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Exome sequencing identifies secondary mutations of 
SETBP1 and JAK3 in juvenile myelomonocytic leukemia 

ࠆߌ߅ߦ∛ᐕᕈ㛽㜑න⃿ᕈ⊕ⴊ⧯ࠆࠃߦᨆ⸂ࡓ࡯࠰ࠢࠛ

2 ᰴᄌ⇣ߩߡߒߣ SETBP1 ߮ࠃ߅ JAK3 ㆮવሶᄌ⇣ߩหቯ 
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 ޤ⸒✜ޣ
� ⧯ᐕᕈ㛽㜑න⃿ᕈ⊕ⴊ∛(એਅޔJMML)ߪᐜዋᦼࠆߔ∝⊑ߦ⒘ߦ㛽㜑⇣ᒻᚑ∝୥⟲

/㛽㜑Ⴧᱺᕈ∔ᖚޔࠅ޽ߢ㛽㜑න⃿⚦⢩ߩㆊ೾Ⴧ↢ߣ㗰☸⃿න⃿ࠦ࡯࠾ࡠೝỗ࿃ሶߦ

ኻࠆߔ㜞ᗵฃᕈߡߞࠃߦ․ᓽઃߩߘޕࠆࠇࠄߌㆮવቇ⊛ߥ․ᓽߪߡߒߣ PTPN11, 
NF1, NRAS, KRAS, c-CBLㆮવሶߩߤߥRASࠪࠣ࡞࠽વ㆐⚻〝㑐ㅪㆮવሶߩ૕⚦⢩

ᄌ⇣߹ߪߚ↢ᱺ⚦⢩♽೉ᄌ⇣ޔ߇JMML ߩᖚ⠪ߚࠇߐᢿ⸻ߣ 70%એ਄ߩ∝଀ߢ⋧੕

ឃઁ⊛ߦᬌ಴ޔࠄ߇ߥߒ߆ߒޕࠆࠇߐRAS ߌߛ⇣ᄌߩવ㆐⚻〝㑐ㅪㆮવሶ࡞࠽ࠣࠪ

ߢ JMML ߪߢᧄ⎇ⓥޕ޿ߥ޿ߡߞߥߦ߆ࠄ᣿ߛᧂߪ߆ࠆ޽ߢචಽߦㅴዷ߿∝⊑ߩ

JMML  ޕߚߒߣ⊛⋠ࠍߣߎࠆߔߣߩ߽ߥ⏕᣿ࠅࠃࠍಽሶ∛ℂቇ⊛⢛᥊ߩ
 
 ޤᣇᴺ߮ࠃ߅⽎ኻޣ
ᖚ⠪  
ᣣᧄ࿖ౝߩක≮ᣉ⸳ߡߦ JMML ߚࠇߐᢿ⸻ߣ 92 ଀ࠍኻ⽎ޕߚߒߣ↵ఽ 61 ଀ޔᅚ

ఽ 31 ଀ޔߢ⸻ᢿᤨᐕ㦂ਛᄩ୯ߪ 16 ࠞ᦬ޔ▸࿐ߪ 1г160 ࠞ᦬7ޕߚߞ޽ߢ ଀࡯࠿ߪ

ฬฎደᄢቇᄢቇߪ↹⸘ᧄ⎇ⓥޕߚߞ޽ߢ㛽㜑Ⴧᱺᕈ∔ᖚ(NS/MPD)߁઻ߦ⟲୥∝ࡦ࠽

㒮කቇ♽⎇ⓥ⑼߮ࠃ߅౒ห⎇ⓥᯏ㑐ߩฦ୶ℂᆔຬળߢᛚ⹺ޕߚࠇߐᧄ⎇ⓥߩߢᬌ૕߅

ᦠ㕙ࠄ߆⠪ᮭⷫޔਅߩ᣿⺑ߥචಽߩࠄ߆ฦᣉ⸳ਥᴦකޔߡ޿ߟߦ↪೑ߩᐥᖱႎ⥃߮ࠃ

ߣᐥᖱႎ⥃ࠄ߆⸳ฦᣉޕߚᓧࠍหᗧࠆࠃߦ 1 ᐕᲤߩ⚻ㆊࠍ࠻࡯ࡐ࡟࿁෼ޕߚߒ 
   ᨆ⸂ࡓ࡯࠰ࠢࠛ

92 ଀ߩౝޔᬌ૕㊂߇චಽḰ஻ߚ߈ߢ 13 ଀ࡓ࡯࠰ࠢࠛߡ޿߅ߦ⸃ᨆࠍⴕޕߚߞ⸻ᢿ

ߩ᧪↱ᧃ᪳ⴊޔߣ㧕ࡓࡁࠥ᧪↱≌㧔⣲ࡓࡁࠥߚߒ᛽಴ࠄ߆㛽㜑⚦⢩ߩᤨ PHA blast
⚦⢩(1 ଀ߺߩ⤯Ꮺ⚵❱)ࠄ߆᛽಴ࡓࡁࠥߚߒ㧔ᱜᏱࠥࡓࡁ㧕࡯࠰ࠢࠛޔߡߒߣࠕࡍࠍ

ߩࠆߔ࿁෼ࠍ㗔ၞࡓ࡯࠰ࠢࠛࠄ߆ࡓࡁࠥోߚߒᢿ ൻߢ⎈⿥㖸ᵄ⎕ޕߚ޿↪ߦᨆ⸂ࡓ

ߦ Agilent Technology ߩ␠ Sure Select ߪߦᨆ⸂ޔߒ↪૶ࠍ Illumina ␠ߩ HiSeq 
2000 ߼᳞ࠍ⇣⣲≌․⇣⊛ᄌޔߒᲧセࠍᨆ⚿ᨐ⸂ߩᬌ૕ࠕࡍߩห৻∝଀ޕߚߒ↪૶ࠍ

߿ࠬ࡯ࡌ࠲࡯࠺ฦ⒳౏㐿ޕߚ in-house ޔߒ㒰ᄖࠍᱜᏱㆮવᄙဳࠅࠃߦࠬ࡯ࡌ࠲࡯࠺

ᱷߚߞ୥⵬ㆮવሶᄌ⇣ޔߡ޿ߟߦరࠕࡍߩᬌ૕ࠍ㍌ဳߦ Sanger ᴺߢ⸃ᨆޕߚߒ 
  ᨆ⸂ࡦࠦ࡝ࡊࡦࠕ
ᣢ⍮ߩㆮવሶ㧔PTPN11, NF1, NRAS, KRAS, c-CBL㧕ࡓ࡯࠰ࠢࠛߣ⸃ᨆࠅࠃߦᣂ

ࠍ࡯ࡑࠗ࡜ࡊઃ࡯ࠞࡦ࡝NotIࠆߔኻᔕߦࡦ࠰ࠢࠛోߩㆮવሶ(3⒳㘃)ߚࠇߐหቯߦߚ

૞ᚑߡ޿↪ࠍࠇߎޔߒ JMML92 ∝଀ߩࠇߙࠇߘฦ PCR ࡊߦ଀Ფ∝ޔߒ૞ᚑࠍ‛↥

NotIޔߒ࡞࡯ ೙㒢㉂⚛ಣℂޔLigation ෻ᔕޔ⿥㖸ᵄ⎕⎈ߩⴕ⒟ࡓࡁࠥߚ⚻ࠍᢿ ࠍ

ᰴ਎ઍࠪߢ࡯ࠨࡦࠤ࡯⸃ᨆޕߚߒᬌ಴ߚߒᄌ⇣ߩౝޔᄌ⇣࡞࡝ࠕ㗫ᐲ߇ 0.15 એ਄ߩ

ߪߩ߽ Sanger ᴺࠆࠃߦ⸃ᨆߢᄌ⇣ࠍ⏕⹺ޕߚߒ 
 
 ޤᨐ⚿ޣ
   ᨆ⸂ࡓ࡯࠰ࠢࠛ
ߩᨆ⸂ࡓ࡯࠰ࠢࠛ Mean depth ߪ 140 ࿁ߩߡోޔࠅ޽ߢ∝଀ߩࡓ࡯࠰ࠢࠛߢ 80%
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એ਄ߩ㗔ၞߢ 20 ࿁એ਄ߩ depth ⴫ޔᨐ⚿ߩߘޕߚࠇࠊⴕ߇ᨆ⸂ߢ 1 13ޔߦ᭽ߔ␜ߢ
଀ਛ 11 ଀ޔߢᣢ⍮ߩ RAS ߒหቯߦ⊛੕ឃઁ⋦ࠍ⇣ᄌߩવ㆐⚻〝㑐ㅪㆮવሶ࡞࠽ࠣࠪ

ߦࠄߐޕߚ 3 ଀ߢᣂⷙߩ૕⚦⢩ᄌ⇣ࠍหቯޕߚߒSETBP1 p.Asp868Asn ᄌ⇣ߪ 3 ଀

JAK3 p.Arg657Glnޔ߼⹺ߡߒ౒ㅢߢ ᄌ⇣߮ࠃ߅ SH3BP1 p.Ser277Leu ᄌ⇣ߪ 1 ଀

 ޕߚ߼⹺ߢ
 

  ᨆ⸂ࡦࠦ࡝ࡊࡦࠕ
ㆊඨߢࡦ࠰ࠢࠛߩ 10,000 ࿁એ਄ߢࡦ࠰ࠢࠛߩߡో߷߶ޔ 1,000 ࿁એ਄ߩ depth ߢ

⸃ᨆ߇ⴕޕߚࠇࠊ⸃ᨆߩ⚿ᨐޔ⴫ 2 ࿑߮ࠃ߅ 1 RASޔߦ᭽ߔ␜ߢ 〝⚻વ㆐࡞࠽ࠣࠪ

㑐ㅪ39ޔߪ ଀ߢ PTPN11 ᄌ⇣9ޔ ଀ߢ NF1 ᄌ⇣15ޔ ଀ߢ NRAS ᄌ⇣13ޔ ଀ߢ KRAS
ᄌ⇣10ޔ଀ߢ c-CBLᄌ⇣ࠍ⹺10ޔ߼଀ࠄࠇߎߪߢᣢ⍮ߩㆮવሶᄌ⇣ࠍ⹺ޕߚߞ߆ߥ߼

৻ᣇޔߢᣂⷙߦหቯߚߒ 3 SETBP1ޔౝߩㆮવሶߩߟ ߪ 6 ଀ޔߢJAK3 ߪ 11 ଀ޔߢ

SH3BP1ޔ߼⹺ࠍ⇣ᄌࠇߙࠇߘ ㆮવሶߪరߩ 1 ଀એᄖߪߢᄌ⇣ࠍ⹺ޕߚߞ߆ߥ߼

SETBP1 ᄌ⇣ߩ 6 ଀ోߪߡ SKI ౝޔࠅ޽ߢ⇣ᄌߩߢౝࡦࠗࡔ࠼ 4 ଀ߪ p.Asp868Asn
ᄌ⇣ޔߚ߹ޕߚߞ޽ߢJAK3 ᄌ⇣ߩ 11 ଀ోߪߡ Pseudo-kinase ⇣ᄌߩߢౝࡦࠗࡔ࠼

ౝޔࠅ޽ߢ 8 ଀ߪ Arg657Gln ᄌ⇣ޕߚߞ޽ߢSETBP1 ߪߚ߹ JAK3 ᄌ⇣ࠍ⹺ߚ߼

16 ଀ߩౝ14ޔ ଀ߪ PTPN11 ߪߚ߹ NF1 ᄌ⇣ࠍ㊀ⶄߡߒ᦭ޕߚ޿ߡߒ࿑ 2 ᭽ߔ␜ߢ

RASޔߦ ߣ⇣વ㆐⚻〝㑐ㅪㆮવሶᄌ࡞࠽ࠣࠪ SETBP1 ߪߚ߹ JAK3 ᄌ⇣ࠍ㊀ⶄߡߒ

᦭ߚߒ∝଀ޔߪߢᓟ⠪ߩᄌ⇣࡞࡝ࠕ㗫ᐲ߇೨⠪ࠅࠃૐ޿௑ะࠍ⹺ޕߚ߼SETBP1 ߚ߹

ߪ JAK3 ᄌ⇣ߪ Secondary ᄌ⇣ߣቯ⟵ޕߚߒ 
⥃ᐥ⚻ㆊߩߣ⋧㑐   
⴫ 2 ࿑߮ࠃ߅ 2 ߦ᭽ߔ␜ߦ PTPN11 ߪߚ߹ NF1 ᄌ⇣ࠍ᦭ߔ∝଀ࠇߘߪߢએᄖߩ∝

଀ߦᲧޔߡߴSecondary ᄌ⇣ࠍ㊀ⶄߡߒ᦭ߔ㗫ᐲ߇᦭ᗧߦ㜞ޔߚ߹ޕߚߞ߆ㅧⴊ⚦⢩

ߪߦ଀∝ࠆ޿ߡߒሽ↢߽ߣߊߥߌฃࠍ⒖ᬀ Secondary ᄌ⇣ࠍ 1 ଀߽⹺ޕߚߞ߆ߥ߼

Secondary ᄌ⇣(㧗)⟲(n=16)ߪ Secondary ᄌ⇣(̅)⟲(n=76)ߣᲧセ5ޔߡߒ ᐕో↢ሽ₸

Ყ࠼࡯ࠩࡂ)௑ะ޿ૐߪ ା㗬඙㑆%95ޔ1.90 Pޔ0.87-4.19 ୯=0.10)5ޔߒ␜ࠍ ᐕή⒖

ᬀ↢ሽ₸ߪ⛔⸘ቇ⊛ߦ᦭ᗧߦૐ࠼࡯ࠩࡂ)ߚߞ߆Ყ ା㗬඙㑆%95ޔ2.18 Pޔ1.18-4.02
୯=0.007)ޕ 
 
 ޤ⠨ኤޣ
� ᧄ⎇ⓥߪߢᰴ਎ઍࠪߚ޿↪ࠍ࡯ࠨࡦࠤ࡯✂⟜⊛ㆮવሶ⸃ᨆޔߡߞࠃߦJMML92 ଀

ਛ 82 ଀ߢ RAS ߽ߢਛޕߚ߈ߢ߇ߣߎࠆߔᬌ಴ࠍ⇣ᄌߩવ㆐⚻〝㑐ㅪㆮવሶ࡞࠽ࠣࠪ

NF1 ㆮવሶߪ㕖Ᏹߦᄢߥ߈ㆮવሶޔࠅ޽ߢSanger ᴺࠆࠃߦㆮવሶ⸃ᨆోࠍ∝଀ߢⴕ

ߢᨆ⸂ߩ੹࿁ޔࠄ߆ߣߎ޿ߥࠇࠊⴕߪㅢᏱࠅ޽ߢ࿎㔍ߦ㕖Ᏹߪߣߎ߁ JMML ߼භߦ

ࠆ NF1 ㆮવሶߩᄌ⇣㗫ᐲࠍหቯߦ╩․ߪߣߎߚ߈ߢ୯ޕࠆߔ৻ᣇߢ 92 ଀ਛ 10 ଀ߢ

ޕࠛߚߞ߆ߥ߈ߢᬌ಴ࠍ⇣ᄌߪ ᰳ߿⇣ᄌߩߢ㗔ၞ޿ߥࠇ߈ߒ࡯ࡃࠞߪߢᨆ⸂ࡓ࡯࠰ࠢ

ᄬߪ੹࿁ߩ⸃ᨆߪߢᬌ಴޿ߥ߈ߢน⢻ᕈߚߒ߁ߎޔࠅ޽߇∝଀ߩߢㆮવሶ⸃ᨆߪ੹ᓟ

 ޕࠆ޽ߢ㗴⺖ߩ
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� ᧄ⎇ⓥޔߚ߹ߪߢJMML ߡߒߣ⇣૕⚦⢩ᄌߩᣂⷙߩ SETBP1 ߣ JAK3 ࠇߐหቯ߇

SETBP1ޕߚ ߪ 18q23.1 ࠆࠇߐ࠼࡯ࠦߦ 170kD SETޕࠆ޽ߢࠢࡄࡦ࠲ᩭౝߩ ว⚿ߦ

ࠆ޽ߢᛥ೙ㆮવሶ≹ޔߖߐ቟ቯൻߒ PPT2A ߿ NM23-H1 ߹ࠇߎޕࠆߔᛥ೙ࠍ߈௛ߩ

߿∛ᕆᕈ㛽㜑ᕈ⊕ⴊޔߦߢ T ⚦⢩ᕈᕆᕈࡄࡦ࡝ᕈ⊕ⴊ∛ߩ৻ㇱߪߢᨴ⦡૕ォᐳߦߤߥ

ࠅࠃ SETBP1 JMMLޔ੹࿁ޕࠆ޽߇ႎ๔ߩߣߚߒ㑐⋦ߣ⦟ᓟਇ੍ޔߒჇ߇⃻㊂⊑ߩ
ߚࠇߐหቯߢ SETBP1 ᄌ⇣ޔ߽ࠇߕ޿ߪSchinzel-Giedion ∝୥⟲߁޿ߣవᄤᕈ∔ᖚ

ᱺ♽೉⚦⢩ᄌ⇣(Hoischen↢ߚࠇࠄ߼⹺ߢ 2010ޔࠄ ᐕ Nature Genetic ⹹)߿ᚑੱߩ

㕖ቯဳᘟᕈ㛽㜑ᕈ⊕ⴊ∛ߩᄙᢙ଀ߦ⹺ߚࠇࠄ߼૕⚦⢩ᄌ⇣(Piazza 2013ޔࠄ ᐕ

Nature Genetic ⹹)ߩㇱ૏ߣห৻ㇱ૏ޔࠅ޽ߢSKI ㇱߩߎޕߚ޿ߡߒ㓸ਛߦࡦࠗࡔ࠼

૏ߪ E3 㒖߇ൻࡦ࠴ࠠࡆ࡙ߢߣߎࠆ౉߇⇣ᄌޔࠅ޽ߢวㇱ૏⚿ߩ࠯࡯ࠟ࡝ࡦ࠴ࠠࡆ࡙

ኂޔࠇߐSETBP1 SETޔࠅࠃߦࠇߎޕࠆߥߦߣߎࠆࠇ఺ࠄ߆⸂ಽߪ ଦㅴ߇቟ቯൻߩ

࿑)ࠆࠇࠄ߃⠨ߣߩ߽ࠆߔነਈߦㅴዷߩ≹ޔߒᛥ೙ࠍ߈௛ߩNM23-H1߿PPT2Aޔࠇߐ
ߚࠇߐ੹࿁หቯޔߚ߹ޕ(3 JAK3 ᄌ⇣ߪ Pseudo-kinase ޔࠅ޽ߢ⇣ᄌߩߢౝࡦࠗࡔ࠼

ᄙߩߊⴊᶧᖡᕈ⣲≌ߩߢᄌ⇣ߣห᭽ޔᄌ⇣ࠅࠃߦ⥄Ꮖᛥ೙߇ᄖޔߢߣߎࠆࠇSTAT5
࿑)ࠆࠇࠄ߃⠨ߣࠆ߇ߥߟߦㅴዷߩ∛ⴊ⊕ࠇߐᵴᕈൻߦ⊛ᕡᏱ߇〝⚻㉄ൻࡦ࡝ߩ  ޕ(3
 
 ޤ⺆⚿ޣ
� ࠅࠃߦᨆ⸂ࡓ࡯࠰ࠢࠛ JMML ߇ߣߎࠆߔߣߩ߽ߥ⏕᣿ࠅࠃࠍಽሶ∛ℂቇ⊛⢛᥊ߩ

SETBP1ޕߚ߈ߢ ߮ࠃ߅ JAK3 ᄌ⇣ߪ JMML ߩ Secondary ᄌ⇣ߡߒߣᄙ∝଀ߢ౒

ㅢߡߒ⹺੍ޔ߼ᓟਇ⦟ߩߣ⋧㑐ࠍ⹺ޕߚ߼ 
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⴫ 1㧚ࠛࠢࡓ࡯࠰⸃ᨆߢᬌ಴ߚߒㆮવሶᄌ⇣࠻ࠬ࡝ߩ 

 
 

⴫ 2㧚JMML92 ଀ߩᖚ⠪⢛᥊ 
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࿑ 1㧚JMML92 ଀ߩㆮવሶᄌ⇣࡞ࠗࠔࡈࡠࡊ 
� JMML92 ଀ࠆߌ߅ߦ RAS ߩ⇣ᄌߩᣂⷙㆮવሶߚߒหቯߦߚᣂߣવ㆐⚻〝㑐ㅪㆮવሶ࡞࠽ࠣࠪ

⁁ᴫࠍ(a)ࡕࡎޕߚߒ␜ߦធวᕈᄌ⇣ࡠ࠹ࡋ࠼ࡦ࠙ࡄࡦࠦޔߢࠢࠬ࡝࠲ࠬࠕࠍធวᕈᄌ⇣ࠍᢳ✢ߢ

⴫ޔߚ߹ޕߚߒฦㆮવሶߩߢᄌ⇣ߩㇱ૏ࠍ(b)ޕߚߒ␜ߦฦ٤ශޔߪ⦡ߩ㤥ࡕࡎߪធวᕈᄌ⇣ޔ⊕

 ޕࠆ޿ߡߒ␜ࠍ⇣ᄌߩߢ㛽㜑Ⴧᱺᕈ∔ᖚ∝଀߁઻ߦ⟲୥∝ࡦ࠽࡯࠿ߪἯޔ⇣ធวᕈᄌࡠ࠹ࡋߪ
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࿑ 2㧚Secondary ᄌ⇣ߣ⥃ᐥ௝ߩߣᬌ⸛ 
� PTPN11 ߪߚ߹ NF1 ᄌ⇣ࠍ᦭ߔ∝଀ࠇߘߪߢએᄖߩ∝଀ߦᲧޔߡߴSecondary ᄌ⇣ࠍ㊀ⶄߡߒ

᦭ߔ㗫ᐲ߇᦭ᗧߦ㜞ߊ(a)ޔߚ߹ޔㅧⴊ⚦⢩⒖ᬀࠍฃ߽ߣߊߥߌ↢ሽࠆ޿ߡߒ∝଀ߪߦ Secondary
ᄌ⇣ࠍ 1 ଀߽⹺ߚߞ߆ߥ߼(b)߽ࠇߕ޿ޕਔ஥ߩ࡯ࡖࠪ࠶ࠖࡈߩᱜ⏕⏕₸ᬌቯߢ P ୯ࠍ▚಴ޕߚߒ

Secondaryޔߚ߹ ᄌ⇣ߩ᦭ήߢ 2 ࡑ㨯ࡦ࡜ࡊࠞࠆߌ߅ߦ₸ή⒖ᬀ↢ሽ߮ࠃ߅₸ሽ↢ోޔߡߌಽߦ⟲

log-rankޔߒᲧセࠍ✢ᦛ࡯ࡗࠗ ᬌቯࠍⴕߚߞ(c,d)ޕ 
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