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(FZ] B RGBSR A5 055 A= R B 2 BT 4 212 R0/ DNA (mtDNA ) 1 5- 32 H L g g i
(5hmC) M IAL & R ahm2s b, ik B 24 H 7 HIRHEYE Sprague-Dawley K UL/ A %F IRZH . 24 h #4
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AR Z 5L B E A B, SR 22 B A TE 2 A AR FRER e AP H2 R (oxBS-Seq ) Rl A FUK G Hz Joi 21 41
mtDNA ) ShmC 7KF-. fii F§ Western blot %iiE ShmC #HOCHF TET1. TET2. DNMT1 f)3AKF-. &R HiAd
24 h, HETIZH 48 h BY ShmC & 4 B 3E & TXF IR (P<0.05) . Western blot &7 mtDNA 1 5hmC #H % /il DNMT1
IFEIRTE 24 h F 48 h FBEHILT P 2 THE (P<0.05) o SxTIRAIAALL, ZASORRIEDIN s AERE R KR P 2
I 5hmC K V- 25 5% (P<0.05) o Z5i8 BRI A3 158 AF DK B A e BT 2H 2 mtDNA ') ShmC A5G il DNMT1
MBS, 3R K R B Bl i IR 03 )5 ShmC FIEAL KPR e S, T Al S5 Bl el Bk i A RiHsi 473 1y 8
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Mitochondrial DNA hydroxymethylation level in the cerebral cortex of neonatal rats
with hypoxic-ischemic brain damage
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Abstract: Objective To study the methylation level and dynamic change of 5-hydroxymethylcytosine (ShmC) in
mitochondrial DNA (mtDNA) in the cerebral cortex of neonatal rats with hypoxic-ischemic brain damage. Methods A
total of 24 male Sprague-Dawley rats aged 7 days were randomly divided into control group, 24-hour model group and
48-hour model group (n=8 each). Common carotid artery ligation combined with hypoxic treatment was performed to
establish an animal model of hypoxic-ischemic brain damage. The rats in the control group were not given ligation or
hypoxic treatment. Oxidative bisulfite sequencing was used to measure the level of ShmC in the cerebral cortex. Western
blot was used to measure the expression of ShmC-related enzymes TET1, TET2 and DNMT]I. Results The 24- and
48-hour model groups had a significantly higher level of ShmC than the control group (P<0.05). Western blot showed
a significant increase in the expression of DNMT1 in the 24- and 48-hour model groups (P<0.05). Compared with the
control group, the 24- and 48-hour model groups had significant differences in the ShmC level at multiple mitochondrial
genetic loci (P<0.05). Conclusions The level of DNMTI, a key enzyme for ShmC modification in mtDNA, in the
cerebral cortex increases in neonatal rats with hypoxic-ischemic brain damage, suggesting that there is an abnormal
methylation level of ShmC after hypoxic-ischemic brain damage, which might be associated with the regulation of
hypoxic-ischemic brain damage. [Chin J Contemp Pediatr, 2019, 21(3): 300-304]
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T A e 111 i s ( hypoxic-ischemic encephalo-
pathy, HIE ) J& % UL AT i pl ™ 5 163 )8 A ) LIk
Wi, KRN 1.5%, ZFALIET:. ™ HE K
E . P2 SRR Sl o T DA N B A 1) B R 2 — 1
FI I 18 A AT B0 ol Sl I A R 45 5 80 A 28006 7
Jiti, HPpE LS A BFIE s, R
&2 5 AR O B B IR G, T2 5
% (reactive oxygen species, ROS) , JF5%iJK . Bt
LA PP XU 28 2R GE R RO LR T IR AESE
A R O PO 7E HIE Hh, R (& i
WHLUESE S 5035 pm 80w A2 ©, (A2 HIE
Hr, KON ZH 21 48 ki 4K DNA ( mitochondrial DNA,
mtDNA ) [ Rt A& 181, I 5- F2 H R Jif g g

( 5-hydroxymethylcytosine, ShmC ) FEAf 7K A8
A AR ILAHE .

ABFFEA 7B L HIE K BUSAL, Sl L
RO R A AN AR 2 2 [3] mtDNA (1) ShmC 3R iE 7K F-
922 ST HIE B8 L miDNA W (A5 1
YEHL.

1 HRETE

1.1 SRS ERLE

FERLEE 24 7 H IR HEME Sprague-Dawley ( SD )
K ERBEBLS Ftef HRZH . 24 h ABRIZH 1 48 h SN
B 8 Ho RABIIKAHLA T8, /e 4R
AU BIIK, BRIZH K FRUTI R AEFL A Pisi (AH
PR ), AEAUIH, SFRERRINE, TS
(R BRCE T 8% AT A AR A 2 hs X IRZH AN ik
FTEhBkasFL B b B 7, SERah s, a2
KEL, WK R i gl 4, {4 F Mitochondrial DNA
Isolation Kit ( Biovision, 78 [E ) 404 2H K FUK ik
B2 ZHZ mtDNA o #RAEF IR S i W BT,
1.2 SRRy B R Fnadi

FH BRI A 8 J¢ H DK RS 0 42 B mtDNA ) 56 8%
P, F Nanodrop2000 £ DNA 4, Ff F Qubit
X DNA %2 R i dE A7 5 it B 75 8 miDNA T
Wi i 350 bp 24 B B, SR AL S ARk 4
A B R R 7% AL TP B2 AR (oxidative bisulfite
sequencing, oxBS-Seq ) W J¥ - 44 & SCJFE, F B &
RS A BRI gk S alifl Y. ik
I 5 AR DNA ST 5840 g, Bl S AT

Bisulfite (BS) 2P, PCRY7HY, PG SCREL Bk
M5, 7E illumina X ten PE150 “F-4& FHLINF

K H1 1 5 & MethylFlash™ Hydroxymethylated
DNA Quantification Kit ( Epigentek, 3&[E ) 5l K
BRI B2 5 4120 mtDNA [ ShmC F 3640 K-, 52
B AL R BRI P T .
1.3 Western blot 4l

$i2 IE3A35] & Tissue Mitochondria Isolation Kit( |-
B8 m REVEARARAE ) B2 KR
i B BT 2R 2R AR AR . W T I DR i Bz o 4 R ks
)5, {0 RIPA TEAR IR 2% 44 T 2017 2H 2L 24 fik
BLOEBRTOE, Wik B, ] BCA A E I
Ma ( EBERASREYWBRARARAF ) J5ikikty
B T 10%SDS SR T4 5 I M U6k e R Dk 43
BRI B EE AR R PVDF L, 4°C
FAF T RET 1011 S Ao HY L s i XU 4 il 1

( ten-eleven translocation proteinl, TET1 ) ZhifEPT

& ( 3% [ Abcam A H], 1:1000) | TET2 £ 3 &
ik (£ H Invitrogen 23 F], 1:1000) Fl DNA H
FAEEFLRG ( DNA methyltransferase 1, DNMT1 ) EA
REHUAR (DU PR TAEA PR, 1:100)
—Pt, Filk P E HRP FRic Il 40 el F 505
IgG Z FiREPUIA (7N KIE AT A R A,
1:3000) —Ht 1 h i, MMA ECL A7k el 2 i
A I (5 SRBT NGRS ME G (57 1 20 ( translocase
of outer mitochondrial membrane 20, TOMM20, i
DAY TRARA W, 1:100) HwpEhiiAk
TERANZEH, B B Ea#, 7 KEEE
T, AR EREA S ASEANKEHELL
TR
1.4 EYEBRESN

PEATBAE 15,2258 ShmC 407, % BS Hl oxBS
0 P 58 TR ) BAAS CpG A R AT R TR . oxBS
Bllarh, MAREARGIT RIS R P<0.05 BN R E
SR 7E S 5- AR RE (SmC) (igd; %A

TR EEAKF--
FE ALK = AL A T AR - E
S ALK

BS #dlirh, MMEAG IR IRZE R P<0.05 1)
frsi, HIZOLRFEA B K2 a3 oxBS
BAE T REA B KPS A i, WZ A R
5E UK ShmC v,
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1.5 FitFEHH

K SPSS 22.0 Gt 4R E R T 2=
Bro THREBRILIEL £ bR (Rxs) TBAFOR,
PHZH ] HLACR T ¢ K56, 224 [R] FL AR FH T 250 1T
ZH[B] IR FL 3R SNK-q K565 1HEPERER -H B
9% (%) FoR, XHMFEHGH TR R kA
B . P<0.05 HESAGFE L,
2 H£HR
21 FHAKXRKXME R mDNA i 5hmC HE{L
KET

X HRZH . BERULH 24 h, BERIL] 48 h KRR
Jiki B2 S5 mtDNA 5 ShmC H S A KSF He A 22 6 42
J12F 7 L (F=93.810, P<0.001) ., HiRIZH 24 h,
BEAYZ 48 h 1Y ShmC H JE AL 7K1 i 3 1 T X0 B4
(P<0.05) , PIRERIZH 2 ] L 22 R o gt X
(P>0.05) . WK 1.

010

pu a

a  0.08 a

=5

i: 0.06 -

)

2y 0.04

B

g 0021

@ 0

X HRA 24 h BERIZH 48 h AETRIZ

B 1 &%4HKRXRE R mDNA i 5hmC B E Lk

EEEEE (n=8) a 7R ARG ILER, P<0.05,,

2.2 FELESFE HIE #RE K R KRN K R& R K
ESpe ol
Western blot £ I B 3% 1k i 74 5 T il TET1 .
TET2 F1 DNMT1 #9323k 45 5 & 7<: TET1 Fil TET2
() 8 Tk KO 745 AL ] 3 25 S o g 20 L
(P<0.05) ; {H5XFHEAL A, DNMT1 %A 7K
SEAE 24 h A 48 h U 3 B (P<0.05) o UL
"2,
2.3 HIE =B KR KK RA
E s 5hmC BELKEER
FET BS Fi1 oxBS 74 A A CpG A7 s
AT RITREES, T e 25 SR H A o5 AR R,

AR E

AHEEXTRRZ, 24 h BEAUZH 9 DNEEA 15 AN S Bt
ShmC H FAb K F 25 (P<0.05, £ 1) . 7 48h
FRIZE , ShinC H AL KOEAELR KA 8 AN A Y
14 A7 5% R HE 22 5% (P<0.05, % 2) .

XPHRZL 24 h BIRIZH 48 h AL

N1 —

TETI --q

T ———

L IpGRiEil
B 24 h BRI
48 h B

a
a
1.2+
0.9
0.6
0.3
0-

TET2 TET1 DNMT1

HHAAXRIB KT

B 2 Western blot #ill & 28 K FR < iy Bz JR 2 #r {4k A R
HEEREER TET1. TET2 1 DNMT1 EARIAKTE
BN LR PRI T4 LR AR Fk R

(n=8) , am5XFHRAIILE:, P<0.05,

F1 24 h RBVAMRAE SN EAAFEE A=
5hmC REAXELLE (%)
G Rl G R g A P
Mi-ndl  chrM 2924 - 478  3.07 4.146 0.042
Mi-nd2  chrM 4600 - 2.71 1.37  5.293 0.021
Mi-col chrtM 6330 + 0.28  2.06 4.006 0.045
Mi-col chrtM 6760 + 2.86 0.70 4.085 0.043
Mi-co2  cheM 7177 - 457 263 5271 0.022
Mi-co2 chrtM 7521 + 4.01 1.35 5.430 0.020
Mi-co2  chrtM 7525 - 269 0.66 9394 0.002
Mi-atp6 cheM 8376+ 680 2.61 5581 0018
Mi-co3  chrM 8938 - 2.10 488 5715 0.017
Mi-nd4 cheM 10298 - 119 254 4212 0.040
Mi-nd4 cheM 10820 - 1.81 038 7.142 0.008
Mi-nd4 cheM 11325+ 040 315 4706 0.030
Mt-nd5 chrM 13098 + 321 074 4504 0.034
Mi-cyb chrM 14705 + 370 0.63 3.980 0.046
Mt-cyb  chrM 14980 - 464 244 5790 0.016
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®2 48h REVAMXRAS P EMIEE R

5hmC FEAELLE (%)

R T R Rl
Mt-nd2 chrM 4375 - 1.54 3.81 9.324 0.002
Mt-col chrM 5884 - 2.94 1.28 6.721 0.010
Mt-col chtM 6714 + 0 249 4.197 0.040
Mt-col chrM 6760 + 2.86 041 7.826 0.005
Mt-co2 chtM 7474 - 2.57 1.16 4.164 0.041
Mt-co2 chrtM 7521 + 4.01 1.40 5.341 0.021
Mt-co2 chrM 7525 - 2.69 1.04 5.807 0.016
Mt-co2 chrtM 7568 - 3.96 2.07 4429 0.035
Mi-atp6  chrM 8115 - 440 245 7.003 0.008
Mi-atp6  chrtM 8441 - 2.26 1.11  4.108 0.043
Mi-nd3  chrM 9574 - 2.49 1.27 5.345 0.021
Mt-nd4 chrtM 11196 - 2.15 1.02  4.688 0.030
Mi-nd5 chrM 13039 - 3.35 1.95 5.117 0.033
Mi-cyb  chrM 14705 + 3.70  0.82 6.197 0.037
3 iTig

G T AW R B S S5 04 R ERR
i () e ot Bt AR A5 AT O, HUR AT 5¢ miDNA g H
FEALBIF AT B = o A5 & BRLER I k4
KB B2 B 20 4 miDNA B ShmC 7K Hexf BB 40
i35 THE, mtDNA Y 3 Ak oo 72 1) ¢ B ilf DNMT1
Rk T, He, fE24h AL A 154
mtDNA [ 51 ShmC 7K F- 2 3 2% 5, 48 h BRI 2
A 14 4> miDNA B947 25 2 ShmC K257

LR AR, & mDNA, & —
FRERIRAUEE DNA, BN 16569 bp, Zihh tRNA |
rRNA FIRFW A dE 220 S0 1, 045 ND JE (ND1
ND2, ND3, ND4, ND4L. ND5 FlI ND6) . 40 i
& b (cytochrome b, cyb) . 402K C AL
(CO1, CO2 i1 CO3) . ATPase 6 Fll ATPase 8™/,
5% DNA —#FE, miDNA ] ¢ 5k 84, H i
K HALIE XA ShmC #1 5mC"”, ShmC 1 TET
EH (£33 TETL, TET2 F1 TET3) fifb i ",
BARVEFIHLEIE . DNMT1 fEL BRI 5 CpG
WA miDNA {7 f145 4, 2 mDNA B b
TN AERE , FE—252 00 SmC ) ShmC A9FE{E M,
ABFgE, FATAIAER R HIE A, G4
MALFEIS 24 h F1 48 h #7 H A K7 T 21 20 mtDNA
o ShmC & 5 19 F+ &, [8] B DNMT1 A 5 38 v 3%

ik, XX R, SZHF DNMTI 7E mtDNA H
AL B PR SR HE, RE F] TET1 A
TET2 (3 AR XK AN, RiA B oE R =
LR R BN 2% SmC 1 ShmC & 8086 M 14 il
DNMT1. TET1. TET2 Fl TET3 #5721k, &M
TERM 2 i, =2 FEAR T mtDNMT1 {5 {ff RNA
JKEM AR TETI~TET3", WAE/ M, TET2
1 TET3 FikBhn{H DNMT1 W RS2 50, H k4
7RI BT A 1) Ak Bl AR AE ] — B i) s 2 [R]— &b
P 5 kAR

A LA T S 3O I A B R T R A AT
WG, BEIET AR LR B X A 28 2R SR IE ) AL
W K E A R Ge0F &E Y. B S DNA &
Wi K. TERF RS, BARE B KR 52
i DNA AL RP R 4 . 5T R,
5 L KA Kz J57 40 7K SF- 1 DNA H AR K-
WOR AT R A AR AL, AnPRS T AR T AR Y R A SR
SEUL A, RGO IORE B EPUEL Y
FEAktn 5 DNA LA DG, (E R, 1Eh
K H PR S b bRid, MEMAERG L
BEWE, 5mC F ShmC PB4 A, % Az A
A, PN BEXT DNA B0 A s FE AR A 1 SR
Tl SR PR X6 R 2 5 meDNA. i 52 0 ) 2400 =22 B/
ZIWW R RN, FEHRARTET, LhilkS 5
ST, AR AT AR M B 3 T 5 T A O
TN FEARTRGE R, BRA T2 W B i SR X B
A R BRI e B 41 48 miDNA &4 7K S A SE 0 . 78
KN He o7 2 28 mtDNA HhAes i 5] 9 A~ 15 A r
SR8 B 14 A S FEE AT 24 h A48 h &
I ShmC BAiKF- 225, S i s ) 85l LA
T A S5 20 mtDN A 19 ShmCAB M 7K - 25 57
133X 28 mtDNA (1% H B AL A8 41 7] 3 30 mtDNA A
SRR,

TR ST & 38 mtDNA 1Y ShmC &1 5 40 ity
HFE MR TS AT B VIA G . PF5E R, ShmC &
AT 2 55 5 DO S 3% 308 1 1 5 DT 9 T 40 B O
fb. BB MELFAY R R Ak, e
e & A AR, DMNT A8 ] i it 2Rk iR
F NI T3 4%, 520 Bel-2 Al BAX i 63k, #ix
KPR T P2 M, gk R E k]
G1 R — RNV ZAT OISR, AL A M b i v
IRAN I T I P FEAREF ST, AT
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