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Facilitation effects of AKT on cell proliferation in hypoxia model cells”
Pan Long fei' ,Li Lijun'® ,Yu Lei*
(1. Department of Emergency ,Second A f filiated Hospital ,Medical College s Xi'an Jiaotong University  Xi'an ,
Shaanzxi 710004 ,China ;2. Xi'an Medical College s Xi'an s Shaanxi 710021 ,China)
Abstract: Objective To verify the biological effect of transfecting serine/threonine kinase(AKT/PKB) gene on hypoxia-inju-
ring epithelial cells. Methods Firstly, the NiCl, simulated hypoxia model of human umbilical vein epithelial cells(HUVEC) line was
constructed, the expression of hypoxia inducing factor-1a(HIF-1a) was detected by Western blot for identifying the model construc-
tion success. Then, VEGF, AKT and both two genes were transfected respectively into the simulated hypoxia model. After continu-
ous culture of transfected cells for 1,2,3,4 d,the cell growth rate was determined by MTT. Results The growth rate in the trans-
fecting VEGF, AKT and dual plasmids were higher than the simple NiCl, group (without transfection). The growth rate in the
transfecting AKT group was higher than that in the transfecting VEGF group alone, which in the transfecting VEGF and AKT
double genes group was highest. Conclusion Transfecting AKT gene could improve the growth of HUVEC with hypoxia injury.

Transfecting AKT alone has better effect than transfecting VEGF alone. Transfecting both VEGF and AKTe has strongest effect

on promoting HUVEC proliferation.
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* . P<C0.01,5 NiCly 41 H#5 ;2 . P<<0.01,%5 VEGF 4 Hds; % . P<<0.01,5 AKT 41 H#.

3 a9t ®

56 o i A 1 S N SR B 1 — S0, HURAE I AL
) 2 3 bR 3l I A i A e 2 A5 SO I S E DX o JIL A i AR X
BN R T 00 LA R Y 9E T IR BE L B RLG L E L
WILAD 3R 58 5 g e 0T AL B 254 A AL OB AR GA
ST ARG AR AR B i AR AE T A s o A A 2 Y e AR
B KL A P SR O DX 3 FUIL A I A3 N AT L2 B A 5

SR B3R VAT 7 1 3 AN BE FE 43 PR AIE 4 8 B 1 35 8O JUL TG B
Mk EEET . HI. A S EIR RO R A I
ERIEYT O I AR AN A A Bl ST N I RE 65 A AR T S
I TR B o A3 1

1998 4F Folkman' 42 1 T 43 F #4 #F i M &, BIKE LA 12
075 TR 1A 2 1 B 2 IR 2 0o 28 0 2 O T A B R B E AR IX
B B R PR E R B e SRR B IR, DA ) el i, X0 ot B A=



FTHRESF 201355 A% 412 5% 13 &

I M S A B A ke 52 B Gk o 1X 1y 1 R 38 AR ARG 0 R
B AN 5E 42 I 32 g XS0 JUL A L 3 . B 0 JIE T AR L 36 9T 0
Wi EARRMRBREZM AT A FHEFWHEFA VEGF . Ang-1,
BLET 4 40 i A K IR 7 (FGE) | 4t it 4 & [ 7 (HGF) | HIF-
Lo, — %L A (NOYEE,

W 3 KR SR 9T & B R AR 2 [N A A T S R A
AKT/PKB & # 5 f G4 . #il4n PISK/AKT £ VEGF
5 5B BHE  THT H0 128 13 (W0: Bel-2, Bel-13, Bel-
16, Bel-XL, Bel-Al, Bel-AL13, Bel-XIAP) (1 3% ik b 78 4 4
P53, Fas.Bax,Bad & (4 i 3% 3% , iF 1 #0441 40 2 94 725 Ang-1 %5
& R PR E Z AR (Tie-2) J5 # 43 #0F PI3K/AKT {5 9 & 72
0PN B2 A0 MR T L S P B A0 T RS R R R FGE
i B PIBK/AKT {5 5@ 74 A o9 52 7528 e fk , 4 o o
B S R S R B PR 4 AR R AT gk T
HGF 5 H 5 56 N g0 5 19 25 B85 1 cmet Z RS54 )5 WIS
P38 il PI3K/AKT {55 i R T 90 %1 H 7 Bel-2 1y ik,
Ul /b Caspase-3 f 5 1 A i 4207 B0 9 B 40 i i o=t
HIF-1o 8030 J5 It 3h 43 ) 40 8 A7 36 FOBr A= 1 55 T B i 36 B 3%
ik, 5% PI3K/AKT Fl i & 2 6 15 5 38 18 VA4 . 3 i 412 32 3 A=
MR AL A B NO F %2538 5 PISK/AKT Hl P38MAPK
HoRBENESHFE T MEFMIEE T 3(STAT) 1%
P 7 I 55 TR A HE R R AR T

AKT X H ¥ B(PKB), & —fh 2 % B/ 95 2 R 1M
it 2 A PN A U TR AR L BT DU S A R g g
AL 2R 5K B2 W A ME 5 R T 4 ) 8 T &k 4B, PIBK-
AKT/PKB J& 1 N 4l il A4 A7 15 5 e S 3L R pg b gkl A 2 4 K
PR 8 A A7 SO HH R4 A A= K #9H AKT/PKB (9 & 3% 35
Wik, BiESAMAELPAT EAREN LS, RS HERSE
SHBEC AR S R A T R AR RS RER 4
A5 AR I T L R A AR R T e N 2 D A R R
B T LR Y IR R R Y O R A0 M AR AR IR RS L N R IR TE R
E

PR A BF 9% 8 S B 0T T A0 ST 58 L i R NICL AT
HUVEC SR AR, NiCL 2% JH i B S 49 .
J R AR AR R A R T N PR T A T
WITh e 45 4 . 3] Na™-K*-ATPase 5 Ca?" -ATPase 1% ¥,
T3 Na “-K" K Ca*" M2 S0 . w gl 88w
F T Gl A 20 M 0 005 A T BERE BE L2 BEMLAR I R A0 ) ATP U
AR REOY Na®-K* 3 & Ca™ FI5E M52 90 3E T -5 B0ah
P Na® .Ca® " #8 % K" 208, Na® #8 £ 0] DIAE 3E K 3k A 40
J S B MK . K K S SORE 1 R A il ) AR A 3
T A B B A 5 B 0 A BU D A lE— 2B S ATP (14
BB FRM T EE . Ca® 3% 22l 3 ] 2L & 0 07 0% 2 ik 5 ]
G N T RS N 0 e 51 RS VS I AR 1 405 B HL K i 8t 1)
Tt 5 28 AT LU NE — o 25 1 it (o 2 N I Sl 2% 72 ol B 0B 4
PR, DT 2 0 i 355 4 2 i i 2 AT MR 4 . A AR Y S 3
it Western blot #; Il HIF-1q, % & NiClL 5 #{ ik & 19 20 R
HIF-1a J&—Ff iy Gl 005 5 7 268 9 L 7T LSRG B 40 5 17 3k R 3
SR DNAZEE A EEMTAAMME —FEHRFHEMRARST
S VUG PR I SR R AR SRR R LR B R S R R
R . AR SR R HIF-1a 23K B 31 W 4 5
R, RI5 . % FH VEGE 1 X B, 43 50 0 47 5% 44 . il 2
G 00 20T 8 A L B R AR . o B et 2k e b 2 B

1443

B AKT 3 5B 0% 1€ a0k Gl 420400 495 1) P B2 400 o 346 70, B4 i 6 2
AKT ZH 240 ML 3G 5 RE ) i T 5 it g VEGF 4, [F] i 5% ¢ AKT
5 VEGF ®Usi k4l & F 5l % 4 VEGF 5 AKT 41, 3 #r i
ML, FTREZ R AKT £7 76 T A 248 1l 8 T8 1 B8 7 3 %, il
i 2243 s ot A P A A S A LA Ak B AR R AT R L R RS
SRS UL i S B IS RN T B ==y ;o 1 | L
T2 & S B A A 105 AN R O T s T ) R a0 A A B
F R X LML L K AKT f 3l 40 e o= 1 . 7% ik — 2B 52

£ % 30k

[1] Folkman J. Angiogenic therapy of human heart[J]. Circu-
lation,1998,97(7) :628-629.

[2] Pugazhenthi S, Nesterova A, Sable C, et al. AKT/PKB up-
regulates Bel-2 expression through cAMP-response ele-
ment-binding protein [ J]. Biol Chem, 2000, 275 (15);
10761-10766.

[3] Meier R, Alessi DR, Cron P, et al. Mitogenic activation
phosphorylation, and nuclear translocation of protein ki-
nase BR[J]. Biol Chem,1997,272(48) :30491-30497.

[4] Bijur GN, Jope RS. Rapid accumulation of Akt in mito-
chondria following phosphatidylinositol 3-kinase activa-
tion[ J]. J] Neurochem,2003,87(6):1427-1435.

[5] Kajstura J,Cheng W,Reiss K, et al. Apoptotic and necrot-
ic myocyte cell deaths are Independent contributing varia-
bles of infarct size in rats[J]. Lab Invest,1996,74(1) :86-
107.

[6] Ehepay, Ehum, mh 41 5. Atk O IURE JE 2 58 28 5 O LA i
TR REFE LT . b e i 2 BB 24, 2000, 12(3) £ 187-
141.

(7] WJe A R, A SOl A GO A 5 58 B 5% e
TR ST L) . W6 %8 3038 R 4 4R BE 4 L 2012, 33
(5):661-663.

[8] Dimmeler S,Zeiher AM. Endothelial cell apoptosis in an-
giogenesis and vessel regression[]]. Circ Res, 2000, 87
(6):434-439.

[9] Chen CH,Poucher SM,Lu J,et al. Fibroblast growth fac-
tor 2:from laboratory evidence to clinical application[ J].
Curr Vasc Pharmacol,2004,2(1) :33-43.

[10] Hedman M, Hartikainen J, Syvinne M, et al. Safety and feasi-
bility of catheter-based local intracoronary vascular endo-
thelial growth factor gene transfer in the prevention of
postangioplasty and in-stent restenosis and in the treat-
ment of chronic myocardial ischemia: phase [[ results of
the Kuopio Angiogenesis Trial (KAT) [[J]. Circulation,
2003,107(21) :2677-2683.

[11] A3 E ,Elabaz M,Oberte R, 2. #4745 N A K H 7
AR IR )2 S HR By el AR Dk sk e 4 9 5 A 28 1 R
(T M PR 0 ML 2% 75 2002, 18(5) : 223-225.

[12] FRHEF 00 e D, B Ao, 4 I8 PR B A TR T P Y B
A IR T Y S5 AF T L) . I R O I 48 9 4% 75 2007, 23
(5):368-371.

[13] Davis S, Aldrich TH,Jones PF,et al. (N5 1446 71)



1446

multipie myeloma in younger patients[J]. Blood, 2009,
114(27) :5436-5443.

[2] Nadal E,Giné E,Bladé J,et al. High-dose therapy/autolo-
gous stem cell transplantation in patients with chemosen-
sitive multiple myeloma: predictors of complete remission
[J]. Bone Marrow Transplant,2004,33(1) :61-64.

[3] Bashir Q,Shah N, Parmar S, et al. Feasibility of autolo-
gous hematopoietic stem cell transplant in patients aged—=
70 years with multiple myeloma[ J]. Leuk Lymphoma,
2012,53(1):118-122.

[4] Chong YP.Kim S, Ko OB, et al. Poor outcomes for IgD
multiple myeloma patients following high-dose melphalan
and autologous stem cell transplantation: a single center
experience| J]. ] Korean Med Sci,2008,23(5) :819-824.

[5] Blade J,Cibeira MT,Fernandez DC,et al. Multiple myelo-
ma[ J]. Ann Oncol,2010,21 Suppl 7:S313-319.

[6] Morabito F,Gentile M, Ciolli S, et al. Safety and efficacy
of bortezomib-based regimens for multiple myeloma pa-
tients with renal impairment:a retrospective study of Ital-
ian Myeloma Network GIMEMA [ J]. Eur J Haematol,
2010,84(3) :223-228.

[7] Piro E.Molica S. A systematic review on the use of borte-
zomib in multiple myeloma patients with renal impair-

ment: what is the published evidence? [J]. Acta Haema-

FRESF 201355 A% 412 4% 134

tol,2011,126(3):163-168.

[8] Roussou M, Kastritis E, Migkou M, et al. Treatment of
patients with multiple myeloma complicated by renal fail-
ure with bortezomib-based regimens[]J]. Leuk Lympho-
ma,2008,49(5) :890-895.

[9] Ludwig H,Drach J,Graf H,et al. Reversal of acute renal
failure by bortezomib-based chemotherapy in patients
with multiple myelomal J]. Haematologica,2007,92(10) :
1411-1414.

[10] Chanan-Khan AA,Kaufman JL, Mehta J, et al. Activity and
safety of bortezomib in multiple myeloma patients with
advanced renal failure: a multicenter retrospective study
[J]. Blood.2007,109(6) :2604-2606.

[11] Zhang Q.Bai H, Wang CB, et al. Bortezomib combined
with autologous peripheral blood hematopoietic stem cell
transplantation for therapy of patients with multiple mye-
loma[ J]. Zhongguo Shi Yan Xue Ye Xue Za Zhi,2011,19
(5):1234-1236.

[127] Schmidt-Hieber M, Blau IW, Trenschel R, et al. Reduced-
toxicity conditioning with fludarabine and treosulfan prior
to allogeneic stem cell transplantation in multiple myelo-
mal[ J]. Bone Marrow Transplant,2007,39(7) :389-396.

GRS B . 2012-12-01  {& 18] H 1 :2013-02-22)

(355 1443 5O
Isolation of angiopoietin-1,a ligand for the TIE2 recep-
tor, by secretion-trap expression cloning[ J]. Cell, 1996,
87(7):1161-1169.

C14] Bl 0. 5 8] 50 57 T 20 i 486 o I 4t i 4= K IR 73R 7 0
JUL S5t i £ S5 30 A 5 B HL A G i ML 3R LD b 5 o
N BRI T4 FE R A B2 B - 2004,

(157 FREN BT B — 7R 5. o0 T P8 T 55 5t o 2 455 1 I 2
A R PR 2 e R B 2 R s L SE S iR L) L A
O I I IE 44 7R, 2004,2(7) :560-562.

(167 #RaEdE . X FH e A%, S AR T T 1o 7E B A T4 2
TR O JULAR R A2 v B 4R R (T ], AR R 2 41 2004, 56 (5)
609-614.

[17] Paul SA,Simons JW,Mabjeesh NJ. HIF at the crossroads
between ischemia and carcinogenesis[ J]. J Cell Physiol,
2004,200(1) :20-30.

[18] Emanueli C,Salis MB, Van Linthout S, et al. Akt/protein
kinase B and endothelial nitric oxide synthase mediate
muscular neovascularization induced by tissue kallikrein
gene transfer[ J . Circulation,2004,110(12) :1638-1644.

(197 Wfzetat, 5 2% Btk LT 48 40 M A K X7 5 56 0 06 56 R
RIBF et e )], A SE AR A4 75,1999, 19 (9) 2 561-
563.

(207 U= FhSL B AR 45 AU e A &F 4 AE 4 R 7 0 R
ARG LR BB S I A AR T LT 0. S8 A 2 e Ak
2003,19(5) :385-388.

[21] Dimmeler S,Zeiher AM. Akt takes center stage in angio-
genesis signaling[ J]. Circ Res,2000,86(1) :4-5.

[22] XI55 4. S Ja Ak 32 P9 96 10 BE R 4P i iF sk R [T . 4
F2 4. 2007,59(5) :628-634.

[23] Fujita M, Asanuma H, Hirata A, et al. Prolonged transi-
ent acidosis during early reperfusion contributes to the
cardioprotective effects of postconditioning [J]. Am ]
Physiol Heart Circ Physiol,2007,292(4) : H2004-2008.

[24] F 706, —Fl e 09 A 40 8 B 1 4 ) NDRG2 1% # & M
HIIRE 0991 5 W58 [D]. V6 % - 5 DU 42 B2 K2, 2006.

[257] Salnikow K,Su W, Blagosklonny MV, et al. Carcinogenic
metals induce hypoxia-inducible factor-stimulated tran-
scription by reactive Oxygen species-independent mecha-
nism[ J . Cancer Res,2000,60(13):3375-3378.

[26] MR J% , 5% K B0 B0 /IN BRAM A I 21 20 M B ATPase ¥
W2 LT ] b [ ol B 24 25 55, 2002, 15(6) £ 355-356.

[27] 24k, s B AR M2 UM 4 fi. bt AR T AR S et
1996.

[287] Rosenkilde MM, Schwartz TW. The chemokine system
major regulator of angiogenesis in health and disease[J].
APMIS.2004,112(7/8) :481-495.

[29] Zukowska Z,Grant DS, Lee EY. A novel mechanism for
ischemic angiogenesis[J]. Trends Cardiovasc Med, 2003,
13(2) :86-92.

[30] Shiojima I, Walsh K. Role of Akt signaling in vascular ho-
meostasis and angiogenesis[ ] ]. Circ Res, 2002, 90(12):
1243-1250.

a

e H 11:2012-09-08 & 18] H 4. 2013-01-25)





