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3)上記の培養細胞での成果をil1 vivoに応用する為、動脈硬化の動物mαIclを作る。 ct-動態の修飾
操作の視点から血管平滑筋細胞の増殖と reslenosisを抑制する。八八Vを用いて、 s-ga1を町>orler
I!:mcとして凶の動脈硬化nxxlclの頚動脈に遺伝子を導入する。 IP3R，、 lP3R3、内JI町Jl、電位依存性
とa24channcl、細胞膜Ca20plUnp、問Iseq¥悶凶n等の発現をanliscnscDNAでi】10ckし、細胞増殖の抑制
能力を評価し、効率の良い方法を見つける。

4.研究指導者の意見

この一年間、貴協会から研究助成を頂きまして、本当に有難うございました。陳潔さんは 94年8
月から客員研究員として本内科に私費留学していました。その時、経済的困難を克服し、日本語を勉
強しながら研究技能を学びました。 97年 4月大学院に入学し、血管内皮細胞と血管平滑筋細胞の相
互作用の分子機序の研究に従事しています。この数年間、彼女が毎週の月曜から日曜まで、研究室で
自分の研究課題に没頭に取り込むでいます。
現在、彼女は:1 )細胞内IP3受容体抗体や加lis回目を細胞内にマイクロインジェク泊ン法で直接注入、細胞

機能に傷害を与えずに蛋白機能や発現をする実験を行い、既に一部は成功して去年の米国心臓学会で
発表しました。 2)又、その7イク阿ンシ.~~ションの欠点を見つけ、直接にanLisellse DNAのconslructveclor-
を自分で設計と作成し、細胞内に仕ansfcclionし、大量のanlisense DNAを発現させ、細胞自身からの
目的蛋白質のmRNAの翻訳を遮断する。本法は従来遮断薬剤が無ければ解析が不可能だった既法の欠
点を本質的に解決する画期的な薬理学的手法となります。 3)更に、研究室の同僚と協力して、内皮
細胞内1P3・inducedCa2'陀 1e.，se、cnpacilalIvcC，2. cnlryと一般化窒素三者間の短期間の相互調節に関する
研究を完成し、現在投稿中である。 4)その他、彼女は同僚と協力して、内因性一酸化窒素は血管平
滑筋細胞内 l型1P3受容体と1P3・indll似 lol'同 1回scをdowll-gcgulaleして血管平滑筋細胞増殖を抑制する
との新しい信号伝達系を証明しました。 1(11管平滑筋細胞増殖における 3型IP3受容体の役割も解明し
ました。従って、彼女がこの一年間に従事している研究も大詰めの段階に来て、その結果をこっか三
つの論文にまとめ、来月中に投稿予定であります。留学生として良〈頑張りましたと思います。

~.→阿只q-ノ
研究指講者氏名 戸- .Jい jノ ⑮ 

5.研究報告

別紙形式を参考に、報告本文4000字以上で報告して下さい(枚数自由・ワーフ.ロ使用)

タイトル・要旨等は日本語で、 KEYWORDS以下は日本語或いは英語で記入して下さい.

研究成果の発表予定がある場合は発表原稿・抄録集等を添付して下さい。

論文発表に当っては、日中医学協会一日本財団補助金による旨を明記して下さい.



研究テーマ:血管平滑筋細胞内イノシトール三リン酸誘発性Ca2+放出と細胞増殖にお

ける lと3型イノシトール三リン酸受容体の異なる役割の解明

研究者氏名:陳潔

中国での所属、役職:上海中医薬大学附属龍華病院内科 医師

日本での指導者氏名、所属、役職:豊岡照彦、東京大学医学部第二内科教授

要旨:ホルモンと成長因子等はG-蛋白質又はtyrosine-kinaseと繋ぐ受容体を刺激す

る事によって細胞内Ca2+ 動態信号を介して細胞増殖を制御する。イノシトール三リン

酸受容体チャンネルを介するイノシトール三リン酸 (IP:J誘発性Ca2+放出 (IICR)は細胞

内重要なCa2
+動態信号です。免疫染色法で血管平滑筋細胞には、 1型(IP3Rl)と3型

(IP3~) イノシトール三 1) ン酸受容体が存在する事を示した。しかし、そのIP3Rl と IP3~_

はea2.!-動態と細2匙増殖における役割が不明である。血管平滑筋細胞の異常増殖は高血圧、

動脈硬化、及びPTCA治療後冠動脈再狭窄の成因となっているので、 IP3RlとIP3R3は細

胞増殖における役割の解明は基礎医学に限らず、臨床治療法の開発にも急務である。培

養の血管平滑筋細胞内にIP3Rl と IP3~に対する特異的機能抗体を微注射すると、 IP3Rlに

対する抗体だけがvasoprl回sinに対するIICR反応を抑制できた。 IP3RlとIP3R3のantisense-

遺伝子をvectorに差し入れ、血管平滑筋細胞に導入し、細胞自身からのIP3RlとIP3R3の

m陪 -lAの翻訳を遮断し、 30-40%のreporter vector(GFP)の陽性細胞ではIP~l と IP3~の発

現を阻止した。 IP3Rlの場合、機能的に細胞のvぉopressinに対するIICR反応と細胞増殖

を部分又は完全に抑制した。 IP3~の場合、細胞のvasopressin に対する IICR反応と細胞

増殖を抑制しなかった。しかし、 IP3F弘のantisense 遺伝子を安定的に細胞内へ導入した

∞loni回はthapsigarginに対する容量性Ca2.!-流入反応は低下し、細胞増殖も減速した。血

管平滑筋細胞では、 IP3R lは IICR反応と細胞増殖に重要な役割を果し、 IP3~は直接

IICR反応に影響せず、長期的に細胞増殖に一定の作用を有する。

KEY WORDS: Inositol 1，4，5-trisphophate receptor， C計 dynamics，Proliferation， 

Vascular smooth muscle cells， Antisense DNA， Transfection 



1P3 receptor and proliferation in vascular smooth muscIe cells Chen， etal. 

Different Role of Type-l and Type-3 Inositol 1，4，5圃

Trisphosphate Receptors In Inositol 1，4，5・
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SUMMARY 
Stimulation of G-protein or tyrosine-kinase coupled r，舵eptorby hormones 

or growth factors regulates ceII growth through the way of intraceUular Ca2+ 

(Ca2+j) signaIing. Inositol 1，4，5・trisphosphate(IP 3)・inducedCa2+ release 

(IICR)血roughIP 3 receptor channel is an impor胞nttrigger for the Ca2+j 

handling. In VSMCs， type-l (IP3R1) and type-3 (IP3R3) IP3 r民 epωrare 

detected by immunoblotting. However， their contribution for Ca2+ handling 

and ceII proliferation is unclear. In this study， only the functional antibody to 
IP3R1 (IP3RIAb)， but not the antibody to IP3R3 (IP3R3Ab) microinjected into 

A7R5w錨 capableto block the vasopressin-induced IICR. Transfection of the 

antisense-DNA coincided with IP3R1 and IP3R3 gene into A7r5 successfuIIy 

blocked the expression of the receptors in 30・40% 仕ansfected celIs. 

FunctionaIIy， expression of IP3R1 antisense DNA inhibited completely or 

partiaIIy IICR and ceU proIiferation. Blockade of the expre回 ionof IP3R3 
antise郎 eDNA neither significantIy changed an agonist induced IICR， nor 
effected ceII growth. But， the stable colonies transfected with IP3R3 antisense 

DNA demonstrated a decrease in capacitative Ca2+ entry r，回ponse to 

thapsigargin and slow in ceII proIiferation. It is concIuded that in VSMCs 

IP3R1 plays a more important role than IP3R3 in the agonist-induced IICR and 

ceII proliferation. 

KEY WORDS: Inositol1，4，5-trisphophate receptor， Ca2+ dynamics， Proliferation， Vascular 

smooth muscle cells， Antisense DNA， Transfection 
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INTRODUCTION 
ln many cells， hormones， neurotransmitters， and growth factor stimu1ate a receptor 

coupling with G-protein or tyrosine-kinぉeand activate由ephospholip邸 eC. Phospholipase 

C ca凶 yses出eproduction of inositol 1，4，5・trisphospha隠(I円)from membrane lipid 

phosph剖idylinositol4，5-biphosphate (1). IP3 is a second messenger to cause 1時induced

Ca2+ release (IICR) from the intemal Ca2+ store. IICR forms釦 initialin回 αllul訂 Ca2+

(Ca2+j) rise and is also釦 important出ggerfor the subsequent c叩acitativeCa2+ en句 (2-3).

The Ca2+j rise caused by II CR is由emost versatile and universal signalling and is crucial for 

controlling f ertilization (4-勾，development(6)， differentiation (7)， and cell prolifer柑on(8， 9). 

ln mammals， there are at least也氏edifferent lP3 receptor gene， each of which， in tum， is 

spliced into 伽 eeisoform respectively at least (10). ln most 0培an，several types of 1円

receptors are coexpr回 sedat different ratio⑤ (11). Of three types， type-l (IP3~1) is most 

gene凶 lydistributed (10). In central nervous system， IP3R1 is a predominant type and is 

proven to be essential for the development of growth cones (1O， 12). While type・3(lP3~) 

wou1d play a role in store-operated or capacitative Ca2+ entry， inS叫insecretion in p釦 creatic

islets， and initiation of Ca2+ signalling (13・1ηHowever，in nonexcitable cells， their 

con住ibutionsto proliferation are uncl回 r.

In vascular system， we detected only IP3R1 in endothelial cells and both IP3R1釦 dIP3R3 

in smooth muscle cells (VSMCs， our unpublished data， 18). Although it is repor凶 thatboth 

11 CR and Ca2+ーinducedCa2+ release (CICR) mechanism are operated for Ca2+ dynamics in 

VSMCs， we found that only IICR is a dominant way for intemal Ca2+ in A 7r5. A few 

fundamental studies showed IP3R1 and IP3R3 have different aftinity to their receptor and訂e

differently regulated by Ca2+ (11， 19・21). In this study， we aimed to clarify the functional 

differences between IP3R1 and IP3R3 in 'Ca
2+ handling and in cell proliferation. Since the 

proliferation of VSMCs is a key step in the pr，∞ess of arteriosclerosis，回peciallyduring 

coronary restenosis after angioplasty， elucidation of these differences are very meaningful (22・

25). 

We succeeded in blocking the vasopre回in(VP)・inducedCa2+j response by microinjection 

of specific IP3R1 Ab and IP3R3Ab in A 7r5. However， it wぉ afailure to follow the growth in 

出emicroi可印刷cellsdue to the difficulties in determining the position of印刷ectedcell and 

the possible cell damage. Furthermore， we transfected two types of antisense DNA coincided 

wi白出egenes of IP3R1 and IP3R3' respectively， into VSMCs to bl∞k the expression of the 

receptors. Under the guidance of cotransfected green fluorescent protein (GFP) which has 

been proven to be a stable reporter， we found the antisense DNA to IP3R1 gene partly or 

completely block IP3R1 expression and inhibit IICR in 4Qqもsuccessfully-transfectedcells. In 

those IICR-inhibited cells， we observed the stop in cell proliferation by serial 

photomicrographs follow. While 35% transfected cells with the antisense DNA to IP3R3 gene 
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showedap訂 tlyor completely blocked expression of the recepto工 However，the blockade had 

no effect on VP-induced I1CR and also did not signifi伺 ntlychange the cell proliferation. In 

stable transfection colonies with IP3R3 antisense-DNA， the cell showed a slow cell 

proliferation. 

MATERIAL AND METHODS 
Cell Culture 

VSMCs(A7r:.りweregrown釦 dpぉsagedin Dulbecco's modified回 glemedium (Dl¥1Et¥の

containing 10% fe凶 bovine田rum(同S)and 1% antibiotic-antimycotic (GibcかBRL)，ぉ

described previously (26・29).They were seeded in a dish made of fluorescence-free glass 

chamber for microi吋ectionand出e出回yof Ca2+i' In the伺 seof transfection and 

photomicrographs monitoring， the cells wぉ seededand cul tured on a CELLocate coversli p 

(Eppendo.ザ:175μm in diameter) which wぉ placedin出echamber. In the cぉeof s助 le

transfection， they were cultured in a dish of 10 c加 indiameter. The cells of 4-12 Pωsages 

were used in the study. 

AntiboのPreparationand Immunoblotting 

Three peptides were synthesized a<∞ording to the amino acid sequence of the cytosolic C-

terminal domain deduced from the cloned cDNA of human type-I (IP3R1)，・U，and -III IP3 

receptor. The sequence GHPPHMl吋VNPQQfort)やか1is preserved in most species including 

human， rat， mouse， and Xenopus∞cyte， and is working for Ca2+ re岡田 (5，6， 30). The 

employed amino acid sequenc回 fortype-II and -III were LGSNTPHYNHHt...，伊PH組 d

RQRLGFVDVQNClSR， respectively. The sequences of the co汀回pondingdomain in rats are 

identical except for substitutions of the underlined residues. All polypeptides were synthesized 

with an additional cysteine at由eirN・orC-terminal to facilitate the coupling r，回ction. The 

conjugated wi血epitopepeptide polyclonal antibodies from New Zealand white rabbits (n = 6) 
to three typ田 ofIP3問 ceptorwe問 purifiedby affinity chromaωgraphy and were concentrated 

up to 10 mg/ml. The specificity of these antibodies was determined by immunoblotting， as we 

have described previously σ1，32). After solubilizing whole homogenate of rat brain， A7r5 

and Chinese hamster ov勾 cells，sodium dodecylsulfate (SDS)-polyacrylamide gel 

electrophoresis was performed in 6% gels. 

Cell Microinjection 

Dulbecco's phosphate-buffered saline (PBS) which contained 137 mM  NaCl， 2.7 mM  

KCI， 8.1 mM  Na2HP04， 1.5 mM  KH2P04， 1 mM  CaC12， and 0.5 mM  MgC12 (pH 7.4) was 

utilized as血eex回 cellularmedium. Ca2+ free medium consisted of PBS in which CaC12 was 

replaced by EGT A (1 m恥の.After loading fura・2AM(4 !-tM， Molecular Probes) for 40 min， 

A 7r5 were rinsed and incubated in Ca2+/Ca2+-free PBS. To assess an adverse effect of the 
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microi可ection (Eppendoヴ 5171 micromanipulator and 5246 transjector， Hamburg) 

pr∞edure， 400μM unesterified fura・2(Molec叫訂Probes)w出 addedto the following 

subs阻nc邸組d i可ectedinto perinucl回 rcytoplぉm of VSMCs: 1) the vehicle for 

microinjection， containing 48 mM K2HP04， 14 mM  Na包HP04，and 4.5 mM KH2P04 (pH 

6.9); 2) normal rabbit 19G; 3) 1P3RIAb; and 4) 1P3R3Ab. The antibodies wer
e dissolved in 

the vehicle. The injection time was fixed to 0.1 sec. A successful injection w出 verifiedby a 

stirring wave in c戸opl錨 mand a further increase in cell fluorescence due to出e1吋ectedfura-2. 

The injection volume into a cell could be controlled by changing the agent concentration and 

i可ectionprl回 sure(ι80 mmH20). The i可印刷 substanceswere estimated to be diluted to 

approximately 50 to 2∞fold， according to the intensity increase of the fluorescence. Sincら

multiple i吋ectionsresult in cell damage， no more th組 oneiniection w邸 givento a cell. 1n 

some cells， a significant leakage of fura-2 w出 detectedimmediately after the i可ectionby a 

reduction of emission fluorescence. These cells were considered to be damaged
 and excluded 

from the s同dy.When no significant drop of fluorescence wぉ observedin a cell within 5 min 

after the injection， the medium was changed to PBS containing 1 mM  Ca2+ and incubated for 

additional30 min to stabilize the i吋ectedcells. 

Cons，仰 ctionof Vector 

The 1∞bas回 (fromnucleotide position -90 to +9) of the gene for rat 1P3R1 or 1P3R3 

cDNA (according to the sequence of Genebank g2似673and L侃ω6， respectively) we問

synthesized (Tak訂 a，Japan). This region spans the translation initiation site and sh紅白 no

homology between these two receptors. Two-strands DNA wぉ generatedand amplified by 

the polymerase chain reaction (PCR). The used upper and lower primers are 5'-

ωaggagctgactaca-3' and 5' -gtωgacatgtccttg-3' for 1P3R1 and 5' -tttccgcccagcgcgcgc-3' and 
5'-

ttcattcatggctttg・3'for1P3R3・ThePCR product was subcloned into the vecωr pOPRSV1品1CS

(Stratagene) in an antisense or田nseorientation. The orientation and sequence of inserts were 

confirmed by using an Applied Biosystems automated DNA sequencer. 

To follow the VSMCs proliferation， we inserted the same仕agmentof 1P3R1 or 1P3R3 

DNA into pTracerT比 SV40 in an antisense or sense orientation. This vector owns no 

TMl 

probability由atabove pOPRSVI/MCS in田 rtand reporter PG回 enLantem llVU were transfected 

into different cells and therefore is simple for identification. However， it is unsuitable for 

ca21m回 surementas an interfering excitation wavelength to fura・2.

Transient and S tlα:ble Transfection of VSMCs 

The VSMCs were transfected at 4ι60% confluence in serum-free medium by using the 

mixture of 0.67μg of cloning vector with an insert of antisense cDNA， 0.67μg pGreen 

TMl 
Lantem llVH plasmid， and 0.33μ1 of lipofectin reagent (GibcかBRL)per 1.2 mm-diameter dish. 

For all experiments， the following transfection controls were also performed: (1) sense 1P3R1 
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or IP3R3 DNA with pGreen Lantem™1 and (2) pGreen Lantem™1 only as a mock 

町田lsfection.Twelve-24 hours after transfection， the cells were gently rinsed with PBS for 2 

times in order to remove the residua1 位協cellularDNA. Then， the medium wぉ changedto 

血.eDMEM containing 10% FBS and 1% antibiotic-antimycotic. The cells were used in 

experiment at 24-48 hours after the medium change. 

In the case of stable transfection， VSMCs were transfected at 30%・40%of conf1uence in 

serum-and antibiotics-free D加1EMby using 6μg of c10ning vector with an insert of antisense 

or sense cDNA and 15μ1 of lipofectin reagent per 10 cm-diameter dish. One day after 

transfection， the cells were washed with and cultured in D恥1EMcontaining 10% FBS and 1 % 

antibiotic-antimycotic. Two days after medium change， the cells were subcultured into dishes 

of60・mm-diameter at the ratios 1:5・8in selection medium which consist of DMEM with 10% 

FBS and400μg/ml 0418 (Oibco・BRL).The concentration of 0418 used has..been p問 viously

determined出血elowest concentration which caused death of a11 non-transfected VSMCs 

within 2 weeks. The 0418・resistantcolonies were allowed to develop for 1，..，2 weeks in the 

0418・containingmedium. Single colonies were isolated to sep訂 atedishes and passaged in 

the medium containing 50・200μg/ml0418.The transfected VSMCs kept stable deficiency in 

IP3R1 or IP3R3 expression in severa1 weeks， as long as the presence of 0418. The cells in 

2，..，6 generations were used for experiment. 

Measurement 01 C a2+i Concentrαtion 

After microinjection， the Ca2+j responses of i吋印刷 anduni可ectedECs in the same 

observation field were individua1ly ana1yzed by the 2D Ca2+j imaging system，ぉ reported

previously (26・29).The cells were stimulated with VP (3 ""M， Sigma) or thrombin (10 U/ml， 

Sigma). We designated a VSMCs whose peak F340/F380 increased more than 15% of the rest 

F340/F380ぉ aresponser， because some technica1 factors in measuring fluorescence intensity 

induced土5%of fluctuation. In a p訂 tof the study， ionomycin (1M， Sigma) and thapsigargin 

(TO， Sigma) were employed at出.eend to confirm. the preservation of norma1 Ca2+j handling. 

From twenty-four hours after transfection， the cells of successfu1 transfection was 

recognized by their exciting blue light under FITC filter. After loading fura・2AM(4μ恥1)for 

40 min， the VSMCs were stimulated under UV filter by VP (3μ恥1)or thrombin (10 U/ml) in 

the absence of extracellular Ca2+. These two agonists evokes the rise in Ca
2+j in VSMCs in an 

IP3・dependentway and therefore can be used to test the functiona1 IICR changes in the 

transf ected cells. The Ca2+j respons回 oftransfec旬dand untransfected VSMCs in the same 

observation field were individua1ly analyzed by the 2D Ca2+j imaging system， as reported 

previously (11， 12). 

The absolute concentration of Ca2+j w笛伺lculatedby com戸ringthe fluorescence ratios at 

both wavelengths obtained at the maximum Ca2+j (achieved by lysing the cells and組制rating
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fura-2 with Ca2+) and minimum Ca2+j (achieved by chelating all free Ca2+ with EGTA) using 

the equation: Ca2+j = Kd x (R-Rmin)/(Rm蹴・R)x. Sf2/Sb2. Kd is the dissociation cons阻nt

(224 nM for fura-2) and Rmin and Rmax are the F340/F380 ratios of the Ca2+ーfreeand Ca2+-

bound forms.早川b2is the ratio of the fluorescence values at 380 nm 抑制ondeteπnined 

at Rmin and Rm肌 respectively(33). 

lmmunocytostaining 

VSMCs， grown on CELLoc純 coverslips，were rinsed with PBS叩 dthen fixed in the 

same buffer. plus 3.6% paraformaldehyde. All subsequent ste戸 wereperformed in 

Ca2+lMg2+-free PBS; cells were washed once for 2 min， permeabilized with 0.5% Triton X・

100 (Sigma) for 10 min， and washed 3 times (5 minlwash). Endogenous peroxidase activity 

was reduced in MetOH with 0.3% H2Uz for 10 min. Nonspecific staining wぉ reducedby 2% 

milk powder for 15 min before the cells were incubated with IP3RIAb (x 2∞1) or-IP3R3Ab (x 

1，000) in the presence of 1.0<3る goatserum for 1 hour at r∞m temperature. Then， the cells 

were incubated with biotinylated goat anti-rabbit or anti・mouseIgG (Vector Labs， CA) for the 

IP3R1 or IP3R3 staining，間spectively.Subsequently， peroxidぉelabeling wぉ carriedout with 

an avidin-biotin complex (Vector Labs， CA)組 dvisualized by 0.05% 3， 3' -diaminobenzidine 

(D吋in，Japan) in PBS with 0.01 % H2Uz. The coverslips we回 finallycounter-stained with 

hematoxylin， dehydrated， and mounted. To define nonspecific staining， all control studies 

were carried out by nor百Ialrabbit or mouse IgG in the same protein concentration. 

Monitoring ofVSMCs Growth by Photomicrographs: 

To observe the changes in cell proliferation，出ephotomicrographs of GFP positive-cells 

andphおかcontrolwere taken every 12・24hours， from 24 hours after transfection till 5・7days. 

RESULTS 
Expression oflP3Rl andlP3R3 in VSMCs 

An immunoblotting showed that 弔問Abreacted with a single 260 kD band in 凶

cerebellum membrane fraction and whole homogenate of cultured A 7r5 (Fig. 1). Also， 

IP3R3Ab reacted with a single about 2ωkD band in whole homogenate of A 7r5. In contrぉt，

旬pe-IIIP3 receptors wωnot detected in A 7r5， although they we問 positivein CHO cells. On 

the other hand， pharmacologica1 s佃dyusing Ca2+j d戸1出mωofcultured VSMCs revealed that 

A 7r5 weakly responded (7%) to caffeine (3....，60 mM)， with or without出epretreatment of 

ryanodine (10.-60μM， data not shown). These results suggest that CICR is not mainly 

working for the Ca2+j handling， and IICR mediated by IP3R1 and IP3R3 could be a m司or

source of the Ca2+j release. 

Ca2+i Dynamics in VSMCs Microi巧~ected with IP3RIAb 07lP3R3Ab 
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Microi可ectionofIP3RIAb (10 mg/ml)， but not 1P3R3Ab (10 mg加1)co凶dinhibit the VP-

induced Ca2+j respons回， includingboth IICR and CCE (Fig. 2). 

lmmunocytostaining 01 IP 3R 1 and IP 3R 3 in Transfected VSMCs. 

About 17% cells showed a successful transfection as observedぉ brightblue light Of all 

GFP-brilliant cells， a p訂 tof the antisense-DNA transfec也dcells showed a partial reduction 

(17%) or comple胞 disap戸訂anceofIP3Rl (17%，23%) or 1P3R3 (13%， 22%， Fig. 3). While 

the surrounding cells of the antisense-DNA transfected， the whole cells. of sense-DNA 

transfected， and the only GFP-transfected cells demonstrated a normal staining， indicating the 

reduced exprl回 sionof 1P3 receptors w町especific to 1P3R1 or 1P3R3 antisense. This reduced 

expression was most evidenced during 24-48 hours， still significant until 5・7days (da阻 not

shown). 

Ca2+i Dynamics in VSMCs Tran宅fected'with Antisense-DNA 01lP3R1 or 

IP3R3 

Of all the brilliant cells transfected with antisense-DNA of 1P3Rl' about 16% and 23% cells 

showed an attenuated or comple也ly-blockedCa2+j response to VP (3μM) or thrombin (10 

U/ml) ， coπectly consistly with the immunocytostaining results described above. These 

attenuation or bl∞kade of Ca2+j responses of transfected VSMCs to the agonists continued 

unti15・7days follow after transfection (Fig.4a). 

While all the cells transfected with antisense-DNA of 1P3R3 showed a normal Ca2+j 

response to VP (3μM) or thrombin (10 U/ml). These unchanged Ca2+j responses of 

transfected VSMCs continued until5-7 days follow (Fig. 4b). 

Serial Photomicrographs Follow 01 CeU Growth in Transfected VSMCs 

1n the experiment of 1P3Rl' the cells cultured on a CELlρcate coverslips were placed in the 

ZOG・2chamber. Ca2+ meぉurementwぉ carriedout to choose the cells that wぉ usedto 

follow must be of efficient inhibition of IICR. The cells showing comple也 (<10%of response 

in control cell) or p訂tial(11-950もofresponse in con佐01cell) inhibition of IICR was followed. 

During follow， the cells with complete inhibition ofIICR demonstrated a complete stop of cell 

proliferation，ぉ comp訂.edwith adjacent cells. The cells with a戸rtialinhibition of IICR 

exhibited a re阻rdedgrowth (Fig. 5). The GFP-transfected cell kept the normal ability in 

prolif erati on品部 showedby出eincreasing number of the cells exciting a bright blue light 

during follow of only GFP-transfected cells. 1n the cell transfected with antisense DNA of 

1P3R3' no such changes in cell growth wぉ observed.

Further ldentification ollmportant Role 01lP3R1 in Proliferation by Cell 

Selection 
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Compared wi血 1P3Rl sense-DNA transfected cells， of the IP3R1 antisense-DNA 

transfectβd cells， no G418-resistant colony ∞cuπed during first week after transfection. Up 

to 2-3 weeks， there w出 afew very small colony. These colonies a showed much reduced 

lmmun∞ytos也iningof IP3R1佃 da weak Ca2+ response to the agoni蜘 (Fig.6).

While in IP3R3 antisense-DNA transfected cells， many colonies occurred during first 

week. These subcultured cells showed much reduced IP3R3 staining in immun∞ytostaining， 

a little weak伺戸ci胞，tiveCa2+ entry response to出apsig訂gin，and a significant down in cell 

proliferation (Fig . 7). 

DISCUSSION 
In Drosophila， that only IP3R1 is existed make it伺 nbe used for functional analysis after 

kn∞k-out of the receptor gene. In result， knock-out of the receptor gene causec!_ a gre副 retard

in growth and differentiation (7). In some mammal cells， for example， in neuron， IP3R1 is 

abosolutely dominant. It has been proven that lacking IP3R1 caused an ataxia and epileptic 

seiz町出 inmice (12， 34). Recently， in the level of single culture neuron， Mikoshiba group hω 

further proven that IP3R1 is essential for the development of growth co
n回 (12).In pancreatic 

islet (13)， it is reported that IP3R3 is main type釦 dis contributed for insulin excretion. 

However， it is difficult to analyze the difference in function in the cells which coexpressed 

several types of the問 ceptor.By using antisense technique， it has been proven that the IP3R1 

is crucial also for T -cell antigen民 ceptorsignaling and IP3R3 is increased in B and T 

lymphocyte apoptosis by causing capacitative Ca2+ entry (17， 35). VSMCs coexpresses 

IP3R1 and IP3R3 (25). The former is a dominant type and its expression is incre出 edin elderly 

(23). We also showed that IP3R1 expr白 sionis increased in the neointima of VSMCs of rat 

arteriosclerosis model (unpublished da包).

Both IP3R1 Ab and IP3R3Ab we used訂 eca戸bleof functional blocking of C・terminalCa2+ 

channel domain. But， only microi吋ectedIP3R1Ab blocked agonisトevokedCa2+i response in 

VSMCs. Furthermore， microi吋ectionof IP3R1Ab or IP3R3Ab has failed to discover any 

change in cell growth， probably due to the potential cell d田nage.Most monoclonal antibodies 

do not functionally inactivate the antigen they recognize. Recently， this limitation伺 nbe

over，∞me by localized chromophore-assisted 1ぉerinactivation (12， 36) of specific antibody-

linked proteins. However， CALI also need the delivery of antibody into cytoplasm by 

microi可ectionand出usowns the same limitation to microinjection in which a potential cell 

damage will confuse the real effects of CALI. Microinjection or combined with CALI may be 

more suitable for a short-time analysis of a protein function than for a long-time follow up of 

the infl uence on cell growth. The i吋ec胞dantibody into cytoplωm will be metabolized within 

hours and new protein is continued to be synthesized from gene exprl回 sion. But， multiple 

microinjection and laser irradiationωn not be given to a cell repetitively. 
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On the other hand， functional analysis in a kn∞k-out mice might be influenced by some 

compensatory mechanism (34). Although no significant increases in the exp毘 ssionlevel of 

IP3R2組 dIP3R3 in mice lacking IP3R1，出ata gross anatomy ap戸訂ednormal in many organs 

indicates the ∞mpensatory mechanism may be operated by unknown type of IP3 receptor， for 

example， pu阻tivetype-4 or type・5(34). 

Therefore， for a long-time follow up， expressed antisense technique without cell品mage

may be more sui阻ble.Our study did overcome a major limitation of血istechnique 血a~it is not 

effective in all transf，民tedcells， by田lectingthe successful cells only. We selected the cell 

wi由 successful町田1Sfectionby confirmation of a loss of the receptor in immun∞ytlωぬi凶ng

and an abolishment of functional IICR on 2D imaging of Ca2+j response. Of course， a 

complete inhibition of IICR resulted from disappearance of IP3R1 may lead a complete stop in 

cell proliferation. A part of transfected cells showed a different extent in the inhibition of both 

receptor expression and functional IICR. The cells those with p訂tialinhibition also show the 

decreased proliferation. 

GFPhぉ acompact structure which make it is very stable under a variety of conditions， 

including treatment with protl国民 (37-38).In this study， we found that GFP expressed stably 

during 1-2 weeks in A 7r5 in a control experiment. Therefore， we f ollowed the chang回 incell 

proliferation by the number of cell with brilliant blue light after confirming the changes in 

Ca2+j handlings. 

In VSMCs， Ca2+i response to G protein-coupled agonist stimulation consists also of an 

IICRand出esubsequent capaci也tiveCa2+ entry， as identified by microinjection. Although in 

VS恥1Cs，the real action on proliferation is IICR or CICR is unclear (1， 9， 39). It is possible 

that CCE is more important than IICR for proliferation. As IICR is a crucial trigger for CCE， 

it is pro戸rぬ concludethat IICR directly control血eVSMCs proliferation. 

Also， a few data has showed that in elderly or the neointima of atherosclerotic plaques， the 

IP3R1 expression is potenti剖ed(23). From our results， we further get hint for control of 

VSMCs contraction by decreasing in回 cellularIP3R1 expression and thus decreasing Ca
2+j 

concentration. Also， decreasing IP3R1 expression may be an effective way to inhibit 
VSMCs 

proliferation in the coronary訂 teryrestenosis after PfCA (40). Especiall y， the cell showing a 

partial inhibition of IICR also resulted in the inhibition of proliferation. Physiologically， some 

inhibitor of IICR， such as endothelium-derived nitric oxide， also inhibit IICR partially (29). 

Sofar，L勾peCa2+ channel antagonis也capableof block Ca2+ influx have been proven useful 

for inhibiting VSMCs growth or some refractory c組 cer(8). It may open a new era for 

controlling the proliferation of VSMCs by p訂 tiallyinhibiting IICR in VSMCs. 
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