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N.本年度の研究業績

(1)学会、研究会等においての口頭発表(学会名・内容)
第71回日本薬理学会年会

Characterization of the genomic regions regulating expression of mouse aldose reductase gene. 

第41回日本糖尿病学会年会

マウスアルトス還元酵素の遺伝子構造と遺伝子発現調節領域の解析(子幻

(2)学会誌等に発表した論文 無 ・⑤ (雑誌名・論文名)
THE JAPANESE JOURNAL OF PHARMACOLOGY Vo1.76 supplement 46P 1998 

Characterization of the genomic regions regulating expression of mouse aldose reductase gene. 

v.今後の研究計画及び帯望

なるべく早くこの研究テーマ(マウスアルドース還元酵素の遺伝子構造と遺伝子発現調節領域の解

析)乞元肱すゐ。



羽.研 究 報 告(日本語、又は英語で書いて下さい。 4，000字以上で記載して下さい。別紙可)
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V1I.指導教官の意見

李博士は貴財団の助成のもとに15Kbにわたるマウス AldoseReductase遺伝子の
構造と遺伝子上流領域の塩基配列を決定し、さらに最新の分子生物学的・細胞生物
的手法を用いて本酵素の発現調節領域の解析に着手することが出来ました。
彼は次々と新しい実験技術を習得し、きわめて勤勉に実験を進め、今年度の教室

の研究の発展に大きく貢献してくれました。この 1年間、貴財団からの助成を受け
て李博士が研究に専念できたことを指導教官として深く感謝している次第ですロ
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研究報告書

京都府立医科大学薬理学教室 李 航

マウスアルドース還元酵素の遺伝子構造と遺伝子発現調節領域の解析

アルドース還元酵素は NADPHを補酵素とするアルド・ケト還元酵素の一員であり、

グルコースをソルピトールに変換する酵素である。この酵素はソルピトールをフルクト

ースに変換するソルピトール脱水素酵素とともにグルコース代謝の副経路であるポリオー

ルを形成している。

糖尿病合併症の発症に関わるアルドース還元酵素は、高浸透圧負荷により遺伝子上流

領域に位置する osmoticresponse elementを介して発現上昇をきたし、腎髄質の浸透圧調節

物質の一つであるソルピトールを産生すると考えられている口しかし腎以外の組織におけ

るAldoseReductaseの生理的意義は未だ明らかではなく、長期の AldoseReductase阻害剤投

与による副作用は予測出来ない。そこで我々は遺伝子改変マウスを用いて本酵素の生理的

役割の全貌を解明するべく、今回はマウスアルドースリダクターゼの遺伝子構造とその生

理的条件下での発現調節領域について解析を進めた。

まず MouseAldose Reductaseの cDNAをprobeとしてラムダファージマウスゲノムラ

イブラリーをスクリーニングし、 3個のオーバーラップしたクローンを得た。制限酵素地

図並びにエクソンーイントロン構造とその接合部の塩基配列を決定した。続いてAldose

Reductaseの遺伝子上流領域約 3.4kbをルシフエラーゼレポータープラスミドに挿入し、

プロモーター領域の serialdeletion mu伽 tを作製すると同時に遺伝子上流領域の塩基配列を

決定した。これらのキメラプラスミドを NIH3T3、CVl、CHOの各細胞株にリン酸カルシ

ウム法にて遺伝子導入後、ルシフエラーゼ活性を測定することにより転写活性に重要な領

域を同定した。

Aldose Reductaseの発現量はマウスの各組織間において、また各種の培養細胞株にお

いて大きく異なることがわかった。即ちAldoseReductaseはほとんどすべての組織(座骨神

経、網膜、水晶体、卵巣、皐丸輸精管、脳、腎臓、肝、骨格筋)に発現していたが、その

発現量は各組織において大きく異なっていた。また異なった組織由来の培養細胞株

NIH3T3， Yl， NG108， L6， CHO， Hela， MG63， NEC8， CV1)での発現量にも大きな違いがある

ことがわかった。 MouseAldose Reductase遺伝子は全長約15Kbで、 10コの Exonよりなり、

Exon 1とExon2の聞は約 4.3Kbであったが、 Exon2から Exon8までは 3.6Kbの間に局

在していたo また MouseAldose Reductaseプロモーターは、 TATAboxと二つの CCAAT

boxを持つことが確認され、上流約1.1KbにOsmoticResponse Elementと呼ばれる領域と

APl結合コンサンサス配列があった。

トランスフェクションアッセイの結果、 NIH3T3細胞において転写活性が大きく変わ

る二つの領域を認めた口一つは上流約・1.1kbからー0.85Kbの領域で、この領域には、こ

れまでに報告された TonEという OsmoticResponse Elementが存在し、もう一つは -0.6Kb 

から -0.24Kbの領域で、この領域をけずることにより転写活性は 2.0倍低下することが分



かった。一方 CHO細胞においては、・0.6Kbからー0.24Kbの領域を除くと NIH3T3細胞

同様に、転写活性は 3.5倍低下したが、-1.1kbからー0.85Kbの領域をけずつでもプロモ

ーター活性に大きな違いは認められなかった。

本年度得られた結果をまとめると、

1. Mouse Aldose Reductase遺伝子は全長約 15Kbの大きさで、 10コの Exonよりなる。

2. Mouse Aldose Reductaseの発現量は各組織聞において、また各種の培養細胞聞におい

て大きく異なる。

3. Mouse Aldose Reductaseのプロモーター領域には TATAboxと二つの CCAATboxが存

在し、 AldoseReductaseプロモーター活性は転写開始点より上流約1.1kbを含むフ

ラグメントでほぼ最大活性を示すD

4. NIH3T3細胞において転写活性が大きく変わるこつの領域がある。一つは上流約-1.1

kbから・0.85Kbの領域で、この領域には、AldoseReductase発現の浸透圧調節に

かかわる OsmoticResponse Elementが存在する。もう一つは・0.6Kbから・0.24Kb 

の領域で、この領域をけずることにより転写活性は 2.0倍低下する。

5. CHO細胞においては、・0.6Kbからー0.24Kbの領域を除くと NIH3T3細胞同様に、

転写活性は 3.5倍低下するが、-1.1kbから -0.85Kbの領域をけず、ってもプロモー

ター活性に大きな違いは認められない。-1.1kbから -0.85Kbの領域が、各組織ある

いは培養細胞聞における AldoseReductaseの発現量の違いにどのような役割を果たし

ているかについて、今後更に検討する予定である口

以上、貴財団の奨学金により私の研究を一年間ご援助頂きまして、心より感謝致しま

す。
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VI.研 究 報 告(日本語、文は英語で書いて下さい。 4.000字以上で記載して下さい。別紙可)

号、)私

VII.指導教宮の意見

郭萩氏は短期間で留学生という言語や生活体系の違いも克服し、多くの難

しい実験手法を習得し、さらに自主的な考えで研究を発展させ、それらの研

究成果を、国際誌や学会を通して発表し、教室に多大な貢献をしてまいりま

した。現在も我々の研究室の主要な研究プロジェクトの中心人物として研究

を引っ張っております。申請者の研究に対する厳しい姿勢と最後までやり抜

く態度には、常々感心しております。また一方では、性格は温厚で明るく、

素直で、後輩の面倒見も良く、研究室の皆に慕われております。

~[EJ町



、~、

羽又_.'
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Purification and Characterization of a new member of DEAD box of RNA helicase 

投稿中
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研究報 告書

私は小児の消化器系の疾患に興味を持ち、最初に、肝線維症で同一患者の正常な肝

組織と線維症の起こっている肝組織の間で di庄町entialdisplay法を用いることにより、

プロトオンコジーンのRETと結合するGrbl0と、 RNA結合蛋白であるiron-responsive

element-binding protein (IRE国 BP)が肝線維症で遺伝子発現が上昇していることを明ら

かにした。肝線維症で遺伝子発現の上昇するものとして転写調節因子と翻訳調節因子の両

者がクローニングされたのは興味深い。この二つの遺伝子については症例を増やし、肝線

維症との関係を検討中である。このようなヒトの剖検組織を用いた疾患関連遺伝子の検索

を進める一方、基礎的な研究として、消化管での浸透圧変化に対する細胞保護機構を解析

している。グリセロール注腸動物や脱水モデル動物を用いて、大腸の吸収上皮細胞や杯細

胞でミオイノシトールトランスポーターのmRNAが管腔内の浸透圧が上昇した際や、血

清浸透圧が上昇した際に顕著に上昇することを明らかにし、大腸の上皮細胞が細胞外の

浸透圧変化から細胞を保護するためにミオイノシトールの取り込みを増加させている

ことを示した。さらに、ミオイノシトールトランスポーターの発達段階での遺伝子発

現及び蛋自発現の変化を解析し、中枢神経系で胎生期に一過性の非常に強い発現が神

経系に認められることを明かとした。最近、 DifferentialDisplay法により浸透圧調整に

関係する新規のRNAhelicaseのcDNAを単離して、現在その機能解析を行っています。

消化管は管腔内に様々な摂取物、水分、分泌液が存在し、これらの濃度や量が吸収や

分泌によって複雑に調整されている。このことは消化管上皮が絶えず浸透圧の変化に

曝されていることを意味する。さらに大腸上皮では浸透圧勾配を利用し、水分の吸収

を行うために、この部位の細胞には極端に高い浸透圧負荷が、常時かかっている。ま

たこれらの浸透圧変化及び調節に異常を来すと下痢等の様々な消化器症状を来す。細

胞外の浸透圧変化は細胞内の体積や電解質組成に、大きな影響を与えるため、浸透圧

変化から細胞を保護する機構が存在すると考えられる。このような浸透圧変化からの

細胞保護機構の研究は主に腎臓で行われてきた。浸透圧物質(オスモライト)のトラ



ンスポーターは細胞外の高浸透圧に対抗して、オスモライトを細胞内に蓄積すること

によって、細胞内外の浸透圧バランスを保つという有効浸透圧作用と、同時に細胞内

の蛋白質や核酸の高次構造が高浸透圧により変化するのを防ぐ細胞機能保護作用を示

すと考えられている。私どものグループはオスモライトトランスポーターの発現調節

について、多くの解析を進めてきた。しかし、浸透圧の変化する刺激からオスモライ

トトランスポーターの発現誘導までの経路はほとんど明らかにされていない。そこで

本研究でiま大腸上皮由来のCaco・2細胞を用いて、 Di百erentialDisplay法によって、浸

透圧負荷時に必要となる新規の遺伝子を解析する。

消化器系において高浸透圧刺激からオスモライトのトランスポーターの遺伝子発現

誘導がおこるまでの経路に関与している遺伝子を検討するため、 CACO-2培養細胞を、

高張、等張、低張の培養液下で、培養しmRNA抽出後、 differentialdisplay法を用いて

浸透圧負荷時に新たに発現する遺伝子を同定する。これらの泊 vitro系を用いて

differential display法で得られた浸透圧応答候補遺伝子を、ノーザンプロット解析により

実際にCACO-2培養細胞で浸透圧負荷時に、発現誘導がかかるかどうかスクリーニング

する。浸透圧負荷時に発現が上昇する遺伝子については、蛍光プライマ一法を用いて塩基

配列を決定する。その中で新規遺伝子についてはそのcDNAの全長を獲得するために、高

浸透圧下で培養したCACO-2細胞から、 cDNAライブラリーを作製し、スクリーニング

する。このスクリーニングでも全長が得られない場合は、 5'や3'race法を用いてcDNAを

延長する。

これらの浸透圧応答遺伝子は、その相向性から機能が推測できるものに関しては、

cDNAを適切な発現ベクターに組み替えて、 HEKJ細胞発現系やアフリカツメガエル卵母

細胞発現系を用いて適切な解析を行い、浸透圧変化時におけるこの遺伝子の役割を検

討する。また大腸菌の発現系を用いて、浸透圧応答遺伝子の蛋白を単離し、抗体を作製し、

結合蛋白を作製しました。

これらの機能解析により浸透圧応答遺伝子の特性を明らかにするとともに、1ll



VIVOでの浸透圧負荷モデル、虚血、浮腫等の動物モデルを用いてその発現調節を解析

する。さらにCACO・2細胞を用いて、 antisense法により、浸透圧負荷時にこれらの浸

透圧遺伝子の発現が抑制されると。Cのような細胞傷害が起こるか検討する。

最近、私はこの実験計画をスタートし、 Di百'erentialDisplay法の系から、浸透圧負荷

により遺伝子発現が上昇するRNAhelicase遺伝子ファミリーに属する新しい遺伝子を単

離しました。現在大腸菌BL21細胞を用いて、融合蛋白を合成し、 2本鎖のDNAやRNA

のhelicase活性があるかどうか検討中です。
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BRAIN RESEARCH 

SCOPE AND PURPOSE 

MOLECULAR BRAIN RESEARCH is a special section of Brain Research which provides a medium for prompt publication of studies on molecular 
mechanisms of neuronal， synaptic and related processes that underlie the structure and function of the brain. Emphasis is placed on the molecular biology of 
fundamental neural operations relevant to the integrative of the nervous system. 
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i¥.bstract 

myo-Inositol plays a role in m叩 yimportant aspects of cellular regulation including membrane structure， signal transduction and 
osmoregulation_ It is tak:en up into血ecells by也eNピjmyo-泊ositolcotransporter (SMπ)_ w巴 investigateddevelopmental changes in 
the expr巴ssionof SMIT mRNA and protein in仕lerat. In the fetal rat brain， SMIT mRNA was abundantly and diffusely expressed 
throughout the whole brain and the spinal cord. Positive signals were expressed in neuronal and non-neuronal cells in出巴seregions. SMIT 
is gradually down-r巴gulatednearer birth， but intense signals were still detected in the brain at postnatal day one. In the adult rat brain， 

very weak hybridization signals were detected throughout whole brain except for the choroid plexus where SMIT mRNA expression 
remained high. In con位ast，出.epa託.emof developmental regulation of S勘位Tgene expression in the kidney was opposite to that seen in 
the brain. Signals in出巴 kidneywere very weak during embryonic stages， whereas SMIT expression increased significantly after b註也.

百1巴seresults suggest白紙 myo-inositoland its仕組sporterplay an important role in the CNS developmental stage. @ 1997 Elsevier 
Science B.V. 

Keywords: Osmolyte; Blood-brain barrier; Na+ /myo司inositolco仕組sporter

1. ] duction 

myo-Inositol and its various biochemical derivatives are 
widely distributed in marnmalian tissues and cells [10]. 

The levels of myo-inositol in most marnmalian cells or 

tissues紅 emuch higher也姐 thosein plasma and intersti-

tial fluids [5，13]. Plasma concentrations in adult marnmals 

have been reported to be 10-200μM [10]， whereas tissue 

myo・inositol levels are usually greater than 1 mM. 
Sodium-dependent myo-inositol transporter (SMIT) ap司

pe紅 sto be responsibl巴 forthe maintenance of these con-

centration gradients. Interestingly， myo・inositolconcentra-

tions in fetal marnmalian serum may be elevated with 

levels which紅巳 sometimesgreater than 1 mM， depending 

on the time of gestation [4，9]. Sirnilarly， while the range of 

市 Correspondingauthor. Fax: + 81 (6) 879-3229. 
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myo-inositol in adult cerebrospinal fluid (CSF) is 100-500 

μM  [20，22]， the concentration in fetal CSF may reach 3 
mM [1]. 
τ'he reasons for the elevated myo-inositol levels in 

fetuses are unknown. Fruen and Lester have shown more 

recently that sodium-dependent myo-inositol uptake in fe-

tal brain cells in vitro is also increased when compar巴dto 

adult cells [6]. They postulated出atdisruption of myo・in-

ositol homeostasis in Down syndrome (trisomy 21) may 

affect血巴 developingbrain and thus contribute to the 

pa出ogLlesisof mental retardation， the most consistent and 

debilitating feature of the syndrome. There is some sup-

po抗iveevidence for their hypothesis. When polyol species 

were examined in CSF， a significant increase in也巴 level

of myo・inositolalone was observed in Down syndrome 

comp紅 edwi由 controls[21]. Furthermore， recent mapping 

of a human SMIT gene onto the long訂 mof chromosome 

21 [3] suggested that the altered myo・inositolhomeostasis 



92 W Guo et al. / Molecular Brain Research 51 (199刀91-96

inv01ving出巴 CSFmay resu1t from increased transpo口.
Despite these studies， no information is avai1ab1e about 
expression of SMIT during fetal deve10pment. 

To gain insight into the expression of SMIT during time 
of gestation， we determined regiona1 distributions of SMIT 
mRNA in rat fetuses using in situ hybridization.百le
results obtain巴ddemonstrated that S長官ris highly ex-
pressed in the fetal brain and spinal cord， whereas there 
were only weak signals in the kidney. The significance of 
SMIT in deve10pment of the CNS will be discussed. 

2. Materials and methods 

2.1. 1n situ hybridization 

Pregnant Wistar rats were anesthetized with pento-
barbital (65 mgjkg in回 peritoneally)and fetuses were 
removed at embryonic day (E) 14， E16， and E18. Animals 
were also examined at postnatal day (p) 1 (n = 5 for each 
age). Fetuses and Pl rats were sacrificed by decapitation 
and their wh01e bodies were immediate1y frozen at -80oC. 
Adult rats (postnatal week 3， n = 5) were treated in the 
S但nemanner and their brains and kidneys were removed. 
Serial coronal sections (5μm thick) were obtained from 
血efrozen tissues and the wh01e bodies with a cryostat and 
stored in a tightly closed case at -80oC.百leantisense 
probe for SMIT was syn血esizedfrom a 490 bp rat SMIT 
cDNA (b回目 808-1297)insert cIoned into出eNovagen 
T-vector. The sense probe for SMIT was synthesized from 
a 490 bp rat SMIT cDNA insert cloned in the vector 
pSPORT 1. To synthesize hybridization riboprobes by in 
vitro transcription， this sequence was first linearized by 
digestion with restriction endonucIeases of EcoRI for both 
antisense and sense RNA synthesis. The 1inearized cDNA 
was then incubated at 370C for 60 min with a mixture of 
reagents. This mixture consisted of 2μ1 of transcription 
buffer (X 5)， 0.5μ1 of 100 mM dithiothreito1， 0.5μ1 of 
RNase inhibitor， 0.5μ1 of 10 mM ATP， CTP and GTP， 5 
μ1 of [35 S]UTP (悶G-039H，New Eng1and NucIear)， 0.5 
μ1 of DNA temp1ate (1 mgjml) with 1μ1 of appropriate 
RNA p01ymerase (T7 RNA p01ymerase for antisense; SP6 
RNA p01ymerase for sense probe). DNA was digested by 
addition of 2μ1 of DNase (1 Ujμ1) and incubation at 
370C for 10 min. Efficacy of 1abe1ing was estimated by 
counting radioactivity of the synthesized probes. 

In situ hybridization techniques for SMIT mRNA (RNA 
probe) were bas巴don those of Wilkinson et al. [23] with 
some modifications. Briefly， sections were fixed in 4% 
paraforma1dehyde in 0.1 M phosphate buffer (PB) for 20 
min. After washing with PBS， the sections were treated 
wi出 10mgjml of proteinase K in 50 mM  Tris-HC1叩 d5
mM EDTA (pH 8.0) for 5 min at room temperature. They 
were fixed again in the same fixative， then acety1ated with 
acetic anhydride in 0.1 M 凶ethan01白血ne，rinsed with 

PBS， dehydrated and air-dried. The 35 S-1abe1ed RNA 
probes (sense and antisense) were di1uted in hybridization 
buffer， app1ied to the sections and covered with si1iconized 
coverslips. Hybridization was performed oveIτlIght in a 
humid chamber at 550C. The hybridization buffer consisted 
of 50% deionized formarnide， 0.3 M NaC1， 20 m長1:Tris-
HC1， 5 n由1:EDTA， 10立命1:PB， 10% dextran su1fate， 

1 X Denhardt's s01ution， 0.2% sarcosy1， 500 mgjml yeast 
武NA，叩d200 mgjml herring sperm DNA (pH 8瓜百1巴

probe concentration was 5 X 105 cpmj150μ1 per s1ide. 
After hybridization， the slides were soaked in 5 X SSC at 
550C， andぬ巴 covers1ipswere allowed to s10ugh off. The 
sections were由巳nincubated at 650C in 50% deionized 
formarnide with 2 X SSC for 30 min. After rinsing with 
RNase buffer (0.5 M NaC1， 10 mM Tris-HC1， 5 mM 
EDTA (pH 8.0)) four times for 10 min each time at 370C， 

the sections were住eatedwith 1 mgjm1 of RNase A in 
RN ase buffer for 30凶 nat 370C. After an additional 
washing in RNase buffer， the s1ides were incubated in 50% 
formamide with 2 X SSC for 30 min at 650C， rinsed with 
2X SSC叩 d0.1 X SSC for 10 min each at room tempera-
ture， d巴hydratedthrough an ascending alcoh01 series叩 d
air-合ied.

X-ray fi1m was p1aced on uncoated sections for 3 days. 
The slides were then coated with IIford K-5 emu1sion 
di1uted in distilled water containing 2% g1ycerin巴(1:1).
百les1ides were exposed for 3 weeks in a tightly sealed 
dark box at 40C， deve10ped in Kodak D-19， fixed with 
photographic fixer， stained with thionine組 dcovers1ipped. 
百letissue sections were examined under a 1ight micro司

scope. For qu組 titativeassessment of SMIT mRNA ex-
pression on出emacroautoradiograms，組 opticaldensity of 
a t紅 getregion was measured， and optical density ratio 
(ODR) was calcu1ated in comparison with the fi1m back-
ground density. Statistica1 analysis was performed using 
non-p紅 ame出canalysis of the Mann-Whitney U-test with 
two-tai1ed probabi1ity. 

2.2. Westem blotting 

Anti-SMIT antibody was raised against a synthetic pep-
tide， CTPPPTKEQ， co町巴spondingto amino acids 533-540 
of SMIT [12]. The peptide was coup1ed with紅 Hand 
used to immunize rabbits. 

Extracts were prep紅edfrom E16， E18 and Pl and P21 
rat brain. A1iquots of 20μg of protein were e1ec-
trophoresed in 10% SDS-p01yacry1amide ge1s. Proteins 
were transferred from the ge1s onto nitrocellu10se mem-
branes in a modified Towbin transfer buffer (25 mM Tris， 

192 mM g1ycine， pH 8.4， containing 0.05% 2-mercapto・
e出姐01).百lenitrocellu10se was b10cked with b10t buffer 
(20 mM Tris (pH 7.6)， 150 mM NaC1， 0.05% Tween-20， 

0.05% NaN3) containing 3% BSA for 1 day at 40C. The 
filters were probed at room temperature for 2 h with 
anti-SMIT rabbit antiserum di1uted in b10t buffer， washed 
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with blot buffer，叩dthen incubated for 2 h with anti-rabbit 

IgG HRP antibody diluted 1 :500 in blot buffer containing 

lo/c BSA. After washing with blot buffer， immunoreactiv-

ity was visualized using the ECL syst巴m (Amersham， 

Braunschweig， Germany). 

3. Results 

Throughout the present study， adjac巴ntsectlOns were 

hybridized with both sense and antisense probes to confirm 

the specificity of SMIT mRNA hybridization signals. S沼田
nals were observed only in sections hybridized with the 

antisense probes. Fig. 1 and Fig. 2 show developmenta1 
chang巴sin the expression of S恥HTrnRNA; since signifi-

・ 1J|l

it::58|l 

cant expression was observed in the fetal brain and the 

kidney after birth， we focused on these two organs 

3.1. SMIT mRNA expression in the brain 

The most intense SMIT mRNA hybridization signals 

were constantly found in the choroid plexus of the lat巴ra1
ventricl巴 andfourth ventricl巴 constantlyfrom E14 to P21 

In contrast， other regions of the brain show巳dint巴nse

hybridization signals until Pl， while these hybridization 

signals were markedly d巴creasedand reached low levels at 

P21. 

Detailed observations revealed low to moderate levels 

of SMIT mRNA in the neocortical neuroepithelium， sep-

tum， rhinencephalon， pallidal subventricular zone， pal-

Fig. 1. SMIT mRNA hybridization signals were widely distributed throughout the fetal brain (E14， E16， E18) with the most int巴nsesignals in the choroid 
plexus. In contrast， SMIT mRNA levels were low in the fetal kidney. No specific hybridization signals were found using a sense SMIT probe. Scale 
bar= 2 mm  
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lidum and thalamus at E14， while intense hybridization 

signals were seen in the hypothalamus， pretectum， tegmen岨

tum， ant巴riorpons， posterior pons， medulla and spinal 

cord. At E16， intense hybridization signals were observed 

in the cortical plate 姐 dneocortical neuroepithelium， 

whereas weak signals were detected in the intermediate 
zone in the cerebral cortex. Most of the other areas in也巴

brain showed moderate to intense hybridization signals 

with less intense signals in the pallidal subventricular zone. 

Moderate to intense hybridization signals were also seen in 

the neurallayer of the retina at E16. At E18， almost all the 
regions in出ebrain and neural layer of the retina showed 

moderate to intense S:r-.但TmRNA signals with less intense 

signals in the intermediate zone in the cerebra1 cortex， 

柑 iatal subventricular zone and pallida1 subventricular 

zone. At Pl， moderate to intense hybridization signa1s 
were found throughout whole brain. Particularly high ex-

pression of SMIT mRNA was detected in the subiculum， 

CAl-3 fields in the hippocampus， hypotha1amus and 
amygdaloid complex. At P21， very low signa1s were widely 
distributed throughout the whole brain with slightly higher 

intensity in出eolfactory bulb， hippocampus and cerebe 

lum. No signa1s were found with the sense probe. 

3.2. SMIT mRNA expression in the kidney 

In contrast， SMIT mRNA levels were low in the kidnt 
during fetal stages， whereas the hybridization signals wel 
markedly increased after birth. 

Detailed observation revealed weak SMIT mRNA si) 

nals in the nephroge凶czone， and low-level signals wel 

scattered in the medulla at E16. Moderate hybridizatio 

signa1s were sporadica11y spread over cortical an 

medullary regions with higher levels in the nephrogeni 

zone at E18. At Pl， intense hybridization signals wer 

concentrat巴din the medulla， whereas weak signals wer 
scattered in the cortex. At P21， SMIT mRNA was in 

tensely expressed in出eouter medulla. SMIT mRNi 

signa1s showed a gradient of concen住ationalong出ecorti 

comedullary axis from the inner medulla to白epapillar 

tip， with the most abundant transcript levels in出巴 papil
lary tip.百lesesigna1s in白epapill紅ytip were as intens， 

Fig. 2. Postnatal day 1 (Pl) rat， and the brain and kidney of postnatal day 21 (P21) adult rat. The brain showed intense hybridization signals at Pl， while 
these hybridization signals were markedly decreased and reached low levels at P21. In con廿'ast，出ehybridization signals in the kidney were markedly 
increased after birth， especially in the medulla 
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Fig. 3. On Westem blotting analysis， polyclonal antiserum against SMIT 
recognized a single protein with Mr of 80000.百lelevels of SMIT 
protein in the brain were decreased仕omembryonic day 16 (EI6) to 
postnatal day 21 (P21). Arrowhead indicates 83 kDa marker. 

as those in the outer medulla. Moderate hybridization 

signals were scattered in the cortex. 

3.3. Westem blotting analysis 

We also analyzed levels of SMIT prote加 inthe rat 

brain at E16， E18， Pl and P21 by immunoblotting. As 

S 1 in Fig. 3， SMIT was expressed as a single compo司

n with an Mr of 80000. The protein levels of SMIT 

throughout developmental stages showed a pattem sirnilar 

to出atobserved for SMIT mRNA. The brain SMIT protein 

levels wer巴 highduring embryonic stages and decreased 

with development. 

4. Discussion 

Our results indicated that SMIT n武NAand SMIT 

protein are highly expressed in出巴 f巴talCNS and decrease 

with development. This result is consistent with in vi仕o

study using cultured brain cells from fetal rnice [6] in 

which Na + -dependent myo-inositol uptake in fetal brain 
cells was significantly higher血 組 曲atin adult brain cells. 

Their results together with our observations suggest that 
出edevelopment of血ebrain from the fetal to the adult 

stage is associated with a significant decrease in SMIT 

a ・tyas well as in its mRNA 佃 dprotein levels. A 

s___ー紅 decreasein SMIT activity accompanies differentia-

tion of neuroblastoma cells in culture [19]. Changes in 

brain SMIT with development may be related to the high 

ambient concentration of myo-inositol. Considering the 

marked elevation of its concentration in fetal plasma [4，9] 

and CSF [1]， one would expect血atintracellular concentrか

tion would be extr巴melyhigh. Since myo-inositollevels in 

most mammalian tissues are 10-100-fold higher than those 

in plasma [5，13]， its conc巴ntrationin批 fetalCNS rnight 

be more than 10 mM. This raises the question why出e

fetal CNS need such a large amount of myo-inositol. The 

rate of synthesis of phosphatidylinositol would not be 

markedly affected because it is already saturated at much 

lower concentrations [2]. Low levels of ambient myo・1Iト

ositol s巴emto be adequate to maintain normal cellular 

phosphatidylinositol production. Thus， it is possible that 

myo・inositolplays another role in出efetal brain出atis 

distinct from that of a simple substrate for phospholipid 

biosynthesis. 

In addition to its role in membran巴structぽ eand signal 

transduction， myo-inositol functions as an osmolyte in the 

kidn巴yand the brain [7，8]. It is accumulated under hyper-
tonic conditions by increasing SMIT activity [17]. The 

abundance of SMIT mRNA and the transcription rate of 

the SMIT gene increased when the cultured kidney cells 

wer巴 culturedin hypertonic medium， suggesting that tran司

scription is出eprimary step in regulation of myo-inositol 
仕組sportby hypertonicity [12，25]. Sirnilar results were 

obtained from brain glial cells [18] and lens epithelial cells 

[26]. We have recently reported由elocalization and regula-

tion of SMIT mRNA in kidney [24]， brain [11，14]， eye [16] 

andeぽ [15].These results 拙 onglysuggest an important 

role of SMIT in the CNS regarding cell volume regulation. 

Although we found intense expression of SMIT in the fetal 

CNS， it is unknown whether the transporter is also under 
osmo時 ulatorycontrol. Berry et al. [2] suggested伽 t

myo・inositolmay be an osmolyte in fetal endothelial cells 

since they have a high-a血nitytransport system for myo-
inositol and accumulate more myo-inositol with fetal 

bovine serum than with adult bovine serum. It is possible 
出atmyo-inositol functions as an osmolyte in the fetal 
CNS. We speculate that the intense expression of SMIT 

mightb巴relatedto the immature blood-brain barrier in the 

fe旬s，which is much more permeable to a variety of 

solutes出組曲atin adults. 

Our results出ussuggest血atSMIT plays an important 

role in the fetal CNS but not in the kidney. The hypothesis 

proposed by Fruen et札 [6]regarding the relationship 

between Down syndrome and SMIT gene is consistent 

with our results. In patients with Down syndrome， mental 

retardation and neurological abnormalities are always pre-

sent but the kidn巴Yis usually normal. Further studies紅巳

nec白 S紅 Yto clarify the significance of myo・inositoland its 

transport巴rin this syndrome. 

References 

[1] F.C. Battaglia， G. Meschia， J.N. Blechner， D.H. B町 on，百迎合ee
myo-inositol concentration of adult and fetal tissues of several 
species， Q. J. Exp. Physiol. 46 (1961) 188-193. 

[2] G.T. Berry， R.A. Johanson， J.E. Prantner， B. States， J.R. Yandrastz， 

myo-Inositol transport and m巴tabolismin fetal aortic endothelia1 
cells， Biochem. J. 295 (1993) 863-869. 

[3] G.T. Berry， J.J. Mallee， H.M. Kwon， J.S. Rim， W.R. Mulla， M. 
Muenke， N.B. Spinner， The human osmoregulatory Nピjmyo-in-

ositol co位ansportergene (SLC5A3): molecular cloning and localiza-
tion to chromosome 21， Genornics 25 (1995) 507-513. 

μ] J.D. Campling， D.A. Nixon， The inositol content of foetal blood and 
foetal fluids， J. Physiol. 126 (1954) 71-80. 

[5] R.M.C. Dawson， N. Freinkel， The distribution of free meso-inositol 
in manlffia1ian tissues， including some observation on the lactating 
rat， Biochem. J. 78 (1961) 606-610. 

[6] B.R. Fruen， B.R. Lester， High affinity [3H]inositol uptake by disso-
ciated brain cells and cultured fibroblasts from fetal rnice， Neu-
rochem. Res. 16 (1991) 913-918 



96 W. Guo et al./ Molecular Brain Research 51 (1997) 91-96 

[7] A. Garcia-Perez， M.B. Burg， Renal medullary orga凶cosmolytes， 

Physiol. Rev. 71 (1991) 1081-1115. 

[8] S.R. Gullans， J.G. Verbalis， Control ofbrain volume during hyperos-

mol訂 andhypoosmolar conditions， Annu. Rev. Med. 44 (1993) 

289-301. 

[9] M. Hallman， S. Slivka， P. Wozniak， J. Sills， Perinatal development 

of myo-inositol uptake into lung cells: Surfactant phosphatidylglyc-

erol and phosphatidylinositol synthesis in the rabbit， Pediatr. Res. 20 

(1986) 179-185. 

[10] B.J. Holub， Metabolism and function of myo-inositol and inositol 

phospholipids， Annu. Rev. Nutr. 6 (1986) 563-597. 

[11] K. Inoue， S. Shimada， Y. Minar凶， H.Mo出n町 a，A. Miyai， A 

Yarnauchi， M. Tohyarna， Cellular localization of Na + / my小 inositol

co町 釦sportermRNA in the rat brain， Mol. Neurosci. 7 (1996) 

1195-1198. 

[12] H.M. Kwon， A. Y細 auchi，S. Uchida， A.S. Preston， A. Garcia-Perez， 

M.B. Burgand， J.S. H乱ndler，Cloning of the cDNA for a Na + / myo-

inositol c口紅白lsporter，a hypertonicity stress protein， J. Biol. Chem. 

267 (1992) 6297-6301. 

[13] L.M. Lewin， Y. Yむmai，S. Sulimovici， P.F. Kraicer， Studies on出e

metabolic role of myo・inositol.Distribution of radioactive myo-in-

ositol in the ma1e rat， Biochem. J. 156 (1976) 375-380. 

[14] Y. Min釦 u，K. Inoue， S. Shimada， H. Morim町 a，A. Miy札 A.

Yarnauchi， T. Matsunaga， M. Tohyarna， Rapid and仕組sientup-reg-

ulation of Na + / myo-inositol co仕組spo口er町組scriptionin the brain 
of acute hypematremic rats， Mol. Brain Res. 40 (1996) 64-70 

[15] Y. Min佃 u，S. Shimada， K. Inoue， H. Morimura， A. Miyai， A. 

Yarnauchi， T. Matsunaga， M. Tohyarna， Expression of Na+ /myo・

inositol co仕 組sportermRNA in the inner e紅白fthe rat， Mol. Brain 

R巴s.35 (1996) 319-324. 

[16] H. Morimura， S. Shimada， Y. Otori， A. Yarnauchi， Y. Minarni， K. 
Inoue， A. Miyai， 1. Ishimoto， Y. Tanoand， M. Tohy担na， Expression 

of Na + / myo-inositol co仕組sportermRNA in normal and hyperton 
stress rat eyes， Mol. Brain Res. 35 (1996) 333-338. 

[17] T. Nakanishi， R.J. Tumer， M.B. Burg， Osmo汀 egulatorychanges i 

myo-inositol transpoロbyrenal cells， Proc. Natl. Acad. Sci. USA 8 

(1989) 6002-6006. 

[18] A. Paredes， M. MacManus， H 

tlOn 0ぱfNa+-inoωosit江tω01c∞0佐訂如IS叩po抗E位ra，低cuv刊1句旬Iand mRNA levels i泊nb伽1r8幻d 

glia叫1cells， Am. J. Physiol. 263 (1992) CI282-CI288. 

[19] C.P. Reboulleau， Inositol metabolism during neuroblastoma B50 ce 

differentiation: effects of differentiating agents on inositol uptake， J 

Neurochem. 55 (1990) 641-650. 
[20] c. Servo， J. Pa1o， E. Pi仕組en，Polyols in由ecerebrospina1 fluid組 t

plasma of neurologica1， diabetic組 duraemic patients， Acta Neurol 

Scand. 56 (1977) 111-116. 
[21] H.U. She口y，M.B. Schapiro， H.W. Holloway， S.!. Rapoport， Polyo 

profiles in Down syndrome， J. Clin. Invest. 95 (1995) 542-546. 

[22] S.L. Smi出， M.V. Novotny， myo・Inositollevels in the cerebrospina 

fluid of infants， J. Chromatogr. 223 (1981) 173-175. 

[23] D.G. Wilkinson， G. Peters， C. Dickson， Expression of出eFGF-re. 

lated proto-oncogene int-2 during gas町ulationand neurulation in也E

mouse， EMBO J. 7 (1988) 691-695. 

[24] A. Yarnauchi， A. M加， S. Shimada， Y. Minarni， Y. Tohyarna， E. 

Imai， T. Karnada， N. Ueda， Loca1ization and rapid regulation 01 
Na + / myo-inositol cotransporter in rat kidney， J. Clin. Invest. 96 

(1995) 1195-1201. 
[25] A. Yarnauchi， S. Uchida， A.S. Preston， H.M. Kwon， J.S. Handler， 

Hypertonicity stimulates transcription of血egene for Na + / myo-in-

ositol co仕組sporterin MDCK cells， Am. J. Physiol. 264 (1993) 

F20-F23. 
[26] c. Zhou， N. Ag訂 W札 P.R.Cammarata， Osmoregulatory a1terations 

in myo-inositol uptake by bovine lens epithelia1 cells， Invest. Oph-

thalmol. Vis. Sci. 35 (1994) 1236-1242. 



、

Elsevier Science B. V. 

Posta! Address: 

Brain Research 

Elsevier Science B.V. 

Fax: (31) (20) 485 3271 

Phone: (31)( 20) 4853474 

P.O. Box 2759， 1000 CT Amsterdam 

The Netherlands 

* * * 

Courier Service Address: 

Brain Research 

Elsevier Science B.V. 
Molenwerf 1， 1014 AG  Amsterdam 

The Netherlands 

If you need information about your 型盟国manuscript，proof， etc. then phone or FAX us at the above 

numbers， stating the journal name and article code number. We can also FAX this journal's Instructions to 

Authors to you. 

NEW AND FORTHCOMING TITLES IN ELSEVIER'S NEUROSCIENCE PROGRAMME 

BRAIN RESEARCH PROTOCOLS 

VOLUME 1/2 IS THE MAY 1997 ISSUE! 

For more information， please contact Joyce Hobbelink， Elsevier Science， PO Box 1527， 1000 BM  Amsterdam， The 

Netherlands， Fax: +31 204853342， e-mail: j.hobbelink@elsevier.nl 

SUBSCRIPTION AND PUBLICATION DATA 1997 

8rain Research (including Molecular 8rain Research， Developmental 8rain Rese由民h，Cognitive 8rain Research 8rain Research Protocols and 
8rain Research Reviews) will appear weekly and be contained in 57 volumes (120 issues): 8rain Research， Volumes 743-778 (36 volumes in 72 issues)， 
Molecular 8rain Research， Volumes 41-50 (10 volumes in 20 issues)， Developmental 8rain Research， Volumes 98-104 (7 volumes in 14 issues)， 
Cognitive 8rain Rese由 民h，Volume 5 (1 volume in 4 issues) 8rain Research Pro.tocols， Volume 1 (1 volume in 4 issues)' and 8rain Research Reviews， 
わ lumes 24-25 (2 volumes in 6 issues). Please no匂 thatVolumes 41-43 of Molecular 8rain Research， Volume 743 of 8rain Researτh and Volume 5 

lUes no. 1 and 2) of Cognitive 8rain Research were p叫blishedahead of schedule in 1996， in ord恒rto reduce p岨blicationtime. The volumes remain p唱rt
01 the 1997 subscription year 
Separate subsσiptions: Molecular 8rain Res四 E油， Vols. 41-50， Developmental 8rain Res四 E油， Vols. 98-104， Cognitive 8rain Research， Vol. 5， 
8rain Research Protocols， Vol. 1 and 8rain Research Reviews， Vols. 24 and 25， may also be ordered separately. Prices are avaiIable from the Publisher 
upon request. Subscriptions ar官 acceptedon a pr官paidbasis only， unless different terms have been previously agreed upon. 
Subscription orders can be entered only by calender year (Jan.-De氾.)and should be sent to EIsevier Science B.V.， Order FulfilIment Department， P.O. Box 
211，1000 AE Amsterdam， n.e NetherIands， Tel.: (31) (20) 485 3642， Fax: (31) (20) 485 3598， or to yo叫rusual subscription agent. 
Postage and handling charges include surface delivery exceptωthe folIowing countries where air delivery via SAL (Surface Air Lift) mail is ensured: 
Argentina， Australia， BraziI， Canada， Hong Kong， India， Israel， Japan， Malaysia， Mexico， New Zealand， Pakistan， P.R. China， Singapore， South Africa， 
South Korea， Taiwan， ThaiIand and USA. For aII other countries airmail rates are available upon request. 
Claims for missing issues must be made within six months of our publication (mailing) date， otherwise such claims cannot be honoured free of charge. 
Orders， cIaims， and product enquiries: please contact the Customer Support Department at the Regional Sales Office nearest you: New York， 
Elsevier Science， P.O. Box 945， New York， NY 10159-0945， USA. Tel: (+1) 212-633-3730， [TolI free number for North American customers:I-888-
4ES-INFO (437-4636)]， Fax: (+1) 212-633-3680， e-mail: usinfo-f@elsevier.∞m; Amsterdam， EIsevier Science， P.O. Box 211， 1000 AE Amster廿am，
The Netherlands. Tel: (+31) 20-485-3757， Fax: (+31) 20-485-3432， e-mail: nlinfo-f@elsevier.nl; Tokyo， EIsevier Science， 9-15， Higashi-Azabu 
l-chome， Minato-ku， Tokyo 106， Japan. Tel: (+81) 3-5561-5033， Fax: (+81) 3-5561-5047， e-mail: kyf04035@niftyserve.or.jp; Sing畑pore，Elsevier Science， 
N0.1 Temasek Avcnue， #17-01 Millenia Tower， Singapore 039192. Tel: (+65) 434-3727， Fax: (+65) 337-2230， e-mail: asiainfo@elsevier.com.sg 

Advertising Information: Advertising orders and enquiries may be sent to・Intemational:Elsevier Science， Advertising Department， The Bo唱le巾ard，
Langford Lane， Kidlington， Oxford， OX5 1GB， UK; Tel.: (+44) (0) 1865 843565; Fax: (+44) (0) 1865 843976. U.SA. & Canada: Weston Media 
Associates， Dan Lipner， P.O. Box 1110， Greens Farms， CT 06436-1110， USA， Tel.: (2刀3)261 2500; Fax: (203) 261 0101. Japan: Elsevier Science Japan， 
Marketing Services， 1-9-15 Higashi-Azabu， Minato-ku， Tokyo 106， Japan; Tel.: (+81) 3 55615033; Fax: (+81) 3 55615047. 

ADONIS Identifier. This Joumal is in the ADONIS Service， whereby copies of individual articles can be printed out from CD-ROM on request. An 
explanatory leaflet can be obtained by writing to ADONIS B.V.， P.O. Box 17005， 1001 JA Amsterdam， The Netherlands. 

② The paper used in this publication meets the requirements of ANSI/NISO Z39.48-1992 (Permanence of Paper). 


