5535 B 18 1 = K BEORK ¥ ¥ W Vol. 35, No. 18
1932 2013 4E9 A 30 H J Third Mil Med Univ Sep. 30 2013

-LIS %- SO 10005404 (2013 ) 18-1932-04
ApSMESHEHBESE AR —(2-28) CEFSHNKE TRXRPHRIE

E %, FWF ANAR, B R, AEZ EAEE (400014  pe, 0 PR BE AL R4 M@ L 2 1 B o SR AR, L3 % & B
WS T s e s, LR DR T 1 A 9 s, T R T L R & T KB 2 IR 5 Ty [ BRARE A /R R i )

(=] Hy 7EBHE IR = (2-24) O B[ di-(2-ethylhexyl) phthalate, DEHP ] 375 5 ) S KAk JRE T 2K FRUBER
b WS A ME S )RR B ( extracellular signal-regulated kinase, ERK)1/2 Y& DEHP Z& 88 J5 1 it BUFAZE rh i Rk A8 4k, 45
PHRE TN REAENR . ik B SD Z2E5Ee L4 DEHP 2H[ 750 mg/ (kg + d) DEHP + 1.5 mL JC & il | A} B4
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Expression of extracellular signal-regulated kinase in hypospadiac penis of fetal rats
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[ Abstract | Objective To investigate the expression of extracellular signal-regulated kinase 1/2
(ERK1/2) in the hypospadiac penis of fetal rats induced by maternal exposure to di-(2-ethylhexyl) phthalate
(DEHP) in order to explore the etiology of hypospadias. Methods Forty timed-pregnant rats were randomly
divided into 2 groups, control and DEHP induction group. The rats of the former group were given soybean oil ,
while those of later group were given gastric intubation of 750 mg/kg DEHP dissolved in soybean oil from gesta-
tion day (GD) 12 to 19. In each group, half of them (10 rats) were raised to deliver naturally, and live male
pups were counted. The male pups’ weight and their anogenital distance ( AGD) were measured on postnatal
day (PND) 1, 3,7, 14, 21 and 30, and the hypospadias was observed on PND 30. The left (10 rats) were
caesarean delivered at GD 20, and fetal rats penis were collected for real-time quantitative polymerase chain re-
action (qPCR) and immunochemical assay to determine the mRNA expression and protein phosphorylation level
of ERK1/2. Results The hypospadias incidence of DEHP group was 28.2% . Compared with normal control
group, the decreased numbers of live male pups, body weight and AGD on PND 1, 3, 7, 14, 21 and 30 were
observed. The mRNA expression of ERK1 and ERK2 in the fetal rat penis of DEHP group was increased signifi-
cantly (P <0.05). And the protein phosphorylation levels of ERK1/2 in DEHP group also showed an increa-
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sing trend. Conclusion DEHP-induced hypospadias might be due to the over-expression of ERK1/2 in the fe-

tal rat penis.
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THiaF o R HAG IR AT AR A 0, 4B R - (2-
Z.35) O fig[ di-(2-ethylhexyl ) phthalate, DEHP | & —7#f
BEARF) , R —Fh 75 e, KRR Y AN DE-
HP HAREE N T AR, & — R EZEa N T4
BB N 43 i T34 ( environmental endocrine disrup-
tors, EEDs) , 3% AL KM JRE F 2 KL, Ross 251
TH 0 PRI T AR A JE A0S oA, R 2 ek
FoIRE T A DXl 32 22 )35 Ak R O ( mito-
gen activated protein kinase, MAPK) i 51, #4ME 5
P45 G (ERK) 172 MAPK i 5% rh AR 28— 01,
‘B ERK1 Fl ERK2 W47 7Y 21 1, 237 22 200 i 7 93
oy el R R O RS R B iR T A N WA O 8 AN
K GG A4S . (HZ, ERK 78 1E % MG 1 2508
B AR VE AT . ARSI AE DEHP 53 K
T 24K BB ) Ll 1, 20 #R &R ERK 7E DEHP 2%
757 Jo S g 2 iR BRI 25 v iy FRak AR Ak, Ry itk — 20 W R
1B T LR A BRI 285 Heh

1 HRSH®

1.1 s233hih

SPF 2% SD K, 24 10 JAli? ik 40 H, (AR5 (250 +10) g, i
P10 H KRBT (320 £10) g, 1l H PR E R RS2 3 ol
[ VFALIES : SCXK (#i7)2007-0001 |, 5] 37 T3 IR EERL R 27 Fff Jm
JLEE BE R SPF 524 sl b [ SYXK (1) 2007-0016] , 22413t
SEUIME R B 10 L ER B A SR, B R 21 T e TR G A I
IR, R BRI 19 24 KA 2 22 0 d(gestation day 0,
GDO) . AHIF5E T8 A s 552 36 20y 1y 47 BRI 6 v o
1.2 &M AANE

DEHP (S 474, Ve B > 99% ) H 11 Ak 2 50 A B2 W) 2R
PRSI W A A e, RS T A HLE SR A A BR A F
bR R R0 ~150 mm, FIGEME T HARAR) ;R Pk
M £ (5 3% H,0, ) F1 DAB 1 (i) & (b5t A &
AR PR R ) 5 35t P FH E LU= 100 AR (b s B Ay e
LAY R A RAF); RPU Ani-ERKL2 £ 50 B i ik
(bs-2637R, b 5t 1l 8 25 A= Wy BB A BR 22 |)) A4 phospho-
p44/42 MAPK ( ERK1/2) BATT R Pifa (#4370, 5 [F CST A H] ),

Prime script RT i34 ( K 3% TaKaRa A=W RL A R AH) , &
2fi B RNA g 2 BUR 55 & F1 2 x SYBR Real-time PCR Premix-
ture (A6 H R AEYRHEARAH) .

1.3 s R s

H# GDI12 fy 40 H{dtREZe [ 58 2 FHL4> 4 2 41 : DEHP 41l
AL, FE4H 20 2, DEHP 204 750 mg/ (kg - d) DEAP i T
1.5 mL REHHRES ;XTI 1.5 mL KEIMEEE ,GDI12 ~
19 ELERREMES 1k, 44150 ME 10 A2 FUE R 01%
1.4 RETHEBEFUK

B A o3 N T B 8 7 e P 0 A 5 AT B A
JA (PND) %5 1.3.7.14.21 .30 X, BRI 5 42t AL 422 AT T A6 5
231 35 (anogenital distance, AGD) ; PND30 o3&~ 6 i It L A% BA
LS PRI T DAL, A TR R
1.5 @B AFAeH &

H A Z0 B AE GD 20, 28 10% /K 4 &0 1 6 7 59 R g
(4 mL/kg) ATREE =B G B, A TGS LE 5 FIWT G Bk
B, NEEET AR BRI BAZE L TR B 1 A 4% 22 58 WP I T 10
48 h, HAxr Bl B A P RAT
1.6 pR M Eaed ERKI 2 ERK2 mRNA £ ik ¢%

ol

SRS SR 6E SV (qPCR) 50 DAL HH B 47
it i BRI ZE 20 20, #4030 70) G 106 B P $2 UL RNA 72 504103 6ok
FEAX EF 260 nm P R BE o e B0 5 SiiaR) B e B
[ E 5 20 L AR ZRHKE 0.9 g B RNA Wi 5t cDNA, R
FH Primer 5. 0 % it & %314, ERKI L JiE5| 4.5 -GACCT-
GAAGCCCTCCAATC-3', T ¥ Bl #: 5'-GCCACATACTCGGT-
CAGAAA-3' it =4 122 bp , fridiil kB JEE 58.5 °C; ERK2
- % 5] #: 5'-CCCAAACGCTGACTCCAA-3', F {i 8] #): 5'-
AGAGCCTGTTCAACTTCAATCC-3", Tt it =¥y 87 bp , i i k
IREE 58.5 C; N2 GAPDH #5145 -GCCAGCCTCGTCT-
CATAGACA-3", FiiF 5] #1: 5'-TGGTAACCAGGCGTCCGATA-3
T4 75 bp o qPCR J2 N 4 5 A1 i 2 7 2 1R SYBR 568
Pl Wik 5 F, R AR &R, SRR R E A
PERIFRAERT 28 5 5 I8 N 2 GAPDH B 3 3k i A7 M X 52 £ 43 #r
(2745 J3FFH ERK1/2 mRNA 746 20 4 57 41 81 b (1 R 2
ikiE, H4 cDNA FEARESH 3 K,

1.7 BRME@L Y% ERK(T-ERK) #2548 1. ERK
(p-ERK) & & & & a9 #4m)

SRR AT o Ke [ 2 4 B B 25 2 208 BB K LI2 s
A0, 5 pum EESEIE YT A 86 6 AR B B8 R B, 60 CHE R
FHRFE R (> 12 h) s LB K AKS,0. 01 mol/L #y
PRIRERVE W DL R B 52 15 min, AR HI B = ;3%
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H,0, AL I3 465 T2 IR 15 ming B2 2 A0E R,
B ERK1/2 Z40(1: 80 i #%) .p-ERK (1:400 #iB) , i@ &
4 °C 17 ;T 0 A AR ,37 °C 30 min;DAB {4, R
AREYLAZ 30 s, BT, b et 1
1.8 it o

SR SPSS 16. 0 4, SLB B4 x =5 R, SR 56 b
BT WIREA IR ¢ K56

2 #R

2.1 2 A5 FAMpAAT R A A S e SR T R R AR
DEHP 41 10 HZ [ty f7 82 H, Horp itk 39 H, K A= IR
TR R KR 28. 2% ; X MR 10 H 2 UL 47
119 H R itk 62 J, JoJRIE T 2% . 5 IR 4L L,
DEHP 214553 7 Bl VR 15 48545 H i BV £ BRUAY 4 57 B L AGD
{H % AGD/ R 5Tt LU R34 W]y /b sl 4 i (P < 0. 05) , L&
1, DEHP 13647 11 JME UK AR DRIE R R | IR IE T 24 12
KRG X AL L BE AT et L (P <0.01) WLk 2,

®1 24A2RERTFREBRERER AGD EHLE

Eibl]l n IR B () AGD(mm)  AGD/{fJFriz (mm/g)
Xof 2l 62
PND1 6.95+0.14 4.67 £0.20 0.673 £0.039
PND3 9.98 £0.29 6.02 £0.27 0.603 £0.013
PND7 18.78 +0.23 8.43 £0.46 0.449 £0.019
PND14 32.98 £0.69 12.05 +0.40 0.365 £0.011
PND21 52.33 £1.39 18.16 £0.73 0.347 £0.015
PND30 84.82 £7.56 23.73 £1.09 0.281 £0.014
DEHP 4 39
PND1 6.32 +0.60* 3.91 £0.57* 0.596 +0.039"
PND3 8.11 £0.95* 5.42+0.67° 0.546 £0.036*
PND7 14.02 £2.39* 6.76 £0.73* 0.386 +0.051*
PND14 27.03 £3.01* 10.20 0. 80 0.322 £0.036*
PND21 42.48 £4.61° 15.14 £1.17* 0.313 £0.034
PND30 66.08 £8.67° 20.88 +1.36° 0.262 £0.013*

a: P<0.01,b: P<0.05, 5 s M40 b4k

R2 2HBREEFREMKETREEBRL (n=10)

g3 BB PRI HEPEAT BURE HEPEAT BURIE
. AL () TREEH(R) FTHERAER(%)
oyl 6.2+1.5 0 0
DEHP £ 3.9+1.6° 11 28.28

a:P<0.01, 5 % 18 28 b 4%
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(1.09+0.18) F1 (1. 81 £0.22), 5% M 41 1t %, DEHP 4 fi)
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AR L 1,
2.3 MBRAMZEML ¥ E ERK(T-ERK) #= 5 # 4t ERK
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GagRE 2 44k 24 K I 25 5 B 7R : T-ERK A p-ERK 7K [ 32 22
A3AT T FIZEA B B A BRIE A LV A, SR A B AR PR 3R

ik ,p-ERK 7£ DEHP 2 Ji BUBHZE 0 4 b 1 3R 0k 2 5, 10 7 X e
BRI kis . T-ERK & [ /K78 5 Z A1 i R 35 R
DB S WK 2,

—_— —

AR HOEERAL(107)

'

A: ERKI;B:ERK2
E1 BRREELTHELH ERKI 1 ERK2 mRNA fj qPCR #1# gh £

\

A5+ 4a T-ERK % 3% ;B s+ BB 28 p-ERK 4% ik ;C: DEHP 28 T-ERK
%% ;D.EHP 41 p-ERK &k
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3 e

AWFRS RO R4 R0 RS A S
F4t DEHP[ 750 mg/ (kg « d) 18 Zhif T Je Kbk PRl
TFRCRURBAL, #2543 B M mRNA FIZE 115 &% H
B R fb A5 16 7K S 130 25 W 8¢ 8] ERK1/2 mRNA #1
ERK1/2 7B (A M 1k 7K SF-7E DEHP 41Kk BB 25t 634
Bt BRLHA B E TR . 6T ERK IhAEMIBSY £ &
TE MBI e Ra 7 38002 7 45 16 03 5 A o
VTR . A5 56 ERK i 33515 A58 Tk b bR A= e o
TEARCHER AT RS . B, 38 1 6 2260 ERK (19T B
HED R RS ERK 3 3635 5 R F 242 ) 6 & AR
I,

DEHP & —Fh 21 EEDs, A #F58° A w H BA
HEBCE RSO, REVE SR PRI T 2L e NP 2Ry



5535 B 18 1
2013 4E9 A 30 H

£ = FE KB K ¥ ¥ R
J Third Mil Med Univ

Vol. 35, No. 18
Sep. 30 2013 1935

T EAE I — RGN A Bl R G . ARBFSE 45 3 %,
DEHP 22| 552 J5 , HMEVETT 77 B BORE A B
HA MM AR AGD IR 8 28/ ol 46 56, 5
UE T DEHP AR FEVE RO FACH0 k& 8k

BYEAMER R EIE R — N E 2 R BT, A
LR A oA RS (T AN 4L A,
LA 2T LA N (6] 10 e B A 5 10 05 2O 4O 25 1 ik
1770 PRIE R S K A TR R T R R BRGE B BR
LI RAN A R AR % NS T -4 = Bun L A e
T PR BER AT RIS - B 4 L) % B 114 R S 4 0
TR AT AT 2 0 R AE 4% TV RSRN B 9 1) TR 25 34 0T RE S8k
PRIE T2,

ERK J&F MAPK K&, it bk B v AR w PR <r 19
Bl DR S E BT A, IS L )E Y ERK
(p-ERK) ¥ &2 53| K g a4 B f b, s | o
b AETE T DLW %5 . ERK 76 1k & i MEK f#
AU G AL IR B L 05 2 R PN 2 R % S [R] I B i AL BT A
T, X W R Ak i BB R A g A, BB o e TR 1k
ERK IS5 HIRY Z M EEH, X—BE KEH
SAMERETR ) ERK fyfEfL3, HE Tz T LRl
RS ~ 6 MEEHS . AP, AT
p-ERK %5 [17F DEHP 2015 U122 h iy ek g , i %t
MRZH TE 3k .

7 T4 30 174 PR B R 294 B R A RS R
MR EFEE N XIERR T MAPK, WL B #ifE
KT (TGF-B) o TGF-B ¥ Jz ZFh Ak 45t A g
UG & F LR 44k g e e VR B A A
5 EAMEEDTFE Y 2B TCF-B1 i3 Fik 5IRiE T 42
KA B IR e, AS TR ZH FT AR Y 45 R R,
DEHP 3 5 195256 41 5 U 2540 4L b TGF-B1 1335
BRI s, AR &, TGF-B1 B9K ik
- E AT LGE T Ras | Raf, dE— 43005 MEK, i 154k
g MEK PE— (0 D1 g & 0% ERK., TR, p-ERK
e R AL RAEE RO S O Ao T S =
L(APL) FIgE if it S5 19 1 (TSPL) , Rif % /& TGF-Bl1
BT BT AL T AR TGF-B1 A% % 5 Thi o %
M2 TGF-B1 AL CEE R K ") S 4k, ERK il %
5 TGF-B1 1# =2 [ 471552 LRV, TGF-B1 1 1 0%
Smad 7= AR, T p-ERK th AT #4055 Smad , W 7224
5 TGF-B1 U E "

ARG, FATTWEL 2 p-ERK £ [17F DEHP 41 )i
BUFIZEh ik BT, W R TC 255k , 45 A1 2 iy
ABE 9T B, FRATTHEN ERK 7ESCi 4G BBZEh 5
TGF-B1 K E3E % i, F 5 ERK WM ALiis . 1%
fLJE ) p-ERK 4k 22 5 TGF-B1 = A G /EH L FTHL T

1B RIE R B R I 8URE TR kA,
I, FATHED ERK 1] gt 2 JRIE T 2% A 4 &R
Z—o (B2, XHE— TGF-g1 \ERK X5 Fikfs, —
B2 PR Al AT (AR MR . ATz e s 32
FHAL? XA T — 2SR, 8RR TCF-B1 Al
ERK Z 8] () A B OC F AR H 7 208 25 08 47 b i B
ERK 7EPRE TR EAHWEH.
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