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Abstract

The mutation in isocitrate dehydrogenases 1 (IDH1) at R132 confers a new function
to this enzyme, which can produce a new metabolite named 2-hydroxyglutarate
(2-HG). It has been proved that 2-HG can inhibit the activity of a-KG-dependent ten
eleven translocation dioxygenases (TET2) due to the similar structure between 2-HG
and a-KG. And this kind of inhibition will lead to DNA hypermethyilation in cells

expressing mutant IDH1.

Here we found that DNA methyltransferase 1 (DNMT1) is a new target of 2-HG.
2-HG produced by mutant IDH1 resulted in hypermethylation of the RIP3 promoter,
which can consequently reduce protein level of RIP3 and thus suppress the
necroptosis. And we discovered that the hypermethylation of the RIP3 promoter is
mediated by DNMT1. 2-HG can enhance the interaction between DNMT1 and RIP3

promoter, and then reduce the expression level of RIP3.

In addition, the inhibition of RIP3 protein level had a good correlation with IDH1
mutant status in human glioma samples. And ectopic expression of RIP3 in
transformed IDH1-mutated MEF inhibited the growth of tumors. In conclusion, our
research sheds light on a previously unknown mechanism of 2-HG-induced DNA
hypermethylation, and suggests that impaired necroptosis contributes to the

tumorigenesis driven by IDH1 mutations.

Key Words: IDH1 mutation; 2-HG; RIP3.
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1.1 ZARAIRIE

1.1.1 4ApasFIERtA

NIRRT e —Fi e 4H N — R PV L] T IR EH A P
NFETT7 20, GHMIRE PR T T S 2R 4 AR A FH G5 28 G0 0] % AR R Xof
AR EEPER . —BRIRIEA AL TS B2 5 nl DL I A 40 i T
(Apoptosis) FIZHIIRIE (Necroptosis) FIFHAET: I 2.

AR T R B (L) JIARRRSE4E, AARARRIAR /N, S5 IR %
() G E R, B, IRA B, 40 ANIZIR N VIEE R ISl , Kt i
DNA PIHEIZ MR NERUE 1 B P AN R SRR IME B (3D
A AR DAt 2 07 2O B /NS, T/ R B A B R Bl A B W 4
W (5) FEAAIN A Tk R A I OR A 58 58, AN ), AN TR ZORE SRV o

NI FER FEAFEA : (1) 4ifa8 2K (2) Az 4, Gt i DNA
B AR (3) AN R B ERG OX, AR A i 58 Al Ok, i IK B 2 5 e i (5)
MU, BTN S, 51 AL SORE SN

KA RLKR, XA — KPR, A T2 Ay — A
FURSRATR 42 0047 RSB T e MR, ZRIRBEEN A At — 2K b 2R IR &
Py PR R 3R A P TR 2 A5 5 RS R e B R 4B AE T 77 2o AR T BT ) — R AT AR R
AR SE A2 40 N R 5E 2T A, 8 T AR R AR T — Rl

1.1.2 MR ENESES
T AN AT U AN A0 S IRBEAE = 1 32 AR AT R RSB Rl 152 7 TNFR  Fas.
Toll #5244 TLRs (Toll-like receptors) UL %% E: DNA Fll RNA 52 4k%E, HAHM
FITCAA, wnfiksRE A BERF TNF (Tumor necrosis factor-o). FasL. ARZ#E LPS
(Lipopolysaccharide) )i+ RNA S5 r] LA N 32446455, iS4 st. &
SR IR TER A Z AL, TNF 51040 ARS8 2 B w2 B Fifs i
FEWI AR FEAE AL, AR SO E A TNF 755 (40 SR S8 N B AT E 55

1
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L S 1)

HPRIRIER) BARNLE 9. TNF 5HA24K TNFR 454, 51 TNFR K AEFESK
(LT IS = B, R TNFR BT S5 M B 1, 35— P11 7R (4L FIALR
SEET (complex 1), B4 T WIEMERIEH T 1 B2 AHM R AIFET-L5H)
R # H (TNFR1 associated death domain protein, TRADD). RIP1(Receptor
interacting protein 1). TRAF2(tumor necrosis factor receptor-associated factor).
clAP(cellular inhibitor of apoptosis proteins)2: 25 . 2 Ja E A& 1 £ M s -t
%, TRADD #l RIP1 £ 3&4E Caspase-8 1 FADD LI E SR, E&64 1A
52532 Z4L 1 RIP1. Caspase-8. TRADD Al FADD, & & 11 7 DL i 4 B 1)
Caspase-8 75 341 il - . Caspase-8 <= #llfiil RIP1 Al RIP3, EAH: 4 41 ifd )N /7 #E RIP3
H. Caspase-8 SZ 4| (151 ~, FADD #1 RIP1 £ 5545 RIP3, MIfi /B E &k 1lb

Ccomplex 11b) E#E4H MR FEN, $ATHH AL TS (LA e 5 &4 i 55 45 0L 1K
11.1.

B LLITNFBRTERNEAHR] . E6KITMEEH&IDb

™ i 4
o0 CFLIBD)
TNFRI]| clAP inhibition or = CTRADD

B

deubiquitination of “TRADD @E,LJ .I

b
0

“RIP1 >

.
WU RIPTBy CYLD L ..
Wil ———> Caspas=d) _RIP1) A_,, &@f_smﬁv_s@m

Eg 8 = FADD or caspase-8 deletion
EE E < nj' / or caspase-8 inhibition
w "-33,.‘_} Lys&3-Ub or RIP3 induction
C RIPT
C o | Complex Il MNecrosome
-l (DISC) {complex Ilb)
MF-xB, MAPKs Apoptosis Mecroptosis

(Jiahuai Han, Programmed necrosis: backup to and competitor with apoptosis in the immune system,

2011)

1.1.2.1RIP3 24EIFFE T IEPHIXEBEH
FEANMIAE T-ATR A 2 B — BELARAESE — N ) 3, B0 ) b ) L0 A TR 4 g Hp e D
SIHEAREPIZET: . #lan, D.W. Zhang 25 AN &L, TNF 25| PR R SRR

2
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(1) NIH-3T3 20 R A AR 7 A ARIE T AR RIP3 (1) A 4H i R ek A 20 i
T, MERIE RIP3 [ N AN RE R AENRIRSE. HAMERIR T RIP3 RIA RN
N Ao, AR SERIL S el RIS, 7EARIE RIP3 1 A i [l 4
RIP3 & A, WI4NARIRSERT LA A . [Ftk, RIP3 Z4UHSRSE o5 7, JEH
R Ve 4 (R B 1 3 [ 4 R 1 S N SRR AR ) S B o o

1.1.2.2 MLKL £ RIP3 Tk XEBER

£ 2012 4, Sun 1 Zhao %5 A 3L[FIK I MLKL(Mixed Lineage Kinase
Domain-Like Protein)& RIP3 /-S4l MIR AL 1) S BERLN 25 - Sun 48 A it
KA 25 s $ B 1 —Fire] LA A fI SR SR 254 NSA, - Il S
SLYTTE R S % 52 (77 VAR B T NSA [E FH#E S ——MLKL" . 5 MLKL ff)
A TCIEPATANIEIRSE, {2 RIPL R RIP3 #KSR AT LA EL/E A, PRIGIER] T MLKL
fiF RIP3 {1 Filif . TE4IMSRFERI IR, RIP3 Al LL3E4E MLKL, JRiE IRk
MLKL ) T357 1 S358 £ fi#i% MLKL, Ji{T MLKL /541l R 30 BE

HIR MLKL £ RIP3 Rl OC8 5 72 54 IR FE M D e A UESE, (A6
F MLKL R a7 40 R FE R LS AFEAR K 4+ Chen™ 28 NAH,
MLKL #80E 5 4 KA DY SR AL R SR g, 51 RSB e 1 R iR 403 %
JERE S, AR EIRUK, EREGAMER K. Cai % A", MLKL #
Wom 2 Ja 2 S s SR s E R E TRPM7 AHEAEA, SIEMEFIRIRE
P, SRR AEIL R & A . Wang 26 N B IH MLKL (#1240 A 7E 41 i
JE_E RS L0 A B IR BT 2 b 20, AR BARHLELZ B OE 1) MLKL 5 B RESEL
B2 I O RITURE Tt v R L2 6 R R S AR MR L, 1252 & T DA B H AR 4
TRRIZER, I RN R 2

1.1.3 HRAFEREEE X

A MR SELEAR 20 B AR B IR MR A, sk PR SR E
TR HE R BBk RERIALSE . URAt, RSN FEAR A Ay i — PR AR P8 A 1
(R B R, R — S8k yT 24 n] LIS I 5 AN BE R A 20 B ) T P 4 i A AR 4 A B
717325 3] 3% BEJR A0 (208 . SRT, G.B Koo 25 ARIFE R I, 1R £ g4 e RIP3
WO EIRRSRE, SEEHMINEEERE, AMHAETT 2 R0 .
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(B R A% 1) T B = o i i b RIP3 [3RIA &, m) ASE my i X SA4E
IBURE, IR 2T R

1.2 DNA EREAL#hd

DNA FIBAL & —Fh 8 AR ML B M7 X, W KB I, (HIF
AN BT 2 8] (B 77 0MT DNA il %5 8. {5 DNA FIEAL AT i
B A T L DNA FIZhRE, Wi: 520 DNA 55N F R A ngiGhe /i,
PRIt DNA FEE A0 A 18 7 B R 1 7K T (¥ Th g

HAZAEYH DNA FEAEME G B 5-HFEEHmsnE (5-meC) —F,
FEEAEA T IR 55 CpG & I, iZIX @ H A 1~2kbp K/, FFFIE & GC,
HAKEM 5°-CpG-3° “# 11 F. CpG S E i T DNA HFEALKIR A4
i 5°% 8 3R ThRE, UALT R B TELR CpG &y R A I BAG I 5, 2>
SRR T PR S DR I 45 6 B 4R R AL 1 DINA 456 1 S5 IR A6 140 i AH
JRHE DR S AR IR M Th R

FAZ MM EE A 57 DNA B AL G2 DNA F A F2 1 (DNA
methyltransferase, DNMT) k4, f#5: DNMT1, DNMT3a, DNMT3b.
Horh DNMTL EZ G 574557 DNA 8 IR, 517 A4 1ok L
DNA 78 LN B 2L, DNMT3 S8R 32 B0 57 AR B FRRAUAL Rl BR T TR R
FI4ERE DNA AL Z Ah, BAZAM R 23k 4 DNA 2 R, L HELTh
At e 0L AT TET K A (ten eleven translocation dioxygenases, TET)
s APEE, FAZ4HHIPY DNA FEERN 2 LR B E LA 1.2.1.
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L S 1)

&l 1.2.1 DNA FZEALFI X FEAR R E
fully methylated DNA
maintenance DNA
DNA methylation replication
Dnmtl
\
de novo DNA active DNA
methylation demethylation
Dnmt3 hemimethylated DNA TET
passive DNA
demethylation

S — I — . — . —

unmethylated DNA

E Fully methylated CpG site
E Hemimethylated CpG site
E Unmethylated CpG site

(Jeltsch A, New concepts in DNA methylation, 2014)

DNA (147 FF S AL 2 4 P 6 b B 2 R R B A% 1 17 3, (A9 DNA i3k 4k
[R5 5 = BN N 2 R R R IATUBR, B 238 B R IR R Ao T )
DNMTL (3 P 2 fE 40 i — 28 B T DNA i FF AL 3 80k OB I 41098 5 [
OB RIE, PIULIRZ DNMT B IRy B 259 i et IEAE T K

1.2.1 DNMT1

DNMTL = Z A ST 4E R4 A 9 10 R R ALK, FE R A 0 785 E4ERe A
[ PR A AT o ZERRIE G FF AL /E - (maintenance of genomic methylation) £
ol SR PR T ) SR TR . X G AR TR S R TR A AR S AR

L F2 1 DNMTL B RFD 25 #33k Creplication foci-targeting domain).CXXC
gERyIg. BAH Z5H4918 (bromo-adjacent homology) F C i B A5 H L2 1% M 1)
ZERJI (Methyltransferase domain) Z1% (& 1.2.2). 7F 2011 4F, Jikui Song %
N73#t 7 DNMTL [ 54, BFFTR I DNMTL ) CXXC g5 taislaT AN &
EREALI CpG X I T 45 &, H BAH2 Z5 M2 T UOIR S5 4 R TRD 4 #4
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