£ EEMIBHE Progress in Biochemistry and Biophysics, 2006, 33(9): 869~876

www.pibb.ac.cn

Pk

R & N A B 4E R E S B e R A TR

HAED AR EEKD

iﬁ%ﬁrﬁl) ﬁ‘?i‘%,‘& 1) ,& %1)

ZXE"

(M HERAE Mg P 22 E, 52 R Bl 4 5 ATy, i 200032; 2WHLRAE A IS E @A EDETTh L, B 310027)

TEE S0 I TR A A AT TR A A DG 2 TR 2 T 1) 78 A A BORT s 40 R R I i At 3G B s, TR R P A
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1 #MEFTE

1.1 ##l

SMMC-7721 N di &, Bl s % B
R B BT = bk, 8 B b B R B A4k
54 FHE ST L02 1IEW AR,
IR B B B R R T T s s AR A
A R R A ER I 27 SR AT
7 . lis (DCFH-DA) Iy H Calbiochem 7 ] (San
Diego, CA); & RNA $2HU 5 TRIZOL 4 H 3¢
Invitrogen Al ; /NPT hif-loo 550 T 7R FTBE
2 3k 44040 ) B (HRP) b ic “E Pt/ W 1gG 8 B 26 [H
Santa Cruz /A 7 ; PMSF. TES Fl1 — i 3 75 bl %
(DTT) M H 436 o wl s oAl 0 38 20 i 45 7=
PCR 1% 4 7 [¥ Biometra 23 & 7 &l ¥ 20 40 g A3
(FCM) 4 Becton-Dickon 24 7] /= fil s 1% I HL Uk &
gt AR B0 A Bio-Rad AR FE A 986
R WA H S A7 s EER B A A
Pharmacia 23w 7= s A0 - 0] WoB o e TN
By wm] e i IR IR v Bt Bl R T
A TREA T4 k.
1.2 ZApEiESE

Oy BERERIANND 1x10° T-REFRMMAP . A ot e
&, LT RPMI-1640 8592 Lk 9% 24 h.
1.3 ‘ApmshEiEE

F YL 24 h 1Y SMMC-7721 #1102 41 f 35 2
FFRll, BRI, Red i EA
Ha P A, HegHBAE 95% N, + 5%
CO, MRA T 4 h 1) RPMI-1640 G IfiL i B4 15
FEWL, B3 A AR AR TR, A |
RS AR T, JEAEORYF 1 L/min JEGE A

AR A AR 37 C A T ARSI, Jiak, N
JH P A AN [R] e AU R 8 Ak B, L ARSR T 5% O, + 90%
N, + 5% CO,, 1% O, + 94% N, + 5% CO,, LK 0%
0, + 95% N, + 5% CO,, 3 FiAHEASLEE 6 h
Je . Rl hifla RIEZI, FFE 1% 0, +
94%N, + 5% CO, AT, ERMEE 1. 3. 6.
12h 1 24 h hif-1o .
14 MR EFERE ARG

FEANTR) AR5 SR 18] 43 750 %5 Ut B 440 it ) 0.25%
AR, Mok s, H 02%5 Mgt
BEATAN MR, JF v 55 40 P73 238 R0 A KAl 26
KA AR L 2 2 A = 6] B4 SR —AH [ I
[i1) A 0 R ) /0SB B 4 A7 R = TS 4
1.5 RT-PCR I EHXERERKIE

a. S RNA B4R 57 BB IR0 Ak,
BN TRIZOL X712 HUE RNA, 284Nt e
TR AE RS, Age/A o HUABAE 1.8~2.0 2 18], JFAR
i Ao MV FE S B RNA WREE. b, 5190 W Fx
B-actin, M A X JE K pkm2, pkba, hk, sdhA,
idh3a & hif-la 555197 5 W4 1. ¢. RT-PCR:
O3B AN 2 wg S RNA BTSN, SR
Jii 53 VL 2l 30 A s e N P ) A 0] s ) kAT
PCR. %cfF: 94°C 42 ¥E 1 min; (B-actin, 62°C ;
pkba, 58°C; pkm, 56T ; hk, 54°C; sdhA,
57C; idh3a, 56°C) iE Kk 1 min; 72°C %E fif
1.5 min; 25 MEH, g 72°C 10 min &5 50 Y.
d. RT-PCR =ikl A1 73 4. HX RT-PCR j= 4k
1T 1L.5%BEIEpH B HIvk, F GDS B g & 4
AT BN S g0 25 0, HLvk %415 FH IBAS THEHLEME 7>
Mt R #r.

Table 1 The primers used in this paper

Gene Sense primer
pkm?2 CGCTGGATAACGCCTACA
pkbo ATGACAGCATGGAGTGTGTG
hk TGGCAAAGTGAGGATGTAGC
sdhA GTGGACAGAGCCTCAAGTT
idh3a CTGCCAAAGCACCTATTC
hif-la. ACTTCTGGATGCTGGTGATT

B-actin  ACCTTCAACAACCCAGCCATGTACG

Anti-sense primer Length / bp
CATCAAACCTCCGAACCC 417
CCTCAGAGACACGGCCTTAG 612
AAGCAGAGGTTCGAGAAAATG 406
ACAGCCTCGTCCTTCTCG 551
CTGCACGACTCCATCAAC 332
GTCGTGCTGAATAATACCACT 394
CTGATCCACATCTGCTGGAGGGTGG 703

1.6 HIZENEEEN HIF-1 EHRIE
B 4 B IR 41 B i B 1 3% Bradford v R (A
JRAFE, X 50 wg AR H UEAT SDS- 28 4 Hi k1

%t HL YK (SDS-PAGE),  Hi, E[J 28 % B v Bt Jle 9 1)
WO SR g2 L, S S%BIE 9k 1t
TBST W WM 1.5h, 2055 4t (1 : 500
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NPT HIF-1 Bk fiik) 4C g a,
TBST $WHVEN 3 ¢ 55 Pt (1 © 2000 BRAL L%
P (HRP) Aric 4/ i 1gG) =W E 1.5,
DL TBST vk i 3 #X5 5 ECL A5/ & Y. 1 min,
X G B 10 ~60's, LI IBAS K14 4b B 5
G050 5 AT 1 DU 2 SR X [ SR 3
1.7 HRNEMHSE R IR SEEENE

A ROS 7K T34 Jakubowski 25105 7 11 /7
% HZOG LA, FLIR M S0 S A H LDH
MHEALAE T FLER AU NAD* [ N I, 7 A2 1A i R A
NADH ()53, 7F A=340 nm I, W0 & W't & 4
I, NI LDH i k.

2 & R

2.1 EREFTAAIEEAI SN

W 1 P, Baip A AEAN 5 mmol/L 4
K 2 FhAE R, SMMC-7721 HH 40 i A1 L2 iF
""" i JFF 40 2 A 52 BAS [ R P, e B st AT (1)
E K, ] R G s . 2l G 4 24 h
SMMC-7721 JHF¥ 41 B AT 102 1F ¥ 4l g 2B K %
SR 20.12%H0 35.07%, —EHH BEER. F
5 mmol/L 7 % W% A7 /£ 1 OL &, @k % 24 h,
SMMC-7721 R 41 BAT L02 1 4l B 2B KA %
3N 11.04%51 28.55%, H & &2 5. W
SN WO D02 TE 40 M iR 9 4E O B 8 T
SMMC-7721 40 M. NN 2800 e, B k400 2
Tl 248 J 3 ol P 410 o A P S 98 , F At A A B I 2

*
[

Inhibition ratio

Oh  6h
- - - - + + + +

(5 mmol/L glucose)

12h  24h  Oh 6h 12h 24h

Fig. 1 Influence of hypoxia on inhibition ratio of cell
proliferation in SMMC-7721 and L02 cells

Cells were serum-starved for 24 h prior to exposure under 5% CO, and

95% N, hypoxia condition. Some cells were treated with 5 mmol/L

glucose before hypoxia. At different times (6 to 24 h) after hypoxia, cells

were harvested and counted for growth inhibition ratio. Data are present

as (x = s) of three experiments. * P < 0.05. [J: SMMC-7721; H: L02.

S, BG4 SMMC-7721 T8 40 o A0 102 1E ¥ AT
1 M A7 3 ) 2 AR A 2, o S A ] SiE
K HZEW AT, B4 24 h, SMMC-7721 JiTF5 41 g
HUL02 IE & B 41 M A7 0 2 20 il o 63.21% Al
2230% , A7 fE W E M E SR A K WK
SMMC-7721 JiH 4 B A7 3 2 #4851~ L0215 %5 -4
HUAERT R, I 5 mmol/L (¥4 258 J5 . 2 Fh 2 it 1)
AR RARAT BTt i, H SMMC-7721 JiT 988 40 Jd (1) 47
TR S ) S AR 95% DL b, BRI = L2 IEE
M. T LO2 40N NI AR S, E 24 h, fEIE
WA 31.1%, W 2 ol gi o 5o S48 16 s B 22 S AR
Uiy
2.2 HREX pkb mRNA EFERIABEN

KH RT-PCR LA T SMMC-7721 i 41
JROFN LO2 1E 5 40 i A f 4l e A 45 28 T pkb Bk A

FkAA. g5 R FIXT A, 2 Fhal s
95% N, + 5% CO, e & A IAL B J5, pkb FERI R IA

W ke A I ) S T 20 B A, A 2 B o AR
24'h, pkb ££ SMMC-7721 ¥ 41 Jfa A1 LO2 1E & 41l
i 43 S BERAEG AE 06 L 20.1% 11 15.6%. 102 1% 41
JRAFDNS T BRI AL, AR N A AR K2
FHHI L pkb BRI FIL R A K.

SMMC-7721

Oh 6h 12h 24h  Oh 6h 12h 24h

< o N <
) w IS n
T T T T

o
T
*

Normalized ration (gene/actin)

(=)

Oh 6h 12h 24h

Fig. 2 Effect of hypoxia on pkb gene expression under

hypoxia in SMMC-7721 and L02 cells
Cells were incubated under 5% CO, and 95% N, hypoxia as described
before. Total RNA of cell was extracted and RT-PCR was performed.
DNA products were visualized with ethidium bromide on 2% agarose
gels. The bottom bar graph shows the ratio of genes to B-actin. Data are
present as (x + s) of three experiments. * P < 0.05 compared to control
cells. [J: SMMC-7721; H: LO2.
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23 REXSHEHEE. AR ERIZEN

FE B4 6 hy 12 he 24 h I TE] 55 43 50 K 0
SMMC-7721 JiTJ 40 MO A LO2 1F 5 40 i 2 Fofvb i it
OB 5L ) mRNA k2840, RI 2 Flan i bk,
hk JEPRIRTALE 0~12 h #RBEN [A] L2 TH sk, (HAE
24 h HIWE N, Hodh SMMC-7721 B0 R i
420 IS XS ) 25%, 102 1F % 40 i T &% 6.1%,
THZES W, pkm B EITE SMMC-7721 41 M ()

091
0.8
0.7 r 1
0.6
0.5+
0.4

0.3

Normalized ration (gene/actin)

021

0.1

0 Oh 6h 12h 24h Oh

6h 12h 24h Oh

Lk, 0~12h FIAKFEE, 24 h FF . L02 IE
WM 24 h FIRTREEIR K, 2 Fhal AR AE 4 24 h
RIS 2RI (K 3).

LEREFRWR NN 5 mmol/L 55 24 Bl ) Gl A8 A 2,
2 P4 MOAK k. pkm S5 [R5k [R] B Al AR LG
24 h FIEH UL U B AR A AR AR R A
A DS EORE B i OC BB IR 20K, DT A 40 A 44 v i
A RE

*

6h 12h 24h Oh 6h 12h 24h

hk hk (+glucose)

pkm pkm(+glucose)

Fig. 3 Effect of hypoxia on hk and pkm gene expression with or without glucose treatment
in SMMC-7721 cells and L02 cells

The bar graph shows the ratio of genes to B-actin. Data are present as (x + s) of three experiments. * P < 0.05.

[J: SMMC-7721; B: L02.

24 BREFIERISEEE TR RN

Ll B A 45 F R, SMMC-7721 T 9 41 i A
L02 1F 7 40 B i) FL IR i & B (lactate dehydrogenase,
LDH) v7f 1 S it il 2 o i) SE K T 34 m, - B4 24 h 1)
SMMC-7721 JIT-J% 40 fo. LDH 3% ¥ T =ik 48.5 %,
LO2 IEH A Mt T m 16 £5,  HARGBAE SN R AL
SMMC-7721 i 40 ffL i) LDH % ¥E#8 & T- L02 1E
AN M. NN AR G, SMMC-7721 JiT i 40 B AN
LO2 1 40 /i LDH 375 ¥ B i ) 4 e B2 ok, H.
) 2 SMMC-7721 i 4 Mo 1¥) LDH 3% P 4 =
T L02 1R AN, SIS AN M AR Ll R A
HA R IR AR KT (K] 4).
25 BEMEEENXERBRITIRER R BN
B A SRS FRIE BTSN

Wi s fros, Haiiii T SMMC-7721 @41
AEBA 6 hidh FKIAFH FiH, DLJE G FR{%. 102
20 i S 7 A5 IR I Sl idh 6 DA R A /E B4R 6 h Al
iR, 12 h FiBST 0 h XK, 24 h FiE S

. BRI WA sdh JE R /E SMMC-7721 A 41
JRRT LO2 1EH 4131k idh 28481, 24 h 2 Fhdl
L #BJLF- AN RIE. {HAE 6~12 h, LO2 1E % 411
sdh 2235 KA R T SMMC-7721 B 40 2 40 it

900+
800+
700
6001
5001
400+
300
2001
1001

0

LDH activity

Oh 6h 12h 24h Oh 6h 12h 24h
- - - - 4+ + +  + (5 mmol/L glucose)
Fig. 4 Effect of hypoxia on the LDH activity in SMMC-
7721 and L02 cells
Cells were treated with or without 5 mmol/L glucose before exposure to
hypoxia. Data in the graphs represent activity of LDH in (v + s) from
three experiments. * P < 0.05. (J: SMMC-7721; l: L02.
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idh idh (+glucose)
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Fig. 5 Effect of hypoxia on idh and sdh gene expression with or without glucose treatment
in 7721 cells and L02 cells

The bar graph shows the ratio of genes to B-actin. Data based on this experiment expressed as (x + s) from three

experiments. * P < 0.05. [J: SMMC-7721; l: L02.

IO 2B 5, SMMC-7721 JiT9 40 Jifi A 102
T 20 Mo idh 55 R ) 2k B AT 3R IR I IR) ek A
B, HTF R RN, 24h iR EZRE, H
LO2 I 4H g 22 15 B AH X Lk SMMC-7721 JH-J22 41 i
. sdh FIEARA A [R]. S 1 41 £E 38 I A
2B 2% At A R AR T PR g B UK. 5 PR Al
FAHLE, idh AT sdh fEGRAE 24 h FAKHRH T
2.6 BHEIFSATEMAMA ROS KFRS

BA I B ROS 7KFAE 1 h Wil T, B
JEOERIN, & 6 h JEREAE R KT (B 6).

60+

*

50r

40¢

30r

20

DCF/(nmol - 1x107 cells)

101

0L —
0h 1h 3h 6h

Fig. 6 Level of ROS induced by hypoxia at different time
points

ROS production was measured by DCF-DA. The fluorescence was

measured using fluorescence spectrophotometer (excitation and

emission wavelengths of 488 and 525 nm, respectively). Data based on

this experiment expressed as (v = s) from three experiments. * P < 0.05

compared to control cells.

2.7 AEEREIEE X BTRERAA hif-1 R0

I AN [ B AR R R AL, 4 SRR I B AR 0 T B
ik, hif-la FIERZEH LA IFESTE 1% 5t
AR, hif-lo 20 B B 420 I ) ZE Kt 3 7
> 6 hak i EAE (B 7).
2.8 ROS 7t hif-la EEFRIEHATERA RN EH
RFIERIF M

DA Sz R0 GRAUEAT T ROS BB I,
hif-lao FRIEFHN_FI. KyiE B 7E SMMC-7721 Jif i
g0 farh ROS 2B HIEE S T hif-la IFRIE,
SMMC-7721 HFE 41 I AE 95% N, + 5% CO, S5 4%
P REEFE 6 h, ARIGIERFIRMH AN 10 mmol T4
B3 NAC, i I ik 6 1) ROS, 4k 28 Gl 4 4% 97
6h, SRIGKI hif-1a mRNA M8 [ 505, WK
8 7, hif-la [1) mRNA I8 (A R A B R
W, KW ROS 25 T X} hif-la RIAMIHIE.

3 i it

Ji 9 40 G AR B UL R AR BRI T, R
T AN TR T IE A0 R AR P A IR . 70 AR T,
Warburg WF5T T 2 F ARISIW) IR, UL IA) 16 0 41
ZUIHLL, s SRR R 2 B B, e AR
e A IR B2, XMIMREIA
“Warburg effect” '3 Warburg % 1) & 20, K A
Jei v] e FLARr AT AR 7 AU BRI ST 31 T T S
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SMMC-7721
b

689

: =
" = B_aCtin
Oh 1h 3h 6h 12h  24h

hif

Normalized ratio (gene/actin)

Oh lh 3h 6h 12h  24h

Fig. 7 Influence of hypoxia on hif-1a gene expression
The hif-la gene expression in SMMC-7721 cells under different time course of hypoxia. RT-PCR was performed for
quantification of hif-1a expression. The right bar graph shows the ratio of hif-1a to B-actin. Data are present as (x = s) of three

experiments. * P < 0.05 compared to control cells.

135 ku - B hif-1o L
8 ’
689 bp hif-la =g VA
E5 7
s>~ 02}
2 I
703 bp B-actin '0
‘ - + +  Hypoxia
- + +  Hypoxia - - +  NAC(10mmol/L)
- + NAC(10mmol/L)

Fig. 8 Effect of ROS on hif-1ac gene expression in SMMC-7721 cells undergoing hypoxia
SMMC-7721 cells were cultured under hypoxia for 6 h, then added 10 mmol/L NAC and further cultured for 6 h. Cells were
collected for Western blot and RT-PCR. Western blot was shown on the top. Results are representive three independent

experiments. The right bar graph shows the ratio of hif-1a to B-actin. Data are present as (x + s) of three experiments. * P < 0.05.

B, AR HLHIE LU AR IR R) A BE ] 1.

AT 0 e 40 e T2 g i DR A s AL 7
=TI AN (1 7= 7 RS S PSR 5 1130 NN 7 S P
c-myc 1] I 3F pk. hk SE5E R R IR0, A g
LRI T @A RO REAR ACE, X PR, A
AT CRAE I8 40 M A5 S R I Re R, 5y —
J7 ML, HIF & 33K 58w g 1 I 48 A Bz AR KGR 1
(vascular endothelial growth factor, VEGF). Z[.41 /iy
"B (erythropoietin, EPO) [F3KIE, XA F) i
L IR A B PR A KON B SR ) T SR I P ik
U BRI e TE I B ) 45 R, XORT T g Y ROS
TR TR 43 AH D DRI T (I a2k Jie g ) A= A 161,

A T WF TR AT TR0 A0 AR 5, A B Bk
BEURT e R T 0 T ) 8 B 1) HA — e R
H5) SMMC-7721 Jife 4 Jia 400 il 4 42 LO2 1E
JHANHESS, 1 B b8 200 10 A 0 5 40 L EL A7 B i v e
S 2 0. NN FBE S, S SMMC-7721 Ji
T 20 BRIV E I ORSS, AEiE ] AR, I LO2

TEH A LG4 24 h A4 35 3 R AR A K,
TXHE AU W] s 40 A i S AT T kA
TR G0N, MR 20 B A A A R AR AP

5 134 B (protein kinase B, PKB) & [1 & T
22 PR PR TP, AN AR AN M B R T
G 5 A )RR S U U, i R AR
PDGF &5 A4 K A -1~ A] LUIE I 52 A4 16 22 PR 2 11 T
Ttk T T UL 3 I 25 i A0 PKOB, 18 71 40 i 1 8 AR AR
WA pran M T, (e E A i AE g2, PKB i& A]
DL IR AL Bad™*%5 T caspase-9 1) R /A FR Ak A1 1)
B 55 % B % B 3 (glycogen synthase kinase 3,
GSK3)KFEDLIIT-AE R, A2k 40 i A= A2, AE AR
FOUIF 5 e I pkb 2 I Bifh 4 o [1) SE < 1 A PRI
() IS 20 PR S B S ), B e B R AR, ]
ik R pkb ek, A4 R G .

OB 0 A B T A 0 22 5 — 2 I I 1) {4 AL T
B R TN O3 A s AR B X B P e R
HAR AR A 1 OB IO ] TR KL, P41
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A Wl 2K 2 W T AT (carbohydrate response element,
ChoRE), %25 ¥H il LIl i ChoRE ik g fich 4 i iRt
ARG R R. FEBA AT T, BARTE ROS Flk
S5 K1 HIF-1 (4% T hk 2 D8] 7R Rk g 52 AR
PR TR, pkm JEPIZEGA 6 h AT 12 h AL AN
W, HEE 24 h, L02 1E 9 41 M 3Rk K A%
SMMC-7721 JH-Ji 41 B 22 15 W 8 v T L02 1E % 4
JL, & BH IE 4 M AR ™ R AR A AR A R A % B
B, R AT AR N, Sl A
TR T. I %585, hk JEAT pkm JE K]
TEGRAE 24 h RIEKFHRBE 2 $2mr, R W BG4
7 By P SR PR A 1) J N 2

FLIR i 0 (LDH) {1 oA i 158 Mo &2 A LR
LW D)0 I WOBE O A IR /KT SCRRIRE, A 4%
PFF, LDH yE¥: T, [ TR A A AR s, 1
] 5 NADH 454 J) s 4 i e XA, X H R T
fif NADH %816}y NAD™, DLk Fr b i it (1) 4k 22 3k
AT. LDH ¥ 7 F+ w58 R 3-8 () J0 S0 R A o 47,
ohy Ji g 4 P 2 T T R A R A R L. A SR
(HIF-1) 25 LDH iGYEREY, 85 FU s i A
(1) )3 B DX Il A7 A0 Bl AU RON T A A ks, i oo
S5 HIF-1 BEARAT &, 2400 SMMC-7721 Jif
T 21 O R LO2 1 I 40 PR B AT T 45 £F T LDH
o PE B B ) S K T . B 24 h,
SMMC-7721 JF¥ 41 i ff) LDH 35 T+ 48 1%, 1M
LO2 IF % 40 )l LDH 3% P T+ 16 . Ui B 7R 4 4%
£, LDH WP AR TS, H SMMC-7721
T a0 B B0 T B 102 T 41 B v v L IX
A BEJE SMMC-7721 I 40 il 2 AT LG Lo2 174 40
o B s R A 52 T 1 R R 2 —

SRR AU (IDH) 2 = R TR 115 1 % 4t
Wi, MEALEFT R OR A R - B R, [AIE AR
% NADH 53 NADPH. 3% H1/ it & (SDH) i {t
BRER I AR AE SRR, B — R IRIG I IR G
fit}, IDH F1 SDH (13 P& A A br . &
KOl 2 FPgi fufE st 4 4F F, idh 55 sdh FEIRIR R
AR B TR RE G S RS, (HIEH N A
PR T VR ARG T 40 B, AR 5 e 1 4
T A B 2 O

SEHG S8 BRI, R A B e R B R AR K
S B A BRI ROS 5%, I B it B4 i
ST hif Al pkb SEIER, T TSR 4 10 R
A S Gl il P R DR 3% 30 N R K SF . 3X AT g
Warburg {5V FH 988 41 A it 1 52 614 iR L il 2 —

S AR 1 TR 240 M A i 52 i 4 RE D Ay 5
IR AN T AR, SO0 R R TR AT R A
v B,

2 % X #

1 Dang C V, Semenza G L. Oncogenic alterations of metabolism.
Trends Biochem Sci, 1999, 24 (2): 68~72

2 Osthus RC, Shim H, Kim S, et al. Deregulation of glucose
transporter 1 and glycolytic gene expression by c-Myc. J Biol Chem,
2000, 275 (29): 21797~21800

3 Flier J S, Mueckler M M, Usher P, et al. Elevated levels of glucose
transport and transporter messenger RNA are induced by ras or src
oncogenes. Science, 1987, 235 (4795): 1492~1495

4 LiuSL, Lin X, Shi DY, et al. Reactive oxygen species stimulated
human hepatoma cell proliferation via cross-talk between
PI3-K/PKB and JNK signaling pathways. Arch Biochem Biophys,
2002, 406 (2):173~182

5 ShiDY, Deng Y R, Liu S L, et al. Redox stress regulates cell
proliferation and apoptosis of human hepatoma through Akt protein
phosphorylation. FEBS Letters, 2003, 542 (1~3): 60~64

6 Sauer H, Wartenberg M, Hescheler J. Reactive oxygen species as
intracellular messengers during cell growth and differentiation. Cell
Physiol Biochem, 2001, 11 (4): 173~186

7 Liebermann D A, Hoffman B. Myeloid differentiation (MyD)/growth
arrest DNA damage (GADD) genes in tumor suppression, immunity
and inflammation. Leukemia, 2002, 16 (4): 527~541

8 Semenza G L. Hypoxia, clonal selection, and the role of HIF-1 in
tumor progression. Crit Rev Biochem Mol Biol, 2000, 35 (2): 71~
103

9 Semenza G L. HIF-1:
pathophysiological responses to hypoxia. J Appl Physiol, 2000, 88:
1474~1480

10 Jakubowski W, Bartosz G. 2,7-dichlorofluorescin oxidation and

mediator of physiological and

reactive oxygen species: what does it measure? Cell Biol Int, 2000,
24 (10): 757~1760

11 LuH, Forbe R A, Verma A. Hypoxia-inducible factor 1 activation by

—_

aerobic glycolysis implicates the Warburg effect in carcinogenesis. J
Biol Chem, 2002, 277 (26): 23111~23115

12 Racker E, Spector M. Warburg effect revisited: merger of
biochemistry and molecular biology. Science, 1981, 213 (4505):
303~307

13 Rodrigues L E, Gaudenzi T F. Modification of the Warburg’s flask
for the study of electric current effect upon the activity of enzymatic
systems. Rev Bras Pesqui Med Biol, 1976, 9 (4): 187~191

14 Rossignol F, Solares M, Balanza E, et al. Expression of lactate
dehydrogenase A and B genes in different tissues of rats adapted to
chronic hypobaric hypoxia. J Cell Biochem, 2003, 89 (1): 67~79

15 Semenza G L, Jiang B H, Leung S W, et al. Hypoxia response
elements in the aldolase A, enolase 1, and lactate dehydrogenase A
gene promoters contain essential binding sites for hypoxia-inducible
factor 1. J Biol Chem, 1996, 271 (51): 32529~32537

16 Liu S L, Liu G Z, Cheng J, et al. Influence of PKB on ROS
regulation of proliferation in human 7721 hepatoma cells. Acta
Biochem Biophys Sin, 2002, 34 (1): 67~72



. 876 - EMUFEEYYERRE Prog. Biochem. Biophys. 2006; 33 (9)

17 Hundal R S, Gomez-Munoz A, Kong J Y, et al. Oxidized low density couples survival signals to the cell-intrinsic death machinery. Cell,

lipoprotein inhibits macrophage apoptosis by blocking ceramide 1997,91 (2): 231~241

generation, thereby maintaining PKB activation and Bel-XL levels. J 23 Pap M, Cooper G M. Role of glycogen synthase kinase-3 in the

Biol Chem, 2003, 278 (27): 24399~24408 phosphatidylinositol 3-kinase/Akt cell survival pathway. J Biol
18 Alvarez B, Garrido E, Garcia-Sanz J A, et al. Phosphoinositide Chem, 1998, 273 (32): 19929~19932

3-kinase activation regulates cell division time by coordinated 24 Kohn A D, Summers S A, Birnbaum M J, et al. Expression of a

control of cell mass and cell cycle progression rate. J Biol Chem, constitutively active Akt Ser/Thr kinase in 3T3-L1 adipocytes

2003, 278 (29): 26466~26473 stimulates glucose uptake and glucose transporter 4 translocation. J
19 Katome T, Obata T, Matsushima R, et al. Use of RNA Biol Chem, 1996, 271 (49): 31372~31378

interference-mediated gene silencing and adenoviral overexpression 25 Nakashima R A, Paggi M G, Scott L J, et al. Purification and

to elucidate the roles of AKT/protein kinase B isoforms in insulin characterization of a bindable form of mitochondrial bound

actions. J Biol Chem, 2003, 278 (30): 28312~28323 hexokinase from the highly glycolytic AS-30D rat hepatoma cell
20 Fukuda T, Guo L, Shi X, et al. CH-ILKBP regulates cell survival by line. Cancer Res, 1988, 48 (4): 913~919

facilitating the membrane translocation of protein kinase B/Akt. J 26 Shinohara Y, Ichihara J, Terada H. Remarkably enhanced expression

Cell Biol, 2003, 160 (7): 1001~1008 of the type Il hexokinase in rat hepatoma cell line AH130. FEBS
21 Arboleda M J, Lyons J F, Kabbinavar F F, et al. Overexpression of Lett, 1991, 291 (1): 55~57

AKT2/protein kinase Bbeta leads to up-regulation of betal integrins, 27 Firth J D, Ebert B L, Ratcliffe P J. Hypoxic regulation of lactate

increased invasion, and metastasis of human breast and ovarian dehydrogenase A. Interaction between hypoxia-inducible factor 1

cancer cells. Cancer Res, 2003, 63 (1): 196~206 and cAMP response elements. J Biol Chem, 1995, 270 (36):
22 Datta S R, Dudek H, Tao X, et al. Akt phosphorylation of BAD 21021~21027

Regulation of Metabolism Signaling in Heptoma Cells by Hypoxic Stress”

SHI Dong-Yun", LIU Shan-Lin"»", LI Hao-Ran?, SHEN Xin-Nan",

YU Pei-Zhong", CHENG Jian", GONG Xing-Guo?
("Shanghat Medical College, Free Radical Regulation and Apllication Research Center of Fudan University, Shanghai 200032, China;
PFree Radical Life Sciences Research Center, Zhejiang University, Hangzhou 310027, China)

Abstract In order to investigate the expression of the glycolysis-associated genes and different proliferation
between normal cells and tumor cells in response to hypoxia, and to explore the role of reactive oxygen species
(ROS) in mediating metabolism of hepatoma cells and in regulating expression of glycolysis-associated genes and
enzyme activity, SMMC-7721 hepatoma cell line and the normal liver cell line LO2 were taken as the investigation
objects. The cell suppression ratio and surviving ratio were detected respectively under conditions of simple
hypoxia, or 5 mmol/L glucose complicated with hypoxia. The mRNA levels of key enzymes that are involved in
regulating glyco-metabolism were detected, including the mRNA levels of pyruvate-kinase, hexokinase, succinic
dehydrogenase and isocitric dehydrogenase, and the activity of lactate dehydrognase. The proliferation gene pkb
and hypoxia-inducible factor-1 (HIF-1) were detected as well. The results suggest that 1. tumor cell can endure
severe hypoxia condition than normal cell, 2. under conditions of hypoxia, the strengthening of the glycolytic
pathway is one of the important mechanisms to ensure the rapid proliferation of tumor cells, 3. ROS through HIF-1
mediates the changes of the gene expression of the enzyme of the glycometabolism pathway, and takes part in the
regulation of the hypoxia-induced signal transduction. And the use of antioxidant will decrease the ability of tumor

cell to endure hypoxia.
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