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The Gender-Specific Effect of Maternal Exposure to Dioxin
on Fetal Steroidogenesis in the Adrenal Gland

Tomoki Takepa, Yukiko Harrori, Misaki Fuyn, Junki Taura, Yuji Isun and Hideyuki Yamapa

Graduate School of Pharmaceutical Sciences, Kyushu University

Abstract Maternal exposure to 2, 3, 7, 8-tetrachlorodibenzo-p-dioxin (TCDD) causes a number of
toxic effects on development such as growth retardation and sexual immaturity in the offspring.
However, the toxic mechanism remains unknown. Our previous studies have revealed that single oral
administration of TCDD (1 ug/kg) to pregnant rats at gestational day (GD) 15 attenuates the fetal
expression of testicular steroidogenic proteins such as steroidogenic acute-regulatory protein (StAR)
and cytochrome P450 (CYP) 17 by targeting the fetal production of pituitary gonadotropins. In addition,
we provided evidence that TCDD-produced damage on the fetal pituitary-gonad axis leads to imprint
defects in sexual behaviors at adulthood. In this study, we investigated whether TCDD also affects
fetal steroidogenesis in the adrenal gland. When pregnant Wistar rats were orally treated with TCDD,
the fetal expression of CYP21, CYP11B1 and CYP11B2 mRNAs was either induced or tended to be
induced in the male adrenal gland during GD17 and GD19, while the expression of mRNAs coding for
StAR, CYP11A1l and 3B-hydroxysteroid dehydrogenase was insensitive to TCDD treatment. The
above alterations did not seem to be caused through a change in the upstream regulator, because
TCDD exhibited little ability to attenuate the expression of adrenocorticotropin, a pituitary hormone
stimulating adrenal steroidogenesis, in the male and female fetuses. In contrast to the males, TCDD
effect on the adrenal gland was not observed in the female fetuses. These results suggest that maternal
exposure to TCDD disrupts fetal steroidogenesis in adrenal as well as gonadal glands in a male specific
manner, and the mechanism underlying the effect on adrenal gland is independent of the alteration of
pituitary regulator.

Key words : 2, 3, 7, 8-tetrachlorodibenzo-p-dioxin(TCDD) + Adrenal + Steroidogenesis - Fetus * Sex
difference
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~0 1 pg/kg TCDD OfFI#R512 & ), HAERR
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% cytochrome P450 (CYP) 17 &0 A5af ¥
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The steroidogenic pathways in the adrenal and gonadal glands of rodents.

Abbreviations used : CYP, cytochrome P450 ; HSD, hydroxysteroid dehyd-
rogenase ; StAR, steroidogenic acute-regulatory protein.
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Table 1 The design of primer sequence for real-time PCR

Target Forward (5' —>3) Product Accession
mRNA Reverse (5' —>3) size (bp) No.?
StAR ACACTTTGGGGAGATGCCTG 109 U76419
CGTGAGTTTGGTCTTTGAGG
CYP17 GCACAATCCTGAGGTGAAGA 135 M31681
CTGATACGCAGCACTTCTCG
CYP11A1 TCAAAGCCAGCATCAAGGAG 146 M22615
TTCTCGACCCATGGCATAGC
CYP21 GCTGACCCAGGAATTCTGTG 103 NM_057101
GAGACAGCTGATGATACTGC
CYP11B1 TTCTTACCCAAGAGCTTGAC 161 NM_012537
ATCTCGGATATGACACTCC
CYP11B2 TGCCTGGGATGTCATCTCTG 106 NM_012538
TAGTGCAGCCACAATGCCAC
33-HSD AGATCTGGGCTATGTGCCAC 124 M38178
CCCTTTCTGTCACTGAGACT
ACTH TCACCACGGAAAGCAACCTG 104 NM_139326
AGTCAAGGGCTGTTCATCTC
B-actin CACCATGTACCCAGGCATCGC 122 V01217
AGCCACCAATCCACACAGAG

#Genbank accession No. is shown.
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TCDD %, AccuStandard #: (New Haven, CT,

USA) L hHEEA L7, Cornoilix, BEoOEHFAE
O EEA L. Zofox3E, EEiC
BLMEOL DR FEH L7,

2. BMEER
TCDD % 40 pg/mL acetone A & FHH L, ff
i F CT-30C I2RFFE L 72, MR ICH5 corn oil

ERFL7Z-DH, acetone FEHEH AIZTHEL,

TCDD #°0.5 ug/mL & 7% % £ 5 IR L7z
Wistar SRHEVET v & (7 HHw) 35 X OHELET »
b (10 AHfm) 1%, Btk et (RE R SMT)
KODBEAL. MEMEZ v ba—BRE L, BHE
WIZHE TR & 72 H % GDO & L7-. GDI5
12, TCDD (1 ug/kg/2mL cornoil), & %\ idk}
W#E L L C corn oil (2 mL/kg) # ¥ 5 L 72
GD16~20 IZfa )R & f L, Ik, R, AEGH
PRbB KON 2 $RECL 72, BREL L 72y, =i
(2T 2 BEMRRERE L7205, 4T, 3,000 rpm 12

TI15 s LB T VI & Lz, s e ot
Mg, HARERC TSRS L, HIT
-80C IZfRfF L 72,

3. U734 L RT-PCR

mRNA ¥ &1L, ) 7V T A A reverse trans-
cription—polymerase chain reaction (RT-PCR)
R H TR L 722Y . g% X ), RNeasy
Mini Kit (QIAGEN GmbH, Hilden, Germany) %
T total RNA % it L 72. Total RNA (&,
PrimeScript RT reagent kit with gDNA Eraser
(% 51 T3 F RS, @EERKET) 2 HWT,
INFAEICHE > T cDNA 2GR L7z ) 7V
% 4 & PCR 1%, Fast SYBR Green Master Mix
(Life Technologies %I, Carlsbad, CA, USA) % fi#i
AL, FUOSSEMFE (95T, 20 #-40 41 7 v (95T,
3W-60T, 30F)] &L L7 ZoEODL, i
MR BE) DS % i RE 3 % 72 o (2Rl AR [95C,
15 #-60T, 14560 to 95C (0.3C¥> LA, %
5] 2R L FHLAETIA4A Y-
Table 1 12779 . BWEMET OFEHEIX, B-actin
V2R B A iE & L TR L 72,
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4. Enzyme immunoassay (EIA)
IfilE adrenocorticotropin (ACTH) #EEEIX, T

7> ACTH EIA kit (Phoenix Pharmaceuticals #:,

Burlingame, CA, USA) ZHWC, RfAIFHHZEFIC
Peo THITE L7z, Iy SRR I IR K2 T 2 £5
AL TR L7

] R

TCDD BABEE S IRIEORIE A 704 FAK
RIS RAT T B NS 20012, FMEEE LT
TCDD D BARBEGE DG AR OEA 7T 0 A F
BHGRIC KT T E L 2o MBI % ET L 7.
A7 FRVEVYOFEETHLEIL AT H— )V
INIVRYTHNEET DY VI ETHD
StAR® B L AT O A FEREICLHEDEEE T
&% CYPI7%® ® mRNA JHEH) & @4 L 7245
B HERRIBAEHC BV TiE TCDD KAFYLZ StAR
B LU CYPLI7 O A GDI7T~20 127 TIKF
L7z (Fig. 2A). —7J, TCDD 2 Mg 2N E
StAR B LU CYPL7 IR L Tl I
ZX o7 (Fig. 2B). Th bR, B
HID® L FBE DT 2R L, TCDD %34 V2 Rl
BRAIZ BT T BT R R A e O & DY RR
7.

TCDD RHEIBEEIC L 2 IREEIBTO AT O A F
BRI FE O mRNA FSBUES % AT L7245 R, 1
JERTREIERERVEYODEHRBEZETH S
CYP21, CYPIIBI B X OF CYP11B2 @ 3§ Bl 7%
GDI7~19 I F T EAZW L EAMEIN 2R L 72
(Fig. 3). — 4, StAR, CYPIIAl B X O
3p-hydroxysteroid dehydrogenase (3p-HSD) (2
L Cld, BEHIRMNIC BT 2 A B 5253 EE
ENneoiz (Fig. 3). MERICBWTE, T
NHZEALIZAD SN o7 (Fig. 4). 72, §
BATOA FEBO EAHIEK T Cd 2 i AR

DI T D ACTH DRFIE % BAT L 72 2,

mRNA B & Ol g & 41,
EENIBIE SN o7 (Fig. 5).
% =
AKWfzeCid, TCDD FHEEEE (1 ug/kg, #&11)
HIEREIBF D A 710 4 FEBGRIZ KT HE L
LPNCT A0, BIERERVE Y ERNBEESY ~
N B OFEBEE & NT L7, ZO8EE, StAR,

TCDD 12L& %

KOH oM R
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CYP11A1l 3 X U8 33-HSD 3B TH -7 b D
O, BIERERVEVEHRIZHWHATH S CYP2L,
CYP11B1 B & U8 CYP11B2 0 5 BiASHE I Vo 45 2
BICHFE SN, TCDD 12X AJRIBAT T A FEH
BEAEHIIRBRICEES N 2w R Sz,
& 5|2, TCDD RN THEMAD ACTH DAL
SR LI R RS9, AR T
OEFTIIHHATE LW LEAVRIBE Nz, KA
e CIE, HERR IR R 2 B OFERE I S 2T
X 7% 5 o 7275 CYP2l, CYPLIBl B & O»°
CYPLIB2 DA THEENIZ 2 HEN L, EIFD
AR EEL N T LIRENSEZONS.
RIE BB, M X BRIRT, IR B X UTHEIR
WO 3ENPOKY, FRKFIILEEIVF AR,
HIRTHIHEZ avF a4 F, @RI A 7 A
NEGH T 519 Tabh, KEHTREE
DISBURKENEZ Y, H 21X CYPLIB2 IZERIRHT
DHTHERB L, CYPIIBlL R ICHRD %
W) ST, BB TSR A 2D
&, TCDD IZERIRGE B X OHURAT 1207 L TRy
\ZVEH$ 5 2 & T CYPLIB1 % CYP11B2 @8]
BT L —0, MIREICE CEBT 5 StAR,
CYP11Al 3 X U8 33-HSD (ZIZ &L 1 157
Mol ReE D H . ERIRT I, GD17~19 O
WL v-T U X470y RO X 551t
DR BT EARMENTVED . 2, Af
ZeCRM L 72 CYP11B2 O FHFHEE OB & —3
$%. TCDD @ EMEEE IR~y 20T »
FET NI rEZHEEDDL 2 Eh
52 MR T v MZBW T RBEOBIS A 2
HZEIZEY, LAV S N REEASE 2 S
N5, —J, TCDD #» ACTH LAt ol e &
HWITEIBENTOBERN 22 % i L CHERRIED
BB AT a4 FEBGREY FIRWIZHEET 5 T gelE:
bHEIFZTE W, FHHE, Jv b~ TCDD B
FZL DI ACTH BIZZE) L 2\ A, FEE
aNVF a4 REDPHEOATEAMENEZ RS LD
WS TW5Y . ACTH DU S BUR K F
LTk, korrEtrri s Vol
TR IAERH L CHE LT a4 FaEnses
corticotropin releasing hormone (CRH)®? 3 & Of
interleukin (IL) 634825 TCDD DR BA & L
TEIFHNA. TCDD IZH MR < 7 2BV
CRH B LUV IL6 O5BL A Filid 2 2 b 55303
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Fig. 2 Effect of maternal exposure to TCDD on the gonadal expression of StAR and CYP17
mRNAs in male (A) and female (B) fetal rats. Pregnant rats (GD15) were orally
treated with TCDD (1 ug/kg), and fetal gonads were removed from GD16 to GD20.
The expression of target mRNAs was normalized by B-actin mRNA. Each plot
represents the mean = S.E.M. of 3-6 fetuses which were removed from different
dams. Significantly different from control : *p < 0.05 and **p < 0.001.
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Fig. 3 Effect of TCDD on the fetal expression of steroidogenic protein mRNAS in the male adrenal.
Each plot represents the mean + SE.M. of 3-6 fetuses which were removed from different
dams. Significantly different from control : *p < 0.05 and *p < 0.01.
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Fig. 4 Absence of TCDD effect on the fetal expression of steroidogenic protein mRNAs in the
female adrenal. Each plot represents the mean + SE.M. of 3-6 fetuses which were removed
from different dams.
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mean = SEM. of 3-6 fetuses which were removed from different dams.
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FHABEF 225, CYP21, CYPLIBL 5
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LHE T GD19 milZiZgio b vz & n
5 GD17~19 1251} % #81d LH R T U0
RECTERINLZLPHESING. ZTOMHEL
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WREZ NS, FEIVF I FITHERICBY
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D, GDI7T~19 BV CRIBED AT a1 FEL
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GD17~19 O HEFERIZB W THED StAR B L O
CYPI7 KT 42012, BIBFATHA FE
BRIEHFES B &) KRR EFET 5. &
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SRR & ORI, [ — R EASEMIE 2k i &
L T steroidogenic factor-1 (SF1), dosage-sen-
sitive sex reversal-adrenal hypoplasia congenita
critical region on the X-chromosome, gene-1
(DAX1) B & U wingless-type MMTYV integra-
tion site family, member4 (Wntd) £ D#x5 AT
DEBULE - TEIRBIZHLT 20 FKeid
#F1Z, TCDD FHMEIEFEIZ L 0 REREICB W T

LaL,
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