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The secreted glycoprotein Sonic hedgehog (Shh) triggers a signaling cascade that is involved in
different aspects of the development of the early CNS, controlling cell differentiation, survival
and proliferation (reviewed in 1-3). Moreover, deregulation of this pathway has been implicated
in familiar (4,5), as well as sporadic cancers, which include basal cell carcinomas (BCCs) (6-12),
rhabdomyaosarcomas (RBs) (13), medulloblastomas (MBs) (14-18) an other types of brain tumors
(19) (reviewed in 1,20). The study of Gli protein function, as the last known mediator of HH
signlas has provided insights into how ventral differentiation takes place in the early CNS
(reviewed in 21) but also on how the ater dorsa brain grows (19). In this sense, if appears that
there is a redeployment of a pathway used early in CNS development ventrally to take a major
role in the growth ans possibly the shaping of the mgor dorsal structures of the brain. The
neocortex, the colliculi and the cerebellum as evolutionarily plastic structures that share the action
of SHH from differentiated cells on precursors populations found at a distance. The SHH-GLI
pathway, and in particular the function of each of the three GLI proteins thus appears to be
critical in many aspects of pattern formation, including overall growth by affecting precursor cell
number. On one hand, our studies of the Gli proteins have also taken us to investigate the role of
these proteins in forebrain development, where their misfunction may underlie cases of
holoprocencephaly. On the other hand, our studies and those of our colleagues indicate that
inappropriate function of these GLI transcription factors leads to the initiation of avariety of
tumors, including basal cell carcinomas, medulloblastomas and possibly gliomas. We propose
that one of the major roles the SHH-GL I pathway plays in anima development is the modulation
of precursor cell number, which in the correct scenarios leads to correct growth and pattern.
Opposite defects in this pathway would therefore provoke diseases of mispatternig and
undergrowth, such as holoprosenchephaly, and diseases of mispatterning and overgrowth, such as
brain cancer.

References:

1. Ruiz i Altaba A. (1999) Gli proteins and Hedgehog signaling: development and cancer.
Trends Genet 15, 418-25.

2. Ingham PW, McMahon AP. (2001) Hedgehog signaling in animal development: paradigms
and principles.

Dev. 15, 3059-87.

3. Ruizi Altaba, A., Pdma, V. and Dahmane, N. (2002). Hedgehog signaling and the growth of
the brain. Nature Rev. Neurosci. 3, 24-33.

4. Hahn, H., et a. (1996). Mutations of the human homolog of Drosophila patched in the nevoid
basal cell carcinoma syndrome. Cell 85, 841-851

5. Johnson, R.L., et a. (1996). Human homologue of patched, a candidate gene for the basal cell
nevus syndrome. Science 272, 1668-1671

6. Gailani, M.R, et a. (1996). The role of the human homologue of Drosophila patched in
sporadic basal cell carcinomas. Nat. Genet. 14, 78-81

7. Dahmane, N., Lee, J, Robins, P., Heler, P.,, Ruiz i Altaba. A. (1997) Activation of the
transcription factor Glil and Sonic hedgehog signaling pathway in skin tumours. Nature 389,
876-881



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Unden, A.B., Zaphiropoulos, P.G., Bruce, K., Toftgard, R., Stahle-Backdahl, M. (1997).
Human patched (PTCH) mRNA is over-expressed consistently in tumor cells of both familia
and sporadic basal cell carcinoma. Cancer Res. 57, 2336-2340

Wolter, M., Reifenberger, J., Sommer, C., Ruzicka, T., Reifenberger, G. (1997). Mutations in
the human homologue of the Drosophila segment polarity gene patched (PTCH) in sporadic
basal cell carcinomas of the skin and primitive neuroectodermal tumors of the central nervous
system. Cancer. Res 57, 2581-2585

Xie, J, et d. (1997) Mutations of the PATCHED gene in severd types of sporadic
extracutaneous tumors. Cancer Res. 57, 2369-2372

Xie J, et a. (1998). Activating Smoothened mutations in sporadic basal-cell carcinoma.
Nature 391, 90-92

Reifenberger, J., et a. (1998). Missense mutations in SMOH in sporadic basal cell
carcinomas of the skin and primitive neuroectodermal tumors of the central nervous system.
Cancer Res. 58, 1798-1803

Hahn, H., Wojnowski, L., Zimmer, A.M., Hdl, J, Miller, G., Zimmer, A. (1998).
Rhabdomyosarcomas and radiation hypersensitivity in a mouse model of Gorlin syndrome.
Nat. Med. 4, 619-622

Raffel, C., Jenkins, R.B., Frederick, L., Hebrink, D., Alderete, B., Fults, D.W., James, C.D.
(1997). Sporadic medulloblastomas contain PTCH mutations. Cancer Res. 57, 842-845
Pietsch, T., et a. (1997) Medulloblastomas of the desmoplastic variant carry mutations of the
human homologue of Drosophila patched. Cancer Res. 57, 2085-2088

Dahmane, N., Ruiz i Altaba, A. (1999). Sonic hedgehog regulates the growth and patterning
of the cerebellum. Devel opment 126, 3089-3100.

Wallace, V.A. (1999). Purkinke-cell-derived Sonic hedgehog regulates granule neuron
precursor cell proliferation in the developing mouse cerebellum. Curr. Biol. 9, 445-448
Wechder-Reya, R.J., Scott, M.P. (1999). Control of neuronal precursor proliferation in the
cerebellum by Sonic hedgehog. Neuron 22, 103-114

Dahmane, N., et d. (2001). The Sonic-Hedgehog-Gli pathway regulates dorsal brain growth
and tumorigenesis. Development 18, 5201-5212

Goodrich, L.V., Scott, M.P. (1998) Hedgehog and patched in neural development and
disease. Neuron 21, 1243-1257

Jessell, T.M. (2000). Neuronal specification in the spinal cord: inductive signals and
transcriptional codes. Nat Rev Genet 1:20-9.

Reviews:
Ruiz i Altaba A. (1999) Gli proteins and Hedgehog signaling: development and cancer. Trends
Genet 15, 418-25.

Ruiz i Altaba, A., Pama, V. and Dahmane, N. (2002). Hedgehog signaling and the growth of the
brain. Nature Rev. Neurosci. 3, 24-33.

Original Articles:
Dahmane, N., Ruiz i Altaba, A. (1999). Sonic hedgehog regulates the growth and patterning of
the cerebellum. Development 126, 3089-3100.

Dahmane, N., et d. (2001). The Sonic-Hedgehog-Gli pathway regulates dorsa brain growth and
tumorigenesis. Development 18, 5201-5212



