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PR E&AAER 12 2 EH RNA T3 3T HeLa 48 i1 5 30 & 4F A

TAEEZME K F,KES T M, & K ARG S W BER(LELEBRFEFR LAETRAF
A SPT, £ 200025 )

(# =] HE: HOTIR AR A (5T 12 FEF( umor-associated antigen mitochondrial protein 12 gene, TAMP12 )3
RSN A\ B B8 HeLa ZNMLAIMEIVET . J7V5 : BTSN BIE T 97 A2 4 08 3 WHEF X TAMP12 B siRNA B 3@ i
TR siRNA 5554 F TAMP12 32350 HeLa M0, 0 646 200 siRNA B, DL RT-PCR. AT & PCR A =40 g R
( FCM )Fi g 4 il TAMP12 mRNA SR AR IE 08 . DA L3R £ W45 confocal lyser scarning microscope , CLSM )
ML EAR T PRI AN e (o FE BE ik o LI H-TAR A SZIE A FCM A BN TAMP12 J£ R AN Hela 40 M358
FE TR, 45 CLSM R 87k TAMPI2 78 1 32 38 %35 75 Hela NIRRT . %5 Y% siRNA-TAMP12 B4 1985 40 L v
TAMP12 mRNA J AR 228 10 2 AR, S0 FRAXT L, 303 3253 53104 81% 1 87% ( P <0.01 ); 4L 4 i i) DNA & i3z 4 il
I35 429 (P <0.01 )3 555 SIRNA-TAMP12 8 40 B i 6 7 2% phy 0 BE AR I 9 8. 14% B THE 15.59%( P <0.01 ), 45k
RNA TH T BHWT TAMP12 JEP 933k, A% A 508 Hela Z0AE = ZE 30 HI7EH .
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Inhibitory effects of tumor-associated antigen mitochondrial protein 12-targeted
RNA interference on HeLa cells

DING Yong-xia, WANG Shu-jun,ZHANG Yong,ZHANG Hui-zhen, WANG Ying, JIN Shu,SHEN Tian-wei, GE Yu, GE
Hai-liang " ( Shanghai Institute of Immunology , School of Medicine , Shanghai Jiaotong University , Shanghai 200025 , China )

[ Abstract ] Objective: To explore the inhibitory effects of tumor associated antigen mitochondrial protein 12 gene
( TAMP12 ) on human cervical cancer cell line Hela. Methods: Three pairs of TAMP12-specific small interference RNA
( siRNA ) fragments were designed and synthesized. The siRNA fragments were transfected into HeLa cells highly express-
ing TAMP12 gene via liposome and the effective siRNA fragment was selected. The expression of TAMP12 mRNA and pro-
tein was detected by RT-PCR and flow cytometry ( FCM ). The subcellular localization and quantification of TAMP12 pro-
tein labeled with double fluorescein were observed under laser scanning confocal microscope ( CLSM ). *H-TdR incorpora-
tion and FCM were used to analyze the proliferation and apoptosis of HeLa cells after interference of the TAMP12 gene
expression. Results: CLSM observation showed that TAMP12 protein was mainly expressed in mitochondria of HeLa cells.
Cells transfected with siRNA-TAMP12 significantly suppressed the expression of TAMP12 mRNA and protein( the inhibito-
ry rates were 81% and 11.23% , respectively Jand DNA synthesis in vitro( the inhibitory rate was 42% ). Moreover,
transfection with siRNA-TAMP12 increased the apoptosis rate from 8. 14% in the control group to 15.59% . Conclusion:
Blocking the TAMP12 gene expression may inhibit the growth of Hela cells.
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(X 43 F T i A 12 000 247 , AR WA I 2 T i
TS A GORAE 17 77 51, 78 55 26 i g 4 it ik F 2
YUh SR RIREG Y B 4 R PR A DG B TR 2L
PR F1 12( tumor-associated antigen mitochondrial pro-
tein 12, TAMP12 ),

RNA 4 RNAD)ZFEFMEXUEE RNA( dsRNA )
SIS, 255 R 40 M A PR 9 TR I8 mRNA &A=
(S N INTIEC SNBSS RE R NAR V31 & 3\
SEEY R — R B RO AT ALE] . BT
P RNAC shRNA/siRNA )X HLIE R A 35K 53
1A LR AL TR0 RNAG ARS8 A 36 IR 7 (08
FB( YU BumEE SR ), JF 2 RO g
IR B . AWFSEH A RNAL R, i i 7%
e 3 Xk & B A /N T3 RNA( small interference
RNA, siRNA ), fifi 1 BE 5 28 17 45 52 4t BELIT TAMP12
FERFRIB R F I, 0125 2R B Y P 3Rk T 8 5
FEANM AR R AR TG AR, Rt — 2B S TAMP12
S e R R G R BEE T AL

1 #H¥5E7EE

11 E2MAE XA

Trizol RNA fili$21504 H Invitrogen 2\ Fl , %1 4%
S & H Promega /A 7], SYBR Premix Ex Taq
( Perfect Real Time )M A FEY) TRARA A FF
oWyt FE HRE R AR W BB PR B S L
siRNA b _F 765 75 3 1 25 5 AR A PR 7] 45 1, e ik
5] Lipofect AMINE 2000 g H Amerco 2 ,>H-TdR
W B R T BE W SE T, BD Cytofix/ Cytoperm Fixa-
tion/Permeabilization Kit " B BD 4\ &), Annexin-V
FITC Apoptosis Kit 1§ H BioSource /3y H] , MitoTracker
Deep Red 633 #1 Alexa Fluro conjugated to goatanti-
rabbit IgG W H & &2 A, 5 4 1L 7 | TritonX-100
DMEM A1 Opti-MEM W4 H Gibco 2 Hl. & $iL
TAMP12 # ML ALK % A . AN E U He-
La 2 ik ph A 2 07 A7
1.2 4551 siRNA 89 33T & &,

P51 siRNA 2 B8 www. oligoengine. com 2 {it
MR PREA T HEBE TAMP12 JEH T 51 391 ~
409 bp 507 ~525 bp LA K 750 ~ 768 bp Y 4t 4]
NI ) RNAL BE A, AT BLAST 4 47 [a] P 1
O3HT e TR T 4 A 4 TC L 1 40 A S B 1 o B
( negative control,NC ), 1E4#% T Hi 18 A A 7R 58 410 ] 2L
1 GAPDH-siRNA 1E S FH 4 X BR( positive control ,
PC) iR A G L. AEBE F Bei 741 : 391 : Sense 5'-
AGGTGACTTCGCCTGTGAT-3", 507:

Sense 5'-

GGAGGCTGGCTGGAATAAA-3', 750 Sense 5'-GAT-
TCTTAAGTTCTGCTAT-3', NC: 5'-TTCTC-
CGAACGTGTCACGT-3', PC: Sense 5'-GTATGACAA-
CAGCCTCAAG-3' .,
1.3 siRNA #9 %8 o4 4 fo i ik

BEYLHT 1 d, 3R Hela 41T 6 FLEF IR
FAEK % 30% ~50% 4B, B siRNA 100 pmol |
LipofectTAMINE 2000 5 pl, 73548 opti-MEM #i B &
250 wl, TEEAFVEM 5 min 5% W HE ERZRE, &
B 20 min, T A Hela 8P #ERIRA . H53E 6 h
J& #7100 ml/L 4 ME ) DMEM 1% 329, 4k 2%
FiF% 24 ~96 h, WA HIAE A siRNA-TAMP12 4 ; LA
5 Y siRNA-NC 1 HeLa 20 A B PEXT IR 5% 24 siR-
NA-PC 1) HeLa 4 Jifg A BH P X BR, 5% G HoAth oligo-
siRNA-TAMP12 1) HeLa 4l fis A TP 41, 7% 44 oligo-
siRNA-TAMP12 [a] B, B JL 2 5,52 (. FAM ) bR
[ siRNA-NC, 55 5% 48 h JE7E 5O BB T WLEE siR-

Sense

NA Q0%
1.4 %28 RT-PCR 40 A 5 40 4% % J& TAMP12
mRNA # & ik

3 ) JBOGT HECZH i RN R 40 fLEL RNA, 28 M-
MLV %% 5% 4 % cDNA. SR H e 5551 9 #E 47 PCR
Y1, 51T S GAPDH BB 51 W
5. Sense: 5'-GGATTTGGTCGTATTGGG-3', Anti-
sense: 5'-GGAAGATGGTGATG GGATT-3'; " 4
TAMP12 FE K 5| 9 ¥ 5] : Sense: 5'- ACTTCGCCT-
GTGATGGACTT-3', Antisense: 5'- AGGGTCTT AG-
GTTCCAGGCAGTT-3' . JZ [ 2510 :94 C WAk 5
min;94 °CZ%4 1 min,60 CiB K 1 min,72 CHEK 1
min, 2 30 MERFFF 72 CLEH 10 min, 28 10
o/ L B e R I L Uk B 550 IR BE 4 103 TAMP12
mRNA 4545 5 NS08 GAPDH 4545 (9 )6 BEFE X, 1
§ TAMP12 mRNA ) 36315 7K 18 .

1.5 £ 8F RT-PCR #& | i 73 20 i 4 4 & TAMP12
E-NiE

HOKT HE 240 B R0 4 40 M Y B RNA L 28 M-MLV
Wi SEBEAS  cDNA , 218 Light Cycler( Roche Diag-
nostics A ] )SLHT PCR ¥ B4 A A #4E 7 ik, LL& Al
BRSSP E S | AT P 20 AT SE R PCR 20 Br. 9731
GAPDH FEH W51 975 [R] L5 9738 TAMP12 FE R
51 ¥ F ¥ Sense: 5'-AGGAGGCTGGC TGGAATA-
AAGGTA-3', Antisense : 5’ -GTAA TGACAGCAGGGCA
GGAGATG-3', THL4iffirh TAMP12 AHXTRIKHE 1Y)
e = 2708 o AACT = ACT,-ACT,
( ACT, = ACT , wna » ACT, = ACT Hela ).
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1.6 FACS il i 3 20 JoL 4% 42 J& TAMPI12 & & &k

SR A i P9 B D0 0 T vk R D A e
TAMP12 R AL o 43 54 XT AR 240 e A
THeauhts, UL 1 x Perm/Wash buffer ¥E% )5, A
50 pl 1 x Cytofix/Cytoperm Solution, F 4 °C ¥ 1
I 30 min; A 1 ml 1 x Perm/Wash buffer £ 2 X
JE L A 50 wl St TAMP12 47 i35 ( 1: 250 i
B), T 37 CHEH 45 min, LA PBS PE¥ 2 K,
A 50 pl 1 2E4i A IgG-FITC( 1: 500 Fi k& ), T 37
CEEEHEE 50 min; LA PBS P 2 WK, il PBS 300
wl, EAILA I
1.7 #okiaRh R E MBS TAMPI2 & G fe A
Az Fe . F 5 HT

B 25 3% - KR 5 L 0.1 o/ L 1) 22 B8 1 4 1R U
A5 min, KACIRE AR R E 12 LB SRR B,
FERIAE KORZS BP0 HeLa 40035 9% . RRdm s K
F30% ~50% AW, 5 4 siRNA , [A] I 52 B 1A 0] 1
fL, AT . F a3 % 48 h, IR, N
500 nmol/L ZRIARERET i) DMEM K: 323, F 37 C
et 45 min, MR FRMVER I 3 K, N 3.7% W
{537 °C [ 15 min, LA PBS 3 W, % 2 ml/L
) TritonX-100 ) PBS F = & ##E 5 min, LA PBS ¥
3 W, it TAMP12 fedtifiig( 1: 500 #ikg )+ 37 <C
JEE 1 he LA PBS ¥k 3 K, Jil Alexa Fluro FRict i 1L
Fhih 1gG( 1: 500 Fiks )T 37 CHfa 1 ho LA PBS
VE 3 U B 8 O AL R AR R
( confocal lyser scanning microscope , CLSM ) WL4% , i#F
1T TAMP12 2 H 4T
1.8 °H-TdR # A k40 siRNA-TAMP12 %t Hela
a0 i, DNA &% 89 % "

1 HeLa #HAE 357 T 6 fFLEG SR, TH QLS
24 h FREERDT 96 FLAIMIRE SR, 3 x 10° /4L, 5
ANEALLIEFRAR . IMACH-TAR 1 pL/AL, k88555
24 h JE AR, FH - INASGI R epm {H, WLEZ 5%
Yy siRNA-TAMP12 XF 4}l DNA & 5200
1.9 AX KN siRNA-TAMP12 % 4 %+ 20 #e,
Bk -FAER

4 Hela I35 35T 6 FLIEFRM D, $5 UL )5 36
h, T4 3 o A SR 254 5-FU( 25 mg/L ),
Kig%18 he B VTIELN A, L PBS VB 2 1K,
Jil Annexin-V binding buffer B 2( 2.5 x 10°/ml ), %
100 pl/%%%,%%”ﬁﬂ/\S pl Annexin-V FITC 110
wl Propidium Todide ( PI) buffer, EIRMOECIEE 15
min. B NIA 400 pl Annexin-V binding buffer,1 h
DA 3t X A0 A SRS, G2 I siRNA-TAMP12 % e ot

MR TR
1.11  %it 54

KT SPSS B I3HT , SEBAR VL« + 5 FR,
1] FEBCR T o K5

2 F X

2.1 siRNA #3#/5 Hela 2. TAMP12 mRNA # & &

DI S S Y 3E 4T PCR 88 5, 15 3 K /N2
345 bp ) TAMP12 mRNA F BEAI K /N 220 bp )
WS GAPDH mRNA R Bt. EMRLHRI- Rk
BT, % NC-siRNA . 0ligo750-siRNA 0ligo507-siRNA .
oligo391-siRNA (1) HeLa 48" TAMP12 mRNA JK i
FA3 4B KB 43 900 R 41, 70% . 13. 92% 6. 84% Fil
40.06% , H: 1 & YL oligo507-siRNA A 41 g
TAMP12 mRNA (7K T e R AR T 83.6% ,
W] oligo507-siRNA AT FEAIL H A EE mRNA 7KF-11)
Fik(E 1),

bp 1 2 3 4M5 678 bp

%45 }T’_AMP!L’J
—220 (GAPDH)

1 RT-PCR #ill#4 HeLa ZAfa" TAMP12 mRNA H)5Ri%
Fig.1 Detection of TAMP12 mRNA expression
in transfected HeLa cells by RT-PCR
M:100 bp DNA marker; 1, 5: NC-siRNA; 2, 6:0ligo750-
siRNA-TAMP12; 3, 7:0ligo507-siRNA-TAMP12 ;
4, 8:0ligo391-siRNA-TAMP12.

2.2 %8 PCR # M 4 4 siRNA J& Hela %0 i
TAMP12 J B &k

K HISERT PCR E f 7R K% Y siRNA ) Hela
YL TAMP12 SR F k2840, 45 R R, Hela
ML ACT, =18.26 — 12.48 =5. 78, NC-siRNA %% 4t
BYZ0 i ACT, = 18. 20 — 12. 53 = 5. 67, oligo507-
SIRNA-TAMP125E L i 40 s A CT, =20.70 - 12.51 =
8.19, AACT, = - 0. 11, AACT, = 2. 41, £ W]
oligo507-siRNA -TAMP12 W] {fi TAMP12 mRNA f#)7/K
R TR, SARTIAIAH L, NC-siRNA 4L 40
MiHt TAMP12 mRNA & 1. 08 + 0. 088, oligo507-
siRNA-TAMP12 L2 i v TAMP12 mRNA ik &
90.19 £0.026 ,mRNA Fik N R L)1k 81%( P
<0.01 ),
2.3 FACS #4545 i 4m e TAMPI2 % 64 RA

FACS il 45 5 o, 7% 44 NC-siRNA (1) 4t ff
TAMP12 # £ ik K H 87. 59% , #% ¢ oligo-507-



- 514 - e ] iR A IR YT A

Vol. 14

sIRNAFY 20 g TAMPI2 25 H Y 2235 R AU K 11.
23% (18 2 ), F B oligo507-siRNA 1] A 4% b 31 741
TAMP12 2 ORI, 2 I %95 87% .

A B

150
150

(| Rl
I

Counts
Counts

M1 1

100 10" 10° 107 104 10" 10" 107 10° 104
A B(1) Bl
Marker % Gated Mean  Marker % Gated Mean  Marker %6 Gated Mean
All 10000 131975 All 100,00 128190  All 10000 67515
M1 1128 479.27 M1 955 72352 M1 B7.11 60526
M2 B7.59 142260 M2 ERS50 134103 M2 1123 115283

B2 Hela ffF 3G TAMP12 & HRiEH FACS 4 #1
Fig. 2 Analysis of TAMP12 protein expression
intransfected Hela cells by FACS
A:HelLa cells tranfected with NC-siRNA; B: HelLa cells
tranfected with NC-siRNA and oligo507-siRNA,
NC-siRNA( T ),0ligo507-siRNA( 1T )

2.4 &l TAMPI2 & G 8 R Aake 2%

POE R AR B BB A I B, FITC 4% 858
( Ch2-T1)FRic ) TAMP12 25 [, ¥45) #1501 78 41 i
0 I BB 5 20 45,75 (. ChS1-T2 ) Ky 4% S5 1 £ i A
PREF , ] B RERL IR B B A, P SN, e A
JE M TE G AL SR A E ST B
7NN B, W E A 454K overlap coefficient )y
0.8~0.9, 7] I, TAMP12 % KA1 R &
3)o X RAANMOAR L, TR A M B A R A
KB T IR 2R 1), 3B oligo507-siRNA Xt fifté

TAMP12

mitochondria merge
- 4

- -'. 0 ¢
QF .

3 HAEHRERREIRI CLSM )57 47 HeLa
MR TAMP12 EBAKIRIE( x200 15 )
Fig. 3 Detection of TAMPI12 protein in
mitochondria in HeLa cells by CLSM( x200 )
A:HelLa cells;B:HelLa cells transfected with NC-siRNA ;
C: HelLa cells transfected with Oligo507-siRNA

LR TAMP12 85 A0 2 15 B B S (4 30 o)

YEM .

2.5 siRNA-TAMPI12 * Hela 0 DNA 43,84 %A
*H-TdR 2 A SRR W], 50 B0 A L, T3

A0 DNA & AT RE 1 B 2 FE AR, DNA & s 0 il

FiK 42%( P <0.01,84 ),

#1 TAMP12 ZEH7 HeLa fifa&KNERHNEM R ES
Tab. 1 Localization and quantification of TAMP12

protein in mitachodria of HeLa cells ( n =5, x =5 )

Ch2-T1 ChS1-T2 Overlap
Group -
intensity intensity coefficient
HeLa cells 574 £32 445 +23 0.90 £0.07
NC-siRNA HeLa 516 37 505 £22 0.80 +0.06
507-siRNA HeLa 130 +15 414 +18 0.80 +£0.05
~ 3500
5 3000} [
£ 2500 l B
1]
g 2000
E [
g 1500 [
= 1000
]
; 500¢

NC-siRNA-  Oligo507-siRNA-
Hel.a cells Hel.a cells

Hela cells

E 4 ‘H-TdR #ZN\iE1#& Hela 215 DNA &R AIEWL
Fig. 4 Detection of DNA synthesis in Hela cells
by *H-TdR incorporation
** P <0.05 vs Hela cells or NC-siRNA Lela cells

2.6 siRNA-TAMP12 %} Hela 28 BL 8 = 9% 515 A
siRNA %% Ut Hela #H fifl 36 h J5, LA 5-FU ( 25
mg/ml WEFH4HME 18 h, Annexin V /PI X4 4 [ id) I
ToZ5 LR 2 50 REAH MO AH LL, T 40 20 40 16 A 0
TR ETE(P <0.01 ), MK TAMP12 3£H
(K A B S B X HeLa 400U T2 0935 SR .

3 4F i

ARARVE A HLRANM N Y EZ RS, 35T
RER P A ANMR I T e &R Ko S 2 R A
AR AR TS ST ARk, kiR DNA B AR 5
iR 1) 0 2R 32 B K I, R A T 5 E S 4k A
5 R A S R R M PR T AR S B A
SHE N SEREX 77 A BP S0 cDNA 2R3k 3C
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JEE TR ) TAMP12 28 o —Fh B8 LRIk
B b AR B I BIF 5T FL I 8 e e 2R v, X
FvRg B o B B X, O 3R 0 e B R 4R 4

— SR RIRAR

&2 siRNA-TAMP12 THiH1/5 HeLa 4B T RAELE
Tab.2 Comparison of apoptotic rates of HeLa cells before
and after interference of siRNA-TAMP12( n =3 ,x +5,% )

Early Late
Group ) .
apoptosis rate apoptosis rate
Hela cells 7.5+1.31 13.6 £0.92
NC-siRNA Hela 8.1+0.99 12.9£1.07
507-siRNA HelLa 15.6 £2.28" " 21.1+1.19""

""P<0.01 vs HeLa cell group or NC-siRNA Hela group

TAMP12 FE R AT 75 22 Bl Mg 25 2R iz 20 e ik
TR R FE Hela 40H P SRR m ik, I,
AAGE LA Hela 40 HI1E A TAMP12 DR 53 (1) #0240
M, A RNAL AR, &3 IF &8 T 3 XF £ X
TAMP12 J£H 1Y siRNA Jr B, DL 5% 4 HeLa 2 i
J5 L TR AT R siIRNA F B, FIAE S8/ RT-PCR
K4 v 20 0 TAMP12 mRNA /K728 4k . 4%
7R, oligo507-siRNA-TAMP12 BEL WK i) 2% 35 f B 2
REfI TAMP12 mRNA )R EMEMKAIL 85% . AT
RS LR It TAMP12 mRNA 7K V-1 25 4k, i — 2
SR FH DR T 28 A1) SR S B PCR iEAT TR, 45
R BIR B oligo507-siRNA-TAMP12 B4+ mR-
NA 7K1 BH. It %< 29 3% 81% ( P <0. 01 ), FCM #il
CLSM MR ) 25 52 34 oK, 8 [ K BB TAMPI2
(-S4 BB % 29 15 80% o [RIA, FH CLSM S i 25
FENL E R A HT S R R, TAMP12 FE KA
TR, B E LA HE 5O 0.8 ~0. 9, IEF A
SEE T2 N 3 X siRNA H sl Dy b i 5 H fe 5 20 1
P, RERgREIT TAMP12 R B2k

Spankuch-Schmitt 25 "7 458, ] RNAi BH W74
SHEFEDR PLK1( polo-like kinase-1 )32 3k Ji , i J8 41
JH B3 g B S Az B, JF A AR PR TS, TAMP12 fE
R —FET B IR AR SC BT, TT AR 5 R i AR P 2E T
fEA %P H-TdR 48 A . Annexin V /PI K1l Y 45 5 i
715, Wk 1] BELBRT £ R A4 26 71 TAMP12 R $100 1 200 Jfd ) 3
B AR HEH M T, $E 78 TAMPL2 5 g il A S al
REYE KO AR K PR T A SRR . TAMPI2 J&
— AN R I T LR A N, 5 e 4 A 5 L A
TAHSCHY AR 11, A W22 D Re W] RE I W Bt 2 R
(R PR 2, T B HL 5 e 2 R SR S R i e a2

AR .
(& % Wk ]
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