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Brain-specific Foxp1 deletion impairs neuronal development
and causes autistic-like behaviour
C Bacon1,2, M Schneider3,7, C Le Magueresse2,4,5,7, H Froehlich1,2, C Sticht6, C Gluch3, H Monyer2,4 and GA Rappold1,2

Neurodevelopmental disorders are multi-faceted and can lead to intellectual disability, autism spectrum disorder and language
impairment. Mutations in the Forkhead box FOXP1 gene have been linked to all these disorders, suggesting that it may play a
central role in various cognitive and social processes. To understand the role of Foxp1 in the context of neurodevelopment leading
to alterations in cognition and behaviour, we generated mice with a brain-specific Foxp1 deletion (Nestin-CreFoxp1− /−mice). The
mutant mice were viable and allowed for the first time the analysis of pre- and postnatal neurodevelopmental phenotypes, which
included a pronounced disruption of the developing striatum and more subtle alterations in the hippocampus. More detailed
analysis in the CA1 region revealed abnormal neuronal morphogenesis that was associated with reduced excitability and an
imbalance of excitatory to inhibitory input in CA1 hippocampal neurons in Nestin-CreFoxp1− /− mice. Foxp1 ablation was also
associated with various cognitive and social deficits, providing new insights into its behavioural importance.
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INTRODUCTION
Dysfunction of motor, social, sensory and cognitive aspects play a
major role in autism spectrum disorder (ASD) and intellectual
disability (ID). A high comorbidity is often observed between these
disorders, suggesting that mutations in critical genes can cause a
spectrum of neuropsychiatric phenotypes.1 The Forkhead box
transcription factor FOXP1, for example, has been linked to various
cognitive disorders. FOXP1-specific deletions, mutations and
chromosomal breakpoints interrupting the gene have been
reported in patients with ID, ASD, speech and language deficits,
and motor development delay.1–5 Collectively, these studies have
provided strong evidence for FOXP1 mutations underlying specific
cognitive phenotypes; however, the importance of FOXP1 in brain
function remains largely undefined.
FOXP1 is a member of the Forkhead Box P (FOXP) subfamily of

transcription factors, which also includes FOXP2.6 The role of
FOXP2 in human speech and language has generated extreme
interest 7 and the emerging evidence now implicating FOXP1
in the pathology of language impairment as well as a broader
range of human cognitive disorders is intriguing. FOXP1 and
FOXP2 form heterodimers for transcriptional regulation8 and
are co-expressed in many brain regions,9,10 suggesting that they
co-operate in common pathways for cognitive and language
development.
Animal models often pave the way to understanding a human

disorder at the causal and mechanistic level. Several mutant and
knockout (KO) Foxp2 mouse models have been generated to
elucidate the role of Foxp2 in brain development, revealing
insightful phenotypes including developmental delay, motor impair-
ment, cerebellar abnormalities and disrupted synaptic plasticity in

the striatum.11–13 These studies have helped to establish a role for
Foxp2 in the development of neural circuits contributing to
language development and possibly wider cognitive function.
Animal models are not yet available to investigate the role of
Foxp1 in brain development, although a conventional Foxp1 KO
mouse, which is lethal at embryonic day (E) 14 because of a
cardiac defect,14 has illustrated the importance of Foxp1 in a range
of non-neural developmental processes15 and in the development
of motor neurons in the spinal cord.16

In this study, we report the generation and characterisation of
mice where Foxp1 is deleted specifically in the brain. Nestin-
CreFoxp1− /−mice are viable and hence are suitable to address
Foxp1 function in brain development.

MATERIALS AND METHODS
Generation of a conditional Foxp1 KO mouse
Homozygous floxed Foxp1 mice17 were crossed with Nestin-Cre deleter
mice18 heterozygous for the floxed Foxp1 allele, producing 25%
homozygous Foxp1 KO, 25% heterozygous Foxp1 KO and 50% wild-type
(WT) offspring. All mice were C57 Bl6.

Immunohistochemistry and quantification of striatal region
Immunohistochemistry was performed on paraffin sections of E14, E16 and
E18, postnatal day (P) 1 and 21, and adult brains (see Supplementary
information). Striatal area was quantified using the freehand tool
in ImageJ (US National Institutes of Health, Bethesda, MD, USA). Tyrosine
hydroxylase staining was used to define the striatal area for quantification.
The striatal area was normalised to the total brain area.
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Affymetrix mRNA microarray
Tissue preparation (P1 striata), RNA isolation, gene expression profiling
and data analysis was performed as described in the Supplementary
information.

Electrophysiological analysis of CA1 hippocampal pyramidal
neurons
Electrophysiological analyses were performed on 250 μm transverse hippo-
campal slices of Foxp1 KO and WT mice aged between P18 and P25 (see
Supplementary information).

Behavioural analyses of Foxp1 KO mice
A total of 49 adult male mice aged between 8 and 18 weeks (WT: n=34;
Foxp1 KO: n=15) were used in behavioural tests and animals were age-
matched as much as possible for each individual test. Tests for locomotor
activity, repetitive behaviours, non-spatial and spatial short-term memory,
anxiety, social interaction, prepulse inhibition (PPI) of the acoustic startle
reflex (ASR), and nestbuilding behaviour were performed and analysed
as described in the Supplementary information. Social interaction was
assessed in an open field apparatus with a same-sex juvenile partner.

RESULTS
We deleted Foxp1 specifically in neural tissues using the Cre-Lox
system to generate a conditional Foxp1 mutant mouse, Nestin-
CreFoxp1− /− . Immunohistochemistry confirmed a loss of Foxp1
protein in the brains of Nestin-CreFoxp1− /−mice (Supplementary
Figure 1). Nestin-CreFoxp1− /− mice are referred to as Foxp1 KO
mice throughout the manuscript. Foxp1 KO mice are viable but
have a significantly reduced body weight compared with WT
littermates (see Supplementary information).

Analysis of Foxp1 KO brain morphology, neuronal morphogenesis
and affected pathways in the striatum
The striatum is significantly disrupted in the brains of Foxp1 KO
mice. To determine whether loss of Foxp1 causes gross morpho-
logical abnormalities, we first performed Calbindin immunohis-
tochemistry (Figure 1a) and Nissl stainings (Figure 2) on adult
Foxp1 KO brains. A significant enlargement of the lateral ventricles
in Foxp1 KO brains was observed (WT= 0.00974 μm− 2; KO=
0.0504 μm− 2, P-value (t test) = o0.0001; values represent lateral
ventricle area normalised to the area of the whole brain),
comparable with the magnetic resonance imaging scan of a
patient with haploinsufficiency of FOXP1, which revealed promi-
nent lateral ventricles.5 In addition, a striking reduction of the
striatal region (Figures 1a, b and c) was observed. To investigate
the striatal phenotype further, we stained the striatum of adult
brains using tyrosine hydroxylase immunohistochemistry, which
revealed a reduced dorsal striatum and an enlargement of the
ventral region (Figure 1b). The distinction between the dorsal and
ventral striatum is based on specific cortical, thalamic and
dopaminergic inputs and is not defined by a distinct border.19

As no markers exist that uniquely characterise either region, we
quantified the total striatal area (defined as the area of tyrosine
hydroxylase positive staining), which was significantly smaller in
Foxp1 KO brains compared with WT (Figure 1c).
To determine when the striatal phenotype arises, we examined

the striatum at earlier stages of development. At P21 (Figures 1a
and b; third panels), the striatum was as affected as in adult brains,
but at P1 (Figures 1a and b; second panels), striatal disruption was
considerably more subtle (Figure 1c). At E18, no difference was
detected (Figure 1a and b; upper panels, 1c). These findings
suggest that Foxp1 plays an important role in normal develop-
ment of the striatum starting at early postnatal stages.

Foxp1 regulates pathways associated with cell proliferation in the
early postnatal striatum. To define those pathways involving

Foxp1 in the striatum at early postnatal stages, we performed
microarray expression studies comparing gene expression in
striatal tissue from Foxp1 KO and WT animals at P1. We identified
85 significantly regulated genes, of which 61 were upregulated
and 24 were downregulated (Supplementary Table 1). Gene
Ontology and pathway analysis of the putative target genes was
performed and revealed that pathways involved in nucleosome
and chromatin assembly, mitosis and DNA replication are
significantly affected (11 significantly altered pathways of 556
pathways analysed; Figure 1d).

Foxp1 KO striatal neurons show increased dendritic branching
in vitro. To examine the morphology of individual Foxp1 KO
striatal neurons, we transfected primary striatal neurons cultured
from E15 brains with a plasmid encoding eGFP (Supplementary
Figure 2A). Sholl analysis revealed that Foxp1 KO striatal neurons
have a significantly more elaborate dendritic arbor than WT
neurons (Supplementary Figure 2B). The difference between the
groups remained significant after correction for multiple testing
using Bonferroni correction.

Morphological and electrophysiological analysis of the Foxp1 KO
hippocampus
Subtle alterations in the CA1 region of the hippocampus in Foxp1 KO
mice. Nissl stainings on adult brain revealed a misalignment of
cells from the CA1 region of the hippocampus that appeared to be
less densely packed compared with WT (Figure 2). CA1
hippocampal pyramidal neurons express Foxp1 but not the closely
related Foxp2 (Supplementary Figure 3). These findings prompted
us to perform whole-cell current-clamp recordings in neurons
within the CA1 region of the hippocampus.

Foxp1 KO CA1 hippocampal pyramidal neurons have reduced
excitability. Whole-cell patch-clamp recordings of individual
pyramidal neurons within the CA1 region of the hippocampus at
P21 were measured and revealed a significantly reduced firing
rate in response to depolarizing current steps in Foxp1 KO neurons
(Figures 3a and b). The membrane capacitance, input resistance
and resting membrane potential were unaffected (Figure 3c).
Recordings of spontaneous miniature excitatory postsynaptic
currents revealed significantly increased amplitudes in Foxp1 KO
mice, while the frequency remained unchanged (Figures 3d and
e). Foxp1 is expressed postsynaptically in CA1 neurons but not
presynaptically in CA3 neurons, suggesting an increased number
of synaptic α-amino-3-hydroxy-5-methyl-4-isoxazolepropionate
receptors in Foxp1 KO neurons. The absence of presynaptic
changes was further confirmed by measuring the coefficient of
variation and paired-pulse ratio of postsynaptic currents evoked
by Schaffer collateral stimulation. The coefficient of variation is a
measure of the fluctuation of the postsynaptic response which is
solely determined by the presynaptic release probability and the
number of release sites. The paired-pulse ratio is a quantification
of the postsynaptic response facilitation that is observed for
the second of two stimulation pulses applied in close succession
and is a function of the release probability. Both coefficient of
variation and paired-pulse ratio remained unaltered in Foxp1
KO neurons (Supplementary Figure 4), confirming that the
increase in α-amino-3-hydroxy-5-methyl-4-isoxazolepropionate
receptor-mediated currents is purely postsynaptic in CA1 neurons.
The amplitude and frequency of miniature inhibitory postsynaptic
currents was similar in control and Foxp1 KO mice (Figures 3f and
g). Field recording experiments showed that tetanus-induced
long-term potentiation at Shaffer collateral CA1 synapses was also
similar in WT and Foxp1 KO mice (Supplementary Figure 5). Sholl
analysis of CA1 pyramidal cells revealed that apical dendritic
branches in Foxp1 KO neurons did not exceed 600 μm from
the soma and clustered in closer proximity to the somatic
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Figure 1. Morphological defects in the developing Foxp1 KO brain. Calbindin (a) and tyrosine hydroxylase (b) immunohistochemistry showing
gross morphological disruption in the striatal region. Scale bar represents 1000 μm in adult brain sections, 500 μm in all others. (c)
Quantification of the striatal region as defined by area of tyrosine hydroxylase positive staining, demonstrating a significant reduction in the
striatum of Foxp1 KO brains, starting at P1. At least 12 sections from at least three WT and three KO brains were quantified for each stage. (d)
Pathway analysis of microarray expression studies on P1 Foxp1 KO and WT striatal tissue showing the top 11 significantly regulated pathways.
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compartment than in WT neurons. This difference was statistically
significant (Supplementary Figure 6 A, B, C). Basal dendrite length
and total apical dendrite length were not affected.

Behavioural analysis of Foxp1 KO mice
We were interested to examine the behavioural phenotype of our
Foxp1 KO mice as FOXP1 mutations are associated with various
behavioural deficits in humans, including social unattainability,
hyperactivity, altered learning and memory, and specific obses-
sions.2,3 We analysed Foxp1 heterozygous mice in all tests
described, except for repetitive behaviour and anxiety. Foxp1
heterozygous KO mice performed equally to WT mice in all tests
(data not shown).

Hyperactivity in Foxp1 KO mice. We first assessed the locomotor
ability of the mice. For both distance travelled and total rearing
time, Foxp1 KO mice displayed a higher activity level within the
open field than WT mice (Figures 4a and b) (distance travelled
Po0.001; total rearing time P= 0.011) of the mice in the open
field, suggesting that Foxp1 KO mice are hyperactive.

Impaired short-term memory in Foxp1 KO mice. Spatial and non-
spatial short-term memory was measured in the open field using
the object location and object recognition test. Exploration of the
objects was slightly enhanced in both tests in Foxp1 KO mice
compared with WT mice during the initial exploration phase
(P= 0.054). However, Foxp1 KO mice failed to discriminate the
novel object during object recognition testing (P=0.002) (Figure 4d)
and the object placed in a novel position during object location
testing (P= 0.017) (Figure 4c), suggesting that Foxp1 KO mice have
impaired spatial and non-spatial short-term memory.

Increased repetitive behaviours in Foxp1 KO mice. A first qualita-
tive behavioural screen in the open field revealed that repetitive
behaviours were almost absent in WT mice. In contrast, jumping
and wall scrabbling was frequently observed in KO animals.
Frequency (Po0.001), duration (Po0.001) and score for repetitive
behaviours (Po0.001) were significantly increased in KO mice
compared with WT (Figure 4e).

Impaired social behaviour in Foxp1 KO mice. Foxp1 KO mice
showed strikingly reduced exploratory behaviour in all categories
(anogenital exploration, Po0.001; non-anogenital exploration,
Po0.001; approach/following, Po0.001) (Figure 4f, Supplemen-
tary videos 1 and 2). Additionally, Foxp1 KO mice showed a
significantly increased evasion of social contact compared with
WT (Po0.001) (Figure 4g). This reduced social exploratory
behaviour is not attributable to a heightened anxiety as Foxp1
KO mice actually show reduced anxiety (see below). Although not
classically a social behaviour, we also assessed the nestbuilding

ability of the mice, which is considered important within a colony
of animals. Nestbuilding ability of Foxp1 KO mice was drastically
impaired, with no attempt made to construct a nest after nesting
material was provided (P= 0.008); (Supplementary figure 7C).

Foxp1 KO mice have altered PPI of the ASR. Startle is a fast
response to sudden, intense stimuli. The ASR has been used as a
behavioural tool to assess the neuronal basis of behavioural
plasticity and investigate dysfunctions of sensorimotor informa-
tion processing. PPI is the reduction of the ASR by presentation of
an acoustic stimulus before the startling stimulus and is reduced
in a variety of neuropsychiatric disorders characterised by a
disruption in sensorimotor processing.20 As the striatum is
involved in sensorimotor processing, we measured PPI of the
ASR in Foxp1 KO mice.
The ASR amplitude of Foxp1 KO mice without a prepulse was

lower than that of WT mice (WT ASR = 79.45, s.e.m. = 17.86; Foxp1
KO ASR= 26.75, s.e.m. = 3.96), possibly because of the reduced
body weight of Foxp1 KO mice. However, this difference in ASR
amplitude was not significant (P= 0.074). Foxp1 KO mice showed a
significantly reduced PPI than WT mice when exposed to a startle
stimulus following a prepulse intensity of 70 dB and above (65 dB,
P= 0.338; 70 dB, P= 0.002; 75 dB, Po0.001; 80 dB, Po0.001)
(Figure 4h), suggesting impaired attentional processing. This
difference is not attributable to the insignificant reduction in
ASR amplitude as the PPI was calculated as a percent decrease of
the ASR magnitude when the startle stimulus was preceded by a
prepulse.

Reduced anxiety in Foxp1 KO mice. We observed a reduced
frequency of anxiety-related behaviours in Foxp1 KO mice in the
open field (Supplementary Figure 7A) and therefore decided to
perform preliminary testing under low-anxiety conditions in the
elevated plus maze. This revealed reduced anxiety in Foxp1 KO
mice (values as means ± s.e.m.: % time in open arms: KO= 82.6 ±
1.9; WT = 43.8 ± 15.0; P= 0.11; % open arm entries: KO= 80.6 ± 5.2;
WT= 37.9 ± 11.3; P= 0.03). Therefore, a different cohort of animals
was tested under high-anxiety-inducing conditions and this
confirmed reduced anxiety in Foxp1 KO (Figure 4h). KO mice
displayed significantly higher entries onto open arms (P= 0.002)
and time spent on open arms (P= 0.006). No significant
differences could be observed in closed arm entries (P40.05)
between both genotypes.

DISCUSSION
Mutations in FOXP1 can lead to a spectrum of neurodevelop-
mental phenotypes including ID and ASD. Interestingly, the most
striking frameshift and nonsense mutations were detected in
those patients who presented an ASD phenotype.2,4 Here we
used a Foxp1 KO mouse model to define the underlying

Figure 2. Nissl staining on adult brain slices showing morphological alteration in the CA1 hippocampal region of KO brains compared with WT
(×4) (a). (b) Higher magnification images of the CA1 region (×20). At least four brains were examined for each genotype. Scale bars represent
500 μm.
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Figure 3. Decreased excitability and increased excitatory synaptic transmission in Foxp1 KO hippocampal pyramidal neurons. (a) Sample spike
trains evoked by a 300 pA somatic current injection in a control (left) and a Foxp1 KO CA1 pyramidal neuron (right). (b) mean f-i curve for
control (n= 10) and Foxp1 KO neurons (n= 12). ***Po0.001 (ANOVA, main effect). (c) Cell capacitance (Cm), cell resistance (Rm) and resting
membrane voltage (Vrest) in control and Foxp1 KO neurons. (d) Sample traces of miniature EPSCs from WT and Foxp1 KO cells recorded in
voltage clamp at − 70mV. Although the miniature excitatory postsynaptic currents peak frequency was not significantly altered, the mean
peak amplitude was significantly larger in Foxp1 KO neurons (e, two-tailed t-test. *Po0.05). WT, n= 12/3 cells/mice; Foxp1 KO, n= 10/2 cells/
mice. (f) Miniature inhibitory postsynaptic current example traces from each genotype. There was no significant change in the mean miniature
inhibitory postsynaptic current peak frequency and amplitude between control (n= 13/2 cells/mice) and Foxp1 KO cells (n= 11/2 cells/mice).
(g) Data are shown as mean± s.e.m.
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neurodevelopmental pathology of the FOXP1 disorder and
identified phenotypes that mirror those reported in both human
patients and mouse models of cognitive disorders, particu-
larly ASD.

Foxp1 KO behavioural phenotypes associated with ASD
Foxp1 KO mice have a reduced ability for short-term recognition
memory and memory for spatial contexts, which have been
described before in ASD patients21 and in mouse models of
ASD.22–24 The effect on spatial memory may be explained by the
CA1 hippocampal deficits we observed in Foxp1 KO as the
hippocampus is important for spatial memory.25 The disruption of
the striatal region in Foxp1 KO mice may also contribute to the
deficits in learning and memory. It has been shown that striatal
lesions and infusion of the striatum with a dopaminergic
antagonist results in impaired performance in spatial learning
tests,26 while object recognition is impaired by administration of
glutamate antagonists to the striatum.27 Interestingly, the striatum
has previously been associated with the pathology of ASD in both
mice and humans.28,29

Foxp1 KO mice also displayed a higher occurrence of repetitive
behaviours, in accordance with previous findings in mouse models

of autism.22,28 Repetitive motor behaviour is associated with
abnormal activation of dopaminergic cortical-basal ganglia
circuitry30 and therefore might partially be explained by the
morphological disruption we observed in the striatal region.
A striking reduction of social interest was also detected in Foxp1

KO mice. Difficulties communicating and interacting with other
people is a key feature of human ASD, and reduced social
interaction as well as hyperactivity has been reported in mouse
models of ASD before.23,24,31 A strong PPI deficit was observed in
Foxp1 KO mice, indicating impaired abilities for sensorimotor
integration. Reduced PPI has been previously reported in ASD
patients.32 This effect on PPI in Foxp1 KO mice may be partly
explained by the reduction in the striatal region as a cortico-
limbic-striatopallidal circuit is involved in the circuit regulating
PPI.20

Imbalance of excitatory to inhibitory input in Foxp1 KO
hippocampal neurons
Excitatory/inhibitory imbalance is a hallmark feature of ASD.
Several studies have reported that ASD-related mutations
selectively impact glutamatergic or GABAergic synapses without
affecting the other, leading to an imbalance of excitatory and

Figure 4. Altered behaviours in Foxp1 KO mice. (a, b) Locomotor activity as measured by distance travelled (a) and total rearing time (b). (c)
Spatial short-term memory measured by object location test. (d) Analysis of non-spatial short-term memory by object discrimination test. (e)
Analysis of repetitive behaviours illustrating the total frequency of jackhammer jumping, jumping and upright wall scrabbling. (f–g) Tests of
social interaction in Foxp1 KO mice including social exploration (f) and social retreat (g). (h) Measurement of prepulse inhibition (PPI) of the
acoustic startle reflex (ASR). In all graphs, black bars represent WT and orange bars represent KO values. Fourteen WT and 6 Foxp1 KO mice
were analysed in each test, except repetitive behaviour, where 11 WT and 6 Foxp1 KO animals were analysed.
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inhibitory inputs.33 We have shown that the amplitude of minia-
ture excitatory postsynaptic currents but not miniature inhibitory
postsynaptic currents is larger in Foxp1 KO CA1 hippocampal
neurons, suggesting that Foxp1 KO neurons receive a dispropor-
tionate magnitude of excitatory to inhibitory input. In addition,
excitability of CA1 pyramidal cells was reduced in Foxp1 KO mice.
Whether these physiological deficits occur independently of each
other is not clear. It is possible that the excitability of Foxp1 KO
neurons is reduced to compensate for the increased glutamatergic
transmission we observed, thus maintaining neurons within their
physiological range of firing rate. Such a homeostatic scaling of
neuronal excitability was observed, for instance, in response to
changes in synaptic inputs in cultured cortical neurons.34

The role of Foxp1 in striatal development and neuronal
morphogenesis
The striatal region is significantly reduced in early postnatal Foxp1
KO mice suggesting a role for Foxp1 in regulating striatal
development. Comparison of gene expression in the Foxp1 KO
and WT striatum suggested that Foxp1 may regulate the
transcription of genes that induce proliferation of striatal neurons.
Disruption of these pathways may explain the reduction in the
Foxp1 KO striatum. Indeed, Foxp1 has previously been implicated
in various types of cancer and depending on the tissue can
function as both an oncogene and a tumour suppressor.6,35

Pathways involved in both the positive and negative regulation of
programmed cell death were not found to be significantly
affected in our expression analyses of P1 striatal tissue; therefore,
impaired proliferation of striatal neurons may be the more likely
explanation for the striatal phenotype.
Foxp1 may also play a role in neuronal morphogenesis. Our

analyses revealed altered morphology of Foxp1 KO striatal
neurons in vitro and CA1 pyramidal neurons in vivo. The closely
related Foxp2 was shown already to regulate genes implicated in
neurite outgrowth,36 suggesting that Foxp1 may also be involved
in pathways that regulate morphogenesis in the embryonic brain,
potentially as a heterodimer with Foxp2. Increased complexity of
dendritic arborisation was also recently reported in striatal
neurons in mice lacking Shank3 associated with ASD.28

Comparisons with the Foxp2 KO phenotype
FOXP1 and FOXP2 disruption causes distinct and overlapping
clinical phenotypes, which have been reviewed previously.37

Although a core feature of the FOXP2 phenotype is developmental
verbal dyspraxia, this has not been diagnosed in FOXP1 patients,
who show more general language impairment together with
additional cognitive phenotypes such as ID and ASD.37 FOXP1 and
FOXP2 are biologically pleiotropic genes that may disrupt various
intersecting developmental processes. It will be of extreme
interest to define common and specific pathways regulated by
these closely related transcription factors to further define the
underlying pathology of the human phenotypes. Comparing the
phenotypes of Foxp1 and Foxp2 mouse mutants represents
important steps towards achieving this.
Homozygous loss of Foxp1 in all tissues is embryonically lethal

because of a cardiac defect,14 whereas homozygous Foxp2 KO
mice die around 2–3 postnatal weeks, possibly because of
impaired lung function.11–13 We have now shown that brain-
specific Foxp1 deletion results in viable homozygous offspring
with neurodevelopmental defects, but it remains to be shown
whether this is also true for Foxp2, as no conditional deletion
mutant of Foxp2 exists to date.
Histological analysis of the early postnatal brain of homozygous

Foxp2 KOs revealed an abnormal cerebellum, with reduced
foliation.11–13 We observed no reduction of the cerebellum upon
dissection of Foxp1 KO brains, which was expected as Foxp1 is not
expressed in the cerebellum.9,10 Both Foxp1 and Foxp2, however,

are strongly expressed in the developing and mature striatum,9,10

yet unlike Foxp1 homozygous KO mice, Foxp2 homozygotes
showed no gross morphological abnormalities in the forebrain at
P21.11–13 Although this implies that Foxp1 plays the more
dominant role in early striatal development, compelling evidence
exists that Foxp2 is important for normal development and
function of the mature striatum. Neuroimaging analyses on
members of the KE family with a point mutation in the Forkhead
domain of Foxp2, which causes developmental verbal dyspraxia,
have revealed alterations in the grey-matter density of the
striatum38 and mice heterozygous for the identical point mutation
in the KE family display impaired functioning of striatal circuits
during the acquisition of motor skills.39 Therefore, Foxp1 may
regulate striatal pathways as heterodimers together with Foxp2.
Foxp2 mutant mice do not produce ultrasonic isolation calls

upon separation from their mother or nest.12,13 Such tests were
beyond the scope of this study, but it will be of interest to
determine whether Foxp1 KO mice show similar alterations in
ultrasonic calls in the future. It is also conceivable that speech
disruption in FOXP1 patients may be a consequence of the
pronounced ID/ASD phenotype, rather than a disruption in
specific language pathways.
In conclusion, our findings have demonstrated that Foxp1 is

critical for multiple neurodevelopmental processes. Foxp1 appears
to be crucial for normal cognitive function and social behaviour
and plays an important role in striatal development at early
postnatal stages. This is a time window when functional synapses
are forming and the deficiencies associated with ASD may be
initiated. The behavioural and physiological abnormalities in Foxp1
KO mice are consistent with ASD-like phenotypes in other mouse
models of ASD, support findings in human patients with FOXP1
mutations and open up new opportunities for translational
investigations.
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