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C1LL・2(ラットTリンパ球系)細胞における、新しい増殖抑制剤 Saliva

Miltiorrhiza Derivative (SMD)によるアポトーシスの誘導

王銀郷中国湖南省婦幼保健院主治医師科主任

指導者:大谷周造大阪市立大学医学部第二生化学教室

教授部長

SMDは、抗癌作用のある salivamiltiorrhiza (漢方薬)の分子

構造を単純化した合成誘導体であり、構造的にはポリフェノール合

成誘導体に属する。サイトカイン Interleukin-2(IL・2)によq増殖が
維持されるC1LL・2細胞は、 SMDによる増殖抑制作用と、誘導さ
-れるアポトーシスを研究するのにいいモデルとなります。 SMDは

培養細胞の増殖を抑制し、この抑制効果は、 DNA断片化率で測定

されるアポトーシスの誘導と相関する事がわかった。このアポトー

シスの過程では、セリン、スレオニンのリン酸化よりもむしろ 91，80， 

55kDaの各蛋白質のチロシンリン酸化が阻害され、同時にチロシン

キナーゼ活性も抑制され、その結果としてフロテインキナーゼC

σKC)活性の抑制を伴うこと、 即ち PKCは PTKのシグナル伝
達の下流で阻害されるが、プロテインキナーゼAσKA)にたいして
は SMDは効果がないことを示した。 bcl-2蛋白の翻訳、bcl-2mRNA

の発現及び酵素 caspase-3の活性化はダウンレギュレーションを受

けることがわかった。 SMDは Bcl-2の発現と caspase-3の活性

を増加させたが、 PKCの活性化剤である TPA (12・O
Tetradecanoylphorbol13・acetate)は、少なくともある部分で、 SMDで

誘導されるアポトーシスを弱めることができた。以上の結果により、

SMDは新種の細胞増殖抑制剤であり、アポトーシス死を誘導する

チロシンキナーゼの阻害剤であることを明らかにした。
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Abstract 

Saliva miltiorrhiza derivative (SMD) is a simplified synthetic analogue of the principle of active 

sa1iva miltiorrbiza，組dstructurally it belongs to a polyphenol synthetic analogue. The cytotoxic T cell 

泊四世ivenby IL2 (CfLL・2cells) was used as a model to study the antiproliferative potential and出e

development of apoptosis induαd by SMD. We found that SMD can suppre路也ecell prolife前on

但 d也isinhibitory e依 ctby SMD was associated wi也也einduction of apoptosis detected by DNA 

企agmentation assay.τ'his apoptosis process is accompanied by inhIbition of tyrosine 

phosphorylation of about 91， .-80， 55・lillaproteins， rather也組出atof protein serine/threonine 

phosphorylation which dependent on IL2， and suppression of proteinザrosinekinase activity釦 d

subsequently inhibition of PKC activity也atis in downs住eamof PTK without affecting PKA 

activi守，as well as down-regulation of bcl-2 anti-apoptotic protein and bcl-2 mRNA，組dactivation of 

caspase-3 activity. A relation of bax protein levels to apoptosis was not appreci拭ed.TP A， a protein 

kinase C activator was able to a仕enuate也eapoptosis induced by SMD at least in part血ough

increasing of bcl-2 protein expression and inhibiting of casp邸e・3activity. Tak.en together， we 

conclude出atSMD is a novel potent antiproliferative agent and a tyrosine kinase inhibitor出atinduced 

apoptotic cell death in CI工L・2cells. 

Key words: apoptosis， DNA丘agmen旬tion，protein phosphorylation， pro也intyrosine. kinase， 

protein kinase C， protein kinase A， bcl-2， bax， CPP32/Casp部e・3protease. 

2 



τ'he abbreviations used訂e:IL2， interleukin-2; FCS， fe包1(羽町serum;TCGF， T cel1 growth factor 

suppl~ment; CTLL・2cells， cyωtoxic T lymphocyte; PTK， protein t:戸osinekin出e;PKC， protein 

kin蹴 C;PK.A， cAl¥1P-dependent protein kinase (protein kinase A); TP A， 12-Q-Te回dec組 oylphorbo

1 13-a白旬te;SMD， Saliva Miltiorrhiza Derivative. 

Introduction 

Saliva miltiorrhizaρ脳 hen)is a回ditionalchin回emedicine which has been widely use for the 

位ea旬lentof cardiovascular diseases and inflammation for a long time. Saliva miltiorrhiza derivative 

ー.， 

(SMD) is a simplified synthetic analogue of也eprinciple of active saliva miltiorrhiza， structurally， it 

belongs to a polyphenol synthetic analogue. Some studies have indicated出atSMD is回.pableof a 

組討oxidant組 dan anti知moractiviザinvitro(1，2). However， the biochemi回1and pharmacological 

mechanism for the SMD inhibitory effect has not yet been elucidated. 

Apoptosis is the process of cell death relying on both gene induction and protein activation. A 

variety of genes involved in出eregulation of apoptosis have been identified(3). Cells undergoing 

apoptosis display several morphological and biochemical changes， including cellular collapse， nuclear 

chromatin condensation， the formation of vesicular apoptotic bodies and intemucleosomal DNA 

fragmentation.τ'he morphological alterations are accompanied by a varieザofbiochernical changes， 

although the molecular mechanisms of apoptosis訂'estill large unknown. Many signals and extemal 

stimuli regulate也eapoptosis acti吋tyby interaction with a number of proteins and gene products， 

such as transcription factors， Myc， Apaf-l， wild勾pe53 protein and bax were able to induce 

apoptotic cell death. and others bcl-2， bcl-XL， Ras， Rafprevented cells企omundergoing apoptosis( 5・
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6). Numerous disparate age凶， for example toxins， glucocorticoi也， protein kinase inhibitor， 

irradia:tion， growth factor withdrawal and組ticancerdrug induce apoptosis in variety of cell types (4). 

Protein phosphorylation may have multiple roles in也econ位01of apoptosis proc時s(10)釦 d

activation of specific protein凶 asecan in some c阿部凶C岱 protectagainst apoptosis (7). 

Recently， much attention has focused on the role of proteases related to interleukin-1 βconverting 

佃勾me(ICE， renamed caspases )(8，9)釦 dit may be positive regulators in apoptosis. Now many 

experiments have been underscored白atapoptosis回nbe activated by many types of cancer 

chemotherapeutic agents (11，12)釦 dnew出erapeutics回.tegiesa加 tocount町actdysregulation of 

apoptosis by pharmacological intervention. 

C孔L・-2cells are the celllines也atundergo apoptosis upon growth factor deprivation (13). We 

used this cellline to investigate the effects of SMD on the inhibition of cell proliferationぉ itis a good 

model to study apoptosis. .Our purpose in this study was to ascertain the molecular basis in cr工L・2

cells by examining a potent antiproliferative e百ectand the development of apoptosis by SMD in 

r回pectto IL2 induced-cell proliferation， apoptosis phenomenon， protein phosphorylation， protein 

kinases， as well as the alterations of expression of bcl-2/bax， CPP32/Caspase-3 activity. 

Methods and Materials 

Chemicals. Saliva miltiorrhiza derivative (SMD) was synthesized by professor Lianning-Li 

(Institute of Materia Medica， Chinese Academy of MI組問1Sciences) and were kindly provided. 

Recombinant human IL2 were企omShionogi Chmi回 1Indus位協， Ltd・.12-0-Te住adecanoylphorbol
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13・ace也.teσ'PA)was purchぉed企omSigma. Mouse monoclonal anti-phosphotyrosine antibody 

(Clone PY2のwaspurchased from Transd叫

anti-phosphoserine antibody and rabbit polyclonal anti-phospho也reonineantibody were丘om

ZYl¥1ED Laboratories， Inc (Sou出 Francisco，CA). Rabbit polyclonal anti-bcl-2 antiboby (Ab・2)was 

obtained丘omCalbi∞hem (Cambridge， MA). Rぬb社polyconalanti-bax (P・19)was purchased from 

Santa Cruz Biotechnology， Inc. cDNA probe for bcl-2 was kindly provided by Dr Je飴eySklar 

(Stanford University School of Medicine. Stanford， Califo凶 a). [γ.32P] A呼 (3∞OCi/mmol)

組 d.[α..32P] dCTP (3∞OCi/mol) were from NEN (Bosto吋 andAmersham (England)， 

respectivitly. All the other chemicals were of the purest grade commercially available. 

Cell Culture.τ'he cytotoxic T cell line CI工L・2was cultured in a grow出 medium-RPMI 1640， 

10% fe也1calf serum (FCS)釦 d5%r抗 Tcell growth factor supplement (TCG町whichis合om出e

ωlture of rat spleen cells stimulated by concanavalin A (4μg!ml) for 48h. Cells in出eirexponential 

grow出phasewere harvested， washed with RPMI 1640 medium， and suspended at 3.3 X 105/ml in 

出egrowth medium without TCGF in a humidified a回losphereof 95% air and 5% COz for 8・10h for 

starved cells. Then， cells were added to IL・2(100 U/ml) and SMD in the various conc即位ationsfor 

出.efollowing experiments.τ'he viable cells were determined by the trypan blue dye exclusion (14). 

百rreerepresentative fiel也 wereexamined and viability was expressed as也epercen也geof cells 

excluding tryp組 bluedye. 

DNA fragmentation assay.百leintemucleosomal DNA degradation was assay as described 
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previously (15) with slight modification. Briet1y， 1.2 X 106白日swere seeded in 35mm2∞l加re

dishes and位eatedwith different concen位ationsof SMD組 dIL2 (100 U/ml) for di宜erenttimes. Cells 

were harvested and washed wi也 ice-coldphosphate bu百~erred 回出e (PBS). DNA was extracted by 

the lysis buffer (20μ1 of 10皿MEDTA， 50 mM Tris-Hcl (PH 8.0) containing 0.5% (w/v) sodium 

lauryl s拡 osinate組 d0.5 mglml protein錨eK) for 1 h抗50
0

C.A宜erthen， 10μ1 of 10 mglml RNase 

A was added to the each sample， and incubated for further 1 h at 50oC. Reaction was stopped by出e

addition of 10μ110 mME町A.(PH 8.0). Sample were heated at 700C for 20 min._The to凶 DNA

企omeach s細 plewas loaded in 1.2% (w/v) horizontal ag訂'Osegel containing 0.1μ:glml ethidium 

bromide.百legel was run in百 Ebuffer (90 mM Tris， 90 mM borate佃 d2 mM EDTA) at 2.5 v/cm， 

and photographed under UV light. 

Protein kinase Assay. Kinase activiti回 ofprotein tyrosine kinase (PTK) ， protein凶 aseC 

(PKC) and cAMP-dependent protein kinase (PKA) were assessed using a Si伊aTECfTMPTK， PKC 

組 dPKA Assay System Kit (Promega， U.S.A) using PTK Biotinylated Peptide Subs凶 te(for PTK)， 

Biotinylated Peptide Neurogranin (for PKC)叩 dBiotinylated Peptide Kemptide (for PKA) as 

subs位ates，respectively， according to也emanufacturer's instructions. For detec出19the three of 

protein kinase activities in intact cells， the cells were incubated in RPMI 1640 medium位eatedby with 

or without IL2 and SMD for various periods of time (0凶nto 120凶n)and harvested by washing 

wi也 PBS.τ'hecells were lysed by也e位協ctbu低 rto determine the protein kinase activities. For 

measuring the kinase activities in celllysate， the cells仕eatedwith or without IL2 were incubated in 10 

min釦 dlysed by也eextraction buffer， and cen紅ifugated釦 dsave出esupematant. 5μ1 of cell lysate 
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was added to也eReaction Mixture containing DSMO solution of SMD (1μ1) at various 

concenむationsin a final vo1ume of 25μ1 for determining the protein kinase activities， respective1y. 

τ'he biotiny1ated， 32P-1abe1ed peptides were recovered from the Reaction Mixture with the S.AM2TM 

Biotin Cap胞reMembrane and phosphory1ation of the peptides were determined by a scintillation 

counting (LS 6500， Beckm組).Protein concen回，tionwas determined by a Bio-Rad protein assay kit 

(Bio-Rad，悶chmond，VA) using bov恥 serumalbumin as a s回 dard.

Western Blot Analysis. 2.5 X 1伊 cellswere harvested and washed wi也 ice~old PBS，組d

solubilized in a 1ysis bu笹'er(1 % Triton X・100，50mMTris (PH7.4)， 1 mMNaV04， 0.5 mMEGTA， 

200 mM NaC1， 60μglml phenylme出y1su1fony1fluoride (PMSめ， 1.5μglm1 apro出加)by vortexing 

担 dinαlbatingon ice for 10 min.τ'he 1ysates were centrifuged at 1，500g for 10 min， and 

supernatants were白rtherclarified by centrifugation at 100，000g for 30 min.τ'he supernatants were 

saved and the protein contents were determined wi出theBio-Rad protein出sayusing bovine serum 

albumin as a standard. Twenty-forty microgr紐 1S of protein per 1ane respective1y， was 

e1ectrophoresed on 8.75・13.8%po1yacry1amind-SDS minige1s (16) in SDS samp1e buffer. The 

proteins were也entransferred to polyvinylidene difluoride sheet (PVDF membrane; Pall Biosupport 

Division， Port Washington， NY) by e1ec位oblottingat 18V for 1 h. The membrane was blocked for 2・

3 h in a b10cking buffer (3% BSA and 0.25% normal horse serum in TBS).百eblots were detected 

bya凶・phosphotyrosine(1:1000)，釦6・phosphose巾e(1:500)， anti-phosphothreonine (1:500)， bcl-2 

(1:20)釦 dbax (1:200)組 tibodies.B10はedmembrane was incubated with a peroxidase-conjugated 

avidin (ABC kit; Vector Laboratories， Burlinggame， CA)組 ddeveloped in AEC solution (0.8% 
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amino-e也ylα由也ole組 dO.1Ma白也te，PH 5.2). The bands也atreco伊izedby each釦 tibodieswere 

scanned with a laser densitometer. 

Northern Blot Analysis. 5 X106 cells were harv回tedafter位回国entofIL2組 dSMD，組dto凶

RNA was exむactedby也.emethod of the acid guanidinium thiocyanate-phenol-chloroform method 

(17). RNA (20 f.lg/l釦e)was elec位ophoresedthrough a 1 % agarose gel containing 6% formaldehyde 

and blo批 donto a nylon membrane (Hybond-N+ membrane， Amersham)， The membrane was 

prehybridization at 42
0

C for 2 h in a solution containing 50% formamide， 3 X standard sa1ine citrate 
司.

(SSC)， 0.1% SOS， 20 mglml boiled salmon sperm ONA，組d 1 X Denharht's solution. 

Hybridization was performed for 16 h at 42
0

C in出esame prehybridization solution with bcl-2 (18) 

釦 d18s-rONA probe(19).百leprobes were labeled wi也 [α..32p]dCTP using a random ONA 

labelling kit (Amersharn LIFE SCffiNCE， England). After hybrid凶 tion，出emembrane was washed 

出reetimes at 420C for 20 min in 2 X SSPE釦 d0.1 % SOS washing buffer， once for 30 min in 0.1 X 

SSPE叩 d0.1% SOS w邸hingbu百erat room temperature.τ'hen the membrane was su吋ectedto 

autoradiography and the density of each band was assessed semiquantitatively using a laser 

densitometer. The densities of bcl-2 mRNA bands were normalized relative to the value of血e18s-

rDNA. 

Assay of CPP32 activity. CPP32 activity was measured using a CPP321 Casp出e・3Colorimetric 

Protease Activity. Assay Kit (MBL， Nagoya， Japan) according to the recommendations of 

manufacturer (20). Briefly， 2 X 1伊 SMD-treatedCILL2 cells拭血eindicated也newere harvested 
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and washed in PBS， suspended in 50μ1 Cell Lysis Buffer and incubated on i白 for10 min.τ'he 

lysates were cen位ifugatedat 10，000g for 1 min.τ'he equal a血ountsof protein co国entsin each 

samples were incubated wi出subs回 teDEVD-pNA (chromophore p-nitroanilide， 20Qμ問 at370C 

for 1 h.τ'he pNA light emission was monitored using a spe位 ophotometer( DU 640， Beckm担)低

400 nm. Date were expressed錨 absorb組 ceof 400 n皿 wavelength.

Statistical aoalysis.τ'heぬ胞 wereexpr，凶sed錨也eme組 S土SD(Stand訂ddeviation). The 

si伊出伺nceof the experiment date were va1idated using也eStuden's-t test.百ledi首位enceswere 

con~idered as to be significant when p<0.05. 

Results 

1. Aotiproliferative effects of SMD 

Cell viability was investigated to ascertain whether or not SMD c釦 affectthe cell proliferation in 

CTLL・2cells. About 50% of cells died by 16 h after deprivation of IL2 and cell viability is still above 

91 % by 16 h after the addition of IL2， SMD (50μg/ml) plus IL2 caused a markedly reduction of cell 

viability in a出nedependent manner， and almost 50%釦 d70% of cells died by 12 h and 16 h， 

respectively， as measured by tryp担 bluedye exclusion (Fig 1A).τ'he cell viability was inhibited in a 

does-dependent manner (Fig 1B) when IL2 withdrawal or也eaddition of SMD plus IL2.恥 cell

viabi均 wassi伊出cantly凶 ibitedat 20μg/ml SMD (p<0.05). 

2.Effects of SMD 00 DNA fragmeotatioo 

百lehallmark fe細胞 of programmed cell dea也 is也eformation of DNA fragments. Thus， the 
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analysis of DNA企agmentationby ag訂osegel electrophoresis was observed to understand whether 

or not SMD cytotoxic e宜ectwas able to induce apoptosis in cr工L・2cells. Fig 2A shows出atDNA

fragmentation was visible after 12 h of IL2 deprivation， and after 16 h of IL2 deprivation， there was a 

marked intensification in也eoligonucleosomal ladder. However， after 16 h of the cells位eatedby 

IL2， no DNA ladder was observed. When cells were民atedwi也 herbimycinA or SMD plus IL2 

for 12 h ， DNA degradation was induced.τ'he date indicated也atSMD induced apoptotic cell death is 

in a time-dependent血出mer.Fig 2B shows出at也einduction of apoptosis by SMD is in a dose-

dependentm組 ner.At20μ.glml-SMDplus IL2， DNAladderwas appeared組 dat50μ:glmlSMD plus 

IL2，出eintensity of DNA ladder was visible. Otherwise， in the pr白e田 eof IL2組 dO.1%DMSO(a 

vehicle)， no DNA fragmentation was detectable. Taken toge出er，These也tesuggest由atSMD was 

able to abolished the IL・2・inducedprotection against cell death and induced apoptosis in CI工L2

cells. 

3. Effects of SMD 00 proteio phosphorylatioo ioduced by IL2 

τ'he . phosphorylated-proteins were investigated to understand the relationship of protein 

phosphorylation叩 dapoptosis induced by IL2 deprivation or SMD in CILL・2cells. We firstly 

examined the role of phospho・ザrosinecontaining proteins. As seen in Fig 3A and Fig 4A，B， C， 出e

t戸osinephosphorylation of 91， 80佃 d55kDa proteins were dependent on IL2，組dSMD was able to 

inhibit tyrosine phosphorylation of出atproteins. N ext， we detected the pr回enceof serine and 

也reoninephosphorylated-proteins to understand whether or not the serine/threonine phosphorylation 

involved in the cell proliferation induced by IL2釦 dSMD can suppress出国eserine/由民onine
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phosphorylated-proteins. As shown in Fig 3B，C and Fig 4D，E， the serine phosphorylation of about 

46.5kDa pro胞inand threonine-phosphorylation of about 31.5kDa protein were inロeaseda武er

stimulation of IL2， and tbese serineJ threonine phosphorylated-proteins induced by IL2 were not 

inlnbited by SMD.τbese date suggested出atSMD inhibited the tyrosine phosphorylation of proteins， 

however does not affect serine and threonine phosphorylation of proteins which were dependent on 

IL2. 

4. Effects of SMD on protein kinase activities 

Fig 5Ais也etime-course of-protein tyrosine kin国eactivity (円'K)in批凶ctcells， and shows 

出at釦 initialincrease of PTK activity was observed抗 5min and maintaining higher levels by 120 

min in tbe cells仕eatedwith or witbout IL2. However， in tbe cells witb SMD (50μglml) plus IL2， 

PTK activity was underwent lower activiザcomparedwi也intbe cells of minus or plus IL2. Fig 5B is 

the does-response of PTK activity in the cell lysate by direct incubation of SMD at various 

concen位ationsand shows出atSMD inhibited PTK activity in a dose-dependent m創merboth in出e

celllysate with or witbout IL2. SMD substantially inhibited PTK activity at出econcen仕ationof 10 

mglml (p<O.Ol). Fig 6A shows由説 proteinkinase C activity (PKC) by phospholipid activation 

was reduced in the in也ctcells回atedwi血SMD(50μglml)plus IL2 compared to in the cells田ated

wi也 IL2(p<0.05).τbere were no si伊ificantdi宜erenceon PKC activity bo也 inthe intact cells 

t回tedwi也orwitbout IL2. on tbe contrary， PKC activity did not decrease by direct incubation with 

SMD in tbe回目 lysate (p>O瓜 shownin Fig 6B). Fig 7A and B shows出atcA悶 -dependent

protein kinase acti吻 (PKA)in the prl回enceof cAMP was not a低ctedbo出m也eintact cells and 
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celllysate位'eatedby SMD.τ'hese results indicated也拭SMDwas able to inhibit PTK activity both of 

dependent or independent-ll..2. PKC activity was not inhibited directly， but inhibi民dindirectl y by 

SMD. No inhibition of PKA acti吋，tywas observed by SMD in CILL・-2cells，組dsugg凶ted出at

SMD is a protein tyrosine kinase inhibitor. 

5. Effecfs of SMD on the， expression of Bcl-2 homologous proteins and Bcl-2 

mRNA 

To explore the po路iblerole of bcl-2釦 dbax in出eSMD induced-apoptosis， we examined the 

effects of SMD on bcl-2組 dbax protein expressioTh analyzed by westem blot釦 alysis.Fig 8A，B 

shows也拭therewas a significantly increase in bcl-2 protein at 4 h in the cells trested with IL2，組dit 

continued to reach a highest level up to 12 h， and出enbcl-2 protein subsequently underwent 

decrease. Bcl-2 protein was suppressed when SMD was added in the cultures. Fig 9A，B shows the 

detectable levels of bcl-2 protein began to be decreased by SMD (10・20μ:g1ml)田a回e叫 andthe 

inhibitory e百ectof SMD on bcl-2 protein was in a dose -dependent m叩 ner.As indicated in Fig 10， 

the incubation of CILL・-2cells without IL2 which was similar to SMD-induced apoptosis or with IL2 

failed to induced a change in bax expression， indicating出atthere is no alteration in bax protein 

expression on出eapoptosis proce岱 inCfLL・2cells. We further examined the level of bcl-2 mRNA 

by northem blot analysis in order to determine whether批 suppressionof bcl-2 protein is due to a 

decrease in bcl-2 molecules. As shown in Figure 11， there was a significantly decrease in bcl-2 

mRNA expression in the cell incubation either without IL2 (1釦 e1)or with SMD plus IL2 (1ane3) in 

comparison to IL2 alone (1ane2). 
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6. Effect of TPA on apoptosis induced by SMD 

τPA(pho由01ester， 12・0・Te回decanoylphorbol13-ace包te)is a protein kin蹴 C(PKC) activator， 

as well as considered as a promoter carcinogen. Some studies demons位ate也atPKC activator inhIbit 

apoptosis (21-23). So也拭weinv剖 gatedwhe也eror not TP A is able to bl∞k DNA fragmentation 

induced by SMD. As shown in Fig 12， the cells紅白tedwi也 20μ:glmlSMD showed some DNA 

fragmentation appeared (1釦e3)，釦dTP A inhibited this DNA fra伊 entation(1組 e4).In co曲部t，τ'PA

did not block DNA fragmentation induced by 50μglml SMD (1ane6).百 e白teindicated也ほTPA

have an inhibitory effect on血e;apoptosisinduced by，SMD at dose of 2Qμglml. N ext， we examined 

出eexpression of釦 6・apoptoticbcl-2 protein組 dcaspase-3 activity to釦rthercharacterize some 

mechanism in TP A blocked-apoptosis. As shown in Fig 13A，B， western blot analysis revealed出拭

百 'Acould restore恥凶ibitionof bcl-2 protein expression caused by 20μ:g!ml SMD (lane 4). Fig 

14shows出at也ecaspase-3 activity was increased after the withdrawal of IL2 and trea回 entofSMD 

either 20μglml or 50μglml(p<0.01) in comp紅isonwi出正2位ea回lentalone. TP A restored the 

increase in caspase-3 activity caused by 20μ.glml SMD (p<0.05)， however， did not reve路e出e

elevation of cぉpase-3activiザ紅白tedby 50μg!ml SMD (p>0.05).τ'hese results indi印刷出.at

c.asp出e・3activity is involved in apoptosis process and TP A was able to attenuate apoptotis cell death 

at least in part出roughinロeasingof expression of bcl-2 protein and inhibiting of caspase-3 activity in 

cr工L-2cells. 

Discussion 
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Apoptosis c釦 beinduced by diverse signaling pathway in a v訂ietyof ce11 lineages. In this report， 

we investigated the mechanism of antiproliferative e首ectof SMD ( a new polyphenol syn也etic

analogue) and found也atSMD can suppress tyrosine kinase acti吋ty組 d也eα11proliferation.百lis

inhibitory effects by SMD were associated with the induction of apoptosis. DNA企agmen阻tionis 

widely used to assess apoptosis. The pr凶entstudy shows由説DNA企agmentationwas observed in 

time釦 ddose-dependent m祖国r，組dr，内山edat 1ωt 12h組 d20岬'mlof exposure ωSMD after 

血eaddition of IL2 (Fig 2).百lIsis consistent with the time and dose-fashion of inhibition of ce11 

viabiliザasassessed by町p組 bluedye exclusion (Fig 1). 

τ'he protein phosphory lation is by far the most common mechanism for posttranslational regulation 

of protein function， therefore， the role of protein phosphorylation during apoptosis have been 

described in many reports. Ohoka釦 dcoworks have demonstrated， using okadaic acid，出atprotein 

dephosphorylation is an essential step for glucocorticoid-induced apoptosis in murine T-cell 

hybridomas (24). A correlation has been observed between the dephosphorylations of protein by 

downregulation of cPKC and the induction of apoptosis in prolongωlture of promonocyte leukaemia 

ce11s (U937 cellの(25).During Fas-mediated apoptosis， t戸osinephosphorylation at about 56・60，70 

and 100-110印 awas increased in a human T-cellline (26). Barkett et al. have documented出at

cleavage of 1κB-alpha by CPP32 was blocked by se由lephosphorylation of 1κB-alpha (2フ).

Exposure of U936 ce11， a human myeloid leukemia ce11 line to etoposide stimulated出et戸osine-

phosphorylation of 30 and 60 kDa proteins in etoposide-induced apoptosis (28). It is well known 

制 IL2receptor (IL・2R)have in回ce11ulardomain to which associates an in凶 sicprotein-tyrosine 
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kin部 e(町玄.)(29). Tumer et al. reported出at出eactivity of se出 e/1出reoninespecific Raf・1凶lasec叩

be regulated by tyrosine phosphorylation in CfLL・-2cells (30).百us，tyrosine phosphorylation is 

considered 0茸en∞cur回rlyin signalling回 S回d凶恒也em釦ysurvival factor receptors， and也en，

血.eireffect伺 nbes位onglyamplified via， e.g.， serine/l也reoninekinases (10). In our study， we have 

demons位ated出atof出回ephosphorylated-proteins， the about 91， 80 組 d55kDaザrosine

phosphorylated-proteins， 46.5kDa serine phosphorylated-protein 佃 d 31.5kDa 也氏onine

phosphorylated-protein were dependent on IL2 in C孔L-2cells， and implied也atthe cell proliferation 

in IL2-driven C孔L-2cells is involved in bo也 tyrosinephosphorylation組 dserine/也reonine

phosphorylation pathways. A1l of t戸osinephosphorylation of about 91， 80釦 d55kDa proteins 

which were dependent on IL2 were suppressed in SMD-induced apoptosis process， althrogh出e

nature of these proteins are as yet unidentified. Our findings suggested出atSMD induced apoptosis 

出rough the inhibition of tyrosine phosphorylation ra出er 出組出at of serine/threonine 

phosphorylation， and tyrosine phosphorylation play組 importantrole on出eapoptotic process in 

SMD-induced apoptosis. 

We next examined the effects of SMD on protein phosphorylating enzymes-protein kinase 

activities in order to explore the possible role of protein kin邸時 becauseSMD could affect批

t戸osinephosphorylation proteins on apoptosis process induced by SMD in cr工L・-2cells. Many 

studies have been shown出attyrosine kinase activity can凶ggerthe cell proliferation and apoptosis 

process in multiple cells.百lePTK inhibitors， herbimycin組 dgenistein prevented the radiation-

induced phosphoryl拭ionand inhibited apoptosis， and suggesting出atprotein tyrosine kinases playa 
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pivo凶 rolein也eapoptosis induced by radiation (31). Bae et al， re印ntlyreported出at也eprotein 

tyrosine kin出eactivation is required for upregulation of Fas ligand (FasL) expression and 

subsequent mediation of Fas death signaling account for aburatubolactam C (a novel inhibitor of 

supperoxide anionic generation) induced勾optosisin Jurkat cells (32). In the present study， three of 

protein kin蹴 acti樹凶 wereinvestigated， protein t戸osine凶 ase印刷ty(Pτ'K) which are 

r凶ponsゐlefor less出an1 % of protein phosphorylation within cells; and two serine/threonine 

kinases， protein kin蹴 C(PKC)組 dcAMP-dependent protein kin蹴 (PKA)activities. We found也at

SMDsi伊出回目inhibitedPTK activiザbythe co脱出副onof 10.μg/ml. on the other hand， SMD did 

not affected PKA activity and PKC activity in the celllysate， al出oughwhen exposing in也ctcells to 

SMD， PKC activity was inhibited. Thus， suggesting出atSMD may act through inhibition of protein 

tyrosine kinase activity， and subsequently suppressed PKC activity出atis in downs仕eamof PTKto 

induce cell apoptotic death. Our finding also indicated也atSMD is a novel protein tyrosine kinase 

inhibitor. 

τ'he bcl-2 family including its homologues，釦d回spasefamily of cysteine prote鎚esplay import釦t

roles in regulating apoptotic cell death induced by a varieザofstimuli in mammalia cells (33・36).Bcl-

2 gene f;出nily，ac白19拭acen回1checkpoint in也eapoptotic pathway， can suppress apoptosis. while， 

caspase family of cysteine protease facilitate apoptosis也atfunctional site is in出edowns位eamofbcl・

2 inf1uence (37). In this study， we examined也eeffect of SMD-induced apoptosis on the叫 ression

ofbcl-2組 db鉱.We found出拭aobvious amou出 ofbcl-2 protein (Fig 8，9)釦 dmRNA(日g11) 

were seen after 12 h of位eatmentwith IL2. However， both bcl-2 protein and mRNA were inhibited 
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by SMD trea回lent.In contrast， bax protein was not ch釦 gedwhen the cells exposure to IL2 

depriv:ation or位回国entof IL2 or SMD， suggesting也atSMD induced apoptosis也IOUghthe 

alteration of bcl-2 protein level and mRNA expression， but not也Iough也atof bax protein level.τ'he 

date presented herein argu国也eratio of出eexpression of bax to bcl-2 play a predomin組.trole in出e

apoptosis process， up-regulation of b鉱 ordown-regulation of bcl-2 facilitat回 apoptosis(38). 

Recently， in some system， bax binding bcl-2 was not su箇cientto prevent apoptosis叩 d也e

overexpression of bcl-2 or bcl-XL can repress apoptosis in批 absenceof bax (39，40). These 

observation are concomitant with our findings.百lemechanism of bcl-2 on anti-apoptotic properties 

has also been elusive. Bcl-2 is considered as a phosphoprotein. It may be regulated by 

phosphorylation (41，42). Bcl-2 prevent apoptosis also伽 oughblocking cytochrome C release from 

mitochondria (43). We ne泣 measuredcaspase-3/CPP32 activity to understand whether or not caspase 

family of cysteine proteins contribute to也eapoptosis process induced by SMD in C孔L・-2cells， 

because overexpression of出岱epro同 ses企eq町 ltlyresults in apoptosis (44) and bcl-2組 dcaspase 

inhibitor can abrogate the activation of caspase leading to cell survival(37). Rescently， Hughes et al. 

reported出atdisruption of the natural K + elec甘'ochemicalgradient suppressed出eactivity of both 

回 spaseand apoptosis induced by glucoco吋coiddexamethasone， thapsigargin佃 dstaurosporin (36). 

Inpr回entstudy， we shows血at釦 increasein caspase-3 activity in response to both IL2 deprivation 

組 dSl¥1D・岡田entwas observed (Fig 14).τ'hese results suggested版図spおか3protease is 

involved in the apoptosis process in C孔L・-2cells， although the involvement of lCE family proteases 

other出ancaspase-3 on the apoptosis proce路 isnot yet cle訂.
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Protein kinase C (PKC) is in白natelyinvolved in也eregulation of cell proliferation and cell 

survival (45). TP A， a protein kin蹴 Cactivator， have been reported to pro包ctseveral celllin回企om

apoptosis induced by a variety of agents (46，47). our studies shows也atPKC activity was inhibited 

出roughsuppr回singPTK acti吋tyin apoptotic cell death by SMD組 dτ'PAロna伐enuateapoptotic 

cell death induced by SMD.τ'his was interpreted to be due to PKC activation. N ow it is uncle紅白at

why activation of PKC blocked apoptosis induced by different agents. A correlation has been 

observed between the dephosphorylation組 ddownregulation of cPKC and the induction of 

apoptosis，叩dsuggesting PKC'provides a survival si伊 l血at叩 besupplied by PKCαalone (25). 

Knox et al (48) reported出atthe PKC isozyme dis回butionare associated wi出血 regulationof 

apoptosis in s回.tifiedsquamous epithelium and coincident wi白血epr回enceof bcl-2 protein. We 

also shown出at胃 'Areduced the extent of cell death at 1回stinP訂tby increasing the expression of 

出ebcl-2叩6・apoptoticprotein and inhibi白19of casp凶e・3activity. our observations訂econcomitant 

with above reports. 

In summary， in出isstudy， we conclude出atSMD possesses potential antiproliferative activity也at

rapidly induces apoptotic cell death in CTLL・2cells.τ'his apoptosis proc回sis correlated with the 

inhibition of protein tyrosine phosphorylation， protein tyrosine kinase and subsequently suppression 

of protein kinaes C出atis in downstream of PTK wi出outaffecting PKA activity，ぉ well鎚出e

decrease in bcl-2 protein釦 din口問sein cぉp出e・3activity，叩dsuggesing出atSMD is a protein 

-tyrosine kinase inhibitor and expected to be a promising candidate for novel antiproliferative 

therapeutics. Our results also imply血atmultiple parallel and possible independent apoptotic pathway 
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exist in CTLL・2cells ra出er出組asingle linear pa出way.
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Fig 1. Effect of SMD on the cell viability in CTLL・2ceIIs.τbe cells in the exponential 

growth were harvested and starved in也efresh RPMI 1640 wi也 10%FCS without TCGF for 8・10

h. SMD were added to the culture for 30 min before the addition of IL2. Viable cells were measured 

by句P組 blueexclusion. D鳩町田租土 SDof出reedeterminations. (A)阻netiα.t p<0.05釦 d

tt p<0.01 comp訂edto time 0 h. * p<0.05佃 d村 p<0.01compared to IL2 alone at each ti血epoint. 

(B) Dose-response.本p<0.05釦 d* *p<0.01 compared to IL2 alone. 

Fig 2. Effect of SMD on DNA fragmentation in CTLL・2c e 11 s. The cells were incubated 

and harvested after the addition of SMD and IL2 for ag訂osegel electrophoresis analysis as described 

in Materials and Me出ods.(A) kinetiω. SMDis 50μg!ml， and Herbimycin A (Hb A) is 0.25μM/ml. 

(B) Dose-response.百 e. cells wereωl旬redup to 16 h. Lane 1: without IL2， Lane 2: wi也IL2，Lane

3: Herbimycin A (0.25，uM!ml) plus IL2， Lane 4: 0.1 % DMSO plus IL2， Lane 5: SMD 0.5μg!ml plus 

IL2， Lane 6: SMD 5μg!ml plus IL2， Lane 7: SMD 10μg!ml plus IL2， Lane 8: SMD 20μg!ml plus 

IL2， Lane 9: SMD 50μ:g!ml plus IL2， Lane 10: SMD 100μg!ml plus IL2. 

Fig 3. Effects of IL2 and SMD 00 tyrosioe， serine and threooine phosphorylated-

proteins in CTLL・2cells.百lecells were incubated stimulated with IL2 and SMD and harvested 

at 10 min. Cellular proteins were ex回cted叩 dsepar蜘 dby SDS-PAGE elec住ophoresis.百le

tyrosine， serine and threonine phosphorylated-proteins were detected by westem blot analysis with 

組 ti-phosphotyrosine，anti-serine and anti-threonine antibodies as desロibedin Materials and 

Methods. M: Molecular size of protein was measured using Protein Molecular Weight Marker出血e

st釦 d訂d.百leresults are企omthree independent experimen箇.(A) Protein t戸osinephosphrylation. 

(B) Protein serine phosphorylation. (C) Protein threonine phosphorylation. 
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Fig 4. The extent of tyrosine， serine and threonioe phosphorylated-proteio was 

meas~red by a laser deositometer. (A) Phospho勾rosine91 kDa protein. (B) Phospho-

tyrosine 80印 aprotein. (C) Phospho勾rosine55 kDa protein. (D) Phospho・serine.46.5印a

protein. (E) Phospho・threonine31.5kDa protein. 

Fig s. Effect of SMD 00 protein tyrosine kinase activity (PTK) io CTLL・2ceIls. (A) 

E百ectof SMD on PTK activity in in旬ctcells. SMD (50μglml)組 dIL2 were added to the cell culture 

at 370C in the indicated也neto me弱urePTK activity as described in Materials and Methods. 

*p<0.05，村p<0.01and op>0.05 compared to IL2 values at each time point. tp<0.05担 dt p>0.05 

compared to也ne0 hr. (B) Effect of SMD on PTK activity in the cell lysate. NS not significant 

difference and ** p<0.01 compared to with or without IL2 values， respectively. 

Fig 6. Effect of SMD on protein kioase C activity (PKC) io CTLL・2cells. (A) 

Effect of SMD on PKC activity in intact cells. SMD (50μglmりandIL2 were added to the cell culture 

for 10 min at 37
0C and harvested to detect PKC activity as described in Materials and Methods. 

**p<0.05叩 dNS p>0.05 comp訂edto IL2 values. (B) Effect of SMD on PKC activity in the cell 

lysate. t not signifi回ntlydi百erentcompared to without IL2 values. 

Fig 7. Effect of SMD 00 cAMP-Depeodent Protein Kioase Activity (PKA) io CTLL-

2 ceIls. (A) Effect of SMD on PKA activity in intact cells. SMD (50μ:glml) and IL2 were added to 

the cell culture for 10 min at 370C and harvested to detect PKA activity笛 describedin Materials and 

Me出ods.τ'herewas no si伊追cantdi百erencein each groups (p>0.05). (B) Effect of SMD on PKA 

activity in the celllysate. t not signifi伺ntlydi百erentcomp訂edto without IL2 values. 
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Fig 8. Time-course of SMD effect 00 the expressioo of bcl-2 proteio io CTLL・2

celIs. SMD (50μglml)組 dIL2 were added to也.ecultures， and the cel1s were incubated and 

harvested at indicated血 esto detect the level of bcl-2 protein. (A) Westem blot analysis. (B) 

Densitome凶canalysis of bcl-2 exprl白sionusing a laser densitometer. 

Fig 9. Dose-respoose of SMD effect 00 the expressioo of bcl-2 proteio io CTLL・2

cells. SMD at indicated concentrations佃 dIL2 were added to也.ecultures.τbe cel1s were incubated 

組伯郡白ted司 12h for the detection of bcl-2 protein. (A) Westem blot組 alysis.(B) Densitome位ic

analysis of bcl-2 expression using a laser densitometer. 

Fig 10. Effect of SMD 00 the expressioo of bax proteio io CTLL・2ceIls. SMD組 d

IL2 were added to the cultures， and the cells were incubated and harvested at 12 h for the detection of 

bax protein. (A) Westem blot analysis. (B) Densitome仕icanalysis of bax expression using a laser 

densitometer. 

Fig 11. Effect of SMD 00 the expressioo of bcl-2 mRNA io CTLL・2cells. The total 

RNA was isolated企omthe cells位eatedby SMD釦 dIL2 at 12 h. mRNA was analyzed by Northern 

blot analysis. (A) Northern blot hybridization of bcl-2 mRNA. Lane 1: without IL2， Lane 2: wi也

IL2， Lane 3: SMD 50μ:glml plus IL2. (B)百lerelative amou略 ofbcl-2 mRNA expression， as 

determined by a laser densitometer， and standardized to the amount of 18s・cDNAmRNA and 

expressed in arbi位aryunits. 

Fig 12. Effect of TPA 00 DNA fragmeotatioo io the apoptosis ioduced by SMD. 

SMD was added to the cultures for 30 min before the addition of IL2組 dTPA.百lecells were 

incubated and harvested at 16 h. DNA企agmentationwas analyzed鎚 describedin Materials and 
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Methods. Lane 1: wi出outIL2， Lane 2: wi也 IL2，Lane 3: SMD (20岬 'ml)plus IL2， Lane 4: SMD 

(20μg!ml) plus IL2組 dTPA (0.05μM Iml)， Lane 5: SMD (50μg!ml) plus IL2. Lane 6: SMD (50 

μ:g!ml ) plus IL2 and百'A(0.05μM/ml).

Fig 13. Effect of TPA on the expression of bcl-2 protein in the apoptosis induced 

by SMD. SMD (20μg!ml)， IL2 and TP A were added to the cultures.τ'he cells were incubated and 

h訂 V岱tedat 12 h for the detection of bcl-2 protein. (A) Westem blot analysis. (B) Densitome位ic

analysis of bcl-2 expression using a laser densitometer. 

Fig 14. Effect of SMD and TPA on caspase-3 activity in CTLL・2cells. SMD， IL2 and 

TP A were added to the cultures.τ'he cells were incubated and harvested at 16 h to meぉurecaspおか3

activity鎚 describedin Materials and Methods. *p<O.Ol comp訂edto IL2 alone. tp<0.05 compared 

toSMD20μg!ml plus IL2. ttp>0.05 comparedωSMD50μg!ml plus IL2 . 
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