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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/L) 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 Shh 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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120 hpf £
1—12 TCDD Alcian blue
Figs. 1-12 Retardation of lower jaw growth by TCDD in zebrafish
cb 1-V ch ep mk pf =100 pm
cb  1-V  First to fifth ceratobranchial ch ceratohyal ep ethmoid plate mk Meckel’s cartilage pf pectoral fin. Bar =100 pm.
1—2. 72 hpf 0.1% DMSO Control ~ 3—4. 72 hpf 1.0 pg/L TCDD TCDD  5—8. 96 hpf 9—12. 120 hpf
1 3. Lateral views 2 4. Ventral views
Control TCDD AhR2-MO

AhR2-MO + TCDD 4mis-AhR2-MO 4mis-AhR2-MO+TCDD

13—18 Shh 55 hpf
Figs. 13- 18 Expressions of Shh in lower jaw region of zebrafish 55 hpf
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13—18. 55 hpf Shh

=100 pm Embryos were used for

whole mount in situ hybridization of shh . Arrows indicate the difference of Shh expression. Bar =100 pm .

13. 0.1% DMSO

14. 1.0 pg/L TCDD
15. AhR2

16. AhR2

17.  AhR2-MO 4
18. AhR2-MO 4
to 1.0 pg/L TCDD

Embryos were exposed to 0.1% DMSO

AhR2 gene knockdown
1.0 pg/L TCDD

Embryos were exposed to 1.0 pg/L TCDD

AhR2 gene knockdown and embryos were exposed to 1.0 pg/L TCDD
4mis-AHR2-MO control
1.0 pg/L TCDD

4mis-AHR2-MO control and embryos were exposed
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Figs. 19-24 The apoptosis in lower jaw of zebrafish embryos
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19—24
19—21.  48—60 hpf TUNEL
22—24.  48—60 hpf TUNEL
Bar = 100 pm

19 22. 0.1% DMSO
20 23. 1.0 pg/L TCDD
21 24. 10 mmol/L Cyclopamine

mine P =0.604 31A
H3 TCDD Cy-
clopamine
25—30 Cyclopamine
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P =0.902 31B
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AhR  Shh Shh

Embryos were exposed to 0.1% DMSO
Embryos were exposed to 1.0 pg/L TCDD

Embryos were exposed from 48 hpf until 60 hpf whole mount TUNEL staining
100 pm  Embryos were exposed from 48 hpf until 60 hpf section TUNEL staining

Embryos were exposed to 10 mmol/L Cyclopamine

AhR  Shh Shh
Prasch et al
2003 AhR2
AhR-MO TCDD
TCDD
TCDD  AhR2 Shh
Teraoka et al 2002
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1
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25—30
Figs. 25-30 Proliferating in jaw of zebrafish embryos
25—27.  48—60 hpf H3 Embryos were exposed from 48 hpf until 60 hpf whole mount im-
munohistochemistry staining  Arrows indicate the position of mouth opening
28—30.  48—60 hpf H3 100 pm Embryos were exposed from 48 hpf until 60 hpf sec-
tion immunohistochemistry staining Arrows indicate the jaw of zebrafish embryos  Bar = 100 pm
25 28.0.1% DMSO Embryos were exposed to 0.1% DMSO
26 29. 1.0 pg/L TCDD Embryos were exposed to 1.0 pg/L TCDD
27 30. 10 mmol/L Cyclopamine Embryos were exposed to 10 mmol/L Cyclopamine
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Cyc20 Cycl10 TCDD Control Cyc 10 TCDD Control
31 TCDD  Cyclopamine a b

Fig. 31 Numbers of apoptosis a and proliferating b of lower jaw in zebrafish
embryos exposed to TCDD and Cyclopamine
P<0.05 P<0.01 n=10.

Control  0.1% DMSO TCDD 1.0 pg/L TCDD Cycl0 10 mmol/L Cyclopamine Cyc20
20 mmol/L Cyclopamine

The different small letters in chart means significant difference P <0.05 and capital letters means high signifi-
cant difference P <0.01 . Control Embryos were exposed to 0.1% DMSO TCDD Embryos were exposed to
1.0 pg/L TCDD CyclO Embryos were exposed to 10 mmol/L Cyclopamine Cyc20 Embryos were exposed to
20 mmol/L Cyclopamine.
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