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Animal modeling of human disease is a cornerstone to basic
scientific studies of disease mechanisms and pre-clinical stud-
ies of potential therapies. Rapid progress in animal modeling
has led to advancements in the understanding of fundamental
disease mechanisms of many central nervous system (CNS)
disorders, including initial cell death and later repair in stroke
[1, 2], motor and nonmotor pathologies in Parkinson’s Disease
[3, 4], and axonal regeneration in peripheral and optic nerve
injury [5, 6], among many others. Ideally, animal modeling
produces basic insights, new views of the human disease, and
preclinical trials of novel therapies. Much progress has been
accomplished in that direction since the earlier coverage of
this topic in the issue of Neurotherapeutics in July 2005. Yet
controversy and challenges in animal modeling of human
CNS diseases continue to occur.

Negative views of animal modeling of neurological dis-
eases often stem from failures in the application of an animal
model to pre-clinical testing of candidate treatment molecules.
In the stroke field, roughly 500 neuroprotective therapies that
were seen as successful in rodent models of stroke subse-
quently failed at some stage of translation to humans, with
only 1 treatment emerging as a new, approved therapy [7, 8].
In amyotrophic lateral sclerosis the mouse superoxide dismu-
tase 1 (SOD1G39a) disease model has been the platform for the

testing of hundreds of candidate therapies, with only 1 therapy
(riluzole) making it into clinical practice with a modest func-
tional benefit [9]. Indeed, a meta-analysis of treatment data
with this mouse model led to predictions for success with a
candidate therapy (minocycline [10]), which actually made
patients worse in a subsequent clinical trial [11]. Importantly,
many of these failures in animal models may relate to exper-
imental design and data analysis rather than to the models
themselves [9, 12]. However, the use of models with uncertain
mechanistic relevance to the human disease may also lead to
disappointing results in clinical trials as illustrated by the
reliance on toxin-based models for modeling Parkinson’s
disease and the failure of drugs that show neuroprotection in
these models to provide benefits to patients [13]. It is clear that
a careful study of animal modeling is necessary as these
models become incorporated into the translational process of
neurotherapeutic development and preclinical drug testing.

The review articles in this special issue of Neurothera-
peutics focus on novel aspects of animal modeling for both
basic scientific studies of disease and pre-clinical drug de-
velopment. Authors were asked to focus on a critical assess-
ment of a select number of new models rather than to
provide comprehensive coverage of the field. Starting these
reviews, Auvin et al. [14] discuss rules in animal modeling
of pediatric epilepsy syndromes. This is a challenging field
for animal modeling, because it needs to include not just the
model of a progressive pathology, but also needs to take
account of early brain development in the disease and differ-
ences in brain developmental timelines between the rodent
and humans. Auvin et al. [14] elaborate on a set of 5
principles for pediatric epilepsy models, but ones that also
apply more generally to an animal model of CNS disease.
Höke [15] amplifies these animal modeling principles in a
careful review of rodent models of peripheral neuropathy,
with a focus on diabetic, chemotherapeutic, and human
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immunodeficiency virus peripheral neuropathies. Some of
the most promising outcome measures for basic scientific
discovery of molecular mechanisms and pre-clinical drug
testing have emerged from studies in which human and
rodent peripheral nerve innervation patterns can be directly
evaluated in parallel outcome measures.

In single gene disease states, mouse transgenic modeling
would seem to offer an ideal platform for exact molecular
mimicry of the causal condition. In Huntington’s disease,
the genetic etiology of a cytosine-adenine-guanine (CAG)
repeat expansion in the huntingtin gene has been known for
some time [16]. However, models that broadly express the
mutation have provided useful tools for understanding path-
ophysiology and testing drugs (more sophisticated genetic
approaches that can be used to ask mechanistic questions
about the role of specific cell populations in the disease
process). Ehrlich [17] review data from different animal
models and derived cell culture studies, and how these can
inform cell autonomous and noncell autonomous interac-
tions in the development of Huntington’s disease pathology.
In many cases, animal models of single gene disorders have
not been simple to generate. In Machado-Joseph disease
(spinocerebellar ataxia 3) variations in triplet nucleotide
expansion in the ataxin 3 gene along with 2 isoforms of
the gene product (mjd1a and ataxin3) lead to a complex
clinical presentation, including variations in cerebellar, basal
ganglia, corticospinal tract, oculomotor, and muscle signs
[18]. Colomer Gould [19] describes distinct transgenic strat-
egies that vary the gene promoter, triplet repeats, isoform,
and conditional expression to model high intermediate and
low severity phenotypes in this disease. On the other hand,
rare genetic mutations have provided an unexpected win-
dow into the understanding of the largely nongenetic illness,
Parkinson’s disease. As reviewed by Chesselet et al. [4]
strong evidence implicates alpha-synuclein, a rarely mutated
protein, in the sporadic forms of Parkinson’s disease.
Accordingly, some genetic mouse models based on
alpha-synuclein over-expression reproduce a wide array
of Parkinson’s disease-like deficits, opening the door to
a better understanding of pathophysiology and providing
a tool for preclinical drug testing in a relevant model of
sporadic Parkinson’s disease.

Single gene alterations in transgenic mouse models, how-
ever, rarely model the full extent or presentation of the disease
in humans. Fremont and Khodakhah [20] describe the diffi-
culties in modeling single gene disorders in focal dystonia in
mice. However, a unique approach has produced a valid
mouse model of dystonia by infusing an antagonist to the
specific gene system in a genetically modified mouse: the
sodium/potassium adenosine triphosphate-ase (ATPase) in-
hibitor oubain infused into cerebellum or basal ganglia of
the Dyt12, sodium potassium ATPase mutated mouse. This
model uses pharmacogenetics and site specific targeting to

recapitulate most aspects of a human disease with multiple
etiologies. From the other end of the human disease spectrum,
an acute brain injury clearly has no genetic predilection.
Shoch et al. illustrate the power of serial molecular analysis
with mouse transgenics applied to a pathologically complex
event, such as traumatic brain injury, that produces mechanis-
tic results in studies of cell death and neuroplasticity. Finally,
in complex human behavioral traits, such as addiction or
affective behaviors, gene by gene studies in mouse models
are severely limiting. Bubier and Chesler [21] describe inte-
grative genetics and genomics that use careful genetic map-
ping of inbred strain hybrids to determine gene regions and
gene expression patterns that underlie these complex behav-
ioral phenotypes. This approach combines newly realized
mouse genetics through bioinformatics processing to develop
insights into the molecular underpinnings of behavioral traits
and psychiatric disease.

The issue of brain size and complexity in modeling human
disease is a recurring topic, loosely related as big brains versus
small brains in animal models [22]. Neuroanatomical differ-
ences between humans and rodents make modeling some
CNS diseases difficult. A principle example is in white matter
structure and the organization of cortical projection systems.
The amount of cerebral white matter in humans is roughly 4×
106 mm3, compared with 10 mm3 in the mouse [23]. Certain
diseases are particularly focused in white matter, such as
subcortical stroke in the elderly, which leads to vascular
dementia, and the white matter injury in the perinatal period,
which leads to cerebral palsy. There is a lack of fundamental
molecular data on these diseases because of previously poor
animal modeling. With precise targeting, mouse white matter
can serve as a locus for a focal stroke model that in many ways
mimics human subcortical white matter stroke. Sozmen et al.
describe a mouse subcortical white matter stroke, and review
the field of white matter stroke models in rodents. A salient
point from this review is that white matter stroke sets cellular
events in motion that are clearly distinct from the more com-
monly modeled “grey matter” or cortical and striatal rodent
strokes. However, there are such profound differences inwhite
matter structure and brain development between the rodent
and the human that specific elements of white matter disease
require large animal models. Back et al. [24] describe the
instrumented fetal sheep model of white matter injury and its
ability to provide a platform for imaging, pathophysiology,
and therapeutic trials as a relevant model for human perinatal
white matter injury. This sheep model captures not only a
complex and large subcortical white matter structure, but also
a time course for white matter development that much more
closely follows the human progression than does that of the
rodent.

Large animal models of human CNS disease are most
closely approximated in the nonhuman primate. The experi-
mental infrastructure necessary to support such studies and the

242 Chesselet and Carmichael



experimental models themselves require substantial resources
and dedicated time and personnel. Yet the benefits in model-
ing biodistribution and mimicking the anatomical complexity
of the human brain and spinal cord may justify such expense.
Cook and Tymianski [25] review new primate models of
stroke with a particular focus on the challenges in setting up
such a model, and the benefits when imaging, tissue analysis,
and long-term behavioral readouts can be synchronized in 1
single stroke model. The spinal cord injury field has seen the
development of many different mouse and rat animal models.
Several features of the human spinal cord are not seen in
rodents. The corticospinal tract of course runs in a distinctly
different site within the spinal cord of the rodent compared with
humans, and the degree of motor neuron innervation, direct
muscular versus intrinsic spinal network control, and postlesion
plasticity differ between rodents versus primates [22, 26].
Importantly, the primate spinal cord contains extensive bilateral
axonal collaterals compared with the rodent [27], which are
likely to contribute to both normal and postinjury control of
limb function, which is not present in rodents [26]. Nout et al.
[28] describe a novel model of cervical spinal cord injury and
forelimb control in the nonhuman primate that provides a basis
for studies of regeneration and functional recovery of arm and
hand control.

The issue of brain size and complexity in modeling human
disease also extends down phylogenetic orders of magnitude:
little brains versus connected groups of neurons. Although
lacking the complex central interactions of an actual brain,
lower vertebrate animal models of disease provide tractable
testing of neuronal, glial, and vascular interactions within a
connected and functional network. The worm has provided
crucial insights into normal and pathological aging, rapid
molecular characterization of candidate gene systems, and
registered behavioral readouts. Dexter et al describe Caeno-
rhabditis elegans modeling of movement disorders and the
further use of the nematode for high throughput drug screen-
ing in a process that positions the wormmodel in a level above
that of cell culture: an in vivo system for drug discovery. The
studies in this review illustrate how the fast-moving gain and
loss of function studies in multiple molecular pathways of a
candidate gene system serially and in parallel can determine
causal interaction in disease pathology.

Collectively, the reviews gathered in this special issue
illustrate the ingenuity of investigators in addressing the
momentous challenges of modeling human disorders in
animals in a meaningful manner. It is easy to criticize
individual models for their failure to reproduce all facets
of the human disease, but this is to be expected. The more
important question is whether the models are useful to better
understand the mechanisms leading to the manifestations of
neurological diseases, validate drug targets, and provide the
necessary confidence that a compound or therapeutic ap-
proach will ultimately benefit patients. Critical evaluation of

models remains paramount, but progress is being made daily
as illustrated by these reviews.

Required Author Forms Disclosure forms provided by the authors
are available with the online version of this article.
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