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[(HE] a4 HiTEPRELRENE SN LY (EPCs) 858 AT R 68 71 0 515 0 B o4 LM, ek Ko
I B4R B S A I EPCs FAS Rk BE /9 NE B IR 3R B A2 S5 P17 50 MAPK 15 538 18 BEL ¥ 70 T 30, 40 EPCs (3% i F0 3T
Fhie )1, LA ERK1/2 {5 5@ B BOs G, 4 NE ¥ FE AR A5 Hb (0. 01,0, 1,1,10 pmol/L) ¢ ##F EPCs #47 , 5 %) FE 41
FLiE EPCs 43 135 11 (48. 34223, 3) % . (70. 5435, 6) % . (82. 414, 9) % A (100. 3548, 1) %, o 32 WFH B0 By 2 57 B9 |k 6 4
B B LR AEAZ AR HI 1127 JNK #1157 SP600125 il ERK1/2 M5 A6355 RERS LT NE A9/ 3 /E F 5 1 0 Z AR HS B
FFLIE IR p38 M PD169318 A HEFHWT NE fHI ¥4 &40 . 10 pmol/L NE 42 # EPCs M4 (P<C0. 05),10 pmol/L B} ZHi
HIAT 10 pmol/L 1127 A& % BT X A 7R L (0 50K /R R E . NE BT M BE KM (0. 1,1.,10 pmol/L) Hii#i% EPCs P8 ERK1/
2, B 2RI 1127 REASBHIT ERK1/2 #07% (P<C0. 05), M EFLIK /R ARG, &% NE o] fgiliid o M3 B LW AE 22 7R s
ERK1/2 it #F EPCs Wi M5
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ERK1/2 pathway-mediated norepinephrine regulates function of endothelial progenitor cells
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[Abstract] Objective To analyze the effects of norepinephrine (NE) on the proliferation and migration of endothelial
progenitor cells (EPCs) and the related mechanism. Methods NE,adrenoceptor antagonist, and MAPK signal pathway blocker
of various concentrations were used to treat peripheral EPCs derived from healthy adults. The proliferation potential, migration
capacity and activation of ERK1/2 were assessed after different treatments. Results NE increased the proliferation potential of
EPCs in a dose-dependent manner. The number of EPCs increased by (48.3423.3) %, (70.5+35.6) %, (82.4+14.9)% and
(100. 3+48.1) % after treatment with NE at 0. 01 pmol/L, 0.1 pmol/L, 1 pumol/L and 10 umol/L, respectively. Addition of
alpha adrenoceptor antagonist phentolamine, selective beta 2 adrenoceptor antagonist 1127, JNK blocker SP600125 and ERK1/2
blocker A6355 could block the above effects of NE, and beta 1 adrenoceptor antagonist metoprolol and p38 blocker PD169318
failed to block the effects of NE. NE at 10 pmol/L significantly promoted the migration of EPCs (P<C0. 05). These effects
could be blocked by addition of phentolamine (10 pmol/L) and 1127 (10 pmol/L), but not by addition of metoprolol. NE(0. 1,
1 and 10 pmol/L) activated ERK1/2 pathway in a dose-dependent manner, which could also be blocked by phentolamine and
1127, but not by metoprolol. Conclusion NE can increase the proliferation potential and migration capacity of EPCs via
activating ERK1/2 pathway with alpha and beta 2 adrenoceptor.

[Key words] endothelial progenitor cells; norepinephrine; alpha adrenoceptor antagonist; beat adrenoceptor antagonist;
cell proliferation; cell migration; ERK1/2
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oAt X MERRE AT A RS S
TOE A B AN B A R B B, A BFSE EPCs A2
A5 [ R 52 28 Il 28 R R T8 39 L AR BIF 5 38 3o AR A0 8 R
(9 EPCs #F 5% 3 5 AT # B8 7, R 1] 28 J ot 25 ol
25 3% 5t 22 iR & (norepinephrine, NE) X EPCs
T RE I35 S K AT BE Y 23 T L] .

1 #EFFTE

1.1 =ZMHARXA  Histopaque 1077 Ik U 40 i
S B B 22 B Amersham Biosciences 2y &) ; Il 45
W & 4 K A F (vascular endothelial growth factor,
VEGF) . 1% £F 4 40 fd = K A F (basic fibroblast
growth factor,bFGF) g F ¥ [EH Peprotech 24 H]; My
M7 (fetal bovine serum, FBS) BT 3 E Gibco 2
Al DU A AR £R (MTT) L B R 76 % K A ic Il
G R-T(FITC-UEA-1) 0. 25 % [ R, 2= H & I
MR E AR BENE o ZARFEPUNI W Zhr 0] R B 2
ASHOR RACIE R .3 B B IR R BEZ RS PR 1127
k3 #0) L JNK #1141 7] SP600125 1 ERK1/2 411 i 71
A6355 ¥JI [ 3 [F Sigma 23 F 5 p38 I PD169318
W H 2€ [ Cayman 2> 7l ; BBt A B BR b ERK1/2 1gG
Fl ERK1/2 1gG M H 3¢ [® Cell Signaling Technology
3 s & AR % B2 R 25 1 (Dil-Ac-LDL) 1 H 38 [H
Molecular Probe 22l ; PE $ri2 i) VEGF-R2 ikl B
FH R&D /AL PE fric iy CD133 o BT AR IE A
i [# Miltenyi Biotec 2 &, FITC #ric ) CD34 H A& Iy
H 3£ [E Southern Biotech 23],

1.2 EPCs#94 8 bk e WEEEEAN
SNEIL L LA T s 2 LB PBS R R, FEZE 18 82 £ His-
topaque 1077 WK ELA0 L 43 259 b7, =l T 400 X g
B0 30 min, 43 B P IE] A SR AN, R A B A Y
MM ASA 10% FBS,.10 ng/ml VEGF Al 10
ng/ml bFGF 1y M199 % 3% i #i B Ji 5 X 10° /ml, i
A B7C 5% COMERE R IR . 4 d J5 Uk 45 K I BE 2
Mo B3 d e — M, S 7 ReY4Eif, mA 2.4
mg/L Dil-ac-LDL 1 10 mg/L FITC-UEA-1,37°C F
JEE 1 hJE, D0 W GO A DU XU € BH 1 20 B A 4
Ho. SVBUE 7 KA, 0. 25 % 2 g 1k, o
HIMMA 10 mg/L PE #8iCH VEGF-R2 $T1K .10 mg/
L PE #ric iy CD133 HygEPIIA .10 mg/L FITC Fr
I CD34 FiAk, 4°C#EF 30 min J5, b= 4 ffY
o 4 A R T AR AR R GIA R, B 7 R ATE ML )
R W R AR AL 24 WY AT IS SR S0

1.3 NE sf EPCs 3¢ zawg st 46 0 B [F 1k
EPCs H 0. 25 %0 BEREIH AL . L 1< 10° /L 1Y) %5 B 2% Fh
T 96 LR, 43 B A M BE SN 0.01,0.1,1.10 Fl 100

pmol/L #) NE T 72 h, il A MTT, 37°CH#¢H4 h,
AR 450 nm b B9 6B BE (Duso) fH . AR
M S IS RS IS M NEAE M T2 T
L4 o B ZHAE NE ik EPCs 35l Ao it 45 P 694 A

141 ZHapdA WESHXEA NE A WZh
WL SEFEI RN 1127 4L (R EE 4R 10 pmol /L)
DL Ry Zhi W+ NE 24 G FE18 /K + NE 4/ 1127+
NE 4 (R 10 pmol/L) . 7E EPCs K5 57 1 1 4>
S AH R Ve BE 259, A5 LR BRAL R AT 259
1.4.2 EPCs ¥ #iF#Hh R MTT 4,2 M
1.3 WUN BTk #EAT #5290 40 41 245 T M B T T 259

1.4.3 EPCsit# &k A 40 R Transwell /NE
WA EPCs Wi ae J1. #6224k /7 1 EPCs H
0.25% BREEHE AL, IS Mg /9 M199 K 3Rl i B )5
PL2X10"/ml W% E EH M T 24 LI Transwell
B E%E, FEMAE 50 ng/ml VEGF B ##% .1 h
ST (B 1. 4.1 TR B SER 44D I+ b
., AE COJBFAMNIET 24 h, LA 4% £ 5 HEE &
30 min, AR A48 2 R 10 % 20 L 45 & 25 L 8 3 min,
TH KUk 2545 b 58 TR R A6 WAMUBE ( X 100) R 4K
6 MHEALLES Y EPCs £,

1.5 MAPK 15 58 % £ NE 123t EPCs ¥ 78 ¥ 091
A B3R EY 8 KM EPCs 5 32 4 m A 10
pmol/L NE, 1 pmol/L SP600125 (JNK #11 il 7)., 1
pmol/L A6355 (ERK1/2 # ffl 7)) Al 1 pmol/L
PD169318(p38 il ) . 1% 25 FxT R4 L SP600125 (1
pmol/L) +NE (10 pmol/L) 2, A6355 (1 pmol/L) +
NE(10 gmol/L) 21 #l PD169318 (1 pmol/L) +NE(10
pmol /LY AL, [R] 1. 3 T5UF 7 i A I 210 B 4 5815 O

1.6 &A@ AL EANRESY T REH EPCs
¥ ERK1/2 % % 8 & ERK1/2 # & & 4 NE
(0.01,0.1,1,10 1 100 pmol/L) PA K HiAth 245 ¥y (B
ZH -+ NE, LK /R +NE 1127+ NE, ¥k B 54
10 pmol/L) T i G 9 EPCs fin A 2 11 $2 B2 i 9
T AC MMM 30 min,4°C 8 000X g &5 .L> 30 min,
FERULTE M EAEZE 0P S 289 10 min, #4712 %
SDS- 5 T4 ¥ BBk iz 5% e v Kk, I % ABH IR 21 4 R B
SR AW E M 1 h, 43 545 T RPN B R 1L
ERK1/2 IgG fl ERK1/2 IgG, 4°C#¥#& 12 h, TBST
VES WL FEPR IR FHE 1 h.ECM LGl
% ,Image-pro plus6. 0 B0 {5 5 imE .

1.7 %542 R SPSS 15. 0 48 it 2= 5k,
Bs Uzt s RoRn, BUE BRI 2240 M, Z2 4 1]
FE# R H One-Way ANOVA ¥ , P4 50308 6] He 45 %
H SNK ¥, K58 K (o) M 0. 05,
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2.1 EPCs#iBAL%% EPCs/KIEiH 48 h 5
IS 4 d G Z BRI B ., T4 8 RIMA
Dil-ac-LDL Al FITC-UEA-T 3¢ &, Hirf 90 % 41 g 75
1% Dil-ac-LDL, H FITC-UEA-T Z¢ o B (8 1), %

FH PE #riC B9 B BE A CD133., FITC #5ic i B4t A
CD34 DL J PE tnic i BBt A VEGF-R2 $iiik b =X
290 AN Ao U £ B 3R TET AR R AL 25 R B R CDI133,
CD34 J¢ VEGF-R2 BHPE 4051 4 (89. 5+5.3) % .
(66.246.2) % F(93. 248. 2) %, IE 5L FF 43 B 15 9%
1) 41 il f EPCs,

B 1 EPCs FITC-UEA-I # Dil-ac-LDL XU R i%
Fig 1 Double positive staining of FITC-UEA-I and Dil-ac-LDL in EPCs
A: FITC-UEA-I; B: Dil-ac-LLDL; C. Cells with no staining; D: Double staining of FITC-UEA-TI and Dil-ac-LLDL. Original magnification: X100

2.2 NE #l# EPCs #9378 5= A XA,
0.01.,0.1.1,10 F1 100 umol/L ¥ & /) NE ¥ g i
EPCs 1§ 58, 34 5 2 43 5 O (48. 3 £ 23. 3)%.
(70.5435.6) % ,(82. 4414, 9) %, (100. 3+48. 1) % .
(53.6416.5) %, LA 10 ol /L ¥ B4 I i

2.3 . ZHRAENEAL EPCs 378 Fe94Em WK 2
Bz M F 28 [ B, NE [(103. 6 4+29. 1) %, P<<
0.01] M2+ [(43.147.3)%,P<C0.05], £+
JRLC64. 04+ 9. 1)%, P<C0. 05] Fl 1127 [(32.9+
4.4) %, P<<0. 05 ¥ fg i & {2k EPCs By 78 ; By 22 i
W]+ NE ZH[ (48.5£9.0) % J# 1127+ NE 41[ (29. 3+
5.8) % IR BE AR XS T By 2 hr AR 1127 22 R
TG 25 S ABHET NE 41 (P<<0. 05) ; i 2L
JR-+NE 20 B9 7R [ (109, 6 7. 0) % 155 T EFEHK IR
4 (P<<0.01), 5 NE4 W R LG IT2¥E L, 25
R W W 2 H A 1127 BERSPT NE X EPCs ffi2 38
FEAE T, T SEFE 18 2K WA RE

250
*% AA
200

*

150 | . "
100 |

50 f

Amount of EPCs/blank control

0
10 pmol/L NE - +

Phentolamine - -

Metoprolol - - +

1127 - -
2 BLIREReESHTE NE B EPCs P HIER
Fig 2 Role of adrenoceptor in promotion

of EPCs proliferation by NE
* P<<0.05, ** P<C0.01 vs blank control; & P<C0.05 vs NE group;

I I + I
[,
o+ +

AA P<0.01 vs metoprolol group. n=6, r=£s

2.4 MAPK %58 % £ NE 1€ EPCs ¥ 74 ¥ 69 4F
A 3 W, X T XM 4H, NE 4 Al {2 3k EPCs
B MG B (P << 0. 01), T SP600125[ — (24. 3 +
9.7 % . P<C0. 05] Al Ml # EPCs [ 34 5H . A6355
[—(14.4£3.2)%, P > 0. 05] Ml PDI169318
[—(1.5£9.8)%,P>0. 05 ] M X} EPCs 34 5§ JC 5%
M s SP600125 + NE 4 [(48. 6 + 40. 7)% ] Hl
PD169318+NE 41 (73. 8+21. 8 %) | A4 5 2R 43 %)
T SP600125 41 (P<C0. 01) il PD169318 41 (P <
0.01),{H SP600125+NE £H{X F NE 41 (P<C0. 05) ,
PD169318+ NE 41 5 NE A £ F L& i % B X;
A6355-+NE 41 345 R AH X T A6355 4125 5+ o4
TFE L[ —(9.0+511.4)% vs —(14.4+3.2)%
P>0.05],fHM& T NE 4 (P<C0.01), 3% i}
A6355 Fl SP600125 fig g 71 #l NE X EPCs 34 58 19
e BEVE L1 PD169318 NIANHE,

250

ok
T 200} AAA -
< &
=}
g% 150 F
6'—‘ JAVAY
ES 100f P
&
¢
o s0fF
0
10 umol/L NE - + - + - + - +
SP600125 - - + + - - - -
A6355 - - - - 4 + _ _
PD169318 - - - - - - + +

3 MAPK =SB NE {2 EPCs B FHIER
Fig 3 Role of MAPK signal pathway in promotion
of EPCs proliferation by NE
* P<C0.05, ** P<{0.01 vs blank control; & P<C0. 05, A4 P<C0. 01
vs NE group; 4AP<C0. 01 vs SP600125 group; P <C0. 01 vs
PD169318 group. n=6, x=*s

2.5 afepEENEMREPCs £&Fa94R W
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FigR 2% 8 KIY EPCs #EATIE R 20, 76 = h 4y
FMALLF 258 F# . NE 10 pmol/L, B ZH1H 10
pmol/L+NE 10 pymol/L.EFE¥ /K 10 pmol/L +
NE 10 pmol/L,1127 10 pmol/L+NE 10 pmol/L,
24 h J5 B Transwell /NE L B8 T iF A & 50

HF (X 1000 EPCs By %kt . 430 0 71. 7+19. 6 (XF
W) 124, 1412, 2,57, 24+ 14. 3,112. 8+26. 0 Al
61.3411. 5(/& 4), 4R %KW, 10 pmol/L NE fi i#
EPCs JIiT# (P<<0. 05) , By 2 B 1 1127 68 9% BH B
X FAEH L (HEFEIE IR ARE

ok

) |‘| |1| ﬂ
0

10 pmol/L NE -
Phentolamine -

Metoprolol -
1127 -

Number of EPCs/HPF
)
(=]

(I T
o+ +
o+ +

€]

+ o+

4 NE &3 EPCs iT#
Fig 4 NE promoted migration of EPCs
A-E: Stained by crystal violet. A: Blank control; B: NE; C: NE+ phentolamine; D: NE+metoprolol; E: NE+1127; Original magnification: X100

(A-E). F. Migration of EPCs in each group; HPF: High power field; * * P<C0. 01 vs blank control group; n=6, x=+s

2.6 ERK1/2 5 @s%#E HHRLIEZEN
EPCs 935 3% W h 43 31 m A 0. 1.1,10F1100 pmol/L
B NE, H# R /b ERK1/2 B9 33k A X5 F XF 18 41 5
S MG M (114, 3 + 32, 5) %, (193. 0 + 28. 6)%.
(342.6+110.6) % F1(48. 3+34. 1) % (K 5), T M
ZHWL19+11.0) %] . 1127[(143. 9433, 1) % ]
WIREM H ERK1/2 WG . 5 NE 4 [(372. 2+
56. O YR, 2 R YA S F R X (P<C0. 05,
B 6); £FEIRA[(324. 0£73. H% ] 5 NE 4
[(372.2456.4) % b2 F gt 8 L HEm 3k
FEWE IR ASREAMN ] ERK1/2 BO3IG .

500 p L

400 f

300 b =
ok
200 f
100 f l-—-l
0

Blank 0.1 100
control 1

p-ERK1/2/ERK1/2

p-ERK1/2

ERK1/2

NE cs/(umol-L™")
B 5 NE #i& ERK1/2
Fig 5 NE activated ERK1/2
** P<20.01 vs blank control; n=3, =+

500

400 | =

300 F
200 F

A
Ginilininin
0

p-ERK1/2/ERK1/2

ERK1/2
10 umol/L NE - + + 4
Phentolamine - - + - -
Metoprolol - - - + -
1127 - - - - +

B 6 BERERZENS ERKL/2 BEE
Fig 6 Adrenoceptor-mediated activation of ERK1/2
** P<C0. 01 vs control group, £ P<C0.05 vs NE group; n=3, z=+s

3 3 i

NE 7£ 25 Ff A= 38 DL K 5 3 4% B0 T A 1008 37 A o
RAFEEAE M, WAETEE FBCT , NE AL AE 4 Hl
Wb R 7 40 M A IR L AR BE AR iE VEGF 70 8
SR A ILAE > A LS AR NE 7E R IR K
iE 5 |2 A TR A A R b R A EAE A
LR EERL R BRSO L 1 4 0 S RE A
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TN A M 2 R AH 4y W NE, A2 HE b 95 4f i Y
VEGF B4, F— 25 02 o Bl i A= E7 L i AR
52 & NE RE 6238 o #3 EPCs {237 B0 1Y 1M 45 57
A, NE BB 57 5 O M # fig F EPCs (1% 3 5 AT
J1 AR BEVE o B L IR SZ A BELV 50 LB, B bR
K BEZARBH A R L JNK BH R I L K ERK1/2 15 5 i
¥4 BEL 7 7] BB 0 BEL DT 3 AR L, T B B IR R AR A2 4K
BELYH 7] . p38 1 = 3 % BH ¥ 770 AN B B b 3 4
X ZE SRR NE it o B DR R REZ IR B, & I
i 2 BB 32 U TG P B2 AL AE I 9 Y ERKL/2 {5 5 il
6 BB P B AE 40 A Y 3 BE AR O RAE SRR . X —
RIRN 2E S 25 AR iR A R AR AL TR B B K
;o A A JIEE A o R AL T T AR A

EPCs i J& BUAF AL 4 P Rz 40 f A& 52 LA % 45 il
o B 0 CAn SR A 5 L Rt e R s R A A
Wb, Jfiis A E AT AR S S, ERE
16 52 M7 PN B A0 L W 0 Jok ok R b 1 SR
T gt 10T A= o AR P it P 3 A v i i 4 2R
Tire s g, i EPCs B 76 MUE R BE o A7 2D 4 43 A
Gh,FEORIE R EBE. AT AR R D
EPCs X (5 4 % &b J i 5 A 2% 40 L Y 0. 03% ~
0.06 %6, Jry B B4 I 45 453 43 L S i B 405 | 61 405 B 440 il
HF4F R R EPCs B 8h Kikgh i, miir 2
o B AT 2 A g o R RO L B R e
B SRR RERZ I EPCs [ 3h 51, PR IL T R P R 4L 4
it DA A8 T B B B DL B ) i A F 5 A 65 B R ATT K
2 5 P I 9 AR TT

NE TE 44 P 43 00 1) J 39142 722 0 N A dee 1
A S E B AL T I I BIF 5 R BN A
200 0 A AR P 3 B A S A O R M EL G 0 1
e 5 2 % b 22 3 Bl 1) e U T AR W AT i I
G2 R I B P B PR 220 BT R B e D A i T
RERY IR T R HEAE R R MMEN . 02 DR e
g3t D, 2GR 290§ EPCs 3h B m/E MY, Bk
TR I8 34 e BRAE R S K 5% 1 B B 32 o 4 e v 9%
NE B % 5 Jin 14 5 % F0 20 L 9 RNA 19 & 807,
M A B 58 o & B8 AR B OWR B ) NE (0. 023 ~
7.3 pmol/L) &5 M4 EPCs Ay 35 58 1T 8 ik )1,
PR S AT 00 B v %) 5 M 28 K A R % i NE
WAL T EPCs B3 B, 3 A fE R A 0 Ak
I PR B EPCs A i 2l 5 i AL 2 —

KF NE HI# EPCs 355 F1E & (19 L i 38 75 22
HE—B BESE . N B2 HLAH R N AT 22 5 06 BRIV 1R 5 1%
PRI IE , 22 25 AR R (MAPK) {5 5 58 2
AVENELENESHRREZ . 250 S 91
AR RE GBS 2 Rl R B B R, TR
HEZM B, HETC # & A 4 % MAPK i #%
(ERK1/2,JNK,p38 fil ERK5), H:A# ERK1/2 f
PP, HoEELRREYE 25 40 M B 5 I A
SMEA X IR T B E s T AT A A 5T
KB FACL =Y REY W E S MAPK {5 5l
L LR B T R 6% 35 40 30 A X R ek AR, A B
KM NE BEE i 2 o B IR BE 2 R
ERK1/2 J#45 15 & bk o9 52 4m i i T B, i A B 52
th & 8L NE figili i ERK1/2 15540+ 9815 4 2 AL 40
JiL T RE

NE 7 g 3 i 2 F L ) B0 9 R A0 40 i 9 1Y
ERK1/2 {5540, Wi i G 2 1 K A7 04 38 i 4n
M ES NI L BTG cAMP, JE — 25 i 3E PKA B &
PKC"* 8 & 43 Gs B0 ERK1/2%, 4 s i
ERK1/2 A] LAi#F— 25 & NF-«B ¥ 15514 5 £ 40
JILAZ PN o 52 W 200 6D ) g B R0 B 1A . AR R OE R B
NE i i B EMRRBEZAK o F1 B, B ERKL/2,
TR N R AL A I R Th g . I IR E e Az AR Y
ERK1/2 i ELARBLEI L K ERK1/2 #i% 5 801 i —
10 43 F RV 2 000 38 T B IS 22 1 BF 5 A RE B
.

g LT AR S S5 R B8 NE A% i B 1
R Z B2 AR o A1 B, #%IE ERK1/2 {55 i, it — 4
AT P9 B AEL A0 B 1 G AT RS RE . X — 45 R R
i g A I B A 9 9 LA K EPCs 78 B 86 311 51 (0 BF 52
PR T AR AT 1 B

4 FEEHR
JIr A VA P AR SO 88 BAT Al R £ o 5
[Z % x #t]

[1] Shirakura K,Masuda H,Kwon S M,Obi S,Ito R, Shizuno T,et
al. Impaired function of bone marrow-derived endothelial pro-
genitor cells in murine liver fibrosis[ J]. Biosci Trends,2011,5;
77-82.

[2] Elenkov I, Wilder R, Chrousos G, Vizi E. The sympathetic
nerve—an integrative interface between two supersystems: the

brain and the immune system[ J]. Pharmacol Rev, 2000, 52



« 122 -

B OFEEKF¥M 2012482 AL 33 %

[3]

[4]

[5]

[6]

[7]

[8]

9]

[10]

[11]

[12]

[13]

[14]

595-638.

Meéndez-Ferrer S, Battista M, Frenette P S. Cooperation of beta
(2)- and beta(3)-adrenergic receptors in hematopoietic progen-
itor cell mobilization[J]. Ann N 'Y Acad Sci, 2010,1192,139-
144.

Katayama Y, Battista M,Kao W M, Peired A ], Thomas S A, et
al. Signals from the sympathetic nervous system regulate hema-
topoietic stem cell egress from bone marrow[ ] ]. Cell, 2006,
124.407-421.

Park S,Kang ] H,Jeong K J,Lee J,Han ] W,Choi W S,et al.
Norepinephrine induces VEGF expression and angiogenesis by
a hypoxia-inducible factor-lalpha protein-dependent mechanism
[J].Int J Cancer,2011,128.:2306-2316.

Freire-Garabal M, Rey-Méndez M, Garcia-Vallejo L, Balboa J.
Suarez J,Rodrigo E, et al. Effects of nefazodone on the develop-
ment of experimentally induced tumors in stressed rodents[J].
Psychopharmacology (Berl),2004,176.233-238.

Guo K,Ma Q,Wang L,Hu H,Li J,Zhang D, et al. Norepineph-
rine-induced invasion by pancreatic cancer cells is inhibited by
propranolol[ J]. Oncol Rep,2009,22.825-830.

Zhang Q. Kutryk M J. Dysregulation of angiogenesis-related
microRNAs in endothelial progenitor cells from patients with
coronary artery disease[ J]. Biochem Biophys Res Commun,
2011,405:42-46.

Henrich D, Hahn P, Wahl M, Wilhelm K, Dernbach E, Dimmel-
er S, et al. Serum derived {rom multiple trauma patients pro-
motes the differentiation of endothelial progenitor cells in
vitro: possible role of transforming growth factor-betal and
vascular endothelial growth factor165[ J]. Shock, 2004,21 ;13-
16.

Zhou Z,Peng J,Wang C J,Li D,Li T T,Hu C P,et al. Acceler-
ated senescence of endothelial progenitor cells in hypertension
is related to the reduction of calcitonin gene-related peptide[ J].
J Hypertens,2010,28:931-939.

Di Stefano R,Barsotti M C,Felice F, Magera A, Lekakis J,Le-
one A, et al. Smoking and endothelial progenitor cells: a revi-
sion of literature[ J]. Curr Pharm Des,2010,16;2559-2566.
Cheng J,Cui R,Chen C H,Du J. Oxidized low-density lipopro-
tein stimulates p53-dependent activation of proapoptotic Bax
leading to apoptosis of differentiated endothelial progenitor
cells[J]. Endocrinology,2007,148:2085-2094.

Chen Y,Lin S,Lin F Y,Wu T C,Tsao C R,Huang P H,et al.
High glucose impairs early and late endothelial progenitor cells
by modifying nitric oxide-related but not oxidative stress-medi-
ated mechanisms[ J]. Diabetes,2007,56:1559-1568.
Wongchitrat P, Felder-Schmittbuhl M P, Phansuwan-Pujito P,

Pévet P,Simonneaux V. Endogenous rhythmicity of Bmall and

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Rev-erb alpha in the hamster pineal gland is not driven by nor-
epinephrine[ J]. Eur ] Neurosci,2009,29:2009-2016.
Busik J V, Tikhonenko M, Bhatwadekar A, Opreanu M,
Yakubova N, Caballero S, et al. Diabetic retinopathy is associat-
ed with bone marrow neuropathy and a depressed peripheral
clock[J].J Exp Med,2009,206:2897-2906.
Chakroborty D, Chowdhury U R, Sarkar C, Baral R, Dasgupta
P S,Basu S. Dopamine regulates endothelial progenitor cell mo-
bilization from mouse bone marrow in tumor vascularization
[J].J Clin Invest,2008,118:1380-1389.
Chakroborty D, Sarkar C, Basu B, Dasgupta P S,Basu S. Cate-
cholamines regulate tumor angiogenesis[ J ]. Cancer Res, 2009,
69:3727-3730.
P, EEK, BRI M BA AR, ), % ERKL/2
17 5 B 30 X S R O AT M % 1 R R S O B B e 2
T A M A AE T B ma L], 55 — 4 B R % 2= 4, 2007, 28 589~
592.
Gu P,Wang Y Y,Ma Q Y,Wen Y,Cui D S,Liu L,et al. Influ-
ence of ERK1/2 signal-transduction pathway on differentiation
of mesencephalic neural stem cells induced by bone marrow
stromal cell-conditioned medium[J]. Acad J Sec Mil Med Univ,
2007,28:589-592.
Sun C,Liang C,Ren Y,Zhen Y,He Z,Wang H,et al. Advanced
glycation end products depress function of endothelial progeni-
tor cells via p38 and ERK1/2 mitogen-activated protein kinase
pathways[ ] ]. Basic Res Cardiol,2009,104 ;42-49.
Liang C,Ren Y, Tan H, He Z, Jiang Q,Wu J, et al. Rosiglita-
zone via upregulation of Akt/eNOS pathways attenuates dys-
function of endothelial progenitor cells, induced by advanced
glycation end products[]J]. Br J Pharmacol, 2009, 158 1865-
1873.
Seya Y.Fukuda T,Isobe K,Kawakami Y, Takekoshi K. Effect
of norepinephrine on RhoA, MAP kinase, proliferation and
VEGF expression in human umbilical vein endothelial cells[ ] ].
Eur ] Pharmacol,2006,553:54-60.
Fredriksson J M, Lindquist J] M, Bronnikov G E,Nedergaard J.
Norepinephrine induces vascular endothelial growth factor gene
expression in brown adipocytes through a beta-adrenoreceptor/
cAMP/protein kinase A pathway involving Src but independ-
ently of Erk1/2[J]. ] Biol Chem,2000,275:13802-13811.
Yaniv S P, Lucki A, Klein E, Ben-Shachar D. Dexamethasone
enhances the norepinephrine-induced ERK/MAPK intracellular
pathway possibly via dysregulation of the alpha2-adrenergic re-
ceptor:implications for antidepressant drug mechanism of ac-
tion[ J . Eur J Cell Biol,2010,89.:712-722.

[RXHE] B, R



