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Abstract

BACKGROUND: The multiple organ dysfunction syndrome (MODS) onset and organ tissue injury are associated with cell
apoptosis and necrosis. However, bone marrow mesenchymal stem cells (BMSCs) as seed cells are effective in repair field.
OBJECTIVE: To observe BMSCs transplantation effects on apoptotic protease-activating factor 1 (Apaf-1) expression in involved
organs of rabbits with MODS.

METHODS: Two-hit animal model of MODS was established in the experimental group. Rabbit BMSCs were cultured, amplified
and identified in vitro, and then labeled with GFP by lentivirus. BMSCs were transplanted via the femoral artery. We also set model
control and normal groups. The survival of BMSCs in model of MODS was observed. Apaf-1 gene expression was detected in the
heart, liver and lung prior to and following transplantation using RT-PCR.

RESULTS AND CONCLUSION: Lentiviral transgenic GFP marker presence of BMSCs was visible in the rabbit liver and lung in
the experimental group. RT-PCR results showed that Apaf-1 mMRNA expression was determined in the heart, liver and lung tissues
of normal group, and significantly increased in the heart, spleen and kidney of model control group. Apaf-1 mRNA expression was
decreased in the rabbit heart, spleen and kidney of experimental group. These indicated that BMSCs have good biological activity.
Transplanted BMSCs could implant in the damaged organs of rabbits with MODS, downregulate Apaf-1 mMRNA expression, which
suggested that BMSCs transplantation can provide a new therapeutic method for MODS.

Ling B, Chen J, Wang TH, Pan XH, Sun J, Liu P. Apoptotic protease activating factor-1 expression in the heart, liver and lung of
rabbits with multiple organ dysfunction syndrome following bone marrow mesenchymal stem cells transplantation.Zhongguo Zuzhi
Gongcheng Yanijiu yu Linchuang Kangfu. 2010;14(36): 6724-6728. [http://www.crter.cn  http://en.zglckf.com]
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HELRARC GFP, Bk AE, IR r BRI B2l R E w A . 200 W 52 6 18] 78 0 T-40 I 4E 2 38 B IhREAN 45 & 1E
YIRS TRAE E  INAETS L, RT-PCR U B i 7] 78 5 T4 MU RS R iy S5 R T2 R 1 Apaf-1 760 iFS BT a8 R IA
GREER. IR, TSN 8% S 5L ERC GFP [0 B 78 R T4 AE /e . RT-PCR &5 iR iE 4141
o JF 57 Apaf-1 mRNA ik, FLEDEX LG . ' Apaf-1 mRNA & iA8 i 5 410 W, 7 Sci i fats .
B2 Apaf-1 mRNA Rk TR WA BER 2T 200 B A R =GP, ARG 0B B8 18 78 0T 40 M e % e fi A
LRI LE S MR Z RN, IF i Apaf-1 mRNA [FIIA, $ER B 5610 78 5 T4 R AT 2ok £ 4 B DRt
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(mesenchymal stem cells, MSC){F } Fh -1 4il iy
FEAE S A508 C IR A0 T R TR
1LIEF1(apoptotic protease activating factor-1,
Apaf-1) i de fr A T2 38 4% i) A E BRI
IR, P40 M T B AR . AR
56 R FH Al A 1 B i 1B) 78 50140 i dk AT faMODS
B AR YT, BRAS i A) 78 T4 A 52
SIS AR A o A AR, RIS A Bl Apaf-1

0 3l

i

Z & 5 YR A 4 455 i (multiple organ
dysfunction syndrome,MODS) % i ituik . i
IR, FETCR G, SHRIATT NS 5T A R e
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MODS A RA T ER AL, kR 22 (1 FIE B
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FAENTVNY N1 12 A RNE S e SR AR P ey = ¢ vl 1 B
T A0 RS R r] 2 SRR A T, A E 2
NEMEE TR, N REIR e T4y 1 - T-MODS i
I (R R REPE SR AL SR AR -

1 #MRENTIE

Wit: BYLA RS SEE

At i) Bt : 1-2007-10/2010-06 71 E& HH B 2 5t 58 il

ARk IEH ARSI 22 K 535, MEREAH),
1A 52.5~3.0 kg, BENLEC TR N34 IEH 450
(ANABATAT Ab B ) . B2 6 B 4115 3L (2R I AR v + Py
EJNIOM o N LV CNIIRER TR = § e CIb Wi |
W14V T7) o BT B850 b T8 25 1S 2 DX R I A = Bt
LR PR, SIS T E AR UE S SYXK(H)
2005-0008; S50 F2 Hon )i A 5 20064 FHE
CLT B LR BYINTR PRI e,

KF 518 EE:

AR AR kiR
DMEM/F12 3537 5L Fbr NG 4 il GIBCO, U.S.
T
IR . NEEREZ B L2880 SIGMA, U.S.
21 41 fi 24 i W ,CD34 . CD45. SIGMA, U.S.
CD73. CD105 Hifk, & it
e ORI A JiUkhz, DEPC
DNA marker TAKARA
Tri201. RT &, Taqg DNA % Invitrogen, U.S
Hii
DEPC treated Water. dNTP iR T A TRE AR
%A RA T
SYBR Green [ 4k} SIGMA, U.S.

SuperTM Jx 4 3% i
Apaf-1 £l GAPDH 7| #4

Invitrogen, U.S

LR TR TR HOAR

55 M w

ABI 7300 S f# ¢t PCR X ABI, U.S.
Wil PCR. A%FR R A A BIO-RAD, U.S.
AP LKA R BERHE A A
15 5 AH 22 kB NIKON, Japan
B BECKMAN, U.S
Y0 B k540, WO IR A WA, B.D, US

G AR
Rm6240BD £ i A #i {5 5 R A4 HAH A%

2%, HITACHI-7171A A3k
BT

RWHE:

BHEERTHMENES. SEREEEFID: LK
HASIUB VG 22 K H AR AT A, T4 N 1E
HECHEBE10 mL. Percoll 5 5 550 3k B EAN K% 41
Hi, BLAx10°L" 40 vk J ol 25 em Ykl FR 0
DMEM/F12+/4F173 %0 10%FBS+35 55 34t 37 C. 1k
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O H5%CO 51 P E R 9524 hig, 5K AR RE]
Mo DU A AE KA B0 — R 1K . 74 i & 22
90% LA LI, Wfh, fEAR. B4 o S 34 HT
I ) 1) 78 0T 40 M 4 i SR T T B R AT R 0
KRR A A T 2 Yo vdole 5 SR €0 0 6 B 11 10 1899 g 1
Tk IR A e % A i ) 78 5 40

RFTHEMODSH BRI S & i KHEARE
S KRR S, TR 585 Bk, 2 s ki
i, AR £5 2 8 ik 5 (MAP) 4k 45 7 35~40 mm Hg
(1 mm Hg=0.133 kPa), 1 h(iliitRm6240BD % i# /3
55 RAE AL R G WS R FR AR AR AL, S 8 A
KT, FHH560% FT 2K ML Fe P A% 2R ALt () ST AT v 11 i
FHIK hN R R, 1 SRR, REE, R E)
I BT ot 2 ) 45 L, S LE . R B R IR P S
W 210 pg/kg, 2 HHUP 5 MODS 112 Wik,
o WL BRI 7] Tl NN B E . I
BF&E AT bR, RSO BEALE S I .

BREEFERT AR, %L 25 3 B ) 78
TN, ZEIEREN AT, A% B I Sk 1x 1070l
(R92 ML MR . 4% HE3x108/kg 48 5 — I 3 k4
0 EE e B ) 78 T 40

IR A EERERESHER(FQ-RT-PCR)ME
EEREAADApa- 1 EEMFRIATH: BRNA HiH K
RT-PCR #4F J7 k4l A & vt Wl B8 . 3L [EABI
o FE BT Primer Express3.0, ¥ il-Apaf-1£1
GAPDHI) & ¢ J6PCR S 4, It Filg2E TAEYHR
45wl e, Apaf-1 LiE514: 57 AGG CTG TG
TGCG CTG CTC TG3’, Nifsl4: 5 AGT CAC
CCA GCC TCC GTG GG 3’, ¥ Bi166 bp, ¥
ERILIGAPDHIE M XTI, HiE514: 57 TCA T
GA CCA CGG TGC ACG CC 3’, FiEsI: 5
CCA CGA CCG ACA CGT TGG GG 37, ##1™4)
210 bp. #IEERPCRXMNAKFR25 uL: cDNARIHR
1 uL. SYBR GREEN | %5t481 uL, 10xPCR
buffer 2.5 yL , 25 mmol/L Mg2+ 2.0 pL, Invitrogen
Hot-start Tag ase 0.2 yL, 10 mmol/L dNTP 0.5 uL,
RS 1#5(10pumol/L)#%-0.5 uL, 258 7 /KAMNEF25 L,
TEANRE RSB AL SN AR & 48 A w7300
TYSEI & SEPCRAXAS FRHTWN R & MY: 95 C , 10 min,
495 'C, 15 s, 60 'C 20 s, 68 C 1 min JfUcsE
PWAET, HEHEAMIR. PCRE WG it171.5 %Iy
JE B St M LUK 2 AT ISR A4 At il e o P 0 Sk
ABI7300BH ML 1F 25 1 3l it 5 A FEAS (1) Apaf-13E
IR A1 % 5 [KIGAPDHICTAE (Cycle of Threshold),
T FE A% rh Apaf-1 R A o 2 a2 2 D 75 R A A X 2 1 5
AR, M EEA X ChFold Value)Apaf-1/GAPD
H)=2-AACT; AACt=Ct Apaf-1—Ct GAPDH, %X
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P 2 b B S5 159 31 2 GAPDHAR MEAL )5 1 Apaf-1 & [K] 1)
PRAGAE, AR AR I FE AR b Apaf-1 58 DA B8 3Rk
R

FEMRIERE: KHApaf-176.0 . . JHEZEN
IR,

Wity L. FEE: B ERE SRR A
5o MRV AR SRS, B R L S,
VEFRI A T3

FitE ST I SPSS 11.5% i B 4T 412
WEL, BRI Hxts®E N, P <0.05h 5 5H B#H
RN, P<O0THERAIEFEEER N, P>0.05
N ZE IR R S % S0 AN [ A () R R R
%7 75 BT (One-Way ANOVA)X} %8 B 3E1T 20 #7 o

2.1 APRERR LR Fa@ia AT RBWg K
IR B 1) 78 0T 40 PR P24 nRITA] L o0 U B 5 %
7736~48 hri, WiREMFAZNMIT UG 2 5~7 d, &#T
TE RO BU AN B SETR , Bavk 2 IR A%, 40 i S HE
H, BFERRS POR BERDIR ) R R, g Al
EVERARL G 12~14 d, 40BN 4EVK ) AE 1 il A5 ik
85%, 4l MAH LI Wb, AN R KA, K
ZAAN M MR K 2P HEYs & =R, B
A ML R £ A ) 7 o 4 i

2.2 RFBLE AR T tm ek @ 3R 5 M A GFPAR L
2 A A T 85 R EoR, PRI FR I 7T
il o AS 232 1M 2 i 22 T AR i i1 CD34. CD45, {H % ik
CD73. CD105. 18t )aki G548 h, WOLILRE
BB YRR, LK

i orhr. WK,

F A EHES TN RER G &SRR AL
Table 1 Comparison of normal values with each indexes after
endotoxin injection (xxs)
Alanine ami- Aspartate ami- Blood urea
Index notransferase notransferase nitrogen
(ukat/L) (ukat/L) (mmol/L)
Normal 1.14+0.30 0.76+0.46 3.51+£1.45
value
Endotoxin 2.04+1.04° 1.64£0.39° 8.69:4.86"
Creati -

Index kinasé?lslg]?U/L) Creatinine (umol/L) PaO, (kPa)
Normal 686.004571.24 69.88+12.60 12.58+0.51
value
Endotoxin 3 829.63+2 580.98" 181.63+103.17° 10.36+0.48°

P < 0.05,°P < 0.01, vs. normal value

24 . . MEREWEMN AT TeRSE LR
T P REA28 d, T AL 2GS B A RS AR
78 T4 A AE, LI 2~4.

a: Transplanted mesenchymal stem b : Transplanted mesenchymal stem
cells, without green fluorescence cells, with green fluorescence

Figure 2 Bone marrow mesenchymal stem cells in the myo-
cardial tissues under a fluorescence micro-
scope(x40)

Bl 2 9 A FULERL ) b T B A 1) o i ) 78 3
F4I1f1(x40)

Figure 1 Slow virus cultivation for 48 h after transfection,under
488 nm wavelength light excitation, the laser confocal
microscope of green fluorescent protein (GFP) la-
beled bone marrow mesenchymal stem cells (x40)

1 B ARG 48 h, 488 nm KGR FROEIL
RALLMBIMEE GFP Fric (K5 i 1) 78 5T 41 i (< 40)

2.3 MODSHAE #e9+%4 SN, HAZ4Pa0,
B BN B I50% A A7 s ARG DRl L
BF PR ZE RS A g 0 A 245 2o A7, i JULRR St 1) 1
g A0 BB 3 A5 LA b, IR T . 35 M sk A
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a: Transplanted mesenchymal stem
cells, without green fluorescence

b: Transplanted mesenchymal stem
cells, with green fluorescence

Figure 3 Bone marrow mesenchymal stem cells in the liver
tissues under a fluorescence microscope (x40)
3 ZOGRWE MW ALZY) T BRI B i R 7R
4113 (x40)

2.5 RT-PCR#&m«s. . MizztApaf-14 EmRNA#)
Fik s . LZPCRI“MIEAT1.5% B3 B et e
HLWK MY, B I GAPDHAE xR, B H 2
WRE TR, R ARATEWEA . WIS,
RT-PCRi&MApaf-1BERER: (EH28K, [FH O
110004
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JH - JiliZH 2 145 Apaf-1 mRNAKI Ik, B4 0 .
filiApaf-1 mRNAZIAEE IF 41 B34 (P < 0.01),

M} ¥4 97 41Apaf-1 mRNAME L& THIHLL(P < 0.01).

e, 7. %2,

a:Transplanted mesenchymal stem
cells, without green fluorescence

b: Transplanted mesenchymal stem
cells, with green fluorescence

Figure 4 Bone marrow mesenchymal stem cells in the lung
tissues under a fluorescence microscope(x20)
B 4 Ot R MWL D) A B AR KB S R 7 T
4l Jfa(x20)

a: Myocardial tissue

d: Internal reference gene GAPDH

b: Lung tissue

c: Liver tissue

Lane 1: production of Apaf-1 gene in the normal control group; Lane
2, Lane 3, Lane 4, Lane 5, Lane 6: production of Apaf-1 gene in
mesenchymal stem cells group; Lane 7: Marker; Lane 8, Lane 9,
Lane 10, Lane 11: production of Apaf-1 gene in the model group

Figure 5 Electrophoretogram of Apaf-1 mRNA amplification
products in heart, lung and liver
5 O JF. 4128 Apaf-1 ZEK mRNA 3738 =4 B ik

a: Heart b: Lung
c: Liver d: Internal reference gene GAPDH

Figure 7 Apaf-1 gene dissolution curve in the heart, lung and
liver
7 s Ml FELZR Apaf-1 3R i 221K

%2 Apaf-1 ZE R br b A

Table 2 Apaf-1 gene in standardized values (Xs)
Group n Heart Liver Lung
Normal 5 0.22+0.03 0.70+0.01 0.73+0.02
Model control 15 0.39+0.07° 0.82+0.04° 0.86+0.04°
Experimental 15 0.62+0.05% 0.97+0.04% 0.93+0.05%

P < 0.01, vs. normal group

HHG WAL CRAH AR HR R,
85 CZRAATARE, VLIRS .

3 it

a: Heart b: Lung

c: Liver d: Internal reference gene GAPDH

Figure 6 Apaf-1 gene amplification curve in the heart, liver
and lung
6 . M. JfiZZ Apaf-1 BEFI9 14 ih 2k K
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MODS & i i L WL fE FEAE, % T 2 U0 2
HEEMRELRE, HarwhEss S5 a8 5 423490 i1
HHEAT O, H AT R VA ST MODS 1 6 A R (1 2y
it o T A SR A BB ) 70 5T A0 A Sk P 4
PR PR E TR . ARSI RIS TR IR K
B 1) 70 0T 400 B 3 T 8 1) 70 o 4 PR T 25 2 R A
A 1) i [R) 70 5T 40 R 6% 2 A8 /E MODS # 1) %
T 2 40 21 B 18 7] 78 5T 40 M BE 9% T 1 Apaf-1
MRNAZEMODS0y . B LR 3RIE . SRR
B RIS E ) 7R T A M, T 8 B ik A B i A
W, B EEE TN, e T i Apaf-1 mRNATELD .
JO B ER R R R, A HE I MODSH LB VA7 7 ik
6 15 78 5T 40 i 5% - H Friedenstein 27V & 31 ok 5
TR RGR & I IR 2 1 — 2 B R 4L ah A e A
IR PE I 2 RET-40HD,  HAT B BT H A A A
TERR S8 ST R T 400 £ A 203 R il 12, BoAy
e 5t 110 B A0 45 ZH 2RV PRI, 6 T A ) 7 T i
AU, B AT O A E AR R T A N T
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HLTRE MRS R FEDyA 7 SR 4mek. AR 40 i 1
FIARHEEMODSIHYT H R B, D& M08 FHh
W Apaf-12: 12 PR TS, RIVETIESE. JE
Gl i B 6 21 A4 3 B0 MODS H ik £ 2 11
WEAER, Apaf-1/2&—FAf X 4> 7 e 130 00011 8
F B AR TR UL, S TR FLIE A,
FERCRE S AN A0 R RGBTl i Rk g
T, XS AU T TR TR A 8. 19974F, Zou
25 0412 M HeLa 41 Jfu ffa 25 Py 4l £k i 52 19 H Apaf-1 (1)
cDNA, JFiFsZApaf-1 ) CED-411 N KRR,
T NAEA — R VG 5 7 YL [ Y 35 DL Apaf-1 4 $iL ¥
M T AR HATHFIESE, Apaf-1iE 2k ki T-i%
e — AN BB P A A TR A R A ] ol
PHEM . WK WIMODS & e b Fit vp 45 2 41 g BB A7 3R
TEABAFAETIT . CLEAT 002 8 0 Apaf-1 T 7L A B,
Apaf-1 76 G4 . Ja H bl if ol 3 2 3 2506 1 S 801
MODS it 1) 5 [ U™ B Lo T 7 I A
T BT A BEFSYMODS I &k HLikl . kA 2
WG YT o ARIELL EFST, AT Apaf-17E0 . S
2% B RIA AR, S RPN AL . B Apaf-1
MRNAT R LA E 5 A 2380, s i Apaf-1
mRNATEMODSF).0r I B 412 13k, $é7nApaf-1
A REAEMODS IR 1 BAT — @ E T, 4 Apaf-17]
REAE M IRYTMODSI1)— /M0 i, B ) 78 0141
A B A MODSHRAIL B VAT 71
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REALREHES FE—-

HLZL: =84 8 AFFRe78) (2007C249M )
RE, RS AR R R T afafb s 5T % BE HEARLE
BTE ST R BA GG AR D

FYBEHZE: BRI BARFT ] REAK R ERFALFH
20 47 B 4 SRR B0 2 R A B B .

REFRIEF T 2T LAREHE LRI, TR LR T e
X3 B E AR LR EAEST B AR 49 AR TAE A A E 15
LA, EERELLIRE. ATERZEES EGRE, X
AN RE FHA L6637,

REIFIEHT “EHAET « RFRARE “ZRITET F
B, SRR S BEARTAZOIEINGITE, R
NEI RS BEH R LELAEAER; B30 LR @i
o E . B RAFCERER A, RIE TR ME
MLERLALRA) =T A5 18] AR T 4w 3 AR30 1 & A )3
R ARIEAIRAR AR IR A AL IR

RIS L BT B A 52 330 KR 4 A8y 18] AR T 4
FOHATH % B8 D) He A LR A AEAR R 69 A 406 77 , K B R AF
B AR TS BEDRTLGAIERR L RER T 4
& A A AR , LA AU T e A S IR SRS A0 E
AT, T REIR) FUR T i 57 b a3 % B IR 2544 tm it A
. Tif Apaf-1 ¢4 A SN, HRARFamm F5 %
B R LR AR 76 I7 AL IE ISR AR R F A, A f T
teast % BB R R A G AR W AT KA A L.
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