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ABSTRACT: Objective To explore the effects of stanniocalcin-1 (STC-1) and hypoxia-inducible fac-
tor-la (HIF-1a) on the calcium and thus on the mitochondrial membrane potential ( Aym) in renal carcinoma
cells. Methods We successfully established the renal carcinoma cell models with high HIF-1a gene expres-
sion. After various concentrations of STC-1 solutions were added to the culture medium, the proliferation of cells,
expressions of HIF-1a and STC- 1, levels of Ca®", Aym, and mPTP were detected by MTT, RT-PCR,

ELISA, fluorescence spectrophotometry, and ultraviolet spectrophotometry, respectively. Results The prolifer-
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ation of renal carcinoma cells and Aym were improved after HIF-1a gene transfection, STC-1 protein interven-

tion, and STC-1 protein intervention after gene transfection. While the intracellular Ca>* level and mPTP were de-

creased significantly (P <0.05), all the changes were intensified with the gradual increase of STC-1. However,

the increasing trend of cell proliferation gradually declined. Conclusion

HIF-1a may participate in malignant

proliferation of renal carcinoma cells by promoting STC-1 proliferation or down-regulating Ca>* ; however, such

an effect may be gradually attenuated due to the inhibitory effect of STC-1 on HIF-1a.
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i eE A AR 22 L S R A A TR AR T A i
AR Z SR 7 A, TRl = 0N RE T I I I i v
FAGIE L, A A WERR AL A (IG5 450 i L b 1A
kgt 2RI AA B HL A7 (mitochondrion membrane po-
tential, Aym) 52K A B L ( mitochondrion
permeability transition pore, mPTP) AS{V 0] 7 15 28 ki {4
AR RER IR 575, RS M8 & 4 & RAR G
BT s, Wb A B e = SECRI BT AT 52 P AR i k4
1755 [N F-la (hypoxia-inducible factor 1o, HIF-1o)
YR EHGE N Z EEAEE, i HIF-la SURREIS
S 45K HH-1 (stanniocalcinl , STC-1) FRikpye
PR, STC-1 JE—Fh ik T B /Mg 1 2 4t
VEF T gk, T8I AMIPY Ca®* P-4 OS5 11,
TELFSLRR A LN E AT L Ca® N E B A —
R, SERAR 7T, BlesFaEmscHe, bk
AR IR I mPTP, 35 Aym'® . AHF5E R
FHANEE STC-1 10l = 3235 HIF- 1o 19 ' 968 40 MO 455780
WF5e 7 STC-1 5 HIF- 1o (AHEARH, R T P#HH
RV T REXT Zer (AR 5 Hy SRR M R R

T %

ki, REFERE  pcDNA3. 0-HIF- 1o JFORL A
SR, KGR B DHS o B Rl A 55 B B2 2 % T 40
M ses R A7, N GRC-1 4Nihk il b i b 75 4R 4
PN ml A

FEKF MTT (3£ Sigma A H ), RPMI1640
(£ Hyclone A#]) , JEA4-MIE (HTMIUZFESFLAH),
STC-1 (A8 %1 Prospec A H)), G418 (Jt 5t Solarbio
ZAF]), B RNA 2B & Wi fe il R & PCR
MasterMix ( JIll & K Fermentas 2\ 7] ), ELISA i 3 &
(£E R&D A #]), Fura-2/AM 5% FH4F (35K
HEYIEARWISTAT) , JEFAK Lipofectamine™2000 %% Y4 i,
) (3£[E Invitrogen A H]) o
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MAEEESE  GRC-1 41M'E T 25 em® Hi580MHH, H
T 10% R4 g & 1% H 5% % . 555 & 1Y RPMI1640
BRIl T 5% CO, . 37°C FHE3%,

HIF-la BEARMNMETE mMATLREMEREL
FUkLJE , WX pcDNA3. 0-HIF- 1o PHAE 578 fE 25 BamH [ 1
Xbar T fFVIIG , ShONe 68 B f Ok s 38 R B, Il
K G AR F 2 3730XL B DNA [ 3l i) e SRS ) 35
K750

HIF-1o RIEMBMIFEIE B PO EEM GG,
K HIMG i fA Lipofectamine ™ 2000 % Ye il 7, 4 1 i3 W
456 peDNA3. O-HIF-1a, 28 384K 5054 %« GRC-1 41
PR, 37°CHEFE 48 h, Frdifflil & B2 80% ~90% i 57
BrgR Ak, 800 pe/ml G418 FiigkirFR ik, H 4 d Bk
1RO e s 75 Ak, 17 B o I 20 i A L A5 AR B %
A3 4 R Y 4] (peDNA3. 0-HIF-1a-GRC-1) | 28
BIKH (pcDNA3. 0-GRC-1) , AKFE Y a4l x4 0 IEH
41 (GRC-1) .

WA FTHRSA  IEH 455 Y4140 5 51 18
0.0.1,0.5, 1.0 nmol/L [¥J STC-1 15 YL 40 g 5% 32 L X
HRHEAT T, 4300l i 24 S AH N A R R AL IR
4, PRIEA ., mlEd.

RT-PCR #ill HIF-1a, STC-1 EEEFE $RH%
ZHANM S RNA, HU1 pg RNA #7505 5954 icDNA
SIWFH): (1) B-actin: 1F[]: 5 -CCCTGGACTTCGAG-
CAAGAGAT- 3, % [i]: 5’ -GTTTTCTGCGCAAGTTAGG-
37, KBRS S31 bp; (2) HIF-la: 1E[: 5°-TCCAG-
CAGACTCAAATACAAGAAC-3", Z[]: 5’ -GTATGTGGG-
TAGGAGATGGAGATG-3", HBHKJ# 130 bp; (3) SIC-1;
1EM: 57 -TGAGGTCGTCCAGCTCCCAATC-3" , JZ[i]: 5°-
GGCACAGTGGTCTGTCTGCAGGATG-3" , FErK-fiF 142 bp,
FE s WiAEPE 94°C 3 ming A5 94°C 30 s, 3Bk
30 s, iBAIREHN 539C, ZEMH 72°C 1 min, 35 4~
By KGR 72°C 5 min, DL B-actin fE A N S R,
PCR W) T 2% By REWESECHEA THILDK o I 2571 248 Tm-
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age) BAFHATIKEE 30T, LU H (3 5 B-actin 't % FE
FME AR H RO R A AR X ik 4

ELISA ¥l HIF-1a, STC-1 EH XX RAFKH
FLAEEE S ( phenylmethanesulfonyl fluoride, PMSF) 54
IR AS LA, 12 000 ©/min (r=8.5 cm)
S min, BRI T B BAR T, S0 p/ AL, o>
SRS AL ARUESL . FRRRE AL i BN S S
S (E

MTT MR IGTEE S AR T 96 FLIR
e, BB 6 MEAL, HEFR 24 h JEEALInA 80 pl JE
MR FRFEAN 20 pl MTT %W, 37CHE 4 h JFH %
LA, A 150 Wl ZHIER, #5710 min
J&, FHEFRACK I 490 nm kb OD fH .

WRRFH MR Ca** 8 HUE K KRR
MR T 6 fLAR T, TRAIMIIC G 22 80% , 43 2H b3
I AL AN M 2, 1000 ©/min (r=10.4 cm) B0
5 minF F3E, H] D-Hanks W8 B 40HE, HIMA Fura-2/
AM, 37°CHEHENFHE 45 min, ] D-Hanks ¥ 6 1% 40 i
2, 3 ml D-Hanks ¥ B 40, 2650000 BT
RPN 340 380 nm, S S10 nm B K
05 B B 20 M SR

SREHENERSFETE KR Sailaja 57 1
JrEEAEINEGE, BN AR T 25 om® 0SSR
i, R BEMMICA L) 80% , A )E, Wik
BEOWCERANAE, A0 2L A 2L AR, 4000 1/ min
(r=9.3 ecm) E.0> 10 min B E3E, 10 000 r/min (r =
8.9 em) B0 15 min 3£ [IE, WAREIIIE ML RL,
WIFR IR 2R AR 500 T3 B, 0. 02% £ 4
2B YW, ER¥ AR 10 min, AIEAEE (10 x40)
WERLARRIEA . SR SR FIkmidttr, B8 3 K.

AN KRBT T mPTP  [R] B 7 vk 4% 4 1k
B, HHELRIAR RSN 3 ml WEN TP RS, X
MR 4 ml A JT P, #4541 F 540 nm 752N 45 4
SrVECRE TN A FL U B, mPTP JF R B 5 0ok
AR A,

WA E T Apm  [F)FE Ty A Lok &
W o B HLRAR WA N 6.6 pl Rh123, 37°CKIB4E
TR 30 min, TG ETE R I & LR
480 nm, KN 525 nm IR E, Apm 555
SR 2 UG

ST 4bTE  RA] SPSS 19.0 Sl #fy, it E%®
BHEL £ bR 22 2R, AREGEH R X GRC-1 41 i
P Ca®* | Aym, mPTP %5 {52 i 35 5% FH 8L [N 2507 224y
Br, P<0.05 hESFAGITHE XL,

# R

HIF- 1o EARKAME  DNA JI ¥ 45 5 8o,
HIF- 1o 5 21 TR 35 R 5 51 4 & Genebank I 1) ¥ 51
(E1),

BtrEE S GRC-1 &M JFkidE Y GRC-1 41
148 h J5, RT-PCR fIl45 R BoR, Y4l HIF-1a (1)
AHXT 38 7 o 0.702 £ 0.090, B & & FIE# 41
0.414 £0.080 75 XK 411 0.442 £0.050 (P ¥ <
0.05), HECYAI 29 WIEH AN 1.7 £ =8kl S
IERAMIL, Z2REZEIT¥FEL (P>0.05) (&2),

#:4¢ HIF-1a B GRC-1 44 HIF-1a 1 STC-1 (Y
ERREAREER YA MM HIF-1a F1 STC-1
HHEEARBKTEFHE R FIEF4 (P ¥ <0.05)
(K3, 4),

730 740 750 760 770 780 790 800 810 820
JCTCACOCAT AGICTTTOCTCAGTOG,

xl'&'&u"k".“ﬂ M&M&

HIF-Ta: BEIESHT-1a

HIF-1a: hypoxia-inducible factor-1a

1 pcDNA3. 0-HIF- 1o JRz 34310 1 (&

Fig1 Part of the sequencing map of pcDNA3. 0-HIF-1a plasmid
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STC-1 Tk AN IE & AYAR/T HIF-1a $1 STC-1
MERREARIEER SXTHEAML, HIF-1a fl
STC-1 FEPH FIRFERE Ye 41 5 1 41 73 I il STC-1 & A
SRR BE B INITT BT AR (P 1 <0.05) 5 4555 g
MR E R THREREIERH (P¥<0.05) (K5,
6) o HIF-1a Fil STC-1 8 IR IATER Y20 5 1E 5 24153 5]
B STC-1 ZE 145 20 W B W 3 i i iR I, #evh . &
I I EREAR (P 3 <0.05); #5045
EETAHRREIERYA (P<0.05) (K7, 8),
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Fig 2 Expression of HIF-1a gene in each group
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A: IEWA-HIF-lag B: S U41-HIF-1a; C: iE#41-STC-1; D;
FEYL2H-STC-1; HIEHH LEE, P <0.05

A: normal group-HIF-1a; B: transferred group-HIF-1a; C: nor-
mal group-STC-1; D transferred group-STC-1;*P <0.05 compared
with the normal group
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Fig3 Expressions of HIF-1a and STC-1 genes in each group
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A IEHWA-HIF-lo; B: HYA-HIF-1o; C: IEHHL-STC-1; D:
FEYL2H-STC-1; HIEHH LEE, P <0.05

A normal group-HIF-1a; B: transferred group-HIF-1a; C: nor-
mal group-STC-1; D transferred group-STC-1;*P <0.05 compared
with the normal group
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Fig4 Expressions of HIF-1a and STC-1 proteins in each group
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(1): IEHHBIKE; (2): FRARKE; A XTHRA; B: i
FIEH; C: hRlEA; D SilEA,; S0HRALLE, P <0.05;
A HAR, P <0.05; SHIFFEIER A AR, P <0.05

(1) : normal group electrophoretogram; (2) : transferred group elec-
trophoretogram; A: control group; B: low dose group; C: middle
dose group; D: high dose group;*P <0.05 compared with the control
group;"P <0.05 compared between groups;“P <0.05 compared with
the normal group of the same dosage

B 5 A4 HIF- 1o FEFERIA

Fig 5 Expression of HIF-1a gene in each group

STC-1 Tt A FIEE A GRC-1 45 48h 5
fca 8 K. b, WAEAGRN G R
ZRTR R (P <0.05), HEEH STC-1 & vk
FEWR MR IG; S50 Ca™ SR BT
FIFIEH 4 (P¥<0.05) (K9),
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(1) IEFHWBIKE; (2): FRdpikE; A XTHR4; B: i
FIE; Co iR, D @REA; SX A E, P <0.05;
S ELAE, P <0055 SRR GEIE S 41ELE, P <0.05

(1) : normal group electrophoretogram; (2): transferred group elec-
trophoretogram; A: control group; B: low dose group; C: middle
dose group; D high dose group;*P <0.05 compared with the control
group;"P <0.05 compared between groups;‘P < 0.05 compared with
the normal group of the same dosage
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Fig 6 Expression of STC-1 gene in each group
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A: WPRRAL; B: RAIEAL; Co R4l D R, 53
B4 LA, P <0.055 ZLMIMILL, P <0.05; 55 [ 5 e IE % 41
H#, P <0. 05

A control group; B: low dose group; C: middle dose group; D:
high dose group;*P < 0.05 compared with the control group;"P <
0. 05 compared between groups; ‘P <0.05 compared with the normal
group of the same dosage

7 B HIF- 1o 8 115855

Fig 7 Expression of HIF-1a protein in each group
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BRGSO CRE B T, e, B R ERAS
HEE (P <0.05); QA BOCE BEST
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FRALILAR,"P <0.05; 4L HAE,"P <0.055 5 A [R5 ik 1E 3 41
Hhisg, P <0.05

A control group; B: low dose group; C: middle dose group; D:
high dose group;"P < 0.05 compared with the control group;"P <
0. 05 compared between groups;“P <0.05 compared with the normal
group of the same dosage
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Fig 8 Expression of STC-1 protein in each group
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Fig9 Level of Ca’"in each group
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Bl 10 ZpiRifEaniigg B 4 (x400)
Fig 10 Janus green B staining of isolated mitochondria ( x400)
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mPTP: mitochondrion permeability transition pore

A XPIRAL; B: {RGAIEAL; Co R4l D mofliEdl; S0
HRALIEEE,"P <0.055 41 H4E,"P < 0.05; 5 1) 5 &k iF % 41
e, P <0.05
A control group; B: low dose group; C: middle dose group; D:
high dose group;*P < 0.05 compared with the control group;”P <
0. 05 compared between groups; ‘P <0.05 compared with the normal

group of the same dosage

B 11 A2 mPTP g2 fk

Fig 11 Membrane permeability transition pore in each group

STC-1 T L HEMEEH GRC-1 HiEF Abm
T ER SXTIRAMLIL, & STC-1 45259 M
BTN G B E WAL, b, SRR ERA
Gt S (P 1 <0.05); QA TO0ME RE
EFAFE R IERH (P <0.05) (K12),

STC-1 T LAMIEE A GRC-1 MG HIHE
Ft@sEtE R SXTIRAIAR L, I, P A

m (P 34<0.05), {HEf#E STC-1 ¥ B 1S & i 4
W R, AE R B AN L, (RS v T
HRZH (P <0.05); #5455 Ydi Wi o 2 v A0 Al &

WU (P#<0.05) (E13),
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Aym: mitochondrion membrane potential
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WAL He, P <0.05; 4] HeA,"P < 0.05; 541 [l 3 42 1F % 41
HEg, P <0. 05
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O
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O
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Mean fluorescence intensity

(=]

B: low dose group; C: middle dose group; D:
high dose group;*P < 0.05 compared with the control group;"P <
0. 05 compared between groups;“P <0.05 compared with the normal
group of the same dosage

B 12 540 Avm 59221

Fig 12 Mitochondrion membrane potential in each group
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A XA B IGRIEAL; C: hiE4l; D: mAlEA; S5XF
WAL HE P <0.05; 4] HeA,"P < 0.05; 51 [l ) 42 1F 4 41

H#, P <0.05
A control group; B: low dose group; C: middle dose group; D:
high dose group;*P < 0.05 compared with the control group;"P <
0. 05 compared between groups;“P <0.05 compared with the normal
group of the same dosage

B 13 STC-1 X ' Ji 20 M 3 4 ) 52 iy

Fig 13 Effect of STC-1 on the proliferation of renal carcinoma cells
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TEBL T mPTP A VR4 /T 1500 #4313
o, BT A R R, R E R Agm™
SRIAT, PR T4 A SR . I = AN
R HFFSEA AN, SBSBER, HmisL
mPTP JFik"®", (5L IFH i mPTP SO S50 Aym [
I e, 33X A Al 20 U T 26 S 7 o A v e R
A, Rk — BRI, AN MR TR AT
B0 ARG F I, HIF- 1o 5008 & A4 & JE % IR
K, AIAELE R4 A P BT A5 28 SERCA2 & 3R 8 &
BARRZERIIR Ca® " SZ P BE S7, (RUEANMI P Ca® " fin) P S
W, LRI AERS Y R R 4 M 1 A
Fik, Gl Ca¥T A, TS AR A
2 HIF-lo RAREES STC-1 Ik Km I W 77,
ifii STC-1 ELA Y Ca®* AT/, FLR T B A0
BN ARBIFEHIM S T STC-1 A T &£k
HIF- 1o ()B4 AR AL, #5635F T STC-1 1 HIF- 1o 2
E A F Ca®t | STC-1, HIF-1o 25280 A Bl #4058
SEMEIERR, 35 B A0 M (0 W FE AL

AT T e A T i 3Rk HIF-1a (1) GRC-1
UM, BE RN T Y 2 IR R AL A0 P HIF- 1o
FISTC-1 Ay SER Mg 3Rk, S5 R AL YL 0 5
FIEH 4L, W GRC-1 4155 235 HIF- Lo AERS R
F & STC-1 {1k, X5 HIF-lo B2 &% S STC-1 £
IR SER T N T X — WS M o 7 e 2 IE 4
ML A B STC-1 FE AT HiE, K. . &
41 HIF-1o F1 STC-1 J P K B 1 32 38 458 22 AH I 6] HE 20
WA, eI AT fE 2 STC-1 28 (1 F ¥4 i 928 40 e Py
HIF-1a F235, 65 T HIF- 1o fil3 STC-1 3534
WIVERT, JRATBEE AN STC-1 B 3B4E H T 40 i J5 1
TR BT B B H AL, A5 5L Y 4L HIF- 1o A1
STC-1 FE [N Jo 2 k¥ 3 v T A0 TR0 B e 4
JRUR ] fE R 5L YL 4 A0 i HIF- 1o 755 2835 0% T STC-1
Feik, ZAEFRE RSP T STC-1 25 (R 7 g 4 41
HIF-la (33K, A SEE0 2 Ca® " 55 8 1 46 00 435 2L T
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mPTP | Aym (47 FH 238 13 35 4 Ca®* ] 422 52 31
2 3 o Al 0 B A7 AR AR R TR,
FIRABIGE . A, HIF-1o S 400 STC-1 i3
k5 STC-1 A NI HIF-1a 1 FRIK 2 [0 2R
TR O R, B ZX HIF-1a, STC-1 #E47T
BEPR 223K 1 5T .

Z % X M

(1] W3R, MR, RAE, 4. 2 MRk K BN
SRR RE RACI R R [J]. v [ o B AR R,
2000, 16(10) .879-882.

[2] Giorgi C, Agnoletto C, Bononi A, et al. Mitochondrial calci-
um homeostasis as potential target for mitochondrial medicine
[J]. Mitochondrion, 2012, 12(1).77-85.

(3] #H®E, #UH . HIF- Lo 7680 BE 5% H R 5T
& [J]. IiZFREEZ;, 2010, 50(20):111-114.

(4] FRIIN, sKifees, Bemi-F-. ARG 5 MR A ¢ pT



s R A -1 AN AR T - Lo AR ELA G R 988 200 e A 5 r ARG £ 2

FEdklE [J]. EPREE2E, 2011, 40(36):3725-3727.
SRAEE, TR, 2R . NHr s R AW Rk i A
Kegr [1]. BE2EZEA, 2009, 15(19) :2926-2928.
Lemasters JJ, Theruvath TP, Zhong Z, et al. Mitochondrial
calcium and the permeability transition in cell death [J].
Biochim Biophys Acta, 2009, 1787(11) :1395-1401.
Sailaja R, Setty OH. Protective effect of Phyllanthus fraternus
against allyl alcohol-induced oxidative stress in liver mitochon-
dria [J]. J Ethnopharmacol, 2006, 105(1) :201-209.
T, E. MEeem LR aT R (1] 4w
e 5 Y Y siEE, 2011, 38(7):585-592.

=Y, FEY, XOREE, 5. FESE LA 5 NB4 41
g T LR R AL OC R BESY (1] AR MR
Zeidi, 2002, 6(23):297-300.

R, W], TEL, SE LR Qo REA A £
SRR (1] BatBERIR 4 AR

[11]

[13]

M, 2008, 28(5) :646-649.

Neumann AK, Yang J, Biju MP, et al. Hypoxia inducible
factor 1 alpha regulates T cell receptor signal transduction
[J]. Proc Natl Acad Sci USA, 2005, 102 (47 ).
17071-17076.

Callinan L, McCarthy TV, Maulet Y, et al. Atypical L-type
channels are down-regulated in hypoxia [J].
Trans, 2005, 33(5):1137-1139.

Ellard JP, McCudden CR, Tanega C, et al. The respiratory

effects of stanniocalcin-1 (STC-1) on intact mitochondria

Biochem Soc

and cells; STC-1 uncouples oxidative phosphorylation and its
actions are modulated by nucleotide triphosphates [J]. Mol
Cell Endocrinol, 2007, 264(1) :90-101.

(ks B . 2013-08-23)

Vol. 36 No. 1 19





