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The roles of Brel, a histone H2B ubiquitin ligase, in the

neural precursor cell proliferation and differentiation
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Major three types of cells in the mammalian central nervous system, neurons,
oligodendrocytes and astrocytes, are derived from undifferentiated multipotent neural stem
cells (NSCs) during the development under the control of several extrinsic signaling
pathways. Serial and simultaneous activation of FGF signaling, canonical Notch signaling,
Whnt/B-catenin signaling, JAK-STAT signaling and so on are critical for the proper
production and arrangement of massive amount of neurons and glia. However,
accumulating evidence shows that identifying those extrinsic signaling pathways is not
sufficient to understand molecular mechanisms regulating the proliferation and
differentiation of neural precursor cells in the embryonic brain, and that cell intrinsic
programs play essential roles in defining the cell responsiveness to extrinsic cues. Recently,
epigenetic regulations, such as DNA methylation and histone modification, draw much
attention because they may determine the cell fate during development.

One of histone modifications, histone ubiquitylation is also known to be involved
in the regulation of gene expression. For example, mono-ubiquitylation of histone H2B that
is mediated by an E3 ubiquitin ligase, Brel, leads to a change of chromatin state. The
structure of Brel homologues is conserved in diverse organisms, which consists of three
coiled-coil domains and a RING (really interesting new gene) finger domain, one of E3
signature motifs. Although there are several reports showing that Brel is an important factor
for cell proliferation and fate determination, function of Brel and H2B mono-ubiquitylation
in neural stem cells and in neural development remains to be investigated.

First, the author analyzed the expression pattern of Bre/ in embryonic mouse
brains and revealed that Bre!/ was homogeneously expressed in the forebrain at E10.5 and
E12.5. In later stages of the development, Bre/ mRNA, detected by in situ hybridization, is
enriched in the ventricular zone/subventricular zone (VZ/SVZ), where neural stem and
progenitor cells are abundantly present. In addition, double staining for Bre/ mRNA by in
situ hybridization and BrdU by immunostaining showed the colocalization of Bre/ mRNA
and BrdU in cells in the VZ/SVZ, suggesting that Bre! was strongly expressed in dividing
neural stem/progenitor cells.

Next, he conducted Brel loss-of-function experiments both iz vitro and in vivo, in
which he employed an shRNA-mediated RNA interference strategy. To analyze the Brel
function in neural stem cells, he examined the effect of Bre/ knockdown on the proliferation
and self-renewal of nerual stem cells derived from the ganglionic eminence of E14.5 mouse
brains and found that expression of Brel-shRNAs in neurosphere cells resulted in the
suppression of cell proliferation and downregulation of PCNA, a proliferation marker
protein. Then, he investigated in vivo roles of Brel in neural precursor cells in the
developing mouse brain by in utero electoporation at E13.5 using knockdown plasmids,
which express Bre1l-shRNAs under the mouse U6 promoter and GFP under the human PGK
promoter. He found that the knockdown of Brel led to the decreased number of EdU



incorporating dividing cells at E14.5. In addition, although Bre! knockdown did not have
significant effect on the population of Pax6 positive apical progenitor cells, the number of
Tbr2 positive basal progenitor cells was significantly reduced in Brel-shRNA-transfected
brains. Furthermore, he found that the knockdown of Bre! resulted in a remarkable decrease
of GFP" cells that migrated from the VZ/SVZ into CP as compared to control brains that
received Luc-shRNA at E16.5. On the contrary, significantly more GFP" cells remained in
the VZ/SVZ after the electroporation of Brel-shRNAs than that of Luc-shRNA. At PO,
however, most Brel-shRNA expressing cells migrated out from VZ/SVZ and reached outer
cortical plate, although the distribution of these cells was slightly different from that of
Luc-shRNA expressing cells. Additionaly, he found that Brel knockdown led to a
significant increase of Tbr2 positive cells in the intermediate zone at E16.5. These resluts
suggested that Brel modulate the migration and differentiation of neural precursor cells
during development. ‘

Finally, he analyzed Nestin-Bre1-EGFP transgenic mouse embryos, in which Bre!
is over-expressed in neural precursor cells, and found that the proliferation of neural
precursors was decreased.

Taken together, his study suggests that histone H2B mono-ubiquitylation and
subsequent H3 ftri-methylation by Brel plays important roles in the proliferation,
maintenance and differentiation of neural stem and progenitor cells in the developing brain.
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ENTNE.INETIKHMEEMERET O HLABREAFNEAEEINTEZ.LALENS,
FNSORTOEEDATRBEEOHBEANDOSEFENHELVW I EN N >TBHED,
HBANENREENEETHE I ENbMho TS, ifFE. LEPxXT 4 v I RERTF
ODREHRAGVNEHZED TR, AMETRIED2XT A v IRFO—DOTHD
histone H2B ubiquitin ligase., Brel WHFH L T. HREHMOMEHMIE - ailMRICE T
LHHEREOMBAZHEL 2.

In situhybridization iC X B REMHAN S, BEMO YT AWITB N TIE Brel ANJLH
FICoMLTWBZENDMo/z. BMTH, BEOPHLKEN S IIWHRZFIBMETED
BWREMNMNBD SN, £z, Brel N7 HMBPICBNTHRIEEHL TSI LZ2REBL
7z

ABFFETIIEIC Brel OBRERRERICI VBB ZITo . Brel /v 77T bR D
ZIFRICREBIRE D PRER RO NRETH o722, Brel-shRNA OFEHR R I
B ERERNWT in vitro, in Vivo liETY T A ZRAWTHEFZTo =,

Invitro TOMEFTIX. Neurosphere 52 AW T Brel 2/ v 7 ¥ > LU= OME 85
WRIETEEEMM LIz, Brel 2/ v 757 2 LEBICHRIEIEITEK > T neurosphere J&
REEZFARD E. IO )L ELRBLTBrel @/ w7570k > THERICHEEN
HiHENnEz, TNRESEMBOY - —THBPINAREBHEL RXIVOETEM,E> T,

In vivo TOMEWTIX. in utero electroporationiC &k ¥ <7 ZRVEAE~ shRNA O E A
BITW/) v I K BEEERFEN LUz, BdU OBRDIABIC I > THRMEZFML &
EZAL invivolTBWTH Brel O/ v ¥ ICio THIASERMNMF N, £z,
HREAMBEMBEOEAE RS &, Paxb BEOMBENS XD SbDOEAT Torl BHEMBEAD
BITAMEINTWeE, I5ICBrel 2/ v 78T LEKE, RMBOEHITENNE
CBZEbHENERS T, ZHNHEDZ L. Brel /v ¥ T ks THIRESMEDE
FRBTFesNEl L ERBT S,

Fim, MEBHRE—h—TdHs Nestin 7OE—F—DFTBrel 2 @BFEHKHEITZ KT
VAP IR URAEEHL, Brel OBBRRICLOIEEEMIT LIz, El4.5 ONZE A
WTHHT L& 2%, Brel OBERRIC L > THHMBA R REIT/RD . BALEE D 54
s ENbho iz,

LED /)y BIUOEBHBRRRZOBHMNS REMORITBNWTREYZL )T
Brel MBHITHI Lo THIRARSHENFAGT IND Z ENRBREINT,
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