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WE: B IR EEIEGRIBRNA HI97E2, 2-0 (4-50R3E) -1, 1-—8 K (pp—DDE) THuhH IS OCHELR
hIER . FiE S BRAEIGIFAM (CCC-HEL-1) Z3 hiERIxs i (DMSO) #H. 0.1 pmol/L p,p=DDEZH . 1 pmol/L
p.p~-DDEZ, 10 pmol/L p,p~DDEZ]. siRNA+DMSO#l. siRNA+10 pmol/L p,p=DDE#; J3HIRHWEIR EIhvE . 5L
9 G5 It PCR Wl BCA VARSI A4 ZH AP A IAZ M - 4o (HNF4a) . SCKHER AN T 01 (FoxO1) IS EREA K12
(IGF2) MYfashF X FAL . mRNA SRR AE FRIAKT; LA H19 mRNA FRIA/KTRIAHSCEE 5 3l F X Bl F
IR e Gkl Stk Ak, B8R ARIFE p.p~DDE Hph )5, HI19 A0, 10 wmol/L p,p~DDE 4 H19
mRNA FAKFE T DMSO 4 (1.31+0.25F11.02+0.22; P<0.05), 5 DMSOZHILE, 10 pmol/L. p,p ~DDE 41 HNF4a £
JE T ALK T-HAL [ (38.59+32.77) %F1 (61.43+24.64) %]. mRNA kK FTHE (1.3320.26 F11.03+0.28), 2%
SAGTEE L (P<0.05); FoxO1 FIGF2 5E R )E 37 H A4k . mRNA AR (135K FE 828 E (P>0.05), 4
SiIRNA B e HI9 LB JS ., 5 10 wmol/L p,p~DDE 4l HL#¢, siRNA+DMSO 2 HNF4a 3 [H 7 2l 7 1 3% ALK 7 T 5
[ (71.33+22.23) %F1 (38.59+32.78) %]. mRNA FREAKTFREAL (0.71+0.17F11.33£0.26), FoxO1 FEFJH 37 H 3Lk
TR [ (47.73234.24) %A1 (25.09£25.35) %], 1GF2 mRNA FihKFETHEE (1.39+0.25 #10.80+0.20), I HIGF2 & H
FIRIKF-5 T DMSO . (1.0320.11 f10.74+0.12), 227 H G2 L (P<0.05), Z5iE AL H19 vl 5 5L m s
RGBT, MU HNF4a, FoxO1 FIGF2 (W% 533k, TEp,p ~DDE R85 75 & iU RS R I 2 45-E
KR H19; pp-DDE; HIAAL; H
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Role of hepatic H19 expression in glucose metabolism disorder induced

by p,p'-dichlorodiphenyldichloroethylene
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Abstract: Objective To investigate the role of hepatic long—chain non—coding RNA (IncRNA) H19 in key genes associ-
ated with glucose metabolism disorder induced by p,p’—dichlorodiphenyldichloroethylene (p,p’ —DDE). Methods Human
embryonic liver CCC-HEL~1 cells were divided into the DMSO group, 0.1 wmol/L p,p"=DDE group, 1 pmol/L p,p’' -
DDE group, 10 pmol/L p,p’' —=DDE group, small interference RNA (siRNA)+DMSO group and siRNA+10 pmol/L p,p’' -
DDE group. The promoter region methylation, mRNA expression and protein expression of hepatocyte nuclear factor 4o
(HNF4a), forkhead box transcription factor Ol (FoxO1l) and insulin-like growth factor (IGF2) were detected in CCC—
HEL-1 cells using the bisulfite method, real-time fluorescence quantitative PCR (qPCR) assay and BCA assay, respec-
tively. The changes in H19 mRNA expression, the methylation of associated genes in the promoter region and transcrip-
tional expression were compared in CCC-HEL-1 among groups. Results Exposure to p,p'—=DDE alone at different dos-
es resulted in an increase in H19 expression, and the H19 mRNA expression was higher in the 10 pmol/L p,p’-DDE
group than in the DMSO group [(1.31£0.25) vs. (1.02+0.22); P<0.05]. Lower methylation of the HNF4a gene in the pro-
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moter region [(38.59+32.77)% vs. (61.43+24.64)%; P<0.05] and higher HNF4a mRNA expression [(1.33+0.26) vs. (1.03+
0.28); P<0.05] were detected in the 10 wmol/L p,p’ —=DDE group than in the DMSO group, while no significant differ-

ences were detected between the two groups in terms of the methylation of FoxO1 and IGF2 genes in the promoter re-
gion, FoxO1 and IGF2 mRNA and protein expression (P>0.05). Following siRNA-induced H19 knockdown, higher meth-
ylation of the HNF4a gene in the promoter region [(71.33+22.23)% vs. (38.59+32.78)%; P<0.05], lower HNFAa mRNA
expression [(0.71+0.17) vs. (1.33+0.26); P<0.05], higher methylation of FoxOl gene in the promoter region [(47.73+
34.24)% vs. (25.09+25.35)%; P<0.05] and higher IGF2 mRNA [(1.39+0.25) vs. (0.80+0.20); P<0.05] were found in the

siRNA+DMSO group than in the 10 pmol/L p,p’=DDE group, and higher IGF2 protein expression was detected in the
siRNA+DMSO group than in the DMSO group [(1.03£0.11) vs. (0.74+0.12); P<0.05]. Conclusion Hepatic H19 may al-

ter HNF4a, FoxOl and IGF2 transcription and expression through mediating the methylation of genes in the promoter

region, thereby playing a role in p,p’ ~DDE-induced glucose metabolism disorders.

Keywords: H19; p,p’—dichlorodiphenyldichloroethylene; methylation; glucose metabolism

22 (4-FHEIL) —1,1-—F 245 (p,p~dichlo-
rodiphenyldichloroethylene, p,p~DDE) ZHHLAKZ
T T VoS E A AR P 1% = A ) AN PR A B B s
Y. RKabimAriess et 5e R M, p.p~DDE ]|
YL 5 22 o W FOBEACHE, S0 2 ZUREIRIE  (type 2
diabetes mellitus, T2DM) & Az XU "=, H19 VE N
W R K BEIE RIS RNA, 76 SR8 1% 4% A 4
s s ot R R AR, ndE s 2 R iR
THEBEIA A 37 ARRAS, gET e A DR A B sk
KL HI19 g2 Y HRE RO UL 5 % S WS RO R
AWFFE R, H19 Fkilad Jol AMPK 3955 B R
AORURE , Y A BRI RARAS BT AWETER ]
PRAME R UTEREEAR , W H19 7E pp =DDE T-HEAFIE
WS A 19 OC B I 48 e A% P F 4 (hepatocyte
nuclear factor 4o, HNF4a) . XL HEH F A T 01
(forkhead box transcription factor O1, FoxO1) FHIfifi i
ZRARKE T 2 (insulin-like growth factor, 1GF2)
FkPhRITER] .

1 RS

1.1 XA E5ME pp-DDE (EH Sigma A#]). K
i & (HZR TaKaRa) . SEHFOGE & PCR K
Hl& (HA TaKaRa) . 20% G414 (b U2+
Y TREABRAT) . DEME @S 3R3E (3£E Gib-
co A F]) . siRNA-Mate F3eistGn] (b i 00 & /= )7
HABAF) . /M4 RNA (small interfering RNA,
siRNA) 5% (FHIERE) . DMSO (£ Sigma 2
Fl) . ECL &3t (H[E Biosharp AH]) . Tris (F[E
Sigma A H) ). Tween—20 (f#[F Biofroxx) . Hif& (¢
LHEYHARARAF) . Riw B (SEE Mil-
lipore 2 F] ) . Synergy2 BRI (L [E Biotek) . CO,
KR (32E Thermo A F]), AR &3 25001 ()

R B O AR A BR A R ) o SR 2 7 PCR
(real time quantitative PCR, RT-qPCR) ¥ (3£
Thermo 2~ F)) . B R 43 H1AL (£ E Thermo 2
A]) . B (3EE BIO-RAD 22H]).

1.2 smpesss  ANWIRIFAIAE (CCC-HEL-1) A
T ] 2 2R G SRR B B 5 T A M B G, R
T & 20% BG4 L% 9 DEME & Bs 3R 3, 78
37 °C. 5%CO, 51 5+

1.3 siRNA # F 0% H19 F CCC-HEL-1 40
FhF 6 fLA, BFLUIMAZ 2 mL HiE R R
H A YL INE %) 40 A 25 FE TR 40% ~ 60% Z 18] R FL .
B 8 wL/AL siRNA-Mate 59405, ] 100 pL Joii
HEREAR, BAEEREE 5 mine 0 0H 2,
3. 4 pL %4 K siRNA 514 H19-1524, H19-
2017, H19-2313, LK siRNA B-Actin ( PH: X} IR )
Fl siRNA NC (BHHEXTHR) F 100 pl. JG I i 15 77 3
i, IRAEERBEE 15 min, HS5HERHIRSE
WY E AW K siRNA 75 YRR &30 A 4i i
B, BRIES, A CO.BEFRMTR, ¥
Yu 24 h J5HRHC RNA, SR SEHT PO E it RT-qPCR
PG H19 UUERKSE, X Co (B T4 oM, BE#E
BT 1Y) SO R S

1.4 pp-DDE % &R 54  CCC-HEL-1 4ififis3N 6
2, b 4 4056 siRNA NC ZbF 24 h, 2 4156
SIRNA U T2k H19 FYL 24 h, FEIAAIFIFIR K
p.p—~DDE kb 24 h. p,p—DDE 2555 2 % SCilik
(6], L5 REFIXTIR (DMSO) 4. 0.1 pmol/L p,p—
DDE #1. 1 pmol/L p,p~DDE #1. 10 pmol/L p,p~DDE
2. siRNA+DMSO 2. siRNA+10 pmol/L p,p =DDE £,
1.5 HI19 ZAR£ AL FH 6 mRNA &AM Trizol ¥
PEH RS 44N B RNA, S5 R RT-qPCR
2% H19, HNF4a. FoxOl Al IGF2 i mRNA #
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RAKE, S5l LR 1, R & 95 CHiAR
P 30 s, 95 CAE 5s, 60 CiBKIEM 31 s, 40 4>

T, ARt B 3 NEAL,
WOLSF-34 G, SRHT 27 BRI R mRNA k.

R 1 HI9 BARRKER ISP Fr51
Table 1 Primer sequences of H19 and key genes

A Gene U519 Upstream primers TUi#5 1% Downstream primers
H19~human CTTTACAACCACTGCACTACCTG GCCATGAAGATGGAGTCGCCG
IGF2~human TGAGATCCAAAACGCTTCGA CGGCGAGGCAGAATATAACAC
HNF4oa~human TGCGACTCTCCAAAACCCTC ATTGCCCATCGTCAACACCT

FoxO1—-human
CCTGGCACCCAGCACAAT

B—Actin—human

TTGAATTCACCCAGCCCAAACT

GCTACCCCAGGATCAACTGGTG
GCCGATCCACACGGAGTACT

1.6 HNF4a. FoxOl #= IGF2 & & £k #nl g4
MM, MA—E BRI, BH0¥4E 10 em,
12 000 r/min, 4 CE.L>» 5 min, #FEPEEH . K
BCA 1 %E HNF4a. FoxO1 Hl IGF2 H W E,
PEAT - B SR R AN - R VR TR BE S HL VK (sodium
dodecyl sulphate —polyacrylamide gel electrophoresis,
SDS-PAGE), AR H TR 80 V, TFEMIEA 2
BIRGHBEIETEE 120 V, B EARZERM RO
Wl b, BEIESSPEN 400 mA, 75 min. Fif R R E
T & 5% Wi fg W5k 19 TBST (Tris 2% wh 15 ¥ W,
0.1%Tween 20) T[4 2 h, H5—¥i—ik 4 CHHF
A, G S T h T 2 h, RS Te
K6, BREIFAGEFIATHT

1.7 HNF4a. FoxOl #= IGF2 A B B 3T R 3R ¥ A&
PR FA R AR R AR ik | AR R4S
HANAE DNA, LA IES, Bt ik hs
SEVEG| MY HNF4a, FoxO1 il IGF2 H:[H J5 31 1
X HIW R B PCR P fraifb s e, i mim
AL, SRR B w32 5 4l AR BeE A il
A3, AR B AR5 R R AT SRS B AR I
B FE P 37 X 3 Ak K-

1.8 “it oA K SPSS 25.0 4Gt ir. &
PRI IES 310, R eAriE 2 (wxs)
W, A SR B R 2 2250 Wr s 20 P LA
K LSD 5 Tamhane's T2 i, K3 /K#E a=0.05.

2 & B

2.1 HI9 ¥ed il K& e 2 LFR5FPE siRNA 5]
VIR Ye 24 h J5, HI19 mRNA 3k 52 3 A [A] 14 3 6
. H19-1524 . H19-2017 H YL )5, AN Ye ik
FEZH HI9 19 Ct{H L, ZRASIT¥E X (P<
0.05). MW HLELS /R, H19-1524 (FYLikE R

20, 30. 40 nmol/L) . H19-2017 (% YeHE A 30,
40 nmol/L) ¥4 4LJ5 H19 1 Ct {H¥J5E T siRNA NC 4
(P<0.05). W3 2, 5 REITERSCR R Gl sl
MEER, RAERE 30 nmol/L H19-2017 E J s §k
siRNA 514,

& 2 A siRNA SIS H19 Cr HILE (ess)
Table 2 Ct values of H19 after transfection of different siRNA

primers (x=+s)

219 Group H19-1524 H19-2017 H19-2313
siRNA NC 29.74+0.82 29.74+0.82 29.74+0.82
20 nmol/L 31.45+0.96 * 30.65+0.90 31.20+0.49
30 nmol/L 33.79+0.66 * 3247+1.12 ¢ 30.46+1.25
40 nmol/L 33.34+0.21 © 33.14£1.70 * 31.79+1.49
FiE 20.011 5.309 2.027

PlE <0.001 0.026 0.189

. a®/RE s§iRNA NCA %, P<0.05. Note: a, P<0.05 com-
pared with siRNA NC group.

2.2 HNF4a. FoxOl #= IGF2 &3 F R 3P HALKF
4 CCC-HEL-1 4}y HNFda, FoxO1 Fl IGF2 J5 3l
T A A LA, 2R Tgit#E L (P>
0.05). PP R B/, 10 pmol/L p,p—DDE 41
HNF4o Ji3 3l X B AL KPR T DMSO 4 (P<
0.05), siRNA+DMSO 4= T 10 pmol/L p,p—=DDE 41
(P<0.01); siRNA+DMSO 4 FoxO1 Jii sl X Jaf F %k
KT DMSO 4HF1 10 wmol/L p,p~DDE 41 (P<
0.05). WLk 3.

2.3 HNF4a., FoxOl, IGF2 A H19 mRNA % ik K-F
% 21 CCC-HEL-1 40§ H19 . HNF4a fl IGF2 {1y
mRNA MX} R R L, ZRWAGITFEL (P<



< 662 BT EE2E 2022457 565 34 55780 Prev Med, Jul. 2022, Vol. 34 No.7

% 3 & HNF4a. FoxO1 Fl IGF2 &g+ X5
KT AR (32, %)
Table 3 Comparison of methylation levels of promoter regions of

HNF4a, FoxO1 and IGF2 in each group (x+s, %)

20 Group HNF4a FoxO1 IGF2

DMSO 61.43+24.64 28.26+23.98 3.72+4.78
0.1 wmol/LL p,p~DDE 56.66+25.71 29.90+25.29 3.63+4.60
1 pmol/L p,p~DDE 51.99+26.37 29.71+22.39 4.41+6.53
10 pmol/L p,p'~DDE 38.59+32.77 *  25.09+25.35 4.58+6.03
siRNA+DMSO 71.33+22.23 ¥ 47.73+34.24 " 1.87+2.85

siRNA+10 pmol/L 54.78+21.35 38.14+31.27 3.22+5.05

p.p=DDE
FE 2.114 1.486 0.985
PiE 0.075 0.202 0.429

. a®R 5 DMSOA HL#, P<0.05; bFE/R5 10 wmol/L pp'-

DDE 41 b #, P<0.05. Note: a, P<0.05 compared with DMSO group;
b, P<0.05 compared with 10 pwmol/L. p,p'~-DDE group.

0.05) . PIMLEASLS R PR, 10 wmol/L p,p~DDE 4
H19. HNF4a ) mRNA FHXF 35 & & T DMSO 41
(P<0.05) ; siRNA + DMSO 41 H19 #1 HNF4a Y
mRNA AH X} %35 &K T DMSO 41 F1 10 pmol/L p,p—
DDE 4, IGF2 () mRNA #ixtEiAER T DMSO 41
10 wmol/L p,p~DDE 41 (P<0.05); siRNA+10 pmol/L
p.p~DDE 41 H19 mRNA FHX}FRK 2L T DMSO 41H1
10 wmol/L p,p~DDE 2, HNF4a mRNA AHXFFGARE
T 10 pmol/L p,p =DDE 4| (P<0.05). lLF 4.

2.4 HNF4a. FoxOl #= IGF2 & & Ak K+ KA
CCC-HEL-1 Zi}fd 1IGF2 & HMXI Rk b, 257
figiteEE L (P<0.05); 4541 HNF4a Fl FoxO1 &
AR Ik 22 R BG4 X (P>0.05) . Pih
P45 R 87, siRNA+DMSO 40 HNF4a I IGF2 &
FIAEXT A TR T DMSO 40 (P<0.05). W3 5.

R 4 AU HNFda, FoxOl, IGF2 & H19 mRNA AR KL (32s)
Table 4 Comparison of relative mRNA expression of HNF4a, FoxO1, IGF2 and H19 in each group (x+s)

2157 Group H19 HNF4a FoxO1 IGF2
DMSO 1.02+0.22 1.03+0.28 1.04+0.32 1.01+0.15
0.1 wmol/L. p,p=DDE 1.14+0.15 1.11+0.19 0.91+0.45 0.96+0.25
1 wmol/L p,p~DDE 1.12+0.16 1.08+0.24 0.85+0.21 0.99+0.24
10 pmol/L p,p=DDE 1.31+0.25 * 1.33+0.26 * 0.89+0.19 0.80+0.20
siRNA+DMSO 0.52+0.13 * 0.71£0.17 * 0.74+0.19 1.39+0.25 ™
siRNA+10 wmol/L p,p~DDE 0.67+0.25 * 0.98+0.16 " 0.80+0.36 1.01+0.40
F{E 11.548 4.114 0.552 2.771
P1E <0.001 0.008 0.735 0.041

T aR/n 5 DMSO 44, P<0.05; b#/R510 pmol/L p,p'-DDE 4 b4, P<0.05. Note: a, P<0.05 compared with DMSO group; b, P<

0.05 compared with 10 pmol/L p,p'-DDE group.

%5 &4 HNFda. FoxO1 Fl IGF2 & AN FEA G LS (Rts)

Table 5 Comparison of relative protein expression of HNF4a,

FoxO1 and IGF2 in each group (¥+s)

28 53] Group HNF4a FoxO1 IGF2
DMSO 0.62+0.25 1.6740.53  0.74£0.12
0.1 wmol/L p,p~DDE 0.89+0.36 1.59+0.71  0.88+0.13
1 wmol/L p,p~DDE 0.85+0.34 1.47+0.59  0.870.12
10 pmol/L p,p~DDE 1.01x0.27 1.28+0.25  0.74=0.12
siRNA+DMSO 1.33:0.17 *  0.91%0.18  1.03+0.11 *
siRNA+10 wmol/L 0.890.35 0.93+0.21  0.54x0.12
p.p —DDE

Fig 1.805 1.532 5.830
Pla 0.186 0.252 0.006

H: a R 5 DMSO 4 L, P<0.05. Note: a, P<0.05 compared

with DMSO group.

Wit

p.p~DDE JEITAE M58 K 9508 DRI A A & e
FHOCHER R 2 ) — PR R e AEA LIS e, 1
HEURPLE M A B, AR SN, KR EE
T p.p~DDE 1] FE0A1 BB & 4 M5 3l X 3 H S Ak
REMUE, 2 1GF2 FENFE %, I 1 BB &
Z 7, H19 vl T let-=7 ' SAHH | 45541
0 AR 2 RS AR TE T R S B RIS, i
T G B L PR % SR 3R 3K . HNF4a, FoxO1 Al
IGF2 2 JFFHE A B 43k Bl 2 KOs AR i) G B 36 1A
HNF4o 8755 IRV Z 58 R 3Rk, J2 4 i At #n
AL SCEESE TR Y R S AR SRR Y Rk A s
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ANATE R, HOE R RIS A AU D R KU E UM
K FoxO1 7 B R AF TG e F EEAEH,
TR IR LN R A I (i A ER O e S o o Y (2
FH 0 TGF2 R A B 5 A AR K R S ) E B
D, SRS RS A SRR, SRR R
M as AR E 2k, 5451, Fi6. i
B . MEACIE, ZERPANMIE R A FEDIRE . ARSI
¥ CCC-HEL-1 41l 5 5% T p.p-DDE, 4l H19
Feak, W IE CHESL N HNF4a, FoxO1, IGF2 fiY
H AL KK, #4898 H19 7£ p.p ~DDE #5852
PRI R AL R HEVER, O~ p.p —~DDE Z0H IR
B FE P B AR B -

ASLEG Y p,p~DDE #8518 2% T PAVLIKO-
VA 45 BBEY, SEEERUEGHE 0.1, 1. 10 wmol/L,
AL A0 R mRNA AT R A fAs AR
W, & AFFIE p,p~DDE #§& )5, CCC-HEL-1 4f
ML H19 ik THE, 10 wmol/L p.p~DDE #1 H19 %
K B TIRFIN A s HNF4a 5 301 X %
A RHIAL, mE A H KT B REAIR, mRNA
FIRWETE . XTARIETT H19 RS EDTERAN B )S ,
HNF4a 3 [H 5 3h 7 X 38 F 0 A0 72 1 W 3% 7
mRNA 5 NI, 18 0 I R B
FoxO1 B JE 31 DX AR B sy, mRNA KA
KIL RS, EARKEI FFEHRE. IGF2 /5
H19 EME S, Jash 7 IX & B L Mk, mRNA
MEARBET . XA pp—DDE ZEEJ5 T H19
X G I PR i 2 DX 35k FE 6P A6 o 52 v 35 PR 2 SR
HHEKIE, A, HNF4a AT RIETEES H19
S0 RNA (microRNA, miRNA) %4 5% J5 45
FHOG . H19 38 A [F A HL X miRNAs A48 0 #E 4F
H, 1 miRNAs 75 R PEPER AR RNA 43F, A]
DL 8 ) mRNA 1Y 3'-UTR JFF50) 45 S v X s g F 4
il G 9B 58 B AR 11 A A 5 B TR 3R R 1 e S S R
HNF4a 2142 miRNAs (936 H#5 1, H19 sl ad
miRNAs ## HNF4a HRIEE N2 HENLRE,
EANTZIE I R T AT R EERETE

ZE FRTd, AR H19 AT LAY H AR S 5
FHIAKT, e RS S HNFda,
FoxO1. IGF2 [tk 535, TIREFE p,p ~DDE 215
R EIHARBERRGS R D R HEEH . HI9 R pp-
DDE % 2 BUBEIRS S0 FZEALHI T RE 2 p.p —~DDE %
EEIRE B AN SRR RN, H HI19
FEIFRE s AR A ZE AL AL R REAS o] 200 1 ik
HREAZR H19 a4 10 3L A 8l 7 FF 5446 7 p,p —DDE

RS AR B Al O b i A itk — 2
6)1:%0

SE 3k
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