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Apoptosis and necrosis induced by s~fur mustard in Hela cells 

SUN Jun，WANG Yu—Xia，SUN  Man—Ji (Department ofBiochemical Pharmacology， 

Institute ofPharmacology and Toxicology，Academy ofMilitao,Medical Sciences，BeOing100850， ) 

KEY W ORDS apoptosis； cell cycle； 

mustard gas；Hela cells；cultured ttu~or cells 

necrosis； In recent years，apoptosis induced by alkylating 

agents such as nitrogen mustardI 1
， ethylmethane- 

sufformte ． and ethyl nitrosonrea have been 

reported． SM-induced apoptosis was also observed in 

A皿-I：To studythe apoptotic effect of sulfurmustard 

(SM)on Hela cells MFⅡ10DS：Exponentially 

growing Hela cells were treated with SM at various 

concentrationsfor 3 h，then apoptosiswas examined by 

electron-microscope， DNA gel electrophoresis， and 

flow cymmetry． RESULTS． SM 1 ／2mo1·L-。 

arrested cel1 growth． After treatment with SM 10一 

l00／~mol‘L ．cells wefe mainly blocked at G1-phase 

with apoptosis． Agarose gel electrophoresis of DNA 

from cells treated with SM revealed “DNA Ladder．” 

About 33 ％ of the I-Iela cells showed apo ptosis 12 h 

after 3一h treatment with SM 100 um0l·L一 as 

detennined by flow  cytometry and the S—phase cells 

were more susceptible． However， SM l0()0 ur∞ l· 

L_。caused marked necrosis in Hela cells． OONCLU- 

S卫0N： SM caused 2 distinct forms of cel1 death． 

apopmsis or necrosis，in Helacellsin a concentration． 

dependent mariner． 

Sulfur mustard lbis一(2-chloroethy1)sulphide，SMJ 

is the fu'st chemical compound shown to possess a 

mutagenic activity’ ． It is a radiomimetic alkylating 

agent that has mumgenic，carcinogenic，and cytomxic 

properties． Itis also a powerful vesicantthat produces 

incapacitating thjuries at the site of exposure SM 

alkylates a range ofbiomoleculesand DNA is themost 

sensnive molecular target of SM ． Despite decades of 

years of research on SM ．the mechanism of toxic action 

。f sM is not vcry cle 31
． 
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the bovine pulmonary"artery endothelial cellsI In 

this study，the apoptofic as well as necrotic effects of 

SM on Helacells wereinvestigated． 

SM (97％ purity) from our institute was 

dissolved in 1．2．pmpanediol and stored at 4℃ ． 

DMlEM was purchased from Gibco DNA molecular 

markers and RNase A were from SIno—An~ can 

BiotechCo． Propidium iodide (PI)was from Sigma 

Co， 

CeⅡculture and dnlgtreatment Hela cells． 

a giftfrom Institute ofMicrobiologyand Epiderrfiology 

were cultivated in D】 supplemented with 10％ 

heat-inactived calf sel'ultl， benzylpenicillin 100 kU · 

L～ ．streptomycin l【xI kU‘L in a humid almosphem 

containing 5％ CO2 at 37℃ ．Exponentially growing 

cells(2×108 cells·L )were expo~ to SM for 3 h， 

thellmaintained in freshdrug．freemedium for12——24 h 

for assessment． 

Morphological asses．~nent Morphological 

changes of the cells was examined by elec~cron 

microscopy． Control and SM—expo~ cells were 

collectedwith a cell scraper．followed bythree10．min 

washes in phosphate buffer saline(PBS，NaCl 8．0 ， 

KC1 0．2 ，N~I-IPO4‘ O 1．56，and KH2P04 0．2 g‘ 

L_。．pH 7．4)at 20℃ ． The cel1 pellet vcas fixed 

with gentle agitation at 2O℃ f0rl hin PBS containing 

3 O ％ glutaraldehyde． rinsed with PBS thrice． 

postfixed at 20 ℃ in PBS containing 1 ％ osmium 

tetmxidefor 1 h，dehydrated in grading ethanols，and 

emb目挝ed in epoxy 螂 in． Sections(100 nm thick) 

Wele counterstained with uranyl acetateandlead citrate． 

and exalTlined under transmission electron mi croscope 
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(Philips ㈣ T)． 

DNA content and ce11 cycle Is were 

harvested with trypsin．washed twice in ioe_cold PBS 

by cenlrifugation， fixed in 70％ e血a| I． and 

incubated wilh10“LRNaseA(5 g-L )at 37℃ for 

30 min n e cellular DNA was stained wilh P1 0 05 

g·L )for 30 min． nIe DNA contents of cells at 

distinct phases jn lhe cell cycle were determined by 

FACS 4,20 flow cytometerL 
． The DN content less 

lhan that i11 the G1 phase indicated the occurrence of 

apoptosis． n e datawere processed byDNA cell—cycle 

analysis~ftware(Becton Dickson，USA)． 

DNA gel eletrophoresis Thefragrnenmtien of 

HelacellDNAwas assessed accordingtothemethodt1oJ 

wilh minor modifications After drug treatment， 

aliquots of 50O L̈hsis solution(Tfis-HC1100mmol- 

L ，pH 8．5．disodium edetate 5 itlmo1．L ，N l 

O．2 mol·L ．O．1 ％ sodium  dodecyl sulfate．and 

proteinase K0 2 2·L一 j were added and incubated at 

37℃ overnight． NaC1 was theB added at a fmal 

conceBtrdfion of l 5 mol-L。。and the nuclear debris 

was spun downin amicrocentrJ．f~ge at aboutl8℃ for 

15min． TheDNA in the supemat,antwas precipitated 

ll1 7O％ ethanol and dissolved in 40 uL of TE 

(Tris HC1 10 lllinol-L ，pH 7 5，disodium edetate l 

rhino卜L。。)containing DNase，free RNase A 0．2 g· 

L- ． Atier incubation at 37℃ for 2 h．the DNAwas 

loaded OhiO fl 1．5 ％ agaro~e gel containing ethidium  

bromide 5 mg L一 in TBE ITris 45 mmol·L 一borate 

bu施r．disedinm edetate l mmol-L一，pH 8．0)and 

electrophoresed at 50 V for 2 h． DNA _n gel was 

visualized underUV light 

Statistical analysis Data weiv~analyzed by 

— test 

RESULTS AND DI‘CUSS10N 

Cell growm The growth ofHela cells exposed 

to SM l一100 gmol·L_。for 3 hand．nfreshmedium  

for12—24 h was retai~ledwithin 12 h and profoun dly 

inhibited at 24 h in a concentration，dependent fashion 

(Fi2 1) 

CeⅡ morphology The control cells had large 

nuclei and nucleoli，evenly dislributed chromatin and 

intact membrane T~atmem of Hela cells wilh SM 

l0o 1． ．n
,

txmo L for 3 h and fresh lll~ um for 24 h 

caused condensation of the chroma tin， membrane， 

0 5 10 1S 2o 25 

Fig1． Inhibition of owm of Hela ceils by s1dfIIr 

mustard(1．10，100 p~nol-L一 )． n=3 experiments 

f3 samples in each experiment，2 x 108 cells·L～． 

10 nilin each sample】． ±s． 

enclosed nuclear fragments， whel'ea8 ribosomes were 

well preserved It implied that lower co ncentration 

(100 ttmol·L )of SM induced apoptosis of Hela 

cells． 

After the Hela ceIts were treated wilh SM lo00 

ⅢTl0l·L一 in lhe sanleway．thecellmembranelostits 

structural mtegd,y，showing a typical paUcm of cell 

necrosis(Fig 2)． 

D A fragmen tation Agai~ gel electro— 

phores~ of DNA extracted from cells treated wilh SM 

10 or100“mol-L revealed patterns of“DNA ladder’’ 

(Fig 3)，suggesting the preferential degradation of 

DiNA molecules at the intemuclensomal linker regions 

apoptosis J． 

DNA from the Hela ceIts exitsed to SM l or 10 

mmol’L一 showed smear patterns(Fig 4j．suggesting 

the ocCLllllence of necrosis These results were in 

accordance with the above—me ntioned morphology 

obf~rvatiOBS． 

Cell cycle After treatment of He1fl cells will1 

SM 100 m01·L’ for 3 h，the G1，p11ase cells varied 

from 41％ to 50 ％ ．and G2／M phase cellsfrom 8 ％ 

t0 l5％ ． whereas S-phase ceIts wefe markedly 

decreased from 51％ to 35％ It sugg ested that SM 

mainly arrested Hela cells at Gi—phase，S-phage cells 

preferentiallyunderwent apoptosis． le percentages of 

apoptofic ceIts concurrently increased from l 9 ％ to 

33％ i11 aconcentration，dependentmallner (Tab1) 

A 3 h，incubation in SM 100 “m01·L。。and in 

drug—freeDM for6 h resultedin6．3％ of apoptosis 

ofHelacells． 1he percentages of apoptoficcellswere 

n m 8 6 4 2 

1I目_吾 x。．o1 
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啦 2． Electron microscopy of Hela cells，PI ． 

A】Control，x 60OO：B)treated WiⅡI sulfur mustard 
100 gJnol·L一1for 3 h andinfresh medim for 24 h

． 

x 8000；Cl 1000 i~mol·L一 for 3 h and in fresh 

medium f0r 24h．x 8OOO． 

increased wi血in 24 h(33％ at 12 h and 49％ at 

24 h) 

kb M A B C 

Î54 

0．99 

0．70 

l}．S1 

0．37 

0．24 

Fig 3． ag~-ose get electrophoresis ofDNA exa~cted 

from Hela cellstreated th SM for12 h． 

M ：molecular weight ll~lrkers． A)Control； 

B】slflflrmustard10岬 】·L (c)100岬 I·L～． 

A B C D M kb 

I-54 

0．99 

0．70 

0．51 

n37 

F 4． DNA induced by SM ． M ： PCR 

molecularweightmarkers． A】Control；B)踟 10 

nmaol·L一 for12 h；c】1mmol·L一 for12 h： 

Dl 10 nmaol·L一 for 24h． 

Studies in this paper on the alkylation．induced cell 

deathin the human cell 1ine(Hela)showed吐Iat SM 

elicited either apoptc~is or netwosis of ceIts in a 

colK~lltl'ation-dependent iTKtrlner． 

Besides SM ，nitrogen mustard／ ，ethylmethane— 

sulfonate ，and ethyl nittosourea- ]are all able to 

induce apoptosis in human cells，suggesting that the 

pathological and biochemical apoptofic changes a a 

general characteristic of alkyhfing agen~． The cell 
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Tab 1． Effect of蛳 on the cell cycle of Hela cells． 

Extmnenfially目m咖 cells were treated wi血 SM 1— 

100mn01·L一 for 3 h and then incubated in drug-free 

meditunfor 12 h． n=3 samples f10 000 cells in each 

sample)． ±s． >0．05，bp<0．05，叩<0．01 

control 

intoxicity ofthemutagens，ethylmetlrmesulfonate and N— 

ethyl- -niIro~urea． in A眦 1 ht~nan lym0hc~lastoid 

cells MutatRes l994；3惦 ：19—34 
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cycle and its biochemical events were well document甜 

in the recent years，lots of factors accelerating or 硫芥诱导Hela细胞发生凋亡及坏死 

mtacding the process of cell cycle have been 
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目的：研究硫芥诱导 Hela细胞凋亡的作用． 方 

法：生长在 DMEM培养基中的Hela细胞与不同浓 

度的硫芥作用3小时，凋亡用电镜，电泳及流式术 

检测． 结果：低浓度硫芥(1／anol·L。。)抑制细胞 

生长；较高浓度(1—100 01．L-1)使细胞主要在 

6 期阻滞，发生典型的凋亡形态改变，提取细胞 

DNA进行琼脂糖凝胶电泳，出现“DNA Ladd~l"”． 

流式术观察表明硫芥处理 3小时后，细胞撤药培 

养 l2小时，凋亡率达33％． s期的细胞最敏感． 

硫芥 1000~anol·L 使 Hela细胞发生明显的坏死 

结论：硫芥诱导 Hela细胞发生两种不同的损伤： 

坏死及捅亡．硫芥的细胞毒有浓度依赖性． 

(责任编辑 扬雪芳) 
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