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Effect of human umbilical cord mesenchymal stem cells on the development of the drug resistance of
imipenem-resistant Pseudomonas aeruginosa Zheng Xuan'er', Yang Jie', Mu Xiaoping’, Lai Weiming’,
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[ Abstract] Objective To investigate the effect of human umbilical cord mesenchymal stem
cells (WUCMSC:s) in vitro on the development of the drug resistance of imipenem-resistant Pseudomonas
aeruginosa and on OprD2 gene. Methods This experiment included three groups: experiment group
(hUCMSC:s group), control group (cells control group, namely normal human lung fibroblast, NHLF group)
and blank control group. During the conductive process of Pseudomonas aeruginosa (PA) drug resistance
induced by sub-inhibitory concentrations of broth, the hUCMSCs group and the NHLF group were added
with the supernatants obtained from their joint cultivation with PA, respectively; while the blank control group
was administrated with cell culture medium. The numbers of generations required by induced drug resistance
in the three groups and the sizes of inhibition zones were observed. The sensitivity of PA to common
antibacterial agents and the expression quantity of OprD2 gene were determined by K-B method and real-time
PCR method. Results Through the induction of sub-inhibitory concentration of imipenem, the occurrence of
PA drug resistance in the hUCMSCs group was relatively later than that of the blank control group. Imipenem
drug resistance appeared in passage 17 of PA induced in the NHLF group and the blank control group,
while it occurred in passage 19 in the hUCMSCs group. The results of real-time PCR showed that after the
induction of drug resistance, the expression quantity of OprD2 in PA decreased or disappeared compared with
that before the induction. The expression quantity of OprD2 in PA in the hUCMSCs group was reduced to
10.96% of the induction, while there were no OprD2 expression in the NHLF and the blank control group,
OprD2 gene deletion occurred after the induction. Conclusions hUCMSCs could delay the formation of PA’s
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drug resistance. This mechanism is probably through reducing the inhibition of the expression of OprD2 by

secreting antimicrobial peptide LL-37 and human B-defensin 2 (HBD-2), and the decrease or deletion of the

expression of outer membrane protein OprD?2 is the cause for PA’s drug resistance to imipenem.

[Key words] Pseudomonas aeruginosa; Drug resistance; Human umbilical cord mesenchymal stem

cells (WUCMSCs); Antimicrobial peptides

Bl ol SRR (Pseudomonas aeruginosa,
PA) YL AE BT A2 L o R K00 2 S0 U AR e
PAXS Z Bl LT 25 W) 25, 25 I R VA I7 7 R Al K
SR, AR LR I s I T L P
2yl i R OprD2 4N A S W i 5 7 gk
APAEIE™ BEFURIL, PAXS i 55 5 I i
2y HLH 32 AL A IR 1 OprD2 4k i 2Kk KA S 7™
A 4 R B - PN T Il 4 7 T o A DR A i I TR
I, NJBFas A 78 B4 0 (human umbilical cord
mesenchymal stem cells, hUCMSCs) 1] il it 434
PR IKLL-37 FHBD-2 1 21400 11 i 0 )i 15 v 4 23t
8 S 2B A AR Y. g A RO T
T4 1 5 A R 25 5 A AT SRR TE . AW
TERIThUCMS Cs A 1] T V. i 55 e ] 2 A . i 1
(imipenem-resistant Pseudomonas aeruginosa,
IRPA) i 25 115 1 RS0 5% i S X A i 4 11 OprD2.3
TR SE MR, Dl it 24 e 97 v 4 BT S, o gk —
AWFFThUCMSCs i Ll g SO 4 1 iR 24 7 1 2 AR TE
LB Henl, IARIE W .

A RIFNTT %

—. MHE

I a7 PR T N I A S
ATCC27853, 3k LA MR AR O fe it

2. SEE A N R I S BT e B TR
A LIVEYAT R AR N T AEAn b 2T 4
4zl (normal human lung fibroblast, NHLF)
H TS Y BRI R BR A W], 5759 W Fh 41 i
BH5~ 1048 TADT.

3.0 SRR P AR e A T
OXOID vl o PG H: H By A B T4 M BR VD - 76l
ZIH B A+ . Cathelicidin/LL-37 ELISA KitRIHBD-
2 ELISA Kitl#) [ Tl 5 KHCB/A 7] . Bacterial RNA
kit T 32 [E Omega/s 7, RevertAid™ First Strand
cDNA Synthesis KitLA & Maxima® SYBR Green/ROX
qPCR Master MixJ¥J [ -J-37.F 46 Fermentas 3 7]

NS RES

SR AL hUCMSCsZL, %) B4k 41 i x f 211

CNIH R AT 4E4 L, normal human lung fibroblast ,

NHLF) FI7S (0 AL 76 R0 R 5 R 75 5 PA
i} 24 4% S A b, hUCMSCs2H RINHLF4 23 510
AN SPAILE G W 3G, 2% F B4 A\ 41 iy
R R, WS — A5 T 24 P e AR DA 3 P 1)
Ko FEF5 S 25717 )5 537 K HK-BiZ%: & Real-time
PCRIEM & PASKT 5 WA 1R 2440 I U A S OprD2 2
PRl ) 0k 1o

1. e a: R Y Bk (K-Bik)
SV R  BIoR R A . Shffuflme . DRy oG AR /A
M A L 56 B0 RN R O R P T BR 2 ) 3k A T ALK
PEDN €, I F A A 2 2 6 W0 i 8% 7 3R A T Be /N 10
P (minimum inhibitory concentration, MIC)
ME o FE PEl e MICH] € brift 2 20124 kit CLSI
M100-S22:#8 51,

2. R A% B AR R Ss~ 104811
hUCMSCs K& NHLF FHPBSYE 42~ 390 i H B (3
E Gbicon ] HAk, IIASEAEEFRILL L IF
B (1000 t/min, 5 min) , F 4008 IR 5L [RPMI
(E[EHycloneA ) + 5%H4- 135 (€ [EGbicoZy
") JEEGNA, AT 21 > 10%ml.

3. BIEWAREG: SR IR A K35 Cid
CHR 4 P B ATCC27853)  FIPBSH B 10,522 IK;
AT, FRRHPBSHE b i B2 T1 0 5 0007 B
JE &, MR R B EE 4 N3 < 10° CFU/ml. B
3 BRI PENLS AhUCMSCs S5 41 . NHLEX]
MR IR, BEr 5100 pl, hUCMSCs4 i
hUCMSCs B (A E 41 x 10%mD) 2 ml, NHLF
X FRALIMANHLFEE A 41 % 10%mD) 2 ml,
25 0 AN I B S 7792 ml. 3278 TR AT A i
HF37C. 5% COMMBFA I F . 6 hfEkdths
BFUWOHATE L (14000 /min. 10 min) o3& 540 i
53 JE AR B, —20 CHRA 7 H

4. Cathelicidin/LL-37 &2 HBD-2 7K - [{) I 3¢ :
K H Cathelicidin/LL-37 ELISA Kit 2 HBD-2 ELISA
Kitkr M L35 76 hfm b3 i Cathelicidin/LL-37 &
HBD-2[1J7K>F.

5. WA SR SRS RS, R
FH RPN R WA A0S Sk KW ER 12 ml
O v A, 35 Crb i A . 450 ul
LR 7 () o B P AE 25 1/4 MICE i 15 v 1) i



250 - TRABSZIFII R R Y 2475 (HL TiR) 20164E4 1 45105 4524 Chin J Exp Clin Infect Dis (Electronic Edition), April 2016, Vol.10, No.2

DR (5 mD HEEFRAEAR, RG24 hiL Rt
1K, ERIRAEARIEFE T, hUCMSCsSES 411
AhUCMSCs 5PAILEL F 53k LG #200 pl,
NHLF X} 41 ANHLF 5 PASLR: & 5 $EHU Eid
200 ul, 75 0 AT I N 41 55 725200 wl, H
2RO W i I 241 . AEAR AR R
AEAR LR B 4 T e b T B G i b, BEAT 1Rk
P %8 5 LB RVt AR b el T EAS S 5 RS 17
Y, RIS R FHK-BE I e W i35 e i muskebE, A
ARG 45 R W RPAXT I ks ma i 25 B 1115 5.

6. PCREIMIM&IT S5 A 5195 5P
Genbank A AT IAE 741, A T4 Primer 6,04
wil, N ER AR A R AR A . BRG]
VI W21,

7. real-time PCRA M : $% 8 Bacterial RNA kit
(K EOmega/A F]) HEHLAH R RNA J5 HEAT Bl A 4t
ReH K, IR U IRNAFE AT R 2055 .
RT MW ARZR (20 pl) : SRNAZH1 pg, Random
Hexamer Primer 1 ul, TCAHZREFIAG] 10 pl, 5x [
ZE M 4 ul, RiboLock™ RNase Inhibitor 1 pl, #%3%
B 1 pl, 10 mmol/L dNTP mix 2 pl. RT )W 544
25 °C. 5min, 42 'C. 60 min, 70 C. 5 min, real-
time PCRJ NVAAZR (20 ul) : 2 x Master mix 10 ul,
FWES I 0.3 pl, FUHESIH 0.3 pl, ¢cDNA 0.8 pl,
TCAZIR MR 8.6 plo [ NAS FHSEE, LAIANLH
TNz 7K AR e S A4 21 () B AR cDNA Ay B 568
W, B A E RIA AR 16S RNAH N Z:, B4
PCRZ N BN L. ITAPCRI VAR I 552
Wo RNAE: 95°C, 10min; 95°C. 15s, 60°C.
30s, 72°C. 155, 95 °C. 15s, 40MGER; WafEmh
260 CHUf.

R N LB

I HISPSS 1708 A4 X} 5 56 3k 15 1 T 11 K

;

(Cathelicidin/LL-37, HBD-2) 7K F-f¢J#H <%k 1
TR EE, SEICHIR K x + sRoRn, 241K
FHERI 5 2250 W, AL LR H g A 56 BA
P <0.05 875 Bfgeh s Lo

% R

—. ZPAJIIE S, hUCMSCs4 4 Wit i ik 7K
RETE SN

hUCMSCsS:8 41 . NHLF4I % 4l . =
F10 AL 5 PAIL R 56 hG s W b P koK S
(R0 5 5 e W22, hUCMSCsSE 41 i
Cathelicidin/LL-37. HBD-2 /7K 34 NHLE %} 1
WA A E, ZER RS EL (P <
0.05) . #RAIPARIG, hUCMSCs4 73 ih$it
i ik Cathelicidin/LL-37HMTHBD-2 (7K - & 2 T 51 o

Ty NS ) 7 5T 41 B 6 PATR 2457 1) 5 1

Z8 VRN TR IR L 1 JE 85 o 5 5 5, NHLF X R
ZH RN O IR AL 38 1155 5 I 28 1 7 H BRI e 55 v i
%,

SR AR RN B AR S R S R L 2
TR I AR AL

20T G, TR RN 254 X UK I PAFRHE
PR I Jie 155 e TR0 R e LA R B, IR 2
Yol o[RBT, NHLF A& 25 0 B TP PARK R 52 &
B ma I AS T 2, LA B Bl Y TR 2 b, T
hUCMSCsZH %} 56 2 455 7 11 BT el 31 [ B 015 3 i 4
AN, AHERPECLSLAIW AR HE, & F . 341
PARE S T 250 5 X BK R A2 L Skflafhme . DR
VU PR/ A P B2 HE R 2 1 B 1 0B A R i 5 v
Mo, PEILE3.

DU, i 2517 5 PA RN ASR B 45 31

HAEPA R MR S RNA G, N A6 it

Fz 1 ASHENS HRERTID)FE
FE Fr4) PR/ (bp)
16S RNA F: TAGGTGGTTCAGCAAGTTGGATGTGAAATC 174
R: TGTCAGTATCAGTCCAGGTGGTCGC
OprD2 F: ACCTAGCCTCCTATGGCGTTCCC 150
R: CGAGGTTGGTTTCGTGGTGCTT
F2 ZHIEEE RSP BRI (R£s, ng/mD
415 R Cathelicidin/LL-37 HBD-2
hUCMSCs5:5 21 5 5.90+0.51 1.77£0.25
NHLF} J# 20 5 3.98 +0.34° 0.72 +0.25°
T IR 5 3.09£0.20° 0.63£0.20°

i 5 NHLF X4 LA,

‘P <005, SAARHRALLE, P <0.05



A0 NI R A2 5 (HL T RR) 20164F4 H 451035 #5244 Chin J Exp Clin Infect Dis (Electronic Edition), April 2016, Vol.10, No.2 . 251 .

A R260 nmAI280 nmAb I IEEEAE , Arge/Aaso
H1.8~2.0, RNAWKE &, ZiE4f. 4 MFEMRNA
() B R R St T P ok B A B2 Tz, ] ILRINAKRRAIE 45
23S RNA. 16S RNARI5SS RNA 524, Wonfi
B S RNA TR 1] 4E

i+ OprD2JE A ZIA 7K A i 5 S

W17 S 2500 5 FIPABE KR, K Hreal-time PCR
D7 EER I OprD2 3L A I mRNA ik K, LLiF ST
(IPATE KR CRIRIATERR) I SE R KA b X 1,
TR R BRI 2k, SR ER, &4
753 J5 0 U fic % m I 24 (1) 1R P P OprD2 55 Rl mRIN A
MIRIB AP 2 BRI 2k, JeANHLFXS B 410
25 U0 AL OprD2JE R R A 5 B2k, hUCMSCs
YIMFE R IA B N R, 4R ILE3~5.

it

JrERER, HEAAZFm 2500, 25 DR BN 3k
PRI 56 22 FH 24 5 22 B Pk v AR e Ik i k0 %
B A ) LA 23 M P P o B e (O e v T SO i P, S
SR WLATER 244 LA AT DA RCHK i 25 1 g e A
LR 25 3L DR T 13 A 400 5 2 kg D R At 2 R IR
MEPRGERA) =1 I LR

AHFEE LR ThUCMS Cs 55 41 B i 24 1 () Al

A 2 AR A 1 A 1 v e M S A AT
&

: A: NHLEX HEZIN M AZ G rf e e B 4d = 12 mm; B: &F
[ HR 2L PASK WP 1% I 8 L %2d = 12 mm;  C: hUCMSCsZIPAXY
P P R P B A = 20 mm ({0 PT 2k U Sk R Pl AR K
D)
El1 =4IPAE AL AP ITIS o 0 R 15 ol (0 U L A

KM RIN, ARSMGE S 24 5556 i AhUCMSCs
SPASLR: G AT 10 1 W10 5256 21 I Y % B e
A 5 A1 P A PR 1) HE B A NHLLF ) JH8 4 R 2 1 %)
WAL AEIR o ELIS ARSI 2% 41 b v i 247 Pt v ik
(Cathelicidin/LL-37. HBD-2) /K45 SR B,
hUCMSCsSE5 411 Eis Ptk (Cathelicidin/
LL-37R1HBD-2) KM% 4L 2T+ 5. real-
time PCR&5 IR BTN, AW TIE, X RZRs R
245 BB FR D OprD22E ImRNA ) 232 7K i 25 BRI
ey Ak, HANHLF X IR ZH A2 6 2 i OprD2
FER KL B OB, hUCMSCsZH FE R K7k B N P&
RFHEFAM10.96%, FREER DN, DL g
$£7~, hUCMSCsH A ZEIR PATif 24 14 JE e I 1E H
LML AT f8 A2 i ik 43 4 HT 1 IKLL-37 F1THBD-2 A
1M F I HIOprD2 Kk w /b VE T, 1 #h i &5 (1
OprD2 512 T ik /b B 2K A 15 | A PASK MV fie 55 Fig i 25
() 3 2R A

Ii) 78 5+ 40 LA B A B S s A T 1 T,
MhUCMSCs & [|) 78 i 41 B i) —28, R T
MR A BRI N B2 R 2 IS ) R 40 A AR i i
Ty B TR, FREARRE T R e Tl i R
SRR R Dhfe s FRER T AR AU i ) 78 o141 Mg
M, BAREERE. DM, NEEezes
W ARBUR P SR S e I SR s, R R
JRE Ve SN TSt AU HT BT 45 R,
hUCMSCs A 8 izt 73 WAt B JIKLL-37 FTHBD-2 1fij i 1)
O RS SP e 15 Fo 4 2 A P B R AR A R, Tk 2

W MWEFIER R K IRIAPA. 25 AN 4L 35 PA .
NHLFX 4 755 )5 [ PAFThUCMSCs 4 175 5 5 IRPATR I RN A
E2 PAMRNAHLIKE

R 3 BTG PA MO H HLYUR 2P R KD (mm)

25 IPM AK CAZ TZP MEM ATM
75 5 0 SRR 1A R 25 26 25 30 26 27
7T JFhUCMSCs4l 13° 27 26 29 18 25
%5 JENHLEX] 21 12° 26 27 29 13° 26
Vi Ek=bapictil 12° 26 25 28 147 25

TE: IPM: TG, AK: FKRA, CAZ: Skitfbng, TZP: WREvPEAR / fbMEELIE, MEM: X, ATM: &, " £RAA%HEL

Wief 24



252 . TRABSZIFII R R Y 2475 (HL TiR) 20164E4 1 45105 4524 Chin J Exp Clin Infect Dis (Electronic Edition), April 2016, Vol.10, No.2

T A WSIERTHEIMZIE: B: WS RIER Lk &
B3 N ZILIN 2 i it £ 1

T A: OprD2AEH 1 LR B: OprD24k Bl b th 2k &
4 OprD2JE [ 4714 5 st it 2k 141

1.00

0.80

0.60

0.40

0.20

0.0 -
[Ptk *HICHSCSE AILFA

RO

F: U S0 R IAPARKOprD2IE K [ RIE BN 1, i S 2y
JG HIPAKE, HrPhUCMSCs#H OprD25E PR it 6 ik EENHLF X [ 20 J%
DAL, TINHLEX BEZ K 2% 116 B AL PA Y OprD2 3k R 3K
R0
[E5 PAR IR T i) 2511 J5 OprD2 AL K Rk /K1

PURIIKAAAE THILR B 10 L meh™ s Dk, A9
TH SR hUCMSCs 5 PAILES & BT it Bl A g s
YIHATSEE, TR AN BRI S 0T R AL, 4
FRIL, NHLFX] 2 e 2 (6 A5 S 22 55174
R A1 P T R IS P Jl 5 A R 24, TTIThUCMSCs
1155 5 2 5B 1A H BT S e 5% g IO TR 25 o 420

hUCMSCs H A 43R B PANS V% 15 r i 24P 7 i
WAVER, il IR 25 5 B v S g it 7 1), Ak —
SIS 25 5 F AL A — e I BER IR

HBE— T SLP I 25 L, ARWESE
ik R Hreal-time PCRYZAS M 5 i 2517 A i 24 = 3
HPAB L OprD2 LA R IA & . 45 WoR, '
i 24 J5 PARK H OprD2 4 ik s 45155 5 i HH Ik 2D sk o
%o H P hUCMSCs4H OprD2 ) ik & H B>,
TMNHLF & %5 116 B 41 (1 PARKAE 15 5 5 OprD2ff) £
IEHPLBR G . IXUESE T OprD2 i) 2 {E IR PATTH 24 7%
TR R, WEE— D3R ThUCMSCs 1] fig &
TH LI OprD2.J5E PRI 1 i 2 1 A 1400 1) 55 4iE 38 PA T
2y BLAIVE ] o TamberZEP* 2 0aifin, MAMK S
F1OprD26k 2k sl R B 9D I, AT 5[ PAXT WP % 15
FAMN 2. Ochs ™I iR W i 15 B (R PAFE A AT A
OprD24w s 3 [K R R, PASKT Wl 5 ma ik &2 1
B IXAE— e R E SRR TS R

AT S A b3 B KK AT A I
W, EARhUCMSCsALIMPT kKT W 7wy, |
NHLFXJ JE 41 78 o] k31 2 LL-37 MTHBD-2 15215,



PRSI R R YL 245 (8 ThR) 201654 /] 451045 452491 Chin J Exp Clin Infect Dis (Electronic Edition), April 2016, Vol.10, No.2 . 253

M e 2005 M 2 5206 25 IR 1R B, hUCMSCs41PA
i 245 4t A B4R o FL LR AT e A2 hUCMSCs
SN AR AR S, SERIAPUR A B ) B
NHLF#, HABFFALL-37RHBD-2 # F 5T #i
JRACTBEAT R, 1 A6 T Ath PRI e ik i am it 17
HEATRE I, W] BEhUCMSCs A 73 i JoAth &2 v %ok
PUAN TR G B0 TR sl 4 i R 7 1R e

WA LB RE A, SRPUR S EAL,
{F I )b T RARKT, & TR S R AN
PR AMJEPE G ) A B R Ao 1 AR ) LG P S50
S FECH A AT I E B, SR AT R 40
TR B K% B 1 TR 24 B TR 1 1) 400 2 L RO B 1)
K. PreEhk, JRTE ERifEIL, WLL-37RIHBD-
2, ERRBIZEARGHEEA RS, BRAZH
PO AP o TR YE T I 41 2 hUCMSCs,
AT iU IR RE )7, BT DLAE IR A S B
XM RS A T 25 PRI T R, 33X kg N ISR R 47 il ek
PP B EEAEH 0 T 1. T AT AU TR PARE
T T 295250, ERMMEARED, AR KiaA
AT — RS . AN, AW
Al PR AMRIG, TR Y R L AR A IR AT e A
%, SR ERIEH T RN RS T — DR
W AR AT KSR BN S5 R R CRE o

g LRI, AHEEFTIN A B A R 78 5 41
HA5 2B PATH 25 VE T A . SLHLHI AT fE 2 1@
o 7 W U KL L-3 7 FTHBD-2 M 117 i 240l OprD2
FIEWAIVER, AR 1 OprD2 3 IA H ik /b 5%
Sl SR 5 RS PAKT M 45 i i 24 1) 32 Lt PR

& £ X #
1 Morita Y, Tomida J, Kawamura Y. Responses of Pseudomonas
aeruginosa to antimicrobials[J]. Front Microbiol,2014,4(1):422.
2 Bas AY, Demirel N, Zenciroglu A, et al. Nosocomial blood stream

infections in a neonatal intensive care unit in Ankara, Turkey[J]. Turk
J Pediatr,2010,52(5):464-470.

3 Zavascki AP, Carvalhaes CG, Picdo RC, et al. Multidrug-resistant
Pseudomonas aeruginosa and Acinetobacter baumannii: resistance
mechanisms andimplications for therapy[J]. Expert Rev Anti Infect
Ther,2010,8(1):71-93.

4 Boyle DP, Zembower TR. Epidemiology and management of
emerging drug-resistant Gram-negative bacteria: extended-spectrum
B-lactamases and beyond[J]. Urol Clin North Am,2015,42(4):493-505.

5 Delcour AH. Outer membrane permeability and antibiotic
resistance[J]. Biochim Biophys Acta,2009,1794(5):808-816.

6 Knopp M, Andersson DI. Amelioration of the fitness costs of
antibiotic resistance due to reduced outer membrane permeability by
upregulation of alternative porins[J]. Mol Biol Evol,2015,32(12):3252-
3263.

7 Ochs MM, McCusker MP, Bains M, et al. Negative regulation
of the Pseudomonas aeruginosa outer membrane porin OprD2

13

14

15

17

18

20

21

22

23

24

25

selective for imipenem and basic amino acids[J]. Antimicrob agents
Chemother,1999,43(5):1085-1090.
Samanta S, Scorciapino MA, Ceccarelli M. Molecular basis
of substrate translocation through the outer membrane channel
OprD of Pseudomonas aeruginosa[J]. Phys Chem Chem
Phys,2015,17(37):23867-23876.
Arabestani MR, Rajabpour M, Yousefi Mashouf R, et al. Expression
of efflux pump MexAB-OprM and OprD of Pseudomonas
aeruginosa strains isolated from clinical samples using qRT-PCR[J].
Arch Iran Med,2015,18(2):102-108.
Richardot C, Plésiat P, Fournier D, et al. Carbapenem resistance
in cystic fibrosis strains of Pseudomonas aeruginosa as a result
of amino acid substitutions in porin OprD[J]. Int J Antimicrob
Agents,2015,45(5):529-532.
SRMGEIL. ACJBEA1 ) 7851 40 oW I 3% P 0 A0 e o 22 K
FEIVERD]. ) I ) N EE 2 B, 2013
Franklin R, Matthew A, Jeff Alder, et al. Clinical and
Laboratory Standards Institute.2010. Performance standards for
antimicrobial susceptibility testing:Twenty-Second informational
supplement[S]. [M100-S22]. Clinical and Laboratory Standards
Institute,2010,31(1):161-163.
Miller K, O’Neill AJ, Chopra 1. Response of Escherichia coli
hypermutators to selection pressure with antimicrobial agents from
different classes[J]. J Antimicrob Chemother,2002,49(6):925-934.
Parker CM, Kutsogiannis J, Muscedere J, et al. Canadian Critical Care
Trials Group. Ventilator-associated pneumonia caused by multidrug-
resistant organisms or Pseudomonas aeruginosa: prevalence,
incidence, risk factors, and outcomes[J]. J Crit Care,2008,23(1):18-
26.
Ghanshani R, Gupta R, Gupta BS, et al. Epidemiological
study of prevalence, determinants, and outcomes of infections
in medical ICU at a tertiary care hospital in India[J]. Lung
India,2015,32(5):441-48.
El Solh AA, Alhajhusain A. Update on the treatment of Pseudomonas
aeruginosa pneumonia[J]. J Antimicrob Chemother,2009,64(2):229 -238.
Marigo I, Dazzi F. The immunomodulatory properties of mesenchymal
stem cells[J]. Semin Immunopathol,2011,33(6):593-602.
Gebler A, Zabel O, Seliger B. The immunomodulatory capacity of
mesenchymal stem cells[J]. Trends Mol Med,2012,18(2):128-134.
Troyer DL, Weiss ML. Wharton’s jelly-derived cells are a primitive
stromal cell population[J]. Stem cells,2008, 26(3):591-599.
Frausin S, Viventi S, Verga Falzacappa L, et al. Wharton’s jelly
derived mesenchymal stromal cells: Biological properties, induction
of neuronal phenotype and current applications in neurodegeneration
research[J]. Acta Histochem,2015,117(4-5):329-338.
Baksh D, Yao R, Tuan RS. Comparison of proliferative and
multilineage differentiation potential of human mesenchymal
stem cells derived from umbilical cord and bone marrow[J]. Stem
Cells,2007,25(6):1384-1392.
Heo JS, Choi Y, Kim HS, et al. Comparison of molecular profiles
of human mesenchymal stem cells derived from bone marrow,
umbilical cord blood, placenta and adipose tissue[J]. Int J Mol
Med,2016,37(1):115-125.
Seshareddy K, Troyer D, Weiss ML. Method to isolate mesenchymal-
like cells from Wharton’s Jelly of umbilical cord[J]. Methods Cell
Bi01,2008,86:101-119.
Tamber S, Ochs MM, Hancock RE. Role of the novel OprD family
of porins in nutrient uptake in Pseudomonas aeruginosal[l]. J
Bacteriol,2006,188(1):45-54.
Li H, Luo YF, Williams BJ, et al. Structure and function of OprD
protein in Pseudomonas aeruginosa: from antibiotic resistance to
novel therapies[J]. Int J Med Microbiol,2012,302(2):63-68.

(ki e 2015-07-23)

(RS FhRE)

HHIL, A&, BDIE, F. OARE LR T bt R 4R SR I W 25 1 R 6 %R [J/CD). 4k 23 Felk

TR Fe g e 1 F12,2016,10(2):248-253.


http://www.ncbi.nlm.nih.gov/pubmed?term=Morita Y[Author]&cauthor=true&cauthor_uid=24409175
http://www.ncbi.nlm.nih.gov/pubmed?term=Tomida J[Author]&cauthor=true&cauthor_uid=24409175
http://www.ncbi.nlm.nih.gov/pubmed?term=Kawamura Y[Author]&cauthor=true&cauthor_uid=24409175
http://www.ncbi.nlm.nih.gov/pubmed?term=Zavascki AP[Author]&cauthor=true&cauthor_uid=20014903
http://www.ncbi.nlm.nih.gov/pubmed?term=Carvalhaes CG[Author]&cauthor=true&cauthor_uid=20014903
http://www.ncbi.nlm.nih.gov/pubmed?term=Pic?o RC[Author]&cauthor=true&cauthor_uid=20014903
http://www.ncbi.nlm.nih.gov/pubmed?term=Gales AC[Author]&cauthor=true&cauthor_uid=20014903
http://www.ncbi.nlm.nih.gov/pubmed/?term=a1��Muhidrug��+resistant+Pseudomonas+aeruginosa+and+Acinetobacter+baumannii��resistance+mechanisms+and+implications+for+therapy#
http://www.ncbi.nlm.nih.gov/pubmed/?term=a1��Muhidrug��+resistant+Pseudomonas+aeruginosa+and+Acinetobacter+baumannii��resistance+mechanisms+and+implications+for+therapy#
http://www.ncbi.nlm.nih.gov/pubmed/26475946
http://www.ncbi.nlm.nih.gov/pubmed/26475946
http://www.ncbi.nlm.nih.gov/pubmed/26475946
http://www.ncbi.nlm.nih.gov/pubmed/?term=Knopp M[Author]&cauthor=true&cauthor_uid=26358402
http://www.ncbi.nlm.nih.gov/pubmed/?term=Andersson DI[Author]&cauthor=true&cauthor_uid=26358402
http://www.ncbi.nlm.nih.gov/pubmed/26358402
http://www.ncbi.nlm.nih.gov/pubmed/26306922
http://www.ncbi.nlm.nih.gov/pubmed/26306922
http://www.ncbi.nlm.nih.gov/pubmed/26306922
http://www.ncbi.nlm.nih.gov/pubmed/25644798
http://www.ncbi.nlm.nih.gov/pubmed/25644798
http://www.ncbi.nlm.nih.gov/pubmed/25644798
http://www.ncbi.nlm.nih.gov/pubmed/25735764
http://www.ncbi.nlm.nih.gov/pubmed/25735764
http://www.ncbi.nlm.nih.gov/pubmed/25735764
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gebler A[Author]&cauthor=true&cauthor_uid=22118960
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zabel O[Author]&cauthor=true&cauthor_uid=22118960
http://www.ncbi.nlm.nih.gov/pubmed/?term=Seliger B[Author]&cauthor=true&cauthor_uid=22118960
http://xueshu.baidu.com/s?wd=paperuri:(a5ea0299830586d47a3631fcc709e7a2)&filter=sc_long_sign&tn=SE_xueshusource_2kduw22v&sc_vurl=http://www.sciencedirect.com/science/article/pii/S1471491411001924&ie=utf-8
http://xueshu.baidu.com/s?wd=paperuri:(a5ea0299830586d47a3631fcc709e7a2)&filter=sc_long_sign&tn=SE_xueshusource_2kduw22v&sc_vurl=http://www.sciencedirect.com/science/article/pii/S1471491411001924&ie=utf-8
http://www.ncbi.nlm.nih.gov/pubmed/26719857
http://www.ncbi.nlm.nih.gov/pubmed/26719857
http://www.ncbi.nlm.nih.gov/pubmed/26719857
http://www.ncbi.nlm.nih.gov/pubmed/?term=Li H[Author]&cauthor=true&cauthor_uid=22226846
http://www.ncbi.nlm.nih.gov/pubmed/?term=Luo YF[Author]&cauthor=true&cauthor_uid=22226846
http://www.ncbi.nlm.nih.gov/pubmed/?term=Williams BJ[Author]&cauthor=true&cauthor_uid=22226846
http://www.ncbi.nlm.nih.gov/pubmed/22226846



