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研究成果の概要（和文）：　マウスを用い、40%食餌制限であれば死亡率は低く、十分な体重減少が得られた。通常慢
性ストレスを10日間施行したマウスも作成した。マイクロアレイ法を用い、長期飢餓ストレスにより海馬において複数
のmiRNAの発現が変化する事を見いだした。リアルタイムPCR法においては通常ストレス群と比較し、飢餓ストレス特異
的miRNAが同定された。特定のmiRNAの標的は脳神経の発育に重要な蛋白である可能性が示唆された。 飢餓ストレスで
発現変化するmiRNAの機能が推定され、神経性食欲不振症等の飢餓ストレス状態におけるエピジェネティックメカニズ
ムの解明やバイオマーカーの開発という観点からも重要な知見が得られた。

研究成果の概要（英文）： Using mice, sufficient decrease of body weight was observed under 40% food 
restriction and mortality rate was almost 0 %. Also we made usual chronic stress mice using 10-days water 
avoidance stress test. We found several miRNAs whose expressions were altered under chronic starvation 
stress using miRNA microarray. We found chronic starvation stress specific miRNAs by realtime RT-PCR 
compared with RNAs from usual chronic stress mouse hippocampus. The target of the specific miRNA might be 
a protein which is important for the neurological development. We could estimate one end of mechanisms of 
miRNAs altered by epigenetical regulation. Those important findings were obtained from the point of view 
that the elucidation of the pathophysiological mechanisms under chronic starvation stress condition such 
as anorexia nervosa and the development of the biomarkers of such condition.

研究分野： 心身医学
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１．研究開始当初の背景	 
	 研究担当者は、甲状腺未分化癌細胞におい
て、甲状腺未分化癌に特異的に高発現する
miRNA クラスターを同定し、それらが RB1 な
どの腫瘍抑制タンパクを抑制制御すること
により癌の増殖に寄与している可能性を示
し(Takakura	 S	 et	 al,	 2008,	 Ujifuku	 K,	 
Takakura	 S	 et	 al,	 2010)、一貫して miRNA
に関する研究を行ってきたという背景があ
る。また、長期飢餓ストレス下のマウス海馬
おいて、マイクロ RNA(miRNA)の発現を網羅的
に解析し、発現変化する miRNA は多数存在す
る事を見いだした。	 

■miRNA とは	 

	 	 miRNA 遺伝子は、染色体上の不安定領域

に多くは存在すると言われている。miRNA

は 20 塩基程度の小さな RNA であり、メッ

センジャーRNA に相補的に結合する事によ

り、その翻訳を抑制あるは阻害する事によ

り、タンパク発現を制御している。即ち、

セントラルドグマ以外で、細胞の振る舞い

を

規

定

す

る新たな物質である。1990 年に線虫におい

て報告されて以来、これまでに 500 種類以

上の miRNA が報告されており、驚くべき事

にその多くが種を超えて配列が保存され

ている。おそらくヒトにおいては約 1000

もの miRNA が存在し、様々なストレスによ

りmiRNAの発現異常が出現することが近年

多数報告されてきている(Marsit	 CJ	 et	 al,	 

2006,	 Uchida	 S	 et	 al,	 2008)。また、脳

腫瘍の薬剤の感受性に影響を与える因子

としてのmiRNAの役割についても研究担当

者のグループが報告した	 (Ujifuku	 K,	 

Takakura	 S	 et	 al,	 2010)。最近になり、

血液中の分泌型miRNAが癌の新たなバイオ

マーカーとして注目されている。	 

■エピジェネティクスとは	 

	 	 塩基配列によらない遺伝情報の発現制

御、体細胞ではその記憶が伝えられると定

義されている。エピジェネティックな変化

は遺伝子活性を制御する生理的なプロセ

スであり、それ故に環境因子に反応して変

化が生じる。中でも DNA メチル化が最も早

く発見されたエピジェネティクス要因で

ある。近年ではうつ病における Brain	 

derived	 neurotrophic	 factor(BDNF)のメ

チル化異常がうつ病診断に有用なバイオ

マーカーとなり得るとの報告がなされて

いる(Fuchikami	 M	 et	 al,	 2011)。	 

発現変化する miRNA は多数存在する事が判明
したが、文献的にもその機能は明らかではな
い。加えて、如何なるメカニズムで発現変化
が生じるかについては手つかずのままであ
る。また、AN の診断はアメリカ精神医学会に
よる The	 diagnostic	 and	 Stastial	 Manual	 of	 
Mental	 Disorders を用いているが、その症状
評価に有用なバイオマーカーは皆無と言っ
ても過言ではない。	 
２．研究の目的	 
	 研究担当者らは長期飢餓ストレスにより、
マウス海馬における多数のマイクロ
RNA(miRNA)が後天的に発現変化する事を見
いだしている。本研究では長期飢餓ストレス
下のマウス海馬で発現変化するマイクロ
RNA(miRNA)に着目し、長期飢餓ストレスで変
化する複数の miRNA の機能を明らかとするこ
と、また神経性食欲不振症(AN)の新たなバイ
オマーカーの開発につなげることを目的と
する。さらに、miRNA がなぜ変化するのかを
DNA のメチル化に着目し解明する。この研究
により、AN による様々な異常の病態生理の一
端が、エピジェネティクスの観点から明らか
となり、AN 診断における新たな客観的指標の
開発に繋がる有用な発見が得られる事が期
待される。	 
３．研究の方法	 
	 飢 餓 モ デ ル マ ウ ス (Food	 restriction
法)(1)6 週齢雌 BALB/c マウスを購入し、1匹
/1 ケージで飼育する。(2)9 週齢（思春期頃）
となったら 1日食餌量を算出し、コントロー
ル群(食餌制限なし)、40%食餌制限群および
慢性通常ストレス群に振り分け、飼育する。
(3)約 20 日間にわたり食餌を制限する。慢性
ストレス群に関してはウォーターアボイダ
ンスストレステスト 10 日間施行。(4)食餌制
限 2週を超えるとマウスの体重は最大体重の
-32%となりプラトーに達する。(5)プラトー
に達した食餌制限3週目(12週齢)にマウスの
海馬を摘出し RNA およびタンパクを抽出する。
抽 出 に は mirVana	 miRNA	 Isolation	 
Kit(Ambion)を用いて total	 RNA を抽出し
-80℃保存する。	 

TaqMan	 microRNA	 assays を用いた miRNA の定

量：統計学的に有意に発現変化した miRNA す



べて（約 20 個の miRNA）について TaqMan	 

microRNA	 assays キットを用い、リアルタイ

ム RT-PCR 法を施行する。	 

ターゲットの特定と機能解析：miRNA は配列

特異的にターゲットメッセンジャーRNA の 3’

-UTR 領域に結合し、タンパクへの翻訳を阻害

することが知られている。同定したすべての

miRNA のターゲット mRNA を Target	 scan を用

いて予測することが可能である。DNA メチル

化異常の検討：miRNA をコードする領域にお

けるメチル化/非メチル化をメチル化特異的

PCR 法を用いて検討する。マウス海馬より

QIAamp	 DNA	 Mini	 kit を用いて抽出する。DNA

を EpiTect	 Bisulfite	 kit を用いてバイサル

ファイト処理し、メチル化/非メチル化プラ

イマーを用いて PCR プロダクトを作成する。

プライマーの設計は Methyl	 Primer	 Express

などのソフトウェアを用いる。	 

４．研究成果	 
	 マウスを用い、40%食餌制限であれば死亡率
は低く、十分な体重減少が得られた。通常慢
性ストレスを 10 日間施行したマウスも作成
し、死亡率は 0%で、体重減少は認めなかった
(図 1、図 2)。	 

マイクロアレイ法を用い、長期飢餓ストレス
により海馬において複数の miRNA の発現が変
化する事を見いだした。リアルタイム PCR 法
においては通常ストレス群と比較すること
で、飢餓ストレス特異的 miRNA が同定された
(miR-X,miR-Y)(図 3)miRNA の発現を制御する
DNA メチル化異常については現在もなお検討
中である。	 
	 特定の miRNA の標的は脳神の発育に重要な
蛋白である可能性が示唆された。飢餓ストレ
スで発現変化する miRNA の機能が推定され、
神経性食欲不振症等の飢餓ストレス状態に
おけるエピジェネティックメカニズムの解

明やバイオマーカーの開発という観点から
も重要な知見が得られ、現在論文執筆中であ
る。	 
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AN-40 vs. control 

Survival rate Figure 2 

 
 
 
 
Surviving rates of AN-50 and AN-60 were quite low   
compared to AN-40 (only one mouse died) during food restriction 
 
 
 

In AN-40, 20 miRNAs were significantly up-regulated or down-regulated 
miR-7b was most up-regulated and miR-1 was most down-regulated

Body Weight Figure 3 

Real time RT-PCR Figure 4 

miR-7b was up-regulated in AN-40, and not in WAS 
miR-1 was not down-regulated in AN-40 and up-regulated in WAS 

Search for putative miRNA targets Figure 5 

Putative target of miRNAs most  up- and down-regulated were several  
mRNAs related to cell growth or neurogenesis

❺Conclusions 

☞ Putative targets of most up- or down-regulated miRNA were mRNAs related to cell   
    growth or neurogenesis　  
☞ Those findings were quite novel and might be important to understand pathological 　 
  mechanisms of AN from the view point of epigenetics 

☞ There have been no reports concerning miRNA alteration under chronic starvation   
   stress 

	 Recently, DNA methylation abnormalities in anorexia nervosa (AN) patients were 
reported, which were suggesting epigenetic gene regulation.  Therefore, in this study, 
we hypothesized that microRNAs (miRNAs), consists of 18-20 nucleotides and 
regulate translation of messenger RNAs (mRNAs), were altered under chronic 
starvation stress and played important roles in the mechanism of various abnormalities 
in AN patients.

  We used 9-week BALB/c female mice and divided into five groups: control, 40% 
dietary restriction, 50% dietary restriction, 60% dietary restriction group and water 
avoidance chronic stress group. After twenty-one days dietary restriction, or 10 days (1 
hour /day) water avoidance stress, we extracted total RNA from mouse hippocampus 
for microarray analysis and further examinations.  
  We observed that mortality rate was increased in the 50% and 60% restriction 
groups, in contrast that of 40% group was quite low.  Therefore, we used 40% 
restriction group as a model of chronic starvation stress and for further examinations.      
   Microarray analysis revealed that miR-1 was most down-regulated and miR-7 was 
most up-regulatted among 20 significantly altered miRNAs under starvation stress 
condition compared to the control.	We compared expression levels of those miRNAs 
to those of water avoidance stress group using real-time RT-PCR.  We present several 
chronic starvation stress specific miRNAs and putative target mRNAs.  Putative target 
of such miRNAs were several mRNAs related to cell growth or neurogenesis.  

  In the current study, we found different miRNAs were altered and might play 
important roles under chronic starvation stress.  

  Those findings are quite novel and might be important to understand pathological 
mechanisms of AN from the viewpoint of epigenetics.

☞ In AN patients, we observe various psycho-behavioral and physical  
	abnormalities, however most mechanism of such abnormalities have 		 
	been still unknown. 
☞ Recently, DNA methylation abnormalities in AN patients were   
   reported, which were suggesting epigenetic gene regulation.  
☞ Mature miRNA, which is non-coding RNA raging from18 to 22   
   nucleotides in length, bind to target mRNA and induces its cleavage or   
   translational repression depending on the degree of  complementarity   
   (Figure1). 
☞ Recently, several miRNAs have been reported to be involved in cell   
   proliferation or apoptosis in various types of human cells.  
☞ Specific miRNAs have been reported to be involved in some  
   neuropsychiatric diseases(Table 1). 
☞ In this study, we hypothesized miRNAs were altered under chronic  
   starvation stress and played important roles in the mechanism of  
   various abnormalities in AN patients.
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Figure 1 

Table 1 

・non-coding RNA:18-22 nucleotide in length 
・bind to 3’-’UTR region of target mRNA and repress or 
inhibit its  translation 

Ⅰ. Establishment of starvation model mice 
    - 6 weeks of age 
       25 BALB-c female mice 
    - Divided into four groups 
　 control 
      40% food restriction(AN-40) 
      50% food restriction(AN-50) 
      60% food restriction(AN-60) 
      Water avoidance chronic stress group (WAS):positive control 
    - Food restriction was started from 9 weeks of age 
    - Water avoidance stress was started from 10days before   
       sacrifice 
      1h/each day 
　- Total RNA was extracted from mouse hippocampus   
     after 21-days food restriction 
Ⅱ. miRNA microarray analysis 
      - using the total RNA 
　 - cont.(n = 3) vs. AN-40(n =3) 
Ⅲ. Real time RT-PCR analysis 
    - TaqMan miRNA assay kit (Applied Biosystem) 
        - Analysis: Comparative CT method     
Ⅳ. Search for predicted miRNA targets 
　 -Target Scan           http://www.targetscan.org/ 

 ☞ miR-7 was suspected to be specifically up-regulated under chronic starvation stress  

☞ We found that many different miRNAs were altered in mouse hippocampus under   
   chronic starvation stress 

 
At 14 days of food restriction, body weight became bottom then reached plateau in AN-40   

AN-40 suited for starvation model 

Table 1 Up-regulated miRNAs 

 

P<0.05 

miRNAs Fold Change 

miR-7b 1.65 

miR-1894-3p 1.47 

miR-7a 1.44 

miR-466a-3p 1.44 

miR-137 1.43 

miR-451 1.34 

miR-714 1.33 

miR-744 1.33 

miR-29b 1.29 

miR-191 1.27 

Table 2 Down-regulated miRNAs 

 

P<0.05 

miRNAs Fold Change 

miR-1 0.45 

miR-31* 0.56 

miR-669c 0.59 

miR-877 0.72 

miR-197 0.73 

miR-466a-3p 0.75 

let-7a 0.77 

miR-692 0.82 

miR-1937b 0.83 

miR-466h 0.85 

A : Up-regulated miRNAs

B: Down-regulated miRNAs

Relative expression

References 

miRNA Putative target mRNA 

miR-1 BDNF, HIAT1, IGF-1 etc.  
miR-7 SNCA, RB1, IRS2 etc.  

 

miR-1miR-7b

Relative expression

n = 3 /  each group 

Weeks of birth

Food restriction period

B
ody w

eight ( g) 

n = 5 /  each group 

Water avoidance stress period

Surviving rate

Food  restriction period  (days)

n = 5 /  each group Food restriction period

Water avoidance stress period

 
 

Specific microRNA expressions under chronic starvation stress in mouse hippocampus  

 
Shu Takakura*, Keisuke Kawai*, Tetsuya Hiramoto*, Masato Takii*, Chiharu Kubo**, Nobuyuki Sudo*,*** 
*Department of psychosomatic medicine, Kyushu University Hospital
**Director, Kyushu University Hospital
***Department of psychosomatic medicine, Graduate School of Medical Sciences, Kyushu University  

 
❶Abstract ❷Introduction 

❸Materials and Methods ❹Results 

Table 2 miRNA microarray 
AN-40 vs. control 

Survival rate Figure 2 

 
 
 
 
Surviving rates of AN-50 and AN-60 were quite low   
compared to AN-40 (only one mouse died) during food restriction 
 
 
 

In AN-40, 20 miRNAs were significantly up-regulated or down-regulated 
miR-7b was most up-regulated and miR-1 was most down-regulated

Body Weight Figure 3 

Real time RT-PCR Figure 4 

miR-7b was up-regulated in AN-40, and not in WAS 
miR-1 was not down-regulated in AN-40 and up-regulated in WAS 

Search for putative miRNA targets Figure 5 

Putative target of miRNAs most  up- and down-regulated were several  
mRNAs related to cell growth or neurogenesis

❺Conclusions 

☞ Putative targets of most up- or down-regulated miRNA were mRNAs related to cell   
    growth or neurogenesis　  
☞ Those findings were quite novel and might be important to understand pathological 　 
  mechanisms of AN from the view point of epigenetics 

☞ There have been no reports concerning miRNA alteration under chronic starvation   
   stress 

	 Recently, DNA methylation abnormalities in anorexia nervosa (AN) patients were 
reported, which were suggesting epigenetic gene regulation.  Therefore, in this study, 
we hypothesized that microRNAs (miRNAs), consists of 18-20 nucleotides and 
regulate translation of messenger RNAs (mRNAs), were altered under chronic 
starvation stress and played important roles in the mechanism of various abnormalities 
in AN patients.

  We used 9-week BALB/c female mice and divided into five groups: control, 40% 
dietary restriction, 50% dietary restriction, 60% dietary restriction group and water 
avoidance chronic stress group. After twenty-one days dietary restriction, or 10 days (1 
hour /day) water avoidance stress, we extracted total RNA from mouse hippocampus 
for microarray analysis and further examinations.  
  We observed that mortality rate was increased in the 50% and 60% restriction 
groups, in contrast that of 40% group was quite low.  Therefore, we used 40% 
restriction group as a model of chronic starvation stress and for further examinations.      
   Microarray analysis revealed that miR-1 was most down-regulated and miR-7 was 
most up-regulatted among 20 significantly altered miRNAs under starvation stress 
condition compared to the control.	We compared expression levels of those miRNAs 
to those of water avoidance stress group using real-time RT-PCR.  We present several 
chronic starvation stress specific miRNAs and putative target mRNAs.  Putative target 
of such miRNAs were several mRNAs related to cell growth or neurogenesis.  

  In the current study, we found different miRNAs were altered and might play 
important roles under chronic starvation stress.  

  Those findings are quite novel and might be important to understand pathological 
mechanisms of AN from the viewpoint of epigenetics.

☞ In AN patients, we observe various psycho-behavioral and physical  
	abnormalities, however most mechanism of such abnormalities have 		 
	been still unknown. 
☞ Recently, DNA methylation abnormalities in AN patients were   
   reported, which were suggesting epigenetic gene regulation.  
☞ Mature miRNA, which is non-coding RNA raging from18 to 22   
   nucleotides in length, bind to target mRNA and induces its cleavage or   
   translational repression depending on the degree of  complementarity   
   (Figure1). 
☞ Recently, several miRNAs have been reported to be involved in cell   
   proliferation or apoptosis in various types of human cells.  
☞ Specific miRNAs have been reported to be involved in some  
   neuropsychiatric diseases(Table 1). 
☞ In this study, we hypothesized miRNAs were altered under chronic  
   starvation stress and played important roles in the mechanism of  
   various abnormalities in AN patients.

miRNA Function Diseases References 

miR-7 
miR-153 

 up-
regulated 

Α-synuclein 
downregulation 

Parkinson   disease Doxakis et al2010 
Junn et al., 2009 

21 miRNAs 
down-

regulated 
 

- Depression 
Autopsy 

case 
Dwivedi et al., 2012 

               
�

Figure 1 

Table 1 

・non-coding RNA:18-22 nucleotide in length 
・bind to 3’-’UTR region of target mRNA and repress or 
inhibit its  translation 

Ⅰ. Establishment of starvation model mice 
    - 6 weeks of age 
       25 BALB-c female mice 
    - Divided into four groups 
　 control 
      40% food restriction(AN-40) 
      50% food restriction(AN-50) 
      60% food restriction(AN-60) 
      Water avoidance chronic stress group (WAS):positive control 
    - Food restriction was started from 9 weeks of age 
    - Water avoidance stress was started from 10days before   
       sacrifice 
      1h/each day 
　- Total RNA was extracted from mouse hippocampus   
     after 21-days food restriction 
Ⅱ. miRNA microarray analysis 
      - using the total RNA 
　 - cont.(n = 3) vs. AN-40(n =3) 
Ⅲ. Real time RT-PCR analysis 
    - TaqMan miRNA assay kit (Applied Biosystem) 
        - Analysis: Comparative CT method     
Ⅳ. Search for predicted miRNA targets 
　 -Target Scan           http://www.targetscan.org/ 

 ☞ miR-7 was suspected to be specifically up-regulated under chronic starvation stress  

☞ We found that many different miRNAs were altered in mouse hippocampus under   
   chronic starvation stress 

 
At 14 days of food restriction, body weight became bottom then reached plateau in AN-40   

AN-40 suited for starvation model 

Table 1 Up-regulated miRNAs 

 

P<0.05 

miRNAs Fold Change 

miR-7b 1.65 

miR-1894-3p 1.47 

miR-7a 1.44 

miR-466a-3p 1.44 

miR-137 1.43 

miR-451 1.34 

miR-714 1.33 

miR-744 1.33 

miR-29b 1.29 

miR-191 1.27 

Table 2 Down-regulated miRNAs 

 

P<0.05 

miRNAs Fold Change 

miR-1 0.45 

miR-31* 0.56 

miR-669c 0.59 

miR-877 0.72 

miR-197 0.73 

miR-466a-3p 0.75 

let-7a 0.77 

miR-692 0.82 

miR-1937b 0.83 

miR-466h 0.85 

A : Up-regulated miRNAs

B: Down-regulated miRNAs

Relative expression

References 

miRNA Putative target mRNA 

miR-1 BDNF, HIAT1, IGF-1 etc.  
miR-7 SNCA, RB1, IRS2 etc.  

 

miR-1miR-7b

Relative expression

n = 3 /  each group 

Weeks of birth

Food restriction period

B
ody w

eight ( g) 

n = 5 /  each group 

Water avoidance stress period

Surviving rate

Food  restriction period  (days)

n = 5 /  each group Food restriction period

Water avoidance stress period

 

図 1 

図 2 

図 3 
 



国内外の別：	 	 
	 
○取得状況（計	 0 件）	 
	 
名称：	 
発明者：	 
権利者：	 
種類：	 
番号：	 
出願年月日：	 
取得年月日：	 
国内外の別：	 	 
	 
〔その他〕	 
ホームページ等	 
	 
６．研究組織	 
(1)研究代表者	 

髙倉	 修	 （TAKAKURA	 SHU）	 

研究者番号：80325521	 	 

(2)研究分担者	 

河合	 啓介	 （KEISUKE	 KAWAI）	 

研究者番号：80117100	 	 

	 (3)連携研究者	 

（	 	 	 ）	 

	 

	 研究者番号：	 	 

	 

	 

	 


