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ABSTRACT Objective: The aim of this study was to explore the effect of high concentration of Sonic Hedgehog (Shh) on 5-hydrox-
ytryptamine (5-HT) neurons number in hindbrain. Methods: Immunofluorescence and in situ hybridization were performed to detect the
expression of Shh in brainstem. Cultured 5-HT neurons were treated with different Shh gradients, to observe the change of neurons number
and effect on axons. The change of 5-HT neurons number was detected through Shh overexpression by in utero electroporation. Results:
Shh was expressed in brainstem where 5-HT neurons distributed. In vitro cultured 5-HT neurons, treated with 250 ng/mL Shh protein,
neurons number was 41.25+ 0.52 (n=4, P=0.0218), and comparing to control groups 35+ 1.21 (n=4), there was an increase of neurons
number. In contrast, treated with 1250 ng/mL Shh protein, neurons number was 7.5+ 0.43 (n=4, P<0.0001), and there was an significant
reduction of neurons number comparing to control groups. Besides, treated with 250 ng/ml Shh protein, the length of 5-HT axons was
1.08% 0.05(n=4, P=0.7555), and comparing to control groups 1+ 0.01(n=4), there was no detectable effect on the axon length. However,
treated with 1250 ng/mL Shh protein, the length of 5-HT axons was 0.44+ 0.03(n=4, P=0.0014), if compared to control groups, the axon
length was remarkably shortened. In utero electroporation with pIRES-Shh-EGFP and pIRES-EGFP, observed the number of ascending
5-HT neurons in raphe nuclei was 147+ 54.2 (n=4, P=0.0053) through Shh overexpression, and neurons number decreased notably com-
paring to control groups 459+ 49.0(n=4). Similarly, the number of 5-HT neurons in raphe nuclei was 187+ 18.4(n=4, P=0.0001) through
Shh overexpression, and comparing to control groups 411+ 17.3 (n=4), neurons number remarkably reduced. Conclusion: Shh overex-
pression negatively regulated the development of 5-HT neurons, and mainly reflected in leading to the reduction of 5-HT neurons in
raphe nuclei of hindbrain.
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Fig.1 Shh was expressed in E12.5 mouse brainstem

(A) Diagram of the location of raphe nuclei in brain stem and directions of axons pathfinding. (B) Using in situ detected the expression of Shh in E12.5
hindbrain. (C) Co-stained with Shh (green), 5-HT (red) and DAPI (blue), to detect the expression of Shh and location of 5-HT neurons in brainstem. Scale
bars: (C) 20 pm.
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Fig. 2 Cultured 5-HT neurons treated with different Shh protein gradients
(A) Cultured 5-HT neurons respectively treated with 0 ng/mL, 250 ng/mL
or 1250 ng/mL Shh protein. Then neurons were stained with 5-HT (green),
Tujl (red) and DAPI (blue) to outline 5-HT neurons. (B) Quantification of
the number of 5-HT neurons treated with different Shh protein.

(C) Quantification of the length of 5-HT axons treated with different Shh
protein. Two-tailed student's t-test was used for statistical analysis. Scale

bars: (A) 20 pm.
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