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Abstract 先天性筋ジストロフィー(Congenital Muscular Dystrophy :

CMD)は生下時から筋力低下を認める遺伝性筋疾患の総称である。1998年,
ミトコンドリア異常を伴う新規CMDが発見され, 原因遺伝子のひとつがCholine Kinase
β(Chkb)であることが同定された。Choline Kinase βは細胞膜を構成するグリセロリン脂質の一つ, 
Phosphatidylcholine(PC)の合成経路であるKennedy経路の第一段階を触媒する酵素である。しか
しながら, CMDの病態に繋がる代謝機構は解明されておらず,
詳細な発症メカニズムは不明である。本研究は,
Chkbを欠損させたCMDモデルマウスであるRostral-to-caudal Muscular Dystrophy mouse :
rmdマウス, 健常マウスの大腿四頭筋を対象とし, 代謝物の変動を理解することを目的とする。Chk
bの欠損があるCMDでは細胞膜を構成する脂質に代謝変化をもたらす可能性があるため,
脂質メタボローム解析による変動解析と, トランスクリプトーム解析による遺伝子発現量解析を行
った。グリセロン脂質の解析を行った結果, PCはrmdマウスで減少する一方,
Phosphatidylethanolamine(PE),
Phosphatidylserine(PS)は増加する傾向がある。rmdマウスの筋肉ではPE,
PSを基質とするPhospholipase A2の遺伝子発現量が増加しており,
リゾリン脂質と共に多価不飽和脂肪酸(Polyunsaturated fatty acid :
PUFA)が増えていることが示唆される。また, PUFAの増加に伴って, PUFAの酸化代謝物であるPr
ostaglandin類などの炎症性メディエーターも増加している可能性がある。以上より, CMDの発症
に細胞膜のグリセロン脂質バランスの変化が引き金となる炎症反応の関与が示唆される。
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2.   
2.1  

8 y  ( 1)

u  

0.5 mL Zr beads (3 mm × 5) ±  (1500 rmp 5 min)

−80˚C    
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2.2   
2.2.1   

 (25˚C 2000 G 5 min) ±

2.5 mg v ±

Ⅰ (5˚C 9100 G 120 min) CHCL3100 µL  Internal Standard (IS) 

200 µL Milli Q20 µL w 30 sec 30 min

 (20˚C 2000 G 10 min) ± 250 µL

Ⅵ ± CHCL3 : 

 : Milli Q (1:1:2) 20 µL ± ±

UltraPerformance LC® TripleTOF® 5600 u ±

Lipid Search ver1.2.17 u ±

y RT m/zy MultiQuantTM ver3.0 ±

± Peak View MS/MS ±    

 

2.2.2 Acyl CoA  

 (25˚C 2000 G 5 min) y

 Mono Spin TM C18

18 mg v ± 0.1% H2O350 µL IS

100 µL y  (25 ˚C 2000 G 2 min) ±

0.1% H2O300 µL ± ±

0.1% 100 µL 50 µL ± u ±  

(25˚C 2000 G 2 min) 400 µL Ⅰ

±  (15˚C 9100G 4h)  External Standard (ES) 50 µL w

3 min ± ± ±

Type ID Mass (mg) Type ID Mass (mg)
H-C1 203.4 H-R1 59.2
H-C2 191.6 H-R2 58.6
H-C3 212.2 H-R3 48.6
H-C4 52.8 H-R4 59.7
H-C5 59.6 H-R5 57.3
H-C6 62.6 H-R6 46.7
F-C1 127.9 F-R1 64.8
F-C2 104.2 F-R2 66.8
F-C3 143.8 F-R3 37.2

Hindlimb

Wild rmd

Forelimb
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Agilent 1290 Infinity LC QTRAP® 5500 MRM

± AbfConverter u t

MRMPROBS ver1.41 [6] ± IS

±   

 

 2.3  

 u t Welch t MeV ver4.8

± ± urmd v ±

u y Μ ±    

 

2.4  

rmd y  ( n=1) x ±

DNA Agilent ±

Agilent ±  

u

± 1 t ±

34938 t± R limma [7]     

 

3.   
3.1 u   
3.1.1 u  

PC PE PS PC u PC

16:0 22:5 22:6 u u  ( 1a)

PE PS u 16:0 18:0
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 ( 1b c)  

 

1a, b, c. Phosphatidylcholine Phosphatidylethanolamine, Phosphatidylserine x rmd

 

rmd x rmd

rmd ND y±  

 

 

3.1.2 u  

 ( 2) Lysophosphatidylcholine (LPC) 22:3 22;4 22;5

22:6 x u u y

Lysophosphatidylethanolamine (LPE) Lysophosphatidylserine (LPS) 16:0 18:0 18:1 18:2

u LPC u LPE LPS
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2. 5 x rmd   

rmd x rmd
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3. rmd x  

rmd  (cps) μ  rmd /

rmd/wild u 2 u ±

u x Fold Change u

y± t p 0.05 p 0.01  

3.1.4 u  

AA, EPA, DHA y Phospholipase A2 (PLA2) by Xd

c phospholipase A2, group IID (Pla2g2d) �phospholipase A2, group 

IIE (Pla2g2e) rmd xu u PC

PLA2 y±  ( 2)  Acyl CoAy

Acyltransferase xx u y± LPC Agpat9�LPI

membrane bound O-acyltransferase domain containing7 (Mboat7) Acyltransferase

u  ( 3)    

 

3.2 u  

t AA t Hydroxyeicosatetraenoic acid (HETE) Prostaglandin

Leukotriene t EPA Hydroxyeicosapentaenoic acid (HEPE) DHA  

Hydroxydocosahexaenoic acid (HDoHE) Protectin rmd

Prostaglandin D2 Prostaglandin E2 rmd 30 u AAy

Prostaglandin H2 acyl-Coenzyme A oxidase 1 (Acox1) acyl-Coenzyme A oxidase 3 (Acox3) 

u Prostaglandin H2y Prostaglandin D2 prostaglandin D2 synthase (Ptgds)

hematopoietic prostaglandin D synthase (Hpgds) rmd u

Prostaglandin E2 t prostaglandin E2 Synthase (Ptges) prostaglandin E2 Synthase 2 (Ptges2)

prostaglandin E2 Synthase 3 (Ptges3) y±  ( 3)    

 

2. PLA2 x rmd/Wild Fold Change  

Fold change Forelimb Hindlimb  
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3. x rmd/Wild Fold Change  
Fold change Forelimb Hindlimb  

 

4.  

4.1 PC u  

41 PC v rmd u

PC x  ( 1a)

u  [4] v PC Kennedy x Chkb u

forelimb hindlimb

rmd/Wild rmd/Wild

Pla2g1b phospholipase A2, group IB PE, PS, PG 0.95 1

Pla2g2a phospholipase A2, group IIA PE 0.79 1.33

Pla2g2c phospholipase A2, group IIC unknown 0.87 0.99

Pla2g2d phospholipase A2, group IID PE 1.29 2.36

Pla2g2e phospholipase A2, group IIE PS, PE 1.73 3.03

Pla2g2f phospholipase A2, group IIF PC 0.82 1.39

Pla2g3 phospholipase A2, group Ⅲ PC 0.98 0.82

Pla2g5 phospholipase A2, group V PC 0.87 1.13

Pla2g10 phospholipase A2, group X PC 0.95 1.16

Pla2g12a phospholipase A2, group XIIA unknown 0.87 1.21

Pla2g12b phospholipase A2, group XIIB unknown 0.85 0.69

 Type

sPLA2

GeneName SubstrateSymbol

forelimb hindlimb

rmd/Wild rmd/Wild
Agpat9 1-acylglycerol-3-phosphate O-acyltransferase 9 1.83 4.15
Mboat2 membrane bound O-acyltransferase domain containing 2 0.82 1.3
Lpcat1 lysophosphatidylcholine acyltransferase 1 1.02 1.24
Lpcat3 lysophosphatidylcholine acyltransferase 3 1.36 1.58
Mboat7 membrane bound O-acyltransferase domain containing7 1.41 2.21
Mboat1 membrane bound O-acyltransferase domain containing 1 1.04 0.94
Mboat2 membrane bound O-acyltransferase domain containing 2 0.82 1.3
Agpat9 1-acylglycerol-3-phosphate O-acyltransferase 9 1.83 4.15

Mboat2 membrane bound O-acyltransferase domain containing 2 0.82 1.3 LPS

Symbol GeneName Substrate

LPC

LPE
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t  PC PLA2 u ( 3) y Acyltransferase

t 1-acylglycerol-3-phosphate O-acyltransferase 9 (Agpat9) rmd xu

u  ( 4) Agpat9 LPC LPE Acyl CoA 14:0 16:0

 [8] PC Chkb

PC Agpat9 ± u u Kennedy

PC choline phosphotransferase 1 (CPT1 Chpt1) Agpat9 Agpat9

CPT1 PC v u  [9] PC de novo

u t x

u t Chkb PC Agpat9

v rmd xu PC u u   

 
4.2 PE PS u  

PE rmd x 16:0 18:0 18:1 PE u  ( 1b)

PS 18:0 18:1  ( 1c) PS PE Phosphatidylserine 

synthase (Ptdss) ±  [10] rmd PS PE ±

rmd PE

± u Mitsuhashi PE t μ y±  [4]

p u y

u u u μ PE

u Agpat9 t Agpat9 4.1 v

LPC LPE y ± 16:0

18:0 PE Agpat9 t Agpat9 PC v t

 [8] Chkb Agpat9 PE t y Chkb

PC ± u

rmd xu t

   

 

4.3 PC PE PS Phospholipase A2 

 PLA2 PE

16:0 18:0 x LPE 16:0 18:0

u 18:0 18:1 PS ± 18:0 18:1 LPS u 20:4

22:5 22:6 PC ± 20:4 22:5 22:6 LPC u  ( 1 2)

y u t  rmd
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u  ( 3) PLA2 y u

t ± PE PS PLA2 (Pla2g2d�Pla2g2e) 

t u  ( 2) Pla2g2d KO xu

t resolvin D1 (RvD1) t DHA u

u . Pla2g2d PUFA PE y

t  [11] y Pla2g2d sPLA2 t u

Pla2g2e PE PS AA sPLA2 t t

Pla2g2e � cytochrome c oxidase subunit 2 (COX2)�mPGES ( Ptges) AA

Prostaglandin E2 uv t  [12] Pla2g2e t

u PE PS u PLA2 PE PS

rmd

Chkb 
��	������ PE PS Pla2g2d�

Pla2g2e AA EPA DHA PUFA u    

 

4.4 u  

PUFA PLA2 ± y

AA rmd u

u EPA DHA

rmd u  ( 3) EPA DHA

u y± y± y

Prostaglandin RvD1 Ⅵy

± PUFA HETE HEPE HDoHE u

y±  t Prostaglandin D2 rmd x

u  (Ptgds Hpgds) u Prostaglandin E2

u  (Ptges  Ptges2�  Ptges3) u u

Prostaglandin u x

Duchenne ⅰ xu Prostaglandin D2 t Hpgds

u u  [13] w Duchenne ⅰ

xu Prostaglandin D2 E2 t tetranor prostaglandin D metabolite tetranor prostaglandin 

E metabolite u y ± u

Becker xu Hpgds u u [14]�

t Hpgds

xu u ± u Becker Prostaglandin
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Duchenne

��� Prostaglandin t Hpgds ± u  [15] CMD

t rmd �����	
����
 y

u u  [5] rmd x Hpgds

± u rmd

 

   
5.  

rmd Chkb
��	��� PC PE PS x

t y± PE PS

Pla2g2e LPE LPS AA t AA ± t

Prostaglandin u CMD

       

 

6.   

u

± u u

p v ±
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