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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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2015Ȭȵ� ƀˬѱʪ¸�°�±¾   

 

Ņǟɖδ°±¾âË�çØ½à rmdÔ�±}Ôà¹¢Õº§±ђ˗  

ӽжΈͥǰ  

 
щʴ  

Ņǟɖδ°±¾âË�ç (Congenital Muscular DystrophyԓCMD) ~͡íʼy�δŬĝí�ѥ��ҪĘɖδ

ͳə}ϠΣwt�ԍ1998ȬԋÕ¾«ä¿ß�ͯȨ�ęvʮьCMD]͹ыf�ԋƊƼҪĘǰ}�xt]Choline 

Kinase β (Chkb) wt�dx]ƟǺf�pԍ Choline Kinase β~ϏІЕ�˰ɪj�¨ß³âßäЈѾ}ètԋ

Phosphatidylcholine (PC) }Ɲɪϓ҅wt�Kennedyϓ҅}αè̂Ӑ�ѓǮj�ұϋwt�ԍhyhz]�ԋ

CMD}͵ɢ{Ⅲ]�Ďѳ˷˰~ђʷf�vx�kԋѣϏz͹Ͷ×£Á²Ö~îʷwt�ԍˏΒΩ~ԋChkb

�˸ʕflpCMDØ½àÔ�±wt�Rostral-to-caudal Muscular Dystrophy mouse : rmdÔ�±ԋĹȨÔ�±

}ǞГƺӬδ�ȆѷxhԋĎѳ͔}ǚŵ�͟ђj�dx�΂ͼxj�ԍChkb}˸ʕ]t�CMDw~ԋϏІ

Е�˰ɪj�ЈѾ{ĎѳǚŹ��p�jƗЇɖ]t�p�ԋЈѾ×·ÒâçÖђ˗{��ǚŵђ˗xԋ¾

Þä±§ßÍ¾çÖђ˗{��ҪĘǰ͹͝Ҷђ˗�л±pԍ¨ß³âßäЈѾ}ђ˗�л±pϔ˘ԋPC~

rmdÔ�±w̲Ȍj�èʯԋPhosphatidylethanolamine (PE)ԋPhosphatidylserine (PS) ~ǖŮj�ľơ]t�ԍ

rmdÔ�±}δϼw~PEԋPS�ǌѾxj�Phospholipase A2}ҪĘǰ͹͝Ҷ]ǖŮhvx�ԋß¶ßäЈѾ

xŌ{ǝĩîӸƫЈЀҲ (Polyunsaturated fatty acid : PUFA) ]ǖwvu�dx]Ζưf��ԍ�pԋPUFA

}ǖŮ{ę±vԋPUFA}ҲŹĎѳ͔wt�Prostaglandinӳzy}͉Ͷɖ×½� ç·ç�ǖŮhvu�Ɨ

Їɖ]t�ԍďì���CMD}͹Ͷ{ϏІЕ}¨ß³âßäЈѾÆÞä±}ǚŹ]Ȼ^ҷxz�͉ͶƏɒ

}Ӄï]Ζưf��ԍ 

[Key words] rmdÔ�±ԋδ°±¾âË�çԋ¨ß³âßäЈѾԋ×·ÒâçÖԋLC-MS 

1. ȳѱ  �  

Ņǟɖδ°±¾âË�ç (Congenital Muscular DystrophyԓCMD) ~10êĆ{1Ć]͹Ͷj�ȧȌͳəwԋ͡

íʼy�δϟɀĝíԋδŬĝízy}Ͷ͖ԋδ͡˫w~δϏІ{ǚɖ�ЬⅠ]ѥ���� [1]ԍCMD~4t

Ǟ^z£¼¬ßç]t�ԋ(1) «ÞçªäͯȨͶwt�«Þçªäe ӃҜδͳəԋ�çßºÈǇԋÏ±á

ÖÕ¢Ç¹çԋ(2) ×â¯äͯȨͶwt�×â¯ä˸ʕCMDԋÞÕÁäαӃҜCMDԋ(3) °±¾â¨ß£ä

}ςҽîŊ{��ŅǟɖͯȨͶwt�ΛȗǇCMDԋMuscle-eye-brain diseaseԋ�¡ç£çæãçàÌà¨Ͷ

Ĵϱx (4) n}ċ}ȧȌͳə{Řӳf�� [2]ԍ1998Ȭ (1)s (3) {Řӳf�k (4) {ȕj�ԋӼˢδⅡ

ϚŎ{͕ɏͼzÕ¾«ä¿ß�}ͯȨxҴνzρΚҠ̽�ʀtCMD]͹ыf�p [3]ԍδ͡˫�ы�xÕ
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¾«ä¿ß�]ⅡϚ}ˎ˥{ϿǞhvгȸhԋõǡ~ĝȂȵ{z�Ƀɢ�Ζhvu�ԍй̪˫˝w~ċ}

Φӳxδ°±¾âË�çxƟ˱§á�¹ä¥Àç´}ķ]ìʶj� [4]ԍ2006ȬԋʮhuCMD}ƊƼҪĘ

ǰ]«ßä¥Àç´}��µË¡çÖwt�Chkbwt�dx]ƟǺf�p [5]ԍChkb~ϏІЕ}÷щ˰ɪ

ɪŘwt�PC�͢͡j�Kennedyϓ҅}αè̂Ӑ�ѓǮj�ұϋwt�ԍĎѳ˷˰~ChkbƧҐ}Ďѳ�Ƥ

�èҭhyђʷf�vuzup�ԋ͹Ͷj�˻Εz×£Á²Ö~�y±vuzuԍ 

 � ˏΒΩ~CMD}Ø½àÔ�±wt��Chkb}èҭ�˸ǢǚͯflpRostral-to-caudal Muscular Dystrophy 

mouse (rmdÔ�±)ԋĹȨÔ�±y�ʊƑhpŦɉϾ}ǞГƺӬδ�ȆѷxhԋÕ¾«ä¿ß�}ͯȨ�ę

vʮhuCMD}Ďѳǚŵ×£Á²Ö�ђʷj�dx�΂ͼxj�ԍrmdÔ�±}ŦϾ~Chka]͹͝hvx

�ԋɉϾ{~Chkb]͹͝hvu�p�ԋδ°±¾âË�ç}Ͷ͖wt�δŬĝí~ɉϾ}�{Ҁd�ԍn

}p�ԋrmdÔ�±~ɉϾ�Ȼ^k��v{˼uvu� [5]�Chkb}˸ʕ{�±vԋrmdÔ�±}ɉϾ{Ƥ

���ßäЈѾ}�xtwt�PC{ǚŹ��p�jdx]ŅлΒΩwΖf�vu�]ԋCMD]Ҁd�ѣϏ

z͹Ͷ×£Á²Ö~ˍqîʷwt�ԍĈƻȆѷxhvu�rmdÔ�±~Chkb}˸ʕ{�±vԋPCŘǰΦ]

̲Ȍj�dx]ǏƦf�vu�ԍhyhz]�ԋŅлΒΩw̵Ǻf�pPC~ǝ`ǲǄj�ŘǰΦ}èҭw

t�ԋn}ċ}PCŘǰΦԋx��«ßäďǜ}˭ɖǌ�ʀt¨ß³âßäЈѾ{ǚŹ��p�jƗЇɖ]

t�ԍndwԋ¨ß³âßäЈѾxn}ƧҐ}Ďѳϓ҅{xb�ǚŹ�ʋύj�p�ԋ̪ğ§âÔ¾¨Þ

ËѾҶŘ˗ѕ�ͣupЈѾĎѳ͔}Ϝϯͼz̵Ǻ�лuԋ¨ß³âßäЈѾ}ǚŵ�͟ђj�dx�΂ͼ

xhpԍŮwvԋÔ�§â�á�{��ҪĘǰ͹͝ђ˗�ϒ�Ɲ�lvл±pԍrmdÔ�±{x

b�Ôà¹¢Õ§±ђ˗}ϔ˘ԋCMD}δϼõw~¨ß³âßäЈѾ}ÆÞä±]ȝ�ԋ¨ß

³âßäЈѾy�ҡәf�pЈЀҲ�ŦӺğxj�͉Ͷɖ×½� ç·ç]ǖŮhvx�ԋ

rmdÔ�±}͹Ͷ{ϏІЕЈѾĎѳ]Ȼ^ҷxz�͉ͶƏɒ}Ӄï]Ζưf�pԍ 

 

2. Ȇѷxɯ̘   
2.1 ̵ǺȆѷ  

8ҝԄ}Ô�±y�ʊƑhpŦɉϾ}ǞГƺӬδ�ˏђ˗Ȇѷxhp (о1)ԍÔ�±ϒϫ~͙ƁżΟǞǴ͡

ŹǴѲȶːˏƃùʤʇ��Ӧupԍϒϫ}ΔΓ~ԋ¹ÚçÌ{̪ğάϋwŕ�lpδϼϒϫx×·Äçà 

0.5 mLԋZr beads (3 mm × 5) �¹ÚçÌ{ŉ�ԋΔΓ�л±p (1500 rmpԋ5 min)ԍΔΓhp­äÍà~Ǽ

ӻӁǫ�w−80˚Cwœŕĭǲhpԍ   

 

о1. Ô�±}Φӳԋδϼϒϫ}ҴҶ   
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2.2 ЈѾ×·ÒâçÖ̵Ǻ   
2.2.1 ¨ß³âßäЈѾ}̵Ǻ   
ΔΓhp­äÍà�ҦɐŘә (25˚Cԋ2000 Gԋ5 min) hԋì͂��˫ğŉ�ΔΓ̪xhvèȖɻŗ�л±

pԍ˫ğŉ�ΔΓ̪~Ŋv}­äÍàwϒϫ]2.5 mg΄ɂ{z��v{ҴҶ}хʧ�лz±pԍΔΓ̪�

ҦɐͅⅠ (5˚Cԋ9100 Gԋ120 min) hv̋Ř�Ӵ�hԋCHCL3100 µLԋ Internal Standard (IS) ŉ�×·Äç

à200 µLԋMilli Q20 µL�ŮwԋƜџе�ŉ��ex{ҁӤ̙ΔΓ�30 secɉԋ30 min�ä¥ÚÏç¾hpԍ

Ҧɐ (20˚Cԋ2000 Gԋ10 min) �л±vΔΓ̪}ì͂�250 µL�¯ÞäŖ̰͟�}¤Þ±¹ÚçÌ{Ř̛hԋ

άϋⅥʑ{�±vΔΓ̪}̋Ř�ǷŊ{Ӵ�hpԍ¿Þ��ºÍflpΔΓ̪~ԋ̵ǺŦ{CHCL3 : ×·

Äçà : Milli Q (1:1:2) }̭Ɲ̻Ǯ20 µLwŐ̻ђ�л±pԍŦŖ͟�л±p­äÍà~ӽҚ̪ğ§âÔ¾

¨ÞËԓUltraPerformance LC®ԋƺҴ˭ӴлʼӂǇѾҶŘ˗ѕԓTripleTOF® 5600�ͣuv̵Ǻ�л±pԍ

ѾҶŘ˗ѕw̵Ǻf�p½ç·~Lipid Search ver1.2.17�ͣuvÊç§}�Ä¼ç¯ÜäČb�л±pԍn

dy�þ̵f�pĎѳ͔}RTxm/zy�MultiQuantTM ver3.0{�±vÊç§}Êº¥ä¨xÊç§ӡΧ}η

ŗ�л±pԍƟĜğ}Řә}Εѥ~Peak View�ĥͣhvԋMS/MSÊç§}эѥ{�±vл��pԍ   

 

2.2.2 ß¶ßäЈѾԋAcyl CoA}̵Ǻ  

ΔΓhp­äÍà�ҦɐŘә (25˚Cԋ2000 Gԋ5 min) {ybԋì͂��˫ğŉ�ΔΓ̪xhvĥͣhpԍ

ɻŗ{~ǁ΄ɻŗ±Êä£ÞÖ Mono Spin TM C18�ĥͣhpԍ˫ğŉ�ΔΓ̪~Ŋv}­äÍàwϒϫ]

18 mg΄ɂ{z��v{ҴҶ}хʧ�л±pԍ̟̣hp£ÞÖ{0.1%иҲŉ�H2O350 µLԋISŉ�×·Äç

à100 µL{̻yhpΔΓ̪�ŉ�ԋҦɐŘә (25 ˚Cԋ2000 Gԋ2 min) {�±vϒϫ�Ë�à·ç{ƥΊf

lpԍn}ɉԋ0.1%иҲŉ�H2O300 µL{�±vË�à·ç}̟̣�л±pԍ£ÞÖ{ƒb¹ÚçÌ�t

b0.1%иҲŉ�×·Äçà100 µLxиҲ×¹à50 µL{�±vԋ£ÞÖ{ƥΊhvu�ɪŘ}ɻŗ�л±p 

(25˚Cԋ2000 Gԋ2 min)ԍɻŗf�p400 µL}ƻƐ̪�¯ÞäŖ̰͟�}¤Þ±¹ÚçÌ{ŉ�ԋҦɐͅⅠ

�л±v̋Ř�Ӵ�hp (15˚Cԋ9100Gԋ4h)ԍü͒flpƻƐ̪{ External Standard (ES) 50 µLŮwԋҁӤ

̙ΔΓ�3 minл±pɉԋʘɽhŐ̻ђ�лz±pԍŦŖ͟�л±p­äÍà�ӽҚ̪ğ§âÔ¾¨ÞËԓ

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 LCԋ¾ßÍàƺҴ˭ǇѾҶŘ˗ѕԓQTRAP® 5500�ĥͣhԋMRMØç¿w̵Ǻ�л

±pԍ̵Ǻf�p½ç·~AbfConverter�ͣuvË��àǚʑhԋǺҶђ˗ͣµË¾���wt�

MRMPROBS ver1.41 [6] �ĥͣhvԋÊç§}ř�ŗh�л±pԍÊç§ӡΧ~IS}ķwх˻h˻ьŹ�л

±pԍ  

 

 2.3 ϖѕђ˗  

 �Ä¼ç¯Üä}tupĎѳ͔�ȆѷxhpԍÇÞ×¾ßº§˫Ǻwt�Welch}t˫Ǻ~MeV ver4.8�ĥ

±vђ˗�л±pԍn}ɉԋĎѳϓ҅�}ÔºÊä¨�лurmdÔ�±wy}�vzĎѳ}ǚŵ]Ҁd±v

u�yϷΜ�л±pԍ   

 

2.4 ҪĘǰ͹͝Ҷђ˗  

ĹȨÔ�±ԋrmdÔ�±y�ʊƑhpŦϾԋɉϾ (Ɯn=1) }ǞГƺӬδ{xb�ҪĘǰ͹͝Ҷђ˗�л±

pԍŦŖ͟~˟ȹėΘDNA¹ºÍΒΩɮ}AgilentΘцÔ�§â�á�ƒїђ˗­çÉ±{�±vл��ԋ

ŦŖ͟x̵Ǻ}Íâ¾«à~Agilent}˲̹Íâ¾«à{̕±vл��pԍ Ѭ�Ƒ��p͹͝Ҷ}ÍâçÌ

~ԋ«ä¾âçàÍâçÌ}͹͝ďí~͹͝Ҷ}ĝuÍâçÌxыzhvƑ�Ӌ^ԋʦķ~ҪĘǰӂwх

˻�л±pԍ1t}ҪĘǰ{t^чʦt�ÍâçÌ~͹͝Ҷ}ȫǆķ�x±pԍϔ˘ԋĮӮƗЇzҪĘǰ~

34938ıwt±pԍďì}лΥ~R}Çº©ç°limma [7] �ĥͣhpԍ    

 

3. ϔ˘   
3.1 Þä²ƻ҅{tuv  
3.1.1 ¨ß³âßäЈѾ{tuv  

ɉϾ{Ƥ���PCԋPEԋPS}ŘǰΦ�ǀ{ΖjԍPC~Ŋğͼ{̲Ȍhvu�ľơ]ы��pԍPCw~͕

{ԋ16:0�22:5ԋ22:6zyӀҽЈЀҲ]Ƥ��vu�¨ß³âßäЈѾwˉɠ{̲Ȍhvup (ǀ1a)ԍèʯԋ

PE�PSw~Ŋğͼ{ǖŮhvu�ľơ]ы��ԋ͕{ԋ16:0ԋ18:0]Ƥ���¨ß³âßäЈѾwǖŮj
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�ľơ]ы��p (ǀ1bԋc)ԍ 

 

ǀ1a, b, c. PhosphatidylcholineԋPhosphatidylethanolamine, Phosphatidylserine}ŘǰΦ{xb�rmdÔ�

±xĹȨÔ�±}ŪƝ  

ʦǱ~rmdÔ�±xĹȨÔ�±{xb�ɉϾ}Êç§ӡΧķ}ŪƝ�ΖjԍЄʿ]Ԃ}͔Ѿ~rmdÔ�±wǖŮj�ľơ

�Ζhԋͻ}͔Ѿ~rmdÔ�±w̲Ȍj�ľơ�ΖjԍND~˫ŗj�dx]w^zy±pĎѳ͔�Ζjԍ 

 

 

3.1.2 ß¶ßäЈѾ}ŘǰΦ{tuv  

ɉϾ{Ƥ���ß¶ßäЈѾ}ŘǰΦ�ǀ{Ζj (ǀ2)ԍLysophosphatidylcholine (LPC) ~22:3ԋ22;4ԋ22;5ԋ

22:6 z y Ӏ ҽ Ј Ѐ Ҳ � Ƥ � ß ¶ ğ { x u v ˉ ɠ { ̲ Ȍ h v u p ԍ h y h z ] � ԋ

Lysophosphatidylethanolamine (LPE)ԋLysophosphatidylserine (LPS) w~16:0ԋ18:0ԋ18:1ԋ18:2zyõҽЈЀ

Ҳ�Ƥ�ß¶ğwǖŮhvupԍŊğͼzľơ�ы�xԋLPC~̲Ȍhvu�ľơԋLPEԋLPSw~ǖŮh

(a) Phosphatidylcholine 
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(c) Phosphatidylserine 
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(b) Phosphatidylethanolamine 
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vu�ľơ]ы��ԋҘ}ľơ]ы��pԍ  

 
ǀ2. ß¶ßäЈѾ5Φ}ŘǰΦ{xb�rmdÔ�±xĹȨÔ�±}ŪƝ   

ʦǱ~rmdÔ�±xĹȨÔ�±{xb�ɉϾ}Êç§ӡΧķ}ŪƝ�ΖjԍЄʿ]Ԃ}͔Ѿ~rmdÔ�±wǖŮj�ľơ

�Ζhԋͻ}͔Ѿ~rmdÔ�±w̲Ȍj�ľơ�ΖjԍND~˫ŗj�dx]w^zy±pĎѳ͔�Ζjԍ 

 

3.1.3 ЈЀҲ{tuv  

rmdÔ�±}ɉϾ}δϼw~ԋӸƫЈЀҲ�èĩԋĀĩîӸƫЈЀҲw~�x�yǚŹ~zy±pԍ͊ϋ�

Ěɀfl�Elongase (Elovl1�7)ԋĀҴϔƝ�ČŮj�Desaturase (Scd1�4�Fads1�3,6) }vrԋScd1}�rmd

Ô�±wҪĘǰ͹͝ Ҷ]ǖŮhvup]ԋ

n}ċ}ҪĘ ǰ͹͝Ҷ{ǚŹ~ы

��zy

±pԍè

ʯ w 

Arachidonic acid 

(AA) �

Docosahexaenoic 

acid (DHA) ԋ

Eicosapentaenoic acid 

(EPA) zy}PUFA}ͅȵ~

ǖŮhvup (ǀ3)ԍ   
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ǀ3. rmdÔ�±}ɉϾ{xb�ЈЀҲĎѳ  

˴҉}͈С]ҵ͡ǇÔ�±ԋԂ]rmdÔ�±ԋϧ҉]Êç§ӡΧķ (cps)ԋ ÞçÆç~˲̹ĸμ�Ζjԍ rmdÔ�±/

ҵ͡ǇÔ�±}×·ÒÞ�¾}ŪƝ~Єʿ}Сwоhԋrmd/wild}ķ]ӽu�yԂԋ2ϱӂ{ǚŹ]zu�}~ͻ{z±

vu�ԍΎƅ~ҪĘǰ͹͝Ҷ�ɠƨhvx�ԋFold Change}ķ�ΖjԍǠϣ]ǖŮԋǼϣ~Āϱ}ǚŹ]zuҪĘǰԋ

Δϣ~̵Ǻw^zy±pҪĘǰ�Ζjԍԉ~t˫Ǻ}pķM0.05ԋԉԉ~pķM0.01�Ζjԍ 

3.1.4 Þä²ƻ҅{tuv  

AA, EPA, DHAzy�¨ß³âßäЈѾy�ř�ŗjPhospholipase A2 (PLA2) ~by�Xd�w}¨àçÍ

]ǲǄj�ԍn}õw�¨àçÍc{ȕj�phospholipase A2, group IID (Pla2g2d) �phospholipase A2, group 

IIE (Pla2g2e) ~rmdÔ�±{xuv͹͝Ҷ]ˉɠ{ǖŮhvupԍèʯwԋPC�Ƥ�ċ}¨ß³âßäЈ

Ѿ�ǌѾxj�ċ}PLA2{ǚŹ~ы��zy±p (о2)ԍ ß¶ßäЈѾxAcyl CoAy�¨ß³âßäЈѾ

�ßØ½ßä¨j�Acyltransferase~xx�|ǚŹhvuzy±p]ԋLPC�ǌѾxj�Agpat9�LPI�ǌѾ

xj�membrane bound O-acyltransferase domain containing7 (Mboat7) zyԋèҭ}Acyltransferase~͹͝Ҷ]

ǖŮhvup (о3)ԍ   

 

3.2 ЈЀҲĎѳ{tuv  

͉Ͷɖ×½� ç·çwt�AAͥ˕}Ďѳ͔wt�Hydroxyeicosatetraenoic acid (HETE)ԋProstaglandinԋ

Leukotrieneԋɶ͉Ͷɖ×½� ç·çwt�EPAͥ˕}Hydroxyeicosapentaenoic acid (HEPE)ԋDHAͥ˕} 

Hydroxydocosahexaenoic acid (HDoHE)ԋProtectin~˯| rmdÔ�±wǖŮj�ľơ�Ζhpԍ͕{ԋ

Prostaglandin D2ԋProstaglandin E2}ͅȵ~ĹȨÔ�±xrmdÔ�±�̆ҋhv30ĲďìǖŮhvupԍAAy

�Prostaglandin H2�͢͡j�acyl-Coenzyme A oxidase 1 (Acox1)ԋacyl-Coenzyme A oxidase 3 (Acox3) }ҪĘǰ

͹͝Ҷ{ǚŹ~zu�}}ԋProstaglandin H2y�Prostaglandin D2�͢͡j�prostaglandin D2 synthase (Ptgds)ԋ

hematopoietic prostaglandin D synthase (Hpgds) }ҪĘǰ͹͝Ҷ�rmdÔ�±wǖŮhvupԍèʯwԋ

Prostaglandin E2}Ɲɪұϋwt�prostaglandin E2 Synthase (Ptges)ԋprostaglandin E2 Synthase 2 (Ptges2)ԋ

prostaglandin E2 Synthase� 3 (Ptges3) {ǚŹ~ы��zy±p (ǀ3)ԍ   

 

о2. PLA2{xb�ŦɉϾrmd/Wild}Fold Change  

оõ}ķ~ҪĘǰ͹͝Ҷ}Fold change�ΖjԍForelimb~Ŧ҂ԋHindlimb~ɉ�҂�Ζjԍ 
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о3. Þä²ϓ҅{xb�ŦɉϾrmd/Wild}Fold Change  
оõ}ķ~ҪĘǰ͹͝Ҷ}Fold change�ΖjԍForelimb~Ŧ҂ԋHindlimb~ɉ�҂�Ζjԍ 

 

4. ѵѱ  

4.1 PC }̲Ȍ{tuv  

˫ŗf�p 41 Φ} PC ŘǰΦ}vrԋn}�x�y~ rmd Ô�±w̲Ȍhvu�dx]Εѥf�pԍ˫ŗ

f�p PC ŘǰΦ~Ŋğͼ{̲Ȍj�ľơ�Ζhvx� (ǀ 1a)ԋŅлΒΩwѮ���pŘǰΦxƟ˱}ϔ

˘�Ζhvu� [4]ԍd}�vz PC }̲Ȍ~ԋKennedy ϓ҅{xb� Chkb ˸ʕ}Ʌӥ�Ɂ`ƒbvu�

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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ƗЇɖ]t�ԍ PC �ǌѾxj� PLA2 }ҪĘǰ͹͝Ҷ{ǚŹ~ы��zu (о 3)ԍhyhԋAcyltransferase

}�xtwt� 1-acylglycerol-3-phosphate O-acyltransferase 9 (Agpat9) ~ rmd Ô�±{xuvӱа{ǖŮh

vu� (о 4)ԍAgpat9 ~ LPCԋLPE �÷zǌѾxhԋӸƫЈЀҲ} Acyl CoAԋ͕{ 14:0ԋ16:0 �Ǧ�wČ

Ůj� [8]ԍĈƻ}ϔ˘w~ԋӸƫЈЀҲ�Ƥ� PC wФȪ}ǖŮ]ы��pԍd��}ϔ˘~ԋChkb }˸

ʕ{�� PC }̲Ȍ}èҭ� Agpat9 ]х±vu�ƗЇɖ�Ζưhvu�ԍŅлΒΩw~ԋKennedy ϓ҅õ

w PC �Ɲɪj� choline phosphotransferase 1 (CPT1ԋÔ�±w~ Chpt1) x Agpat9 x}ӂ{ԋAgpat9 ]̲Ȍ

j�x CPT1 ]ǖŮhԋPC }Ҷ�èǺ{ĭxvxj�Ŀ^]ǏƦf�vu� [9]ԍd�~ PC } de novo ϓ

҅xßØ½ßä¨ϓ҅x}ӂwāu�Ѯκj�Ӄī]t�dx�Ζhvx�ԋĈƻ}ϔ˘~n}Ʌӥ]Ə

ʹf�vu�ƗЇɖ]t�ԍd}p�ԋChkb }˸ʕ{�� PC }̲Ȍ� Agpat9 }ßØ½ßä¨qbw~Ƿ

Ŋхvdx]w^kԋrmd Ô�±}δϼ{xuv~Ŋğͼ{ PC ]̲Ȍhvu�ƗЇɖ�Ζhvu�ԍ  

 
4.2 PEԋPS }ǖŮ{tuv  

PE }ŘǰΦ~ rmd Ô�±wˉɠ{ǖŮhvx�ԋ͕ { 16:0ԋ18:0ԋ18:1 �Ƥ� PE wǖŮhvu� (ǀ 1b)ԍ

PS ~ 18:0ԋ18:1 �Ƥ�ŘǰΦwǖŮj�ľơ]ы��� (ǀ 1c)ԍPS ~ PE �ǌѾxhvԋPhosphatidylserine 

synthase (Ptdss) {�±vƝɪf�� [10]ԍrmd Ô�±wǖŮhp PS ~ԋǌѾxz� PE }ǖŮ{ę±vǖ

Ůhpdx]þ̵f��ԍŅлΒΩw~ԋrmd Ô�±}δϼ{Ƥ��� PE �дȖ§âÔ¾¨ÞË�ç{�

±v̵Ǻhvu�ԍMitsuhashi �{��xԋPE ~ǖŮľơ]t��}}ˉ͌zμ~ы��zy±p [4]ԍ

Ĉƻ}̵Ǻ~ŅлΒΩxͯz�ϔ˘]ɋ��p]ԋɫp}ΒΩ~ѾҶŘ˗ѕ�ͣup��ӽɡȵytǺҶ

ͼzɯ̘�ͣuvu�p�ԋɯ̘}ҥu]d}μ��p�hpxʍ̵f��ԍndwԋPE ]ǖŮhpщƼ

{tuvΊ΂j�ԍǖŮ}щƼxz�ƗЇɖxhv Agpat9 ]tc���ԍAgpat9 ~ 4.1 wјhp�v{ԋ

LPCԋLPE �ǌѾxhvԋӸƫЈЀҲ�Χ˭ͼ{ČŮj�ԍn}p�ԋĈƻ}̵Ǻwʷ�yxz±p 16:0ԋ

18:0 �Ƥ� PE ŘǰΦ}ǖŮ~ԋAgpat9 }ǖŮ{��ƗЇɖ]t�ԍAgpat9 ~ PC }̲Ȍ�хvĿ^]t�

p� [8]ԋChkb }˸ʕ{�� Agpat9 }ǖŮ�ƒbv PE ]ǖŮhpƗЇɖ]t�ԍd��}ϔ˘y�ԋChkb

}˸ʕ{�� PC }̲Ȍ{ę±vԋ̈ ß³âßäЈѾ}ÆÞä±{ǚŹ]Ҁ^vu�ƗЇɖ�Ζưj�dx

]w^pԍ�p rmd Ô�±{xuvԋ«ßäďǜ}˭ɖǌ�ʀt¨ß³âßäЈѾ}ŘǰΦ{ǚŹ]t�

dx~ԋʮь}Ώыxz�ԍ   

 

4.3 PCԋPEԋPS x Phospholipase A2 

 PLA2 ~¨ß³âßäЈѾ�ǌѾxhvЈЀҲ�ҡәflԋß¶ßäЈѾ�͢͡j�ԍPE �ŘǰΦex{

ыv��x 16:0ԋ18:0 �Ƥ��}]ǖŮhvx�ԋLPE w�Ɵ˱{ 16:0 � 18:0 ]Ƥ����}]ǖŮhv

u�ԍ�pԋ18:0ԋ18:1 �Ƥ� PS }ǖŮ{ę±vԋ18:0ԋ18:1 ��t LPS �ǖŮhvu�ԍèʯwԋ20:4ԋ

22:5ԋ22:6 �Ƥ� PC }̲Ȍ{ę±vԋ20:4ԋ22:5ԋ22:6 ��t LPC ]̲Ȍhvu� (ǀ 1ԋ2)ԍd��}

ϔ˘y�ԋßäЈѾxn�{Čӑj�ß¶ßäЈѾ~΄ӃhvǚŹhvu�ƗЇɖ]t�ԍ rmd Ô�±}
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δϼw~ЈЀҲ�Ŋğͼ{ǖŮhvupp� (ǀ 3)ԋPLA2 ]¨ß³âßäЈѾy�ЈЀҲ�ҡәflvu

�ƗЇɖ]t�ԍÔ�§â�á�ђ˗�л±pϔ˘ԋPEԋPS �ǌѾxj� PLA2 (Pla2g2d�Pla2g2e) ]Ͷ

͖}t�ɉϾ}�wˉɠ{ǖŮhvu� (о 2)ԍŅлΒΩw~ԋPla2g2d KO Ô�±{xuvԋɶ͉ͶɖЈ

Ѿ×½� ç·çwt� resolvin D1 (RvD1)ԋn��}ŦӺğwt� DHA ]̲Ȍhvu�dx]ǏƦf�

vu�. d�~ԋPla2g2d ]ɶ͉ͶɖЈѾ×½� ç·ç}ŦӺğxz� PUFA � PE y�Χ˭ͼ{ҡәf

l�Ŀ^��tp�wt� [11]ԍd��}dxy� Pla2g2d ~ɶ͉Ͷɖ} sPLA2 wt�xє��vu�ԍ

èʯwԋPla2g2e ~ PEԋPS �ǌѾxhvԋAA �Χ˭ͼ{ҡәfl�͉Ͷɖ sPLA2 wt�x}Ώы]t�ԍ

Pla2g2e � cytochrome c oxidase subunit 2 (COX2)�mPGES (Ô�±w~ Ptges) }͹͝�ѧȊhԋAAԋ

Prostaglandin E2 }Ďѳ͔ͅȵ�ǖŮfl�ԋxuvǏƦ�t� [12]ԋPla2g2e ]͉Ͷ}Íâ³±èҭwt�

dx]Ζf�vu�ԍĈƻ}̵Ǻw~ԋPEԋPS }ŘǰΦ]ǖŮhvupp�ԋPLA2 ]ǖŮhp PEԋPS

�ǌѾxhvԋ͉Ͷɖ×½� ç·ç}ŦӺğxz�ЈЀҲ�ҡәhpdx]ʍ̵f��ԍďì�� rmd

}δϼõw~ԋChkb 
��	
������ PEԋPS �ǌѾxhvԋҪĘǰ͹͝Ҷ]ǖŮhp Pla2g2d�

Pla2g2e ]Χ˭ͼ{ AA � EPAԋDHA zy} PUFA �ҡәhvu�ƗЇɖ�Ζưj�dx]w^�ԍ   

 

4.4 ЈЀҲĎѳ{tuv  

ǖŮhp PUFA ~ PLA2 {�±vϏІЕy�ř�qf�pɉԋҲŹƏɒ�ƒbvƜΦ}ЈѾ×½� ç·ç

�͢ŗj�ԍAA ͥ˕}͉Ͷɖ×½� ç·ç~Ŋv rmd Ô�±wˉɠ{ǖŮhvu�ľơ]ы��ԋn

���͢͡j�ҪĘǰ͹͝Ҷ�˯|ǖŮhvu�ԍ�pԋEPAԋDHA ͥ˕}ɶ͉Ͷ×½� ç·ç�Ŋv

rmd Ô�±wˉɠ{ǖŮhvu� (ǀ 3)ԍEPAԋDHA ͥ˕}Ďѳ͔�͢͡j�ҪĘǰ~Ô�§â�á�}

ÍâçÌ{ϒ�ґ��vuzy±pp�ԋҪĘǰ͹͝Ҷ�̵Ǻj�dx]w^zy±pԍhyhԋd��

w}ŅлΒΩ}ǝ`~ԋProstaglandinԋRvD1 zy}×°Ùçz×½� ç·ç}�{̛΂]Ⅵy�v^p

]ԋĈƻ}ђ˗ϔ˘{�±vԋPUFA �ͥ˕xj� HETEԋHEPEԋHDoHE zy}õӂĎѳ͔�ǖŮhvu

�dx]ʮp{�y±pԍ ͉Ͷɖ×½� ç·ç}�xtwt� Prostaglandin D2 ~ rmd Ô�±}δϼ{x

uvԋĎѳ͔áÏàw�ԋұϋáÏà (PtgdsԋHpgds) w�ӱа{ǖŮhvu�ԍèʯwԋProstaglandin E2

~Ďѳ͔ͅȵ]ǖŮhvup�}}ԋұϋáÏà  (Ptgesԋ  Ptges2�  Ptges3) w~ǖŮhvuzuԍ

Prostaglandin xδǘ˾{tuv}ŅлΒΩ~ʲ{ǝ`ǏƦf�vx�ԋ°±¾âË�äҪĘǰ�ƊƼxj�

Duchenne Ǉδ°±¾âË�çəⅰ}δǘ˾ҭŘ{xuvԋProstaglandin D2 �Ɲɪj�ұϋwt� Hpgds }

ҪĘǰ͹͝Ҷ]ǖŮhvu�dx]Εѥf�vu� [13]ԍŮwvԋDuchenne Ǉδ°±¾âË�çəⅰ}ȏ

õĎѳ͔{xuvԋProstaglandin D2ԋE2 Ďѳ͔wt� tetranor prostaglandin D metaboliteԋtetranor prostaglandin 

E metabolite ]ǖŮhvu�dx�ʷ�y{z±vu�ԍèʯԋƟi°±¾âË�äҪĘǰ�ƊƼxj�

Becker Ǉδ°±¾âË�ç}δϼ{xuv~ԋHpgds }͹͝Ҷ{ǚŹ]ы��vuzu [14]�δ°±¾â

Ë�ç~δϼ}ǘ˾xŐ͡�Ϭ�ғjͳəwt�]ԋHpgds }͹͝Ҷwδǘ˾�ўĩw^�dx]ŅлΒ

Ω{xuvΖưf�vu�ԍǼӔ{ԋδŐ͡]δǘ˾�ìƻ±vu� Becker Ǉw~ Prostaglandin ӃҜ}Ҫ
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Ęǰ͹͝Ҷ]ĝ`ԋδǘ˾]Ҵνz Duchenne Ǉδ°±¾âË�ç�ԋδ°±¾âË�çďǜwδǘ˾�Ȼ

^Ҁdjǝ͹ɖδ͉}ə��� Prostaglandin ͢͡ұϋwt� Hpgds ]ӽ͹͝xz±vu� [15]ԍCMD Ø

½àÔ�±wt� rmd Ô�±~δ͡˫}�����	
����
˛С}ϔ˘y�δϼõwδǘ˾xŐ͡

]Ҁ^vu�dx]Εѥf�vu� [5]ԍn}p�ԋrmd Ô�±{xb� Hpgds }ǖŮ~ԋδŐ͡x̆ҋh

vδǘ˾]ŪƝͼ{ӽ`z±vu�dx�Ζưj�ԍďì��ԋrmd Ô�±}δǘ˾͹Ͷ{¨ß³âßä

ЈѾÆÞä±]Ȼ^ҷxz�͉ͶɖЈЀҲҲŹĎѳ}Ӄï]Ζưf��ԍ 

   
5. ϔѱ  

rmd Ô�±}δϼw~ԋChkb
��	��� PC ]̲Ȍj�èʯԋPEԋPS ]ǖŮhvx�ԋ¨ß³âßä

ЈѾ}ÆÞä±]ȝ�p͖ɢ{t�dx]�y±pԍd��} PEԋPS �ǌѾxhvԋҪĘǰ͹͝Ҷ]ǖ

Ůhp Pla2g2e ] LPEԋLPS xŌ{ AA �ҡәflpƗЇɖ]t�ԍAA }ǖŮ{ę±vԋn}í̢{t�

Prostaglandin ӳzy}͉Ͷɖ×½� ç·ç�ǖŮhvu�ԍďì��ԋCMD }͹Ͷ{ϏІЕ}¨ß³â

ßäЈѾÆÞä±}ǚŹ]Ȼ^ҷxz�͉Ͷɖ×½� ç·ç͢͡}Ӄï]Ζưf�pԍ       

 

6. ѳҏ   

ˏΒΩ{ӔhvԋÔ�±�ʐħhvӦup͙ƁżΟǞǴ}ːˏƃùʤʇ{ɡѳНh�jԍ�pԋ̵Ǻԋђ

˗�wԋя҇{Ȇɒhvíf±pǩȎųȽ̈ԋΒΩ}Ҟ�ʯ{tuveʤʇӦup�¿Æ�®ç}̐ͤƫ

Ѻ̈{ɡѳͧhìc�jԍďì}ʯp�~i�ԋd}�vzЛͥzΒΩ}ǐ�ʐħhvíf±pŒͤŶʤ

ʇ{̬`ɌΗͧhìc�jԍ   
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