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羽.研 究 報 告(日本語、又は英語で書いて下さいo 4. OOO~以上で記載して下さい。別紙可)

私iま，養子免疲療法の改良仁あたり， NK細胞の活性佑メカニズムを CD2分子安介したシグナ

ル伝達の商より解析いたしました.A)CD2分子架橋刺激による細腕内頼約放出能についての楠

註;_CD2抗体濃度依存性に細胞内頼粒放出の増強を認めた.この効果は2 抗 CD16抗体にても

同様に認められたが，コントローん IgGやs抗 LFA-1，CD28抗争事では認められなかった.また，

チロシンキナ…ゼ阻害離である廷はもimycinとPI3キナーゼ箆護岸iである Wortm総 nin'丸この鶏

果を完全に拝観した.B) CD2契機妥当激むよる .N玄締路内謎台のチロシンリン糧生 ;_CD2，およ

び CD16架犠刺激によち，数種のチロシンリン霞化蛋自が出現した. さらにs 免疫沈降Sykの

チロシンリン駿化と invitro kin蹴 assayによる検討により， CD2，および CD16梨橋刺激により

Sykの活性化が起こっていることを確認した. C) CD2拠楠刺激による PI3ーキナーゼの滑件

払_;_PI3・キナ…ゼは， p85 subunitのSH2domainを介して細胞内チロシンリン酸先議自に結合し

活性増強を受けることが知られている.そこで， CD2架構刺殺後に，チロシンザン駿住蛋告を

免疫沈蜂し2 これに結合する PI3-キナーゼを詰IDlunoblo紋法iこよち検出したところ， CD2，およ

び CD16架犠斜設によち 2 チ2シンリン駿色蛋告に結合した PI子キナーゼが増加していた.さ

らにこの免疫沈持物の PI3・キナ…ゼ活註も増強していた.Dl締腕内アダプター主義自 Shcのチロ

シン 1)ン酸化，l--_PI3輔キナーゼ，l--_の結合:_Shc lま， CD2およびCD16架橋刺激により著明にチロ

シンリン酸化を受けていた.しかも，チロシンリン酸化 Shcに結合した PI3・キナ…ゼ活性も有

意に増強していた.以上の結果より， NK活性化レセプタ…である CD2分子は，チロシンキナ

ーゼ Sy誌と町子キナーゼの活性化を介して 2 細胞内頼粒放出を引き起こしていることが拐らか

となった.以上の結果を Joumal Immunology vol:159， 120ふ1207，1997に発表いたしました.
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しておちます.
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Involvement of Protein Tyrosine Kinase p72syk and 
Phosphatidylinositol 3 醐 Kinase in 仁D2 司令1ediatedGranular 
Exocytosis in the Natural Killer Cell Line， NK3.31 

Hisanori Umehara，2* Jian-Yo町長崎鍋制場*Takeshi Kono/ Fazal H. Tabassam，* 
Toshiro Okazaki，* Eda T. 8loom，* and Naochika Domae* 

τh晋 granularexoむが部isP語thwayis one mをchanismby which NK cξIIs and CτLs indu伐 むytolysi事 oftarget cells.τri綿密ring

through adhesion mol制緩i告書 suchas CD2 and LFん1as w密11as Fcγ災111(CD16) c紛 invo総 thispathway. CD2 is a四 IJsurfおむ控

訴ycoproteinpres密殺をひね CτLsand NK cをIJsthat plays議nimportant role in both cellular adhをsionand signal transductio九 H母r菅

werをportthat cross雌 linkingof CD2 as well as CD16 by immobilized Abs enhance宰granular母xocytosisin an NK cellline， NK3.3. 
Herbimycin， a protをintyrosi刻苦悩時事告 (PTK)inhibitor， or wortmannin， a specific inhibitor of phosphatidylinositolみkinase(PI 

みK)，inhibited completely or almost completely CD2-or CD16・・mediatedgranular exocytosis， suggesting the involvement of 
protein tyrosine kinases and PI 3必 inboth CD2-and CD16網 mediatedgranular exocytosis. We also observed that cross-linking 

of CD2 as well as CD16 enhances p72syk tyrosine kinase activity， and this enhancement correlated well with the increased 
tyrosine phosphorylation of sev世ralcellular proteins， including the adapter protein Shc. Furthermore， wを haveobserved that 

cross-lin主ingofCD2晶sw世話 asCD16 enhances the PI 3・Kactivity議事sociatedwith the tyrosine-phosphorylated cellular pro総ins

and Shc. These result草provid肥 insightinto the signaling pathw晶狩 bywhich triggering of CD2間 dCD16 on NK cells Iをad霊to

cytolysis of target cells. The Journal of Immunologメ1997，159:1200-1207. 

N……一yげyFc恥c町beli必ev宮edtぬomediぬat鈴eIl係I滋11燃n潟u加抗対itya特g畠幻ins泣tv沿irusesand s叩uぽr嶋

veil口lanc己ag註幻ms災tn問eopl泌a総器幻ti勾ct汀ra納Iねlsfo悦rr禄na剖tiぬon.盆 The gr防an仔網

uωla訂rexocytωosIs pa幻thway，using Iytic mediators， such as perforin， 

and several proteases (granzymes) residing within cytoplasmic 
granules， is one mechanism by which NK cells or CTLs mediate 
cytotoxicity (1). This mechanism induces both necrotic and 晶子
optotic death of target cells (2， 3) and can be triggered by CD 16 
ωwell as adhesion molecules on NKむells(4，5). We previously 
r詑portedthat theβ2 integrin， LFAべ(CDllaJCDI8)，on NK 
cell語wastyrosine phosphorylat註ddurin嘉thegeneration of LAK 
cells，盆おdth量tcross-lin主ingof LFAぺoぉLAKcells enhanced 
the production of inositol 1人5-triphosphateand induced畠 Ca2+_

dependent increase in granular exocyto詰is(6)‘Kanner et al. re-
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ported that co・cross-Iinkingof しFA欄 1with CD3 in T cells in糊

creasξd tyrosine phosphorylation of phospholipase C-γ(PLCヴ)

and mobilization of intracellul品rcalcium (7). Signaling through 

other receptors on NK cells， such as CD2 and CD 16， is also 印刷

ported to induce tyrosine phosphorylation of PLC-γ， resulting in 
Ca2+ inftux and cytolytic activity (お叩10).Although the protein 

tyrosine kinase (PTK)昌ndPLC柵 γp註thways，Ieading to phospha-
tidylinositol (Ptdlns) breakdown and the mobilization of intraceI-
lular c語Icぬm，are import語ntin sign読むngthrough adhesion mole-
cul紛争。ther討さnalingmole氾ules.such as GγP binding protξins and 
pho語ph語tidylinositol3-kinase (純子K)，m誌ybe involved in gran縄

ular悲xocytosisby NK ceIls (11-13). 
It is well established that receptor-type tyrosine kinases， such as 

platelet-derived growth factor and epidermal growth factor recep-
tors， mediate activation of PI 3・Kas well as that of PLCヴ(14)

Severallines of evidence demonstrate that stimulation of TCR and 
B cell Agreむep.tors(BCR)， which lack tyrosine kin謀総 domainsbut 
are functionally coupled to PTKs such as p56i<k (L.ck)， p59作n

(丹叫， and p53/56'同 (Lyn)，can also medi語路 PI3-}主総tivation
(15-17). PI 3-K consIsts of an 85・kDar壱gulatorysubunit (p85)鉛 d
a 110・主Dacat註lytics註bunitthat phosphoryI註tesPtdlns at the 3・0
position of t治 inosi脱出g(18， 19). The products of PI 3・Kare 
not substr品te器forPLC帽 γand，therefore， must participate in cellular 
signaling through a novel mechanism. CD2 Is a glycoprotein ad-
hesion molecule pre話enton CTLs and NK cells and reported to be 
crucial for the activation of T cells or NK c日Ilsvia Lck and Fyn (4， 

20，21)， which m吋iatePI 3・Kactivation (14叩 17).We， therefore， 

hypothesized that signaling through adhesion molecules on NK 
cells守 suchas CD2， involves PI 3・K.
Here we report th註tcross.linking of CD2 by immobilized Ab 

enhances exocytosis of cytoplasmic granules，詰ndthat both herbi-
mycin， a tyro韮in悲主i滋謀総泌hibitor，and wortm註nm仏語 pot窓口tand 

selective inhibitor of PI 3備に pr窓ventCD2・mediatedgranule以か

cytosis in an NK cell line， NK3.3， suggesting the involvement of 
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PTKs and P1 3-K in CD2-mediated granular exocytosis. We fur-

ther observed that cross-linking of CD2 activates the PTK p72.'Yk 

(Syk)， enhances tyrosine phosphorylation of cellular proteins in-

cluding an adapter protein Shc， and enhances P1 3-K activity as-

sociated with tyrosine-phosphorylated proteins and Shc. 

Materials and Methods 

仁elland cell仁ulture

The human NK cell line， NK3.3， was provided by Dr. Jacki Kornbluth 
(University of Arkansas， Little Rock司 AR)(22) and maintained in RPMI 
凶40medium叩 pplementedwith 10% heat-inactivated FCS (Upstate Bio-
technology， Inc.， Lake Placid， NY)， 2 mM L-glutamine， penicillin， and 2 
nM rIL-2 (Shionogi Co.， Ltd.， Osaka. Japan). NK3.3 cells expressed CD2， 
LFA-Iα(CD11a)， LFA-1s (CDI8)， CD45. ICAM-1 (CD54). and FcγRIII 
(CDI6)‘but not CD3 or CD28 (data not shown)， characteristics simi1ar to 
those of NK cell populations pre問 ntin periphera1 b100d. 

Abs and reagents 

Hybridomas producing Abs against CD11a (LFA・l白: TS 1/22; IgG 1 )， 
CD18 (LFA-1戸:TS 1118; IgG 1)， and CD2 (TS2/18; IgG 1) were purchased 
from the American Type Cu1ture Collection (Rockville， MD)， and 
mAbs were puri自edas previously described (6). MonocJonal anti-
phosphotyrosine Ab (4G 1 0) and po1ycJona1 Abs against the p85 subunit of 
PI 3-K and Shc were obtained from Upstate Biotechnology. Contro1 IgG1 
(MOPC-31c)， N"-benzy10xycarbonyトL-1ysinethiobenzy1 ester (BLTE)， 
5，5' -bithiobis(2-nitro-benzoic acid)， and myelin basic protein (MBP) were 
purchased from Sigma Chemical Co. (SI. Louis. MO). AntトFcγRIII
(CDI6: B-EI6; IgG1) mAb was purchased from Serotec (Oxford， U.K.)目

Anti-human CD28 mAb (TN228; IgG1) was provided by Dr. M. Azuma 
(Juntendo University. Tokyo， Japan). Anti-CD45 mAb (UCHLI; IgG2a) 
was purchased from Dako (Glostrup， Denmark). Anti-p72，'Yk (Syk) mAb 
and wo口manninwere obtained from Wako Pure Chemica1 Industries (Osa-
ka， Japan)， and rabbit anti-human S.γk Ab， usefu1 for Western blot analysis， 
was provided by Dr. T. Kurosaki (Leder1e Laboratory， New York， NY). 
Rabbit anti-mouse IgG mAb was purchased from Cappel (Durham， NC) 
The ECL immunodetection system and horseradish peroxidase-co町ugated
goat anti-mouse or anti-rabbit IgG mAb were obtained from Amersham 
Internationa1 (Amersham， Aylesbury， U.K.). Polybeads (po1ystyrene mi-
crospheres， 2.5% solid latex; diameter = 6μm; no. 07312) were purchased 
from Polysciences， Inc. (Warrington， PA). 

Cross-linking of surface Ags and measurement of BL TE 

esterase activfty 

Flat-bottom microtiter p1ate wells were coated with 20μg/m1 rabbit anti-
mouse IgG at 40C overnight. Wells were then washed and incubated with 
contro1 IgG1 (MOPC 31c) or Abs against LFA-1a， LFA-1s， CD2， CD28， 
CD45 (20μg/m1)， and CD16 (11100 dilution) at 370C for 1 h， followed by 
severa1 PBS washes. NK3.3 cells (2 X 10') were added in 200μ10fphenol 
red-free RPMI 1640 (IBL， Fujioka， Japan) containing 2% FCS and incu-
bated at 37"C for 4 h， and 100-μ1 aliquots were harvested from each well 
for BL TE esterase assay. In some experiments， cells were incubated in the 
presence of herbimycin or wortmannin in DMSO at 370C for 2 h and 20 
min before the assay， r郎 pective1y.百1efinal concentration of DMSO did not 
exceed 0.1 %.明1eBL TE esterase assay was adapted to 2∞μI for use in 
96-well p1ates (6). Optica1 density was read at414 nm on an ELISA microp1ate 
reader (Iw討G，Osaka司 Japan)，加dthe percentage of BL TE esterase activity was 
calculated as: (experimentaI BLTE esterase re1ease -spontaneous BLTE es-
terase re1ease)/(maximum BLTE ester出 erelease -spontaneous BL TE ester-
ase re1ease) X 100. 

Cell stimulation， solubilization， and immunoprecipitation 

Polybeads were pr巴paredas described previous1y (23)， by coating with 20 
μg/m1 rabbit antトmouseIgG， followed by storage with the Ab， and ex-
tensive washing b巴foreuse. NK3.3 cells (5 X 106) were washed and re-
suspended in 100μI of RPMI 1640 medium and incubated with Abs (20 
μg/m1 or 111 00 dilution for anti-CD 16) for 30 min on ice. After washing， 

cells were resuspended in 100μ1 of RPMI 1640 containing 2% FCS and 
stimu1ated with rabbit anti-mouse IgG・boundpolystyrene beads at a ratio 
of 1:2 at 370C for 3 min in polypropylene round-bottom tubes in a自nal
vo1ume of 200μIItube. The reaction was terminated by the addition of 800 
μ1 of ice-cold RPMI 1640 and centrifuged for 2 min. Cells were solubilized 
with Iysis buffer containing 50 mM  Tris-HCI (pH 7.6)， 0.5% Triton X・100，
300 mM NaCI， 5 mM EDT A， 10μg/ml leupeptin， 10μg/ml aprotinin， 1 
mM PMSF， and 1 mM sodium orthovanadate by gentle rocking at 40C for 

1201 

30 min. Inso1uble materia1 was removed by centrifugation， and the super-
natants were su吋ectedto SDS・PAGEfor Western b訓10瓜ttl時r
pr，陀ecip戸itationwith prot臼einG beads pr巴coat也巴:dwith the anti卜-phosph】otザyrosine
mAb(件4GI0的)0町ra叩n凶11凶tiト-ShcAb 

Electrophoresis， Western blotting， and immunoblotting 

Cell 1ysates and immunoprecipitated proteins were e1uted by boiling in 
SDS-containing sample buffer and fractionated by SDS-PAGE (8%) (24) 
Proteins were electrophoretically transferred to polyvinylidene diftuoride 
(Immobilon-P) membranes (Sigma Chemical Co.). Membranes were 
blocked using 10% B10ckace (Dainippon Pharmaceutical Co.， Ltd.， Osaka， 

Japan) in 50 mM Tris-HCI (pH 7.5) and 150 mM NaCI overnight. Mem-
branes were incubated for 3 h with anti-phosphotyrosine mAb， 4G 1 0 (1 
μg/ml) or anti-p85 subunit， and anti-Shc Ab (111 000)， as indicated， in PBS 
containing 0.05% Tween-20 and 10% Blockace. Peroxidase-conjugated 
secondary Abs (Amersham) were used at a 111000 dilution， and immuno-
reactive bands were visualized using ECL (Amersham) 

In vitro kinase assay 

The in vitro kinase reaction was essentially as described by Minami et al目

(25). Briefty， anti-Syk immunoprecipitates were washed once with kinase 
bu百'er(25 mM HEPES (pH 7.4)， 0.1 % Nonidet P-40， 10 mM MgCI2， 3 mM 
MnCI2， and 1 mM orthovanadate) and resuspended in 30μ1 of the kinase 
buffer containing 2μg of MBP as the substrate. Reactions were initiated by 
the addition of 3.75μM ['Y・32p]ATP(10μCi of[γ_32p]ATP/sample， 5000 
Ci/mmol; Amersham)， incubated for 5 min at 250C， and terrninated by the 
addition of an equal volume of 2X Laemmli buffer. Samples were sub-
jected to SDS-PAGE (11 % gels) under reducing conditions and were e1ec-
trophoretically transferred to polyvinylidene diftuoride membrane自Iters，
which were treated with 1 N KOH for 2 h at 550C， fixed， and subjected to 
autoradiography. Radioactivity within bands was also estimated using a 
Bio-Imaging analyzer (BAS 2000， Fuji Photo Film Co. Ltd.， Tokyo， Ja-
pan)， corrected for background， and expressed as photostimu1ated lumi-
nescence (PSL) arbitrary units. 

Measurement of PI 3-K enzymatic activity 

The PI 3-K acti vity of antトphosphotyrosineor anti-Shc immunoprecipi-
tates was measured by the method of Whitman et al. (26). Briefty， immu-
noprecipitates were washed twice with 1ysis buffer， followed by once with 
PBS， once with 0.5 M LiC1I0.1 M Tris-HCI， pH 7.5， once with distilled 
water， and once with 0.1 M NaCIII mM EDTAl20 mM Tris-HCI， pH 7.5， 
and then assayed for PI 3-K activity. AII wash solutions contained 0.2 mM 
sodium orthovanadate. To evaluate PI 3-K activity， Ptdlns (Sigma Chem-
ical Co.) and [γ_32p]ATP (10μCi/sample， Amersham) were added to the 
immunoprecipitates at r∞m temperature for 10 min. Ptdlns was suspended 
in 10 mM HEPES/I mM EGTA， pH 7.5， sonicated before use， and added 
to the immunoprecipitates at a自nal concentration of 0.2 mg/ml. 
[γ_32p]ATP was added in a solution of 50 mM ATP， 5 mM MgCI2， and 1 
mM HEPES. The lipid-containing organic phase was resolved on oxalate-
coated TLC plates (Silica Gel 60， MCB reagents， Merck， Rahway， NJ)， 

developed in chloroforn1lmethanollwater/ammonium hydroxide (43/3817/ 
5)， and lipid species were visualized by autoradiography. Radioactivity 
within spots of Ptdlns-3'・monophosphatewas estimated with a Bio-Imag-
ing analyzer and expressed as PSL arbitrary units. 

Results 

C02・mediatedgranular exocytosis in NK3.3 cells and effects 
of herbimycin and wortmannin on BL TE secretion 

1t has been repo此edthat various surface receptors， such as CD2 

and CD16， can p訂 ticipatein target celI Iysis via the granular exo・

cytosis pathway (4).百lerefore，we first examined whether cross-

linking of CD2 induced granular exocytosis in the NK  celI line， 
NK3.3. Cross-linking of CD2 on NK3.3 celIs enhanced BLTE es-

terase secretion in an Ab-dose dependent manner (Fig. lA). AI-
though CD2 lacks an intrinsic tyrosine kinase domain， it has been 

reported to be functionalIy and physically associated with src fam-

ily tyrosine kinases， Fyn and Lck (27，28). Therefore， we examined 

the effect of a specific tyrosine kinase inhibitor， herbimycin， on 

CD2-mediated BLTE esterase release. Herbimycin suppressed 

CD2・mediatedgranular exocytosis in a dose-d巴pendentmanner 

(data not shown)， and treatment of cells with 10μM herbimycin 

significantly reduced CD2・ aswell as CD 16-mediated granular 
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FIGU祭主 2. lnduction of protein tyrosine phosphorylation by cross・

Iinking of CD2 in NK3.3日 IIs.NK3.3出 IIswere tr控訴吋 withthe in-
dicated Abs and stimulated using polybeads coupled to rabbit anti‘ 

mouse IgG Ab at 370C for 3 min. Det告rgent蜘 solubleprot<告insw控除

fractionat吋 bySDS♂'AGE (8% polyacrylamide gell and were trans-
ferred to an Immobilon-P membrane. The r荷物ranewas immunob-
lotted with anti-phosphotyro事inemAb (A) and 漁船 strippedand im・
munoblotted with Ab against th号 p85subunit of PI 3・K(8). Open 
circles indicatξtyrosinかphosphorylat，母dproteins， and the arrow indi-
ωt母5p85.τhe migration positions of m.w. markers are indicated. Data 
are representative of five independent exp告riments.
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pathw品y，may be crucial for cytoskeletal re紋鈴 虫gementand gran-

ular exocyto泌 atthe site of草食ctor-targetcell conjugation.悦lere-

fore， we examined the effect of畠 sp也cificinhibitor of PI 3・K，
wortmannin， on CD2-mediated BLTE esterase release. The d量級

demons往atedthat wortmannin inhibited CD2・mediatedgr組むlar

ex∞ytosis in a conce凶 ation暢 dependentm紹 ner(data not shown) 

and that tr記atmentof cells with 10冊 7M wortmannin also esseル

tially abrog語録dthe CD2-as well 畠sCD16・・medi品tedgr錯 ularexか

cytosis (Fig. 1 C).τbese results suggl記録 thatPTKs卸dPIみK釘芭

both i説volvedin CD2-and CD16-induced gr組 ularexocytosi宰.

Cross-Iinking of CD2 induces tyrosine phosphorylation of 

cellular proteins in NK3.3 

To ascertain whether stimulation through CD2 activates PTKs in 
NK3.3 cells， CD2 was cross納Iinked，and tyrosine-phosp加 rylated

proteins we路島nalyzed by West思m blotting using 訟 ti-

phosphotyrosine Ab.引おおta(Fig. 2A) demons出 tedthat cross-

linking of CD2 as well as CD16 triggered tyrosine phosphorylation 

of several celIular proteins migr寝tingwith apparent molecular 

mass of 160， 140， 120， 105.90. 72， and 56 kDa， suggesting that 
these receptors may use similar signaling pathways. In contr誌st.
cross-linking of LFA・1α，LFA-Is， or CD45 orofCD28 as a neg・

ative co緒 。1or use of加 isotype-matchedcontrol IgG 1 induced no 

detectable increase in tyrosine phosphorylation of cellular proteins 

in NK3.3 cells.百1器 samemembrane was s凶pped制 dimmunob-

lotted with Ab again草tthe p85 subunit of PI与K‘Althoughcoル

siderable amounts of p85 were detected in ly語紙es(Fig. 2B)， tyω 
rosine phosphorylation of草加ndcorresponding to p85 was not 

observed iお誼nyof the NK3.3 cell Iysates (Fig.乙1¥，むrow).

FIGURE 1. Induction of BLτ王est母raserelease by cross・Iinkingof 
CD2 and eff，総 tsof herbimycin and wortr出 nninon BLTE 雲母cr告tion.
Cross・Iinkingof CD2 enhances日LTEestera宰告総cretionthat dep母nds
on the do総 ofAb used. NK3.3 cells (5 x 10行werestimulated wilh 
immobilized CD2 mAb orω泌が IgG1 at the indicated concentration 
at 37QC for 4 h. Bl TE ester昌幸eactivity was measured and expressed as 
described in Materials and Methods (A). NK3.3 cells w悲符 incubated
in the absence or the presence of 10μM herbimycin for 2 h， then 
芸術nulatedwith the indicati吋 Abs(1/100 for CD16 mAb or 20 ""glml 
for the others) for 4 h， and sup母rnatantswere ass謹Y告dforBLT正珪steras告
託 tivity.H母rbimycininhibited CD2-as well as CD16-mediated B口E
secrεtion (8). NK3.3 cells w母reincubat吋 inthe absenc君。rthe pres-
ence of 10-7 M wortmannin for 20 min， then stimulated with the 
indicated Abs (1/100 for CD 16 mAb or 20μglml for the olhers) for 4 h， 
and 5upernatants w悲f桂昌ssayedfor BI.'τE君事後raseactivity. Wortmannin 
inhibited CDみ aswell as CD16・mediatedBl T王secretion(q.τ尚喜患

dat孟昌f号 representativeof more than three ind印加点ntexperime時 q

exocytosis (Fig. lB). Previously， we reported that cross-Iin泌ngof 

LFA欄 1had no e在ecton BLTE releas邑泌会'eshNK cells， while it 
incre畠sedBL TE secretion in LAK cells that h孟db告enprl吋 ucedby

IL-2 stimulation of NK cells， suggesting a functional change in 

LFA・1duri昭氏"，2activation (6). A slight or m凶器rateincrease in 

BLτ'E secretion following cross寸inkingof LFA幽 1was also 0ト

serv吋 inNK3.3 cells (Fig. 1， B and C)，議findingconsistent with 

O時rprevious results，事iぉceNK3.3 cells ar事 continuouslycultured 

with IL之.

SincePI3必 isreported to be involved in various biologic func-

tions such皐smembr釦 eruffiing (29)， endocytosIs (30)， and hista剛

rnine secretion (31)， the PIシKpa註lway詞swell asせlePLCヴ

調剛醐町一
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Cross-Iinking of CD2 activates Syk in NK3.3 

It has been repo巾 d白紙 CD2・mediatedsignals d巴戸ndin part on 

the CD3 l:-chain， a signal-transducing subunit of the TC町'CD3

complex， 加dthat CDI6 on NK cells is functionally equivalent to 

the TCR on T cells for coupling CD2 to its signaling pathway (10， 
32， 33). At least four PTKs have been shown to be implicated in 
the TCRlCD3・mediatedsignal pathway: two kinases of the src 

family， Lck and 乃n，and two of the Syk family， ZAP-70 and Syk. 
The recruitment of the Syk family tyrosine kinases， ZAP-70 and 
Syk， to the TCRlCD31l: complex is probably a key step in the 

CD3・mediatedsignal transduction， most Iikely by an interaction 
through SH2 domains (20).明記refore，we examined whether 

cross-Iinking of CD2 activates Syk in NK3.3 cells. Cells were stim-

ulated by cross-linking of surface receptors for 3 min， and deter-
gent-soluble proteins were immunoprecipitated with anti-Syk 

mAb， resolved by SDS-PAGE， and immunoblotted with anti-
phosphotyrosine mAb (Fig. 3A). The same memoraIle was stripped 

and immunoblotted with anti-Syk polycJonal Ab (Fig. 38). The 

results indicated白紙 tyrosinephosphorylation of a band co汀e-

sponding to Syk was induced by cross-Iinking of CD2 and CD 16 

(Fig. 3A). We then examined Syk kinase activity using an in vitro 

kinase assay. Figure 3C revealed that cross-Iinking of CD2 mark-

edly increased Syk kinase activity using MBP as substrate (1768 

PSL U/mm2)， and cross-linking ofCDI6 moderately increased Syk 
activity (1280 PSL U/mm2) compared with engagement of other 

surface receptors or treatment with control IgG 1 (991， 923， 638， 
and 765 PSL U/mm2 for LFA-Is， CD28， CD45， and control IgGI， 
respectively). The less marked Syk activation as a result of CD16 
cross-Iinking compared with CD2 cross-linking may be due to the 

differential surface expression of CD16 and CD2 on NK3.3. FACS 

analysis revealed that the intensity of CD16 expression on NK3.3 
cells is substantially lower than白紙 ofCD2 and LFA・1(data not 
shown).τ'herefore， CD16 cross-Iinking may not be sufficient to 
activate Syk in NK3.3 cells. 

Cross・Iinkingof CD2 increases the association between PI 

3・Kand tyrosine-phosphorylated proteins 

It has been reported白紙 tyrosinephosphorylation of p85 is in・

duced by platelet・derivedgrow血 factoror IL・2stimulation and 

correlated with increased PI 3・Kactivity (34， 35). Since our West-
em blotting experiments did not reveal increased tyrosine phos-

phorylation coπesponding to p85 after cross-linking of CD2 (Fig. 

2A)， we immunoprecipitated p85 and exarnined its tyrosine phos-

phorylation to verify whether cross-Iinking of CD2 directly in-

duces tyrosine phosphorylation of p85. These data aJso revealed no 

tyrosine phosphorylation of p85 after cross-linking of CD2 or 

CD16 (data not shown). p85 is repoロ巴dto contain two SH2 do・

mains and bind to tyrosine-phosphorylated YXXM motifs (17， 36). 
百lerefore，we examined出epossible association between PI 3・k
and tyrosine-phosphorylated cellular proteins following cross-link-

ing of CD2. NK3.3 cells were stimulated by cross-linking of 

surface receptors for 3 min， and detergenトsolubleproteins were 
immunoprecipitated with anti-phosphotyrosine Ab and immuno-

blotted with Ab against p85. The data in Figure 4A cJearly showed 
that cross-linking of CD2 as well as CD16 increased the associa-

tion between PI 3・Kand immunoprecipitable tyrosine-phosphory-
lated proteins. Anti-phosphotyrosine immunoprecipitates were 

also examined for PI 3・Kactivity by in vitro PI 3・Kenzymatic 

ぉsay，and radioactivity of spots relevant to PtdIns-P was estimated 
with a Bio-Imaging analyzer. The results revealed出atPI 3・Kac-
tivity associated with tyrosine-phosphorylated proteins was aJso 
augmented following cross-Iinking of CD2 or CD16 (Fig. 48). 

1203 

A 

96~1 ・ 4

B 

IgH 

Syk ，喝..， 

Syk 

Blot: anti-Syk 

C 
MBP 

2000 

《

υnu 
A
U
 

P
g
g
ヨ

とるもも仏%も
句会::'6'ぺ、そ:e..... -C)o' ~~ð" 

FIGURE 3. Cross-linking CD2 activates Syk protein kinase. NK3.3 
cells (5 X 1 Q6/sample) were stimulated with the indicated Abs using 
polybeads coupled to rabbit anti-mouse IgG Ab at 370C for 3 min， and 
detergent-soluble proteins we陀 immunoprecipitatedwith anti-Syk mAb， 
re.ωIved by SDS・PAGE，and immunoblotted with antiphosphotyrosine 
mAb (A). The same membrane was stripped and immunoblotted with 
anti-Syk polyclonal Ab (8). Arrows indicate the position of Syk and the 
heavy chain of IgG (lgH). The migration positions of m.w. markers are 
indicated. Anti-Syk immunoprecipitates were subjected to in vitro ki-
nase assay as described in Materials and Methods. Tyrosine phosphor-
ylation of MBP was monitored for evaluating Syk kinase activity (top 
pane/)， and radioactivity within bands was also estimated by a Bio-
Imaging analyzer and expressed as PSL arbitrary units as described in 
Materials and Methods (bottomi C). These data are representative of 
three for A and 8， and two for C. 
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FIGURE 4. Associ畠tionof PIシKwith tyrosin告欄phosphorylatedpro・
teins induced by cross-!inking of C02. NK3.3 cells wer告 tr告訴edwith 
the indicated Abs and stimulated with polybeads coupled to the rabbit 
anti-mous悲 IgGAb証t370C for 3 min. Tyrosin争 phosphorylatedprcト
teins were immunopr鉱 ipitat，吋 with 昌nti-phosphotyrosinemAb 
(4Gl0) coup怜dto prot.告inG beads. Pr記cipitat吋 proteinswere frac.・
tionated by 50S・PAGEand transferred to an Immobilon-P m苦渋brane.
Themembran悲wasimmunoblotted with Ab against the p85 subunit of 
PIみに Arrowsindicate the position of p85， and th告hugebands at M， 
50 kOa are nonspecific binding of rabbit IgG u幸村forcross.linki時 of
rec号ptors.The migration positions of weight markers are indicat君d(A). 
Immunoprecipitat告ら obtainedas dぉcrib晋dfor A， were assayed for PI 
3・Kactivity as d告scribedin Materia/s and Methods. Th母reactionpr，吋働
uctsw告r記事ubjectedto TLC and visua!ized byautoradiography. Radio. 
activity within spots of Ptdlns.ヂ (PI.P;top panel) was estimated by a 
おiかImaginganalyzer and expressed as PSL語以ぬryunits as偽scribed
in Materials and M昔thods(8). T陶芸edata are rep陀sentativeof two 
independent experiments. 
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Blot: anti.Shc 

ヂIGυRE5. Cross・linkingof C02岳nhance主tyrosinephosphorylation 
of Shc. NK3.3 cells (5 X 106/sample) were stimulated with th控 indi.
cat剖 Absusing polybeads∞upled to rabbit anti明 louseIgG Ab at 
370C for 3 min， and detergent.soluble proteins wer母immunoprecipi附

tated with anti-5hc Ab， resolved by 50S♂AGE， and immunoblotted 
with antiゅhosphotyrosin告mAb(A}.Th号samem君mbranew畠5strippをd
and immunoblotted with antiδhc polyclonal Ab (8). Arrows indicate 
the positions of p46 and p52 Shc proteins， and th告migrationpositions 
of m.w. mar治rsare indicat告&

Cross嶋 linkingof CD2 enhances the tyrosine phosphorylation 
of Shc and increases PI 3・Kactivity associated with Shc 

Shc is an adapter proteiロthatis widely expr窓ssedin all tissues and 
contains an SH2 dom呈inand a collagen帽 likedomain but no obvi-
ous catalytic domね.Shc proteins of 46総 d52 kDa encoded by 
a3.4必bmRNA are ubiquitously expressed， whereas a 6ふkDaShc
is likely to b岳部codedby a distinct Shc transcript義ndis absent in 
some治mopoieticcells (37). Because this protein is phosphory暢

lated on tyrosine residues in cells transformed by nonreceptor ty騰

rosine kinases such as v胸srcand v台'8(3η 加 dby cross-linking of 
CD3 in T cells (38) or through the stimulation of growth factors， 
we speculated that Shc might co詰plethe PIシKand be involved in 
the CD2-mediated signal pa設lway.To evaluat，悲 therole of Shc， we 
de附 minedwhether Shc isザrosi間制phosphorylatedby cross.lin泌ng
of CD2 in NK cells.臼:llswe陀 stimulat誠 bycross-linking of surface 
receptors for 3 min， and Shc wer草immunoprecipitated， resolved by 
SDS-PAG五初d加ununoblotted羽thanかphospho伊osinemAb 
(Fig.5A).百esame membrane was s釘ippedand immunoblotted 
with anti.Shc Ab (Fig. 5B).ηle results indicated that tyrosi関

phosphorylation of 46・and52-kD轟Shcproteins was enhanced by 
cross胸.linkingof CD2 as well ぉ CD16 (Fig. 5A生).Sp宰己cific凶ally，
CD2エ幽mおl牢誠di泌at匂章dtザyrosi泌nephosphor砂ylぬat説ionofShc w￥皐宰 observedin畠

CD2Abc∞oncent町r畠.tion.トト酬-d
誌制ndp戸e必誌ce吋da紙t3汲i泌祭〈“dat銭ano悦tsぬhown吟1).To ascertain the association 
between Shc轟ndPI 3・K，加ti.Shcimmunoprecipitates w悲realso 
examined for PI 3-K activity by in vitro PI 3-K enzymatic assay， 
畠ndradioactivity of spots relev剖 tto PtdIns欄PW総意stimatedby器

Bio心naginganalyzer. The results revealed that PI 3・Kactivity 
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FIGUR王6. Cross.linking of CD2 increases the PI 3・Kactivity asso・
dat柑 withShc. Shc immunopr，告cipitates，obt.呈inedas describ号din 
Figure 5， were assayed for PI 3.K activity as d控scribedin Materials and 
Methods. The reaction products were subj告伐材 10TLC and visualiz剖
by autoradiography (top pane/). R謹d必io喜ct説iv必itywithin spot匂5of Ptdln鈴主5ト.輔柵
(P トP門)wa滋s告5必t説imねI滋糊a紙t告剖db耐yaBio帯斗l加ma符gi灼n埼ganalyzer and 桂献xゆpr冷告5銘5告必daおsP内SL
arbitrary u関鈴i泌総 a総sd尚es釘畑cr“ib民edi初nんMωat総鮒控er均i必'al危sand Methods (伶b加ottom).These 
data器犯 F匂 r母sentativeof two independent experiments. 

associated with Shc precipit.ates was also augmented by cros話機link“
ing ofCD2読書 wellas CD16 (Fig. 6). 

DiscussIon 

Although CD2 is beli器vednot only to serve adhesion functions by 
binding its ligands CD48， CD58， and CD59， but also to g牢おerate
佐ansmembr富nesignals during the activation of T cells詰ndNK 
cells，治悲惨泊vebeen conflicting repo出 aboutthe signal凶 ns・
duction ability of CD2 on T cells and NK cells. The釦 ti・CD2mAb
(IgG3) in the form of F(訪'his repo託edto have no effect 0お

cytoplasmic c昌lciuminflux and cytolytic呈ctivityin NK cells， and 
the trace amounts of contamination of cross働 linkingAb in the form 
of whole IgG have been found to induce calcium influx (9， 10)， 
sugg記事tingthat bridging and comodulation of CD2釦 dCD16may
berequir吋 forCD2-medi蹴 dsignal位ansduction.In our assay， we 
used the isotype-m誌tchedAbs (IgGl) against CD2， CD16， LFA-
1α， LFA・1s， CD28， control 1事GI，藷ndcross-linking Ab in社le
form of whole JgG‘In con汀ast10 the effects s慨 byc泌総・linking
CD2 or CD 16， we could not d告総むta significant incr記asein BLTE 
郎 防rasesecretion (Fig. 1)， tyrosine pho器phorylationof cellular 
proteins (Fig. 2)， or Sy主aむtivation(Fi怠 3)by cross-lin註ingof 
LFA・1αorLFA柵 1s or by use of control anti心D28or control 
IgGI， sugg邑S漁 gthat the nonspecific binding of the Fc porti∞of 
Abs 10 CD16 did not stimulate NK3.3 ceJls. Furthermol1岳， co・cross-
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linking experiments with鵠 ti-CD2and anti心D16Ab revealed no 
synergistic effects on either granular exocytosis or t，戸osinephos鵬

phorylation of cellular proteins (dat昆 notshown).前lerefore，we 
concluded尚喜1multivalent cross-Iinking of CD2 itself was su組職
cienlto信組sduce器ignalsin NK3.3 cells and may repre塁側t語nother
means of 凶 器eringa simil議rresponse to that針。ughCDI6. 
CDルinducedsignaling ev釦 tsdepend on偽記 cytoplasmicdか

main of CD2， which is relatively large (116滋滋.inoacids); is highly 
conserved創nonghumans， rats， and mice; and lacks intrinsic ki峨

nase activity (39).百leremarkable capacity of CD2 to泌 livateT 
cells and NK cells raises the possibility that， like CD3rrCR， CD2 
interact器 withcytoplasmic PTKs. Previous studies revealed that 
CD2詰ndCD16 areぬncti∞ally加 dphysically associated with the 
src family tyrosine kinases， Fyn and Lck (28， ~O， 41)， and induce 
tyrosine phosphorylation of PLC・γ(8，27工Recently，Bell et al. 
clearly demon雑誌.tedthat the SH3 domain of Lck binds 10 proline-
rich sequences in the cytoplasmic domain ofCD2 (42). It has been 
reported that signal伽 nsductionvia CD2 in NK cells is dependent 
in p絞ton the CD31必chain，a signal-transducing subunit of the 
TCR complex， or theγsubunit of CD 16， which is homologou草to
the CD3/{-chai誌 (10，33， 43). The current model of T ceU activa-
tion is bas悲don a sequential interaction of src器毘dSyk family 
PTKs with the TCRlCD3/{ complex， which by itself lacks intrinsic 
kinase activity. Lck or Fyn is thought to be responsible for the 
tyrosine phosphorylation ofthe CD3/{-chain on the immunorecep-
tor tyrosine-based activation motif (ITAM; YXXL-ba輩記dse-
quences inter冨:pacedby six to eight amino説cids)that is pres母ねtas 
three copi器sin each ， subunit and as two copies inγsubunit of 
CD 16， which lead to recruitment of the tyrosi鈴ekinase ZAP々 0，
most likely by an interaction mediated by SH2 domains (20). Syk 
is structurally homologous to ZAI入70，with two t詰ndemly釘TaJlged
SH2 domains and a C却 rminal脳部sedomain (44)， and a similar 
mechanism of r記cruitmenthas b記録 proposedfor Syk.今-kh謹sbeen 
reported to be activated by v語riousreceptors， such as CD3rrCR 
(45-47)， BCR (48)， FCERl (49)， and FcγRIIA (50). 1n NK cells， 
engagement of CD 16 h孟sb告側 repo巾 dto iおおむ怠 tyrosineph錦織

phorylation of c母lIul呈rproteins (51) and to increase the catalytic 
activity of both ZAP々oand Syk (52， 53). Therefore， we examined 
whether cross・linkingof CD2 acti刊 tesSyk in NK cells， and we 
found that cross-linking of CD2 or CD16 enhances tyrosine phos-
phory協 ionof Syk組 d謹ctivatesits kin邑seactivity against MBP 
subs出 tes(Fig. 3， A呈ndC)， suggesting治atCD2 and CDl6 use 
similar sign必ingpathways. 
1nvolvement of PI 3・Kin CD16-mediated signal叙滋lsduction

and granular ex∞ytosis in NK cells has been repo批 d(12， 13). 
Our results extend these analyses by demons往童話ng治atcross-link-
ing of CD2 as well as CD16 stimulates Syk kinase activity (Fig. 3， 
A剖 dC) and enhance墨ザrosinephosphorylation of cellular pro同

teins佃 d削 減 誌pterprotein， Shc (Figs.以 and5A)， resulting in設le
increase i治 路シKactivity associated wi社1tyrosine-phospho乃rlated
Shc (Fig. 6). Although we co滋滋 notdetect tyrosi祭器 phosphoryla-
tion of p85 in NK3.3 cells， we have observed increased PI 3・k
a記録vityin phosphotyrosine imrnunoprecipit.ates following cross-
linking of CD2 or CD 16， as reported for CD3 stimulation ofT cells 
(54， 55). The p85 subunit contains two SH2 domains that bind to 
tyrosine-phosphorylated YXXM motifs，。問 SH3domain that 
binds toめeproline-rich region of src f;創nily泌ぉases，and two 
proline-rich regions that are docking sites for SH3 of src f;叙nily
PTKs (17， 36)郁Thus，PI 3・Kp釘ticip謹tesi蕊 theassembly of signal 
tran器ducingcomplexes through multiple association sites. Al“ 

though Shimizu et al. have rep戸o指 dconstitutive a俗sso∞ci畠鋭t綬io倣伺noぱfP目I 
3与-K畠鵠殺婦dCD2i泊naCD2.刷"舟

邑s鉛so舵ciぬat鎗悲誠dwit出hCD2 i訟nCD2 imrn別1乱lunopreci惨桝pがit縦語総t皐おsaおswell aωs i泌n 
COI蕊3滋t往rolimrnunoprecipitat母s(dat.a not shown).百lerefore，our dat皐
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おおotsupport a specific association between PI 3必 andCD2 in 

NK3.3 cel1s. A possible alternativ悲 explanationfor the participa-

tion of PI 3-K in the CD2-rn吋iatedsignaling and granular exo併

記ytosismay be that the SH2 domains of也 記 p85subunit bind to 

tyro草ine-phosphorylatedreむeptor容器ndloradapter proteins. It is re・
ported that fuJl activation of PIみKo∞ursonly when both SH2 

domains of p85 are occupied by tyrosine-phosphorylated YXX滋
motifs， and partial activ証tionoccur草 wheneither SH2 domain is 

occupied (57， 58). We speculated that Shc，叩 adapterprotein， may 

お5∞iatewith 釦 dr記事ulatePI 3・Kactivity， because it has b器開

reported to be phosphorylated on tyrosine resiおesby Syk as w泌

総 other狩Ks(59. 60). Shc has also be組問portedto ass∞iate 

with PI 3・Kor to be involved in the assembly of signaling com鱒

plexes that include PI与K following stimulation through CD31 
TCR， BCIにorcytokine receptors (37， 61四 63).前lerefore，we ex-

amined wheth皐rcross側 linkingof CD2 i即応asesShc tyrosine 

phosphorylation鵠 dmediates the ass∞iation be~we氾n PI3・Kand

Shc. The results cl容量rlydemonstrated泌総 cross-lin対ngof CD2 

incre泌総 tyrosi部 phosphorylationof Shc (Fig. 5A) and enhances 

PIみKactivity associated with Shc (Fig. 6). We examined Grb2・

韮ssociatedPI 3・Kactivity and found that no remarkめlechangein 

PI3・Kactivity w皐sinduced by cross-linkサngof CD2 or CD16. 

Furthermore， we ex註minedthe Grb2分 ssociatedmolecules by 

binding a話器畠yusing glutathion号-s々ansferasefusion proteins of 

Grb2 and found that Grb2畠ssoci語tedwith Shc， but not with PI 
3・K.These results i泌 icate白紙 neitherdiぉctassociation of Grb2 

呈ndPI 3・Knor a trimolecular complex of Shc， Grb2， and PI 3ぷ
was formed in significant叙nounts(data not shown). Although 

several reports have indicated the physical association of PI 3・k

with src family PTKs (15-17)， we propose 総 additionalmecha-

nism for the involvement of PI 3-K in the CD2・mediatedsignal 

pathway: 1) cross-linking of CD2誕sweJlぉ CD16皐ctivates Syk 

directly or dep叩 d叩 tupon tyrosine p初sphorylationof the γsub網

unit of CD16 through Lck activation; 2) activated S.シkinduces 

phosphoryl必onof Shc on tyrosin記F喧sid日記事;and 3) full or p紙 ial

act伐採ionofPI 3・Kis mediated by association with Shc via SH2 

domains of p85. 

In conclusion， we have clearly demonstr鋭意d白紙CD2・mediated

granular ex∞抑制isin NK cells is dependent on PTKs and PI 3・k
activity， since herbimycin or wortm組怠ins汀onglyinhibited or 

completely abrogated CD2-mediated gr鵠 ul語rex∞ytosis. More-

over， we have observed that cross-linking of CD2 increぉesSyk 

短期seactivity加 de治組cestyrosine phosphorylation of cellular 

proteins such as Shc， resulting in increased PI 3・Kactivity asso・
ciated with Shc. These results suggest a potential role for Syk and 

PI 3-K in the CD2-mediated signal p量.thwayand granular 

exocj初 S18.
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目的

( 1 )小児におけるC型肝炎ウイルス (HCV)の感染機序を解明するため、 HCVに感染した母子を対象に

HCVE2領域の塩基配列を解析し、母子感染の確認に役立つか否かを検討する。

(2) HCVの変異状況と持続感染の関係を解明するため、 HCVに感染した母子を対象にHCVE2領域の塩

基配列を経時的に解析する。

対象

感染経路の解明については、名古屋市立大学病院小児科外来に通う小児8例とその母親8例とした。 8例

の性別は男児3例、女児 5例で、年齢は 2ヵ月から 12歳であった。 4例の児はHCV感染の母親から生ま

れ、フォローアップ中にHCVに感染した。他の 4例の児はHCV抗体スクリーニングによって、 HCV感染

が判明し、母子共にHCV感染と診断された。児は全例輸血歴はなく、 HCV水平感染のリスク因子もなかっ

た。家族 1の母子以外全例血液サンプルを同時に採取した。血液サンプルは採取後直ちに血清に分離し、-

30'Cに保存した。

母子感染例におけるHCVE2領域の経時的解析は 2組の母子で行った。即ち、

家族 1:母親は妊娠初期に流産に対する免疫治療として夫の白血球の皮下注射を受けた。治療前の母親の

HCV抗体は陰性であった。治療後夫がHCVキャリアであることが判明した。母親は分焼前にHCV抗体陽

性となっていた。

児は生後3カ月時HCVRNA陽性で、その後ウイルス血症が持続している。

血清サンプルは児においては、生後3、6、9、 12、 15、21、27、および30カ月の 8時点で、

母親においては、分娩後3、9及び12ヵ月の 3時点で採取した。

家族2:母親は無症候性HCVキャリアであった。生後4カ月に行った児のHCVRNA検査が陽性で、その

後HCVRNA陽性が続いている。血清サンプルは児においては、生後4、6、9、 1 2、 18、 24及び

3 0カ月の 7時点で、母親においては、分娩後4、6、9、 12及び30ヵ月の 5時点で採取した。

方法

RNA抽出とRT-PCRについて

血清 10 0μlより AGPC(acidguanidium thiocyanate-phenol-chloroform)法でRNAを抽出し、 randomhexamer 

をprimerとして、 MMLV(maloney murine leukemia virus )逆転写酵素を用いてcDNAを合成した。

HCVゲノタイプの同定は岡本らの測定方法を一部改変して行った己即ち岡本らはHCVのC領域に位置す

るuniversalprimer (sense)と4種類のtype-specificprimers (antisense)の混合液を用いて PCR反応を行い、 4

つのgenotypeにHCVを分類しているが、 4種類のtype-specificprimersを別々に用いてPCR反応を行った。

HCVのE2領域ゲノムの増幅は岡田らの方法に従って行った。 1st及びnestedPCRはそれぞれ 1種類のsense

primerと2種類のantisenseprimerを用いた。 PCR反応、はthermalcyclerを用い、 1stPCRでは 35サイクル、

nestedPCRでは 30サイクル行った。 denaturation温度は 94'C、 annealing温度はお℃、 extension温度は72

℃とし、反応時間はそれぞれ l分とした。

cDNAサプクリーニング法について

増幅したcDNAはアガロース泳動した後目的のバンドを切り出し、ガラスパウダーで抽出した。制限酵素

EcoRIとBclIで処理した後cDNAのフラグメントをplasmidvectors (pUC119)の EcoRI/BamHIのサイトに組み

込むことでクローン化した。 lつの検体についてそれぞれ5つの cDNAクローンを解析した。

シークエンス解析について

塩基配列の解析はABI(Applied Biosystems)の T叫 DyeDeoxyT巴rminatorCycle Sequencing Kitと 373A蛍光

DNA sequencerを用いて、プラス鎖とマイナス鎖について行った。

塩基及びアミノ酸の番号はgenotypenでは、 HCV-BK株、 genotype皿では、 J6株を基準とした。本研究で

は解析した全領域をF領域と定義し、更にそれを 3つの部分、即ち超可変領域(HVR)-1、 HVR・2、及び

町長lと2の間の領域に分けて検討した。超可変領域1と2の聞の領域は I領域と定義した。



系統発生学的解析について

I領域に対して系統発生学的解析を行った。この解析はソフトウエア GE阻 πX-MACを用い、

neighborてjoining法で行った。

結果と考察

HCVゲノタイプをtype司 specificprimersを用いたPCR法で検索した結果、家族 l、4、6、 7及び8の母子

はtype11と判定され、家族2、3と5の母子は type皿と判定された。一方cDNAクローンの塩基配列に最

も類似した塩基配列を白nBankに登録されている塩基配列の中から検索すると、家族 1、4、6、7及び

8の母子のcDNA塩基配列は type11の HCV・BK株が選択された。同様に家族2、3、と 5の母子では type

皿の HCV-J6株が選択された。即ち二つの異なった方法によってgenotype分類を検討したところ同じ結果

であった。

Table 1は各症例それぞれ5クローン聞の塩基及びアミノ酸配列の同一性を検討した結果を示す。各項の

左側の値は各領域の塩基及びアミノ酸配列の最も高い変異率を示し、右側は最も高い保存率を意味する。

百パーセントは解析した 5クローンの cDNAの中に完全に一致したクローンが少なくとも 2クローンあっ

たことを意味する。

超可変領域-1においてクローンの種類を検討すると図 lに示した通りである。

図 1のaは家族 1-5までの超可変領域のアミノ酸配列を示す。家族3の児では単一のアミノ酸配列が見

られたが、他の症例では多種類の配列が見られた。図 1のbは家族 6-8までの超可変領域のアミノ酸配

列を示す。家族6の母子とも単一のアミノ酸配列を示す。家族 7の児と家族8の母親は以前に interferon

の治療を受けていたが HCVウイルス血症が続いていた。これらの症例では多種類のアミノ酸配列が観察

された。なお、家族 7の児の 10クローン中 7クローンには 3塩基、 1アミノ酸の挿入を認め、またその

母親の 11クローン中の 9クローンには l塩基の欠失を認め、 frameshiftにより生じたstop∞donが多数

認められた。

Table 2には児とその母親の問、児と他の児及び他の母親との問、また児とGenB加kに登録されている塩

基配列との聞の一致率を各領域について検討した結果を示す。 I領域について相同性をみると 8組中 6組

(75%) (家族 1、2、3、5、6と8)では児とその母親の聞の塩基配列の相向性は、 5クローン全

部が児とほかの児、他の母親及び GenBankに登録されている最も類似性の高い塩基配列の聞の相同性よ

り高った。 l組(l3 %) (家族 7)は一部のクローンのみ高い相同性を示した。即ち、児の 10クロー

ン中 6クローンと母親の 11クローン中の 5クローンの聞の相向性は児と他の児、他の母親及びGenBank

からの塩基配列の問の相向性より高い値を示した。他の 1組(l3 %) (家族4)は母子聞の塩基配列の

相向性が児の 5クローン中の 4クローンと家族7の母親の 11クqーン中の 5クローンの聞の相同性より

低い値を示した。 F領域について同様のことをみた結果をTable2に示した。即ち母子間の相向性を比較

する場合、 F領域よりI領域の方がいくぶん高いという成績が得られた。

I領域の塩基配列を用いて系統発生学的関係を検討した結果を示す。 8家族で 64個、GenBankから得た

2 2個のユニークな塩基配列を用いて分析した。家族 1、2、3、4、6及び8の児のDNA塩基配列は

母親のそれと同じ枝に分類されたが、GenBankから得られた lつの塩基配列と家族5の塩基配列が同じ

枝に分類され、また家族 7では、 GenBankから得られた多数の塩基配列とその家族の半数のクローンは

比較的類似性の高い塩基配列として分類された。

今回の検討で我々は 1症例について、 5クローンを解析し、 HVR・1と2の聞のI領域について母子聞の相

向性をみると、 8家族中 7家族で母親とその児の間で一致率が高いことを実証できた。これはまた系統発

生学的分析法によっても証明された。即ちこの研究の結果によって、 I領域についての塩基配列を解析す

ることで、 HCVの母子感染の確認が可能と考えられた。
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Dl0934;N:Dl0750;O:回出88;P: X60589; Q: X60579; R: D 12令部;S: D12965; T: 

Xる0582;り:在07544;V: D89872. 
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