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FITIRERR SEE 1 R132H R T BYER R4 R feg
B H g Frim i A EELH

B FEAL F B FEB FEF AFR TES
(R T RS RN R 2 B, 2 S T it R 650500)

2R

WE SRR 1 (isocitrate dehydrogenase 1, IDH1) R132H & T-TIT 28 598 A1 /0 2 J58 Jo 40 g v e DL 1y 58 728 ik
Rl 4R 2280 IDH 1R 58 AR TR 58 I 200 B 988 15 A 38 o S R B ARG (CFE St bl 108 7 S T TERT (A5 T DL RNA AR A A2 e
vk ) VR Hoki gERe L], R —FRE T RIJRE 4] (homologous recombination, HR) FRELHLHI R A Rruthn
KB, ML oy sk i K248 (alterative lengthening of telomere, ALT), HEGET ALTEAMHLE] A ETHE, &
VT IRFSE W, Sk Shelterin & 45140 7 RAP1 A1l [5] 5 DNA % 4% (non-homologous end joining, NHEJ) &4 AT
XRCC1 HYZRIKTE IDH1 58 (4 i 240 MR b 48— B 4, S Embi ) RERE AT IF (2 2E HR . [RIIF, IDHIM" 54850 i
2 EAGE KDMA4B 136G MK, 5 ot A ifE 3% AR 3R 455 1E X %8 (alpha thalassemia/mental retardation syndrome
X-linked, ATRX) JEPIGAHFVERIERE ALT 42 . ST IXLEWFFE, AN AEAS IDH1 (28 T 5| & sk D) RE B 5
BUESRLAL 1) DNA B SRR AT, BEIT5 ATRX ZR PR RIVERIEHE ALT &4 AL TE0A . IR IR A Y7 IDHTM " 58
ST JE S AR R AR S

KR PR, STERRIB AR R132H, Sk fE R

FESES Q71

UL N T EAZ A Y G AR R i O 4548, i
DNA & % J7 %] TTAGGG il Shelterin % [1 5 & ¥
(Shelterin & & A& di ki 25 & R IO 4y,
ZH e N LB A A M, W RLLS S H T
(telomere repeat-binding factor, TRF) 1., TRF2,
vig BL P& 97 & H 1 (protection of telomeres 1,
POTI) . TRF1 # & F M #% & 1 2 (TRFI-
interacting nuclear protein 2, TIN2) . BHi& ¥1/5% %
Wi 1 (repressor/activator protein 1, RAP1) ., ¥
FLgh A5 EH POTI AHHEAEHE H 1 (telomere-
binding protein POT1-interacting protein 1, TPP1) )
B, PRI AR S A1 TEUI o DNA 4651477,
HeRR LR RS EPE Y SR e AR AN A o 2
AR a0k, Y R g A B — 8 B8 R
Shelterin gl 23 i 125 I %% 8% 11 v b R i, DA 0T
DNA $4#EWZY (DNA double strand breaks, DSBs)
B s, SRRk mERkEe ., K2
ESEE LA st e O A Sy e b 4ERE AL, SEid
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SEHIVEREE . SR, KA 10%~15% MR A&
PR s R B 5% % B (telomerase reverse
transcriptase, TERT), 21 —Fp i T [F I &
4l (homologous recombination, HR) [ iy FiE 4
AR (alterative lengthening of telomere, ALT) #/L
TR e p oA B, BeREAMAAE T B ML Y
RAVRFOEALHE . ALTAHIC Y - Ik 4 i 1 15 25 11
NN
protein bodies, APBs); YA {Akshuiki DNA B,
WCHAMTER; i dH Ik Gy A AR SE 0 (telomeric
sister chromatid exchange, T-SCE) % 4/, iT4FHf

(ALT associated promyelocytic leukemia

* U T RS2 ARBHE AT A4 (2022ZK109) FiIE W1 R T
R¥EEZMEAES - NREBRK SR A RR¥E4S (KUST-
KH2022009Y) ¥EEIIIH .

s IR A

TLETIE Tel: 13577116928, E-mail: shutingjia@kust.edu.cn

HZ4E Tel: 15812038761, E-mail: danjuhua@kust.edu.cn

Wi B 4 2024-02-02, 3537 H 1M : 2024-05-24



2846+ EMUEEEYIEER

Prog. Biochem. Biophys. 2024; 51 (1D

8 K, Shelterin 4153 7F ALT AL b HA7 8 2 4E
fl. TRF1. TRF2 #l RAPI 55 5 b A9 45 45 23 0 55
ALT RS, T ALT A7 B 4E 7 W) 75 22 TRF1 Al
TRF2 ' HETKT ALTIE RIS AT 25 2
A2 LM, ALT 5 a3 8 71 r
ZEANE X # 8 (alpha thalassemia/mental retardation
syndrome X-linked, ATRX) & [X 154745 iR it &

7% AN

fiff 1 (isocitrate dehydrogenase 1, IDHI1) % 4%
HR,
ATRXGEY O T TR SR Oy, 25

T i EIN O R R AL, R A S Y TR Y
it IS5 240 RIS RE T R A o
B, UL ATRX X FARRESE A i R M 2 0
B ATRX T VR 22 S A0 110 Je S5 40 it v 28 78 262
T 50%. AN, ATRX PR 548 78 -1 % 2 T8 4 g
R 71%, DRERAMME 245 68%, dkk
P 15 I B A0 R 24905 57% Y. B BFSEIERT
ATRX 540 % (1 H3K9 = H 3Lk i A 56, Bl A
4 H3.3 AR A B G R b X, 2 2 s
H3.3 PR, Mmimdilsik: HR 7 Ik, ATRX A
UIfg ek 222 L P-4 bz L HR 19 77 2058 il 28
BraEf, MmifEiE ALT &/

IDH 3N 25 =BG b iy A Rt
IDH 2878 25 S8 TSP el Ay, AR IR 1R KA
SEH, DTS2 ) 20 L ) 3 5 Fn A= A7 . PR dRiE, 7F
80%~90% Y 11 &% . 111 52 Joia 9o &k 2 G N T2 Joit
AR RSN R T IDHL 2848, IDHI1 2848 i 35
HEH B 132 G =Rk (R132) B
R, REIERRA TR TR AL, RS
— R S . o B TR (a-KG) #1k
H2-# kT (2-HG) ¥, 2-HG i@ i ve A v
il a-KG R AU AR, 520 DNA 5L . 48
FI LA i L 200 A R B 1O S5 ML A2 1 AR &
AU BRI RS R B, IDHI1RM2 5 AR R fis i 4
AT ATRX . TPS3 A R4, SHl ALT 2,
HAEENE, ERSERARRES, IDHIM %R
AF | ATRX 278 FIl ALT & 4 22 8] () B &2 R & ik
100%, X 2% B IDH1M? 58 28 v] g LA 5 Fh o7 20 5
ATRX G UMRVERT, AR P TERT B2k 20
J B it ok DD RE BR AR . A E SLKIEM, 7E
IDH1* M AR BRI B A, Rl ATRX RE RS IS
ALT i % ', 53 4h, Ferreira 55 ' [ 5250 & 3K,
IDH 1M 7 J58 [ 988 240 e v ok 3 3¢ 58 25 L #  ofl
ATRX %3k, MiFE ALT, {H2EEARVLEH A

B

BN, R IDHIR G R Jot 240 0 R3 ) S
AERp VL H BRI AR A IR . HETIITSEA
., IDHIM?H 58 Al LI ) diiphr Shelterin 25 1152 &
Yy2H 7> RAP1 FI DNA 5 i 5 8 1 ——X S 2SS
HAMEE 1 (X-ray repair cross complementing 1,
XRCC1) M35, RAPIULER AT 5 2o ki o fi f
B, 1 XRCC1 PR il A 7] P8 K ¥ % 4% (non-
homologous end joining, NHEJ) #HL#|, {5 41 Jitg i/
ToF V84 T ) VR B 4H RN ALT Sk 4E 3R 5 . [A i,
IDH1** 5848 G5 2-HG FH 2l 2 H 5L 4L if KDM4B
K%, U8 H3k9me3 ZEFF = H LK, 5
HP 1o 25 & i b 5 e ik, {2 1 APBs 2 ALT
FRIEPE R AL AL, 5 ATRX 22 W RIVE A 1 i
JRAM AR TR ALT 342 (K1),

1 IDHI1®*M 32 35 8Y B & ¢ Be 988 & Shelterin
HEFEARIEZETRAITALTRIE NN

1.1 RAP1 BKS| ZimAI ) BE RS EEALT
AWFTEEI, T8 IDHIM 2" 548 R o 20 i Jgg v
Shelterin #H ¢ £ 1 RAP1, TRF1. TRF2 (3K ik
TV, I FAHSCIEGMAER , IDH1M 2 FE TR
kT LU E FIH RAPL, HEARHLEARE 50,
Mukherjee %5 "' TF 5% A& B, IDH1*" 58 A8 GE #11 1l
RAP1 (335, #5350 ATRX ff e 20 114 dii A 2
fig B A5 A i kL D g R 05 5 5 kE (telomere
dysfunction-induced foci, TIF) (TIF j&utiAh 445
Uife's, SRk RERR IR ARSI, A
i RAP1 RG24 2R h T-SCE f/K-F- 140 Jig
G, HFLE Y s KL L) RE A A DNA 453 005 1 BE 48
W2 E S K & Hl (break induced replication,
BIR) 43 ALT sk SR 1y >, Ui
IDH1"" 5 AE Al GE i f 1 I RAP1 5 ATRX SR
[F/E S Eom kLT RE R T 5 | & ALT. © A ISR
WERA L, RAPL Al i il 5 ¥ ki 8 42 )3 51 (1 RNA
(telomeric repeat-containing RNA, TERRA) (i i
KL DNA B2 B 5 R R ) %3¢ LR 4 ALT Sk
Ak ) DNA 52 il [ 3 sk DNA 545, DA T 41 il
ALT 3k B 7o [RIRE, 72 ALT A, siks
i 5 P RNaseH 1 A% 1% i ) 5 {EK 2= fih &% TERRA 1
£, M- E G 3 m . 1M RNaseH1 (3 %
IR0 259855 ALT Sipbc i AL B8 ), DT -5 B0 AL
PURE 1, X B, RAPI A DL i 4l TERRA %
IR KR R4 ALT 161k B2,
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Fig. 1 Mechanism of ALT activation by IDH1*"**
E1l IDHI*“FiEALTHIHLE
XRCCI: DNABHEZ IR ; RAPL: S 5unkhifiiiiy—Fas G&r, HRIES BRI ; DSBs: DNAXUEEWTZL, wIEIA ki fifs

&1t ; NHEJ: JE[RIJERIGSEE; HR: RUEEA; o-KG: offl/i % ;
Yeft fidE 1 ; APBs. CIf. THh, T-SCE: ALTH AN AEEZAY,

RAP1UTER T BRI BERE AT, AT RS2
TPk DNA 51475, X ALT B930S A 2 X
1.2 EfShelterinZE 5 XFALTHI S

A UEYE W], Shelterin 214> TRF1, TRF2 %
57T ALT W9, TRF1 Al TRF2 142 ik 3k DNA
A ) R0 1 i DNA 53495 507 1) S 500 L 2
iR RS A8 Ty T & 4 H /R ] . TRE1/TRF2 i it 1)
il DNA #8i t5 i % i% 72 (DNA damage repair,
DDR) SRARS SR AP B R Z A 1 fE e
ARSI, S X I 2T R 2% 2
F, WnsmkiFR (T3R) ., RNA-DNA 22551k (R¥F)
I G-VUEER (G4) . X8 25 Fg BH AR T i kL
DNA Hy5Z 41, T TRF1 F1 TRF2 1] LL4E 5% BLM fi#iE
ity gt ¥ G4, I TT LATE S JDKe fif i€ Wl RTEL 1 554 51
v b, DAl T 2R fiff B 2 208 S5tk DNA I A1 &2
#15'. 24 TRF1 8 TRF2 BJcif, £ B4 i 4
Pk I R 28 A8 5 1 (ataxia telangiectasia
mutated, ATM) 4 A %) 25 diL A [5] 5 490 A g a2
$% (classic non-homologous end joining, C-NHEJ)
&5, —BERFSY ], TRF2 {2 FERL 3/ i 2
5 DNA R A X% DNA JE B ZR TE, i fi i
Lok 3 i 45 A 8 MRN Z 5% (Mrell/
Rad50/Nbs1) Jfiff— i ATM 2 >, teoh,

2-HG: 2-FBIEE 2 ; KDM4B: 48 HEHIELE; HPla: 5

TRF2 A 1 #2 B Ku70/Ku80 i S IR VU AVE T, M
117 400 ) g Rz Ak ) C-NHET 25107, BH 1 3 b7 A iy il
AP, B, TRF2 76 v b Ak 1 5 A7 38 2o 710 )
C-NHEJ F-{¢ ¥ HR 15 P Sl B 5 ALT A= 1 7] fig
XA FI T ALT 40 b i st e

2 IDHIR*MZE T XRCC1 3R A M ZX i fir
RGeS RZREHFEALT

XRCC1J&—FhEZ 1 DNABE ILH, H4i5
(3 i 2 5 DNA B ki ie 2, St 4es
AL AL RS e . TR ) R AR
EH. XRCC1 FE R 58 (1T ZwEmA%m)
B A B0 % ) (poly (ADP-ribose) polymerase
inhibitors, PARPi) F1 DNA % 2 iff 111 A T 4F ] %
I S B8 U) BR & & i& 12 (base excision repair,
BER) ', 5% &3, XRCCI 1E IDHIR 5 75 1
JBE e L 2 e ) ek B B AT AR S 1 24, f
XRCC1 {1 & 15 30 13 L [5] MMP-2 $] T ee Jo 98 4
MR R AR IR RE 1, W R, 33k
Ji R 52 1, 28 XRCC1 K- F 835 v] i 5 105 o
SRR 2

FEZRIA IDHIM MY 5828 il b, TCie ATRXCHR
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AU, XRCCIFEHFFE N, BB XRCCI Y
TS ATRX SR TEOC, T2 5 IDHIM " 5848
X, Mukherjee 55 ' AFFEUER] T IDH1M 545 7] )
M XRCC1AYRIL, XAl AE5 2 4% IDHT 9KE K
UL CpG & H AL AL T BRA oG, (HJ2 AR
il AN . AR RE, XRCC1 S5 CER
i K i i% #%  (alternative non-homologous end
joining, A-NHEJ) #Liil, A-NHEJ# % i i DNA
Wit R (meiotic recombination 11, MRE11)
¥ w45 4 45 11 (C-terminal binding protein,
CtBP) Xf DNA BU W 2R v 44 74 BR (4 91 53 7 A=
B R, RS B DNA KA (PolQ) iE
FTIRI B e A A, Pl XRCCLHEEE 2, dlad
FR5¢ DNA JEHNG 1 503 PEATi%EH: * W1 7T A-NHEJ
5 HR B S 38 4% AT LA 5a 4 P L 18 52 DSBs 28 4% iR Ak
DB H 7 A BB Ry, PRLHG Y IDH 1258
AR XRCC1 RIBI],  dipkiib i) A-NHEJT 42 9
T HR BE0E AT — 20 fiE SE 4RO HR (1)
ALT &4

3 IDHIMMRTZMMAEE HENLKER
HALTA &

31 IDHIRZESH2-HGEMR

IDH1 R i A8 S 3O 1 ™ )5 132
D7) —AA7 0 1 AT RS IR AR A (R) Bl
AEMRMAAR (H) ., BiaEik (K) sEaEmR
(C) WU, HrhR132H 48K AT 7 IDH1 5
SEFTRTR Y o SR FEFN B IR FEAL wi P B S, X 7
PP IR 1) S5 N T A B 8, dge i DL 1 B o g
2 A IDH 1 28748 4 i e 3 8 Tl e ds, H
JERZEGIF IDH1 R PRGN TR, S1EW)
BIT IR B R A R PO I BT 2. SRR R
IDH1 % S 45 £ 1R A1 NADP+ (1) 36 F ) T B, T %
o -KG H1 NADPH 19 2% F1 73 88 i, B ot 58 428 19
IDH1*#H ) NADPH AR #9720, AL o-KG lIn&,
AR 2-HG . 2-HG 5 a-KG 25/ A 0L, IRtk
2-HG Z AT DL i 5 A A 1 o-K G AR U 48
fifg, GnZH A 2 Y SRR AT DNA H e s i X0
S 10-11 %) 57 Y e it g g XU 428 (ten-eleven
translocation methyleytosine dioxygenase, TET)
W, PR 4R R DNA AR ZKOSF ke 4 it Jirh Jgd
KA,
3.2 2-HGHREMFIKDM4IBZE FEL B F

2006 4, Tsukada 55 % KB T —ZH A WA

PR R S 1 B B JE B (K -specific demethylases,
KDMs) AL PR, o5 o-KG
A R, ST A Rk
F LAk, ATE A KDMs S A [a] 4 4H 85 P i = R ik ik
ZHIEAL, 40 KDMS 0% X bR 4l 8 11 H3 56 DU 4 i
AR (H3K4) (IH AL . KDM4 % 2 bk 4k
ZH 2K M H3 5 9 i i & R (H3K9) 1y H A4k |
KDM6 F % 25 b H B Ak 41 26 1 H3 5 27 o7 41 & 1R
(H3K27) M 3E4L ), Erfrid, 7F IDH1 2848
YA 2-HG K13 2 0] LA PRI ] 28 0-KG
Wt EE LR, ThmadT
KDM4 " fE—Supfp 5 dig i s, IDHIMMEAR
1) J2 o 968 v A7 e 2] B 1 B SRR BRIC S . H3K4
H3K9., H3K27 FIH3K79 °", 7EKDM4 K%, H
i T KDM4A 1 KDM4C, KDM4B 7E 3 ki i 5 48
REER R, RSt BOY s IR AR R, 2
32 i A0 o T 2L 2 1 R R A e o A I PR L
PRI, IDH1MM 9848 SERY 2-HG R 8 32 Z3m 41
il KDM4B & H 3 Ak il (9 35 P, o0 2% s bz A 1)
H3K9 2 5 H FF RAb KSR 520 ALT .
3.3 KDM4B T S E H3K9me3 7R E 5 I ifs fi &b
SR EFRKPRHEALT

bR S A E X, S AR 2
ZH A H3K9 R FF = H 5 fk, KDM4B 2 H 5L AL
TEPERINH S, 48 H3 AU o R 2 IR AR 4 |
e =B (H3K9me3) . H3K9me3 1] LAA
S Y o [T B ) HP Lo 45 75 386 i R A S e €6 5 A
BE HAT, SORMEZMSIEN, ALT HLH E
Ji Bl 5 s Ak S Gk 68 A B5 A8 A 5% . Gauchier
4 DURSE R, H3K9me3 K ETHE G, Sk 5+
Yot Ak SR 4L TR R AE o, BLM ff# e
FIRMI1 48 ALT AH G B A+, FFH BT
APBs, C¥f. T¥ . T-SCE% ALTHFEELRAL, X
PO S Yo 5 n] LR SR AL, #Esh T ALT
A 3 PR 10 B 4 RN S kE | R ALT 4810 19 Y 30
AAN, FIERFEW], APBs S A3 Uik Y 6 5, TG
P AR PR Y, HPlo B35 T
APBs fIE Y, 9,

ALT MR E BTG Bom b 4R R e ifk, (H
SR e Y A T O 2B E T (HR), )
il ALT A2 3% 1 . 2021 4F, Udugam %5 5 Bf
FERI, ATRX B 23 i IR i 1 5 G €8 Jo PR 5%
R b b S e 0 SR RS, B0 T R B AR
e et ALT WG PERSIIE] . PRI, Spophfy IDHTR
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SRR JIT S B0 i A e R R S G £ BT PR AR AN B T
ALT &%, T8 5 ATRX RAR W EIME , fdi 57 g
o UK AR AR RR7E — KT, A RefEif ALT
Ko

ZE bRk, IDHIM?M AR i 7= A 2-HG 75 4+
PEAN ] 0-KG A2 25 1 25 H 3L i KDM4B (1)
TEE, ZEREH3kOme3 i = H 3K, 5 HPla%h
AR Y O AL, AE ATRX 36 A8 A B Rl
FE, HE3h ALT AH AR #F K 5246 Al APBs S5 FF1IE
PERA) I

4 IDHI®*Mz2 & TETE 4 SHDNAS
FAELIRFHALTE &

TET J&— 28 2 /) DNA X HUL LG, Sl bk
CpG & 5-H Mg w5 g (5-methyl cytosine, 5-mC)
AL, MRS E TR IR, Bk
FH A 0 L s 0, 58 B Cp G % 1 WE 174 it HP

b, TET 58 i ik — F 9 AR T HAZ O
HEARZE R B, Z AR A 5 o-KG 45 5 /Y 5%

BB, M 2-HG 5 a-KG Z5 AL, A5 4P b 5
FH TET ik O AL S5 /38, 80 TET (36 P9 fH
Wi B, ffifS DNA 25 SAb g, 74 CpG &
3t fk £ A (CpG island methylator phenotype,
CIMP) % f#fF5e4& it , hTERT Ji 8 F fl ALT
FHSEHE R B 27 th LRI B & T, s S
7 E TR T HIE 37 ol 5L 5 IR 2
7F Kumakura 48 ' f9fFoe i, i ALT 4018 515
H A7 hTERT CpG & 5¢ 4 564k, #2785 ALT ML
(77 A 5 —E K1 CIMP A K

5 REEREE

ARCERIR T IDH 1M GEAS R [57 41 I8 1 ALT
Bl . 278 IDH1 LT 2 /078 34 ey e il 1
B AN ALT /9742, 4%, IDHIMPHEAE S
T RAP1 NHSHumbi D RERAT , X ALT B3E A
AEZEX S, Hik, 278 IDH1#id T XRCC1
DLl AR v R AR AT G SR AR AR -, B0 Ak
(1Y) A-NHEJ & 12 {ift 24 i 55 fin 44 i HR i 72 {2 iF ALT
KA BJh, IDHIM AR SR KR Y 2-HG
U=, Ay B se el 2 H A
KDM4B i M H3k9me3 f1 2, {2t HPlo 24 S
ok gt itk , 785 ATRX BRI RIVE R T
fiEi#k ALT 2/,

BARUL E NP UER T IDH1R M AR R ot

20 iR S A ALT 1 S H S 22 i b 4E R L], (5
S MRS U Y ALT 38 A% A JR0TG 2 22 25k DR A T (0 8 1)
G50, R VR R BTES, I IDH1® M5
% 2 5 R RAPL A XRCC1 i BARHL & A4 2
(AR, fERH ) —ItRhds i, 5 —Fh
2= B AL KDM2A W AT DL4ERR ALT 5935 1, 9K
%2 W ELAb 275 5 IDH N 5838 4 ek A R E—
HAETE

IR N AN B A TDH %221 5 725 T8 g ot 248 i
JE I ALT HLIA & X, 1 B X ALT i i 3697 1
A X . IDH1 i 7 S #E ) 25 4% ALT Ji o Jeg 34
WL AR RRITRCR . BRTC A IRRETTFSE
(1) ¥ a] IDH1 19 25 ¥ (146 : AG-221. AG-120,
AG-881, Ivosidenib 5%, X JLF IDH1/IDH2 1] i 5]
7 IDH1R2 58 A5 R J5 20 A 95 36 97 90 AR A5 Al
B0 BAN, BZEY PARP ] LUK SPESS S ALT
sk, JFZ 5% TRE2 B - 8se v smbiph & 1,
Philip %5 "' ¥4 T PARP 101 il 57 Olaparib B fii
DI S M (TMZ) BEA (i FAXT ALT Ji s
MIARREFEE, BUS THRUFIRCR . B, PR
Jed 4 Jf v 5 748 Y IDH IR 5 45 ALT B9 7 s ML
AT LRI R YA 7 I STy At il 0 SRR 7 L o

Z % x W
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Abstract Isocitrate dehydrogenase 1 (IDH1) R132H is the most common mutated gene in grade II-III gliomas
and oligodendrogliomas. Instead of activating telomerase (a reverse transcriptase which using RNA as a template

1R132H

to extend telomere length), the majority of IDH mutant glioma maintain telomere length through an
alternative mechanism that relies on homologous recombination (HR), which is known as alterative lengthening
of telomere (ALT). The phenotype of ALT mechanism include: ALT associated promyelocytic leukemia protein
(PML) bodies (APBs); extrachromosomal telomeric DNA repeats such as C- and T-loops; telomeric sister
chromatid exchange (T-SCE), efc. The mechanism of ALT activation is not fully understood. Recent studies have

shown that mutation IDH1 contributes to ALT phenotype in glioma cells in at least three key ways. Firstly, the
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IDHI1**" mutation mediates RAP1 down-regulation leading to telomere dysfunction, thus ensuring persistent
endogenous telomeric DNA damage, which is important for ALT activation. Spontaneous DNA damage at
telomeres may provide a substrate for mutation break-induced replication (BIR)-mediated ALT telomere
lengthening, and it has been demonstrated that RAP1 inhibits telomeric repeat-containing RNA, transcribed from
telomeric DNA repeat sequences (TERRA) transcription to down-regulate ALT telomere DNA replication stress
and telomeric DNA damage, thereby inhibiting ALT telomere synthesis. Similarly, in ALT cells, knockdown of
telomere-specific RNaseH1 nuclease triggers TERRA accumulation, which leads to increased replication pressure.
Overexpression of RNaseH]1, on the other hand, attenuates the recombination capacity of ALT telomeres, leading
to telomere depletion, suggesting that RAP1 can regulate the level of replication pressure and thus ALT activity by
controlling TERRA expression. Secondly, the IDH1***" also alters the preference of the telomere damage repair
pathway by down-regulating XRCC1, which inhibits the alternative non-homologous end joining (A-NHEJ)
pathway at telomeres and alters cellular preference for the HR pathway to promote ALT. Finally, the IDH1***" has
a decreased affinity for isocitric acid and NADP+ and an increased affinity for a ketoglutarate (a-KG) and
NADPH, so that the mutant IDH1*"*" catalyzes the hydrogenation of a-KG to produce 2-hydroxyglutarate (2-HG)
in a NADPH-dependent manner. Because 2-HG is structurally similar to o-KG, which maintains the
trimethylation level of H3k9me3 by competitively inhibiting the activity of the o-KG-dependent histone
demethylase KDM4B, and recruits heterochromatin protein HPla to heterochromatinize telomeres, and promote
ALT phenotypes in cooperation with the inactivating of ATRX. In addition, it has been shown that APBs contain
telomeric chromatin, which is essentially heterochromatin, and HP1a is directly involved in the formation of

APBs. Based on these studies, this article reviews the mechanism of IDH1®**"

mediated telomere dysfunction and
the preference of DNA repair pathway at telomeres in cooperate with ATRX loss to promote ALT, which may

provide references for clinical targeted therapy of IDH1*"**" mutant glioma.
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