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Insulin receptor substrate 1 is an effector of sonic hedgehog
mitogenic signaling in cerebellar neural precursors

Susana R. Parathath™*, Lori Anne Mainwaring"#*, Africa Fernandez-L", Dane Ohlosson Campbell and
Anna Marie Kenney'23"

Sonic hedgehog (SHH) and insulin-like growth factor (IGF) signaling are essential for development of many tissues and are
implicated in medulloblastoma, the most common solid pediatric malignancy. Cerebellar granule neuron precursors (CGNPs),
proposed cells-of-origin for specific classes of medulloblastomas, require SHH and IGF signaling for proliferation and survival during
development of the cerebellum. We asked whether SHH lates IGF pathway c in proli ing CGNPs. We report that
SHH-treated CGNPs showed increased levels of insulin receptor substrate 1 (IRS1) protein, which was also present in the germinal
layer of the developing mouse cerebellum and in mouse SHH-induced medulloblastomas. Previous roles for IRS1, an oncogenic
protein that is essential for IGF-mediated proliferation in other cell types, have not been described in SHH-mediated CGNP
proliferation. We found that IRS1 overexpression can maintain CGNP proliferation in the absence of SHH. Furthermore, lentivirus-

diated knock down experi have shown that IRS1 activity is required for CGNP proliferation in slice explants and dissociated
cultures. Contrary to traditional models for SHH signaling that focus on gene transcription, SHH stimulation does not regulate /rs1
transcription but rather stabilizes IRS1 protein by interfering with mTOR-dependent IRS1 turnover and possibly affects Irs7T mRNA
translation. Thus, we have identified IRS1 as a novel effector of SHH mitogenic signaling that may serve as a future target for
medulloblastoma therapies. Our findings also indicate a previously unreported interaction between the SHH and mTOR pathways,
and provide an example of a non-classical means for SHH-mediated protein regulation during development.

@ @ . Fig. 7. Model suggesting how SHH mediates
IRS1 expression during CGNP proliferation. In
A Y i the absence of SHH, IGF signaling sends survival

cues through IRS2 and/or GAB1 and PI-3K signaling

(left panel). IRS1 mRNA is present. In the presence

ARSI . ‘_L\\ of SHH, IRS1 is upregulated by a mechanism that
¥ may nvolve both enhanced translation and protein

CCI ) [ e sablizaion. SHH sablizes RS1 protein by
N ¥ inhibiting mTOR-mediated activation of S6K, which
is known to phosphorylate IRS1 leading 1o its
oK \

degradation.
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Identification of Sonic Hedgehog—Responsive Genes
Using cDNA Microarray

Sonichedgehog (Shh)isa secreted signaling protein
thatplays importantrolesin a variety of developmen-— cp
tal processes and also in pathogenesis of some human
cancers and congenital diseases. Molecules that func—

tion downstream of Shh,however, still remain elusive. -
Here we searched for Shhresponsive genes by using ge
an in-house cDNA microarray. Two genes were newly [
identified to be Shh responsive in neuroepithelial cell Ck: hd
line MNS-70:the metal-binding protein Ceru/op/asmin ;v 4
(Cp) and the serine protease inhibitor /nterw=trypsine os

inhibitor heavy chain H3(ITIH3). In MNS-10 cells, ex-

pression of /T/H3 was regulated by Gli zincfinger (4
transcription factors downstream of Shh, whereas Cp A B
appeared to be regulated by Gliindependent path- o -

ways. Co mRNA was detected in the developing mouse ~"._: o

brain, where its expression domain was closely adja-
cent to that of Shh. These results demonstrate that

microarray technology provides a useful tool for 8
studying expression of developmentally regulated \:‘ £

Yy
genes. <©2001 Elsevier Science
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Thbx 71, aDiGeorge Syndrome Candidate Gene,
Is Regulated by Sonic Hedgehog during
Pharyngeal Arch Development

Vidu Garg,* Chihiro Yam agishi *t' Tonghuan Hu.*t
Irfan S. Kathiriya*t Hiroyuki Yamagishi *t and D eepak Srivastava*t®
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FIG. 4. Thx! expression is downreputated in the pharyngeal arches of Shh-null mouse embryos. Thx) expression in E10.5 embryos by

(A,B.E.F)und

in st

of coronal sections (C, D. G, H). Thx! expression in the mesodermal core of

the pharyngeal arches (arrows) in Shh-null embryos (E. F) was decreased compared to wild-type embryos (A, B). while expression was
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Figure 1. The Biphasic Effect of Wnt Signaling in Cardiac Mesoderm
Induction and Myocardial Diffe rentiation

The role of Wnt signaling in cardiovascular lineage specification and differen-
tiation is depicted in the context of the expression of mesoderm and cardiac
transcription factors during embryogenesis. cTnT, cardiac troponin T.

Wu SM, Mesp1 at the heart of mesoderm lineage specification. Cell Stem Cell 2008 3: 1-2, 2008.
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