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� ȲǓȜȔ/Ʋ�*�̱ ¶žĬ1ɜɳǓÛ/Yr� DNA,�*Ľĥ�C	̱ ¶

žĬ�ȫȚ�C$=/1�Yr� DNA�ʵÝ�D�ib�_��RNÀ mRNÁ
,.B�Ǚ
.{�b^�WGɞ$ű�ǓɸĻʏĐ¼Gˀ�*ɜɳʰ/ʸʾ�

DCŸʐ��C	DBP5̀DDX19,>ʙʷ�DC �́GLE1�Lr^m��Ø�
�˒̀IP6́1mRNA0Ǔĳʸʾ/ŋ�*�¼,.'*ǜɴ�C	DBP51
DEAD-boxĨ RNA|�R�c0�Ɇ+�mRNA0Ǔĳʸʾ/"0|�R�c
ǶŻ�Ÿ˳+�C	DBP50ǶŻ1 GLE1, IP60ȱ¨¾Ȟ/@B×Ʒ�C	

�DA�ġĺ1mRNAǓĳʸʾ+1üÐ�C��"D#Dģǂ0ǜɴ>ȴAD
*�C	ȕ/ GLE1/(�*1�ȿɞĲŻȨŽ?ȿɞɜɳǦŻ,0˞˂�ʏƫ
Ĭĕ�D*�C	ǆȶɊ1�ɜɳʰmRNA0ȫȚ?ɜɳŮʰ/ŋ�C�0�ġ
ĺ0ɔň.ů˰GƸA�/�C$=/��LV�J�LʖǍ,ʊȚĨ0ʠɜ.

ʖǍGʈ'$	Ó �DBP5�GLE1�IPPK̀IP6ĐƆˑə́"D#DG siRNA
/@'*riVgM��$ɟǏ�mRNA0ǓÛʂɈ�Ⱥʡ�D�mRNA0Ǔĳ
ʸʾ�Ɗê�D*�C¦�ȼĞ�D$	Ǟ/��ġĺ0� D�GriVgM

��$ɜɳ�Aɜɳʰ RNAGƏá���LV�J�LʖǍGʈ'$	"0ɟǏ�
GLE10riVgM��ǀ>Ĵ�0ˍ¶ĺ0ȫȚ˖/ů˰G��$	ȫȚ˖�
»��$ġĺGǜɴç/ʖǍ�$,�E��ˎ0ɜɳʰmRNA\zbim̀ À̂

ɜɳĖǄ�DNAÆŵ́0ɜɳʰȫȚ1�DBP5�GLE1�IPPK0riVgM�
+Ùˀ�*Ɗê�D*�$	:$�ʊȚĨ,�* G1/SǄJ�`m�Ⱥʡ�D$	
�Ʊ+�ɜɳâʋ˃ʈ/Ÿʐ.ġĺ0ɜɳʰmRNA0ȫȚ1 GLE1riVgM
�+ȕȦȭ/Ɗê�D�ɟǏ,�*ɚ˘ɕ0ŮƃȦş?ɜɳâʋ0˅Ũ�ʑA

D$	DBP5�IPPK0riVgM�+1Õȧźɐ/˞�Cġĺ0ȫȚ»��ʑ
AD�"0$= poly(I)-poly(C)§˔˙àț�ƀʳ�C IFNβ-1 mRNA0ʵÝ>
Ɗê�D$	�DA0ɟǏ1�DBP5�GLE1�IP6�ɜɳʰmRNA0ȫȚ/ŋ
�*Ùˀ0ǜɴ,ģǂ0ǜɴ0�ƱGƓ'*�C¦GȼĞ�C	ďġĺ0ri

VgM�+ʑADCʊȚĨ0ś1�ďġĺ0ɜɳÛmRNA°ʨ0ˉ�/ŋ�*�
ɤĐȭ/Ȧ.CǜɴGȫƟ�$ɟǏGćƹ�*�C>0%,ɟʧ)�ADC	 
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ALS: Amyotrophic lateral sclerosis 
ATP: Adenosine triphosphate 
BSA: Bovine serum albumin 
CBC: Cap binding complex 
DAPI: 4',6-diamidino-2-phenylindole 
DMEM: Dulbecco's modified eagle medium 
DNA: Deoxyribonucleic acid 
dsRNA: double-strand RNA 
DTT: Dithiothreitol 
EDTA: Ethylenediaminetetraacetic acid 
FBS: Fetal bovine serum 
FISH: Fluorescence in situ hybridization 
GFP: Green fluorescent protein 
GST: Glutathione S-transferase 
HRP: Horse Radish Peroxidase 
IPA: Ingenuity pathway analysis 
IPTG: Isopropyl β-D-1-thiogalactopyranoside 
LCCS: Lethal congenital contracture syndrome 
MBP: Maltose binding protein 
miRNA: micro RNA 
mRNA: messenger RNA 
NPC: Nuclear pore complex 
PAGE: Poly-acrylamide gel electrophoresis 
PBS: Phosphate buffered saline 
PCR: Polymerase chain reaction 
PMSF: Phenylmethylsulfonyl fluoride 
RNA: Ribonucleic acid 
RNAP�: RNA polymerase � 
SDS: Sodium dodecyl sulfate 
SHH: Sonic hedgehog 
siRNA: small interfering RNA 
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snRNA: small nuclear ribonucleoprotein 
SSC: Saline sodium citrate 
TLR: Toll-like receptor 
tRNA: transfer RNA 
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x¯�

� ȲǓȜȔ+1�ˍ¶žĬ1ɜɳǓÛ/Yr� DNA,�*Ľĥ�C	ˍ¶žĬ�ȫȚ

�C$=/1�Ó Yr� DNA�ɜɳǓÛ0 RNAP�/@'*ʵÝ�D��ib�_

��RNAë˹¼̀pre-mRNÁ,.CŸʐ��C	pre-mRNA1 5�T�ix�W�

`{�L^�W���Jlp�ö,�'$Ǚ
.Æ˷GĊ�̀ �0ˇɅG{�b^�W

,ė5 Ɔ́ȓ�$�ib�_��RNÀ mRNA ,́.C	"0ű�y ʾġĺ̀ export factoŕ

,ė2DC��(�0f�uVʰ,ɟĐ���ib�_����Ǔf�uVʰ̀ mRNṔ

0ŮƃGĉC[1–4]	mRNA1�0 mRNP0Ůƃ,.'*å=*ǓɸĻʏĐ¼̀ NPĆ

Gˀˇ�C�,�+��ɜɳʰ+f�uVʰ6,ɮʛ�DC	 

� vmGĔ<ĝ£˶/��*� ʐ. mRNAǓĳʸʾġĺ0�(� NXF1+�C[1]	

NXF11 NXT1,|k�gL��GŮƆ��TREX-1,��ʏĐ¼G­�* mRNA,

ɟĐ�C	TREX-10ǘƆȔ/1 ALYREF�THO,�'$ġĺ�Ĕ:D�ALYREF

, THO1 mRNAë˹¼ 5�ǅɌ0 CBC,ȱ¨¾Ȟ�C[5,6]	NXF11V��any

P��̀closed forḿ+1 RNA,0ʔęŻ�»�$=�mRNAǓĳʸʾ0˧/

ALYREF.-0ġĺ/@'*Q�{�nyP��̀opened forḿ,.C[7]	mRNP

1 NPCGˀ�*ɜɳʰÍ6Ʉô�C��"0˧ NPC0ɜɳʰÍ+���l��W�

,ė2DCZ����^��ĲöGʳ��	�0��l��W1 mRNA0ɜɳʰ60

Ʉô/Ÿ˳+�C	 

� ��l��W/˞��C .ġĺ,�*�DBP5/DDX19,�� DEAD-boxĨ ATP

ÂĽ RNA|�R�c�ƕ�ADC[3]	DBP51 NPCǘƆf�uVʰ03,(̀áɼ

ˑǥ+1 Nup159�vm+1 NUP214́,ȱ¨¾Ȟ�C�,/@B�NPC0ɜɳʰy

K���m/Œĥ�*�C[4,8]	áɼˑǥ/��*�Dbp51ǓĳʸʾĊņ¼ Crm1Â

Ľȭ/Ǔ-ɜɳʰ˝G^�m��W�*�C¦�ȴAD*�C[9]	Dbp50|�R�c

ǶŻ1�Gle1,Lr^m��Ø��˒̀ IP6 ,́0ȱ¨¾Ȟ/@BǶŻö�D[10–12]�

Dbp5�ǝķ�C,��Jlp�ö RNÀpoly(A)+ RNÁ�ǓÛ/ʂɈ�C[13]	:

$�vm DBP5� mRNA0Ǔĳʸʾ/ǜɴ�*�C�,��Jy�Rj�SO�ÿɜ

ɳGȞ�$ł˺+Ⱥʡ�D*�C[13]	�DA0ȴʑ�A�vm/��*> DBP51

GLE1�IP6,ȱ¨¾Ȟ��RNA|�R�cǶŻ/@'* mRNA0Ǔĳʸʾ/˞��

*�C¦�ȼĞ�DC	̒ ţ�vm0GLE11ˑǥ,1Ȧ.B IP6,0ȱ¨¾Ȟ�ū��

"0$= DDX190 ATPaseǶŻ×Ʒ/ IP6�Ň��*�.�,�CȶɊ�Ĭĕ�D$

[14]	�Ʊ+�IP61?1Bvm DBP50 ATPaseǶŻG×Ʒ�!C,�CĬĕ>�B

[15]�IP60 mRNAǓĳʸʾ/ŋ�CÚ¼ȭ.ů˰1ƸȺ/.'*�.�	 
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Fig.0 mRNA Ǔĳʸʾ0ǗȤĢ  
ǓÛ+ʵÝ�D$ pre-mRNA1�`{�Ldd��̀Spliceosomé/@C`{�L^�W�5�
ǅɌ0 CBCɟĐ���Jlp�0¯�,�'$Æ˷GĊ�$ű�Ǚ
.ġĺ,ɟĐ�* mRNP,
.C	INM: inner nuclear membrane, ONM: outer nuclear membrane. ƭȘ[1]@BƧĲ�*¿Ȟ	 

 
� DBP50ǜɴ1 mRNAǓĳʸʾ0®/>�ɮʛ¸˛�ɮʛɝɟ0ĿŁö�DNAg

��_Æŵ�ʵÝġĺ SRF0ZJVkK}�f�MKL10ǓÛʸʾ.-�ȴAD*�

C[16–19]	:$vm/��*1�NXF1, DBP5,ȱ¨¾ȞG��mRNP��l��

WGò�*�C,�DCġĺ,�* RBM15�đŁ�D*�C[20,21]	RBM150ri

VgM�/@'*>���Jlp�ö RNA0ǓÛʂɈ1ũ�ʳ��DC	 

� DBP50êŴġĺ+�Cʍˑə GLE1>:$�ȲǓȜȔ/��*ʏƫ0ǜɴ�ȴA

D*�C	áɼˑǥ+1�ɮʛ˜Ĺ/��*�Gle11 DEAD-boxĨ RNA|�R�c

Ded10 RNAɟĐGêŴ�C[22,23]	:$�Gle1, IP60ȱ¨¾ȞGˢń�C,�Ǡ

ş.ɮʛɝɟ�ˢń�DC[24,25]	vm0 GLE1/1 GLE1A�GLE1B0 2Ɇ˶0J

LdyP���Ľĥ��GLE1B0 NǅɌÍ1 GLE1A@B 43J�r˒˛�[26]	�

0�&�DBP5�IP6,ȱ¨¾Ȟ�C�,+ mRNAǓĳʸʾ/ǜɴ�C01 GLE1B+
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�C[26]	GLE1B� NPC0ɜɳʰÍ/Œĥ�C0/ŋ��GLE1A1ɜɳʰ/ƒƪ�

*Ľĥ��`m�`W�p���0ŮƆ/Ÿʐ+�C[27]	GLE1B1Ǔ-ɜɳʰ˝G^

�m��W�*�B�GLE1B0 NPCŒĥ0$=/1�0^�m��W�Ÿʐ+�C

¦�ȴAD*�C[26]	ȫȚ˖/(�*1�GLE1B� GLE1A@BĤÉȭ/Ĵ�,�

D*�B�ǀĶ+ 1000È0ś��C,Ĭĕ�D*�C[26]	®0ȴʑ,�*1�GLE1

��ŷ¼,īŦŏ¼/Œĥ��ǐɻ¼ĿŁŻ/Ň��*�C�,�ȴAD*�C[28]	

:$�Ȝɜɳ�/��* GLE1�gL��ö�*�C�,�Ⱥʡ�D*�C���0

gL��ö/@Cǜɴ1ƸA�/.'*�.�[29]	 

� IP61˼ŧ/ÅĽ�D$^Wo�âĺ+�IPPK̀Inositol-pentakisphosphate 

2-kinase�çɃ IPK1/IP5-2Ḱ/@'*Lr^m��©��˒̀IP5́�AȝȜ�DC

[30]	ëʼ0ˀB�mRNA0Ǔĳʸʾ/ǜɴ��áɼˑǥ+1ɮʛɝɟ60˞�>Ⱥ

ʡ�D*�C	IP61�DNA§˔˙ãƯ/@'*Ȝ�$ DNAǅɌ/ɟĐ�C Ku§˖

¼/ɟĐ��ˮȱđǅɌɟĐGÄ˃�C[31–33]	:$�IP61 RNAɧ˩ˑə ADAR2

,ɟĐ���0ɟĐ1 ADAR2/@C RNAɧ˩/Ÿʐ+�C[34]	IPPKGriVg

M��$cz�yKi^�1�Ca2+^Wo��Wuf��0Řİ/@BȫȜƺ0ŚČˮ

ŋɃŻ/Ȧş�Ȝ�C[35]	 

� GLE1/(�*1�"0ĲȦ,ȿɞĲŻȨŽ,0˞˂�Ĭĕ�D*�C	ŅƴŻˍ¶

ȩ LCCS11�GLE10L�m�� 3/Ȝ�$�ĮīĲȦ/@'*ȫȜ�C�``{�

L^�W�āġ+�C[36,37]	�0ĲȦ GLE11 GLE1 FinMajor,Ē¯�AD*�B�

mRNAǓĳʸʾ0óβ»��^���ɜɳ�ȿɞɜɳ0ȜĽ�¸˛ˢńG>$A�

[38,39]	:$�ɏʀɨŻÍɛȹöȪ̀ALŚ0Žɰ/��*>ʏƫɆ0 GLE1ĲȦ¼

�ȫʑ�D*�C[40,41]	ɜɳÛ+0f�uVʰß˩�RNA°ʨ?Ǔ�ɜɳʰ˝ʸʾ

0Ȧş1�ȿɞɜɳ/ŋ�ǦŻGƓ(¦�ȼĞ�D*�B[42–45]�GLE10ĲȦ/ŋ

�*>đǙ+�C,ɯ�ADC	 

� �0@�/�DBP5�GLE1�IP61"D#D�ĴǙ.ǜɴGƓ&.�A�mRNA0

Ǔĳʸʾ/��*üÐ�*�C	�����0�+ȿɞĲŻȨŽ,0˞˂�Ĭĕ�D*

�C01 GLE10;+�C	"�+ǆȶɊ1�DBP5�GLE1�IP6"D#D0�ɜɳ

ʰ mRNAȫȚ/ŋ�Cɔň.ů˰GƚC¦Gȯȭ,�$	ďġĺG siRNA/@Br

iVgM���ɜɳʰ mRNAȫȚ0J�LʖǍ,ʊȚĨ0ɔǑGʈ'$	"0ɟǏ�

ďġĺģǂ0 mRNAf�Yim?ʊȚĨ�ȫʑ�D�,BF� GLE1GriVgM�

�$ɜɳ+1ɜɳâʋ˃ʈ0Ȧş.-�ȕȦȭ.ʊȚĨ�ʑAD$	�DA0ȴʑ1

mRNAȫȚǜǘ0țʖ0�ò,.B��( GLE1�˞FCȿɞĲŻȨŽ0ȫȪ�Rp

a�ʖƸ0�ò,.C	
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�1�C
�(�C�11- 4PiBh@zR-;K;���2 ��� bnIiN4��

ca<7L9H 

� DBP5�GLE1�IPPK"D#D0 mRNAȫȚ/��CǜɴG�vmĪ˸ɜɳGȞ�

*ʖǍ�C$=�Ó ďġĺGȕȦȭ/riVgM��C siRNAGʚʘ�$	ʚʘ�

$ siRNAG U2OSɜɳ/m��`yNV^����MO`f�z�ikK�W,�J

�fL� PCR/@'*˼óβ�(ȕȦȭ/ďġĺ�riVgM��D*�C�,GȺ

ʡ�$̀Fig.1A-B 	́ 

 

 

 

Fig.1 DBP5 ,  GLE1 ,  IPPK GriVgM��C siRNA 0ʚʘ 
U2OSɜɳG�ďġĺ/ȕȦȭ. siRNAGm��`yNV^���$ű 48ƺ˝Ī˸�ģŁ�$	
̀ÁDBP5, GLE1, IPPK"D#D0ȕȦȭriVgM�G�MO`f�z�ikK�W+Ⱥʡ�
$	DBP50Ǖá/1ɜɳʰȢâ�GLE10Ǖá/1�ȅŻȢâ�IPPK0Ǖá/1ǓÛƏáȔȢ
âGȞ�$	.����lK�WZ�m���,�*	-JVh�,��� bGȞ�$	IB:L�r
z�ikL�ẀImmunoblotting 	́̀ B́ďġĺriVgM�/@Cɜɳʰ RNA0ȀŐG��J
�fL� PCR/@'*Ǖá�$	� D0Ê>ȗɋ�$ 3Ġ0ł˺0ŢħÊ+�C	O��t�
1ǚȄËśGȼ�	pÊ1`h��l�m0 tǕŁ/@B control,ǧʶ�*ɑá�$̀*** = 
p<0.001 	́ 

 
� �DA�ġĺ1� D> mRNAǓĳʸʾ/ǜɴ�Cġĺ+�C$=�riVgM�

�$˧/1 mRNA0ɜɳʰ60ʸʾ�ˢń�D�mRNA1ɜɳǓÛ/ʂɈ�D*�C

,¥ſ�DC	"�+�RNA-FISHǱ/@BɜɳÛ0 mRNAG��Jlp�ö RNA

,�*Ǖá�$	"0ɟǏ�� D0ġĺ0riVgM�+>��Jlp�ö RNA0

ǓÛʂɈ�ʑAD$̀Fig.2A 	́�0��Jlp�ö RNA0ǓÛʂɈ�}�Gǧʶ�

C$=�ImageJGȞ�ʅÔŬŧGŁ˖ö�$̀Fig.2B 	́� D0\�{�/��*

>��Jlp�ö RNA0ǓÛʂɈ�ʑAD$��ʂɈ�}�/1ś��B�RNA|
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�R�c+�C DBP5GriVgM��$˧/ǀ>Ŭ�ʂɈ�ʑAD$	ǞȎ� GLE1
riVgM�\�{�+�B�IPPKriVgM�\�{�1>',>ʂɈ�}��»
�'$	GLE1.A4/ IPPK0 siRNA/(�*1�"D#D0 2Ɇ0 siRNA+óǏ

0śȦ�ȏ�¦GȺʡ�$̀Fig.2A-B 	́�Ʊ�DBP51 siRNA0óǏG�Ɇ˶��

Ⱥʡ�*�.�'$$=�×ʙ0ʊȚĨ� DBP50riVgM�/@C>0+�C¦
GȺʜ�C$=/�`T��ł˺Gʈ'$̀Fig.2C 	́FLAGfWG¯ñ�$ siRNA

ƎƌŻ DBP5ȫȚ{�`�nGŎÖ�$ U2OSɜɳ1���Jlp�ö RNA0ǓÛ

ʂɈ�ʖǺ�D$	�0�,�A���Jlp�ö RNA0ǓÛʂɈ1�DBP50 mRNA

GȕȦȭ/riVgM��$ɟǏ+�C¦GȺʡ�$	 

� � DBP5�GLE1�IPPK0riVgM�/@'*��Jlp�ö RNA0ǓÛʂɈ�

ȫȜ�C¦�A�ɜɳ0įǣ�ĸ�AD*�CċɴŻ��C	�DGǕʜ�C$=�

siRNAGɜɳ/m��`yNV^����"0ű 24ƺ˝�,/ɜɳƫGʘȂ�$	

control siRNAŎÖɫ1�m��`yNV^�� 72ƺ˝ű:+1ɉ?�/įǣGɢ��

72ƺ˝ű�A 96ƺ˝ű/1ɜɳƫ�Èį�$̀Fig.3 	́72ƺ˝ű:+įǣ�ɉ?�

%'$01�siRNAm��`yNV^��ɹ¼/@Cɜɳ60ʭɾ�āġ,ƜȂ�D

C	�Ʊ�DBP5�GLE1GriVgM��$ɫ1 48ƺ˝ű�Aɜɳƫ�ȀŐ�Ĺ=

$	IPPKGriVgM��$ɫ1 48ƺ˝ű/ɜɳƫ�ȀŐ�$��"0űɽšɜɳ

įǣ�ʑAD$	×ʙ0ɜɳįǣƽɦ0ˉ�1���Jlp�ö RNAǓÛʂɈ0Ŭŧ

,ȱ˞�*�$	 
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�  Fig.2 DBP5 ,  GLE1 ,  IPPK riVgM�/@C��Jlp�ö RNA 0ǓÛʂɈ 
̀A,B́U2OSɜɳG�ďġĺ/ȕȦȭ. siRNAGm��`yNV^���$ű 48ƺ˝Ī˸�ģ
Ł�$	̀ ÁDBP5, GLE1, IPPKriVgM�/@C��Jlp�ö RNA0ǓÛʂɈG�
RNA-FISHǱ/@BǕá�$	ǐɻ¼1 DAPI/@BÙǐɻ�$	`X��t�1 20µmGȼ�	
̀B́��Jlp�ö RNA0^Wo�ŬŧG ImageJ+Ł˖ö��"0ǧ̀Ǔ/ɜɳ×¼́Gʊ�
$	� D0Ê>ȗɋ�$ 3Ġ0ł˺0ŢħÊ+�C	O��t�1ǚȄËśGȼ�	pÊ1 one-way 
ANOVA00&gqimǕŁ/@B control,ǧʶ�*ɑá�$̀ n=20, *** = p<0.001 	́̀C Ú2OS
ɜɳ/�}Vf�{�`�ǹpcDNA5 �́ɽ��1 siRNAƎƌŻ FLAGfW¯ñ DBP5ȫȚ{�
`�nGm��`yNV^����24ƺ˝Ī˸�$	"0űZ�m��� siRNAɽ��1 DBP5 
siRNAGm��`yNV^����48ƺ˝Ī˸�ģŁ�$	Õȧǐɻ1ƌ FLAG-M2ƌ¼GȞ�
*ʈ'$	`X��t�1 20µmGȼ�	 

poly(A)+	RNA� DAPI	siRNA:�
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Fig.3 DBP5 ,  GLE1 ,  IPPK riVgM�
0ɜɳįǣ60ů˰ 
Ģ/ȼ� siRNAGm��`yNV^���
$ U2OSɜɳ0įǣƽɦ	�0ƺ˝�1ƣɆ
�$ƺȎGȼ�	ɜɳƫ1 24ƺ˝�,/ʘ
Ȃ�$	siRNA1ƣɆ 24ƺ˝ű/m��`
yNV^���$	� D0Ê>ȗɋ�$ 3
Ġ0ł˺0ŢħÊ+�C	O��t�1ǚȄ

ËśGȼ�	 

 

 

 
� ��:+0ʖǍ+�DBP5�GLE1�IPPK1� DGriVgM��*> mRNA0

ǓÛʂɈ�ȫȜ�C��"0Ŭŧ1Ȧ.B�Ŭŧ,ɜɳȜɱ60ů˰1ȱ˞�*�C¦

�â�'$	�0�,�A��DA�ġĺ1ɜɳʰ RNA0ȫȚ/ŋ�*"D#DȦ.

CǜɴGǂ�*�CċɴŻ�ɯ�AD$	"0Ǖʜ0$=�DBP5�GLE1�IPPK0
� D��ġĺGriVgM��$ɜɳ�AɜɳʰȢâ0 RNAGâ˪��ɜɳʰ RNA

�×ɜɳ RNA�Aˋã/â˪+�*�C¦GȺʡ�$̀ Fig.4 	́�DA0ɜɳʰ RNA

GȞ�*��LV�J�LʖǍGʈ'$	�LV�J�LʖǍ/1J_��mkVr�

_�aȾ0Whole human genome DNA microarray 4x44K v2G¿Ȟ�$	�0J�

Lhi{/1�30412Ɇ0{��z�Ƣʷ�D*�C	ɀ1ĉų�D$ʖǍl�fGÓ

 Ǡʒö��V�`f�ʖǍ/@'*J�LʖǍ/Ê�Cl�f+�C¦GȺʡ�$

̀Fig.5 	́:$�ď\�{�0J�Ll�f�A�riVgM��$ǚȭˍ¶ĺ0ɜɳ

ʰ RNA˖�óβȭ/ȫȚ»��*�C�,>Ⱥʡ�$	 

 

 

Fig.4 �LV�J�LʖǍ0$=0ɜɳʰ RNA
â˪ 
U2OSɜɳ@Bɜɳʰ RNA,ǓÛ RNA�â˪+�
*�C�G�PCRǱ, PAGE/@'*Ⱥʡ�$	U6 
snRNA1ǓȢâ/ȕȦȭ�tRNA1ɜɳʰȢâ/ȕȦ
ȭ. RNA+�C	E2F81sM`T�x�Wˍ¶ĺ
+�B�mRNA`{�L^�W0ǂȏ/@BǓ�ɜɳ
ʰȢâ0â˪GȺʡ�C¦�+�C	 
W: Whole cell RNA, N: Nuclear total RNA, C: 
Cytoplasmic total RNA, RT: Reverse Transcriptase. 
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Fig.5 �LV�J�LʖǍl�f
0V�`f�ʖǍ  
ɠʘdym RGȞ��Ǡʒö�D$�
LV�J�LʖǍl�f�AǛŮĢG

Ɲ�$	đ�ˍ¶ĺGriVgM��

$\�{�1×*đ�W��{/œ�

*�C	 
ʲ�ƫļ̂ʻ¹ȭ/�Ë. pÊ
̀Approximately unbiased p-value �́ 
ɥ0ƫļ̂z�m`m�i{ȺβÊ

̀Bootstrap probability value 	́ 
k.d.: knockdown. 

� ɜɳʰ RNA0ȫȚ»�/(�*�Ó ˟ÊGȫȚ˖ 1/1.5È,�*l�fGǕʜ�

$	"0ɟǏ�DBP5riVgM�+1 2021Ɇ�GLE1riVgM�+1 3130Ɇ�

IPPKriVgM�+1 2086Ɇ0ˍ¶ĺ/(�*�ɜɳʰ mRNA�ȫȚ»��*�

$̀ Fig.6A 	́:$�×*0riVgM�\�{�+Ùˀ�*ȀŐ�*�$ˍ¶ĺ1 582

Ɇ+�'$	�DA0J�LʖǍɟǏGǕʜ�C$=���(�0ˍ¶ĺGŋʬ/�J

�fL� PCRǱGʈ��J�Ll�f,ǧʶ�$̀Fig.7A-D 	́Ó �� D0ri

VgM�\�{�+>Ùˀ�*ɜɳʰ RNA�ȀŐ�*�Cˍ¶ĺ,�*�ɜɳĖǄ/

˞�Cˍ¶ĺG 3ɆʖǍ�$̀Fig.7A 	́Ǟ/�GLE1̀Fig.7B �́DBP5̀Fig.7C �́

IPPK̀Fig.7D́"D#D0riVgM�ȕȦȭ/ȫȚ»��*�Cˍ¶ĺ/ŋ��đ

Ǚ0ʖǍGʈ'$	"0ɟǏ�� D0ˍ¶ĺ>J�Ll�f,�J�fL� PCRǱ

+đǙ0ɟǏ�ųAD$	±×0¦�A��0J�Ll�f1�J�fL� PCRǱ0

ɟǏ,úâ/ȱ˞�*�C,ɟʧ)�$	 
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A	

 

B	

 
C	

 

Fig.6 ɜɳʰ mRNA ���Ł
ïĐ±×ȀŐ�$ˍ¶ĺƫGȼ

�}�Ģ  
̀A-ĆĢ�0ƫļ1�DBP5�
GLE1�IPPK"D#DGriVg
M��$˧/�ɜɳʰ RNA0ȫȚ
˖�"D#D̀Á1/1.5È�̀ B́
1/2È�̀ Ć1/3È/.'$ˍ¶ĺ
ƫGȼ�	ŚĢ1}�Ģ0˔ʏˎ

âGĔH%ˍ¶ĺƫ�ČĢ1}�

Ģ0˔ʏˎâGĔ:.�ˍ¶ĺƫ

Gȼ�	¿Ȟ�$J�Lhi{/

1 30412Ɇ0{��z�Ƣʷ�D
*�C	 
k.d.: knockdown. 
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Fig.7 DBP5, GLE1, IPPK riVgM�1�"D#DȦ.Cˍ¶ĺ\zbim0ɜɳʰ
RNA ȫȚ˖»�G>$A� 
̀A-D �́J�fL�PCRǱ/@C��LV�J�Ll�f0Ǖʜ	ɜɳʰRNA1�Ģ/ȼ� siRNA
Gm��`yNV^���$ U2OSɜɳ�AƏá�$	Ȭ�ǔW�ŷ�J�fL� PCRǱ/*
Ǖá�D$Ê	Ȍɻ0ǔW�ŷ�LV�J�LʖǍ/@CÊ	� D0Ê>ȗɋ�$ 3Ġ0ł˺
0ŢħÊ+�C	O��t�1ǚȄËśGȼ�	pÊ1 one-way ANOVA00&gqimǕŁ/@
B control,ǧʶ�*ɑá�$̀ *=p<0.05, **=p<0.01, *** = p<0.001 	́̀ A ĆDK2�E2F2�MCM2
0ɜɳʰ RNA1�DBP5�GLE1�IPPK� D0riVgM�\�{�+>Ùˀ�*ȀŐ�$	
̀B-D́�DA0ġĺ1�DBP5�GLE1�IPPK� D�0riVgM�ȕȦȭ/ɜɳʰ RNA0
ȫȚ˖�ȀŐ�C	̀ B́1 GLE1�̀ Ć1 DBP5�̀ D́1 IPPK0riVgM�ȕȦȭ.>0G
ȼ�	 
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� DBP5�GLE1�IPPK"D#D0riVgM�/@Cɜɳʰ mRNA0ȫȚĲö/(

�*�ů˰GĊ�Cˍ¶ĺ0Ɇ˶�ƫGƾ/ɔǑ�C$=�Fig.6AđǙ0}�ĢGȦ

.C˟Ê+¾Ɔ�$̀Fig.6 B-C 	́"0ɟǏ�� D0ĭĐ/��*> GLE1riV
gM��ǀ>ƫĴ�0ˍ¶ĺȫȚ/ů˰�C¦�ʖ'$	:$�Table.1A/*�ŭʟ

ġĺ0riVgM�/@'*ȫȚ»��ʳ�$ˍ¶ĺ0ɤƫ �̀ɤƫ�0ä �́�ġĺ�

 D0riVgM�+>ȫȚ»��ʳ�$ˍ¶ĺ0ƫ �̀Ùˀˎâ�0ä �́ŭʟġĺ0

riVgM�/@'*0;ȫȚ»��ʳ�$ˍ¶ĺ0ƫ �̀�p�V.ˎâ�0ä́G

ȼ�*�C	DBP5�GLE1�IPPK� D/��*>�ȫȚ»�ˍ¶ĺ0ɤƫ/ŋ�
CÙˀȫȚ»�ˍ¶ĺƫ0ïĐ̀Table.1A [Ùˀ/ɤƫ]0ïĐ́1�˟ÊGĂ���C

/(D*ȀŐ�CÏē/�'$	�Ʊ�ȫȚ»�ˍ¶ĺ0ɤƫ/ŋ�C�p�V.ȫȚ

»�ˍ¶ĺƫ0ïĐ̀Table.1A [�p�V/ɤƫ]0ïĐ́1�˟ÊGĂ���C/(D

*įñ�CÏē/�'$	�ġĺ0riVgM�/@BȫȚ×Ʒ�ʑAD$ˍ¶ĺ/(

�*>�˶¹0Ïē�ʑAD$̀Fig.8, Table.1B 	́�.F&�GLE1riVgM��
ǀ>ƫĴ�0ˍ¶ĺȫȚ/ů˰��GLE1�IPPKriVgM�/��*�ȫȚ»�ˍ
¶ĺ0ɤƫ/ŋ�C�p�V.ȫȚ»�ˍ¶ĺƫ0ïĐ1�˟ ÊGĂ���C/(D*

įñ�CÏē/�'$	DBP5�GLE1�IPPK1 mRNA0Ǔĳʸʾ/ǜɴ�*�C��

riVgM�/@Bɜɳʰ RNA˖�×Ʒ�$ġĺ>�ŁƫʑAD$	SMO0ɜɳʰ
RNA1 DBP5�IPPKriVgM�/@Bįñ�*�C¦G�J�fL� PCR/@B

Ⱥʡ�*�C̀Fig.7B 	́�DA0ɟǏ@B�DBP5�GLE1�IPPK/@Cɜɳʰ RNA

0ȫȚêŴ1��ġĺ0�+˔ʏ�*�Cˎâ>�C��"D#Dģǂ0ǜɴ/@Cˎ

â�Ķ��¦�ȼĞ�DC	 

� ±×0@�/�J�LʖǍ,�J�fL� PCR+1�DBP5�GLE1�IPPKriV
gM�/@Cɜɳʰ RNA0ȫȚ»��×Ʒ0�Ʊ�ʑAD$	�Ʊ�ɜɳ�}�0ʕ

ŉ+1���Jlp�ö RNA0ǓÛʂɈ?ɜɳįǣ0Ɗê�ʕŉ�D$̀Fig.2A, 

Fig.3 	́�DA/(�*ɔǑ�C$=�ɜɳʰ RNA˖�»��*�Cˍ¶ĺ1�ǓÛ

/ RNA�ʂɈ�*�C�GǕʜ�$	DBP5�GLE1�IPPK"D#DGriVgM�
�$ɜɳ,Z�m���ɜɳ�Aɜɳʰ RNA,ǓÛ RNAGƏá����(�0ˍ¶

ĺ/(�*�J�fL� PCRǱ/@Bɜɳʰ RNA,ǓÛ RNA0Ľĥ˖Gǧʶ�$

̀Fig.9A-D 	́�ˎ0ˍ¶ĺ+1��ġĺ0� D�0riVgM�/@BǓÛ RNA

˖�į�*�$��"�+.�>0>Ĵ�'$	�0ɟǏ1�ǓÛ/ʂɈ�$ RNA�

âʖ�D*�C¦/@C,ƜȂ�D$	"0$=�DBP5�GLE1�IPPK,đƺ/O
Tdd��0ǘƆġĺ+�C RRP45GriVgM��$ɫG¾ʎ��ǓÛ RNA0Ľ

ĥ˖Gǧʶ�$̀ Fig.9E-H 	́RRP450riVgM�/@'*ǓÛ RNA0įñ�ʑA
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DCɫ�ʏƫ�'$	�0¦�A�DBP5�GLE1�IPPKriVgM�/@C mRNA

0ǓÛʂɈ1�ǓÛOTdd��/@C�ˎ0ʂɈ mRNA0âʖ>Ä˃�*�C,ɯ

�ADC	 

� � ��:+0ɟǏ@B�Ǔĳʸʾ?ɮʛűâʖGĔ<ɜɳʰ mRNA0ȫȚêŴ�R

pa�1�ď
0ˍ¶ĺ/@'*ĴǙ/Ȧ.'*�CċɴŻ�˼�¦�ȼ�DC	@'

*�±ˣ1ɜɳʰ,Ǔ0 mRNAȫȚ/(�*"0ǜťGƘB��C0+1.��ʊȚ

Ĩ/ȐȎGŭ**ʖǍGʈ'$	DBP5�GLE1�IPPKriVgM�/@BȫȚ»�
�*�Cˍ¶ĺ,ɜɳÛ{�b`,0˞˂Gʦ7C$=�ȫȚ˖Ĳö�*�Cˍ¶ĺG

IPA0 Canonical Pathway analysisG¿Ȟ�*â˶�$̀Table.2-4 	́� D0ġĺ

0riVgM�+>�ɜɳĖǄ/˞�Cˍ¶ĺ0ȫȚ»��ȯɋ'$	riVgM��

$ġĺ"D#D0Ïē,�*1�GLE1riVgM�+1ǐɻ¼ơÎźɐ/˞�Cˍ¶
ĺ�Ĵ�Ĕ:D�DBP5�IPPKriVgM�+1ȍȪćź/˞�Cˍ¶ĺ�Ĵ�Ĕ:
D$	 
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Table.1 DBP5�GLE1�IPPK riVgM�/@'*ů˰GĊ�$ˍ¶ĺ0ƫ,ïĐ  
̀A-B ď́ġĺriVgM�/@'*ʙʷ0˟Ê±×/ɜɳʰ RNA0ȫȚ˖�Ĳö�$ˍ¶ĺ0ƫ
Gʙʷ	�Ùˀˎâ�1�DBP5�GLE1�IPPK� D0riVgM�+>đǙ/ȫȚĲö�$ˍ
¶ĺ0ƫ���p�V.ˎâ�1�ŭʟġĺ0riVgM�/@'*0;ȫȚĲö�$ˍ¶ĺ0ƫG

ȼ�	 

 
� � � � 
�� 	���
����

 
�

� � � � ��� 	���
����

�
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A	

 

B	

 

C	

 
Fig.8 ɜɳʰ mRNA ���ŁïĐ±×įñ�$ˍ¶ĺƫGȼ�}�Ģ  
̀A-ĆĢ�0ƫļ1�DBP5�GLE1�IPPK"D#DGriVgM��$˧/�ɜɳʰ RNA0
ȫȚ˖�"D#D̀Á1.5È�̀ B́2È�̀ Ć3È/.'$ˍ¶ĺƫGȼ�	ŚĢ1}�Ģ0˔ʏ
ˎâGĔH%ˍ¶ĺƫ�ČĢ1}�Ģ0˔ʏˎâGĔ:.�ˍ¶ĺƫGȼ�	 
k.d.: knockdown. 
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Fig.9 ɜɳʰ,ǓÛ0 RNA ȫȚ˖ǧʶ  
siRNAŎÖ/@B DBP5�GLE1�IPPKGriVgM��$ɜɳ,�Z�m��� siRNAGŎÖ
�$ɜɳ0 mRNA˖G��J�fL� PCRǱ/@'*ǧʶ�$	�J�fL� PCRǱ0ȂŁl
�f1 PGK1/@'*ǚȄö�$	� D0Ê>ȗɋ�$ 3Ġ0ł˺0ŢħÊ+�C	O��t�
1ǚȄËśGȼ�	̀ A-D́ɜɳʰȢầʲ�t�́,ǓÛȢầ˫�t�́0 mRNA˖Gǧʶ�
$	� D0W�y>�ɜɳʰmRNA0ȫȚ˖G 1,�*�C	mRNA˖ǧʶŋʬ1̀ A ĆDK2�
̀B́E2F2�̀ ĆHDAC1�̀ D́HIF1A	̀ E-H́ëʼ0ġĺ0;GriVgM��$ɜɳ0ǓÛ
Ȣầ˫�t�́,�ëʼ0ġĺ/ñ� RRP45Gđƺ/riVgM��$ɜɳ0ǓÛȢầʲ�
t�́0 mRNA˖Gǧʶ�$	� D0W�y>�ëʼ0ġĺ0;GriVgM��$ǓÛȢâ
̀˫�t�́0 mRNAȫȚ˖G 1,�*�C	 
cont.: control, k.d.: knockdown. 
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Table.2 DBP5�GLE1�IPPK GriVgM��$ɜɳ/��*�ɜɳʰ RNA 0ȫȚ˖
� 1/1.5 È±�/ȀŐ�$ˍ¶ĺ0â˶ 
pÊ1 Ingenuity Pathway Analysis0 Canonical Pathway Analysis/@'*Ǭ=$	pÊ�Ķ�
�â˶�A˲/�100Rk[�Gȼ�*�C	��˔˔ʏˎâ�1�DBP5�GLE1�IPPK� D
0riVgM�+>ȫȚ˖�˟Ê±×ȀŐ�$ˍ¶ĺGȼ�	��p�V�1�ŭʟġĺ0riVg

M�/@'*0;ȫȚĲö�$ˍ¶ĺ0ƫGȼ�	 
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Table.3 DBP5�GLE1�IPPK GriVgM��$ɜɳ/��*�ɜɳʰ RNA 0ȫȚ˖�
1.5 È±×įñ�$ˍ¶ĺ0â˶  
pÊ1 Ingenuity Pathway Analysis0 Canonical Pathway Analysis/@'*Ǭ=$	pÊ�Ķ��â
˶�A˲/�100Rk[�Gȼ�*�C	��˔˔ʏˎâ�1�DBP5�GLE1�IPPK� D0riV
gM�+>ȫȚ˖�˟Ê±×įñ�$ˍ¶ĺGȼ�	��p�V�1�ŭʟġĺ0riVgM�/@'

*0;ȫȚĲö�$ˍ¶ĺ0ƫGȼ�	 
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Table.4� DBP5�GLE1�IPPK GriVgM��$ɜɳ/��*�ɜɳʰ RNA 0ȫȚ˖
� 1/1.5 È±�>��1 1/2 È±�/ȀŐ�$ˍ¶ĺ0â˶  
Śä1˟Ê 1/1.5È±��Čä1˟Ê 1/2È±�+�C	pÊ1 Ingenuity Pathway Analysis0
Canonical Pathway Analysis/@'*Ǭ=$	pÊ�Ķ��â˶�A˲/�100Rk[�Gȼ�
*�C	Ȍɻ0b�1�˟Ê 1/1.5È±�, 1/2È±�0�Ʊ+�`mJi{�D$Rk[�+�
C	 
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�b�� �	��4PiBh@zR � �´¦�w<7L9H 

� IPAGȞ�$ʖǍ/@'*�DBP5�GLE1�IPPK0riVgM�1ɜɳĖǄ/ů
˰�CċɴŻ�Ŭ�ȼĞ�D$	"0$=��ġĺ0 siRNAGŎÖ�$ɜɳ0ɜɳĖ

Ǆ˃ʈGʖǍ�$	Ó �ď siRNAŎÖ 48ƺ˝ű0ɜɳɫ0ɜɳĖǄGȂŁ�$

̀Fig.10 	́DBP5�GLE1�IPPK� D0riVgM�/@'*>�SǄ0ɜɳïĐ

0ȀŐ�1'�B,ʑAD$	�Ʊ�DBP5�IPPKriVgM�ɜɳɫ+1 G1Ǆ0

ɜɳïĐ�įñ��GLE1riVgM�+1 G2/MǄ0ɜɳïĐ�įñ�$	 

 
Fig.10 DBP5�GLE1�IPPK 0riVgM�1 S Ǆɜɳ0ï
ĐGȀŐ�!C 
DBP5�GLE1�IPPKGriVgM��$ U2OSɜɳ0ɜɳĖǄG�
y��\Lm�m��/@'*ȂŁ�$	� D0Ê>ȗɋ�$ 3
Ġ0ł˺0ŢħÊ+�C	W�y0˽ɥɻ1 G2/MǄ�̡ ɻ1 SǄ�
˫ɻ1 G1ǄGȼ�	pÊ1 one-way ANOVA00&gqimǕŁ/
@B control,ǧʶ�*ɑá�$̀**=p<0.01, *** = p<0.001 	́ 

 

 
� �ġĺ0riVgM�+Ùˀ�*ʑAD$ SǄɜɳ0ȀŐ1�G1/ShNiV�L�

m0ˢń/@C>0,ƜȂ�D$	�0ˢńGǕá�C$=�gz�h�_�z�iV

/@CɜɳĖǄđʦàțGʈ'$ɜɳGȞ�$	̌ î˖0h�_�GƋ��D$ɜɳ0

ɜɳĖǄ1�G1Ǆ0ǀɝǄ+ǟ:C	h�_�GĪĦ�A˥ă�C̀�0Ƥ¾Gh�

_����`,ė5 ,́ɜɳĖǄ1Ü4˃ʈ�C��đƺ/rZge��Gñ�C,M

Ǆ+Ìǟ�C$=�ɜɳ�âʋ�Ü4 G1Ǆ,.C¦Gˡ�C	Fig.11A-B1�h�_

����`�rZge��Ǿñ 0�4�8�12ƺ˝ű0ɜɳG 75˿Ofr��+ģŁ��

ɜɳɫ0ɜɳĖǄGȂŁ�$ɟǏ+�C	� D0àțɫ>�gz�h�_�z�iV

/@BĶû0ɜɳ� G1ǄÌǟ0Ȗƃ/.'*�C̀Fig.11A v`mW��˾ɦ�

Fig.11B �ȥ× 	́h�_�˥ăű 8ƺ˝0Z�m��� siRNAŎÖɫ+1�˵ʁ.

MǄɜɳƫ0įñ�ʑAD$̀Fig.11A v`mW��ʲɦ�Fig.11B ×�A�ȥȯ 	́

DBP5�GLE1�IPPKriVgM�ɜɳɫ+>đǙ/h�_�˥ăű 8ƺ˝+MǄ0

ɜɳƫ�įñ�*�$��įñ˖1Z�m���ɫ@Bŏ���GLE1riVgM�ɫ

+ǀ>įñ˖�ŏ��'$	�0ɟǏ1�DBP5�GLE1�IPPKriVgM�� G1/S

hNiV�L�m0ˀˇGˢń�*�C¦GȼĞ�C	 
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Fig.11� DBP5�IPPK 0riVgM�1 G1 Ǆ /S ǄÌǟG�GLE1 0riVgM�1 G2
Ǆ /M ǄÌǟGũ�ʳ��  
̀A-B́Z�m��� siRNAGŎÖ�$ɜɳĖǄđʦàțG�*�.�ɜɳ,�Z�m����
DBP5�GLE1�IPPK� D�0 siRNAGŎÖ�$ɜɳĖǄđʦàțG�$ɜɳ0ǧʶ	ɜɳĖ
Ǆđʦ1gz�h�_�z�iV/@'*ʈ'$	DTB: double thymidine block. ̀ÁďɜɳĖ
Ǆ/��Cɜɳƫ0ƺ˝ȭĲöGȼ�v`mW��	˾ɦ̂h�_����` 0ƺ˝ű	ʲɦ̂h
�_����` 8ƺ˝ű	̀ B́ǔW�y1ȗɋ�$ 3Ġ0ł˺0ŢħÊGȼ�	W�y0˽ɥɻ1
G2/MǄ�ʲɻ1 SǄ�˫ɻ1 G1ǄGȼ�	pÊ1`h��l�m0 tǕŁ/@B control,ǧʶ
�*ɑá�$̀*=p<0.05, **=p<0.01, *** = p<0.001 	́ 
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� Fig.10+�GLE1riVgM�ɜɳɫ/��C G2/MǄɜɳ0ǧβįñ�Ⱥʡ�D

$	"0$=�ɀ1 H2B-GFPĿŁȫȚ HeLaɜɳǒG¾ʎ��GLE1riVgM��
ɜɳ0MǄ˃ʈ/��Ců˰GfL��{`˵Ŷ˚+ʕŉ�$	Ó ���:+/¿

Ȟ�$ siRNA�¾ʎ�$ɜɳǒ/��*> DBP5�GLE1�IPPKGóβ@�riVg
M�áǊC¦GȺʡ�$̀Fig.12 	́�DA�ġĺ�riVgM��D$ɜɳ1� D

>�MǄ/ÖCɜɳ0ïĐ�Z�m���ɫ@B>ȀŐ�*�$̀Fig.13A 	́MǄ/

Ö'$ɜɳ�ɜɳâʋGŀ¤�!C:+0ƺ˝Gǧʶ�$ƈ�Z�m���ɫ,

DBP5�IPPKriVgM�ɫ1Ǣ-0ɜɳ� 80â±Û+�'$̀ Fig.13B 	́����

GLE1riVgM�ɫ1Ķû0ɜɳ� 80â±×0ƺ˝Gʐ�$	���A��ġĺ0

�+>ȕ/ GLE10riVgM���MǄ˃ʈ/Ÿʐ.ˍ¶ĺ0ȫȚG»��!*�

C¦�ƜȂ�DC	�0MǄ˃ʈ˅ŨGɔǑ�C$=�ȜɜɳL��_�WȢÑGʖ

Ǎ�$	"0ɟǏ�GLE1 siRNAŎÖɜɳ+1MǄ0ǐɻ¼Ƭä�Ǡş/ʈFD �

�/1ǐɻ¼�ŀ×/ƪĥ�*�Cɜɳ>ʕŉ�D$̀ Fig.13C 	́�DA0ɟǏ�A�

GLE10ǝ¢1ɚ˘¼ŮƆ?ǐɻ¼Ƭä/ů˰�C,ɯ�ADC	:$�GLE1riV
gM�/@Cɜɳâʋ˃ʈ0˅Ũ1�H2B-GFPĿŁȫȚ U2OSɜɳǒ+>đǙ/ʑA

D$̀Fig.14́�,�A��0Țʬ1ŠŤ�ɜɳɆ+ʑADCċɴŻ�˼�,ɯ�AD

C	 
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Fig.12 H2B-GFP ĿŁȫȚ HeLa ɜɳǒ/��C
DBP5�GLE1�IPPK riVgM�óβ0Ⱥʡ  
H2B-GFPĿŁȫȚHeLaɜɳǒGȞ�$�J�fL�PCR	
DBP5�GLE1�IPPK0 siRNA1"D#Dŋź�Cˍ¶ĺ
0ɜɳʰ RNA˖GȀŐ�!*�C	� D0Ê>ȗɋ�$
3Ġ0ł˺0ŢħÊ+�C	O��t�1ǚȄËśGȼ�	
pÊ1`h��l�m0 tǕŁ/@B control,ǧʶ�*ɑ
á�$̀*** = p<0.001 	́ 
 

 

 

 
Fig.13 HeLa ɜɳ/��*�GLE1 riVgM�1ɜɳâʋ˃ʈ/ȦşG>$A�  
H2B-GFPĿŁȫȚ HeLaɜɳǒGȞ�$	̀ ÁfL��{`ʕŉ�/�MǄ/ÖC¦0áǊ$ɜ
ɳ0ïĐ	RM�m�$ɜɳ0ɤƫ1�Z�m��� siRNAɫ� 111�DBP5 siRNAɫ� 66�GLE1 
siRNAɫ� 75�IPPK siRNAɫ� 71	̀ B́MǄɜɳ�ɜɳâʋ/��'$ƺ˝��80â>��
1 160â@B˛��ȵ��Gȼ�	RM�m�$ɜɳ0ɤƫ1�Z�m��� siRNAɫ� 96�DBP5 
siRNAɫ� 33�GLE1 siRNAɫ� 58�IPPK siRNAɫ� 28	̀ ĆsiRNAŎÖɜɳ0°ʊȭ.Ȝ
ɜɳL��_�W	ɜɳʕŉ1 siRNAŎÖű 40
57ƺ˝+ʈFD$	`X��t�1 20µmGȼ
�	 
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Fig.14 GLE1 riVgM�1 U2OS ɜɳ/��*>ɜɳâʋ˃ʈ/ȦşG>$A�  
H2B-GFPĿŁȫȚ U2OSɜɳǒGȞ�$	̀ ÁfL��{`ʕŉ�/�MǄ/ÖC¦0áǊ$ɜ
ɳ0ïĐ	̀ B́MǄɜɳ�ɜɳâʋ/��'$ƺ˝��40â@B˛��ȵ��Gȼ�	RM�m
�$ɜɳ0ɤƫ1�Z�m��� siRNAɫ� 126�DBP5 siRNAɫ� 20�GLE1 siRNAɫ� 10�
IPPK siRNAɫ� 33	̀ D śiRNAŎÖɜɳ0°ʊȭ.ȜɜɳL��_�W	ɜɳʕŉ1 siRNAŎ
Öű 40
57ƺ˝+ʈFD$	`X��t�1 20µmGȼ�	 

 
� � ��:+0Ȝɜɳ0fL��{`ʕŉ/@'*�GLE10riVgM��MǄ˃

ʈ0˅Ũ,ǐɻ¼Ƭä0ȦşG>$A�¦�ʖ'$	IPA/@CJ�Ll�fʖǍɟǏ

+1�GLE1riVgM�1ɜɳâʋ/��C��ǙTo�c̀Polo-like kinasé0

ǜɴ/ů˰�C��DBP5�IPPKriVgM�+1ů˰�.��,�ȼ�D*�C
̀Table.2, 4 	́�0ɞʴ/Ȝ�Ců˰Gƾ/ʖǍ�C$=�ɞʴG°ʊ�Cˍ¶ĺ,�

* PLK1, KizunàKIŹGˌƍ�$	�0 2(0ˍ¶ĺ1ɚ˘¼0ǖŻ0êŴ/�

ċǝ,�D�-&A>ȫȚ»�/@'*ɜɳâʋ0Ȧş�ȫȜ�C[46,47]	DBP5�
GLE1�IPPKriVgM�ɜɳ/��C PLK1, KIZ0ɜɳʰ RNA0ȫȚ˖G�J

�fL� PCRǱ+Ⱥʡ�$,�E�PLK11�ġĺ� D0riVgM�+>ȫȚ»
��ʑAD$��GLE1riVgM�/@CȫȚ»��ǀ>˵ʁ+�'$	:$�KIZ
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1 GLE1riVgM�+0;ȫȚ»��ʑAD$̀ Fig.15A 	́�0¦1�PLK1, KIZ
0ȫȚ»�� GLE1riVgM�/@C MǄ˃ʈȦş0�ġ+�C�,GȼĞ�C	

�0²ʥGǕʜ�C$=�GLE1riVgM�ɜɳ,đǙ0ɜɳâʋȦş��PLK1�
KIZGriVgM��$ɜɳ+ʑADC�ʕŉ�$	Ó �HeLaɜɳ/��*�¾ʎ

�$ siRNA+ PLK1�KIZ �óβȭ/riVgM�áǊC�,GȺʡ�$̀ Fig.15B 	́

Ǟ/�PLK1�KIZ�GLE1GriVgM��$ɜɳ/ŋ��ɚ˘ɕ0 Ɔâ+�C α-

h�z��0ÕȧǐɻGʈ'$̀Fig.16 	́"0ɟǏ�GLE1�PLK1�KIZ� D0r
iVgM�+> α-h�z��0ôƃȦş�ʑAD�ƾ/ PLK1ˢńì+�C BI2536

+àț�$ɜɳ+>đǙ0Ȧş�ʑAD$̀Fig.16B 	́GLE1riVgM�1®/>�

CDK1�CCNB1�KIF11,�'$MǄ˃ʈ/˞��Cˍ¶ĺ0ȫȚG»��!C¦��

J�Ll�f/@'*ȼ�D*�C	±×0ɟǏ�A�GLE10ȫȚ»�1ɜɳâʋƺ
0ǐɻ¼ːä/ȦşG>$A��MǄ˃ʈGˢń�C�,�ʖ'$	 

 

 
Fig.15 PLK1�KIZ 0ȫȚ˖Ĳö,�siRNA /@CriVgM�óβ 
� D0Ê>ȗɋ�$ 3Ġ0ł˺0ŢħÊ+�C	O��t�1ǚȄËśGȼ�	pÊ1 one-way 
ANOVA00&gqimǕŁ/@B control,ǧʶ�*ɑá�$̀*=p<0.05, **=p<0.01, *** = 
p<0.001 	́̀ ÁĢ/ȼ�D$ siRNAGŎÖ�$ U2OSɜɳ�Aɜɳʰ RNAGƏá���J�f
L� PCRǱGʈ'$	DBP5�GLE1�IPPKGriVgM��$ɜɳ/��C PLK1�KIZ0ȫ
ȚĲöGȺʡ�$	Ȭ�ǔW�ŷ�J�fL� PCRǱ/*Ǖá�D$Ê	Ȍɻ0ǔW�ŷ�
LV�J�LʖǍ/@CÊ	̀ B Ģ́/ȼ�D$ siRNAGŎÖ�$ HeLaɜɳ�Aɜɳʰ RNAGƏ
á��GLE1�PLK1�KIZ/ŋ�CriVgM�óβG�J�fL� PCRǱ/@BȺʡ�$	PLK1 
siRNAŎÖɜɳ1ŎÖű 24ƺ˝+�GLE1�KIZ siRNAŎÖɜɳ1ŎÖű 48ƺ˝+ģŁ�$	 
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Fig.16 GLE1�PLK1�KIZ /ŋ�C siRNA GŎÖ�$ɜɳ/��Cɚ˘¼0Ȧş 
Ģ/ȼ�D$ siRNAGŎÖ�$ɜɳ0α-h�z��Gǐɻ�$	ɜɳ1�siRNAŎÖű24ƺ˝̀ Á
>��1 48ƺ˝̀ B ű́/ģŁ�$	ǐɻ¼1 DAPI/*ǐɻ�$	̀ X��t�1 20µmGȼ�	 
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�`�� 
�(� 4�sR 
�� �gf{�¢<rDE�yFI:�

� �LV�J�Ll�f/@C,�DBP5�GLE1�IPPK� D0riVgM�+>
DNAơÎźɐ̀DNA damage responsé/ů˰�Ȝ�C,ƜȂáǊC̀Table3,4 	́

Ų'*��ġĺGriVgM��$ɜɳ1�DNA0ơÎ�Ǡş.ɜɳ@B>ʂɈ�C

,ɯ�AD$	"�+�DNAơÎ0�+> DNA§˔˙ãƯ/ȳȯ��DNA§˔˙ã

Ư��R�+�C��˒öv`m� H2A.X̀±ˣ�γH2A.X́0ÕȧǐɻGʈ'$	

DBP5�GLE1�IPPK0� D�GriVgM��$ɜɳ+1�γH2A.XGȼ�ǓÛ0

ƸC�^Wo��ƸȺ/į�*�B̀Fig.17A, B �́DNA§˔˙ãƯ�Ȝ�*�C¦�

ȼ�D$	�+>�GLE1riVgM�ɫ+ǀ>˵ʁ/^Wo��ʑAD�"0ʅÔŬ
ŧ1Z�m���ɫ0 19È/.'$̀Fig.17B 	́�Ʊ�v`m� H2A.X0f�uV

ȫȚ˖1�riVgM�ɫ,Z�m���ɫ+Ĳö�*�.�'$̀Fig.17C 	́ 

� "�+�riVgM�ɫ/��C γH2A.X^Wo�įñ0āġGʽɊ�C$=�DNA

ơÎb�\�f�uV? DNAÆŵf�uV0ɜɳʰ RNA˖G�J�fL� PCRǱ

+Ǖá�$̀Fig.18 	́Ǖá�Cġĺ1�IPA/@CJ�Ll�f0ʖǍɟǏGĄɯ/

��DNA§˔˙ãƯ/˞��Cġĺ,�* BRCA1�BRCA2�FANCD2�ATMG�
DNA�ǆ˙ơÎ/˞��Cġĺ,�*XPC�XPA�ATRGˌH%	BRCA1,FANCD2
1ƸA�. RNAȫȚ˖»��ʑAD$	:$�GLE1riVgM�ɜɳ+1 BRCA2
0ȫȚ˖>Ķ��»��*�$	XPC�XPA0 RNAȫȚ˖/Ķ�.ȀŐ1ʑAD �

ATR1ȫȚ˖�×Ʒ�*�$	±×0ɟǏ@B�DBP5�GLE1�IPPK0riVgM
�1 DNAơÎ�ȕ/ DNA§˔˙ãƯ0Æŵ/˞�Cġĺ0ȫȚ˖»�Gũ�ʳ���

DNAơÎźɐGȀū�!C,ʖ'$	 
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Fig.17 DBP5�GLE1�IPPK riVgM�1 γH2A.X^Wo�Gįñ�!C  
̀ÁU2OSɜɳG�Ģ/ȼ�D$ siRNAŎÖű 48ƺ˝ű/ģŁ�$	Õȧǐɻ/1ƌ γH2A.X
ƌ¼GȞ�$	ǐɻ¼1 DAPI/*ǐɻ�$	`X��t�1 20µmGȼ�	̀ B́ƌ γH2A.Xƌ¼
0ǓÛ^Wo�ŬŧG ImageJ+Ł˖ö�$	� D0Ê>ȗɋ�$ 3Ġ0ł˺0ŢħÊ+�C	
O��t�1ǚȄËśGȼ�	pÊ1 one-way ANOVA00&gqimǕŁ/@B control,ǧʶ
�*ɑá�$̀n=30, *** = p<0.001 	́̀ ĆĢ/ȼ�D$ siRNAGŎÖ�$ U2OSɜɳ0ǓÛƏ
áȔGȞ�*�ƌ H2A.Xƌ¼GȞ�$MO`f�z�ikK�WGʈ'$	��lK�WZ�m�
��,�*��� bGȞ�$	 

 

 
Fig.18 DBP5�GLE1�IPPK riVgM�� DNA ơÎźɐ˞˂ġĺ0ȫȚ/��Ců˰  
IPA0 DNAơÎźɐ̀DNA damage responséRk[�/â˶�DCġĺ0ɜɳʰ RNA˖G�
�J�fL� PCRǱ+Ǖá�$	ɜɳʰ RNA1�Ģ/ȼ� siRNAGm��`yNV^���D
$ U2OSɜɳ�AƏá�$	Ȭ�ǔW�ŷ�J�fL� PCRǱ/*Ǖá�D$Ê	Ȍɻ0ǔW
�ŷ�LV�J�LʖǍ/@CÊ	� D0Ê>ȗɋ�$ 3Ġ0ł˺0ŢħÊ+�C	O��t
�1ǚȄËśGȼ�	pÊ1 one-way ANOVA00&gqimǕŁ/@B control,ǧʶ�*ɑá
�$̀*=p<0.05, **=p<0.01, *** = p<0.001 	́ 
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�o�� ��
�29SP �

�4PiBh@zRi�|�NGM4 �)��� 4��Pz¸H

: 

� �LV�J�Ll�f0ʖǍ/@'*�DBP5�IPPK0riVgM��ȍȪćź?
Õȧźɐ/˞�Cˍ¶ĺ0ȫȚ/ů˰�*�C¦�ȼ�D*�C̀ Table2, 4 	́ł˧/�

DBP50riVgM�� TollǙĊņ¼̀TLŔ0�Ɇ+�C TLR30ɜɳʰ RNAȫ

Ț˖G»��!�IPPK0riVgM��ȍȪćźǶŻö/ǜɴ�C TRAF30ɜɳʰ
RNAȫȚ˖G»��!C¦���J�fL� PCRǱ+Ⱥʡ+�$̀ Fig.19A 	́dsRNA

/ŋ�CÕȧźɐɞʴ0�+�TLR3�TRAF30�Ƿ/1 IFNB10ʵÝ��C$=�
ëʼ0riVgM�1 IFNB10ʵÝ˖»�>ũ�ʳ��¦�ƜȂ�D$	�����
LV�J�Ll�f/@C,riVgM�ɫ/��*> IFNB10ɜɳʰ RNA˖1»

��*�.�'$̀Fig.19B 	́ 

 

 
Fig.19 DBP5�GLE1�IPPK 0riVgM��Õȧźɐ˞˂ġĺ0ȫȚ/��Ců˰  
� D0Ê>ȗɋ�$ 3Ġ0ł˺0ŢħÊ+�C	O��t�1ǚȄËśGȼ�	pÊ1 one-way 
ANOVA00&gqimǕŁ/@B control,ǧʶ�*ɑá�$̀*=p<0.05, **=p<0.01, *** = 
p<0.001 	́̀ Á�LV�J�Ll�f0ȼ� TLR3, TRAF30ɜɳʰ RNAȫȚ˖G��J�f
L� PCRǱ+Ǖʜ�$	ɜɳʰ RNA1�Ģ/ȼ� siRNAGm��`yNV^���D$ HeLa
ɜɳ�AƏá�$	Ȭ�ǔW�ŷ�J�fL� PCRǱ/*Ǖá�D$Ê	Ȍɻ0ǔW�ŷ�
LV�J�LʖǍ/@CÊ	̀ B́IFNB10ɜɳʰ RNAȫȚ˖��DBP5�GLE1�IPPKriV
gM�/@'*Ĳö�.�¦Gȼ��LV�J�Ll�f	 

 
� �D1�IFNB10īȻȫȚ˖�Õȧźɐƺ/ǧ7C,ǖ=*»�$=/�DBP5.
-0riVgM�0ů˰�˵ĥö�*�.�ċɴŻ�ɯ�AD$	"�+ɀ1�

poly(I)-poly(C)§˔˙̀±ˣ��� IĆàț/@'* IFNB10ʵÝ�ʢŎ�DC¦G
èȞ��DBP5�GLE1�IPPKGriVgM��$ɜɳ/�� ICàțGʈ��,/@

'*�IFNB10ʵÝ/ŋ�Ců˰G˵ĥö�C�,Gʝ;$	�� IC/@C IFNB1
0ʵÝʢŎ{�mZ�1�ÓʈȶɊ[48]GĄȑ�$	HeLaɜɳ1 DBP5�GLE1�IPPK�
Z�m���� D�0 siRNAGŎÖ��45ƺ˝ű/�� ICGŎÖ�$	ƾ/ 3ƺ

˝ű/�×ɜɳƏáȔ�A× RNAGɔʎ�$	Ó �DBP5�GLE1�IPPK"D#D
�ŋź�C siRNA/@'*óβ@�riVgM��D*�C�GǕá�$̀ Fig.20A 	́
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�D/@'*�� ICàț� DBP5�GLE1�IPPK0riVgM�/ů˰�.�¦�Ⱥ
ʡ+�$	Ǟ/�IFNB10mRNAʵÝ˖G�J�fL� PCRǱ+Ǖá�$̀ Fig.20B 	́

¥ſ�D$ˀB�IFNB10 mRNA˖1 DBP5�IPPKriVgM�ɫ+Ķ��ȀŐ�
*�$	GLE1riVgM�+> IFNB10 mRNA˖ȀŐ1ũ�ʳ��D$��"0

ů˰1 DBP5�IPPKriVgM�@Bŏ��>0%'$	 

 

 
Fig.20 DBP5 >��1 IPPK 0riVgM�1�� IC /@C IFNB1 ʢŎ¾ȞGȀū�!
C  
� D0Ê>ȗɋ�$ 3Ġ0ł˺0ŢħÊGȼ�	O��t�1ǚȄËśGȼ�	pÊ1 one-way 
ANOVA00&gqimǕŁ/@B control,ǧʶ�*ɑá�$̀*=p<0.05, **=p<0.01, *** = 
p<0.001 	́̀ Áɜɳʰ RNA1��� ICàțGʈ���(Ģ/ȼ� siRNAGm��`yNV^�
��$ HeLaɜɳ�AƏá�$	̀ B ÍFNB10ȫȚ�}�G�HeLaɜɳ0×ɜɳƏáȔGȞ�$
�J�fL� PCRǱ+Ǖá�$	HeLaɜɳ1�Ģ/ȼ�$ siRNAŎÖű 45ƺ˝ű/�� ICà
țGʈ��ƾ/ 3ƺ˝ű×ɜɳ RNAGƏá�$	 
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� DBP5�GLE1�IPPK1 mRNAǓĳʸʾ/ǜɴ��"0Űï1áɼˑǥ�Avm:

+˃öȭ/ÅĽ�D*�C	:$��DA�ġĺ1ǓÛ+ʵÝ�D$ mRNA0ɜɳʰ

+0ȫȚ/˞�*�®0Ǚ
.ǜɴ>ǂ�*�C,�DC	����ɜɳʰ mRNA0

ȫȚ/ŋ�C�Ç
0ġĺ0ǜɴ0Ú¼ȭ.×¼Ñ1ƸA�/.'*�.�	ǆȶɊ+

1�DBP5�GLE1�IPPKGÇç/riVgM���ɜɳʰ mRNA0ȫȚ/ŋ�Ců

˰GʖǍ�$	� D0ġĺ0riVgM�+>���Jlp�ö RNA0ǓÛʂɈ�

ʑAD$	ʻţ�vm/��*�DBP50 ATPaseǶŻ×Ʒ/ IP6�ǜɴ�*�C,�

C AdamsA0Ĭĕ[15],�"D/ć�C LinA0Ĭĕ[14]�ȱǞ�+ȫʊ�D$	�

DA0ȶɊ1ĐƆf�uVʰGȞ�$ in vitroʖǍ+�B�Ȝɜɳ�/��C mRNA

Ǔĳʸʾ/ŋ�C IP60ů˰GȺʡ�*�.�	ǆȶɊ+1 IPPKriVgM�/@B
��Jlp�ö RNA0ǓÛʂɈ�ʑAD�AdamsA0ĬĕGƦƓ�CɟǏ�ųAD

$	"0$=�vm/��*> IP61 mRNA0ɜɳʰȫȚ/½A�0ǜɴGƓ'*�

C,ɯ�C	 

� DBP5�GLE1�IPPK0riVgM�/@'*mRNA0ʸʾˢń�Ⱥʡ+�$$=�

Ǟ/-0@�. mRNA0Ǔĳʸʾ�ˢń�D*�C0�/(�*�ɜɳʰ RNAGȞ

�$�LV�J�LʖǍ/@Bʦ7$	�ġĺ"D#D0riVgM�óβ1��J�

fL� PCRǱ,MO`f�z�ikK�W/@BȺʡ�$	�LV�J�Ll�f/

@C,�riVgM�/@'*ȫȚ/ů˰GĊ�Cˍ¶ĺ0ƫ/(�*�DBP5�IPPK
,ǧʶ�C, GLE1�ɽšĴ�Ïē/�'$��Ķ�.ś+1.�'$̀Table.1 	́

���ů˰GĊ�$ġĺ0Ûʛ1��ġĺ0×*+Ùˀ�*�CȔ>�D2ďġĺ/ģ

ǂ0ˎâ>Ĵ��'$	 

� ů˰GĊ�$ġĺ0ǜɴGƚC$=��LV�J�LʖǍ0l�fG IPA/@Cu

`MNLʖǍ/��$	"0ɟǏ��ġĺ0riVgM��ů˰G��Cu`MNL1

"D#DĶ��Ȧ.C¦�ȼ�D$̀ Table.2, 4 	́ȫȚ»��ʑAD$ˍ¶ĺ/(�*�

��˔˔ʏˎâ�/1ɜɳĖǄ/˞�Cu`MNL�ʏƫ�`mJi{�D$	ɜɳĖ

Ǆ/˞�Cˍ¶ĺ0ûȀǄ1Ǘ�*ȵ�[49]$=��0ɟǏ1ŌĘ0ȵ� mRNA��

ġĺ0riVgM�0ů˰GŬ�Ċ�$,��¦Gȼ�,ʗ��ł˧/�ġĺ� D0

riVgM�+>ɜɳĖǄ0˃ʈ/Ȧş�ʑAD$̀Fig.11 	́GLE1riVgM�0
�`m/1�ɜɳâʋ, DNAơÎźɐ/˞�Cu`MNL�ʏƫĔ:D$	ł˧�

GLE1GriVgM��$ɜɳ+1MǄ˃ʈȦş̀Fig.13-14́? DNAơÎźɐ0˵

ʁ.Ȁū̀Fig.17-18́�ʑAD$	�Ʊ�ȫȚ×Ʒ�ʑAD$ˍ¶ĺ0ʖǍɟǏ1
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DBP5�GLE1�IPPK"D#D/(�*Ķ��Ȧ.'*�$̀Fig.8 	́ȫȚ×Ʒ0u`

MNL�`m1�DBP5�p�V0˱G˥��×¼ȭ/ȫȚ»�0�`m8- pÊ0Ķ

��u`MNL�Ľĥ�.�'$	�D1đ�u`MNLÛ+0ȫȚ×Ʒġĺ0ƫ�"

D8-Ĵ�.��ȫȚ×Ʒ˖�Ķ��.��âƪ�$ɟǏ+�C�,Gȼ�	ȫȚ×Ʒ

ġĺ/(�*ǆȶɊ+1�A.CʖǍGʈF.�'$��DBP5�GLE1�IP61 /

mRNA0Ǔĳʸʾ/ǜɴ�*�C,�D*�$$=�riVgM�/@Bɜɳʰ RNA

˖0į�Cġĺ��C,��ɟǏ1Ɓĳ.>0+�'$	ɜɳʰ mRNA0Ľĥ˖1�

"0�Ly\LV�0Żʰ×�ɜɳʰ6ʸʾ�D$˖,âʖ˖,0ś�ũ�+ǭ:C

[50]	DBP51vm/��*ɮʛ/ǜɴ�*�C¦�ȼ�D*�B[18]�GLE1, IP6

/(�*1áɼˑǥ/��Cɮʛ60˞��ȼ�D*�C[22–25]	���A�DBP5�
GLE1�IPPKriVgM�/@B�mRNAǓĳʸʾ%�+.�ɮʛ0Ɗê>ȫȜ��

ɜɳʰ/ȇȣ�$ mRNA0�+ĿŁŻ0˼�Ȕ��ɜɳʰȫȚ˖įñ�,�*Ǖá�

D$,²ʥGɋ*C¦�+�C̀Fig.21 	́�0²ʥ0Ǖʜ/1�ȫȚ˖įñ,�*Ǖ

á�D$ mRNA0ûȀǄ0ȂŁ?�DBP5�GLE1�IPPKriVgM�ƺ0{�kQ
��ʖǍɎ�Ÿʐ/.C%E�	:$ƾ.Cʐə,�*�DBP5�GLE1�IP61×*0

mRNAǓĳʸʾ/ǜɴ�*�CF�+1.��®0ġĺ/@'*ʸʾ�DC mRNA>

Ľĥ�C[1]	"0$=�"��'$ mRNA1×ʙ�ġĺ0riVgM�/@CǓĳʸ

ʾóβȀŐ0ů˰GĊ� �ɜɳʰ+0ĿŁŻ�ɜɳʰȫȚ˖GǭŁ�C,ƜȂáǊC	

��:+0ʖǍɟǏ/@'*�DBP5�GLE1�IP6�ɜɳʰ mRNA0ȫȚ/ŋ�*Ù

ˀ0ǜɴ,ď
ģǂ0ǜɴ,0�ƱGƓ'*�C�,�Ⱥ�/ȼ�D$	��+ǲƁ�

CŸʐ��C01�IP61 IPPK/@'* IP5�AȝȜ�DC�˝°ʨȝȔ+�B�IP6

1�A/˼âĺ0Lr^m����˒+�C IP7? IP80īʰ+�C,��Ȏ+�C	

ǆȶɊ+1�IPPKriVgM�/@C mRNAȫȚ60ů˰G�IP60ǝ¢/@C>0

, IP7? IP80ǝ¢/@C>0,/øçáǊ*�.�¦G¯ʙ�*��	 

� GLE11ɲŻɺǡ0ȿɞĲŻȨŽ LCCS10ʮ´ˍ¶ĺ+�C[37]	LCCS1Žɰ0Ɠ

(ĲȦ GLE11�mRNAǓĳʸʾóβ�»��*�C¦�Ĭĕ�D*�C[29]	��

�A�LCCS10ȩġ1�GLE10ĲȦ/@'*ˆôȿɞ0ȫȜ/Ÿʐ. mRNA0ɜ

ɳʰȫȚ�ˢń�D*�C¦+�C,ɯ�ADC	ǆȶɊ+ GLE1riVgM�/@
Cɜɳʰ mRNAȫȚ»��Ⱥʡ�D$ˍ¶ĺ/�FUS, HDAC1��C̀Fig.7B 	́

�0 2(0ˍ¶ĺ1ȿɞĲŻȨŽ,0˞˂�Ĭĕ�D*�C[51,52]	ƾ/�GLE1r
iVgM�ɜɳ1�DNAơÎGȼ� γH2A.X0^Wo�Ŭŧ�ɜɳǓÛ+Ŭ�.'*

�B�DNAơÎġĺ0 mRNAȫȚ˖�»��*�$	GLE1riVgM�1 G2/M

Ǆɜɳ0ïĐ�į�̀Fig.10 �́�Ʊ+ SǄɜɳ0ïĐ1ȀŐ�*�$	ɜɳĖǄ/� 
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Fig.21 DBP5�GLE1�IPPK riVgM�/@BȫȜ�$�mRNA ɜɳʰȫȚ˖0įñ�
ȀŐ/(�*"0ǜǘ0ɯŉ  

 
�*�ǐɻ¼˖1 SǄ+įñ��G2Ǆ+1 G1Ǆ0 2È/.C	γH2A.X^Wo�0

Ł˖/��*�MǄ0ɜɳ1˥ĳ�*�C��"0®0ɜɳ1ɜɳĖǄGøç! ^

Wo�ŬŧGȂŁ�$	"0$=�GLE1riVgM�ɫ1®0ɫ@Bɜɳ0Ɠ(ǐɻ
¼0ɤ˖�į�*�C,ɯ�ADC	�A/�"0ǐɻ¼˖įñ/·� DNAơÎ0˖

>į�$ċɴŻ��C	����GLE1riVgM�ɜɳ0 γH2A.X^Wo�Ŭŧ1Z

�m���ɫ0 19È+�C	�0Ĳö1�ɜɳĖǄ0ïĐĲö/@Cǐɻ¼˖0įñ

%�+1ʥƸ+� �GLE1riVgM�/@'* DNAơÎźɐ0ˢń�ȫȜ�*�

C,ɟʧ)�C	ȫȜ`k�_åǄ+0 DNAơÎźɐ0ˢń1�ȿɞĲŻȨŽG>$

A�[53]	���'$ DNAơÎźɐ/˞�CȦş?MǄɜɳâʋ0Ȧş/ñ��GLE1
riVgM�ɜɳ+1 GLI3, SMO0ȫȚ»��Ȝ�C̀Fig.7B 	́GLI3, SMO1

dpiV|i_�iẀSHH́^Wo��W+ǖ=*˔ʐ.ǜɴGƓ'*�B�

GLI3/SMO0gz����f�m1ɷÍɵ˻0˦ŔȭȿɞȫȜ/Ȧş�ȫȜ�C[54]	

:$�SHH^Wo��W0ǜɴ�×1ȿɞɜɳǡG>$A�[55]	ƾ/�GLE11

miR-376a-3p,0Ȱƛȱ¨¾Ȟ�ʻţĬĕ�D*�B[56]�miRNA0Ȧş>:$ˆô

ȿɞ0ȨŽ/˞��C�,�Ĭĕ�D*�C[57]	�Ʊ�DBP5? IPPK�IP6/˞�*
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1���'$ miRNA°ʨ,˞˂�CĬĕ1.�	±×0@�/�ÓʈȶɊ,ǆȶɊ0

ɟǏGĐF!C¦+�DBP5�GLE1�IP6�ġĺ0�+ GLE1%��ȿɞĲŻȨŽ,

˞˂�*�CțȠ0Ɖƙ�B�ųAD$	 

� cz�yKi^�GȞ�$ʻţ0ȶɊ+�GLE11�ŷ¼/Œĥ�*�B�Ŷŏɒ0

ĿŁŻ/�ċǝ+�C¦�ʖ'$[28]	ǆȶɊ+>�ɜɳâʋ0Ȧş1 GLE1riVg
M�ɜɳȕȦȭ/ʑAD$	ñ�*�GLE1riVgM�1ɜɳâʋ/˞˂�C PLK1�
KIZ�CDK1�KIF11,�'$ˍ¶ĺ0ȫȚG»��!C	ƾ/�RAE1̀GLE2́,

�� GLE1˞˂ġĺ1ɜɳâʋƺ0Ŷŏɒ˔Đ/ŋ�ǘˁȭ/ǜɴ�*�C,Ĭĕ�

D*�B[58]�GLE10ɜɳâʋ/��CȕȦȭ.ů˰>��0@�. RNAǓĳʸʾ

,1Ȧ.Cǜɴ/@C>0,ɯ�C¦�áǊC	 

� DBP5�IPPK0riVgM�1 TLR^Wo�¶ˈɞʴ/ů˰�C	DBP5riVg
M�ɜɳ+1�TollǙĊņ¼̀TLŔ0vm/��C�Ɇ+�C TLR3[59]0 mRNA

ȫȚ»���IPPKriVgM�ɜɳ+1�IFNBGĔ< IĨL�f�yN��0ȫȚ

/�ċǝ. TRAF30ȫȚ»��ʑAD$	:$��� ICàț/@C IFNB1ʵÝʢ
Ŏ0Ȁū1 DBP5�IPPKriVgM�/Ùˀ�*ʑAD$	ɜɳ0 dsRNAĉBʺ;

ɞʴ1ʏƫĽĥ�C[60]$=�DBP5�IPPKriVgM�/@'*ů˰GĊ�$ɞʴ
1"D#DȦ.'*�C,ɯŉ�DC	:$�DBP5GĔ<��(�0 DEAD-boxĨ

RNA|�R�c/(�*1�ML�`Ǔ˒0ʡʩ/˞��*�C¦�ȴAD*�C

[61,62]	�0$=�ǆȶɊ+ʈ'$�� IC0ɜɳÛŎÖ/@'*ʕŉ�D$ DBP5r
iVgM�/@C IFNB1ʵÝƊê1�DBP5f�uVʰ�Ȱƛ dsRNA/ŋ�CÕȧ

źɐ/ů˰�$ċɴŻ>�C,ɯ�ADC	 

� ʐɗ�C,�ǆȶɊ1 DBP5�GLE1�IPPK�ġĺ0ɜɳʰ mRNAȫȚ/˞�Cǜ

ɴ,�ɜɳ0ȜĽ�įǣ/ą9�ů˰/(�*ʖǍ�$>0+�C	ɟǏ,�*��D

A�ġĺ0˝/1ÙˀȎ,ȱˉȎ0�Ʊ�ʑAD$	riVgM�/@'*ɜɳʰ

mRNA0ȫȚ/ů˰GĊ�$ˍ¶ĺ0ƫ,�*1�GLE1�ǀ>Ĵ�'$	:$�ȫ
Ț/ů˰GĊ�$ˍ¶ĺ0Ɇ˶1��ġĺ0˝+Ùˀ�*�C>0>�D2�ďġĺ/

ģǂ0>0>�'$	±×0¦�A�DBP5�GLE1�IPPK1ɜɳʰ mRNA/ŋ�"

D#DȕȦȭ.ǜɴGƓ&��ġĺ"D#D�-��'$ɜɳʰ mRNA0ȫȚ/˞�

�C0�1"0ǜɴ0ȕȦŻ/ȠǊ�C�,ɟʧ)�C	 
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��29SP}��

~dN¬¤�

� PLK1ˢńì BI25361 Selleckchem�A�TLR3J[p`m poly(I)-poly(C)§˔˙

̀�� IC 1́ GE healthcare�AʱÖ�$	�M`ƌ FLAG M2ƌ¼��M`ƌ IPPK

ƌ¼1 Sigma-Aldrich �AʱÖ�$	�M`ƌ��˒öv`m� H2A.X̀γH2A.X́

1Merck Millipore�A��M`ƌ βJVh��HRPɟĐƌ¼1ęÔɘʃ�A��Uƌ

��� bƌ¼1 Santa Cruz�AʱÖ�$	DBP5ƌʇǿ1 Robin Reedþı�AÁ�

�$%�$	GSTɟĐ GLE1ǸGLE10 NǅɌÍ 1-362J�r˒́f�uVȝȜ/

1Ķɶɿ̀E.colíBL21 ǒGȞ�$	GST-GLE1N ȝȜ1 0.5mM 0 IPTG GƋ�ű

28�+ 4ƺ˝Ī˸�C�,/@'*ʢŎ�$	Ķɶɿ1 10â˝0 6000gˊŷ/@BĠ

Ĉ�D�0.2mM 0 PMSF�1mM 0 DTT GǾñ�$ pH7.2 0 PBS +ÜƅȊ�$ű�

Ǫ×+ 30 ɂ�4 ĠdpX�^���$	ȸȷȔ1 15 â˝0 8000g ˊŷ/@B×ǿ,

ǮǤ/â�$	×ǿ1ư��h��z/ĠĈ��W�fhQ�w�à GE Healthcaré

Ǿñű/ɝĵ˭ɩ�$	w�a/ɟĐ�$ GST-GLE1Nf�uV1�0.2mM0 PMSF�

1mM 0 DTT�30mM 0W�fhQ�GǾñ�$ PBS GȞ�*ȅá��0.2mM 0

PMSF�1mM0 DTTGĔ< PBS+ʿǍ�$	GST-GLE1Nf�uV0ɔʎŧ,ȋŧ

1�SDS-��JV��J�nY�ǳồPAGÉ+Ⱥʡ�$	SDS-PAGE+0f�u

VȋŧƔǚ/1�M^ʇǿJ�z��GȞ�$	GLE1ƌʇǿ1�ÓʈȶɊ[63]/ǰ'

*MK`f��im�Aĉų�$	ƌʇǿ0ƌ¼Ã1�HeLaɜɳƏáȔ,MBPɟĐ

GLE1̀ MBP-GLE1́GȞ�$MO`f�z�ikK�W+Ⱥʡ�$	.���0ƌʇ

ǿɔʎ1�«ˏĶľ/��CôȔł˺0łƳ/˞�CīǆƔ˗/Ų�łƳ�$	 

 
ouHTlazHNuBFtz�

� 3xFLAGfWʆĐ human DBP5̀ 3xFLAG-DBP5 ȫ́Ț{�`�n1�human DBP5

×˛ cDNA G pcDNA5 }Vf�0 AspI-XhoI \Lm/ƖÖ�*¾ʎ�$	GST fW

ʆĐ0 GLE1NǅɌ˴ĩ̀ 1-362J�r˒́̀ GST-GLE1N ǴȫȚ�C{�`�n1�

pGex6p}Vf�0 BamHI-XhoI\Lm/ƖÖ�*¾ʎ�$	H2B-GFPȫȚ{�`�

n1ǌǆ ƻʌƩƗ̀ «ˏĶľȜĘɁľȶɊɁ �́AÁ��*�$%�$>0GȞ�$	 

�

 
�

�
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�¡p¹Ntu���4e§�

� U2OSɜɳ�HeLaɜɳ�H2B-GFPĿŁȫȚ HeLaɜɳ1�DMEM̀Wakó/ˮ

ÐöàțG�$ 10% FBSGñ�*Ī˸�$	�DA0ɜɳ1 5% CO2�37�+Ī˸�

ɡ°ɣƓ�$	 

� H2B-GFP ĿŁȫȚ U2OS ɜɳ1�H2B-GFP ȫȚ{�`�nG U2OS ɜɳ/m�

�`yNV^���¾ʎ�$	Ú¼ȭ.ŎÖƤ¾1�lKi^�/×ʙ0ƱǱ+Ī˸�

$ U2OS ɜɳ0ɜɳňŧ� 60-70%/éˈ�$ɭƵ/ʈ'$	�pJ�La�$

H2B-GFP {�`�n 5µg�Lipofectamine 2000̀Thermo Fischer Scientifić10µl

G�"D#D 250ml0 Opti-MEM̀Thermo Fischer Scientifić/ȅ���3â˝Ń

ȁ˭ɩ�$	"0ű�{�`�nȅǻ, Lipofectamine ȅǻGǽĐ��20 â˝Ńȁ˭

ɩ�$ű�ǽĐȅǻG U2OSɜɳĪ˸lKi^�/Ǿñ�$	24ƺ˝ű�ɜɳGŞ˓

��ĪĦGˌƍĪĦ̀DMEM�10% FBS�100µg/ml G418́/ªƞ�$	Z�p�Ů

Ɔű�Ǔ/ GFP0ȫȚ�ʑADCZ�p�GʅÔ˵Ŷ˚ʕŉ+ˌƍ�$	 

 
!���� Nou?p^�

� ǆȶɊ/¿Ȟ�$ siRNA0ːäG Table.5/ȼ�	Control #1�Control #2�GLE1 

#1�RRP451 Thermo Fisher Scientific@BʱÖ�$	DBP5 #1�GLE1 #2�IPPK#1�

#2�PLK1#1�#2�KizunàKIŹ#1�#21 IDT Japan@BʱÖ�$	PLK1, KIZ

0 siRNA1 IDT0{�l]L�Ě+�B�Rf�Wȥč1±�0ˀB	PLK1 #1: hs. 

Ri. PLK1. 13. 1, PLK1 #2: hs. Ri. PLK1. 13. 2, KIZ #1: hs. Ri. KIZ. 13. 1, KIZ #2: hs. 

Ri. KIZ. 13. 2. 
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Table. 5 ǆȶɊ/Ȟ�$ siRNA 0ːä  

 

 

i��£�

� 12 MN�{��m/ːɩ�$Rt�S�`0×/�U2OS ɜɳG 5
10˿Z�y�

O�m/.C@�ƣɆ��24ƺ˝Ī˸�$	"0ű�±�0Ɖ˲+ siRNA>��1{

�`�nGɜɳ/m��`yNV^���$	{�`�ǹ0.4µǵ>��1 siRNA 

̀20µM�2.5µĺG 100µl 0 OPTI-MEM̀Invitrogeń+Ş˓���0Ş˓ǻG 2µl

0 Lipofectamine 2000 ,�Ŋ/ǽĐ��20 â˝Ńȁ˭ɩ�$	"0ű��0Ǔ˒�

LipofectamineǽĐǻGďMN�/Ǿñ�$	m��`yNV^��ű0ɜɳĪ˸ƺ˝

1�ȕʙȏ�ĭĐ 48 ƺ˝+�C	Ī˸ű0ɜɳ1�4˿���J�lvn/PBS + 20

â˝0ģŁàț�$ű�0.1%Triton X-100/PBS̀PBS-T́+ʿˇ�$	ɜɳ1 PBS+

10 â�3 ĠǵǸ�D$ű�6˿BSA/PBS GȞ�* 1 ƺ˝Ńȁ+z�iT�W�$	ɜ

ɳ1Ó 2˿BSA/PBS +Ş˓�$�Ǟƌ¼+àț��Ǟ/ Alexa-488 ɟĐ§Ǟƌ¼

̀Molecular Probeś+àț�$	ǐɻ¼ DNA1 DAPI+ŋǧǐɻ�$	 

 
���!�"#��A5 ���B�"��� P8: ��� ¥h�£º����)���»�

� RNA-FISH 1ÓʈȶɊ,đǙ0ƉǱ+ʈ'$[63]	HeLa ɜɳ>��1 U2OS ɜɳ

G 5
10˿Z�y�O�m/.C@�ƣɆ��24ƺ˝Ī˸�$	siRNA>��1{�

`�n0ŎÖ1�ÕȧʅÔǱ0˱0ʙʷ,đǙ0ƉǱ+ʈ'$	m��`yNV^��

ű0ɜɳĪ˸ƺ˝1�ȕʙȏ�ĭĐ 48 ƺ˝+�C	Ī˸ű0ɜɳ1�4˿���J�
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lvn/PBS+ 20â˝0ģŁàț�$ű�0.1%Triton X-100/PBS̀PBS-T́+ʿˇ�

$	ɜɳ1 PBS+ 10â�3ĠǵǸ�$ű�2x SSC+ 5â˝àț��ULTRAhyb-Oligo

sLz�gLc�^��tiyI�̀AmbiońGȞ�* 42�0ȃȉh��t�Û+ 1

ƺ˝{�sLz�gLc�^��Gʈ'$	"0ű�20pmol0 Cy3�}�Q�[ dT45

{��zGȞ�*�ȃȉh��t�Û+ɝĵsLz�gLc�^��àțGʈ'$	"

0ű�ɜɳ1 42��+ 20â˝0 2x SSCàț�10â˝0 0.5x SSCàț�10â˝0

0.1x SSCàțG�$	Ǔ,ɜɳʰ0��Jlp�ö RNA^Wo�Ł˖ö1�ImageJ

̀https://imagej.nih.gov/ij/́GȞ�*ʈ'$	 

 

@AHJznyiM>zC�

� ɜɳ1±�0ƱǱ+ɜɳʰȢâ�ǓÛƏáȔ��ȅŻȢâ/âȢ�$	ɜɳGˊŷ/

@'*~�im/�$ű�~�im0 3È˖0 Ad���^��̀ 10mM Hepes-KOH 

(pH 7.9), 1.5mM MgCl2, 10mM KCl, 0.2mM PMSF, 0.5mM DTT́Gñ�ǲƁǼ�ƅ

Ȋ�$	ƅȊű0ɜɳ1 10â˝Ǫ×˭ɩ��5ɂ˝��kiV`�$ű 10000g+ 10

ɂ˝ˊŷ�$	́ ŷű0×ǿGɜɳʰȢâ,�*ĠĈ�$	́ ŷű0~�im1đ˖0

Cd���^��̀20mM Hepes-KOH (pH 7.9), 25%W�b���, 420mM NaCl, 

1.5mM MgCl2, 0.2mM EDTA, 0.2mM PMSF, 0.5mM DTT́Gñ�ǲƁǼ�ƅȊ�$	

ƅȊű0~�im1 20â˝Ǫ×˭ɩ��ƫĠ0fix�Wű 10000g+ 10â˝ˊŷ�

$	ˊŷű0×ǿGǓÛƏáȔ,�*ĠĈ��~�imG�ȅŻȢâ,�$	ɜɳʰȢ

â,ǓÛƏáȔ0f�uVȋŧ1�z�inyP�nJibL̀oR�Lk`V́+Ȃ

Ł�$	 

� ďȢâ1 4x SDStiyI�̀190mM Tris-HCl (pH 6.8), 40%W�b���, 0.8% 

SDS, 0.2%z��yNr��z��, 40mM DTT́GǽĐű�2â˝Ȓǯ�$	"0ű

SDS-PAGE /��f�uVGâ˪��"0f�uVG Trans-Blot cell̀Bio-Rad́G

Ȟ�* PVDFɸ6,ʵÝ�$	ʵÝű0 PVDFɸ1�0.1˿0 Tween 20GĔ< 5%`

T���V/PBS + 1 ƺ˝�Ńȁ�/*z�iT�W�$	PVDF ɸ/1�Can Get 

Signal Solution 1̀ǋǴɚ́+Ş˓�D$�Ǟƌ¼Gñ��4��+ɝĵ��k�f�

ƥƐ�$	"0ű�PVDFɸ1 0.1˿0 Tween 20GĔ< PBS+ 10â�3ĠǵǸ�$

ű�Can Get Signal Solution 2̀ǋǴɚ́/*Ş˓�$ HRPɟĐ§Ǟƌ¼,Ù/Ńȁ

�+ 2ƺ˝��k�f�ƥƐ�$	ƌ¼àțű0 PVDFɸ1 0.1˿0 Tween 20GĔ<

PBS+10â�3ĠǵǸű�L�w��MO`f�öľȫÔHRPīʰ̀ Merck Milliporé

/ǹȈ��LAS4000 minìGE Healthcaré+öľȫÔGǕá�$	 
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� U2OSɜɳG 6MN�{��m/ 2.5�104Ç (ƣɆ�$	24ƺ˝Ī˸ű�siRNA

m��`yNV^��G Lipofectamine 2000GȞ�*ʈ'$	m��`yNV^��

Ȱë/�5µl0 20µM siRNA, 5µl0 Lipofectamine 2000G"D#DÇç/ 250µl0

OPTI-MEM +Ş˓��3 â˝Ńȁ˭ɩ�$	Ş˓�$ siRNA , Lipofectamine G�

Ŋ/ǽĐ�$ű�20â˝Ńȁ˭ɩ�$	"0ű�siRNA�LipofectamineǽĐǻGďM

N�/Ǿñ�$	ƈŁ0ƺ˝Ī˸ű�ɜɳGm�{^�Ǿñ/@BĠĈ��ɜɳƫGʘ

Ȃ�$	 

 

��� l·C³±jNY=ZJ?r 1	��

� 5
10˿Z�y�O�m0 U2OSɜɳ>��1 HeLaɜɳ/���:+/ʙʷ�D$

ƉǱ+ DBP5�GLE1�IPPK 0 siRNA GŎÖ��48 ƺ˝Ī˸�$	ɜɳ1m�{^

�àț/@'*ĠĈ�$	ɜɳʰȢâ1�ɜɳ/ȅʖtiyI�̀20mM Tris-HCl 

(pH8.0), 200mM NaCl, 1mM MgCl2, 1% NP40́GǾñ� 5â˝Ǫ×˭ɩ�$ű�ƫ

ɂ0 10000gˊŷ+ųAD$×ǿ,�*ĠĈ�$	×ɜɳ>��1ɜɳʰȢâ�0RNA

1�Sepasol-RNA I Super G̀oR�Lk`V́G��R�0ȼ�{�mZ�ˀB/¿

Ȟ�*ĠĈ�$	ȱʍ˙ DNÀcDNA: complementary DNÁ1�ųAD$ RNA 4µg

/ŋ� 100U 0 ReverTraAcèǋǴɚ́,��g� 9 {�L��GȞ����R�0

ȼ�{�mZ�/Ȅ�*ĐƆ�$	�J�fL� PCR1�Thunderbird SYBR qPCR 

mix̀ǋǴɚ́GȞ��Thermal Cycler Dice real-time system IÌfR�tLQ́/

*ʖǍ�$	ǆȶɊ0�J�fL� PCR /Ȟ�${�L��bim,ȁŧǉ³1

Table.6/ʙʷ�C	 

 
p?By=[?�

� �LV�J�LʖǍ/1 Whole human genome DNA microarray 4x44K v2

̀Agilent TechnologieśGȞ�$	J�LʖǍ1��R�0ȼ�{�mZ�/Ȅ�*

ʈ'$	{��zbim0^Wo�1�LV�J�L`T�o G2505̀Agilent́GȞ

�*ʘȂ�$	ˍ¶ĺȫȚ0Ȝl�f1ɠʘdym R̀https://cran.r-project.org/́G

Ȟ�* LOESSŢȆöàțGʈ'$	"0ű False Discovery Rate 50%±×0ˍ¶ĺ

G˥ĳ��Rank ProductǱ+ųAD$ˍ¶ĺ�`mG�IPÀAgilent́0\�t�6

L�{im�$	Canonical Pathway Analysis1�DBP5�GLE1�IPPK"D#D0
riVgM�ɜɳ/@'*ƈŁ0˟Ê±×0ȫȚĲöG�$ˍ¶ĺ0âŝG�IPA�y

Ki^��0ǠȺȺβǕŁGȞ�$àțG�C¦+ʈ'$	J�LʖǍ0ɟǏ1 3Ġ0
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ȗɋ�$ʝ˺ɟǏ0ɠĐ+�C	J�Ll�f1 GEÒ Gene Expresstion Omnibuś

/Ƌɇ��JVbi^��o�t�1 GSE100424+�C	 

 
Table.6 ǆȶɊ0�J�fL� PCR /Ȟ�${�L��bim,"0ȁŧǉ³  

 

 
 
�¡n�m®N�¡n�ª��

� ɜɳĖǄ0ÌǟGʖǍ�C$=�gz�h�_�z�iV/@CɜɳĖǄđʦGʈ'

$	ɜɳG 15
20%Z�y�O�m/.C@�ƣɆ��đƺ/h�_�Gɝȋŧ 2mM

,.C@�ĪĦ/Ǿñ�$	24ƺ˝Ī˸ű�h�_�GĔ<ĪĦG˥ă��ɜɳG PBS

+ǵǸ�$0&ư�� DMEM̀10˿FBS GĔ<́GǾñ�$	ƾ/ 24 ƺ˝Ī˸ű�

Ü4h�_�Gɝȋŧ 2mM ,.C@�Ǿñ�$	20 ƺ˝Ī˸ű�Ü4h�_�GĔ

<ĪĦG˥ă��ɜɳG PBS+ǵǸ�$0&ư�� DMEM̀10˿FBSGĔ<́GǾ

ñ�$�,+�ɜɳĖǄG˃=$	ƈŁ0ƺ˝ɞˇű�ɜɳ1 75%Ofr��GȞ� 4�

�/ɝĵ˭ɩ�DģŁ�$	ģŁű�ɜɳ/ǐɻǻGǾñ��Ƽƈ/ 30â˭ɩ�ǐɻ

¼Gǐ=$	ǐɻǻ1 1 ǻ̀ 100µg/ml �Mö{�x_M�, 0.1% Triron X100, 0.1mM 
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EDTA/ PBŚ, 2ǻ̀2mg/ml RNase A/ PBŚG¿ȞȰë/Ɏ˖ (ǽĐ�*¾ʎ�

$	Z�m���ɫ,�ġĺ0riVgM�ɫ0ɜɳĖǄ1�ďɜɳ0ǐɻ¼ DNA0

˖G Accuri C6 Flow Cytometer̀BD BioscienceśGȞ�*ȂŁ�C�,+Ŏ�á�

$	 

� ɜɳĖǄđʦàț�+0 siRNAŎÖƤ¾1±�0ˀB+�C	10˿FBS, 2mMh

�_�GǾñ�$ DMEM G 6 MN�{��m/ñ��ďMN�/ 5�104Ç (0ɜ

ɳGƣɆ�$	24ƺ˝Ī˸ű/h�_�G˥ă�ɜɳGǵǸ��siRNAGÕȧʅÔǱ

0˱,đǙ0Ɖ˲+ŎÖ�$	ƾ/ 24ƺ˝ű�ĪĦGh�_��Ĕ:DC>0/ªƞ

�$	20 ƺ˝Ī˸ű�h�_�GĔ<ĪĦG˥ă�ǵǸ��40ng/ml 0rZge��

GĔ<ĪĦ/ªƞ�$	"0ű�ɜɳ1rZge��Ǿñ0 0�A 12ƺ˝ű0ƈŁ0

ƺȎ+Ofr��ģŁ�$	ģŁű0Ɖ˲1ëʼ,đǙ+�C	 

 

��¡?s^dzC�

� HeLa ɜɳ H2B-GFP ĿŁȫȚǒ1�35mm 0S�`�m�lKi^�̀Greiner 

Japan /́ 5
10˿Z�y�O�m/.C@�ƣɆ�$	siRNA1ÕȧʅÔ0˱,đǙ

0Ɖ˲+ŎÖ�$	siRNAŎÖű�ɜɳG 40ƺ˝Ī˸��BioStation IM-Q̀ pZ�́

/bim�$ű 6 â�,/L��_Gĉų�$	BioStation Û+1 37� 5%CO2�+

16ƺ˝Ī˸�$	 

 
�«�

� ŋź0�C�Í t ǕŁ�>��1 one-way ANOVA ,gqimǕŁ1�R

̀https://cran.r-project.org/́GȞ�*ʈ'$	pÊ< 0.05 0ĭĐGɠʘľȭ/ǂƁś

�B,æŁ�$	 

 

���A��	����A�		bµ¶k��

� poly(I)-poly(C)§˔˙̀±ˣ��� IĆ1 PBS + 3mg/ml /Ş˓�$	HeLa ɜɳ

G3�105Ç (10cmlKi^�/ƣɆ��24ƺ˝Ī˸ű/ siRNAGŎÖ�$	siRNA

ŎÖƉ˲1ÕȧʅÔǱ0˱,đǙ+�C	45ƺ˝Ī˸ű�Lipofectamine 2000GȞ�

*ɜɳ/�� IC Ş˓ǻGŎÖ�$	"0 3 ƺ˝ű/ɜɳGĠĈ��×ɜɳ�A RNA

GƏá�$	RNAƏáƉ˲/(�*1 RNAý˪0˱,đǙ+�C	 
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