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a b s t r a c t
Stem cell therapy is a promising treatment for neurological disorders such as cerebral ischemia, Parkinson's
disease and Huntington's disease. In recent years, many clinical trials with various cell types have been performed
often showing mixed results. Major problems with cell therapies are the limited cell availability and engraftment
and the reduced integration of grafted cells into the host tissue. Stem cell-based therapies can provide a limitless
source of cells but survival and differentiation remain a drawback. An improved understanding of the behaviour
of stem cells and their interaction with the host tissue, upon implantation, is needed to maximize the therapeutic
potential of stem cells in neurological disorders. Organotypic cultures made from brain slices from speciﬁc brain
regions that can be kept in culture for several weeks after injecting molecules or cells represent a remarkable tool
to address these issues. This model allows the researcher to monitor/assess the behaviour and responses of both
the endogenous as well as the implanted cells and their interaction with the microenvironment leading to cell
engraftment. Moreover, organotypic cultures could be useful to partially model the pathological state of a disease
in the brain and to study graft–host interactions prior to testing such grafts for pre-clinical applications. Finally,
they can be used to test the therapeutic potential of stem cells when combined with scaffolds, or other therapeutic
enhancers, among other aspects, needed to develop novel successful therapeutic strategies or improve on existing
ones.
© 2013 Published by Elsevier Inc.
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neuron; CNS, central nervous system; NSC, neural stem cells; ES, embryonic stem; MSC, mesenchymal stromal cells; iPS cells, induced-pluripotent stem; TH, tyrosine hydroxylase; CA1,
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Introduction
Neurological disorders such as cerebral ischemia (CI), Parkinson's
disease (PD), or Huntington's disease (HD) have in common the loss
of neurons in the brain. CI is a condition in which blood ﬂow is
curtailed to the brain resulting in neuronal death by oxygen and nutrient deprivation (Barrett and Meschia, 2010). The neurological
signs and symptoms of PD are, in large part, a result of selective
loss of neurons in the nigro-striatal dopaminergic pathway (for review Lees et al., 2009). In HD gamma-aminobutyric acid (GABA)
ergic medium spiny neuron (MSN) death occurs at onset of disease
manifestation (for review Walker, 2007). Unfortunately, PD and HD
therapies only provide amelioration of symptoms but do not delay
or halt neurodegeneration. In CI if the acute phase is not treated on
time, the post-injury neuronal death is the cause of many disabilities.
As of today, only thrombolytic therapy has shown any efﬁcacy
against CI. It is therefore essential to evaluate alternative therapeutic
strategies such as cell therapy.
Cell therapy for the central nervous system (CNS) consists in cell
injection into a lesioned brain tissue to restore a loss of function
(Dunnett and Rosser, 2011). However, apart from poor cell engraftment
issues that still need to be addressed cell availability and ethical concerns have limited the development and current clinical application of
this therapy (Delcroix et al., 2010b; Liu and Huang, 2007). Stem cells
that can differentiate into mature neural/neuronal cells can be used as
alternative source of cells, as their self-renewal capacity allows the
establishment of a cell bank avoiding availability and ethical difﬁculties.
Neurons and glial cells can be generated from neural stem cells (NSC),
embryonic stem (ES) cells, bone marrow-derived multipotent stromal
cells also called mesenchymal stromal cells (MSC), and also lately,
from induced-pluripotent stem (iPS) cells. Each type of stem cell has
advantages and caveats that must be taken into consideration together
with the type of application envisaged.
Brain organotypic slices, which can be maintained in culture for
several weeks, confer a rapid and simple method to evaluate cellular
interactions and mechanisms. Moreover, brain slices can be used to
develop ex vivo models of neurological disorders and, in this way, they
represent a link between in vitro studies and animal models. Cells can
be grafted in organotypic slices allowing the researcher to understand
how implanted cells interact with resident cellular matrix and injured
residential cells and to predict how stem cells may behave in vivo. Thus,
they represent a powerful tool to study cell therapy and neuroprotection.
In this review, after a brief overview of the clinical trials performed using cell therapy to treat cerebral disorders and their current limitations, we discuss how organotypic slices could address
some of the key unanswered questions regarding cell therapy. We
report the different ex vivo models of CI, PD and HD and review the
studies carried out using these ex vivo models of neurological disorders to evaluate stem cell therapies. Finally, tissue engineering strategies for PD and other neurological disorders tested in organotypic
slices are discussed.

Cell therapy clinical trials for neurological disorders
Here we will focus on discussing the clinical evaluation of cell-based
therapies in which cells are implanted via stereotactic surgery for CI, PD
and HD.
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The ﬁrst clinical trials in PD consisted in the striatal stereotactic implantation of adult cells, which may synthesize dopamine (DA) or its
precursor, and are thus able to replace the lost DA in the striatum.
Over the years, adult cells such as chromafﬁn cells (for review see
Freed et al., 1990), human retinal pigment epithelium cells (for review
see Gross et al., 2011; Stover et al., 2005) or carotid body cells (for
review see Lopez-Barneo et al., 2009; Minguez-Castellanos et al.,
2007) have been evaluated for PD therapy as they lack ethical issues
and some of these cell types allow autografts to be performed. Those
cell transplantation studies led to a certain improvement of motor functions but cell survival remained too weak limiting their efﬁcacy. Most
clinical trials of cell therapy for either PD or for HD consisted of striatal
stereotactic implantation of minced foetal tissue or cell suspensions
from the ventral mesencephalon or the ganglionic eminence, respectively. They were performed in order to restore lost DA within the striatum for PD patients and lost MSN for HD patients. These trials showed
promising results (for review see Barker et al., 2013). However, in PD
patients (Mendez et al., 2005), graft induced dyskinesias may occur
and Lewy bodies were found in some long survival dopaminergic neurons (for review see Lindvall, 2013; Tomaskovic-Crook and Crook,
2011). But overall, the main limitations concern the poor availability
of foetal tissue, the ethical issues associated with their use and the limited survival of the transplanted cells.
Stem cells, which can be isolated from many sources, represent a
potential candidate for cell therapy as they self-renew and present a
large differentiation potential (for review see Benraiss and Goldman,
2011; Lindvall, 2013). The feasibility of using adult NSCs for PD cell therapy has been demonstrated but their poor availability and an improvement that returns back to baseline after 5 years post-operation suggests
that efﬁcacy is limited (Lévesque et al., 2009). Stereotactic implantation
of autologous MSCs, which can differentiate into neuronal-like cells and
secrete tissue repair and immunoregulatory factors (Tatard et al., 2004),
has been evaluated in PD patients (Venkataramana et al., 2010) and in
chronic stroke patients for their ability to repair the damaged neuronal
tissue (Suarez-Monteagudo et al., 2009). It was concluded that MSCs
could safely be grafted into the striatum of patients with good tolerance
and no complications. Furthermore, in both cases, a decrease of symptoms associated with the disease was observed.
New clinical trials using adult stem cells are currently on going for
the treatment of chronic stroke (NCT01714167 on Clinicaltrials.gov)
or for PD (NCT01446614, NCT01453803 on Clinicaltrials.gov). To our
knowledge, there are no clinical trials with stem cells for HD.

Cell therapy unanswered questions
As described above, cells from a variety of sources have shown various degrees of efﬁcacy in clinical trials. However, cell therapy also presents some drawbacks that limit its use, such as poor cell survival and
in situ differentiation, certain undesirable side effects and limited availability of foetal tissue. We now discuss the major issues and some future
directions of the research associated with cell therapy for neurological
disorders.
First of all, ﬁndings in a number of experimental models showed that
neuronal precursor cell survival within the host tissue after transplantation was too weak (10–20%) and that cell death occurred within the ﬁrst
3 weeks (Delcroix et al., 2010b; Liu and Huang, 2007; Olanow et al.,
2003). In situ differentiation of stem cells was insufﬁcient (at best
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3–20%) (Delcroix et al., 2010b; Garbayo et al., 2011a). Moreover, cell
survival does not depend only on the type of graft or immunosuppressive treatment but also on the site and method of injection of the cells
(Modo et al., 2002). For example, dopaminergic cell suspension grafts
implanted into the lesioned striatum presented 20% higher survival
rate of tyrosine hydroxylase (TH)-positive neurons (dopaminergic neurons) in comparison to implantation in the intact striatum. Moreover,
when a glass capillary was used for implantation, the survival of the single cell suspension was improved by four-fold against the use of a metal
cannula (Nikkhah et al., 2009).
Furthermore, many unanswered questions still remain concerning
cell therapy for neurological disorders that should be correctly
addressed. For instance, which type of cell is more appropriate for a
given neurological disorder knowing that they present different properties that fulﬁl different needs? Therefore, the dose of cells required for
successful grafting should be investigated. With this aim in view, the
mechanisms of action by which the stem cells survive, differentiate
and engraft, should be particularly explored. The adequate cell number
and processing must be well established for each disease (Delcroix et al.,
2010b). A better selection of patients and surgical procedure improvement should result in a better outcome for this therapy (Bachoud-Levi
et al., 2006; Kondziolka et al., 2000; Lévesque, 2009). The safety of the
therapy and the way to manage the potential uncontrolled cell proliferation or tumourigenicity inherent to pluripotent stem cells (ES and iPS
cells) must be evaluated. Do stem cells differentiate to undesired cell
phenotypes? Do stem cells migrate to non-target sites? Are there functional consequences of these potential scenarios? All of these questions
need to be addressed in the appropriate pathological context knowing
that cell behaviour will differ depending on the immediate microenvironment. Therefore, cell therapy requires further investigations to
increase therapeutic options in the future.
The development and optimization of better experimental models,
such as organotypic slices, that allow for better control of the extracellular environment, that allow studying grafted precursors or stem cell
responses, cell to cell interactions and the role of the microenvironment
on the grafted cell behaviour will be essential to address these issues
and further develop cell therapy.
Organotypic slice models as tools for efﬁcient screening of
cell behaviour
In vivo models are indispensable to prove safety, functional outcome
and efﬁcacy of a therapy, but in general they require high technical and
ﬁnancial resources, are laborious and time-consuming. Cell transplantation can have parallel effects that are too difﬁcult to observe in vivo as
host plastic responses, interference with host neuronal activity and
growth factor secretion (Lindvall et al., 2004) and it is impossible to
simultaneously test several conditions in the same animal. In vitro models
are very quick and simple to develop. Using well-known chemical compounds they can mimic neuronal cell death and neuroprotective therapies can be tested. But those studies can only be performed on a simple
cell culture or co-culture which cannot display the complexity of a tissue
or an organ and its microenvironment (Zurich and Monnet-Tschudi,
2009).
Since their introduction, organotypic cultures of brain slices have
become a useful tool to study physiological and pharmacological properties of tissues. More recently, approaches to lesion the area implied
in a pathology were developed to mimic neurodegenerative disorders
and in this way, to obtain ex vivo models. Brain slice models offer advantages over other in vitro models because they reproduce the in vivo
environment while maintaining key in vitro features. Indeed, these
brain slices are relatively inexpensive, easy to prepare and study.
There is no need for lengthy animal surgery, or laborious monitoring
of multiple physiological parameters, while minimizing ethical issues
with the use of animals for experimentation. Furthermore, they maintain the cytoarchitecture and the microenvironment of the original
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tissue. This 3D environment has tremendous value for evaluating the
efﬁcacy of cell therapy, by providing external mechanical inputs, interactions between structures and cell adhesion parameters, which all
profoundly affect intracellular signalling. In addition, they enable an
easier way to study local cell implantation sites, grafted cell migration
and also their interaction with the host environment, mainly glial cells
and neurons (Abouelfetouh et al., 2004; Charriere et al., 2010;
Jaderstad et al., 2010a, 2010b, 2011; Meng et al., 2011; Sarnowska
et al., 2009a; Tanvig et al., 2009; Tonnesen et al., 2011). They are advantageous as they allow patch-clamp studies of neuronal electrophysiology
(Finley et al., 2004; Jaderstad et al., 2010b; Kearns et al., 2006; Tonnesen
et al., 2011) or studies on the inﬂuence of calcium or magnesium on the
cells and their correlation with survival or apoptosis markers (Bickler
and Fahlman, 2004; Turner et al., 2007).
This model allows for the control of the extracellular media whereby
adding biological or pharmacological factors to study their effects represents an advantage over in vivo models (Fig. 1A). Therefore, the effect of
growth factors or other chemicals on cell proliferation, cell differentiation or cell survival has been examined using various techniques (del
Rio et al., 1991; Nakagami et al., 1997; Pozzo Miller et al., 1994; Su
et al., 2011). Moreover, it permits to evaluate the activity of endogenous
cells or stem cells and to learn from the environment, for example by
the use of “reporter” stem cells, whose behaviour will highlight factors
of the microenvironment (Park et al., 2006). Since the microglia remains
functional, endogenous immunological interactions can also be assessed
(Czapiga and Colton, 1999; Heppner et al., 1998). Furthermore,
depending on the region of interest, many slices can be obtained, permitting the use of this ex vivo model for the screening of different therapeutic
approaches. Moreover, various techniques may be employed to address
basic cellular and molecular mechanisms (Cho et al., 2007) (Table 1).
Sorensen et al., have also used organotypic slices from neonates rats as
transient storage of dopaminergic donor cells before intracerebral
grafting. In this way, pre-grafting examination can be performed as well
as pooling and mixing of donor cells which are more mature when they
are grafted (Sorensen et al., 1994).
Nevertheless, brain slices remain fragile, they can be easily distorted,
and often ﬂatten during the culture. Furthermore, they are more easily
generated from young animals, which are more resistant and have
stronger neuronal plasticity than adult tissue, which is the age at
which the majority of neurological diseases take place. Functional outcome of a therapeutic strategy cannot be evaluated with this technique
and generally slice cultures can be only maintained for a few weeks, so
long-term assessments are not possible. Organotypic brain slices can
only be used to test treatments that will be administrated in the brain
by stereotaxy and the impact of the periphery cannot be taken into
account. Moreover, the blood brain barrier is not conserved (Table 1).
In summary, even though organotypic cultures have certain limitations, they represent an easy, practical, and efﬁcient way to screen
different therapeutic strategies and to address many cellular and molecular mechanisms (Cho et al., 2007; Garbayo et al., 2011a; Sundstrom
et al., 2005) prior or in parallel to pre-clinical models.
Organotypic slice preparation methods
Organotypic culturing was initiated at the end of 1950 with
organotypic cultures of chick embryo organs as heart, lung, syrinx
(Loffredo Sampaolo, 1956; Meerovitch, 1961) and then in the 60s
with fragments of the adult rat hypophysis (Bousquet and Meunier,
1962). Several methods have been developed to maintain brain slices
of around 150–400 μm in thickness alive in a long-term culture
(Fig. 2). The most successful procedure was the “roller tube” technique described in 1981 by Gahwiler et al. (Gahwiler, 1981). In
roller-tube cultures, individual slices are placed in ﬂat-sided plastic
culture tubes that contain a small amount of culture medium. During
the slow rotation the tissue is covered by medium during half of a
cycle, resulting in a continuous alternation of feeding and aeration,
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Fig. 1. Two major methods to study drugs or cell graft in brain organotypic slices. A) Agent can be added in the growth medium and cells will colonize the slice. B) Agent can be directly
transplanted into the slice using a needle.

which is optimal for slice survival. More recently, in 1991, Stoppini
et al. described the membrane interface culture method (Stoppini
et al., 1991) that offers easier culture conditions. The tissue is placed
directly on semi-porous membranes, and medium is added to the
bottom of the culture dish. Slices can collect nutrients contained in
the medium on one side and remain optimally aerated from the
upper side. This technique is advantageous for studying the effect
of a therapeutic agent added onto the organotypic slice, because
these slices are never covered with embedding material or media.
In general, slices cultured with the roller tube technique get thinner
than cultures grown with the interface method due to tissue loss, but
they can stay alive a longer time. Depending on the question, one
may choose the more efﬁcient technique for slice culturing according
to the experiments to be performed. These techniques were further
adapted to allow the development of organotypic cultures from
different organs and from many hosts such as rats and mice but
also rabbits (Savas et al., 2001) pigs (Dall and Zimmer, 2006) and
human brain tissue (Jung et al., 2002).
Most organotypic brain slice cultures have been derived from neonatal (P0–P10) animals, but recently also adolescent or adult rats have
been used and even human post-mortem brain tissue slices have been
kept alive for a few weeks in culture (Finley et al., 2004; Noraberg
et al., 2005; Su et al., 2011). The brain area the most cultured in vitro is
the hippocampus, now usually prepared using Stoppini's method,
with 6–7 day old rats. Over the years slice culture systems have been

successfully established from a variety of brain regions including cortex,
ventral midbrain, hypothalamus or cerebellum (Gahwiler et al., 1997).
Furthermore, co-cultures of different brain slices have been developed,
which allow for the assessment of inter-neural responses across brain
regions. Nowadays, organotypic slices of many organs have been prepared as for example: liver (Mori et al., 1999), guts (Metzger et al.,
2007), retina (Lye et al., 2007), tumour (Froeling et al., 2010) or bladder
(Varley and Southgate, 2011) among others.
Stem cell transplantation studies using organotypic slices
Organotypic slices allow the study of endogenous cell activities. In
addition, grafts of cells can also be performed in the slices and, in this
way, graft–host interaction and grafted cell behaviour can be analyzed.
We will here mainly report stem cell transplantation studies performed
with organotypic cultures.
Migration of 5-bromodeoxyuridine-positive grafted cells was
tracked and comparison of the migratory capacity of different stem
cells showed that human NSCs and rat neurospheres from the
subventricular zone seemed to migrate within the slice while MSCs
remained at the implantation site (Tanvig et al., 2009). Recently,
nanoparticles transporting CoPt, a magnetic product observable by
MRI, were used to efﬁciently tag grafted cells in an organotypic model
of spinal cord (Meng et al., 2011). Stem cell engraftment and interaction
with the host tissue can also be monitored. It was thus reported that,

Table 1
Advantages and caveats of cell therapy pre-clinical studies performed in organotypic slices.
Cell transplantation studies

Ex vivo
References

Advantages

Caveats

1/Screening of therapeutic
approaches

Sundstrom et al. (2005), Cho et al. (2007),
Sarnowska et al. (2009b)

Functional outcome of a therapeutic strategy
cannot be evaluated with
this technique

2/Grafted cells/host interactions

Tanvig et al. (2009), Meng et al. (2011)
Abouelfetouh et al. (2004), Sarnowska et al.
(2009b),
Charriere et al. (2010), Jeong et al. (2011)
Jaderstad et al. (2010b, 2011)

Six conditions can be tested with one rat
in a few weeks.
Interactions with host tissue easily
explored
Easy follow-up of tagged cells
Host cells remain functional, including
microglia

3/Neurorepair mechanisms

4/Neuroprotective factors secretion
5/Adjuvant addition of
biomolecules/chemical
compounds

Cannot be conserved more than 1 month
in culture
Slices can be ﬂattened or distorted
Vascularization and blood brain barrier is not
Cell functional integration within the host conserved
tissue is easily observed
Isolated organ/no interaction with
Kearns et al. (2006), Jaderstad et al. (2010a), Patch clamp studies on grafted cells may periphery
Tonnesen et al. (2011)
be performed
Slices from young pups/host plasticity differs from
adult
Ex vivo models of pathologies developed Functional outcome of a therapeutic
Zhong et al. (2003), Park et al. (2006),
strategy cannot be evaluated with this technique
Host cells remain functional, including
Hall et al. (2009),
Slices difﬁcult to prepare from adults/they do not
microglia
Horn et al. (2009), Garbayo et al. (2011a,
reﬂect most of the pathological
2011b)
Jaderstad et al. (2010a)
Allows patch clamp studies
conditions
Sarnowska et al. (2009a), Garbayo et al.
Culture medium can be collected and
Isolated organ/no interaction with
(2011b)
analyzed
periphery
Abouelfetouh et al. (2004), Kearns et al.
Can be added onto the culture medium of Blood brain barrier is not conserved
(2006), Tonnesen et al. (2011)
slice
Can be injected directly into the slice
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Fig. 2. The two major techniques used to culture brain organotypic slices (Gahwiler et al.,
1997). A) Roller tube and B) semiporous membrane. See text for explanation.

human MSCs in contact with human organotypic spinal cord slices
differentiate into neuronal cells (Jeong et al., 2011). A small percentage
of MSCs are also able to differentiate into neuronal-like cells when
deposited directly onto hippocampus slice. Three days post-grafting
an increase of the length of the axon-like processes was observed as
well as the number of neuronal-positive cells, which increased when
retinoic acid was added into the culture medium (Abouelfetouh et al.,
2004). In the same way, grafted MSCs could migrate into hippocampal
tissue and differentiated into neuronal cells under the microenvironment
pressure, but the differentiation rate remained very low (Charriere et al.,
2010). As expected, NSC grafts within the striatum integrated morphologically forming part of the 3D cytoarchitecture. Moreover, they increased the overall survival of the organotypic cultures, reduced host
cell necrosis and apoptosis while suppressing gliosis (Jaderstad et al.,
2010b). Furthermore, connexin expression and early gap junctional
intercellular communications were observed between grafted NSCs and
host cells, which in this way protected neurons from death (Jaderstad
et al., 2010a). It was shown that connexin43 expression and gap junction
coupling was essential for neuroprotection (Jaderstad et al., 2011).
Interestingly, connexin43 expression of NSC, decreased after transplantation into the host tissue, particularly with NSCs overexpressing
neurotrophin-3 (NT-3), while connexin26 expression increased, following the pattern of neuronal differentiation (Jaderstad et al., 2010a,
2011). In a similar manner, bilateral interactions between cord bloodderived human or murine NSCs and the host cells were described. It
was found that transplanted neurospheres behave differently depending
on the implantation site, may integrate within the host tissue and activate host neuroblasts while inhibiting astrocytosis (Sarnowska et al.,
2009b).
Many fundamental studies have been carried out with organotypic
brain slices to evaluate endogenous cell or grafted cell behaviour. However, in order to better comprehend the mechanisms underlying proper
graft integration in a pathological situation, these studies must be
performed in organotypic ex vivo models, which mimic the neurological
disorder. These models have been mainly used to study neurorepair and
neuroprotection mechanisms in response to different drugs and growth
factors, but a few studies have addressed grafted stem cell behaviour.
Evaluation of stem cell-based therapies in ex vivo models of neurological disorders
As stated above, we here consider neurological disorders for which
organotypic cultures have raised particular interest to evaluate stem
cell-based therapies. For each neurological disorder, we ﬁrst describe
the ex vivo model and then, we focus on the preclinical studies done in
stem cell transplantation using organotypic cultures.
Cerebral ischemia
Ischemic brain injury occurs due to a cerebrovascular accident leading to a loss of blood supply to part of the brain. The most common type
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of stroke is characterized by the blockade of arterial vascularization at
one site and, as a consequence, a lack of oxygen and glucose that induces
cell death and tissue necrosis. Depending on the anatomical site of
ischemic insult, CI can lead to hemiplegia, aphasia or motor dysfunction.
CI, is the third cause of death in the US and in Europe with around 200
cases per 100,000 inhabitants per year (Barrett and Meschia, 2010)
and almost 6 million victims every year according to the World Health
Organization (Lloyd-Jones et al., 2010). Nevertheless, there has been a
decrease of stroke mortality of 60% during the last thirty years due to
early patient management. Ischemic stroke treatment begins with medication control aimed at avoiding the aggravation of cerebral injury, and
a thrombolytic intravenous administration to dissolve the blood clot; if
needed a surgical procedure to unblock vessels may be performed
(Tarlov et al., 2012). These patients need to be treated within the ﬁrst
3–6 h after stroke to avoid neuronal death; therefore cell therapy can
be an attractive delayed treatment to repair damaged tissue, or sustain
neuroprotection beyond this treatment window.
Cerebral ischemia ex vivo models
Several ex vivo approaches are currently used for CI modelling.
Among them, hippocampal slices exposed to oxygen and glucose deprivation (OGD) are the most commonly used. This method models global
cerebral ischemia, which causes a lack of oxygen and glucose to the
brain, leading to the initial degeneration of the neuronal populations
of the Cornu Ammonis layer 1 (CA1) in the hippocampus (Cho et al.,
2007; Garbayo et al., 2011a; Noraberg et al., 2005; Raval et al., 2003;
Xu et al., 2002). Hippocampal slice cultures are in general made using
Stoppini's method. After careful dissection of the hippocampus,
300–400 μm transverse slices can be obtained (Fig. 3A). In those
slices, the three main regions of the hippocampus, CA1, CA2 and
CA3 are readily observed. Usually, two or three hippocampal slices
are placed on a semi-porous membrane and cultured during a maximum of 3–4 weeks with an important conservation of neuronal
circuits. The CI model is obtained by culturing the hippocampal slices
in medium without glucose in an anaerobic chamber for 40 min (Raval
et al., 2003; Xu et al., 2002). After that, slices are returned to normoxic
conditions and to complete culture media. This OGD treatment induced
CA1 hippocampus neuron death, which can reach 80% in only 24 h.
After OGD, endogenous cell response (Bickler and Fahlman, 2004;
Ziemka-Nalecz et al., 2013) and neuroprotective effects of different
compounds, added into the culture media or directly onto the slice
can be assessed (for review see Cho et al., 2007; Noraberg et al.,
2005). Another way to produce selective cell death in the CA1 or in
the CA3 region is by exposure of the hippocampal slices to Complex I
inhibitors, such as rotenone or 1-methyl-4-phenylpyridium (MPP+),
to Complex II inhibitors, such as 3-nitropropionic acid (3-NPA), or to
excitotoxines, i.e. N-Methyl-D-aspartic acid (NMDA), or to kainic acid
(KA) (Noraberg et al., 2005; Xu et al., 2003). These last models based
on excitotoxicity only mimic a consequence of energy failure associated
with CI. Thus, although they do not completely model CI pathology they
correlate well with in vivo observations (Noraberg et al., 2005). On the
other hand, OGD closely mimic CI pathology. However, variations in
experimental setup can lead to different results and must be taken
into account (Table 2).
Preclinical studies of stem cell therapies using cerebral ischemia
organotypic cultures
MSC administration serves as a potential treatment for CI (Li et al.,
2008). Thus, hippocampal organotypic slices have been used to test
MSC effects on CI. It was ﬁrst shown that a co-culture of OGD slices
and MSCs lead to a signiﬁcant reduction of dead cells in the CA1 area.
The protective effect was probably exerted by diffusible factors such
as nerve growth factor (NGF) brain derived neurotrophic factor
(BDNF) or basic ﬁbroblast growth factor (bFGF) (Zhong et al., 2003).
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Fig. 3. Bright ﬁeld images of organotypic cultures of A) hippocampal slices modeling cerebral ischemia, B) nigro-striatal slices modeling Parkinson's disease and C) striatal-globus pallidus
slices modeling Huntington's disease.

More recently, a comparison of MSC and primary cortical cell effects on CI
was performed using the OGD model. One day after OGD, the cells were
transplanted on the surface of slices. An important decrease of CA1
region cell death was observed, and a concomitant neural differentiation
for both types of grafted cells was detected after 7 days (Sarnowska
et al., 2009b). Thereafter, OGD slices and cells were co-cultured without
direct cell-tissue contact. An important decrease of cell death was also
observed with both types of cells, suggesting that they were able to
exert neuroprotection by secretion of particularly insulin-like growth
factor, bFGF and NGF (Sarnowska et al., 2009a). A homogenous subpopulation of MSC, marrow-isolated adult multilineage inducible (MIAMI)
cells, with a broad differentiation potential (D'Ippolito et al., 2006)
have shown a reduction of hippocampus OGD induced cell death by,
among others, neuroprotective factor secretion (Garbayo et al., 2011b).
In another study, human umbilical cord blood stem cells (HUCBC)
were compared to sigma receptor agonist 1, 3, di-o-tolylguanidine
(DTG), a more classical functional in vivo treatment, in an OGD hippocampal slice. Unlike DTG, HUCBC mediated neuroprotection and limited
inﬂammation by decreasing microglial derived nitric oxide levels
detected in normoxic conditions, in the absence of a peripheral immune
system (Hall et al., 2009). Nevertheless, in another paradigm an aggravation of the OGD induced lesion in hippocampal slices cultured with
MSC conditioned medium was observed, probably involving GABA,
NMDA or α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid
receptor agonists (Horn et al., 2009).

Neurodegenerative disorders: ex vivo models
Parkinson's disease
PD afﬂicts 2% of the population older than 65 years, with 7 to 10 million people affected worldwide. The neurological signs and symptoms of
PD are, in large part, a result of selective loss of neurons in the nigrostriatal dopaminergic system. The causes of this neurodegeneration are
not fully understood, but it seems that the dopaminergic neuronal
death is induced, in part, by the aggregation of α-synuclein-containing
Lewy bodies (Gazewood et al., 2013; Volles and Lansbury, 2003). The
lack of DA causes the classical motor symptoms of bradykinesia, rigidity,
resting tremors and loss of postural reﬂexes. PD is currently treated
primarily with various DA replacement pharmacological agents either
as monotherapy or in combination with a dopamine decarboxylation
inhibitor such as carbidopa or benserazide. This therapy is very effective
for the ﬁrst few years of the illness, but undesirable side effects may
appear later (Ecker et al., 2009; Hauser, 2009). Interestingly, neuronal
degeneration in this pathology is quite localized at ﬁrst, so cell therapy
has been explored as an alternative approach. In a later stage, cell
death related to PD ﬁrst extends to basal forebrain, transentorhinal
cortex, CA2 region of the hippocampus and then to the entire neocortex
(Coelho and Ferreira, 2012; Halliday and McCann, 2010).

Parkinson's disease ex vivo models
The cortico-striatal and mesencephalon-striatal (nigro-striatal)
pathways have been extensively studied for PD modelling (Fig. 3B).
Organotypic co-cultures of cortex-striatum were ﬁrst developed and
characterized to study the cortico-striatal pathway (Plenz and Aertsen,
1996a; Plenz and Aertsen, 1996b). Further, organotypic rat ventral
mesencephalon was co-cultured with striatal, cerebellum or hippocampus slices and an extensive innervation of the striatum by TH-positive
ﬁbres from the ventral mesencephalon was observed when co-cultured
together (Ostergaard et al., 1990). As PD cell death appears ﬁrst within
the substancia nigra (SN), other groups made organotypic slices of this
area to focus on dopaminergic cell bodies (Jaeger et al., 1989). Using
this model, Testa et al. studied the molecular mechanism of rotenone
(Testa et al., 2005), a pesticide well known to induce nigro-striatal pathway degeneration (Alam and Schmidt, 2002).
To cover the whole nigro-striatal pathway, and so merge many
areas involved in PD, a team combined those two techniques to
make organotypic cortex-striatum-mesencephalon cultures using
the “roller tube” method from Garwhiler (Plenz and Kitai, 1996).
For the preparation of these triple slice cultures, cortex, striatum and
mesencephalon containing SN coronal sections from post-natal rat
brain were gathered and mechanically stabilized on a coverslip by
embedding them together with a membrane to reproduce the nigrostriatal pathway. Following attachment to a substrate, the dopaminergic
regions of the SN extended processes into the striatum. They proved that
cortex–striatum–mesencephalon culture maintained morphological
and electrophysiological characteristics of the in vivo preparation (Plenz
and Kitai, 1996). But this protocol necessitates performing 3 different
slices and merging them onto a single coverslip, so a more skilled operator is required. This triple slice culture model has been used recently to
make a comparison of three well-known dopaminergic speciﬁc neurotoxins, usually used for in vivo experiments: MPP+ (Betarbet et al.,
2002), rotenone (Perier et al., 2003), and 6-hydroxydopamine
(6-OHDA) (Perese et al., 1989). In this article and in many others,
the neurotoxins were directly included in the culture medium
(Fig. 1A). In this way, the neurodegeneration is total and homogeneous between the different structures (Kress and Reynolds, 2005). To
better mimic the in vivo model, in which the injection of neurotoxins
is done stereotactically (Fig. 1B), a group developed organotypic cultures
of the ventral mesencephalon with unilateral application of 6-OHDA in
either the striatum or SN using a microelectrode to do the injections.
In the case of cortical slices, this technique permits to introduce a simple
method for generation of an internal control, by treating only one side of
the brain, just as in vivo models (Stahl et al., 2009). In this ex vivo model,
neurodegeneration is identically obtained as in animal models, so
observed degeneration is similar allowing to a certain extent direct comparisons between these two models.
A new organotypic slice technique was developed by vibroslicing rat
brain sagittally in order to keep the whole functional architecture and

N. Daviaud et al. / Experimental Neurology 248 (2013) 429–440

435

Table 2
Development of neurological disorders ex vivo models.
Ex vivo models
Cerebral
ischemia

Parkinson's
disease

Huntington's
disease

Observations/remarks

References

OGD treatment on hippocampal slices

Easy access and precise control of extracellular environment,
which makes it suitable to study detailed molecular mechanisms
associated with CI
Correlate well with in vivo observations but only mimic a
Complex I inhibitors as rotenone or MPP+,
Complex II inhibitors as 3-NPA or excitotoxine as consequence of energy failure associated with CI
NMDA, Kainic acid
Addition of MPP+, Rotenone or 6-OHDA on triple A speciﬁc dopaminergic degeneration is obtained
slice culture medium
Unilateral application of 6-OHDA in either the
PD is identically obtained in animal models and allows
striatum or SN
generating an internal control
Cortex–corpus callosum–striatum–SN slices
Mechanical denervation of the nigro-striatal pathway by cutting
the medial forebrain bundle
Allow studying all areas/pathways involved in this pathology
Mouse sagittal slices exposed to 6-OHDA
Long-term viability with intact cytoarchitecture throughout
cortical and subcortical regions
Kainic acid, quinolinic acid or 3-nitropropionic Easy and rapid to develop and neurodegeneration similar to the
acid addition
one observed in HD but do not take account the genetic
component of the pathology
Hippocampal slices established from the R6/2
Provide a model to assess inhibitors of huntingtin aggregation in
transgenic mice
a system close to in vivo models
Transfection with a mutant huntingtin gene
Mutant gene can be the same one used for R6/2 mice model
Human mutant huntingtin can be used
Merges all features of human HD cellular pathology

pathways of the brain (Ullrich et al., 2011). This organotypic slice allows
performing investigations on those pathways and also interactions with
glial cells and capillaries, but no dopaminergic neurodegeneration of
the nigro-striatal pathway is observed. In the same way, sagittal
vibrosections of mouse brain were performed. Sagittal slices maintained
neuronal pathway integrity during three weeks in culture and were
immersed into 6-OHDA to induce a dopaminergic pathway degeneration (Kearns et al., 2006). Based on those studies, our team has begun
the development of an ex vivo PD model in which a mechanical degradation of the nigro-striatal pathway is obtained. Sagittal slices are
performed with an angle of 14° which induce the degeneration of the
medial forebrain bundle which dispenses neurotoxin use (Daviaud
et al., 2011).
Another organotypic model of nigro-striatal degeneration was
developed by another group to study PD hallmarks. Two-or threeday old rat brains were separated in two hemispheres and the
cerebellum was removed. The resulting brain blocks were cut
dorso/ventrally with a vibratome using a 45° inclination. Slices
containing cortex–corpus callosum–striatum–SN were selected. The
PD model was obtained by a mechanical denervation of the nigrostriatal pathway, by cutting the medial forebrain bundle near the SN,
thus leading to retrograde and anterograde neuronal degeneration in
the SN and in the striatum, respectively. They compared mechanical
lesion degeneration with 6-OHDA treatment of the whole slice. They
showed that denervation induced a loss of about 60% of TH expression
in the striatum and the SN in 3 days when this loss is about 30% in the
same slices treated with 6-OHDA. The mechanical lesion model is an
interesting tool to study mechanisms of neurodegeneration, as well as
neuroregeneration without use of neurotoxins but it also damaged
glutamatergic pathway and the GABAergic projections, while the
6-OHDA injection model is more speciﬁc for dopaminergic pathway
(Cavaliere et al., 2010). In this way, scientists can either choose a dopaminergic speciﬁc model, which is closer to the in vivo model and mimics
early PD, or a dopaminergic/glutamatergic/GABAergic degeneration,
which is closer to an advanced PD model. Those two last models seem
to be the more complete, simple and appropriate to study PD. Indeed,
they allow studying all areas involved in this pathology and conserve
many pathways that interact with this major neurodegeneration pathway. Furthermore they are based on unique slice culture, which is simpler to develop than co-cultures (Table 2).
One of the main advantages of these ex vivo PD models is that they
provide a therapeutic screening platform without the need of time-

Bickler and Fahlman (2004), Noraberg et al.
(2005), Garbayo et al. (2011b), Ziemka-Nalecz
et al. (2013)
Xu et al. (2003), Noraberg et al. (2005)

Kress and Reynolds (2005)
Stahl et al. (2009)
Cavaliere et al. (2010)

Kearns et al. (2006)
Matyja (1986), Whetsell and Schwarcz (1989),
Beal et al. (1991), Storgaard et al. (2000), Colle
et al. (2012)
Jana et al. (2000), Smith et al. (2001), Smith
and Bates (2004), Hay et al. (2004)
Murphy and Messer (2001), Reinhart et al.
(2011)

consuming whole animal studies. However, the major drawback is
that functional effects cannot be analyzed.
Preclinical studies of stem cell therapies using Parkinson's disease
organotypic cultures
A few studies have used striatal organotypic cultures to monitor the
interaction of grafted NSCs and the host striatal cells, but those slices
did not present a nigro-striatal dopaminergic degeneration, which alter
the micro-environment and may modify the cell/host interaction. A
recent study, transplanted Wnt5a-overexpressing-NSCs, expanded as
neurospheres, into PD organotypic cultures from 6-OHDA-treatedmouse striatum (Tonnesen et al., 2011). This study showed that grafted
cells integrated the DA-denervated striatum and created bidirectional
interactions with the host cells including host striatal presynaptic regulation of host cortical afferents to the grafted DA neurons and polysynaptic
graft-to-host connections. Patch clamp studies were performed on
grafted cells. An important depolarization of GABA receptor-mediated
chloride currents in the DA neurons was observed, which is characteristic of endogenous dopaminergic neurons, but may also indicate partial
immaturity. To conﬁrm the importance of those results, similar experiments were performed in 6-OHDA-lesioned animals. In vivo grafted
cells had similar morphological and electrophysiological properties
than ex vivo grafted cells showing their maturity and integration in the
organotypic slice.
Mouse embryonic stem cell derived neural precursor cells were implanted into a mouse sagittal slice previously treated with 6-OHDA.
Viable cells were observed up to three weeks in culture and showed a
dopaminergic differentiation when many factors as bFGF, sonic hedgehog or pleiotrophin were added in the culture media. Furthermore,
patch clamp studies allowed recording action potentials, as well as
postsynaptic currents, into grafted cells, localized by their capacity to
express GFP, demonstrating functional integration and maturation
within the host tissue (Kearns et al., 2006).
Huntington's disease
HD is an autosomal dominant genetic neurodegenerative disorder
with a prevalence of 6 to 7 for 100,000 around the world (Walker,
2007). This pathology results in abnormal involuntary movements
(chorea and dystonia), cognitive decline, behavioural changes and a
range of psychiatric disorders, especially depression. These symptoms,
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which gradually develop, are caused on an earlier stage by degeneration
of the striatal neurons, especially of GABAergic striatal MSNs which
project to the external segment of the globus pallidus, the SN pars
compacta and pars reticulata. Then, the gradual neuronal loss extends
throughout the brain (Ho et al., 2001). The huntingtin gene is localized
on chromosome 4 and the normal allele on this site contains a trinucleotide repeat sequence (CAG) encoding polyglutamine, but this CAG
repeat is ampliﬁed in patients suffering from HD. When the repetition
reaches 39 or more, the pathology will develop generally at around
30–40 years. Although CAG repeats greater than 55 are associated
with early age of onset (juvenile HD) and more rapid progression,
there is no correlation between age of onset and number of repeats
ranging from 40 to 50 (for review see Ho et al., 2001; Ha and Fung,
2012). No cure exists for this disease and antichoreic drugs or neuroleptics only reduce the severity of the symptoms. Moreover, their administration can cause side effects such as bradykinesia or depression, and are
ineffective in stopping or reversing cell death (Adam and Jankovic,
2008). With HD, the neurodegeneration is mainly localized in the striatum at onset of the pathology, so cell therapy represents an attractive
alternative treatment. Unfortunately, for advanced cases, HD is less
optimal for cell therapy because the entire brain becomes involved
(Wijeyekoon and Barker, 2011).
Huntington's disease ex vivo models
The ﬁrst HD organotypic model developed dates back to 1986 with
the study of the effects of KA administration on glial cells, both in the
animal model of HD (which uses this drug to damage GABAergic
neurons) and in striatal organotypic cultures. Indeed, glial cells have a
major role in brain homeostasis and should be thoroughly investigated
in neurodegenerative disorder models. This study proved that KA might
act directly on astroglia cells by a transformation of the protoplasmic
type of astroglia into the ﬁbrous type; changes that were independent
of neuronal damage (Matyja, 1986). The effect of quinolinic acid (QA)
has also been tested on organotypic cultures of rat caudate nucleus or
on combination cultures of frontal cortex and caudate nucleus. Light
microscopy analysis proved that QA induced excitotoxic damage on
the rat brain which models HD (Whetsell and Schwarcz, 1989). QA
induced a loss of markers of spiny neurons (GABA and substance P),
an increase in markers of aspiny neurons (somatostatin and neuropeptide Y) and a diminution of choline acetyltransferase activity, similar to
changes observed in HD (Beal et al., 1991). Striatal degeneration of HD
can also be caused in vivo by 3-NPA, a mitochondrial inhibitor. To better
understand the neurotoxicity and possible indirect excitotoxicity mechanisms, 3-NPA was added into organotypic striatal and cortico-striatal
slice culture medium. In this way, the authors proved that neuronal
activity of the glutamatergic cortico-striatal pathway contributed to
striatal pathology and that in vivo characteristics of 3-NPA toxicity can
be reproduced in organotypic slices (Storgaard et al., 2000). Recently,
QA, 3-NPA and the combination of these two toxins were tested to
model HD in 400 μm striatal slices. The effects of NMDA receptor antagonist MK-801, of succinate and of reactive oxygen species were investigated. It was concluded that each model induces these processes in a
differential manner: QA by NMDA receptor activation and 3-NPA by
succinate dehydrogenase inhibition. Those effects were blocked by
probucol, an antioxidant compound with scavenger properties (Colle
et al., 2012). There is an important variety of those models, based on
the different neurotoxins used and addition into the culture media or
either directly injected onto the slices, leading to a heterogeneity of
results obtained, which must be taken in consideration. Furthermore
with that type of model, only the cellular aspect of HD can be studied,
they can't take into account the genetic component of the pathology.
Conversely they are easy and rapid to develop and do not involve high
economic impact as normal rodents are used.
A model of organotypic hippocampal slices established from the
R6/2 transgenic mice, which presents a CAG repetition, was developed

showing the same formation of PolyQ aggregates in all of the hippocampus slice neurons, appearing ﬁrst in the CA1 followed by the CA2 and
later in the CA3 after 5 weeks. Creatine administration can block this
aggregation in vivo, and this was conﬁrmed in this organotypic model
(Smith et al., 2001). Using this same model it was shown that a
maintained overexpression of a chaperone protein HSP70, which is
co-localized with nuclear aggregates in HD patients, could delay aggregate formation (Hay et al., 2004; Jana et al., 2000). In another study
organotypic hippocampus slice of R6/2 mice is clearly established as a
screening model of anti-aggregation components (Smith and Bates,
2004).
Another way to mimic HD is the transfection of HD-polyQ-GFP
plasmids into cells within the slice. Three different non-viral transfection methods were tested on mouse cerebellum organotypic slices
(Murphy and Messer, 2001). Mouse cortico-striatal slices could then
be transfected with a mutant huntingtin gene and when exposed to
malonate produced HD-like lesions and provided a new model of HD,
conserving the correlation between CAG repetitions and aggregation
length. A co-transfection of anti-HD single-chain Fv intrabodies can
lead to a reduction of the physiological consequences and a diminution
of cells expressing large aggregates after three days of culture (Murphy
and Messer, 2004). More recently a new HD model was developed
based on the acute transfection of rat cortico-striatal brain slices with
DNA constructs derived from the human pathological huntingtin gene.
This transfection of mutant huntingtin induced GABAergic MSNs
death within 3 days. Furthermore, the transfected mutant gene is the
same used for R6/2 mice model. Thereby, the model developed is very
close to in vivo models, and merged all features of HD cellular pathology
in a very speciﬁc manner. A screening of a chemical library of 74
neuroprotective and anti-inﬂammatory drugs implicated in HD was
performed and Chemokine receptor, Iκβ kinase complex and c-Jun
N-terminal kinase particularly showed neuroprotective effects
(Reinhart et al., 2011).
Those more recent models of HD are very powerful; they properly
mimic the pathology including the genetic aspect of HD and as a consequence lead to the MSN death. Two majors techniques can lead to this
model, in the ﬁrst one organotypic slices are made directly on transgenic mice, and in the second organotypic slices are prepared from normal
rodents and slices are transfected. The ﬁrst protocol appears to be easier
to develop because R6/2 mice can be purchased, so model acquirement
does not demand speciﬁc knowledge but may be more expensive in a
long term. Inversely, slice transfection involves high technology equipments and a skilled operator but normal rodents can be used, and a
better control of the transfected cDNA construct obtained. Despite
those very powerful HD ex vivo models, no therapy using stem cells
has been studied using HD organotypic cultures.
Studies of stem cells with scaffolds using organotypic cultures
The development of new tools able to enhance the potential of cell
therapy is needed. Tissue engineering is the combination of cells with
materials, scaffolds, and biochemical or physico-chemical factors to improve their biological effects. In addition, cells are responsive to the
architecture and to mechanical properties of the scaffolds, which can
modulate morphology, proliferation and, in the case of stem cells, differentiation. Micro- or nano-capsules, micro- or nano-particles and gels,
which can all be polymeric, aqueous, lipidic, are very different tools
used to improve potential treatments (Subramanian et al., 2009;
Williams and Lavik, 2009). In our laboratory we have developed a cell
and drug carrier, named the pharmacologically active microcarriers
(PAMs). They are polymeric biodegradable microspheres that offer a 3
dimensional support for cells. Moreover they can present a biomimetic
surface of extracellular matrix protein to enhance survival and/or
differentiation of grafted cells and lastly they can release a growth factor
in a controlled manner during PAM degradation. Those combined
parameters increase cell survival, differentiation and integration in the
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host tissue (Boufﬁ et al., 2010; Delcroix et al., 2011; Tatard et al., 2004,
2005, 2007b).
Tissue engineering is an ongoing area of research that may also use
organotypic slices to demonstrate its therapeutic potential (Fig. 4).
With this aim and to mimic in vivo conditions, a co-culture of cortex
organotypic slices and matrigel was developed. Matrigel is a gelatinous
protein mixture, similar in composition to basement membrane with
extracellular matrix and proteins, and allows 3D cell culture. The
co-culture of matrigel with cortex organotypic slices allowed demonstrating axon elongation from the cortex to the matrigel and the ability
of cells implanted into the gel to promote axonal growth. This ex vivo
model provided a good means to screen transplanted cells for axon
growth and cell–cell communication potential before in vivo experiments (Ishihara et al., 2011). To enhance CNS cell transplantation,
gelatin–laminin-cryogels and dextran–laminin-cryogels transporting
HUCBC were prepared. Cryogels are a cryogelation of a mixture of protein from the extracellular matrix with either gelatin or dextran. They
can carry transplanted cells while offering them physical and stress protections and can promote cell differentiation. Organotypic hippocampal
slice cultures were prepared as a 3D screening tool, in which aggregates
of scaffold-conveying cells were transplanted into the CA1 region. It was
proved that scaffold implantation did not induce inﬂammation,
microglial activation and prevented astrocytic scar formation. Furthermore, laminin scaffolds attracted inﬁltration of neuroblasts making
them an interesting tool for brain circuit regeneration (Jurga et al.,
2011).
Neuroprotective properties of MIAMI cells adhered onto PAMs were
demonstrated by our group using an ex vivo model of CI (Garbayo et al.,
2011b). MIAMI cells can differentiate into neuronal-like cells (Tatard
et al., 2007a) and after epidermal growth factor (EGF) and bFGF pretreatment their response to neuronal commitment is increased
(Delcroix et al., 2010a). As many other cells, when combined to scaffolds
their regenerative potential may be increased. One hour after OGD of
hippocampal slice cultures MIAMI cells, or EGF–bFGF pre-treated
MIAMI cells adhered onto PAMs, injected into the CA1 cell body layer
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of hippocampal slices signiﬁcantly protected the CA1 region against ischemic death. Cell therapeutic value was signiﬁcantly increased when
delivering the cells complexed with ﬁbronectin-coated microcarriers,
by increasing stem cell survival, neuronal differentiation and paracrine
secretion of different factors. Those results were then conﬁrmed using
an in vivo CI model (Garbayo et al., 2011b). MIAMI cells adhered to
PAMs with a laminine biomimetic surface and delivering NT-3, improved
survival and differentiation of stem cells and induced a strong functional
recovery in an animal model of PD (Delcroix et al., 2011). Based on those
results we have developed a new ex vivo PD model (Daviaud et al., 2011)
to study the molecular mechanisms of this functional recovery using two
different stem cells enabling to compare their mechanisms of action
(Daviaud et al., 2011).
Conclusions
As described here, organotypic cultures of many organs were
developed showing the great potential and interest of this model.
Obviously, organotypic slices cannot replace in vivo models, which
remain the only way to evaluate the functional outcome of a therapeutic strategy. However, organotypic brain slices can model different histopathological aspects of neurological conditions and can be
used to address some of the difﬁculties limiting stem cell therapy
approaches. Organotypic culture technique is fast, efﬁcient and
practical, allows reduction of animal number and preserves the 3D
neuronal network. Many regions of the brain can be cultured alone
or co-cultured with other regions. They can serve as screening platforms, to study the effects of drugs, cell grafts alone or combined
with biomaterials injected onto the slices.
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