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Anti-proliferative Effects of Bee Venom through Induction of Bax and
Cdk Inhibitor p21WAF1/CIP1 in Human Lung Carcinoma Cells

Yung Hyun Choi*

Department of Biochemistry and Biomedical Research Center of Oriental Medicine, Dongeui University College of Oriental Medicine

To investigate the possible molecular mechanism (s) of bee venom as a candidate of anti-cancer drug, we
examined the effects of the compound on the growth of human lung carcinoma celi fine A549. Bee venom treatment
declined the cell growth and viability of A549 cells in a concentration-dependent manner, which was associated with
induction of apoptotic cell death. Bee venom down-regulated the levels of anti-apoptotic genes such as Bcl-2 and
Bcl-XS/L, however, the levels of Bax, a pro-apoptotic gene, were up-regulated. Bee venom treatment induced not only
tumor suppressor p53 but also cyclin-dependent kinase inhibitor p21WAF1/CIP1 expression in a dose-dependent
manner. Furthermore, bee venom treatment induced the down-regulation of telomerase reverse transcriptase mRNA
and telomeric repeat binding factor expression of A549 cells, however, the levels of telomerase-associated protein-1
and c-myc were not affected. Taken together, these findings suggest that bee venom-induced inhibition of human lung
cancer cell growth is associated with the induction of apoptotic cell death via regulation of several major growth
regulatory gene products, and bee venom may have therapeutic potential in human lung cancer.
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Apoptosisoll Qgt A28 £33 /WAQ dHTiAL} DNA
£, dlolpi A 7 gt FHE &4 glolA dojule F
sk AN YES QS gol7[FolZE FHollAT necrosisSt 7H
FoP?. Z apoptosiss /A HERZONA SuF MESO A
HE Qg 538t suielm, FHAUEQD MEFZIY ol"oL)
cyclin-dependent kinases (Cdks) &49] ¥g}7} apoptotic cell
death®] Z2i0lo] & 4= QIr). ApoptosisQ] Futoll ZUIH &
A} p5301Lt, Bal-2 W Bax@} 242 [AXT BT ARJO]
U X HA] apoptosis®t H#E 2APA 7180] & Bo] HEA)

T QAo wehk 2T QA Eol A9 apoptosis 2R BHE 7)H
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¥ (Bee venom)2 ZHO H#o| S & 400] 71X 9
FEYECRE 7H9 2248 K U YHiA €€ fuE ok
UAL L& B Aol F50] BHEdt AR U Utk BE
Moz BHe AF oMol MASHE HHE AEsIRaL, &
2olE BFE £ - /IS8 £ UAY ER Adhe BEE
$HE(Bee venom herbal acupuncture)ol FE EET L Qivh
" & BE0RIQHE BES Yy {TT BAL EHo F
UTIOEM A sutet B9 Halets Solgdol AlAlel ui
1= oRRIZEE SAldl o188k AIEQHY dEoltt. 559
82 AA peptide components, non peptide components,
enzymes EOF TAEo] Yrb’. 1E peptide componentst:
freeze-dried venom@] ¢t 50%E FAIGII QUom, FQ HEO
FE & melittin, apamin, mast cell degranulating peptide 0] R\
oH. BEof B ATE 19904 ol wRE| s A#E L
UCH, gta e xekeh st 8] B o] 2Hgoll 245t 7]

e 221 Ytk
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Fol HAat ¢eA L Urh
Z T bee venom® TUAIE 7lsAo] thEREHAL O]
YaolSME?, QHOMWEED, BMBAZ"Y, RULHE

118 gory " ZgaEgE? =g St © /1A in vitro

M EZEA] bee venom A Eol Q|8 Qi ZAlo] AAA7|EQ)
G7Y FHE d) ek iR oAl bee venom & H9

FRFALRO] apoptosis FHlI WS ol Y& FHOE BN
XL et FAEe B ST 7173011 sl obEI7A]
HeshA YER vie St w2 dFol e Asid s
Olg LEE bee venom?] BRLEFE | -t}‘é_ F7HE0 &g 7™
S =B 951 bee venomol Q18 1A MY WES
5t H W apoptosis Fikoll Hoighe= H 7HA] REA G2
9 & WHelE ZEARIICE
AeE 2 Y
1. QA ZErlQE 2 bee venom@] &)
Aol ALSE A549 QA FUAMEE SHUHEAEHET
ZolA] BF dlo}l AMZSI S, 90% 9] RPMI-1640 (Gibco BRL,
Grand Island, NY, USA)oll 10% fetal bovine serum (FBS), 1%
9] penicillin ¥ streptomycin (Biofluids, Rockville, MD, USA)
o] T A& ARESIFCE. Bee venomE Sigma Chemical
Co. (St. Luis, MO, USA)o) A T+ 8I%1 o, 37 34
sk A2l

i

Bzl 3

2. MTT assayoll QI8 AlE HAAM ZAL

A ZH S 6 well plateot] well &1 x 10709 QHlZEE B
FHIAL 24X17F 5O QFESIAIT] THE bee venomZ HiAloll 514
ST 48417} & wiAE FMASIIL tetrazolium bromide salt
(MTT, Sigma) A|OFZ 05 mg/mt SEZ 34daka] 200 wA BF
BHIL 3A17HSQH BRI sl ol Bt TS MTT A|ekz A7
Sh dimethylsulfoxide (DMSO, Sigma)E 100 w4 273
wello] HHE formazing 25 =01 & ELISA reader (Molecular
Devices, Sunnyvale, CA, USA)E 540 nmoilA S§BLE &£43}
AUk HH ZF A HE s eH, Jo et Bt EF
QRAME Sigma Plot 4.0 TZ I (SPSS Ins. )2 TBINCE
3. HematocytometerE 0183t HEE0 £F

HZHAE 6 well plateE 018310 well & 1 x 10571491
A549 QFM| 6‘}"7 24217 FQE QFFEEIAT -_OF,
venomZ g 45kd HelsiArt 48417 &QF bee
] £ phosphate-buffered saline (PBS) g
£M%t &, trypan blue (Gibco BRL)ZE &M3IRIC) ol&
SIAFRL SulZ (x 200) Glofl A ot
T3} B
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4. DAPI @48 E3
Bee venom®] Xz|oll 98 ¢H| E 9| apoptosis
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PBSEZ A& 8} i 37% paraforma]dehydeq— 220l
DAEAZ & 8@ GMERl 4 6-diamidino-2-
phenylindole (DAPL, Sigma) & ol&3lo] 1027 &3
rh O} MEE ] PBS? 28] £AS & FHESr|IE S o]&st
of ol el 1339}?;— A3 BBl

5. Flow cytometry HAL

Al L bee venomO] THHE uiXollAl AZE QA E
PBSZ FA W Molui, THN (70% ethyl alcohol, 0.5%
Tween 20)Z H7talod 4TolA LEAIZ] &, #iloll BOIHOE
Agteles E#S29) DNA intercalating dye propidium iodide
(P1, concentration, 50 ug/m¢; Sigma)@} 10 kunit®] RNase (Sigma)
E AZIFL 4TolA 1A17HEQr GAEIIEL Ol T PBSE
5 i Moyl &, DNA flow cytometry (Becton Dickinson, San
Jose, CA, USA)ol HEAIA | WE histograms

& T .2
ModiFit LT (Becton Dickinson) TZIH O Z BAFIHTH
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6. Reverse transcriptase-polymerase chain reaction 43
Aol Folg QHEE HYLE RNAzol
B(TEL-TEST, Inc., Texas, USA)E 0183}0] total RNAE 2|5}
. 22)% RNAZ B3 %, Choi et al®2] 2hiol £l
ohgo dT primer®} AMV reverse transcriptases 0183610 2 pg
9] RNAOA] ss cDNAE $HEGIICH 0] ¢DNAE template®
AHgsi] BE e /RS

=

polymerase chain reaction (PCR)

HMR OB ZEFIQTHTable 1). ol housekeeping FEA}O]
glyceraldehyde-3-phosphate dehydrogenase (GAPDH)&

internal controli® AMRGICE ZF PCR AMEE
gele 01838 }04 719 &0k ethidium bromide (EtBr, Sigma)
2 JAsh & UV slollA] Eoisiddct.

f=Sham fh ui {

% agarose

Table 1. Gene-specific primers for RT-PCR

Gene name Sequence
Rax Sence 5-ATG-GAC-GGG-TCC-GGG-GAGY
Antisence 5-TGG-AAG-AAG-ATG-GGC-TGA-Y
Bek-XS/L Sence 5-CAG-CTG-CAC-CIG-ACG-3
Antisence 5-GCT-GGG-TAG-GTG-CAT-3
Bol2 Sence 5-CAG-CTG-CAC-CTG-ACG-3
Antisence 5-GCT-GGG-TAG-GTG-CAT-3
p53 Sence 5-GCT-CTG-ACT-GTA-CCA-CCA-TCC-3
Antisence 5-CTC-TCG-GAA-CAT-CTC-GAA-GCG-3
o1 Sence 5-CTC-AGA-GGA-GGC-GCC-ATG S
P Aniisence 5-GGG-CGG-ATT-AGG-GCT-TCC-3
HTERT' Serice 5-AGC-CAG-TCT-CAC-CTT-CAA-CC-3
! Antisence 5-GTT-CTT-CCA-AAC-TTG-CTG-ATG3
RTEP-1 Sence 5'-TCA-AGC-CAA-ACC-TGA-ATC-TGA-G-3
' Antisence 5-CCC-CGA-GTG-AAT-CTT-TCT-ACG-C-3
N Sence 5-TCT-AAC-CCT-AAC-TGA-GAA-GGG-CGT-AG-2
Antisence  5-GTT-TGC-TCT-AGA-ATG-AAC-CGT-GGA-AGS
omie Sence 5-AAG-ACT-CCA-GCG-CCT-TCT-CTC-3
¥ Antisence 5-GTT-TTC-CAA-CTC-CGG-GAT-CTG-3
GAPDH Sence 5-COG-AGT-CAA-CGG-ATT-TGG-TCG-TAT-3
' Antisence 5-AGC-CTT-CTC-CAT-GGT-GGT-GAA-GAC-3

1: telomerase reverse transcriptase. 2 - telomerase-associated protern, 2 telomenc repsat

binding factor, 4 glyceralderyde-3-ohosphate dehydrogenase
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Bax 2 Cdk inhibitor p2IWAF1/CIP1 W& Z71o] 915t bee venomS} A549 QI B E A& A

4 %

QA 29 Halof vIXIE bee venom®] Fgk

ZB1% bee venomE O1A) BOIXE A5490] 48471 =0 AP
St Z, MTT assay®loll £3510d bee venom X0 18+ Bl QR 9]
AEZEA AR HEE ZABIALE Fig 1A04 & 4= 50| A&
T A2 pg/mt H 4 pg/m)ME HRTO] BBl 2 Aol 7t gl
ALY, bee venom A} STV} E7IESE FEL T US AT
o} 6 pg/mt FelTolke tiZETol Bisld 60% 85 AAERL
o, 8 e/ mfH 10 pg/mt AEIFOIA B 10% o8tz HoFr)

e
=)

(Ol
Ol\
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2. FHUM EO MEo) v)X]= bee venom® &k
C}eS WO RO MZE0] U)X bee venomS] PBS &
AkgE7) $16kod FH1E bee venome a@gga 3]4d8lo] 484]
G MEich & Moljle M2Y &=
AN @2 iR vulust ?E:’J/}E Fig. 1Boll LiEhH B2}
£t EMW & 4 A=0] MelF bee venom?] %7 £7}
LAl EO BESE 5T JEHOE oS Y
O‘Qibtﬂ pg/ b RE)TS) A 2ol Hlsied &F 17% 3
5Ol ME QEF A7 BEEHILH, 6 pg/mb MERT oldle]
Al Aol MEE RIEE M 2AE 8 pg/mt W 10 pg/ml
el AEE2 20% 0)31E LIERCE 0149 ZIlolA
B sRold AMBiE XA ARt 2HEE
bee venom MzlEsL AER O T HEF20] AoHAH JHEHUE
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Bee venom fuymi}
Fig. 1. Effects of bee venom on the cell growth of A549 human

e 2 4 6 8 10

lung carcinoma cells. (A} Ant-profferative effect of bee venom on the cell
proliferation in Ab49 cells. Cells were seeded as described in materials and methods,
and treated with various concentrations of Dee venom. After 48 h incubation with bee
venom, MTT assay was performed. Results are expressed as average from two separate
expenments. (B) Inhibition of cell viabiity by bee venom in A549 cells. Cells were seeded
as described in materials and methods, and the viable cefls were counted after bee
venom treatment for 48h Results are expressed as average from two separate experiments.

3. QIA UM ZS Fel HY o U|XE bee venom® HEF
Bee venom AZ]ol] QISF A549 FHQH Q] S4] A
F H O] e W3l BEs ok tiefet & W Z bee
SO Mgt £ YAt HulE S o185k
& 3 bee venomo] Xz]E R0l iR HQUA LI HOFE
TESIATE Fig. 24004 2 4° R150] bee venom?| EF &7}
off whg M 4ot Feld wygo] WEEJ =T, HTIE bee
venom® T/} EVIESE HAHCE MEo] SETHA

=
R ALC] Bistoll G BAE) = REF HGS Hlrk Bat Al

venomZ 48A]7F
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=9 moto] ZolAHA E719 22 Hrlzl 2XIE 0l%7] A
ARSI L, LSE MEl ol BE QI ZS0] Bt 5ol 4
Aslo] MRIYE 2R AIZIION ek FAlol 2R Al
ZEE A3 FelE wolB uisich

4. Bee venom Az]oll St apoptotic bodyQ] R
0]4+9] bee venom®@ Fjoll 2 A549 H|QHAM| Lo A A}

Mot FENx HEo] apoptosis Fetit o] JEAE Zi ]-
7] {5kl 9} HENE Halg RABIACE ol & 5k B
bee venomo] HZIE uiXloIA] wiQRE QMZE ﬂm/\l
DAPI 415 4A)510] EHST|ATlolA] SE8H k= Fig. ZB
ol LiEhH Hi} LTt Fig. 2Boll LIERMA Bl2} Z20] bee venomo]
REIZA] 052 4 uiAlollA] Al QM| EollA] o] FERTt &

EHEA HOE dao] YL} bee venomo| XE|E QM E
9 A2, G487 2&0] ¢} apoptosis’t Yoit A ZFola] HE
HOF J?—}*E‘ + apoptotic body”} bee venom A2l 5% 9J&

HO=Z F/EACE
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Bee venom fuy'mi)

Fig. 2. Morphological changes in A549 human lung carcinoma
cells following incubation with bee venom. (&) Exponentially growing cells
were incubated with either vehicle alone (0) or bee venom for 48 h. Gell marphology
was Vvisualized by light microscopy. Magnification, X200. (B} Induction of apoptotic
bodies by bee venom treatment in A549 celis. Cells were treated with bee venom for 48
h, and fixed and then stained with DAPI. After 10 min incubation at room temperature,
the cells were washed with PBS and nuclear morphology was photographed with a
fluorescent microscope using blue filter. Magnification, X400.
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Fig. 3. Increased sub-G1 population by bee venom treatment in
A549 human iung carcinoma cells. Cells were incubated with bee venom for
{8 hoand then analyzed by flow cytometry as described in materials and methods
Resulits are expressed as average from two separate experiments.

5. Bee venom Aglofl gt sub-Gl7] HZQ] &7}

CH22 bee venom Aglofl WhE A549 WHAALY) apoptosis
e A58 gL o g B S8l flow cytometryol] 2]
Bt M ZF719] sub-Gl71oll sk MEZFE MEE ZARKA
Ct. Fig, 39] 2ol LIERNRARO] AasE Mele2 umw/n R 4
pg/ml)ollA1= apoptosisoll QI8 P 2O] Aldg Qlvjghe



sub-G17]0f siddhes AlE7E 10% v]glolRASLt, 6 pe/ml B 8
wg/ml Ml Me tEFE2%)0) visiod oF 4ulf & 6nf ofy
Z715]0] sub-G1710l gk MEFY 8T
] S5 AEHOFE ML ISkt

7} bee venom #

6. Bcl-2 familyQ] widlofl njXiE= bee venom®] &3k

2719 AuBollA & 4= UK0] bee venomo] EHRE X
oflAf Atgh HUA £ J& Al apoptosis k2 WEHSH &
Tl UL ¢ & UUCH W] bee venom] Hzlo] 2J¢h
M £} H B B apoptosis kol BojdhE FERNY] BHA

2 {8l HA Bel-2 familyol] &8k 2 71X SEAL w9 H
Tojl HlX]E= bee venom®] @EFE RT-PCRECE ZAISITH
Fig. 4Ad) LJERH 11} 20|, apoptosis L0l #odgls Baxg)
WUFHE2 bee venom Mz 3% JEXOT mj FIIgH €hH,
apoptosis Fgt Ao} TS5l Bcl-2 member®] Bel2
Bcl-XS/LY] B}E 2 bee venom® Xzjol] wal A Z4519iTh

7. p53 W p2IWAF1/CIP19] w5lof) n]X)= bee venom®] H&k

CHES bee venom AZ)oll QF Bt Z9) SAlAof wh
E ZY9H A4 B AEZF7] 2F JdAAE wd Wi
9 AEo] YN 9 JRE RARBE) Y8l SRRl Yl
24 84X} L Cdk inhibitor & 718 22 WF7} 0]F0]
How, AZZF7) Hikl 4N 1 593 R} AEE g
p53 & p2IWAF1/CIP19] HAL E MALFEoA9 wal g FA}

B33t Fig. 4B9) RT-PCR ZilollA] & 4= )150] bee venom®]
ARlol) Wl ZARE F 71K S4X19) dkso] bee venom A gl
=T OEMOT ML A E7IEACE

A

Bee venom {ug/mi}

+— Bax
«— Bcl2
+— BelX;,

+— GAPDH

Fig. 4. Up-regulation of Bax and p21 expression by bee venom
in A549 human lung carcinoma cells. Cells were incubated with bee venom
for 48 h and total ANAs were isofated and RT-PCR was performed using Bax, Boi-XS/L,
Bel2, pb3 and p21  primers described in materials and methods. GAPDH was used as
a house-keeping controf gene.

8. Telomere ZZEAF QIAFEQ] wiglol) n)X]+= bee venom®] A3k
THEE bee venomO] Hzloll 218t HAA Q] Uttol Ex|s}
= telomere?] £A T #H0] Q= SHALY wHslo] vlz]E bee
oee ZABIYCL Fig 59 Aulold & 4= 950
bee venom®] Azlol Q5kd hTERT & hTR FHAY] A Al
ol bee venom HZ| 5% YEFHOET UL ZAAFULL, T O}
£ ZEQIAR! hTEP-1 W hTERTY FAREHG 5338 498G

Sz c-mycd] Wddl= & kol glglrh

venom&]

Bee venom fug/mi)

hTERT
hTR
hTEP-1

c-myc
GAPDH

Fig. 5. Effects of bee venom on the levels of telomere-regulatory
genes expression in A549 human lung carcinoma cells. Cells were
treated with various concentrations of bee venom. After 48 h incubation, total RNAs
were isolated, and RT-PCR was performed using indicated primers. The amplified PCR
products were subjected to glectrophoresis in a 1% agarose ge! and visuafized by EtBr
staining. GAPDH was used as a house-keeping control gene.

.
A549 01l QM Q) A Aol B]E]E= bee venom® WIS
ZARSI] Q1510 484)17) &0t CloFek ET9] bee venomo] &

B i AolA AR QA 29 B4 A WEES ZAKINCE Fig. 1
9 Aollr & 4 U5o] Fa uhAolA] Rk M 2o Blst
bee venomo] S+SH HiX|oYA] A QM EE bee venom H7t
BE QEHOE HFo] JAEHULH, BEEL LAAGIECE 0]
T GAES) 4t Fel® wHE ol ARem HdEAel
apoptosis FEHA]  ZHEE)E= et
apoptotic body®] 3T bee venom X2| % YEHOE &
7¥2)QACHFig. 2). 211 flow cytometry 240) QIE} apoptosis
ek Aol etk sub-Gl7]o] &okes MZEQ Bl dA
bee venom 2| £ YEXOT Z71E ] bee venom o]
wE o2 ZA] AFE apoptosis SEkTh AFEQ ¢ o]
USS L 4 UKNCHFig 3). A2 Jang et alV2 1A T LA 2
NCI-H12999] A7ty u]|X]= bee venom® @arg FAISE 0 Q)
=, 259 MTT assay Z23}o] 2151 10 g/ mé bee venom 48
ARRE AzElol gk iRl HIBle OF 66% J& AME B
gt et & 2 Aol Foixl AUt Tt 22 FAUA
B0l YA 21219] dEHof AHEE bee nenom?] 57 %
M EFIA thad] Alol7t YL HEE AFAHQ] A vlie ofgd
£, bee venom Helol] whE FHAM 2 SAAK 3, YA
9] 418 HeRE HE E apoptosis FolleE FARE @0l
ASE & & ANTL HA| bee venom@] EF W Al A7) A}
ol UNAL, IFFMIEF MG L SMNEE
SK-MEL- 20{]/\1‘: bee venom@ FIE 4719 AWMED BASH
ZEoIReS ¢ & AP,
CH2-2 bee venom® AZlol €IS} apoptosis Fatoll #ods}
FHA BlE 218le] apoptosis®t G S 7HAE 7HA
thEAQl SAAR] Bal-2 familyo] &3h SHAN] wHE £t
3193ct. 15 Bel-2 members= anti-apoptotic £AFEA] apoptosis
O*i,;}g AA B 71eS 71X, Bax memberol] £ Q1A
2 pro-apoptotic EAFE apoptosis®] Sukub ZHA7F QUTEY,
O]E‘C A W

g RolAA Y

chromatin condensationoi|

o

e

4712 % mitochondriaZ22E]2] cytochrome ¢

FIA] FFAW! p53, cysteine-related protease?)
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Bax & Cdk inhibitor p2IWAF1/CIP1 W& Z7}oll 9} bee venom®] A549 Q1A= QHA T A AR &)

caspase, DNAS] Tl 519} HE endonuclease £ X4 E X
PO, 0)52 MZ dimerd] HEHE Exighn] 159 Wi
ol Wa7}t ZeiEW apoptosisyt FUEE A OZ UEA QU
CF®). Fig, 4AE TI0kS = 59) bee venomo] EHSE wlxjofA]
Biere GHIEZE i OE mRNA AAEE RT-PCRECE
ZARRE BHEA, ZAFE FFA & apoptosis Ao BsH=E
Bcl-29] @FHE bee venomd] AHZjo] wi} M ZAEHIJOU
Bcl-XS/L mRNA YHS bee venom Azlo} Wz} 2 Wzl @
Art. Lt apoptosis Fitoll BHFh= BaxQ A FE bee
venom8] Xzl s &7l ulz} wlo}l M EriEg & 4 Q)
ATk & AS49 HYM EoA] bee venom R|E|oll ©]¢} apoptosis
Fetoll= apoptosis A& FHALS] U Zi4 ” apoptosis St
FAA WA F7ie B0l USE & 5 JAUCE o= Jang et
al19)of] QI3 NCI-H1299 H UM Zoll A T FASHA BaE §4t
o1Rom, OlF MCE-7 SFeietd|Zoll4] bee venomol 9J&H
apoptosis®] it TEojA BEE A9 v FAGH 2K}
8 72) 1 bee venom? FAE &= SRIQ] melittinoll Q|5 A549
H QI Y] apoptosis FOAI T BaxQ W& Z7} L Bal-XS/L
UE0 A FHE dPATAA BRSE HE AP

CH2E bee venomd] HMelof &t #jgtm 20 BEE A5}
7} BAAR FALG e MEFY| 2E JRARESY we HE
@ 4FHo] =AY o BRE BAHOE TAlGH) Y5k #A
A LRl SLAH /AR F JtE £Q8 ps3 W M ZFEY)
9 GU7lofA S712 Hojoll QP 98re 5ie Cdk inhibitor
p219l Wl v[R[= bee venom@| FEEE ZAISINCE. Fig, 4B
9] AiollM 8 ¢ URo] p53 U p21 F FHAI] WAL bee
venom®| AMelo] W} ZF E7RINEE & £ AUk Cdk
inhibitorQ) p21& p539] wal S7i0] Q5lal AR} =50] £F
g 4 oM7), AN ZI| 4] A, apoptosis W 3} FEo
Q% JEE sh= AEF7] Avkdl 27 7 £8¢ 280l
Ahgt ol Al bee venomd Aelofl S5k F FHXL BAlol &
o) EVERIck: B2 e En2: duekn AlREnt. I8
Lt Y M ZEFoA melittin®] A2]o] YFiME F SR
3l W5 BEYA 4 BP2 bee venomo HE ZojA
p53 W p219] W ZE Y o] e TIE FEEEY &
T AT 28 4 Uk I8 QA S MCE-7 Al Zol)
Al bee venom HZlof 218t UM HA A™X 47 F &
AL o] me Srigcks B dlae) 2 o, bee
venomol| 9t LM E MEFT] mgol] S HESH A
HAE Aolo] MEF7) 2430 B RS 84 £41 5
& &% £4X0 771 A@=ojol & Aoloh.

SHH telomere= HAH|O] ULt 2Rlo] repeat sequences
[(TTAGGG)n|Z o]Foid 1om, ol viE1xo 6y I &
Ko} BASHE FA7} telomeraseo TF™™. B M ZolAlE
telomerase®} &hdo] Q17] W20l M Z 7} BHE-E telomered)
4ol FHOA HABE UAIED] 90% 0]2ollAl= telomerase
9] catalytic subunit WA S codingdh= hTERT7} 2t 5o
AL OJF It =2 telomerased] BN G LIERNI Urt wit
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Al gl g4 9 HEAEE Sola # ot oplEl ool ut
A3 AL o] EF WESH dHYo] e, ¢ Moty 13
9 HEE UEME N EE AIRE 4 ASE ARG Fop*?
E5) 1 (3 2Ro)A] telomerased) &2 hTERT SHA}
9 g Zdol 9t A o], hTERT FHALS] promoter S0l
= e FHAK promoter Hrt @4 I B2 HAIRZQIANY]
ABRAE HIshy Ak ol EQHE 12I6H] bee
venom®| AMzlofl Qg M EY] F4] X7} B E GAH
wito] EMSHE telomere?] £EI o8 BAY} AEXNE RAF
BIAC). Fig. 58] ZAjollA] & o= UK0] bee venom®] XE]o] ¢
5i] hTERT % hTR JHALY] HARpEo] 0l Koxo7 74
AER O, B THE ZFQIAIQl hTEP-1 W hTERTS] wid &
o] £Q3t oAl HEdh= c-myc] WL bee venoms] Xz
ol 98l & M3yt BEER] GUct. It BY A549 Al Zol
Al melittin®] Azlol QJalA= hTERTS] W Zisol uwieh
cmycd] W GA] R AA ZrEcks BP2 128 o]
E JHUF bee venom?] HE] ulE TAHZEQ FF7 HE B
A5 Fwglor g ROE Yzact

0]419] ZollA] bee venomo] g} Q1A HAUAEY &
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