gisbyd preba Al 188 A1E(20014 29)
The Journal of Korean Acupuncture & Moxibustion Society

HHEA BERS P Apamin, Melittin®] HiiER

A=) oA% - A=

A3 ez J7¢ad

—(Abstract)

The Study of Anti-cancer Effects of Bee Venom for
Aqua-acupuncure

Kwon, Do-Hee - Lee, Jae-Dong - Choi, Do-Yong

Department of Acupuncture & Moxibustion
College of Oriental Medical, Kyung-Hee University

Objectives : To characterize the antitumorigenic potential of three representative bee venom
components, Melittin, Apamin, and Phospholipase A2, their effects on cell proliferation and apotosis of
the human melanoma cell line SK-MEL-2 were analyzed using molecular biological approaches.

Methodes & Results : To determine the doses of the drugs that do not induce cytotoxic damage to
this cell line, cell viability was examined by MTT assay. While SK-MEL-2 cells treated with 0.5 - 2.0
pg/ml of each drug showed no recognizable cytotoxic effect, marked reductions of cell viability were
detected at concentrations over 5.0 gg/ml [3HJthymidine incorporation assay for cell proliferation
demonstrated that DNA replication of SK-MEL-2 cells is inhibited by Apamin and Phospholipase A2 in
a dose-dependent manner. Consistent with this result, the cells were accumulated at the G1 phase of the
cell cycle after treatment with Apamin and Phospholipase A2, whereas no detectable change in cell
proliferation was identified by Melittin treatment. In addition, tryphan blue exclusion and flow cytometric
analyses showed that all of these drugs can trigger apoptotic cell death of SK-MEL-2, suggesting that
Melittin, Apamin, and Phospholipase A2 have antitumorigenic potential through the suppression of cell
growth and/or induction of apoptosis. Qantitative RT-PCR analysis revealed that Apamin and
Phospholipase A2 inhibit expression of growth-promoting genes such as c-Jun, c-Fos, and Cyclin D1.
Furthermore, Phospholipase A2 induced tumor suppressors p53 and p21/Wafl. In addition, all three drugs
were found to activate expression of a representative apoptosis-inducing gene Bax while expression of
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apoptosis-suppressing Bcl-2 and Bcl-XL genes was not changed. Taken together, this study strongly
suggests that Melittin, Apamin, and Phospholipase A2 may have antitumorigenic activities, which are
associated with its growth-inhibiting and/or apoptosis-inducing potentials.>

Key words : bee venom(Melittin, Apamin, Phospholipase A2), anti-cancer effect, cell cycle, apoptosis,

molecular biology.
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T9 3l B HEKREE drdEsigion,
AEAE Gerst JE 90 umd mH 3
Melittin®] tumor promoter® fEAETIT #E3}
A3, Allen DH £%& ##%°) %5 2 Apamin©]
tumorE MiEistel Mol Utk HEsIGon,
Wood MW %o g@®el @4 2 pho-
spholipase A27} tumorE #IFIsH=dl #Efe] ot
T HEsteh

ole] FET BEEHK T oW AEo] HiE
RS FAECR FE3e=AE Folur] 3ty
#ge Ed ¥ F Melittin, Apamin, Pho -
spholipase A28 AI7FAE AEslo] Al RBEE
Mol Fo® %, MTT REEBRS Wi7std @
MaiEvEEE ) #McE 838D, [PHlthymidine re -
lease assay % flow cytometric analysis® #fT
dto] Ml AEMel st Adsigles £§
tryphan blue assay ¥ flow cytometric analysis
€ #1738k apoptosisell thate] o#7E £, S
#8H 9 apoptosis B EEFS mRNA B
HME EBA Reverse Transcription—Poly -
merase Chain Reaction(RT-PCR)& F|fislod &
#rsksict.
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Afge] EBffE M SK-MEL-2& American
type culture collection (ATCC, Rockvelle, MD)
oA F9&o] Dulbecco's mininum essential
medium(DMEM)  ¥§x]  90%$} fetal bovine
serum 10% EguiAE FiAAsH 5%2 CO. A
7} f A5 37T incubatorol Al w¥atgich,

2. e i

Bee Venoml 2%E %% Melittin, Phosp -
holipase A2% SigmarH(St. Louis, MI)ZHE,
Apamin& CalbiochemAHLa Jolla, CA)2%E Z
Zk F]late] 32k FREE MM F AT

3. MTT /&

D MTT B#sE 9 A

3~ [4,5—dimethyithiazol-2-yl] =2,5~diphenyl
tetrazdium bromide; Thiazolyl blue( MTT)
5mg/mi€¥ phospholipase buffer saline(PBS) ¢l
%o pH 758 %% ¥ 0.22m9 filter2 o731
stock solutiong WEYUT. 1 F 1 x 10°749
AEE TE3LT A+ 100 cell suspension®]
101£9) MTT stock solution® 37}stgich

2) EANET HAH R

MTT stock solution®l cell suspension® %7}
& Az 37ColA 3A BRES F 1009
0.04M HCl in absolute isopropanol® Z+7}+9]
welle] & E838}9 blue formazan crystals$ ¢
As] A FY. 529 487 ¥ F 570nmel
A enzyme linked immunosorbent assay (EL -
ISA) reader® optical density(OD)E& &3
tt.

4. FRRSIEN T

1) [*Hlthymidine Incorporation Assay

A XS DNA EAo] n|A& 429 Jae ZA}
371 98t ["Hlthymidine Incorporation Assay
£ A¥sdtt. SK-MEL-2 4% 2 x 10°
cells/well2 24-well multiplates®l seedingdt ¥
10% serume] H7Fg iAE 2447 F<b wjoks}
AThPBSE 28 A3 & serum—free WAZ I
B3 FAA SAE FRER Ay o2
2 204 Fel 1.0 Ci/m® [*Hlthymidine
(Amersham, Arlington Heights, IL)& 4417t ¥
Qb pulse—labeling 3912 DNA W2 incor -
poration¥® trichloroacetic acid—precipitable ra -
dioactivity®] & liquid scintillation counter

Fimstol S3stgint

2) Flow Cytometric Analysis

cells pellete (5 x 10%% 0.2m! PBSe} d&
A7 % 2ml9) ice—cold 75%ethanol/25% PBSE
A7kt mAAZTE PBSel AEEA gAY
¥ 100ug/m¢ RNase$} 40ug/mé propidium iodide
(PD7F ZgHel PBSollM 37C2 3087 wjos &
MEE &t} FACS Caliber celiquest pr -
ogram (Becton Dikinson] (FACScan)& Fifis}o]
DNAY| <& E&3IUT

5. ApoptosisOll CH8t 447

1) Tryphan Blue Exclusion®] ¢}% %%

WEREMHS FIAT apoptosise #Ee S8l
tryphan blue g W73t #ME 800rpm
o8 ELS#Et BEKS ¥ 4T PBSE 5 x
10° cellsm7t H5% FRSAT 05me HE
=S slideo] ®EA # tryphan blue BH
& Hndte] %6890 tryphan blue® ZfasE
sl REsA v MEE HEREECR B
ol 2 BE e
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2) Flow CytometryE FIf%t Sub Gi Apop -
totic Fraction®] ##7

apoptotic cell death®] DNA &l H§ flow
cytometric analysis& FIfiste] B#Le o 3t
ot apoptosis #@FANA chromosomal DNAsE
2 DNA 282 Wrolxn &2 Eiigel &
7} apoptotic body2t EElelAE /MEkE7E Bk
o]21% apoptotic body2]DNA &B-EIEHML
EM LS G s 2NEY HA Ho sub
Gz 2% DNA &8 oig flow cy-
tometric analysisol* %2 + Ut #HEE ¥
o7 Rt MM DNA ZE<S flow cy-
tometry & /A3t BFEII

6. Quantitative RT-PCRZ F|f% AEF

BEEC| T
1) Total Cellular RNAY} fhih
total cellular RNAYE %Y [MEZHEH

single—step methodol 218} Hiid}3ich. RNAHH
& 9% solution D= GSS solution(250g%)
guanidine isothiocyanate, 17.6m¢] 0.75M sod -
jum citrate, 26.4m<} 10% sarkosyl 18]1 293
me 3Kk AEAK)N0.IM BES 2-merca-
ptoethanol #ndte] WESITH HE &% EKE
S 500u solution D 2M2) 50u¢ sodium
acetate(pH 4.0)Z #Hm& F vortexing 3T
5004 water—saturated phenol : chloroform :
isoamyl alcohol (25 : 24 : 1)& B&3Hd 208
7 vortexing®t # 154F dLoM KE &3
204yf 15000g2 EO7#ET & LB 10004
cold isopropanol BEA&S] ~70TAA 2485kE
o s % IEAIZT RNAE 202F 150008
2 AL EES % RNA pellets2 100% ethanol®}
70% ethanolZ ZE#EsIStE. RNAE  30ut9
RNase—free watero] ##AIZTH ¥ RNAY
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]
BEE WXE 260m¥ 280mmolA  spectro -

photometric measurement (Schimadzu Scientific
Instruments, Inc., Concord, CA, USA)Z MEs}
o, optical density(260/280)¢] % 1.08 40ug/
m RNAZ A9t} ®EE REHAT

2) cDNA?Q] &1

WHe 1lpg® RNAE MoMuLV(Gibco)# ra-
ndom hexamer primers& {#f5t 20 cDNAZ
HHEE ANATH 1) Y RNAE 29 reverse
transcriptase buffer, 142} random hexamer (10
pM), 19 MoMuLV-RT (10 U/w), 19
dNTP(10 pM), 2832 0.5#¢2] RNase inhibitor 2}
Basiit of Bawe 23ColA 1540, 42T
A 1M JEl3 95CelAl 54 ST &%
9] RNAZRH ojzl 2748 7#% cDNAE 14
Tt 1:8% sterile Ho02 W#Este] PCR KIE FI
Fistdct,

3) RT-PCR 1T

EET Bl uig EBHM HWE A3t cycle
numbers(21, 24, 27, 30, 33, 36, 39, and 42
cycles)& HmA7|EA E#Mmes #Ed D-
NAs(1:0, 1:2, 1:4. and 1:8)ll ¥ PCRE #iT
stk &£%9 cycle® 95CE 1499 den-
aturation, 58~62C% 458 annealing, 121
72°CoAA 1759 polymerization® & #msIt).
50uL9] PCR KFESIA 12.5~25nge] cDNAT 2
6~34 cycle® {78 F<F housekeeping st -
andard GAPDHE B4% EE #ETE Higel
Aoz Egol ME=JATHTable 1). RT
-PCR EAYS 1855 110 volts®E 2% ag -
arose gels(FMC, Rockland, ME)& FIHste) 4%
#3lAct. agarose gelst 304 ethidium br -
omide(0.5 ug/mé of 1 X TBE)Z #Bae % 154
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Ml 1 X TBEZ RE33T. PCR EAWS HIE
S FIAsk AR % SEREZINT. REMEG
9 ol ARHATE ZEkel AL UM &
1217tk unspliced RNA E¥& genomic DNA2
PCR 441 spliced mRNAS PCR pEA#S &
e Ysted 3% 5 primere AT Y
intronoll oJ&] 7#EEo] £& ThE exonsel FoiA
T BUESTE &40 EET iR O RT
-PCRY #E#2 biotinylated internal oligon -
ucleotides® F|H8 southern probing analysis&
A3t tH(Table 1).

Table 1. Oligonucleotide Primers used for a Quantitative
R7-PCR Analysis

4) RT-PCR E4£#2 Densitometric Analysis

EE T 58l it EEILE ethidium br-
omide—stained gels& densitometry £
scanningdtal LUt} signal intensity® BES
IBM Hi#: ZFE)A4 molecular analyst program
(version 2.0)& FIf3std laser densitometer
(Bio—Rad) 2 E{73l%th. RT-PCR EAYH RE¥
%S BEBNNT HEWSZE scanningdty, HE
9 intensity® BES F housekeeping gene
(GAPDH) 9 intensityell thet &&2 #&@ET R
intensity®] 'tEE FEFOEZH BET BEES
ERLEAT &£ FH¥ cDNAE &Y 2E9)
EBM RT-PCRES ME REiTst3ich

laser

Genes  Primer Sequences {5' to 3) Orientation 1. }‘5]‘ X_-;l
GAPDH F GAACGAGAGTCCGAGATICG sense

R TTAGCACAGCATGACGATAT  antisense

. F GGGCTACCACTCGTTTCATT sense
¢miun R GCTAACTTTAACCTGHACTG  antisense 1. MTT &
c—fos ; %%%%Tg?g?gggg:?g zigz:nse Melittin, Apamin, Phospholipase A2%T =
c-myc ; égﬁgggfgf;%’g&%‘\ :i?i:nse Table 2. MTT Assay for Effects of Melttin, Apamin, Pho-
spholipase A2 on Cellular Vaibility of SK—MEL-2

eyclin DI F GTTCACCGCTGCTACCTTGA sense Cells

R TTAGCTCTCGATTGGATCTC  antisense
CDK4 F  CCTACGCTTCAAAGAGAGTC sense Dose

R CCATAGCTAGGACATCTCTC antisense Treatement oy 8 ous 12 hours 24 hours 48 hours
cde? F CCGTTCTGACCACGGAAATC sense 0.0 0.523 0.531 0.529 0.525

R CCCAATCGGGTACTACATTA  antisense 0.5 0.532 0.527 0.528 0.533
ps3 F ACACATCGGCACCCTCGATC sense Melitin 1.0 0.525 0.533 0.535 0.531

R CACATCGGGATCGAGGACCT antisense 20 0.527 0.521 0.519 0.514
p21/Waf1 F CCACGCTCGTATGCCAATCG sense 5.0 0517 0.507 0.498 0.475

R GGTATCTATCTTACAGACGT  antisense 10.0 0.448 0.452 0.419 0.384
- F TCTCCACACCTCTTATICTG sense 7 00 053 0528 0526 0532

R CTCATGCTTGATCGAGTCCT  antisense 0.5 0.527 0.525 0.526 0.523
p16/INK4a F GGCTGCTCTATCTCTACAAT  sense Apanin 0 0.528 0.523 0.527 0.519

R CGAGACTCAGCATGGATCGA antisense 20 0.525 0.513 0.518 0.514
bel—2 F AGGACTTATCGAGCTTAAAT  sense 5.0 0.497 0.476 0.452 0.422

R GTGGCCTAGCACTCAGTTAG antisense 100 0494 047 0.435  0.402
beox, [ GGACTCTGGAATCACATGAA sense 00 059 05% 0528 052

R GGACTGCATGCTACTCGCAT antisense 05 053 0523 0520 0517
bax F AGAGCGCTTTACGCTCTGAC sense Phospholip 1.0 0.524 0.529 0.524 0.519

R TITACGACTTAAGCAACTCG antisense ase A2 20 0.526 0.520 0.516 0.513
bad F GCTTACGGCACCTAGCCTAA sense 50 0.501 0.496 0.481 0.457

R TTCGTCAACTGCTAACCGTC antisense 100 0505  0.475 0.461 0.442
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79 A$oA 05pg/ml D 1.0ug/ml FEZ A
gt Aeole FRE MiEte] Hvh 32ER
& WA, 20ug/ml oJAY] FEZ Y Aol
T MEEES BTt FEE] ARSI &3
50 pg/ml o448 FEAME A2l 6X7F FHE
EEEY A% w7t BEEdY B 4849
£ Ed= olF A¥e] A8y GBI FAFEE
0.5~2.0xg/mlo) W2 AT Table 2).

2. [PHlthymidine Incorporation Assayoi
o8t RSB ST
SK-MEL-24]¥£9 DNA 34 %2Apamin,
Phospholipase A2%Fo)A = FolF e ul s}
o BWAsEou Melittin §oi9] gl F33
A3t BEE A gk (Table 3).

Table 3. Inhibitory Effects of Melittin, Apamin, Phosp -
holipase A2 on DNA Replication Synthesis

using [3H]thymidine incorporation Assay

Treatement Exp. 00 05 10 15 20

(g/mi)

46780 46580 46690 46800 47790

Metittin
- 46340 46540 4642Q »»»»»» 46 390 B 46400
1 471120 47220 46890 45120 44210

Apamin
2 46900 46880 46750 45]40 7 44‘1 70
se A2 2 47100 46980 46440 45380 44560

3. Flow Cytometric AnalysisE F|f8t 4
R 2B AT
Apamin®} Phospholipase A25oFoME iz
Tof vlate] G1#1S] MEFE #@mstn S A
e EAol wsol FAY MisRMEst
FEHAOY, MelittinFo Fol s Fae MiasH
W HHERE BEEHA G}H(Table 4).
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Table 4. Flow Cytometric Analysis of the Cell Cycle
Progression
Treatement  Exp. Gt S G2/M(%)

Control 1 58.9 19.4 21.7

________________________________ 2....592 189 28
-~ 1 57.9 19.8 22.3

_______ Melth o 593 179 28
Apamin 1 68.4 131 18.5

................................ 2 ...692 129 179
Phospholipas 1 64.2 16.3 19.5
e A2 2 65.2 16.9 17.9

4. Tryphan Blue Exclusion0f 2|8t Apop -

tosis FHHR 447
Melittin, Apamin, Phospholipase A2 B3 %
FollA Folgke] vl apoptosis FFMET
#5900 53] Phospholipase A2 | ZojA
¢ #AS apoptosis Fiol B|EEUCH Table
5).

Table 5. Detection of Apoptotic Cell Death by Tryphan
Blue Exclusion Assay
(Numbers of apoptotic cells/Total 2000 cells)

Treatement Exp. 0.0 0.5 1.0
89 95 102 118 142

2.0(u
1.5 /ml)g

1
Melittin
,,,,,,,,,,,,,,,,,,,,,,, 2 .95 9% 9 M4 149
) 1 84 93 t12 120 169
Apamin
2 91 96 109 137 17

Phospholip 1
ase A2 2 95 113 13t 172 248

5. Flow Cytometric AnalysisOff 2|3t Apo -
ptosis FHFUR M
Melittin, Apamin, Phospholipase A2 §oi# &
FolA apoptosis FRHRIT BEHUCH E3
Phospholipase A2 Fo7M 7+ A3 apo -
ptosis FiFol A= Ah(Table 6).
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Table 6. Flow Cytometric Analysis of Apoptosis—Iind -
ucing Activity

Treatement Exp. Sub G1(%)
,,,,,,,,,,,,,,,, o2 e
_____________
_______________ ST S - I

Phospholipase A2 12 g?g

6. Quantitative RT-PCRE F|E3 #iRS
SLENARRR TR A
Apamin®} Phospholipase A2FoJ T4 #i%
A sk Rez & 48R c—jun, c-fos,
cyclin D1 #E ¥ #Bio] B5 B o] ws
Hdom 199 EETY BB F WIE HolA
%4t E& Phospholipase A2 Fol#9 749
= BEBNE E&EFE 2 42 pd3# ps3 7%
o} wi/fREA s MEEES 7FY p2l

Table 7. Quantitative RT-PCR Analysis of Cell Cycle
— Stimulating Gene Expression

Genes Treatement 0 hour 12 hours 24 hours
Melittin 1.00 1.05 1.02
c—jun Apamin 1.00 0.82 0.75
................. Phospholipase A2 1.00 077 0.64
Melittin 1.00 0.97 1.06
c—fos Apamin 1.00 0.89 0.79
_________________ Phospholipase A2 1.00  0.86  0.74
Melittin 1.00 1.03 1.03
c—myc Apamin 1.00 0.98 0.99
................. Phospholipase A2 1.00 102 096
. Melittin 1.00 1.07 1.02
C’S’:'” Apamin 100 074 071
................. Phospholipase A2 1.00  0.64 052
Melittin 1.00 1.05 1.04
CDK4 Apamin 1.00 0.96 1.05
R Phospholipase A2 1,00 1.02 099
Melittin 1.00 1.06 1.02
cdc2 Apamin 1.00 0.96 0.98

Phospholipase A2~ 1.00 1.04 0.96

/Wafl BEF2) %8 ot BEsos 299
AT BB 2 WElE Rolz Yotk olE &
BT #RAsie T8 oAl Azt vi# s
AH Table 7, 8).

Table 8. Quantitative RT—PCR Analysis of Cell Cy -
cle—Inhibiting Gene Expression

12 24
Genes Treatement 0 hour hours  hours
Melittin 1.00 1.02 0.97
p53 Apamin 1.00 1.00 0.96
__________________ Phospholipase A2 100 174 198
Melittin 1.00 1.05 1.01
p21/ Apamin 100 102 096
Waf1 P : ' '
B Phospholipase A2 100 148 172
Melittin 1.00 1.02 0.96
RB1 Apamin 1.00 0.98 0.95
,,,,,,,,,,,,,,,,, Phospholipase A2 1.00 094 089
Melittin 1.00 097 0.97
p16/ .
INK4a Apamin 1.00 1.06 0.97
Phosphoiipase A2  1.00 0.95 1.03

7. Quantitative RT—-PCRE #JB3t Apop -
tosis £+ WEFREE H4F
Melittin, Apamin, Phospholipase A2 §ojd &2

Table 9. Quantitative RT—-PCR Analysis of Apoptosis—
Related Gene Expression

Genes Treatement 0 hour h gfrs hggrs

Melittin 1.00 1.06 1.01

bel-2 Apamin 1.00 0.96 1.03
S Phospholipase A2 1.00 0.7  1.04

Melittin 100 089 102

bel-XL Apamin 100 105 104
N Phospholipase A2 1.00 096 0.9

Metittin 100 127 139

bax Apamin 100 1.36 1.48
e Phospholipase A2 100 1.96 256

Melittin 1.00 1.01 0.95

bad Apamin 1.00 097 099

Phospholipase A2 1.00 1.03 1.01
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o)A apoptosis® #IHIEHE bel-2% bei—-XL &
{HF2] #ERacle Wyt #AHR @3koholo] vig}
o] apoptosisE {Rit3He NEHQ FE T bax2
BRE-S Melittin, Apamin, Phospholipase A2 %9
T ZFoA Bingo] HAHAL bax BET B
9] #fne Melittin® Apamin A2 FoiFelME o
Z7o wdte] ¢k 30~50%9 #®mE HQ Hhd
Phospholipase A2 FoTl4= ¢ 90~150%9
#@mg JehATh baxd #ine 29 Az
of wlgste #BmME YehAUT. bad BETFS] #
Bl Hsly B2 93k (Table 9).

V. 2 %

BN @5 Bew FEEHEES Winshs
2% poln I mi#t BEfEe 9% AL
S AT o2 ol vl HE £T2 B
?‘5]'_'11 %lq_'l),-l)

A2 g NeHor: HiBKSY 9%
A ey, ALY, ey, Hdey Fol
2483 Qo hgme] st Bag AT
st EAALo] EAFoR Av|Hn Y= v &
3 Fimme ¥4 5o 2 HAsMo] AEHT
Q'Y s W Wy BHHEHE SO FES
I3 @agsel deo nEgesen®® 9
FEERE 'O EREE 14308 A%y
°1Z]J—-’- 9}E}_'B),IZ),14),20).26),30),31)

A W] BEe o3 AT Kol
ARz W A7t gBem Al EBAT
%9 EEEEedA Beln Q= &Y B4 4
Ao glojA] HAULE I apoptosise A& FA}
4e Ztm ok 29 WARAFolEE 9%
Aol 580 FLsoly MLy vAFAT
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. |
9 BAAAZLEE XA =Hol AR 7HR
AEFA 227158 Y1 ARdg Azst g

ggolt o] Bk =o%E £ 409 7HA|
ol FRESOE BE WHE BEY A%kE &
¥, F, ARy, BReM« SRiE, M, Hk, H
B, o BE D HUERER ¥ el v Ao
2 <84 ot

#%e KoL ZA peptide components, non
peptide components, enzymes®E KM E 9l
t}, Peptide componentsi= Freeze—dried venom
o % 50%F WEEtE Slov, FEWHOEE
Melittin, Apamin 5] $lth?"

12 FolM 7bE wel 4fdhe Melittin (40~
50%)2 26708 amino acid® BRE EH
peptide® MMz MEMFME sz A &
gz g o)M= Phospholipase A2% AsHog #
£3l] Mz 3L BAIA Fo 4240
e HakeAlg FASAANAE 233 cate -
cholamine® cortisone #HlE {E#AZITh Meli -
ttine Phospholipase A22] AXute] thdt 7+ 3
24 os Axyiel Add 24& FF%
E3 Eo|¢t mast cellel* histaming ]
GxEA PFE By SRS i
242 o2t histamind W&& =945
AFUEE FHY £T oY Adxd

A

-

HEA

3

>

o o rir

B2 Z 39 histamine level® - F&
AIAoE 1 Alo] o]fojxBg HiEA] FQ
& ofyn o]Fo] BHo7 TG 7et AF
of QefEt S&EHAN XFI|He] obdr} 3=
Azto] £t 84 peptideZ AAANY 73 ARY
4ol Ju Bk 7]BE BEF Y F s
A e Zn JQe=z gE AxHe] sz
oo Ea4e WaAslE A8 AP 1 9
Han HJ*& ##%9 Melittine] E7] 2139
proximal tubule cell® Ca(2+)&%9 arac-

o

+

4
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hidonic acid$&< #/mAUY%T e, Saini
SS*= Melittin®] human monocytic leukemia
celld AEEsizAd- WUA phospholipase D
o wgg RgEFTT §9x, Shin SYPE
Melittin®] 738 % antibacteria, antimalarial 2H&
o] 2129 antitumor$} o] Stz 3ttt
Apaming A7Ae] ZE3h= peptideZA cal
c - ium—potassium®] ZAfe] WFE Fol FFA
A 9 gxAA TS v a8 & (0.5m
/100g) & mERl HEASE skeletal muscle®]
ZAde FHs, o G B HASH FRAE
S dosluEaA Y Hor|de B HY @Y
Ao J& vy EFE 4o FCEHA ¢
(LDso=4mg/100mg). 218\ Apamin®] A&3 &
EEY AFAA 4FE vXE 71HS ofF 9
A2 okskow TRAZFA L3 FFAAAY ¢
3} ulsstol BE2Y AL FHHTY Melittin
3} Apaming cortisone®B|E BHAIA HABE
£ el AldsHEe) serotonined] #mME H%
3o AAAAE MHske 54 21 e, B
§9] A wAle gt J]AL ofF ATFel
itk 2 8lo) Lee J*V%= Apaming hypoxiaZ &%
%% depolarization® AATIL o™, Kw-
iecien R%& Apamin©] after—spike hyperp -
olarization® 7&tA WAANGT %L, Gri-
ssmer S2& thR%¢] K(Ca) channelo] Apamin
of 2&f ofl$ uAEHA Addckn &t
Phospholipase A2+ #% enzymes® FEBS
o2 Axg F4EAL phospholipid® 2nd BH
Aol dgske AWAE JirEsde FMELR
A g SREEE fERSY Phospholipid®] #
S SREstn, e MRE AR fFAS
FETOZ [EEimS] KMol &S EHRES F
#H3l= HEo) ¥tk Phospholipase A29 uh-gof
g ¥A4E AEL BT AXUBYEARAH B

AEE B8R Q& AAY ojF TR 9%
o B NI FEE A dh
olzigt A AM¥ottz9 3= Phospho -
lipase A2¢} &2 &2o] o8 BHAsA ol Fo]
A Phospholipase A2°] 28] A€ phos-
phoglyceridest A4 B so M2 §HARAR
4| =lo} At} Phospholipase A2& A®The %3}
A& BT, 4wy $HE AEEt HET
9 UgMEe Zge @sAUG® 1 9o
Deregnaucourt C2¢] 2]3@Phospholipase A2E
At8H Y 4L 2 AYTY plasmodium
falciparum®] E39AY 43& IAAUG 3
999, Nethery Do} ol&bd A=l mito -
condria® ROS{reactive oxygen species) ¥ ¥4
& Phospholipase A2 2A|&tha 31, Wu
YL oJata TNF(FRaAIah o] e Axs
9] Phospholipase A28 #A3= AEE Apgdel
olzAlgk: AR 43E e $8¢ 94y
itk

ole] Aty BHRHFR F ojwE AEo] HifE
RS FAELE A=A E goter] Y3t
#% dE3 A¥ F Melittin, Apamin, Pho -
spholipase A28 M7HAE AHst] Al B&lE
Mol 5ot %, MTT REEES RiTsted M
EEES) Be MRS, PHlthymidine re -
lease assay % flow cytometric analysis® 1T
o) M HEM sty SHEies E#
tryphan blue assay ¥ flow cytometric analysis
€ Wf78td apoptosisell tidte] st F, MkaS
2481 9 apoptosis BREt BT mRNA BE
B EBM RT-PCRE FiAsld o3ttt

MTT assayt ##9] FA5FA9 o3t Fid
T e MREtE AES A% AY Foisxd
A9 ARE A3t AW MiEES W3t
£ /4% 8}, Melittin, Apamin, Phospholipase

go i
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WRYR SWES b Apamin, Melittin®] HlER

A2 T EFA, 2.0ug/ml oj4Y FEE He
¥ A9 MiEie] Mt a7 AFslo 50
pg/ml o} FxAME A 6417 FHE M
EEe EAE WUt BEEAY 2 AgEnE
EdZ o|F $E9 #KAY 9 apoptosisell ]|
T F%o] dg 4] Hgd 42 FAFEE
29 FHBRE AE 5 9= 05 ~ 20 ¢
g/mid] Yz Agsisch '

AT BAFAL AHAY 7MY F2F Wil
m AR FAAS £EL Hitw T AP F
Bt =3 AEE Y

AEE DNAZAY S 7|208 783 Hv
Gl1#i(first gap phase), SH#fi(synthesis phase),
G2##(second gap phase)®] interphase(zt7]) %}
mitosis(MEi =+ #EAZDE pddch G
= AR 927} FAEY 44X 37071 SdiE
£ A7lolz, Siiv MiEsHE A% DNAY §4
o] o]Fo] A& A7lo|H, G2ie M XA U7}
FAHE AZloln, Miiv SFET Axidkds
HEZAA7} YrolAlE A7)0l

AEE FEFAE do] DNAY #Ajo] B3
g DNAY #4E MHists gAXe F4o] W
H=lo] 7123 HEARTT A v

uwetA] Melittin, Apamin, Phospholipase A29]
FHEER d¥ oive A%t SK-MEL-2 Af8
E&JE M) DNA replicationd #iIdt: 7150
A=A 8§52 [Hlthymidine incorporation
assay® FIAste] 447¢ wf, SK-MEL-2 ##a2l
DNA #4d%2Apamin, Phospholipase A29] %9
of d&o] Ao Melittin £i9 ALoE
FRE Wyl #EERA otk Apamin, Pho -
spholipase A2E TR & "ol F& Apamin,
Phospholipase A2°] %71 #m¥+E DNAY
%e FAHE AJE 2o Apamin, Phos -
pholipase A29] FEe v|#|&te] DNA replication
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o] MiFHE Ao ALY

E¥ DNAY #4o] AFEHE Sz o7k
ATE Glifiel vlF2A = 2 DNAY A
st 7123 HERET e Rolmg 99
Al @AY Apamin, Phospholipase A2¢] 9%
DNA ABHHHE7} MiEs2Ee] 53 a4 S
ZAFOZH FEEEVE BA] Hil flow
cytometryE FIfst] M HEMA NS o
+ TR

Apamin¥} Phospholipase A27} o€ A2

¥ FEE Easd Ert $EsE9es Gl
HNEFE Bmst S NESFE gl 2
Heu Apamin FAFNN o A1,
Melittin £33 ZAfele= T3 Miars W
BR7F HEER stk

99 ¥ d¥ee FYY¥ 9 Apamin® Pho-
spholipase A2+ SK-MEL-2 AX%9 DNA 34
2 AEEE B3lo] MmoREBHC AWE Adst
T ARb gl BEHNOH MBEANEME F
Z GlM Sz e Mlass AYE xdsts
R Aol glsunt.

smER S MK & Al A s
fz3d Adoezs Jehd apoptosisE M- R
BElel 2% programmed cell deathZA] F83h=
ZA%o|9loY apoptosis®] FFHo] MEABAL
Ago] BHAD @ 22 53| g A
MZ2} apoptosisE F#sH= Zlo] AT ap-
optosist H{EfdS, WY 9 AAANY, 183
FEEBY 22 AN oA7HK dordt 4! 9
RERY) ool &3] @adch AT §
A, B82% 2o o AAES AA, MESF
27 %o] apoptosis® F3& oY= E apoptosis
T Sl £%e RERRET EEH Mk F2
& dgg 3k % apoptotic cell death™ cy -

toskeletal disruption, cell shrinkage, membrane
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blebing 5& Z#:Fct DNASY wWAo] Az

M) o]F4 DNA7F Aetso] E4-Y FFo] &
A5 m, Edo] BEHo FEAY RolAT Folof
2752 JHoAAM oz EMQl MR
2 gHol AAAEY M X o8] gy £
#=)o] #MAA f}?

w}2tA] FokA| X ol apoptosisE FH3IH FUFA
T ZAL M HEMRE ZAHEE M-
elittin, Apamin, Phospholipase A2% apoptosis
FHAFE TS oHEl] st tryphan blue
exclusion assayZ FIAI3t apoptosis7t Yol
AT & ZAM vl apoptosis F#FS Melittin,
Apamin, Phospholipase A2 §oiFoiA 5 ##
5910 E£3] Phospholipase A2 FolTeolA o+
@A apoptosis Fifol FEHAUD EF ap-
optosis® FHS  Melittin, Apamin, Phosp -
holipase A2 £ EFoIM A F=o b3
= A%E BTl
Asistad @Ee el
cystometry ¥P& apoptotic cellg AEE7]%
& 2As] propidium iodide® FHAIFIR] 91
AEWES AAY esterase AATAe] 243D
Acks AL FIfs BRAZIDANA apoptotic
cellsE flow cystometryol &3to] & A
#1902 apoptotic cell body: 71AIelA 8t
9 HMEZ ¢Fxch ZE MEE DNAY #4%
BAE 2NI  4NgAlolelAq  wiEEAl Hy
apoptotic cell body: DNAAMEo]l ¥AMFoEE
shbel AX ol DNA%o]l AAAQ G19 2Ngen
Hormg sub Glojg} 3ttt

Melittin, Apamin, Phospholipase A2 &3 A
¥A}Ho| apoptosisl & ZUAANE Hoh FAHH
o2 #otsr] 938t apoptosisd AHEEE FA
7} g% sub Gl AES HHHFFE flow cy-
tometryE FIfste] 4478 v}, Phospholipase A2

apoptosis 9 flow

FoFolA 71 #A8 apoptosisFiel BEEHAU
o1} Melittin, Apamin FojFolME 3 ap -
optosis FEME7L BEH tryphan blue ex -
clusion assaylx¢ F4& AAE B2 F 9
9t} sub Gl phased A¥7F B25% apoptotic
cell body7t B¥& o7&t =& apoptosisFHik
o] A& uslr g iR} e ¢
F Ak

ey 24 #dte EEFEE2T c—jun,
c—myc, c—fos, cyclin D1, CDK4, cdc-2, p53,
p21, RBI, pl6 B°] A 2FAME Gl#felA S
iz o5 eg AAste A Gl checkpoint
ZAE ojgt BAYERH A7t dids] 8]
A= 3 9

c—jun c—fos BEF} 2ol AP-1 BRHF
£ HHdte] downstream gene®] RETol BRERL st
GuielH SgiZ dol7ke ¢ (Rigsnh™

c—fosE AARE AP-1 sitedl] Hi&ESA o2
jun AT BPRAKSZ DNAC KESE GiifelA
S Yolzke A& fegsn”

myc familylE c-myc, n—myc, l-myc°| %!
= ol5 BEFS ERERE B2 AHS 1EE
o)A @& v 9ok THE helix—loop—helix
transactivator&% tEe c-mycd¥dol p53:E
{&F promoterst A3l o]F BAPFAIE A
08 Ho} oju} c—myc-p53 system HMEL
FEolA negative feedback loopE °IFX e
o] opd7t 2!

Cyclin D class(D1, D2, D3)+ retinoblastoma
gened #ifgfke] EES 2¥E 31 mammalian
celldlXE Giie A&FRF= fEAZT cyclin D1
& CDK4, CDK6E IEMALAIZI GiifielA SHIZ
o MREE #FNUT

CDK(Cyclin—dependent kinase) 4 &fEf+
cyclin D8 #4389 Giiels SHZE Eirsted
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HF SERS o Apamin, Melittin® MR

Wests  BEToIth c-mycd FEE  wo}
cyclin D-CDK4 #A#7t fEAE 8 GifidlA
SHZ #iTS RN

cde2 EEF= MEEY Fo F2 MHE HE
&= @74 CDC kinase7} fEtE{bE™ SHiol
A M#IZ do7kz CDC kinase?t AigEtE(bsd
Mol 4] #isgch®

p53 EEHIHIRM T TUAES E418 DNA
o FAAIZ Aol MKEEH AWE AL + A
o, Aol AN LAk B FUo] pHEET
9 #lo] B A&ES 2T QUYL < 50%).
p53 fimEHEC] S48tso p219) BES (Rift
31 p212 cyclin E-CDK2, cyclin D-CDK4 %
7]e} CDKE€ #3224 RBS QA4S %)
3t1 RBE E2FGE A& Mfstd 149 AxXe
Gl BA8HA =lof o o]4e] DNAAXAE ¥3
34 fn'?

p2l BHEL Wafll5o2% 20, #{td @
faolA 1 &o] ®drz MRSHE HEEE
ZAog 4HA otk MBS GifidlN BEE
d¥8g dk= CDKY inhibitor2 fEM3IH, DNA
polymeraseE ##lsle] G fkik#iz Filslo
p2l& i8BE DNAE monitordl= Gi check
pointol KA FeEolth Y

RBE A7} Gligiell WEA sk Fol9 Hx
2 9d9 pumdffolth. =3 RB7} MEHH
GINFES wirlste] Add ddwd Eg48 §
At GUE FAA7128 #olM molecular
matchmaker®} 982 @ty A7t 5Ls7] 9
AxzHo2A RB J& A2 G1AA77} 9
FHold, H¥7t BtHAoE Gleo HEA He
Z{tAE ol Bojstzm Yot

HE F71E BE3] sy Y8 HE:=
cycline]y} CDK#& positive regulatoro] el
p27, pl5, pl6, p21%9 CKIEE /K1 god

o
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4.

o] CKIY 42 #HIF MigEmzLo)
negative regulator 241 Z$A9 QUxtSo)} 1?

CKIZoM p27& AEdelr s dAzesr
BFRED e, cycin £ cyclin—CDKE &4
% dgst CDKY 84¢ mHgo2X RBY @
A MIEIREC) mitogend) AHEog AES] F)
7b G1eA it Sz gl wel cyclinol
A% Bt FFoz p272 AiHe HF
CDK#MI#IBR7L A=t RBY <4tst 9 284
37} 7k4 5] E2FS) ¥4 22 Sz Ayen.'?

RBY 4t} ™ F2 DNATA S oo
3 EETS Rl BnE1n SoldAXE pl6Y
&R mmed. ¥49€ pl6S CDKY Z¥stxn
cyclino] Woix £ajgn Azt

pl5¥ CDKYl Agste] s, CDKE p27
22Y FHYAA p27°] cyclin—CDK A&=Hoz
23l RB <Aitslzt #iIslo] M¥E E2F7}
HEIEol Glifiel H=1=A e}

2t dolnt s1tEA, Jlet Aol o8] Ao
DNA°) &40l oA HY pS3fiEaEs] 242
Z p219 #hEo) (=] cyclin-CDK, CDKES
HigIste] RBY QAHEE I3ty E2FE #%Iste)
AEE Glel A "ok FAlel p53,
GADD45%9] DNAFE AlAEe s &8
DNA7} E78A =Huol B371 2yd p217)so)
AR 3 AEE SHE golrtA gt

ol4# #o] cyclin~CDKE® E2F+ #lf:EHH
g G1/SoI®E (A A AXe] FA5AS EA
711 p27, p21, pl5, pl65Y CDK MEIHE2
cyclin—CDKE¢] 7|5& MHA]#A RBR 3loi & A
& Glo) wEA #.'?

ol dE FHsW MBS RiEE FEF
ogX FENEY FAL R Ao B ¢
A A& c-fos, c—jun, c—myc, cyclin DI,

CDK4, cdc2 #&fEFolv MLHE MHTORA
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Fool AL #Mmislke R& pb3, RB1, p2l
/Wafl, pl6/INK4a &@E 1ol

B ZHI9 apoptosis BRUEF #EE 2
ghof 7)xste] B FEe] o oj2fd MEIH
Aol EE TS REAS Wgle] Qsto] opE Jhs
Ag otz 98l quantitative RT~PCRE F8
BET BESWE $9F vl Apamin#} Phosph -
olipase A29] A4 MMAHE Rigshs Aoz &
&2 c—jun, c—fos, cyclin D1 &E T #gdo
2% FAge] BAsden 199 EE T B
< & W3lE HolA g%t olg o2 Phosp -
holipase A2 o9 Z-{ole BEME EE 12
Z <37 p537} p53 71F e WANAEA ik H
WH7)5E 74 p21/Wafl EE TS BE =it
#aAon 190 EEFY HME & WIHE
Bolx okt ol BET BEEMtr Foid o
A2l A2l Alzke] vl st

apoptosis FEUAHEC] MEEHS FEA9 2
3 & AF7L AXYE AEHF apoptosis &
#d 5 EET Bl Bndn 53] 9dy ¥
o] Binslol o] daldFo]l A HHORE A
°] DNAE #33}e] apoptosis7t doldrta &t
tREo At A MESSE WEEAY
wEAD £ Qe 23 d9Es 2y gloy £
MTAA ki BRI diate] A vE
of 2ls] RNASH @A Y& AAd}e Ho
apoptosis® WHaligle=A] BE FEFEA A 2Edl
. SA'® apoptosisSt BHE EET Y K
BEMS bel-2, bel-Xy, bax, bad ol k'

bcl-2 family:= apoptosisg& HIHI8H= bel-2,
bcl-X., mcl-1, Al3} apoptosisE {Ei#AI7]E
bcl-Xs, bax, bak, bad, bid® Km=lo]l Jed 1
ELEY FAS ol3 TR homodimers$}
heterodimers® F MEEE HFEIT bel-29
overexpression< tumor cell apoptosis®] EHE

L= A

bax suppressor®  {EHidte] pb3
mediated apoptosisE Hl#A171™ chemotherapy
2 #HY apoptosisolME  HEHFTEY pax:
bcl-29 A3t bax—bcl2 heterodimer® ¥4
g=u ©]Z2& apoptosisE HEISTE 12y p53
o] bax@#AL BMAIIA HA baxy A7E7
gl 2%3lo] bax—bax homodimerE XA
o o] & bel-27)%5& M3t apoptosisE {Ritf
A =He Zolnt?

bcl-X+ bcl-2 gene familyd] A2 —Ho2
M BHe GielA  cell-cycle—dependent
regulation {FFE &tk Atge] dolA bel-XE&
Bel=X.# bel-Xs® F7H2 782 mRNASY fEo|
EA==d  lymphoid celllX 9  apaptosisE
modulationdh= ##ES 712 Rog Azgg”

olAHE F§3lH apoptosis® FHL HHIEH:E
715g B3t BES4S (sl dEAQ) EE
FE bcl-2, bel-Xiel™, apoptosis®] ##S R
FozA EEREES HHEte dBdd &EFE
bax, badelct.

quantitative RT~PCR& %8l apoptosis 2
gojshs BETY BEE S0 wl, Melittin,
Apamin, Phospholipase A2 $ojFolx =2F
apoptosisE I8l bel-29 bel-X. EE T
Bl Wst BEHA 4%y, apoptosisE 1R
3 EAA BETY bax®] HEEE Melittin,
Apamin, Phospholipase A2 FoF EFoA #in
gro] AT bax® Bhne FES] M ARl
vlgshe #NE JEhIRC™ bad EEFS] R
& Wizt #7357 ¢sith

ol4te] AxE AsH, Apamin®} Phosph -
olipase A2E SK-MEL-2 Af2 2fjE @Ko
DNA EAE HHEC2A M HNE GlifdA
MWEBHE 71%0] #E ¥hd Melittin® ST M

tumor
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RoHME ZRE HolA St Melittin, Ap-
amin, Phospholipase A2%9T K54 SK-
MEL-2 Af8 B&jE @h2) apoptosisE FEsl=
71s0] Ago] &UHU=dl 53] Phospholipase
A29] apoptosis FHHES e dAHPCH v
g A %E F M o Melitting
apoptosis FRHXEE 4314 2= Apa-
min¥# Phospholipase A2& fL#HE (LEst=
&M@ T c—fos, c—jun, cyclin D19 HBEE W
pA17lo] A= A= 53] Phospholipase A2 ¥
ATMe MsHS MHESe EREAEEET
p53% p21/Wafl RS SR #ist FAHG
1 E3Melittin, Apamin, Phospholipase A2 $9
T EFY 7A$M apoptosisE RifEsH= bax &
HTo #Eemst #2=A0

w2k Melittin, Apamin, Phospholipase A2+
MiEs A MERE 9 apoptosis FRME UL
B2 7|83 e Re% GEZ dusY
7t oF2o] AT BER WEMEs d¥d ¥y
o] Z&HAl AlAbel At

ojate] #EE EUR 4o #HEL AAdE=
A85Y o A HE7E Yk 2349 it
BiRe o] =718 71dshs blolth

V.4 &

BEEFEK 7 ol ¥ HBKRY FAE
o7 ZALI=AE gotiy] Ysto] BFe YuA
¥ ZF Melittin, Apamin, Phospholipase A29]
A7 E AEstd AfE BEE @idl5od #,
MTT RIEEESS RKiTsh] MEREHES] #LE
#3482, [Hlthymidine release assay @ flow
cytometric analysis® J{73lo] @S HELA
3t AHstg o T tryphan blue assay %
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flow cytometric analysis® #1738t apoptosis®l
thate] st ¥, MRt Z2GEM Y apoptosis BIH
BT mRNA B $48S TEH RT-PCRE
FIFEt] H473telch

1. MTT assay A% Melittin, Apamin, Pho -
spholipase A2%-oiF T 5o SK-MEL-2 Af2
EEE @il gkl 05 ~ 2.0 pg/mlY FE9
e ffaErS 2olA sttt

2. MESEAHBEE Apamin® Phospholip -
ase A2%oiFoNE thZFo) vidle HEE e}
oy, MelittinFo 7o E HEE Holx ¥
%t

3. Apoptosis FRMRE Phospholipase A2,
Apamin, MelittinFoT 9 €02 Yepsitt

4. BET BEZREE Apamin® Phospholip -
ase A2FNTAME MRESHNE Ritshe R
¥ c—fos, c=jun, cyclin D19 H#E WA
1 Phospholipase A2 FoTolA = #MlasHE #
Hele EHMERMET p533 p21/Wafl HEAS
FEE Bt #REASG E¥Melittin, Apamin,
Phospholipase A2 FoF EF9  Z$olA
apoptosisE {Ri#3l: bax BETY FEEM/T &
At
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