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H Promega A ).

1.2 A%

1.2 MG IR, 4IRS A 10% 06 24 MG 1
DMEM #5575 3:(% 100 Uml 82, 100 g/L 4%
2T 37C, 5% CO, B FEM R i 7.

122 MTT EMNE K iZk. % BGC-823 4
Mz Rl 96 FLAR(10* AN / £L), 24 h J5 II A &4 A
R B 2 F BB R I 3G FR A 5, N dAE O b,
FERG 24 h WoE — ], E A 120 ho W I A
MTT (AWK E 0.5 g/L), 4 h J5 I N ZL 8 (4K
0.005 mol/L HCI #1 50 g/L SDS), W& id#, FIH
BEEAR AR I A 570 {HL(Z % %K 655 nm), B4 AUHL 4
ASEAT LRI, A K IH R =(1- 254 A5y
KL A 570) x 100% .

1.2.3 AR, FeSTERB1H I T
1.24 2RI E R GG . FESCER3] R I Ty
T

1.2.5 PI/Hoechst 33342 XU Ye{f. % SCHR[3]H 77
T

1.2.6 Western blot il % . F Z4 fi# ¥ (100 mmol/L
Tris-HC1 pH6.8, 25 g/ SDS, 10% B-mercaptoethanol,
1 mmol/L PMSF, 10% )% f# 41 Jfl. Bradford ¥4
M B AR . 34T SDS-PAGE, #R46 i N
5%, 7B E A 10%~ 12%, 1 ) K 2 1 5
FAFEABEINC B B B, —hiRE, b
B RO A5 0 PR 4% BPTAR B0 5 A ECL I 77 &
(Amersham Pharmacia) Ui I 2H 741 .

1.27 R k. WA dn e, R ol AL 2%
(25 mmol/L111 4%, 10 mmol/L Tris-HCI pH7.4)¥k 3
W, A2 (8 mol/L JRZ, 40 mmol/L Tris, 4%
CHAPS, 65 mmol/L DTT, 1% pharmalyte, 5 mmol/L
Na;VO,, 1 g/L aprotinin, 1 g/L leupeptin A1 5 mmol/L
PMSF), #K E24f# 1 h WA RS 3 k. H
7R Q0W, REUCGEE 2s, ARG S s, HGE 4
K). 4C 12 000 g, &5 0> 45 min, HU b ¥ .
Bradford 700 i B O JE. — ks K46
(8 mol/L JRZ, 20 g/lL CHAPS, 4 g/L DTT 1 0.5%
IPG 22 PP, R VR W) MR R (BB A 3A
1.2 mg), EAREL 320 pl. 7K4L IPG K 4% (pHA~ 7)
30 min, ZFHERMAEFLF N 50V, 16 h(ZtE): 150V,
1h; 300V, 1h; 600V, 1h; 1200V, Ih;
10000V, 2h; 10000V, 45000 Vh(Fei®E). [
k: M @ = 1%1 DTT ¥4 #(50 mmol/L Tris-HCI
pH 8.8, 6 mol/L JR%, 30%H i, 20 g/L SDS) -

IPG JBi4& 15 min, H o=2.5% [Pl 2, Tk i V- 155 v 1
fiif IPG 845 15 min, HEAT ¢=12.5%[f] SDS-PAGE,
T KRR A SEREATIED R K, RS 3W,
1 h, TEEATHR B, HHIE 10 mA, 2.5,
B AT TR K, REERIR 15 mA B 2 IR i £
5T B IRRHS. R350 Jetaid &, Wi fh i s i
1.2.8 RGNS E. HSCHR4] T VAT

1.2.9 RT-PCR. #% TRIZOL i} B 5 (Gibco) #2& HX
RNA, %8 M-MLV 15 0 50 kAT s 4%
CH60 HUMAN F1 GRP78 [f] PCR 5| )2 J7 5 %
SCHR[S, 6].
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P x + s o,
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PE(K 1a), 15 mg/L NCTD AbH 24 h 41 Jfi 3R 48 54X
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Fig. 1 The effect of NCTD on the growth
of BGC-823 cell line
(a) The inhibitory effect of NCTD on the growth of BGC-823 cell line by
MTT assay. m—m: 0 mg/L; ¢—o: 5 mg/L; A—A : 10 mg/L; A—A:
15 mg/L; e—e : 20 mg/L; o—o: 25 mg/L. (b) The effect of 15 mg/L
NCTD on the viability of BGC-823 cells (*P < 0.05) by cell counting.
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H 4.74%, IS5 0E R AR LA R A7 05 2 TR
KAWL, BEE 5P I e, 4h
W) A7 0 2 ) BRI, o0 AT A L 22 e 2
(P<0.05, H 1b).
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A o 9 A0 AR 23 i B A L 25 SR B,
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BGC-823 41 i 2t 15 mg/L NCTD 4b# 24 h, G2 5
M H940 Bk Al B 49.6%, S X HRAL T 3.22
%, 2 NCTD 4bPE 48 h, G2 5 M 40wk b =4
Jio 1K) 38.5%, 5 NCTD 4P 24 h AL, G2 &5
M LA — e FERE 1 N BRI 2). 45 SRR B,
NCTD ] 5]#2 A\ B % BGC-823 41 it & £ G2/M
HIRH
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Fig. 2 The effect of 15 mg/LL NCTD on the cell cycle of BGC-823 cell line
(@) 0 h. (b) 24 h. (c) 48 h.

2.3 NCTD ¥ BGC-823 AT HIF N
PI/Hoechest33342. AU 4%t )5 76 5¢ 6 B Al
MeL, iR EIR: 15 mg/L NCTD 43 BGC-823 4
i24h, —Leqiig RIIHTIEARAE, BRI OA
VISR, HRTNMETE G, AR 2 AT PR 58
B LbPE 48 h, AT AH AR ZE AN Mg B A 5 .
FAN, RPN 24 h K 48 h ALEF TR IR R BUAR £ Ak

50.0 pm

50.0 wm

50.0 pm

TH 225 240, K 15 mg/L NCTD A #in]
SR g0 M A MR i (B 3a). R A R
XJ SubG1 4 g i il 45 2R i 7k: 15 mg/L NCTD 4k
H 24 h, SubGl il B VA I o7 LU R 14.15%, 4k
P 48 h, SubGl 4fl f V4 Jr v LL B4 16.95%, B
# NCTD Ab BRI (O SE K, SubG1 41 i S0 B T v
ELAs8 I, 455 LI 3b.
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Fig. 3 The effect of 15 mg/LL NCTD on the apoptosis of BGC-823 cells
(a) The effect of 15 mg/L NCTD on the morphology of the nucleus of BGC-823 cells. A, C: The control groups; B: The group treated with 15 mg/L
NCTD for 24 h; D: The group treated with 15 mg/L NCTD for 48 h. The white arrows show the apoptotic cells, and the yellow show the mitotic cells.
(b) The percent of cells in SubG1 phase in BGC-823 cells treated with 15 mg/L NCTD.
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f 15 mg/L NCTD At # BGC-823 41l g 24 h,
3 S EROGT FEAELRR o 24 4 1) 4 B A i 1 AT 8L H
VK, — I LYk pH4~7, I SDS-PAGE [k Ji
H12.5%. % Melanie3Trial #4507, (EXT 4L
A 501 ANk, fEnZidl B EAEE A 486 £, I
T2 I S5 35 415 A4S, VLR 84.09%.
3 3 YO 3 5% S 6 20 R HEZH (PR b AT 7 X m) HL
WKIRTSF T 16 N4E NCTD AbFEA N IR 4] ik =
e 250 F, HRAWESHEMEA R, 45870
Kl 4. IKEEHT S ab B S ER A E AR 12 4,

FHRIEA 44 LL d4 5 A 008 B 2K B 53 by
i 8L, LI 5.

0 L R B0 AR AT FiU B - AT IR R) 5T
4 (MALDI-TOF-MS) 43 7 %f 2-DE i %2/ 10
X 22 AT — RIRFR SU LS (PMF) Rl — 20 ik 4L
K] 3% (MS/MS) 43 #7(the mass tolerance of 50 ppm). 1%
RN A 2R AN A M B FE (http://www.matrixscience.
com/and http://cn.expasy.org/sprot/) 4 & 153 3] 10 /N 2=
FEAMAHKGE, 4iRNE 1L
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Fig. 4 The effect of 15 mg/L. NCTD on the proteomics
of BGC-823 cell line
(a) The control group. (b) The group exposed to 15 mg/L NCTD for
24 h.

@ [ r—

Fig. 5 The comparison of protein levels of
the differential spot d4
(a) The control group. (b) The group exposed to 15 mg/L NCTD for
24 h.

A RT-PCR J5 %40 #t T NCTD X #8473 % 5
% 1 [d3 (CH60 HUMAN), d10(GRP78 HUMAN)]
mRNA K- [R50, W+ B-actin fE NS, 4R
T, HXTHEAHMAEIL, 15 mg/L NCTD 4k #
24 h, d3(CH60 HUMAN), d/0(GRP78 HUMAN)
mRNA KV FZh 2 £5, a1 ILE 6, féas i
PEESFn el R 54 b CH60 M GRP78 mRNA
7K, 5 DR UK .
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Fig. 6 The effect of 15 mg/LL NCTD on the mRNA
level of CH60 and GRP78
(a) The effect of 15 mg/L NCTD on the mRNA level of CH60. (b) The
effect of 15 mg/L NCTD on the mRNA level of GRP78. M: DL2000
marker; 7: The control group; 2: The group treated with 15 mg/L NCTD
24 h.
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Table 1 The results of identification by MS/MS" !
No. AC Name M/ku pl Conteel Description Function
/NCTD
d2 Q9HAV7  GRPELI 24279  8.19  0.03/0.15 GrpE protein GrpE facilitates the exchange of mtHsp70 bound ADP with ATP.
homolog 1, p53 localized to mitochondria in a complex with mtHsp70 at
mitochondrial onset of p53-dependent apoptosis after either DNA damage or
[Precursor] hypoxic damage ™.
d3 P10809 HSPDI1 61055 5.64 0.06/0.14 60ku heat Mitochondrial Hsp60, mtHsp60 accelerates the maturation of
shock protein, pro-caspase-3 by upstream activator proteases during apoptosistl.
mitochondrial
[Precursor],
CH60
d4 NP_006347 ATPSH 18491 5.21 0.23/0.03 ATP synthase, FJF,-ATP synthase, a complex V of the electron transport chain,
H' transporting, is an important constituent of mitochondria-dependent signaling
mitochondrial ~pathways involved in apoptosis’.
F, complex,
subunitd,
isoform a
d6 Q09028 RBBP4 47656 459  0.35/0.17 Histone-binding Initially identified as retinoblastoma binding proteins.
protein Subsequently, It was characterized as components of at least four
RBBP4 distinct nucleosome-modifying complexes, the nuclear histone
deacetylases (HDACs), the Drosophila nucleosome-remodeling
factor NURF, chromatin assembly factor 1 (CAF-1), and Hatl, a
type B (cytoplasmic) histone acetylase involved in chromatin
assembly 2,
d7 P16949 STMN1 17303 5.87 0.03/0.37 Stathmin Stathmin is a major cytosolic phosphoprotein that plays an
important role in the control of cellular proliferation by
regulating the dynamics of the microtubules that make up the
mitotic spindle. Stathmin is expressed at high levels in a wide
variety of human cancer cells and provides an attractive molecule
to target in cancer therapies .
ds Q9H299 SH3BGRL3 10438 4.65 0.02/0.16 SH3 domain- A member of Grxs (glutathione dependent oxidoreductases) that
binding catalyze the reduction of protein disulfides and of glutathione-
glutamic protein mixed disulfides. Grxs are involved in diverse cellular
acid-rich-like  functions, including the activation of enzymes, such as
protein 3 ribonucleotide reductase, the regulation of transcription factors,
Grx has been shown to function as a redox sensor, via a direct
interaction with the apoptosis signal-regulating kinase ',
dl0  P11021 HSPAS 72333 490  0.05/0.20 78 ku glucose- ER stress marker, a multifunctional molecular chaperone protein
regulated that involved in controlling the activation of the UPR pathways
protein in response to ER stress 1.,
[Precursor],
GRP78
di2  P24534 EEFIB2 24764 433  0.09/0.20 Elongation EF-1 beta possesses GTP/GDP exchange activity.
factor I-beta ~ EF-1 beta is a substrate for Casein kinase ]I and is
phosphorylated in vivo
d13 075531 BANF1 10059 593  0.35/0.83 Barrier-to-auto BAF is required for the integrity of the nuclear lamina and
integration normal progression of S phase in human cells
factor
dl5  P61970 NUTF2 14478  5.08 0.18/0.38 Nuclear Nuclear transport factor-2 (NTF-2) functions in yeast and
transport mammalian cell culture in targeting proteins into the nucleus.

factor 2
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FH 15 mg/L NCTD 4t # BGC-823 41 /ity 24 h [
48 h, FEHAHMEERE, R S B Ty von 2
BEEC S AR 5y FHLBEEAT TS i (B 7). 45
K&, NCTD 1EH 24 h, procaspase-3 [#] 7K1~
WAL, B ZPE RN TR ZE K, procaspase-3
()& &k — 2 K. p-ERK /K F#£ NCTD £ H
24 h AT A, (ELEZ5 AR 48 h HOKAF
WIS FRA, 1 p53 R A /K P W 7E NCTD 1 5
HHT TR, caspase-9 113 IA 7K ) B A B I 1 24
A% . T procaspase-3 7F % Fh 4l L 4 i R IA
TEPH TR 5 B RIS B R BOs . AT S0 R
procaspase-3 1] BEA 2k B #h caspase-3, 1M 155
FHMBFET. SHPEY, mt-Hsp70 Z 541l
PR, JF HILE T RE v Be 5 pS3 WG A
K, AWFFEHER, NCTD 7] gl i i 12F 2 b A4 4
R7E 8 1 & pS3 IRk BE MG caspase-3 H A 1]
imeiikis

Procaspase-3

p-ERK

p353 -LL. *

Caspase-9

Actin —— o c—

Fig. 7 The effect of 15 mg/LL NCTD on the protein
level of BGC-823 cells
I: Control; 2: 15mg/LNCTD 24 h ; 3:15mg/LNCTD 48 h.

BT LW PR B R T LU N M RL ik ATP 4 F,
SEW d WA, BTN Zoh A ATP 5 i 135
P, b T RE— PRI ORIk ATP & BECE 25 1 B2
AR R, BATR MTT 238 5 47
AWE T LRLAR ATP & B 41 7] oligomycin A
2 B B 3R I FH 24000 BGC-823 4 it 4 5 1
. g5 RRW, 76 S mg/L NCTD #1 0.1 pmol/L

oligomycin A It & I 254 BGC-823 1) £k K4 il 1
FH B 24 504 2 25 (& 8).

1.2+
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Fig. 8 The effect of the combinational treatment of NCTD
and oligomycin A on the growth of BGC-823 cell

O : Control; [J: NCTD(5 mg/L); l: Oligomycin A (0.1 pmol/L); A:

NCTD(5 mg/L) + oligomycin A(0.1 wmol/L).

3 it it

2 W B % 22 (norcantharidin, NCTD )& #H &
B B A=A 258, T 2R R A
J7, U B EEES. KEMTTRE
B, 2 FBEE AT DL R 2 AR 4l e T, R0
LA FH A OCER (1 B A 5 VA 1 T B 1R T 9 0 2 gL
b ORI LL BGC-823 4 g M Asi Y, Mgk [
BEES 6 N TS Al M 3 5 K R TSI R BT R
I, LHREEENT BGC-823 4ifl, wolkA
22 53 Z4 R0 S 4 g 1

VNS E T N PRUE & S (NP S i
A2 I W) 2 B ZE 320 R UM S ad ik, ARFRA
T 5, St 10 Bh2s W BREZS A% FHAH O
(PR 0, 42 B 22 S 8 1 1R A P e 1 32 A -
a. hREA, Lk ATP & d A7,
CH60 (25 %7 & Hsp60), GRPEI (£ Fi #& Hsp70 [
WiT)s b WM, GRP78(H %I 1 &
F178); c. %, RBBPA(YL(RAIEE 1 1 /)
WKL), BAF(FfG HAE A K1), NTF2(#% 12 fi [
¥ 2); d. MU E A, SH3L3 Al EF-1B(JE K [
T 1p).

AR, X B 0] LLE g BGC-823
40 i P 2 b AR BUR 38 2R 11 CH60. 28R 44 Hsp70
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(mt-Hsp70)[14# A - GRPEI [{1%i%. 3 H, NCTD
Y& H J5 4l Mo+ procaspase-3 17K F- B {2 F#AG, p53
A ACF T . AR, CH60 Al
T ILYEAL caspase-3 (e FEN MU AIH -8, 1] mt-Hsp70
HEIER YA GIALE T MMH TG, 28
PUMEAN L P SR R HIR S0 a 1 R Rk K] AR T
9 UR AN, JF H mt-Hsp70 #E 28R4k L nl 5
p53 IEE G, S AR T-DIREnT BE S p53 i
PEAT RO, AT TTHR R, 2 B2 3 v e
R E 42 br A HAR v £ 1 S pS3 1) 3RO BE I B0
caspase-3 MR 1 T3 2K

PR 2 A B I Bk () E R B 2 —, W
WAL 2 5 B &AL IR CR 4l A7, T S K ™
R AP A 0 o S B R T, GRP78 G2 A
TR IE BRI 1, DU 2 )3 1 2 g a3k b 8 4
N GRP78 [k, G FEPEHAME] ERK 3 4 )
SIS AN S 2 DR, (LR AR P T e,
AW R, BGC-823 4184 15 mg/L NCTD At
B 24 h, AL GRP78 IRILWI R T, BERRIL
ERK 7KV A W 3, 1251t Al 48 h e i
R4 ERK /KF 02 PR, AWty B, 2H
PEES ARSIV RN U a2 J5, AL s 0] ERK
(R PR (3R R Al B PR I T, X R e 25 T B A 3%
RENS AT R PR 40 L PR 7 L —.

AT I 2 PR 3R S R 2okl ik ATP 51
d WAL . 2Rk ATP & i 41 i g = i 4%
Ry, 5 AN S5 S R T B DA . BF9T
WA ATP 5 B 05 P mT LAS 2 A B 00 3008 41 i
FUN A5 40 L T2 AR08l Jy 97 ik b b ko't i
HE R AT DL 2 SR Z R AR ATP A RIS R, )
Ab, AW R L BEE AR TN A I 40 i &
HL-60, A[fliZiRifk ATP &/ ¢ MV SA7 R 547 9
MR I 2% P B R AT e R R AR ATP
GRS PN T AR AT T R R
LHRE ATP & B 75828 A A 2500 A
BN A SR, S RARNT, A TH 2 A
PERIRCR LS 25 5 0 B35, $on 5 B A 3]
REJE o # I Ze Bi & ATP A D) e i) BGC-823 2k
1, ARG A 2 H D FR 08 08 R ORI 7T A S A4
SSENIESE S S o

SH3L3 (SH3 domain-binding glutamic acid-rich-
like protein 3)J& 7% b H KA A8 (1) 48040 340 )5 i (Grx ) e
FIRI L, ARAIE D> Grx BINEPERL AL, e n) gl i
Y5 Grx 3E 4 VR 45 & IR 2 Grx 3775 & 194

R AHRTER W, DA 2 n] | 4 i Py o M AR
AR, AL G AT S 2 DNA B E ik — 2 H B
P53 ACHSE 4 M 708 s R B 5 A LA AR
IS S 4l i T, DAAJE 3@ ik SH3L3 $25
S M PN TS PR KR A A TR

2= FHBE 2% 2% 5] i RBBP4 (4 (5 7T 41 35 N 1
CAF-1 /P 3E) N if. RBBP4 nJ 51 45 4 4185 1
H3/H4, 25T X%} DNA &iil. #/ME4i%é. DNA
P ST FED L A 4 M35 R i T A e R
FIAS . {F DNA WEEWT 4 (DSBs)f4 it N, CAF-1
FTPCNA Rk i 90 55 2043403 1 G (A 45,
A BY 246 52 R0 A W) 5 R w3 42 1) 7 :U= 5 DNA
B BRI RS S, CAF-1 2k 350 ATR/ATM
8¢ Chk1 1 p53 MG, AT R, 2 BEE
Z Al fEil i N A RBBP4 (/K 7+, T 4 DNA #%
BB S AE R, AT 51 S 40 S 51 1 BEL 40 5 41 A
T
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Determination of Norcantharidin-associated Proteins by
Comparative Proteomic Analysis in BGC-823 Cells
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Beijing Normal University, Beijing 100875, China;
2 Key Laboratory of Carcinogenesis and Translational Research (Ministry of Education), Peking University School of Oncology,
Beijing Cancer Hospital & Institute, Beijing 100036, China)

Abstract Norcantharidin ( NCTD ) is an effective anti-tumor drug developed by China independently. It has been
widely used for clinical therapy especially in digestive tract cancers. It was found that NCTD can induce M arrest
and apoptosis in a dose- and time-dependent manner in BGC-823 cell line. In order to reveal the molecular
mechanism by which NCTD actions systemically, a comparative analysis of proteomic profiling was conducted
between control cells and NCTD treated cells by 2-D and mass spectrum. The results indicated that mitochondrial
heat shock protein CH60, ATP synthase d subunit , ER glucose-regulated protein GRP78, mitochondrial Hsp70
related factor GRPE1, SH3 domain-binding glutamic acid-rich-like protein SH3L3 and Histone-binding protein
RBBP4 may involve in the antitumor function of NCTD. The result suggested that NCTD might induce caspase-3
dependent apoptosis through promoting the expression of mitochondrial heat shock protein and p53. NCTD can
promote the apoptosis by inhibiting the activity of ERK after inducing ER stress. The combinational treatment of
BGC-823 cells with oligomycin A, an inhibitor of mitochondrial ATP synthase, and NCTD inhibited the growth of
BGC-823 cells more evidently compared with single drug treatment. This result confirmed that NCTD can
suppress the growth of BGC-823 by inhibiting the activity of mitochondrial ATP synthase.
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