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Precisely controlled dendrite morphogene-
sis ensures proper neural circuit assembly
and neural network integrity during devel-
opment. In the cerebral cortex, dendrite
morphogenesis usually starts after neuronal
migration is complete. Insufficient den-
dritic branching has been observed in a
variety of neurodevelopmental disorders,
including autism and Rett syndrome (Arik-
kath, 2012). Much progress has been made
to identify the molecular and cellular mech-
anisms that promote dendritic growth and
branching (Jan and Jan, 2010; Dong et al.,
2015). However, our knowledge of genes
that restrain dendritic morphogenesis re-
mains sparse, and our understanding of
how this restraint is regulated in concert
with migration remains to be elucidated.
One potential point of interaction be-
tween networks promoting and inhibiting
dendrite growth is Sox11, a member of the
Sox family of transcription factors that play
diverse roles in neural development (Kama-
chi and Kondoh, 2013). Sox11 is essential
for neuronal proliferation in sympathetic

Received July 29, 2016; revised Sept. 5, 2016; accepted Sept. 7, 2016.

S.M. was supported by National Science Foundation Graduate Research
Fellowship Grant 1144247 and the American Association of University
Women American Dissertation Fellowships. We thank Drs. Yuh-Nung Jan,
Lily Jan, Gabriel McKinsey, and Kaela Singleton for providing feedback dur-
ing the preparation of the manuscript.

The authors declare no competing financial interests.

*S.M. and C.C. contributed equally to this work.

Correspondence should be addressed to Shan Meltzer, University of Cal-
ifornia, San Francisco, 1550 4th Street, Room RH-490D, San Francisco, CA
94158. E-mail: shan.meltzer@ucsf.edu.

DOI:10.1523/JNEUR0SCI.2425-16.2016
Copyright © 2016 the authors  0270-6474/16/3610726-03$15.00/0

ganglia (Potzner et al., 2010), maintaining
progenitor pools, and promoting neuronal
differentiation (Chen et al., 2015, 2016).
Mutations of Sox11 in humans causes Cof-
fin-Siris syndrome, a congenital disorder
characterized by intellectual disability, mi-
crocephaly, and other growth defects
(Tsurusaki et al., 2014). Moreover, the ex-
pression of Sox11 dramatically decreases
when dendritic morphogenesis is initiated af-
ter dorsal migration in the cerebral cortex (Al-
len Brain Atlas, http://www.brain-map.org/).
Hence, Hoshiba et al. (2016) reasoned that
Sox11 is a strong candidate gene that may re-
strain dendritic morphogenesis during corti-
cal development.

To investigate this hypothesis, the au-
thors first examined the expression pat-
tern of Sox11 proteins in the context of
cortical development, when neurons mi-
grate to their destinations in one of the six
layers of the cortex. They found that the
level of Sox11 proteins rapidly decreased
after neurons entered the cortical plate.
Importantly, they also observed that den-
drite morphogenesis in neurons of layer
2/3 was initiated immediately following
the decrease of Sox11 protein level, sug-
gesting a link between the suppression
of Sox11 and the beginning of dendrite
morphogenesis.

To determine whether Sox11 sup-
presses dendrite morphogenesis, the au-
thors asked how reducing Sox11 levels in
layer 2/3 neurons affected dendrite devel-
opment in these neurons. They knocked
down Sox11 during cortical development

by introducing shRNA that specifically
targeted Sox11. Compared with control
neurons, neurons with reduced Sox11 ex-
pression had more complex dendritic
morphology after neuronal radial migra-
tion (postnatal day 1.5), supporting the
hypothesis that Sox11 inhibits dendrite
morphogenesis.

Because previous studies indicated that
precocious branching of neurites causes
radial migration defects in postmitotic
neurons (Guerrier et al., 2009), the au-
thors next investigated the effects of
Sox11 knockdown on radial migration.
As predicted, knocking down Sox11 in
neurons at an earlier time point (embry-
onic day 15.5) resulted not only in more
complex dendritic morphology, but also
a severe radial migration defect, sug-
gesting that constrained dendritic out-
growth is necessary for proper radial
migration.

To test whether the reduction of Sox11
expression is required for proper dendrite
morphogenesis after migration, Hoshiba et
al. (2016) investigated the consequences of
prolonging Sox11 expression to a develop-
mental stage when endogenous Sox11 was
no longer detectable in the cortex. Interest-
ingly, Sox11-overexpressing neurons dis-
played less complex dendrite morphology,
with no changes in the expression of cortical
layer markers. Together with the previous
results, this experiment strongly suggests
that downregulation of Sox11 is necessary
for proper dendrite morphogenesis after ra-
dial migration is complete.



Meltzer and Chen e Journal Club

Hoshiba et al. (2016) next investigated
the mechanisms responsible for Soxl11
downregulation, asking whether the ces-
sation of migration could trigger the re-
duction. Migrating neurons reach their
destination by moving along radial glial
cells via adhesion molecules, including
N-cadherin. Because loss of N-cadherin
function weakens the attachment between
migrating neurons and radial glial fibers
(Shikanai et al., 2011), the authors intro-
duced dominant-negative N-cadherin
to block migration. Transfected cortical
neurons that stopped in layer 5 had lower
levels of Sox11 than those of control layer
2/3, suggesting that the end of migration
causes the reduction of Sox11.

Hoshiba et al. (2016) have provided
compelling in vivo evidence that Sox11 in-
hibits dendrite morphogenesis to allow
proper radial migration during cortical
development (Fig. 1). How Sox11 inhibits
dendritic growth warrants further investi-
gation. There are two nonmutually ex-
clusive mechanisms whereby Sox11 may
inhibit dendrite morphogenesis and pro-
mote migration. First, Sox11 may drive
the expression of known signaling pro-
teins that inhibit dendrite outgrowth in
known signaling pathways, such as Slitla-
Robo2 signaling (Campbell et al., 2007),
Notch signaling (Dong et al., 2015), p35
(Guptaetal., 2003), Cdk5 (Ohshimaetal.,
2007), and chondroitin sulfate proteogly-
cans (Coles et al., 2011). Second, Sox11
may inhibit the expression of genes that
promote dendrite morphogenesis. For ex-
ample, Lisl, a protein that regulates the
microtubule motor protein dynein, is re-
quired for both neuronal migration and
dendrite arborization (Vallee and Tsai,
2006), and is upregulated in the absence of
Sox11 in the cerebral cortex (Wang et al.,
2013). It would be informative to test
whether the increase of Lis1 expression is
required for promoting dendrite out-
growth after the disappearance of Sox11
during cortical development. To get a
more comprehensive view of the down-
stream components of Sox11, a compari-
son of the gene expression profiles of
control neurons and neurons transfected
with Sox11-shRNA might provide useful
data and reveal novel regulators of den-
drite morphogenesis. Chromatin immu-
noprecipitation studies would also help to
define the genomic binding sites of Sox11
and may further narrow the list of candi-
date target genes. No matter which genes
are found downstream of Sox11, it would
be important to tease apart the roles of
Sox11 downstream components in pro-
moting migration and inhibiting dendrite
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Figure1.

Asummary of the findings of Hoshiba et al. (2016). High expression of Sox11in newly born neurons inhibits dendritic

morphogenesis and promotes migration into the cortical plate in the cerebral cortex. The authors propose that the end of
migration triggers the reduction of Sox11, thereby allowing dendrite morphogenesis. Precocious suppression of Sox11 expression
leads to migration defects as well as increases in dendritic growth. This suggests that Sox11 controls the balance between
dendrite morphogenesis and migration during development. VZ, Ventricular zone; SVZ, subventricular zone; IZ, intermediate

zone.

morphogenesis, as these two functions
may require separate cellular machinery.
This study also improves our under-
standing of the function of Sox11 during
cortical development, as it was thought
that Sox11 acts redundantly with Sox4,
another member of the SoxC transcrip-
tion factor family, during cortical devel-
opment. A previous study (Shim et al.,
2012) found that conditional knock-out
of Sox11 with Emx1-Cre active by embry-
onic day 9.5 did not lead to any changes in
the distribution of markers for the super-
ficial (Cux1) and deep (Ctip2) layer in
the somatosensory-motor cortex, whereas
Hoshiba et al. (2016) only looked at the
somatosensory cortex. However, a severe
migration defect was observed in Sox4
and Soxl11 double knock-out mutants,
suggesting that Sox4 can compensate for
the loss of Sox11 (Shim et al., 2012). In-
stead of using conditional knock-out,
Hoshiba et al. (2016) studied the role of
Sox11 using knockdown, but it is unclear
exactly how efficient the knockdown was.
These seemingly contradictory results
may also be attributable to fact that Sox11
was removed at different times, or to dif-
ferences in the remaining level of Sox11
expression in these two studies, as knock-
down usually does not reduce expression
levels as much as knock-out. Examining

the consequences of conditionally knock-
ing out (rather than knocking down)
Sox11, on dendrite morphogenesis might
address the different results observed in
these studies.

Hoshibaetal. (2016) proposed that the
end of migration triggers the reduction of
Sox11, based on their finding that the level
of Sox11 expression was reduced in layer 5
cells transfected with dominant-negative
N-cadherin, compared with those of con-
trol layer 2/3 cells. However, there are two
alternate explanations of this result. First,
the local signaling environment, instead
of the end of migration, might induce the
reduction of Sox11 in the neurons that
stopped migrating in layer 5. It is impor-
tant to note that the expression level of
Sox11 in deep layers is already signifi-
cantly lower than that in layer 2/3 at the
time of examination (Hoshiba et al., 2016,
their Fig. 2 B). Second, N-cadherin signal-
ing itself may promote the expression of
Sox11 in addition to its role in facilitating
migration. In this case, lower level of
Sox11 in neurons may be a result of re-
duced N-cadherin signaling, rather than
the end of migration. It would be infor-
mative to determine whether the level of
N-cadherin proteins is reduced after
migration. A comparison of the levels
of Sox11 proteins in control layer 2/3
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neurons and neurons overexpressing
N-cadherin may also help to address
this possibility. If N-cadherin signaling
is indeed upstream of Sox11, the neu-
rons overexpressing N-cadherin will
have prolonged Sox11 expression after
migration. Excluding these two alterna-
tive possibilities is necessary to solidify
the conclusion that end of radial migra-
tion triggers the decrease of Sox11.

Are there other regulators that may trig-
ger the reduction of Sox11? Little is known
about how the expression level of Sox11 is
regulated during neural development. Pre-
vious studies indicate that Sox11 expression
is sensitive to promoter methylation, the
level of which changes as development
progresses in the mouse brain (Pamnani et
al., 2016). In cultured rat cortical neurons,
Sox11 is also regulated by microRNAs,
which post-transcriptionally fine-tune the
expression of their target genes (Haenisch et
al., 2015). Hence, it would be of great inter-
est to examine whether dynamic DNA
methylation or post-transcriptional modifi-
cation could regulate the Sox11 expression
level in vivo during cortical development.

In conclusion, the study presented by
Hoshiba et al. (2016) shows that Sox11
inhibits dendritic morphogenesis of excit-
atory neurons, thus facilitating their mi-
gration during cortical development. This
work opens new doors for future investi-
gations of the molecular mechanisms un-
derlying the balance between dendrite
morphogenesis and migration. This study
makes an important contribution to our
basic understanding of how neurons bal-
ance morphogenesis and other develop-
mental processes.
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