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Paracrine action of bone marrow mesenchymal stem cells and cell apoptosis following cerebral
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Abstract

BACKGROUND: One of mechanisms involved in treating cerebral ischemia with bone marrow mesenchymal stem cells
(BMMSCs) implantation is paracrine action. However, few studies have reported this mechanism.

OBJECTIVE: To observe the inhibitory effect of BMMSCs paracrine action on apoptosis and its mechanism after cerebral ischemia.
METHODS: BMMSCs were isolated from rats with adherent culture. Rat cerebral ischemia model was established by the middle
cerebral artery occlusion. A total of 24 rats were divided into 4 groups, with 6 animals in each group. Cell implantation medication
group: rats were received U0126 medication after BMMSCs implantation; Non-implantation medication group: rats were received
U0126 medication after PBS injection; Cell implantation control group: received solvent medication after BMMSCs implantation;
Non-implantation control group: received solvent medication after PBS injection. At 7 days after operation, the expressions of
vascular endothelial cell growth factor (VEGF) and p-ERK1/2 protein were measured by Western blot analysis, and the apoptosis
cells in the area of ischemic penumbra and cortex were examined by TUNEL.

RESULTS AND CONCLUSION: The VEGF protein content in the brain tissue was significantly greater in the cell implantation
groups than that of the non-implantation group, with increased p-ERK1/2 and decreased apoptosis cells. The expression of
p-ERK1/2 was down-regulated in rats which were administrated U0126 while the number of the apoptosis cells was increased,
but the VEGF protein expression had no statistical difference. It suggested that BMMSCs can paracrine VEGF in the striatum of
brain and play an inhibitory effect on apoptosis in the ischemia area via activating ERK1/2.
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Figure 1  Cell colony of bone marrow mesenchymal stem
cells after cultured for the 3™ passage (Inverted
phase contrast microscope, x200)

Bl1 Bl MSCs 3577 55 3 AXE 1 K 200 0 S 7 (f39) B AH 22
485, x200)

2.2 Western blot® M A VEGF, ERK12EHM X
X VEGF. P-ERK1/2. B-actinffj A%} 4> 75 &4 5
7923 000, 44 000/42 000. 42 000. & HEEMSCsH
M, MpRcRAVEGFE M KLY, Sk
FAE T HRZHAR L, ZRAAEE B2 E (P < 0.01).
0 200 P A% A 4 245 4E R0 A 6 il 5 RELZH DA R JE RS R 4R 24
HAMAEB Y BAAEVEGFEANEL EEZR LT
FEE L (P4=0.55, P,=0.06). 2 /#0820 i e
LERK1/2% 5 B TR X 4 (P < 0.01). &
UO1264b# Ji5, TG iR /2 2 Mo # 1l 41 i 2 | 2 1 2H B iR
T ERKA/2f1 32 15 #8484 24 U0126 4 BE 41 (41 it 7% A 5
FRAH . RS hE X IR 2H 4 ) 32 21 BF 4] (P#41< 0.01), WL
#1, K2, K3,

2.3 TUNELZ &R NEIEXEE K& ERXAATE
W FEBR AR IX & B F 57 o X 38 AT I TUNEL FH 4 48
e, 411 A A %o R ZH TUNELBH 1 40 B (220 T AR R 4l

XHELL(P < 0.05), TMi{E4UALES K4S 25 A TUNEL FH 141
ot IR 2, 2R A REER (P <

0.05), W2, K4.
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# 1 Western blot #il %40 VEGF. ERK1/2 Z& (11314
Table 1 Expression of VEGF and ERK1/2 in each group

detected by western blot (Xts, n=6, A)

Group ERK1/2/B-actin VEGF/B-actin
Cell implantation control 15.36+0.75 3.18+0.07
Cell implantation medication 0.62+0.03% 3.00+0.11
Non-implantation control 2.99+0.11% 2.50+0.14%
Non-implantation medication 0.83+0.61° 2.11+0.20

VEGF: vascular endothelial cell growth factor; °P < 0.01, vs. cell implan-
tation control group; °P < 0.01, vs. non-implantation control group

A1 A2 B1 B2
i
=
‘ ‘ S S G-actin

A1: cell implantation control group; A2: cell implantation medication
group; B1: non-implantation control group; B2: non-implantation
medication group

Figure 2 p-ERK1/2 expression in each group detected by
western blot
2 Western bolt £l %41 p-ERK1/2 & 13 1A

A1l A2 B1 B2
- .
= PR
B-actin
— . S

A1: cell implantation control group; A2: cell implantation medication
group; B1: non-implantation control group; B2: non-implantation
medication group

Figure 3 Vascular endothelial cell growth factor expression
in each group detected by western blot
3 Western bolt £l #-2H VEGF & H 414

#* 2 TUNEL BHPE4H % E A
Table 2 Comparison of the number of TUNEL positive cells
(xzs, number/field)

Group TUNEL positive cells
Cell implantation control 56.50+£9.50
Cell implantation medication 87.50+3.53%

Non-implantation control 114.00£9.40°

P < 0.01, vs. cell implantation control group
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a: Non-implantation control group

b: Cell implantation control group

c: Cell implantation medication group

Figure 4 Apoptosis positive cells in each group detected by
TUNEL staining (DAB staining, x100)
4 TUNEL Z a0 % 410 T P R4 il (DAB %4,
x100)

3 iFig

HHEMSCs & kT H R k& T4, 24 m
R E IR R T4 et B R SR A R A
Z g RE, TEIE B 0] DL IR E A e 2 4
il Lee 5" b bRic — 2 HY L% i/ BB BEMSCs T
24 hj &S IR WA /D BRIREAE X, FEME4 ) 5 K&
FEAE AN A AT AR AR AL 1 1E 5 I A R A s, Rk
ZIuhrEYMA TR R AL E R, EMEER2. R
IRZWFFRIUESE TMSCs EMA B R HEYIR R, H2HH
RERER, BEANKFIMSCs AFRDEH (/DT 10%)
IR T AR EEY, B HAE RS IRRCY
W eRr R AR LR . L. WA TR R AL R
T A 2 R 1 B SRR AL B BEMSCs 4l
BRI EN Y, R, MSCs R ZR24i M 5E 743 AT B4R
FEZE X 3545t 2 A B R UHIAEAE — 8 4l

R, A BEMSCsiA Yy M S M AE L 75— E AL
il 2 & AT DA 5% 4 WA #4807 5 A A W AL DT X6 AR AR

4

X AL IR R . S TR PP, MSCsTE ik
HNET LA S IAVEGFY, VEGF & H aif Bt — £ T
M R AE KR T, e A I A I 28 H A S Al ik
S ORI b 5 A 11K = 3 Al = Lo e M €16
I A L. 7 S 420 4 o 1228

Western blot 4 I 45 L & 7~ 210 it £% 8 25 i 451 5 [X.
VEGFE AR IAWEH TIEBHE4 P < 0.05), i
MSCsTE/R P 7] PA5% /- IWVEGF . TUNELZS 5 &7 4 i
e R ZELRE B X PB4 o o 1 i B0 TR A, I
B A 2EL 1 B R AL ERKA /27K T 1 T AR R M 4L, 3 A
ERKA/24M#55U0126 403 Ji5, B p-ERK /2315 HI 411
il 20 PR A AL G A B 2 B DX 0 B R T R e L
VEGF & A IRIERE 24, $RERK2(5 5@ T
T VEGF X} - itk 1L J 20 A0 1~ A 0 1) P o

ERK1/2 & & 41 B 7 2 77 Wi vk B 1 U K R
(MAPK)H i E B — B, B S TS 9%,
S LA S B0 R TS o R P B AT, ERKA/27]
DA % A58 35 M S R 2R v G R L S A R IR
U, AERAE N A ZH p-ERK A /226 1 Fr 38 18 1F 2 Hh T J kb
Fo s AL Fr 5162, I AR B B 455 1 R OE p-ERK1/2
FIA B AN REPNH B ML SR AR T, TR
AR A ] B8 4 p-ERK1/2 [ 3R ik 5 T 432 U0 126 4 H 11
AR AEL 2520, (B2 RS A X HR 2 ) 40 R R T 250k AR
LTS 2 H (04, £2); RN, ERK1/2i8H]
PLBEVEGF. TGF% & R4 K FuEtY, shmk
B FMERK/2EZ @I F AL B R ME A RFE T, 55—
%81, ERK12(HE 51 -EMSKs S, MSKs I
%] 7 BadZE AL, MiBad®& A& MR T EA,
AT LS A e R Y R T R Ak iE AR, ERK1/211
BOE 51 T % N CREBHIIE 1L, CREBRITEALIIE T Bt
T E B R ABC- 2102k, T T AR

I e 1 55 76 4D A A8 [X Ao 422 200 9 1 e 0 HH BRLAE 5
1~5K, FEATHFERA R oA, PR T X3 B T2 i X
WIASHE B A TE, 227 XK AN T J8E e b e oy 7k A PEAS
B — T %, BRI, > et R SR AE 2 B X 5 7
P 20 PR O T R M R A B S AR s gl IR B B
A,

LG 25 RPN BEMSCs H AT 5% 7 W VEGF 2t £
ERETHIThEE, 550 W HIVEGFHIH] 1 AL 1% X
MY T:, ERKA2(E 5@ F T VEGF IR
TN, 3X R B A BEMS CS RS I JA 77 il i 11 25 H i ol
SRR AL TR R AR AR

4 BEEL

[1 Li TS, Komota T, Ohshima M, et al. TGF-beta induces the
differentiation of bone marrow stem cells into immature
cardiomyocytes. Biochem Biophys Res Commun. 2008;366(4):
1074-1080.
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