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89:;<9=8>?@!?ABCCDEDF GHIJKLMNO 8PQR S <T8U VWGXYZ [\ VW]^_`a

b$cdefGghijkZ!

!

(CRISPR screen identifies CD48 as a key molecule for evasion from NK cell 

surveillance in peripheral T-cell lymphomas) !

!

lmnopqrst T VWuvwx=yz{|}~�ÄÅÇ!TÉACÅÅ!ÅCÄÑCÖE>=ÅÜÖáàâÖ>ä!~TUUãS

àÄÖ>D!TÉACÅÅ!ÅÜÖáàâÇBâáEA!åEBÄ?!ÇÜáC!:}çTUéÉèã! ê 8PQ ëu T VWíìîïñóyò

oïJ ôö õúù$ûü ¡¢£¤¥¦ïO§¨ñóyò$ ô©úùGª«kZ¬­u T V

W$®¯¤oZ°±J²§³´µ T VWu|¶·¸Z¹ºN»·¼½¾¿ÀÁÂzÃÄÅ

GHÆ ~TUU $xÇ®sGÈÉµÊËÌÍÎÏ¿ÐÑÒËÓ¥ÔêKLMN¨~TUU $xÇ

$ÕÄêÖ×·üZ¹~TUU $|¶®sGSØÙÚÛÂÜØÙÚÎÝ$ÞßêghijïJ

XÆ¨àG çU~É~ ç̈U~Éá !̈â!ÖEABâFÅâãÄÅED $eäåæÎÝ¤çèùGé±Zºoab¨

T VWu]^ab$êëê ~TUU |¶®sGÈÉ·¸ZºoêìíïJüZ¹KîG¨º$

ïÖE??EDF! ?CÅðïñò$óôõGXüJS¨[\ VWGHZ ~TUU VWö÷ef$øùGúM

NZûäuêç»Zê¨ü$cdýþÿ!ÚG"üJSºN»·#'µ$%êµMNJº

µaIO¹&'$ÐÒÀ(·S)*G 89:;<9=8>?@ ¿Ã+Ú¤,-ïO ~TUU VW.¤/

üJ¨è@0èèQ 12$ÊËÌ$34qGÙ5Áò67M8Zºo·eäÄÅ¤9ü¨8P\:¨

88[Pâ¨;<[á¨;T~T= >? :Uèö9 ê ~TUU VW$@óoABGÈÉµ'Ì·¸ZºoCDï

O¹EFG·Sº$HI¤/üJ¨~TUU VW$ [\ VW]^$ìJuGKjkZÊËÌ¤

KLkZO±G34qa"eäqµÃÁyÀÿzÐ¤L9ïO¹!

lMNoOPr~TUU $VW.$ ;Tè >? \\è GQïJ áBÄDCÅÅâ! 89:;<9! ÑDâAÑâÄÇ! áââÅC�!

ÅEãB>BÜ ¤/üJ è@0èèQ 12$ÊËÌR$ ?F9[~ ¤,-ïO¹?F9[~ ,-VWSÜSÀT

UV¿zWuoµZO±¨ÜSÀTUV¿z¤XjïJYZÁ¿[z¤9IO¹?F9[~ GH

Z\qÊËÌ$Ù5Áò67¤9]O±G â ^£ab = ^£ ;Tè >? \\è ¤_¾`aïO¹

b 889Q bc$deÚy!Ufóôõ·º$ ;Tè >? \\è ¤üNgN [\ VW.$ hTè o

CððCAÇâB! Ç>BFCÇ! B>ÇEâ ê èiâ GµZH]j`a¤9IO¹;Tè ·S âQ î£¨\\è ·S QR

î£j`a¤9IO§G¨ÜSÀTUV¿z¤klJ hTè ¤möïO¹@ó ~TUU VW$Ø

ÙÚ P[~ ¤nDïJ¨?F9[~ op¤ <89 ·AqïO¹º$$c¤rV!YZÁ¿[zïJ¨

¼½¾¿ÀÁÂzÃÄÅ¤9IO¹s'$ ?F9[~ $t¤uLïJ¨v~wC8\! >ÅFâBEÇàÖ Gx

ü¨hTè ¤klO ~TUU VW$$co hTè ¤klJüµü ~TUU VW$$co$y¤ ÅâFâ z
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l}~r�ÄÃÁyÀÿzÐGXüJ¨ÅâFâ!ðâÅ�!Aà>DFC!Åè $ÊËÌ$Ç· [\ VW$É

uÑGijkZºoêÖÜáàMNJüZ 8PQR Gâä¤ãJO¹åt$ ~TUU VW.o [\

VW.$ hTè ¤j`aïOçéGXüJ¨èz7TÀÒoyê 8PQR ¤Ù5Áò67ïO

~TUU VW.S hTè GHZVWëíGìbu¤îïO¹ïG [\ VW.·SµhñÝt>?

~TUU óò$ôöwab'õïO [\ VWo ~TUU VW.¤j`aïOçéGXüJú¨èz

7TÀÒoyùïJ 8PQR ¤Ù5Áò67ïO ~TUU VWS [\ VWGHZVWëíGìbu

¤îïO¹~TUU $ ûCDâFB>ðÇ U6ÃdüÒGXüJú [\ VW.$ hTè ¤XjïO ¡¨è

z7TÀÒ$ ~TUU VWoyùïJ 8PQR Ù5Áò67$ ~TUU VW¤¢£ïOU6Ã$|¶

¤êA¥ïJüO¹ºNb$}~ab ~TUU VW$ 8PQR ê [\ VW$]^_`efGÈÉµ

¦§¤¨IJüZºo¤íbaGïO¹ÜO ~TUU GXüJÊËÌÎÝêáàMN¨a" [\

VW$ÉuÑGijkZºoêîMNJüZ 8PôR ¤Ù5Áò67ïJ�Ä$ò5YV¤9

IOê¨8PôR S ~TUU $ [\ VW]^o$i©¤î8µaIO¹¼G ~TUU VW$ 8PQR ªñ

ýþÿ!Ú¤ÄÅkZO±G¨~TUU VW.$ \\è G èôª 12$Ñ¡«¤klJ¨8PQR ªñ

$ÄÅ¤9IO¹¥¬'$Ñ¡«S 8PQR ªñ¤ÍÑM8µaIOê¨= 12$ ;~\ ­í®

S 8PQR ªñ¤¯õM8O¹ïG°Vµçé¤9ü ~̈TUU VW.GXüJ ;~\è ;̈~\= ;̈T~ôá

¤Ù5Áò67M8Zo :Uâ ¤±ôïJ 8PQR ªñê¯õkZºo¤íbaGïO¹¼G

~TUU VWGXYZ 8PQR ªñG"üJ$%¤9IO¹ñÝt$ T VWoyùïJ ~TUU óò

$|¶VW$ 8PQR!Ö9[~ ªñê¯õïJXÆ ï̈G ~TUU $x²Ö9G³ü ~TUU VW$ 8PQR

ªñê¯õïJüZºoúíbaGïO¹»O¹~TUU VW$ 8PQR ´z{Á¯ªñêñÝt

$¬­u T VWoyùïJ¯õïJüZºo¤îïO¹ïG ~TUU+8P=µ8PQµ8PªÉ.VWS

~TUU «¶$·Ý 8PQµT VW}8P=µ8PQµ8PªµãoyùïJ 8PQR ê¯õïJüZºoúíbaG

ïO¹~TUU ¤¸±Oç¹uù áCBEáàCB>Å! TÉACÅÅ! ÅÜÖáàâÖ>}<T8Uã$ 8PQR ªñ¤yùkZ

o ç̈¹uù <T8U $ 8PQR ªñSº»qG¯õïJüZºo¤Cü¼ï ~̈U\ ëu >D>áÅ>?ÇEA!

Å>BFC!ACÅÅ!ÅÜÖáàâÖ>}~U8Uã>? ~TUU $ 8PQR ªñêàG¯õïJüZºo¤ªCï¨»O

8PQR ¯½$ ~U\ ¾u ~U8U $²§ê³´·¸Zºo¤íbaGïO¹ïG 8PQR ¯½$ ~U\

¾u ~U8U $²§³´$Ü¿ê [\ VWab$]^ÀdGHÆ@ÁZûäu¤îïO¹!

lÂÃr&'$eäqa"34qµ 89:;<9=8>?@ ÄVfÄyÀÃÁyÀÿzÐ>?ü$§

$çéGXüJ¨~TUU ·ÊËÌÎÝêáàMNJüµü 8PQR ê [\ VW]^GÈÉ·¸Z

ºo¤íbaGïO¹klJ¨·Ý T VWoyùïJ ~TUU VW$ 8PQR ªñS¯õïJX

Æ ï̈Gç¹uù <T8U VW$ 8PQR ªñSº»qG¯õïJüZºo¤îïO¹ÜO Å̈á

·S á VWuyz{|ÆS ~TUU ¤¸±Oç¹uù <T8U GXüJ 8PôR $ÊËÌÎÝêáà

MNJüZ¹ïG á VWuyz{|$ 8PôR ªñê [\ VW$]^_`efGijkZºo

êeäqGîMNJüZ¹�Äab ~TUU GXüJú 8PôR ªñê [\ VW$]^_`efG

ijkZoÂlbNJüOê¨&'$ 89:;<9=8>?@ ÄVfÄyÀÃÁyÀÿzÐ>?ü$

§$çéGXüJ¨~TUU VW$ 8PôR ªño [\ VW$VWÇíäo$i©¤CD8µaI
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O¹�Ä$}~ab¨ç¹uù <T8U o á VWuyz{|GXYZ [\ VW]^GÈÉµÊ

ËÌêÎµZûäuêîÈMNO¹~TUU S²§³´µÉó·¸ÆÊ'µËÌPê$%MN

JXÆ¨Í®ÎÏÏÐñzyz{|GXüJËÌÑ~êîMNJüZ]^ÒÓ5ÁÔVz

7­í®$Ëéêñô9ÕNJüZ¹]^ÒÓ5ÁÔVz7­í®SÖÑµ«¶ê×LM

NJüZºoab¨ÖÑµ«¶¤Ø*GCDkO±$ÙVÚUÀþÀ$ÛÜê9ÕNJX

Æ¨ü$ÙVÚUÀþÀoïJ [\ VWêÈÉ·¸ZºoêìíïJüZ¹Eçé$}~a

b¨ÝÞqGSç¹uù <T8U $ 8PQR ªñê]^ÒÓ5ÁÔVz7­í®$ËÌÑ~²u

$ÙVÚUÀþÀGµZûäuêîMNO¹!

l}5r&'Seäqa"34qµ 89:;<9=8>?@ ÄVfÄyÀÃÁyÀÿzÐ¤ß/ï

J¨~TUU VW$ [\ VW]^GiÕZÈÉµÊËÌoïJ 8PQR ¤KLïO¹ïG¨~TUU

$àµbáâ$ç¹uù <T8U GXüJú 8PQR ªñê¯õïJüZºo¤îï¨ç¹uù

<T8U VW$ 8PQR ªñê [\ VW]^GÈÉ·¸Zºo¤îïO¹EFG·Sç¹uù

<T8U $|¶®s$ýþÿ!Ú$Üã¤Äíï¨]^ÒÓ5ÁÔVz7­í®$ËÌÑ~²

uí$ä/$ûäu¤îïO¹!
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AAVS1 
ACACA 
ADCC 
ALCL 
ALK 
ATLL 
BSA 
CAR 
Cas9 
CCND 
CCR4 
CD 
CDK 
cDNA 
CO2 
CRISPR 
EDTA 
FSC 
GFP 
HLA 
HTLV-1 
IL 
IFN 
JAK 
LY6E 
MHC 
mRNA 
NK  
NOG 
NOS 
NR2C2 
PAGE 
adeno-

associated virus integration site 1 
acetyl-CoA carboxylase alpha 
antibody dependent cellular cytotoxicity 
anaplastic large cell lymphoma 
anaplastic lymphoma kinase 
adult T-cell leukemia/ lymphoma 
bovine serum albumin 
chimeric antigen receptor 
CRISPR associated protein 9 
cyclin D 
C-C chemokine receptor type 4 
cluster of differentiation 
cyclin-dependent kinase 
complementary deoxyribonucleic acid 
carbon dioxide 
clustered regularly interspaced short palindromic repeat 
ethylenediaminetetraacetic acid 
forward scatter 
green fluorescent protein 
human leukocyte antigen 
human T-cell lymphotropic virus type 1 
interleukin 
interferon 
janus kinase 
lymphocyte antigen 6 family member E 
major histocompatibility complex 
messenger ribonucleic acid 
natural killer 
non-obese diabetic mouse.Cg-rkdcscidIl2rgtm1Sug/ShiJic 
not otherwise specified 
nuclear receptor subfamily 2 group C member 2 
polyacrylamide gel electrophoresis 
PBS 
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PCR 
PD1 
PD-L1 
PTCL-NOS 
SDS  
sgRNA 
STAT 
 
 
 
 
 
 
 
 
 
 
 
 
 

phosphate buffered saline 
polymerase chain reaction 
programmed cell death 1 
programmed death-ligand 1 
peripheral T-cell lymphoma, not otherwise specified 
sodium dodecyl sulphate  
single guide ribonucleic acid 
signal transducers and activator of transcription 
 
 
 
 
 
 
 
 
 
 
 
 

^
^
^
^
^
^
^
^
^
^
^
^
^
^
^
^
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¡¢ T ÖÜ£¤r¥/¦§¨©(adult T-cell leukemia/lymphoma; ATLL)2
human T-cell lymphotropic virus type I(HTLV-1)ª cluster of differentiation 
(CD)4 «£ T ÖÜ3¬­N8®¯¦°ùN±u²³´µ¶·¸¹NOd38®
¯¦°/ 5º»¼3!½¾?uµ¿Àª 2 Á·Mq?;dÂÃ/ÄÅ=>?
(Ishitsuka and Tamura, 2014; Katsuya et al., 2015; Matsuoka and Jeang, 
2007; Utsunomiya et al., 2015)@ÆP/ÇH/ÈÉ3(?ÄÊËÌ§ÍÎÏÄ
ÅÇÉÍÎ3(û8ÅÇÉÐÑªÒÓÔ3ÍÎ678ATLL /¥Õ3âÖ¾?
×ØÙÚÛéÜÐÏÝÞßGÛà¸áªâ<67±²?@ã3áà3âä¾?
ÚÛéÐÑùN± human leukocyte antigen(HLA)-A8HLA-B å) !2 
microglobulin /ÚÛéÐÑ8æ2 programmed death-ligand 1(PD-L1)/ 3'ç
èéêë/ìíÐÑ· ATLL 2îï¼3ðñ?(Kataoka et al., 2015; Kataoka 
et al., 2016; Kogure et al., 2021)@áà3âä?ò7ó/ÚÛéÐÑ2 ATLL
/;d3âä¾?(Asano et al., 2018; Miyoshi et al., 2016)@ò7ó/ôõ2
áàö÷øìùó/úûª ATLL /©üý¡/0þ=>?òù·ÿ!N±²
?@ò/ø"3#%N±8$% ATLL 3'²±áà&'(Ë)E§F*+,/
-.ª/ä7±²?0NCT02631746, UMIN0000206011@©üáà2×ØÙ
áàÖÜªâ2N±'û8áà34·56Ô37ú¾?3¾?Oñ389Ø/
áàÖÜ3:²±;Ö3<=¾?òùªãå=>?(Fridman et al., 2017; 
Hiam-Galvez et al., 2021)@ 

Natural Killer(NK)ÖÜ2>EG?¬­ÖÜÏ©üÖÜ·@A¾?áàÖÜ
=>?@NK ÖÜ2BCªDE©üÖÜ·@A¾?ª80F= Interferon(IFN)!
ÙG/HEFIE§ÏJKIE§/L¿3(ûM/áàÖÜ/7£N3â2N
±²?òùªÿ67±'û8©üáà3âä?ãåÙÖÜ/ 1 :=>?(Bald et 
al., 2020; Huntington et al., 2020)@NùN8ATLL 3'²± NK ÖÜáà3:
²±;ÖÙ<=ª/ä7±òÙùOO@ò72 NK ÖÜ/7£N32×ØÙ7
£N4ñPÏQR£4ñPªSI3âÖN±²?Oñ=>?(Huntington et al., 
2020)@©üÖÜª²ù3N± NK ÖÜáàùóúûN±²?ù·ÍT¾?Oñ
32øUÔù:ÒÓÔÙÍÎ·/VòùªWå=>?@ 

clustered regularly interspaced short palindromic repeat(CRISPR)/ 
CRISPR associated protein 9(Cas9)Ý?XÉ2YÔÚÛé·ãÐÔ3Ç(Ë°
>F=Z?ÅÇÉ[tÇH=>?(Cho et al., 2013; Cong et al., 2013; Evers et 
al., 2016; Koike-Yusa et al., 2014; Korkmaz et al., 2016; Mali et al., 2013; 
Shalem et al., 2014; Wang et al., 2014; Zhou et al., 2014)@ò/Ý?XÉ3(
ûÒÓÔù:øUÔÙ?Ë¦\]§Þª^UùÙû8×ØÙ_ý©üÏír`
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©ü=ÒÓÔÙ?Ë¦\]§Þªa/67±²?(Behan et al., 2019; Chen et 
al., 2015; Munoz et al., 2016; Parnas et al., 2015; Shi et al., 2015)@bØ/Þ
G\c2ò/ CRISPR/Cas9 Ý?XÉùd 20000 ÚÛé/ sgRNA library ·ú
²±8ATLL ÖÜ/¿Àùef3g2¾?ÚÛé/ÒÓÔÙ?Ë¦\]§Þ·
a/N8Cyclin Dependent Kinase 6(CDK6)8Cyclin D2(CCND2)8JUNB8
Signal transducer and activator of transcription(STAT) 3 å)
Interleukin(IL) 10RB ª ATLL /efå)¿À3ãåÙÚÛé=>?òù·ô
õNO(Ishio et al., 2022)@hq/-.=2 CRISPR/Cas9 Ý?XÉùij/
library ·ú²±8d 20000 ÚÛéªÇ(Ë°>F67O ATLL ÖÜ3 NK Ö
Ük/ YT1 ·lmn¾?òù=8ATLL ÖÜ/ NK ÖÜáà3âä?çé/
ÒÓÔÙ?Ë¦\]§Þ·a/NO@ò/?Ë¦\]§Þ= NK ÖÜ/7£N
3â2¾? ATLL ÖÜ/çéùN± CD48 ªãå=>?òù·â<NO@ 

?Ë¦\]§Þ/o6·<=¾?Oñ38CD48 ·Ç(Ë°>F6pO ATLL
ÖÜkù NK ÖÜk/ YT1 ·lmnNOùòq8r§Fs\Gùtu± CD48
Ç(Ë°>F ATLL ÖÜ2 NK ÖÜùó/©ü@A3vw£·ÿNO@x3
ATLL xenograft y>?KzG3 NK ÖÜk/ YT1 ·{2¾?ù8r§Fs\
Gùt|N± CD48 Ç(Ë°>F ATLL ÖÜ·}~NOy>?/©ü�2ÄÅ
3eÇN±²O@ò/$Éª CD48 Ç(Ë°>F3(?ãÐÔÙ$É=>?ù
·<=¾?Oñ38ÑÖ/ silent mutation ·Üá CD48 / complementary 
deoxyribonucleic acid(cDNA)· ATLL ÖÜ3!$6pOd38sgCD48 ·ú²
± CD48 ·Ç(Ë°>F6pO ATLL ÖÜ·à¡NO@ò/ ATLL ÖÜù NK
ÖÜk/ YT1 /lmn·/Vù8ò/ ATLL ÖÜ2 NK ÖÜáàâ/vw£·
ÿ6ÙùOO@ò/�./o6ùó8ATLL ÖÜ/ sgCD48 äã3(? NK Ö
Üáàùóúû2 CD48 Ç(Ë°>F3(?ãÐÔÙ56=>OOòùªåT
NO@ 

NK ÖÜk=2ÙçéÑ¢8x32 ATLL ÅB/èêrùóçëNO NK Ö
Ü· ATLL ÖÜkùlmn6p?�.·a/NO@CD48 Ç(Ë°>F ATLL
ÖÜ2r§Fs\Gùtu± NK ÖÜáà3vw£·ÿN8CD48 Ç(Ë°>
F ATLL ÖÜùlmnNO NK ÖÜ27£NNÙ²òùªTóù3ÙOO@i
j/�.ùó8ATLL ÖÜ/ CD48 2 NK ÖÜk/ YT1 /íÙóìéÑ¢å)
ATLL ÅB/ NK ÖÜ/ÖÜî+Uï3ñó·2ò?òù·Tóù3NO@ 
^ ô3 ATLL ÖÜ/ CD48 !$öõøì3:²±<=·/OO@ò/<=/O
ñ38157 úù/Nûü· ATLL ÖÜ3 òO¡/ CD48 !$/ÜN3:²±
öuO@ò/�.= CD48 !$·¢M6p?NûüùN± 3 úù/ JAK *+,
0G®Ì¦&]£8F¤¥Ý&]£8¦¦Ý&]£1·â<NO@G®Ì¦&]
£· 6 úù/ IL2 §À£ ATLL ÖÜkù 3 úù/ IL2 ç§À£ ATLL ÖÜk3
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 ò?ù85 úù/ IL2 §À£ ATLL ÖÜk3'²± CD48 !$ª¢MNO@
CRISPR/Cas9 Ý?XÉ·ú²O;ÖÙ<=/o68Janus kinase(JAK)18
JAK38STAT5B ·Ç(Ë°>F6pO IL2 §À£ ATLL ÖÜk/ KK1 / CD48
!$ª¢M¾?òù·¨©NO@ATLL ÖÜ3'²±8IL2/STAT5B ªª CD48
!$·ö«N±²?òù·hq/<==Tóù3NO@ 
^ yEËs°¬Eù¤s\HEF­F¦\/z\D·ú²±8ATLL ÅB<P
/ CD48 !$/ÍÎ·/OO@éÑ¢/ T ÖÜùt|N± ATLL ÖÜ/ CD48
!$2¢MN±'û8x32 ATLL ½®/ ATLL ÖÜ2 ATLL ½®/¯Ñ
CD4 «£ T ÖÜùt|N± CD48 !$ª¢MN±²O@ ò±8ATLL /¥
°È/3±² ATLL ÖÜ/ CD48 !$ª¢M¾?òù8Tóù3NO@ò/o
62éÑ¢ T ÖÜùt|N± ATLL ÖÜ/ CD48 ª¢MN±²?ù²V²ô
ù8³´NÙ²o6µOO(Ezinne et al., 2014)@x3î¶£¼ peripheral T-
cell lymphoma(PTCL)ÖÜ/ CD48 !$ª¢MN±²?òù·¨²µN8
anaplastic lymphoma kinase(ALK)«£ anaplastic large cell 
lymphoma(ALCL)ÖÜù ATLL ÖÜ/ CD48 !$ªã3¢MN±²?òù·
â<NO@ALK ·£ ALCL 3âN±28CD48 ¢¸=;dÂÃùÙ?òù·
ÿNO@ò7¹=/<=/o6ùó8ò/;dÂÃ/0þ2 NK ÖÜáàùó
úû3(?8/=2Ù²ùùº»NO@�¼38ALK ·£ ALCL ÖÜk/
TLBR2 ùéÑ¢/èêrùóçëNO NK ÖÜ·lmn6p?ù8CD48 Ç
(Ë°>F TLBR2 2r§Fs\Gùt|N± NK ÖÜáà3vw£·ÿN
O@ò7ó/o6ùó CD48 2 ATLL /íÙóìî¶£¼ PTCL 3'²±8
NK ÖÜáà3ãåÙ½Á·6ON±²?^U£ªÿ!67O@ 
^ ,-.2¾ÈÇH/ CRISPR/Cas9 Ý?XÉ·ú²OøUÔù:ÒÓÔÙ?
Ë¦\]§Þ·a/N±8ATLL ÖÜ/ CD48 ª NK ÖÜáà3¿çg2¾?
òù·ÿNOÀÁÔÙ-.=>?@x3 ATLL ÖÜ/íÙóìî¶£¼ PTCL
ÖÜ3'²±8 CD48 ª NK ÖÜáà3ãå=>?^U£8ÿ!67O@ATLL
2Â-£/ÄÅ=>?òùùó8×ØÙ-3F4ª<=67±'û8$%áà&
' ( Ë ) E § F * + , / - . ª ATLL = È / N ± ² ? (NCT02631746, 
UMIN000020601)@áà&'(Ë)E§F*+,2Ä5Ù½®ªÃó7±'û8
Äy356·;Å=Z?¦EÆy\I\/èêª/ä7±²?(Gibney et al., 
2016)@,-.=2î¶£¼ PTCL ÖÜ/ CD48 ªáà&'(Ë)E§F*+
,/¦EÆy\I\3Ù?^U£ªÿ!67O@ 
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1. Ç5Èr§cÉE°§? 

éÑ¢å)¡¢ T ÖÜ¤r¥/¦§¨©(ATLL)ÅB<P·ú²O<=3'²
±28ÊGÝ§®Ë 3ÌÍOâÅ/8ù=ÎÏ67O<P·õúNO@ò/
<=28ÐÑ{Ç*Ç*ÒÓ*-.Ò/ÔÕÖ×+/Øð·Ù±²?@y>?
·ú²O<=3'²±28ÚÐÑ{Ç*Ûü�.3â¾?Ü<Ý'()ÚÐÑ
{Ç*ÚÛéÞíßò�.àáÄâ5Ü<Ý3ãO±8Ûü�.0ØðäåC
21-00951ùÚÛéÞíßò�.0ØðäåC2017-036, 2022-0091/Øð·
Ù±a/NO@ 

 
2. ÖÜmn 

ATLL ÖÜk/ ED40515(-)8ED40515(+)8 ATL43T(+)8ATL55T(+)2æ
çÇ*>EG?-.è/yz{|¾¿38ST18 KOB8 KK1 2uéÇ*Ç
*Ò/êzëì¾¿38Su9T01 2íîïÇ*Ç*Ò/ÄðD{¾¿38TL-
Om1 2ñÐÇ*Ç*Ò/òóôo¾¿3õ7ö7÷ø²Oµ²O@ALK ·£
ALCL ÖÜk/ TLBR2 2ùI¦¤úG]°Ç*J(ËÓ*û Alan L. Epstein
¾¿3÷ø²Oµ²O@NK ÖÜk/ YT1 2°­¦Iüýþ-.è/ L. 
Perera ¾¿3÷ø²Oµ²O@ 

ò7ó/ír`¶£©üÖÜk2 10%>Ýÿîr!(NICHIREI 
BIOSCIENCES, Tokyo, Japan)ù 1%"]Ý¦§È?F¬cFyEÝ§
(nacalai tesque, Kyoto, Japan)·# NOs$>'G¨\Ëj%-.èm&
16400Sigma-Aldrich, St. Louis, MO1·ú²837'85%!carbon dioxide 
(CO2)M=mnNO@IL-2 §À£/ÖÜk=>? ED40515(+)8ATL43T(+)8
ATL55T(+)8KOB8KK18TL-Om18YT1 32(F¦r§)ß§F IL-
2(100IU/ml, Hoffmann-La Roche)·* N±mnNO@ 

Human embryonic kidney 293 T (293T)ÖÜ2 10%>Ýÿîr!ù 1%"]
Ý¦§È?F¬cFyEÝ§·# NO+G,(rÜ4E\ÞGm&·ú²
±837'85%!CO2 M=mnNO@ 

yErcÉ$y/-ã3.N±2 Mycoplasma Removal Agent ·ú²±A
/NO@¾u±/ÖÜk= DNA r0\ÖÑ1(copy number variant; CNV)ª
ÐÙ?òù· L.Bergsagel 3(? CNV fingerprint(2ôõ)·ú²±3ðN
O@6ó38ò7ó/ír`¶£©üÖÜk3456E7 RNA(single guide 
RNA; sgRNA),ËD\ù¬Fs>EG?!$,ËD\·äã¾?Oñ3âú8
9£¬Fs>EG?¬:cD\ÚÛé8TET QRÚÛé8£É?FHE;§v
w£ÚÛé·äãNO@¹O8Cas9 <%/ÚÛé·Â7N¾?Oñ38
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KK18ST18Su9T018ED40515(-)8TLBR2 3.N± lenti-Cas9-Blast ,Ë
D\¹O2 pTO-Cas9-hygro ,ËD\·ú²±(F/r7§3=NO
S.pyogenes Cas9 ·!$¾?(V>ÜNO@lenti-Cas9-Blast ,ËD\2yH
&?\:(@ABÇ*/CD¾¿ªà¡NO8/=8Addgene ùóEãNO
(#52962)@pTO-Cas9-hygro ,ËD\2 Louis. M. Staudt -.F=
lentiCRISPR v20Addgene # 529611ùóRÃGH= S.pyogenes Cas ·Iû
©N8pRCMV/TO-hygro vector 3Ës\]§Þ67O8/·ú²O@ 
 
3. J,'()wP 

w C-C chemokine receptor type 4(CCR4)wP/K6É¦$y£2Kô!G
®¦§(ûEãNO@G®Ì¦&]£(S1378)2 Selleck Biotech kL+Mùó
EãNO@¤s\HEF­F¦\8>'?D§£s(F3õúNOwP2
Table 18Table 2 3NØj:NO@ 
 
Table 1: ¤s\HEF­F¦\=õúNOwP 
wO Ës\§ YP QRS IDsÞä

å 
CD48 BJ40 APC BioLegend 336714 
CD58 AICD58 APC Beckman 

Coulter 
IM3701 

CD3 UCHT1 Pacific Blue BD Pharmingen ! 558117 
CD25 M-A251 PE BioLegend 356104 
CD4 PRA-T4 PerCP-Cy5.5 BioLegend 300530 
CD7 CD7-6B7 APC BioLegend 343104 
Lyt2 53-6.7 Alexa Fluor 647 BD Pharmingen 557682 
CD107a H4A3 Alexa Fluor 647 BioLegend 328612 
CD56 NCAM16.2 PE BD Pharmingen  340363 
IFN! 4S.B3 PerCP-Cy5.5 BioLegend 502526 
human 
IgG  

HP6017 APC BioLegend 409306 

Mouse 
IgG1, " 

MOPC-21 APC BioLegend 400120 

 
 
 
 



"$!
!

 
 
 

Table 2: >'?D§£s(F=õúNOwP 
wO Ës\§ QRS IDsÞäå 
CD48 D7L8I Cell Signaling Technology 29499 
Jak1 6G4 Cell Signaling Technology 3344 
Jak2 D2E12 Cell Signaling Technology 3229 
Jak3 ÂT Cell Signaling Technology! 3775 
Tyk2 D4I5T Cell Signaling Technology 14193 
Stat3 79D7 Cell Signaling Technology 4904 
Phospho-
Stat3(Tyr705) 

D3A7 Cell Signaling Technology 9415 

Stat5 C-17 Santa Cruz Biotechnology sc-835 
Phospho-
Stat5(Tyr694) 

C11C5 Cell Signaling Technology 9359 

GAPDH 3H12 MEDICAL T BIOLOGICAL 
LABORATORIES 

M171-7 

 
4. ÅÇÉUE7 CRISPR ÉE£É¦\?Ë¦\]§Þ 

ATLL /ÖÜk(ST1, KK1)· Brunello CRISPR knockout pooled library 
(David Root ¾¿8John Doench ¾¿ùóV÷ø; Addgene #73178)·ú²±
19,114 úù/ÚÛéW/ sgRNA ·äãNO@äã67OÖÜ20?\syE
Ý§X£·YÙ¾?Oñ83 R¶0?\syEÝ§(2µg/ml)·{2N±:¬Ë
ÝZ§NO@sgRNA 3(?YÔÚÛé/Ç(Ë°>F·/VOñ3 2-3 [¶
ST1 ù KK1 ·\]mnNO@ò/ ST1 å) KK1 3 NK ÖÜk/ YT1 ·
effector target ratio(ET ratio)ª 1:2 3Ù?(V3 ò±8x3w CCR4 wP
/K6É¦$y£(1mg/ml)· ò±8mnNO@¹O YT1 ùK6É¦$y£
· òì3 ST1 ù KK1 /í/\]8/OO@YT1 · òO<P3:²±2
ST1 å) KK1 2lmnS^ùóNØ24 ¡¶å) 48 ¡¶d30?\syEÝ
§· ò8YT1 ·A/NO@¿À ATLL ÖÜ/ÅÇÉ DNA · QIAamp DNA 
blood Maxi kit (QIAGEN)·ú²±_©NO@_©67OÅÇÉ DNA 2ô`
]Ý\ËÊ§H\(Illumina’s NEXTSeq500)=<©=Z?(V3 indexed^
polymerase chain reaction(PCR)cÉEy\ù NEBNext High-Fidelity 2x 
PCR Master Mix(NEB)·ú²±ÅÇÉ DNA i/ sgRNA ab·ecNO(c
ÉEy\/ab2LM3j:)@PCR d/<P2 E-Gel(Invitrogen)·ú²±H
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E$:¬ËÝZ§·/² Qubit(Thermo Fisher Scientific)=<dNOd38
NEXTSeq500 (Illumina)=Ý\ËÊ§?ÍÎ·a/NO@Ý\ËÊ§?67O
DNA ÉE£É¦\/ËÉ?D\2 Illumina TrueSeq HT kit ·ú²±NØ3
eûçÑO(de-multiplex)@NØ/ sgRNA Ö·fÅN8MAGeCK algorithm 
(https://sourceforge.net/p/mageck/wiki/Home/)3ã²8YT1 · òO ATLL
ÖÜ/<Pù YT1 · ò±²Ù² ATLL ÖÜ/<P/t· log2 ßgN±fg
·/OO@ 
 
i5 indexed PCR primer: 
D501,AATGATACGGCGACCACCGAGATCTACACTATAGCCTACACTCTTT
CCCTACACGACGCTCTTCCGATCTATGCATGCTCTTGTGGAAAGGACGA
AACACCG 
D502,AATGATACGGCGACCACCGAGATCTACACATAGAGGCACACTCTT
TCCCTACACGACGCTCTTCCGATCTTGCATGCAGTCTTGTGGAAAGGAC
GAAACACCG 
D503,AATGATACGGCGACCACCGAGATCTACACCCTATCCTACACTCTTT
CCCTACACGACGCTCTTCCGATCTGCATGCATCGTCTTGTGGAAAGGAC
GAAACACCG 
D504,AATGATACGGCGACCACCGAGATCTACACGGCTCTGAACACTCTT
TCCCTACACGACGCTCTTCCGATCTCATGCATGACGTCTTGTGGAAAGG
ACGAAACACCG 
D505,AATGATACGGCGACCACCGAGATCTACACAGGCGAAGACACTCTT
TCCCTACACGACGCTCTTCCGATCTCGTACGTATACATCTTGTGGAAAG
GACGAAACACCG 
D506,AATGATACGGCGACCACCGAGATCTACACTAATCTTAACACTCTTT
CCCTACACGACGCTCTTCCGATCTACGTACGTGTATATCTTGTGGAAAG
GACGAAACACCG 
D507,AATGATACGGCGACCACCGAGATCTACACCAGGACGTACACTCTT
TCCCTACACGACGCTCTTCCGATCTTACGTACGCGTGTATCTTGTGGAA
AGGACGAAACACCG 
D508,AATGATACGGCGACCACCGAGATCTACACGTACTGACACACTCTT
TCCCTACACGACGCTCTTCCGATCTGTACGTACACCCGTATCTTGTGGA
AAGGACGAAACACCG 
i7 indexed PCR primer: 
D701,CAAGCAGAAGACGGCATACGAGATCGAGTAATGTGACTGGAGTTC
AGACGTGTGCTCTTCCGATCtctactattctttcccctgcactgt 
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D702,CAAGCAGAAGACGGCATACGAGATTCTCCGGAGTGACTGGAGTTC
AGACGTGTGCTCTTCCGATCtctactattctttcccctgcactgt 
D703,CAAGCAGAAGACGGCATACGAGATAATGAGCGGTGACTGGAGTTC
AGACGTGTGCTCTTCCGATCtctactattctttcccctgcactgt 
D704,CAAGCAGAAGACGGCATACGAGATGGAATCTCGTGACTGGAGTTC
AGACGTGTGCTCTTCCGATCtctactattctttcccctgcactgt 
D705,CAAGCAGAAGACGGCATACGAGATTTCTGAATGTGACTGGAGTTC
AGACGTGTGCTCTTCCGATCtctactattctttcccctgcactgt 
D706,CAAGCAGAAGACGGCATACGAGATACGAATTCGTGACTGGAGTTC
AGACGTGTGCTCTTCCGATCtctactattctttcccctgcactgt 
D707,CAAGCAGAAGACGGCATACGAGATAGCTTCAGGTGACTGGAGTTC
AGACGTGTGCTCTTCCGATCtctactattctttcccctgcactgt 
D708,CAAGCAGAAGACGGCATACGAGATGCGCATTAGTGACTGGAGTTC
AGACGTGTGCTCTTCCGATCtctactattctttcccctgcactgt 
D709,CAAGCAGAAGACGGCATACGAGATCATAGCCGGTGACTGGAGTTC
AGACGTGTGCTCTTCCGATCtctactattctttcccctgcactgt 
D710,CAAGCAGAAGACGGCATACGAGATTTCGCGGAGTGACTGGAGTT
CAGACGTGTGCTCTTCCGATCtctactattctttcccctgcactgt 
D711,CAAGCAGAAGACGGCATACGAGATGCGCGAGAGTGACTGGAGTT
CAGACGTGTGCTCTTCCGATCtctactattctttcccctgcactgt 
D712,CAAGCAGAAGACGGCATACGAGATCTATCGCTGTGACTGGAGTTC
AGACGTGTGCTCTTCCGATCtctactattctttcccctgcactgt 
 
5. sgRNA ·ú²OÇ(Ë°>F�. 

12 well plate /N well 3 300h104 9/ 293T ÖÜ·mnNO@24 ¡¶d3
­zi>É· optimem =jßN837'830 çLi=mnNO@PAX2 
packaging plasmid (addgene #12260) 0.75µg ù MD2.G packaging plasmid 
(addgene #12259) 0.25µg ·# NO optimem 100µl 3ã</ sgRNA 
plasmid 200ng · òO@vortex NOd8lipofectamin2000 (invitrogen 
#11668-019)1.7µl ·# NO optimem 100µl ·* N8Fk= 30 ç¶mnN
O@à¡NOls· optimem =jß67O 293T ÖÜ3N 200µl ì:# 
N837'85%CO28overnight =mnNO@mR3­zi>É· 10%>Ýÿî
r!ù 1%"]Ý¦§È?F¬cFyEÝ§·# NO+G,(rÜ4E\Þ
Gm&3jßN837'85%CO2 = 24 ¡¶mnNOd8i!(virus)·ÎÏN
O@virus 2 vortex NOd3 96 well plate 3n²OÖÜk0;ñ7®ÝHE
Ë¦§§À£3!$¾? Cas9 ·äãNO ATLL ÖÜk13 polybrane (opq



"'!
!

¼ 5µg/ml)ùù83# NO@2500rpm816'890 ç=rsNOd837'8
5%CO28overnight =mnNO@ò/ sgRNA ª¬­NOÖÜ37®ÝHEË
¦§(opq¼ 40ng/ml)·# N± Cas9 ·!$6p872 ¡¶Li¸¹d3¤
s\HEF­F¦\=Å<NO@,�.=ú²O sgRNA YÔab·LM3j
:NO@ 
 
sgAAVS1: GGGGCCACTAGGGACAGG (control ùN±õúNO) 
sgCD48#2: ATGTACAGTGCGCCACTCTG  
sgCD48#3: CTGGTCGAAAGTATAAAACC 
sgCD58#3: GCAGCAGGCAGACCACGCTG 
sgCD58#4: GTCAATGCACAAGTTAGTGT 
sgJAK1#1: GAAGACTGAGGTGAACCTGG   
sgJAK1#2: GCCTAGACAGCACCGTAATG   
sgJAK2#1: GAGGTGCTACTTCTTTACAG 
sgJAK2#2: CAACCTCACCAACATTACAG 
sgJAK2#3: GAAGAGTAAAAGTCCACCAG 
sgJAK3#1: ACTTCCTCCAGCAGCCTCGG 
sgJAK3#2: GCTGAGGCCAACCAGAAGGA 
sgTYK2#1: GAGGGACTGCGGCTCTGCAG 
sgTYK2#2: GAGTGTGGCCAGCTGTGGGC 
sgSTAT3#1: GAGACCGAGGTGTATCACCA 
sgSTAT3#2: TCGGCCGGTGCTGTACAATG 
sgSTAT5B#1: TAAGGCCACCCAGCTCCTGG 
sgSTAT5B#2: GACCCTGTCCCTGCCAGTGG 
sgSTAT5B#3: TCACCGACTCTGCCCCACGA 
 
6. éÑ¢¹O2 ATLL ÅB/èêr4tuçëù NK ÖÜçë 

éÑ¢ù ATLL ÅB/èêrùó Ficoll-Hypaque ·ú²±4tÖÜ·çë
NO@çëNO4tu· NK Cell Isolation Kit, human (Miltenyi Biotec #130-
092-657)·ú²± NK ÖÜ/ negative selection ·/OO@vPÔÙwxùN
±28çëNO4tu· FACS buffer(phosphate buffered saline 
(PBS)/0.5% bovine serum albumin(BSA)/2mM!ethylenediaminetetraacetic 
acid(EDTA)) (40µl/107 cell) =lÍN8NK Cell Biotin-Antibody 
Cocktail(10µl/107 cell)· ò± 4'85 çyjNO@õ/d FACS 
buffer(30µl/107 cell )ù NK Cell MicroBead Cocktail(20µl/107 cell)· ò±8
4'810 çyjNO@MACS MULTI STAND((Miltenyi Biotec #130-042-303)
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3 MidiMACS Separator (Miltenyi Biotec #130-042-302)·ÏûzÑ±8
Separator 3 LS Columns((Miltenyi Biotec #130-042-401)·ÏûzÑ±8
FACS buffer = Column ï·{|NO@¾}G/wPIËXGù)\$· ò
O4tu· Column 3~MN±8NK ÖÜ/çë·/OO@ò/F4= 80%L
i/ NK ÖÜ3çë=ZO@ 
 
7. ¤s\HEF­F¦\3(?ÖÜ"�D§¨ËÄ!$/ÍÎ 

96 well plate /N well 3ÖÜ· ò±8200µg/ml /(F 6§yÞs£¦
§0ICN Biomedicals Inc.1·ÜÅµ PBS =ÖÜ·{|NO@õ/d FACS 
buffer = 1 q{|N8wP· ò±84'830 çyj6pO@wPÇÉd3
FACS buffer = 2 q{|N± FACSCANTOII (BD Biosciences)=ÍÎNO@
CCR4 D§¨ËÄ/ÍÎ/¼32 1 ôwPùN±K6É¦$y£·õúN8
FACS buffer = 2 q{|NOd3 2 ôwPùN± APC anti-human IgG · 
ò84'830 çyj6pO@õ/d FACS buffer = 2 q{|NOd3
FACSCANTOII (BD Biosciences)=ÍÎNO@ 
 
8. NK ÖÜî+°(:Eù antibody dependent cellular cytotoxicity(ADCC)°
(:E 

sgRNA-green fluorescent protein(GFP)ªäã67O ATLL /ÖÜk(ST1, 
Su9T01, ED40515(-), KK1)å) ALK ·£ ALCL /ÖÜk0TLBR21·YÔ
ÖÜùN±ú²O@Ê¤'ËD\ÖÜùN± NK ÖÜk/ YT18éÑ¢èêr
ùóçëNO NK ÖÜ8ATLL ÅBèêrùóçëNO NK ÖÜ·ú²O@Y
ÔÖÜ2 10h104/ml 3ö«N±8Ê¤'ËD\ÖÜ2ã</ ET ratio 3Ù?
(V3ÖÜq¼·ö«N±8NØ70µl ì: 96 well plate /N well 3 ò8
37'85%CO2 =mnNO@ADCC ÍÎ/¼32K6É¦$y£/opq¼ª
1µg/ml 3Ù?(V3 ò±mn·/OO@0</mn¡¶¸¹d3N well 3
PBS/propidium Iodide (PI)/micromer !"#$%&'"()*+%,#-(.,($/0&.&#('1"2/2'3456
4467489/ mix(mix / PI q¼2 0.06mg/ml)70µl · ò±8FACSCANTOII 
(BD Biosciences)=ÍÎNO@YÔÖÜ/ Live cell 2 PI 3(O±YP67?
ÑÖÜ·A/N±8GFP «£ÖÜ=>?¿À ATLL ÖÜÖ·fÅN±8)\
$/Ö=¯ÜN·/OO(Figure1)@ 
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Figure 1: NK ÖÜî+/ÍÎ/¤s\HEF­F¦\@forward 
scatter(FSC)low ù: side scatter(SSC)high êë3I>§F)\$·ðñ?@
FSChigh êëª¦§¨utÖ=>û8ò/tÖ3'²± PI ·£ù: GFP ·£
tÖ·¿À NK ÖÜ8PI ·£ù: GFP «£tÖ·¿À ATLL ÖÜùNO 
 
 
9. ¬?®?\°(:E 

6 well plate /N well 3 350h104 cell / 293T ÖÜ·mnNO@24 ¡¶d
3­zi>É· optimem =jßN837'830 çLi=mnNO@pHIT60 
packaging plasmid 2.5µg ù EA6 x3* packaging plasmid 2.5µg ·# NO
optimem 750µl 3ã</ sgRNA plasmid 10µg · òO@vortex NOd8
lipofectamin2000 (invitrogen #11668-019) 12.5µl ·# NO optimem 750µl
·* N8Fk= 30 çmnNO@optimem =jß67O 293T ÖÜ3à¡N
Ols·N 500µl ì:# N837'85%CO28overnight =mnNO@mR3
­zi>É· 10%>Ýÿîr!ù 1%"]Ý¦§È?F¬cFyEÝ§·# 
NO+G,(rÜ4E\ÞGm&3jßN837'85%CO2824 ¡¶=mnN
O@õ/d8i!·qÜN8i!/ 1/3 d/ retro-X concentrator ·i!3 
ò± 4'8overnight =yjNO@mR8 293T /i!·qÜN±8yRùâ×
3 retro-X concentrator · ò±84'8overnight =yjNO@õ/d8
1500g845 ç84'=rsN8­zi>É·ád/ 10%>Ýÿîr!ù 1%"
]Ý¦§È?F¬cFyEÝ§·# NOs$>'G¨\Ëj%-.èm&
1640 3jßN± virus · 40 à»¼3qâNO@qâNO virus 2 vortex NO
d3 96 well plate 3n²OÖÜk3 polybrane(opq¼ 5µg/ml)ùù83# 
NO@2500rpm816'890 ç=rsNOd837'85%CO28overnight =m
nNO@ò/(V3N±;ñ7®ÝHEË¦§§À£3!$¾? Cas9 ·äã
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NO ATLL /ÖÜk(ST1)3 sgCD48 vw£/ CD48 ·r\7NO0?\sy
EÝ§X£/¬Fs>EG?,ËD\(pRCMV/TO-puro vector)·äãNO@
sgRNA vw£/ cDNA 2YÔab3 silent mutation ·äOp±'û8D§¨
Ëû¡·>Üpì3 sgRNA /YÔùÙóÙ²(V3>ÜN±²?@äã67
OÖÜ20?\syEÝ§X£·YÙ¾?Oñ8ò/ÖÜ3 4 R¶0?\sy
EÝ§(2µg/ml)·{2N±:¬ËÝZ§·NOd38GFP/0?\syEÝ§X
£ÚÛé/®­ÉÚÛéùã</ sgRNA ·l!$6p?òù/=Z?¬§&
>EG?,ËD\(pLenti-sgRNA-pgk-PG)·¬­6pO@ò/ sgRNA ª¬­
NOÖÜ37®ÝHEË¦§(opq¼ 40ng/ml)·# N± Cas9 ·!$6
p872 ¡¶Li¸¹d3¤s\HEF­F¦\= CD48 /!$·fÅNO@
6ó3896 well plate /N well 3YÔÖÜùN±ò/ ST1(10h104/ml) 70µl
· ò8Ê¤'ËD\ÖÜùN± NK ÖÜk/ YT1 70µl ·SÖ/ ET ratio =
 ò± 37'85%CO2 =mnNO@0</¡¶¸¹d3N well 3
PBS/PI/micromer / mix 70µl · ò±8FACSCANTOII (BD Biosciences)=
ÍÎNO@YÔÖÜ/¿À2 PI 3(O±YP67?ÑÖÜ·A/N±8GFP
«£ÖÜ/Ö·fÅN±8)\$/Ö=¯ÜN·/OO@ 
 
10. éÑ¢ NK ÖÜ/ãåç°(:EùÖÜÄïHEFIE§/ÍÎ 

5h104 9/éÑ¢/èêrùóçëNO NK ÖÜù 10h104 9/ ATLL Ö
Ük/ ST1 ·8140µl / 10%>Ýÿîr!ù 1%"]Ý¦§È?F¬cFyE
Ý§·# NOs$>'G¨\Ëj%-.èm& 1640 3 ò8CD107a wP
·# N837'85%CO2 =mnNO@1 ¡¶d3£¬¤'Gzi§
A(BioLegend #420601)·mnÖÜ3 ò±837'85%CO2 =mn·\éN
O@£¬¤'Gzi§ A · ò±ùó 5 ¡¶d3 CD38CD56 wP mix ·Ö
Ü3# N± 4'830 ç¶yj6pO@wPÇÉd2 FACS buffer = 2 q{
|N8Fix/Perm(BD Cytofix/Cytoperm kit, BD #554714) 200µl · ò84'8
20 çLiyj6p8ÖÜ/_<ùè¹ê5·/²8interferon(IFN)!wP· 
ò± 4'860 çyj6pO@Perm buffer = 2 q{|NOd3
FACSCANTOII (BD Biosciences)=ÍÎNO@ 

 
11. >'?D§£s(F 

ÖÜ2 sodium dodecyl sulphate(SDS)lÍ¦(¤¥\(1.7% SDS, 60 mM 
Tris-hydrochloride pH6.8, 0.85% 2-mercaptoethanol in PBS)· ò898'=
5 çëíNO@<P2 4-15%°Ë¦G°ì7ÅG(Bio-Rad #4561086)·ú²O
SDS-polyacrylamide gel electrophoresis(PAGE)3(ûçî·/OO@SDS-
PAGE 2ïñ· 120V 3_<N±/OO@Trans-Blot Turbo(Bio-Rad)·ú²±
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25V815 ç¶ïñ·ùÑ8Trans-Blot Turbo Transfer Pack(Bio-Rad 
#1704156)/ PVDF ­§£¬§3óòNO@óòNO­§£¬§2çédy\
I\See Blue®Plus2 Pre-Stained Standard (Invitrogen, LC5925)·ô\G"
§3±y\®§ÞN±Âå1ç·I(FNO/ö8Blocking buffer(milli Q õ
·ú²± SuperBlock® Dry Blend (TBS) Blocking Buffer (ThermoFisher 
scientific #37545)·lÍNO8/)3úN8Fk3± 1 ¡¶,¦\+§H\È
Ý'\I\0IBI Scientific, Peosta, IA1·ú²±ùû3eüNÙªóE§®?
,\FNO@Blocking d8 · Hybri-bag (COSMO BIO, Tokyo, Japan) 3ã
78Sunflower Mini-Shaker 3D0biosan Medical-Biological Reseach & 
Technologies1·ú²± 0.05% Tween-PBS =¡¢NO0ôwPù 4'=0£
ÇÉ6pO@ÇÉd/ ·80.05% Tween-PBS = 3 q 15 ç¶{|N8
Sunflower Mini-Shaker 3D0biosan Medical-Biological Reseach & 
Technologies1·ú²± 0.05% Tween-PBS =¡¢NO¤ôwPù 4'= 2 ¡
¶ÇÉ6pO@¥¼ 0.05% Tween-TBS = 3 q 15 ç¶{|NOd8ECL Plus 
Western Blotting Detection System (GE Healthcare Life Sciences, 
Buckinghamshire, England)=N*!¦·/²8ImageQunat LAS4000mini 
(GE Healthcare Life Sciences) =<©NO@ 

0ôwP/¡¢t§2 1:1000 =a/NO@¤ôwP2 Horse Radish 
Peroxidase YP>H¨wy>?wP0Jackson ImmunoResearch, Suffolk, 
England18Horse Radish Peroxidase YP©¨w>H¨wP0Jackson 
ImmunoResearch, Suffolk, England1·ú²8õ7ö7 1:2000 /¡¢t§=
a/NO@¦§7/<d3âN±2 imageJ ·õúNO(Schneider et al., 
2012)@ 
 
12. éÑ¢å) ATLL ÅB/èêr/ NK ÖÜ·ú²O competitive lmn°
(:E 

sgAdeno-associated virus integration site 1(AAVS1)ù sgCD48#3 ·
pLenti-sgRNA-pgk-PG ù pLKO.1_Lyt2 vector 3õ7ö7Ës\]§Þ·/
²8õ7ö7/cÉ?ì7· Cas9 äãªí/ KK1 ÖÜ3¬­6pO@
pLenti vector ·¬­6pO KK1 2 puromycin selection ·/²8pLKO.1 
vector ·¬­6pO KK1 3.N±2 Lyt2-microbeads(Miltenyi #120-000-
298)·ú²± positive selection ·/²8¬­NO KK1 ÖÜ/í3«NNO@
12 well plate / well 3 GFP æ2 Lyt2 ª!$N±²? KK1 ·âÖ ò±mn
NO@GFP æ2 Lyt2 ª!$N±²? KK1 · 30h104/µl ùÙ?(V3\]
N8éÑ¢8Nç2 ATLL ÅB/èêrùóçëNO NK ÖÜ· 10h104/ml
ùÙ?(V3 ò± 37'85%CO2 =lmn·/OO@2 R¬3 KK1 · 30h
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104/ml ùÙ?(V3\]N8NK ÖÜ· 10h104/ml ùÙ?(V3 òO@2
R¬3 Lyt2 wP=­­N± FACSCANTOII (BD Biosciences)=ÍÎN±8
GFP ù Lyt2 /t§·fÅNO@ 
 
13. NûüÉE£É¦\?Ë¦\]§Þ 

96 well plate / 1 well 3 5h104 9/ KK1 ÖÜ·nZ8×ØÙÝÞßG¸
á·YÔùNO 157 úù/Nûü(Mj®¯)· 2500nM 3Ù?(V3 KK1 Ö
Ü3 ò±837'85%CO2 =mnNO@24 ¡¶d38FACS buffer ={|
N8CD48 wP=­­·/²8FACSCANTOII (BD Biosciences)= CD48 /
Mean Fluorescence Intensity(MFI)·fÅNO@ 
 
LM3õúNONûü·j:NO@ 
Amlexanox,^ Tofacitinib,^ Dasatinib (hydrochloride),^ Ruxolitinib,^
Lenalidomide (hemihydrate),^ Nifuroxazide,^ Regorafenib (Hydrochloride),^
Valproic acid,^ Pomalidomide,^ 6-Thioguanine,^ Ethoxyquin,^
Fludarabine,^ Belinostat (PXD101),^ Abexinostat (PCI-24781),^ Tivantinib 
(ARQ 197),^ Resminostat,^ Tepotinib (EMD 1214063),^ Ulixertinib (BVD-
523, VRT752271),^ Molidustat (BAY 85-3934),^ AICAR (Acadesine),^
Tofacitinib (citrate),^ Cabozantinib,^ Ponatinib,^ Ezetimibe,^
Homoharringtonine,^ Sodium Butyrate,^ Ruxolitinib (phosphate),^
Palbociclib (hydrochloride),^ Trametinib (DMSO solvate),^ Belinostat,^
Linsitinib (OSI-906),^ Doramapimod (BIRB 796),^ Everolimus (RAD001),^
Onalespib (AT13387),^ Tideglusib,^ Dovitinib (TKI-258) Dilactic Acid,^
Tazemetostat (EPZ-6438),^ Bardoxolone Methyl,^ Saracatinib (AZD0530),^
Alvelestat (AZD9668),^ AICAR,^ Teprenone,^ Zoledronic acid 
(monohydrate),^ Lenalidomide,^ Sorafenib (Tosylate),^ Vorinostat,^
Crizotinib (hydrochloride),^ CAL-101,^ Enasidenib,^ Panobinostat,^
Entinostat (MS-275),^ Masitinib (AB1010),^ Flavopiridol (Alvocidib),^
Amuvatinib (MP-470),^ Fostamatinib (R788),^ Gandotinib (LY2784544),^
Selinexor (KPT-330),^ Cerdulatinib (PRT062070, PRT2070),^ Losmapimod 
(GW856553X),^ Entospletinib (GS-9973),^ Imatinib (Mesylate),^
Crizotinib,^ Pazopanib,^ Dimethyl fumarate,^ Tacrolimus,^ Pirfenidone,^
Zidovudine,^ Baricitinib (phosphate),^ Troglitazone,^ Elafibranor,^
Quisinostat (JNJ-26481585) 2HCl,^ Foretinib (GSK1363089),^ Resveratrol,^
Quizartinib (AC220),^ Omipalisib (GSK2126458, GSK458),^ Sotrastaurin,^
Dovitinib (TKI-258,^  CHIR-258),^ Linifanib (ABT-869),^ Afuresertib 
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(GSK2110183),^ Pexidartinib (PLX3397),^ Sunitinib (Malate),^ Sorafenib,^
Sunitinib,^ Retinoic acid,^ Nimodipine,^ Rosiglitazone,^ Sodium 
Salicylate,^ Trametinib,^ Acriflavine,^ Glucosamine (hydrochloride),^
Tanespimycin (17-AAG),^ Pictilisib (GDC-0941),^ Orantinib (TSU-68,^  
SU6668),^ Fedratinib (SAR302503, TG101348),^ Taladegib (LY2940680),^
R788 (Fostamatinib) Disodium,^ Filgotinib (GLPG0634),^ Pilaralisib 
(XL147),^ Defactinib (VS-6063,^ PF-04554878),^ Ricolinostat (ACY-1215) ,^
Dasatinib,^ Thalidomide,^ Pazopanib (Hydrochloride),^ Valproic acid 
(sodium salt),^ Axitinib,^ Decitabine,^ Dexamethasone,^ Choline 
Fenofibrate,^ Citric acid,^ Hydroxyfasudil,^ Enzastaurin (LY317615),^
Triciribine,^ Azathioprine,^ Alpelisib (BYL719),^ Silmitasertib (CX-4945),^
Crenolanib (CP-868596),^ Salirasib,^ Epacadostat (INCB024360),^
Napabucasin,^ Prednisolone,^ Sitagliptin (phosphate monohydrate),^
Imatinib,^ Amodiaquin (dihydrochloride dihydrate),^ Vismodegib,^ Fasudil 
(Hydrochloride),^ Tauroursodeoxycholate (Sodium),^ Tilorone 
(dihydrochloride),^ Trapidil,^ Dovitinib (lactate),^ Vatalanib (PTK787) 
2HCl,^ Pracinostat (SB939),^ Mocetinostat (MGCD0103),^ Erismodegib 
(NVP-LDE225),^ Dinaciclib (SCH727965),^ Duvelisib (IPI-145,^  
INK1197),^ Pacritinib (SB1518),^ Uprosertib (GSK2141795),^ Oclacitinib,^
Chloroquine (diphosphate),^ Cyclosporin A,^ Ellagic acid,^ Bendamustine 
(hydrochloride),^ Nafamostat (mesylate),^ Everolimus,^ Selumetinib,^
Tacrolimus (monohydrate),^ Baricitinib,^ Tranylcypromine (hemisulfate),^
Tivozanib (AV-951),^ Divalproex Sodium,^ Ganetespib (STA-9090),^
Galunisertib (LY2157299),^ S-Ruxolitinib (INCB018424),^ Sodium 
Phenylbutyrate,^ Temsirolimus (CCI-779,^ NSC 683864),^ Voxtalisib 
(XL765, SAR245409),^ Roxadustat (FG-4592) 
 
14. Xenograft 

5 [°/±/ NOG y>?(non-obese diabetic mouse.Cg-
PrkdcscidIl2rgtm1Sug/ShiJic)·E§)ôHEÊ§?kL+MùóEãN±8
,*/Ûü�.a²3± 1 [¶/áyµ¶·¸Od�.3õúNO@2h106 9
/ ATLL ÖÜk(ED40515(-))· NOG y>?/³´µ13¶M·¸N8¹º©
ü�ª 100mm3 3»àNOR· Day0 ùNO@Day0 ù Day4 3 2Gy /¼¸½
·¯¸NO NK ÖÜk/ YT1 1h107 9·©ü/Æ¾3¶M·¸NO@©ü�
2Ç¨?·8ö²±Å<N±8©ü�¿2³j/ÀL=fgNO0©ü�¿
=((Á�)h(u�)2)/21(Tomayko and Reynolds, 1989)@ 
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15. Data Availability 

PTCL ÅB<P/yEËs°¬E/z\D2 GSE14668GSE63388
GSE148798GSE190678GSE190698GSE336158GSE584458
GSE658238ETAMB702 '() ETABM783 ·ú²O(de Leval et al., 2007; 
Eckerle et al., 2009; Huang et al., 2010; Iqbal et al., 2011; Iqbal et al., 2010; 
Iqbal et al., 2014; Maura et al., 2019; Piccaluga et al., 2007; Scarfò et al., 
2016)@ 
 
16. ÂfÍÎ 

2 W/¸/t|328Welch t-test8Ä¿À§/t|32 Logrank <<·ú
²±Âf*Ô3ÍÎN8p < 0.05 ·ÄÅùNO@ò7ó/Âf*ÔÍÎ2
GraphPad Prism 80La Jolla, CA1·ú²±/OO@ 
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1.! CRISPR ÉE£É¦\?Ë¦\]§Þ3(? NK ÖÜáà3vw£·ÿ¾

ATLL /ÚÛé/â< 
Cas9 ·;ñäãNO ATLL ÖÜk/ ST1 å) KK1 3 19,114 úù/ÚÛé

·YÔùNO sgRNA ÉE£É¦\·¬­6pO@äã67OÖÜ20?\s
yEÝ§X£·YÙN±'û80?\syEÝ§·{2N±:¬ËÝZ§·N
O@ò/ ST1 å) KK1 3 NK ÖÜk/ YT1 · ò±8x3w CCR4 wP/
K6É¦$y£· ò±8mnNO@¹O YT1 ùK6É¦$y£· òì3
ST1 ù KK1 /í·\]¾?8/8à¡NO@YT1 · òO<P3:²±2l
mnS^ùóNØ24 ¡¶(ST1)å) 48 ¡¶(KK1)d30?\syEÝ§· ò
±8YT1 ·@ANO@¿À ATLL ÖÜ/ sgRNA · PCR =<dN8YT1 /Ä
Ã=/ sgRNA d/t0YT1 Äû/YT1 ÃN1· log2 ßgNO@sgRNA /Ç(
Ë°>F3(û YT1 ùó/ÖÜî+·á7±ÖÜÖªiÄ¾?iî 500 ÚÛ
é/m=8ST1 å) KK1 3'²±ãS¾?ÚÛé·öuOùòq820 ÚÛé
3Åó7O@ò/ 20 ÚÛé/m= 3 9æ2 4 9/ sgRNA = log2 fold 
change>1 ùÙ?ÆÇ·ÈO¾ÚÛé2 CCR48CD488acetyl-CoA 
carboxylase alpha(ACACA)8lymphocyte antigen 6 family member 
E(LY6E)8nuclear receptor subfamily 2 group C member 2(NR2C2)/ 5 9/
ÚÛé=>OO@K6É¦$y£2 CCR4 §À£3 ADCC 7£·!É¾?ò
ùùó8CCR4 ªij/ÆÇ·ÈO¾ÚÛéùN±ðñó7?òù2ò/?Ë
¦\]§Þª=IÙ8/=>?òù·ÿN±²O@0F=ò/?Ë¦\]§Þ
/o6· NK ÖÜ/7£NÏQR3âä?çé=¦?F°(c¾?ù8CD48
/ log2 fold change ª0äî¸=>OO@õò=bØ2 CD48 3#%N±�.
·ÈñO@ 
!

!

*  
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(A)*  

*

(B)* * * * * * * * * * * * (C) 
* * * * * * * * * * * * * * * * * * * * * * * *  

* *  

 (D)        
                        
Figure 2: (A) ,<==ú²OÅÇÉUE
7/ CRISPR ?Ë¦\]§Þ/Êå·j
:NO@(B) ij/?Ë¦\]§Þ=â<
67O ATLL ÖÜk/ NK ÖÜî+ùó
vw£·ÿ¾ÚÛé3.¾?AË¤s\
&¯\F·j:NO@(C) ij?Ë¦\]
§Þå)¤s\&¯\F=â<67O
ATLL ÖÜk/ NK ÖÜî+ùóvw£
·ÿ¾ 5 9/ÚÛé/õ7ö7/ sgRNA 
PCR d/t(YT1 Äû/YT1 ÃN)· log2
ßgNOo6·j:NO@(D) NK ÖÜ/
7£Nå)QR3âä¾?ÚÛé· 27 ú
ù/ÚÛé·ÌÍN8,?Ë¦\]§Þ
3'Ñ?õ7ö7/ sgRNA PCR d/t
(YT1 Äû/YT1 ÃN)· log2 ßgNOo6
·j:NO@ 
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2.! sgRNA ·ú²O CD488CD58 å) CCR4 /Ç(Ë°>F 
;ñ Cas9 ·äãNO ATLL ÖÜk(ST1)3 sgRNA ·ú²± CD488

CD588CCR4 ·Ç(Ë°>FNO@¤s\HEF­F¦\= sgRNA 3(O±
CD488CD58 å) CCR4 ªõ7ö7Ç(Ë°>F67±²?Ä·3ð=Z
O@CD48 3âN±2>'?D§£s(F8/²8¤s\HEF­F¦\ùâ
×3Ç(Ë°>F·3ð=ZO@ 
!

(A)!* * * * * * * * * * * * * * *                    * (B) 

     * * * * * *  
! Figure 3: (A,B) ;ñ Cas9 ·äãNO ATLL ÖÜk(ST1)3 sgRNA ·ú²
± CD488CD588CCR4 ·Ç(Ë°>FNO@¤s\HEF­F¦\(A)=
NØ/D§¨ËÄ!$·ÎÏNO@>'?D§£s(F(B)= CD48 D§¨Ë
Ä!$·ÎÏNO@!

!

!

3.! ATLL ÖÜk·YÔÖÜùNO NK ÖÜk/ YT1 ·ú²O ADCC °(:
E 

! CD48 å) CCR4 ·Ç(Ë°>FNO ATLL ÖÜk(ST1, KK1)·YÔÖÜ
ùN±ú²±8NK ÖÜk/ YT1 ·Ê¤'ËD\ÖÜùN±ú²±8K6É¦
$y£· òO ADCC °(:E·a/NO@CCR4 ·Ç(Ë°>FNO ATLL
ÖÜ2 ADCC 3vw£·ÿNOª8CD48 ·Ç(Ë°>FNO ATLL ÖÜ2
ADCC 3vw£·ÿ6ÙùOO@K6É¦$y£3(? ADCC 7£ªÐïÙ
Oñ3«ÑÙ NK ÖÜî+UªÎÏ=Z±²Ù²^U£·Òò±8K6É¦$
y£· òÙ² NK ÖÜî+°(:E·ô3/OO@ 
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Figure 4: Cas9ªäã67OATLLÖÜ0ST1, KK113sgRNA·ú²±CD488
CCR4 ·Ç(Ë°>F6pOÖÜ·YÔÖÜùN±8NK ÖÜk/ YT1 ·Ê¤
'ËD\ÖÜùN±8K6É¦$y£· ò±mnNO@Target ÖÜ/M3j
:67±²?¡¶2lmn¡¶·ÿN±²?@¹ºÓYÌÔÕ@**p<0.01, 
***p<0.001@ 
!

!

4.! ATLL ÖÜk·YÔÖÜùNO NK ÖÜk/ YT1 ·ú²O NK ÖÜî+°
(:E 

CD488CD58 å) CCR4 ·Ç(Ë°>FNO ATLL ÖÜk0ST1, KK1, 
Su9T011·YÔÖÜùN±ú²±8NK ÖÜk/ YT1 ·Ê¤'ËD\ÖÜù
N±ú²±8NK ÖÜî+°(:E·a/NO@AAVS18CCR48CD58 ·Ç
(Ë°>FNO ATLL ÖÜùt|N± CD48 ·Ç(Ë°>FNO ATLL ÖÜ
/¿À§ªîùOO@ò/òùùó8CD48 Ç(Ë°>F ATLL ÖÜ2 YT1
/ÖÜî+ùóúûN±²?òù·ÿNO@ 
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(A)* * * *  

 
(B) 

 
Figure 5: (A, B)Cas9 ªäã67O ATLL ÖÜ0ST1, KK1, Su9T0113 sgRNA
·ú²± CD488CD588CCR4 ·Ç(Ë°>F6pOÖÜ·YÔÖÜùN±8
NK ÖÜk/ YT1 ·Ê¤'ËD\ÖÜùN± NK ÖÜî+°(:E·a/NO@
Target ÖÜ/M3j:67±²?¡¶2lmn¡¶·ÿN±²?@¹ºÓYÌ
ÔÕ@*p<0.05, **p<0.01, ***p<0.001@ 
 
 
5.! CD48 /¬?®?\�./Oñ/ CD48 cDNA /<= 

CD48 Ç(Ë°>F ATLL ÖÜ/ YT1 ÖÜî+ùó/úûª CD48 Ç(Ë
°>F3(û¿ÍOãÐÔÙ$É=>?òù·ÿ¾Oñ38ÑÖ/ silent 
mutation ·Üá CD48 / cDNA ·¬­6p±8sgCD48 vw£/ CD48 ·¹
Ö!$6pOd38sgCD48 = CD48 ·Ç(Ë°>F6pO ATLL ÖÜ·ú²
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± NK ÖÜî+°(:E·/VF×3NO@ÑÖ/ silent mutation ·Üá
CD48(NM_001256030)·¬Fs>EG?,ËD\3Ës\]§ÞN±8ò/
cÉ?ì7· 293T 3FÉ§?¤'ËÝZ§·/²¤s\HEF­F¦\=Ö
Ü"�/ CD48 /!$·ÍÎNOª8CD48 /!$·ðñÙùOO@Ly3Ø
ÞG\c=ÍÎNO sgAAVS1 ·¬­6pO ATLL ÖÜk(ST1)/ RNA Ý\Ë
Ê§?/z\D· Trimommatic =F¦ì§Þ·/²8Kallisto =ÍÎ·/O
Oùòq8ATLL ÖÜk=2 NM_001256030 /!$2}ÙðñÙùOO0F
=8Ú/ CD48 /FÉ§?Ë¦cF=>? NM_001778 2!$N±²O@ò/
o6ùóÑÖ/ silent mutation ·Üá CD48 (NM_001778)·¬Fs>EG?
,ËD\3Ës\]§Þ·/²8ò/cÉ?ì7· 293T 3FÉ§?¤'ËÝ
Z§·/²8¤s\HEF­F¦\= CD48 /!$/ÍÎ·/OOùòq8
NM_001778 / CD48 /!$2ÃÛµOO@¬?®?\�.=2ò/
NM_001778 / cDNA ·õú¾?òù3NO@ 

 
!  (A)* * * * * * * * * * * * * * * * * * * (B) 

!

 
 
 
 
 
 
 
 

(C)* ! !

 
Figure 6: (A, C) 293T 3 sgCD48
vw£/ CD48 (NM_001256030
æ2 NM_001778)·¹Ö!$6
p8¤s\HEF­F¦\= CD48
/!$·ÍÎNO@(B)Ly3ØÞ
G\c=ÍÎNO sgAAVS1 ·¬­
6pO ATLL ÖÜk(ST1)/ RNA
Ý\ËÊ§?/o6·ÿNO@ 

!

!
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6.! CD48 cDNA(NM_001778)·ú²O¬?®?\�. 
ÑÖ/ silent mutation ·Üá CD48 cDNA(NM_001778)·¹Ö!$6pO

d3 sgCD48#3 = CD48 ·Ç(Ë°>F6pO ATLL ÖÜk(ST1)ù NK ÖÜ
k/ YT1 ·mnN± NK ÖÜî+°(:E·a/NO@sgCD48 vw£/
CD48 ·¹Ö!$6pO ST1 3 sgCD48 ·ú²± CD48 /Ç(Ë°>F·/
²8CD48 /!$¢MªÜN²òù·¤s\HEF­F¦\=3ðNO@ò/
ST1 ·ú²± NK ÖÜî+°(:E·a/NO@sgCD48 vw£/ CD48 ·¹
Ö!$6pOd3 CD48 ·Ç(Ë°>F6pO ST1 2 NK ÖÜî+3.¾?
vw£·YÙN±²ÙùOO@ò/o62 CD48 Ç(Ë°>F ATLL ÖÜª
NK ÖÜùóúû·ÿ¾$ÉªÇ(Ë°>F3(?çãÐÔÙ$É=Ù²òù
·ÿNO@ 
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^ (A)                                                    

  (B) 
Figure 7: (A);ñ Cas9 ·ä
ãNO ATLL ÖÜk(ST1)3
¬Fs>EG?,ËD\·ú
²± sgCD48 vw£/
CD48(NM_001778)·¹Ö!
$6pOd3 sgCD48 =
CD48 Ç(Ë°>F·/²8
¤s\HEF­F¦\=
CD48 /!$·ÎÏNO@ 
(B) ij/ ATLL ÖÜù NK
ÖÜk/ YT1 ·ú²± NK
ÖÜî+°(:E·a/N
O@Target ÖÜ/M3j:6
7±²?¡¶2lmn¡¶·
ÿN±²?@¹ºÓYÌÔ
Õ@**P < 0.018 ***P < 
0.001@ 
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7.! ATLL Xenograft y>?KzG3(? CD48 / NK ÖÜî+/<= 
ATLL ÖÜ/ CD48 / NK ÖÜî+/ñó·¿Pï=öu?Oñ38ATLL

ÖÜk(ED40515(-))· NOG y>?3}~N± xenograft ·à¡N8NK ÖÜ
k/ YT1 /©üÆ¾â¶M·¸NO@r§Fs\G=>? ED40515(-)-
sgAAVS1 /©ü2 YT1 {2W=ç{2Wùtu±ÄÅ3âÝN8
ED40515(-)-sgCD48#3 =2r§Fs\Gùt|N± YT1 {2W=©ü/âÝ
ªÄÅ3ÜNùOO@CD48 Ç(Ë°>F3(? ATLL ÖÜ/ NK ÖÜî+ù
ó/úû3:²±2 in vitro µÑ=2Ùç8in vivo 3'²±83ð=ZO@ 
 
! (A)                                                               

(B)!
!

Figure 8: (A)hq/y>?�./Êå·j:N
O@(B)sgAAVS1 8Nç2 sgCD48 #3 ·¬­6
p±Ç(Ë°>F6pO ATLL ÖÜk
(ED40515(-))· NOG y>?3}~N±
xenograft ·à¡N8ED40515(-)-sgAAVS1Ó
YT1 {2W8ED40515(-)-sgCD48#3ÓYT1 {2W/ 4 W3çÑ±©ü�¿·
Å<NO@¹ºÓYÌÔÕ@*p<0.05, **p<0.01@ 
!

8.! éÑ¢èêrùóçëNO NK ÖÜ·ú²O NK ÖÜî+°(:E 
Ê¤'ËD\ÖÜùN± NK ÖÜk/ YT1 =2Ùç84 ¢/éÑ¢èêrù

óçëNO NK ÖÜ·õúN±8NK ÖÜî+°(:E·/OO@CD48 å)
CD58 ·Ç(Ë°>F6pO 3 úù/ ATLL ÖÜk(ST1, ED40515(-), KK1)·
YÔÖÜùN±õúNO@AAVA1 ù CD58 ·Ç(Ë°>F6pO ATLL ÖÜ
ùt|N± CD48 ·Ç(Ë°>F6pO ATLL ÖÜ2 NK ÖÜùó/úû·ÿ
NO@CD48 Ç(Ë°>F3(? ATLL ÖÜ/ NK ÖÜáàùó/úû2 NK
ÖÜk/ YT1 /íÙóì8éÑ¢/ NK ÖÜ3'²±8¿Í?òùªåTN
O@ 
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^ (A) 

(B)!  

!

Figure 9: (A, B)CD488CD58 Ç(Ë°>F ATLL ÖÜ(ST1, KK1, 
ED40515(-))·YÔÖÜùN±84 ¢/éÑ¢èêrùóçëNO NK ÖÜ·
Ê¤'ËD\ÖÜùN± NK ÖÜî+°(:E·a/NO@Target ÖÜ/M3
j:67±²?¡¶2lmn¡¶·ÿN±²?@¹º±YÌÔÕ@*p<0.05, 
**p<0.01, ***p<0.001@!

!

9. CD48 Ç(Ë°>F ATLL ÖÜùlmnNOùZ/ NK ÖÜ7£/ÎÏ  
ô3 CD48 Ç(Ë°>F ATLL ÖÜ(ST1)·éÑ¢èêrùóçëNO NK

ÖÜùlmnNOùZ/ NK ÖÜ/7£N·ÎÏNO@NK ÖÜ7£N/8Y
ùN± IFN!ùãåçy\I\/ CD107a ·õúNO@r§Fs\G=>?
ST1-sgAAVS1 ùmnNO¡ùtu± ST1-sgCD48#3 ùmnNOéÑ¢/ NK
ÖÜ/ CD107a ù IFN!/«£§2ÄÅ3ÞáN±²O@ò/òùùó CD48
Ç(Ë°>F ATLL ÖÜ2 NK ÖÜ·7£N6pÙ²ù²VòùªåTNO@ 
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(A)                                              * * * * * * *    (B)   !  
 

 
 

Figure 10: (A) éÑ¢èêrùóçëNO NK ÖÜ·YÔÖÜ(ÙN8ST1-
sgAAVS18ST1-sgCD48#3)ùlmnN±8¤s\HEF­F¦\= CD568
CD107a8IFN!·Å<NOùZ/]"ÔÙö@(#) ($)/o6·ßÞÉ¤=ÿN
O@¹ºÓYÌÔÕ@***p<0.001@!

!

!

10. éÑ¢å) ATLL ÅB/èêr/ NK ÖÜ·ú²O competitive lmn°
(:E 

ô38ATLL ÖÜù NK ÖÜ·(ûu¡¶mnNOùZ/ CD48 Ç(Ë°>
F3(? ATLL / NK ÖÜî+ùó/úû3:²±<=NO@ò7¹=/O±
²O NK ÖÜî+°(:E=2u¡¶/mn·/Vòù2àÂ=>?òùùó
competitive lmn°(:E·/OO@YÔÖÜùN± Cas9 äãªí/ ATLL
ÖÜk(KK1)·ú²±8Ê¤'ËD\ÖÜùN± 2 ¢/éÑ¢81 ¢/2-3
á£1 ATLL ÅBå) 1 ¢/â£1 ATLL ÅB/èêrùóçëNO NK Ö
Ü·õúNO@�.3õúNOÄ±/ NK ÖÜ= CD48 Ç(Ë°>F KK1 /
ÖÜÖ2r§Fs\G=>? AAVS1 Ç(Ë°>F KK1 /ÖÜÖùtu±e 
NO@ò/o6ùó CD48 Ç(Ë°>F KK1 2u¡¶ NK ÖÜùmn·/O
±88NK ÖÜáàùóúû·\é¾?òùªTóù3ÙOO@ªÅÅB/
NK ÖÜ=2 NK ÖÜî+UªÞáN±²?òùªôõ67±'û(Espí et al., 
1996; Oka et al., 1993; Schantz et al., 1986)8éÑ¢/ NK ÖÜù2ãOOø
"=YÔÖÜ·@A¾?^U£ªÒòó7Oª8CD48 ·Ç(Ë°>FNO
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KK1 2 ATLL ÅB/ NK ÖÜ·õúNO¡3'²±8éÑ¢/ NK ÖÜùâ
×3úû·ÿ¾òù·ÿNO@ 

 

Figure 11: sgAAVS1 ù sgCD48#3 ·õ7ö7 pLenti-sgRNA-pgk-PG ù
pLKO.1_Lyt2 vector 3Ës\]§Þ·/²8õ7ö7/cÉ?ì7· Cas9 ä
ãªí/ ATLL ÖÜk(KK1)3¬­6pO@GFP å) Lyt2 ·!$NO KK1 ·
N Ø GFP-sgAAVS1/Lyt2-sgAAVS1 8 GFP-sgCD48#3/Lyt2-sgAAVS1 8 GFP-
sgAAVS1/Lyt2-sgCD48#3 / 3 W3Ù?(V3âÍt§=mnNO@ò/ KK1
ÖÜc\G3 NK ÖÜ· ò±mnNO@NK ÖÜ·ÜÅ=²? KK1 ÖÜc\
G· 2 R¬3\]N± NK ÖÜ· ò±8¤s\HEF­F¦\= GFP !$Ö
Üù Lyt2 !$ÖÜ/t·fÅNO@¹ºÓYÌÔÕ@**p<0.01, ***p<0.001@!

!

!

11. NûüÉE£É¦\3(? KK1 / CD48 !$/<= 
ATLL / CD48 !$öõø"·<=¾?Oñ3NûüÉE£É¦\·ú²O

?Ë¦\]§Þ·a/NO@ATLL ÖÜk/ KK1 38×ØÙÝÞßG¸á·
.ÉùNO 157 úù/Nûü·NØ2500nM 3Ù?(V3 ò± 24 ¡¶mn
NOd38¤s\HEF­F¦\= CD48 !$·öuO@ò/?Ë¦\]§Þ
= CD48 /!$·¢M6p?,äùN± 3 úù/ JAK *+,(G®Ì¦&]
£8F¤¥Ý&]£8¦¦Ý&]£)·â<NO@ 
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Figure 12: ATLL ÖÜk
(KK1)3 157 úù/Nû
ü· 2500nM 3Ù?(V
3 ò±824 ¡¶mnN
Od38CD48 /!$·
¤s\HEF­F¦\=
ÍÎNO@ 
!

!

!

!

!

!

!

!

12. G®Ì¦&]£õú3(? 9 úù/ ATLL ÖÜk/ CD48 !$ÜN 
6 úù/ IL2 §À£ ATLL ÖÜk0KK1, ED40515(+), ATL55T(+), TL-

Om1, KOB, ATL43T(+)1ù 3 úù/ IL2 ç§À£ ATLL ÖÜk(ST1, 
ED40515(-), Su9T01)3G®Ì¦&]£ · òO¡/ CD48 !$ÜN·¤s\
HEF­F¦\=<=NO@G®Ì¦&]£õú3(û IL2 §À£/ 6 úù/
ATLL ÖÜk/m= 5 úù/ÖÜk(KK1, ED40515(+), ATL55T(+), TL-Om1, 
KOB)/ CD48 !$ª¢MN±8åû/ ATLL ÖÜk=2 CD48 !$ÜN·ð
ñÙùOO@ò/o6ùó IL2/JAK /¸áª ATLL ÖÜ/ CD48 !$öõ3
â2N±²?ùÒòó7O@ 
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Figure 13: 6 úù/ IL2 §À£
ATLL ÖÜk(KK1, ED40515(+), 
ATL55T(+), TL-Om1, KOB, 
ATL43T(+))ù 3 úù/ IL2 ç§
À£ ATLL ÖÜk(ST1, 
ED40515(-), Su9T01) 
3G®Ì¦&]£· 2500nM 3
Ù?(V3 ò± 24 ¡¶mnN
Od3¤s\HEF­F¦\=
CD48 /!$·ÍÎNO@mæ¸
Ó95%çèé¶@ 
*p<0.05, **p<0.01, ***p<0.001@!

 
 
13. G®Ì¦&]£3(? pSTAT3 å) pSTAT5B !$¢M/3ð 

5 úù/ ATLL ÖÜk(KK1, ATL55T(+), ED40515(+), Su9T01, ED40515(-))
3G®Ì¦&]£·õúNO¡/ STAT3 ù STAT5B /!$ÜN/<=·>'
?D§£s(F=/OO@G®Ì¦&]£2 5 úù/Ä±/ ATLL ÖÜk=
STAT3 ù STAT5B /!$·ÜN6pÙ²ª8pSTAT3 ù pSTAT5B /!$·
¢M6p?òù·3ðNO@ 
!

Figure 14: 5 úù/ ATLL ÖÜk(KK1, 
ATL55T(+), ED40515(+), Su9T01, 
ED40515(-))3G®Ì¦&]£ 2500nM
3Ù?(V3 ò±824 ¡¶mnNO
ùZ/<P·õúNO@ò/<P/
STAT38STAT38pSTAT5B8STAT5B
/D§¨ËÄ!$/<=·>'?D§£
s(F=/OO@ 
!

!

!

!

!

!

!
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14. JAK18JAK28JAK38Tyrosine kinase(TYK)28STAT3 å) STAT5B Ç
(Ë°>FNO KK1 / CD48 !$/<= 
^ ij¹=/<== IL2/JAK/STAT ¸áª CD48 /!$ö«3âäN±²?ò
ùªåTNO/=8Cas9 äãªí/ ATLL ÖÜk(KK1)3 sgRNA ·ú²±
JAK18JAK28JAK38TYK28STAT3 å) STAT5B ·Ç(Ë°>F6p±x
Ù?;ÖÙ<=·/OO@KK1 3'²±8ij/ÚÛéªõ7ö7Ç(Ë°>
F67±²?òù·>'?D§£s(F=3ð=ZO@ij/ÚÛé·Ç(Ë
°>F6pO KK1 / CD48 !$·¤s\HEF­F¦\ù>'?D§£s(
F=ÍÎNOùòq JAK18JAK3 å) STAT5B ·Ç(Ë°>F6pO KK1
= CD48 !$ª¢MN±²O@ 
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(A)    !

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(B)  

  
 
 
 
 
 
 
 
 
Figure15: (A);ñ Cas9 ·äãNO IL2 §À£ ATLL ÖÜk(KK1)3 sgRNA ·
ú²± JAK18JAK28JAK38TYK28STAT38STAT5B ·Ç(Ë°>F6p 
8>'?D§£s(F=NØ/D§¨ËÄù CD48 !$·ÎÏNO@CD48 3
âN±2 imageJ =<dNN± GAPDH =¯ÜNNO¸·j:NO@(B) ij
/ÚÛéªÇ(Ë°>F67±? KK1 / CD48 !$/<=·¤s\HEF­
F¦\=/OO@mæ¸Ó95%çèé¶@*p<0.05, **p<0.01, ***p<0.001@ 
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15. STAT5B ·Ç(Ë°>F6pO 4 úù/ ATLL ÖÜk3'Ñ? CD48 D§
¨ËÄ!$/<=  

;ñ Cas9 ·äãNO IL2 ç§À£ ATLL ÖÜk(ST1, Su9T01, 
ED40515(-))ù IL2 §À£ ATLL ÖÜk(KK1)3 sgRNA ·ú²± STAT5B ·
Ç(Ë°>F6p±8¤s\HEF­F¦\= CD48 !$·öuO@IL2 §À
£ ATLL ÖÜk/ KK1 /í= STAT5B Ç(Ë°>F3(û CD48 D§¨ËÄ
!$ª¢MNO@ãO±8IL2/STAT5B ªª ATLL ÖÜ/ CD48 !$·ö«N
±²?òùªÿ!67O@ 
 

Figure 16: ;ñ Cas9 ·äãNO IL2 ç§À£ ATLL ÖÜk(ST1, Su9T01, 
ED40515(-))ù IL2 §À£ ATLL ÖÜk(KK1)3 sgRNA ·ú²± STAT5B ·
Ç(Ë°>F6p± CD48 !$/<=·¤s\HEF­F¦\=/OO@mæ
¸Ó95%çèé¶@**p<0.01, ***p<0.001@!

!

16. ATLL ÅB/èêr CD4 «£ T ÖÜ/ CD48 messenger ribonucleic 
acid(mRNA)!$/<=  

ÅB<P/ ATLL ÖÜ/ CD48 !$/<=·/VOñ38yEËs°¬E3
(ûÍÎ67Oèêr ATLL ÖÜ/ mRNA /ÀSz\D(GSE33615, 
GSE1466)·ÏÙN8ÍÎ·/OO@êB/z\D3'²±éÑ¢ùt|N±
ATLL ÅB=2 ATLL ÖÜ/ CD48 /!$ª¢MN±'û8x3¥°/È/3
±² CD48 !$2¢MNO@ 
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Figure 17: yEËs°¬
E3(ûÍÎ67O
ATLL ÅB8Nç2éÑ
¢/èêr CD4 «£ T
ÖÜ/ mRNA /ÀSz
\D(GSE33615, 
GSE1466)·ú²±
CD48 !$/ÍÎ·/O
O@mæ¸Ó95%çèé
¶@*p<0.05, **p<0.01, 
***p<0.001@ 
 
!

!

 
17. ATLL ÖÜ/ CD48 D§¨ËÄ!$/<= 

CD48 /D§¨ËÄ!$ÍÎ/Oñ3éÑ¢8Nç2á£1 ATLL ÅB/è
êr·¤s\HEF­F¦\=ÍÎNO@éÑ¢ùt|N± ATLL ÅB/
CD3 «£ CD4 «£ CD25 «£çî(ATLL 3'Ñ?©üçî)/ CD48 D§¨
ËÄ!$2¢MN±²O@x3 ATLL ÅB/èêr3'²± ATLL ÖÜ(CD3
«£ CD4 «£ CD7 ·£)ù bystander /¯Ñ CD4 «£ T ÖÜ(CD3 «£
CD4 «£ CD7 «£)=2 ATLL ÖÜ/ CD48 !$ªÄÅ3¢MN±²O@
ATLL ÖÜ/ CD48 2 mRNA8D§¨ËÄ/²ì73'²±8¢MN±²?ò
ù·ÿNO@ 

 
 

!

!

!

!

!

!

!

!

!

!
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(A)   * * * * * * * * * * * * * * * (C) 
 
 
 
 
 
 
 
 
 
 
 
 

(B) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 18: (A)éÑ¢8Nç2á£1 ATLL ÅB/èêr·ÎÏN±84tu
çë·/OOd3¤s\HEF­F¦\= CD3 «£ CD4 «£ CD25 «£çî
/ CD48 !$·<=NO@(B) ATLL ÅB/èêr/ ATLL ÖÜ(CD3 «£
CD4 «£ CD7 ·£)ù bystander /¯Ñ T ÖÜ(CD3 «£ CD4 «£ CD7 «
£)/cs(F·ÿNO@(C) (B)/o6·ÞÉ¤=ÿNO@ 
mæ¸Ó95%çèé¶@**p<0.01@ 
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18. PTCL /¦§¨õ¥Ü/ CD48 mRNA !$/<= 
ô3 ATLL ·Üáî¶£¼ PTCL / CD48 mRNA /!$3:²±<=N

O@yEËs°¬E3(ûÍÎ67OéÑ¢/èêr CD4 «£ T ÖÜ8
PTCL(PTCL-not otherwise specified(NOS)8angioimmunoblastic T-cell 
lymphoma(AITL)8ALK ·£ ALCL8ALK «£ ALCL8ATLL)/¦§¨õ¥
Ü/ mRNA !$d3:²±ÀS67±²?z\D:(F(GSE6338, 
GSE14879, GSE19067, GSE19069, GSE58445, GSE65823, ETAMB702 å)
ETABM783)·ÏÙNÍÎNO@éÑ¢ùtu±î¶£¼ PTCL =2 CD48 !
$ª¢MN±'û8ALK «£ ALCL ù ATLL =ã3 CD48 !$ª¢MN±²
O@ 
!

Figure 19: éÑ¢/èêr CD4 «
£ T ÖÜ8î¶£¼ PTCL(PTCL-
NOS, AITL, ALK ·£ ALCL, ALK
«£ ALCL, ATLL)/¦§¨õ¥Ü
/yEËs°¬E3(ûÍÎ67O
mRNA !$d3:²±ÀS67±
²?z\D:(F(GSE6338, 
GSE14879, GSE19067, GSE19069, 
GSE58445, GSE65823, 
ETAMB702 å) ETABM783)·Ï
ÙN8CD48 !$/<=·/OO@
mæ¸Ó95%çèé¶@*p<0.05, 
**p<0.01, ***p<0.001@!
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!

!

!

 
19. CD48 !$ù;d/ÍÎ 
^ ij=õúNOz\D:(F(GSE6338, GSE14879, GSE19067, GSE19069, 
GSE58445, GSE65823, ETAMB702 å) ETABM783)3;d/ëôª>û8
ALK ·£ ALCL /;d/ÍÎ·/OO@CD48 /mæ¸= 2 W3çù¾?
ù8CD48 ¢¸W= ALK ·£ ALCL /;dªÄÅ3ÂÃ=>OO@ 
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Figure 20: ÀS67±²?
z \ D : ( F (GSE6338, 
GSE14879, GSE19067, 
GSE19069, GSE58445, 
GSE65823, ETAMB702 å
) ETABM783)/ ALK ·£
ALCL /;d/ÍÎ·/O
O@CD48 /mæ¸= CD48
î¸Wù CD48 ¢¸W3ç
ù·/Ù²8IcÉ§yE©
\ ì ½ · j : N O @ Log 
rank <<@!

!

!

20. ALK ·£ ALCL ÖÜk·ú²± NK ÖÜî+°(:E 
CD48 ¢¸/ ALK ·£ ALCL ª;dÂÃ=>?òù/0þª NK ÖÜáà

ùó/úû=>?òù·ÿ¾Oñ38Cas9 äãªí/ ALK ·£ ALCL ÖÜ
k(TLBR2)3 sgCD48#3 ·ú²± CD48 ·Ç(Ë°>F6pO8/·YÔÖÜ
ùN±8Ê¤'ËD\ÖÜ32éÑ¢/èêrùóçëNO NK ÖÜ·ú²8
NK ÖÜî+°(:E·/OO@r§Fs\G=>? TLBR2-sgAAVS1 ùt|
N± TLBR2-sgCD48 2¿ÀÖÜ/ÞáªÜNç8CD48 Ç(Ë°>F3(?
NK ÖÜáàùó/úû·ÿ¾òùª=ZO@ò/o6ùó8CD48 ¢¸/
ALK ·£ ALCL ª;dÂÃ=>?òù/0þª NK ÖÜáàúû=>?òù
òù·ÿN8CD48 ªî¶£¼ PTCL /;d38âä?^U£·ÿNO@ 
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Figure 21: Cas9 ªäã67O
ALK ·£ ALCL ÖÜ(TLBR2)3
sgRNA ·ú²± CD48 ·Ç(Ë
°>F6pOÖÜ·YÔÖÜùN
±8éÑ¢/èêrùóçëNO
NK ÖÜ·ú²± NK ÖÜî+°
(:E·/OO@Target ÖÜ/M
3j:67±²?¡¶2lmn¡
¶·ÿN±²?@¹ºÓYÌÔ
Õ@**p<0.01, ***p<0.001@ 
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,�.=2ÅÇÉUE7/ CRISPR-Cas9 ÉE£É¦\?Ë¦\]§Þ·ú
²± NK ÖÜáàùóúû¾? ATLL /çéùN± CD48 ·â<NO@CD48
Ç(Ë°>F ATLL ÖÜ/ NK ÖÜáàùó/vw£3:²±2 NK ÖÜk/
YT184 ¢/éÑ¢/ NK ÖÜ82 ¢/ ATLL ÅB/ NK ÖÜ=3ð=ZO@
ATLL ÅB<P/ mRNA /ÍÎ3(O±¥°/È/30íN± ATLL ÖÜ/
CD48 mRNA ª¢MN±'û8CD48 ª ATLL /¥Õý¡3âäO±²?^U
£·ÿNO@¹O IL2/STAT5B ª/Â7£Nª IL2 §À£ ATLL ÖÜk/
CD48 !$·¢M6p?òù·hqÿNO@ò/òù2ÅB<P/ ATLL ÖÜ
27£N STAT5 /!$ªÜNç(Morichika et al., 2019)8ã3á£1 ATLL
½®/ÇÑÖª IL2 â/ÇÉ£ªÜN²òù·ÇîN±²?(Chen et al., 
2010; Maeda et al., 2020)@ATLL LË/î¶£¼ PTCL /¦§¨©ÖÜ/
CD48 !$ª¢MN±²?òù8bØ2hqÿNO@ALK «£ ALCL ù
ATLL / CD48 /!$ªã3¢¸=>û8CD48 !$¢¸/ ALK ·£ ALCL
/;dªÂÃ=>?òùªhq/-.=Tóù3ÙOO@ò/;dÂÃ/0þ
2 ALK ·£ ALCL /ÖÜk/ TLBR2 ·ú²O NK ÖÜî+°(:E/o6
ùó CD48 ª¢¸=>?ù ALK ·£ ALCL 2 NK ÖÜáàùó/úûª¿Í
?ùó=>?ùÒòó7O@ò7ó/!¨2î¶£¼ PTCL / CD48 !$2
NK ÖÜáà3ãå=>?òù·ÿ!N±²?@ 

NK ÖÜ2_ýþÏï;®§¦§¨©3'²±8áà&'(Ë)E§F*+
,/-356ùâä¾?òùªÆPÿ67±²?(Barry et al., 2018; Cader et 
al., 2020; Huntington et al., 2020)@ã3DEÔÙ NK ÖÜî+7£ªw
programmed cell death 1(PD1)/PD-L1 áà&'(Ë)E§F*+,/w©ü
56·îñ?òù8ôõ67±²?(Dong et al., 2019; Hsu et al., 2018; Vari 
et al., 2018)@áà&'(Ë)E§F*+,2î¶£¼ PTCL =ðñJ.ª$
%È/N±²?(NCT02631746, UMIN000020601)@CD48 ªî¶£¼ PTCL
/áà&'(Ë)E§F*+,/¦EÆy\I\ùÙ?^U£ªhq/-.=
ÿ!67O@ 
^ CD48 2rsÖÜ3òÑÔ3!$N±'û8á£óô£¤r¥2 CD48 !$
·¢M6p?òù= NK ÖÜáàùóúû¾?òùªôõ67±²?(Elias et 
al., 2014)@bØªõ?Ãû=28hq/-.2 NK ÖÜáà/úû3â¾?
CD48 /½Á3:²±¦§¨©=<=NOoö/ôõ=>?@NK ÖÜ/7£
N2 NK ÖÜ/7£NùQR3âä?î¼3Ñ×Ù4ñP/¦É§?3(O±
SI3R÷67±'û(Huntington et al., 2020)89Ø¢/©üÖÜªNØÀ
B/ø"= NK ÖÜáàùóúûN±²?òùªÿ!67?@hq/-.= 5
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úù/î¶£¼ PTCL ÖÜkÄ±= CD48 Ç(Ë°>F3(û NK ÖÜáàv
w£3Ù?òù·ÿNO@ò/òùùóî¶£¼ PTCL 2 CD48 !$ª¢M¾
?òù=îï¼3 NK ÖÜáàùóúû¾?òùªÒòó78î¶£¼ PTCL
/©üý¡ø"/0ø·ÿ¾òùª=ZO@ 
^ CD48 /ùâÚÛé=>?E#çé/ CD58 2 T ÖÜå) NK ÖÜ/ CD2
ùoûN±8T ÖÜå) NK ÖÜ·7£N6p?@î¶£¼ PTCL ù B ÖÜ
£¦§¨©/©üÖÜ= CD58 /ÚÛéÐÑªîï¼3ðñó78ù: B ÖÜ
£¦§¨©/ CD58 2 NK ÖÜùó/áàúû3âäO±²?òùªøUÔ3
ÿ67±²?òùùó8ATLL 3'²±8 CD58 2 NK ÖÜáà3ãåÙÚÛ
éùº»67±²O(Challa-Malladi et al., 2011; Chapuy et al., 2018; Ennishi 
et al., 2019; Kataoka et al., 2015; Lacy et al., 2020; Schmitz et al., 2018; 
Watatani et al., 2019; Yoshida et al., 2014)@NùN8CD58 ·Ç(Ë°>F6
pO ATLL ÖÜ2hq/OOË¦?¨\?Ë¦\]§Þùõ/ô3/OO NK
ÖÜî+°(:E3'²±8 NK ÖÜùó/áàúû·ÿ6ÙùOO@ò7ó
/òùùó8CD58 2î¶£¼ PTCL /¥Õ3'²±2 NK ÖÜáàù2ÐÙ
?½Á·6ON±²?^U£ªÿ!67?@ 
^ hqbØ2 NK ÖÜáà3âä? ATLL ÖÜ/ÚÛé·øUÔù:ÒÓÔ3
ÍÎ¾?Oñ3 CRISPR-Cas9 ?Ë¦\]§Þ·/²8ATLL 3'²±ÚÛé
ÐÑ·ðñÙ² CD48 ·â<NO@�¼3 CD48 Ç(Ë°>F6pO ATLL Ö
Üæ2 NK ÖÜáàùóúû·ÿNO@x3 ATLL ÖÜ/íÙóìî¶£¼
PTCL ÖÜ/ CD48 !$ª¢MN±²?òù8Tóù3NO@CD48 2 ATLL
ÖÜ/íÙóìî¶£¼ PTCL 3'²±8 NK ÖÜáà3âä?ãåÙÚÛé
=>û8hd/áà&'(Ë)E§F*+,/¦EÆy\I\3ÙûV?^U
£ªÿ!678hd/ðñÉúªµú67?@ 
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1. ,-.ÄPùóÙó7Oýõ¨ 
!! øUÔù:ÒÓÔÙ CRISPR/Cas9 Ç(Ë°>F?Ë¦\]§Þ3(û

ATLL ÖÜ/ NK ÖÜáà3âä?ÚÛéùN± CD48 ·â<N8CD48
ª ATLL / NK ÖÜáà3ãå=>?òù·ÿNO@ 
 

!! ATLL 3'²± IL2/STAT5B ªª CD48 !$öõN±²?òù·Tóù3
NO@ 

 
!! CD58 2 ATLL 3'²±ÚÛéÐÑªðñó7?ª8ò72 NK ÖÜáà

32ñó·åÙ6Ù²òù·ÿNO@ 
 

!! ATLL /íÙóìî¶£¼ PTCL 3'²±8 CD48 !$ª¢MN±'û8
ã3 ALK «£ ALCL ù ATLL / CD48 ª¢¸=>?òù·ÿNO 

 
!! ALK ·£ ALCL 3'²±2 CD48 !$ª¢²W=;dÂÃ=>û8ò/

0þª NK ÖÜáàùó/úû=¿Í?^U£·ÿNO@ 
 
2. ýõ¨/Åþ 
^ ATLL 2$%/ä7±²?N*343.¾?56ªÜNç8;dÂÃ=>?
Oñ3ýÜ/-34/S!·/Vòù2WåÂ^ÿ=>?@$%î¶£¼
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û NK ÖÜáà3(O±@A67Ï¾²çé8â<N±²?@ò/iî 10 9
2 DExD/H-Box Helicase 608Ankyrin Repeat Domain 34A8Transient 
Receptor Potential Cation Channel Subfamily V Member 68Zwilch 
Kinetochore Protein8cold shock domain containing C28Latexin8
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