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Correlation Between Short Lower Jaw in Zebrafish Embryos Induced by 2,3,7,8-tetrachlo-
rodibenzo-p-dioxin (TCDD) and Skh Gene
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Abstract : Dioxins including 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) are persistent, bioaccumulative toxicants that are widely
distributed in the environment. TCDD induced cleft palate in the mice and short lower jaw in the zebrafish ( Danio rerio) by aryl
hydrocarbon receptor ( AhR) which is most toxic in the Dioxins. In this experiment, we investigated the correlation between TCDD
induced short lower jaw and Sonic hedgehog (Shh) a development gene in the zebrafish embryos during early development, it has
many advantages as a vertebrate toxicological model. Embryos is exposed to TCDD (0 —1 pg/L) at 24 h post fertilization (24 hpf)
until the time of observation for studying by morphology and in situ hybridization. Embryos treated with TCDD showed marked short
lower jaw and reduction of shh and twhh expression in lower developing jaw. This inhibitory effect was dependence on exposed con-
centration. TCDD concentrations 0.3, 0.5 and 1.0 g/L exerted significant effects that were first detected at 84, 72, and 60 hpf,
respectively. But 0.1 pg/L TCDD did not have any effect until 120 hpf. Shh function defective mutant embryos (Syw) with rela-
tively normal circulation around developing jaw showed marked retardation of jaw growth. When cyclopamine, an inhibitor for shh
was applied, lower jaw growth was significantly inhibited. It was found that TCDD affected chondrogenesis in the head in later sta-
ges of zebrafish development by alcian blue stain. TCDD shortened the length of Mechels cartilage. Similarly, the short Mechel s
cartilage was found in the syu embryos and cyclopamine treated embryos. These results indicate the close correlation between hedge-
hog expression and jaw growth retardation by TCDD in developing zebrafish embryos. It is also suggested zebrafish may become a bi-
omarker of dioxin toxicity.
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Fig. 2 The effect of different concentration on low jaw lengths in
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Fig. 3 Retardation of lower jaw growth by TCDD. Embryos were exposed to 0. 1% DMSO ( Control) or TCDD (1 g/L. ) from

24 hpf until observation at 72 hpf (A, B, E, F). After fixation in formalin, these embryos were stained with alcian blue (C, D,
G, H). Arrows in A, B, E, F indicated the position of mouth opening. A, C, E, G lateral views. B, D, F, H: ventral views.
Abbreviations; c¢b (1 -V), first to fifth ceratobranchial; ch, ceratohyal; ep, ethmoid plate; mk, Meckels cartilage; pf, pectoral
fin. Bar= 100 pm.
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Fig. 4 Expressions of hedgehogs and their signaling molecules in jaw region of developing zebrafish. Embryos were fixed with

0.4% PFA at 54 hpf and used for whole mount in situ hybridization of shh ( A-C) , twhh (D-F)
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Fig. 6 Impairment of lower jaw growth in Shh function defective mutant. Larvae of sonic you (syw) and their siblings were ob-

served at 72 hpf (A, B, E, F). Images of alcian blue staining with 72 hpf syu embryos and their siblings (C, D, G, H) were al-
so presented. A, C, E, G: lateral views. B, D, F, H: ventral views. Arrows and arrow heads indicate anterior edge of lower jaw.
Bar = 100pm.

2.3.2 Cyclopamine ( ZRAB WA ) By & #  Syu X F G5
— Cyadlmal  BERZNAA T RERTER B R IM B AR O 2 TT R , BUEH
- JEESZIE R E. FXT Shh A BHAFE A Cyclopam-
4 e TN uneil ine””ﬁﬁ??*ﬁ?&ﬁt%\- é%%%%[ﬁ ,}J\—Fﬁﬁ'fqaﬁﬁgﬁd-/ﬁﬂ
fit) 48hpf £] 72 hpf , Lk 10 wmol £ 20pwmol A9 cyclopamine
v [ cemtent YLRE 24h V] LIS 5 22 7 W0 R AU (ELT).
. BOF YA NS R B IR Meckel | (22 5 [RHCH ) ethmoid
" O ’ plate () . ceratohyal (#1%5 B) S HCFHI RN, B

Ceratobranchial ( £ &) AUELJe (K 8).
&7 Cyclopamiile X 72 hpf B 5 R AR R R . 3 it
P T 10 A BB PR

B+ p < 0.05). IR0 AN B E T TCDD 51 T b 9 £
Fig. 7 The effect of Cyclopamine on developmental length B, K H 5 Shh f36IE. LIE, TCDD 2|52 ByRs -2 45
of zebrafish lower jaw at 72 hpf. Height of each bar and S /N R AR L TR AU/ L R L S (0 W T
assoctated vettcal fine s mean = 3 R EIA 2 TCDD 31 1 S 19— U IR,
BN, Henry 4515 YR PR 1T T BE S (9 8¢ 14, AR 1 G
IR A P 9 ZUCREAR ), Homung 453A Sk TCDD 5 13 iy T A5 /N5 0 U A4 T B s AR G T 7 Ter-
aoka W T BE Tt HIMINRNA T ARAN NI, 38 96hpf A WA TCDD X F A7l B SRABLAE T ' 4

W5 R A0 /A T BB S K2 TCDD X1 605 RE 1y B HeE .

Shh JEPRAE T AUE LR IK ™ 18 T A FGAAOFEE 5 TCDD f YL 15 1k B AR AE , e 785 W JiE 5 , Shh 3k
(RERE AR/, Shh HLAE GRS A8 A sy R B H /NI T 650 LA B B (A Sk PR A B AN 4, i ] Shh B 1A
(58 Ak BR R ARSI, X Sk B A HAB L BUIR AT 5 AN B A5 Shh BHIETH] Cyclopamin FZJLRES RS T
UL/ N AR WIS VR BEARCAA 1, 25 1 Cyclopamin X Shh 10 1 4 7 B2t [ A 55 VR BE AR DG IE. A iU otk 21 s
7 TCDD 7] 7 Shh BE R L)L K EBMA nohh JEPH 23k [R5 W] Shh Fil Twhh %R G5 4 4 5 2 1A
F. TCDD 1] Shh 35 AHLEE i A WA, Prasch 548 25 fR AhR2 JE[H (AhR-MO) , RTLI] TCDD 5[5
9 AL FE BT R T TR A 45 2 B IR, SR Shh SER 2 ARR2 1 F sl LI 2 A5 B g JLAb 7 T 4
FIKMIEP AN Goosecoid ARR2 5555 Shh (0G5 , Shh Z AR Prel (P2 B 3L GLil (G2 L) K A&t Shh

(n =10 embryos/treatment) ( * p< 0.05).



F RE. B AERD & T4HE DALY Sonic hedgehog 1 P o % F% 167

FURRIA M e Y (A5, JE AL Shh B HIARSC 15 Shh (9 40 ) 2 75 35 B = 50 1) 2 M ) T, B T 5| 7k
R/ A TR RS, R SRR, Shh XA AR K & T R E B 94, TCDD 51 T fiAd
/N5 Shh &3kt WIS A ARSCHR. BEIGL W] TCDD 513 19T & /N AT BEAR A Rk — MBS b 5 W 24
PIFEAEIEAN B — DS H 515,

b ssmmEEhifel Cuilie Cratmel 3 Gorral
. f
o '

E F Cyclap. 3 Cycop. H }1 L:ylpln:)p-
r R =
<7 = AN
A e, Sl

[ 8 Shh BELWTFIRT T G50 7 %6 /0N 04 52 1 BELUT R0 T 650 & RS £ A 48 hpf %2 72 hpf 1 0. 1% DMSO ( Control )
% Cyclopamin (10 =20 pwm; Cyclop. ) Z¢3,A, B, E, F 2372 hpf Frlge a6y FaiA- K ARZS. T 72 hpf (A, B, E, F), =
J5 FIAE /R EhAR [E 52 , HE4T alcian blue BRE R (C, D, G, H). A, B, E, F HWFELFR FHHTHT A8, A, C, E, GH

M {%,8, D, F, H AENE.

Fig. 8 4 Retardation of lower jaw growth by chemical inhibitor for hedgehog signaling. Embryos were exposed to 0. 1% DMSO
(Control) or cyclopamine (10 =20 pm: Cyclop. ) from 48hpf until observation at 72 hpf (A, B, E, F). After fixation in forma-
lin, these embryos were stained with alcian blue (C, D, G, H). Arrows in A, B, E, F indicate the position of mouth opening.

A, C, E, G. lateral views. B, D, F, H: ventral views.
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