<924

EYbESEYYIEHE Prog. Biochem. Biophys.

AP RS L35 AR R B2 40 M survivin B[R] 7 84 5% 50
MR IABFAIHI G T8 T
'R T ® T OBWEM BEA A OE X £ ERT

(EEEZHSERSESVEN, bR 100850)

WE  Suvivin 25 AEETARACHEFTHEXNEEDRESR, WEMERKEWS FIREWRE
FFERFRERARECAR. B T AT AARE IS (e B 40 FE TR TR Survivin SR BE R, SUMAMIEER (PHAY
IL-2 FAIMH IR IE % A SN -4 i R 3Ese #15), KA RT-PCR. RARENTLL R i R #I 54T te i
#, MEHCARELS Survivin EAFRE R ERER, HFIH3 MBI SIRAEE Tk O EE e
Survivin & XM AN ETE WK, LN EEH A ANE M 2412 M TR 53R 36 h TS B survivin
ERENH B FMENEQRMNESERE, RAFYHEACEREEFARIMEEE g, AESHENARAN
R B cER M. TAKD BRI AC490 PAMAE MR A BANZAT, B3RP suvivin EF W HREE N EQR
Fik, PIBK 1 MEK AJFNHIF] Wortmannin A1 PDOR0SO thE — EREEMFHIIER. FHIEBE DA, survivin FEHF
R RS T8 A R R SO VB LA 20, AR A AL RS, JAK2 £ 21 JAK-STAT 15 SRR &
MO FETEL, Suvivin EAREAHFEHEEEMNE SHZER, PBK N MEK 4 2ME SHEEBRAEE —ENE
M {E .

FEE Survivin, FE{LHREAM, FEHS, AREE
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Survivin 224 RIECLEN S METIMEHE
B (IAPs)> ZEER AT, EEMS IRKRFRFE
SR FRART NS T, XET HURENE
SUEDENZ Y. WRER: UELRS A
RIZE R 2 B AR A B RIE, TR IE R 4R
SR RE A RS g B R AR FRE . [F IHIE
Survivin F 15 24 B B 281845, c2/M B A
frRtaRE BERBMNWAETIEN: Suvivin
MESERESMRAT RER A R
Cnode) 43F5), L, & RIERFER R 20—
A, MEWKRLE, EHRFESEMO—5
HHAOMESHADRES, FR R — P ERER
FRMEE TR ETES T, EER,
FF Survivin HAT IR R TAF, 2 LLEFEIE Survivin
EEMMEMR IR S, A, Fukuda Z5
MW TAETEH: IE% FHRIEN CD34 B M4
BT Survivin B ERIFRE. BAIIETHOFAR LIER
rel, EYmEtE (PHAY MEAACHEEN
T2 GhIL-2) SLREEETE 1 EH A S g 4
BT (PBMC) M B EIE Survivin EH, $ERH
EAT LR S FIEN S survivin B F 5 RE
TEFRIE IR L.

A PBMC F= B0 4b-T#5 (- B B R i 0 40 BN

LI AZAEL. EH AN UR RN, £
FIRARARE R O R ENL, DRFERESE
IhEE. 4T PHA 2 T W EMEIERREMEL S
R, WK “E BB, BETE RSNt L
B E B AR EL, SEAL M ELSRBE R DATE IL2 fEF T
AR, ST pEERIE
Survivin FEE FIILE, FATLLREE FF 69 A PBMC
FEIGAREL, R TR AR R RS
THEERT survivin & R # R EE SRIZWIZR 50,

1 #ES5 kL

L1 TEFESIEH

PBMC 3£ E f# 5 S A 4200 ml 4 00 H 50 B 1)
B4, 01307 ERA TR PORME;
F oS EME TBD A MARERE B O
PHA-P T E Sigma A 7); rhiL-2 AEREFRFER
EhbESaF T4 PCR 31 LiEE T AR
B Trazol R AR FE R RAFEM E Invitrogen
&, Taq DNA B-&BIE E AL KA AR EFIR

*EF BRMEELSHBINE (30300416).
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4% Survivin FLE (FL-164) F Actin FL4E B
Sant Cruz A 7], FHEETHEER (NC) EIFE Pall 4
A, BCA EHEERFZEMH Pierce &7, HEF
RICEDE B B A (dbm) FRAAL
B A 157 AG490. PD980S9 M B Calbiochem 4
Al B HIF] Wortmannin 18 B Sigma 40 7].
1.2 PBMC M4k BOE

W B A RS BB ' A PBMC, U
2 x 10%/ mI B E ST T4 10% /N4 M iZ Y 1640
BEFEIE, 0\ PHA 5 mg/L A thiL-2 400 U/ml, LA
5% CO,. 7CHEBLGHTHAME R, S5 T A
BUEFERT 2. 12, 24, 36, 48, 64 M 72 h W EH
M.
1.3 HpBENE

HrEF 4y B ) PBMC MR 8UE 77 72 h £ PBMC,
BLgh, £@F8FREE, BT EME PR
W EFE AP RENE LB ES, L
BEEREHEHEARES REIEN.
1.4 #HpaEENE

F PBS i peiR RIS FE 1 PBMC, B.OE
ER®T0.3 ml & 10% /) MEH PRS BT,
IOA0.7 ml EKZ B, -20CEFEDE, PBS &
R DHEAMR 2 R, I 0.5 ml & 50 mg/L
AL BE N 50 mg/L RNase A B3R, 37°C KB
30 min, IVAMACNE DNA & £.
1.5 RT-PCR

T8O FE AN [AI B [A] = ) PBMC, A Trazol 12, 71
RELE RNA, EEREFEANZREREERE
FeDNA, LIRERF=AER, A suvivin ZH
1 GAPDH EH (WNE) MFREPHER—R
MR R E FHAT PCR. 4R4E survivin 2 H cDNA |
E RS EE R 5 tgeetgttgaatetgage 37, 57
aaggatttaggeeaetge 37, G4 421 bp; GAPDH &
HhHEES[FFIA: 5 ceatpgagaageetegee 370 5
casagttgteatggatgace 3, F 47105 by, HMIEHE
fF: 95C A 5 min, 95C. 59C. 72C & 30 s,
30 B¢ 38 MEFR, 72°CHH 7 min. 2% IRAREEELAC
F Y fr il PCR =477
1.6 EGRHE

BOE 77 AN [FIRT [A] = B PBMC, £ PBS i 2
i, AEERSEGEIHIFAREERE (50 mmol/L
Tris-HCl pH 8.0, 150 mmol/L NaCl. 0.02% NaN, .
0.19% SDS. 1% NP40. 0.5% S BB TIK
BB 30 min, 12 000 r/min, 4°C > 10 min

FIME, LBEBEABCA BEARTERFAETE.
MEBEAIKIE 30 pg B M LR, #4T 129% SDS-
BN EEE Bk (SDS-PAGE), ¥ HikEH
ERRCST NC BB (100 V, 50 min). BIREH
TEEat iR AT R R Survivin —HL (1: 700 ~
1:1000), Aetin —#1 (1:1 500 ~1:2 000), HiR
I EAL S EARIE A (1:2 0000, HERENREDE
R
1.7 B I R BuE 7F PBMC §)R R 22
S4B, RIFT 10% /N4 M1F 1640 B 5 1)
PBMC, 4300 A DMSO ¥ B2 B #7808 717 %1 71
AG490 ., Wortmannin 1 PD98059, 2 #%3R B 47 R
100, 3 A1 40 pmol/L (R A0 40 &1 371 H1) #3357+ {0
PEMC I A SRR ) DMSO 715 ), A InA
FBOE FRAT A PHA M thIL-2, T 64 h JEdcsER
Fr () PBMC #HAT40 f A B3, RT-PCR FAZE B ;i HEE
ME.

2 % R

2.1 [EEHEERMELHTEERAEEFNE

2 BB T A N EEAh T8 L BRI R B
EAME (B la) BN —, RERIRGE. 6
Mgl SRBIEFR 72 h A PRMC (B 1b), AR
ZEMEARAETECEEENEE. fPERSE
aEits. 5 NEg e psE, M el GhE0E
A4 B9 B 440 L

Fig.1 The morphology of normal PBMC and PBMC
cultured with PHA and rbIL-2
Cellular momphelogy chserved by Lght mieroscope (400 % 3 (a) Nommal
FPBMC, (b) PBMC cltured with PHA and thIl-2 for 72 kL.

2.2 FBUEFE PBMC H) 4 B R B E
AR IT AR EIEE TR (K1)
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64 h B, S + G2/M BEA b Fegs BT T
30%. “HEREEARIREhAIZAT. REEH T
LGl BT R N ISBFERS.

Table 1 The cell cycle of PBMC cultured with PHA and
rhIL-2 for different time

t/h GO +GL/ % 5/ % G2+ M/ %
0 99. 09 0.28 0.63

2 97. 71 0.14 2.08
12 08.73 0.29 0. 98
24 08. 89 0.18 0.93
36 95.63 4.37 0.00
48 81.18 14. 05 4.77
64 67.83 24. 00 8.17

2.3 Survivin ZFE ¥ FZNE SRR AR AETE
RT-PCR 4 B B 7~ 5 & F & Survivin i B 89

(@)
bp

Marker jurk

500

250
100

T W40 B LR Jurkat 400 & AREL, IE3 A
PBMC A1 survivin 22 K 57 A% K F ) 2 6l 7% =%
CHE 22>, MREEEFRAFR R A PBMC (& 2b),
F 36 h B TE] & I survivin B FE 5905 2 KB
RIER 64 b WFEEEHE, SR RTRNESR
FENER I (B 2e): Survivin EE T B
FIA RIS 1) A A K B A ) BEC SR AA AT 22 1 hn Y
i, 5ERT-PCR 4T EERENEREARAY
&, WANE S 4B B B (sS4 Bk, T
BEF 0~24 b, Z)LERTHHARATLTE GO/GL BH
Af, FEARIA 2] Survivin 88 H (13815; 36 h &Y,
BARRNFRALHEARBAT § B, A0 0
Survivin A MMERIE: ZE, WBE S BHFc2/M
HApBENH —PHEE, Suvivin EENRIEE
AR, AR, BRI P BT Survivin &
H (355 B A 4t H R BAF0 J) BA e AR A o

®) gn 2n 126 24h 36h 48k 64k

Fig.2 RT-PCR and Western blotting analysis of the mRNA and proetein level of Survivin
(a) RT-PCR (38 cycles) analysis of the survivin mRNA in T lymphocyte leukemia jurkat cell line and normal PBMC; (h) RT-
PCR (30 cycles) analysis of the survivin mRNA in PBMC cultured with PHA and thlL-2 for different time; (c¢) Western blotting
analysis of the survivin protein in PBMC cultured with PHA and rhIL-2 for different time.

2.4 EESHEIFIRT suevivin B R F S RIER 0
2 R LA B AR AL LA A Survivin EAIFR RS
MBI UM, MANEET 3 ME 5HEE
F5 1% 5 BB, JAK2 (Janus protein tyrosine
kinase 2. PI3-K (BEMRALEE3 &8> N MEK (£
HREL R E BB R > N R, TRRBUE TR
ZHAr BN AKX 3 FhsET 040 I AG490.
Wortmannin F1 PDOROS9, M = H11 8wl 5 1 6] 1) i8
}5 9% 64 h PBMC {15200,
2.4.1 BB R s 7R PBMC 48 B R EA A
wW: ARRE RS R (R20, SR MG
FBCF TR 64 h B PBMC AHEL, 3 Fhisuiss il ) 5 4%

S+ G2/M HIAm i 80 8 o th B B R, FFA1E
AG490 FTEEMWT T cosc1 B FL N S B s,
Vi BH 40 B R EA AR SIS AT B2 PR, R E A B 4 38
T AR FE B () TS

Table 2 The effects of 3 kinase inhibitors on the cell eycle
of PBMC cultured with PHA and rhIl.-2 for 64 h

Kinase inhibitors G0+ Gl % 5 % G2+ M %
Wortmannin 89.55 6.77 3.67
PDO805Y 89.23 6.95 3.28
AG490 97. 06 0.25 2.69
DMSO Control 67. 83 24.00 8.17
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2.4.2 BRI R E AL A0 L survivin B
FRMEAREREMNEWE: RT-PCR HE R ER
CE 3a), HORINAMEFIREE 7 64 b 7Y PBMC AR
tk, Wortmannin F1 PD98059 2 B ANH survivin &
RIFEsR, T AG490 NI EAFEMEIFER EEM
ENAFEI4E RAT L (B 3b), Wortmannin 1 PD98059
TE—EFEE _EHE Survivin B EHIFTE, 1T AG490
M58 24MEH Survivin B B RIFRIE. 3 FEES 5]
%) T R s K~ M 2R B AR IA A A R
FA— 2. 2 JAKZ W T W EOAE B R 4G A
Survivin & HFREFTAF,. PBK A MEK 3% 1% 453
AEE—EER.

Survivin

GAPDH

~ Survivin

Fig.3 The effects of 3 kinase inhibitors on the mRNA
and protein level of Survivin
(a) RT-PCR (30 cycles) analysis of the survivin mRNA in
PBMC cultured with PHA and thIL-2 for 64 h. /: No kinase
inhibitor; 2: 100 pmol/L AG490: 3: 3 jmol/L Wortmannin;
4: 40 pwmol/L PD98059; 5: Negative control. (b)) Western
blotting analysis of the survivin protein in PBMC cultured with
PHA and thlL-2 for 64 h. [: No kinase inhibitor: 2:
100 pmol/L AG490; 3: 3 pmol/L Wortmannin; 4: 40 pumol/L
PD98059.

2.4.3  EEEATH T AGA90 I EI R B E FF PBMC
survivin 3 K 75 36 KR B AR B0 R« 7E T 96 ) i 5%

Fig.4 The effects of different concentration AG490 on
the transcription of survivin gene
RT-PCR (30 cycles) analysis of PBMC cultured with PHA and rhiL-2
for 64 h. 7: Negative control; 2 ~35: Corresponding to 0, 25, 50
and 100 pmol/L AG490 respectively; 6¢: DMSO (without PHA and
thil-2).

F= PBMC B , 58 43 3 jn A 28 3 & 24 25, 50 A0
100 wmol/L AG490, RIEEEFF 64 h PBMC £ RT-
PCR 452 FEM (E4), survivin 2 E (7 FME R
HAGH0 NIRERBXCR, ExNGEREES
AGA90 IR B IEAE IS, UlRH AG490 (T EHI1E H
BEHRIFNRRE.

2.4.4 BEEEEEMNEF AC40 NEEiTE O 2 EL
HE AR Survivin E B FREAE: WS REE
7 48 h {1 PBMC T EIIAZIRE S 100 pmol/L (]
AGA90, ZRELRIEEIEE 60 h A1 72 h, WM BRE
AWATERAFREENZ., 4825 SREERE
48 h PBMC & #1321 87 Survivin 28 B/KFAREE, 0
AN AG490 ZKEEIEFR)G . Survivin 55 H FRIE KT RS
AT R R A 22 9 RHH CE S,
IR, 0T B 28 80E survivin ZEEFE R AEH
FRFRIE R R A, AG400 N BEHIN I 1% B
WAL P B Survivin B A RIFRE, 27 AG490 H
TE survivin B R S8 DLRD 0 B B R B ZEFEM
TR,

1 2 3 4 5

tisman® Actin

Fig. 5 AG490 effected the survivin protein expression
in PBMC cultured with PHA and rhiL-2
I ~3: Comresponding PBMC cultured with PHA and rhIL-2 for 48 h,
60 h and 72 h respectively; 4, 5: Adding AG490 to the PBMC after
48 h stimulation to final concentration of 100 pmol/L and cultured for
a total 60 h and 72 h respectively.

3 4

AL R 2 IEE A PBMC £
survivin & F {F G K F 10 B4l ¥ & (RT-PCR
—RRFRE 35 MEFLL B, AR WA E R R
Yy, HEAR T EENA W Suvivin EH /)
Fik. £ PHA A thiL-2 RIEEE TR0 PBMC, T
36h B G &4 T survivin £ FE {1 0H B B0RE A0 H
MAEHEAMESE, FEFEREEE 7= E R
MEsE, H Survivin 2B IS A WA R4 A
HEF B BART AR AR TE . (B AR S SR PBMC B 43 3]
IOANERFT JAK2. PI3-K F1 MEK 3 F &85 5940617«
AG490. Wortnannin 1 PDO8059, NI EE 45 [H (- EL 52
Wi 5% 77 PBMC 40 B HR B B sh Alisdy, 3k
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CARETESE R, Suivivin £ B A BEELR KR
A, A, WEABRENEES Survivin &
EESINEERS S

MOEMEE T MO EL R ERE IR
70 AP, AR B BT AR B 00 R ) B SR A 5 0T AT
3 2 RIZIEE CH B RIB 1S ~ 30 min
FiE). BHIREER (0.5 ~24 h) MpEIRE
BEF IOV BRATRSCRWER TR FEUE
f PBMC 7E 36 h /7 BN survivin & A5 R ES,
R ZEE S CARTRIETE&RED RN
BRI, MANEEEREREN B RN A EEE
F B SRR TE B F A B .

AR DA R R EF A e
BN, SEEECMEMARES AR
i, EWERFEILEZA, RIRY A 405 B B
AT EA1ILRIFRE Survivin ZEH NI
Z, WM T — 3L B Survivin EHFRIEX L
S PA Ccell homeostasis) AL A 1F #8618 5 49
WE, ARFARLTENRSE, X MERRE
] PAST AR AR 4 4R A M 41 AR 3R IE Survivin E B H
MR, b, Fukuda FFBFF TAEIER Survivin &
ETEIE® CD34  EMmMAH P IFRE, BF T L
.

LR LR REGE G, B TR AISE RS
FHERER: SR 158, @B FRABRN, 48
REBNEREFR S RN ERFRE. RATAIH 3 #
Z 5 S S R AR R, R T
BT Survivin EE R EHARAFES1ETE
B, ARFEM. JAK2 251 JAK-STAT (5515
¥ R BOE T RES, 2 O 9 kBT
Survivin 2 H R X WM R EEKE S % TR
Ik, CU%1 PI3K A1 MEK BT/ § #9 MAPK JH B 2
RAMMEIEHENEIEFS ML SERE,. 5 JAK-
STAT EEE R A “B1E” Ccross talk), WHFEHATHE
SHMES. BRTEMNANLTHRAESESH
. TEFRT B, BTRARATASER S ] B PRK
F1MAPK JEEEE B B — EfEE LWt O 4
FRiEALAN Survivin & B RIAFE 5E %,

BT R AR R EA DAAN B — e i i R
BT A 48 B D D34 3 I 4 P Survivin
RN LIRS, BL4E B R A0 IR W LA B
WAL A . JAK2 BB AF R AR ERE
BEDREE, FENSFHREFRARKEF A
MIEFS %S, JAK B2 B E ME B B Rk R Bt

MiLEE, EESEESSMNENSMS dikm
A, BEEANEIT AG490 BN SR S EEEM LT
FRET B S RE S, BTLLBoR ok AR R .
SR E BN, SRR 48 h, DA FE R
¥ survivin ZEE, AFEZ AG490 [N, EQ AR
TEAKCE AR AN BE A I N R, U 8] AG490 41
suvivin EEFERFAAREZYN, MEBEIMH
LB A B RSB A I B, RIS T survivin Z5[F]
MR R, JAK2 TR ML BUE W — 7 STAT?
STAT MBEA A ER T L2 7 B EE? T
SRRl B MR B A ] survivin [OFERENG 7 X
AR B A T — P B

ATAIRFFT T AR, UE 8 A SN ML 40 B i ik
R survivin BRI B4 RBOE, Hit T 5EE
E BRSNS E S SR, |/n e
AR E 4L 5 Survivin BB E R E AR X F: R
Survivin 85 FRIAT] DI BLA R AR A, Bip
BFF, BT 5 Survivin B RIE R ZEHLE A
i, R MR BN RS R T R AL R R
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The Transcriptional Activation of Survivin Gene in Human Peripheral
Blood Activated Lymphocyte and Related Signal Transduction Pathway *

DONG Yan, MEI Zhu-Zhong, SONG Yi, SUN Guo-Jing, QIAN Jun-Jie, LIU Bin, LIU Hua, SUN Zhi-Xian™
Clnstitute of Radiation Medicine, Academy of Military Medical Sciencens, Beijing 100850, China)

Abstract  Survivin plays key roles in cell proliferation and apoptosis regulation. And it was recognized as a
molecular marker for tumor diagnosis and an ideal target for cancer therapy. The significant expression of survivin in
activated peripheral lymphocyte was observed. To clarify the signal transduction pathway of the activation of
peripheral lymphocyte and resulted in expression of survivin gene, normal human peripheral blood mononuclear cell
(PBMC) was cultured with PHA and IL-2 in vitro and the expression of survivin was analyzed by RT-PCR,
Western blotting and cell cycle. There were significant transcription of survivin and detectable protein of survivin in
PBMC cultured with PHA and IL-2 for 36 h. The expression of survivin increased with the extension of eulture time
and this expression was cell eycle dependent. AG490 (JAK2 inhibitor} resulted in the cell eyele arrested and
inhibited the expression of survivin markedly, and Wortmannin (PI3K inhibitor?} and PD98059 (MEK inhibitor }
also inhibited the expression of survivin to a less extent. The results revealed that the expression of survivin
correlated with the activation of peripheral lymphocyte and meant the state of cell proliferation. The JAK-STAT
signal transduction pathway mediated by JAK2 was essential for the activation of peripheral lymphocyte and the
expression of survivin. And the signal transduction pathway mediated by PI3K and MEK also affected this process to

a certain extent.

Key words survivin, activated lymphocyte, signal transduction, cell proliferation
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