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19 Abstract:

20 The Reeler mutation was described in mouse more than fifty years ago. Later, its causative gene
21 (reln) was discovered in mouse, and its human orthologue (RELN) was demonstrated to be
22 causative of lissencephaly 2 (LIS2) and about 20% of the cases of autosomal-dominant lateral
23 temporal epilepsy (ADLTE). In both human and mice the gene encodes for a glycoprotein referred
24 to as Reelin (Reln) that plays a primary role in neuronal migration during development and
25 synaptic stabilization in adulthood. Besides LIS2 and ADLTE, RELN and/or other genes coding for
26 the proteins of the Reln intracellular cascade have been associated more or less substantially to
27 other conditions such as spinocerebellar ataxia type 7 and 37, VLDLR-associated cerebellar
28 hypoplasia, PAFAH1B1-associated lissencephaly, autism and schizophrenia. According to their
29 modalities of inheritances and with substantial differences among each other, these
30 neuropsychiatric disorders can be modeled in the homozygous (reln’-) or heterozygous (reln*-)
31 mouse. The usefulness of these mice as translational models is discussed, with focus on their
32 construct and face validity. Face validity, i.e. the resemblance of phenotypes between the two
33 species is focused onto the histological, neurochemical and functional observations in the
34 cerebral cortex, hippocampus and cerebellum of Reeler mice and their human counterparts.

35

36 Keywords: Reelin; LIS2; ADLTE; Autism; Schizophrenia; Translational models; GABAergic
37 interneurons; Dendritic spines; Forebrain; Cerebellum

38

39  1.Introduction

40  Reelin (Reln), a large glycoprotein of the extracellular matrix, has a fundamental role in neuronal
41  migration and correct positioning during the course of neurogenesis [1,2]. The name was given to
42  the protein after the discovery of its coding gene, and the recognition that its absence was causative
43 of the Reeler mutation in mouse [3], which was described several decades before as being

44 characterized by an ataxic walk [4]. The mutation is autosomic and displays recessive transmission.
45  Thus, only homozygous recessive Reeler mice (reln”-) completely lack Reln and have a well-defined
46  phenotype. Behaviorally, the latter consists of dystonia, ataxia, and tremor; structurally it primarily
47  impacts upon the architecture of the cerebral and cerebellar cortices and hippocampus [5,6].

48  Differently from the mutants, heterozygous Reeler mice (reln*-) are phenotypically normal but have
49  been proposed as putative translational models for certain human neuropsychiatric disorders [7].
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50  Soon after the initial discovery, it was demonstrated that the mouse gene (reln) had a very high

51  homology to that in humans (RELN) [8]. A few years later, it was shown that autosomic recessive
52  mutations of the RELN gene were linked to a form of lissencephaly with cerebellar hypoplasia (LCH)
53 [9], association studies indicated that RELN was linked to some neuropsychiatric conditions [10],

54 and RELN was demonstrated to be down-regulated in the autistic cerebellum after Western blotting
55  and immunodetection [11].

56  Establishing a good translational mouse model for a neuropsychiatric disorder requires construct,
57  predictive, and face validity [12]. Strictly speaking, construct validity only applies to transgenic mice
58  but, in a broader sense, it also comprehends the syndromic models and the spontaneous mutations
59  affecting the DNA that may be linked to the phenotype under study. In other words, this parameter
60  defines the resemblance of the pathology between the mouse and the human condition in terms of
61  the causative gene(s) as e.¢. inferred from gene association and linkage studies. As mentioned above,
62  LCH is a human monogenic condition caused by a mutation in RELN. Therefore, the Reeler mouse
63  meets the criterion of construct validity for the condition. There is also evidence for genetics to be
64  implicated in the etiology of several neuropsychiatric conditions, such as autism and schizophrenia,
65  but, as a consequence of their multifaceted clinical symptoms, causative gene(s), if any, remain to be
66 discovered [13,14]. Nonetheless, there are numerous genes associated with the human autistic

67  pathology after analysis of Mendelian disorders (syndromes), rare mutations or association studies —
68 seee.g.[15].

69  Predictive validity, i.e. the resemblance of the response to treatment in humans and mice can hardly be
70  assessed, in the absence of an established therapy in humans [14]. Thus, in the context of this

71 discussion, face validity, i.e. the resemblance of the model phenotype to that of the human disorder, is
72 the most important parameter to be taken into consideration. There are two main streams along

73 which face validity of murine models in neuroscience translational studies can be addressed

74 properly, i.e. the validity of the behavioral phenotype and that of the structural phenotype. Broadly
75  speaking, there are conflicting views as regarding the recapitulation in mouse of the human

76  behavioral neuropsychiatric alterations. This is somewhat not surprising as only a few tests, such as
77  e.g. pre-pulse inhibition (PPI), which measures sensory-motor responses, can be performed with

78  minimal modifications in the two species [16]. The issue has been very recently and authoritatively
79  reviewed for the animal models of autism [17] to conclude that, although most of the rodent models
80  that have been used in drug discovery display behaviors with face validity for the human symptoms
81  (i.e. deficits in social communication and restricted interests/repetitive behaviors), many drugs that
82  were found to be effective in improving these autism-related behaviors in mice were ineffective in
83  humans.

84  Therefore, it becomes very important to properly compare the structural alterations of the brains in
85  the two species to validate or invalidate the models. We here summarize the state-of-art knowledge
86  on the translational validity of homozygous (reln”-) and heterozygous (reln-) Reeler mice with

87  reference to the most common neuropsychiatric conditions directly or indirectly related to RELN. As
88  a consequence of its importance, we will primarily focus onto the brain structural modifications in
89  the two species.

90

91 2. The Reelin Gene and Protein

92  Inhumans, RELN, which has 94.2% homology with the mouse orthologue [8], is located in

93  chromosome 7q22 [18] and encodes for Reelin (RELN), a large glycoprotein of the extracellular

94 matrix. The murine gene (reln) that also encodes for Reln was originally cloned as the mutated gene
95  in the Reeler mouse, which displays, among others, abnormal lamination of the cerebral and

96 cerebellar cortices, with an inversion of the normal ‘inside-out’ pattern found in mammals [3,19].

97  The mouse and the human proteins have a similar size of 388 kD. The structure of the protein recalls
98  that of certain cell adhesion molecules that are produced by specific cell types during brain and

99  spinal cord development.
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100  In the neocortex, after being synthesized by the Cajal-Retzius cells [20], the protein is secreted into
101  the extracellular space and, in post mitotic migrating neurons, activates a specific signaling pathway
102  thatis required for proper positioning of these neurons. Northern blot hybridization showed that
103  Reln is also expressed in other areas of the fetal and postnatal brain, with levels particularly high in
104  cerebellum.

105  The protein is part of a signal transduction pathway that includes the apolipoprotein E2 (ApoER2),
106  the very low-density lipoprotein receptors (VLDLR) and the cytoplasmic protein Dab1 [21]. Notably,
107  the brain phenotype of mice with disruptions of mDab1 or of both apoER1 and vldlr closely resemble
108  the brain of the Reeler mouse [22]. Another gene that interacts with the components of the Reelin
109  signaling pathways is platelet-activating factor acetyl hydrolase IB subunit a (PAFAH1B1) [23].

110

111 3. RELN-Related Human Conditions

112 A number of human neurological conditions can be directly or indirectly related to RELN and its
113 encoded protein, as well as to components of the RELN signaling pathway (Fig. 1 and Table 1).
114 These conditions will be briefly described below aiming to put in the better perspective those
115  features that may be useful for better focusing the translational relevance of the Reeler mouse.

116
Mouse
structural )
phenotype wild-type
RELN */* Nty reln*/*
Reeler
heterozygous
ADLTE No gross pathology
2 Structural alterations (MRI) +/-
RELN*/ Fine histological changes ~ reln z
e GABAergic neurons
autism? Pyramidal neurons
schizophrenia? Dendritic spines
Reeler
homozygous
LIs2 Lissencephaly (LIS)
s Cerebellar hypoplasia (CH) -
RELN "/ Structural alterations (MRI) reln
SCA7 Loss of layered structures
SCA37 _ Severe histological changes
VLDLR-associated CH QO
117 PAFAH1B1-associated LIS
118

119  Figure 1: Summary of the most relevant human pathologies that can be modeled in the Reeler
120  mouse. The monogenic conditions provoked by the RELN gene, i.e. ADLTE and LIS2, are indicated
121  inred, those related to genes encoding for the proteins of the Reln intracellular cascade or only

122 tentatively related to RELN are indicated in blue. Autism and schizophrenia, which have a complex
123 multifactorial etiology, are indicated in black with an interrogative mark to underline the still

124 tentative association of the two disorders with RELN. Abbreviations: LIS2 lissencephaly 2, PAFAH1B1
125  platelet-activating factor acetyl hydrolase IB subunit &, RELN Reelin gene (human), reln Reelin gene
126 (mouse), SCA37 spinocerebellar ataxia type 37, SCA7 spinocerebellar ataxia type 7, VLDLR Very low
127  density lipoprotein receptor.

128
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129 3.1 Conditions Caused by RELN Mutations

130

131  3.1.1. Lissencephaly 2

132  Lissencephalies are a group of cortical malformations that are consequent to neuronal migration
133 disorders. The structural phenotype in lissencephalies ranges from a thickened cortex and complete
134 absence of sulci (agyria) to a thickened cortex and a few, shallow sulci (pachygyria) [24].

Reeler mutants
Disease Transmission Causative gene(s) of translational gt:;élgnouse
interest
may be
LIS 2 ,I’:\eljct:sss?\?gal RELN Homozygous relevant for
LIS1 (see text)
ADLTE ﬁg:rcl)isnoanr':?l IgﬁL{\é.S% of cases) Heterozygous LG11-mutated
VLDLR-associated Autosomal VLDLR
cerebellar hypoplasia | recessive VLDLR Homozygous knock-out
DAB1
Autosomal knock-out
SCA37 dominant DAB1 Homozygous apoER1
knock-out
PAFAH1B1-associated | Autosomal i g4/
lissencephaly dominant PAFAH1B1 Homozygous Lis1
SCA7 ﬁg;‘]’;‘;ﬁf' ATXN7 Homozygous SCA7 knock-in
. Isolated cases see .
Autism ; . https://omim.or, Heterozygous see text
Multifactorial #209850
Schizophrenia Autosomal ?1?’? s://omim.or Heterozygous see text
dominant #181500

135

136  Table 1: Summary list of the human neurological conditions related to the RELN gene.

137  Note that only LIS2 and ADLTE have a demonstrated link with RELN.

138

139  Classic lissencephaly, formerly referred to as type I lissencephaly but today named lissencephaly 1
140  (LIS1), is characterized by a marked thickening of the cerebral cortex with a posterior to anterior
141  gradient of severity. LIS1 is caused by an abnormal neuronal migration in the interval between the
142 9t to the 13t week of gestation, resulting in a spectrum of agyria, mixed agyria/pachygyria, and
143 pachygyria. LIS1 is characterized by an unusually thick and poorly organized cortex with four

144 primitive layers, diffuse neuronal heterotopia, enlarged and dysmorphic ventricles, and, often,

145  hypoplasia of the corpus callosum [25]; the basal ganglia are normal, except that the anterior limb of
146 the internal capsule is usually not visible, and, most often, the cerebellum is normal as well. Some
147  rare forms of lissencephaly are associated with a disproportionately small cerebellum and are often
148  referred to as LCH. Lissencephalies are now classified based on brain imaging findings and

149  molecular analysis [26], as they have been associated with mutations in several genes such as LIS1
150 (PAFAH1B1; MIM#601545), DCX (Doublecortin; MIM#300121), ARX (Aristaless-related homeobox
151  gene; MIM#300382), RELN (Reelin; MIM#600514), VLDLR (MIM#224050) and TUBA1A (atubulin 1a)
152 [27].

153  Lissencephaly 2 (LIS2) also referred to lissencephaly syndrome, Norman-Roberts type or

154  Norman-Roberts syndrome (OMIM #257320), is associated with LIS1 but displays several specific
155  clinical features. In 2000, Hong and colleagues were the first to describe an autosomal recessive form
156  of lissencephaly that also displayed severe abnormalities of the cerebellum, hippocampus, and

157  brainstem. They showed that the responsible gene mapped to chromosome 7q22 and that the

158  condition was associated with two independent mutations in RELN, resulting in low or undetectable
159  amounts of RELN [9]. They also noticed that the brain phenotype was similar to that of the Reeler
160  mouse mutant, in which reln mutations cause cerebellar hypoplasia, abnormal cerebral cortical

161  neuronal migration and abnormal axonal connectivity (see 4. The homozygous Reeler mouse). The
162  same type of LIS2 was subsequently observed in two other unrelated groups of patients [28]. These
163  were children that displayed a 5-10 mm thick cerebral cortex, a malformed hippocampus and a very
164  hypoplastic cerebellum, almost completely devoid of folia. A similar phenotype was described in
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|165 mice and patients with lissencephaly 3 (LIS3), which is caused by TUBA1A mutations [29,30]-.

166  TUBAIA is predominantly expressed in post-mitotic neurons of the cerebral cortex, hippocampus,
167  cerebellum and brainstem, with expression reducing soon after birth but still persisting through
168  adulthood [31]. The mouse phenotype consists, among others, in a failure of the cerebellar Purkinje
169  neurons to migrate, so that they remain entrapped into the medullary body, arranged in streaks and
170  intermingled with the neurons of the cerebellar nuclei [32]. Several other mutations of TUBA1A were
171  subsequently discovered, giving rise to a predominant phenotype of LCH, plus abnormalities of the
172  corpus callosum and the basal ganglia/internal capsule [33].

173

174 3.1.2. Autosomal-Dominant Lateral Temporal Epilepsy

175  Autosomal-dominant lateral temporal epilepsy (ADLTE) is a genetic epileptic syndrome, clinically
176  characterized by focal seizures with prominent auditory symptoms. ADLTE is genetically

177  heterogeneous, and mutations in the leucine-rich, glioma inactivated 1 gene (LGI1) account for fewer
178  than 50% of affected families. Very recent observations demonstrated that heterozygous RELN

179  mutations cause a typical ADLTE syndrome, indistinguishable from that associated with mutations
180  of LGI1. Seven different heterozygous missense mutations in RELN were, in fact, described in some
181  unrelated families of Italian descent with familial temporal lobe epilepsy-7 (ETL7 - OMIM #616436)
182  with an incidence of 17.5% over the total number of families studied, specifically affected by lateral
183  temporal lobe epilepsy [34]. By three-dimensional modeling, the same authors predicted that the
184  mutations would result in structural defects and protein misfolding. Some of the affected

185  individuals displayed a reduction up to 50% of their serum levels of the 310 kD RELN isoform

186  compared to controls, suggesting that the mutations resulted in a loss of function. In a subsequent
187  study on the same patients, 1.5 T MRI scans were not useful in detecting structural anomalies of the
188  brain [35], as it was the case of a very recent study on a 18-year old ADLTE patient, where 3 T MRI
189  brain scans could not provide relevant information on blurred grey-white matter junctions,

190  voxel-based morphometry, and cortical thickness [36]. However, functional connectivity analysis
191  revealed higher local synchrony in the left temporal (middle temporal gyrus), left frontal

192  (supplementary motor area, superior frontal gyrus), and left parietal (gyrus angularis, gyrus

193  supramarginalis) regions of the cerebral cortex and the cingulate cortex (middle cingulate gyrus) as
194  compared to healthy controls [36].

195

196  3.2. Conditions Caused by Mutations of Genes of the Reln Intracellular Pathway

197

198  3.2.1. VLDLR-Associated Cerebellar Hypoplasia

199  VLDLR-associated cerebellar hypoplasia is an autosomal recessive genetic form of non-progressive
200  congenital ataxia [37]. The main clinical symptom of the condition is a predominantly truncal ataxia
201  with retarded ambulation, so that children either learn to walk after six years of age or never succeed
202  toindependently walk. Dysarthria, strabismus, moderate-to-profound intellectual disability, and
203  seizures are other features of the disorder. MRI findings include hypoplasia of the inferior portion of
204 the cerebellar vermis and hemispheres; pachygyria of the cerebral hemispheres with minimally

205  thickened but uniform cortex in the absence of a clear anteroposterior gradient; reduction is size of
206  the brainstem, particularly the pons. The condition is monogenic, and due to mutations in VLDLR.
207

208  3.2.2. Spinocerebellar Ataxia Type 37

209  Spinocerebellar ataxia type 37 (SCA37) is a late onset syndrome that affects adults, with dysarthria,
210  slowly progressive gait and limb ataxia, severe dysmetria in the lower extremities, mild dysmetria in
211  the upper extremities, dysphagia, and abnormal ocular movements. In most cases, the first clinical
212  signs encompass falls, dysarthria, or stiffness followed by a complete cerebellar syndrome. The early
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213  presence of altered vertical eye movements is a characteristic clinical feature of SCA37 that foregoes
214 the symptoms of ataxia. The progression is slow and affected individuals usually become wheelchair
215  bound between ten and thirty-three years after the onset of the disease [38]. At MRI there is an initial
216  atrophy of the vermis that rapidly diffuses to the entire cerebellum, without alterations of the

217  brainstem [39]. Molecular analysis has shown that an unstable repeat insertion in DABI is the cause
218  of the cerebellar degeneration and, on the basis of the genetic and phenotypic evidence, the mutation
219  hasbeen proposed as the molecular basis for SCA37 [40].

220

221  3.2.3. PAFAH1B1-Associated Lissencephaly/Subcortical Band Heterotopia

222  PAFAHI1BI-associated lissencephaly/subcortical band heterotopia, also referred to as

223  LISl-associated lissencephaly/subcortical band heterotopia, includes Miller-Dieker syndrome (MDS),
224 isolated lissencephaly sequence (ILS) and, infrequently, subcortical band heterotopia (SBH) [41].
225  MRI findings for lissencephaly are the absence or the abnormal broadening of cerebral gyri, and the
226  aberrant thickness of the cerebral cortex. Less frequently, it may be possible to observe an

227  enlargement of the lateral ventricles, mild hypoplasia of the corpus callosum and of the cerebellar
228  vermis. In PAFAH1B1-associated SBH, just beneath the cortex of the parietal and occipital lobes

229  there are subcortical bands of heterotopic gray matter separated from the superficial cerebral cortex
230 by a thin layer of white matter. Histologically, the cerebral cortex in LIS1-associated lissencephaly
231  consists of four layers: a marginal zone, which is poorly defined but has a very high cell density; a
232  superficial neuronal layer with diffusely scattered neurons; a deeper neuronal layer with relatively
233  sparse neurons; and a deepest neuronal layer with neurons arranged in columns.

234

235  3.3.Conditions Possibly Related to RELN Mutations

236

237  3.3.1. Spinocerebellar Ataxia Type 7

238  Spinocerebellar ataxia type 7 (SCA7) is an autosomal-dominant neurodegenerative disorder that
239 results from polyglutamine expansion of ataxin 7 (ATXN?7). Remarkably, although ATXN7 is

240  expressed throughout the body in SCA7 patients, the pathology primarily hits the cerebellum and
241  the retina [42]. A recently published paper suggested that RELN could be a previously unknown
242  factor involved in the tissue specificity of SCA7 [43].

243

244  3.3.1. Autism

245 The disorders of the autistic spectrum (ASD), which are characterized by social, behavioral, and
246  language deficits, comprise Asperger syndrome, autism, and pervasive developmental disorder-not
247  otherwise specified (PDD-NOS). Less than 20% of these disorders, known as “syndromic autism”, is
248  attributable to monogenetic diseases, most commonly fragile X syndrome and tuberous sclerosis.
249  The remaining 80% of ASD cases are considered ‘““non-syndromic autism’” and are widely

250  investigated to find candidate genes that may contribute to pathology [44].

251

252 3.3.1.1 Genetics

253 At present autism cannot be considered, strictly speaking, a genetic disease, as one or more causative
254 gene(s) has (have) not been found yet. The first gene association study implicating RELN in autism
255  dates back to 2001 [45]. However, subsequent gene population surveys yielded contrasting results
256  [46-49]. Nonetheless, a more recent meta-analysis showed that at least one single nucleotide

257  polymorphism (SNP) in RELN was significantly associated with the risk of autism [50]. Therefore,
258  results of SNP analysis appear to be compatible with the idea that heterozygous mutations in RELN
259  may contribute to the onset of the disorder. Genetic studies on autism led to two main outcomes: 1.
260  the more predominant existence of rare or de novo inherited mutations of a number of genes in

261  autistic patients; or 2. the discovery of certain common gene variants that contribute to the risk of
262  autism but are also present, albeit at lower frequency, in the normal population [51]. As far as a

263  given condition is considered, it is currently held that when more than two de novo mutations occur
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264  in a gene, the latter becomes a very likely causative candidate of the disorder. There are four unique
265  documented de novo mutations of RELN associated with autism [52-54] thus implicating RELN as a
266  possible cause of autism. However, although by whole-exome sequencing nonsense mutations were
267  found to be more frequent in autistic patients than in controls, there is not a striking gross increase of
268  de novo mutations in the former [53]. Using a different approach that distinguishes total

269  narrow-sense hereditability from that due to common gene variants, it was more recently concluded
270  that narrow-sense heritability of autism is ~52.4%, and that the main contribution hereditability was
271  due to common gene variants, whereas rare de novo mutations contribute only for about 2.6% of
272 cases, but substantially influence individual liability [55]. Thus, RELN may primarily have a role in
273  the individual predisposition to manifest autism rather than being one of the contributory causes of
274  the disorder.

275  Further support for a RELN involvement in autism derived from the observation of decreased

276  expression of the RELN transcript and encoded protein in autistic patients. Decreased RELN levels
277  were detected in the superior frontal cortex [10] and cerebellum of autistic subjects as compared to
278  controls [10,11,56]. In these areas the RELN mRNA was also reduced, as was the DAB1 transcript,
279  whereas VLDLR mRNA levels were increased.

280

281  3.3.1.2. Imaging

282  Imaging findings in autism have been recently reviewed [57]. Numerous observations converge to
283  demonstrate that there is an atypical development of the brain in autistic children. Early

284  cross-sectional studies show that the brain of these children has a higher volume than that of

285  regularly developing subjects. However, growth curves in the two groups eventually meet at later
286  childhood. More specifically, in the 6-35 year interval, there is an initial period of brain overgrowth,
287  and then growth slows down or even stops during early and late childhood to be eventually

288  followed by a phase of fast reduction of the brain volume [58]. Neuroimaging data also suggest that
289  differences in the brain of autistic individuals start to be detectable within the first two years after
290  birth, before clinical symptoms become obvious. There are conflicting views about the possibleness
291  that an accelerated growth rate of the brain in this postnatal window is accompanied by the

292  occurrence of early neurodevelopmental perturbations [57]. In relation to this, it must be stressed out
293  that we still do not know when the initial neuropathological signs of autism occur, also from the
294  paucity of studies on autistic children during the first year of life.

295  The mechanisms at the basis of the abnormal growth of the autistic brain are also poorly understood.
296  Although most imaging studies have focused onto the gray matter of the cerebral cortex, there are
297  data indicating that the enlargement of the autistic brain is accompanied by an increased amount of
298 cerebrospinal fluid in the subarachnoid space [59] and/or a greater volume of the white matter [60].
299  Asregarding the cerebral cortex, it was reported that surface, but not thickness, is magnified in the
300 autistic brain [61].

301  To summarize, that early brain overgrowth may be considered a reliable biomarker for autism still
302  remains highly questionable. Thus, it has been proposed to focus onto regional structural differences
303  in the brain in the search for new neuroanatomical observations of clinical relevance [57].

304  Before entering the description of regional MRI neuroanatomical investigations in autism, it is

305  important to stress that, at present, there are no specific and/or causative objective findings for the
306  condition, but, instead, the very same regions that are altered in autism may be interested in other
307  psychiatric conditions (see below).

308  The individual components of the neural circuitries underlying ASD are well established and

309  include regions of the fronto-temporal, fronto-parietal and dorsolateral prefrontal cortex; parts of the
310  limbic system; the fronto-striatal circuitry and the cerebellum. Neuroimaging studies on these

311  regions have employed different approaches such as the definition of a region-of-interest (ROI),
312 voxel- or vertex-vise methods. Traditional ROI studies have reported atypical findings in brain

313  regions that are involved in social cognition such as the medial prefrontal cortex, the anterior

314  cingulate cortex, the inferior frontal cortex, the superior temporal sulcus, the amygdala, and the
315  anterior insula.
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316 The cerebellum was found to be larger than in controls in several MRI studies on autistic patients

317 older than 3 years [62]. However, such an enlargement was not confirmed in younger children [61].
318 Differently from the cerebellum as a whole, the size of the vermis was smaller [63-65] or larger [64]
319 or did not display any relevant difference [65], and such discrepancies have been related to the
320 different clinical presentations of the condition [65,66]. It is also unclear whether there are

321 differences in size of individual vermal lobules, as they have been reported by some authors [63],
322 but not others [65]. Similarly, no differences were described between cerebellar hemispheres in one
323 study [65], whereas another group has found the hemispheric size as the only significant structural
324  dissimilarity between verbal and nonverbal subjects [67].

325

326  3.3.1.3. Histopathology
327 A series of histological alterations of the whole brain were described to occur in the autistic brain.

328  Qualitatively, it was initially observed that the only cortical area showing structural abnormalities
329  was the anterior cingulate cortex that, in autistic patients, lacked architectural refinement and had
330  only a coarse lamination [68]. However, in the following decades substantial amounts of data have
331  been collected and the list of cerebral structures displaying histopathological changes in autism has
332  grown substantially to include a series of cortical regions, the amygdala, the cerebellum and the
333  brainstem, see e.g. [69,70]. The most significant histopathological findings in human patients are
334  briefly summarized below. However, it must be well kept in mind that the interpretation of these
335 finding needs often much caution, because not all studies were based on sound quantitative

336  approaches and/or proper stereological procedures.

337

338  3.3.1.3.1. Changes Affecting the Whole Brain

339  The diffuse alterations observed in the brains of autistic subjects at post mortem include cortical
340  dysplasia and neuronal heterotopia, with the formation of aggregates of neuronal perikarya in
341 anomalous positions [71]. Other alterations, i.e. differences in size of the neuronal nucleus and
342  perikaryon, can be observed at the cytological level. These difference start being evident in young
343  children and become more evident in adults, but then tend to re-equilibrate with time [72]. It
344  must in fact be noticed that there might be some compensations between different areas, as in
345  some parts of the brain there neurons are bigger, but smaller in others.

346  In the autistic brain there is also an increase of the neuropil extension in certain but not all

347  cortical areas that have been investigated so far [73]. It is unclear which neuropil component(s) is
348  (are) responsible of these volumetric variations as fewer dendrites were observed after

349  microtubule-associated protein 2 (MAP2) immunostaining in the prefrontal cortex [74] and a
350  reduction of dendritic spines was reported in hippocampus [75], but other studies reached

351  completely opposite conclusions after examination of pyramidal neurons from layers 2 and 5 of
352 the frontal, temporal, and parietal cortex [76]. The issue of dendrite and dendritic spines density
353  is quite important in the general framework of this discussion, because these parameters have
354  been widely investigated, primarily aiming to validate the heterozygous Reeler mouse as a

355  translational model of autism and other neurological conditions.

356  Another issue of interest is related to the possibility that there are alterations in the minicolumnar
357  organization of the cerebral cortex in early age onset autism [73], as this type of pathology may be
358  recapitulated in Reeler mice. Specifically, it appears that minicolumns are smaller, more

359  numerous and with lower neuronal density in several cortical areas of autistic (and Asperger’s
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360  syndrome) patients, although these observations still have to be confirmed in full. In addition, one
361  has to keep in mind that the idea that minicolumns are indeed the fundamental modular units
362  of neocortical organization is currently still under debate, see e.g. [77] for review.

363  Itisalso assumed that alterations in neuronal differentiation and migration occur in the autistic
364  nervous system and thus the consequences of a dysregulation of these processes may be at the
365  basis of whole brain changes in autism [71]. In spite of this, there are only a few investigations on
366  the expression of RELN in the brain of autistic patients and after quantitative analysis there was
367  no alteration in the density of layer 1 RELN+ neurons in the superior temporal lobe of the autistic

368  brain, although these neurons represent about 70% of the total layer 1 population [78].

369

370  3.3.1.3.2. Brain Regional Changes

371  3.3.1.3.2.1. Forebrain

372  Table 2 reports the main histopathological changes observed in the forebrain of autistic patients.
373  The table only reports the most significant results in relation to the present discussion. A point of
374 attention in considering these studies is that, in several cases, brain volume estimates between

375  autistic patients and controls are missing, while they are, instead, necessary to confirm whether
376  differences in cell density reflect true differences in total cell counts. A careful consideration of

377  Table 2 shows that the majority of observations have been focused on cerebral cortex and

378  hippocampus and that the alterations are almost exclusively restricted to neurons. The parameters
379 considered have been size, number, and density of the different neuronal populations, often in

380  relation to the cortical layers or hippocampal subfields. Notably, alterations in hippocampus

381  primarily concern the GABAergic inhibitory interneurons and the excitatory pyramidal neurons. As
382  discussed in section 5. The heterozygous Reeler mouse, the forebrain pathology is compatible with
383  the phenotype of reln*- mutants.

384

385  3.3.1.3.2.2. Cerebellum

386  Analysis of cerebellar alterations in autism has attracted many efforts of the basic researchers and
387  clinicians. The most consistent anatomic findings in autistic patients are a reduction in size of certain
388  lobules of the cerebellar vermis (but see 3.3.1.2. Imaging) and a decrease in the number [79-83] and
389  size [84,85] of the Purkinje neurons. The inhibitory GABAergic basket and stellate interneurons that
390  innervate the Purkinje cells did not show quantitative differences compared to normal cerebella, an
391  observation that is indicative of a late developmental loss of the Purkinje neurons [86], as they are
392  generated well before the interneurons.

393  Inaddition to structural observation, a Western blot study has demonstrated a reduction of about
394  40% in the level of expression of RELN in autistic patients compared to age and sex matched

395  controls [11].

396

397  3.3.2. Schizophrenia

398  Schizophrenia is a devastating psychiatric disorder that affects approximately 1% of the population.
399  Its main clinical symptoms are hallucinations, delusions and cognitive disturbances. These

400  symptoms derive from brain dysfunctions that are attributed to genetic and environmental factors
401  [87]. However, schizophrenia is not strictly a genetic disease, although gene deletions, duplications
402  and variations may be risk factors for the disorder. At present, the gene(s) that could be involved in
403  the pathology remain elusive for the most (see OMIM #181500), but a microdeletion in a region of
404  chromosome 22, called 22q11, was recently demonstrated to be involved in a small percentage of
405  cases [88].

406

407

408

409
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Brain Region Subdivision Main General Specific neuronal Refs
function Histology alterations
Overgrowth e # parvalbumin [70,89-91]
# neurons P chandelier neurons
Prefrontal Glia
cortex unaffected e # calbindin and
Cognitive calretinin interneurons
control unaffected
® size small pyramidal [91]
Inferior neurons
frontal cortex o # small pyramidal
neurons unaffected
Facial / D de(lnsity (layer 3))3]: [92] (93]
: recognition o #(layers 2,5, 6 not [93
Fusiform gyrus social o size (layers 5-6) |,
interactions
Frontoinsular | Emotional e # von Economo [94-96]
cortex regulation neurons (layer 5)1
Cerebral Self and Poor o density (layers I-Il of [68,97]
cortex others lamination area 24a - left
Anterior awareness hemisphere)
cingulate e size (all layers area
cortex 24b)
e density (layers 5-6
area 24c) |
Deckision e Hvon Econc:jmo [98]
. makin neurons an
Anterior & pyramidal neurons
midcingulate (1a
cortex layer 5)1T
e size pyramidal neurons
Memory, (Sphelrloids [99]
. navigation swollen
Eg;c;)erblnal and _ terminals)
perception
of time
Learning and | Spheroids e size | [68,75,99-
memory (swollen e density 101]
terminals) in | e reduction of dendritic
all subfields arbors
e # pyramidal neurons
(CA) ™
e # pyramidal neurons
(adjacent areas) {
Hippocampus o density GABAergic
interneurons P
o density calbindin+
neurons (DG) T
o density parvalbumin+
neurons (CA1 and
CA3)M
e density of calretinin+
neurons (CA1) T
Amygdala Emotional Size® density (medial, central, | [68,83,102
learning and cortical nuclei) T -104]
#J (may be
age-related)

410

411  Table 2: Region-specific histopathological changes in the autistic forebrain.

412  Legend: fincrease; | decrease; DG dentate gyrus of hippocampus; CA1-CA3 cornu Ammonis

413  subfields of hippocampus proper.

414

415  Genetic studies have shown that RELN is associated with schizophrenia [105] and over the past

416  decade many SNPs in the gene loci were related with the onset and/or severity of the clinical

417  symptoms [106], but results still are under debate and need further verification [107]. It should

418  perhaps stressed out that studies of gene expression have converged to show that the genes

419  implicated in schizophrenia are more highly expressed during fetal than postnatal life [108], thus
420  making more difficult to ascertain their true role in the etiology of the condition.

421  Structural MRI findings in schizophrenia have been recently reviewed [109]. There is sufficient
422  evidence to suggest that the condition is associated with a progressive development of gray matter
423  abnormalities, particularly during the first stages of the disease. Reduction of the cortex in the
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424 superior temporal and inferior frontal regions was reported in individuals that later became
425  psychotic. In patients with first episode psychosis, there was instead a reduction in the thickness of
426  the superior and inferior frontal cortex, and in the volume of thalamus. In chronic schizophrenia,
427  the gray matter decreased further in the frontal and temporal areas, cingulate cortices, and
428  thalamus, particularly in patients with unfortunate outcomes. Structural modifications of the white
429  matter were only reported in a small number of longitudinal studies.

430  Although gross structural alterations are lacking, subtle pathological changes in specific

431  populations of neurons and in cell-to-cell communication were reported [110]. Under this

432  perspective, the most widely investigated area has been the prefrontal cortex that displayed

433  increased neuronal density and altered neuroplasticity with age-related modifications [111]. It also
434  appears that there is a particular vulnerability of the inhibitory cortical circuits, with markers of the
435  cortical interneurons (e.g. 67kD glutamate decarboxylase - GAD67 or parvalbumin) showing some
436  of the more consistent alterations [111,112].

437

438 4. The Homozygous Reeler Mouse

439  Asmentioned, alterations in Reeler homozygous recessive mice fully recapitulate those in human
440  LIS2 (Fig. 1), which is a monogenetic condition due to the lack of RELN, and are very similar to the
441  human brain phenotype in LIS3 (see 3.1.1. Lissencephaly 2). The brain phenotype of the human

442  monogenetic conditions that are consequent to mutations of the genes coding for proteins of the
443  RELN intracellular signaling pathway is also much similar to that of the reln-- mouse brain, except
444 that, in most cases, differently from mouse, the human cerebellum is spared (Fig. 1 and see 3.2.

445  Conditions caused by mutations of genes of the RELN intracellular pathway).

446

447  4.1. Imaging

448  There is a limited number of imaging studies on the brain of the homozygous Reeler mouse. The first
449  of these surveys is a detailed MRI description of the neuroanatomical phenotypes in homozygous
450  and heterozygous mice using morphometry and texture analysis [113]. The reln"-mice were observed
451  to have a smaller brain, but larger lateral ventricles compared to wild-type littermates. Specific,

452  shape differences were found between mutants and wild-type mice in cerebellum, olfactory bulbs,
453  dorsomedial frontal and parietal cortex, certain regions of temporal and occipital lobes, as well as in
454  the lateral ventricles and ventral hippocampus. Gadolinium-based active staining demonstrated a
455  general disorganization of the hippocampus as well as differences in thickness of individual

456  hippocampal layers in reln-mice, with particularly clear differences in the ventral hippocampus. On
457  these observations, the authors concluded that the structural features of the Reeler brain most closely
458  copy the MRI phenotype of LIS2 patients.

459 A subsequent study is a methodological paper describing the use of manganese-enhanced MRI

460 (MEMRI) to detect cortical laminar architecture, where the mutant was used to confirm the

461  usefulness of both systemic and tract tracing in the rodent brain [114]. The authors have compared
462  the MEMRI signal intensity in the cerebral cortex of normal and mutant mice and observed that, in
463  the former, signal was low in layer 1, increased in layer 2, decreased in layer 3 until mid-layer 4, and
464  increased again, peaking in layer 5, before decreasing through layer 6. In Reeler there were instead no
465  appreciable changes in signal intensity, an observation consistent with the absence of cortical

466  lamination after histological examination.

467 A more recent study has employed diffusion tractography imaging (DTI) to map the remodeling of
468  the lemniscal thalamo-cortical projections in mutant mice as a consequence of the highly

469  disorganized cortical lamination [115]. By such an elegant approach, the authors have been capable
470  to perform an in vivo origin-to-ending reconstruction of the mouse somatosensory thalamo-cortical
471  projections and to demonstrate the occurrence of an extensive remodeling of these projections in
472  Reeler mutants.

473

474

475
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476  4.2. Histology and Electrophysiology
477  Inkeeping with MRI studies, the first observation that can be made at gross anatomical

478  examination of the reln’- mouse brain is its atrophy, as the total volume of the brain in mutants is
479  reduced of about 19% when compared to normal mice [113]. Such a reduction is particularly

480  evident in the cerebellum that also displays a very limited degree of foliation. The histological

481  anomalies in mutants have been mainly interpreted as a consequence of an abnormal migration of
482  neurons, rather than the effect of an alteration in cell fate determination or axonal guidance. Among
483  these anomalies the most distinguishing ones are that the cerebral and cerebellar cortices lose their
484 layered structure, in accordance with the aforementioned MEMRI observations [114]; numerous
485  neuronal nuclei disappear or, at least, become hardly recognizable in several brain regions; and
486  neurons are often ectopically localized. Table 3 summarizes the most important findings regarding
487  the structural anomalies of the reln-- CNS without taking into consideration the histological

488  alterations in the cerebral cortex, hippocampus and cerebellum that will be discussed analytically in
489  the following. Detailed descriptions of the morphological phenotype of the Reeler mouse CNS can
|490 be found e.g. in [113,116].

491

492  4.1.1. Cerebral Cortex and Hippocampus

493  Very early observations demonstrated the occurrence of dendritic anomalies in cortical and

494  hippocampal neurons of Reeler mice [117,118]. After the discovery of Reln, it has been then proved
495  that the Reln signaling pathway is required for the correct maturation and differentiation of

496  dendritic branches and spines in hippocampal and neocortical pyramidal neurons [119,120]. Due to
497  the complexity of the phenomena involved in dendritic maturation, one can argue that dendritic
498  anomalies represent a consequence of the deep cytoarchitectonic derangement occurring in Reeler
499  mice rather than a primary effect of the lack of Reln. However, Niu et al. [121] observed a reduction
500  of dendritic complexity also in heterozygous mice, which, as discussed in a subsequent section, do
501  not display obvious neuronal ectopias. On the same line is the finding of a reduced density of

502  dendritic spines in pyramidal neurons of the prefrontal cortex and hippocampus of heterozygous
503  mice [122].

504  Interestingly, the block of the Reln signaling by means of specific antibodies resulted in an increased
505  complexity of branching in the apical dendrites of layer 2/3 cortical pyramidal neurons, whereas
506 their basal arborizations remained unaffected [123].

507  There are many important issues related to the structure and role of the dendritic tree of neocortical
508  and hippocampal pyramidal neurons that make the Reeler mouse an important tool for the study of
509  (forebrain) neurodevelopment. Inputs to layer 5 neurons are processed by separate compartments,
510  with the basal dendrites receiving bottom-up information and the apical dendrite being the recipient
911  of feedback input from higher cortical areas, see e.g. [124]. This framework is made even more

512 complex by the fact that the apical dendrite of these neurons span most cortical layers before

513  reaching layer 1, where the apical tuft is located [125] . Moreover, it is known that the

514 electrophysiological properties of neurons are ultimately determined by the type and distribution of
515  their ion channels. Essential to the function of the long apical dendrite of the pyramidal neurons is
516  the progressively increasing density of hyperpolarization-activated cyclic nucleotide-gated (HCN)
517  channels, proceeding from proximal to distal segments [126]. Such a gradient critically contributes to
518  the functional distinction of dendritic compartments and seems to be specified by Reln signaling
519 [127], but see [128]. The evidence that Reln is involved in the trafficking and targeting of ion

520  channels in cortical and hippocampal neurons suggests that their intrinsic electrophysiological

521  properties might be modified in the Reeler mouse. An early study by Bliss and Chung [129]
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522  demonstrated that, despite the layering derangement, the basic synaptic organization of the
523  hippocampus is largely preserved in mutants.
524
Division of Region/division Subdivision/Nucleus | Type(s) of alteration References
CNS
e Slight disruption of the
glomerular layer.
Olfactory bulb e Numerical reduction and [130,131]
clustering of granule cells
Cerebral cortex see text
Forebrain Hippocampus see text
e Misrouting of GnRH
neurons to the cerebral [132]
Diencephalon cortex
: . e Alteration of projections
Mammilary bodies to hippocampus [133]
e Loss of individual limits in
the three more superficial
layers
Rostral colliculus e Spread of corticotectal [134]
projections
. . e Anomalies of retinotectal
Midbrain projections
Mesencephalic e Spread of neurons along [135]
nucleus of V their route of migration
e Anomalous clustering
Substantia nigra lateral to the ventral [136]
tegmental area
Cerebellum e seetext
Dorsal cochlear e Partial loss of layered [137]
nuclgus . organization
o Inferior ofivary e Loss of folding - Swelling | [138]
Hindbrain g/rI%du(I)lgsoblongata Somatic e Slight displacement and
P motorneurons loss of somatotopic 6,139]
(Nucleus ambiguous, organization ’
facial and trigeminal) (muscolotopy)
Pontine nuclei e Ventral shift [140]
?I:rrTfiﬂa}:aolr-Tl) Nociceptive [141]
. Preganglionic
Spinal cord .
sympathetic and
Lateral horn parasympathetic [142,143]
neurons

525  Table 3: Main histopathological changes in the homozygous Reeler mouse

526

527  An accurate study dealing with the intrinsic electrophysiological properties of cortical neurons in
528  Reeler mice was carried out in more recent times by Silva et al. [144]. These authors showed that the
529 firing pattern and synaptic responses of the pyramidal neurons in these mice was normal, but their
530 radial distribution was inverted, and concluded that, although malpositioned, neurons maintained
531  the membrane properties appropriate to their function.

532  The apparent discrepancy between that data demonstrating the role of Reln in the modulation of ion
533  channels and the relative lack of anomalies in the intrinsic properties of cortical neurons might have
534  several explanations. Other factors, such as neuronal activity [145] could be more effective than Reln
535  for the modulation of membrane channel targeting. Furthermore, the complex machinery of the long
536  apical dendrite is required when layer 5 neurons settle appropriately, but might be useless for the
537  same neurons displaced to more superficial cortical layers. Finally, future investigations based on
538  refined electrophysiological techniques, such as direct dendritic recordings, will help to establish if
539  indeed the cortical neurons in mutant mice display more subtle changes of their firing/intrinsic

540  properties.

541

542  The Reln signaling is also able to modulate key molecules of the cascade leading to synaptic

543  plasticity, such as the NMDA receptors [146,147]. Synaptic plasticity is known to be impaired in
544 several types of mental disorders, including autistic spectrum disorders and schizophrenia [148-150].
545  Therefore, several studies have been focused on the changes of synaptic plasticity in Reeler mutants.
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546  Ishida et al. [151] reported that the induction of long term potentiation (LTP) was impaired in the
947  CA1 region of the hippocampus in Reeler mice, claiming that the malpositioning of some neuronal
548  populations could account for such an alteration. Later, Weeber et al. [152] observed a defect of LTP
549  in the hippocampus of VLDLR-deficient mice. They also found that the perfusion of hippocampal
550  slices with Reln was able to enhance LTP in CA1. An impairment of both LTP and long term

951  depression (LTD), not accompanied by a change of subunit composition of AMPA and NMDA

552 receptors, has been reported also in the hippocampus of heterozygous mice [153] - see below 5.3.
553  Histology and Electrophysiology.

554 On the other hand, both the overexpression of Reln in transgenic mice [154] and Reln

555  supplementation strongly increased LTP [155].

556  As pointed out above, most changes found in Reeler mice are characterized by decreased synaptic
557  plasticity. It should be noted that some experimental models of autistic spectrum disorders are

558  rather characterized by hyperplasticity and hyperconnectivity [156], thus arguing against any

559  straight correspondence between Reln deficiency and autism.

560

561  The majority of cortical neurons are represented by spiny, glutamatergic pyramidal cells, whose
562  migratory path during prenatal development follows an inside-out radial pattern from the

563  ventricular zone to the final position [157]. Reln signaling is required for the localization of

564  pyramidal neurons to appropriate cortical layers, as reviewed in [158]. As a consequence, the lack of
565  Reln causes a disruption of the layered cortical organization, including abnormal positioning

566  [159,160], as well as an increased percentage of inverted pyramidal cells [161,162].

567  Inhibitory GABAergic interneurons represent a minority population within the neocortex. Yet, their
568  morphological, neurochemical and functional diversity is thought to play a pivotal role for the

569 cortical function, see e.g. [163]. Furthermore, several anomalies related to the interneuron function
570  are currently considered key features in different types of mental disorders, including schizophrenia,
571  see for a very recent review [112].

572  Unlike pyramidal neurons, interneurons are generated in the ganglionic eminence of the ventral
573  telencephalon and follow a tangential migratory route to the cortex [157]. While the malpositioning
574  of the principal cells in Reeler mice is well documented, it is not clear if the migration of the

575  interneurons is affected by the Reln signaling cascade. Using Reeler mutants crossed with mice

576  expressing green fluorescent protein (GFP) in inhibitory neurons, it was shown that cortical

577  interneurons display abnormal laminar position and morphology [164]. However, it remains to be
578  established whether the ectopy of interneurons directly depends from Reln signaling or is rather the
579  consequence of the malpositioning of principal projection neurons. The issue is still debated as

580  contradictory views can be found in the literature. Namely, while some observations [165,166] argue
581  against a direct role of Reln, Hammond et al. [167] showed that only early-generated cortical

582  interneurons are misplaced as a consequence of the ectopy of pyramidal neurons, whereas the

583  correct layering of late-generated interneurons seem to be directly modulated by Reln signaling.
584

585  Asdescribed above, Reln signaling is essential to correct migration, differentiation, and plastic

586  synaptic remodeling of cortical/hippocampal neurons. Other basic neurodevelopmental features,
587  such as cortical [168] and cerebellar (see below) neurogenesis, seem to be regulated by the

588  glycoprotein as well.

589  Asa consequence, the minicolumnar organization of the cerebral neocortex appeared to be deeply
590  affected by Reln deficiency [169] and some physiological counterparts of cortical connectivity, such
591  as the trans-synaptic signal propagation, were also impaired [170].

592  However, the outcome of Reln deficiency on the microcircuitry sustaining the cortical machinery is
593  controversial and, surprisingly, the deep architectonic disorganization that follows the lack of the
594  protein may not be paralleled by dramatic functional anomalies. Both early studies and more recent
595 reports point out that the absence of Reln does not prevent the development of functionally

596  appropriate cortical connections and maps [115,171-174]. In addition, when studied at the fine-scale
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597  electron microscopic level, the basic synaptic organization of misplaced cortical neurons is preserved
598 [175].

599  Therefore, although the laminar organization is thought to be critical for cortical computation

600 [176,177], evidences obtained in Reeler mice led Guy and Staiger [178] to challenge the importance of
601  cortical lamination, affirming that “future studies directed toward understanding cortical functions
602  should rather focus on circuits specified by functional cell type composition than mere laminar

603  location”.

604

605  4.1.2. Cerebellum

606  Macroscopically, the cerebellum of the Reeler mouse is smaller than that of age-matched littermates;
607 it is club-shaped with the main axis transverse to the mid plan of the body, and has an almost

608 totally smooth surface, with just a few superficial grooves [179]. Cerebellar folia form as a

609  consequence of the repeated folding of the cortex, the three-layered coating of gray matter covering
610 the entire surface of the organ. Deeply to the cortex the white matter consists of a central mass, the
611  medullary body, with the embedded gray nuclei. The white matter progressively arborizes in a
612  very complex and intriguing fashion and its smallest branches form the central axis of individual
613  folia. The architecture of the Reeler cerebellum is profoundly altered from this general pattern,

614  firstly as a consequence of the impairment in the complicated series of migrations made by neurons
615  to reach their final destination in the mature organ. Trajectories of migrating neurons follow both
616  directions from the surface to the depth of the cerebellum, depending from the species, the type(s)
617  of neurons and the developmental stages (for details see e.g. [180]). Eventually, disturbances in the
618  migration of the cerebellar neurons make that Reeler mice display a cerebellum that retains several
619 features of immaturity.

620  Recently, the area of the cerebellar cortex in mutants was analyzed quantitatively during postnatal
621 (P0-P25) development, and resulted to be reduced compared to age-matched controls [181].

622  Reduction in the extension of the cortex was particularly evident in the molecular layer and the
623  (internal) granular layer. Physiologically, as the cerebellum matures, the molecular layer becomes
624  more and more populated by the parallel fibers: at P25 its increase in size was about seventeen-fold
625  inreln** mice, but only six-fold in the mutants [181]. Post-migratory granule cells, which are

626  generated in the temporary subpial external granular layer, progressively populate the (internal)
627  granular layer during normal cerebellar development, and, from PO to P10, the granular layer of
628  reln** mice increased about five-folds in size, but only 2.6-fold in reln”-, where it drastically reduced
629  its size to 0.62-fold after P10 [181]. Differently from the cortex, the medullary body is larger in the
630  mutants than in wild-type animals. Its progressively increasing area mainly reflects the ongoing
631  myelination of the axons of the Purkinje neurons that leave the cortex traveling across the white
632  matter to reach the cerebellar nuclei, as well as the development of the afferent and efferent fiber
633  systems entering or exiting the organ. The size of the medullary body increased in parallel with
634  postnatal age in both Reeler and wild-type mice (reln”~ 2.59, reln** 1.93-fold), but, at P25, Reeler mice
635  had alarger medullary body than their normal counterparts (1.88-fold) [181]. In brief, Reeler mice
636  had a smaller cerebellar cortex but a larger medullary body than their normal littermates. The

637  cerebellar hypoplasia was thus demonstrated to be a consequence of a reduction in cortical size and
638  cellularity and the latter, in turn, resulted to be linked to quantitative differences in the degree of
639  cell proliferation and apoptosis, as well as derangements in the timing of postnatal cortical

640  maturation [181]. It was also calculated that the density of proliferating cells was the most

641  important predictive factor to determine the cellularity of the cerebellar cortex in the mutants [181].
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642  Therefore, beside the well-known consequences onto neuronal migration, the lack of Reln also

643 results in a measurable deficit in neuronal proliferation, at least in cerebellum. Ultrastructurally, it
644  was demonstrated that the cerebellar neurons undergo different forms of programmed cell death in
645  the course of postnatal development and that the deficit of Reln affected the type and degree of

646  neuronal death [182].

647  Perhaps the most striking histological feature of the cortex in mutants is the lack of alignment of the
648  Purkinje neurons to form a discrete layer between the molecular and the granular layer. Thus, in
649  Reeler, only about 5% of the Purkinje neurons were normally placed within the cerebellar cortex, 10%
650  are in the granular layer, and the remaining 85% form a central cellular mass intermingled with the
651  white matter [183-185]. Ultrastructurally, in Reeler there is a reduction in the density of the contacts
652  between the Purkinje neurons and the parallel and climbing fibers from P5 onward [186].

653  Functionally, both the normally placed Purkinje neurons and those ectopically dislocated in the
654  granular layer display a 0-1 response to stimulation, indicating that, as in normal mice, they are
655  synaptically contacted by a single climbing fiber. Those in the central cellular mass, instead, show
656  intensity-graded responses to electrical stimulation, as they receive a convergent input from several
657  climbing fibers [183], likely as a failure of physiological pruning to occur [187]. Neurochemically,
658  during postnatal development there are no obvious variations between normal mice and the

659  mutants in the temporal pattern of expression of some widely expressed neuronal and glial markers
660  (NeuN, vimentin, calbindin, GFAP, Smi32, GAD67) [181], but the Bergmann glia was misplaced in
661  Reeler [188].

662

663 5. The Heterozygous Reeler Mouse

664  Heterozygous reln*-mice are haplodeficient in Reln but, differently from reln”- mutants, do dot

665  display an obvious phenotype. These mice have been already for a long time proposed as

666  translational models for autism and schizophrenia. The reasons for this assumption are that their
667  behavioral and structural phenotype is somewhat close to that of the human patients suffering from
668  the two pathologies. Notwithstanding, as discussed previously (see section 3.3. Conditions Possibly
669  Related to RELN Mutations), autism and schizophrenia are only tentatively linked to RELN and the
670  behavioral and brain structural modifications in these mice are difficult to ascertain with confidence.
671  Even so, the interest in these mice has been boosted by the discovery of RELN heterozygous

672  mutations in human ADLTE (see section 3.1.2. Autosomal-Dominant Lateral Temporal Epilepsy).
673

674  5.1. Behavior

675  The recapitulation of the behavioral modifications typical of human autism, schizophrenia or

676  epilepsy in heterozygous Reeler mice still is a subject of debate. The dissimilar outcome of behavioral
677  experiments performed in different laboratories is not surprising, because neuropsychiatric

678  behaviors in humans are primarily related to social interaction, communication, and restricted

679  interest and these behaviors are obviously very difficult to be objectively measured in mice [189].
680 Itis perhaps worth mentioning here that most of our knowledge on the effects of Reln in the

681  cognitive or behavioral field derives from work on hippocampus. This is not surprising as this part
682  of the brain, as discussed previously, has been the primary focus of numerous investigations also in
683  human patients affected by autism, schizophrenia or epilepsy. Several behavioral features similar to
684  those observed in these human conditions were thus described in reln*- mice [190-192], such as

685  deficits in reversal learning after visual discrimination tasks that were hypothesized to follow a

686 diminished visual attention [191]. Also, reln*- mice were tested for anxiety-related behavior, motor
687  impulsivity and morphine-induced analgesia. Their behavioral profile was reported to be different
688  from that of wild type littermates in that they displayed, starting form adolescence, a decreased
689  inhibition and emotionality. To these modifications, a slight increment of impulsive behavior and
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690 altered pain thresholds were associated in adult mice [193]. Heterozygous mice were also tested in a
691  complex series of PPI protocols (unimodal and cross-modal) to conclude that they exhibited a

692  complex pattern of changes in startle reactivity and sensorimotor gating, with both similarities to
693  and differences from schizophrenia [194]. At least partly in line with these latter observations, other
694  investigations failed, partly or in full, to substantiate the behavioral analogies between

695  neuropsychiatric patients and reln*- mice [195-200]. For example, Salinger and co-workers were
696  unsuccessful to find differences between reln*- and reln** mice after testing gait, emotionality, social
697  aggression, spatial working memory, novel-object detection, fear conditioning, and sensorimotor
698 reflex modulation [195]. In another survey [197], heterozygous Reeler mice were assessed for

699 cognitive flexibility in an instrumental reversal learning task, impulsivity in an inhibitory control
700  task, attentional function in a three-choice serial reaction time task, and working memory in a

701  delayed matching-to-position task. No differences were found in comparison to wild-type littermate
702 controls in any prefrontal-related cognitive test. However, reln*- mice showed deficits in the

703 acquisition of two operant tasks. From these observations the authors concluded that heterozygous
704 Reeler mice were not a good model for the core prefrontal-dependent cognitive deficits observed in
705  schizophrenia, but rather for more general learning deficits in psychiatric disorders.

706  In another paper it was reported that heterozygous and wild type mice displayed similar levels of
707 overall activity, coordination, thermal nociception, startle responses, anxiety-like behavior, shock
708 threshold; identical cued freezing behavior, and comparable spatial learning in Morris water maze
709  tasks, albeit a significant reduction in contextual fear conditioned learning was observed in reln*-
710  mice only [199]. These authors have then hypothesized that the pharmacological administration of
711 Reln in heterozygous mice could restore the response to PPL. They were unable to find significant
712 differences in acoustic startle reflex between treated and untreated animals, but Reln-treated reln*-
713 mice showed a significant increase in the percent inhibition to 78, 86 and 90 dB pre-pulse [201].

714 One study has specifically focused onto the reln*~ mouse behavioral phenotype in young (P50-70)
715  and fully adult (older than P75) animals to conclude that they are not useful to model schizophrenia
716 [196]. An ample behavioral test battery was employed (Irwin test; rotarod; spontaneous locomotor
717 activity; social behavior; light-dark transition; startle response and pre-pulse inhibition; hot-plate).
718  Heterozygous mice did not differ from their wild-type littermates at either age, although fully adult
719  male reln*- mice were engaged in social investigation for a longer time. In addition, performance on
720 the rotarod deteriorated with age.

721  Indeed, age appears to be a further issue of complexity. In fact, adult reln*~ mice did not display
722  discernible differences in activity, motor coordination, anxiety, or environmental perception when
723 compared with wildtype littermate control mice, but adolescent animals showed lower levels of
724 anxiety- and risk assessment-related behaviors in the elevated plus-maze [153,192].Also, in one of
725  these two studies it was demonstrated that young reln*~ mice had a hippocampal-dependent deficit
726  in associative learning and impulsivity—anxiety-related behavior [153]. In addition, one study,

727  starting from the clinical observations that reported the occurrence of vocal and motor anomalies in
728  autistic patients, has described that reln- mice had a general delay in the development of their

729  repertoire of neonatal vocal and motor behaviors [202].

730  Finally, it should be taken into consideration that some behaviors appeared to be influenced by

731  gender, although very few studies have focused on this issue. Among these studies, young

732 heterozygous female mice were described to be more active in the light/dark transition test than the
733 heterozygous males that were, instead, more aggressive than females during social interaction [192].
734

735  5.2. Imaging

736  The paper by Badea and co-worker [113], already quoted with reference to homozygous mice, also
737  analyzed the brain of reln*-animals. These authors reported that the total volume of the brain, the
738  ventricular volume and the hippocampal volume were enhanced by approximately 6%, 82%, and 7%,
739 respectively with respect to normal control mice. After statistical analysis, they showed that these
740 volumes were similar to those of reln*+*mice, but greater than those of mutant mice. They also

741  measured the areas of different parts of the brain in comparison with wild type mice: no differences
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742 were found in hippocampus and cerebellum, but there was an enlargement of the lateral ventricles.
743  In a more recent paper, the ventricular enlargement was confirmed, but a reduction of the cerebellar
744 volume was described in heterozygous mice, whereas the volume of the motor cortex as well as its
745  thickness was unchanged [198].

746

747  5.3. Histology and Electrophysiology

748  5.3.1 Cerebral cortex, hippocampus and striatum

749  As already mentioned, heterozygous Reeler mice only display subtle structural alterations of their
750  brains and perhaps for this reason they have not been investigated thoroughly.

751  One of the most striking features appears to be the reduction in the levels of GAD67, the key GABA
752  synthetic enzyme, in the fronto-parietal cortex, hippocampus, and striatum [122,203]. Hippocampal
753  levels of the enzyme could be somewhat restored after stereotaxic injections of Reln [155,201].

754  Therefore, these experiments suggested that the decrease in GAD67 expression was directly related
755  to Reln haplodeficiency and, in keeping with such a possibility, could be partly reversed increased
756  through Reln supplementation. In line with this interpretation, nicotine, which reduces GAD67

757  promoter methylation and increases its transcription, was shown to be able to restore the normal
758  levels of expression of the enzyme when administered to heterozygous mice [203].

759  Inhippocampus, the GABAergic interneurons target, among others, the CA1 pyramidal neurons. In
760  heterozygous mice these neurons display a reduction in the average length and width of their apical
761  and basal shaft dendritic spines [121], and Reln supplementation was effective in promoting a full
762  (apical) or partial (basal shaft) spine recovery [201]. These morphological observations are in line
763  with a previous report showing that spines were hypertrophic in mice conditionally overexpressing
764  Reln in the forebrain [154]. At electrophysiological recordings CA1 pyramidal neurons in reln*- mice
765  displayed reduced spontaneous inhibitory postsynaptic currents [199], an observation that is fully in
766  line with the reduction of the inhibitory input from the GABAergic interneurons.

767  Synaptic plasticity is fundamental for hippocampal function. In CA1 of heterozygous mice, LTP is
768 impaired [153] as well as LTD [199], which could be brought back to normal levels by administration
769  of Reln [201]. Additionally, in reln"- and reln-- mice post tetanic potentiation (PTP), a form of

770  short-term plasticity that depends on neurotransmitter release, is reduced in CA1 [201,204] and

771  could also be reversed by Reln [201].

772  Collectively these data indicate that the morphological, neurochemical and physiological deficits
773  that followed a reduction in brain Reln in heterozygous mice could be reversed by the experimental
774  administration of Reln. In translational terms, this observation is very important because reduced
775  synaptic inhibition in hippocampus and prefrontal cortex is believed to have a role in several

776  neuropsychiatric conditions, among which schizophrenia [205,206].

e

778  5.3.3.Cerebellum

779  Notably most of the histological modifications observed in the human autistic cerebellum are similar
780  to those described in the studies on reln*~ mice. In addition, VLDLR-associated cerebellar hypoplasia,
781  SCA7 and SCA3Y7 all display a clear cerebellar phenotype. Thus the cerebellum has been widely

782  investigated to validate the heterozygous Reeler mouse as a translational model. Despite of this, few
783  structural observations have focused on the cerebellum of reln*- mice compared to those on the

784  cerebral cortex and hippocampus described in the previous sections. Heterozygous animals have
785  been reported to manifest a progressive loss of Purkinje neurons already during the first weeks of
786  life [207], and lower numbers of these cells were described in adult subjects as well [208]. Although
787  cerebellar lesions are widely described in the human autistic brain, particularly in the vermis (see
788  section 3.3.1.) it remains unclear whether this part of the cerebellum is affected as a whole or rather
789  only specific lobuli may be hit by the pathology. Therefore, our group has at first focused his

790 attention on five different lobules of the vermis - central lobule (II-III), culmen (IV-V), tuber (VIIb),
791  uvula (IX), and nodulus (X), which receive different types of afferent functional inputs, to analyze
792  the number and topological organization of the Purkinje neurons in reln*/* and reln*- adult mice (P60)
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793  of both sexes [209]. To specifically visualize these neurons we have generated hybrids of reln*~ mice
794 and the L7GFP mice, so that the GFP-tagged Purkinje neurons could be directly identified in

795  cryosections. We have thus shown that the Purkinje neurons: 1. Displayed a numerical reduction
796 (cells/area) in reln*- males (14.37%) and reln*- females (17.73%) compared to reln** males; 2. Were
797  larger in reln’- males than in the three other phenotypes under study, and smaller in females

798  (irrespective of the reln genetic background) than reln* males; 3. Were more chaotically arranged
799  along the YZ axis of the vermis in reln*- males than in reln** males and, except in central lobule,

800  reln* females. These observations offered some additional clues for the validation of the

801  heterozygous Reeler mouse as a translational model of autism, but were clearly insufficient to draw a
802 final conclusion. Very recently, as a number of observations have implicated several synapse-related
803  genes in the genesis of autism, epilepsy and some other neuropsychiatric conditions [210,211], we
804  have investigated the expression of synaptophysin 1 (SYP1) and contactin 6 (CNTN6) within the
805  vermis of adult mice of both sexes and different genotypes (reln*- and reln*+) [212]. SYP1 is a

806  pre-synaptic marker and CNTNG6 is a marker of the synapses made by the parallel fibers onto the
807  Purkinje neurons’ dendrites. Notably, there is evidence, although still to be validated in full, that
808  SYP1isinvolved in the structural alterations of the autistic synapses [79,213], and very recent

809 observations have shown that copy number variations [214] or a truncating variant [215] of CNTN6
810  are found in autistic patients. In addition, CNTN6 mutations have been proposed as a risk factor for
811  several neurodevelopmental and neuropsychiatric disorders [211,216,217].

812  Inline with these human studies, we have demonstrated that reln- mouse males display a

813  statistically significant reduction of 11.89% in the expression of SYP1 compared to sex-matched

814  wild-type animals, whereas no differences were observed between reln*+ and reln*- females [212]. In
815  reln*- male mice, reductions are particularly evident in the molecular layer: 10.23% less SYP1 than
816 reln** males and 5.84% < reln** females. In reln*- females, decrease is 9.84% versus reln** males and
817  5.43% versus reln** females. Both reln*- males and females show a stronger decrease in CNTN6

818  expression throughout all the three cortical layers of the vermis: 17-23% in the granular layer, 24-26%
819  in the Purkinje cell layer, and 9-14% in the molecular layer. More specifically, when individual

820  cerebellar lobules are considered, we have shown that alterations in the levels of expression of SYP1
821  in the molecular layer of male reln*-mice are spread across all vermian lobules except lobule VII, but
822  restricted to lobule II for the granular layer and VII for the Purkinje cell layer.

823  Thus, the widespread reduction of SYP1 and of CNTNG6 in the molecular layer of heterozygous male
824  mice is fully compatible with the human autistic phenotype [217] .

825  In the vermis (and cerebellum in general), there is evidence for a topographic organization of motor
826  control versus cognitive and affective processing areas, and the different lobules are connected with
827  specific areas of the brain and spinal cord [218]: CNS areas that process sensorimotor information
828  are directly or indirectly linked with the cerebellar anterior lobe (lobules I-V of the vermis), lobule
829 VIII, and, to a smaller degree, with lobule VI; in contrast, cerebral association areas that receive

830  non-motor inputs target vermian lobules VI and VII. Available clinical evidence indicates that the
831  cerebellar vermis is the main target of limbic-related structures, and physiological and behavioral
832  studies support the role of the vermis in the modulation of emotions [219]. Therefore, the

833  neurochemical modifications of the cerebellar cortex in heterozygous mice of both sexes well

834  correlate with idea that the social and communication abnormalities typically found in autism

835  depend on abnormalities in the limbic structures and their connectivity [220,221].

836  Atautopsy, a loss of Purkinje neurons in the posterior cerebellum was long ago described in autistic
837  patients [102,222], but it did not appear to affect the vermis, as then reported by Bauman and

838  Kemper in [79]. Hypoplasia in lobules VI and VII was first observed in vivo after neuroimaging [63],
839  but later work provided evidence of two distinct autistic subtypes associated with vermian

840  hypoplasia or hyperplasia [64]. A systematic review and meta-analysis of structural MRI studies has
841  then demonstrated that the decrease in size of vermian lobules VI-X (i.e. the lobules comprised in the
842  posterior cerebellum) displayed a notable heterogeneity that correlated to differences in age and
843  intelligence quotient (IQ) of the study population only in lobules VI-VII [223]. Other studies

844  indicated that the posterior/inferior vermis was more susceptible to pathological changes [224], and
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845 lobules VII, VIIIb (left), and IX were implicated, with a reduction of the gray matter after

846  quantitative imaging of autistic patients [80,225,226]. Therefore, it appears that the cerebellar

847  phenotype of the heterozygous Reeler mouse is fully compatible with that in humans and that a
848  depth structural and neurochemical characterization may be useful to direct the discovery of new
849  biomarkers of translational interest.

850

851 6. Usefulness of the Reeler Mouse in Translational Studies: Concluding Remarks

852  The analysis of the literature discussed above requires one trying to draw some conclusions about
853  the true usefulness of the Reeler mouse in translational studies.

854 At first it may perhaps be useful to recall that, as discussed, RELN has been recognized to be

855  causative of LIS2 and a small percentage of ADLTE, whereas only tentative associations have been
856  found up to now for the other conditions here considered (see Fig. 1 and Table 1).

857  Remarkably both LIS2 and ADLTE are rare diseases. Very few cases of LIS2 (around ten) have been
858  described so far (see OMIM #257320). Similarly, patients with lateral temporal epilepsy (LTE) are
859  only about 10% of all temporal epilepsies, and the real prevalence of ADLTE, which has been so far
860  reported in Europe, USA and Japan, is unknown, but it may account for about 19% of familial

861  idiopathic focal epilepsies [227,228]. When one considers the human conditions related to the Reln
862  signaling pathway, still is faced with a group of rare diseases. The actual frequency of

863  VLDLR-associated cerebellar hypoplasia is unknown, although the condition has been reported
864  worldwide and more than twenty-five affected individuals were initially reported in Canada and
865  USA [37,229]. PAFAH1BI1-associated lissencephaly is very rare as the prevalence of classic

866 lissencephaly ranges from 11.7 to 40 per million births [41]. To date, sixty six affected individuals
867  and seven asymptomatic individuals with the ATTTC repeat insertion within DAB1 have been

868  reported in ten relatives from the south of the Iberian Peninsula, and no individuals with SCA37
869  from other geographic areas have been reported [38]. SCA7 has a prevalence of less than 1:100,000
870  and accounts for about 2% of all SCAs [230].

871  Therefore, one has to deal with the paradox that there is relatively little interest for translational
872  studies for those conditions for which the Reeler mouse and/or genetically engineered mice with
873  mutations of the genes of the Reln pathway fully meet the criteria of construct and face validity.
874  Thus, the homozygous Reeler mice appear to be more interesting to the neurobiologist than the
875  clinician and their study will surely be still rewarding in terms of our comprehension of

876  neurodevelopment. For instance, as discussed above, the model helped to establish that many

877  functional and circuit features of cortical neurons are relatively independent from positional cues
878  and cortical lamination, e.g. [178].

879  Very differently from the above, prevalence of autism in the worldwide population is estimated to
880  be around 1% [231] and that of schizophrenia is just below 1% [110]. As the two conditions are very
881  diffuse in the human population, there is an obvious substantial translational interest for the

882  heterozygous Reeler mouse to model the two disorders. However, such an interest is again

883  paradoxical, as the validity of the model still remains dubious. The first explanation for this

884  uncertainty lies, beyond any doubt, in the substantial lack of construct validity, which is the direct
885  consequence of the complex genetic background of autism and schizophrenia. As regarding face
886  validity, the present survey of the literature clearly points out that there are several similarities but
887  also dissimilarities between the human and the mouse phenotypes. Among dissimilarities one has to
888  consider the heterogeneity of results of the behavioral experiments in mouse. This is further made
889  complex by the vast array of clinical symptoms in human. Structurally, although most of the

890  imaging and post-mortem findings in humans are not specific for each of the two conditions, one has
891  to consider that both the human and mouse phenotype converge to indicate the cerebral cortex,
892  hippocampus and cerebellum as the primary foci of the pathologies and the inhibitory interneurons
893  as major players in the context of the circuitry involved (Fig. 2).

894


https://doi.org/10.20944/preprints201910.0120.v1
https://doi.org/10.3390/jcm8122088

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 10 October 2019 d0i:10.20944/preprints201910.0120.v1

21 of 37

cerebral cortex

chandelier E{?
CB CR neuron PV

inhibitory interneurons

hippocampus
pyramidal
neurons
L PV
inhibitory interneurons
cerebellar cortex
y CB
Purkinje
granule cells neurons

897  Figure 2: Main types of cortical, hippocampal and cerebellar neurons showing structural changes
898  in autism and schizophrenia comparable with the structural phenotype of the heterozygous

899  reeler mouse.

900  In the cerebral cortex and hippocampus, comparable alterations between the two species can be
901  observed to mainly affect botl}; excitatory (in red) and inhibitory neurons (color coded according to
902 their content of the principal calcium binding proteins!). The Purkinje neurons are the cortical

903  cerebellar neurons suspected to be the main %isto athological target in both humans and mice;
904  however also the cerebellar granule cells may be llfit as a consequence of the Reln haplodeficiency,
905  given their tight developmental link with the Purkinje neurons. See also Table 2 andp main text.
906  Abbreviations: CB calbindin; CR calretinin; PV parvalbumin; VENs von Economo neurons.

908 A serious drawback to a full validation of the heterozygous Reeler mouse as a model of autism

909  and/or schizophrenia lies in the observation that the alterations so far described in mouse are very
910  subtle in both structural, functional and neurochemical terms. Due to the relatively low resolution of
911  current neuroimaging procedures, and the difficulty to obtain post-mortem samples amenable for
912  neurochemical, electrophysiological, and fine (ultra) structural analysis, it remains to be established
913  whether the alterations in heterozygous Reeler mice have a true biological significance, beyond

914  statistics [232,233], and, in the affirmative, if one can take advantage of these alterations to discover
915  novel biomarkers that will be helpful for an earlier and more precise diagnosis.

918 Author Contributions: All authors contributed to write the manuscript

! The classification of cortical interneurons has been more recently reconsidered taking into consideration
several other neurochemicals beside to the calcium-binding proteins. However, as this type of classification is
still widely in use, we made reference to it, also considering that the majority of papers reporting on postmortem
human material we based on such a categorization.
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929 Abbreviations

930 ADLTE autosomal-dominant lateral temporal epilepsy
931  ApoER?2 apolipoprotein E2

932 ARX aristaless-related homeobox gene

933 ASD autism spectrum disorders

934  ATXN7 ataxin7

935 AUTS] autism susceptibility 1 gene

936  CBcalbindin

937 CNS central nervous system

938 CNTNG6 contactin 6

939 CR calretinin

940 DCX doublecortin

941 DTI diffusion tractography imaging

942 ETL7 temporal lobe epilepsy-7

943 GFP green fluorescent protein

944 HCN hyperpolarization-activated cyclic nucleotide-gated
945 ILS isolated lissencephaly sequence

946 1Q intelligence quotient

947 LCH lissencephaly with cerebellar hypoplasia
948 LGI1 leucine-rich, glioma inactivated 1 gene
949 LIS1 lissencephaly 1

950 LIS2 lissencephaly 2

951 LIS3 lissencephaly 3

952 LTD long term depression

953 LTE lateral temporal epilepsy

954 LTP long term potentiation

955 MAP2 microtubule-associated protein 2

956 MDS Miller-Dieker syndrome

957 MEMRI manganese-enhanced MRI

958 PAFAHI1B1 platelet-activating factor acetylhydrolase IB subunit o
959 PDD-NOS pervasive developmental disorder-not otherwise specified
960 PPI pre-pulse inhibition

961 PTP post tetanic potentiation

962 PV parvalbumin

963 RELN Reelin gene (human)

964 Reln Reelin gene (mouse)

965 RELN Reelin glycoprotein (human)

966 Reln Reelin glycoprotein (mouse)

967 ROI region-of-interest

968 SBH subcortical band heterotopia

969 SCA37 spinocerebellar ataxia type 37

970 SCA7 spinocerebellar ataxia type 7

971 sMRI structural magnetic resonance imaging
972 SNP single nucleotide polymorphism

973 SYP1 synaptophysin 1

974  TUBAIA « tubulin 1A

975 VENSs von Economo neurons
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976 VLDLR very low density lipoprotein receptor
977
978
979
980  References
981
982 1. Andersen, T. E; Finsen, B.; Goffinet, A. M.; Issinger, O. G.; Boldyreff, B. A reeler mutant mouse with a
983 new, spontaneous mutation in the reelin gene. Brain Res Mol Brain Res 2002, 105, 153-156.
984 2. Tissir, F.; Goffinet, A. M. Reelin and brain development. Nat Rev Neurosci 2003, 4, 496-505.
985 3. D'Arcangelo, G.; Miao, G. G.; Chen, S. C.; Soares, H. D.; Morgan, J. I.; Curran, T. A protein related to
986 extracellular matrix proteins deleted in the mouse mutant reeler. Nature 1995, 374, 719-723.
987 4. Falconer, D. S. Two new mutants, 'trembler’ and 'reeler’, with neurological actions in the house mouse
088 (Mus musculus L.). ] Genet 1951, 50, 192-201.
989 5. Caviness, V. S.; Rakic, P. Mechanisms of Cortical Development: A View From Mutations in Mice.
990 Annu Rev Neurosci 1978, 1, 297-326.
991 6. Goffinet, A. M. Events governing organization of postmigratory neurons: Studies on brain
992 development in normal and reeler mice. Brain Res Rev1984, 7, 261-296.
993 7. Folsom, T. D.; Fatemi, S. H. The involvement of Reelin in neurodevelopmental disorders.
994 Neuropharmacology 2013, 68, 122-35.
995 8. DeSilva, U.; D'Arcangelo, G.; Braden, V. V.; Chen, J.; Miao, G. G.; Curran, T.; Green, E. D. The human
996 reelin gene: isolation, sequencing, and mapping on chromosome 7. Genome Res 1997, 7, 157-164.
997 9. Hong, S. E.; Shugart, Y. Y.; Huang, D. T.; Shahwan, S. A.; Grant, P. E.; Hourihane, J. O.; Martin, N. D,;
998 Walsh, C. A. Autosomal recessive lissencephaly with cerebellar hypoplasia is associated with human
999 RELN mutations. Nat Genet 2000, 26, 93-96.
1000 10. Fatemi, S. H. Reelin glycoprotein in autism and schizophrenia. Int Rev Neurobiol 2005, 71, 179-187.
1001 11. Fatemi, S. H.; Stary, J. M,; Halt, A. R.; Realmuto, G. R. Dysregulation of Reelin and Bcl-2 proteins in
1002 autistic cerebellum. | Autism Dev Disord 2001, 31, 529-535.
1003 12. Robertson, H. R.; Feng, G. Annual Research Review: Transgenic mouse models of childhood-onset
1004 psychiatric disorders. | Child Psychol. Psychiatry 2011, 52, 442-475.
1005 13. Miles, J. H. Autism spectrum disorders--a genetics review. Genet Med 2011, 13, 278-294.
1006 14. Vorstman, J. A. S,; Parr, J. R.; Moreno-De-Luca, D.; Anney, R. J. L.; Nurnberger Jr, J. I; Hallmayer, J. F.
1007 Autism genetics: opportunities and challenges for clinical translation. Nature Reviews Genetics 2017, 18,
1008 362.
1009 15. Vorstman, J. A. S.; Parr, J. R.; Moreno-De-Luca, D.; Anney, R. J. L.; Nurnberger, J. L, Jr.; Hallmayer, J. F.
1010 Autism genetics: opportunities and challenges for clinical translation. Nat Rev Genet 2017, 18, 362-376.
1011 16. Geyer, M. A. Developing translational animal models for symptoms of schizophrenia or bipolar
1012 mania. Neurotox Res 2008, 14, 71-78.
1013 17. Chadman, K. K. Animal models for autism in 2017 and the consequential implications to drug

1014 discovery. Exp Opin Drug Dis 2017, 12, 1187-1194.


https://doi.org/10.20944/preprints201910.0120.v1
https://doi.org/10.3390/jcm8122088

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 10 October 2019 d0i:10.20944/preprints201910.0120.v1

24 of 37
1015 18 Zaki, M.; Shehab, M.; El-Aleem, A. A.; Abdel-Salam, G.; Koeller, H. B.; Ilkin, Y.; Ross, M. E.; Dobyns,
1016 W. B.; Gleeson, J. G. Identification of a novel recessive RELN mutation using a homozygous balanced
1017 reciprocal translocation. Am | Med Genet A 2007, 143A, 939-944.
1018 19. Hirotsune, S.; Takahara, T.; Sasaki, N.; Hirose, K.; Yoshiki, A.; Ohashi, T.; Kusakabe, M.; Murakami, Y.;
1019 Muramatsu, M.; Watanabe, S.; . The reeler gene encodes a protein with an EGF-like motif expressed
1020 by pioneer neurons. Nat Genet 1995, 10, 77-83.
1021 20. Ogawa, M.; Miyata, T.; Nakajima, K.; Yagyu, K.; Seike, M.; Ikenaka, K.; Yamamoto, H.; Mikoshiba, K.
1022 The reeler gene-associated antigen on Cajal-Retzius neurons is a crucial molecule for laminar
1023 organization of cortical neurons. Neuron 1995, 14, 899-912.
1024 21. D'Arcangelo, G. Reelin in the Years: Controlling Neuronal Migration and Maturation in the
1025 Mammalian Brain. Adv Neurosci 2014, Article ID 597395, 19 pages. doi:10.1155/2014/597395.
1026 22. Hiesberger, T.; Trommsdorff, M.; Howell, B. W.; Goffinet, A.; Mumby, M. C.; Cooper, J. A.; Herz, J.
1027 Direct binding of Reelin to VLDL receptor and ApoE receptor 2 induces tyrosine phosphorylation of
1028 disabled-1 and modulates tau phosphorylation. Neuron 1999, 24, 481-489.
1029 23. Assadi, A. H,; Zhang, G.; Beffert, U.; McNeil, R. S.; Renfro, A. L.; Niu, S.; Quattrocchi, C. C.; Antalffy,
1030 B. A, Sheldon, M.; Armstrong, D. D.; Wynshaw-Boris, A.; Herz, J.; D'Arcangelo, G.; Clark, G. D.
1031 Interaction of reelin signaling and Lis1 in brain development. Nat Genet 2003, 35, 270-276.
1032 24. Bahi-Buisson, N.; Cavallin, M. Tubulinopathies overview. In GeneReviews®, Adam, M. P., Ardinger, H.
1033 H., Pagon, R. A., Wallace, S. E., Eds.; University of Washington: Seattle, 2016.
1034 25. Lo, N. C; Chong, C. S.; Smith, A. C.; Dobyns, W. B.; Carrozzo, R.; Ledbetter, D. H. Point mutations
1035 and an intragenic deletion in LIS1, the lissencephaly causative gene in isolated lissencephaly sequence
1036 and Miller-Dieker syndrome. Hum Mol Genet 1997, 6, 157-164.
1037 26. Kato, M.; Dobyns, W. B. Lissencephaly and the molecular basis of neuronal migration. Human Mol
1038 Genet 2003, 12, R89-R96.
1039 27. Lecourtois, M.; Poirier, K.; Friocourt, G.; Jaglin, X.; Goldenberg, A.; Saugier-Veber, P.; Chelly, J.;
1040 Laquerriere, A. Human lissencephaly with cerebellar hypoplasia due to mutations in TUBA1A:
1041 expansion of the foetal neuropathological phenotype. Acta Neuropathol 2010, 119, 779-789.
1042 28. Ross, M. E.; Swanson, K.; Dobyns, W. B. Lissencephaly with cerebellar hypoplasia (LCH): a
1043 heterogeneous group of cortical malformations. Neuropediatrics 2001, 32, 256-263.
1044 29. Keays, D. A; Tian, G.; Poirier, K.; Huang, G. J.; Siebold, C.; Cleak, J.; Oliver, P. L.; Fray, M.; Harvey, R.
1045 ].; Molnar, Z.; Pinon, M. C.; Dear, N.; Valdar, W.; Brown, S. D. M.; Davies, K. E.; Rawlins, J. N.; Cowan,
1046 N. J.; Nolan, P.; Chelly, J.; Flint, J. Mutations in atubulin cause abnormal neuronal migration in mice
1047 and lissencephaly in humans. Cell 2007, 128, 45-57.
1048 30. Bahi-Buisson, N.; Poirier, K.; Fourniol, F.; Saillour, Y.; Valence, S.; Lebrun, N.; Hully, M.; Bianco, C. F.;
1049 Boddaert, N.; Elie, C.; Lascelles, K.; Souville, I.; Beldjord, C.; Chelly, J. The wide spectrum of
1050 tubulinopathies: what are the key features for the diagnosis? Brain 2014, 137, 1676-1700.
1051 31. Aiken, J.; Buscaglia, G.; Bates, E. A.; Moore, ]J. K. The atubulin gene TUBA1A in brain development: a
1052 key ingredient in the neuronal isotype blend. | Dev Biol 2017, 2017/09/19, 8.
1053 32. Goncalves, F. G.; Freddi, T. A. L.; Taranath, A.; Lakshmanan, R.; Goetti, R.; Feltrin, F. S.; Mankad, K.;
1054 Teixeira, S. R.; Hanagandi, P. B.; Arrigoni, F. Tubulinopathies. Top Magn Reson Imaging 2018, 27,
1055 395-408.
1056 33. Romaniello, R.; Arrigoni, F.; Fry, A. E; Bassi, M. T.; Rees, M. I; Borgatti, R.; Pilz, D. T.; Cushion, T. D.

1057 Tubulin genes and malformations of cortical development. Eur | Med Genet 2018, 61, 744-754.


https://doi.org/10.20944/preprints201910.0120.v1
https://doi.org/10.3390/jcm8122088

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 10 October 2019 d0i:10.20944/preprints201910.0120.v1

25 of 37
1058 34. Dazzo, E.; Fanciulli, M.; Serioli, E.; Minervini, G.; Pulitano, P.; Binelli, S.; Di, B. C.; Luisi, C.; Pasini, E.;
1059 Striano, S.; Striano, P.; Coppola, G.; Chiavegato, A.; Radovic, S.; Spadotto, A.; Uzzau, S.; La, N. A,;
1060 Giallonardo, A. T.; Mecarelli, O.; Tosatto, S. C.; Ottman, R.; Michelucci, R.; Nobile, C. Heterozygous
1061 reelin mutations cause autosomal-dominant lateral temporal epilepsy. Am ] Hum Genet 2015, 96,
1062 992-1000.
1063  3s. Michelucci, R.; Pulitano, P.; Di Bonaventura, C.; Binelli, S.; Luisi, C.; Pasini, E.; Striano, S.; Striano, P.;
1064 Coppola, G.; La Neve, A.; Giallonardo, A. T.; Mecarelli, O.; Serioli, E.; Dazzo, E.; Fanciulli, M.; Nobile,
1065 C. The clinical phenotype of autosomal dominant lateral temporal lobe epilepsy related to reelin
1066 mutations. Epilepsy Behav 2017, 68, 103-107.
1067 36. Ceskd, K.; Aulickd, S.; Hordk, O.; Danhofer, P.; Riha, P.; Marecek, R.; genkyrik, J.; Rektor, 1.; Brazdil,
1068 M.; Oslejskova, H. Autosomal dominant temporal lobe epilepsy associated with heterozygous reelin
1069 mutation: 3T brain MRI study with advanced neuroimaging methods. Epilepsy Behav Case Res 2019, 11,
1070 39-42.
1071 37. Boycott, K. M.; Bonnemann, C.; Herz, J.; Neuert, S.; Beaulieu, C.; Scott, ]. N.; Venkatasubramanian, A.;
1072 Parboosingh, J. S. Mutations in VLDLR as a cause for autosomal recessive cerebellar ataxia with
1073 mental retardation (dysequilibrium syndrome). | Child Neurol 2009, 2009/03/30, 1310-1315.
1074 38. Matilla-Duefias, A.; Volpini, V. Spinocerebellar ataxia type 37. In GeneReviews®, Adam, M. P,
1075 Ardinger, H. H,, Pagon, R. A., Wallace, S. E., Eds.; University of Washington, Seattle: Seattle (WA),
1076 2019.
1077 39. Serrano-Munuera, C.; Corral-Juan, M.; Stevanin, G.; San Nicol+is, H.; Roig, C.; Corral, J.; Campos, B.;
1078 de Jorge, L.; Morcillo-Su+tirez, C.; Navarro, A.; Forlani, S.; Durr, A.; Kulisevsky, J.; Brice, A.; Stinchez,
1079 L; Volpini, V.; Matilla-Due+ias, A. New Subtype of Spinocerebellar Ataxia With Altered Vertical Eye
1080 Movements Mapping to Chromosome 1p32Subtype of SCA With Altered Vertical Eye Movements.
1081 JAMA Neurology 2013, 70, 764-771.
1082 40. Seixas, A. I.; Loureiro, J. R,; Costa, C.; Ordéfez-Ugalde, A. S.; Marcelino, H.; Oliveira, C. L.; Loureiro, J.
1083 L.; Dhingra, A.; Brandao, E.; Cruz, V. T.; Timéteo, A.; Quintans, B.; Rouleau, G. A, Rizzu, P,
1084 Carracedo, A.; Bessa, J., Heutink, P.; Sequeiros, J.; Sobrido, M. J.; Coutinho, P.; Silveira, I. A
1085 Pentanucleotide ATTTC Repeat Insertion in the Non-coding Region of DAB1, Mapping to SCA37,
1086 Causes Spinocerebellar Ataxia. Am | Hum Genet 2017, 101, 87-103.
1087 41. Dobyns, W. B.; Das, S. PAFAH1B1-Associated Lissencephaly/Subcortical Band Heterotopia. In
1088 GeneReviews®, Adam, M. P., Ardinger, H. H., Pagon, R. A., Wallace, S. E., Eds.; University of
1089 Washington, Seattle: Seattle (WA), 2014.
1090 42, Enevoldson, T. P.; Sanders, M. D.; Harding, A. E. Autosomal dominant cerebellar ataxia with
1091 pigmentary macular dystrophy. A clinical and genetic study of eight families. Brain 1994, 117, 445-460.
1092 43. McCullough, S. D.; Xu, X,; Dent, S. Y.; Bekiranov, S.; Roeder, R. G.; Grant, P. A. Reelin is a target of
1093 polyglutamine expanded ataxin-7 in human spinocerebellar ataxia type 7 (SCA?) astrocytes. Proc. Natl.
1094 Acad. Sci. U. S. A. 2012, 109, 21319-21324.
1095 44, Lammert, D. B.; Howell, B. W. RELN Mutations in Autism Spectrum Disorder. Front Cell Neurosci
1096 2016, 10, 84.
1097 45. Persico, A. M.; D'Agruma, L.; Maiorano, N.; Totaro, A.; Militerni, R.; Bravaccio, C.; Wassink, T. H,;
1098 Schneider, C.; Melmed, R.; Trillo, S.; Montecchi, F.; Palermo, M.; Pascucci, T.; Puglisi-Allegra, S.;
1099 Reichelt, K. L.; Conciatori, M.; Marino, R.; Quattrocchi, C. C.; Baldi, A.; Zelante, L.; Gasparini, P.;
1100 Keller, F. Reelin gene alleles and haplotypes as a factor predisposing to autistic disorder. Mol
1101 Psychiatr 2001, 6, 150-159.
1102 46. Zhang, H; Liu, X.; Zhang, C.; Mundo, E.; Macciardi, F.; Grayson, D. R.; Guidotti, A. R.; Holden, J. J. A.

1103 Reelin gene alleles and susceptibility to autism spectrum disorders. Mole Psychiatr 2002, 7, 1012-1017.


https://doi.org/10.20944/preprints201910.0120.v1
https://doi.org/10.3390/jcm8122088

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 10 October 2019 d0i:10.20944/preprints201910.0120.v1

26 of 37
1104 47. Holt, R.; Barnby, G.; Maestrini, E.; Bacchelli, E.; Brocklebank, D.; Sousa, I. s.; Mulder, E. J.; Kantojarvi,
1105 K,; Jarveld, I; Klauck, S. M.; Poustka, F.; Bailey, A. J.; Monaco, A. P. Linkage and candidate gene
1106 studies of autism spectrum disorders in European populations. Eur | Hum Genet 2010, 18, 1013.
1107 48. Devlin, B.; Bennett, P.; Dawson, G.; Figlewicz, D. A.; Grigorenko, E. L.; McMahon, W.; Minshew, N.;
1108 Pauls, D.; Smith, M.; Spence, M. A.; Rodier, P. M.; Stodgell, C.; Schellenberg, G. D. Alleles of a reelin
1109 CGG repeat do not convey liability to autism in a sample from the CPEA network. Am | Med Gene.
1110 2004, 126B, 46-50.
1111 49. Bonora, E.; Beyer, K. S.; Lamb, J. A,; Parr, J. R.; Klauck, S. M.; Benner, A.; Paolucci, M.; Abbott, A.;
1112 Ragoussis, L; Poustka, A.; Bailey, A. J.; Monaco, A. P.; and the International Molecular Genetic Study
1113 of Autism Consortium (IMGSAC) Analysis of reelin as a candidate gene for autism. Mol Psychiatr
1114 2003, 8, 885-892.
1115 50. Wang, Z.; Hong, Y.; Zou, L.; Zhong, R.; Zhu, B.; Shen, N.; Chen, W.; Lou, J.; Ke, ]J.; Zhang, T.; Wang,
1116 W.; Miao, X. Reelin gene variants and risk of autism spectrum disorders: An integrated meta-analysis.
1117 Am | Med Genet 2014, 165, 192-200.
1118 51. Parihar, R.; Ganesh, S. Autism genes: the continuum that connects us all. | Genet 2016, 95, 481-483.
1119 52. De Rubeis, S.; He, X.; Goldberg, A. P.; Poultney, C. S.; Samocha, K.; Ercument Cicek, A.; Kou, Y,; Liu,
1120 L.; Fromer, M.; Walker, S.; Singh, T.; Klei, L.; Kosmicki, J.; Fu, S. C.; Aleksic, B.; Biscaldi, M.; Bolton, P.
1121 F.; Brownfeld, J. M.; Cai, J.; Campbell, N. G.; Carracedo, A.; Chahrour, M. H.; Chiocchetti, A. G.; Coon,
1122 H.; Crawford, E. L.; Crooks, L.; Curran, S. R.; Dawson, G.; Duketis, E.; Fernandez, B. A.; Gallagher, L.;
1123 Geller, E.; Guter, S. J.; Sean Hill, R.; Ionita-Laza, L; Jimenez Gonzalez, P.; Kilpinen, H.; Klauck, S. M,;
1124 Kolevzon, A.; Lee, I; Lei, J.; Lehtimaki, T.; Lin, C. F.; Ma'ayan, A.; Marshall, C. R.; McInnes, A. L,;
1125 Neale, B.; Owen, M. J.; Ozaki, N.; Parellada, M.; Parr, J. R.; Purcell, S.; Puura, K.; Rajagopalan, D.;
1126 Rehnstrom, K.; Reichenberg, A.; Sabo, A.; Sachse, M.; Sanders, S. ].; Schafer, C.; Schulte-Riither, M.;
1127 Skuse, D.; Stevens, C.; Szatmari, P.; Tammimies, K.; Valladares, O.; Voran, A.; Wang, L. S.; Weiss, L.
1128 A.; Jeremy Willsey, A.; Yu, T. W.; Yuen, R. K. C.; The, D. S.; Homozygosity Mapping Collaborative for
1129 Autism; Consortium, K.; The Autism Sequencing Consortium; Cook, E. H.; Freitag, C. M.; Gill, M.;
1130 Hultman, C. M.; Lehner, T.; Palotie, A.; Schellenberg, G. D.; Sklar, P.; State, M.; Sutcliffe, J. S.; Walsh, C.
1131 A.; Scherer, 5. W.; Zwick, M. E.; Barrett, ]. C.; Cutler, D. J.; Roeder, K.; Devlin, B.; Daly, M. J.; Buxbaum,
1132 J. D. Synaptic, transcriptional and chromatin genes disrupted in autism. Nature 2014, 515, 209.
1133 53. Neale, B. M.; Kou, Y.; Liu, L.; Ma'ayan, A.; Samocha, K. E.; Sabo, A.; Lin, C. F.; Stevens, C.; Wang, L. S.;
1134 Makarov, V.; Polak, P.; Yoon, S.; Maguire, ].; Crawford, E. L.; Campbell, N. G.; Geller, E. T.; Valladares,
1135 O.; Schafer, C.,; Liu, H.; Zhao, T.; Cai, G.; Lihm, J.; Dannenfelser, R.; Jabado, O.; Peralta, Z;
1136 Nagaswamy, U.; Muzny, D.; Reid, ]. G.; Newsham, I.; Wu, Y.; Lewis, L.; Han, Y.; Voight, B. F.; Lim, E.;
1137 Rossin, E.; Kirby, A.; Flannick, J.; Fromer, M.; Shakir, K.; Fennell, T.; Garimella, K.; Banks, E.; Poplin,
1138 R.; Gabriel, S.; DePristo, M.; Wimbish, ]J. R.; Boone, B. E.; Levy, S. E.; Betancur, C.; Sunyaev, S,;
1139 Boerwinkle, E.; Buxbaum, J. D.; Cook, E. H., Jr.; Devlin, B.; Gibbs, R. A.; Roeder, K.; Schellenberg, G.
1140 D.; Sutcliffe, J. S.; Daly, M. J. Patterns and rates of exonic de novo mutations in autism spectrum
1141 disorders. Nature 2012, 485, 242-245.
1142 54. lIossifov, I.; O'Roak, B. J.; Sanders, S. J.; Ronemus, M.; Krumm, N.; Levy, D.; Stessman, H. A.;
1143 Witherspoon, K. T.; Vives, L.; Patterson, K. E.; Smith, J. D.; Paeper, B.; Nickerson, D. A.; Dea, J.; Dong,
1144 S.; Gonzalez, L. E.; Mandell, ]. D.; Mane, S. M.; Murtha, M. T.; Sullivan, C. A.; Walker, M. F.; Waqar, Z,;
1145 Wei, L.; Willsey, A.].; Yamrom, B.; Lee, Y. h.; Grabowska, E.; Dalkic, E.; Wang, Z.; Marks, S.; Andrews,
1146 P.; Leotta, A.; Kendall, J.; Hakker, I.; Rosenbaum, J.; Ma, B.; Rodgers, L.; Troge, J.; Narzisi, G.; Yoon, S.;
1147 Schatz, M. C.; Ye, K; McCombie, W. R.; Shendure, J.; Eichler, E. E.; State, M.; Wigler, M. The
1148 contribution of de novo coding mutations to autism spectrum disorder. Nature 2014, 515, 216.
1149 55. Gaugler, T.; Klei, L.; Sanders, S. J.; Bodea, C. A.; Goldberg, A. P.; Lee, A. B.; Mahajan, M.; Manaa, D.;
1150 Pawitan, Y.; Reichert, J.; Ripke, S.; Sandin, S.; Sklar, P.; Svantesson, O.; Reichenberg, A.; Hultman, C.
1151 M.; Devlin, B.; Roeder, K.; Buxbaum, J. D. Most genetic risk for autism resides with common variation.

1152 Nat Genet 2014, 46, 881.


https://doi.org/10.20944/preprints201910.0120.v1
https://doi.org/10.3390/jcm8122088

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 10 October 2019 d0i:10.20944/preprints201910.0120.v1

27 of 37
1153 56. Fatemi, S. H. Reelin mutations in mouse and man: from reeler mouse to schizophrenia, mood
1154 disorders, autism and lissencephaly. Mol Psychiatr 2001, 6, 129-133.
1155 57 Ecker, C. The neuroanatomy of autism spectrum disorder: An overview of structural neuroimaging
1156 findings and their translatability to the clinical setting. Autism 2017, 21, 18-28.
1157 58. Lange, N.; Travers, B. G.; Bigler, E. D.; Prigge, M. B.; Froehlich, A. L.; Nielsen, J. A.; Cariello, A. N,;
1158 Zielinski, B. A; Anderson, J. S.; Fletcher, P. T.; Alexander, A. A, Lainhart, J. E. Longitudinal
1159 volumetric brain changes in autism spectrum disorder ages 6-35 years. Autism Res 2015, 8, 82-93.
1160 59. Shen, M. D.; Nordahl, C. W.; Young, G. S.; Wootton-Gorges, S. L.; Lee, A.; Liston, S. E.; Harrington, K.
1161 R.; Ozonoff, S.; Amaral, D. G. Early brain enlargement and elevated extra-axial fluid in infants who
1162 develop autism spectrum disorder. Brain 2013, 136, 2825-2835.
1163 60. Schumann, C. M,; Bloss, C. S.; Barnes, C. C.; Wideman, G. M.; Carper, R. A.; Akshoomoff, N.; Pierce,
1164 K.; Hagler, D.; Schork, N.; Lord, C.; Courchesne, E. Longitudinal magnetic resonance imaging study
1165 of cortical development through early childhood in autism. | Neurosci 2010, 30, 4419-4427.
1166 61. Hazlett, H. C; Poe, M. D.; Gerig, G.; Styner, M.; Chappell, C.; Smith, R. G.; Vachet, C.; Piven, J. Early
1167 brain overgrowth in autism associated with an increase in cortical surface area before age 2 years.
1168 Arch Gen Psychiatr 2011, 68, 467-476.
1169 62. Minshew, N. J; Sweeney, ]. A.; Bauman, M. L; Webb, S. ]J. Neurologic Aspects of Autism.
1170 2005,473-514.
1171 63. Courchesne, E.; Yeung-Courchesne, R.; Hesselink, J. R.; Jernigan, T. L. Hypoplasia of Cerebellar
1172 Vermal Lobules VI and VII in Autism. New Engl ] Med 1988, 318, 1349-1354.
1173 64. Courchesne, E.; Saitoh, O.; Townsend, J.; Yeung-Courchesne, R.; Press, G.; Lincoln, A.; Haas, R;
1174 Schreibman, L. Cerebellar hypoplasia and hyperplasia in infantile autism. The Lancet 1994, 343, 63-64.
1175 65. Scott, J. A.; Schumann, C. M.; Goodlin-Jones, B. L.; Amaral, D. G. A comprehensive volumetric
1176 analysis of the cerebellum in children and adolescents with autism spectrum disorder. Autism Res
1177 2009, 2, 246-257.
1178 66. Piven, J.; Saliba, K.; Bailey, J.; Arndt, S. An MRI study of autism: the cerebellum revisited. Neurology
1179 1997, 49, 546-551.
1180 67. Lucibello, S.; Verdolotti, T.; Giordano, F. M.; Lapenta, L.; Infante, A.; Piludu, F.; Tartaglione, T.;
1181 Chieffo, D.; Colosimo, C.; Mercuri, E.; Battini, R. Brain morphometry of preschool age children
1182 affected by autism spectrum disorder: Correlation with clinical findings. Clin Anat 2019, 32, 143-150.
1183 68. Kemper, T. L.; Bauman, M. L. The contribution of neuropathologic studies to the understanding of
1184 autism. Newrol. Clin. 1993, 11, 175-187.
1185 69. Amaral, D. G.; Schumann, C. M.; Nordahl, C. W. Neuroanatomy of autism. Trends Neurosci 2008, 31,
1186 137-145.
1187 70. Varghese, M.; Keshav, N.; Jacot-Descombes, S.; Warda, T. Wicinski, B.; Dickstein, D. L.;
1188 Harony-Nicolas, H.; De Rubeis, S.; Drapeau, E.; Buxbaum, J. D.; Hof, P. R. Autism spectrum disorder:
1189 neuropathology and animal models. Acta Neuropathol 2017, 134, 537-566.
1190 71. Wegiel, ].; Kuchna, I.; Nowicki, K.; Imaki, H.; Wegiel, J.; Marchi, E.; Ma, S. Y.; Chauhan, A.; Chauhan,
1191 V.; Bobrowicz, T. W.; de Leon, M.; Louis, L. A. S.; Cohen, 1. L.; London, E.; Brown, W. T.; Wisniewski,
1192 T. The neuropathology of autism: defects of neurogenesis and neuronal migration, and dysplastic
1193 changes. Acta Neuropathol 2010, 119, 755-770.
1194 72. Wegiel, ].; Flory, M.; Kuchna, I.; Nowicki, K.; Ma, S. Y.; Imaki, H.; Wegiel, J.; Frackowiak, ].; Kolecka,

1195 B. M.; Wierzba-Bobrowicz, T.; London, E.; Wisniewski, T.; Hof, P. R.; Brown, W. T. Neuronal nucleus


https://doi.org/10.20944/preprints201910.0120.v1
https://doi.org/10.3390/jcm8122088

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 10 October 2019 d0i:10.20944/preprints201910.0120.v1

28 of 37
1196 and cytoplasm volume deficit in children with autism and volume increase in adolescents and adults.
1197 Acta Neuropathol Commun 2015, 3, 2.
1198 73. Casanova, M. F. Neuropathological and Genetic Findings in Autism: The Significance of a Putative
1199 Minicolumnopathy. Neuroscientist 2006, 12, 435-441.
1200 74. Mukaetova-Ladinska, E. B.; Arnold, H.; Jaros, E.; Perry, R.; Perry, E. Depletion of MAP2 expression
1201 and laminar cytoarchitectonic changes in dorsolateral prefrontal cortex in adult autistic individuals.
1202 Neuropathol Appl Neurobiol 2004, 30, 615-623.
1203 75. Raymond, G. V.; Bauman, M. L.; Kemper, T. L. Hippocampus in autism: a Golgi analysis. Acta
1204 Neuropathol. 1996, 91, 117-119.
1205 76. Hutsler, J. J.; Zhang, H. Increased dendritic spine densities on cortical projection neurons in autism
1206 spectrum disorders. Brain Res 2010, 1309, 83-94.
1207 77. Lui, J.; Hansen, D.; Kriegstein, A. Development and Evolution of the Human Neocortex. Cell 2011, 146,
1208 18-36.
1209 78. Camacho, J.; Ejaz, E.; Ariza, J.; Noctor, S. C.; Martinez-Cerdefo, V. RELN-expressing neuron density
1210 in layer I of the superior temporal lobe is similar in human brains with autism and in age-matched
1211 controls. Neurosci Lett 2014, 579, 163-167.
1212 79. Fatemi, S. H.; Aldinger, K. A.; Ashwood, P.; Bauman, M. L.; Blaha, C. D,; Blatt, G. J.; Chauhan, A;
1213 Chauhan, V.; Dager, S. R.; Dickson, P. E.; Estes, A. M.; Goldowitz, D.; Heck, D. H.; Kemper, T. L.; King,
1214 B. H.; Martin, L. A.; Millen, K. J.; Mittleman, G.; Mosconi, M. W.; Persico, A. M.; Sweeney, J. A.; Webb,
1215 S.].; Welsh, J. P. Consensus paper: pathological role of the cerebellum in autism. Cerebellum 2012, 11,
1216 777-807.
1217 80. D'Mello, A. M.; Crocetti, D.; Mostofsky, S. H.; Stoodley, C. J. Cerebellar gray matter and lobular
1218 volumes correlate with core autism symptoms. Neuroimage Clin 2015, 7, 631-639.
1219 81. Hampson, D. R.; Blatt, G. ]. Autism spectrum disorders and neuropathology of the cerebellum. Front
1220 Neurosci 2015, 9, 420.
1221 82. Skefos, J.; Cummings, C.; Enzer, K.; Holiday, J.; Weed, K; Levy, E.; Yuce, T.; Kemper, T.; Bauman, M.
1222 Regional alterations in purkinje cell density in patients with autism. PLoS ONE 2014, 9, e81255.
1223 83. Wegiel, ].; Flory, M.; Kuchna, I.; Nowicki, K;; Ma, S. Y.; Imaki, H.; Wegiel, ].; Cohen, I. L.; London, E.;
1224 Wisniewski, T.; Brown, W. T. Stereological study of the neuronal number and volume of 38 brain
1225 subdivisions of subjects diagnosed with autism reveals significant alterations restricted to the
1226 striatum, amygdala and cerebellum. Acta Neuropathol Commun 2014, 2, 141.
1227 84. Fatemi, S. H.; Halt, A. R,; Realmuto, G.; Earle, J; Kist, D. A; Thuras, P.; Merz, A. Purkinje cell size is
1228 reduced in cerebellum of patients with autism. Cell Mol Neurobiol 2002, 22, 171-175.
1229  ss. Wegiel, J.; Kuchna, I.; Nowicki, K.; Imaki, H.; Wegiel, ].; Ma, S. Y.; Azmitia, E. C.; Banerjee, P.; Flory,
1230 M.; Cohen, I. L.; London, E.; Brown, W. T.; Komich, H. C.; Wisniewski, T. Contribution of
1231 olivofloccular circuitry developmental defects to atypical gaze in autism. Brain Res 2013, 1512,
1232 106-122.
1233 86. Whitney, E. R.; Kemper, T. L.; Rosene, D. L.; Bauman, M. L.; Blatt, G. J. Density of cerebellar basket
1234 and stellate cells in autism: evidence for a late developmental loss of Purkinje cells. ] Neurosci Res 2009,
1235 87,2245-2254.
1236 87. Courchesne, E.; Mouton, P. R.; Calhoun, M. E.; Semendeferi, K.; Ahrens-Barbeau, C.; Hallet, M. J.;
1237 Barnes, C. C.; Pierce, K. Neuron Number and Size in Prefrontal Cortex of Children With Autism.

1238 JAMA 2011, 306, 2001-2010.


https://doi.org/10.20944/preprints201910.0120.v1
https://doi.org/10.3390/jcm8122088

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 10 October 2019 d0i:10.20944/preprints201910.0120.v1

29 of 37
1239 88. Hashemi, E.; Ariza, J; Rogers, H. Noctor, S. C.; Martinez-Cerdefio, V. The number of
1240 parvalbumin-expressing interneurons is decreased in the prefrontal cortex in autism. Cereb Cortex
1241 2017, 27, 1931-1943.
1242 89. Jacot-Descombes, S.; Uppal, N.; Wicinski, B.; Santos, M.; Schmeidler, J.; Giannakopoulos, P.; Heinsein,
1243 H.; Schmitz, C.; Hof, P. R. Decreased pyramidal neuron size in Brodmann areas 44 and 45 in patients
1244 with autism. Acta Neuropathol 2012, 124, 67-79.
1245 90. van Kooten, I. A.].; Palmen, S. J. M. C.; von Cappeln, P.; Steinbusch, H. W. M.; Korr, H.; Heinsen, H;
1246 Hof, P. R.; van Engeland, H.; Schmitz, C. Neurons in the fusiform gyrus are fewer and smaller in
1247 autism. Brain 2008, 131, 987-999.
1248 91. Oblak, A. L.; Rosene, D. L.; Kemper, T. L.; Bauman, M. L.; Blatt, G. J. Altered posterior cingulate
1249 cortical cyctoarchitecture, but normal density of neurons and interneurons in the posterior cingulate
1250 cortex and fusiform gyrus in autism. Autism Res 2011, 4, 200-211.
1251 92. Kennedy, D. P.; Semendeferi, K.; Courchesne, E. No reduction of spindle neuron number in
1252 frontoinsular cortex in autism. Brain Cogn 2007, 64, 124-129.
1253 93. Allman, J. M.; Watson, K. K.; Tetreault, N. A.; Hakeem, A. Y. Intuition and autism: a possible role for
1254 Von Economo neurons. Trends Cogn Sci 2005, 9, 367-373.
1255 94. Santos, M.; Uppal, N.; Butti, C.; Wicinski, B.; Schmeidler, J.; Giannakopoulos, P.; Heinsen, H.; Schmitz,
1256 C.; Hof, P. R. von Economo neurons in autism: A stereologic study of the frontoinsular cortex in
1257 children. Brain Res 2011, 1380, 206-217.
1258 95. Simms, M. L.; Kemper, T. L.; Timbie, C. M.; Bauman, M. L.; Blatt, G. J. The anterior cingulate cortex in
1259 autism: heterogeneity of qualitative and quantitative cytoarchitectonic features suggests possible
1260 subgroups. Acta Neuropathol 2009, 118, 673-684.
1261 96. Uppal, N.; Wicinski, B.; Buxbaum, J. D.; Heinsen, H.; Schmitz, C.; Hof, P. R. Neuropathology of the
1262 Anterior Midcingulate Cortex in Young Children With Autism. Journal of Neuropathology &
1263 Experimental Neurology 2014, 73, 891-902.
1264 97. Weidenheim, K. M.; Goodman, L.; Dickson, D. W.; Gillberg, C.; Rastam, M.; Rapin, I. Etiology and
1265 pathophysiology of autistic behavior: clues from two cases with an unusual variant of neuroaxonal
1266 dystrophy. ] Child Neurol 2001, 16, 809-819.
1267 98. Bailey, A.; Luthert, P.; Dean, A.; Harding, B.; Janota, I.; Montgomery, M.; Rutter, M.; Lantos, P. A
1268 clinicopathological study of autism. Brain 1998, 121, 889-905.
1269 99. Lawrence, Y. A.,; Kemper, T. L.; Bauman, M. L. Blatt, G. J. Parvalbumin-, calbindin-, and
1270 calretinin-immunoreactive hippocampal interneuron density in autism. Acta Neurol Scand 2010, 121,
1271 99-108.
1272 100. Bauman, M.; Kemper, T. L. Histoanatomic observations of the brain in early infantile autism.
1273 Neurology 1985, 35, 866-874.
1274 101 Schumann, C. M.; Amaral, D. G. Stereological analysis of amygdala neuron number in autism. The |
1275 Neurosci 2006, 26, 7674.

1276 102. Morgan, J. T.; Barger, N.; Amaral, D. G.; Schumann, C. M. Stereological study of amygdala glial
1277 populations in adolescents and adults with autism spectrum disorder. PLoS ONE 2014, 9, e110356.

1278  103.  Insel, T. R. Rethinking schizophrenia. Nature 2010, 468, 187-193.

1279 104. Van, L.; Boot, E.; Bassett, A. S. Update on the 22q11.2 deletion syndrome and its relevance to
1280 schizophrenia. Curr Opin Psychiatr 2017, 30, 191-196.


https://doi.org/10.20944/preprints201910.0120.v1
https://doi.org/10.3390/jcm8122088

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 10 October 2019 d0i:10.20944/preprints201910.0120.v1

30 of 37

1281  10s. Ishii, K.; Kubo, K. I; Nakajima, K. Reelin and Neuropsychiatric Disorders. Front Cell Neurosci 2016, 10,
1282 229.

1283  106.  Luo, X; Chen, S; Xue, L.; Chen, J. H; Shi, Y. W.; Zhao, H. SNP Variation of RELN gene and
1284 schizophrenia in a Chinese population: a hospital-based case-control study. Front Genet 2019, 10, 175.

1285 107. Tost, H.; Weinberger, D. R. RELN rs7341475 and schizophrenia risk: confusing, yet somehow

1286 intriguing. Biol Psychiatr 2011, 69, e19.

1287 108. Weinberger, D. R. Future of days past: neurodevelopment and schizophrenia. Schizophrenia Bull 2017,
1288 43,1164-1168.

1289 109. Dietsche, B.; Kircher, T.; Falkenberg, 1. Structural brain changes in schizophrenia at different stages of
1290 the illness: A selective review of longitudinal magnetic resonance imaging studies. Aust N Z |
1291 Psychiatr 2017, 51, 500-508.

1292 110. Kahn, R. S;; Sommer, I. E.; Murray, R. M.; Meyer-Lindenberg, A.; Weinberger, D. R.; Cannon, T. D,;
1293 O'Donovan, M.; Correll, C. U,; Kane, J. M.; van Os, J.; Insel, T. R. Schizophrenia. Nat Rev Dis Primers
1294 2015, 1, 15067.

1295 111. Bakhshi, K.; Chance, S. A. The neuropathology of schizophrenia: A selective review of past studies

1296 and emerging themes in brain structure and cytoarchitecture. Neuroscience 2015, 303, 82-102.
1297 112. Dienel, S. J.; Lewis, D. A. Alterations in cortical interneurons and cognitive function in schizophrenia.
1298 Neurobiol Dis 2019, 131, 104208.

1299 113. Badea, A.; Nicholls, P. J.; Johnson, G. A.; Wetsel, W. C. Neuroanatomical phenotypes in the reeler
1300 mouse. Neuroinage 2007, 34, 1363-1374.

1301 114. Silva, A. C.; Lee, ]. H.; Wu, C. W. H,; Tucciarone, J.; Pelled, G.; Aoki, I; Koretsky, A. P. Detection of
1302 cortical laminar architecture using manganese-enhanced MRI. | Neurosci Meth 2008, 167, 246-257.

1303 115. Harsan, L. A,; David, C,; Reisert, M.; Schnell, S.; Hennig, J.; von, E. D.; Staiger, J]. F. Mapping
1304 remodeling of thalamocortical projections in the living reeler mouse brain by diffusion tractography.

1305 Proc Natl Acad Sci U S A 2013, 110, E1797-E1806.

1306 11e6. Katsuyama, Y.; Terashima, T. Developmental anatomy of reeler mutant mouse. Dev Growth Differ
1307 2009, 51, 271-286.

1308 117. Stanfield, B. B.; Cowan, W. M. The morphology of the hippocampus and dentate gyrus in normal and

1309 reeler mice. | Comp Neurol 1979, 185, 393-422.

1310 118. Pinto Lord, M. C,; Caviness, V. S., Jr. Determinants of cell shape and orientation: a comparative Golgi
1311 analysis of cell-axon interrelationships in the developing neocortex of normal and reeler mice. | Comp
1312 Neurol 1979, 187, 49-69.

1313 119. Niu, S.; Yabut, O.; D'Arcangelo, G. The Reelin signaling pathway promotes dendritic spine
1314 development in hippocampal neurons. ] Neurosci 2008, 28, 10339-10348.

1315 120. Olson, E. C; Kim, S; Walsh, C. A. Impaired neuronal positioning and dendritogenesis in the
1316 neocortex after cell-autonomous Dab1 suppression. | Neurosci 2006, 26, 1767-1775.

1317 121. Niu, S.; Renfro, A.; Quattrocchi, C. C.; Sheldon, M.; D'Arcangelo, G. Reelin promotes hippocampal

1318 dendrite development through the VLDLR/ApoER2-Dab1 pathway. Neuron 2004, 41, 71-84.

1319 122. Liu, W. S.; Pesold, C.; Rodriguez, M. A.; Carboni, G.; Auta, J.; Lacor, P.; Larson, J.; Condie, B. G,;
1320 Guidotti, A.; Costa, E. Down-regulation of dendritic spine and glutamic acid decarboxylase 67
1321 expressions in the reelin haploinsufficient heterozygous reeler mouse. Proc Natl Acad Sci U S A 2001,

1322 98, 3477-3482.


https://doi.org/10.20944/preprints201910.0120.v1
https://doi.org/10.3390/jcm8122088

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 10 October 2019 d0i:10.20944/preprints201910.0120.v1

31 of 37
1323 123. Chameau, P.; Inta, D.; Vitalis, T.; Monyer, H.; Wadman, W. J.; van Hooft, J. A. The N-terminal region
1324 of reelin regulates postnatal dendritic maturation of cortical pyramidal neurons. Proc Natl Acad Sci U

1325 S A 2009, 106, 7227-7232.

1326 124. Manita, S.; Suzuki, T.; Homma, C.; Matsumoto, T.; Odagawa, M.; Yamada, K.; Ota, K.; Matsubara, C,;

1327 Inutsuka, A.; Sato, M.; Ohkura, M.; Yamanaka, A.; Yanagawa, Y.; Nakai, J.; Hayashi, Y.; Larkum, M.
1328 E.; Murayama, M. A Top-Down Cortical Circuit for Accurate Sensory Perception. Neuron 2015, 86,
1329 1304-1316.

1330 125. Larkum, M. E.; Petro, L. S.; Sachdev, R. N. S.; Muckli, L. A Perspective on Cortical Layering and
1331 Layer-Spanning Neuronal Elements. Front Neuroanat.2018, 12, 56.

1332 126. Lorincz, A.; Notomi, T.; Tamas, G.; Shigemoto, R.; Nusser, Z. Polarized and compartment-dependent

1333 distribution of HCNT in pyramidal cell dendrites. Nat Neurosci 2002, 5, 1185-1193.

1334 127. Kupferman, J. V; Basu, J.; Russo, M. J.; Guevarra, J.; Cheung, S. K,; Siegelbaum, S. A. Reelin signaling
1335 specifies the molecular identity of the pyramidal neuron distal dendritic compartment. Cell 2014, 158,
1336 1335-1347.

1337 128. Meseke, M.; Neumuller, F.; Brunne, B.; Li, X,; Anstotz, M.; Pohlkamp, T.; Rogalla, M. M.; Herz, J;
1338 Rune, G. M,; Bender, R. A. Distal Dendritic Enrichment of HCN1 Channels in Hippocampal CA1 Is
1339 Promoted by Estrogen, but Does Not Require Reelin. eNeuro. 2018, 5.

1340 129. Bliss, T. V.; Chung, S. H. An electrophysiological study of the hippocampus of the 'reeler' mutant
1341 mouse. Nature 1974, 252, 153-155.

1342 130. Katsuyama, Y.; Terashima, T. Developmental anatomy of reeler mutant mouse. Dev Growth Differ 2009,
1343 51, 271-286.

1344 131. Wyss, J. M; Stanfield, B. B.; Cowan, W. M. Structural abnormalities in the olfactory bulb of the Reeler
1345 mouse. Brain Res 1980, 188, 566-571.

1346 132. Cariboni, A.; Rakic, S.; Liapi, A.; Maggi, R.; Goffinet, A.; Parnavelas, J. G. Reelin provides an
1347 inhibitory signal in the migration of gonadotropin-releasing hormone neurons. Development 2005, 132,

1348 4709-4718.

1349 133. Stanfield, B. B.; Wyss, J. M.; Cowan, W. M. The projection of the supramammillary region upon the
1350 dentate gyrus in normal and reeler mice. Brain Res 1980, 198, 196-203.

1351 134. Baba, K.; Sakakibara, S.; Setsu, T.; Terashima, T. The superficial layers of the superior colliculus are

1352 cytoarchitectually and myeloarchitectually disorganized in the reelin-deficient mouse, reeler. Brain
1353 Res. 2007, 1140:205-215.

1354 135. Terashima, T. Distribution of mesencephalic trigeminal nucleus neurons in the reeler mutant mouse.
1355 Anat Rec 1996, 244, 563-571.

1356 136. Nishikawa, S.; Goto, S.; Yamada, K.; Hamasaki, T.; Ushio, Y. Lack of Reelin causes malpositioning of
1357 nigral dopaminergic neurons: evidence from comparison of normal and Reln(rl) mutant mice. | Comp
1358 Neurol 2003, 461, 166-173.

1359 137. Takaoka, Y.; Setsu, T.; Misaki, K.; Yamauchi, T.; Terashima, T. Expression of reelin in the dorsal

1360 cochlear nucleus of the mouse. Brain Res Dev Brain Res 2005, 159, 127-134.
1361 138. Goffinet, A. M. The embryonic development of the inferior olivary complex in normal and reeler
1362 (rlORL) mutant mice. ] Comp Neurol 1983, 219, 10-24.

1363 139. Terashima, T.; Inoue, K,; Inoue, Y.; Mikoshiba, K.; Tsukada, Y. Observations on the brainstem-spinal
1364 descending systems of normal and reeler mutant mice by the retrograde HRP method. ] Comp Neurol
1365 1984, 225, 95-104.


https://doi.org/10.20944/preprints201910.0120.v1
https://doi.org/10.3390/jcm8122088

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 10 October 2019 d0i:10.20944/preprints201910.0120.v1

32 of 37
1366 140. Tanaka, Y.; Okado, H.; Terashima, T. Retrograde infection of precerebellar nuclei neurons by injection
1367 of a recombinant adenovirus into the cerebellar cortex of normal and reeler mice. Arch Histol Cytol

1368 2007, 70, 51-62.

1369 141. Villeda, S. A.; Akopians, A. L.; Babayan, A. H.; Basbaum, A. L; Phelps, P. E. Absence of Reelin results
1370 in altered nociception and aberrant neuronal positioning in the dorsal spinal cord. Neuroscience 2006,
1371 139, 1385-1396.

1372 142. Yip, J. W.; Yip, Y. P.; Nakajima, K.; Capriotti, C. Reelin controls position of autonomic neurons in the
1373 spinal cord. Proc Natl Acad Sci U S A 2000, 97, 8612-8616.

1374 143. Phelps, P. E.; Rich, R;; Dupuy-Davies, S.; Rios, Y.; Wong, T. Evidence for a cell-specific action of Reelin
1375 in the spinal cord. Dev Biol 2002, 244, 180-198.

1376 144. Silva, L. R.; Gutnick, M. J.; Connors, B. W. Laminar distribution of neuronal membrane properties in
1377 neocortex of normal and reeler mouse. | Neurophysiol. 1991, 66, 2034-2040.

1378 145. Shah, M. M.; Hammond, R. S.; Hoffman, D. A. Dendritic ion channel trafficking and plasticity. Trends
1379 Neurosci 2010, 33, 307-316.

1380 146. Chen, Y.; Beffert, U.; Ertunc, M.; Tang, T. S.; Kavalali, E. T.; Bezprozvanny, I; Herz, J. Reelin
1381 modulates NMDA receptor activity in cortical neurons. | Neurosci 2005, 25, 8209-8216.

1382 147. Beffert, U.; Weeber, E. J.; Durudas, A.; Qiu, S.; Masiulis, I.; Sweatt, J. D.; Li, W. P.; Adelmann, G.;
1383 Frotscher, M.; Hammer, R. E.; Herz, J. Modulation of synaptic plasticity and memory by Reelin
1384 involves differential splicing of the lipoprotein receptor Apoer2. Neuron 2005, 47, 567-579.

1385 148. Crabtree, G. W.; Gogos, ]J. A. Synaptic plasticity, neural circuits, and the emerging role of altered

1386 short-term information processing in schizophrenia. Front Synaptic. Neurosci 2014, 6, 28.
1387 149. Bourgeron, T. From the genetic architecture to synaptic plasticity in autism spectrum disorder. Nat
1388 Rev Neurosci 2015, 16, 551-563.

1389 150. Cohen, E. J; Quarta, E,; Bravi, R; Granato, A.; Minciacchi, D. Neural plasticity and network
1390 remodeling: From concepts to pathology. Neuroscience 2017, 344, 326-345.

1391 151. Ishida, A.; Shimazaki, K., Terashima, T, Kawai, N. An electrophysiological and

1392 immunohistochemical study of the hippocampus of the reeler mutant mouse. Brain Res. 1994, 662,
1393 60-68.

1394 152. Weeber, E. ].; Beffert, U.; Jones, C.; Christian, J. M.; Forster, E.; Sweatt, J. D.; Herz, J. Reelin and ApoE
1395 receptors cooperate to enhance hippocampal synaptic plasticity and learning. | Biol Chem 2002, 277,
1396 39944-39952.

1397 153. Qiu, S.; Korwek, K. M.; Pratt-Davis, A. R.; Peters, M.; Bergman, M. Y.; Weeber, E. J. Cognitive
1398 disruption and altered hippocampus synaptic function in Reelin haploinsufficient mice. Neurobiol
1399 Learn Mem 2006, 85, 228-242.

1400 154. Pujadas, L.; Gruart, A.; Bosch, C.; Delgado, L.; Teixeira, C. M.; Rossi, D.; de, L. L.; Martinez, A,;

1401 Delgado-Garcia, J. M.; Soriano, E. Reelin regulates postnatal neurogenesis and enhances spine
1402 hypertrophy and long-term potentiation. | Neurosci 2010, 30, 4636-4649.

1403 155. Rogers, J. T.; Rusiana, L; Trotter, J.; Zhao, L.; Donaldson, E.; Pak, D. T.; Babus, L. W.; Peters, M.; Banko,
1404 J. L.; Chavis, P.; Rebeck, G. W.; Hoe, H. S.; Weeber, E. ]. Reelin supplementation enhances cognitive
1405 ability, synaptic plasticity, and dendritic spine density. Learn Mem 2011, 18, 558-564.

1406 156. Rinaldi, T.; Perrodin, C.; Markram, H. Hyper-connectivity and hyper-plasticity in the medial
1407 prefrontal cortex in the valproic Acid animal model of autism. Front Neural Circuit 2008, 2, 4.


https://doi.org/10.20944/preprints201910.0120.v1
https://doi.org/10.3390/jcm8122088

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 10 October 2019 d0i:10.20944/preprints201910.0120.v1

33 of 37
1408 157. Parnavelas, J. G. The origin and migration of cortical neurones: new vistas. Trends Neurosci 2000, 23,
1409 126-131.
1410 158.  D'Arcangelo, G. Reelin mouse mutants as models of cortical development disorders. Epilepsy Behav
1411 2006, 8, 81-90.
1412 159. Caviness, V. S., Jr. Patterns of cell and fiber distribution in the neocortex of the reeler mutant mouse. |
1413 Comp Neurol 1976, 170, 435-447.
1414 160. Terashima, T.; Takayama, C.; Ichikawa, R.; Inoue, Y. Dendritic arbolization of large pyramidal
1415 neurons in the motor cortex of normal and reeler mutant mouse. Okajimas Folia Anat Jpn 1992, 68,
1416 351-363.
1417 161. Landrieu, P.; Goffinet, A. Inverted pyramidal neurons and their axons in the neocortex of reeler
1418 mutant mice. Cell Tissue Res 1981, 218, 293-301.

1419 162. Terashima, T.; Inoue, K.; Inoue, Y.; Mikoshiba, K.; Tsukada, Y. Distribution and morphology of
1420 corticospinal tract neurons in reeler mouse cortex by the retrograde HRP method. ] Comp Neurol 1983,
1421 218, 314-326.

1422 163. Markram, H.; Toledo-Rodriguez, M.; Wang, Y.; Gupta, A.; Silberberg, G.; Wu, C. Interneurons of the
1423 neocortical inhibitory system. Nat Rev Neurosci 2004, 5, 793-807.

1424 164. Yabut, O.; Renfro, A.; Niu, S.; Swann, J. W.; Marin, O.; D'Arcangelo, G. Abnormal laminar position
1425 and dendrite development of interneurons in the reeler forebrain. Brain Res 2007, 1140, 75-83.

1426 165. Hevner, R. F.; Daza, R. A.; Englund, C.; Kohtz, J.; Fink, A. Postnatal shifts of interneuron position in

1427 the neocortex of normal and reeler mice: evidence for inward radial migration. Neuroscience 2004, 124,
1428 605-618.

1429 166. Pla, R.; Borrell, V.; Flames, N.; Marin, O. Layer acquisition by cortical GABAergic interneurons is
1430 independent of Reelin signaling. | Neurosci 2006, 26, 6924-6934.

1431 167. Hammond, V.; So, E.; Gunnersen, J.; Valcanis, H.; Kalloniatis, M.; Tan, S. S. Layer positioning of
1432 late-born cortical interneurons is dependent on Reelin but not p35 signaling. | Neurosci 2006, 26,
1433 1646-1655.

1434 168. Lakoma, J.; Garcia-Alonso, L.; Luque, J. M. Reelin sets the pace of neocortical neurogenesis.
1435 Development 2011, 138, 5223-5234.

1436 169. Nishikawa, S.; Goto, S.; Hamasaki, T.; Yamada, K.; Ushio, Y. Involvement of reelin and Cajal-Retzius
1437 cells in the developmental formation of vertical columnar structures in the cerebral cortex: evidence
1438 from the study of mouse presubicular cortex. Cereb Cortex 2002, 12, 1024-1030.

1439 170. Nishibe, M., Katsuyama, Y., Yamashita, T. Developmental abnormality contributes to

1440 cortex-dependent motor impairments and higher intracortical current requirement in the reeler
1441 homozygous mutants. Brain Struct. Funct. 2018, 223, 2575-2587.

1442 171. Simmons, P. A.; Lemmon, V.; Pearlman, A. L. Afferent and efferent connections of the striate and
1443 extrastriate visual cortex of the normal and reeler mouse. | Comp Neurol 1982, 211, 295-308.

1444 172. Wagener, R. J; David, C.; Zhao, S.; Haas, C. A,; Staiger, J. F. The somatosensory cortex of reeler
1445 mutant mice shows absent layering but intact formation and behavioral activation of columnar
1446 somatotopic maps. ] Neurosci. 2010, 30, 15700-15709.

1447 173. Pielecka-Fortuna, J.; Wagener, R. J.; Martens, A. K.; Goetze, B.; Schmidt, K. F.; Staiger, J. F.; Lowel, S.
1448 The disorganized visual cortex in reelin-deficient mice is functional and allows for enhanced plasticity.
1449 Brain Struct Funct 2015, 220, 3449-3467.


https://doi.org/10.20944/preprints201910.0120.v1
https://doi.org/10.3390/jcm8122088

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 10 October 2019 d0i:10.20944/preprints201910.0120.v1

34 of 37

1450 174 Guy, J.; Wagener, R. ].; Mock, M.; Staiger, J. F. Persistence of Functional Sensory Maps in the Absence
1451 of Cortical Layers in the Somsatosensory Cortex of Reeler Mice. Cereb Cortex 2015, 25, 2517-2528.

1452  175. Prume, M.; Rollenhagen, A.; Lubke, J. H. R. structural and synaptic organization of the adult Reeler

1453 mouse somatosensory neocortex: a comparative fine-scale electron microscopic study of Reeler with
1454 wild type mice. Front Neuroanat. 2018, 12:80.

1455 176. Grossberg, S. Towards a unified theory of neocortex: laminar cortical circuits for vision and cognition.
1456 Prog Brain Res 2007, 165, 79-104.

1457 177 D'Souza, R. D.; Burkhalter, A. A Laminar organization for selective cortico-cortical communication.
1458 Front Neuroanat. 2017, 11, 71.

1459 178. Guy, J.; Staiger, J. F. The functioning of a cortex without layers. Front Neuroanat 2017, 11:54.

1460 179. Mikoshiba, K.; Nagaike, K.; Kohsaka, S.; Takamatsu, K.; Aoki, E.; Tsukada, Y. Developmental studies
1461 on the cerebellum from reeler mutant mouse in vivo and in vitro. Develop Biol 1980, 79, 64-80.

1462 180. Altman, J.; Bayer, S. A. Development of the cerebellar system in relation to its evolution, structure and
1463 functions; CRC Press: Boca Raton, 1997.

1464 181. Cocito, C.; Merighi, A.; Giacobini, M.; Lossi, L. Alterations of cell proliferation and apoptosis in the
1465 hypoplastic Reeler cerebellum. FrontCell Neurosci 2016, 10, 141.

1466 182. Castagna, C.; Merighi, A.; Lossi, L. Cell death and neurodegeneration in the postnatal development of
1467 cerebellar vermis in normal and Reeler mice. Ann Anat 2016, 207, 76-90.

1468 183. Mariani, J.; Crepel, F.; Mikoshiba, K.; Changeux, ]J. P.; Sotelo, C. Anatomical, physiological and
1469 biochemical studies of the cerebellum from Reeler mutant mouse. Philos Tr Soc B 1977, 281, 1-28.

1470 184. Heckroth, J. A.; Goldowitz, D.; Eisenman, L. M. Purkinje cell reduction in the reeler mutant mouse: A
1471 quantitative immunohistochemical study. | Comp Neurol 1989, 279, 546-555.

1472 185. Yuasa, S.; Kitoh, J.; Oda, S.; Kawamura, K. Obstructed migration of Purkinje cells in the developing
1473 cerebellum of the reeler mutant mouse. Anat Embryol (Berl) 1993, 188, 317-329.

1474 186. Castagna, C.; Aimar, P.; Alasia, S.; Lossi, L. Post-natal development of the Reeler mouse cerebellum:

1475 an ultrastructural study. Ann Anat 2014, 196, 224-235.
1476 187. Mariani, J. Extent of multiple innervation of Purkinje cells by climbing fibers in the olivocerebellar
1477 system of weaver, reeler, and staggerer mutant mice. ] Neurobiol 1982, 13, 119-126.

1478 188. Terashima, T.; Inoue, K.; Inoue, Y.; Mikoshiba, K.; Tsukada, Y. Observations on Golgi epithelial cells

1479 and granule cells in the cerebellum of the reeler mutant mouse. Brain Res 1985, 350, 103-112.
1480 189. Bey, A. L Jiang, Y. H. Overview of mouse models of autism spectrum disorders. Curr Protoc
1481 Pharmacol 2014, 66, 5-26.

1482 190. Tueting, P.; Costa, E.; Dwivedi, Y.; Guidotti, A.; Impagnatiello, F.; Manev, R.; Pesold, C. The
1483 phenotypic characteristics of heterozygous reeler mouse. Neuroreport 1999, 10.

1484 191. Brigman, J. L.; Padukiewicz, K. E.; Sutherland, M. L.; Rothblat, L. A. Executive functions in the
1485 heterozygous reeler mouse model of schizophrenia. Behav Neurosci 2006, 120, 984-988.

1486 192. Ognibene, E.; Adriani, W.; Macr+%4, S.; Laviola, G. Neurobehavioural disorders in the infant reeler
1487 mouse model: Interaction of genetic vulnerability and consequences of maternal separation. Behav
1488 Brain Res 2007, 177, 142-149.


https://doi.org/10.20944/preprints201910.0120.v1
https://doi.org/10.3390/jcm8122088

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 10 October 2019 d0i:10.20944/preprints201910.0120.v1

35 of 37
1489 193. Ognibene, E.; Adriani, W.; Granstrem, O.; Pieretti, S.; Laviola, G. Impulsivity—anxiety-related
1490 behavior and profiles of morphine-induced analgesia in heterozygous reeler mice. Brain Res 2007,

1491 1131, 173-180.

1492 194. Barr, A. M,; Fish, K. N.; Markou, A.; Honer, W. G. Heterozygous reeler mice exhibit alterations in
1493 sensorimotor gating but not presynaptic proteins. Eur | Neurosci 2008, 27, 2568-2574.

1494  195. Salinger, W. L.; Ladrow, P.; Wheeler, C. Behavioral phenotype of the reeler mutant mouse: effects of
1495 RELN gene dosage and social isolation. Behav Neurosci 2003, 117, 1257-1275.

1496 196. Podhorna, J.; Didriksen, M. The heterozygous reeler mouse: behavioural phenotype. Behav Brain Res
1497 2004, 153, 43-54.

1498 197. Krueger, D. D.; Howell, J. L.; Hebert, B. F.; Olausson, P.; Taylor, J. R;; Nairn, A. C. Assessment of
1499 cognitive function in the heterozygous reeler mouse. Psychopharmacology (Berl) 2006, 189, 95-104.

1500 198. Michetti, C.; Romano, E.; Altabella, L.; Caruso, A.; Castelluccio, P.; Bedse, G.; Gaetani, S.; Canese, R.;

1501 Laviola, G.; Scattoni, M. L. Mapping pathological phenotypes in reelin mutant mice. Front Pediatr 2014,
1502 2:95.

1503 199. Qiu, S.; Zhao, L. F.; Korwek, K. M.; Weeber, E. ]J. Differential Reelin-induced enhancement of NMDA
1504 and AMPA receptor activity in the adult hippocampus. ] Neurosci 2006, 26, 12943.

1505 200. Teixeira, C. M.; Martin, E. D.; Sahtn, I.; Masachs, N.; Pujadas, L.; Corvelo, A.; Bosch, C.; Rossi, D.;
1506 Martinez, A.; Maldonado, R.; Dierssen, M.; Soriano, E. Overexpression of Reelin Prevents the
1507 Manifestation of Behavioral Phenotypes Related to Schizophrenia and Bipolar Disorder.
1508 Neuropsychopharmacol 2011, 36, 2395.

1509 201. Rogers, J. T.; Zhao, L.; Trotter, J. H.; Rusiana, I.; Peters, M. M.; Li, Q.; Donaldson, E.; Banko, J. L.;
1510 Keenoy, K. E.; Rebeck, G. W.; Hoe, H. S.; D'Arcangelo, G.; Weeber, E. ]. Reelin supplementation
1511 recovers sensorimotor gating, synaptic plasticity and associative learning deficits in the heterozygous
1512 reeler mouse. | Psychopharmacol. 2013, 27, 386-395.

1513 202. Romano, E.; Michetti, C.; Caruso, A.; Laviola, G.; Scattoni, M. L. Characterization of neonatal vocal
1514 and motor repertoire of reelin mutant mice. PLoS One. 2013, 8, e64407.

1515 203. Romano, E.; Fuso, A, Laviola, G. Nicotine restores Wt-like levels of reelin and GAD67 gene
1516 expression in brain of heterozygous reeler mice. Neurofox Res 2013, 24, 205-215.

1517 204. Hellwig, S.; Hack, L; Kowalski, J.; Brunne, B.; Jarowyj, J.; Unger, A.; Bock, H. H.; Junghans, D,;
1518 Frotscher, M. Role for Reelin in neurotransmitter release. | Neurosci 2011, 31, 2352-2360.

1519 205. Konradi, C; Yang, C. K.; Zimmerman, E. I; Lohmann, K. M.; Gresch, P.; Pantazopoulos, H.; Berretta,

1520 S.; Heckers, S. Hippocampal interneurons are abnormal in schizophrenia. Schizophrenia Res 2011, 131,
1521 165-173.

1522 206. Hashimoto, T.; Volk, D. W.; Eggan, S. M.; Mirnics, K.; Pierri, J. N.; Sun, Z.; Sampson, A. R.; Lewis, D.
1523 A. Gene expression deficits in a subclass of GABA neurons in the prefrontal cortex of subjects with
1524 schizophrenia. ] Neurosci 2003, 23, 6315-6326.

1525 207. Marrone, M. C.; Marinelli, S.; Biamonte, F.; Keller, F.; Sgobio, C. A.; Ammassari-Teule, M.; Bernardi,
1526 G.; Mercuri, N. B. Altered cortico-striatal synaptic plasticity and related behavioural impairments in
1527 reeler mice. Eur. |. Neurosci. 2006, 24, 2061-2070.

1528 208. Maloku, E.; Covelo, I. R.; Hanbauer, I.; Guidotti, A.; Kadriu, B.; Hu, Q.; Davis, J. M.; Costa, E. Lower
1529 number of cerebellar Purkinje neurons in psychosis is associated with reduced reelin expression. Proc
1530 Natl Acad Sci U S A 2010, 107, 4407-4411.


https://doi.org/10.20944/preprints201910.0120.v1
https://doi.org/10.3390/jcm8122088

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 10 October 2019 d0i:10.20944/preprints201910.0120.v1

36 of 37
1531 209. Magliaro, C.; Cocito, C.; Bagatella, S.; Merighi, A.; Ahluwalia, A.; Lossi, L. The number of Purkinje
1532 neurons and their topology in the cerebellar vermis of normal and reln haplodeficient mouse. Ann

1533 Anat 2016, 207, 68-75.

1534 210. Keller, R.; Basta, R.; Salerno, L.; Elia, M. Autism, epilepsy, and synaptopathies: a not rare association.
1535 Neurol Sci 2017, 38, 1353-1361.

1536 211. Mercati, O.; Huguet, G.; Danckaert, A.; André-Leroux, G.; Maruani, A.; Bellinzoni, M.; Rolland, T.;

1537 Gouder, L.; Mathieu, A.; Buratti, J.; Amsellem, F.; Benabou, M.; Van-Gils, J.; Beggiato, A.; Konyukh,
1538 M.; Bourgeois, J. P.; Gazzellone, M. J.; Yuen, R. K. C.; Walker, S.; Delépine, M.; Boland, A.; Régnault,
1539 B.; Francois, M.; Van Den Abbeele, T.; Mosca-Boidron, A. L.; Faivre, L.; Shimoda, Y.; Watanabe, K.;
1540 Bonneau, D.; Rastam, M.; Leboyer, M.; Scherer, S. W.; Gillberg, C.; Delorme, R.; Cloéz-Tayarani, L;
1541 Bourgeron, T. CNTN6 mutations are risk factors for abnormal auditory sensory perception in autism
1542 spectrum disorders. Mol Psychiatr 2017, 22, 625-633.

1543  212.  Castagna, C.; Merighi, A.; Lossi, L. Decreased expression of synaptophysin 1 (SYP1 Major Synaptic
1544 Vesicle Protein p38) and contactin 6 (CNTN6/NB3) in the cerebellar vermis of reln haplodeficient mice.
1545 Cell Mol Neurobiol 2019, 39, 833-856.

1546 213. Sundberg, M.; Tochitsky, I.; Buchholz, D. E.; Winden, K.; Kujala, V.; Kapur, K.; Cataltepe, D.; Turner,

1547 D.; Han, M. ]J.; Woolf, C. ].; Hatten, M. E.; Sahin, M. Purkinje cells derived from TSC patients display
1548 hypoexcitability and synaptic deficits associated with reduced FMRP levels and reversed by
1549 rapamycin. Mol Psychiatr 2018, 23, 2167-2183.

1550 214. Tassano, E.; Uccella, S.; Giacomini, T.; Severino, M.; Fiorio, P.; Gimelli, G.; Ronchetto, P. Clinical and
1551 molecular characterization of two patients with CNTN6 copy number variations. Cytogenet Genome
1552 Res 2018, 156, 144-149.

1553 215. Garcia-Ortiz, J. E.; Zaraztia-Nifo, A. I; Hernandez-Orozco, A. A.; Reyes-Oliva, E. A;; Pérez-Avila, C.

1554 E.; Becerra-Solano, L. E.; Galan-Huerta, K. A.; Rivas-Estilla, A. M.; Cérdova-Fletes, C. Case report:
1555 Whole exome sequencing unveils an inherited truncating variant in CNTN6 (p.Ser189Ter) in a
1556 Mexican child with autism spectrum disorder. | Autism Dev Disord 2019 doi:
1557 10.1007/510803-019-03951-z.

1558

1559 216. Hu, J; Liao, J.; Sathanoori, M.; Kochmar, S.; Sebastian, J.; Yatsenko, S. A.; Surti, U. CNTN6 copy
1560 number variations in 14 patients: a possible candidate gene for neurodevelopmental and
1561 neuropsychiatric disorders. | Neurodev Disord. 2015, 7, 26.

1562 217. Oguro-Ando, A.; Zuko, A ; Kleijer, K. T. E.; Burbach, J. P. H. A current view on contactin-4, -5, and -6:
1563 Implications in neurodevelopmental disorders. Mol Cell Neurosci 2017, 81, 72-83.

1564 218. Stoodley, C. J.; Schmahmann, J. D. Evidence for topographic organization in the cerebellum of motor
1565 control versus cognitive and affective processing. Cortex 2010, 46, 831-844.

1566 219. Schmahmann, J. D.; Weilburg, J. B.; Sherman, J. C. The neuropsychiatry of the cerebellum - insights
1567 from the clinic. Cerebellum 2007, 6, 254-267.

1568 220. Catani, M.; Jones, D. K; Daly, E.; Embiricos, N.; Deeley, Q.; Pugliese, L.; Curran, S.; Robertson, D.;
1569 Murphy, D. G. Altered cerebellar feedback projections in Asperger syndrome. Neuroimage. 2008, 41,
1570 1184-1191.

1571 221. Catani, M.; DellFCC)Acqua, F.; Thiebaut de Schotten, M. A revised limbic system model for memory,
1572 emotion and behaviour. Neurosci Biobehav Rev 2013, 37, 1724-1737.

1573 222. Bauman, M. L. Microscopic neuroanatomic abnormalities in autism. Pediatrics 1991, 87, 791-796.


https://doi.org/10.20944/preprints201910.0120.v1
https://doi.org/10.3390/jcm8122088

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 10 October 2019 d0i:10.20944/preprints201910.0120.v1

37 of 37

1574  223.  Stanfield, A. C.; McIntosh, A. M.; Spencer, M. D.; Philip, R; Gaur, S,; Lawrie, S. M. Towards a

1575 neuroanatomy of autism: A systematic review and meta-analysis of structural magnetic resonance
1576 imaging studies. Eur Psychiatr 2008, 23, 289-299.

1577 224, Limperopoulos, C.; Bassan, H.; Gauvreau, K.; Robertson, R. L., Jr.; Sullivan, N. R.; Benson, C. B,
1578 Avery, L.; Stewart, J.; Soul, J. S.; Ringer, S. A.; Volpe, J. J.; duPlessis, A. J. Does cerebellar injury in
1579 premature infants contribute to the high prevalence of long-term cognitive, learning, and behavioral
1580 disability in survivors? Pediatrics 2007, 120, 584-593.

1581 225 D'Mello, A. M.; Stoodley, C. J. Cerebro-cerebellar circuits in autism spectrum disorder. Front Neurosci
1582 2015, 9, 408.

1583 226. Stoodley, C. J. Distinct regions of the cerebellum show gray matter decreases in autism, ADHD, and
1584 developmental dyslexia. Front Syst Neurosci 2014, 8, 92.

1585 227. Ottman, R.; Risch, N.; Hauser, W. A ; Pedley, T. A,; Lee, J. H.; Barker-Cummings, C.; Lustenberger, A.;
1586 Nagle, K. J.; Lee, K. S.; Scheuer, M. L.; Neystat, M.; Susser, M.; Wilhelmsen, K. C. Localization of a
1587 gene for partial epilepsy to chromosome 10q. Nat Genet 1995, 10, 56-60.

1588 228. Michelucci, R.; Pasini, E.; Nobile, C. Lateral temporal lobe epilepsies: Clinical and genetic features.

1589 Epilepsia 2009, 50, 52-54.

1590 229. Boycott, K. M.; Flavelle, S.; Bureau, A.; Glass, H. C.; Fujiwara, T. M.; Wirrell, E.; Davey, K.; Chudley, A.
1591 E.; Scott, ]. N.; McLeod, D. R.; Parboosingh, J. S. Homozygous deletion of the very low density
1592 lipoprotein receptor gene causes autosomal recessive cerebellar hypoplasia with cerebral gyral
1593 simplification. Am ] Hum Genet 2005, 77, 477-483.

1594 230. Garden, G. Spinocerebellar Ataxia Type 7. In: Adam, M. P., Ardinger, H. H.,, Pagon, R. A., Wallace, S.

1595 E., Eds.; University of Washington, Seattle: Seattle (WA) editors. GeneReviews® [Internet]. Seattle
1596 (WA): University of Washington, Seattle; 1993-2019.
1597

1598 231 Lai, M. C,; Lombardo, M. V.; Baron-Cohen, S. Autism. The Lancet 2014, 383, 896-910.

1599 232. Marino, M. J. The use and misuse of statistical methodologies in pharmacology research. Biochem
1600 Pharmacol 2014, 87, 78-92.

1601 233. Motulsky, H. J. Common misconceptions about data analysis and statistics. Br ] Pharmacol 2015, 172,
1602 2126-2132.


https://doi.org/10.20944/preprints201910.0120.v1
https://doi.org/10.3390/jcm8122088

