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Switching mouse neural stem cells to a
primate-like behavior

August 7 2015

A four-day-old mouse. Credit: Wikipedia/CC BY-SA 3.0

When the right gene is expressed in the right manner in the right
population of stem cells, the developing mouse brain can exhibit primate-
like features. In a paper publishing August 7th in the Open Access
journal PLOS Biology, researchers at the Max Planck Institute of
Molecular Cell Biology and Genetics (MPI-CBG) succeeded in
mimicking the sustained expression of the transcription factor Pax6 as
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seen in the developing human brain, in mouse cortical progenitor cells.
This altered the behavior of these cells to one that is akin to that of
progenitors in the developing primate neocortex. Consequently, the
mouse progenitors generated more neurons - a prerequisite for a bigger
brain.

The neocortex consists of different types of progenitors, but one
particular class, the basal progenitors, behave differently in small-
brained animals such as mice than in large-brained animals such as
humans. In humans, basal progenitors can undergo multiple rounds of
cell division, thereby substantially increasing neuron number and
ultimately the size of the neocortex. In mice, these progenitors typically
undergo only one round of cell division, thus limiting the number of
neurons produced. A potential cause underlying this difference in the
proliferative capacity of basal progenitors could be the differential
expression of Pax6 between species. Mouse basal progenitors, in contrast
to human, do not express Pax6. "We were very curious to see what
would happen if we were to change the expression pattern of Pax6 in
developing mouse brain to mimic that observed in large-brained
animals", says Fong Kuan Wong, a PhD student in the lab of Wieland
Huttner and first author of the study.

To this end, another PhD student in the lab, Ji-Feng Fei, generated a
novel transgenic mouse line. This line provided the basis for altering the
expression of Pax6 in the cortical stem cell lineage such that it would be
sustained in basal progenitors. The researchers then introduced the Pax6
gene into the stem cells of these mice. Strikingly, sustaining Pax6
expression in mouse basal progenitors increased their capacity to
undergo multiple rounds of cell division, as typically observed in
primates. This not only expanded the size of the basal progenitor
population in a way somewhat reminiscent to what is seen in large-
brained animals. It also resulted in an increase in cortical neurons,
notably those in the top layer, another characteristic feature of an
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expanded neocortex.

"The evolutionary expansion of the neocortex is a hallmark of species
with higher cognitive functions. Our findings contribute to our
understanding of the molecular mechanisms underlying this expansion",
explains Wieland Huttner, the research group leader and director at the
MPI-CBG. While the findings demonstrate how altering the expression
of a single key gene can make a big difference to brain development, a
future challenge will be to obtain a comprehensive, integrated view of all
the molecular changes that made our brains big.

More information: Wong FK, Fei J-F, Mora-Bermudez F, Taverna E,
Haffner C, Fu J, et al. (2015) Sustained Pax6 Expression Generates
Primate-like Basal Radial Glia in Developing Mouse Neocortex. PLoS
Biol 13(8): €1002217. DOI: 10.1371/journal. pbio.1002217
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