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Abstract  

Down syndrome is the most common genetic cause of intellectual disability and occurs due to 

the trisomy of human chromosome 21. Adolescent and adult brains from humans with Down 

syndrome exhibit various neurological phenotypes including a reduction in the size of the corpus 

callosum, hippocampal commissure and anterior commissure. However, it is unclear when and 

how these interhemispheric connectivity defects arise. Using the Ts65Dn mouse model of Down 

syndrome, we examined interhemispheric connectivity in postnatal day 0 (P0) Ts65Dn mouse 

brains. We find that there is no change in the volume of the corpus callosum or anterior 

commissure in P0 Ts65Dn mice. However, the volume of the hippocampal commissure is 

significantly reduced in P0 Ts65Dn mice, and this may contribute to the impaired learning and 

memory phenotype of this disorder. Interhemispheric connectivity defects that arise during 

development may be due to disrupted axon growth. In line with this, we find that developing 

hippocampal neurons display reduced axon length in vitro, as compared to neurons from their 

euploid littermates. This study is the first to report the presence of defective interhemispheric 

connectivity at the time of birth in Ts65Dn mice, providing evidence that early therapeutic 

intervention may be an effective time window for the treatment of Down syndrome.  
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1. Introduction  

Down syndrome results from the trisomy of human chromosome 21. Furthermore, it is the most 

common genetic cause of intellectual disability and the most prevalent congenital disorder, 

occurring in about 1 of every 792 live births [1]. Studies have shown that partial and complete 

trisomy of human chromosome 21 (HSA21) leads to various neurological phenotypes in Down 

syndrome, including reduced brain weight and volume [2, 3] and a decreased number of 

proliferating neurons during the fetal period [4]. Adolescents and adults with Down syndrome 

have a reduction in the size of the corpus callosum, hippocampus  [5, 6] and anterior commissure 

[7]. Multiple studies have identified neurological abnormalities in Down syndrome, which may 

contribute to the intellectual disability phenotype of this disorder; however the molecular 

mechanisms underlying these phenotypes remain unclear.   

The most commonly used mouse model of Down syndrome is the Ts65Dn strain [8, 9]. 

These mice have over 100 genes triplicated that are orthologs to HSA21 plus about 30 protein 

coding genes that derive from mouse chromosome 17 and are not orthologs of HSA21 genes [10, 

11]. Ts65Dn mice also replicate many of the behavioral phenotypes of Down syndrome [9, 12, 

13]. Studies have identified neurological changes that occur during development and may 

contribute to these phenotypes. For example, the pyramidal cell layer and wall of the CA1 

hippocampus is smaller in Ts65Dn mice during embryonic development, and there is a reduction 

in synaptogenesis during the early postnatal period [14]. In line with this finding, there is a 

decrease in proliferation in multiple hippocampal regions of Down syndrome fetuses and the 

dentate gyrus of postnatal day 2 (P2) Ts65Dn mice [4, 15, 16]. At P6 in the Ts65Dn mouse 

hippocampus, there is still a decrease in the number of granule cells in the dentate gyrus, but the 

number of cells in the pyramidal cell layer is not different from controls [17]. More recent 
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studies have demonstrated that treatment of newborn Ts65Dn mice with a sonic hedgehog 

agonist can rescue proliferation deficits in the cerebellum, but not the dentate gyrus [18]; 

however prenatal treatment of mice with fluoxetine can rescue proliferation defects in the 

hippocampus [16]. Interestingly, both of these treatments improve performance of Ts65Dn mice 

on hippocampal-dependent tasks [16, 18]. However, we do not know how changes in the 

formation of connectivity during development may also contribute to this disorder. 

Understanding changes in neural wiring during development, as well as the cellular and 

molecular mechanisms contributing to these changes, is essential to further our understanding of 

Down syndrome and may provide insight into treatments for this disorder.  

Here we employ Ts65Dn mice, the most widely used mouse model of Down syndrome, 

to examine which connectivity deficits are present at birth. We find that the volume of the 

hippocampal commissure is significantly reduced in postnatal day 0 (P0) Ts65Dn mice. This is 

likely due to deficits in axon growth because hippocampal neurons from Ts65Dn mice have 

significantly decreased axon length in vitro. Interestingly, we find that the volume of the corpus 

callosum and anterior commissure are not altered in P0 Ts65Dn mice. Taken together, these data 

suggest that deficits in the formation of long-distance connectivity during development in 

specific brain regions may contribute to the intellectual disability phenotype of Down syndrome.  
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2. Materials and Methods 

2.1 Animals and cell culture 

All experimental procedures were approved by the Institutional Animal Care and Use Committee 

at Kent State University. Ts65Dn (B6EiC3Sn.BLiA-Ts(1716)65Dn/DnJ) and B6EiC3Sn.BLiAF1/J 

mice were obtained from The Jackson Laboratory. Ts65Dn mice were obtained by crossing 

Ts65Dn trisomic female mice to B6EiC3Sn.BLiAF1/J male mice. Brains from postnatal day 0 (P0) 

animals were collected within 24 hours of birth. Each experiment was carried out using equal 

numbers of wild type and trisomic mice from at least three different litters. Each experiment had 

litters from at least three independent dam/sire pairs. Tail clips from animals were collected and 

genotyped using breakpoint PCR as described previously [19]. All pups were also sexed using 

SRY primers (forward: TTG TCT AGA GAG CAT GGA GGG CCA TGT CAA; reverse: CCA 

CTC CTC TGT GAC ACT TTA GCC CTC CGA), however no significant differences were seen 

when the data were compared between males and females. Therefore, wild type and trisomic 

groups contain mice of both sexes.  

Hippocampal cultures from trisomic Ts65Dn animals (Ts65Dn) and their wild-type euploid 

littermates (WT) were prepared in line with previously published techniques [20-22]. Briefly, 

hippocampi were transferred to 0.25% trypsin and incubated at 37°C for 5 minutes. Hippocampi 

were then rinsed twice in prewarmed Hank's Balanced Salt Solution (HBSS) without calcium, 

magnesium and phenol red (Corning) at 37°C for 5 minutes each rinse. Next, hippocampi were 

transferred to 1 ml of Minimum Essential Medium (MEM) (Corning) and mechanically 

dissociated. Cells were counted and 15,000 cells were plated on each poly-l-lysine coated (Sigma) 

glass coverslip (Carolina Biological) in MEM with FBS. Two hours after plating, the media was 

replaced with fresh pre-warmed Neurobasal (Gibco) with 2% B27 and 1X glutamax. 
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2.2 Axon outgrowth and branching 

Axon outgrowth and branching experiments were performed on P0 Ts65Dn and WT hippocampal 

neuronal cultures. Hippocampal neurons were grown for 2 DIV, and then fixed and immunostained 

with mouse anti-β-tubulin (1:1000; DSHB) as previously described  [20]. The following secondary 

antibody was used: goat anti-mouse Alexa 488 (Jackson ImmunoResearch). Coverslips were 

briefly rinsed with deionized water and mounted using Prolong Gold antifade mounting media 

(Life Technologies). Axon outgrowth and branching was quantified as previously described [20], 

and explained in the analysis section below. 

 

2.3 Immunohistochemistry  

For in vivo immunohistochemistry (IHC) experiments, P0 brains from Ts65Dn and WT animals 

were fixed in 4% PFA for 6 hours. Brains were then transferred to 30% sucrose/1X phosphate 

buffer saline (PBS) solution and allowed to sink to the bottom of the vial overnight. Brains were 

stored at 4°C until use. Prior to sectioning, brains were frozen in OCT (Fisher Healthcare) and 

coronal sections of 25µm thickness were obtained using a cryostat (Leica CM 1950). Sections 

were mounted to gelatin coated glass slides (Sigma Aldrich).  

To perform IHC, sections were first rinsed 3 x 5 minutes with 1X tris buffer saline (TBS; 

pH 7.6), and then incubated in 1% H2O2/1X TBS solution for 20 minutes. Next, sections were 

washed 2 x 5 minutes in 1X TBS for five minutes, followed by incubation in 1X TBS/ 0.3% Triton-

X-100 (1X TBS-T). Sections were then incubated with rat anti-L1 antibody (1:500; Milipore) in 

2% normal goat serum and 1X TBS-T for 48 hours at 4°C in the dark. Following primary antibody 

incubation, the sections were washed 3 x 5 minutes with 1X TBS-T, followed by application of 
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biotinylated goat anti-rat antibody (1:500; Vector Laboratories) for two hours. After secondary 

antibody incubation, sections were again washed 3 x 5 minutes with 1X TBS-T. Sections were 

then treated with avidin/biotinylated enzyme complex (1:500; Vector Laboratories) for two hours 

in the dark at room temperature. Sections were washed with 1X TBS 3 x 5 minutes followed by 

treatment with 0.05% 3,3′-Diaminobenzidine (Sigma Aldrich) and 0.01% H2O2/1X TBS for 20 

minutes. Slides were washed thoroughly with 1X TBS 3 x 5 minutes. Finally, slides were 

dehydrated with ethanol, cleared with xylene and mounted using DPX (Sigma Aldrich). 

 

2.4 Image acquisition and analysis 

For image acquisition of axon morphology, an Olympus IX81 microscope, combined with a 

SensiCam QE CCD camera (Cooke), was used. Only cells with a pyramidal morphology were 

included in the analysis. Axons and dendrites were initially defined using tau and MAP2 staining. 

Based on this staining, we found that we can reliably define the axon as the longest neurite on the 

cell, which extended at least 3 times the length of the next longest neurite.  

In experiments examining axon length, ImageJ was used to measure the length of the 

primary axon (i.e. longest neurite) from the cell body to the center of the axonal growth cone. 

Axon length does not include the length of branches. In experiments examining axon branching, 

primary branches were manually counted along the entire length of the axon. A primary branch 

was characterized as a process greater than 5µm in length extending out from the primary axon. 

Number of branches was defined as the total number of primary branches on an axon, in line with 

previous studies [23-25]. Growth cones were defined by enclosing the entire perimeter of the 

growth cone including central domain, lamellipodia, and filopodia. 

For image acquisition of brain sections, an Olympus microscope equipped with a SC-30 
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Olympus camera was used. Images were taken using an Olympus 4X objective. In order to define 

a specific region for corpus callosum analysis, we started our analysis with the first anterior section 

that contained callosal fibers visibly crossing the midline and we continued our analysis until we 

reached the first section that showed a visible break in midline crossing of callosal fibers. All 

sections between these two border regions were used for analysis. The distance between each 

immunostained serial coronal section was 75 µm. Image analysis was performed using NIH 

ImageJ software. The thickness of the corpus callosum was measured in 3 areas in the coronal 

sections: (1) the fiber bundle where the arch of the corpus callosum is at its peak in the left 

hemisphere, (2) the fiber bundle where the arch of the corpus callosum is at its peak in the right 

hemisphere, and (3) the fiber bundle at the midline of the corpus callosum. To quantify the volume 

of the corpus callosum, the area encompassing the entire corpus callosum between the peak of the 

arch in both the left and right hemispheres was calculated, and then multiplied by the coronal 

thickness between each immunostained section (i.e. 75 µm). To quantify the area of the anterior 

commissure, the area encompassing the entire anterior commissure was calculated. To quantify 

the volume of the hippocampal commissure, we outlined the area encompassing the entire 

hippocampal commissure to calculate the area of this fiber bundle. The calculated area was then 

multiplied by the coronal section thickness between each stained section (i.e. 75 µm).  

Depending on the parametric or non-parametric nature of data, a variety of statistical tests 

were applied to experimental data using SPSS (IBM) software, including Mann-Whitney, 

ANOVA, and appropriate post hoc tests. The specific statistical test used in each experiment is 

given in its figure legend. Significance was set as p ≤ 0.05. In all graphs, error bars represent SEM 

and “n” represents the number of growth cones analyzed for in vitro experiments, and the number 

of animals analyzed for in vivo experiments.  
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3. Results 

3.1 Corpus callosum and anterior commissure volume are not altered in a mouse model of 

Down syndrome 

Here, we employed the most widely used mouse model of Down syndrome (Ts65Dn) to 

determine if there are in vivo connectivity defects during early postnatal development in this 

disorder. Brains from P0 animals were fixed, sectioned and then immunostained with an L1 

antibody to specifically visualize the corpus callosum, anterior commissure, and hippocampal 

commissure. The total average volume of the corpus callosum was not significantly different 

between Ts65Dn and wild type (euploid) animals (Figure 1A-E). In addition, there is no 

significant difference in corpus callosum volume between Ts65Dn and wild type mice when 

examined by individual section, from anterior to posterior (Figure 1F).  

  Next, we measured corpus callosum thickness in three regions of the fiber bundle: (1) 

where the arch is at its peak in the left hemisphere, (2) where the arch is at its peak in the right 

hemisphere, and (3) at the midline of the corpus callosum. No significant differences in the 

average thickness between Ts65Dn and wild type brains were detected in any of these three 

regions (Figure 2A). Furthermore, no significant differences were found when we examined 

these thicknesses in individual sections (Figure 2B-D). Similarly, no significant difference in the 

average area of the anterior commissure between Ts65Dn and wild type animals was detected 

(Figure 3D). These results demonstrate that there is no change in the volume of the corpus 

callosum or anterior commissure in brains of early postnatal Ts65Dn animals. However, most 

studies have demonstrated that there are connectivity defects in the corpus callosum and anterior 

commissure in adult humans with Down syndrome [5-7, 26, 27]. Thus, future studies are needed 

to determine where, when, and how these defects arise.  
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3.2 Hippocampal commissure volume is reduced in a mouse model of Down syndrome 

We examined the volume of the hippocampal commissure and found that it was significantly 

reduced in Ts65Dn mice as compared to their wild type littermates (Figure 3A-C). These data 

suggest that there are defects in hippocampal connectivity formation during development.  

 

3.3 Axon outgrowth is reduced in Ts65Dn mice 

We next sought to determine if the significant reduction in hippocampal commissure volume 

observed in Ts65Dn animals may be due to defects in axon growth during development. We 

compared axon length, number of branches per axon and growth cone area between Ts65Dn 

neurons and their wild type littermates. Staining of cultured P0 hippocampal neurons for β-

tubulin showed that there was a significant reduction in axon length and number of branches per 

axon in Ts65Dn neurons as compared to their wild type littermates (Figure 4A-D). However, 

growth cone area was not significantly different between Ts65Dn mice and their wild type 

littermates (Figure 4E). These data suggest that deficits in axon growth contribute to the 

hippocampal commissure deficits present in P0 Ts65Dn mice.   
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4. Discussion  

4.1 Deficits in axon growth in Down syndrome 

Triplication of genes in the Ts65Dn Down syndrome mouse model leads to stunted axon 

outgrowth of early postnatal hippocampal neurons (Figure 4C). In contrast to our results, a recent 

study demonstrated that axon length was increased in hippocampal neurons from Ts65Dn mice 

[28]. However, these neurons were plated on laminin, whereas in the current study we plated on 

poly-L-lysine. It is known that substrate and guidance cues directly regulate axon length, and 

these differences may be magnified by the triplication of genes in this mouse model of Down 

syndrome. In support of the current findings, two separate studies examining cultured neurons 

find decreased axon length associated with Down syndrome. These studies employ: (1) cortical 

neurons from a human fetus with Down syndrome [29], and (2) iPSCs created from individuals 

with Down syndrome that have been differentiated to neurons [30]. However, future studies will 

need to further investigate how substrate and guidance cues differentially affect axon growth and 

guidance in Down syndrome. 

The changes in axon length are also in line with our prior research, demonstrating that 

overexpression of Down syndrome cell adhesion molecule (Dscam) results in a severe reduction 

in axon length and branching [20]. DSCAM is located on HSA21, and is not only a cell adhesion 

molecule, but also a receptor for an axon guidance molecule. DSCAM is highly expressed in 

both the developing nervous system and adult brain in vertebrates [31-34], and is elevated in 

adults with Down syndrome [35]. Taken together, these data suggest that increased levels of 

Dscam in Down syndrome may contribute to the axon length phenotype observed in the mouse 

model of this disorder, however further studies are needed to investigate this possibility.  
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4.2 Corpus Callosum in Down syndrome 

We did not detect significant differences in the volume or thickness of the corpus callosum in 

Ts65Dn animals (Figures 1E & 2A). This study is the first to examine the development of 

interhemispheric axon tracts in Down syndrome, however a previous study has examined the 

formation of the neocortical layers in fetal Ts65Dn animals. In E13.5 to E16.5 Ts65Dn brains, 

the thickness of all neocortical layers is significantly reduced as compared to euploid brains. 

However, this is a transient delay in neocortical layer expansion which rectified to normal values 

by E18.5. However, the delayed expansion of cortical layers in Ts65Dn brains might not 

completely rescue the connectivity and lead to abnormal brain pathology in Down syndrome 

[14]. A previous study also demonstrated that there was no change in the size of the corpus 

callosum in Ts65Dn mice at postnatal day 45 [16]. In human fetal Down syndrome brains, no 

study has specifically examined the corpus callosum but there are some post-mortem studies 

examining the cortex as a whole. Similar to Ts65Dn brains, no differences were detected in 

cortical thickness between fetal brains from humans with Down syndrome and controls, during 

late gestation [36].  

 

4.3 Hippocampus in Down syndrome 

The current study demonstrates that P0 Ts65Dn mice have a significant reduction in the volume 

of the hippocampal commissure (Figure 3C). These findings are the first to demonstrate 

hippocampal connectivity defects in early postnatal Ts65Dn animals. Another study has 

demonstrated that there is also a reduction in the size of the hippocampal commissure in Ts65Dn 

mice at postnatal day 45 [16]. Taken together, these studies show that hippocampal commissure 

deficits occur during early development and persist through adolescence.  
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Axons from pyramidal cells make up a large portion of the hippocampal commissure and 

thus the reduced hippocampal commissure volume could be due to reduced cell numbers in the 

hippocampus. Guidi et al. (2014) examined P2 Ts65Dn mice, and demonstrated that the number 

of cells is reduced in layers 2/3 of the cortex (which is the main layer whose projections form the 

corpus callosum) and the hippocampus. Thus, decreased numbers of cells in the hippocampus 

may be partially responsible for the decreased size of the hippocampal commissure; however, the 

number of cells is reduced in both the cortex and the hippocampus, but a defect is only present in 

the hippocampal commissure. This lends support to our hypothesis that there is also an axon 

growth defect specifically in the hippocampus (Figure 4). If reduced cell number always leads to 

decreased projection volume, then we should have found a reduced volume of the corpus 

callosum as well. Interestingly, a study that quantified numbers of only pyramidal cells in the 

hippocampus of P6 Ts65Dn mice found no significant change as compared to control animals 

[17]. Pyramidal cells are the major cell type comprising the hippocampal commissure, thus this 

finding also supports an axon growth deficit (Figure 4). Taken together, these data show that 

there is a clear time-dependent developmental component to the changes that occur in Ts65Dn 

mice.  

Studies have shown that Ts65Dn mice exhibit cognitive deficits that depend on 

hippocampal function [37-40]. Taken together with previous studies, our results suggest that 

defects in hippocampal connectivity may contribute to impaired learning and memory in Down 

syndrome. The types of abnormalities that occur during the critical period of brain development, 

such as changes in neurogenesis and connectivity, can significantly contribute to the intellectual 

disability phenotype of Down syndrome. There is only one study thus far that has examined 

connectivity changes during embryonic development in Down syndrome mice. This study 
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focused on thalamocortical connectivity, and found that it was defective in Ts16 Down syndrome 

model mice [41]. It is of significant interest to further characterize connectivity defects that occur 

during brain development in Down syndrome model mice, but also important to take into 

account that the Ts16 and Ts65Dn mouse models do not accurately replicate the genetic changes 

that occur in the human condition [10].  

Studies on adult brains from patients with Down syndrome show decreased thickness and 

area of the corpus callosum [5, 6] as well as decreased hippocampal volume [5]. Taken together 

with the current study, this suggests that: (1) delayed maturation during brain development in 

Down syndrome contributes towards the pathological abnormalities found in adult Down 

syndrome brains, and/or (2) humans with Down syndrome undergo age-related 

neurodegeneration. It may be that a combination of these two processes contributes to the altered 

connectivity in adults with Down syndrome. There is evidence that humans with Down 

syndrome undergo age-related degeneration [42, 43]. For example, patients with Down 

syndrome aged under 6 months have longer dendritic lengths and greater dendritic branching; 

however as they age, dendritic arborization decreases [44]. These morphological changes may 

contribute to abnormal neuronal connectivity and formation of aberrant local networks. Thus, 

both local and interhemispheric neuronal connectivity defects may contribute to the intellectual 

disability phenotype of Down syndrome. Because our study demonstrates the corpus callosum is 

normal at P0 but the hippocampal commissure is not, it may be that the corpus callosum defects 

that are seen in adults with Down syndrome [5, 6] occur as a result of age-related degeneration, 

but the hippocampal defects are due to developmental changes. This type of knowledge is critical 

for us to be able to design temporally-appropriate treatments to target the various neurological 

phenotypes of Down syndrome.  
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4.4 Conclusions 

In this study, we find that hippocampal axon length is stunted in a mouse model of Down 

syndrome. This is in line with our in vivo results that demonstrate a significant defect in 

hippocampal commissure connectivity in early postnatal Ts65Dn brains. These changes in 

connectivity may contribute to the intellectual disability phenotype of Down syndrome, however 

further studies are needed to investigate this possibility. Using both mouse models and iPSC-

derived neurons from individuals with Down syndrome, future studies will examine the 

mechanisms underlying altered connectivity in Down syndrome.   
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Figure Legends 

 

Figure 1: The corpus callosum is not altered in Ts65Dn mice. A-D, P0 brains from wild type 

and Ts65Dn animals were fixed, sectioned and stained for L1. Representative sections from the 

anterior (A, B) and posterior (C, D) ends of the corpus callosum used in the analysis are shown. 

Scale bar, 100µm. E, The average total volume of the corpus callosum is not significantly different 

between P0 Ts65Dn and wild type mice. p=0.95, Student’s t-test.  F, The volume of the corpus 

callosum in individual sections is shown, from anterior to posterior. An ANCOVA (between 

subjects factor: genotype; covariate: section) revealed no main effect of genotype (p=0.882) or 

section (p=0.065). WT, n=4 (2 male & 2 female mice); Ts65Dn, n=4 (2 male & 2 female mice). 

These animals derived from 3 separate litters. 

 

Figure 2: Average thickness of the corpus callosum is not altered in Ts65Dn mice. A, The 

thickness of the corpus callosum was measured in three regions of the fiber bundle: (1) where the 

arch is at its peak in the left hemisphere, (2) where the arch is at its peak in the right hemisphere, 

and (3) at the midline of the corpus callosum. Left hemisphere, p=0.977, Mann-Whitney; Right 

hemisphere, p=0.504 Mann-Whitney; Midline, p=0.333, Student’s t-test. WT, n=4 (2 male & 2 

female mice); Ts65Dn, n=4 (2 male & 2 female mice). B-D, The thickness of the corpus callosum 

was examined from anterior to posterior in individual sections. This thickness was measured in 

the left hemisphere (B), right hemisphere (C), and midline (D). An ANCOVA (between subjects 

factor: genotype; covariate: section) revealed no main effect of genotype (B, p=0.766; C, p=0.869; 

D, p=0.110) or section (B, p=0.461; C, p=0.941; D, p=0.287). WT, n=4 (2 male & 2 female mice); 

Ts65Dn, n=4 (2 male & 2 female mice). These animals derived from 3 separate litters. 
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Figure 3: Volume of the hippocampal commissure is significantly smaller in Ts65Dn mice. 

P0 brains were fixed and sectioned coronally at 25µm thickness. Axonal tracts in brain sections 

were labeled using L1 immunostaining. Dotted lines outline the hippocampal commissure of WT 

(A) and Ts65Dn mice (B) at P0. Scale bar, 50µm. C, The average volume of the hippocampal 

commissure is significantly reduced in Ts65Dn mice as compared to their wild type littermates. 

WT, n=4 (2 male & 2 female mice); Ts65Dn, n=4 (2 male & 2 female mice). *p ≤ 0.05, Mann-

Whitney. D, The area of the anterior commissure is not significantly different between Ts65Dn 

animals and their wild type littermates. WT, n=4 (2 male & 2 female mice); Ts65Dn, n=4 (2 

male & 2 female mice). p=0.343, Mann-Whitney. These animals derived from 3 separate litters. 

 

Figure 4: Ts65Dn neurons have reduced axonal outgrowth. A-C, Primary hippocampal 

neurons were grown for 2 DIV and immunostained for β-tubulin. Ts65Dn neurons have 

significantly shorter axons, as compared to neurons from their wild type littermates. Scale bars, 

25μm. *p ≤ 0.05, Mann-Whitney. WT, n=119; Ts65Dn, n=136. D, The number of primary 

branches on Ts65Dn neurons is significant reduced as compared to their wild type littermates. WT, 

n=119; Ts65Dn, n=136. *p ≤ 0.05, Mann-Whitney. E, Growth cone area is not significantly 

different between Ts65Dn neurons and neurons from their wild type littermates. WT=60; Ts65Dn, 

n=60. p=0.26, Mann-Whitney.  
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