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M BECS(protein kinase C3, PKCS)5 c-Jun &I K 3% % B4 (c-Jun N-termital kinase, INK)#94E Al . 4R
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BOHE . AL 37 4%) F rottlerind? 4] PKCS 89 & A4 7T vA K B4 AR5 5 4m A ) 1= i A2 INK 49 B BR
18, Bt A d) BB d B AL S 3946 K SP60012537 4| INK 49 5 BR AL A A TAIKPK C 49 3] & 1k, it
w0 — R AZ B Mo P 4m LB =5 B B, INKA7 4] ) SP60012540, 7T vA FEL I it & SAPKCO7E M i Bk 544
B, Xk sk R, PKCSARINKAN 0912 T8 38 7T vAAR A f 4, LRt e A=, & AF
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PKC6 and JNK Mediates Camptothecin-induced Apoptosis in
Leukemia Cell Line U937

Li Hui'*, Han Bing?
('Shanghai University of Medicine & Health Sciences, Shanghai 201318, China,
*Minhang Hospital, Fudan University, Shanghai 201199, China)

Abstract The flow cytometry and Western blot were used to investigate the effect of PKCS and JNK during
camptothecin-induced apoptosis in leukemia cell line U937. The results demonstrated that under 50 nmol/L camp-
tothecin treatment for 24 h, 36 h or 48 h, U937 cells underwent apoptosis, and PKCd and JNK proteins were obviously
activated. In addition, the pretreatment of PKC§-specific inhibitor rottlerin significantly inhibited phosphorylation of
JNK during camptothecin-induced cell death. Mostly, SP600125, a phosphorylation of JNK inhibitor, greatly blocked
proteolytic cleavage of PKCS and camptothecin-induced cell death. Accordingly, SP600125 significantly suppressed
cell death in U937 cells which stably transfected with pTRE2hyg-PKC3-CF grown in tetracycline-free medium. PKCo
and JNK may mediate camptothecin-induced cell death. These results may provide new mechanisms for camptothecin-
induced cancer cell death and novel therapeutic clues for cancer treatment.
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S LR T 22 A0 M AR ) B AT 4 i
AL, IR AR VE 2 MR . IR AT
PES B S PR 45 (1) i 2 B AT B EEAE
T A T N R 2RI 2% R 48, B T4
PR AT AR R T B A, IR RR 2 Al E
T, EAN A A M2 2R b, S2AN ) B T, B
AN TE R AR, fil AN [R5 5 s, 3550
TR ) A AR L A4 rh, A Al M T
kA R Iy IR NIRRT A T
T4 WE B Rk e, SRR 538 2% 2 18] () AH B 24K
IRATLEMW . A2 E AWML S S RE 7S
S A ) B 2L 53 S AR ST U TS T
W E T s A R B, B R CO(protein kinase C8,
PKC8)5j c-JunZd 3 R Uity i (c-Jun N-termital kinase,
INK) W DAAH B4, B RCIE e it 3 R4 k40 i 0
Too WM FOT TR A A0 0 12 F0RS 48 i d L il
DL I8 B 697 S5 — 5 AR S X

1 MRS
1.1 EFEZRF

RPMI-1640%; 77 J5(Sigma-Aldrich 2 ).
G418(Calbiochem”x H]). DY Z (tetracycline, Sigma-
AldrichA 7]). camptothecin(Selleckchem 2 7).
Rottlerin(BiomoIMOL A #]).  SP600125(Selleckchem 2y
7). PiPKCHi1A(Santa Cruz/A ], sc-937). $TPARP
Pifk(Santa Cruz/a m), sc-8007)« Picaspase-3H44 (Cell
Signaling/A 7], 9662) Pt actinPi {4 (Sigma-Aldrich A
F)). BRI AL YIlE(HRP) 3¢ (Cell SignalingZy )
F1 SuperSignal West Pico chemiluminescent Substrate
Kitik 7] & (Pierce A 1))
1.2 ZfaiESF

U93741l s % HiDaniel G Tenen !+ 2 4(Harvard
Medical School). 4 % 7 (R4 ik i B A HI 15 10%
FBSIRPMI-164035 773137 °C. & 415% CO, 15
FEAA TR IR. 4i  H] F BUO & W) EE (trypan-blue)
Gt b, A0S I ERFFEIS% LA L

FFPCRY™ HIPKCS-CFI¥ L ¥l 514 43 il S,
37 51 ¥: 5'-ATG GAT CCG CCA CCA TGA AGA
TCT GGG AGG GG-3'; i 5|4): 5-TAA CGC GTT
TAA ATG TCC AGG AAT TGC TC-3'. F=##fi N EI
pGEM-T easy vector(Promega’s #)) ™, 4% 4 . o [%
HEEA%Z R 153 ARpTRE2hyg(BD Clontech A 7)), ik

pTRE2hyg-PKCS8-CF. IV H] HL 7 J7 vt 37 A 2 4
U937TPKC3-CF, HLA% 5 [ 40 o 4% # £IRPMI-1640%%
TR P AREERE TR, 24 hfE A DYFA 2 (1 pg/mL), ik
Tew A, MR VUIAEE G, F Western bloth: iiE
PKC3-CFIIKIA .
1.3 Western blot

WAL, TEIMASEAARA 2xSDSZARR, 100 °C
5min, VK_F5 min, LK 3VR, 7050 4R 40 MY K 41 i 2
b T4 °C. 12 000 r/min 50210 min, |35 ¥ A il
W aEE; EEEEE, KRS LEAEPA R
PEAE il AT 10%01 2% 58 DA M I i 458 2 Pl vk Lk
Ja ¥ H BNCIRE . 47 5 NCIB S FHTBS(Tris
buffered saline)AL il [115% i JIg WKy T % i 5 412 h;
SR PRI 3 1 1) —$0 T4 °Ci a4 Bk
HR I S Bl B R0 B M ) — i ' 8¢ f5 H Su-
perSignal West Pico chemiluminescent Substrate Kitf;
T A UKL .
1.4 FRNHAEAR 57

Y oS FH1<PBSYE I, 2 J& N2> 10 41 i ek
7E100 pLfP)1xBinding Buffer'. 437 5 uL Annexin
V-FITCAI5 uLAAY A 5E (propidium iodine, PI)FRic, %
I N AR [ V15 min, 0300 pL 1xBinding Buffer.
FH it X 41 Bt 1 (Beckman Coulter) 46 #l] Annexin VAIPI
BH 40 B

2 £R
2.1 PKCHOFAINKTEZEWTIE S B4 A A T K
HE

PKCS1) H 1153 45 F4 4 B N-3i 1 7 X 35k R C- ity
A DX ol K 9 3 1) (10— S e A BOT 4L R, 40 v
TR RT DL AR (A BEK AR BT 1) 77 4241 kDalf) C-sfiE Ak
Jr BeAI38 kDalfyN-sig i 5 v B, C-Iif Ak v B
257Nty I A X Sk ) A, I T BPK CoRR 421G
AU LR MR Tk R R, INKCBE B R Ak 1T 75 L
FH50 nmol/L &M fig A BE 11 1fi 55 41 B U937, 75 T 41 i
RAPT(FEA) . WCEE S Ak BEAS [R] I T) R () 48
ML HL AR (15, Western blotZ> #T & I, 7Ecaspase-33&
1 U093 741 i v 7] B A7 AE PKCO I A 11 5 B V) 1 Bt
JINKF A TE (B 1B)
2.2 INKHIBEER LAk 35 T PKCORYBI 1 7E &

H T PR ZRPKCSFIINKAE = W i 175 5 40 i 7 1
HHIAH B G R, FIPKCS il filrottlerin 5 - p it
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(A)

PI

Annexin V

(B)

0 6 12 24 36 48(h

[ <« Pi-JNK
- a2 & .4
|—-...— - Actin

A: U374 A b B 52650 nmol/L 3 B 88 43 3 kb 124, 361848 hJi, Annexin-VAIPTHRiC 41 i, 9 20 40 i AR I 40 i 2% 1% B, 5 HE A R
Annexin-VBHPESPIBHPEG LA LA . B: U937 M A A FEBLZE 50 nmol/L 3 5l 73 71 A FHAR ] o 1) i, WACERC %A I AH T 40 M0 26 1 B I, 43 i T
PKCS. INKIRIL. Acaspase-3Flactinit /A3 1T Western blot &l /347, e actinf 2.

A: U937 cells were treated with or without 50 nmol/L camptothecin for 24 h, 36 h or 48 h. Annexin-V/PI double-stained cells were measured by flow
cytometry. Panels show percentages of Annexin-V* or PI" cells; B: U937 cells were treated with or without 50 nmol/L camptothecin for the indicated

time. Proteins PKCS, phosphorylated JNK and Acaspase-3 were detected by Western blot, with actin as an internal control.
Ell £EHESSAMRIET hERHEBPKCIFIINKRIEL
Fig.1 PKCd and JNK activation in apoptosis induced by camptothecin

+  Camptothecin
4+ Rottlerin

—-—- -4 PKCS

4 APKCS
<4 Pi-]NK

Acaspase-3

| ———
——— S — | INK

T

P-

- Actin

U93741 i £53 pmol/L rottlerinii 6 AL #H1 hf, 4250 nmol/L 3 #4 ik
Y F148 D, W& 4140 1 & 1 STRE i, 23930 HH tPKCS M2 APKCS
INK 2 INK#FFRAK « Acaspase-3 FllactinTi {147 Western blotf il 5347,
HrpactinfE H N2

U937 cells were preincubated with 3 umol/L rottlerin for 1 h, then
treated with or without 50 nmol/L camptothecinfor 48 h. Proteins PKC39,
APKCS8, JNK, phosphorylated INK, Acaspase-3 and actin were detected
by Western blot, with actin as an internal control.

El2 INKRIHER L AKH T PKCORYTE{L
Fig.2 Phosphorylation of JNK is dependent on PKC9 activation

[Fi) b 11 5 41 PRIU937 . W2, B4l HIPKCS
(1 440 1] Flrottlerin4b BRI, U93 74 Jid 1 PKCSFIINK
BITARA; Y SR B AL F IS, U93 740 i HHPKCS
AW, HHIE B D) F BRAPKCS, #5151k
(INK A 14 22, MINKUE EE 7K 0 B 5 2 78
rottlerin 5 B L ) A BE {4 17 40 IU93 71, BY )
i BEAPKCS I B 9k /b, INKi% R Ak B W (2 k>, JA

s — + +  Camptothecin
— + - + SP600125
S e | Pi-INK

!-“‘ INK

| —— e — | ] PKCS

emi— -4 APKC3

o -4 Acaspase-3
— —  —

| — -4 APARP

_ -4 Actin

U93741 8421 pmol/L SP600125T 55 A F11 h)ii, FF£:50 nmol/L 3544
B A= 148 i, WCHR S ALAN N AR 11 TR b, 20 4 I BEPKCS A APKC3
INK X % B2 fLINK.  Acaspase-3. APARPFlactindi {£& Hf 17 Western
blothr il 747, Ferhactinff A £

U937 cells were preincubated with 1 pmol/L SP600125 for 1 h, then
treated with or without 50 nmol/L camptothecin for 48 h. Proteins PKC9,
APKC$, JNK, phosphorylated JINK, Acaspase-3, APARP and actin were
detected by Western blot, with actin as an internal control.

3 INKHITSER 1L IR PKCORIBIEIE 1L
Fig.3 Phosphorylation of JNK promotes PKC9 activation

bt caspase-3 11 BY UJ 3G A4 Fr B (1) 9820, $E 7R INK )
FR AL T-PRCIABY D) F BEAPKCS.
2.3 INKHER L IR HPKCORIBI VI

I3 FHINK (14011 71 SP600125 55 w4k i e [7) 4k
H M4 EU937. i3, Hali HSP6001254b B
INF, U9374H iy rh PKCORINK I 6 A8 4k 24 FH =5 4 i
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CRE - R

0 2 3 4 5 (d) (Tet off)

SO e | PKC3-CF

s |- Acaspase-3

U e s (- APARP

| ———————— | A ctin

U93741 Jifs e JePK CBIKIC-i il 4k 45 FI I PK C3-CF, Bk MY 3R 3,
IR0 24 3+ 4+ 5 IV & 1715 AF i, Western blotks Il 73 H
PKC3-CF. caspase-3 X HRAIPARPHIBI VI L, HorpactinfE NS,
U937 cells stably transfected with pTRE2hyg-PKC3-CF. After grown
in medium with or without tetracyclinefor 2, 3, 4, 5 d, U937 cells were
collected respectively. Western blot analysis of PKC3-CF, caspase-3 and
PARP cleavage served as apoptotic markers, with actin as an internal
control.
El4 EIiFSFRIEPKCEF Y B AILHAE
Fig.4 Estabilishment of the cells expressing activity
fragment of PKCo

ARERI, U93 740 e HPKCS 8 12>, I v 4k
MBS ) i BEAPKCS, INK VAR 7K1 J6 I S e 2%, 1H
TR IFINK B B3 £, Fifi -2, caspase-311 By )75 1k
B H W) APARPHY 225 {ESP600125 55 5 44 fig &
[ A 11 11975 40 BRU93 7R, INK 2R 11 /K T E B (2
AR, (H % R AL INKH (2 3k /D, 85 V) B BEAPKCS I
B9, I Blicaspase-3 BT U1 G AL H Bt X LR Y
APARPIH ¥ /D, $& 7R INK ¥ R 10 i 2EPK.C I BY 1)
it
2.4 PKCOBIYIEML N SHIZEA A TR B TINK
BOBEER 1L

TEU93 741 i i F 3k PKCSFIC-3i it Ak X Ik PK CS-
CF, Bfi#5 DU PR 2 I HiR, PKCS-CFAE 254 dik B 3%
a4, A I H Bl caspase-3 11 BY I3E 4k F B K 2L 774
APARP, R A T A T2 (154).

(A) U937PKC5-CF

Tet + -
SP600125 - -

t

(B) +

—  Tet
+ SP600125

36.0 4.5

il <

Annexin V

»

>

A: U93 740 i it R IE PR CS ) - (AL X IPK CS-CF, #BR VU 25 )5, AT pmol/L SP60012540FE, WHZES dffI4i i 28 13 b, ASAREE DL %
P2l U PR 28 A0 BRI 40 A A %) R, Western blother il 43 HTINK S INKHETR L« caspase-3 &% HKHIPARPIH B 115 0L, Hiactinffi h NS, B: il
JEPKCS-CF U374 ML, HFRIUFR 2 )5, ML pmol/L SP6001254b3, WHUESS A4 i, A b BE DL K f 4l DU IR 25 A0 22 1 40 i A 4 53 1, Annexin

VK PURG, FE A A0 N AAS I 5 2L AR T

A: U937 cellsstably transfected with pTRE2hyg-PKC3-CF were grown in medium with or without tetracycline, followed by treatment with or without

1 pmol/L SP600125 for 5 d. Then cells were collected respectively. Western blot analysis of proteolytic activation of JNK, and caspase-3 and PARP

cleavage served as apoptotic markers, with actin as an internal control. B: U937 cells stably transfected with pTRE2hyg-PKCS-CF were grown in me-

dium with or without tetracycline, followed by treatment with or without 1 pmol/L SP600125 for 5 d. Annexin V-positive cells was determined by flow

cytometry.

E5 PKCOEIHIE LTS BI4RARIE TR ¥ FINKHY R 1L
Fig.5 PKCS activation induced apoptosis is dependent on phosphorylation of JNK
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I FHAZ A0 M, 7 DY PR 22 405 10 1) ) INKC ) 470
HIFISP6001254b B 11 1M 755 41 JBU93 7. Wl EISAFT 7R,
R DY R 4R 565 A 40 i a1 TR AR 4k, R
PGl DY A % S BUNKRE R I L W % fE
Kficaspase-3 1) 8Y U)W £k Fv Bt S 3L 7 W) APARP Hi 3,
] EF, 9 4 B A I ) Annexin ' VATPIFH P4 41 fitd
=1 2 (E5B). 1M FISP600125 ] i Ak B A, INK
H KT I S, IR ALINKI] S di/b, AH N
caspase-3 11 BY V) 7% ¢ v Bt S 3L i Y APARPAB, gk /D>
(FI5A), 40 J i T 2 2 /b (15B), 327~ PKCSIR i 1
v B3 IR 40 L AR T INKR B R AL o

3 iR

B WO 2 B AT 8] 1 B A(protein kinase A,
PKA). % F ¥# B§C(protein kinase C, PKC). 45 iff
B MO 1 B 11 38 (calmodulin dependent protein
kinases, CaMKs), [ 24 8 55 [1 ¥ I (tyrosine protein
kinases, TPK)%5. IR ER M, HME S
T ZMZ PP TR S, I e i IR
T8 ABEFOR I, SRS T 4 M Tk R b R
PKCSI1) BY I35 A ATINK B 18 A4, T4 2 4 i 570 3
B AR AR Bl 3 40 PR R T ) Y, 7R R R i
WO TS I RE T SRS S 4 B T

PKC3:2 J& TPKCHKIRIN A b, PKCSHY D)™
PEVEE B g E Y, BRI, PKCSHIN
PR B RT LA S 40 M0 T A A, TR IA TGS TR
PKCOMAL Fr B 5878 AR B BH W 3 T2 7= 4k, i HLAE
A0 i A A SR AR I FRLA. 25 2k Ml caspase-335 44 2 T,
PKCSEIA] K A= BTV AL, FoAk 40 flrottlerin ] LA
IEL VT 200 o 0 12 1 i A1), SR WIPK.CO ) Ly e R REAE I
TR A B . INKGEMAPK S A 1) 8 22k 0 2
—, Z 5 AN AN SRS, o OO H O .
INKE A e 28 40 Mo 0 T2 1R 58 70, 4 40 i ok R INKIR,
S i R R T RE D BH SR B, N A g e mT LR RE
IXFP R R T RE ), Ui I INK i 8k A4 &40
PEAEHER T PE I . W90 R, INKRERS I V1L
c-Jun b RpS3SE(E I T8 I 3R, M Bel-2 5K %
JR DL, AT 2P A NI S R A g

A FT 45 R B R, PKCSINK Z 7] H A {2 i3,
TE G IE i, FE R T BB 3 1 40 B
WATHRIEFR, INKEPKCSI¥ R RN 43 1, PKCSH]
10 1o 22 288 )53 A A O 1 TR ) U8 1 (mitogen-

activated protein kinase kinase kinase 1, MEKK1) Al
22 4 50N A6 HT OB 1Y BB 7 (mitogen-activated
protein kinase kinase 7, MKK7)/ ‘3 I # INK (1] fif 12
AU T e PR B A T e A B A1 B I, INKCE
W AP C 7 UK AL T i 46 7EDNA ) [
M H, PKCS AJ gl i MKK 736 ALINK ™, 55 A i
SR, HARBR-12-1 DU e IR - 13- £ IR i (12-O-
tetradecanoyl phorbol-13-ester, TPA)Ab 1 i i Jif 72 4]
f, BEIE LV AL PKCOFIPK Cauids 5 4 i A A= U T, 1]
IS 5 P INKOR ARG A S B ARk MRS AR, v
oM 7R INK B SR 5% i PK C 1) BY Vs Ak, A
BT R PR AT 2 TR TR IR R 38 I 1B I 4 %%
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