BH BT <
i FRBREE, R R M Claudin-1, Claudin-4,
Occludin, Tricellulin, 7% %7 A ER 1 B TS 52 14
(PAR-2)MYFRIL, HXTEHIEHENZ0-1, 20-2,
ZhFRF % 2 76 F1E-cadherin, B-catenin JCHA W30 5 [A]
i, Bl #EHPKC, MAPK, PI3K, p38, MAPK,
JNK, COX-1, COX-2, NFE-xB&5/[E] s 5% %
PR RS 556 S s wRit

1.2 Elastase X EERE K MEFZEIER
Elastaseifl i [ e R o0+ . I L4003z
AT 98 i AH OC 9 3 R 5 MLAAR G 988 S V7 o Elastase ]
Ko figk 41 R RIGE L M O e R 2 G o, L
WiSP-A, SP-DFIFMAZE I, Lhudi /b4 il i 75 Wk 1
FH, NH SR AR S T AR, ]
i, Elastase ] ffiTNF-a, IFN-yHIMCP-1% i
A7 AR A R 7 2R 06, DT 1 S RE S R, IR
i ERY SR B AR S M B TR 18
YL P 9% T, Elastase i) 2L B @ K LL-374d1 H:
K, ME TR S HME NS, M
HRTIGPEDY S I, 7 40 o I o o SRR e oot 7
Wi, Elastase 1] /K fiff JR 34l 38005 32 /4 8 A (uPAR) ,
FEAR T 40 B 5 IR BB 25 & i BE T, 2 b 2 40 g
200 B B 0 B RS, AT Y e i i e

1.3 Elastase V75 4 ¥ FE RIS A

) A P L T A P B ) D AR i BSCELT 24547E 1Y
KT, lasBid Fik 2 T4 S M B A= s b
Y AN 22 B I 2 RN ER AR BT, AT 1S 0 240 e A
FZHEIR VR, S 3 B WE AR AL E oKL &
I, WERRER T RN, AR YN A T AR Y
5, A BY TR UG TR VR N = 4k A W RS AR I

Zi b, Elastaseif it 7K fif 25 11 S 40 i &1 55 o 1
W F IR AN/ 568, kg 32 55 B
FIVE 5 A= W BRI 1 A 4 2 A1 BR TR 1) i o A8
FEFREZAER, Elastasefifil 5 (0 F & B AT — R
IR RSNSOI 15 e

2 SHEFIEAGTERNTFRIRK

AT A AT R T B £, R
R B BOR RE S s s T, LI SO E TR
AT, B X A 0 ) s SEL DT 4 B R 7 R e 3T A T



188

MRB}2£4R, 2020,35(3) ykxb.amegroups.com

FIPLAE R, Y N TR 5
&7 Fi R,

H 1A R 2078 % 800 FHudE N 7 259 10
K, JFEUS T —@ R, anin s RO FE TR
O 1 B9 A4S HILED 209 A1 4 82 BL IR B 2 1k A A
T A7 Viestatin "2 FF5EP R, 22 E R
B BRI GR T FRIBIT N R R Y FE i
W SR REIRIT 9 AR L AR E AR 5], nT
FER R IR WA, IR es HowUs P
B2 BE I B A UK Sre A SR W4 4 00 4 4 Bk T U
FWEEE A, W 2 Y i e e i e, R
FHR BN A St AT HIR], A RCH I SreAr)
TR, RS RIS R AR A BRI . XK
AN FAR B O AE AR SINAS 2 TR 3 410 o Y 4 P AR 4
WO AT ERE AR K, (HJRTE S A i K i 4R
T IR S ) LA R

3 Elastase ] &l 57 B9 & 3T IR

3.1 MEHMEIGEKERAY

BF 5T B A VR BEOIR S R [ 2y
W AR T B AR B E (minimal inhibitory
concentration, MIC)]E‘J?I%%EA%%H%UT
Elastase %5 & JJ K 1 1977 A4 DL R A W) B IR B, it
) ¢ 1B P L TR 104 RO 1 R R B . 1/2 MICHKJEE
P4 IR 7 7 AR/ == s 410 ) 0] ¢ Al 0L T 1) B 0 1A
5 AW IR T BRI A A IO S I ) R, B
PITDBE (1/4 MIC)TE A 52 il el £ A5 5 M 71 2 4 Y i
FE L AT 5 AR M TR VK Bl BE ) R Elastase 5§
T 77 DR 00 7 A R A B R Y B -
Je2s o RPN TR | S M T 288 R g s A I 2 4
PUTR 24 W78 4% 2% T B0 B0 PR A e i, A B FL
A—EWMPCRIEN, H & ReH 41 7 71 K+ LA
Kol EBE RN, AE R EEET, &
6L fth E 0 AR SR TR A, BTAr & R T IR
REERY,

BT ) G AR 1 Sy il K R I A AR 25, T
6 mg/mLifk B I AN 52 e 5 S (R BRI B 0 A G,
il Elastase . ZRMETT R 5 SN TR AR, ik
RZEN Rz, HAPURE M, 0k L
00 T Ve B2 RS AT 00 4 4% B 5P M TR Elastase 45 3
J1 IR F 0 7 A B0 BIR ok 2 SR D R R 2 ——
- FROBUNIAL 7T B 400 1 4 4% B 5P M TR Elastase 45 3
J1IHF B BB R T

i b, WZImIRHE 259 %] Elastase i 5 74 H.
AT AR, AT FE 805 A 258 555 ) 2 A2 B R )
BOW Sy, R PR LA T 5 2R AR M R )
FoAb BRI, AE BB R T AR B i 25k, AT
DA 18 O i 2 A1 54 I 71 5 1 I9 T Elastase 4 410 il
RO, Ml R 2R LE 2 7 e # AR, HE
AR M PR I FHATS 75 2k — 2B BT

3.2 &I

Hi T'Elastase)& T4 B JIKAES , 2 G HIHEA AL
L BRBEE A5 5 DL S 5 Elastase i {60 55 A B
VERE, XU A R M fE Y B A3
N ) B A 5R & & — V0 2R (ethylene diamine
tetraacetic acid, EDTA), H e A % BH WiElastase 1y
HE KR, HRE SR B A R, R
FA Tt — 258 . Ca-EDTAJE —Fh MR 1Y)

G, CBFDARLHE R T 2 AE e E

Ca-EDTAX A £ {15 5 787 7 £ 14 4 Tl Tl AT 28O 410
FIER, 4 4 Elastase AT 35 A4 7 A .
8 ug/mL Ca-EDTA S AJiliif] I fz 4 g (AS49) 3%
Fi . REAT 500555 i) ¢ M BRI T 0 T VRO G )
PEAEFE . TR, /N B B P 02 0 ) 18 2P i B
FVEW, JFH32100 mg/kg Ca-EDTARLFR)S , F715
HEm TR, FHEE120 AT,

% JE BB A X Elastase il 16 245 A4 30 1A H
— SE B 5 G kR S BRR G R B G A N LA
G UH R AR ), AR R . BEIR AL . A
PEFN G A O MR E R A R E NSRS &5
BE )1, fnCathcartZE P i 0k J5 R 4 B B A
T JIKN-mercaptoacetyl-Phe-Tyr-amide ¥f Elastase
it 16 P EAT BT A IR T, HOBR T RE S
XN T A B W0 10 B ff . XF Elastase [ fif K ARG
YA BRI (NDK) Mg Gt A 35 1Y 41 il
YER o TR, %k Wi A A= 0 B R A7 1Y 4c
ElastasefF ], BEIE i 410 ) 76 P 7 540 ] Elastase
[ 7K A A

3.3 BEMRRERL R G HDFI

A ¢ MR B T T A 0 8 R A U R R A SRR
&% I shBEIARIRNY R g8, W7 B 51 ™
A o I o P ML TR A SRR R B AR 4 T R G
LASHS . RHLRL . PQSRLMIQS R LG . Hif
LAS R G v ] Elastase . Bl P 25 A1 A A 52 R 19
#ik. RHLARG AR MR RIE L, MPQSHK



Elastase fF i fE ALk AR IR BHEGGIRY P i BT e dE e 42, 45

189

25 ] WA Elastase Ml 4% R TE 25 19 325608, HEL L,
QS# T RGX T3 Sy W LR 4525 B 4 A
MEAZNES, 50 K72 R b 5 28
P M AW, A K SRRk,

— SE BT e BRAR Z A ) b B U R AR AL G )
o H 5 QSIE S 7 TR, i N THESS
8 J T HE A ) B A SRR N R G A W e R 2
5 IR 58 1 B R B BRI N 4 -, HATAEY)
W IR i) C - S 6 i 6% 9 /1 il HP Elastase 1) 3 18 A1 FE AR 72
22 W B T PR DT, (EL X 2L 2 ) 14 e PR A b
LAV i — L UESE AT

3.4 HEYIREY

VI Z2 A8 W) 3 U AR A0 B AT i) Elastase §if P 1
ik, Hoh R 2R K a, Honl )il 4 ¢
B L AT Elastase 55 8 ) R 7R3, a9 H# 7,
TP W FEA RIS . IRk
FH R e $2 B ] DA 3 A il 4 e 4R A R B Y
Mt fg . R FAEAR Sy . MY IR A & B A
250 TG R PTG IG T, P R ok R 22 1Y
[ 9 AMIE 5T 5 30 ) F & B AE A T8 FE Elastase 111 il
VEFH B B B0 o 30 4F SR AF 5 B 2 BRAR 2% 5 I
Y, 2% MBS S A Y $E B R HL A Elastase
Ve o fH 2k SE b 58 JL-T- #0845 B8 A AR A1 52
B, RE W A H ) 2 AT RE R DL R I R A AR RN
G AT AT i — DU SR

3.5 AIERULEHMMPREAR

Z PR ) PR EU KSR AL & W I H 5 Elastase
ST, Wi AN TS S, AT RSN
il Elastase i i P4 o 99 KR 2 H g & R # il b
JI P F RS, R T LA B R, ST
A BUAT DL BE e b S R R RS G, dE
MEE S F RN T A R L9 Kok T
(ZnO,-NPs) 1] 4 %4 il Elastase fEG P, 200 pg/mL
ZnO,-NPs 1] 52 4= 1l Elastase B /K fiEAE FH , FFn g
R DG, WA Bm R K. AR
RGN LA B, DA ) B2 B v 2 B2 W o
T 54 8 8 T 45 A 90K M OB AP0 5 il A5
TR, M TERETFMREE, &Y
RGP S E T 9 RGN M
Rk o NS-ZnNPs & — DA P Tl B0AF A6 A 11
VIR G Y, T LA R i A 2 15 o i TR

RBEIAR RN R G0, Jd/DElastase =4, DI Dk 55
R A B A O 1 R MR I G-Ag
NPs Y3 57 N 25 24 0 8 el 1 A R 4 0 (5 3 4 K T
5 5 118 4 B AR S AR R A T R 5 5 1 A R A
AT A, A 2 % T 4] & A1 5 7 A B 8 1 3R 9
HORA 15Tt — B 9K B AR (9 R A A
TR BRI 2 A, H R LI DR
(A M e B PR T 3 — 2T

4 £5iE

Bifl 5 i 25 B AR 0 B, T 0 BT AR Sk R B
PR G 25 ) O I 5 Ok B a, i o
(G T SR W BRI T — AN 387 100 X e 4 R JRR G YR T
Tk, XFOIEIT I SXORN B R SE A, T2 R
H e 5O 55 A 1 BE T, B B R S RS
AROE BRI IR, AU 4 2 AR /N B TR
1, NG AT R, I B R IE 8 W
Wi 5 AN B B R RIS RS . A O
PR AR ST, Elastase 78 4 S M5 H 10 A
B 7T 04 DG SR A B SRy I 4 R0 4 S e Bk
W TEAE R AR . Elastase 570 7] L5 4k %
BAMAH, D KREM A ECREN, 1554
o Al BT PR A IO 7, O I R A 2 A R B TR
Y BE UG HATE A —FhElastase ) il
W AT 003 I R ET e, TR T Bk AF
AEAL B 02 PR S B R R R, B AR
I s — B B R Burns S UG BF 8 AIE 52
T Elastase M il 571135 57 4 25 A5 5L B T £ JBE 2% 3l ) A
AU AR, TR & N T4 iU Elastas e 41 i 57
Bt — AK XF Elastase 5 258 i M0 I 4E FH ., 4%
Elastase iff 5 i 5 0 Bk e S 42 Fp A0 AR, mI{di54 )
it AH S Pk AR B 2E IR 12 b, Kawaharajo 2§ 5
BN T A B HE 2 Tt B A A 400 ) IR 245 7K 5510 784
RIBIT B R P M T A S, JFRAR T LA,
BEH TAEZEEALFRIRYE, Elastasefiil
R 25T AT e — L WF5E . RG] Elastase
WF A HUHE J7 K 285 W36 7 ) 2 A B o T SR e 2 —
ANHEH HA FT S IR T RS, {H & Elastase i) il 5
()25 P58 A W F G, 8 MR 5 T by FH AR X 45
A, B R Im R N AT AR 7 AR K — B 2k, M
17 Fifi %5 % 4 3 A1 5 B TR SO LR TR A T R, R
ITREA X “EHiAERT B EDE



190

MRB}2£4R, 2020,35(3) ykxb.amegroups.com

Sk

10.

11.

12.

13.

Newman JW, Floyd RV, Fothergill JL. The contribution of
Pseudomonas aeruginosa virulence factors and host factors in the
establishment of urinary tract infections[J]. FEMS Microbiol Lett,
2017, 364(15).

Strateva T, Mitov I. Contribution of an arsenal of virulence factors to
pathogenesis of Pseudomonas aeruginosa infections| J]. Ann Microbiol,
2011, 61(4): 717-732.

Golovkine G, Reboud E, Huber P. Pseudomonas aeruginosa takes a
multi-target approach to achieve junction breach[J]. Front Cell Infect
Microbiol, 2017, 7: 532.

Kessler E, Spierer A. Inhibition by phosphoramidon of Pseudomonas
aeruginosa elastase injected intracorneally in rabbit eyes[J]. Curr Eye
Res, 1984, 3(8): 1075-1078.

Pearson JP, Pesci EC, Iglewski BH. Roles of Pseudomonas aeruginosa las
and rhl quorum-sensing systems in control of elastase and rhamnolipid
biosynthesis genes[ J]. ] Bacteriol, 1997, 179(18): 5756-5767.

Galdino ACM, de Oliveira MP, Ramalho TC, et al. Anti-virulence
strategy against the multidrug-resistant bacterial pathogen
pseudomonas aeruginosa: Pseudolysin (Elastase B) as a potential
druggable target[ J]. Curr Protein Pept Sci, 2019, 20(5): 471-487.
Azghani AO, Miller EJ, Peterson BT. Virulence factors from
Pseudomonas aeruginosa increase lung epithelial permeability[ J].
Lung, 2000, 178(5): 261-269.

Cowell BA, Twining SS, Hobden JA, et al. Mutation of lasA and lasB
reduces Pseudomonas aeruginosa invasion of epithelial cells[ J].
Microbiology, 2003, 149(Pt 8): 2291-2299.

Clark CA, Thomas LK, Azghani AO. Inhibition of protein kinase C
attenuates Pseudomonas aeruginosa elastase-induced epithelial barrier
disruption[ J]. Am J Respir Cell Mol Biol, 2011, 45(6): 1263-1271.
Nomura K, Obata K, Keira T, et al. Pseudomonas aeruginosa elastase
causes transient disruption of tight junctions and downregulation of
PAR-2 in human nasal epithelial cells[ J]. Respir Res, 2014, 15(1): 21.
Saint-Criq V, Villeret B, Bastaert F, et al. Pseudomonas aeruginosa
LasB protease impairs innate immunity in mice and humans by
targeting a lung epithelial cystic fibrosis transmembrane regulator-IL-6-
antimicrobial-repair pathway[ J]. Thorax, 2018, 73(1): 49-61.

Bastaert F, Kheir S, Saint-Criq V, et al. Pseudomonas aeruginosa LasB
subverts alveolar macrophage activity by interfering with bacterial
killing through downregulation of innate immune defense, reactive
oxygen species generation, and complement activation[ J]. Front
Immunol, 2018, 9: 1675.

Kon Y, Tsukada H, Hasegawa T, et al. The role of Pseudomonas aeruginosa

14.

1s.

16.

17.

18.

19.

20.

21.

22.

23.

24.

28S.

26.

27.

elastase as a potent inflammatory factor in a rat air pouch inflammation
model[ J]. FEMS Immunol Med Microbiol, 1999, 25(3): 313-321.
Strempel N, Neidig A, Nusser M, et al. Human host defense peptide
LL-37 stimulates virulence factor production and adaptive resistance in
Pseudomonas aeruginosa[ J]. PLoS One, 2013, 8(12): e82240.

Leduc D, Beaufort N, de Bentzmann S, et al. The Pseudomonas
aeruginosa LasB metalloproteinase regulates the human urokinase-
type plasminogen activator receptor through domain-specific
endoproteolysis[ J]. Infect Immun, 2007, 75(8): 3848-3858.

Yu H, He X, Xie W, et al. Elastase LasB of Pseudomonas aeruginosa
promotes biofilm formation partly through rhamnolipid-mediated
regulation|[ J]. Can ] Microbiol, 2014, 60(4): 227-23S.

Cegelski L, Marshall GR, Eldridge GR, et al. The biology and future prospects
of antivirulence therapies[ J]. Nat Rev Microbiol, 2008, 6(1): 17-27.

Rasko DA, Sperandio V. Anti-virulence strategies to combat bacteria-
mediated disease[ J]. Nat Rev Drug Discov, 2010, 9(2): 117-128.

Zhou Z, Chen T, Mei N, et al. LED 209 conjugated chitosan as a
selective antimicrobial and potential anti-adhesion material[]J].
Carbohydr Polym, 2019, 206: 653-663.

Wang H, Silva AJ, Benitez JA. 3-Amino 1,8-naphthalimide, a structural
analog of the anti-cholera drug virstatin inhibits chemically-biased
swimming and swarming motility in vibrios[ J]. Microbes Infect, 2017,
19(6): 370-375.

Suleman L. Extracellular bacterial proteases in chronic wounds: a
potential therapeutic target?[ J]. Adv Wound Care (New Rochelle),
2016, 5(10): 455-463.

Quinn TC. HIV epidemiology and the effects of antiviral therapy on
long-term consequences[ J]. AIDS, 2008, 22(Suppl 3): $7-S12.
Kantyka T, Plaza K, Koziel ], et al. Inhibition of Staphylococcus aureus
cysteine proteases by human serpin potentially limits staphylococcal
virulence[ J]. Biol Chem, 2011, 392(5): 483-489.

Chojnacki M, Philbrick A, Wucher B, et al. Development of a
broad-spectrum antimicrobial combination for the treatment
of staphylococcus aureus and Pseudomonas aeruginosa corneal
infections[ J]. Antimicrob Agents Chemother, 2018, 63(1): e01929-18.
Sakata K, Yajima H, Tanaka K, et al. Erythromycin inhibits the production
of elastase by Pseudomonas aeruginosa without affecting its proliferation in
vitro[ J]. Am Rev Respir Dis, 1993, 148(4 Pt 1): 1061-1065.

Imperi F, Massai F, Ramachandran Pillai C, et al. New life for an
old drug: the anthelmintic drug niclosamide inhibits Pseudomonas
aeruginosa quorum sensing[ J]. Antimicrob Agents Chemother, 2013,
57(2): 996-1005.

Gupta P, Chhibber S, Harjai K. Subinhibitory concentration of

ciprofloxacin targets quorum sensing system of Pseudomonas



Elastase fF i fE ALk AR IR BHEGGIRY P i BT e dE e 42, 45

191

28.

29.

30.

31.

32.

33.

34.

3S.

36.

37.

38.

39.

40.

aeruginosa causing inhibition of biofilm formation & reduction of
virulence[ J]. Indian ] Med Res, 2016, 143(5): 643-651.

El-Mowafy SA, Abd El Galil KH, El-Messery SM, et al. Aspirin is
an efficient inhibitor of quorum sensing, virulence and toxins in
Pseudomonas aeruginosal[ J]. Microb Pathog, 2014, 74: 25-32.
Rodriguez-Esteban R. A drug-centric view of drug development: how
drugs spread from disease to disease[ J]. PLoS Comput Biol, 2016,
12(4): e1004852.

Abbas HA, Elsherbini AM, Shaldam MA. Repurposing metformin as a
quorum sensing inhibitor in Pseudomonas aeruginosa[ J]. Afr Health
Sci, 2017, 17(3): 808-819.

Kocabiyik S, Ergin E, Turkoglu S. Effects of metals on elastase from
Pseudomonas aeruginosa SES-938-1[J]. Biol Trace Elem Res, 1995,
50(1): 25-31.

Aoki N, Ishii Y, Tateda K, et al. Efficacy of calcium-EDTA as an
inhibitor for metallo-B-lactamase in a mouse model of Pseudomonas
aeruginosa pneumonia[ J]. Antimicrob Agents Chemother, 2010,
S4(11): 4582-4588.

Cathcart GR, Quinn D, Greer B, et al. Novel inhibitors of the
Pseudomonas aeruginosa virulence factor LasB: a potential therapeutic
approach for the attenuation of virulence mechanisms in pseudomonal
infection[J]. Antimicrob Agents Chemother, 2011, $5(6): 2670-2678.
Kany AM, Sikandar A, Haupenthal J, et al. Binding mode characterization
and early in vivo evaluation of fragment-like thiols as inhibitors of the
virulence factor LasB from Pseudomonas aeruginosa[ J]. ACS Infect Dis,
2018, 4(6): 988-997.

Pérez-Pérez M, Jorge P, Pérez Rodriguez G, et al. Quorum sensing
inhibition in Pseudomonas aeruginosa biofilms: new insights through
network mining[ J]. Biofouling, 2017, 33(2): 128-142.

Manefield M, Rasmussen TB, Henzter M, et al. Halogenated furanones
inhibit quorum sensing through accelerated LuxR turnover[J].
Microbiology, 2002, 148(Pt 4): 1119-1127.

Xu Z, Zhang H, Yu H, et al. Allicin inhibits Pseudomonas aeruginosa
virulence by suppressing the Rhl and PQS quorum-sensing systems| J].
Can J Microbiol, 2019, 65(8): 563-574.

Chu W, Zhou S, Jiang Y, et al. Effect of traditional Chinese herbal medicine
with antiquorum sensing activity on pseudomonas aeruginosa[ J]. Evid
Based Complement Alternat Med, 2013, 2013: 648257.

Ali SS, Morsy R, El-Zawawy NA, et al. Synthesized zinc peroxide
nanoparticles (ZnO2-NPs): a novel antimicrobial, anti-elastase, anti-
keratinase, and anti-inflammatory approach toward polymicrobial burn
wounds| J]. Int ] Nanomedicine, 2017, 12: 6059-6073.

Al-Shabib NA, Husain FM, Ahmed F, et al. Biogenic synthesis of Zinc

oxide nanostructures from Nigella sativa seed: prospective role as food

41.

42.

43.

44,

4S.

46.

47.

48.

49.

S0.

packaging material inhibiting broad-spectrum quorum sensing and
biofilm[J]. Sci Rep, 2016, 6: 36761.

Luo LJ, Lin TY, Yao CH, et al. Dual-functional gelatin-capped silver
nanoparticles for antibacterial and antiangiogenic treatment of bacterial
keratitis[ J]. J Colloid Interface Sci, 2019, $36: 112-126.

Alipour M, Suntres ZE, Lafrenie RM, et al. Attenuation of Pseudomonas
aeruginosa virulence factors and biofilms by co-encapsulation of
bismuth-ethanedithiol with tobramycin in liposomes[ J]. ] Antimicrob
Chemother, 2010, 65(4): 684-693.

Prithiviraj B, Bais HP, Weir T, et al. Down regulation of virulence factors
of Pseudomonas aeruginosa by salicylic acid attenuates its virulence
on Arabidopsis thaliana and Caenorhabditis elegans[J]. Infect Immun,
2008, 73(9): $319-5328.

Tamura Y, Suzuki S, Sawada T. Role of elastase as a virulence factor in
experimental Pseudomonas aeruginosa infection in mice[J]. Microb
Pathog, 1992, 12(3): 237-244.

Marvig RL, Sommer LM, Molin S, et al. Convergent evolution and
adaptation of Pseudomonas aeruginosa within patients with cystic
fibrosis[ J]. Nat Genet, 2015, 47(1): 57-64.

LaFayette SL, Houle D, Beaudoin T, et al. Cystic fibrosis-adapted
Pseudomonas aeruginosa quorum sensing lasR mutants cause
hyperinflammatory responses[ J]. Sci Adv, 2015, 1(6): e1500199.
Folkesson A, Jelsbak L, Yang L, et al. Adaptation of Pseudomonas
aeruginosa to the cystic fibrosis airway: an evolutionary perspective[ J].
Nat Rev Microbiol, 2012, 10(12): 841-851.

Burns FR, Paterson CA, Gray RD, et al. Inhibition of Pseudomonas
aeruginosa elastase and Pseudomonas keratitis using a thiol-based
peptide[ J]. Antimicrob Agents Chemother, 1990, 34(11): 2065-2069.
Spierer A, Kessler E. The effect of 2-mercaptoacetyl-L-phenylalanyl-
L-leucine, a specific inhibitor of Pseudomonas aeruginosa elastase, on
experimental Pseudomonas keratitis in rabbit eyes[J]. Curr Eye Res,
1984, 3(4): 645-650.

Kawaharajo K, Homma JY, Aoyagi T, et al. Effect of phosphoramidon
on protection against corneal ulcer caused by elastase and protease from

Pseudomonas aeruginosa[ J]. Jpn ] Exp Med, 1982, 52(5): 271-272.

ARSI AR, SR, R, FHESE, 25 E, T MG, Elastaseff
R TE R SR A IR TR ARG IR 7 T BT S it R (7). IR
2, 2020,35(3): 186-191. doi: 10.3978/j.issn.1000-4432.2020.07.05

Cite this article as: LI Ye, HU Qinyuan, ZHOU Min, WANG Congyao,
LI Jian, WAN Pengxia. Research progress on Elastase as a therapeutic
target for Pseudomonas aeruginosa ophthalmic infection[J]. Yan Ke Xue

Bao, 2020,35(3): 186-191. doi: 10.3978 /j.issn.1000-4432.2020.07.05



