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signaling pathway works both between cells and within individual cells. The hedgehog gene (
hh) was observed in fruit flies (Drosophila melanogaster ) in 1980, and later in vertebrates in
hedgehog signaling pathway controls a wide range of developmental procélélsué's in the
vertebrate embryo, and researchers found that dysfunction in the hedgehog signaling pathway

gene hedgehog because mutant fruit fly larva demonstrated an abnormal pattern of spiky
projections, called denticles, on their exoskeletons that resembled the spines of a hedgehog.
Until the early 1990s, researchers studied the hh gene (the abbreviation for the hedgehog

B. Kornberg's group at the University of California San Francisco in San Francisco, California.
Analyses of the hh DNA sequence data led researchers to discover gene homologs, or
genetic sequences similar to those in fruit flies but in vertebrates, a result that revealed a high
degree of genetic conservation between species.

In 1993, Clifford Tabin and Andrew P. McMahon in the US and Philip W. Ingham in England

hedgehog (Ehh); and one Desert class gene, Dhh.

In their 1993 experiment, Tabin's group at the Harvard Medical School in Boston,

the developing limbs, or limb buds, of chicks (Gallus gallus 116)). The group demonstrated that
Shh
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gene expression occurs in the area of the margin of the developing limb bud, called the zone

buds and attached them to other areas of the chicks, new limb buds develop in the presence
of Shh.

related to each other than to the Dhh gene, and therefore resulted from a more recent
evolutionary duplication event.

Ingham's group at the Molecular Embryology Laboratory in Oxford, England, identified three

Theodor Schwann who obseved them in nineteenth century Germany. Shh proteins function
in the development of the central nervous system, and they establish lateral asymmetry, and
function to establish the front-to-back (anterior-posterior) limb axis.

proteins traveled outside of cells. Once in the extracellular environment, and with help from
other molecules, N-Shh proteins can move at least twelve cell diameters to form a distribution
gradient to target cells. For all hh signaling between cells, small differences in the
concentration of the proteins can alter cellular functions and processes.

V0, V1, V2, and V3 interneurons, or motor neurons. In addition, the cells of the floor plate,
which develop into the nervous system, respond to the highest concentration of N-Shh
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specified by different concentrations of N-Shh proteins. Notochord cells develop into V3 cells
in response to the second highest concentration of N-Shh protein after the floor plate. The
third and fourth highest concentrations yield the motor neurons, V2, V1, and VO neurons
respond to the lowest concentration of N-Shh protein.

The hh family of proteins regulates multiple developmental processes in the vertebrate
embryo, and can cause cancer or birth defects. Hedgehog family proteins are involved in
cancers, for example, a human skin cancer called basal cell carcinoma, and a childhood brain
cancer called medulloblastoma. Mutations and improper expression of Shh proteins lead to

development. Mice lacking the Shh gene (Shh null) are born without their forebrains or mid-
faces, a disorder called holoprosencephaly, and they have only one eye, a phenomenon

result, especially in heads and faces.
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The hedgehog signaling pathway is a mechanism that regulates cell growth and differentiation
during embryonic development, called embryogenesis, in animals. The hedgehog signaling
pathway works both between cells and within individual cells.

Subject

Drosophila melanogaster 261 Cyclopia 271 Nusslein-Volhard, C. (Christiane) us; Wieschaus, Eric
F. 91 Genetic regulation [sq Tabin, Clifford James [s13 Ingham, Phil W. sz Zebra danio 31 Genes
[54] proteins [s5; Gene regulatory networks se) Birth defects 571 Cancer ss) Genetics (s
Vertebrates 00 Genes, Regulator 11 Hedgehog Proteins sz Sonic Hedgehog Protein [s3)
Topic

Theories (s

Publisher

Arizona State University. School of Life Sciences. Center for Biology and Society. Embryo
Project Encyclopedia.

Rights

Copyright Arizona Board of Regents Licensed as Creative Commons Attribution-
NonCommercial-Share Alike 3.0 Unported (CC BY-NC-SA 3.0)
http://creativecommons.org/licenses/by-nc-sa/3.0/

Format

Articles s

Last Modified


http://www.biomedcentral.com/1471-213X/11/72
https://embryo.asu.edu/search?text=Drosophila
http://genesdev.cshlp.org/content/6/12b/2635.full.pdf+html
https://embryo.asu.edu/search?text=Fetal Alcohol Syndrome
https://embryo.asu.edu/library-congress-subject-headings/drosophila-melanogaster
https://embryo.asu.edu/library-congress-subject-headings/cyclopia
https://embryo.asu.edu/library-congress-subject-headings/nusslein-volhard-c-christiane-0
https://embryo.asu.edu/library-congress-subject-headings/wieschaus-eric-f
https://embryo.asu.edu/library-congress-subject-headings/wieschaus-eric-f
https://embryo.asu.edu/library-congress-subject-headings/genetic-regulation
https://embryo.asu.edu/library-congress-subject-headings/tabin-clifford-james
https://embryo.asu.edu/library-congress-subject-headings/ingham-phil-w
https://embryo.asu.edu/library-congress-subject-headings/zebra-danio
https://embryo.asu.edu/library-congress-subject-headings/genes
https://embryo.asu.edu/library-congress-subject-headings/proteins
https://embryo.asu.edu/library-congress-subject-headings/gene-regulatory-networks
https://embryo.asu.edu/library-congress-subject-headings/birth-defects
https://embryo.asu.edu/library-congress-subject-headings/cancer
https://embryo.asu.edu/library-congress-subject-headings/genetics
https://embryo.asu.edu/library-congress-subject-headings/vertebrates
https://embryo.asu.edu/medical-subject-headings/genes-regulator
https://embryo.asu.edu/medical-subject-headings/hedgehog-proteins
https://embryo.asu.edu/medical-subject-headings/sonic-hedgehog-protein
https://embryo.asu.edu/topics/theories
https://embryo.asu.edu/formats/articles

Wednesday, July 4, 2018 - 04:40
DC Date Accessioned
Monday, June 27, 2016 - 02:13
DC Date Available

Monday, June 27, 2016 - 02:13
DC Date Created

2016-06-27

DC Date Created Standard

Monday, June 27, 2016 - 07:00

2 Contact Us

© 2018 Arizona Board of Regents

o The Embryo Project at Arizona State University, 1711 South Rural Road, Tempe
Arizona 85287, United States

Source URL: https://fembryo.asu.edu/pages/hedgehog-signaling-pathway-vertebrates

Links:

[1] https:/lembryo.asu.edu/pages/hedgehog-signaling-pathway-vertebrates
[2] https://lembryo.asu.edu/keywords/signaling-pathways

[3] https://lembryo.asu.edu/search?text=Vertebrates

[4] https:/lembryo.asu.edu/search?text=differentiation

[5] https:/lembryo.asu.edu/search?text=embryogenesis

[6] http://eol.org/pages/733739/overview

[7] https://lembryo.asu.edu/search?text=genes

[8] https://lembryo.asu.edu/search?text=birth%20defects

[9] https://lembryo.asu.edu/search?text=cyclopia

[10] https://lembryo.asu.edu/search?text=forebrain

[11] https://embryo.asu.edu/search?text=Christiane%20N%C3%BCsslein-Volhard
[12] https://embryo.asu.edu/search?text=Drosophila

[13] https://embryo.asu.edu/search?text=Johns%20Hopkins%20University%20School%200f%20Medicine
[14] https://lembryo.asu.edu/search?text=humans

[15] https://embryo.asu.edu/search?text=birds

[16] http://eol.org/pages/1049263/overview

[17] https:/lembryo.asu.edu/search?text=chick

[18] https://embryo.asu.edu/search?text=Harvard%20Medical%20School
[19] http://eol.org/pages/328450/overview

[20] http://eol.org/pages/204011/overview

[21] https://lembryo.asu.edu/search?text=notochord

[22] https://embryo.asu.edu/search?text=mesoderm

[23] https://embryo.asu.edu/search?text=induction

[24] https://embryo.asu.edu/search?text=sperm

[25] https://lembryo.asu.edu/search?text=glia


https://embryo.asu.edu/contact
https://embryo.asu.edu/pages/hedgehog-signaling-pathway-vertebrates

[26] https://embryo.asu.edu/search?text=sonic%20hedgehog

[27] https://embryo.asu.edu/search?text=neural%20tube

[28] https://embryo.asu.edu/search?text=central%20nervous%20system

[29] https://lembryo.asu.edu/search?text=neuron

[30] http://ac.els-cdn.com/S0960982200800524/1-s2.0-S0960982200800524-main.pdf?_tid=acb60648-
963a-11e5-9659-00000aab0f26&amp;acdnat=1448761625 027419e12adc87b549309333fd0b1149
[31] http://www.ncbi.nim.nih.gov/pmc/articles/PMC124946/

[32] https://embryo.asu.edu/search?text=Regeneration

[33] http://www.ncbi.nim.nih.gov/books/NBK6368/

[34] https://lembryo.asu.edu/search?text=Developmental%20Biology

[35] http://ac.els-cdn.com/S0012160685700103/1-s2.0-S0012160685700103-main.pdf?_tid=e8c1584c-
97d7-11e5-bd17-00000aab0f02&amp;acdnat=1448939108_4e35299d18d0dca53452a74494f2305f
[36] http://www.biomedcentral.com/1471-2164/9/127

[37] http://dev.biologists.org/content/135/6/1097.long

[38] http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1170687/

[39] http://genesdev.cshlp.org/content/26/22/2468.full

[40] http://dx.doi.org/10.1016/S0896-6273(01)80030-1

[41] http://dev.biologists.org/content/115/4/957.long

[42] https://embryo.asu.edu/search?text=Eric%20Wieschaus

[43] http://www.biomedcentral.com/1471-213X/11/72

[44] http://genesdev.cshlp.org/content/6/12b/2635.full.pdf+html

[45] https://lembryo.asu.edu/search?text=Fetal%20Alcohol%20Syndrome

[46] https://lembryo.asu.edu/library-congress-subject-headings/drosophila-melanogaster

[47] https:/lembryo.asu.edul/library-congress-subject-headings/cyclopia

[48] https://embryo.asu.edul/library-congress-subject-headings/nusslein-volhard-c-christiane-0
[49] https://lembryo.asu.edu/library-congress-subject-headings/wieschaus-eric-f

[50] https://embryo.asu.edu/library-congress-subject-headings/genetic-regulation

[51] https://embryo.asu.edul/library-congress-subject-headings/tabin-clifford-james

[52] https:/lembryo.asu.edu/library-congress-subject-headings/ingham-phil-w

[53] https://lembryo.asu.edu/library-congress-subject-headings/zebra-danio

[54] https://embryo.asu.edul/library-congress-subject-headings/genes

[55] https://embryo.asu.edul/library-congress-subject-headings/proteins

[56] https://lembryo.asu.edu/library-congress-subject-headings/gene-regulatory-networks

[57] https:/lembryo.asu.edu/library-congress-subject-headings/birth-defects

[58] https://embryo.asu.edul/library-congress-subject-headings/cancer

[59] https://embryo.asu.edul/library-congress-subject-headings/genetics

[60] https://lembryo.asu.edu/library-congress-subject-headings/vertebrates

[61] https://embryo.asu.edu/medical-subject-headings/genes-regulator

[62] https://embryo.asu.edu/medical-subject-headings/hedgehog-proteins

[63] https://embryo.asu.edu/medical-subject-headings/sonic-hedgehog-protein

[64] https://lembryo.asu.edu/topics/theories

[65] https://embryo.asu.edu/formats/articles



