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[ ABSTRACT] Atherosclerosis (As) is an important pathological basis for cardio-cerebrovascular diseases. In recent
years, many studies have shown that epigenetic mechanisms also play an important role in the regulation of As.  5-
hydroxymethyl cytosine (5hmC) , known as the sixth base of human DNA, is an important epigenetic modification derived
from the demethylation process of DNA mediated by the ten-eleven translocation ( TET) protein family, and has been
known to involve in various biological processes. Recent studies have shown that TET2 and its mediated hydroxymethyla-
tion are not only involved in the regulation of phenotypic transformation of vascular smooth muscle cells, but also closely re-
lated to the key factors of As such as endothelial function and inflammatory immune response. It is also found that TET2
and ShmC are markedly absent in As plaque, and the level of deletion is positively correlated with the degree of injury.
TET2 and hydroxymethylation may play an important protective role in the pathological process of As.  This review will in-
troduce the structure and function of TET2, the research overview of ShmC and the breakthrough in detection techniques.

It will focus on the role and mechanism of TET2 and its mediated hydroxymethylation modification in As, and provide new

ideas and targets for the effective prevention and treatment of As.
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Bkl FETE AL (atherosclerosis, As ) 42 P55 Fl 15t
e =L RIE R ZE R BIR 2R As R0 i i 45 R
GEpeds fec iy UL e BRI AV A (4 T P ML
Tl AR e B TR R 1 2 0E T R W R 1%
PLHITE As R4 rh i B ], R4 15
Wit 4% DNA H AL ZH 2 B A  RNA T4 546
e R IRAE  Hoh DNA WAL 2 AF0AS i 2 1Y
FBAABMIE A, M 5-FF BLHU M BE (5-methyl cy-
tosine ,5SmC) =M #3014 DNA Ay EE R K,
215 CpG LA 60% ~80% ), BHEFFLHITRA,
MR B DNA i B T SmC 4b, i AFAE 555 F JE
Jg W% BE ( 5-hydroxymethyl cytosine , ShmC ) . 5-H i g
BEIE (5-formyl cytosine ,5fC) Fll 5-FR I WE BE (5-car-
boxyl cytosine,5caC) %53 3 BL B i 3k A T
AR 10/11 5500 Z8 05 3 H 28 )% (ten-eleven transloca-
tion, TET) /-y DNA % HSEALi #2 . TET Z %A
5 3 A ALOL: TETT [ TET2 FI TET3, TET2 K HoAp &
FEA R ShmC AR R B Z TS, TET2 BN N 2
— PR R ] B A B REBE ShmC K- R, AT LA
SR 2R IE I R A BRI R, TET2 FI
ShmC 7E AR SEEAR B Ik As BEBe Bl e k7 75
VP2 As RGBT R B, ShmC (97K B4 TET2
FOARTREIMFEAR, 5 As M CHER R & DIAH LT,
R R AR T TET2 Rz HoA T 19 38 W A A i 78
As PEYVEFI BHCHLHI, AT RE Dy As B A 2B I6 S it
B RS AT AN

1 10/11 BKREER 2 WEHKEEINEE

TET2 J& MK #i T o & — 2 ( a-ketoglutaric
acid, o-KG ) Fl Fe™ 19 TET XU A B Z % . % M
FRBEAR Iy 1Y AZ O AL S5 M Sl ek 1 > XUBE B-IR e
(double stranded B helix, DSBH ) 8 Fl 1 4~ & & 2B
R, Hh DSBH HE A 3 4 Fe® Ml 1
A a-KG BIZE LA, AT HH 5% Fe’” (a-KG Ff DNA
9 SmC AL ShmC., 115 2521 B2 Y X I 58
% DSBH %, IS E BEAALSHH TET 15 DNA AHHAf:
FITY S N2 TET2 B F 4q24 1, JER KN
96 kb, %47 11 4T, 5 TETI 1 TET3 A[H] )
&, TET2 2 K ANl 5 A% € 57 77 51 Fl Cys-Xaa-Xaa-
Cys(CXXC) Z MR 9125 4k, WF9c % 9L, TET2
(9 CXXC G Aa ot th T kAl e v i) e (2 (A BE DA 21
AL I 3B TR TR 4 SR AR 22
~ 24 (FE M —A~ 4~ Dyl Al Axin B AP0 A+
(inhibitor of the Dvl and Axin complex, IDAX) HH

(W FR N CXXC4) ' . IDAX CXXC 45y IR &5 &
FKHEAE CpG 17 B DNA J¥ 41, T3
41 DNA 1) shF M CpG &5, 7 E4%5 TET2 i1k
SERIRAEE/EFAT™ . IDAX J 3T IDAX CXXC 15
DNA 254533 Caspase i fLHI TET2 KT, &
IDAX 75 F# it 5if % TET2 48 3£ %] DNA 1, % 4b,
IDAX B AT 1 /0N BV G 40 At o0 Ak 3 72 TET2
BRI, J6 2 2 RNA X IDAX f4 0 1 188 m A 2R A2 40
% U937 TET2 ByFeik 2,

TET2 A] #4k DNA 71 5mC # 4k} 5hmC, Fifi J5
AT RS ShmC %462 5£C Fl 5caC, SR J5 i it
BRI A& 52 3 18 v A 2 7 AU Ak o JE H Ak
JamnE 530 DNA 25 IR AL R s ) ok dh,
2018 4F i Fr 58 & B, TET2 i/ 5 mRNA Ay
SmC Ak ShmC, TET2 {5 3 804 5 5% 4Ly 1 Ak
B SmC Bk ML JZ 16 #8578 T TET2
2 GRS SIS . TET2 TEIRINS 2 Rk, 3
5T gl 2R R, TET2 v %
DNA Z:H 34k 4R (v LML, 25 o i 40 i A e
JR &R MG TR fnor ik, Hd TET2 K&
AT DNA 2 S E T Fe— B IFRI 7E
PR SEPIR PR T2 A, WFSE R, TET2 1 ShmC
1R Bl R 2 A 2 1 P BB 1 R LA AL 24 R AE , LA
WIS & 0 X R AR T TET2 AR
IR TEPE, 380, AR HEE , TET2 W] BE £ 1Y
-4 g 22 (lipopolysaccharide , LPS ) 3l 38 (1 4%
2 R A0 R 5 W 40 6 55 40 PN F 400 B A 3 6 (iter-
leukin-6,1L-6) [ 517 AL 53 UF 52, TET2
EE RS E N L OB 2 B T I0-6 15
S, MR AN I A2 20 37 F DNA H 34k K 2 W 3L A A
o LA TET2 & A YDtk Bl 40 T
AR By (0 BUIERE  , th mT ST FRUn SR R T

2 REENBIME

2.1 5-F P EREGERF KR

5hmC & TET 8 F 505 3 SmC F3h 2 H Ak
T FR A — A A AR 1 R A =, I AR, ShmC
M AL 2E AR FEAS X ShmC #4015 DL K 3
J12 AT A L A X 40 A7 & R, ShmC 32 2 & 4
FHRREE Ja o 7M1, 3 S 5 s
A= U o S S v e O R |
SEUSO) ) BFSE K IR ShmC 7E A RN B K Bl
ARG T4z A7 b, 0 os & B,
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FENZE R A AR ShmC K BT TR R LE B AE
(Rett syndrome ) ) 1 = L T S B AE > 1, ShmC
IR, {0 ELARBL ] v AR 2, AP HRGE , 3%
Rett ZEATE I 3E1E CpG 4558 H 2 RAIK HiE
454 5mC, 1M A fE4E A ShmC, ShmC 7K F 5 H 3%
CpG &G HE A 2 & RAA7E TU e, #2785 ShmC 7]
RETE Rett ZEAAF & B R R 2 BRI oF
FEALE I, ShmC 5 JRJG T 4 i 2 58 R 3 M H 1k
FAE ShmC 7K 14 B TT 5 350E B 1 40 il 2 1
YRR BEAE WG T 41 A 5346, ShmC 7K 32 7 0
B0 M TET1/2/3 58 4 mi BRI, ShmC 625 | /) BRUIR
JEF 25 Ak AR 3 Ak B4 IR A Ry iR 7 ik
Hh, Kbt oe 2 80, FEMIE 2 ShmC B 7K 701 f
AR, AR IRE 2H 2 19 ShiC AR R, ATAVE iz Wi
JiIeg 0 A Wy dn A W, Aok, A1 JE LI B DNA (cell
free DNA, cfDNA) ) ShmC 32 3] TWF5 & L, KA
B AT HE A I AR 12 W R0 T N 2 i 1 it — 2 T
WARTE A B A 4= AV, LI 98 & &R 52,
cfDNA #J ShmC AR iC ¥ 3 LE b 96 175 Aoz 4 25k A 40
DNA 1) 5ShmC #ric ¥y, #8 7] LAVE A 800 AE rbrid
YR THEIE T, 1M HL ofDNA [ ShmC FRic ¥4 32
Ph—FhIe B 75 o2 W Fn o A 2898 5E . BeAk,
WFFE &I, ShmC 50l & & A B LA JE
FEYIMISE . TET2 i 3 450 JLOCHERE B Myh7
FE ARG 5% T~ 14 ShC &4 T I 45 He ik, &
HONEW & T, 34, 08 B Ko L
ShmC Z3 A= A LA AR S g AT L, ShmC
BTG 1 2B i Jre aok A rh 47 e A A £
2.2 5-3% FAEL BN IE 4G i 4 AR A SR A

Rt 5T IR A, ShmC 4R # 2 19 A4 P22 1)
REBE AT B, XA (% ShmC A B AR FE &=
TR, 3 ShmC WF5T 32 FR A9 AR K J
PRIt AT BB SR T I A AR i 1 vE BRI, —
A1 A2 R Ry 24 B A 458 1 Az 0 7 25 E DA IX 43 SmC AT
ShmC ; 55 —J5 i J& 1 T ShmC 78 20 21 7 B A, M
VIS i, BRI AR SE ShinC A HE A FlE 5 7
2o ek RS R S BT AAR U | A R R DU
JF% 1% ( bisulfite sequencing , BS-seq) , FEASBEUHER E 7
S5hmC, BANGE X 43 SmC I ShmC, i35 4%, 3 F
BS-seq A A Ji i >k 1 48 Ak B 0 B R AR I 1 (oxi-
dative bisulfite sequencing, OxBS-Seq) '*' | F| Ji & 4>
J&ER S E RPN ShmC AR S1C %7 A5 HE WA 2
AFRAL BN PCR 93 I e A o Jia it wa e B8 ], T
RPLAE BRI SmC T 132y Jf s I | e 26 Fl ] —

[¥) BS-Seq M7 55 OxBS-Seq M JF 19155 2 (H K i o
S5hmC {55, XTI EALTENR T BS-seq AHEIX 71
AT ARSI T ShmC 9 B E A, TR B TR
T 14 B 5 3 9 AR OKF- 8 ) B o 9 A AR
IR J7 kA TET Bl [R) 0 S0 4 R 44 056 I
( tet-assisted bisulfite sequencing, TAB-Seq )™,
TAB-Seq 256 1 B-#ij i 3k 7% B4 i ( B-glucosyl trans-
ferase , B-GT) /-F 1) ShmC b 3 AL £ 7 VB FH A/
BUEZH TET /S 19 SmC A ALVER, AT DLtEAT 4
FEPIA I e, A AT AT AL SRR S DU R, AT AR
ShmC 7EHE A P9 #EA TR 1 5 16 19 5 12538 A B AL 1L
e R B AL 45 & AR W R AL DUTE LD RRHP
ESE NG S N T2 LA ot 3y
HEARZ, W hMe-Seal fL2Fpric k™ G54 EH
JUTTERL S 45 Horh @40 hMe-Seal 4 A J2 ] H]
T4 WETRAKR-B-GT ¥4 & A S A FE M UDP-6-N3-Gle %
B3 ShmC [FRIE b, fff DNA ) ShmC # 52 5 2%
N N3-5ghmC, SRERI ARV R L& AL, &5
PRGNS A ShinC 19 7 Beyk e B ok, 2545 e i
W 43 M ShmC. 7E £ 5 246 DNA 59 43 A 15 L)
XA IT L BOANRE IR B FRARAL 73 B R B KF (HJR
SRR, AT LAISE ShnC FEAFE R A iy o0 A, T
FEF X PPy 75 MG I 1Y ShmC-Seal A, HAT 515
(18 R AHURE FIVRE S, T DA AR /b 9 it A A7 A
AR ZE 1 ng  CRAY T E T — SR A 1Y
R >, sk, 5 3 AR R e 4y 7 S A
DNA Jl 455 2 29 A SmC ShmC 45
FNBALAEM . X Fh 77T LA & DNA & i #2
PRATIREE G Bl 15, BT IRES G 1Y 3 ) 4
TEXT 255 B4 7 91 BR B AURR, v T X A [ 26 2
FOBREEAE . X 28 T7 VL2 AT B I, RS2 B i v ]
DA AR S0 BRI EER Ve R 53 i J7 %

3 10/11 ZHEURKEB2 RENTSHNERE
IEMTE As EIMER K EHLH

As BB IN Ny o — P g 1 | 50 P 3l bk it 48 4R
g, R R R R A Bk, 2 el R R B AE Bl
ik it A5 P B2 HERR S RS 1Y, 55 PN R A L ) e B A
1% - 35 WL 40 M ( vascular smooth muscle cell,
VSMC) H458 518 REVEAL SRR -E VRN 28 |
HIRANMIE A B DIAOC , R 2 WF5E 3R] TET2 1
S5hmC fE As BEBRHELSC, 5 As B 05 K J 2 1)
MIZC(E 1) .
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1. 10/11 BERKEER 2 MEREUEMHE As PHERRENE

ET-1: N 2 1;Pyroptosis: B2 T=, —f2#E;— 1 3014l ,

ac: LA ; Rapamycin: F5IA% 2 ; eNOS : — F AL A A W5 ;

Figure 1. The role and mechanism of TET2 and ShmC in the regulation of atherosclerosis processes

3.1 10/11 ZFREKEEA2 RENESNERENL
&5 E M IhEE

ML B SIfE R e 2 As T2 Ay SC Rt 72, 1L
8 K2 40 L (endothelial cell ,EC) AR L5 N T
JRZ B — 2 2 A B B, M ALK H B I | e I
W R 5 I U B V) 7 R B 35 B A
i s kAR ZRaL, BEIE & B, I AR DI R g 4 1
M4 24 TET2 Fah BEAR, i [ W 2B b ic )

Beclin 1 Fll LC3II/LC3T ZRIkFEAK, A WY p62 14
I, S BON B2 A WEDRE R AT ; M %Ik TET2 Al i 5%
HWEDIRE, LR R — AR AR TR R
197 S 4h, A W9 kB, fE TET2 it ik iy
ApoE " /INEH, As BEHR AR 250 20, FER 41 DNA
) ShmC B K- 1 25 88 & 1 SmC & i K1 1 2
WA, BEBL R Beclin 1, LC3 F35 00 B I, p62 Fik
W1 R, e TET2 sl /N BUh AR B, Bb 4, 75
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EAAR S B AR 25 H (oxidized low density lipoprotein ,
ox-LDL) &b ¥ PN S 314 ﬁéﬁﬂﬂ@( human umbilical
vein endothelial cell, HUVEC) ", it 3 ik F il ik
TET2 58] T — i 4 1™ st — 858 TET2
XiF A A0 VR P VB ZEBIL R & B, TET2 5 %3k
i A Beclin 1 J7 31F 662-774 bp CpG & (1) F-
Ak 1T AN 52 W) 829-1225 bp CpG &5, MM fdi
Beclin 1 ZERBE S, HeAh, TET2 i 2635 AT #1461 ox-
LDL Zb i) HUVEC 4 S F1 As BE i b 41 i (1] 25 B
O3 1 ML A AR 27 1 IL-18 MR i ke il
B SRIERTFRRES ) S0 AR L,
TET2 5 CSE/H,S i@ Bt % PIAH | Fe0 4 &
éjﬁ,HZS Igfﬁiﬂ:ﬂj{ﬁﬁﬁﬁ-v-%%gﬁ( cystathionine-
y-lyase,CSE) ' PIURTE A LAY H,S i1 J /b 1 5
DA S A AN I B o0 7 2238, R IS 18U A2
As BT NTEE H,S YD B S B Eh W I
FIBRT As 19R 3 & B TET2 vl it A
LA 38 I CSE BE AR 3 7 19 5hmC /K,
CSE/H,S £ 4, 3% ox-LDL 5 i HUVEC 41 il
CSE/H,S Rl , M ole s iy Bz DhaESS . 5341,
TET2 3 635 14 9 /> THP-1 4 i %} ox-LDL 375 1Y
HUVEC ROZE RS 1 e 95 2 B, TET2 5 ox-
LDL i% 5 () HUVEC 40 2 T & P A e, 48
TR PR T 1 T 20—, o e e o i
T4, I =2 T 400 R P 25 4 AR R A o, B4 IL-
1B.1L-18,5 As ) kA K% VIAH K, ox-LDL %
F HUVEC TET2 ik T 8 5] & iy 55 B 34kl
FELRAR D BEZ AL, AR T M A WO A T
kB, T ST HIE 11 Nod FE3Z 1A 11 3 (Nod-
like receptor protein-3, NLRP3) | Caspase-1 B3 LA
K RAEFF IL-1B (53, fE3E HUVEC MFET-
AL RT UL, TET2 M HA SRR B iS5 i
P E WS BE L CSE/H,S R S8 BB DL & fE T
R
3.2 10/11 HFuUREEB2 RENEWEREN
&5 mE FiEAmEEsEL

AT LA e H A ml 3 v | A 43405 55 R RE A
TR, 7T FR oA 9« W 26 78 55 78 Ry 25 43 AR
“H R B SR aT ¥ — 1 A R T A A
KRG IMER, 55 —J7 2 As 45 AL K AT 45
ol R U P8 2 A5 0/ 20 10 A8 5 0 1Y) 5% S AL
FREST ) TE As PERR R, VSMC e Wi s B A
“CHRIL” IERS M RIIG A ERE n, AR A MLAE BE, AL
M55 As BEREF 208 Kogr A i A i A ), #F5

R, TET2 Hl ShmC 78 “ Y46 B1” VSMC Hr e 46 T
FE“ AR sk g/ TET2 migsll vl 40 sl A2 1l
i FE RO WL I (myocardin, MYOCD ) il ML 7 J 7
[A-F ( serum response factor, SRF) A&k, [ F47
A CHE A KLF4 . 646, TET2 s ib ] BH 1k 75 A
HEIET VSMC 404k, i TET2 i ik 2 LU S I
W 228 29T &3, TET2 38 o FE AR e 4 Al
F o AAH OG5 R 1Y S5 B b G 8 5 I s 1 A
JC i 8 R 45 VSMC R AL, TET2 45 & 7 2 Fl
S5hmC & £ X 3 %4 b 78 B0 1Y 42 e 40 2 B
MYOCD SRF #l MYHI1 Ji 3 F /Y CArG-& % X
W7 AN TET2 il ShmC 2k 5/ BRI 51
RUFIN As BARPFERE 52 IEAH G, R A0 TET2 il
WA S IR RO, TR EB Y TET2 33 338 T K
5 ShmC BT, fE SR 4 5L R 3R 58 |, IF R
MAE P BESE A fRenl WL, TET2 KHA S/ %
H AL 5 VSMC REVEALETIM G, 25 As 1Y
i
3.3 10/l BUREEA2 RENSHEREN
&6 5 RIE g K

RIAEPE RN TS As KAER B4,
V29 R W], TET2 2 5 J0E e ig )i, TET2 7E
TR R 210 L T I 40 B 1) AR R B 5 0 Ak g i 2
Pt ok i AR ROy U SR A Ok
AR 2, 7E LPS T3 A9 98 i i 109 S At P b S 25400 )
RAEPH T IL-6 (4301517 . TET2 ] 0kl W 440 A
BT 5E N 7 IL-18 NS MR 1 pyRikt*
WA WFFEHIE , ox-LDL 338 it F & TET2 52w & H
Ak L BT REAR THP-1 SR 5 %) I 40 i /Y A e
TIRe . A A ST & B, TET2 5@ RNA JiR
H i Z i 1 (adenosine deaminase 1, Adarl ) #1152 fitd
R 175 i BE A A il 22 G T 22 JAK-STAT i& 1%
B S 1 R ——40 i Y 15 5 e Sl 4 3
(suppressor of cytokine signaling 3,S0OCS3) ) mRNA
TR, Bt e i i 5 A 1) ' S B BB TP RN B A
HER ALY 8 TET2 dal /5 mRNA
H1 5mC AL ShmC, Ha I8 5 2 SmC 7E 4258 5%
TR B, F24E SOCS3 1% 37-UTR X, Adarl LA
A7 T RNA Zii8 19 77 4545 IR IR SOCS3 mRNA
P RS M, TET2 25 vT BE 2 8 o i ms 0E (] 152 2%
RNA ff e RS20 Adarl 454 9 X% RNA FE R
TEARSE NG 4 1 32 AR B (LDLR ™) /N B As A5
rh TR TET2 (ke 200 e %) - 6 ol Je D fol H: vl P
Pk, IR BERE N As BEHR IR AL TET2 Bl fE o
ALt NLRP3 2P/ MA LU AEREASE 7 X 5 1L-
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18 B0 b, JE HE SR SN B As B K 1T i e T
WF5E KB, TET2 F3k I vl 3l o 3006 4% B F B 15
5l A HUVEC 40 £ 7= A 56 25 1 NLRP3 |
Caspase-1 FUELIE LA B 48 0E I+ 1L-18 F1 IL-18 (1943
WAL ET UL TET2 B AT LA G O 4 i 24
AT AR B O R AIEBLRMEH
3.4 10/11 BFXEZEA2 RENTSEHEREWL
B 5 EM As HHEXEE

WIREN A JE As B KSR EZ —, #F5E
R e 2 C st TET2 /519 DNA £ H LT
8 HepG2 4ILAYZRARE 1 AT AMP BUS A
P41 ( AMP-activated protein kinase, AMPK) J& —Fft
R SR o B T A% R, X A B AT R A
SR, PR 40 B 3R 2 Bl R A R, I
FEE R, AMPK 78 As A4 & R i 72 k15 f B AE
FH . AMPK (36 £6 0T 23035 P B2 20 i o 6, 300 741 °F- o
JULAH S 8 B R %, A1 o 0 e 4 P I T s 3
VD AR AN B, DA /0 BB A B B v B
PeasE Y B F s & B, TET2 B2 AMPK
PR TET2 A8 2 AMEE B AMPK JeF, LA
5599 L FIEE 1205 i 22 & R b P o0y, AMPK RE fiff
TET2 2 99 13 22 %182 ( S99 ) Wt Ak, , M i fdi TET2 2
FE . A BHRS AMPK A S50 TET2 S99 Bz 1k,
SECTET2 Fa F ShinC (192 8 DL K TET2 7E 4K Y
TS B 30 S BE 25 9, 1 AMPK 34 8h7] —
FHXUICAT 471 AMPK £ 311 TET2 S99 B2 1k, )\
ke TET2 Fa s M ShmC K EDBY L fy e vl I,
AMPK A5 14 85 B AL 7F 4E R TET2 F2E H Fl ShmC
IR SRR, X 2 & BRI T —FfoEr A 1A
7 TET2 A8 ME B RR LT 5%, R At ol As AORFF5E
PAET — AN, HA, 4 i e s 2 80
( coiled-coil domain-containing 80, CCDC80) , L Fx Ky
[ AU AL H 1 (SSG1) A1 DRO1/URB, 7E £ b 41
MR 3k, A A S L2 A6 B o 200 B R0 A 200
JIg #5 F 5 Wi B ( lipoprotein lipase , LPL) J& H il = B
IR A0 G, B BB RN & 2 H Il =R 1 i B K
S U A B i A A AL BE SORE . R LPL 1y
TRKSEATE M | n] AR L H I = R KSE AT As 1K
W, WF5E &I, CCDCSO @i 4l ERK1/2 11k, [
i TET2 35U K TET2 /51 DNA % H 34k, ¢
i LPL JEK 5 2+ B 364k, dE ] LPL Ay 3350
T T ANGE ApoE™ /IR As BEH I L

4 BEHRE

LA, TET2 KA S B R IR AL IB I 7E As

3 PHLI R v A8 R B I A R DA B A ML 3% 34 B A
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