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Reduction of Shh Gene Expression and Development of the
Lower Jaw in Zebrafish Embryos Exposed to TCDD
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Abstract: 2, 3, 7, 8-tetrachlorodibenzo-p-dioxin (TCDD) is one of the most toxic environmental pollutants. The
goal of this study is to understand the cause of the short lower jaw induced by TCDD in the zebrafish embryos. Embryos are
exposed to TCDD (0~ 1.0 pg/1.) at 24 h post fertilization (24 hpf) until the time of observation and studied by gene
knockdown, immunohistochemistry staining and in situ hybridization. The results show that TCDD treatment leads to de-
creases in the size of the lower jaw and reduced Shh gene expression. This effect can be blocked by injection of Morpholi-
no antisense oligos against AhR2, the potential TCDD receptor. We also find Cyclopamine, a Skh inhibitor, caused short
lower jaw and decreased cell proliferation in the zebrafish embryos. These results suggest that TCDD might inhibit the ex-
pression of Shh through AhR and lead to decreased cell proliferation and short lower jaw in zebrafish embryos.
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IEE

2, 3, 7, 8- VO - E - X - ZEHk (2,
3, 7, 8-tetrachlorodibenzo-p-dioxin, TCDD) 2EaH
BRI ERANE IR Z —, T5IRARLE
FSRTF 3, MBIER RIS % AR R (Peter-
son et al, 1993; Theobald & Peterson 1997; Takagi
etal, 2000), TEfAKHWEE|d TCDD 51 HIHL L
AT HUE /NS HAIFEIE (Dong et al, 2005), X£k
FERBTE AL 2. TCDD B %5 4R N 5 1%
HZK (Aryl hydrocarbon receptor, AhR) F&5PE45
&, BERANERE TR R A
MUA%A, F¢5 M5 DNA AHR X3 (dioxin response
element, DRE) %5 &, 51 # DL 4 i & & P450
(CYP) AREWHEZHEFHEAL, #H3IE—F
B R 5 F AT WML (Teraoka et al, 2002; Dong
et al, 2004), 7E5 "B IM B VIR B B 2N
#, X AhR BIBFRBOAE A, A TCDD 4L # AR
RN, &AL ESUF R S OK B i 545 8
(Peterson et al, 1993), MHEMRA L WA LA
(Danio rerio) BIRFEH & B: A TCDD #417HyREM
W7 (knock down) WIBEE faffHG, A H LG ILE
KEBERLUM CYP 55T (Prasch et al, 2003),

BEATHRTEAD, OB h B R
FHIRMHBERZ —, BRICELXT I (On-
corhynchus mykiss) . H 8% ( Oryzias latipes ) . BE 5
EAHSKYE T B HRIE (Canrell et al, 1996; Hor-
nung et al, 1999; Henry et al, 1997; Teraoka et al,
2002), T FEUENIPLEIE AR T EE

FATELAER BT R 8] TCDD 5 & LA T
UG /N Sonic hedgehog ( Shh) H: [N 5K 4 K B
(Dong et al, 2005), XL R Shh B, DAFZEL
# Tiggy-winkle hedgehog (Twhh) B HHAIAS K
WEIE ., MIREFABEVINER., HT Shh ERTE
FEE ( Paralichthys olivaceus) W) F%. FHiH X
i%5 (Suzuki & Kurokawa, 1996), Ht, Young et al
(2000) AHy Shh HP5 ST @A, L
MK, AT AhR2 2L FPHET (gene knock down)
MIBE S £, BFF TCDD Xf Shh ik W% ma LA K
TCDD *} T SRARAN A4 78 5 4t i A T 9 VE A, DA
TREH Shh A1 ARR2 K FR, PAK Shh KK T
STHMENMAEEN LR,

1 #REFHEE

1.1 XRHAf&

Ehta AB R, B HARRKEEKETIA, %
Westerfield (1993) WA LET .
1.2 RBERAYLE

R DM RIS, JFUAL:D=14:10 %
AR R, THAT—KIEFR. B0, WE
RGP IF RN B A BE S bRk R (ZR W 38.7
mmol/L NaCl, 1.0 mmol/L KCI, 1.7 mmol/L HEP-
ES, 2.4 mmol/L CaCl,, pH 7.2) M55}, &
F 28.5 CHHL4S (LTI-600ED) Hik., )5 24
h (24 hpf, 24 hours post-fertilization) F#8#17254)
Ah¥R, TCDD (Cambridge isotope Laboratories, Inc)
SAREE0.1, 0.3, 0.5 1.0 pg/L IMRERE, &
FM_FHTH (DMSO) MBAWEN 0.1%, ¥
AP 3.5 em S, B ZR BEAZF 3 mL,
BAKEFIMFEA 10 M2, BF 28.5 CHL
FNgksEm L, FH&A 0.1% DMSO M ZR WA &
I BRAE XS B
1.3 Alcian-blue ZX B ¥

ABE MBS A A 10% K HEH
BEEE 24 h, FHREAM (0.1% Alcian blue 8GX/
80%H BE/20% B R ) Wit fh 6 h, ARG 75%.
S0%MI TG LA B 78 B K 5150k 3 h, B AHALW
(0.05% HY f5e Bf /40 #0 VY B AR 48 ) A & 1% KOH/
30%H,0,/#%5 4038 1 h, HJGTE 70% 9 H i W%
PARTE
1.4 EFEEH

BK W B S’ 5K 3% B morpholino antisense
oligonucleotide /¥ % : AhR2-MO: 5’-TGTACC-
GATACCCGCCGACATGGTT-3’, 1 4 mis-AHR2-
MO: 5'-TGaACCcATACCCGCC G t CATcGTT-3'7 %]
Y5 MO XF B, 5 AhR2-MO AR89 4 4584 A /b
HEEERR,

LAk morpholino antisense oligonucleotide (i 3%
E Gene Tools 22 Bl HIAL) #iFEE 30 umol/L, it
HETESTEA 2 NS e, 5%
KHMRIED AR B S RGN OGS, M
MEAENE B9 mRNA ASRESE % B, X% AR 2N
RELUTIY B 5,
1.5 JREIF3k

JRI 2% %8 ¥ Barth & Wilson (1995) f975 8 ik


http://www.cqvip.com

508 ]

=

£ 000 http://www.cqvip.com|

R 26 #:

7. HEMABEK (10 pg/mL) ZERIHAL 15 min, R
JEAZ& 22 W (50% HEERL, 5% SSC, 2 mg/mL
Torula RNA, 200 pg/mL T &) BT 65 CHIEERFE
1 h (BiZ32), FRSAH Shh HREFMZACE IR
i, BMCTERFES SR, 2 xSSC, 0.2xSSC
1£ 65 CAERAA &5 30 min, HHWTH R
buffer (100 mmol/L Wil T4 &, 150 mmol/LNaClI,
0.1%nt 20, pH 7.5) iK% 15 min, H blocking
buffer (2% blocking reagent, 100 mmol/L N T 4 —
fi%, 150 mmol/L NaCI, 0.1%ntiE 20, 0.1% Trito
x-100, pH7.5) fEEWEIELE 1 h, BAEFH 4000 5
W FERHT - DIG HU4K (Roche) 3BT 4 CikF
RN, T PE I NTMT (100 mmol/L Tris-
HCIl, pH 9.5, 100 mmol/L NaCI, 50 MgCI;,
0.1%nti 20) $F# & 15 min, {5 BM purple AP
substrate precipitating (Roche) .

1.6 TUNEL $#&

R M 48 hpf FF 1G53 51 0.1% DMSO (Con-
trol). 1.0 pg/L TCDD. 10 mmol/L Cyclopamine Fl
20 mmol/L Cyclopamine Zb¥, % 60 hpf FH M H E
B, &85 #E T8k TUNEL 28, J5—
o E A s . Y) fr, #E4AT TUNEL e, &
M 0.3% H0,/HIBE L BRI EE S A ieEs, HH
HHM K (Proteinase K, 10 pg/mL) JHALIG, W&
RV (W EE s 500 pL, Biotin-16-dUTP 5 pL,
Terminal deoxynucleotidyl transferase 2.79 pl.), T 4
CUKFP N — (D) R POt 37 CRAM 2 h),
F PBS IR AB i/ (Elite, Vector), Fii
1 h, PBS #E¥ERiH 3, 3'-Diaminobenzidine Te-
trahydrochloride Dihydrate (DAB, X 4&fk¥) B,
75%H9 bR fE (W AR E R . B4
ALFBEHLIE R 10 DIRRR, SEAEERTI, O 5
B BT A P4 A
1.7 &ERE

M 48 hpf JF 535 H 0.1% DMSO (Con-
trol) . 1.0 pg/L TCDD, 10 mmol/L Cyclopamine I
20 mmol/L Cyclopamine Zb#, % 60 hpf FHH 4 F %
4 CHIE 24 h, BHAKGHE, VA, SRR
Ko MEEIEE K Wk, 1% i /PBTR (% 1%
Triton X-100 fJ PBS) 30 min 4L FHJG, H/NEHT H3
BrBEDLR, TE 4 CUKFIP RS R, F PBTR ¥
VUG, S SR BL /N 1gG Btk (200 f5 R
), BETZERRN 2 h. f ABC KIT (Vectar Lab)

Ko, FIF L (methyl green) XTHLYfE . FaM
GREAT R IR, BRI, b EHBENL
VEEL 10 MRRRE, HHEONEL R BT A PR
1.8 %itA*k

RIS TS B FME « iR R, A
SPSS 4 AR AT B B 7 2 3 7 (One-Way
ANOVE), 1LSD i fTZEILE, ZREEHKF
WEHNa=0.05, HEEKFKHNa=0.01,

2 20

2.1 TCDD 3|#HE T

WA Yefs, 7E 72 hpf WEEE] TCDD E 45|
EEFTRKEFURE -FFERBEEREONT, &
96 hpf LK 120 hpf, ANEMEREZE W KE KB W
R FA MR B R T WL, W 28R
(K 1—12),
2.2 TCDD %IE5|# Shh RiZHIPE{ES AR B

E3 A

TEXT BB 4H, Shh M 48 hpf T F AR FEFF 16 %
ik, 55 hpf BHEE D AIAL R RIA T NI R . Shh B
N M 2R AR, LWL T & 0.3 pg/L
TCDD Xf Shh RIEFT B ELW, HM 0.5 pg/L H
4, Shh 7E P AU EY RIAEAMR 5 1.0 pg/L B,
Shh £ FATRJL-FIRA £ix (F 14), 1£ 2 41
RHMWT ARR2 ZEIH, R (R 9 O ok A 38 R IR o) 2%
2%, AhR2-MO A& 5 ¥ A % T & & A 1L 8] 89 % i
(& 15), mifE TCDD 4b#4H, J-¥% A WL F TCDD
FIEM TR/ NF Shh FiK B F W B WAL (K
16), 5 AhR2-MO & 4 oA [R] By B X T BR 2
WA KM B2, B/ TCDD 45, #HA
Shh ik B E W5 (K 17, 18), XK L AL
TCDD 4b¥EE}, AhR2 & Shh 9 LS 3
2.3 TCDD LR Shh BEERFI LIRS RAT

VAR Hh5E

TCDD B A EM IR FHAHMamET,
BB (B 19—24), HESFERE
B, Cyclopamine i i & % W B 5 A iR i T 471 X 40
MET-2H (F3.24=9.922, P <0.001), TCDD 4t
R M T8 B A (2.43+£0.69) /R,
BTAERY] (1.14+£0.26) (P =0.248), 10 mmol/
L Cyclopamine #b FHEH MM -4 B A (5.57 =
0.97) /M, WBERFXEA (P<0.001) Fl
TCDD#A (P =0.008) ,fH 120 mmol /L Cyclopa-

s
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Vigs. 13— 18 Expressions of SAG in lower jaw region of zebrafish (55 hpf)
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sohiolie it in st hybridizafion o i

18. 55 Hpl AN bRk SRR . DE] 7 i SEH S PRI G 4
Artows indicate the differnce

A ik 22 5 B, LRI = 100 i (Embryos were used for

af Shh expeession. Bar =100 um).

Knoekidown wnd embryos were exposed 16 1.0 e/ TCOD) 3
control )

13, 0.1% DMSO LI ( Fmbiyves were esposed 100,18 DMS0) 2

14 1.0 /L TC LI CEmbiryos were exposed to 160 pg L 1COD T
15 ANR2 L [H B AG CANR2 g knockdawn ) s

16, AR FEIRHTIG, 0T 1.0 pert renD A FIRIG (ARR2 gene
17, HARR2-MO 74 PHEAA [ IBEIE (nus-AHR2-MO
18,

10 /L TEDD )

22

B 19—24 Bt fa

1921, JA48—60 hpl, $E4 TUNEL 468 { Einbrvos weris exposed 1
22—24. M 4860 hpf, BT TUNEL 82, Lef@lIL %3 100 jim (Embe
Bar= 100 yom)

19, 22 0.1% DMSO L3 (Embeyos were exposed 100,15 DMSO):

20, 1.0 pg/! DD AEER (Embryos we

21, 24 10 mmul /1. Cyclopamine 2EH (Emhieyos wese exposel 1010 1
mine SEFRALESEACEL (P =0.604) (F31A)

IR R H3 e de(n, WEES] TCDD LA Cy-
clopamine [ £ W] b () 3 51 4 40 0 9 A7 6 G 1
25-30). Ji ZESPATAS AL, Cyclopamine fib ¥ i
W RE b U T AN L (Fa s = 4,672,

o exposed 16 1.0 /1

(14.33 + .51) /M6, WFMM TR (20.38 +

177 (P =0.011), {10 mmol/L Cyclopamine
Ab P 2 AR ¥ (P =0.902) (18 31B).
3 i @

ASBYGH L 1 TCDD IR 1 6 i i S
ABR 55 Shic (D65, BLK Shic S 540 A A
LM T 3 AR i B DR LI AT D i ER 1

Figs. 1924 The apuplosis in lower jaw of zebrafish embryos

(&
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23—

AR

o 48 bl until 60 hpf, whole mownt TUNEL staining) ;
yos were exposed from 48 hpl until 60 hpf. section TUNEL staming.

D)3
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AR g Shi 19 WP HE IR L i Sk S IR
SRS VL] o A i T R AR, B Prasch et al
(2003 ) 1 4k 78 S A0 — 3000, B FHLIBE ALR2 A (A
(ARR-MO) ] AHBH TCOD o] 9 15 401 % & 1E
AR T, i, TCDD 5|k R W
K F TCDD BA ARR2 AU S SER kY
FEAG R O e, it | I G0 A O 5 4 R
BB T B R S Teraoka et al (2002)
A 52 B R WG B i AL
b, A596 hpf BT DD X R i 2
BRI, o DT R 30007 T AR TCDD % it
IEUERE B A AR TR AT AR 9 b e B
pg/L TCDD 5| A i) AL BT A M 60hpt I
4319,0.5 pg/T TCDDZMT2 hpfIT5R 1 (Dong et al,

Com|
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2005); TiABIZT L BLAE 55 hpf Bf, Shh FiERH
F BRI E Bk (I 13—18), ULBH Shh Fik
M B B /e B R AREE I BR R Z BT, TR T45
MR KGR IBRE

Shh BAKT 7 Cyclopamine f4h 5| T 4 38 54
S E R DA R A R T3S i, [R]EE TCDD
5| A T4 M SRR, HIT A KB4
MO T BN, #E TCDD 3B S A A T A
U Shh FBRIRRARR B, 64 T jef Ho izl 2
HPFTE, IR HMBEREZWHIH, 5S4, F
HESY) T 0ACE 3 22 o B0 IR S 2 U A R RS b
M, 1 Shh (ES XML MMKN e TER

$% ik

Barth KA, Wilson SW. 1995. Expression of zebra fish nk2.2 is influ-
enced by sonic hedgehog/vertebrate hedgehog-1 and demarcates a
zone of neuronal differentiation in the embryonic forebrain [J]. De-
velopment , 121 (6): 1755-1768.

Cantrell SM, Lutz LH, Tillitt DE, Hannink M. 1996. Embryotoxicity of
2, 3, 7, 8-tetrachlorodibenzo-p-dioxin (TCDD): the embryonic
vasculature is a physiological target for TCDD-induced DNA damage
and apoptotic cell death in Medaka ( Orizias latipes) [J]. Toxicol
Appl Pharmacol , 141 (1): 23 -34.

Dong W, Yang JF, Cao YX, Wang SZ, Hiroki T, Takeo H. 2005. Cor-

relation between short lower jaw in zebrafish embryos induced by 2,
3, 7, 8-tetrachlorodibenzo-p-dioxin (TCDD) and Shh gene [J].
J Lake Sci, 17 (2): 162-168. [# X, Hnik, HEHEH,
FBB, Hiroki T, Takeo H. 2005. " EHK3|EH Lt T HiE
N H 5 Sonic hedgehog ZEH B XBE. WA, 17 (2): 162
-168.]

Dong W, Teracka H, Tsujimoto Y, Stegeman JJ, Hiraga T. 2004. Role
of aryl hydrocarbon receptor in mesencephalic circulation failure and
apoptosis in zebrafish embryos exposed to 2, 3, 7, 8-tetra-
chlorodibenzo-p-dioxin [J]. Toxicol Sci, 77 (1): 109 - 116.

Henry TR, Spitsbergen JM, Homung MW, Abnet CC, Peterson RE.
1997. Early life stage toxicity of 2, 3, 7, 8-tetrachlorodibenzo-p-
dioxin in zebrafish ( Danio rerio) []].
142 (1): 56 - 68.

Homung MW, Spitsbergen JM, Peterson RE. 1999. 2, 3, 7, 8-Tetra-
chlorodibenzo-p-dioxin alters cardiovascular and craniofacial devel-
opment and function in sac fry of rainbow trout ( Oncorhynchus
mykiss) [J]. Toxicol Sci, 47 (1): 40-51.

Toxicol Appl Pharmacol ,

W, X—m, AfFLUSHR.

B2, KT EY Shh BRI THNAEKETE
FEEANZEEZ—; TCDD IR FHE/NMHT
TCDD LA AhR2 R A 5142 Shh FE FE KRG,
BT R T SESTE A >, R TIEE T M
MRS, W W#—H R, TCDD 51&EK T M
/N BT REVE AR B — 3 289 o A A B —
e =it

i, 8 ABKFEKFH Dr. Takeo. Hiraga.
VA% Dr. Hiroki. Teracka £ Fi# £ %8, EXR & T
HEHHRE,

Peterson RE, Theobald HM, Kimmel GL. 1993. Developmental and re-
productive toxicity of dioxins and related compounds: Cross-species
comparisons [J]. Crit Rev Toxicol , 23 (3): 283 - 335.

Prasch AL, Teraoka H, Carney SA, Dong W, Hiraga T, Stegeman ]J,
Heideman W, Peterson RE. 2003. Aryl hydrocarbon receptor 2 me-
diates 2, 3, 7, 8-tetrachlorodibenzo-p-dioxin developmental toxici-
ty in zebrafish [J]. Toxicol Sci, 76 (1): 138 - 150.

Suzuki T, Kurokawa T. 1996. Functional analyses of FGF during pha-
ryngeal cartilage development in flounder ( Paralichthys olivaceus )
embryo []]. Zool Sci, 13: 883 - 891.

Takagi TN, Matsui KA, Yamashita K, Ohmori H, Yasuda M. 2000.
Pathogenesis of cleft palate in mouse embryos exposed to 2, 3, 7,
8-tetrachlorodibenzo-p-dioxin (TCDD) [J]. Teratog Carcinog Mu-

tagen, 20 (2): 73 - 86.

Teraoka H, Dong W, Ogawa S, Tsukiyama S, Okuhara Y, Niiyama M,
Ueno N, Peterson RE, Hiraga T. 2002. 2, 3, 7, 8-Tetra-
chlorodibenzo-p-dioxin toxicity in the zebrafish embryo: Altered re-
gional blood flow and impaired lower jaw development [J]. Toxicol
Sci, 65 (2): 192-199.

Theobald HM, Peterson RE. 1997. In utero and lactational exposure to
2, 3, 7, 8-tetrachlorodibenzo-rho-dioxin: Effects on development
of the male and female reproductive system of the mouse [J]. Toxi-
col Appl Pharmacol, 145 (1): 124 - 135,

Westerfield M. 1993. The Zebrafish Book [M]. Fugene: University of
Oregon Press.

Young DL, Schneider RA, Hu D, Helms JA. 2000. Genetic and terato-
genic approaches to craniofacial development [J]. Crit Rev Oral

Biol Med , 11 (3): 304 -317.


http://www.cqvip.com

