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旺．Anordrin-induced apoptosis of leukemia K562 cells 

is not prevented by cicloheximide 
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AIM ：T0 study effect 0f protein synthesisinhibitor 

cicloheximide(Cie)∞ the apopt~& induced by 

a-anol~in (Ano) in leukm'fia K562 cells． 

METHODS：MoIpk 西衄l c}larl秘 were observed 

bv fluorescent microscopy． DNA o~tent 、m  

nM日 Ⅱd by flow cytometry． DNA fragmentation 

W舾 analyzed by ag ose ga dectroptxxesis- 
RESULTS：Ex-lxa~ ofK562 tells to Ano50~maol 

·L_。for 24 hinduced alx~totie cell death． Cie1 

∞  ·L一 did not abrogate delay this effect． 

Indeed．Ano-induc~ alx~tosisⅥ_衄 augmeated by 

Cie． Cie 100 ／~mol·L itself stimulated 25 ％ 

K562 cell alx~tosis after 24一h culture． 

CONCLUSION： Ano-induced apoptosis w日s 

independent of de1~yoo protein synthesis． 

Apoptosis was often abrogated or delayed by 

inhibitors of macromolecular synthesis． such as 

cicloheximlde fCic) · ． Suppression of apoptosis 
by inhibltor of protein synthesis，however，was not 

universa1． Systerns in which macromolecular 

syn thesis blocker such as Cie or dactlnomycin had 

either no elfect on eell death or even triggered 

apoptosis themselves have been reported ’ 

Anordrin(2e，17a．diethynyl-A-nor-5a—androst- 

ane-2a，17a—did 2，17一dlpropionate)， a postcoital 
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contraceptive first developed in China，stimulated 

apopt0sis of human leukemia K562 cells[ 
． In the 

present study we s0ught to determine the protein 

synthetic requirem ents of apoptosis in this model 

using Cic 

M ATERIAI AND METHODS 

Materials AnordrinⅥ∞ produced by Sho ngh~ No 19 

Phormaceutieal Factccy． Its a isomer(u-anordrin，Ano)wsN 

p 口ared in ottr Institutet 
． 
A stock solution of Ano 50 

mmol-L～ wsN made in absolute ethanol The final 

conomtration of ethanol for all treatments was <0 1％ 

which hod no significant effect on the m~xsllred parameters． 

Cic．propidimT1 iodide(PI)，and diamidinc-2一phenylindole 

(DAPI)were purchased from Siam Ch~dcal Co． 

Cell culture and arug tr~tlnent The K562 cellsⅥ 

maintained in RPMI 1640(Gibco Lab)supplemented with 

10％ calf sertma，bermylpenlcillin 100 klU。L_。，strepto- 

myain 100 nag·L一 ．at 37 ℃ in a 5％ COz+95％ air 

amac~here K562 0dls(2x108 cells·L )w~ffe 删 to 

Ano 50 衄 10I·L-。， Cic 1 01"100 10I·L-。， alon e or 

combined for 24 h， then harvested by cenUlfugafion for 

analysls 

Morlgaolo~eal examination Apoptofic cdis were 

identlfied under a fluorescent miemscope after staining with 

I)API 

DNA~onlent Quantitative detection of apoptotic cells 

and analysis of l cycle distribution in cultures by flow 

cytccnetrywsN a moSffication of[63． The“sub-Ca”peak 

formed by cells having reduced DNA oontellt in DNA content 

frequency histogram represents the presence of apoptotlc 

cdisL ．which allowed quantitative mmp~nson of the degree 

of apoptosis induced by different treatments． Folbwing 

treatmen t wi th phcsphote-citrate buffer，the celIs were stained 

Ⅵ，itb PI 50mg-L叫 dL~ lvedin PBS oontedning1LNAase100 

mg -L-。．and 0．1 ％ Tfiton X一100． Th efluorescence of 

individual celIs 啪 s measured with FACsta flow 

~ eter 

DNA gel ekc pb ∞b DNA extracted from control 

and drug—treated cdis(2×106 cells)~ wasdectrpphoresed∞ 

horizontal 1舟 ％ agarosegel at 50Vfor5 h． eDNA 

visualized under uv light after stainingⅥ，itb ethldium br~ude 

5 mg’L～ All experimen ts w repeated 3 time~．and 

representative—data were reported． 

0Ⅱc 
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RESUJ 

Cell morphologa' ,MI of the dead ceils present 

in cuttures treated with Ano or／and Cic exhibited 

cell shr nkage，chromatin condensation．aM nuclear 

fragamntation， typical of apoptosis (Fig 1)． 

Both Ano and Cic induced apoptosis Of K562 cells 

Ano-induced apoptosis was not blocked by Cic，but 

inereased after Ano+Cic treatment． 

DNA content K562 cells underwent apoptosis 

in the presence of Ano 50 lmlo1．L ． Ano+Cic 

led to rernarkahie increase in the level of apoptosis
． 

Cic 100 |盯n0【，L in itself induced K562 cell 

apoptosis up to 25％after 24一h jncubation(Fig 2)． 

Cell cycle analysis of nonapoptotie cells showed 

that Ano led to the aceL!rl：lUlation of cells in Gl 

phase． Cic reduced Gl and G2 phase cells， 

suggesting that the cells in G1 and G2／M phase 

preferentially underwent apoptcsis． The pattern of 

l cycle distribution of tmaffected cells as a result 

of treatment with Ano+Cic WaN similar to that seen 

inthepresence。fPmo alone．despitethefactthat a 

comparable number of apoptotie ceils wem present in 

these cultures，indicating that apoptosis induced by 

Ano+Cic occurred in all pha in the eell cycle 

(Fig 2)． 

agaric gel electrophoresis DNA isolated 

fmm K562 cells cultured with Ano 50 t*mol·L for 

24 h showed the“ladder”pattern characteristics of 

apoptosis． A comparison with molecular weight 

．

H

．

g 1

_

． 

oe。k：un咖倒(A)1 a nd tr
、

eated withAno 50 (B)，Cic 1／tmol_【『。(c)
，
AIlo 50mnol_【『】+ Cic1 

‘L (D)，andCie100 pmol。L一 (E)tot 24 h．nM 州 Ⅲ m DAPl蛐
． ×400． 
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Fig 2． Cell cycle distribution of K562 cells treated with Ano 

50 lanol·L一 (B)，Cic 1 mnol。L一 (c)，Ano 50 pmol。L一 

+Cic 1 pmol-L一 (D)，andCic 100 Iun0l-L (E)for24 h． 

CmlWol(A)． Ap Apoptotic cells． 

markers indicated that the fragments were multiple 

of approximately 180—200 base pairs，indicating 

cleavage of ehromatin at the intemucleosomal 

region． Ano+Cie resulted in a greater extent of 

DNA fragmentation than Ano did(Fig 3j． Cic 

(100 tmaol·L )treatment also produced typica1 

“ladder”pattern on th ge1 The arlloun／5 0f DNA 

fragmentation was oonsistant with the r-esu1ts 

obtained by morphological estimation and flow 

eytometrie analysis． 

1 2 3 4 5 M bp 

参 · ．．一174 
· -一 142 
··一 102 

Hg 3． agar,~e窖d eleetroff~resis of DNA extracted from 

cultm'edK562 cells． 1)Cic 100 mnol-L。 ；2)Ano 50 

Jm -L一。+CIc 1 ml-L。 ；3)Cie】 ml-L一 ；4)Ano 

50 mnol。L’。；5)conlrol；M)molecular weight marker． 

D璐CUssIoN 

The view that apoptosis is a tightly ragukted 

celI selfcdestraetion mechanism is widely accepted． 

Numerous studies showed that apoptosis ocurring in 

a number of circumstances was either delayed or 

abrogated by R A or protein synthe~s 

inhibitors~11)- 
， suggesting synthesis of new protein 

required in this process In this work，however+ 

Cie did riot inhibit the Ar1o．induced apoptosis i“ 

K562 cells． In contrast， treatment with Cic 

markedly augmertted apoptosis induced by Ano
．  

The results indicated that apoptosis might be 

stimulated by other mechanisms． Our res[uts wet 

Consistent with the findings[12,13J 

Ⅲ瓣嘟 
lI lj～ 
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Whv Cic inhibits apoptosis in ~~ome 

experimentaI systems but not in others is stilI 

unknown． Based on the different effects of Cic on 

the process．CohenL J has suggested that conditions 

in which apoptosis is triggered by the presence of 

inhibitops of RNA and protein synthesis would 

represent a“release”mechanim1．because these cells 

behave as though the suicide program is 

constitutively expressed but inhibited by factors with 

short hatf—lives． Ano inhihits RNA and protein 

syn thesis(153
， thus，it was likely that Ano induced 

apoptosis by“release”mechanism． So，it was not 

surprising that combination of Ano and Cic resulted 

in greater extent of apoptosis． From ollr findings． 

itw&sconcluded that apoptosisinduced byAnowas 

not prevented hy protein synthesis inhibitor Cic，ie， 

Ano-induced apoptosis of K562 cells was 

independent of new 0r0姥in s3mthesis． 
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