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1. ɟƖ 

�ƪȌȨȞïǹŨť��nɈˉprimary central nervous system lymphoma: 

PCNSLˊ+�ƪȌȨȞ)ʬĽ�;Ȏ(Ũť��nɈB�:	ǵǨĬǼ)-2@

ťģȥɃĖ BȥɃť��nɈ)Ñˀ�<$	;�È$*�ƪȌȨȞɈǷ* 2-3%

?ì5$�:	ŋĕǩīƟʧ+ 2-4Ō&Ƴ5$�Ś�ɑ(ǴŧB�;�ű�+

41Ƕ±* PCNSLɈǷȧȴ&ơƱɘêƯǧ?ǫ	$ÈGN\�ɦƧ?ə		�9

) 30Ƕ±* PCNSLɈǷȧȴ?ǫ	$ mRNAɦƧ?ə"���*ȩƩ MYD88

7 GNAI2*ĠǱ	PIM17 BTG2*­ȥɃʁĠǱ	NF-κBȨʃʨʐʗ¨ĩ*ĠǱ

�ˆʾŏ)ƲÐ�<���9) HLA-Cʗ¨ĩ*ĠǱ� 14.6%B	ƫɒ­ 7q35*

Rq�ƋĞģ� 12.2%*ʾŏBƲÐ�<	�<9*Ǳŉ� PCNSLŧȼ*�Ś&

ĵƃ)ʨʐ�$	;�&�ȊĆ�<�� 
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2. Ŏƍ 

ŨťɈǷ+ƙă 56Ō£ʫƔƢ�*ƽ�ïč*ȕ 1«&("$�:	îǩá

ÁȂ*ǹɛ)8;&ŋŰ 26Ō)�	$+ŨťɈǷ)8;ƽ�Ǥ+È­* 28.9%

?ì5$	;��<+�8� 3.5�) 1��ŨťɈǷ)8:ƽ��$	;�&?

Ȋ�$�:	ȕ 2«B�;ŠǴŧ� 15.5%	ȕ 3«B�;ɀǗ� 9.4%B�;�

&?Ȼů�;&	ŨťɈǷ)ĸ�;ǇǸƈĉ+ƔƢ�)&"$Ƴ5$ʝɟB�

:	ȯŤ?ɟ�;6*B�;&	�;� 

ŨťɈǷ*ǹǩ)+ʗ¨ĩ?ƴŰ�;ĝę*ǘȒǚĠǱ	ſÇ�ƹĤ	�9

)+ʗ¨ĩɗú�Ǐ�ʨ��;�&�Ȅ9<$	;��*¢ɛǼ(6*&�$	

ʸĻȥɃɀ�@B*�ǽŰʤčĩõĳ­ˉEGFRˊʗ¨ĩ*ǘȒǚĠǱ [1]	í

ń�@B* TP53 ʗ¨ĩ*ƹĤ [2]	Ůť˄˅ťǻɘǵB* BCR-ABL [3]7ʸĻ

ȥɃɀ�@B* EML4-ALK [4]('*ʗ¨ĩɗú�ž�9<;�EGFRǌťĖĠ

ǱʰťʸĻȥɃɀ�@)ĸ�; EGFR Lg�[ʩĲɕQrC`hsˉĈĄüD

�aT [́5]7 BCR-ABLʰťŮť˄˅ťǻɘǵ)ĸ�; ABLLg�[ʩĲɕD

z`hsˉĈĄüO�uaNˊ [6]	�9)+ EML4-ALK ʰťʸĻȥɃɀ�@

)ĸ�; ALKʩĲɕN�]`hs̄ ĈĄüU�R� [́7]('*ǇǸɕ��<�

<*�@ŧȼ*ǙĞŨǩīƟʧ�ÈǩīƟʧ?ɓƘ)ƈĉ���&
9	ǹ�
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@)Ĵ��;ʗ¨ĩǱŉ?ûĮ�	�<9?^�Qae&�;�ÑĩƶǼǸǈ�

��@ǇǸ)�	$Ƴ5$ƝâB�;&Ȼ�9<;� 

ƺ�¢V�P�T�*ǺĜ)8:ƕƥ* DNAV�P�T�B+�öɄB�

"�ɋģ(Qk|ũě?ȅƚʧ
#ĭ³)Ŝ;�&�öɄ)("��įʲ	�

@Qk|*­ȥɃĠǱ?ģɡƷ)XN��h�O�; International Cancer 

Genome ConsortiumˉICGCˊ� 2008Ō)ǹʂ�	50ȏˀ*�@ȏ
9�<�<

500Ʋ­*ÈQk|?V�P�X�;t�WFNe�ə><$	;�ƔƢB6E

C�XŬƫ?©
ȾɌ�@*ɦƧ�Ý:Ŕ$9<	đȓ�@ȆȐZ�^�('

BȆȐ�ə><$	; [8]�2�ûƵ*t�WFNe&�$Ȝđ* The Cancer 

Genome Atlas̄ TCGAˊ��:	20ȏˀ£�*�@ȏ
9 500Ʋ­?V�P�X

�;t�WFNe�ə><$	;��9)	l�m�fģĬ&zT`��Za

bŅȍģĬ�ÉûBʒĊ�$	; Broad InstituteB+ 1000ȏ£�*�@ȥɃƮ


9ʗ¨ĩĠǱ	DNA Rq�Ƌ	RNA ǹǦɦƧ?ə
 Cancer Cell Line 

EncyclopediaˉCCLEˊ�ə><$	;��*8
)	Ǧē�Ǯ�BƵ�(�@

Qk|V�P�Xt�WFNe�ə><$�:	ǹ�@*}JhY|ɦƘ7Ǉ

Ǹ^�Qae&(;ʗ¨ĩ*Ƃȣ�ə><$	;�2�	ƺ�¢V�P�T�

+�@Qk|*V�P�X£ġ)6Ƶ�(ǿǼB°ǫ�<$�:	ʗ¨ĩǹǦ
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ɦƧ7ʖźǼXt�DV�O*Įʟä*�5* transcriptome sequencing	

microRNA*t�rAD��O*�5* small RNA sequencing	̂ �nN& DNA

* ȁ � ¯ ǫ * Q k | � D f z a q � O * � 5 * chromatin 

immunoprecipitation-sequencinḡ ChIP-Seq (́'Ģ�*ȆȐB×ǫ�<$	; [9]� 

�ƪȌȨȞïǹŨť��nɈˉprimary central nervous system lymphoma: 

PCNSLˊ+	�ƪȌȨȞ)ʬĽ�;Ȏ(ʸwWL���nɈB�:	�*Ģ�

�ǵǨĬǼ)-2@ťģȥɃĖ BȥɃť��nɈ̄ diffuse large B-cell lymphoma: 

DLBCLˊ)Ñˀ�<$	; [10]�PCNSL +È$*�ƪȌȨȞɈǷ* 2-3%?ì

5$�:	ŋĕǩīƟʧ+ 2-4 Ō&Ƴ5$�Ś�ɑ(ǴŧB�; [11]�ĦǹŌ

ˈ+ 50-70 ƼB�:	�*ǹǩǤ+ĞàÀý)�; [12]�ǹǶ)ʨ��;čĩ

&�$GtX^D��m�EC�X̄ Epstein-Barr virus: EBV 7́GDYEC�X

ˉhuman immunodeficiency virus: HIVˊ('*EC�Xʨʐ�Ȅ9<$	;�	

EC�XŬƫ)8;6*B(	Ƕ±6Ģ��:	�*ǹǶïč+²ǚ&�$�

Ƙ*22B�; [13, 14]�2�	ʽɔË)+��nș�īē�(	)6ʨ>9�

��nɈ�ǹǩ�$�2
�&
9	PCNSL*ǹǩ�ʽɔËBǩ�$	;*


ʽɔġBǹǩ����nɈȥɃ�ʽɔË)´Ç��6*B�;*
+²ǚ&�

$ɻɷ�B�;�ǇǸʹ)�	$+	Èʄť* DLBCL)ĸ�$ʍŉǫ	9<;
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CHOPˉVN�rHXrA{f	fL\�pV�	p�N�X`�	t�fh]

�� Ǹ́ǈ� PCNSLB+0&@'âƩ�Ŝ9<(	 [15]��*ïč&�$Ȼ�

9<;*+	�<9*ɕÚ�ɘǍɆʨʥ?çÑ)ʍʓB�(	�5B�;&Ȼ

�9<;��*�5	PCNSLŧȼ)ĸ�$+ˆǫʟ}ee�LT�ē high-dose 

methotrexate: HDMTX &́ÈɆƉĹȱǸǈ̄ whole brain radiotherapy: WBRT �́Ɯ

6ĥß�;ǇǸǈ&�$ǫ	9<$	;��
�(�9	�*ǇǸǈ+ƚ)Ȍ

ȨǁťȖ*œ	Û¯ǫ�Ǧ<;�&6�:	�9)Ìǹ6�,�,ɥĶ�<; 

[11, 16]� 

�*8
) PCNSL+Ƴ5$�Ś�ɑ(ǴŧB�;)6

>9�	�*ǹ

Ƕʾŏ*¬�7ʽɔËɈǷ)8;ɈǷȧȴÇŴ*Ďʵ�
9	�*ǵŭǩǨĬ

Ǽ(ɦƘ� * DLBCL )ǂ/$ȓ!Ś<$	;�PCNSL ȥɃ)��; BCL6

*ʓÜǹǦ7Ģ�*ʗ¨ĩBǩ�$	;Ǳŉ(­ȥɃʁĠǱˉaberrant somatic 

hypermutation: aSHM 	́ɈǷȥɃɛʹB*ÅǳO�s��M*ǹǦ&	"��ɼ

+	PCNSLȥɃ� BȥɃ*ƜȦÑäÙ*ɂ�ŠŚƟ*ǠŭB�;�&?ȊĆ�

$	; [17]�Ɯʊěÿ�<� PCNSL)��;ƫɒ­*Rq�ƋɦƧB+ˆʾŏ

)ǩ�$	;Rq�ƋǱŉ�ûĮ�<	ÈGN\�ɦƧB+ MYD88�CD79B�

ODZ4�TBL1XR19*ʗ¨ĩ�ʾȳ)ĠǱ?ʀ��$	;�&�Ƙ9
)�<� 
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[18–20]��
�(�9	�<9*ěÿ+ļƋ*Ƕ±)8;ɦƧȩƩB�;�&

7ƻŉʙ?ǫ	�)ɈǷʙ*3BɦƧ��ʲ*ȩƩB�;�&
9	PCNSL*

Qk|Ǳŉ*È­Â?Ǩɦ�;�5)+�çÑB�;� 

£�*8
) PCNSL+Ƴ5$�Ś�ɑ(ǴŧB�;)6ʨ>9�çÑ(Q

k|ɦƧ�ə><$�9�	�9)Ɲâ(ǇǸǈ6²ǚ&�$Ȉȓ�<$	(

	�ś"$	Ɛ�(ÑĩƶǼǸǈ*ʦǹ*�5)+ PCNSL*ǹǶïč?Ñĩ�

u�BɦƘ�	�<9ǹ�@ïč?ƶǼ&��ɕÚ?ʦǹ�;�&�Ɯ6ʝɟ

B�;&ɧ�;���BƢȆȐB+	ġȍŴɚ)8"$Òʮ�<� 41 Ƕ±*

PCNSLɈǷȧȴ&ơƱɘêƯǧ?ǫ	$ÈGN\�ɦƧ�8-mRNAɦƧ?ə


�&)8:	PCNSL*Qk|Ǳŉ�8-ǹǩ}JhY|?ɦƘ�;&É)	

ǇǸ^�Qae&(:
;ºɜʗ¨ĩ*Ƃȣ?ə"�� 
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3. Ƒǈ  

ɍōƲ­  

ġȍŴɚ)8"$Òʮ�<� PCNSLɈǷȧȴ&ûŧȼ*ơƱɘêƯǧ+Ʀ

�ģĬ	ƣƨģĬ	ĚǥæȍģĬ	đȓ�@ȆȐZ�^�
9óʴ�<	Qk

|ɦƧ+�<�<*ƒɫ)��;ʗ¨ĩɦƧȆȐ¼ǨķƬĨą§ŵɱ*6&ə

><�ˉŵɱǰø G3546-(21)ˊ�ɍōɯƎ*ȆȐ×ǫ)#	$+	�<�<*

ŧȼ8:ƛʹB*D�rH�|fR�Z�e?Ŝ$ə><�� 

 

ÅǳȧȴäĬ  

PCNSLȥɃ? Germinal center B cellˉGCBˊĖ& non-germinal center B cell

ˉnon-GCB Ė́)Ñˀ�;�5	Hans9�£Ù)ƅć��Ƒǈ?×ǫ�� [21]�

țǔ)ʌ/;&	ùǶ±*ɈǷȧȴ*w�z��ĐĮ��ƠƫX�Df?ǫ	

$ CD10	BCL6	MUM1* 3ȏˀ*Ÿ­*ʰť*ƝǙ)8:ÕĮ?ə"��CD10

ʰťB GCBĖ	CD10ʯť
# BCL6ʯťB non-GCBĖ&ÕĮ�;�2�	CD10

ʯťB BCL6ʰť*Ĝú	MUM1ʰťB non-GCBĖ	MUM1ʯťB GCBĖ&

ÕĮ�;� 
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ÈGN\�ɦƧ  

ùƲ­*Qk|DNA+QIAamp DNA Mini KitˉQiagenˊ)8:ŻÐ���Ŝ

9<�Qk|DNA?BR�XcCaN\�p�DU�)8"$ŋĕʤ200ĝę

ĸ)Əǝä��Ś	NEBNext Ultra DNA Library Prep Kit for Illuminā New England 

BioLabsˊ?ǫ	$�Ds���?¯ɝ�	ÈGN\�ʼė*3)ȡä�;�5

SureSelect Human All Exon KitˉAgilent Technologiesˊ?°ǫ���¯ɝ���D

s���?vBG�fǈ)8:HiSeq2000ˉIlluminaˊ?ǫ	$�ơȔ
9110ĝ

ę�#V�P�X��� 

HiSeq20008:Ŝ9<�ɋģ(ĝęʚÓũě*�
9ɑɽ(ũě*3?Ŝ;

�5	ùĝęR��*ɽ?ɛ�Q»�20£�*��fʚÓ*3?ʖ-Ð�	�9

)��fʚÓ*ʝɞ?ʘ�;�5�h�N��fʚÓ?ŻÐ����*Ś	Ż

Ð�<�ɑɽ(��fʚÓ?bowtie 2B�S�Y|

ˉhttp://bowtie-bio.sourceforge.net/bowtie2/index.shtml ?́ǫ	$ðǛoeQk|ʚ

Óˉhg19ˊ)zaq�O����ðǛoeQk|ʚÓ&�ɏ�(
"�ĝę*


!ˉiˊ1#*��fʚÓ�)ǡȓ����ɏ�3#£��;6*	̄ iiˊoe*

ƻŉ(ʗ¨ĩĢƵť)ʨ�$Ɯ6ɰȥ(J^�O?Ȉȓ�$	;"1000 
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genomes"d�^u�X̄ http://www.1000genomes.org 2́�+ȆȐİǡɎ)ƴȚ�

�d�^u�X*ƻŉoeQk|ʚÓ)$Ɠ)ěÿ��;6*	̄ iiiˊ�Ƣʢ*


!*'!9
�Ƒ*3�
ƲÐ�<(	6*	)ʨ�$+ǩƿȥɃȞÓĢĖ

2�+¿ʰť&Ȼ�ɦƧĸɼġ&��� 

­ȥɃĠǱ+ MuTectˉ http://www.broadinstitute.org/cancer/cga/mutectˊ&

SomaticIndelDetector̄ http://www.broadinstitute.org/cancer/cga/node/87ˊ)8"$Ʋ

Ð�<	ʗ¨ĩBkc�V��+ SnpEffˉhttp://snpeff.sourceforge.netˊ)8"$

ə"��PCNSL )��;Ɲū(ʗ¨ĩĠǱ?ûĮ�;�5 MutSigCV

ˉhttps://www.broadinstitute.org/cancer/cga/mutsig )́8;ɦƧ?ə"��ùɈǷƲ

­ * Ɉ Ƿ Ǥ � 8 - R q � Ƌ ɦ Ƨ + Karkinos ˉ http://sourceforge.net/ 

projects/karkinosˊ?ǫ	$ə"�� 

 

RNA-sequenceˉRNA-seqˊɦƧ  

RNAŻÐ*�5)ɈǷȧȴ?RLTmarA�ˉQiagenˊ)8:öǓä�	

RNeasy Mini kit̄ Qiagen )́8:ȡä����*Ś	NEBNext Ultra Directional RNA 

Library Prep Kit̄ New England BioLabsˊ?ǫ	$�Ds���?¯ɝ�	ÈGN
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\�ɦƧ&ûƵ)HiSeq2000)$V�P�X���ùʗ¨ĩ*ǹǦ�u�+VST

ĠƆ?ǫ	$DESeq2B�S�Y|

ˉhttp://bioconductor.org/packages/release/bioc/html/DESeq2.htmlˊ)8:ȘÐ���

ʗ¨ĩɗú+deFusenDt�D�ˉhttps://bitbucket.org/dranew/defuseˊ)8"$

ƲÐ���Gene Set Enrichment AnalysisˉGSEAˊ)��;ʗ¨ĩZae+GSEA

EFsTDeˉhttp://www.broadinstitute.org/gsea/index.jspˊ
9ǣŜ�	Ǻʡ�<

$	;È$*ʗ¨ĩZae)ĸ�$ɦƧ?ə"�� 

 

INO80-NUSAP1ʗ¨ĩɗú*Ȉɱ  

INO80&NUSAP1*ɗúǘ?2��8
)t�Dz�?ɫɨ�	RT-PCRǈ)

8:ĞŊ��ˉPCRt�Dz�: 5’-gatttgttctatggcctcggag-3’�8-

5’-gtgactaaagtggggatgacag-3’ �́�*Ś	PCRǪǞ*ĝęʚÓ?L�q���V�

P�X)8:Ȉɱ��� 
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Ion TorrentV�P�X  

Ğ Ŋ � � 	 ʼ ė ) ĸ � ; t � D z � + Ion AmpliSeq Designer

ˉhttps://www.ampliseq.com/browse.actionˊ?×ǫ�$ɫɨ����Ds���¯

ɝ+ Ion AmpliSeq Library Kit 2.0ˉThermo Fisher Scientificˊ*t�eR��)ś

"$ə"��c�t��eɶɝ+ Ion OneTouch 2 VXc|?ǫ	$ə		Ion 

PGMˉThermo Fisher Scientificˊ?°ǫ�$V�P�X?���ĠǱɦƧ+Ƹċ

ʪĿ* Torrent Suite\reEFB?ǫ	$ə"�� 

 

aSHMƶǼʗ¨ĩ*ɦƧ  

aSHM*ƶǼ&("$	;ʗ¨ĩ?ûĮ�;�5	Khodabakhshi9�ƴȚ�

� SHM indicatorB�S�Y|?×ǫ�� [22, 23]�Ê­Ǽ)+	ùʗ¨ĩ*ʅ

Íʦħǘ
9 2 L�u�XˉKbˊ£Ë*ĝęʚÓ?ĸɼ)ˉiˊSHM waeX

yae~`�r"WRCY"̄ ��BW+Bdh�ˉAˊ2�+`{�ˉT 	́R+ A

2�+OBh�ˉG 	́Y+VeV�ˉCˊ2�+ T?Ȋ�ˊËB*ĠǱ*Ýú	

ˉiiˊC:G TDe& A:T TDeB*ĠǱ*Ýú	̄ iiiˊĝęʅ«ĠǱ&ĝęʅƆ

ĠǱ*Ýú	)ĸ�$JD��ƲĮ?ə
�&)8: SHM indicator?ȘÐ��� 
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ʱŀǼN�X^�ÑƧ  

40 Ƕ±*Èʄť DLBCL �8- 25 Ƕ±* natural killer/T-cell lymphoma

ˉNKTCLˊ*­ȥɃĠǱũě+£Ùěÿ�<�ɷƍ
9ǣŜ�� [24, 25]�

NKTCL *­ȥɃĠǱ)ʨ�$+{XZ�XĠǱ�8-g�Z�XĠǱ*3?

ǣŜB���5	PCNSL �8-Èʄť DLBCL *­ȥɃĠǱ6{XZ�XĠǱ

�8-g�Z�XĠǱ*3?×ǫ���3#*Ǵŧ
9Ŝ9<�­ȥɃĠǱũě

? R \reEFBË*N�X^�ɦƧb��)ÇÞ�	Ɯ6ʾǫ�<$	;E

H�fǈ?ǫ	$N�X^�ÑƧ?ə"�� 

 

ȥɃƮ&Ęˁ 

oeɁÆɇǬƥȥɃƮ HEK293TˉAmerican Type Culture Collection: ATCCˊ

+ Dulbecco’s Modified Eagle Medium: Nutrient Mixture F12ˉDMEM/F12ˊ

ˉInvitrogen Ę́Ĕ) 10%EVɁÆɘǐ̄ fetal calf serum: FCSˊ̄ Invitrogen 	́2 mM 

L-O�^{�ˉInvitrogen 	́100 units/mlvhV��ˉInvitrogen 	́100 µg/mlX

e�tezDV�ˉInvitrogenˊ?à��ĘˁǍBĘˁ��� 

 

ǹǦt�X{f¯ɝ�

IKBKB*ʞǩĖȁɜǼ DNAˉcomplementary DNA: cDNAˊ+oeɅȿȽɈ
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ȥɃƮ SW872ˉATCCˊ
9 RT-PCR ǈ)8:ĞŊ��ˉPCR t�Dz�: 

5’-gacagagttagcacgacatcag-3’�8- 5’-acatcatgaggcctgctccag-3’ �́Ŝ9<� PCRǪ

Ǟ? pcDNA3ǹǦuN^�ˉLife Technologiesˊ)ȧ3ʉ3	�<?ǹǦt�X

{f&���V203I ĠǱ* cDNA +ʞǩĖ*ǹǦt�X{f?ʠĖ&�	

QuikChange Site-Directed Mutagenesis kit̄ Stratageneˊ?ǫ	$¯ɝ��ˉPCRt

� D z � : 5’-agaagtacacagtgaccatcgactactggagcttc-3’ � 8 -

5’-gaagctccagtagtcgatggtcactgtgtacttct-3’ �́ 

 

EGX^�s�ae�

HEK293TȥɃ? 6EF�t��e) 4.8 × 105ȥɃ/EF�B2�	ǹǦt�

X{fˉ2500 ngˊ? Lipofectamine 3000̄ Life Technologiesˊ?ǫ	$ȥɃ)ĺÇ

���12ƚʧŚȥɃ?Čó�	NP-40 lysis buffer̄ 50 mM Tris-HCl̄ pH 7.4 	́150 

mM NaCl	1 mM NaF	1 mM Na3VO4	1 mM PMSF	Bt�`h�ˉZ��t�

cB�[ 	́1% NP-40ˊBǓɦ���ȥɃǓɦǞ? 10%BN��B{fQ�Bʶ

ǃǊã�	Z{f�DƑőBy�raäph�d�ˉPVDFˊǲǄť}�s��

ˉMilliporeˊ�)s�ae����ƺŸ­&�$ IKBKB Ÿ­ˉsc-8014ˊ&

LMNB1/2 Ÿ­ˉC-20ˊ? Santa Cruz Biotechnology 
9ɾÇ�	NFKBIA Ÿ­

ˉ#9242 	́��ʜä NFKBIAŸ­̄ #9246 	́RELAŸ­̄ #8242 	́��ʜä RELA

Ÿ­ˉ#3036 	́ACTBŸ­ˉ#4970ˊ? Cell Signaling Technology
9ɾÇ���
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2�	�ƺŸ­&�$ Anti-rabbit IgGˉ#7074ˊ�8- anti-mouse IgGˉ#7076ˊ

? Cell Signaling Technology
9ɾÇ��� 
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4. ȩƩ  

PCNSL*ÈGN\�ɦƧ  

oe*Qk|+ȵ:ʋ�ʚÓ7D�e��	GN\�BƴŰ�<$�:̄ ď 

1ˊ	èƋ­Ŕ�:ȟ30Ãĝęĸ
9("$	;�HiSeq2000BŜ9<;ũěʟ

+�ơȔ
9100ĝę�#V�P�X��Ĝú	�8�6000Ãĝęĸ0'B�;�

ś"$	Qk|È­?¤)100×*ʝɞŏˉ1#*ĝę�®Čɵ2<�
?ɛ�ˊ

BV�P�X��	Ĝú	1��Ŕ�:2T�t��
ɦƧB�(	�ʊŌ	Q

k|V�P�X*ˆʎä�¬³ưä�ʑ@B	;&+	�	È$*Ƕ±*ÈQ

k|?ɦƧ�;�&+ǦƚǘB+ǦįǼ(ŲǯB+(	&Ȼ�;���B	Ƣ

ȆȐB+Qk|*ȟ1.5%?ì5	įʲ)^�nN?R�f�;GN\�*3?

Agilent Technologiesȋ*SureSelectVXc|?×ǫ�;�&)8:ȡä�	ʴ�

Ǽ)ɦƧ�;�&&��ˉď2ˊ� 

  



 17 

 

 

 

 

 

 

 

ď 1� oeQk|*ƴʏ�
oeQk|*ȟèÑ*ʼė+ȵ:ʋ�ʚÓBì59<$�:	^�nNR�f

ʗ¨ĩÈ­*TDY+ȟ 20%)ʓ�(	��
6�*�Bįʲ) mRNA&�$
ʅÍ�<;GN\�ʼė+>�
 1.5%0'B�;��
  

�	
 ����� ��

��

	����������

�����
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ˉAgilent Technologies ȋw�|v�W8:Źȝ  ́
�

ď 2� SureSelectVXc|)8;V�P�XL�t`���
�9
�5L�t`����	ʚÓ)ĸŢ�;RNAt��s?pI`�ä��
ǠŭBǫū�$���Qk| DNA?Əǝä��Ś	ǜĠť�	�ɪ RNAt�
�s&lDs�_DY��;��*ŚXe�teBpW�ȩúȉǃp�YB

RNAt��s�DNAƏǝɞú­?ȡä�;��
  



 19 

ű�+ġȍŴɚ)8:Òʮ�<�41Ƕ±*PCNSLɈǷȧȴ&ơƱɘêƯǧ

?Ŝ;�&�B���ǵǨĬǼ) PCNSL*�8� 90%+ DLBCL)Ñˀ�<;

�	ƾ: 10%+m�Lae��nɈ7 TȥɃ��nɈ(')Ñˀ�<; [16]�

ƢȆȐBóʴ�<� PCNSL+�/$ DLBCL&ɭƏ�<�6*B�:	Ǧē*

WHOÑˀ)ś�,�ƪȌȨȞ)Ľē�;ïǹť DLBCL&(;�2�	41Ƕ±

*
!	39Ƕ±+ƠǇǸƲ­B�:	2Ƕ±+ÌǹƲ­B�;��9)	Èʄ

ťDLBCLȥɃ+ÑäǀʱB*ʔ	)8:GCBĖ& non-GCBĖ)Ñˀ�<;�

5 [26]	ƢƲ­)�	$6ÅǳȧȴäĬ?ǫ	$ɶ/���*ȩƩ 7Ƕ±� GCB

ĖB�:	32Ƕ±� non-GCBĖB�;�&�Ƙ9
&("��EBVŬƫ+È$

*Ƕ±BʯťB�"�ˉɛ 1ˊ� 

ùǶ±*ɈǷȧȴ�8-ơƱɘêƯǧ
9ŻÐ�<�Qk| DNA?

SureSelectVXc|)8:GN\�ʼė*3)ȡä�	ƺ�¢V�P�T�

HiSeq2000)$ɦƧ���ɵ3ô:ʝɞŏ*ŋĕ+ɈǷʙB 158×	ơƱɘêƯ

ǧB 81×B�:	ÈGN\�* 98%£�?ȭȷ�;�&)Űß���41Ƕ±*

PCNSLɦƧBûĮ�<�ɨ 17,385ȏˀ*­ȥɃĠǱ*
!	B{kʜ*ȶƆ?

6�9�ĠǱˉʸûȹĠǱˊ*Ƌ+ 10,765̄ 62%ˊB�"���<+B{kʜ*

ȶƆ?6�9�(	ĠǱ̄ ûȹĠǱ *́�8� 2.5¸)ȁŔ��̄ ď 3 �́HiSeq2000
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VXc|)8"$ƲÐ�<�­ȥɃĠǱ�ƻȈ(6*B�;
Ȉɱ�;�5	

Ȱɨ 84ĠǱ?ʖ-Ð�	Ion TorrentVXc|BV�P�X?ə"���*ȩƩ	

È$*ĠǱ� Ion Torrent)�	$6ƲÐ�<	HiSeq2000)8;ĠǱɦƧ*ȩƩ

�Ƴ5$ɑɽ(6*B�;�&�Ȋ�<�ˉɛ 2ˊ�2�	ùɈǷƲ­*ɈǷǤ

? KarkinosB�S�Y| [27]?ǫ	$ȘÐ��ȩƩ	ŋĕɈǷǤ+ 69.0%B�

"�ˉď 4ˊ� 

41Ƕ±* PCNSL)��;ʸûȹĠǱƋ*ŋĕ+ 1}Ku�XˉMbˊ��

: 3.2B�:	£Ù)ěÿ�<�Èʄť DLBCL*»&ˀª�$	; [28, 29]�

�
�(�9	�*­ȥɃĠǱƋ+Ƕ±ʧBģ��Ǳ("$	;ˉď 5ˊ�±�

,	ÈǶ±)��;ſÇ�ƹĤ*ŋĕĠǱƋ+ 0.2/MbB�;)6

>9�	

ID67 ID41*Ƕ±B+�*ĠǱƋ��<�< 2.2/Mb	1.9/Mb& *Ƕ±&ǂ/

$Ē¹Ǽ)Ģ	��Ƒ	ID13B+ûȹ�ʸûȹĠǱƋ� 69.1/MbB�:	�<

+ŋĕĠǱƋ* 15¸£�B�;ˉûȹ�ʸûȹĠǱ*ŋĕĠǱƋ+ 4.5/Mbˊ�

ǘȒǚĠǱƋ�Ğà�;ïč&�$+DNAy�}��[B�; POLE*ĠǱ�	

ſÇ�ƹĤ*ĠǱƋ�Ğà�;ïč&�$+ DNA{Xza`¶ŝˉmismatch 

repair: MMR Ƹ́ƴ)ʨ��;MutS̄ MSH2	MSH6 2́�+MutL̄ MLH1	PMS2ˊ

ɞú­*ĠǱ�Ȅ9<$	;�5 [30, 31]	�<9*ʗ¨ĩ)��;ĠǱ*ƝǙ
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?ɶ/���*ȩƩ	ID13B+ POLE*ĠǱ�	ID6& ID41B+MMRƸƴʨ

ʐʗ¨ĩ*ĠǱ��<�<ƲÐ�<�ˉď 6ˊ� 
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ɛ 1� PCNSLŧȼ*ɍōũě  
ƢȆȐ)��; PCNSLŧȼ*ɍōũě?Ȋ��DLBCL; -2@ťģȥɃĖ �ȥ
Ƀť��nɈˉdiffuse large B-cell lymphomaˊ	EBV; GtX^D��m�EC
�X̄ Epstein-Barr virus 	́HIV; GDYEC�X̄ human immunodeficiency virus 	́
SRS; Į«ŴɚǼǛĹ̄ stereotactic radiosurgery 	́RT; ƉĹȱǸǈ	GCB; germinal 
center B cell� 

� ID 
$ �� ��!� ����� ���	�� ����� EBV�� HIV�� Hans�#
1 72 �� DLBCL �� HDMTX WBRT (–) ��
 GCB

2 74 �� DLBCL �� HDMTX (–) (–) ��
 GCB

3 46 �� DLBCL �� HDMTX WBRT (–) (–) GCB

4 71 �� DLBCL �� HDMTX WBRT (–) (–) GCB

5 76 �� DLBCL �� HDMTX (–) (–) (–) GCB

6 68 �� DLBCL �� HDMTX WBRT (–) (–) GCB

7 49 �� DLBCL �� HDMTX WBRT (–) (–) GCB

8 58 �� DLBCL �� HDMTX WBRT (–) ��
 Non-GCB

9 70 �� DLBCL �� HDMTX (–) (–) ��
 Non-GCB

10 66 �� DLBCL �� HDMTX WBRT (–) ��
 Non-GCB

11 75 �� DLBCL �� HDMTX (–) (–) (–) Non-GCB

12 72 �� DLBCL �� HDMTX WBRT (–) ��
 Non-GCB

13 74 �� DLBCL �� HDMTX (–) (–) ��
 Non-GCB

14 60 �� DLBCL �� HDMTX WBRT (–) (–) Non-GCB

15 61 �� DLBCL �� HDMTX WBRT (–) ��
 Non-GCB

16 51 �� DLBCL �� HDMTX WBRT (–) (–) Non-GCB

17 72 �� DLBCL �� HDMTX WBRT (–) (–) Non-GCB

18 77 �� DLBCL �� (–) WBRT (–) ��
 Non-GCB

19 60 �� DLBCL �� HDMTX WBRT (–) (–) Non-GCB

20 50 �� DLBCL �� HDMTX WBRT (–) (–) Non-GCB

21 57 �� DLBCL �� HDMTX WBRT (–) (–) Non-GCB

22 33 �� DLBCL �� HDMTX WBRT (–) (–) Non-GCB

23 64 �� DLBCL �� HDMTX WBRT (–) (–) Non-GCB

24 74 �� DLBCL �� HDMTX WBRT (–) (–) Non-GCB

25 63 �� DLBCL �� HDMTX WBRT (–) (–) Non-GCB

26 68 �� DLBCL �� HDMTX WBRT (–) (–) Non-GCB

27 48 �� DLBCL �� HDMTX WBRT (–) (–) Non-GCB

28 78 �� DLBCL �� HDMTX WBRT (–) (–) Non-GCB

29 68 �� DLBCL �� HDMTX WBRT (–) (–) Non-GCB

30 67 �� DLBCL �� HDMTX WBRT (–) (–) Non-GCB

31 42 �� DLBCL �� HDMTX WBRT (–) (–) Non-GCB

32 29 �� DLBCL �� HDMTX WBRT (–) (–) Non-GCB

33 56 �� DLBCL �� HDMTX WBRT (–) (–) Non-GCB

34 44 �� DLBCL �� HDMTX WBRT (–) (–) Non-GCB

35 69 �� DLBCL �� HDMTX WBRT (–) (–) Non-GCB

36 75 �� DLBCL �� (–) RT (–) (–) Non-GCB

37 70 �� DLBCL �� HDMTX WBRT (–) (–) Non-GCB

38 58 �� DLBCL �� HDMTX WBRT (–) (–) Non-GCB

39 75 �� DLBCL �� (–) WBRT (–) (–) Non-GCB

40 53 �� DLBCL HDMTX+WBRT "��� "��� (–) (–) ��


41 75 �� DLBCL SRS "��� "��� (–) (–) ��
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ď 3� PCNSL)��;­ȥɃĠǱ*ȏˀÖÝú  
ƺ�¢V�P�T�?ǫ	$ 41Ƕ±* PCNSLɈǷȧȴ�8-ơƱɘêƯǧ*
ÈGN\�ʼė)��;ĝęʚÓũě?ôŜ�	�*ĝęʚÓũě
9ɽ*ɑ

	ũě*3?ʖ-Ð���­ȥɃĠǱ?MuTect�8- SomaticIndelDetector)
8:ƲÐ�	ʗ¨ĩĠǱ? SnpEff)8:ûĮ��� 
  

�
�	�
27%�

������	�
62%	

������
5%	

������	�
3%	

�����





����	�

2%	

����






��
�	�

1%�
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ɛ 2� Ion TorrentV�P�X)8;­ȥɃĠǱ*Ȉɱ  
HiSeq2000)8"$ƲÐ�<�­ȥɃĠǱ*�
9Ȱɨ 84ĠǱ?ʖ-Ð�	Ion 
TorrentV�P�X)8;Ȉɱ?ə"�� 

���� ����� ���� ���� ����
����	
 �������	



�����
VWA1 chr1 1374779 C T ⚪ ︎

PRKACB chr1 84668450 C A ⚪ ︎
TDRD5 chr1 179587788 A C ⚪ ︎
LAMC1 chr1 183086726 G A ⚪ ︎
BTG2 chr1 203274762 C T ⚪ ︎
ESRRG chr1 216692520 A T ⚪ ︎
NID1 chr1 236212060 G A ⚪ ︎
OR2T33 chr1 248436212 C T ⚪ ︎
KLF6 chr10 3827197 G A ⚪ ︎
PTER chr10 16553198 G C ⚪ ︎

FAM160A2 chr11 6236138 G T ⚪ ︎
MICAL2 chr11 12241949 C T ⚪ ︎
ANO5 chr11 22249110 C A ⚪ ︎
TRIM44 chr11 35684966 G A ⚪ ︎
OR4A16 chr11 55111427 C A ⚪ ︎
OR5T2 chr11 56000036 C A ⚪ ︎
MS4A14 chr11 60183797 T G ⚪ ︎
MYRF chr11 61548482 C T ⚪ ︎
NRXN2 chr11 64453303 G A ⚪ ︎
KMT2D chr12 49420473 G C ⚪ ︎
PPFIA2 chr12 81657028 T C ⚪ ︎
SH2B3 chr12 111856107 C T ⚪ ︎
IRS2 chr13 110436009 C T ⚪ ︎
MIA2 chr14 39716532 C T ⚪ ︎
HERC2 chr15 28511050 C T ⚪ ︎
INO80 chr15 41364223 G A ⚪ ︎
WDR72 chr15 53998227 T A ⚪ ︎
ARNT2 chr15 80762624 C G ⚪ ︎
CBFA2T3 chr16 88943625 C T ⚪ ︎
NF1 chr17 29559879 G A ⚪ ︎

FHOD3 chr18 34081918 C T ⚪ ︎
CIB3 chr19 16275569 C A ⚪ ︎
RYR1 chr19 38993531 C T ⚪ ︎
EFR3B chr2 25359459 A G ⚪ ︎
FAM179A chr2 29256387 G A ⚪ ︎
SLC1A4 chr2 65216983 G A ⚪ ︎
TTN chr2 179610845 C T ⚪ ︎

PARD6B chr20 49354493 G A ⚪ ︎
IGLL5 chr22 23230246 A G ⚪ ︎
IGLL5 chr22 23230319 T C ⚪ ︎
IGLL5 chr22 23235906 G A ⚪ ︎
IGLL5 chr22 23235908 G C ⚪ ︎

L3MBTL2 chr22 41620975 G A ⚪ ︎
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ɛ 2*Ȭ�  
 

���� ����� ���� ���� ����
����	
 �������	



�����
GRM7 chr3 7188232 C A ⚪ ︎
MYD88 chr3 38182641 T C ⚪ ︎
CYP8B1 chr3 42916608 C T ⚪ ︎
ATRIP chr3 48488275 G A ⚪ ︎
CLDND1 chr3 98235922 G A ⚪ ︎
SEMA5B chr3 122630859 C T ⚪ ︎

SI chr3 164727180 A G ⚪ ︎
NLGN1 chr3 173998632 G A ⚪ ︎
TBL1XR1 chr3 176752067 T C ⚪ ︎
FAM13A chr4 89708979 G T ⚪ ︎
LRIT3 chr4 110791286 C G ⚪ ︎

ANKRD50 chr4 125590927 C A ⚪ ︎
PCDH18 chr4 138451379 C A ⚪ ︎
DNAH5 chr5 13735328 G C ⚪ ︎
DNAH5 chr5 13901672 G T ⚪ ︎
SLC1A3 chr5 36677113 G T ⚪ ︎
OSMR chr5 38919081 C G ⚪ ︎
TMED9 chr5 177019303 T A ⚪ ︎
FOXC1 chr6 1610925 G C ⚪ ︎
FOXC1 chr6 1611129 G T ⚪ ︎
FOXC1 chr6 1612092 C G ⚪ ︎

HIST1H1E chr6 26156650 C T ⚪ ︎
HIST1H1E chr6 26156788 T C ⚪ ︎
HIST1H1E chr6 26156835 G A ⚪ ︎
PIM1 chr6 37138242 G C ⚪ ︎
PIM1 chr6 37138549 G T ⚪ ︎
PIM1 chr6 37138553 G C ⚪ ︎
PIM1 chr6 37138791 C T ⚪ ︎
PIM1 chr6 37139042 G A ⚪ ︎
RUNX2 chr6 45399607 C T ⚪ ︎
AVL9 chr7 32612977 G A ⚪ ︎

SEMA3E chr7 83029512 C T ⚪ ︎
LRRD1 chr7 91774339 T C ⚪ ︎
STAG3 chr7 99798916 A G ⚪ ︎
TOX chr8 60031457 G C ⚪ ︎
CD274 chr9 5463055 A G ⚪ ︎
IFNA7 chr9 21202040 G T ⚪ ︎
RORB chr9 77286720 T C ⚪ ︎
IKBKAP chr9 111644424 C A ⚪ ︎
BRINP1 chr9 121976285 G T ⚪ ︎
REXO4 chr9 136278019 C T ⚪ ︎
DBH chr9 136505091 G A ⚪ ︎

TUBB4B chr9 140135855 C T ⚪ ︎
PIM2 chrX 48775919 C T ⚪ ︎



 26 

 

 

 

ď 4� ù PCNSLɈǷƲ­*ɈǷǤ  
PCNSL*ɈǷȧȴ�8-ơƱɘêƯǧ*ÈGN\�d�^
9KarkinosB�S
�Y|?ǫ	$ùɈǷƲ­*ɈǷǤ?ȘÐ���ŋĕɈǷǤ+ 69.0%B�:	Ɯ
Ļ+ 20.0%	Ɯģ+ 98.0%B�"�� 
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ď 5� ù PCNSLǶ±)��;­ȥɃĠǱƋ  
�ǀ)+ùǶ±)��;ûȹ�ʸûȹĠǱ*Mb��:*­ȥɃĠǱƋ	�ǀ)
+ŧȼ ID	DNAy�}��[B�;POLE7MMRƸƴ)ʨ��;MutS̄ MSH2�
MSH6ˊ2�+MutLˉMLH1�PMS2ˊɞú­*ĠǱ*ƝǙ	�ǀ)+ſÇ�ƹ

Ĥ*Mb��:*­ȥɃĠǱƋ?Ȋ�� 
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ď 6� POLE�8- MMRƸƴʨʐʗ¨ĩ*^�nNƴʏ�8-ĠǱȗų  
POLE&MMRƸƴʨʐʗ¨ĩB�;MSH2	MSH6	MLH1	PMS2*^�nN
ƴʏ�8- PCNSLBûĮ�<�ùʗ¨ĩ*ĠǱȗų?Ȋ��JaRË*ƋĪ+
ŧȼ ID?ɛ�	ɿĪ+­ȥɃĠǱƋ*Ğģ�ɱ59<�Ƕ±)$ûĮ�<�Ġ
ǱB�;�&?Ȋ��ù^�nNƴʏ*÷*ƋĪ+ÈB{kʜƋ?Ȋ�� 

POLE� 2286 DNA_pol_B_exo1 DNA_pol_B 

A
46

5T
(1

3)
 

R
22

25
C

(1
3)

 
A

21
80

V
(1

3)
 

S
18

29
Y

(2
5)

 

K
12

19
M

(1
7)

 

A
10

7V
(1

3)
 

MSH2�

DUF1744 

MutS_I MutS_II 

MutS_III 

MutS_IV MutS_V 934 

C
69

7F
(4

1)
 

MSH6� PWWP MutS_I 

MutS_III 

MutS_II MutS_IV 1360 

R
57

7H
(1

3)
 

MutS_V 

S
27

4G
(2

5)
 

Y
10

38
*(

13
) 

R
10

76
H

(1
3)

 

MLH1� 756 HATPase_c DNA_mis_repair 

G
55

D
(1

3)
 

PMS2� 862 HATPase_c DNA_mis_repair 

K
58

1R
(6

) 

MutL_C 

V
56

4A
(6

) 
K

57
7f

s(
6)
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��	� �
�
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PCNSL)��; aSHMƶǼʗ¨ĩ*ûĮ  

BȥɃ*ʝɟ(ŘÝ&�$ÅǳòŢ)��;Ÿ­Ǫǩ��;�Ÿ­+ĢƵ(

Ÿï)ʕŢ�;�5	�*B{kʜʚÓ?ĢŖ)Ġä�;šɟ��;�Åǳò

Ţ�	BȥɃ+ɂ�Š?ŕŰ�	ÅǳO�s��ʗ¨ĩ)Ƶ�(ǘȒǚĠǱ?

Œ�ʀ����*Ǧɼ? SHM&			�*òŢ+ǌťäɲĺV`W�dB{g

�[ˉactivation-induced cytidine deaminase: AIDˊ)8"$ɲĺ�<; [32, 33]�

�* AID+ DNA�* C
9B{kę?ô:ʮ�E�V�̄ U )́�;ʛȢB�

;�ű�+ PCNSLȥɃ)��; SHM*ŗʺ?ɶ/;�5	ĝęȶƆn^��

)#	$ɦƧ?ə"���*ȩƩ	Ģ�*Ƕ±)�	$ C
9 T)ȶƆ�;Ġ

Ǳ*Ýú�èÑ£�?ì5	ǟ) GCG*ʚÓ)�	$ʿɓB�"�ˉď 7ˊ�

�*ȩƩ+	PCNSL*Qk|ĠǱ)�	$ SHM*Ƹƴ�ģ�(ŗʺ?ñ1�

$	;�&?ȊĆ�$	;�Ƣƥ	SHM+ÅǳO�s��ʗ¨ĩ*3Bǩ�;

* �	DLBCL7m�Lae��nɈB+ÅǳO�s��ʗ¨ĩ£ġ*ʗ¨ĩ

)�	$6 SHM�ǩ�$	;�&�Ȅ9<$	; [34]��*Ǧɼ? aSHM&

Ă-	��nɈǹǩ)ģ��Ĵ��$	;&Ȼ�9<$	; [35]�PCNSL*ʗ

¨ĩĠǱɦƧ)�	$6 DLBCL&ûƵ)	·�*Ƕ±)�	$ÅǳO�s��

ʗ¨ĩ£ġ*ĢƋ*ʗ¨ĩ�ĠǱ?ɞƋǣŜ�$	;�&
9	ƢǴŧ62�
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�*ǹǩ)+ aSHM�Ĵ��$	;&Ȼ�9<;���Bű�+	PCNSL)�

	$ aSHM*ƶǼ&("$	;ʗ¨ĩ?ûĮ�;�?ɯ3��SHM*ǟş&�

$+	ʅÍʦħǘ
9 2Kb£Ë)ĠǱ?ǩ�7�	�&	ǟĮ*ĝęʚÓ�B

ĠǱ�ǩ�7�	�&ˉwaeXyae~`�rˊ	C
9 T.*ĠǱ�Ģ	

�&('�ž�9<; [33]���Bű�+�<9*Ƥ¥?ȫɨĬǼ)ÏǨ�;

SHM indicatorB�S�Y|?ǫ	$ PCNSL)��; aSHMƶǼʗ¨ĩ?�ǒ

����*ȩƩ	Ȱɨ 76ȏˀ* aSHMƶǼʗ¨ĩºɜ?ûĮ�;�&�B��

ˉSHM indicator <0.05ˊ̄ ď 8ˊ�˃�/��)	Èʄť DLBCLB* PIM1*­

ȥɃĠǱ*ʾŏ+ 10-30%0'B�;)6

>9� [22, 28]	PCNSL)�	$

+ÈǶ±ˉ100%ˊBƲÐ�<���9) BTG2*­ȥɃĠǱ6 92.7%&ʸŉ)

ˆʾŏBƲÐ�<���Ƒ	Èʄť DLBCLB+ˆʾŏB aSHM*ƶǼ&("$

	; RHOH7 BCL6 [34]+	PCNSL)�	$+ aSHMƶǼʗ¨ĩ&�$ûĮ�

<(
"�� 
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ď 7� PCNSL*ĝęȶƆn^��  
A. 1ĝę)ĸ�;ĝęȶƆn^��*Ýú� 
B. 3ĝęʚÓ)ĸ�;ĝęȶƆn^��*Ýú� 
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ď 8� PCNSL)��; aSHMƶǼʗ¨ĩ*ûĮ  
SHM indicator?Ɨʻ)�/�ʲ*	�« 23ʗ¨ĩ?Ȋ��·�*Ƕ±)�	$
ùʗ¨ĩ*ʅÍʦħǘ
9 2Kb£Ë)ĠǱ?ɞƋƝ�;Ƕ±?ɿB	1#*3
Ɲ�;Ƕ±?ǕǖɒBȊ��ņ*oXeO�|+ĠǱ*ȏˀ)Ţ�$ɒÑ��

�ùʗ¨ĩ*ĠǱ*ȰƋ?Ȋ�	�*ʳ)+ĠǱ?Ɲ�;Ƕ±*Ýú?ɪʇ�

;� 
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PCNSL)��;ǹ�@ʨʐʗ¨ĩ*�ǒ  

ƺ)ű�+ɋģ)ƲÐ�<�­ȥɃĠǱ*�
9 PCNSL*ǹǩ)Ĵ��;

ʗ¨ĩĠǱ*ûĮ?ɯ3;�5	MutSigCVB�S�Y| [29])8;ɦƧ?ə"

��MutSigCV&+Mutation Significance Covariates*ǯB�:	�Ū�<;¾ǚ

)ǩ�;ĠǱˉmaNO�E�fĠǱˊ8:6Ɲū)ĠǱǤ�Ğà�$	;ʗ

¨ĩ?ûĮ�;�5*ɦƧb��B�;��*B�S�Y|*�)+maNO

�E�fĠǱǤ*�Ɨ)Ĵ��; DNA*ɞɝƚʧ7N�z`�Ǡŭ	ʅÍǌť

ũěȖ�ʗ¨ĩ�&)d�^u�Xä�<$�:	�<9&ûĮ�<�ʗ¨ĩ

ĠǱũě?ȧ3ú>�;�&)8:	Ǵŧ)&"$ūȹ�;ʗ¨ĩ?ûĮ�;

�&�B�;��*MutSigCVB�S�Y|)8;ɦƧ?ə"�ȩƩ	aSHMƶ

Ǽʗ¨ĩ?ʮ	� 15ȏˀ*ǹ�@ʨʐʗ¨ĩºɜ�ʖ-Ð�<�ˉq» <0.1ˊ

ˉď 9ˊ��<9*ʗ¨ĩ*Ģ�+£Ù) PCNSL7Èʄť DLBCLBěÿ�<

$	;� [24, 28, 36]	Ơ ěÿ�(�<$	(	Ɛɡ*ʗ¨ĩ6ƲÐ�<�� 

MYD88̄ NM_002468ˊ*­ȥɃĠǱ+ PCNSL)�	$ˆʾŏBƲÐ�<�

ˉ75.6% �́ǟ) 978ǰǿ* T� C)ȶƆ�	ĸŢ�; 265ǰǿ*Rf���D

V�ˉLˊ
9t���ˉPˊ)Ġä�;ĠǱˉL265PĠǱˊ�ʿɓB�"�ˉď

10 �́�Ƒ	Èʄť DLBCLB+ MYD88ĠǱ+ 10-20%0'*ʾŏB�; [28]�
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ɐāǏ	�&)	NF-κBȨʃʨʐʗ¨ĩ*ĠǱ� aSHMƶǼʗ¨ĩ7ǹ�@ʨ

ʐʗ¨ĩºɜ*�)ĢƋþ2<$	�̄ ±&�$	PIM1�BTG2�CD44�XBP1�

CD79B�MYD88�ž�9<;ˊ��*8
)	PCNSLB+û�Ƕ±ËB NF-κB

Ȩʃʨʐʗ¨ĩ*ĠǱ�ɞƋûĮ�<$	;�&
9	NF-κBȨʃ*Ǳŉ��

*ǹǩ)®9
*ŗʺ?ñ1�$	;&Ȼ�9<;�2�	ÅǳòŢʨʐʗ¨

ĩ	ȥɃĀƟʨʐʗ¨ĩ	GqWFjcCNXʨʐʗ¨ĩ*ĠǱ)�	$+ȁ

�Ɓ ť�ɱ59<�ˉď 11ˊ��
�(�9�<9*ʗ¨ĩĠǱ*Ƕ±ʧB

*Ɲū(½:+ɱ59<(
"�� 

ƺ)ű�+	MutSigCVB�S�Y|)8"$ûĮ�<�ǹ�@ʨʐʗ¨ĩ

*ĠǱ*ƝǙ&ǙĞŨǩīƟʧ&*ʨʐ)#	$ɶ/���*ȩƩ	HLA-C*

ĠǱ?Ɲ�;Ƕ±B+ĠǱ?Ɲ�(	Ƕ±)ǂ/$ǙĞŨǩīƟʧ�8:ȅ	

�&�Ƙ9
)("�ˉP = 0.0262	�O��NƲĮˊˉď 12ˊ� 

2�	ǹ�@)�	$ƫɒ­*Rq�ƋǱŉ6ʝɟB�;�&�Ȅ9<$	

;�5 [37, 38]	ű�+ PCNSLɈǷȧȴ)��;ƫɒ­*Rq�ƋĠä?ÈG

N\�ɦƧ*d�^
9Ƅǒ����*ȩƩ	1q	7	12	18q)��;Rq�

ƋĞà& 6q)��;Rq�ƋǑļ�ˆʾŏBɱ59<�̄ ď 13 �́�9) HLA

ʗ¨ĩŐ)ĸŢ�; 6p21-22*ĽųǼ(ƹĤ�ɥĶ�<	�<+£Ù*ěÿ&�
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ɏ�; [18]��*ˆʾŏ)ǩ�$	; HLAʗ¨ĩŐ*ƹĤ7 HLA-CĠǱ)8

;ǙĞŨǩīƟʧ*ȅȲ&	"��ɼ+	HLA)8;ÅǳǾɢƸƴ*ȇȮ�

PCNSL*ǹľ)ģ��Ĵ��$	;�&?ȊĆ�$	;�2�	6q& 9p*ǝ

ɤť_D\{�6ˆʾŏBƲÐ�<�� 
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ď 9� PCNSL)��;ǹ�@ʨʐʗ¨ĩ*�ǒ  
MutSigCVB�S�Y|?ǫ	$ PCNSL)��;ǹ�@ʨʐʗ¨ĩºɜ?ʖ-
Ð���ùǶ±)��; 15ȏˀ*ǹ�@ʨʐʗ¨ĩºɜ*ĠǱ?ȏˀÖ)ɒÑ
��$Ȋ��ˉaSHMƶǼʗ¨ĩ+ʮ�ˊ�÷*oXeO�|+MutSigCV)8
"$ȘÐ�<�ùʗ¨ĩ)��; q»?Ȋ�$	;�ņ*oXeO�|&n�

Z�c�W+ď 8&ûƵB�;� 
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ď 10� MYD88*^�nNƴʏ&ĠǱȗų  
MYD88*^�nNƴʏ&PCNSLBûĮ�<�ĠǱ*ȗų?Ƕ±Ƌ&É)Ȋ��
MYD88+ Deathf}D�& TIRˉToll/interleukin-1 receptorˊf}D�)Ñ
<
$�:	ûĮ�<�ĠǱ+È$ TIRf}D�ËB�"��÷*ƋĪ+B{kʜ
*ȰƋ?Ȋ�� 
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ď 11� PCNSL)��;ÅǳòŢʨʐʗ¨ĩ	ȥɃĀƟʨʐʗ¨ĩ	Gq
WFjcCNXʨʐʗ¨ĩ*ĠǱ*ȁ�Ɓ ť  
ùʗ¨ĩ*·�*Ƕ±)��;ĠǱ*ȏˀ?ɒ¡��$Ȋ�� 
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ď 12� HLA-CĠǱ)8;ǙĞŨǩīƟʧ.*ŗʺ  
PCNSLŧȼ)��;HLA-CĠǱ*ƝǙ)8;ǙĞŨǩīƟʧ.*ŗʺ?Jt�
�zD��ǈ)8:Ʋɮ����ȸʧǂʆ)��; P»+�O��NƲĮ)8

:ȘÐ��� 
  

�
����

�
�
�


�
�
	
�

HLA-C	���(n=33)�

HLA-C	���(n=6)�
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P = 0.0262�
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ď 13� PCNSL)��;ƫɒ­*Rq�ƋǱŉ  
ù PCNSLǶ±ˉņ
9÷ˊ)��;Rq�Ƌ*Ǡŭ? 1
9 22*ƫɒ­�&
ˉ�
9�ˊ)ɒÑ��$Ȋ��2�	HLA&ƫɒ­ 7q35*ʗ¨ĩŐ*«ȶ?
÷)Ȋ��UPD: ǝɤť_D\{�ˉuniparental disomyˊ� 
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PCNSL*mRNAɦƧ  

ÈGN\�ɦƧ?ə"� 41Ƕ±*
!	30Ƕ±
9 RNA?ŻÐ�;�&

�B���5	ű�+�<9* RNA?ǫ	$ HiSeq2000)8;V�P�X

ˉRNA-seqˊ?ə"���*ȩƩ	1Ƕ±��:Ȱɨ 29.1 ± 5.5ˉŋĕ ± SDˊM

Ku�X*ĝęʚÓũě?Ŝ;�&�B����9) RNA-seq)8"$Ŝ9<

�ʗ¨ĩ*ǹǦũě?ǫ	$	ǟĮ*ʗ¨ĩZae*ǹǦ& PCNSLŧȼ*�Ś

&*ʨʐ)#	$Ʋɮ?ə"��GSEAË)�;È$*ʗ¨ĩZae)ĸ�$ɦ

Ƨ?ə"�ȩƩ	ïǹťÅǳ�ÈǶ	iN�B�[ǌť	dILV�xiN�

B�[ǌť*�<�<)ʨʐ�;ʗ¨ĩZae*ǹǦ��ŚɑĦȸBƝū)Ğ

à�$	;�&�Ƙ9
)("���Ƒ	ƫɒ­ 7q35ˉCHR7Q35ˊ)«ȶ�;

ʗ¨ĩZae*ǹǦ+�Ś�ɑȸBƝū)Ğà�$	�ˉď 14	ɛ 3ˊ��*

7q35ʗ¨ĩZae*�)+Èʄť DLBCLB6ĠǱ�ěÿ�<$	; EZH2�

þ2<$	� [28]�ǉǿ�/�+	7q35ʗ¨ĩŐ+Rq�Ƌ*Ğà6ɱ59<

$	;ǘB�;ˉď 13ˊ��<9*ȩƩ+�*ʗ¨ĩŐ)«ȶ�;ʗ¨ĩ*ǌ

ťä� PCNSL*ĞŨ)Ȁȩ�$	;�&?ȊĆ�$	;��9) RNA-seq*d

�^
9ʗ¨ĩɗú?Ƃȣ��&�=	1#*Ƕ±B INO80& NUSAP1*ɗú
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�ƲÐ�<	û�Ʋ­B*L�q���V�P�XB6ɗú�Ȉɱ�<�ˉď

15ˊ� 

  



 43 

 
 

 

 
 
 

ď 14� ʗ¨ĩǹǦ&�Ś&*ʨʐ  
RNA-seq8:Ŝ9<�ʗ¨ĩ*ǹǦũě
9 GSEA?ǫ	$�Ś&*ʨʐ?Ʋ
ɮ����*ȩƩ	�ïǹťÅǳ�ÈǶ�	�iN�B�[ǌť�	�dIL

V�xiN�B�[ǌť��<�<)ʨʐ�;ʗ¨ĩ*ǹǦ��ŚɑĦȸ)$

Ɲū)Ğà�$	���Ƒ	�CHR7Q35�)«ȶ�;ʗ¨ĩȸ*ʗ¨ĩǹǦ+
�Ś�ɑȸ)$Ɲū)Ğà�$	���<�<*ɦƧ)��;¿ʰťǤˉqˊ?
ùď*�)Ȋ�� 
  

Fukumura et al.   7

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Supplementary Figure 5. GSEA revealed “nuclease activity” and “deoxyribonuclease activity” 

gene sets to be significantly overexpressed in patients without disease progression. The false 

discovery rate for each analysis is shown. 
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Supplementary Figure 5. GSEA revealed “nuclease activity” and “deoxyribonuclease activity” 

gene sets to be significantly overexpressed in patients without disease progression. The false 

discovery rate for each analysis is shown. 
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ɛ 3� ïǹťÅǳ�ÈǶʨʐ	iN�B�[ǌťʨʐ	dILV�xiN
�B�[ǌťʨʐ�8-ƫɒ­ 7Q35)«ȶ�;ʗ¨ĩ*�ɣ  
ď 14*ɦƧB°ǫ��ʗ¨ĩȸ?Ȋ�� 

��������
�����

�����	��
�����


���
���
���	����

���

CHR7Q35���
�����

ADA ANG APEX1 ABCB8
AICDA APEX1 APTX ABCF2
AIRE APTX DFFA ACCN3
BLNK DBR1 DFFB AKR1B1
BTK DFFA DNASE1L1 ARHGEF35
CD19 DFFB DNASE1L2 ASB10
CD3D DICER1 DNASE1L3 C7orf29
CD3E DNASE1L1 DNASE2 CHRM2
CD4 DNASE1L2 ERCC1 CNTNAP2
CD40 DNASE1L3 ERCC4 CTAGE15P

CD40LG DNASE2 ERCC5 CTAGE4
CD79A ENPP2 EXO1 EZH2
CD8A ENPP3 FEN1 FAM115A
CD8B ERCC1 ISG20 FAM115B
CIITA ERCC4 MAP1S FAM115C

DCLRE1C ERCC5 MBD4 FAM115D
ICOS ERI1 MRE11A FASTK
IGLL1 ERN2 NME1 GLC1F
IKBKG EXO1 OGG1 GPDS1
IL2RG EXOSC2 RAD50 GSTK1
IL7R EXOSC7 TREX1 KCNH2
JAK3 FEN1 TREX2 LOC285965
LCK ISG20 LOC442744
PTPRC MAP1S LOC643308
RAG1 MBD4 LOC728377
RAG2 MRE11A LOC728466
RFX5 N4BP2 NOBOX

RFXANK NME1 NOS3
RFXAP NTHL1 NPM1P12
TAP1 OGG1 OR10AC1P
TAP2 PGAP1 OR2A1

TNFRSF13B POP1 OR2A12
TNFRSF13C POP4 OR2A13P

UNG POP7 OR2A14
ZAP70 PPP1R8 OR2A15P

RAD1 OR2A2
RAD50 OR2A20P
RAD9A OR2A25
REXO2 OR2A3P
RNASE1 OR2A41P
RNASE2 OR2A42
RNASE3 OR2A5
RNASE6 OR2A7
RNASE7 OR2A9P
RNASE8 OR2AO1P
RNASEH1 OR2F1
RNASEH2A OR2R1P
RPP30 OR9P1P
RPP38 PDIA4
RPP40 PRKAG2
TP53 RPL26P22
TREX1 RPL26P24
TREX2 SLC4A2
WRN SMARCD3
XRN2 TAS2R60

ZNF282
ZNF398



 45 

A 
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ď 15� INO80-NUSAP1ʗ¨ĩɗú*ƲÐ  
A. INO80& NUSAP1*ɗúǘ?2��8
)t�Dz�?ɫɨ�	RT-PCRǈ
)8:ĞŊ���Ŝ9<� PCRǪǞ*ĝęʚÓ?L�q���V�P�X)8
:Ȉɱ��� 
B. INO80-NUSAP1*^�nNƴʏ�ɗú*ȩƩǩ�; mRNA+ INO80*B{
kơȔʙÑ& NUSAP1*J�xLV�ơȔʙÑ?þ4^�nN?ǩŰ�;� 
  

Fukumura et al.   8

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Supplementary Figure 6. Discovery of the INO80-NUSAP1 fusion gene. The gene fusion was 

verified by Sanger sequencing of the fusion point PCR (upper panel). The resultant cDNA 

produces a predicted protein comprising an amino-terminal portion of INO80 and 

carboxyl-terminal portion of NUSAP1 (lower panel). 
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verified by Sanger sequencing of the fusion point PCR (upper panel). The resultant cDNA 

produces a predicted protein comprising an amino-terminal portion of INO80 and 

carboxyl-terminal portion of NUSAP1 (lower panel). 
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ɞƋ*Ƕ±BûĮ�<;û�B{kʜȶƆ)8;ʗ¨ĩĠǱ*ɦƧ  

ű�+ƺ)	41Ƕ±* PCNSL
9ƲÐ�<�­ȥɃĠǱ*
!	ɞƋ*Ƕ

±BûĮ�<�û�B{kʜȶƆ)8;ʗ¨ĩĠǱ)#	$*Ʋɮ?ə"�

ˉɛ 4ˊ��<9*ʗ¨ĩĠǱ*�)+ TP53̄ R175Hˊ7 PRDM1*Xt�DX

TDeĠǱ('Èʄť DLBCL)�	$6ƲÐ�<$	;6*�þ2<$	� 

[39, 40]� 

ɐāǏ	�&)	GNAI2̄ NM_002070ˊB+ 271ǰǿ*B{kʜB�;�W

�ˉKˊ?ƹĤ�;ĠǱˉK271delĠǱˊ� 3Ƕ±	45ǰǿ*B{kʜB�;O

�V�ˉGˊ�O�^{�ʜˉEˊ)ȶƆ�;ĠǱˉG45EĠǱˊ� 2Ƕ±BƲ

Ð�<���9) I56TĠǱ& G203RĠǱ6 *Ƕ±BƲÐ�<$�:	�*ʗ

¨ĩ*ĠǱ+PCNSL)�	$17.1%Bǩ�$	;�&�Ƙ9
)("��GNAI2

+ G^�nN*αTs�haeʗ¨ĩB�:	Bdh�ʜVN��[?ŷØ�;

ƸɄ?ż"$	; [41]��*ʗ¨ĩ*ĠǱ+Ûɇǽɽ�@7íń�@B6ƲÐ

�<$�:	�<9*ĠǱ)8;ǹ�@Ʉ6ěÿ�<$	; [42, 43]��9)ɐ

āǏ	�&)	PCNSLBûĮ�<�ĠǱ*
! I56TĠǱ£ġ+	ǹ�@Ʉ�ě

ÿ�<$	;ĠǱ&ûƵ) GTPȩúʼė)ʴ��$	�ˉď 16ˊ��<9*ų

ɠ+	PCNSLBûĮ�<�ĠǱ62�ǹ�@Ʉ?Ɲ�$�:	PCNSL*ǹǩ)
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Ĵ��;öɄť?ȊĆ�$	;� 

�9)ű�+û��ɞƋǶ±BƲÐ�<$	; IKBKB̄ V203Iˊ)#	$6

Ʋɮ?ə"��IKBKB+ NF-κBȨʃʨʐʗ¨ĩB�:	IκB kinaseˉIKKˊɞú

­*Ts�haeB�;�IKBKB*ǌťä+ NF-κBˉNFKB1& RELA*ɞú

­ˊ?ŷØ�$	; NFKBIAˉIκBα&6Ă,<;ˊ?��ʜä�	�pL`�

äȨʃ)8: NFKBIA?Ńğ��;��*ȩƩ	NF-κB+ƯË)Ç:ʉ4�&

�öɄ&(:	�*ʅÍǌťƸɄ?ǹƇ��; [44]���Bű�+ IKBKB

ˉV203I )́8; NF-κBȨʃ.*ŗʺ?ǩǞĬǼį˂)8:Ʋɮ����*ȩƩ	

IKBKBˉV203Iˊ+ʞǩĖ&ǂʆ�$ɓƘ) NFKBIA?��ʜä�	NF-κB�

ƯË)ɲĺ�<;�&�Ƙ9
)("�ˉď 17ˊ��
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ɛ 4� ɞƋ* PCNSLǶ±BûĮ�<�û�B{kʜȶƆ)8;ʗ¨ĩĠ
Ǳ  
41Ƕ±* PCNSL
9ƲÐ�<�­ȥɃĠǱ*
!ɞƋ*Ƕ±BûĮ�<�û
�B{kʜȶƆ)8;ʗ¨ĩĠǱ?Ȋ��ˉaSHMƶǼʗ¨ĩ+ʮ�ˊ� 
  

#�� &��� �

'�� �%�!� ��!� � �� �"�� �"�$( SHM indicator

30 MYD88 L265P 3 38182641 T C 
���� 1

4 TOX 8 60031444 C T �������� 0.112065796

3 GNAI2 K271del 3 50294455 CAAG C ������

2 EIF3I S94L 1 32691802 C T 
����

2 AVPR1A A252V 12 63543862 G A 
���� 0.693361274

2 BCL7A 12 122460090 G C �������� 0.101759275

2 BCL7A 12 122460090 G A �������� 0.101759275

2 FAM194B E136K 13 46170735 C T 
����

2 IGHD6-6 E1D 14 106376284 C G 
���� 0.283374272

2 FOXC2 A218V 16 86601594 C T 
���� 0.063967394

2 TP53 R175H 17 7578406 C T 
����

2 CCDC151 A484T 19 11532485 C T 
����

2 OR10H2 R53C 19 15839010 C T 
���� 0.214184393

2 ZNF536 R205C 19 30935082 C T 
����

2 FAM110C A254T 2 45626 C T 
���� 0.115580752

2 TMEM150A A168T 2 85826720 C T 
����

2 ZEB2 2 145274844 C T �������� 0.523135234

2 GPR35 R123H 2 241569737 G A 
����

2 C20orf96 20 271225 T TTA ��������

2 SHANK3 L1224fs 22 51159932 T TG �������

2 GNAI2 G45E 3 50289547 G A 
����

2 CD80 E181X 3 119256143 C A 	����

2 PDCD10 S71fs 3 167414853 CT C �������

2 NR3C1 Y332X 5 142779409 G C 	����

2 FOXC1 S82T 6 1610925 G C 
���� 0.055782632

2 HIST1H1C P118A 6 26056305 G C 
���� 0.12751374

2 HLA-A G50D 6 29910609 G A 
���� 0.513722083

2 CCND3 Q276X 6 41903731 G A 	���� 0.274377244

2 PRDM1 6 106536325 G A �������� 0.253625394

2 CARD11 G123S 7 2984163 C T 
����

2 IKBKB V203I 8 42166458 G A 
����

2 TOX K34N 8 60031445 C A 
���� 0.112065796

2 TOX Y30X 8 60031457 G C 	���� 0.112065796

2 WWP1 R845X 8 87473486 C T 	����
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ď 16� GNAI2*^�nNƴʏ&ĠǱȗų  
GNAI2*^�nNƴʏ& PCNSLBûĮ�<�ĠǱ*ȗų?Ƕ±Ƌ&É)Ȋ��
GNAI2+ 4#* GTPȩúʼė?ż"$�:	PCNSLBûĮ�<�ĠǱ*
!
I56TĠǱ£ġ+�/$ GTPȩúʼėËB�;�÷*ƋĪ+B{kʜ*ȰƋ?Ȋ
�� 
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A 

 
B 

 
 
ď 17� IKBKBˉV203Iˊ*ƸɄɦƧ  
A. HEK293TȥɃ) IKBKB*ʞǩĖˉWildˊ2�+ V203IĠǱ*ǹǦt�X{
f�;	+ȑuN^�ˉMockˊ?ĺÇ�	Ȋ�<�Ÿ­)$EFX^�s�a
e?ə"�� 
B. A&ûƵ)ǹǦt�X{f�;	+ȑuN^�? HEK293TȥɃ)ĺÇ�	ȥ
ɃɽÑǭ&ƯÑǭ)Ñ��Ś	Ȋ�<�Ÿ­)$EFX^�s�ae?ə"�� 
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PCNSL&Èʄť DLBCL*ʗ¨ĩĠǱt�rAD�*ǂʆ  

ƜŚ)ű�+ PCNSL*ʗ¨ĩĠǱt�rAD�&Èʄť DLBCL*ʗ¨ĩ

ĠǱt�rAD��ˀª�$	;*
)#	$Ʋɩ���PCNSL+ŕŭĬǼ)

Èʄť DLBCL&åÖ�;�&�B�(	)6

>9�	�*�Ś+Èʄť

DLBCL8:6�ɑB�; [45]���B�ĠǱ�&	
ɥǘ
9�ȼ?ǂʆ�;

�5	ƢȆȐBŜ9<� PCNSL*­ȥɃĠǱũě&	£Ù)ěÿ�<�Èʄť

DLBCL�8- NKTCL*­ȥɃĠǱũě?ǫ	$ʱŀǼN�X^�ÑƧ?ə"

�ˉď 18ˊ��*ȩƩ	PCNSL*ʗ¨ĩĠǱt�rAD�+Èʄť DLBCL7

NKTCL&+Ǳ("�N�X^�?ŕŰ�;�&�Ƙ9
&(:	PCNSL+ǡ

Ɏ*ʗ¨ĩĠǱt�rAD�?Ɲ�$	;�&�ȊĆ�<�� 
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ď 18� PCNSL&Èʄť DLBCL*ʗ¨ĩĠǱt�rAD�)8;ʱŀǼN
�X^�ÑƧ  
ƢȆȐBŜ9<� PCNSLˉn = 41ˊ*ʗ¨ĩĠǱt�rAD�&£Ù)ěÿ�
<�Èʄť DLBCLˉn = 40ˊ�8- NKTCLˉn = 25ˊ*ʗ¨ĩĠǱt�rAD
�?N�X^�ÑƧ����*ȩƩ	2#*ģ�(N�X^�)Ñ
<	�#+
0&@'� PCNSLǶ±	6
�Ƒ+Èʄť DLBCL�8- NKTCL*Ƕ±Bì
59<$	��PCNSL)�	$ MYD88ĠǱ�ˆʾŏ)ƲÐ�<��5	ĠǱ

*ƝǙ)8"$ɒ?åÖ���MYD88ĠǱʰť*Èʄť DLBCL+ MYD88ĠǱ
ʰť* PCNSL&û�N�X^�?ŕŰ�(
"��PCNSL)��; MYD88Ġ
ǱʰťǶ±?ȠȤɒ	ʯťǶ±?I��WɒB	Èʄť DLBCL)��; MYD88

ĠǱʰťǶ±?ǎʷɒ	ʯťǶ±?ǕʷɒB	NKTCL*Ƕ±?ˇɒBȊ�� 
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5. ȻĶ  

ƢȆȐB+ PCNSL*ǹǩïč?Ñĩ�u�BɦƘ�;�5	ÈGN\�ɦ

Ƨ�8- mRNAɦƧ?ə"��ÈGN\�ɦƧB+Ȱɨ 17,385*­ȥɃĠǱ?

ƲÐ�;�&�B����
�(�9	ƺ�¢V�P�T�)8;ĠǱR��

)�	$ǉū�(�<,(9(	*+V�P�X�Ds���ɶƌƚ7V�P

�X���)ĐƝ*ĠǱˉ¿ʰťˊ�¬ʾŏBǩ�$�2
öɄť��;�&

B�;���BƢɦƧB+ HiSeq2000VXc|&+È�Ǳ("�ïǨ)8:V

�P�X?ə
�&�B�; Ion TorrentVXc|?ǫ	$ HiSeq2000VXc|

)8:ûĮ�<�­ȥɃĠǱ*Ȉɱį˂?ə"��HiSeq2000VXc|+ɖÄƶ

ɺ�� dNTP?ô:ʉ2�	�<?ɖÄʿŞʣ)8:ɦƧ�;�&BV�P�X

?ə
*)ĸ�	Ion TorrentVXc|+ DNAy�}��[)8"$ùĝę�ô

:ʉ2<;ʲ)ƉÐ�<;ǄȢDI�ˉpHĠäˊ?ƲÐ�;�&)8:V�P

�X?ə
�ű�+�* 2#*V�P�XŶɚ?×ǫ�;�&)8:ƢɦƧ)

8:ûĮ�<�­ȥɃĠǱR���ʸŉ)ƻȈ(6*B�;�&?ȓɮ��� 

PCNSL)��;ŋĕ­ȥɃĠǱƋ+£Ù)ěÿ�<�Èʄť DLBCL*»

&ʊª��6*B�"��	ùǶ±)��;ĠǱǣŜƋ)+ģ�(ʔ	�ɱ5

9<��ű�+�*ïč&�$ĠǱƋ?Ğà��;�&�Ȅ9<$	; DNAy
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�}��[ʗ¨ĩ7MMRƸƴʨʐʗ¨ĩ*ĠǱ)ȃǿ���DNAy�}��

[B�; POLE7 POLD1*ĠǱ+ģɉ�@7ĩıËɊ�@BƲÐ�<$�:	

DNAɞɝ�*ɳ:?ƭƻ�;GL\iN�B�[f}D�ËBĠǱ?ǩ�;&

ĠǱǣŜƋ�Ğà�;�&�Ȅ9<$	; [30, 46]�įʲ	ƢȆȐB+ POLE*

ĠǱ�Ȱɨ 3Ƕ±BƲÐ�<��	ĠǱǣŜƋ*Ğģ�Ȉɱ�<�*+GL\

iN�B�[f}D�Ë)ĠǱ?ǩ�$	; 1Ƕ±*3B�"�ˉď 5	6ˊ�

2�	MMRƸƴʨʐ*ʗ¨ĩĠǱ6ʗ¨ť*ģɉ�@7ĩıËɊ�@BƲÐ�

<$	; [47, 48]��<9*ʗ¨ĩĠǱ+�@ȥɃ*zDN�Tc�De�ĭĮ

ť)Ĵ��	ſÇ�ƹĤƋ�Ğģ�;�&�Ȅ9<$	; [31]��*zDN�

Tc�De�ĭĮť+ǹ�@7�Ś)ʨʐ�;�&�Ȅ9<$	;�5 [49]	 

PCNSL)�	$6Ƴ5$ʝɟB�;&Ȼ�9<;�ƢȆȐB+�<9*ʗ¨ĩ

ĠǱ*ʾŏ+ 9.76%ˉ4/41Ƕ±ˊB�"��	PCNSL)��;ƻȈ(ʾŏ7�

Ś&*ʨʐ?ɦƧ�;�5)+	�9)Ģ�*Ƕ±Ƌ?ǫ	$ɶ/;šɟ��

;� 

PCNSL*ÔƟǹǩ��ƪȌȨȞËBǩ�$	;*
	�<&6�ƪȌȨȞ

ġBǩ��6*�´Ç�$��*
+Ơ ɻɷ�B�;�PCNSLȥɃ*Èʄ.

*ÑŇ��2:ɥĶ�<(	�&
9	�ƪȌȨȞË*��nǧ
9ǹľ��
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6*&Ȼ�;�&6öɄB�;��
�(�9	ĝęȶƆn^��7 SHM 

indicator)8;ɦƧ
9 PCNSLȥɃ)�	$ aSHM�ǩ�$	;�&�Ƙ9


)("�ˉď 7	8ˊ�ʍŉ	SHM+�ƺ��nȧȴËBŕŰ�<;ɂ�ŠB

AID)8:Œ�ʀ��<; [33]�#2:�<+	PCNSLȥɃ��ƺ��nȧȴ

?ʍʓ�$	��&?ūā�$�:	PCNSL*ÔƟǹǩ+�ƪȌȨȞġB�;

�&��Ū�<;� 

aSHM*ɦƧB+ PIM17 BTG2*ĠǱ�ʿɓ)ɱ59<��PIM1+ MYC

&éɶ�$��nɈǹǩ)Ĵ��;ǹ�@ʗ¨ĩ [50, 51] B�:	PIM1*SHM

+Èʄť DLBCL)�	$6 10-30%*ʾŏBƲÐ�<$	; [22, 28]�SHM+

ʅÍʦħǘ
9 2Kb£Ë)ĢƋ*ĠǱ?ǣŜ�;�&7ƶǼʗ¨ĩ*ʅŐ��

,�,ɥĶ�<;�&
9	SHM)8;ǹ�@ʗ¨ĩ*ǌťä+ 5'ƠȺɬʼė

*Ǳŉ)8;ʅÍµʑ7 *ƫɒ­.*ʅŐ)8;6*&*¤ɴ��:	PIM1

6ûƵB�;&Ȼ�9<$	; [33, 34, 45]��
�(�9	ű�*ÈGN\�

ɦƧ)�	$ PIM1+û�Ƕ±ËBɞƋ*ʸûȹĠǱ?ǩ�$	;ǘ7

RNA-seq*ȩƩ
9+ PIM1*ʅŐ�Ȉɱ�<(
"�ǘ
9	PCNSL)�	

$ PIM1+�@ŷØʗ¨ĩ&�$ƸɄ�$	;*B+(	
&Ƅǒ�<;��Ƒ	

BTG2+ȥɃĞƿŷØ7Bye�VXɲĺ('*ƸɄ)8:�@ŷØʗ¨ĩ&
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�$Ȅ9<$	; [52]�BTG2*­ȥɃĠǱ+Èʄť DLBCLB+ȟ 50%*ʾŏ

B�;�&
9 [22]	PCNSL)��; 92.7%+ʸŉ)ˆʾŏB�;&	�;�

£�*ȩƩ8:	PCNSLB+�<9*ʗ¨ĩ* SHM��*ǹǩ)ģ��Ĵ�

�$	;�&�ȊĆ�<	�*ǹǩ}JhY|*ɦƘ��ŚƟř�<;� 

MutSigCVB�S�Y|?ǫ	�ǹ�@ʨʐʗ¨ĩºɜ*ɦƧB+ 15ȏˀ

*ʗ¨ĩ?ʖ-Ð��&�B����*�)+ TBL1XR17 MYD88(' PCNSL

B£Ù)ûĮ�<$	�ʗ¨ĩ [18]7	PRDM17 KMT2D('Èʄť DLBCL

BûĮ�<$	�ʗ¨ĩ [40, 53]�Ģ�?ì5$	���
�(�9	�*8


(ƓȄ*ʗ¨ĩ*�B GNAI2+Ơ ěÿ�<$	(	ʗ¨ĩB�"��ɐāǏ

	�&)	GNAI2* 2ȏˀ*ĠǱˉK271delĠǱ& G45EĠǱˊ+ɞƋ*Ƕ±B

ƲÐ�<	�9) 1#*ĠǱˉI56TĠǱˊ£ġ+È$ GTPȩúʼėË)ʴ��

$	�ˉď 16ˊ��<+	PCNSL)�	$ GNAI2*ĠǱ�Ƴ5$ʝɟB�;

öɄť��;�&?ȊĆ�$	;�2�	ɞƋ*Ƕ±BûĮ�<�û�B{k

ʜȶƆ)8;ʗ¨ĩĠǱɦƧB+	IKBKBˉV203Iˊ�ƲÐ�<	ƸɄɦƧ*

ȩƩ
9ǌťĖĠǱB�;�&�ȓɮ�<�ˉď 17ˊ���nǧȞ*ŨťɈǷ

B+ NF-κBȨʃ*ŦŉǼǌťä��,�,ɱ59< [54]	ƢȆȐ)�	$6

MYD887 CD79B	CARD11('* NF-κBȨʃʨʐʗ¨ĩ*ĠǱ�ƋĢ�ûĮ�



 57 

<���<9*ȩƩ+ƢǴŧ)�	$ NF-κBȨʃ�	
)ʝɟB�;
?8:

œĐ)Ȋ��&)(;�2�	Åǳʨʐ�ȥɃĀƟʨʐ�GqWFjcCNX

ʨʐʗ¨ĩ*ĠǱ)�	$+ȁ�Ɓ ť�ɱ59<��
9	ƢǴŧ)�	$

�<9*Ȩʃ6ʝɟB�;�&�ȊĆ�<���
�(�9 NF-κBȨʃʨʐʗ

¨ĩ*ĠǱ)�	$+Ɲū(ȁ�Ɓ ť�ɱ59<(
"��NF-κBȨʃʨʐ

ʗ¨ĩ*ĠǱ+û�Ƕ±ËBɞƋƲÐ�<$	;�&
9	ƢǴŧ*ǹǩ�ǹ

ľ*�5)+ɞƋ*NF-κBȨʃʨʐʗ¨ĩĠǱ)8;NF-κB*8:œ	ʅÍǌ

ť�šɟB�;�&��Ū�<;� 

Èʄť DLBCLȥɃ+�*Ñäǀʱ*ʔ	)8: GCBĖ& non-GCBĖ)Ñ

ˀ�<	�<�<ǡɎ*ʗ¨ĩĠǱt�rAD�?Ɲ�;�&�Ȅ9<$	;�

±�,	GCBĖB+ PTEN7 GNA13*ĠǱ�IGH& BCL2*ʗ¨ĩɗú�ʿɓ

)ɱ59<;*)ĸ�	non-GCBĖB+ MYD887 PIM1�PRDM1*ĠǱ�ʿɓ

)ɱ59<; [22, 26, 55, 56]��
�(�9	ƢɦƧB+�<9*ʗ¨ĩĠǱ+

GCBĖ& non-GCBĖ*ʧ)�	$ʿɓ(ʔ	+ɱ59<(
"���*ȩƩ


9PCNSL)�	$+ȥɃ*Ñäǀʱ)ʨ>9�Ƴ5$ĕɽ(ʗ¨ĩĠǱt�r

AD�?Ɲ�$	;�&�ȊĆ�<�� 
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£�*8
)	PCNSL+ MYD887 GNAI2*ĠǱ	PIM17 BTG2* aSHM	

NF-κBȨʃ*Ǳŉ('Ģ�*čĩ�Ȫ3ú"�ȩƩǩ��ǴŧB�;&�Ū�

<;�ś"$	ƢǴŧ*ǇǸ)+�<9*čĩ?�ţ)ƈĉ�$	�8
(Ǉ

ǸŲǯ�šɟB�;&Ȼ�9<	ƢȆȐ*ȩƩ?ę)Ɛ�(ǇǸǈ�Ȉȓ�<

;�&�ƞ2<;� 
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