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(Nonsense mediated mRNA decay; NMD)°l| &] ¢t Z1 <1, 7w & d QLEFO| =& A &3¢t
=3

Vo of I v E A ool A1z, 7] A mRNA F-af = Al v 7 mRNA
‘53] (Nonsense mediated mRNA decay; NMD)¢l] 2| g+ Z1<1, 913 RNAE A& ¢t

o
N

ol 2~ vl 7l mRNA “5-3] (Nonsense mediated mRNA decay;
13t 531 A (exon junction complex; EJC) 1 A& 3 WAl 2 vl 7))
Z}Q1 UPFL, UPF2, PNRC2 ‘& 4l 2 | 7] mRNA 53 5 5%
T A= Gl A S H3AE o] Fa1 ol & g] H47E o] A (endoribonuclease) !
SMG6, 9} 4~ #] H.47E 2] o} A (exoribonuclease)?] SMGS, SMG7 5o 2] &l v A<
%4 51 += (premature termination codon; PTC)-& %t 2 ¥l mRNA7| #-38l & &=
71" o]tk

e H]—Uﬂ 9] L Ij—é oﬂ
Elo] =9} ¥ % mRNA®| 77
A7 A dee] wEE
29 LElo| =& Al &3,

- H“ﬁﬂ L UE TR el M= ] 93

, 4 wEY QEo| = Al AR A %% A 5 &t

%éoﬂ‘tu}—e—??ﬂ@]]i T
8= DNASL, 324 w2 d L Eol = Zﬂ & 2= AT e

X, 37 cireNMDE 47| 918 sl eje] /w249 2
A 3tel= RNA 23 dwd 7ho] A3 43

o

71
i =
Etol =9} 4 mRNAE AFAA #5258 = AQ, 47

rlr

FF
i

& of ol A 3=, Ac}ﬂ 'ﬂﬂ Q EM = RNA Et o= T3l
DNAS!, 4 w&d QLEo]| =8 A ASHE W2 Al 3o

=47 9438 RNAS AT o 2 Eekals= A EA}

#oms] 2 Tl E 29 sl o relnE Ao %Y
s el AR g i ARG S YT AT UL,

Bk ol A Al a5hE 7] 98 RNAE Al EAVE 3} S | BCL2L11 A A<}
AnA o AFste], 47 @l Aol ML A Fro 2N, A EAPE L 724
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B oalbyg o)A A7) BCL2L11 §-A Aol 93] &5 3le gld.e BCL-2 ¢ A
e}

Ao %3}31 BCL2 AD T4 9L ol ol FA] i BEo A Z FA4 5
¥k AT BTl ol shiz FAZAE 2AA iz AFAE FQ 284 o

& gt} o] FA Aol of 3l Fa st WAl S Bel-2 AE A Ev 9l 3(BH3)=
3}3}aL o] = BCL2, BCL2L1/BCL-X(L) ¥ MCL1-& ¥3}3 BCL-2 ¥ & 7]
o q_% er/H OJJ/], A]—Exl_Q. o}ﬁ /(ﬂ J./\].Uﬂ gA] Q_;q];a_ l%g}{_ ;{9_;,_ 14-}3]-
o] F-AAe] WA A7 A QTAHNGF)¥ERE ol 2} 3 3] = A AL <1}
FKHR-L1(FoxO3a)°ll ]38l 75 5= =), o] &= A7 A3 F 2 Al 3EAME
oA o] fradabe] o &g AAFgTE np9-2 T g ol T gk A A W 3 TRl A =
o AT FAAAE 53 Aol A A ZALE o] Al TPA[ R EA 7] 57
thi= A& AlAFgT

B dhgof| A A7) <M EAPE (Apoptosis)’- o A H GAIE F8ll AETF A}
AH SR Sz B-5 ek V] Al EAE, A EAEAL, BE= Al AME
(Apoptosis) THAH| 32 A = Aol A & 5= = Al 3 o] A AL(Programmed cell death)
o ol th, AT AL AT Aol U)ol AshehA Wse | otol Al %
7t EeAow ey o AL Axe] B A, AT ate] W), 9 g
Hel, AMA 223 A Ak 1831 3]G A E7F G2 N Lol A W5 =2
53 Ao Tk 42 HA AR S 8E o] ol AZA A}
(Necrosis) o} T 224 0 =2 Al £A e AR Aol 8% 7] 2 7] ¢hov] g7l
ol g 2ol Tk Q1ZL | (IE, embryo)®] -5} 3ol A 7kt Wty 71 107
of H4 & AZALo] Agatis A Adloleh AT A i W BWAS
of ASEAPE 2ol $o] 5 31(CAD W A), o 5 A Fefol A oAl <o} 2
FAUTE7E AT AL 53 2ol oo A4 5 v,

30 02 Hopd 0 ox

2

EM

N

vt o] b2 T elo] M3z, 7] AFEANE B Ase At o] A3k o] 2]
F A5, g] o) ARk, WA ol ), iz A iz Aol 9% A

A 2l

B9, oo} 24 B2 AT,

3 oto]] & A3 = mRNA$} circular RNALE 722 3 A}o] el oji)i=X]
ko], mho] A 2 o] ¢ o] 2} RNA in situ conformation sequencing (RIC-

seq) data ¥ /\4% E:H /q] hyA o]-oﬂ }\1 }\1;_ 73 ?'sL%L 7].:H o] =0 mRNAﬂ- OJ 2‘53

RNA FHEE 30t} 1 Foll 4 BCL2L11 mRNAS= hsa_circ_0002082 =

hsa_circ_00084967} -2 - g o A Al &5t 93 RNA9Le] 233 F3lo
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2
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N

mRNA ¢4 A o] 7+ ¥, o] 2 %& Al A (apoptosis) T -2 A E W 7|5
o G FE v A= A FAsA,

AGA L= A ] B2 ARl Ee] A8 Al Ee] At ThE o] A

&t ==t} o] = A $HH trophic factorol] ) $F 7 A o] A 7} = synaptic terminal
N FA 720 Aes AW 2 AAS o] Fi= A ERFAER 08 YEEH M
7] wiie o =2 o A dvk HEgE A A o] Holl M AEz 9 o Bkl (o] o o] &
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Ed ) B2 AAA xS S Aol M FAB M EY in vivo ¥ o] #EE 3
At A BarEo] o=, W A ] =
Flu et 1 B oo} e 2

A Ao = A A Al ko] g ol A Al 3k 1 RNAVE
MZAPEE Ao RN o D X5 a5 U3 o A7 AAE
34 A3t = A QA AEoll = HES, X0, ¢=3to] v ¥ (Alzheimer's
disease), 371 <=1 (Parkinson's disease), 31 ¥ ¥1 ¥ (Huntington's disease), 1] %F-3] =1
1 (Niemann-Pick disease), 3= 2] -5 (prion disease), =12 ©| & =0} ¥ (Creutzfeldt-
Jakob disease), A F=5 %] UH Fol A, T FA 214 3}5(AlzAmyotrophic
lateral sclerosis), 21 AW &3 :rL(Paraneoplastlc syndrome), ) A7 A E =, oA
A5, 1894 ﬂ”ﬂ}‘ﬂ], MNAA A7PH QA 8 A 4 A A 2 (spinocerebellar

p)

ataxia), 9o D AAHFTA 55, WA A3, F 5 £=/J(spinal cord injury) 2
EF--H Z-(tauopathy) . & o] Foi 7l o 2 FE] AEld 5= gl o1}, o]0 A 3HE =
A& ot}

Ll P I P et D i R B Bl e Uﬂ‘?ﬂdgfﬁ L= Aot £, A

el ﬂfﬂuﬂﬂr/\]xﬂ/] AT AEEC sl AFA7F 2d wh3-& 4ol
Zlolth, upro] wahy wojukgol A5 gk 210 fﬁ 17st A2 E S5 A B
A T1ES FAEI AEAPE G2 Yo7]= Flolth & g ol A Al ek Y
RNA= Al ZAPE S A Ao =AW A 73 Al 3ol A Al ZAPE S o7+
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ol = Frbe 2 AR ol ek 18 DR led oEA), DA FF 2, A
5, 14 ol vt
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o] i E= X 58 T Z‘—"é%
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= 3ol A 7] A7k (Autophagy)” >
15’-_ Al 7 249 b B ZH@”QE
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-1 $H(breast cancer), 3| $F(lung cancer), {F$F(liver cancer), & <l ¢(blood cancer),

i 2+(bone cancer), #“d$H(pancreatic cancer), 3]+ %t(skin cancer), ™ ] = 5%
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[<}
(urethral cancer), | H41 $h(prostate cancer), 7| ¥+ 2k (bronchogenic cancer) 3 &4
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ZHg Al Aol E AEE2 2 WE AdER
2, v sto] =g Az o E, 22

sto] EE ARl 2 o] B, &=, v vy AEoL| ol E = Fef 5ol AHEE

b, 98t H2W, v W, g, =4, et e A
T 58k 7F uhgk A shek Qbel] A A Fol ek Aol ¢ uheA skt

Hodbg o A 7] mH T, bRl A5 Folak AL, st I, AWy, 2
SU, g, 2, FEW, AHd, B AW R FAEW A B Vs
& Eohgin} Bk o] ofst A EE e A oS A8 AA o R T
ol € = It} Qbyroll AF Fof sz Al o] nighA ettt

L o] 2AEe Y R &2 AR E 54 siste e 24, A", AT,
ARkl A, A8, A2, Fof AR, Fo B 2 e h, e M R ol s
g 54 A8 $58 E3E of 2] el wheh vheFatA M 4= dan, A
7] oFst 2 =0 Fold sxte] Y, A, Ao A%, FF Y, T4
H 7] 3bel] whe} vh= A RE G 2pel] ol A At A A EE 4= 9laL, 19 0.0001
] 50mg/kg H== 0.001 WA 50mg/kg &2 Fo] & 4= QI T}, Fo] = 3}

o 5 9laL, 53] vhro] Fol@ S gtk 4] Folze ofu
3y

]
[e]
of g, A, AL A A Y, s, duAZ AlgE 5

o] 5314 (exon junction complex; EJC)E 7FA] = ¢8 RNAE o] &3t
4 mRNA 3 X1 7S 238t Q7L +A4E T8 =f1A d&t
+ 14 mRNAE 54 7 vk A, Al 2 S48t d A& g] By =gl obA
(exoribonuclease)®l] %] g/d o] =, = A3 RNA Bt} U] 5 QF4 g, 913 & el 9
RNAE o] &3t} = &4 o] Au}. whelA mRNA QFAHA 24& 7[Hto 2 3 X85
Al 75 kel & 287HX7F = Ao E Ve

£, Er] d$= A3 #3HA| (exon junction complex; EJIC)+= 3° UTRe| 2 35} 4]
oly3l, 3> UTRO] o} 3ol A3tstd NMD7F A of 1b=] of 1] g, 121} Al
3 Yol 4] DNAZ-E] RNA7Z} Z A} (transcription) 2 4 2 B3l A H & W E
2ol 4 (back-splicing) S -3 ¥ RNAZF A ¥ = A9, AAL=HA A& e
314 (exon junction complex; EJC)7}F 13 RNAol A3 ¥}, o] 913 RNAVF 3%
%] mRNA®] 3°UTRel A% 5= 94 &= 49, NMD7F &4 315 of B2 sh= 3%

2 mRNAE Eo|4 o & Hajs 4= 9}
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[95]

[96]

[97]
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[99]

[100]

[101]

[102]

[103]

[104]

[105]

TA A o2 AA, dE= A3 H3A| (exon junction complex; EIC)E 7HA| &=
RNA2] A3 RNA ATH-HE 4324, 24 mRNAS gHA| §lo] d&l+=
+ mRNAE F A 8h= 3lo] 7hs sttt <5, mRNAS] 714 E-& &7 vtk &b
mRNAE A8 d o7 74 3¢

=7, 93 RNAE o] &3] o ol o] =t} 213 RNASE o 28] B2
] o} #| (exoribonuclease)®l] %] &Alo] gl o 77 M3 RNAK T eEA A o] &, u}
“hM 1 RNAES o] &ahi= 212 AH RNAE ol &8h= A Brp A& =dof ¢

473 Aol A Hojrho}

AA, mRNA QP 24 & 7o = 3 X5 7| /e o] 2 4 AUt
ANA o= vHE % RNAE o] -835to] T4 mRNAE 5ol o= Fafgtos
A, 2+ E ¥ o] 2|54 7fEko] 7hs st

4%
5
=
e

-

= AA ] 1-19] A9 B2 EE UERd Aot
b= A3 2] B mRNA%} Z236l= 913 o] 9 ¥ RNA (circular effector
RNA)7F A3 2] LB mRNA9} 317 &A1 v 1 43 2] LB mRNAL] o] 7

A, A AV AL ks ure] A d 2

% 2bv= A3 212 H mRNAC)] 2 3H o] 9li= 913 o] FE RNA (circular effector
RNA)9| o] 4 8 ZA| g Aol

L 3at™ A Al e 29 A9 BAEE YR Blolt).

%= 3b= Y& o] H B RNA (circular effector RNA) 7} T} k&t -9 o) A 3lsli= 7+
A% 232 E mRNAS} 3 &A% o), 7} 43 2] 32 E mRNAS] & H3HE H o
T Ad 235 YEhd sleolt

T 4ai= )\21/\] Q;ﬂ 39] )\164 U/\h:.é 14_}3]_13]4 ;io]q_

% 4b= A A H 2] £ E mRNASF 238t thoksl ol & A
junction complex; EIC) $1AF=2] |~ £39 A9 495

5 dei= elFAA3E W AAE A =S FAS s £
ot}

5= 4di= elF4A3 = 1 9 7 gle o A3 o] 3l= 99 ol ¥ RNAY & u
Ebdll Alol T,

5 dei= elFAA3RE W9 4 Sl& w) A9stal 3li= A% 2132 F mRNAS| &=

ek Aol
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[106] 5= 5av WAl vl 7l mRNA ‘53] (Nonsense mediated mRNA decay; NMD) {1 A}

[107] 5 5b+= ‘ﬂr/}ﬂ/\ 1] 7]l mRNA -5 3] (Nonsense mediated mRNA decay; NMD) 5~ &
ANA} 7m0 e A3 2] L E mRNA oHAA] HstE 72 sk 29 A s el
Zlolt},

[108] X 5¢i= NMD 52817} 7Aool & A3 2] 32 E mRNA H4A ¥ E 2% o
71 o] WHaks npto] Xl gh 29 Aol

[109] % 6at= AAof 504 AA|gufolaRojg o] A BAEE el o]t

[110] 52 6bi= vhola=2ofeo] & &8l 32 A% RNA 7} ¢} 919 RNAS] 75
o] 5=l tholo] 1ol T}

[111] % 6c3= RIC-seqS 53 % 43 mRNAS} 918 RNA Alo] o] A gk 42 el
Zlolt},

[112] I 7at= siRNAE o] &3le] 2 913 RNA %S 7 A7l A5, 4381
BCL2L11 mRNA®] && Vet = A3 A dolt].

[113] T 7bi= 8 RNAS AN 3, A EANE | A E 0 &S 434 o2 e
Tz olt

[114] % 7¢= Y% RNAE T&aA 7 = AZARE | A ZE @M% ol n#] & Yebdl
Zlolt},

[115] L 8at= A Ao 6-200 A4 Al =gk A3 o] HE RNA B A L& YER Aol

[116] % 8bi= 13 RNAE #1d 31S uf, BCL2L11 mRNA2] k& L}ER Al o]t}

[117] 5 8c= U RNAE HHAA 731 Al SEAPE o] A S A X B85 AFA S
2 Ve 2z E e Ao

[118] 5% 8d+v= ¥ RNAS I A 7] 3L A EAPE | A 325 A& o| 1A & e
Wl Aol Tt

[119] % 9ai= ATG5 mRNA 3'UTROI| Z3}st%= 5 Al 21gk 7 213 o] JE RNA A %
o]t}

[120] T obE F EF7Y 99 ol HE RNAS 72 18] a1 hA| A A S ] ATGS
mRNA9| o] ZHaatr, 7 T2 €8 o/ E RNAE 37 dolFRe W 1

B U S sk S vEbd = 23 Adolth

[121] % 9ci= mRNA7ZF 74 go) whe} el vzl o] Qe ZhAshy, 12 Qls)| A7}
EA o] JAE = e BolFE A Y Aol

[122] =102 & 23S UEhll=E 2 5ot A4 02 & 10()= 7]El ¢
Z Al 2 vl 7]l mRNA ‘53] (Nonsense mediated mRNA decay; NMD)E U-EF
Aol i, & 10(ii)i= & g ol A AlEshi= 98 & efo] RNA7E I 33 534
(exon junction complex; EJC)} 17 34 RNA<9| 3° 8] & 9] (3’ -untranslated
Region; UTR)ll 2 3}slo] vl 2~ v 7]l mRNA “5-3| (Nonsense mediated mRNA
decay; NMD)E &4 3tA 7] &= Z1& vebdl 1ol t} o] 2] gk A4S 2 A A 9
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[123]

[124]

[125]

[126]

[127]

[128]

[129]

A1 cireNMDol 2FaL g sFl T B2 103D == T ol A A58k 1% J e
RNAS} 324 mRNA©| & 54 0= Aeshi= RNA 23 25 v 7f 2 5 RNA
£ ddAMA mrcNMDE fi Eﬁ}% A& vkl 19 et

o] A7} UrEMX] ‘E%—%g gl gk Aol v}, -4 4] LS
Lola, & 11bb A3 2] £ E] mRNA 1= 93 o] HE] RNAQ}
2] &b, A3 2 LB mRNA7} 93 o] I E] RNAS A E314
Bl mRNA & A7 e A & 5-& Bol5 & A3 2 o))

12 AAA QL A o] E RNAY A2 oAlsh A9 ¢l 3B mRNA 7
A @Ao] e A e Fls Aot 7 A A 0= & 12a A 3] B4 o]
31, 5 12b3= Y8 o] FE RNAVE *HEo] A wol 7k 443 232 E mRNA & 724
Aol Yeha s Bolae A3 Adtoly, & 12¢+= 7] = 1209 A 3ol tsho
A Ao wakE nhyto] A7l g Aol

132 4 A= 0B TH 100 72 H L EFo] = o] 4 Hol Xl )Xo f¥ o] ¥
EIRNAZ} A 3teto] oF 413 mRNA 7HA Aol Yebe& &l s 754014.%41
Ao & 13ax AF P kol & 13b= A% 2] £H mRNA 3’UTRE| T} 3

Aol A& RNAZF A6l = 3132 v, A8 2] F£E mRNAS| F24 FFo =
5 100 i’ﬂOEPOlE o]/ "ozl 3o %%’ B RNA7} A 3af oF ek A
4 El E1 mRNAQ| & 747 vepd 2 gl gk A5 Aafolt)

= WOP“E% NA A3 F7FBS75 AY 9 E£H mRNA 4 €
2ol H 27.711 LERE S gl gk Aol th, A A ' & 14av A Y B A o],
% 14b= A ol H RNAS A% o = F o7 5 A9 g2y
mRNAQ| ol v A A A& 8¢l gk 23 4ifolt)

% 15¢ A48 21 £ E] mRNAS} Z23tsh= 99 o] J g RNAS] 757 B4
A% 2] mRNAQ| <ol tE A A& g2l Aot} 742 o=

5 152 A3 Aol 1= 15b= A F 2] £ H mRNASH 296k 9d o J—*IH
RNAS| A7 B&T5 A8 2] 32 mRNAQ] 4o t] 2 Thadhs Ho5= 4
K @ﬂOlE}.

L 16> ¥ 3 RNASF 14 mRNAS] 2 3-& WalstA Al EAd o] F713k8
Qs 754014 TA A 0 2 X 16a3= hsa_circ_0008496 ~L¥] 3L hsa_circ_0002082
ofo] A} Ffloll SolA el ASOl ek B A ko] aL, &= 16b+= ASO A 2] ¥ F7}
S+ BCL2L11 mRNA %-& YEFH 18 3oy, &= 16c: ASO A& 3 M xZALE #H
AEHEE AEH o7 Ve 18 Zo)al, & 16dE ASO A 8] T A FEAE ¥
A EE Qg o m] x| o] T},

—

1

e o] AAIE H T FH
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0!

[130]  olal, AAldl & Eate] B w2 v S gas] Adatins Bl oS Ao

R By ne A Ao r Ay 93 Ao A
whe} B g @%7}01%@/«1@1@1 B Hxﬂ s 7
o] X 4] 7ha Aol Al el A 2pE

d
A
=

=

ol A

oft

[131]
[132] [ Al 4]
[133] [ A4 1] 938 RNA (Circular RNA) 239 23 A3 2] ¥ 5 mRNA 724 &

i\o];
[134] [A A4 1-1] €13 RNA (circular RNA) Z3tef] 2]3l X3 2] ¥ mRNA & 7
2 Eol

[135] Al 2~ vl 7l mRNA ‘53] (Nonsense mediated mRNA decay; NMD)7} € o] L}7
A A= A A deﬂ (exon junction complex; EJC)7} &4 Z=2| 5 F
(downstream), <5 3° H] ¥ &} -9 (Untranslated Region; UTR)®l| 2 315} = 7,i0] %
a3ttt o] A& aefste] & 1aol A YER vEe} o], 95 3 (back-splicing) &
72 olg] A& 7 B34 E 71x] 3= 23 RNA (circular RNA)7F mRNA Q| F2 =
= (stop codon) F % #9191 3> H|H A H9lof A% 4= ) == A8 (linear) B 3
B mRNA<} 913 o] B RNA (circular effector RNA)E A| 2}5}FS] -

[136] =, A% 22 mRNAS] 3° B[H S F9lo) 2171 9] 7|80l FRA o= Azt
5= 138 o] A ¥ ¢FE] Al 2 (circular effector antisense) AS213}F 3070 2] 47| <&
7 Aztsh= 93 o] FE FE[ A2 AS30S A3 2] 32 9 37 HeLa Al 79
A 7L F, 7F A8 2] £ E mRNAS] 4 FHelshsith,

[137]

[138] 2 A7} = 169} % 1col] VEFY Bl9} o], A8 2] £E] mRNAS} Ada 4= 9)
= 3 o] HE RNA (circular effector RNA)E A8 2] LB mRNAS} 7] W& A
Ae W, LAV 2] 3EE mRNAY &Fo] Thadte] s = whd, A9 4 3l

7IM D2 b= o] HE RNACK oAM= 7L ko] WEE A& 5 gl

[139]

[140] [AAA1-21 4% 2 ¥ E mRNAS €19 RNA (circular RNA) 23t of 7 &9l

[141] ShA| e A 71 2138 o] H B RNA (circular effector RNA)7F 413 2] 3 B mRNA
o AXA oz AT o] 9i=x olaly] Y&l A st ) & 2a0) UERG 1]
o} o] MS2 23 A& (MS2 binding sequence; MS2bs)E 7}4] 31 9] 0] MS2-HA-
MBP ttd o] Agtst 4= 9l 1= €] B mRNAS} MS2-HA-MBP & | “12] 51 A

THA 2 a2 Edd DS 2= 9 o] FE RNAE Al o] FA]0l HAAAR]

.

i

S

[142]
[143] 1 A & 2bol] YR HEeL fho], MBPe} A S| A F ek ol E A H[ =
(amylose bead)Z MBP & U} #-4] (MBP-pull down assay)= # & g+ A3} A3
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[144]
[145]

[146]

[147]
[148]

[149]
[150]
[151]

[152]
[153]

[154]
[155]
[156]

[157]

[158]
[159]

] B mRNAZ AR A0l A7 LS 714 a1 ¢9l3= 98 o] FE RNA (circular
effector RNA)7} 413 2] L E] mRNAc°| 7} Bol Adsli= A o2 eyt

[AA] e 131 HE A2 S8 3 FEHLE|EE o] &8 A 2| X H mRNA9
23 o] ¥ H (effector) RNA 2 F 3] &<l

A8 2] £ mRNAS} 938 o] 9 E] RNAY A S Waldtarzl, &= 11acl Yehd
ule} o], A3 2] £ B mRNA £+ 93 o] HE] RNAC 717} Adst= ote] Al
2~ &) 31 47 & 8| & E} o] = (antisense oligonucleotide; ASO)E- A 2} T}

1 A3 5 11b0]) YER Ble) o], oFE] Al A~ £-¢] a1 - E ) L. E} o] = (antisense
oligonucleotide; ASO)E ©] -85t 4% 2] B mRNAS} €14 o] 9B RNAS| 2
& waleh A ¥ A8 2] £ mRNAS] ZH4 a7 YEbA] gk oke-8 &9l
8kt

[HA] o] 1-4] ] FE RNAS Feo] i} H3 2]¥H mRNAS 74 g7 2l
A RNAE Aot g efbold A S A& & 2o b d & F3
dojtt}. T = Lt 12a0] WERG BEe} o], o & Eo] Hhg A o Z‘~XH

dlo] AAFA 01 28] o] RNAZVF A E = 7499 3
A o] E RNAZF AT = YA = A et es g 7

1A 5 12b 2 12c00) vhebdl e} o], HAbA 0w A g A7 o] #E
RNA7} 419 2] £E mRNASH A @3, A9 2] 8 mRNAS] o] Thasi= u
A, A o] A A 2 Qle] Al 9 ol HE RNAZF A H A o A
mRNA®] o] 7254 2&-& #datsirh.

[AAld 21 7] 23] A& e BE A 2] £ E mRNAS] A A

[AAl o 2-11 7] 2¥°] 3’ UTRY A vt EojF o2 FEHE AMH ¢
¥ ¥ mRNA®| 74 HA}

213 o] # E] RNA (Circular effector RNA)7} 418 2] ¥ E] mRNA2] o] == ¢ X]
of Agtat v A2 ZH mRNAS &2 a7 +=A] Flstarzt shqith =
3a°l YEFA Hle} o], 213 o] HA B RNA (Circular effector RNA)7} A& 2] 3 E
mRNA2| 5° ] 9] 34 A< (coding sequence; CDS), 3° H|H & 120 2
et e F St Ao Ad 2 £ H mRNAE Al 2Hekgivh

7143} 5 3bol] YEFA vEe} o), 138 o] H | RNA (Circular effector RNA)7}
E

A% 2 B mRNAQ| 3° B 9ol A wiwt 71 A ] 32 H mRNA2| %
ol ZhaH & WAL, 71 9o F ool AT vl A Aol HEEHA &
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[160]
[161]

[162]

[163]
[164]

[165]

[166]

[167]

[168]
[169]

[170]
[171]

[172]

[173]
[174]

[175]
[176]

[AA] o 221 A7] Aol TA IECZHE 100 FEE QEO|E o] HofR
ol A gt Eo]H o2 FEHE HY 2] LH mRNA 24837 §2l

Al 2 vl 7] mRNA 53 342 mRNAS] F24 H =0 27 E 50-55 &L
Elo] = HFo) EAJst= A& AR BA S QAA 2N dojdr}. 1B
5 13a0) YR vk} o], A3 mRNAS] 3UTRE] thaFg F-9 o o= 3 &
FAE 7HA = fE o]l HEH RNA7E A¥st a5 she] 7143 2] 32 mRNAS| 7+
2 AAE gl

W, o
(e

HAAEOZTE A OLIE 100 %%aﬂg
& 21 £ mRNAS| F& 272 washglet

[HAd 2-31 7] Ad 299 AT E SIS o] Zstel N 2| T
mRNA 74 &3 89l

A% 21 £ H mRNAS] 3'UTR U3 o] FE RNA 23 919 8 23
o], A% 2] 3£ mRNAY] Z4& a3 7 35 =A] 2<lstr] §13te] 5 14a0l] 1}
Ebt vle} gol, F4 F =0 ZHE] 100, 150, 18] 32 200 &2 L Efol = Holxl
AA el A A7l A As Adskel.

1 A3} % 14bol Ve vl o], /13 o] A E RNAVF A 4= 9= 97t
17 d) SAS w1 378 S8 ), A8 2] X FH mRNAS] 74 d/do]l o =1

A epde B2

[H A4 2-4] A 2] L€ mRNAS 233+ 93 o[ H RNAS /¢ &
Z3le X3 2] ¥ mRNA & 4 @A) 89l
A8 ¢ LB mRNAc] Agati= o] 8] 43

E| RNAS ¥oigle o 49 ¢

o] 7
S B mRNA & 4 507 43t =4 & 2elstr] she], &= 15a0] e vf
o} o], A FE S 2 HE 100, 150, 718 3L 200 FE ¢ S EFo] = Wol x99
Azjkat= A7 & ol F B RNAE Al 4tskal ).

1 A3} 5 15be] Lhebe ks o], A1 ¥ ZE mRNAS] %ol Z17he] U ol
AE] RNAS A 212 w25} A7k 213 o] 3lE] RNAS 05 6171 a2
2wy 3A Fads AL BRE 4 AN

[HA]e] 3] Y& o] FE] RNAE 3 A3 2| T mRNAS A& A H3A
(exon junction complex; EJC)7H¢] A3t
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[177]  [AAld 3-11 MBP 212 #4 (MBP-pull down)2.Z A3 2] X ¥ mRNAS} ¢
d o] ¥ ¥ RNAY A3 &<

[178] A3 2132 E mRNA°] €& 93 P“H RNA7Z} ol %4 3} 5314 (exon
junction complex; EJC)E X318}l =X gelslaiz} 3t} & 2a0) A %13 3t
A& g o=, & a0l Ve BEef ol E U (pull down) H A H 23 H
mRNA| EA5F= A S A3 53A| (exon junction complex; EIC) 1 A& S 9| &~
H ERY 232 ol&ste] gtz a3t

[179]

[180] A3 Ad, & 4bel b vhe) o], A 2] 2B mRNASF A5k §1 714
A& zh= A ol FE RNA7F &7 EAl ek 73 -5-oll 7 A= 3 534 (exon
junction complex; EJC) 5= 2.1 A9l elF4A3, Y14, MAGOH, MLN510°] &4 88 &
A = ATt o= Hd o] HE RNA%LY] A= S3al A3 2] 8 mRNA7}H
A 3= A3 H3A (exon junction complex; EIC) 2} A 38l & o] v] g,

[181]

[182] [AA] o] 3-2] A& H 3 H3HA (exon junction complex; EJC) © ¢ X 71
(immunoprecipitation; IP) 2. Z X3 2] ¥ ¥ mRNAS}H 98 o] RNAS] A7
gkQl

[183] oAl &= A3 H-&A) (exon junction complex; EJIC)E 7HA| & 913 RNAZF A1 2] %
Bl mRNAS} A&slaL =4 Zlatr] 9lsted, & 4aol] WER upe} o], ol &
A3t #3HA| (exon junction complex; EIC) 5= 2 1A} == 5} <l elF4A3E WS #
7J*H (immunoprecipitation; IP)& %l dJ sl Agtstar )+ 413 2 ZEH mRNAQ]
*& 545t P

[184]

[185] A Ad, & 4e A = 4eol] YERA 3t gho], A& A 534 (exon
junction complex; EJC) 5= 2. Q1 A} & 3}1}¢l elF4A3+= ¥ 3 RNAS} A3Fstal 9l e
M, 1 {3 RNAT A3 2] 2B mRNASF 2 3stal 952 Felstin)

[186]

[187] [AAA 4199 o] e RNA 93] =¥+ HY 2] FE mRNA S| Al v
71 mRNA & 3] (Nonsense mediated mRNA decay; NMD) & A}

[188] A3 2] 28 mRNAS| 3° B & 9] (Untranslated Region; UTR)®l| 2 3}sh= ¢
& o] FE] RNA®] 9]¢ Ad 2] 3 mRNAS] < 7ha @/do] JhAl 2 v 7| mRNA
‘53] (Nonsense mediated mRNA decay; NMD)¢ll 2] g+ 71 Q1 %] &-21s} 312} 5151 T}

[189] =, &= 5a, 5b 2 &= Scoll Al YEFA vEe} o] WAl v 7)) mRNA 5-3] (Nonsense

[190]

mediated mRNA decay; NMD) $1AHE S siRNAE o] 8-3e] 1 bl A k& 7h4
71 5, 9% o FE] RNA 9|3 Ad 2] LB mRNA Q] o] 7Hav] = 4ol
zhe =4 At

o>
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[191]

[192]
[193]

[194]

[195]
[196]

[197]

[198]
[199]
[200]

[201]

A8 Axp & 5200 A R vlek o] WAl A v 7] mRNA &3] (Nonsense
mediated mRNA decay; NMD) S1 A& -& 74X 71 5, 18] o] I RNA<I 9
gk A9 2] 3£ E mRNA 49| 7ha Aol A E A ko, & 5boll A v
upe} o] 71 A% 2] £ mRNAS] QA A g S7bgho] A Qi) o] = A
& o] B RNA] o] & HAst= Ad 2] B mRNAS] &l @/go] dhAl 2
7l mRNA -5 | (Nonsense mediated mRNA decay; NMD)el| 2] 3| 4] Y-E} ;= A <!
2 onjgtt), 1] a1 o] & 7| S %] 3} #5314 (exon junction complex; EJCO)E 7}
A= % RNA7F A3 mRNA2 3 H[HH ] 9] (Untranslated Region; UTR)ll 2
ghsto] WAl 2 vl 7l mRNA ‘53 (Nonsense mediated mRNA decay; NMD)7}
o= & 3 RNAC 93l 9 5= WAl 2 v 7l mRNA 53] (Nonsense
mediated mRNA decay; NMD), <, circNMD &} a2 8 3 51 $1 T}

[ZA] o] 5] vlo] A2 o] o] 9} RIC-seq S ©] &3t cireNMD9] 2 mRNA S} 9
3 RNA 54

nlo] 7 2 of gl o] (Microarray)i= & 3 91 & (dye)E o] 838}o] Al XL oFol FE A&}
+ mRNAQ| &7} & & 5 = A g o]t} 18] 3l RIC-seq<> RNA 23}
chol A & F e *1;% A33AL = RNAE S 318 = 9l &= A3 whfolt). o] &
A A S S AL volEHE F3H o7 Hasle] A X ol = AgE)
3l 9J3E mRNAS} %ﬂ RNAE F43}3d

I A3 5 6a D % 6boll LEFH Hl9} o] mRNAS] 5° capoll T-Z&0of A3¥sh=
-l 2l ol 70 A3 WA (cap binding protein 80; CBP80)2} 2 &l A & H A 7] Al
21 2} (eukaryotic translation initiation factor 4E; eIF4E)Z H < 2 71H & 1 8513}
& o A3E o] 2= mRNASF 93 RNAZE oW Bl Eo] Ql=A] mfo] A= o] ¥
ol & Faf Felstirt.
E3H &= 6coll A vrEF v} o] CireNMDeol| 9] g+ & &k
SMG62] & A2 o T7F mRNARHS: w4 8klvt. 12
Agtata 9l

a9l
A2 9 4 913 RIC-seq Hlol B 412 53] mRNASH A a1 9l 99

RNAES 22519} o] & 23] o] 3 mRNAZF o] w3+ 93] RNA S} 236t +=

[Z Al 9] 6] CireNMD 7] A 9] A V] 7|5 19

[AA] o] 6-11 93 RNA 224 FAbo] A ¥o] vX+= & - 93 RNAE T4 A
71H A EALE ] F7F

7] A Al 50 A4 e 5 65 F8l| 3E-2 hsa_circ_0002082<}
hsa_circ_0008496 Y& RNAI= & %% © & BCL2L11 mRNA 2] 3° B]H o] 29
(Untranslated Region; UTR)®ll 235} o] BCL2L11 mRNA 9| cireNMDE 5§+,
1¢)31 BCL2L11 ¥ A& A FAFE S Z7FA]7]3= 9 ehs

= =3
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[202]

[203]
[204]

[205]

[206]

[207]

[208]
[209]

[210]

[211]

[212]

[213]
[214]

[215]
[216]

[217]

TR 2 7oA ekl uke} ol Al ol & A 8= hsa_cire_00020829}
hsa_circ_00084962] &5 A 7]7] 91814 21 RNA 5014l siRNAE ©] &
&l 7} circRNA 2] %2 7F4A A7 3 BCL2L11 mRNA 2] & W3} = #2324} 3}
Rar, Lol w2 A EAVE A5 et Al A EANE 5SS
213= TUNEL 4] (Terminal deoxynucleotidyl transferase dUTP nick end labeling
assay; TUNEL assay) 4 &2 %185} ¢l ).

28 A3}, 5 7a WA = 7coll A ER HE) o] ZF 218 R
o ¥ 2 © & 3= BCL2L11 mRNAS] %Fo] Z-7pehg w&alqlar, m1ol) ube} Al E
Aol S7HEHE gl

[ Al 4] 6-2]1 ¥ RNALS] Aol A X P& 93— 915 RNASL B4
mRNA 9] A3S W33t A EALE o] F7}

X 16acl WERG v} o], BCL2L11 mRNA<} hsa_circ_00084962] 2 32 < 4]
5= ASO9} BCL2L11 mRNA$} hsa_circ_00020822] 232 A 51i= ASOE 7+
7 1) 3 4 A2 Pe w) Al AL E o] o] WA W slelE=AE BEet gt

A8 Ad & 16b A 16do) VERG vle) o),
E-o] 4l ASOE A 2|3} W BCL2L11 mRNA
of whe} M EALEH o] F7HES ElE

o0 _I\‘

[ZA] o] 6-3] 98 RNA & o] Al o] v X &= F3— 938 RNAS F2 A
F1H A EALE ] A

A7) AA el 6-19] & 73 R = 213 RNAS] &S S7HA1 28 W Al ZAPE
o] apol & glatr] el A, & 8a®l &0l BCL2L11 mRNACI Ad3 = 9l
T 938 RNAS A3 =931t} Endogenous BCL2L11 mRNA®] 2
I A5 E circG-BCL2L11-¢8496 9} circG-BCL2L11-c2082 + &2 949
£ A 2Fap i th. o] ol A, A ZAPE & oF7] Bhi= ABT-7370] b= oF &8 #1 ]
Ll = 98 RNACY 9 gk g9 5 #Estl T

bt ©

o rir oo
i -m

RN

Eis

#

A3 A, & 8b WA & 8dell LR utel o] ABT-737S A 2] 3te] F7he
BCL2L11 mRNA®]| ¢x} Al 3ZAE o] BCL2L11 mRNAO 233 4= gl= 4
RNAZ S=j 8] & ool A3z thA] sk 218 ghashsie

[HAd 6-41 A HoE Yo|F A RNAY ] & cireNMD &7 - 54 £
AL2] mRNA % 24

A 3E ol & A]8F= mRNAO 25l 93 RNAE in vitrool| A A 8fe] ¢
Ao s Woli o &M cireNMD 7| A S E8l 43 mRNAS| & A8 %o
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ks)
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o3
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)

A

=

=

SRR

3 RNA
o] HE] RNAE A F o] =¢8] ATG5 mRNAS] %Fo] 7+ AaE =

2]

Q

=

=

[E]

a2 A} &= 9a0] Y ERE ule} o] ATGS mRNA S| 3°UTR

ks)

T
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T
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[218]

el 2 3k

58] 3= o

}-

. 70

o

1 87k

< 1

A

3R
N

e
Iy

HE] RNAE ¥ o]

3 14 o]

OO]:

E] RNA

=)
2zl

18] o]

-
-

Q

I A7 ¥ 9b Y ¥ 9col] YERY HF9) o],

[219]
[220]
[221]
[222]

-

Wi

°|

she] g elgt}

5

of <]

=

7HE

[e)

3} 19] %

1

[}

3 A

q.
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215 7HA Aol Al 9lo] A o) 7
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T4

[ 73 1] ¥4 mRNAE A A3s7] Yste] 34 mRNAS] B H S 9] (untranslated

Region; UTR)Ol A} H. A 0 2 A3st 4= QI 5 A3 @]9l A (in vitro) 34
3}7{ L, = A E Yol A W 2~ E 2ol A (back-splicing)S E-3 A H,
o o] wEY el =

[ 2] ;ﬂ |13l 31ofA,

871 2 el LEFO] 5= RNA E3= o] & 9 6F= DNASI, & ¢ 2. Elol

ot

=y
[d8F 3] Al2gtel] ojA,
A7) wEEl LBl == 4] 324 mRNAS] 3 H[H ] 79 (3°-
untranslated Region; UTR)®l A 2.4 0 2 A3lst= A1, wEd LEo| =
773 4] Al33tel Aol A,
71 wEEl Qe == A7) 4 mRNAS| $2 A o2 HEH 100 W&
H QL EFo| = o] 4} Ho{ Xl 4 mRNAY R A o2 Agsl= Al &
8 9. efo] =

g8 5] A4l AelA,
A7 4 FEf e wEULEo| B I
complex; EJC) 1A= 3 A st A S, ¥
[d8F6]  AlS3el] oA,
A7) Q= 2 3) 314 = elF4A3, MNLS1, Y14, MAGOH & 74 ¥ 13&
oA AE E = o] = skt o] 9, FE U QLB =
7873 7] A6l lol A,
A7) A8 3] 2 QB = cireNMDE 58 2 ¢, /7 EE 8
Efo]l=
[7d 73 8] A 30 Ao A,
A7 cireNMD+= YAl 2~ v 7] mRNA “5-3] (Nonsense mediated mRNA
decay; NMD)ol| & &+ A<l 728 QL Elo] =
[d+89]  Al8dtel] oA,
A7 cireNMD= 7] 9 o] w2 Y Qeto] =9 £4 m
A3lsl= RNA 23 ehild 1ho]l A5 A%0S ol 7] 9 dee w&

g QLEFo]l =9} T4 mRNAE AN A s & AQl, wEH Qe E
- 10] Al WA A9gt 7 ol = &k gte] 9138 el wEd QLEfo| =& 2 ge)
%aﬁ@wElgﬂlElﬂ%iﬁ%
[Pd-7-3 11] 108}ol loj A,
l% 7 QL Elo] == RNA BB o] & Y35l DNASGL, 24 FEdE L
Elo]l = A A& A=
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(8% 121 A1 WA A9Y = 3 %
% x4 e ]EEP°1E§ A A sk= .

(873 13] A2l olA,
7] 2 Y L EFO] == RNA 1= o] & #9 8F= DNACSL, %4 wZ 2
EM 5 A A sk= W,
[d73 14 A1 WA A9 A I o] wEHEol=E raEA R o= ¥iet

= AIEARN ) A ghe] o i X g oot 24 B
47151  A148e) 9o 1
ﬂﬂﬂﬂﬂﬂﬂam

T

X]

riok
[‘ o
by
N
e
12
i)
ot
&
'
ox
)
i)
riok
o
>
i,
=
Hr
N

O (o]
>
>
vO
9
Hm
=)
te
e~
il
ox
te
ol
2
o%
fo,
o2
olX
i)
rioh

2, ope} 242,

[37316]  Al153 0l AoiA,
A7 EH A AA A N BEAd AE e A
ZAE
[+ 17] Al 163,;}01] J o] A,
A7 AN B A e A A A W EF A, ¢ =
3Fo] ™ ¥ (Alzheimer's disease), 371 <=4 (Parkinson's disease), 31 & ¥ ¥
(Huntington's disease), Y TF-3] =1 ¥ (Niemann-Pick disease), 3 #] <-4 (prion
disease), =1 & o] & =0k ¥ (Creutzfeldt-Jakob disease), T F | v, F
ol A uf], L&A 2 815 (AlzAmyotrophic lateral sclerosis), 1721 Al =
%% (Paraneoplastic syndrome), 3] & 7] A B 3} 5=, T} A F- 9 &5, A
el AN A 27 oA g H 4= A A Z(spinocerebellar ataxia), 9
A D NABESA S5, =3 A3 &5 S/ (spinal cord injury) 2 E}
bg%(tauopathy)f’_fﬁ o] Fo]d Fo g Ry Aelyi= Aol el A

1 1
[7d -3} 18] xﬂl?‘zﬂﬂ A] xﬂ%u A o] wEE L
A} 7FE 2] (Autophagy) Wl 7 A3kl oW} = X 5§ oFst 2A &
A|18&l SlofA,
| A 7F32 2 v ) 2 e

ﬂl

[7d7-8F 19]

l
37 LN A A AR dae Al A EARE A3
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