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Characteristics of harringtonine．resistant human leukemia HL60 cell 
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KEY W ORDS harrington ines； le~ emia 

multiple drug resistance； mdr-1 genes； 

proteins； flow cytometry； polymera~  

reaction 

HL60： model and obtained a cell strain which was resistant 

glyco— to Har，using a method of stepwise drug induction． 

chain In this paper we studied the mechanisms of the 

resistancetoH01"intheHL60celia． 

AIM ：To study the mechanisms of the resistance to 

harringtonine(H )in the I-1_60 cells． ME】【H0DS： 

Growth inhibition， karyotype analysis， flow 

cytometry，Western blottingan dpolymerase chain 

leaction REslJI腮 ： 1e Ha卜resistant HL60 ce lI 

Iine，named HR20， showed cross resistarice to 

homoharringtonine， doxorubicin， daunolebitin， 

vincristina ．and oolchicine The growth doubling 

time and the celI numbers in G1 phase were 

increased． The accurnutation of ce llular daunoru- 

bicin．n the resistant ce lls was obviously reduced． 

but distinctly increased by tetrandfine and 

verapamil． The nu mbers of teIocentromeric 

chromoscxne increased and the  chrc~ sernaI 

abe rration more occured _n the resistant ce lls 

The lesistant cells overexpressed multidrug 

res istantmdr一1 gena  and  P-glyooprotein 150 kDa 

aoNcLUS10N：The Ha卜resistant HL60 ce lI strain 

be longed to a muItidrua resistan ce  strain， 

overexpressing mdr-1 gene and P-glycoprotein． 

Tumor cell muhidmg resistance is a severe 

obstacle in clinical chemotherapy， e@eciaily 

occurring in the relapse of tumor patients． The 

overexpression of P—glycoprotein(Pgp)in the drug- 

resistan t cell wlelnbrarle is a main c0．use for drug 

resistance ，an d egp pumped the antitumor drugs ont 

of t}le oellsll1． Harringtonine(1iar)，a domastic 

antitumor drug．has a sound effect for【eukemia~ ． 

However， whether Har coold 8／~OL1Ne the drug 

resistance or not remains a suspensive problem in 

c“nic S0wetook human leukemiaHL60 ceIl as a 
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M TERIALS AND M匝THODS 

I llar and hornohaningt~aine 【Horn) w 

purchased fmm Belling Union Pharmaceutical Factory and 

made up into a soludec of 1 g -L～ with PBS buffer． 

1~ orubida(Dox)and d l蚋omb|dn(Dau)(mm Faxmltalia 

CarloErba Ltd(Ita y)wl~t-emade upintothe solutions of2 g 
·L—1 with seaine water Virmfistine(Vin)，michi6ne 

(cot)，and verapamil(Ver)from Si口m w made up into 

the solutions of 1 g·L～ with PBS buffer． Neomycin(Ble) 

A5 from Hu~bei Pharrf戳 eudc Factory was made up jato a 

sotutlon of 1 g ·L‘。 with ~1．orl-SEtTllTrl 1640 medium 

Tetr,mdfine(1 )from zh日 ang Jinhua Phammceufieal 

Factorywas dissolvedinHCl1mDI·L～ adiustedto pH6．7 

th Na0H．and added PBS buffer to a finaI concerttrati~l of 

1 g-L一 Ithe drugs fe stored at 20℃ ． 

0 eultm-e Human breast cancer cd】line．～ C 7 ceIl 

and Dox-re~istant～ 7 cdl w established by Dr Kenneth 

H 0 WAN Nattiona【C~ncer ln-st[tute， U Human 

leukemia Hl和 0dl and I-Jar-resislant HL枷 0d【fHR2{】)w口 

c n n RPMI 1640 medium ccratalni~g 10 ％ bc州她 

辨n】m m 95％ r+5％ 0 at 37℃ ． 

Screening  of Hat．resistant cell line At the beginning 

the sensitiveHL60 calls咄 treated rh Hat． Afterthe 

cdls acquired sam degree of re stance．the cells wore seeded 

into a 96一wdl plate for∞1 purlficati(m． The calls 

oneof the c ．罄 Ⅵrasincubated thefixed 0加。哪“ad。t1of 

Hat10 nag·1 一 andtolerant onlyfor24 h atthe fimt． After 

w越h g away the drog，the cdls were re~'rored to grow 

nomaa]ly andthe ntreated wlth Hat． ．alter about 4-mo13th 

scr~ ng．the cells grew slowly in the medium containing 

10mg·L一 and were seeded into a 96一welt plate{bt semad 

coronaI selecfiec th Hat 10， 15，20，30，40 mg·L一 ． 

Onedone obtained from the cells treated with llar 20 I 

· L一 Ⅷ calledHR20．whichⅧ mntintualty culrttred alter 

incubation in the medium contaimng Hat 10 mg。L一 for 5 d 

permonth 

Determination of 岫 ．g resistance The [ogarithnfic 

growth cells 4 x 10 ／wel1咄 seeded into a 24一we／l plate and 

added the drugs i13 triplicate per concez~tration After 72 h， 

cë viability aS detected by trypan blue exclufiec and ceIl 
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nmnhe rsWell~ colored by Coultt31-Counter Three sepa／~te 

exps rimen,swelee r~ken for each drug t．ed thel o value of 

each drug was calculated with weighted prol3it~ dysqs． 

a H帕硼  k钔蚋 l ~ rsls HL60 cdl and 

HR20 cellweretreated withCo l0．05mg‘I and 5 nag’L 

for 6 h， respectively The distribution of chromos~ae 

numbers was calculated bv taunting at mndom frcra 600 

mimsks metapheses． 

f eytmneWy The k~ ithmle growth odks wem 

mllected and d1e percent of edl cyc]e phmseswas as州 by 

flow cy∞。n t ． 

Cellular Dau aeetwaulallon was detected by flow 

cytccnetry． The logarithmic growth cells were w~shed by 

oentrlfngation with PBS buffer and res~pended in RPMl 

1640medium ． AddirIg Dau 10 mg‘L to all the saIrIp 

and湘 drugs．the cellsw雠 incubated a1 37℃ forl h， 

vhtb]e cell nmnbem w∞ r~orethan97％ byt1脚 blue 

exclusion． n  samples m  through trafion t．ed 

n砣a The resuks were treated a computer 蚰d 

different dia ams we piled up into one for c。|r-p￡ 5．哪 ． 

ExWessk~oftedr-I glme deleeted by p0I”ln 删 n 

r~et／on(rCR) n e p6mers of PCR d商翱ed 

o：~ puter&,~stance． upstream primer of mdr一1 germ 

吣 5 蝴 IA 0cc ArI℃ ATT GCA ArrA G。 3 and its 

dc删 ream primer was 5 ．CAA CT TC．r GCT CCT GAG 

哟  The upstream primer of,~2-microglobutin(＆m)as 

an imerna／eontrol was 5 一ATG GcT ∞ C TCG GTG ACC 

cTAG3 andits downstream pl'inlerwas 5 一TcA1lGATGC 

rG ArC ACA TGT CrO 3 Tne primers were 

synthesized by an Applied Biosystems DNA synthesizer 

(~odet 220A．USA)．Total edlular RNA wss preparedl ． 

cDNA synthesis w鹅 incahated at 37℃ h  30 min ii"1 the 

reation volume of 15止 containing RNA 1 ，random 

plitnels(Pr0mega)100 ng，Mokmey inkll~ile leuknnia virus 

哦 transcripmse 200 U，dNTP 0．2 nm】0I-L—l，T s 

·HCI 50mmd·L pH 8．3．KC1 50mmol·L一‘，MgCI210 

fmn0I·L 1．dithiothrekol 10 mm0I·L—I． P峨 w硼 carried 

out in the reaction volmne of 25 containing primers 0．2 

vrool·L～ ，eDNA samples 5止 ，dNTP0．2mmol‘L～．Taq 

p。IylIl (PI嘴 )1．5 U．KC／5o rnrad‘L一． s 
·HCI10 ramd·L pH 8．3．andMgClz 2．5 rmm|·L～ 

PCR products wefe amplified by a DNA them~ cyclet 

(Perkln—Elmer／Ceres)for 35 cycles asfollowlng p m r8： 

45 s at 95℃ ，45 s at 55℃ ，45 s a1 72℃ and separated by 

2％ agarose geI electrophere~s andtaken ph。∞目 u玎d口 tlsr 

1[ght． 

W m  b_ 懒  ng been washed with PBS buffer 

twice。d ceIIs w~-i~：l-e suspended in hufferA，omt~ning 

-HC110,rand·L pH 7．5，NaCI 10 nmacl’L ， 

1．5 rrand·L～ ．phenyhnethylsulfonyl fluoride I numl‘L～． 

1eupepUn 10 rng’L～，tmd 1％ 3一[(3-cholsmJdopmpy1) 

dlrnethyl-~ io]一propmasulformte e．ed broken dovm by 

ultr0sound The lysates w centrifuged at 12 oo0×g f0r 

10 min and tak朗 the supenmtant for the experimen t． The 

protein ecementration wss determined  Pmtein 100 pg／ 

sample m s for Western blottlng~ ． The proteins we1-~ 

subjected to PAGE and tra~ erred to the nitrocdluke,e 

membranefor3 hlit room temper~tore The an6b3dytoPgP 

was purcbi~ dfrma( Science，lnc e．ed the resultw∞ 

visualksed with goat antibody ecaajugat．ing horseradish 

i~oxidase a insc rabbit lsG (z haⅡ gaotechnolngy 

C唧 any) 

RESU Is 

M orphologicalfeature and grow~ character 

In ~ attast with the sensitive 0 cdIs． 

morpholog~ca／feature of垭 毪0 ceIts did not chan ． 

The extension of cel1 volume and slight adhesion 

wereobserved in眦 0 eelIs． A fewofH暖20 celts 

extruded into spindles in treatment with Flar and 

restored to sphere after washt．g away the drug． 

HR2O cdIs grew slowly in∞ntrast with HL6O cdIs 

andthe growth doublingtime~"dts 25．2±2．4 hfor 

眦 0 edIs and 20．4±1．8 hforⅧ 加 eelIs． 

a lange of drug resistance In mmparisan  

with the sensitive HL60 celIs．the resistance to Har 

in 眦 0 edls was > 3o0 fold and >400 fold to 

Horn． 珈 0 cella had cross resistance to Dox． 

Co1．INu，andVin，but rernsmed sensitiveto Tet 

and sligblytoBleA5(Tab1)． 

Tab1． C s 袖 № eot'I璃 2o 0elk． 1es,m s删 删 _蜘  

删 o0mp州 by 皿|I - TheⅫ In 

№ t1 m  95％ I-I钳enoe恤 ． 

Hat 3 128(2792，3505) 10，22(9．87，10．s7) 306 
}hn 1 275(1lI58，1537) 2．96(2．12，4．12) 432 

D 976(924，1032) 8．43(8．o4，8．83) 116 
D眦 629(390，1014) 4．74(4．39，5．11) 133 

l 281(1153，1422) 3 ∞ (2．31，3．95) 424 

V'm 1 354(11121，1797) 3．06(2．67，3．5o) 441 

NeA5 995(58O，1705) 1 048(976，1125) 0．9 
Tet 1 983(1771．2220) 2 629(1635．4226) 0．8 

西  m∞0岫’emmlyses HL60 celts had 84 ％ 

chrotllosowte num bers between 33 and 48，but the 

chroIT e3 in垭 毪O cells were distributed f珊  

23 to 72．45％ ofwhich werebetween 53 and 68 

In }Ⅱ毪0 cells， aberrant chmm∞ such as 

chnⅡn0somal chiasma and breakage increased，and 
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more telocentric ehmmo~mes were observed 

However， double minute chromosomes were not 

observed 

Change of cell cycle In contrastwithHL60 

cells，the obvious change of cell cycle in HR20 cells 

showed increment of about 20 ％ cells at G1 phase 

and reduction 0fthe cells atS and G2M phases(Fig 

1)． When detecting PI fluorescence in the ssl'ne 

parameters，the diagram of HR20 cells disfinctly 

shifted fight， indicating the DNA mnteat 

increased． 

芒 

E 

昌 
=  

Pl fluorescent intensity 

啦 !． Cell cycle changes 0ftlR20 and IqlL60 cells· Tile 

cells fix~tlin 70％ etha．~lfor2．4 h，stained byPI and 

∞a廿sed by ~mmarr· 

Dau accumulation In ‘viable cells， the 

fluor~eent ntensity of IMu acctmmlation in HR20 

cellswas lower than that in HL60 cells(Fig 2A) 

and obviously increased after HR20 cells were 

ineubamd with Ver 5 嘴 ·L～ and Tet 0 5 rag 

·L-。． The action 0f Tet was more e~fective than 

that of Ver． HR20 eell population was unequal by 

iudging  from Dau fluorescent ntensity， showing  

that the amount of Dan  aceumu[ation in some cells 

was similar to that in I皿石0 ce lls． The HR20 cells 

with high Dau accumulation not stained by P1 were 

not dead．but the cell volume was expanded and the 

nuelei sphered A few of the cells had 2 nuclei cFig 

2B)． According tomorphology ofdead cells stained 

bv PI，the cells might include the dying  cells and a 

few of dea dcells 

吕 

吕 
=  

兰 H R2 etR20 V ⋯ O+，f I＼ 一～H er J l 
f、 』 l 
， J 

·  } J 、 1 

f f y 、l 
r l 

一  
．，一7 、 ’＼ 

Fluorescent lntensity 

Hg 2． A)Cellular daml~alilcin accumulations in HR20 

and I：IL60 living cells analys~ flow eyt~ etry． B)HR20 

cellswefe~ahlcdwithH~e_．hst 33342 ，PI and daunorulbicin 

attheⅫ thne． (十)Cellse~ ingmoredaunorubicin· 

x1000． 

Expression of mdr-1 gene The overexpres- 

sion of mdr一1 gene in HR20 cells and in Dox— 

resistant MCF-7 cells were detected bv PCR．but 

notinthe sensitivecells(Fig 3)． 

Exp ression of PgP HR20 cells overexpressed 

Pgp 150 Id3a and Dox—resistant MCF：7 cells did Pgp 
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B2n1 

’以 r_l 

A B C D 

373 bp 

167 bp 

F 3． gxaress~ 0f础 mRNA蛐曲删  p0 啦瑙 e 

~]min reaetiaafrom IIL60 ears(A)，111120 ears(B)，I~CF- 

7 ears(C)，and~ bieia-ttsistantMCF-7tells(D) 

mediated the multidrug tmt~porter 

A1~R1]RevBinchem 1993；62：385 427 

2 ~ ratban Study Group of Harrlngtc~ine prelimlnaD-clinical 

evainatien of l~ ringtmaw．es therapy oil Rcute leuk~nia 

NatIMed JChina1975：10：712—5 

3 Zbang HQ．Ua11 ML， editors Exptimental methods and 

techniques for cen biology Bdjing：Beljing Nomad University， 

1992：1呻 一6 

4 HeQY．MengFH．Zh HQ 

Reduction of doxeruNcin resistanee bv tetrarMrie,e a dauricine 

in l'mrrlngtonine-resistmtt htmam 1eukmlia【t-IL60)cdts 

Acta Pham~col Sin 1996；17：179—81 

5 a 珊  nsky P． 8acchi N Single-step methe d~ 0f ILNA 

isolation by acid guanidintma 

extraction ArolBochel~ 1987：162：156—9 

170 kin ． However．expression of Pgp was not 6 BradfordMM A rap；d and scn~itlvemethodfortheqtmntitation 

observed in both sensitive cells． 0t ml rograrn qu~ttities ot prot “Utt／~mg the叩nc‘p 时 
protein-dye binding 

DISCUSSION Anal Bj em 1976；72 248—54 

7 S~nbrmk】，Fritseh EF．ManJatis T． Molecdar ckming~a 

The liar．resistant HL60 odls had ~'oss laboratory manual 2nd ed． New York：Cold Harbor 

resistance t0 Horn ．a similar chemical structttr~with LaboratoryPress 1989：18·60—73· 

Hal-，andtoDox，INu，andVin，the normal used 0 ·0 RI． Exp ofthe a
．

nt 舳  

antitttrnor drugs in elinic． results indicated ： ．—～ 一 
that the Hat-resistant HL60 cells was a multidrug ／viol Pharrrmed 1993；43 858～62 

resistant strain． Significant reduction of [bu 9 M~-rathT．cent口Ms MeelmnJ~a'rm muhidrug resistaneein 

accumulation in the resistant cells meant that it was HL60 ceI1s：evidence that a s membrane protein distinct 

difficult for Dan to kill the ceUs． The liar-resistant frceaP-g[ymprotein c~ltrlhetes to reduced cellular accumulation 

cells overexpre~ed Pgp 150 kin  and mdr．1 gene． of d can∞rRes1988；48：3959—63 

whlchⅧ |n accord with the t s[8]． l0 B halh c? Tauh 1 sa1
．

ati~l aa d
． 

results indicate that Har is a substrate excluded by fine CancerRes 1；85；45：3657—62 
PgP． 11 M~quaedtD

，
M oUroneS．CenterMS． Med'*~ism*ofmttlti 

In amlp son wi th the established drug dn掘resis臼t1ce in HL60∞I1s：detecti~l 0 reslstance-&s~：oated 

resistant 0 call strains． the overexpressed protei~ with arttibedies ag,amst synthetic 9eptides that 

proteins showed great difference． The Vin_ correspond to the deduced sequc~me of P-g,]ycopmteln 

rezistant I-IL60 edl overexpressed the proteins with l 杆  1990~50 426-30 
， 。， 50 kDa【 ，and the 商。 。 抗三尖 碱的人白血病

IⅡ 0细胞的特性 did oë th
e proteirts wi th 160， 110 kD lO J．， ⋯ ㈣  ，、H ⋯  Ⅲ  

AnotherDox。resistant HL60 cell overexpressed the c5,何琪扬
， 周卫东，纪 林，张鸿卿，何农高， 

? ：i ， 0． )a， 。 。．虹 孬 北京师范大学生物系，北京100875,中国) 
r鹤 tance 七0 Dox【nJ

． n 佗 resi蛐 ce t0 Har in 

HL60 odIsmay be rehtad to other proteins besides 

PgP． In this paper we demor~strated tha t Har 

amused multidrug rezistance of I-m60 cells and the 

liar·resisant call overexpressed Pgp and mdr一1 

gene H 

1 G0tte口m 删 ．P 诤tlI Nochen~swyof muitidn,g reslst~．ce 

关毽 词 三 尖杉酯 碱 类；白血 病 HL60；多种 

；m -1基旦；糖蛋白类；流式．~IEI胞术 
聚台酶链反应 

目的：研究人 HL60细胞抗三尖杉酯碱 (Har)的机 

制 方法 ：生长抑制，核型分析。流式细胞术。蛋 

白免 疫 印迹 和 聚台酶 链反 应 结 果：抗性 株 

(HR20)对高三尖杉酯碱、阿霉素、柔红霉素 

R 7 ，／ K 宁／ 
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(Dau)、长春新碱和秋水仙碱 均有交叉抗性 抗 

性株倍增时间延长，G 期细胞增加，细胞内积聚 

的 Dau明显减少，粉防己碱和维拉帕米增加 Dau 

在抗性细胞内的积聚 抗性细胞端着丝粒染色体 

增 多，染 色体畸变增加，过 度表达 多药抗性 的 

mdr．1基因和 P．糖蛋 白 150 kDa 结论：抗 Har 

的 HL60细胞为 多药抗药性株 ，过度表达 mdr．1 

基因和 P 糖蛋白 
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Oxidized low-density lipoproteins induce apoptosis in maerophages 

NIU Xi．Ljn ZHANG Xiu-W u。GUO Zhao-Gui2 

(Laboratory ofMolecularPharmacology，Hu．，m M~lical University，CJaangsha 410078，China) 

KEY WORDS DNA；apoptcsis； LDL Iipopro- 

reins；peritoneal macrop hages 

删 ：To examine whether oxidized Iow density 

lipoproteins(ox-LDL)might induce apoptcsis in 

mouse peritoneal macrophages (MPM )． 

METHODS：Low density lipoproteins(LDL)were 

isolated  from healtby human plasma by 

ultracentrifugation  and oxidized  by 0JsoI 10 

i．~noI·L_。． MPM were incubated in a medium 

con taining ox-L工)L， LDL or phosphate-buff er 

solution (PBS)88 contro1． DNA fragmentation 

was visualized  by agarose geI electrop horesis and 

determined quantitatively using Hoechst 33258 

fluorochrome． RESUL1S： Q‘-LDL， not LDL。 

elicited  typical apoptotic morphological changes 

(shrinkage of cytoplasm and condensation of 

chromatin)and DNA fragmentation in a time-and 

dose-dependent manner． Incubation for 24 h was 

necessary for ox-LDL 200 mg protein ·L一0 to 

induoe DNA fragmentation ，and  the maximaI effect 

reached at 72 h The DNA fragmentation after 24． 

h incubation with ox-LDL at concentrations of 100， 

200，and 400 mg protein-L一。amounted to 6．0 ％ 

(P>0 05)，9．3％ (P<0．05)，and 30．9％ 

(尸<0．01)， respectively vs PBS controI． 

Dextran sulfate，a scavenger receptor blocker and 

cycloheximide ， a protein synthesis inhibitor， 

‘Proj~t suppon。d bythe Nati∞a【Na【ur Sd∞。巳F~ dat[on 

Cbim ，№ 39500058 ＆ No 3920呻 47 

rf∞ Ⅻ ∞∞ to Prof GUO zhao． ． 

Received 19954)9-25 Accepted 1996-03—13 

exhibited  no effect on  DNA fragmentation 

However． antioxide m butylated  bydroxytoluene 

(BHT)20 ixno1．L completely inhibited C ． 

mediated oxidation of LDL as welI as the 

apoptosis·inducing effect of C -exposed LDL 

Lysop ho~hatidyIcholine (LPO )． an active 

component in ox-LDL，at concentration Io 60 

i．~no1．L_。，did not elicit DNA fragmentation jn 

MPM． CONCLUSION：Ox-LDL induoes apoptcsis 

-n MPM without involving  LPC． 

Macmph~es can take upmodifiedlow density 

lipoproteins(IDL)toform foam cel ¨． Asthe 

atherosclerotic plaque develops，increasing number 

of macroohage derived foam cells appear in the 

artery wal1． Some of these macrophages die and 

form thebulk 0f necrotic gruel atits base[21
．  

Apartfrom necrc~is thereis ananothertypeof 

cell death，／e，programmed cell death(PCD)，and 

many pathological conditions an d chemical agents， 

such as an ticancer drugs． hypertherraia an d viral 

infection can induce PcD( · ． 

Oxidized low density lipopmteins (ox-LDL)， 

potent athemgenie lipoproteins， exist in atheto- 

sclerotie lesions ， and can be regarded as 

endogenously biosynthesized cytotoxins ． Its 

po tantial toxicity to endothelial cells and sra~th 

muscle cells was demonstratedts】
．  Ox．LDL 

triggered PCD in lymphoblastoid cellst 
． Th 

study was aimed to investigate whether ox．U]L 

might induce apo ptosis in maerophages． 
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