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[HWHZE) B8 ST E B8N 725 T4 (bone marrow mesenchymal stem cells, BMSC) % Z#8
DIRERERG L5 G 1E (MODS) K BRUAAE R IR M, Fik  (RSMESE 4 S SD KL BMSC 4%
FERLY), B DUAR BMSC FH T 505, Hie BEBENLE 727K SD KRB 3 41 (44120 H) : B
FAR (Sham) ZH. MODS ZHf1 BMSC 4., MODS 2H K BLZ K a# bk e 5t £ 8% (LPS, 1 mg/kg)
TlFES AR, Sham ZH i T S5 BEIR$h 22 Wik (PBS ), BMSC {5 2 h N4 Rk i
BMSC (1x10°/ 5, 0.5 mL), ARJF 72 h M =4I K RATEIERIFAHIERF L ; RABAK - 7
41 (HE) YL siiiie . UL, DTSN BAE R AR 5 I A B AAE AR A A B8 B Th g 5 R
FHER (S R BRI 34 P CRIE R F, it FRAHF, B Re fHA% (ELISA) 50
IEZFRENF. A TR IR 225001, WM LBCRH LSD- ks, A fFilhdk2: 5
) HBER AT Log-rank ks, DA P<0.05 MZERALZITFE X, %R  Sham 41, MODS 411 BMSC
AR AR BN 100% ., 60%. 80% ; AAFMIZE /R, Sham ZH #4473 W i KT MODS 41 &
BMSC 41 ( Sham vs. MODS »2=9.798, P=0.001 7 ; Sham vs. BMSC y2=4.333, P=0.037 4) ; BMSC
YA A7 R KT MODS 41 ( BMSC vs. MODS 2=2.408, P=0.120 7), {H2Z R 43127 L. HE
Pe@AIR R, MODS 41k, FPME. O REA ST, RAEAMEIRTE, BMSC LUK 5
SAEAMMIZNEIRES 5 MM B A AR FE AR 7R, &5 Sham ZH b4, MODS 41 pH. PaCO,. #.
% (Lac) (7K -0 G T 4 P<0.01 ), BIHEL 25 TB W] 75 [(0.801 + 0.501)U/L vs. (2.533 + 0.382)
U/L, P=0.003] &1 1 (ALB) B [AAK [(35.471 £ 4.015)U/L vs. (23.202 +4.872)U/L, P<0.01],
WU (CK ) B B TS [(315.670 + 41.402)U/L vs. (708.250 +219.201)U/L, P=0.042] ; BMSC 1
K AVETHRETE A MODS £ kst (1 P<0.05 ), AN T2 U AR, v - FHLE (IFN-v)
ML -1 (MCP-1) K225 4581, ELISA BHFZ5 5 5H—3 : 5 Sham 404,
MODS i TFN- vy 5 MCP-1 Fik¥ ] B T+ (44 P<0.01) ; 5 MODS 4 b4, BMSC 41 IFN-y 5
MCP-1 235 B BFEIE (P<0.01), %1€ BMSC Al i 48 i K1~ IFN-y I MCP-1 ()3 3% 5 18
2 MODS KB ARAER N, BCG#EIIRE, 42U, Iimifem MODS KERMAEE %,
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[ Abstract ] Objective To investigate the effects of bone marrow mesenchymal stem cells
(BMSC) on the expression of inflammatory factors in rats with multiple organ dysfunction syndrome
(MODS). Methods BMSC extracted from the 4-week-old Sprague-Dawley (SD) rats was cultivated
and identified in vitro, then the 4th passage of which was used in the experimental study. Sixty SD rats
were randomly(random number) divided into three groups (n=20 in each group): Sham group (SG),
MODS group (MG) and BMSC group (BG). Rats in the MG was injected by 1 mg/kg lipopolysaccaride
(LPS) via great saphenous vein, rats in the SG injected with the same volume sterile phosphate buffer
saline and rats in the BG infused by 1x10%cells BMSCs through the tail vein at 2 h after LPS injection.
The survival rate, tissue pathological changes of the lung, liver and heart by hematoxylin and eosin (HE)
staining, organ dysfunction measurement by blood gas analysis and biochemical indicators as well as the
related inflammatory factors by protein microarray and enzyme linked immunosorbent assay (ELISA),
were detected 72 h post operation. Multi-group quantitative data was analyzed by one way ANOVA,
paired-comparisons by LSD-7 test and the comparisons of survival curves in the three groups by Log-rank
test. The value of P<0.05 was considered statistically significant. Results The survival rate in SG, MG
and BG was 100%, 60% and 80%, respectively. The survival curves showed that the survival rate of SG
was higher than the MG and BG (SG vs. MG, x?=9.798, P=0.001 7; SG vs. BG, y>=4.333, P=0.037 4),
but there was no significant difference comparing the BG to the MG (y?=2.408, P=0.120 7). The tissue
congestion and edema, and inflammatory cells infiltration in the lung, liver, and heart of the MG were
observed by HE staining, while these changes reduced in the BG. Compared with the SG, the levels of
pH and PaCO, and lactic acid (Lac) increased significantly (all P<0.01), the level of total bilirubin (TB)
significantly increased [(0.801+£0.501)U/L vs. (2.533+0.382)U/L, P=0.003], while the albumin(ALB)
level decreased significantly[(35.471+4.015)U/L vs. (23.202+4.872)U/L, P<0.01], and creatine kinase
(CK) level increased significantly in MG [(315.670+41.402) vs. (708.250+219.201), P=0.042]. After
BMSC treatment, the organ function improved significantly (all P<0.05). Gamma interferon (IFN-y) and
monocyte chemotactic protein 1 (MCP-1) were the differential expression factors in protein chips. The
results of ELISA were similar to the protein chips: compared with the SG, IFN-y and MCP-1 expressions
in the MG increased significantly (P<0.01). Compared with MG, the expressions of I[FN-y and MCP-
1 decreased significantly in the BG (P<0.01). Conclusion BMSC administration could modulate the
inflammatory response of MODS rats by inhibiting the levels of IFN-y and MCP-1, and improve the organ
function and the survival rate.
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Wiz £k 22 vp i (PBS) 4 H 3% [ Hyclone 2
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Invitrogen 23 ) 3 10 % %F 2% i 2F M7 14 A 36
Hyclone 22 #] 5 WG4 F 3 1E B.D Calibur 2
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A ; anti-CD34 W H 32 [E Abcam 2~ &), anti-CD44 .
anti-CD45 .anti-CD90 314 5 35 [E Ebioscience /A H) ,
IKE SN H F[E Solarbio 2AF], MR T-Hrifies
ATH., AIEANER (IL-4) KRB
ZAK (RAGE) BRI S 2 W BiHAse: ( ELISA ) {5l
A0 B ¢ RayBiotech A H] .

1.2 Zh#4r4A5 MODS A #I &

Sprague-Dawley ( SD) KR 60 H ( MEHEARFR,
5T 180~220 g ), FH AR ZE X L W S B B 1 2
Syt Y EKIES - SYXK(E ),
2014-2015, 1) 5% 45 1F . = i 20~25 C, 1 B
50%~70%, YL/ BG4 12 h I, AmHEEIR
Ko F REBEHLE 3R B o 1l 3 21, R 2 20 H,
MODS 41 % K Fa i bk i 4 LPS (1 mg/kg ) ; Sham
H AR FEIKES PBS (FlE 5 MODS 4R ) ;
BMSC #H7E LPS {1415 2 h W& R # ki BMSC
(10% H, 0.5 mL ), ARFLEK P E HIEFERMN
BERNR BN S I T A 22 By S AR DGR . B
BNy S 5 R A 2 R B S B 5 Bl A S v
eI
1.3 BMSC HJiREX. HEFREE

4 447 SD K, BIFibAE, 75% 2R
5 min, fEHERRE . RE, BTN
DEME 1385, ] 5 mL i SHas B 10% 55
a4 1T B DMEM 55 35 MR . e 9
Ui [ B2 U BE R, RIS AN 4 mL, B0 S
min J5 R T175 4135 35 #b 72 DEME K5 5%
5, BT 37 C.5% CO, MR FFa b T AR R 3%,
48 h JEEIRIRE, RBRARMGEELNNL, Y4 B A4 Al
A8 80%~90% J& FH IR FI M AL AR 75 . &
JEARZE AT, IRAME R ) BMSC 4 it 2% 11 S s an
CD34", CD45, CD90", CD44", & FIAH N Hifk
JEDOLY A, AN 4 BMSC, U PUAR
BMSC H T35, 1€ LPS {415 2 h W& Rk
ByES (107 H, 0.5mL ),

1.4 YBRKREFR. K. EHEREFARE -
RLL BRI

WAL 72 h AR, Sdl A
RJG 72 h RH 4% KE B (400 mg/kg, 18 EHS)
SRS, WOV 3= 8h Bk i 64T i =53 B A AR Ak
(JFohfe, OB ) 5 SR BRIBUMME, FFRE. SR
HAUH 4% 2R E A aE bR (&
4 wm), HAKE -4 (HE) Jefa)5, SBETM

LA LU BR2E AR A
1.5 HWREEFEREHREN

KA 285 BR KR 5 72 h 4% 2 1l
T HA OC 34 R RIE R ARG A, AR5 € [ Ray-
Biotech 23 7] AAR-CYT-G2 45 .85 il 7 & it it i
B, ¥ 34 Fh EARE FHEA TR b5 SRABERE
RGERMFIAFS, IR ETREREA, AR
BHPE XS BRAE bR
1.6 ELISA ZHfaEFHIEHK

K ELISA R BGUEA B 22 S i 40 i IR 7 .
F G A THAE (0 R A5 s Rk B A E b
e AR AR 2T s B 4 f Rl - i Rk K.
JUTA R RIS R A £ 2 K
1.7 HFFHE

K HI SPSS 17.0 Geit2# B s 47 43 Fr A
AbFH, 4 ORER R R 2550 i, 4]
P LL 3R FH LSD-t 5 86, A=A B4R 22 0 He g
K H Log-rank K5, %4l %L + trizE (xts)
For, LA P<0.05 AERAGIEE L. R Ray
Bio AAR-CYT-G2 JX {443 B 4 e X 505 v i i dls
HER G R, ARYET KUl 45 & 5256
B, G E >2 3 <05 I A B2ZER.

2 #R

2.1 BMSC MiExHRERE

Ui g A S Bk, A HE 91.85% )& T
— A0 AR R 1A, H 3R T B R R
CD90" (95.5 % ), CD44" (85.44% ) ( & 1 B~C),
CD90'CD34 1Y 41 ML #F 4 86.31% ( &l 1D),
CD44°CD45™ [N IRE Y 78.23% (B 1E), 453
NIEFE AR BMSC,
22 HYETFHMEILER (£5FER)

Sham £, MODS £ A & BMSC #1 Kk Bl A
J& 72 h AR 510 100%., 60% ., 80%. —4H
HAE R IEAT log-rank 4G 56 2 78 (] 2) : Sham 4
() 4 77 2 B 1B K T MODS 28 }2 BMSC 4 ( Sham
vs. MODS #2=9.798, P=0.001 7 ; Sham vs. BMSC
2=4.333, P=0.0374), Z5A%i¥E XL ; BMSC
H ) A #E R K T MODS 4 ( BMSC vs. MODS
212=2.408, P=0.1207), {HZERIEI#E L.
2.3 HALRREFTWL

HE 25 8 78, 5 Sham 41 L%, MODS
IS Z AT BN . P . SO EZH 2R 4 7e it /K
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Jif, AHMEIBEIE T, RAEMIEE ; BMSC 413216
A E AU AR EE Y FE K B, S8 RE 4R AR
{HEE MODS 42 21K Jih e 5 i 40 M= A r il
UL 3,

A ZESTHRYL 5 B« BABRPIIA CDY0™ 5 C : BAbRdifk CD447; D :
BARFLAR CD90'CD34 5 E : XUbR#ifk CD44'CD45 5 F « (a5
X (GFP) #riCHI BMSC ; FITC N RBiEHRRDEGE, PE NBELL
=]

B 1 BMSC #ignii e
Fig 1 Identification of BMSC by flow cytometry

B2 “HRBAEARLE (log-rank kil )

Fig2 Survival analysis of rats in the three groups (log-rank test)
2.4 FEEIhEERT
sk i < AT g R Bos, 5 Sham 41 L E,
MODS 4+ pH A i ER&AK (F=14.101, P<0.01),
B ik — | AL B% 4> JE PaCO, (F=1.821, P=0.009 ).
I LR Lac ( F=85.333, P<0.01) @& Jh &, i
KA R PO, A 81k, H2ER TG i X
(P=0.065); 5 MODS 41 It %, BMSC 41 pH &
I+ & (F=14.101, P=0.001), PaCO,. Lac it &
M ik (F=1.821, P=0.032 ; F=85.333, P<0.01),
Ifii PaO, 1) 2= 55 L4 it2# & X (P=0.124 ), BMSC
2 5 Sham 4 . #¢, pH, PO,, PaCO,, Lac 2 &
¥ G it 2F 2 L (P=0.098, P=0.657. P=0.589,
P=0.053), WFE 1,

B3 JRHIAI4UHE Jeh, (x 400)
Fig 3 Hematoxylin and eosin staining of tissue (original magnification
x 400)

AEALFEFREE R B R, 5 Sham 414, MODS
Hrh BB R TB. WL % M CK W] B H &
( F=19.000, P=0.003 ; F=12.582, P=0.002); [
1 ALB /K F B i B AR (F=8.697, P=0.006) ;
BMSC 41 TB J& CK 7K & Z FE A ( F=19.000,
P=0.002 ; F=12.582, P=0.007), H&EMKFHE
Tt 7 (F=8.697, P=0.039 ). BMSC 4 5 Sham £
[LE, TB,ALB, CK 2 R ¥ gt it5 5 L( P=0.679
P=0.187. P=0.075); =4 4B HLBENESEH 1KY
K2R TG E L (F=1.851, P=0.199), W
%2,

R1 Zs¥AR)E 72 h Bk <o Hras 5
Table 1 Results of arterial blood gas analysis 72 h after
surgery in the three groups

215 pH Pa0, (mmHg) PaCO, (mmHg) Lac (mmollL)
Sham#0  7.337+0062 9175211352 46.665+3.783 13510241
MODS#H 72190064 6467128911  65.667+17.612° 6.172 £0.632"
BMSCZH 7299+0054° 863336431  50333+13312° 2432+0353"

1 : 5 Sham ZH FL#8, “P<0.05 ; 5 MODS 4 H#, *P<0.05 ;
PaO,, ZKIMESIE 5 PaCO, kIl “SMBRIE ; Lac, FLAZ

F2 =R 72 h LSRR RIZ
Table 2 Biochemical indices 72 h after surgery in the three
groups

4%  TB(UL) ALB(UL) cTnl (ng/mL) CK (UL)
Sham#1  0.801+0.501 354714015 0026+0.134 315670 +41.402
MODS#] 2.533+0382" 23202+4872° 0.14+0.129 708250 +219201*
BMSC 4l 0934+0211" 31.031+£0401" 0.106+0.047 471502 + 153363

1 : 5 Sham ZHIE#, *P<0.05 ; 5 MODS 41 [t#¢, °P<0.05 ; TB,
MAHLTE 5 ALB, HIEEH 5 cTnl, WUSEH T ; CK, WIERKG
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MM EBHEFER ST LIS, &H
R (E4) Kathgdi R (£3) ¥R, 5 Sham
ZH %8, MODS 41 IFN- vy Fil MCP-1 )35 7K T+
B (55 E 9 M 5763, 3.474), BMSC B4
1RITJ5 ,IFN- v Fll MCP-1 B92iA7K- 0 B RAK (15
S A 0.104, 0.185 ); 4% B FHEAR B B ULIE 5.
2.6 MEERMEEFHEN

FEEIR A e W fF 5256 ( ELISA ) X4 S H R
)22 55 8 AT AR B0 E, HAG 25 SR 5N E A
R SR —3 (£ 4) . 5 Sham 4] b #, MODS 4
IFN-y Fll MCP-1 {35 /K F- 2 3% L (F=61.511,
P<0.01 ; F=193.295, P<0.01); 5 MODS 4 . #,
BMSC 4H IFN-~y I MCP-1 1) € ik K F . & F
(F=61.511, P=0.001 ; F=193.295, P<0.01); BMSC
205 Sham A LA, 25 TLgit¥ = X (P=0.051,
P=0.834 ),

3 it

AL i F LPS i U1 il /E T MODS K AR
A, 4RI IFN- v 5 MCP-1 #5350 & |
W, ZASE (M. F. ) BHRALUE SR
SRR B IRER T, S AEiE SR A, i

257 BMSC BAH T 15, ML " 4n e A+ IFN- +y
5 MCP-1 LW T, ZWALUEE R8T
REC S, ShWFENG dem. L a5 R & Y] BMSC
REfEAE I MODS KR8 BIE&E K Iifesss, vhe
L3 MODS B 4 5 i BH F B 5%, Rl
IFN-vy 5 MCP-1 YA,

BMSC 1E A 41 41 T K Az B 2 v i R 1
Yiftl, BEATZRAEYEER, TR SGE, SE
B TIRE, VAT KA SRASYE g ) g, e ik
Bm A LURNIMAS FAE, Rz e s E A U,
HEARPLRIA T . AL T BMSC #8#% LPS
JIT 2 MODS R 4iE J b 1) ¥ 7E AL, Heas R &
BMSC nJ il 5 40 7 IFN- vy 5 MCP-1 5%
IR SR, TR HUAR RS AE R 54098 BN 1)~ F-1r
R Z A E AL IR

LIHERRAT 25 R+ (A LR 43 52 IFN-y 5 MCP-
1, BAFFEEMIR ) JOCHBEBRFRE L

4 AP s T IR IR I
Fig 4 Expressions of cytokines in the chips

®3  HRHETE=HMES AL (Fold Changes )
Table 3 Fold changes of the target factors in the three group

HisH T Sham 21 MODS 4 BMSC 41 MODS 4 /Sham 41~ BMSC 41 /MODS 41 BMSC 4 /Sham 41
IFN- y 3271 18851 1955 5.763 0.104 0.598
MCP-1 8749 30395 5628 3474 0.185 0.643

T MM TES{E >400, (55 UE >2 80 <0.5, FmizH T RN 1. IFN-y, THUE -y ; MCP-1, B4R T -1

POS, FAMEXTHR;NEG, BHPEXTHR; CINC, ki 4iiEka kA +-; Fractalkine, —FP#a{b A+ ; CNTF, BERPHZEFH T ; GM-CSF, RiZih -
E AR RN 7 s ICAM-1, AU ZEME 5> -1 s IFN-~y , &K - ;IL, AME; LIX, —FsLEF ; MCP, SIS T ;
MIP, EWE40H4 M R ; MMP-8, X4 JRE N -8 ; PDGF-AA, IM/MrIEAKETF -AA ; PRLR, F.Z521k ; RAGE, MuluiBE{t
L5525 ThymusChemokinel, JfR#a L F ; TIMP-1, &JRFEHMALUNHIF 1; TNF-o, WESHIEH T - . BMUABEHESR 2 K,
FEH: -5 B R Tt e Bl = TR (5 578 Ak

5 AAR-CYT-G2 Kyl 34 A4 F1et A L a9 HER
Fig5 Maps of 34 cytokines detected by AAR-CYT-G2
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&R 4 ELISA faill HARH T94fk
Table 4 The test results of target factors by ELISA

A3 IFN-vy (pg/mL) MCP-1 (pg/mL )

Sham 41 7 540.523 = 1 052.901 104.601 + 6.523
MODSZ] 21 383.053 + 1 823.453" 1384.217 + 160.075"
BMSC#H 13 563.526 + 1 617.063" 87.997 + 8.985"

¥ . 5 Sham 4 b %, “P<0.01 ; 5 MODS 4 [t &, "P<0.01 ;
IFN-v, TH#E -v ; MCP-1, HZANMELEF -1

FERREE MAE Y, ARME R 7 1 BE 40 A5 & R AT
WE N, FEMODS k4K, IFN-vy &
BRI RAEANMR T, Al PR LA ) e JAE R
[ h 220 F A G fE R 7, T B
AT LPS S AR, IR0k A 2R A 40 it
¥ (3 TNF-« , IL-1, 1L-6) Byt EREIA, MM
JNERIERBEMN LA, FEAHL A . TFN-v
55 oAt AT A AR, — 5 T AT s AL A R
KIGAEIRRE T, SR IFN-y A3 B 430 X 2%
SRR R SHU9e RN 1A, F80sm i it
— R, RAFHMODS AL KRR, AT
BMSC [13A)7 7] B M| IFN-y A ek, M
IR A RIR N, (e . EAFSIEN
BMSC A LAy 55 W 4 A 4 i A f 4 e R 7 1 ok
55 1 B IR 40X TNF- o B M, e
FESN o IR IFSR BT, YR EEAE L 5 3
U5 ), IFN-y . TNF-o . IL-8 B Wi &AL, #7
IFN-y [ REAR AT Sh Se eI6 7 A T I e A A 4
i 12,

£ MODS & i, BRiERFTZS 555,
AR PR T A e 40 T f A o A RS
FI CAEAE . MCP-1 J2 f 1 22 1) B A 41 i i Ak 1A
¥+, 25 TREEEHASH O RE, HATRE A/
E W20 A B AR, I I A5 P R e L T2
SR . Bozza 45 W ST K BN P E S
I EUIRE AL B AR OG, PR PRI T AR
T MCP-1 PR B LA ™ 5 e d0E £8 3 v B i T
f, HSPRTUE 21, HE kK n/E R
T e RERE R R AL R AR bR 2 — . AR R,
MCP-1 A& fh B A 4t A 310 35 03 0 B B e F Aoz,
i HL AT {3 46 B IL-10 195 5, MCP-1 A g2
JHeREAE R AR 2 B B ) SR 4 il i B J A 1 — S O
B M MCP-1 A3 24 S W 4 i I 1o By B A —
AR EARC 1

A2 5 FIHTE 46 PR A AR L S-Sk ML AR P 3 58 17
Rl HA 2R L. MaEERE 2 TR A
TR TR AR R FUE ANME, S BB RAEAN R

B, TTRES Se N R B 25 LA O 1 R,
WD AR IE AN BRI, A 19 S R 8 R -1
ARG T MR AE T3 MODS W 5. A9t ia
F LPS #57 K B MODS ##, & T /™ 5 1Y &AE
JINE, A B | A A RO i 2 25 1 A ek B
K RAEAN BRI, IR SR, <4y
B S A AR A A A2 401 2 B D e R, s
MIAFIE AR IR . X P RE 5 IR B R B0 R AE A
J . AMACFIEE I 2R Ge i) B, PN R R B A
BRESRIMEIR, RAE s R G TLE YIARSE 1Y,
S S LGN N Y=

g LR, ARG T BMSC %) LPS i &
) MODS K ERH 480 K 1 R M IRAEAEH, 45
i 75 BMSC A #1 i TFN-y Fi1 MCP-1 f4) % 35 3K 4
2 MODS K B RAE RN, M 454 2 211
B2, UEEIREYIRE, A RRNAE R, RIF%
S5 54 B T ORI R T MeBEAE 2 MODS BYIR T $ it
BRI M S AR

2 £ X W
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AE . MeREMEIR ST AN 2 88 B I BB AR 25 A 1E ( multiple organ
dysfunction syndrome, MODS ), Jf&FE( 4t FE L 8 H 5
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W A2 e 2 1A B T 2 — o R T A R
AR AL, W TE 4R (reactive oxygen species, ROS)
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1 « (peroxisome proliferator activated receptor gamma co-
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¥ (nuclear related factor 2, Nrf2) I[N ) Fik, I:[H
PR R A YA R Y B RN, AMEMEL S IR ATk
£l ( sodium hydrosulfide, NaHS ) &4 PN fii fk & (hydrogen
sulfide, H,S) FOAEIR, ] M opi kA= Hyohfie 7. AHEiE
14391 NaHS XHHFEAE /N RO ULAIHE PGC-1 o I Nrf2 ik
IKF-HYSENE , R NaHS AP ZORAA DI RER 43 T L],
IRBEIE IR T AR (LRI SER
1 #RERE
1.1 HRITH

C57BL/6 /MR 60 H, W F A s iR B AR MR HE A A7
B2\ 7] [SCKK ( 5T ) 2014-0004], SPF 2%, 6~8 &%, AR
H20~30 g, WA MIES : 11401300037498, SZ 56 B AEHT
TEIRE 2 20~22°C . {BELY 40% ., JCHRIRR IR 1Y FREE
(SPF 2% ) iR PEMmIFR 14, fagead /N A koK. #
2, DbrfERpE e, MH 12 h 8/ k. b
FRESN 6, FHAL10 X TR, MeaEA . M
JE +25 pmol/L NaHS 4. FRFFAE +50 pmol/L NaHS 4. Ji
BPAE +100 pmol/L NaHS 41 . EHEAE +200 . mol/L NaHS 41,



