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Abstract

AIM: To investigate the effects of combined
tanshinone ITA (Tan IIA) and 5-fluorouracil
(5-FU) on cell proliferation, apoptosis, and the
expressions of hypoxia-inducible factor-1 alpha
(HIF-1a) and mutant P53 (mt P53) in human
gastric cancer cell line SGC7901 under hypoxia.

METHODS: Hypoxia was induced in SGC7901
cells by cobalt dichloride treatment. SGC7901
cells under hypoxia were treated with different
concentrations of Tan IIA in combination with
10.0 mg/L of 5-FU for 24, 48 and 72 hours. Cell
proliferation was detected by methyl thiazolyl
tetrazolium (MTT) assay. Cell apoptosis was
detected by Hoechst staining. The expression of
HIF-1o. and mt P53 proteins was detected by im-
munocytochemistry.

RESULTS: Combined Tan IIA and 5-FU signifi-
cantly inhibited the proliferation of SGC7901
cells (all P < 0.01) in a dose- and time-dependent
manner under hypoxia. The reduced prolifera-
tion rate of cells incubated with Tan IIA at a con-
centration of 10 mg/L and 5-FU for 72 hours was
67.46%. Hoechst staining showed that Tan IIA in
combination with 5-FU promoted the apoptosis
of SGC7901 cells in a dose- and time-dependent
manner under hypoxia (all P <0.01). Immunocy-
tochemical staining revealed that the expression
levels of HIF-1o and mt P53 proteins in SGC7901
cells under hypoxia were evidently higher than
those in SGC7901 cells under normal conditions
(t =22.786 and 13.914, respectively; both P < 0.01).
However, Tan IIA in combination with 5-FU sig-
nificantly downregulated the expression of HIF-
1o and mt P53 proteins in SGC7901 cells under
hypoxia (F = 182.234 and 130.062, respectively;
both P < 0.01). A significant positive correlation
was noted between the expression of HIF-1a
and mt P53 in SGC7901 cells (n =5, r = 0.995, P <
0.01).

CONCLUSION: Tan IIA can significantly en-
hance 5-FU-mediated growth inhibition and
apoptosis induction in SGC7901 cells under hy-
poxia perhaps by downregulating HIF-1o. and
mt P53 protein expression.

Key Words: Tan IIA; 5-Fluorouracil; Hypoxia; Gas-
tric cancer cell; Apoptosis; P53; Hypoxia-inducible
factor-1 alpha
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0. 0.5, 1.0, 2.0, 5.0, 10.0 mg/L Tan
A 10.0 mg/L 5-FU
SGC7901 24, 48 72 h, MTT
; SGC7901
24. 48 72 h , Hoechst
; Tan  A(0. 0.5, 2.0, 10.0 mg/L)

10.0 mg/LL  5-FU SGC7901 48
h , HIF-1a
P53
ZER: , Tan A
10.0 mg/L 5-FU N
SGC7901 ( P<0.01), 10.0 mg/L
Tan A 5-FU 72 h
67.46%. 0.5-10.0 mg/L Tan A 5-FU
24, 48, 72 h, Tan A .
SGC7901 ( P<0.01).
HIF-1a P53
(t = 22.786, 13.914, P<0.01),
Tan A 10.0 mg/L 5-FU 48 h ,
HIF-la. P53 (F =
182.234, 130.062, P<0.01),
(n=15,r=0.995, P<0.01).
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51755 K F-louhypoxia inducible factor-1 alpha,
HIF-1o) 5T, 1T HIF-1ou 55 87 e A
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By AR, VP 2RO I, RS T R H B
A7 BT, KA S FHIF-1038 18 2 R IR AR
IS N AT HCPUI EZHLEIT. P3P & A
P I RE B i WL IR S AR BE AL, RARTUPS3 AN 2R
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FEIL R WI P53 5EAL 3 SR 0 AT 259 AR
ARG IR SR L, HIF-105P5358
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RS S AT F T MRS PR T, TRk AR Y
P53 (14 i 40 B AHIC A S AT 5 3 IR T2 1) AN
B, eI BAT W I AR AR, T
FEC P9 A0 L 1 7 o B R RS RS> PR,
B LAHIF-108k AR I PS3 A #E ST KNy AL B )
FIALST 2590k A o 39 2 Bl BH 1 AR AR A 7 IR
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TAREIAEE N AR () Tan [T ABE A 5-FUT A
BRISGCT7901 40 Ju M E . 4TI & S HIF-
1oL A RIPS3FRIL AR KRR,

1 RT3

1.1 N B kS GCT7901M A 1 44 B2
RbEBE. Tan 1T A% [ 25 5 AP il ks s e
(RIARHE S, (DM S O)Hfil, 29K IE N
0.02%, 4 CA . 5-FUK B 25 i3 2451
B R W27, Hoechst32258%¢ 6 4 (il 1l &
A4 (CoCL) T [HSigma’s 7). RPMI 1640
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A AR AR A IR W] . AR TE R
B FEM(HREA Cell Germany); TE30018) & & 135%
JBH-285¢5 B4 5i(Olympus 2 ).
1.2
1.2.1 o N B4 RS GCT901 T
100 mL/LIGZF I . R HEEAIX
10° U/LIJRPMI 164055773, 37 'C, 50 mL/L
COBEFRAE N & AL AR 7%, B FICoCl,
IMAES TR 24 B 24150 pmol/L, H] T BT
98 PRSP 5.
1.22 MTT :
EROUS B4 A T 00 40 g A3 X107 /L 1) % i e b 1
96fL1E TR, BEFLIARF 200 L. 1 41 Hu ik
Ja I A Tan [T A(ZH# 0L 0.5+ 1.05 2.0+
5.0, 10.0 mg/L)FI5-FU(Z K E10.0 mg/L), Jf
W B PG A (M B B R AR KAL), AN IR AL
WSANEAL, VYIS 2 25 40 1 Al B 5 77
h s O L AEARAE A TR 9R24, 480 72 h
J&, BEALIIAS g/LIIMTT 20 L, kalis 7
4 h, BREWJL EIER, IADMSOR:L150 uL,
P10 min, EREARIL ELI490 nmi K4 FL
(WGP (AYVE, TEISFLIP M, 4l A= KA
HlZ = Oof LA ME- S50 FLA E) /%) FRFLA (i X
100%.
1.2.3 Hoechst

- HORHAE KIS GCT7901 41 152 X 10Y/LIK) 4
M, REFLO.5 mL, DIAJECA 55 37 112444k
P A4 BN RE 5 3 53 I A\ Tan TT A(Z9K 0.
0.5. 1.0, 2.0, 5.0, 10.0 mg/L)MI5-FU(ZL WK E
10.0 mg/L), - BHPEXT RO (40 a1 A K 4,
AR ST T HR24. 48, 72 b/, HUH 40 e
Jv, PR/ VKIS W] 52 W1 € S minis, AP
YeiHoechst33258 Ak 4N iy, =ik k61 h, PBS
Mk, PO CHEE A, e bR I a0 A
A, T4 AR L B SRS 10
AN 53 AT 325 120065 BE AL BT, AERLET 1450
AN, FE5004N g f, v EEILRRE R E A 5L, I
O, TR = FT-40 M A0/ (IF 40 i 4+
P41 %),
1.2.4

HIF-1o P53 s HORT AR KA
SGC7901 il 2 X 10*/LI¥i4h A ek, #:7L0.5 mL,
TN 56 3% 7 12448 1, 1 4 x4
AR &AL B (CoCly, 150 pmol/L) FE 4 Al
CoCLINAN ¥R % Tan 1T A4, 1540 M G 5E 5 4351
JIACOCL,s TanII A(Z#Z0. 0.5, 2.0, 10.0

mg/L)FI5-FU(ZIKE10.0 mg/L), 48 hJ5HHi 4l
Iy, ¥4 R 5E 5 min, PBSTYE, $%PV-9000
RA L B HKIHIF-10. 5842 %9P53, DAB
B, K, EW, PR e . B R
16 LIRS U F A8 R BH xR, APBSAREE — L
VER BT I 45 A0 HIF-1o 588 RIPS3
BH M 45 SR O 4 A% P9 A R £ kL HH B SR
HPATS-1000 5735 B B % (905 211 S i R 4,
G DU PR o 2k 1 B P 0 PR PR S BAA AL, DA T2 e ke
HIF-lo RASTIPSIBAM: & H R L &, JEI
H1H.

SEIG# 4 mean+SDE R, 4H
Vi) LU 52 FH A 300 R P DR 38 77 22 43 i, AR S Tl
Pearson H £ M= 70#T, 1Kk FSPSS16.04)
T, P<0.05 A7 g it .

2 BR
2.1 Tan A 5-FU
SGC7901 RASEE T

0.0-10.0 mg/L Tan Il AF#10.0 mg/L 5-FU{E
FHTSGC790140 024 48172 h)&, 40 g3 %5H
J R B T R AL(F = 148.392, 271.152,
346.513, ¥JP<0.01); AN H]S-FULEA[R] I 1]
Ji B A e 8 A 1 2 3K 2 S, 1f10.5-10.0
ug/L Tan IT ABEAS-FU I S [ 7] 2 A 41
HISGCT7901 41 u (1) 4, [F]— W L /EHI48 hIL Y
B B 2 T 24 h, 1EF72 h B R 148
h(#4P<0.01, %1).

2.2 Tan A 5-FU
SGC7901 ISR EE 70.0-10.0
mg/L Tan I AB(#A10.0 mg/L 5S-FUfEH T
SGC790141 /924, 48F172 hj, NI T b 2%
AR AA(F = 462.438, 561.124, 889.562, ¥
P<0.01), PN ] S-FUZE A [ 8] i 6 41 i 99
TR E 25, 1110.5-10.0 mg/L Tan [l ABES
5-FU ) 52 IR [a] 751) 5 A0V i A2 10ES G C7901 41
T, AR BRI 48 AL i TR B3 T
24 h, fEFH72 h3 #5148 h(34P<0.01, %2,

1),
2.3 Tan [IA  5-FU
SGC7901  HIF-la. P53

DA A HIF-1o. RAZMPS3IE S
K RIE, K45 548 hFHIF-1a, A
P53t ARIE B &, WA AR A4
A gt 24 L (HIE-1o: ¢ = 22.786, P<0.01;
SEAFRIPS3: ¢ = 13.914, P<0.01). LA IR FA
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SGC7901

5-FU,

1 HoechstReEHM48 hig

SEBIBHESGCT014BIZAT( x 200). A: ; B:
10.0 mg/L Tan A 10.0 mg/L 5-FU

10.0 mg/L 5-FU ; C:

Tan Il A+ 24 h 48 h 72 h
5-FU(mg/L) AlB IR(%) AB IR(%) AB IR(%)
0.749+ 0.030 0.737+ 0.030 0.739+ 0.018
0.0+10.0 0.669+ 0.020  10.57+ 3.97° 0.652+ 0.016  11.42+ 3.60° 0.624+ 0.035 15.30+ 4.85"
0.5+10.0 0.606+ 0.014  18.90+ 4.77° 0567+ 0.017 22.94+ 3.63*" 0.516+ 0.017  29.96+ 2.25™
1.0+10.0 0.541+ 0.017 27.63+ 4.60° 0516+ 0.014 29.99+ 2.82°° 0.475+ 0.019  35.45+ 2.18™
2.0+10.0 0.510+ 0.011  31.75+ 4.06° 0.456+ 0.019  38.07+ 1.89°" 0.371+ 0.022  49.59+ 3.26™
5.0+10.0 0.484+ 0.012 3528+ 2.47° 0.402+ 0.019 45.39+ 1.46™ 0.301+ 0.020 59.23+ 2.50™
10.0+10.0 0.443+ 0.013  40.79+ 2.96° 0.367+ 0.013 + 2,60 0.239+ 0.010 67.46+ 1.22™
°P<0.01 vs ; 9P<0.01 vs 24 h
Tan [l A+ 24 h 48h 72h
5-FU(mg/L)
2.03+ 0.67 2.07+ 0.12 2.23+ 0.12
0.0+10.0 4.84+ 0.51° 5.28+ 0.72" 4.94+ 0.38°
0.5+10.0 6.52+ 0.48" 8.77+ 0.87™ 12.58+ 1.31™
1.0+10.0 8.69+ 0.93" 14.95+ 0.94™ 22.36+ 1.73™
2.0+10.0 12.18+ 1.11° 21.19+ 1.64™ 31.31+ 2.05™
5.0+10.0 21.45+ 1.39° 27.18+ 2.17™ 45,68+ 1.59"
10.0+10.0 30.57+ 1.69" 43.62+ 1.85™ 60.34+ 2.58™
°P<0.01 vs ; P<0.01vs 24 h

[ 5 Tan [T AIBE4510.0 mg/L 5-FU/EFI48 h)m,
HIF-la. 5&\‘”@53“E%%ML‘TanHA%QEH@
S0 i R T R, SRR AL BT Gt

EEEEPS&F:

M (HIF-1o: F = 182.234, P<0.01;
130.062, P<0.01, %3, 12, 3).

3 e
R AT A AR ALY T HR TS MR AL 97 2K I B

JRIAL, 2 RS 2R T PR E R R

I e afi

HIF- 1o e RGN 2 0 CBE A 1, HIF-1ay
PR IR O R PR A

2.4 HIF-la Ps3 W, VR R AT 0, P53 A K
: Pearson A M1 X417 5o, HIF-1aMRAERS i WA IER Y —, PSRRI %

PS38E FIRIA Z W 5 BEIEAH K@ = 5, r = 0.995,

P<0.01, E4).
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2 BRI HERNSGC7I01BIEHIF-10B EIEVFRIA( x 400). A: ;B ; C

5-FU ;D: 10.0 mg/L Tan A 10.0 mg/L 5-FU .

10.0 mg/L

3 GBS S EMNSGCTI0 MBS BIPS 3B EIHITRIA x 400). A: ;B e 10.0
mg/L 5-FU ;D: 10.0 mg/L Tan A 10.0 mg/L 5-FU .

FHAE e 4 R S . PR S SR TR
Pl OREERE . BT I 2455 7 1h 478 o A
@B RSN, AR PSRRI AKCT,
PEMDM2i A2 B fife, A4 AT 38 i HIF- 1 o0l 2 175
S RIPS3HE AR IE, ML EPS3 4K i 1)
AR T BRI, ARAEAEE R, HIF-1afi

Wi 5B A PS3 s g HEE SMDM245 &, B
1EPS3HEMDM2I& 12 [ i, MM 51 A2 PS3IR 1211
TEALCT, S ok B AE R PS3IA X HIF-1 0t 47 1
AT, KR A PR T s MDM2
AT 132 35 -85 1 G 00 B (R EH T F- 1ot (111
Bfii; A FIHIF-lase 4+ 5 CBP/p3004; £,
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REINE T RERETan || ABXS5-FU{ERSGC79014BkR48 higHIF-Ta., ZRZFRIPS3EEHIIRIA

x 3

& Tan Il A +5-FU(mg/L)

ERE ERE
0.0+10.0 0.5+10.0 2.0+10.0 10.0+10.0
HIF-1a.  0.152+ 0.024 0.976% 0.077° 0.741% 0.057" 0.495+ 0.027" 0.387+ 0.021°  0.290+ 0.018°
P53 0.399+ 0.019 0.796+ 0.061° 0.665+ 0.048°  0.456+ 0.043° 0.342+ 0.024° 0.289+ 0.018°
°P<0.01 vs ; P<0.01 vs
L2p —+ HIF-La FE72 WEARAAIAEL N M T 51460.34%. LA
LoF TATC AR, A BT SGCT90141 i HIF-
0.8+ 1o FIZRAZ IPS3 3 1A B S 14 5, 17 Tan 1T AR 52771
< 06F AP H D R 4L P HIF-1a 1 R A P53
0.4 B AW FUIAT H G5 A0 Ak 2500 — 28
0.2 ML TSI B AR FE M) Tan [T ABK 5 5-FU
0.0— . 5 . : STHIF-1o R 2AZ TIPS 3 I 520, 45 5 o

B 4 HF-1afRERPS3ZEBRAMERIE. 1:

;2 10.0 mg/L 5-FU ; 3: 0.5 mg/L Tan
A 10.0 mg/L 5-FU ; 4: 20 mg/L Tan A 10.0
mg/L 5-FU ; 5: 10.0 mg/L Tan A 10.0 mg/L
5-FU

TIHIF-1ou R sBos 15 1k, B 2E P53 B DR ik 2k
25 FEHIF-10K T Th i 8 5 LA Sy 272,
M4 P53 & A 58AR I, HIF-10-P5322 7] () 1 1 2
T T, AN BB 3 58 AR AP S 3 M RT A it 0
T, 1 H AR P53k 3 B HIF- 10K FE— 2 Tt
e 4 g L SRR, DR, RS A R R
15 Hs ) e B AL S AR PS40 i /- A7, IX Fh oAz Ay
PS340 M ARAEAR A T A A TR, UL T IR,
I 2R IR FE, O H A R, R A R
() 2 P S L I A BT A R IR, [N R IA
HIF-1af1 5878 RIPS 31 IR A0y 7 AN UK, TS
ARREO LI HIF-1a s 548 P53 HE 5 )
INGYFAE AT 2R A e 1 A B RH A
AT RPN g
BATREMEE T FAFKETan 1T A
A S-FUXTSGCT7901 41 e 3§ 5 . I T 11 5%
Wi f S5 HIF-1o Ml 548 I P53 KK AR 1) 56 .
MTTRE KB (KA N Tan 1T AR 5 55 A
MM i B 5 RIS G C 790141 R I 3451, 10.0
mg/L Tan [T AICAS-FUMEFH 4172 his, JLdmi]
K N67.46%. Hoechst Y (kLg% TAREIAEE
S-FUXT R T (52 m, 557748 hig L T-% R
5.28%. HE— DU E R I, BAG Tan [T AR K T
Fe R RN [R) PR SR, 0 B T R R 48 vy, %
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Tan [l A5 5-FUIKH] 2 51 B AOUVE R HIF- 1o
FIRAF P53 15 (P<0.01). H LM KT R,
HIF-1a P53 8 3Kk 2 ) 2 2 # IEAH K@ = 5,
r=0.995, P<0.01). 15 ¥ Tan [T An] i it #HHIF-
Lo FISE AR T PS3 ¥ 414 B 5 3R 5-FU R 5 3
FTAER. f:il, RavizzaZEP W58 IR & B, HIF-
Lo aK T I m 3G 5 N 45 e 40 R PR HC T 11 6%
S-FURIBUSE. PRI, BATHEMN, Tan [T AZE(RAA
PRES R ol fE o B HIF- 1 o) 3k i i 1
SGC7901 40 %} 5-FUM MU, HoAth—Lb /3
K DA -1 o] LA 58 Ak S0 sl
7 HEHT

BATWEL WIS B ALoR, TanITALEN—Ff
FHIF- 1o 158 A8 TIPS 345 22 8 f 14 3k 6 H
(37873 470, A3 AT BEAE D — 2 1 4
37 25 5 4k y7 Zi e, AR L PS3 58
A G IR BT 25 TR A
s T BB B O (B Y
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