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Multiple functions of Olig2 transcription factor in
neural development and possible mechanism underlying

generation of diversity in Olig2 function
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Ultimate aim of this study is to understand the human brain function and development. For that purpose,
the author investigated neural cell development, neuron-glia specification and neural circuit formation in
the brain development using mouse central nervous system. Nervous system is composed of neurons and
glial cells, which are generated from common neural stem/progenitor cells during development and
adulthood. To investigate the mechanisms underlying generation of neurons and glial cells, he focused
on Olig2 transcription factor.

Olig2 is a basic helix-loop-helix transcription factor, which is essential for motoneuron and
oligodendrocyte (OL) development. In addition, Olig2-positive progenitor cells in the embryonic spinal
cord give rise not only to motoneurons and OLs, but also to a subset of astrocytses and ependymal cells,
indicating that Olig2-positive progenitor cells have a multipotency; however molecular mechanisms
generating the selection among these multiple cell lineage choice is not well understood. Accordingly,
the aim of this study is to understand the function of Olig2 transcription factor in neural development
and mechanism underlying generation of diversity in Olig2 function.

To understand these, he investigated Olig2 function at the molecular level focusing on phosphorylation.
He first identified Olig2 at Ser14 as a functional phospho-site by using NetPhosK 1.0 and NetPhos 2.0
phospho-site searching and point mutagenesis study (mutating serine to alanine). In addition, JNK, Cdk5
and GSK38 were identified as novel kinases for phosphorylation of Olig2 at Serl4 by in vitro assays. To
investigate the role and function of this phosphorylation in OL development, ir ovo electroporation
experiment was carried out using chick embryo. Olig2 nonphospho-form (S14A; mimicing Olig2
dephospho-form at Serl4) was electroporated at E3 (HH stage 18-20), and analyzed at E5 (HH stage
25-26). Ectopic expression of myelin basic protein (MBP) gene expression was observed only in
nonphospho-form of Olig2 (S14A)-electroporated chick embryonic spinal cord at ES, but not in Olig2
(wildtype; normal Olig2). Interestingly MBP promoter was activated in vivo only by nonphospho-form
of Olig2 (S14A). Inhibition of GSK38 and CdkS kinase activities also induced ectopic MBP expression
in chick embryo at E5. Depending on the phospho-state of Olig2 at Ser14, Olig2-interacting molecules
dramatically changed their activities for binding to Olig2. Sox10, E2.5 (E47), Hes5 and Zfp488 bound to
phospho-state of Olig2 at Serl4. On the other hand, Ngn2, 1d1/2/3/4, Hes1, p300 and Mash1 bound to
nonphospho-state of Olig2 at Ser14. These data suggest that OL development-promoting effecters, such
as Sox10 and Zfp488, are inhibited by binding with phospho-state of Olig2. After dephosphorylation
inhibitory effecters, such as Hesl and Ids, on OL differentiation are repressed by binding with
dephospho-state of Olig2 during OL development. Among them, Hesl and Hes5 are novel
Olig2-binding molecules, which were identified by Olig2 proteomic analysis. These data suggests that
Olig2-interacting molecules regulate OL differentiation by binding to either phospho or dephospho-state
of Olig2.

Next, he analyzed Olig2 function in vivo using Olig2 knockout mouse. He found the novel phenotype
of Olig2 knockout mouse, which shows increased number of apoptotic cells in the dorsal root ganglia at
early developmental stage (E10.5). Since motoneuron is absent in Olig2 knockout mouse, this is a good
model to understand the role of motoneuron on sensory neuron development.
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In order to investigate the role of motoneuron on early sensory neuron development, he analyzed
sensory neuron phenotypes in the dorsal root ganglia of Olig2 knockout embryos. Here, he report
abnormal phenotypes in the sensory neurons of Olig2 knockout mouse. Decreased number of
TrkB-positive mechanoreceptive, TrkC-positive and Runx3-positive proprioceptive neurons at E13.5 and
the increased number of apoptotic cells at E10.5 were observed in the dorsal root ganglia of Olig2
knockout mice. Abnormal axonal projections of peripheral and central branches of dorsal root ganglia
neurons were also observed in Olig2 knockout mice at E10.5 and E15.5 respectively. To understand the
motoneuron-derived factor, which regulates sensory neuron development, he focused on neurotrophin-3
(NT-3), because NT-3 and its receptors (7¥k) are strongly expressed in motoneurons and SEnsory neurons
respectively. The significance of motoneuron-derived NT-3 was analyzed using N7-3 conditional
knockout embryo, in which he observed decreased number of TrkC-positive and Runx3-positive
proprioceptive neurons at E13.5, increased apoptotic cells in the dorsal root ganglia at E10.5 and
abnormal axonal projection of the central branch at E15.5 in N7-3 conditional knockout mice. These
phenotypes were comparable to that of Olig2 knockout embryo. Taken together, he show that
motoneuron is a functional source of NT-3, and motoneuron-derived NT-3 is an essential neurotrophin
for survival and axonal projection of sensory neurons. This demonstrates that Olig2 indirectly regulates
neural circuit formation. Taken together, this study shows the importance of a motoneuron-derived factor

in the sensory-motor circuit formation.
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WH, HEERAUIFY ROV MREH - — O ORE - MERLBETH 5 BEEE
Folig2 ICESAZY T, Dolig2 U BENFTYITF > RFOYv 1 hOFEE - LR~
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(1) £9, HESFRY CBRERMEFPR IO ACLOEBEERT - olig2dSers, 10, 14
WY B ENBZEETFRIL. MIERATY >BIEEINB T ERFTHL~E, FNT, olig?
DSerl4z ) BT EIERLLTCSKIB R, TDT T4 3 /K E L TINKECIE R
FLRE. RiZoligqd b D BILEMOEEBELZHASMTTEIEDIC,. ZU NI KED
BHICHY DB EBoliglZ2BRIMERBEI®E, TOHKE. BY BB oligiTREA U
IF>ROYA MO —H—3FTHAMBPEFEL =, £/, GSK3 8. CAkEDRIFEMALIC
KXo THBMPRFEINZZENS.0lig2DSerl4D Y D BALAREAY IF > oY
MO ILFEZFER T ENHSNE o, RICHBEERIZOS FHEEZBH SN
9502, oligifsGEBEMNSerldD ) VBALREBIZK > TEALTEINES M EHKH
Ule TOHEE, Soxl0, E2.5, HesbB L OIipd88id U > B Bolig2ili<ERT B DI
%f L. Ngn2, Hesl, Idl, [d2, 1d3, Id4, p300B L MashliZ U > B Bolig2iciR < #
BIBHIEEZRHELEZ. 2OXDIIC, HEF Zolig2MNSerl4D ) BIREBOELIZHET
TEMNEAEZ2ZEZ., FVITFT ROV bAOMEFEICEELRGHE2RA-TZ L2 E
H U7,

(2) Kiz., HEZFE WS olig2®O YT AFEKICBITBHEEZHSNTTH2DIT, oligd/ v
7RI TRAERKL. BREEEEIL) OFHMBBEHETG OROICB W TEREMZMEK
DTRI—ANEMLTNBEZE, BEXOLTOWMBRREFANRETHH I LEE2RHLE,
0lig /w7 MY U AREEH 2 —OVRRERRELTNS I EMSBREHEME
OB EH o -0 PEELTVWEOTRAEAVNMEHRIL =, HEZEIESH =2 —
OXHATLARHBERERFNI-3DNRAENICESEEHLTWAZLIHEHL., EEHRHEE
ONT-3MBEHEOT R b — L X2 ML, MRFBCEELGHAERZLTOD DR
WHERREL Tz, ARFAZAHATZ2DIC, N30T 4 2aF /v IT7TER
TDAZERL., EFHRENEETLIEHMIARENYINI-3Z2REBI®Z. ZOHE. olig?
JuZ 7Y RNIIATRSNE “BEMBEOTRR—3 2" BEO “BR &0 R%E /26
REFH” NRDENE, LLEOERENS, EFHHBEHKONT-3VREHZEOEE, BLY
RN (MREIRER) WEELRREEZRZTZENYDTHS Mz o= (Usui et al,
Development in press).
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