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Abstrac t: Ostho le, a na tura l coum arin der iva tive, is ex tracted from the fru it o fCnid ium monn ieri ( L. ) Cusson, a thera-

peutic agen t in trad itional Chinese med ic ine. B reast cancer is one of them ost common ly diagnosed cancers and the lead-

ing cause of death in wom en, in deve loped and increasing ly in deve loping countr ies. The ob jective of th is study is to in-

vestiga te the effec ts of O stho le on the proliferation, ce ll cy cle and apoptosis in hum an breast cance r ce lls. Antipro lifera-

tive activ ity o f O stho le w as m easured w ith the 3-( 4, 5-D im ethylth iazo-l 2-y l)-2, 5-d ipheny ltetrazo lium brom ide ( MTT )

assay. F low cytom etry was perfo rmed to observe ce ll cycle distribution and apoptotic body appearance. Our resu lts show

tha tO sthole is e ffective in inh ibiting cell pro life ra tion, prom otingG1 phase arrest and induc ing apoptosis in breast cancer

ce lls. These findings ind icate a need for furthe r eva luating O stho le as an antitumo r agent to trea t breast cancer patients.
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[摘要 ]  蛇床子素是从传统的中药蛇床子的果实中提取的香豆素类衍生物. 在发达国家以及发展中国家, 乳腺

癌是发病率和致死率较高的女性肿瘤之一.本研究的目的是调查蛇床子素对人乳腺癌细胞的增殖、细胞周期以

及凋亡的影响. 蛇床子素的抗细胞增殖活性用 MTT法测定. 细胞周期的分布以及细胞凋亡用流式细胞术测定.

本研究结果表明,蛇床子素对抑制乳腺癌细胞的增殖、促进 G1期阻滞以及诱导细胞凋亡有明显作用.该结果提

示有必要进一步研究和评估蛇床子素在乳腺癌治疗中的作用.
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  Breast cancer is one of the most common ly d iagnosed cancers and the lead ing cause of death in women in

deve loped countries and increasing in deve loping countries
[ 1]
. W ith 1m illion new cases diagnosed in the w orld

annually, it accounts for 18% of a ll female malignancies
[ 2]
. Desp ite its pervasive impac,t the etio logy of breast
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cancer and themechanism that promo tes its progression are not fu lly understood. A lthough lumpectomy, rad iat ion

therapy and hormone therapy have been used for curing breast cancer patients
[ 3, 4]

, recurrence andm etastasis are

ma jo r prob lem s in breast cancer therapy. Therefore, iden tify ing novel drugs for breast cancer is imperative.

O stho le ( 7-m ethoxy-8[ 3-methy lpent 2-eny l] coumarin) , a na-t

ura l coumarin derivat ive ( F ig. 1) , is extracted from a Ch inese herb

Cnidium monnieri ( L. ) Cussw hich possesses a variety of pharmaco-

log ica l properties
[ 5, 6]

. M any pharmaco log ical properties o f O stho le

have been repo rted, inc lud ing an tid iabet ic activity
[ 7]
, ant-i in flam-

mato ry activity
[ 8]
, antinociceptive activ ity

[ 9]
and ant itumor activ-i

ty
[ 10-14 ]

. However, to date, the effect of Ostho le on breast cancer

cells has not been studied.

The present study w as performed to investigate the effects o fO s-

thole on cell grow th, cell cyc le and apoptosis in breast cancer cells.

1 M aterials andM ethods

111 Chem icals

  O stho le w as obta ined from Jiangsu Institu te for Food and Drug Control ( Nan jing, Ch ina) .

112 Ce ll cu lture

Human breast cancer cell line MCF-7 w as obtained from American Type Culture Co llection (M anassas,

VA, USA ) andm ain tained in DMEM med ium ( GB ICO, USA ), supplemented w ith 10% FBS (TheC ellCulture

Company, USA ), 100U /mL penic illin and 100Lg /mL streptomycin. The cellsw erem ain tained in a hum idified

atmosphere of 5% CO2 in air at 37e .

113 Ce ll Pro liferat ion assay

Proliferation o fM CF-7 cells fo llow ing treatmentw ith Osthole w as measured using 3, 4-( 4, 5-dimethylthiazo-l

2-y l)-215-d ipheny ltetrazo lium brom ide (MTT) ( S igma) . Briefly, MCF-7 cellsw ere seeded at a density o f8 000

cells/we ll in a 96-w ell p late, allow ed to adhere overn igh t and then treated w ith various concentration o fO stho le

( 0, 20, 40, 60, 80, 100 Lmol/L ). The ce lls w ithout O stho le treatment w ere used as contro .l A t 36 or 48 h after

treatm en,t 20LL o fM TT dye so lution w as added to each w e l,l and the p latew as incubated for 4 h a t37e . So lu-

b ilizat ion /stop so lut ion ( 150 LL) w as added and incubated for 1 h at 37e and the absorbance at 570 nm was re-

corded using a Synergy 8HT plate reader ( B io-Tek Instrumen ts, W inoosk,i VT) .

114 Ce ll cyc le and apoptosis analysis

36 h after treatmen,t the cellsw ere trypsin ized and resuspended in 70% ethano .l A fter incubation on ice for

at least 1 h, the ce lls w ere resuspended in 1mL o f cell cyc le assay buffer ( 0138 mmo l/L sod ium c itrate, 015
mg /mL RN ase A, and 0115mg /mL prop id ium iodide) at a concentration o f 5 @ 10

5
ce lls /mL. C ell cycle analy-

sis w as carried out by use of FACS Ca libur BD
oR
flow cytometer.

To estimate the number of apoptot ic ce lls, cells w ere fluorescently labeled by add ition of 20 LL of b ind ing

buffer, 5LL o fAnnex in V-FITC and 5LL o f propidium iod ide ( BD Pharm ingen, SanD iego, CA) . A fter the in-

cubation at room temperature in dark for 15m in, cells w ere app lied to flow cytometry ana lysis.

115 S tatist ica l analysis

Results w ere reported as means ? SD, and stat istical analysis w as ob tained using an unpa ired -t tes.t

2 Results

211 O stho le inhibits the pro liferat ion ofMCF-7 ce lls

  To exam ine the effect ofO stho le on the pro liferat ion o fMCF-7 cells, w e perfo rmedMTT assay. A s shown in

F ig. 2, after 36 and 48 h treatm en,t O stho le significan tly inh ib ited the pro liferation o fMCF-7 cells in a dose-de-

)77)

Yang Dapeng, et a:l Effects o f O stho le on the P ro lifera tion, Ce llC ycle and Apopto sis in H um an Breast Cancer Ce lls



pendent manner compared w ith the contro ls ( P <

0105). The g row th of MCF-7 ce lls w as inh ib ited by

12%, 15% , 23% , 31% and 36% w ith the treatment

of Osthole ( 20, 40, 60, 80, 100 Lmo l/L ) for 36 h.

The inh ib ition rate of MCF-7 cell grow th w as 27% ,

35%, 46% , 52% and 69%, respectively w ith the

treatm ent o fOstho le( 20, 40, 60, 80, 100 Lmo l/L ) for

48 h ( F ig. 2)

212 O stho le induces cell cycle arrest inMCF-7 cells

A s shown in F ig. 3, theG1 phase cell population of

contro l w as 40189% . A fter 36 h of grow th, the G1

phase cell popu lation of Ostho le-treated cells increased

significan tly in a dose-dependent manner. Treatment

w ith 100 Lmo l/L Osthole led to G1 phase accumulation by 83187% , and the G1 phase accumulation w as accom-

pan ied by a corresponding reduction in the percentages of cells in S phase ( F ig. 3 and Tab le 1).

Table 1 P ercentage ofM CF- 7 cells in G1, S and G2 /M phase after O stho le treatm ent

表 1 蛇床子素处理后, MCF- 7细胞的 G1期、S期和 G2 /M期细胞的百分比

MCF-7 cel ls Con trol 20 Lmo l/L 40 Lm ol /L 60Lm ol /L 80Lmo l/L 100 Lm ol /L

G1-Phase /% 40. 89 ? 3. 6 50. 95 ? 2. 1 62. 10 ? 5. 01 72. 52 ? 3. 6 82. 44 ? 4. 83 83. 87 ? 3. 78

S-Phase/% 48. 12 ? 2. 3 43. 34 ? 2. 59 28. 29 ? 2. 96 17. 59 ? 3. 4 3. 92 ? 0. 73 6. 50 ? 0. 96

G2 /M-Phase/% 10. 99 ? 0. 39 5. 71 ? 1. 1 9. 61 ? 1. 38 9. 89 ? 1. 64 13. 64 ? 1. 88 9. 63 ? 2. 09
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213 O stho le induces apoptosis inMCF-7 cells

The number o f viab leMCF-7 cells decreased fo llow ing treatment w ith O stho le. To determ ine whether ce lls

w ere undergo ing apoptosis in addition to cell cycle arres,t changes in phosphatidylserine membrane loca lizat ion

w ere ana lyzed by use of annex in V. A s shown in Fig. 4 A and B, populat ions o f apoptot ic cells w ere increased in

a does-dependentm anner w ith the treatment of Osthole for 36 h.

3 D iscuss ion

O stho le displayed an ant-i proliferation function in rat vascular smoo th musc le ce lls, human prostatic cancer

cells and human gastric adenocarc inom a, etc
[ 11, 14, 15]

. Our results ofMTT assay show ed that the proliferation of

M CF-7 cells w as reduced w ith O stho le treatment in a dose dependent manner ( F ig. 2) . The inh ib ition rate for

M CF-7 cell g row th w as 36% w ith Ostho le treatment at 100 Lmo l/L fo r 36 h, wh ile the inhibition rate w as 69%

w ith O stho le treatment at 100 Lmo l/L for 48 h. These results suggest that the proliferation ofM CF-7 ce llsw as in-

h ib ited by O stho le in a time dependent manner.

W e perform ed flow cytometry analysis to character ize the underly ing mechanisms by which O stho le inh ib its

cell pro liferation. Upon treatment w ith 100Lmo l/L Ostho le fo r 36 h, the proportion o f cells in the G1 phase in-

creased to 83183% , be ing remarkab lely h igher than that o f the contro l ( 40189% ) ( F ig. 3) . Therefore, G1

phase arrestm ay be one of the causes wh ich lead to the inhibit ion ofM CF-7 ce ll pro liferat ion byO stho le. Resu lt

of flow cytometry analysis a lso show ed thatO stho le induces apoptosis o fMCF-7 ce lls ( F ig. 4 A and B) . How ev-
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er, them echan ism s by which Osthole induces apoptosis and cell cycle arrest in breast cancer cells need to be

stud ied further. The effects ofO stho le on the prote insw hich are invo lved in apoptosis such as inhibitor of apopto-

sis prote ins ( IAPs) , Bc-l 2 fam ily members, cytochrome-c re lease from m itochondria, changes of m itochondrial

membrane po tentia,l Fas receptor expression, caspases, p53, asw ell as ce ll cycle regu lators such as prote in Rb,

cdk4, Cyclin E, Cydin D1, cdk2, etcw ill be invest igated in the future study.

In summary, Osthole, as an active compound ofCnid ium monnieri ( L. ) Cusson, has been reported to pos-

ses several bio log ical functions. H ow ever, its effects on breast cancer cells have not been studied. H ere, w e

show thatO stho le is effective in inh ib iting cell pro liferation, inducing ce ll cycle arrest and apop tosis in breast

cancer ce lls. B ecause o fO stho le. s d iverse pharmacolog ical activ ities, it has been proposed the possib ility o f its

deve lopment as a prom ising lead compound for drug d iscovery
[ 16]

. Our results prov ide som e o f themolecu lar ba-

sis for further evaluating Osthole as an ant itumor agent to treat breast cancer patients.
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