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目的：以免疫外科法评价大鼠孕早期环磷酰胺染 

毒。对胚泡两群不同细胞的选择性影响． 方法： 

大鼠孕 d3ip环磷酰胺(10，20，40trig·kgI1)，孕 

d4取胚泡行免疫外科术，分离胚泡内细胞团并检 

测其与胚泡对环磷酰胺损伤敏感性的差异． 结 

果：环磷酰胺组胚泡及内细胞团平均细胞数减少 ． 

(35±3，32±1，30±1及 14±2，11±1，9±2)， 

徽核率 增 高 (1．81％，2．27％，3．14％ 及 

2．53％，2．98％，4．75％)两者改变均呈剂量依 

赖性． 但胚泡与内细胞团受损随荆量增加不呈平 

行关系，后者改变更明显． 结论：环磷酰胺在大 

鼠胚泡着床前给药，对胚泡两群细胞呈剂量依赖 

性细胞毒性与遗传毒性，其中内细胞团受损尤甚． 一 
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AIMITo studytheeffectsof cydos{~rlne(eye)on 
ap0pt∞is of HL-60 cells． METHODS：Atx~totie 

celts induced by haITing rle(Har)， 叮lp幻t} 

(c丑m)，or ealeimydn(Ca1)，小apsig n(弼1a) 

were identified wi山 DNA electroplmresis． 

mmp】 l0 ， and flow q．t。me时 ． Relative 

[Ca2 ]．alteration of apoptotic HL-60 cells Were 
dek ned with flow cytometry． RESULIS：Cad 

1 rng‘L一 0rTha0．5 rng’L一 induced apoptt~ of 

HL-60ceils． This effectⅥ∞ inhibited by r~ontoxlc 

concentration of Cye 1 rng·L一． Cyc did not 

inhibit Hat-or Cam-induced almptods of HL-60 

celts． Both C．al and Tha increased intra~llular 

calcium ， whereas liar or Cam did not． 

CONCLUSION： Cye inhibited apopto~ only 

induced by caldum ineteasenmnt in HL-60 celts． 

Themechanism of alx~ sinduced byC．al orTha 

w鹕 diffe~mtfrom that orCam． 

Cyelospofine(Cyc)，an immunosuppressive 

agent， inhibited T lymphocyte activation and 
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acfivatinn-driven apoptosis of T-cell Iines or T celI 

hybrldomasL 。 ． Cyc is a good drug of attenuating 

mutidrug-resistance of cancer cellst Cyc blocks 

T celI activation pathways a&sociated with an 

increase of intracellular caldtm~． Since an early 

inereaBe of intracellular cakium was found in man 

types of apoptosi# ，Cyc may block apoptosis in 

other cell lines． In this study，we investigated 

whether Cyc prevented apoptosis triggered by drags 

that increased intracellular calcium，and compared 

with apoptosis induced by anticancer drugs． 

MATERIAI5 AND M肼 10DS 

Reagents Cye wiR8 p~chased f㈨ Sinc-Amerclan 
．  

Pl1armaceutical Factory of East China Pro~dilmx iodide 

(PI)，calcmaycin( 1)，thapsigargill(1 )．ceanptothecin 

(( )，and Fire 3-AM were frcm Sigma Hoechst 33342 ’ 

wan fran Molecular Probes lne Har％gas from Beijing Union 

Phannaceufical Factory- 

eelI cult~e and cell viability assessment I{I，60 cells 

were grown at 37 ℃ in RPMI 1640 medium (Gibco、 

eonta ning 10％ heat-inactivated t b。 ine暑e㈨  an ． 

atmosphere containing 5 ％ a Exponentially growing 

HI|舶 calls were expo~d to drugs Cells after drug 

treatment were stained with Hoechst 33342 10【Ⅱn0l-L一‘and  ̂

Pl 50 mg-L h  20 min， then w wi lh PBs and 

resuspe~ded in PBs． Morphological and quantitative analysis 
．  

of apoptosis w&s pedormed wlth fluorescence microscopv 

(Olyn,pus)t’1 
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DNA extrn~fion and eledroph~esis The pattern of 

DNA cleavage was analyzed by ag gel electrophoresis 

Briefly，cells(1×10 )were ly~ed th 200 L lyals buffer 

『edetlc acid 10 rrxnol-L ；trlsHC1 50 I．L ；N 

lauroyl sorcosirte 0 5％ (wt／vo1)；proteina~K 0．5 g·L ] 

and】ncubated at 50℃ forl h RNaseA w&s addedto a 

final concentration of0．5 g-L ．andincabated at 50℃ h  

1 h After pher~l extraction and ethanol precipitation， 

~,mples of 1 5 f in each lane ~bjected to 

electrophoresis oll a 1．2％ agrose gel 

FlInv eytmaetry Flow cytc~netry made to identify 

apaptotic oeU ． Bfieftv，cellsw瞅 fixedin 70 ％ ethemol 

at 4℃ ovemight Celts afterfixationwereinci3batedI11PBS 

containingRNaseA50mg·L at 37℃ 虹 1 h，and stained 

with P1 65 g·L at 4℃ h  l h，and then analyzed by a 

FA( 420 flow cvtccneter 

Determination of intracellular C ’ eoncentratiea 

Cellswere1oaded 州 thFluo 3一AM l0 t~mol-L。。at 37℃ for 

at Ieast 30 mln， then ~a,rere washed by centrifugatlon at 

400×g for 3 rain and resuspended 】11 RPM1 1640 medium 

(37 1C)【 After ex[：~sure to various drugs，Intmeellular 

Ca conoentration alteration was deterrained by flow 

cytometry 

E~ --imental desi~ Before apoptotic analysis， 

exponentially growing HL-60 cells o13．1og phase w exp~ i 

toCye1 nag’1 h  4 h，then weretreated with Hat 0．05 

mg·L一 ．Cacti 0，05mg’L orCal1 nag’L ．T}1a 0．5mg 

- L r determiruMion of suitahie concentration of Cyc． 

dosaged—reaction curve was made Briefly．cellsⅥ e planted 

t。24 well plate at the densitv of 20 x 10 cells-L一 ，various 

concentration ofCyc were added Ce ll ntmlbers were counted 

at 12，24．and 48 h． Cd1 viabi1jty were assessed _rhe data 

from 6 experimems e expressed as j ± s and compared 

、 th tes【 

REsl JI 

ItL4~0 cell proliferation and apoptosis The 

maximal concentralion of Cyc that did not obviously 

affect the growth of HL 60 cells was 3 nag-L 

Combined staining with PI and Hoechst 33342 

revealed that within 24 h，cells treated with Cye 

(< 3 mg’L。。)showed no apoptosis or necrosis 

(Fig1)． 

Exposure ofHL一60 cellstoCa11 nag·L for4 

h or Tha O．5 mg。L。。for 2 h led to apoptc~sis 

Combined staining with Hoechst 33342 and PI 

showed condet~sed nudei in s 1arge od1 sub— 

population(Fig 2)，and the necrotic cells(PI 

positive)was<5％． Agsro~ gel electrophoresis 

of DNA revealed s “ladder” pattern (Fig 3)． 

0 12 24 48 

Fig 1． Growlh ofHL-60 cells treated wim Cyc 

= 6，x± s． 

Apoptotic DNA peak wan seen in DNA histogram 

after flow cytometric analysis(Fig 4) 

Pretreatment of HL-60 cells with nontoxic Cyc 

1 nag ·L for 4 h．then added Cal to a final 

concentration of1mg‘L— orThato 0．5 nag‘L ． 

Cells did not undergo apoptosis( 2—4)． 

Pretreatment of HL一60 cells with CsA did not 

inhibit apoptosls induced by even very low 

concentration of Hat or Cam (O．05 nag·L )(Tab 

1，Fig 5) 

Tab 1- Effectof臼 c o111 a~ptceis ofHL-60 cellsinducedby 

Haror Cam ，HL-60 cells were pretreated by cfor 4 h， 

thenHarorCam for 2 or 4 h． 6．sp>0．05 坩 Hal-； 

dp>0．O5 Cam． 

Cell nt~ber( ± ) 

m 2 h at 4 h 

Intracellular Ca2 level Ce l or Tha increased 

the intracellular Ca2 ．but Cyc did not prevent the 

rise of intracellular Ca2 ． However．cells treated 

with Har or Cam did not show increase of 

intracellular Ca2 (Fig 6)． 

DI9口USS 0N 

Our results showed that both calcium ionopho re 
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2． Fia nce of HL-60 cells． (A)＆(A )cmttrol；(B)Cal 1 mg·L一 for4 h；(B’)Cyc 1 mg-L一 for4 h，then cal 

1mg-L一 for4 h；(c)Tha0．5 rag·I 一 for 2 h；(c )Cyc1 rag L～ for 4 h，thenTim0．5mg’L～for2 h． Hoechst 33342 

smin。 x4OO． 

／  
。 ● 一  

’ ～  

— 一  

23 1 kb 

9 4 kb 

6 6 kb 

2．3 kb 

2．0 kb 

Fig 3． Aganr,e gel elcetrophoresis of DNA extracted from 

HI，60ce．s．① Control；② Cal1I ·L～for4 h；③ Cyc 

1 mg·L～ for 4 h，thenCal 1 I|噻·L一 for 4 h；④ Tim 0．5 

nag·L for2 h；⑤ Cyc1mg‘L～for4 h，thenTha0．5mg 
·1 for2 h；⑥ DNA／HLmlⅢlnarker． 

Cal and endop]asmic reticulurn C 一ATPase 

inhibitor Tha could incre~se jntracellular calcium， 

and induce al：x)ptosis in HI，60 cells． Low dosage of 

Har or Cam oauId also induce apoptosis of H1．60 

cells，but they did not incre~se jntracellular calcium． 

Pretreatment with nontoxic concentration of Cyc 

inhibited apoptosis induced by Ca l or Tha，but failed 

to inhibit apoptosis induced by Har OF Cam． These 

evidence suggest that there may be different 

pathways 1ed to apoptosis in HL一6O cells： the 

pathway mediated by CaI or Fha s calcium— 

dependent，and is sensitive to Cyc； the pathway 

mediated by Har or C8133 calcium independent， 

and is insensitive to Cyc 

It is not clear how Cyc blocks apoptosis Our 

resuhs showed that Cvc did not prevent the jnerease 

of intmcellular calcium So t may function on the 

dowikstream of calcium Sirice Cvc s a st~cific 

inhibitor of protein phosphatase 2B(calcineurin) ， 

it is txyssihle that Cye prevent apopte,sis by inhibiting 

the activity of calcineunn However，Cyc was 

at∞ found to affect other factors involved in 

apoptosis such as“tissue”transglutaminase(tTG)， 
transcription factor Nur77 C10．11] 
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Fig 4· DNA contents of ILL-60 cells(PI stain)． Hie peaks in the frequency distribution of control cultures(channel 84— 

110)represent G1 cells．while those at tw,ice the[]norescence intensity represent cells in G2 and motosls；S phase cells lie 

between the two populatior~· In b and c，a population with lower DNA stainability represents apoptotic cells(Ap)． Cells 

were prell'eatedwith(B)orwithoutfA)qcI mg‘t _’for4 h，thentreatedwith Cal1 nag‘L一‘for4h(b，b )olFTha0．5 nag 
·

L一 for 2 h( ．c )． Control(a and a )． 

1 3 4 5 6 

圈 ／23 1 kb 一9．4 kb ～6 6 kb 一2．3 kb 一2 0 kb 
Fig 5． Ag~ruse gel eleclrophoresis of DNA extracted from 

HL-60cells pretreated with or without Cyc 1 mg·L一‘for 4 

h，then treatedwith HatII．05mg·L ’0rICam O．05mg·I 

for 2 h．① Control；② Hat；③ c +Har：④ oIII1：⑤ 
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26￡一 厂 
环孢菌素抑制钙离子介导的HL-60细胞凋亡’ 

登 ，垄_． ，张鸿卿，薛绍白 
(北京师范大学生物系，北京 100875，中国) 

关键词 

树碱； 

DNA； 

77尹、 
环孢菌素；卡西霉素；三尖杉醋碱类；喜 

~ argin；量；塑堕塑妄；! 塑．堕； 
流动血细胞计数 

目的：研究环孢菌素(eye)在 HL-60细胞凋亡中的 

作用． 方法：通过 DNA凝胶电泳、细胞形态观 

察及流式细胞术等方法确定药物三尖杉酯碱(Har)， 

0 O 0  0  
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