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(HHE] BHH ARBETRERACIHD# A5 WA NDUFB6 & B & & & 3 & Wik 4 69 8 & L SRR 3
A, FTiE 12 REk SD XK Ao AR AR A, 25 CIH 82,2 A 545 2 FF KM S 045
(FBG) . &= M fa ik By & (FINS) 4 545 R Ak B 4L 58, IR AR, KB 2R 024k 3 & G %55 97 i (Western blot) 4
M AR 28 22 NDUFB6 & & 89 & &t oL 5 i 9 6 2 8 PCR(qPCROY &M 2 2843 R MR 2842 £ NDUFB6 mRNA
Rk L BARER A 315465 M) A (BSP) £ B4 2 44 R M AR 4 22 NDUFB6 & B B 3) F X 34z & F A AL 1s
WEL, R SHERAFARE A AFARABEN ZFFEREZTRAAZ . F AWM AR NDUFB6
mRNA NDUFB6 & & & ik K F KAk (P<C0. 05) .47 Mg 2028 NDUFB6 A B & 3 F CpG B P ALK -F38 5
(P<<0.01), &it CIH THHAF RZAF A MM NDUFB6 £ B & 4 £ W4 %%, 45 CIH B4F 8% & £ 3%
R R A KA,

[R8EiA] REsf; X &M ; NDUFB6; ik £ % 440
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Effect of chronic intrauterine hypoxia on methylation of NDUFB6 gene

promoter region in neonatal rat pancreas”
HUANG Huang ,LYU Guorong s LIN Jingcang” , XU Xiangyang ZENG Shiyong ,CHENG Jing
(Department of Basic Medicine ,Quanzhou Medical College ,Quanzhou s Fujian 362011,China)

[Abstract] Objective To study the expression and epigenetic changes of NDUFB6 gene in the pancreas
of neonatal mice with chronic intrauterine hypoxia (CIH) ,and explore its mechanism. Methods A total of 12
pregnant SD rats were divided into the healthy group and the hypoxia group. The CIH model was established.
Fasting blood glucose (FBG) and fasting insulin (FINS) were measured in the two groups two weeks after de-
livery. The rats were sacrificed by anesthesia,and the pancreas was taken. The expression of NDUFB6 protein
in pancreatic tissue was detected by immunohistochemistry and Western blot. Real-time fluorescent quantita-
tive PCR (qPCR) was used to detect the expression of NDUFB6 mRNA in pancreatic tissue of offspring rats
in the two groups. Bisulfite sequencing after modification (BSP) was used to detect the methylation modifica-
tion of NDUFB6 gene promoter region in the pancreatic tissue of the two groups. Results Compared with the
healthy group,the offspring rats in the hypoxia group showed abnormal glucose tolerance and insulin resist-
ance,the expression levels of NDUFB6 mRNA and NDUFB6 protein in pancreatic tissue were decreased (P <C
0.05) ,and the methylation level of CpG island initiated by NDUFB6 gene in the pancreas of the offspring rats
was increased (P<C0.01). Conclusion CIH can induce epigenetic changes of NDUFB6 gene in the pancreas of
offspring rats in hypoxia group,which is involved in the development of insulin resistance in offspring rats af-
ter CIH.
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PR 5y B % D AH 56, B an A M B 9 o0 i 5 R
g R PR LBE TS AN LS AR R TR 4 — R 51 B 5T R
R, CIH AT BUB S R P & 8 HAg M oe s,
2 HUAE PR (T2DMD J& P 3R 5% &R sk 1% PR 2 AHAE
T A= 1) 22 DR 3t A 0 s o i % 3R 43 WA 2 R 15 2%
PR T2 T2DM 1 2 ASF 1, 3 48 ok 21 i 4 ks 4
14 ) 6 ik [ SUE A5 248 72 T2DM R 5 2o B2 b i 4
BB EA, RRRT R SRS R ES RS
W65 1] BB O . 2R AR 11 35 PR Gl s mT A B0 I AE
5 WURR IR 5% e B 4% UL 09 W5 A8 5 A iR 8 Fk NDUFDB6
S o A NI A R R (b P U L L U (I
NDUFB6 # K £ 25 Pk 0] DLl i 32 2h ol 35 R 5 R 5 8
T B 5 S R AT = B R (ATP) & B 1 ¢
U X AR B I CHI &40 A7 BB
it NDUFDBG6 J PR i) e A8 S 5 0 5 R ARPL 6 & .

1 #MRE5HE*

1.1 E3##

Zei 7 d SD KRR 24 R B3 58 A | SCXK
(J1)2017-0005 ], /& T £ 165~ 185 g; f e 41 41 fk 2%
IR B R B (Western blot) 5255 3 571 & L W4
Mg S R A 1 5 DU 7 (BSP) 52 55 3 1) & 52 B 26 ) 8
PCR(qPCRO T 45 W [ 48 M 5 2 28 e BB A IR A
A s NDUFB6 —#i .2 e hnic — 9t 1eG W A 3£ E Ab-
cam 73 ) 5 B LY 2 A el SR R 2Y 0 AR R B AT IR
N BB B i 700 & AR A7 28 Y 5 28 i I R U 38 (FINS) fifg 156
o W R 56 (ELISA) iR 70 & A 1 ifg 3 % 48 90 B
FA R 5 AU 3 5¢ [ Johnson A H] . DNA £
WO & PGH 4k A _Fig G E Y TRARA A
1.2 CIH # A %) & % 448

2 7 d SD K BR 43 B g B AL A A AL, AL 12
H, 2 MR AT 55 07 k0 e sy CTH B, 78 5
M B 2 5 A B B 24 SPE 8l 58 56 %= 58 B 8l 1 S5 5
[SYXK([#)2023-0012 ], it 4 2H 2 B8 AE B il i) ik
AN BER 8 hy IR IE A (10.0£0.5) %, LA bt 2
HEBWHET 1 dAF IR S 22 R RS, B IR
B 1 b J 2 AT SR I A5 A T A iR B CTH 48
TR R . B A S AR 2 AL 2 AT R
JFE R ML+ 43 RS I 2 I B (FBG) (FINS 5 Jif i ik 46 A7
B o RO R 20 2, 4 i) A f 928 4 84K 24 K A5 . Western
blot.qPCR.BSP % 5L 5, i 47 B AE ¥4 A RN B2 2
o ST B 2R A sh W) S 8 B 2R R (LS QZM-
CAE 20220701),

1.3 4# % FBG.FINS # |

K FH ELISA il 22 FINS, MR FBG; £

ABVE A e 5 R HCBURE )« S FEHCHT (HOMA-

A% 520235 12 A% S2K% 2448

IR) = (FBGXFINS)/22.5,
1.4 BEMBAFE(ZHARITEE L) %0 NDUFB6
L3R &

17 BRI A 2 e [ e AL U) F ORRBE 5 pm) |
JiE 5 A 7K 53960 BB F AL A B R F 20 min, {2
IKIE VR SO0 A8 52 Bt R 3h 2% vh i (PBS) 1
PE K T 0 IE R 1L S T A, SR E 20
min, jii fill NDUFB6 —#t.4 ‘CEF L% . K H PBS i&
UEs T IN2E6 bR ic — 9t 1gG, 37 ‘CHEEHE R 20 min,
PBS i Uk, B . spE B IR B s 400 X B 28 0% 18 e
U I TSR
1.5 Western blot #m NDUFB6 &% & ¢ & i&

R ] R R B CREAR A L L e BT R, A
BRI BB AT I H 5o 0 2 B0 5 B
WO VBCA M 8 1k B2 il # + Z he SR IR - RN
975 TR Fic B8 JiE L UK (SDS-PAGE) Ji . B 11 RE 5 A8 P L i
VKR, BT I A NDUFB6 — 41,4 C#E o 1% .
R £5 22 pP -1k I (PBSTO 36, 5 min X3 k. fTA
U ERAMEIEE 1 h, Bk PBST Bk, S
minX 3 W. H Odyssey &SGR I 25 B W6,
HE AR E B
1.6 PCR #m NDUFB6 mRNA #) % %

TRIzol ¥ 42 Bt 2 2 ff BB 41 21 &0 RNA, H]
TIANScript RT IR0 & 5% 5 4 cDNA, J b 14 & 1R
5 RN A 25 “CIRA 10 min, 42 “CIR ¥ 50 min, 95
CHi# 5 min, | RNase-free ddH, O ¥ &z hi 1K & 7
BZE 50 ul, —20 CHEAF. K HE Genebank %44 &
(Primer 5. O &+ LA 51 #)% 41 : NDUFB6 J [ IF
R B FES4 5%k 5'-CTA GAC TGG CAA GAG
GCC GA-3"#i1 5'-CAA TCC TTG ACA CAT CCT
GG-3": 42 GAPDH 1E. JZ [l 51 91 ¥ 51 43 51 Ry 5'-
CAG GGC TGC CTT CTC TTG TG-3' f1 5'-TCT
CGC TCC TGG AAG ATG GT-3', qPCR 1 5 i &
PR BB R FEF 95 °C L 15 min; 95 °C 10 s,
58 °C 30 5,72 °C 30 s, JF¥ 40 k., R 2 > &
NDUFB6 mRNA (#3235 7KF.

1.7 CpG B WAL 5 #7
1.7.1 CpG & Fam

W 58 = K A5 BB R s (NCBD il s
NC 005104, 4,NDUFB6 3 H HAH 1 AN 4, X4
— A 5 ANTE [] — DX ) 2 S AR 1 i3 Bl XSO, 3%
Bk AR — AN B B — A B B R R 2 A
CpG &,

1.7.2 BSP %%
fif ] DNA - 4 Bt 7] & 42 B0 B 41 20 58 A 40
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DNA FER I, B L 4 DNA 17 30 5% 2 & £k 5% fb I
W, 514083 Ndufb6-5 1 1E [0 514k 5'-ATG
GAC CTA ACA GAA TGG AGT TGA-3', R [ 8|9
J3 5'-TGC TTC TTT GAA GAA AAT TTC TCC
ATA AG-3', Ndufb6-% 2 IE[05|# 8 5'-CCA GAG
GCT GGG CTG CTG TGA CGC CAT C-3', Jx 5]
¥k 5'-GCC CCC GCG CAG GAT GTG GCC CCT
GGA G-3", Xif BB & 2 DA 28 174 b w210 Tl g
HEN Y H B R B X EE S IE [0 51918 5'-AGG GAG
GTG AAG TAG TGG TG-3", x5l ¥H 5'-GGA
GGA GAA GAG TGG AGG AGT-3', PCR ¥4 . 7%
Be 507 of B Ar B BrRRE (RS sG AE W TR A R
AL GK2043) 4ifl, % #: PGH 5o P 244, 4 B )
ey Ul B B AR, R XL10-Gold &2 & 5%
16 IR RN MR . T YD kB PR TR Pk RO R 3%
W F
1.8 %itxam

K SPSS17. 0 3 A4 47 84 43 A 1 1 B2 kDA
r s FRoRGHBE BRI ¢ K2 55. BL P<<0. 05 22 5%

R = -
2 & R

2.1 FHEkhASHER
A R B Ui AR 1 b JE R AT B K i <

A fERRALAF R B SR LY B C 8 dr s P<0. 05,
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SER B BUR L2 R Sa0,  PaO, B FE4L W BT
B (P <C0. 001) , fift 4 41 2 B B A A2 SR S0 I 38 BRI 4
MLAE - BTG CO, ¥ 8. T W B iR 5, 3 W4T Uk
CITH R &Ry, W 1.
2.2 FFRARIEAARNLE R

IR IE A 2 JA L B AR A AT B FINS . FBG . HOMA-
IR¥ & FHERATR, ZFA%IT2E X (P <
0.05) , B AT B BB & RIS . W3 2.

®1 28SDRREFAMSILE(TLs,n=12)

P20, PaCO,
21 51 pH Sa0, (%)

(kPa) (kPa)
HEEE4L 7.4%+1.5  90.642.6 11.1742.48 6.184+1.25
B4 7.341.7  75.343.8  7.5142.95 5.9242.27
t 0.138 11.472 3.738 0.215
P 0. 866 <20.001 < 0.001 0.831

2.3 NDUFB6 % & £ ik K -F

o i U0 25 1 o, i S 4 AT B B 4 4
NDUFB6 # [ kK BALF @R R, 274
il X (P<<0.05), WA 1, Western blot 5 %%
SR, {8 BR 41 AT BRUBR R 41 21 b i) NDUFB6 2 (1 %
IR B S TR AL, 2 R A ST E R (P <
0.05), LA 2,

5—
a

o 41
=3
X
w3
Gt
R
K 24
] I
5
2 1.

. T
C BERAFR  BREEFR

1 2 BFRRIRALR NDUFB6 EERZLL R (RBHRALZF,400X)

BB IR BRELEIFR

Bactin .

NDUFB6

A:Western blot; B: ity #r & ;¢ : P<<0. 05,
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2 Western blot ¥l 2 A{FREEIR A LR NDUFB6 & BB R %
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x2 CHFRABES 2 AMKEHEXIER(xLs,n="06)
25 FBG(mmol/L)  FINS(mU/L) HOMA-IR
fdt JE 21 A7 B 4.48+0. 24 12.13+1. 34 2.4040.74
{48 20 AT B 5.7240.27 12.98+1. 88 3.3040. 38
t —2.013 —2.044 —4.322
P 0.042 0.038 0.001

2.4 NDUFB6 mRNA 4 ik K -F

qPCR 5 0 45 S W 7 fidt B 4 A1 B JBR i 41 23 11
NDUFB6 mRNA 7K~ i 5 T 6k S A7 B 5 57 A
GiitepE L (P<<0.05), WA 3,

a
0. 031

JEIKF

¥z 0. 204

0.014

NDUFB6 mRNAZR

FRBFR REAFR
AR AL AU R T 2R P<C0. 05,

A% 520235 12 A% S2K% 2448

ff B NDUFB6 355 80 F CpG & 1 [X I8 M fb %
B ALIE B NDUFB6 2 CpG £ 1 i AL (b 5l f
BEALAT LI B 2% 7 R4 42 7 L (X° =0, 042, P =
0.967), L% 3. A 4,

x3 2 HIFREEMR R NDUFB6 EEE3F CpG B 1 KiF
RENXE(x+s,%,n=6)

25 ) IR 2ia & AL

filt B 4 AT R 2.7540.74 92.75+1.35

B AT R 4.35+2.88 93.85+2. 85

2.5.2 NDUFB6 XK B3 F CpG & 2 R3x T Ak
5 HF

FH Diagram X M [5]>f 327 fat B 4147 BRL 55 e 40 4
FF BFEA NDUFB6 5& 5 J5 31 CpG i 2 I H B4k
., BT B NDUFB6 JE R CpG ) 2 1 H k%
TR R, Z R AT F LA =7.349,P<
0.001), L3 4. 5,

i 3 2 18/ LS I8 4840 NDUFEG mRNA 334 K x4 2 HFRBER S NDUFB BEE B3 FB 2 K8
& : 20 a4 m B 7K _
RENE(TLs, % ,n=6)

2.5 NDUFB6 k& B &3 F R 3 F AAem ;R 4R 415 A EE 1
2.5.1 NDUFB6 2R B3 F CpG & 1 R T AL i 2.65-0. 64 92.85+1.151
57 B A B 11.15+2.76 84.81£2. 82

: > — = =

H Diagram X} [t K 2 3 7~ {8 5 40 A7 BR 5 Gk S 4
i Methylation
Methylation 113tp itp otp 1t atp Bto stp 15t 156 Y 113bp 1bp (L] L] L] Bbe 450p 15bp
CpG Position 1 2 3 4 5 6 7 8 CpG Position 1 2 3 4 5 6 7 8
Unmethylated 100 100 100 100 100 90 100 100 Unmethylated 100 100 100 70 100 100 100 100
Methylated 60 00 00 00 00 10 00 00 Methylated 0.0 0.0 0.0 3.0 0.0 0.0 00 00
Not present 6o o 0 0o 0o 0o 0 Not present 0 0 0 0 0 0 0 0
[Legend:  m unmethylated O methylated  m not present | ILegend: B unmethylated O methylated @ not presentl
fRREFR REEFR
ERERAVE LI S (A R CR A S 2 [
E 4 2 AIF R NDUFB6 BEE B3 F CpG B 1 i3 B E AL Diagram 3 bt &

Methytation 4 bp O oo [ oo [ 7 ool 6 oo SN 5 o N5 oo [ 4 oo o ol o ol ¢ oo Methylation N B BN Y B M R Y M O
CpG Position 1 2 3 4 5 6 7 8 9 10 1 CpG Position 1 2 3 4 5 6 7 8 9 10 1
Unmethylated 9.0 9.0 9.0 9.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 Unmethylated 10.0 8.0 10.0 9.0 10.0 10.0 10.0 10.0 10.0 10.0 9.0
Methylated 1.0 1.0 1.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Methylated 0.0 20 0.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0
Not present 0 0 0 0 0 0 0 0 0 0 0 Not present 0 0 0 0 0 0 0 0 0 0 0
Methylation Methylation

*Ohn!Ahn!Gbn'(lan'pr'hprhp!7pr2bI*hnl3hnI 10 by 4 by 0 by 20 by 1 by 1 bp) 6 by 7 by 2 by 11 by 3 by
CpG Position 12 13 14 15 16 17 18 19 20 21 22 CpG Position 12 13 14 15 16 17 18 19 20 21 22
Unmethylated 8.0 90 100 100 100 100 90 100 100 100 100 Unmethylated 100 100 100 100 100 100 100 100 100 100 100
Methylated 20 1.0 0.0 0.0 0.0 0.0 1.0 0.0 0.0 0.0 0.0 Methylated 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Not present 0 0 0 0 0 0 0 0 0 0 0 Not present 0 0 0 0 0 0 0 0 0 0 0
Methylation Methylation

13 by 8 b 6b 4b 13 b s bojll 6 bo [ 4 bp
CpG Position 23 24 25 CpG Position 23 24 25
Unmethylated 10.0 9.0 10.0 Unmethylated 10.0 10.0 10.0
Methylated 0.0 1.0 0.0 Methylated 0.0 0.0 0.0
Not present 0 0 0 Not present 0 0 0
ILegend: m unmethylated O methylated @ not present | Legend: m unmethylated @O methylated @ not present |

B2 RBFR BREAFR

AR IR B AR FR T L.
S

2 AfF R NDUFB6 EE B3I F CpG B 2 Xig B E L Diagram 3t Lk &
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3 3+ 1

— M G M AR AR R B A R
355 T R % A W R TE BUATE B B o 5 A8 1 AR O 1 4
PRI . AR M RAT R 2 I A B Y W T XM
Who NFEAR 0 AL i J8 3 2 B R DR S 30 45 1 L B 2
TR 28 2 5 DR 2R 4 29 5 I PR F 2 A AT L A IR o,
T Sl B I R S BB v IR i & 7 B B e Y LI L
i 3, AR 2 2 RS R R B e LR BRI 5
P B 4RO 2R % 1T 0 L BRI S R TR
MR RN BE AN A2 HAT— 2% Kl CIH 4548
TR AT AR 6 Y B ) SE R A 5

AT B CTH 55 A ) 1A B AR 95 6 AH G 11
(B DEAT A OB IT » BUAS — s SR AR T A
LR RN B A TR A R I SRR A
(10.040. 5) Y6, ASEABLIE PR v 1 i JL ke 420tR 0 22 BROR
I CO, WEER R #E I 4  AUH AR SUINLAE | {3 32 i 4
PR35 ), 3 B 3 S A B . A F 9 R B AR A AT B
FINS.FBG .HOMA-IR # 5 F i R4 R 22 A 4
TR (P <0, 05 ), Ui BB A 41 A7 BRULD B R 25 K41
PG,

PR LA B S 38t % 0 L DA I W T R R AR AE
EE 7 B R A 90 7619 T2DM. & 55 11 43+ BIL i1 475
K. 42 A0 T2DM 5 a5 R 52 (37 76 A ) Y2 £
RIS, A O L2 B 2 Rk 2 S R R
T AT T A I P AR A b X DR N B R
T2DM ) 5 &L K 2 AL F 9 5 Yoo 1R 45 B il D9S171
R 9p21 K gk FE Y NDUFB6 £ T 1%
5 DR A DX 38, 5 PR 5 1 B P Ok R IR O i TR Al
fitf T (NADH) i &0 & W 2 i — 51, 8 (1 68 AR
17 0 A= A R S 2 G

A WA | Bl AR IS 3G K NDUFB6 3L H 78 A
PR L i 5k 2 T PR % NDUFB6 5L )5 8+
X[ BEAZ 5 R 22 75 (1629566, A/G) A A {fi F 3k £k 4k
AR % R AE B E L B s R Y . A AT 4R
N K I 3 ] R S R A AR I 2R AR
NDUFB6 3 [H 2 5845 73X Fhod p =" X — K B E
W] NDUFB6 5[ Z 5 T &bk oife. A 8 T ATP &
Ji% . BN A T2DM 2k 4 o NDUFB6 Jik A (1
EH .

A e P 1 8L AL 2= Fl Western blot £ il 4%
B 7R B AT BUBE IR 4120 NDUFB6 2 [ % 15 7K F
B S AIG T B 417 BL (P <C0. 05) 5 qPCR 46 25 5 42
7 fa e 2H AT BLJEE iR 41 40 NDUFB6 mRNA 7K F B i
BB A B (P <<0. 05), K4 NCBI id i,
NDUFB6 J K HA 1 A-5% 54, X% NDUFB6 £ K 5
— AR ] X 5 SR AR 1 B B 1%
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SRR — AN BT R AN BT BRI E R 2 A
CpG &5 J BSP £  JE it NDUFDB6 3 [F J5 28+ X 35
AL A 1 1 100 o 25 R AR W A 4 A7 B NDUFB6
FEIA CpG iy 1 DXty HY 66 Ak 5 {5 28 £ BUC ]
Z5(P>0.05) , HEE 4117 Bl NDUFB6 3£ [/ CpG
B2 i H Ak A T B AL R (P <C0. 05), H#E
CIH B A7 BB A 2 kr 14 5 [ NDUFB6 HY JE 4k 4 7
> 2 NDUFB6 mRNA FI B #2355 K P K 6t
AAT R PR S Z P L . &5 LTk, CTH w] 3
B4 2H A7 BUBR IR NDUFB6 Kk PR W a8t 4% AL i e 22
AlEEZ 5 CHI XIS A7 BUBE 5 R HRPT 0 & AR R it

.
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