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Abstract

Pseudomonas aeruginosa is a highly antibiotic-resistant conditionally pathogenic bacterium capa-
ble of causing a wide range of life-threatening acute and chronic infections. It is one of the major
pathogens of bacterial lung infections with high morbidity and mortality. The establishment of ef-
fective and appropriate animal models can greatly assist our understanding of disease pathogene-
sis as well as testing and developing new therapeutic strategies. The aim of this paper is to provide
a theoretical basis for basic and clinical research applications by detailing and evaluating the me-
thodology of animal pneumonia models established using Pseudomonas aeruginosa as the causa-
tive agent.
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1. 5|15
1.1. FEIRERBE{ER

WP FR A, 23 A AR R SR A G 4 TR R B S AR ) 2 R AR A P IROE IR N EB 1], AR
PR IE S 5242 NN (e, WP 2, R BB R EA AR R, #lhRwiE %
YU TR SE B B, IR R, B RS AR R A @t (2] [3]. B R, e
fhZ BTN BEARE AR, EIFEFRAIM[4] AR R EFAM(Club cells) [5155, R 5 X5 L e 40 B FoRG
THR[6][7]. ERMRERTESH —ERRE, W R A(Airway surface liquid, ASL), HAE F
JE LR FREZ (Mucus layer, MCL)AT T 2 KR B9 4176 55 44 2 (Periciliary liquid, PCL) [2] [8] [9]. K&V
J& I ARDR A0 B FORG BT iR 3w HE SR, FERGVRUZ T FH K 280 B 7 R 368w ) R AR R 2R 3%, T R 5 4R B 55 W
R B POE TR RS AT R AR, SR DU J7 gk, TR RO HE 2] [8] [9] [10]. X —id FEAK
Z KR AF B B (Mucociliary clearance, MCC)BAFEIFLHI[9] [10].

AEFWMAZHEEEZ AN, B ARy, SREEEE. BER. JABREA. Bt
BRSS9 7 (A0 B R 1) S 11] [12]. PUBIKANGU B 25 o] BRI A 0 2R u s e, ATTAE
JURBBR B 1505t N A FE4H R [13]. #1400 Enrico F Semeraro Z5[14] N &I, FLEKEE (AT 7E ) LRV N 351 25 K
FFE OSBRI, 70 40 B v B rp DA sk P AN B B B AN B AR A o VR 22 il R 2 Fh T P I £ 6 () 451
i, RRAT BT RN AR P B RE T B A, AT A3 5 A7 (40998 R S A vl e AR G L R A
B 45 B 90 [ S [2] [8] [10]

A7 FE VP TE A0 B, — ELRRIBE b R A0 i 2 B BR AL, RTRE 2 5] RS VR 22 AH O IR T SR R
(Bronchitis) [15] [16]~ 1814 BH %& 1 i %95 (Chronic obstructive pulmonary disease, COPD) [17] [18] [19]F1%&
P 2T 440 il 997 (Cystic fibrosis, CF) [18] [19] [20]45. XSS 22 Ge i 78 [E )5 45 A BRER A 16 2 4d B AN
A ELFE 18] [19],

TEVRYT S P PRI 2 SR YL, F T I G i P ) 2 SRS, L I il 2% O £ B A 22 b A A e A T R
(e, BT LAY R R A 2 R A K21 [22]. EHUE RGN H A 23], BRTAEH
DR AT 2 i FH B0 A= 2R 7 A T 2 B 1 I 24 [25], AT B R I By RN B 4 [25]. (R, 48 fR
FEANTE AR G AR A B LR, 3R T RE AT B A, DRI R S 40 B ek SR G YR T U A E T
FH[26].

1.2. @EEZ

RS TR AR ENLE G, SEETABESRIEE, B2 %5 (Adherence) 7E M E R HI[27], £
HEBENI2 3. WAREh . A BHiE 8h 55 7 BA PR E R 1 [28], FFd 5 b 2 (Adhesin) (W15 B (Pili))id i
57 25 R THI AR N A2 AR AR ELAE R, DT (2 3k 41 1 286 B 21 P IR R IS 2R THI[29] [30] [317. M P 2 b iz 440
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At %

55 FRRAMRIEZ HARR, PRI G [32]. dhAh, BB H M2 R B B A BAE A TR B 2 40
ghify, RN R AT R BT T ARG FE[27] [29]. 20 [A)3d i #4888 (Quorum sensing, QS)HLHI, FEk
JE IS I N 35 5 24 % R N T (Acylhomoserine lactones, AHLs), SZEL4H & R (8] (385 [33], AT {E k4 5 a)
B RN 4335 B 4h 22 B 58 5 W) 36 I (Extracellular polymeric substances, EPS), J& &4 (Biofilms) [29] [30].
AR RELTE 3 HHORH A R R B PR ) BOR Dk D B AR FR IS (29, Kb o 25 E FH BRI [34] 0 IX L EAE
PIA B L EE R SR g R, BB R EERA N7 b B A, PR DR A i g i
HEN L7 JE T I135]0 5 Py 20e 48 Al 25 1 7 J2 40 Pt -5 200 i ) P 5 2, R B AR R 28R [35] [36]
il B R S, AR SRR E TR, PG H 5K ™ H R S [ SL[3 1] o IR A3 i 48 i s B A S
Bt 7K b [37] B LS [ 38155 55 BOPEAH S0 14 3 T o

1.3. AERE$LIEIRE

NTIRIE FRME R P MBEZ G, RIERAEINE], KA PIRE R R, V52 seie R
B, BRI R BT FR[39] [40] [41] [42], JRARAHMLES FRTE R b R 40 )= A AL ZAUBERY[40] [43] [44] [45], M
SLEGENN[46] [47] [48] [49] 4% V2 R o 4 EEFRAALA B T-FRATT T A4 B [ e xof 4t i 7= A A FH 1) 7
WLH[42] [44] [45], BrFE0 b B 40 2 A0 2 P As B ) o] RS A0 40 B IR e A= Mk A A, s s B vl i — 25
L H AR B Ak, ORE N R AR RE, B i T B B [50] [51] [52].

ASERIRRE B X A B e L AR AR S BRI [ 53] [54] [55], Bl H AR I B S A Ak ek e sh W e 7
(ST RN, e e 5 A DRI 6 12240 B N AR B 2 AT LA () e

2. G RERERIPIRE
2.1. AEHRERENIEREEY

i 2348 5l (Pseudomonas aeruginosa) e —FRERa o FG AR A5 2% BH 14 41 1 995 R A4 [ 53] [56], F7AE
Tz BRME T, BERBIAPTERM M. fE1E F 0T Zmnt, R s ie . L
B3 SCREY IR B A AR AL B[ 57] [58] [59], 43 51 S ™ HE i S RS MR UL 60] [61], HAET: %
EIE 40% [60], AT L iR H A —Fh 644 3500 B (Opportunistic pathogen). 9l T H i zg1Ess, nJ44FT
PRJT Bt [62], P A 5l AR le B ke i £ 2 —.

SR B B TR B LTI A TR B GY  RER ER G AN B MLRE S (53] [63]0 HH T Al 54 B 1 i 24
Yem, ERYYE, BRI BAEARE S IRER62]. Moore & Flaws 25[64] ANWFFCRIL, REMHH THG
ZINIRTTE, AR SR B B T 25 3R A Bt TR SRR R M TR A 24 g, LR VR 2
P SRR R 9 95 W A 2T R0 i 55995 (Cystic fibrosis, CF)~ 214 BH ZE£ V£ fiifi %% (Chronic obstructive pulmonary
disease, COPD) ) £ B YL 2 —[61] [62] PRI, A 23 80 M0 1 P J 4 B — A A BRAE A BT 17 65«

IR IGST 7%, TEGEEAHITERI g-NBERPTAE R Wi, U R, ZRERE
ITIRIT[60]. (HH TSR M CATA T Z I 25 B pk, HRyT 77 SR H a2 BRI [62] [66]. P,
RAREGTAE ZIR T AT A IR i R R R F AR, T AR 2 R M S 11 3 R R R A R PR GE B R
A0 2 B AR AL, WA BT R R T 77 e B A Bve T 77 [67] .

2.2 $AGRER B RE RN PR B RE T

PRI 4] 3 A1 B R BT SR e PRI S A 2 1 /N R EOK BR [60], 1T HARBIY), Wnfr[68] [69]. H([70].
F[71] FE[72)FWAEPRA . SRS SIS m] 73 SRR [61], b S ik il o i i 42 Fh ok
BIME, 7E/NRA KR P21 x 10°~1 x 10" CFU/m)BEAT A, b TR 18] K2 24 /N 72 /NEF[69] [73]
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[74][75]; FEMEMEEGE, NEAK R E B L2 x 10°~1.0 x 10" CFU/mI), AbFER A B K, K
297 REJUEIA76] [77] [78]. BAFERRIRZ, ARSI, 45 T BEG% 040 b & 7 AT AR S 1
(78] [79].

YN R G s AR, F B 4 NMRICE R 1) R G 5] IRE % 9% [ S ML [69] [73] [74];
2) PUAERBPLRZAVIER80] [81]; 3) GIRIIZMIATT KR EMRAL[80] [81]; 4) PRITAHEHM & J Ik
G5 3O P T8 7= A 1) 55 0B F S BUR ML [69] [73] [82].

2.3 AERRSN

N T IER) FIARHE A E M SIS SRS MR S Y, B A T O R
B73] [74] SE[82] [83IRIZALIRN[84] [85]. ANIRIFIHFN 75 =X AT f 5 e 40 1 3E N\ BRI I8 47 &
Hot A S A, SRR @S LA IR K 22 R . R IR g3 T X =Ml i 45 17 2 g
ST S RS 1 Bh A K R

1) RERGE

AUERREVE E B R N RAR RS, FARBREAEHITREWEE, AR EE
TECE B B R RN BV B, 2 G #ATFAREEG(73] [80] [81] [86]. F-AJE MEL BN H: 4% il
S bR (R HEAT S AR FR 73] [81]. REHEE VI E F T SRS M e, L 8 Ja e 3 S A 5 40
SR R P B IR BRI T A [86], L H MR 4l B P b R B SIE H[87]. EfFERME, LW
BEHEERAS 5 v] e 2 W51 R AR RN, AT B2 BRI 2Ry RO IIVPAG[8 1] 7 T IR H 43 il 28451 S 4
EVEEDNRAKR G D, TR 3R, SEe 7 v F0mt 78 H (1.

Table 1. A model of Pseudomonas aeruginosa infection by intratracheal instillation

= 1. SEREZNERREMERRER

oa] R il ik H
JNER,
1) 0 R 87 T
_~ soul s sk 1ot D WEIRIKTE RISIBET % RIS
o 1%TRCE CHﬁ?F%%Wﬁ 2) LA 2) KSR Tk R T3
B S ARSI 3) 4E gutnisk, W R
3) FAL AU AT
1) AR £ 51 6 B 1 PR
Rt SURTR(50 mgmD 1) MBI AGE LIEIIBET %, b5 Se80 S B bR 03 /7 1
?miﬁﬁﬁaﬁmm S0l 1~2 x 10°CFU  2) S i 2) KA P T AL B Tk
A SRR me 3) HE B (k. Sy Wi E R R
3) AL GURE 4T
K
1) KA R PIvD R 7
‘ 105 ey 1) VRS 50 mg/kg AV A R LUBAR BT K Gy
A S 2) KR MAMOE T 7
e el 3) HE Jefa. G
3) AL GURE 4T
138 IS 1 200 R 7 A 1
D Wk D AR AT
B I50ul F1x10°  RHE ik 2 B AG
E/C CHMMﬁ%%%HW;;ﬁﬂ%%ﬁg&@mgﬂﬁﬁ s TR 5 2 5 0 B
) it F0 B T 2K
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At %

AERREIELSTE T S, BRI BT R Bt ) A T AN R =8 1] S, RIKERGS
TP IR G T — M b, AN B DAAR = AR G E I (8810 Ib T ik Bk sy, SEB R E R A, TR BRI
FAEFE ] REIE B IBE T 78], F-AME SR NS T B Jr) 0 98 A S I8t T g s 0] SI2 6 285 SR B ARk [5 1]

2) EEE

B R BRI A S AL TG T, SRS BT N[ 74] [82] [83] [89] [90] [91] [92]
[93], FESLIFMZ H/NRER 2) SEEZS T MR G A O T, 018 M i 350 12 B TR A O
WL [83].

Table 2. A mouse model of Pseudomonas aeruginosa infection by intranasal application

2. BIENERREERRENRRE

B RRREA o ik H it
I 1) W52 42 ) 40 i 1) FAE/N R e

%ﬁ(gki»ﬂ% 20l 8 2x10°  2) KAHEHF R, 2) K A S0 4 4 0 P9 A

,;%jﬁ;ig/k CFUs 2B 3) 15 exvoU BE SN exoU HH  3) i exoU FEE A 4NE 851
(13 meke) BT P M bR . L

1) G AR RINEBO0. 6. 12h ot e g
RS 1. 20 3. 5. 7. 14, 21 filog D) PPAHAEEURAIES S5 4

T 1 1 S A
B e, SOWE2X10° R)YBFELR; P T DRI
e ECHMM%%%ﬁWZ)%I\&7\M\H$M8%Mﬁ2)ﬁm%%ﬁ@§%_

FU/IN BRI 7 85 R 2 A P M R 5

3) 4ES Y. 3) XT3 B AR HEAT 25 B0 K

FHEE T AUEHRE S, SRR ENERUDN, BRI SR, 7R B R ORI S R EET
ST TRBA I, BULSMEFEAME L E . HSZIO St n] BE & A T RIS R gk [94 Bl H Al LA A A G
82].

3) FZHRA

SPGB ARSI, IEANTREET, MV E ISR, X34
PG H 1I[84] [85] [95] [96]0 ZSALMRATT 30 V2 F T /0N SRSV RIS 14 i 30 S et 95 1 [84] [85] [97] (3¢
3).

—

Table 3. A mouse model of Pseudomonas aeruginosa infection by aerosol

= 3. BN EREFREMERR N RRE

B PRI I J5i: H
1) A MY 1) TS AR AT
2t = 18 ml fik#%Fh & 6.4 x 10° CFU 2) HE Hefhi ik, 2) il FB 2 25 B 2 T s
G MIE AR 7.9 x 10° CFU  3) $ORFEZIA Luminex 100 48 3) 04T TLRS o 4 455 2 e 15 i
Bro SR G B8 K G B IS T2
1) VPAl IL-10 75580 23 4R 0 i 1 Jek
D) M TL-10T ANREFTRFIT;  BeAH DG Je R I R (a8 e/ i
B % 5ml % 1x 10" CFU/ml 4% 2) HE §ethik, 2) MiiEt e S 3 A B
YL BIFW 3) MRS IR R TGS 3) TSR SR8 S i 1 i e 1

4) B G TEVR s
4) H IR T % «

FHRNERID AL T S TE T FARLIH, BRI T ARRA[82]. 2RT, %7 BT U Z ik
A AR A, RIER S, ARERSHh e e PP IE R B, th 5 KA BRI iR
BT LA AN G5 1] 6
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3. {AFRBERANRISG

A 2 M P T 2 W L B 20 S L ) e L A A N AR L B 4 D B 2 A A S A
PRIR] ) B8 B S BR BINAR F Ko D9 R FUAR 2B 5 M 1 R WP RO b B = B PR 2R, Sk mT il
YRR R s IR R AT DGR 7T, FLSeie 2 AR T AR b, Mo sh AR Y B A SRR (98] TR I A
e 55 LRI 9GS0 67 2 AR B TN 152 Bz 240 AL 1) RO F 8

3.1. RHREREERENR LR

K2 HUR S T N AL SRR R AR R AT I . VP2 A SO, WPIRTE bR g R A R 1 5
U 7 2% AP 4 J 4 P B, DT AT P 5 2 11 200 A S G T 5 B 1) 40 R B 25 5 32 B R SR L B N
R ANGH M F A H[99]. Katharine 55[ 10012y 1 R 78 A SR 5 M T gk N\ b s 4 gLl , i B GFP brid
(IR 2R HE M R (PAO 1) IR S N CF BSR40, 1F 70 R LA G AR B B B T N {2 CF B - B 41 i 3
BHATES], MEEAMIET 24 h WA AEA RN, H9OBM CFTR SEUZAN R X 308 B 1) &) it 4
Te ARMSAREE] 101 R 7838 8 F 4 2308 5 i 1 B ik PAO1-EGFP J& e/ BB B4 p,  J-#%kiE S CoB1,
RPL CoB1 MHIZ FA S RIS IR PAKT IFRIE, T PG Akt (BEERL/KF, BT Akt/mTOR
SEEE, 1EHE T mTOR B ULK1/2-Atg13-FIP200 2 &44, Josh B/ NMERITER, MiEeeE 118 Ext
P IS PRAE T . BRI N2 R AHRR)S, RIAE bR 40 M P % B4 B8 1) & S RE R, s R
SR AR B BRI, T TR R A ARV R A B R AR B T PR RN 25 PR AL, XTI R
Bl T8 M G (1) K J 98]

3.2. $H4R{R 4 B AR 40 BRI B9 R R

%% H(Tight junction, TI)ZZNME - 4R FEIZ R ARE A4, AR MY BT IRIE T
B B, AT B A SR A A P B H A A N AR PR R A [ 102] 0 R 2 A1 B R R G P R WL A AR
(), AHEE LT, IR b R 20 B 7 e A e o A B M T N ARE B A 7 S DR SR A (103 ] 41 AR 5 T 14 40
WA I BB R (T3SS) A2 Sl R IR AR G 247 Jy K1, Hoh Exo S J& T3SS Rbide e —, CHRKIA]
PLRRIR b R 25 i e I ik A0 I 55 40 B (1 E A7 104]. Exo S H:ELf5 N i RhoGTPase #4i% & 1 (RhoGAP)
SEMIIRN C iy ADP W WEIEFEFEBE(ADPr) 25 M XU RERE, Exo S 1) RhoGAP £5#43, A % Rho. Rac Al
Cdc42 1] GTP /Kfi#)y GDP, SEUAHMIE JLMREE, M FEAKTE 20 b i M ) AR o R BT PR B [ 105 ]
Exo S 18T 401 5 B % A B A (B P& BT BES A B T RE, (2 3k 2k i 0 M B2 3 F e B
[106]. B4k, Laurence &F[ 1074 50 A I, 43 i SR 2 M A4 2 AR S A A R BB A RCHb R 15 44k o B 2H AR
W b R BERE T RE, TS A R G R A 2R OC,  H AR AR RE R R A T B 03 il R Gk
R BRI AR IS5 B b R 40, HERR T T BUHLH R X R 32 (1 fid i DR 2% o o046 1R S5 [ 108 At 2 A< 11
KEVI(PMYRE NS b R A 22 40 2R B0 T A U4 s (1) 8 s e B R 5 i, 3 e 2R X ol v 452 52 6
RILPM AT E i A RO R 1) B A PR ] R SR R, (A AR B B N AR N SR R A
4. D45

A2 AP P R — PO SRS, R SR SR AT TS P IR R . L B IR SR I PUAE RT 251
HIE 5T A 20097 & BN 25 B A0 42, BT AR 7 B 2R B N 1 52 (Y P IR TE R A A5 JC IR M o
b, PR TR AR B T A EOR AL A FHRIBE IR T RE AR B R E B SRR AR S IR A I PR AT
TEL A ORBE— 3o AN A SRS R X T 40 B IR e 5| (0 WP IR AR S ML R AR B2 T . 2 A
7R B S AR S AR TR ) S AR R R T A 2B 1 R BOR L e SR AR HR ST
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