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p,p'-DDE XRHEEMIE H19 ERRENKX
REURRDRED WM

SHuEk, BHER, FRE, LHE, BE, 9

FUNITSEARE, #7L fih 310016

BE .

(EE| BRERENREEN AR IERT, HRRA_K-FRE_SZ5(p,p-DDE) 5 2 B
MEFRRB AR IR, SATAEX 2 FHHIHRER.

[EHY] 81T p,p'-DDE X4 A B AR S =AM (INS-1 40i8) H19 Z R R EV X (DMR) FBEL K& fE
BERDWHIRM,

[753%] AARRERER p,p'-DDE(O. 3.125. 6.25. 12.5, 25 50, 75 pmol-L ™) %35 INS-1 ZARE 24 h,
EA ccK-8 3EM M INS-1 4ARESE /7; LA 0L 12.5. 25, 50 umol-L™ p,p'-DDE BN G 4L SR 10 R E,
PR3 24 ho RAATHESEEIHNEEIN H19 DMR 24 D CpG il 2 FREMY /KT ; RASAT
KHTEE PRIENEDERERKETF 2016F2) BRI RKF; F A Western blotting 1 1
IGR2 /1 1 MBS EHE KA FZAHRGFR EAKT,;, XEEEEAN RS ES MR
R INS-1 4AffR SR W IhBE( S EFERERE 5259 5. 25 mmol-L™),.

(455 SXTERLAHELL, 12.5 pmol-L™ p,p'-DDE &0 INS-1 4BREIE 7, SAT, 50+ 75 umol-L™ p,p'-
DDE {HIZRAESE 71(P<0.01) , BUAER FIERR 50 pmol- L™ ARBREFRE, 25 umol-L™ p,p'-
DDE 2E S H19 DMR CpG18. CpG22~CpG24 {i s5 &4 KF i, 50 umol-L™ p,p'-DDE 8
FE S H19 DMR CpG10~CpG24 il R E WK TFETIH(P<0.05 3 P<0.01) o FREIRE(12.5.
25, 50 umol-L™") p,p'-DDE ¥ 7] FIAE S 4HRE IGF2 mRNA. EH RIAH IGFIR BEH KX, IGF2
BFRIKFEDHEEAFTIRAM 67.8%. 68.6%. 62.5%, Z& H K5 BRI XTEBLAR 73.3%.
79.5%. 80.9%, IGF1R & H/KFE 72 BIPEEAIXT IR A 54.8%. 25.6%. 12.9%(P<0.01). 1E=1E
IRIE (25 mmol-L™ BEE) T, NEIRE p,p'-DDE 3R DR 2 W KT, 2 BIERATEEA
Y 85.0%. 58.6%. 49.5%(P<0.01),

[£51] p,p'-DDE TiEME S 4HAE H19 DMR BRE(LIKF, T IGF2/IGFIR (5218, SH RS &R
D IINHERERS

XA ZRIRE TRk KRR ; BRRINAE ; H19,; DNA RE(Y  BRREMEKEF 2;
1 BESERERAFZIE

Effects of p,p'-DDE on H19 DMR methylation and insulin secretion of INS-1 cells ZONG Yangiu,
XIE Huasen, LI Xiaoging, WANG Lijun, YANG Lei, SONG Yang (Hangzhou Normal University,
Hangzhou, Zhejiang 310016, China)

Abstract:

[Background] Diabetes is a major threat to public health across the world. Studies have shown
that exposure to p,p'-dichlorodiphenyldichloroethylene (p,p'-DDE) is closely related to the
occurrence of type 2 diabetes mellitus. However, the relevant molecular mechanism is not clear.

[Objective] To investigate the effects of p,p'-DDE on H19 differentially methylated region (DMR)
methylation and insulin secretion of rat insulinoma cells (INS-1 cells).

[Methods] INS-1 cells were cultured with different concentrations (0, 3.125, 6.25, 12.5, 25, 50,
and 75 pmol-L™") of p,p'-DDE for 24 h, and the viability of INS-1 cells was detected by CCK-8
method. INS-1 cells were exposed to 0, 12.5, 25, and 50 pmol-L™ p,p'-DDE for 24 h in subsequent
experiments. The methylation levels of 24 CpG sites in H19 DMR were analyzed by bisulfite
genomic sequencing. The expression levels of insulin-like growth factor 2 (/IGF2) mRNA were
detected by real-time quantitative PCR. The expression levels of IGF2 and insulin-like growth
factor-1 receptor (IGF1R) proteins were detected by Western blotting. The insulin secretion
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function of INS-1 cells was determined by glucose-stimulated insulin secretion test (5 and 25 mmol-L™" glucose, respectively).

Compared with the control group, the viability of INS-1 cells increased significantly after treatment with 12.5 umol-L™" p,p'-DDE;
however, it was significantly inhibited after treatment with 50 or 75 umol-L™" p,p'-DDE (P < 0.01); therefore, 50 umol-L™* was chosen as
the maximum concentration of exposure for subsequent experiments. The 25 pmol-L™" p,p'-DDE treatment decreased the methylation
levels of CpG18 and CpG22-CpG24 sites in H19 DMR, and the 50 umol-L™ p,p'-DDE treatment decreased the methylation levels of CpG10-
CpG24 sites (P < 0.05 or P <0.05). Multiple concentrations (12.5, 25, and 50 pmol-L™") of p,p'-DDE down-regulated the mRNA and protein
relative expression levels of IGF2 and the protein relative expression levels of IGF1R. The transcription level of IGF2 decreased to 67.8%,
68.6%, and 62.5% of the control group, the protein level of IGF2 decreased to 73.3%, 79.5%, and 80.9% of the control group, and the
protein level of IGF1R decreased to 54.8%, 25.6%, and 12.9% of the control group, respectively (P <0.01). In the high glucose context,
p,p'-DDE at selected concentrations inhibited the insulin secretion levels to 85.0%, 58.6%, and 49.5% of the control group, respectively

(P<0.01).

p,p'-DDE could down-regulate methylation level of H19 DMR, interfere the IGF2/IGF1R signaling pathway, and inhibit insulin

secretion of islet cells.

p,p'-dichlorodiphenyldichloroethylene; diabetes; islet function; H19; DNA methylation; insulin-like growth factor 2; insulin-

like growth factor-1 receptor

WERFBE—MEBRRRDWTE, M) IR
BRSNS ER"Y, 2019 &, BT
VEPRREL B BUR, 2 R 20~79 FHIREATRE 4.63
ZNEBERRE, V5 ZFREFIBEMRFEARN 9.3%,
BRBERNEELKARERENEZEHIEER
MERZ—" FHRMZIN, BRBENEAELZRSE
Z. FREGEIREBUIEX. ILFRAERRR
BE, IR SR RIZEEEEER.

2 _ARE R p,p'-dichlorodiphenyldichlo-
roethylene, p,p'-DDE) 72 B 1 & & 25 7% /& /3 (dichloro-
diphenyltrichloroethane, DDT) 43 f# = 4 B9 F B 7=
P, 2 oDT XU EYEMER KRB EYIITE
. REFZERBASEL ooT BEA, R BE
AR BOF ooT B F ERBUA LUEHER B %,
p,p'-DDE fEAN—MIMR AW T, EFF AL,
ERUNEZENFTE, SRERENRENAEFE,
% IO Bff 3% 3E S5, p,p'-DDE BT 3 10 2 &Y #E PR 7% (type
2 diabetes mellitus, T2DM) B9 & 2 X&), [@] B, & Fh
R ZRPE, REKRE p,p-DDT(10°~10"° mol-L™") &b FE
AERIRDRBAMINS-1E 4088) 48 h 39 0] SENAALER
BE D WIKFREE, ATE A D FHHIH R ER

R SRR, RIS FBIRERRENE
SERERLIEEEER. ONABREMRE—MMIEEDN
RIEENLE, 72 DNA R EAEBBENERT, ¥ H
B (-CH,) W ZE MR B AR IEIERSE 5 kR F Lo B
BEHEAEKEF 2(insulin-like growth factor 2, IGF2) Az
HXBEER H19 R AIENZER, @t E
5 B & {1k X (differentially methylated region, DMR) i

T DNA FE M EMF AT FAERNARIFIRRIA,

IGF2 BIATRS g AN REMINENXEER",
IGRIBIENBARES 1 ERBREFEKEFR
{&(insulin-like growth factor-1 receptor, IGF1R), & 7
RS B AR ZIRATY,

INS-1 AR E N — MBI chI R RRARR, 7]
DUEARNEERERE THEENSMESE, 51
EREARNEERERNBNER RS W R NE
A Rz B FRRERD R W El, BT, KK
IOEEE INS-1 AARE AR RIT R, #RIT p,p'-DDE XT INS-1
4R H19 DMR R E U RE B R D WK FENE N5
ML,

ABRBEEMEINS-1 4/0) B1E

RN R F BRI
RPMI 1640 1EF & FR4 1
&(Bl, LLEBF), B- MEZEE( (Sigma, EEH), p,p'-DDE
(Sigma, 3% @ ), CCK-8(GLPBIO, 3 [F ), Trizol i& 5
(Thermo Fisher, £ [E), EZ DNA BB &Z 11 I & -Gold®
(ZYMO RESEARCH, X&) , /B 5hES(TakaRa, F[E) , 52
11 1GF2 B 53 FE HU1K (Abcam, [E), SR¥1 IGFIR B 57
FZ #1114 ( Cell Signaling Technology, £ [&), B #1 B-actin
B ETA(PAZEN, PE) , BIRZSAEmEsIWw
FIR 1gG(PHZE, RE) , BIETEWERIZHWL
FHR 1gG(FIZEFT, PE), BCA ERRENE R
B(EBEX,HE), ECL £ (Bio-Rad, £E), KRB
R B ELSA KA E(ALPCO, E[E) , KRBH £&/F
BN EFEEYMREERAE, PE), XGRS
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O BB TRERZEERE R AR, RE), EFERY
f& {¥(Bio-Rad, E[H ), & & B 7k 1% (Bio-Rad, = H),
SpectraMax 190 E&#Rx{Y(Thermo Fisher, 3£[H) o

1.2 HiE

1.2.1 4HBEIE S INS-1 4B E M IEF T RPMI 1640
REEFE [ & 10%(FfRR9E0) BB &, 100 UmL™
BEZE. 100 mgmL™" $EHH 50 umol-L B-FHEZ
B2 1, F 37 °C. s%({ATRH %K) o, IEFHFAHIEF

1.2.2 DHESMAMNIE  FH 0.25%(EFR0E) RER
BEIHML INS-1 4HA8, WIT RO EEM T ISR Mg T
WP, FAMRLEE SR A RIEFR, THAIE: Dp,p-
DDE &b3E4H, LA DMSO A FI( AR D < 0.1%) , 77
AT ERERE p,p'-DDE R LIZFAELIE 24 h;
QFIBA, AFEEE DMSO MITLIZFEIETF 24 ho
1.3 NIEIRSEN7AEE

1.3.1 cek-g : M E 4R E T BT E A K INs-1
4HRE, LA 2x10" NFLT T 96 FLIR, BAHIZE 6 1
S7L, S9N 100 pL & FRERE p,p'-DDE BILZ
FEE(0. 3.125. 6.25, 12.5, 25, 50, 75 pumol-L ") ¥ F¢
24 h, FENFIFEIHIEFRE, SFL72 30N 100 pL 52
SEEFEM 10 uL CCK-8 AR, 37 °C B FF B L IEFF
1~4 h, FAEEHRIN T 450 nm & KMNZRE D B, 4058
1.3.2 FRRESBEEMHNEEMNE H19 DMR BEK
KT BYXTERAE KCHA INS-1 AARE, LWL 1x10° 7L R
T 6 FUIR, NEFRE p,p'-DDE( 0. 12.5. 25, 50 umol-L™)
S0IE 24 h, 1R1E DNA 1REURF SIRIELD B, $REX INS-1
ARIAY S DNA, 288 £z DNA R ELIR T &-Gold®iR
1%, % DNA M TR SR 181%, EEHIEE R,
JBA), TN PCR MBS THREMWASZMES ¥ PCrR ¥1EE
B A ER, Ei51¥) AGTGTGTAGGGATTAAGGGGAAATT,
%514 TCAATCTCAATTACAATCTATTTCAACAAA, [ I
%1% 95 °C, 10 min; 95 °C, 30's; 58 °C, 30s; 72 °C,
50's, £ 40 MEIF. R4 PCR =R EEIT HE
K, PR R EFiX EsE TEYMRENE, N
53R A QUMA 2019 B4 #fr, #E H19 DMR A 24
CpG i m R KT,

1.3.3 LR HEE PCR QN IGF2 BRA R FRKFE
MEB o AF A IEE“1.3.2”, 5K Trizol $2EX INS-1
VS RNAHITREEE PCR R N, IGFR2 B A
£ 55 5|4 TAACACCGGCTAGAGCCATCAAC, il 5|4
ACTCAGGCCAAGCGATAGAGACA, RRINZ:A4: 95°C,2 min;
95 °C, 15 s; 60 °C, 15~30 s, 40 “NMEH,

1.3.4 Western blotting %l 1IGF2 1 IGF1R & B 7K F
AN IERE1.3.27, EREMBIRNARER,
FecA EREERFENEELRE. BRRIGEILER
BORTER ) 5%(KTR D), DB A 12.5%(FFR 5
). BIKEM: KK 80 V. 30 min, 73 B 110 V.
60 mino ¥ FR 5% 14: 350 mA. 120 min, ZENERR
RIEET, S%(EFR D) AR # £41F] 2 h, 4 °C 2
BRITIGF2(1:2000) « IGF1R(1:500) T B-actin( 1:5000)
MEER, ERBEEWUFNE 2h, ECLE L RE ),
Photoshop 2019 DT FHHKEE,
1.3.5 B E B R B E S & 2 W (glucose-stimulated
insulin secretion, GSIS) SRI& M E INS-1 HAE AR & = 7
JATHEE BB KHR INS-1 4RAE, B 1x10° LT
ZEMTF 2471k, B ARREARE p,p-DDE(0. 12.5. 25,
50 umol-L™) &b ¥ 24 h, Fo¥E KRBH 48 4K IZ 75 30 min
& PRBEREREEEHE(5. 25 mmol-L™) KRBH
ZAMRIB T 1 he FIRR B E ELISA #2577 &0
KRBH & A& P ik B &K, ARSI LARSE
H, A BCAENEBRREFHITRIE: BEEREDHK
(pge ) =BIRSERERE (ngL) /SFLARSE
HRERE(gL,
1.4 FHitEDH
FIBRRERIRTAGETEE, HRA R
RRAEDMHEDTABER, RIKE a=0.05,

2 #R
2.1 p,p'-DDE X3 INS-1 ZARfE FIAYEMH
WE 1 Fi7R, {5 p,p'-DDE(3.125. 6.25 pmol-L™)
N &208 INS-1 40 B8 5E /7, 12.5 umol-L™ p,p'-DDE 1 AN
INS-1 4R 5E 77, =2 p,p'-DDE(50. 75 umol-L™)
il INS-1 4BAR7E /7, AR EE D5 TN 67.3%.
25.6%, EASHA ST IERE 50 umol- L ARE RS KE,

150

=
o
o

%
o

AR IEER/%

0

0 3125 625 125 25 50 75
p,p’-DDE JREE/(umol-L )

[F] **: S38R4E48LL, P<0.010
B 1 p,p'-DDE ¥ INS-1 4HAE;E SRR
Figure 1 Effect of p,p'-DDE on the viability of INS-1 cells
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2.2 p,p'-DDE X INS-1 ZHff H19 DMR B E LK FHY
=1
TR ER S 2 1E ﬂiFE’\JFﬁﬁ DNA £ 2S£ PCR ¥~
FRINT 480 bp K, STRHAAR/NERF(E 2A) 0 0.
12.5. 25. 50 pmol-L™ p,p'-DDE éﬁ H19 DMR ER & ¢ 7K
3R 42.9%. 38.3%. 40.0%. 20.4%, 5 0 umol-L™
XtEBZH4BLL, 50 umol-L™ p,p'-DDE T H19 DMR B &

H19 DMR CpG18. CpG22~CpG24 i &= B & KK, 5
FITVA 27.0%. 27.3%. 31.0%. 27.3%(P<0.05, & 2C) ;
50 pumol-L™ p,p'-DDE B] T i H19 DMR CpG10~CpG24
IR B EMKTE, 25 TIEN 21.4%. 11.3%. 10.4%.
10.3%. 10.4%. 17.0%. 20.6%. 20.7%. 17.0%. 20.6%.
20.6%- 20.6%- 20.7%- 20.7%- 17.3%(P < 0.05 T{ P < 0.01,
& 20); [EIBY, p,p'-DDE £ & XT H19 DMR CpG1~CpG9

KK F(P<0.01, E 2B)o 25 umol-L™ p,p'-DDE AT NI  URBHEREAITFEENX(E 20),
100
8 80
5, H— * %k
p,p’-DDE RE/(umol-L?) : 50 M DNAMEWHF ;é
2000 REIRAE 4 60
1000 %};
750 o« 40
2
480bp W - e s a
T 20
0
0 125 25 50
p,p’-DDE J&E/(umol-L ™)
80
[ ]0 pumol-L™* p,p’-DDE
[]12.5 pmol-L* p,p’-DDE
7] 25 umol-L™ p,p’-DDE
. I 50 umol-L™ p,p’-DDE
] 60 i
E | |
<
= O T A O A T A
5 [ 0
3 il L L LT Lol
solle b 1 1 114 | ] |
e I I * ¢
Q(E[ * * l
g | [
a * e * b 5 bk b bk
&) * * bk * * bk 5 *
T 20 i

0

N ’L(”bov(;oob(;\ (9%(9%6\9

N
e NN N
R ERRERR K (,Qe (,Qe (,Qe (,QO (,Qe (,Qo

E]A: H19 E[E DMR PCR =41, B: H19 EE DMR BEML =

Y. SXTERAAMELL, *: P<0.05; **: P<0.010

SN N TN BN RN N I S A R R
N N

ICHINCHINCHIN M U CM CAN Y
R R R R ERER

£ER 94, ¢ H19 DMR BREWNALEA ST FE 5. M: DNA 83X 93 FREIR

B2 p,p'-DDE % INS-1 £Bfis H19 DMR B EAL K TEISN
Figure 2 Effect of p,p'-DDE on H19 DMR methylation in INS-1 cells

2.3 p,p'-DDE X7 INS-1 4Hffl IGF2/IGFIR {5 S B &
oA

12.5. 25. 50 umol-L™" p,p'-DDE AI N IGF2 #F7K
i, 53 BB ST ERAY 67.8%. 68.6%. 62.5%(P<0.01,
& 3A) . TEEHKF L, 12.5. 25, 50 umol-L™" p,p'-DDE AJ
T IGF2 F1 IGF1R Z2AKF, IGF2 ZERAKFRIBIBEEH
XHHRHY 73.3%. 79.5%. 80.9%(P < 0.01, & 3B. 3C),IGF1R
B B KFE 55 K9xS R 54.8%. 25.6%. 12.9%

(P<0.01, &l 3B. 3D),
2.4 p,p'-DDE X7 INS-1 ZRAEAR 53R 53 8RR M
ERBEHFIBEGmmol L' EE ¥ )T, pp-DDE
XTINS-1 AR R R D MINEN RN T ERITERX
(P>0.05), MTESEFIE(25 mmol- L EEHE) T, b8
%& p,p'-DDE | RERIEN, INS-1 ARRAER B R 72w
IR HT BEAE, 59 B PR S XT BRZE A9 85.0%. 58.6%-
49.5%(P<0.01), WA 4,
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15

* % N
x p,p’-DDE JRE/
E@ ok (umol-LY) 0 125 25 50
& 10| I6F2 M - - —
= B
g 41 IGFIR | w— —
<< — -
& 05 in ————
o =
€ B-actin
Q
©
= 0
0 125 25 50
p,p’-DDE JRE/(umol-L™)
k%
* %
5\2!» = ﬂlgﬂ
I 1.0 # 1.0
1=
= =
fras o
o 4
o o
HE 0.5 Ml 0.5
5 5

0 125 25 50
p,p’-DDE JRE/(umol-L?)

0 125 25 50
p,p’-DDE SRE/(umol-L?)

UE] **: 533BRL4AMEEL, P<0.01, A: IGF2 mRNA RiX; B: IGF2. IGF1R
BAET, C IGR2 ZEAMENRIAE; D! IGFIR EFBEWRAE,
3 p,p'-DDE 37 INS-1 4HA8 IGF2/IGF1R =5
R FRIARIFZN
Figure 3 Effect of p,p'-DDE on the expression of IGF2/IGF1R
signaling pathway in INS-1 cells

50

[]0 pmol-L™* p,p’-DDE
[]12.5 umol-L™ p,p’-DDE

*%
125 pmol-L™* p,p’-DDE
40 |50 umol-L* p,p’-DDE T

i) LT
3 30

20

BREENE

10

0 5 mmol-Lt BEHE
(] **: S533884ALL, P<0.010

4 p,p'-DDE %t INS-1 #AERE B & 53 K TR R
Figure 4 Effect of p,p'-DDE on insulin secretion of INS-1 cells

3 Tig

TITRERARE, BVNEARES T20M X I
A x, HEH p,p'-DDE B X BX 14 & 58 , OR(95%CI) =
1.95(1.44~2.66) ", A9MR00RAE, KEARFIERET
p,p'-DDT I SE RS B AR R R 2 MWK FRE(R. 17
R, p,p'-DDE £ 5& 0] 5| &2 INS-1 BB A H19
DMR 1R E L. ENZE &R IGF2 FRIXTIA. IGF2/IGFIR
S5 BERING, RESHRDMM GSIS NEER =,

AL IEEFE INS- L AR AART R, BT p,p'-
DDE X BR B AR R D BN E M REX D FH
. ERET, BFIE p,p'-DDE(<12.5 umol-L™) I NAE

25 mmol-L FEHE

SHEE S, RIBEF2NERL, MESTIE6H
(=50 pmol LA BE Y E N E E Z N H . Pavlikova
Z09% 30 p,p'-DDE(100 pmol-L™) B FiA A FE B4R
NES2Y I/ E 57%, B P—HES 5EEEN
EH(o HBERIE) KA. Mangum FWAI,
5 AR RE p,p'-DDE 1B /)N 5 RS AR &F 4 4R AR
(373-L1)24 h, 2%E 100 umol-L™* p,p'-DDE BI 521 A
37T3-L1 4ARE5E 4], 3%, p,p'-DDE FIES AR A 14RE
FAFRE, Song " & I 50 pmol-L™ p,p'-DDE AISH
BAREERTIAE 70%, A EE|RE RGN,
LRRIABR BB AR, AR B R c BREIBRRT, REE
SERAARRE T8I0, PRI FRIERE 50 umol-L™
p,p'-DDE NGRS RHN RS RETIE.

MAREZM, 2EFANPFEERANFEEFRENY
SBRBENREZEXY, RITHRFEMAREKE, [
55 p,p'-DDE K52 E[F4H DNA BEKFE 2548
* X %(B=-0.38, P=0.01) ™, - R B L H B EIF
MBMASRETRAN S-BRERRABR™, Olsvik F"
12, p,p'-DDE AI fEiE M L- R KRBV FE MR T
. DNA BE UK T, IGF2 25 S p AR A BBk
RESWBEVIRXNER, I6GF2 RIAXZ YT IGF2/
H19 DMRs BB & XK FF3%E, 73579 H19 DMR. IGF2
DMRO. /GF2 DMR1 #1 IGF2 DMR2, Z~iR A i EAFA 5T
A2, BEZH pp'-DDE REFSFREZ A
IGF2 DMR2. H19 DMR Z MR &k, BHF K8
BRMERE. RS p AEINEERER", B, HiF
BAD BTN BEWLAISIREES B 41k DNAFRE
HFEE. Mao FHHF A, Z2HAFNMFLER sD AR
MmABRET LAKEEFREDHAMA IGF2 DMR2
BENKTE, FE IGFR2 BRKFE, SRFRESD g A
FRINEErERS. BARMERE. AT RER, N2
EE& I16F2 M H19 AIEERIMEA D MW TF IS E INS-1
MIRINRE R I E R =,

IGF2/IGFIR 5 S BT RATIE S p AL AR
DIBINEER RIEEEER, IGF2 J 5 ER K IGFIR 45
&, BUE N FEIEELLER 3-8 (phosphatidylinositol
3-kinase, PI3K) /&2 HEES B(protein kinase B, AKT) 1B E&,
FHERENNNGHFEEREREIERAIEER
ER™™, RBETERBNETEREERCE PI3K
TSRS AKT, AKT BEER U IE S BB ERIZE I M
REREERE, #MmigNaaBaamnikzt,
BT R, RNA TR D40 16F2 EFE T T
REAMRDED WINEEY, S, shRinth KA,
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N 16F2 EREFRA] SR DAL EINS], RRR
D IBINEEZ IR, Kulkarni EP7 LI, IGF1IR EEBL R
AIESNERNESIN, NEESEMER RS MBI
BETRFE. ZNFAZT &I p,p'-DDE BRE A S INs-140fE
IGF2 mRNA. ZEH/KFF IGFIR EHKFIYTE, 4,
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