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ABSTRACT

In vitro and in vivo models are efficiently used systems in neuroscience
research to study the brain in normal or pathological conditions. There
are many advantages to these systems, yet they also have significant
limitations. In vitro cell cultures offer the opportunity to investigate
the cell basics or primary response of a cell population against any
treatment. However, these models do not always predict in vivo behavior.
In vivo animal studies constitute the most realistic platform for research
and therapeutic approaches, yet they are laborious, open to secondary
complications and painful or stressful for the animals from an ethical

OZET

point of view. Organotypic brain slice cultures provide an in vivo-like
environment since they maintain three-dimensional cytoarchitecture of
the brain thus enable to study many cell types in one system and allow
precise control of the microenvironment. In this review, we will focus on
the history and key features of organotypic brain slice cultures as well as
its preparation.

Keywords: Organotypic brain slice culture, whole-brain slice culture,
membrane interface method

In vitro ve in vivo modeller, normal ve patolojik kosullarda beyni
incelemek lizere norobilim arastirmalarinda etkili bir sekilde kullanilan

komplikasyonlara acik ve etik agidan hayvanlar icin istirapli ve stresli olan
sistemlerdir. Beyin organotipik kesit kiilttrleri, beynin t¢-boyutlu hticre

mimarisini koruduklart icin in vivo-benzeri bir ortam saglar, boylelikle tek
bir sistemde c¢ok sayida htcre tipinin incelenmesine ve mikrogevrenin
titiz bir sekilde kontroltine imkan saglar. Bu derlemede, beyin organotipik
kesit kilttrlerinin tarihi ve anahtar 6zellikleriyle birlikte hazirlanisina da
deginecegiz.

sistemlerdir. Bu sistemlerin ¢ok sayida avantaji bulunmasina karsin
ayni zamanda kisith kaldiklari 6nemli noktalar da vardir. In vitro hiicre
kultarleri, hticrenin temellerini veya herhangi bir uygulamaya karsi bir
hticre populasyonunun birincil yanitini incelemeye olanak tanirlar.
Ancak, bu modeller her zaman in vivo davranisi yansitmazlar. In vivo
hayvan calismalari, arastirma ve terapétik yaklasimlar igin en gercekgi
platformlari olusturmalarina ragmen son derece zahmetli, ikincil

Anahtar Kelimeler: Beyin organotipik kesit klturleri, tim beyin kesit
kulttrd, membran araytz yontemi
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INTRODUCTION

In vitro cell cultures are one of the most widely used model systems in
cellular and molecular biology since it allows to investigate the biology,
biochemistry, physiology and metabolism of the cells in health and
disease conditions. However, such cellular systems do not mirror the
actual nature of an in vivo environment since isolated cells are lack
of interactions with other cell types and extracellular matrix (1). Over
the last decades, organotypic cultures were developed to overcome
this disadvantage of in vitro cell cultures (2). Organotypic cultures
are efficient models since they preserve the cytoarchitecture and the
microenvironment of the tissue (3).

It is important to evaluate all findings from single neuron experiments to
animal studies together due to the complexity of the brain (4). In vitro cell
culture models of the neuron, astrocyte, microglia or neuron-like cell lines
such as SH-SY5Y human neuroblastoma cells, rat pheochromocytoma
cells (PC12) and human embryonic kidney 293 (HEK 293) cells let us
understand the molecular and physiological basics of the brain cells
and how these cells respond individually to any condition. The findings
obtained from in vitro studies must be proven by in vivo models since the
cells may act differently in their natural microenvironment. Even though
in vivo animal models are the best systems for any kind of research area,
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they have significant limitations due to weak control of chemical and
physical complications. At this point, organotypic brain slice cultures
serve as a bridge and fill the gap between in vitro and in vivo.

Organotypic brain slice cultures are convenient and powerful models
for almost all areas of neuroscience studies since these cultures maintain
the three-dimensional architecture of the brain, neuronal networks and
synaptic organization, and contain nearly all brain cells such as neurons,
astrocytes and microglia. Therefore, these cultures enable neuroscientists
to study many cell types simultaneously in an in vivo-like environment.
In this review, we will summarize organotypic brain slice cultures in terms
of its historical development, preparation, advantages and disadvantages
over in vitro and in vivo models as well as factors that are important for
the culture.

ORGANOTYPIC BRAIN SLICE CULTURES: THE
HISTORY OF ITS DEVELOPMENT

The basis of organotypic slice culture is based on explant tissue culture
experiments. As excellently reviewed by Crain, the term “organotypic”
was introduced for the first time by Maximov in 1925 in order to describe
cultured tissues with more organized growth and differentiation. Then
in 1951, Fell described organotypic as “the tissue largely retains its
characteristic architecture, remains functional and if derived from
undifferentiated material, it may develop in culture in a surprisingly
normal way” (5). The first examples of tissue culture experiments referred
as “organotypic culture” were seen in the studies on development and
differentiation of several organs of chick embryo such as eye (6), thyroid
gland (7), lung (8) and intestine (9).

The initial cultivation of a central nervous system (CNS) tissue was
performed by Harrison in 1907 with spinal cord of frog embryo (10).
Later in 1913, Ingebrigtsen cultured brain tissues of the chick embryo,
rabbit, cat and dog (11). Over the years, many scientists have sought a
way to maintain the brain tissue alive and intact for a long period in vitro,
thus developed several techniques. Among these techniques, the roller-
tube and membrane interface techniques are the most widely used.

The roller-tube technique for brain tissue was first introduced by
Hogue (12) and then modified by many scientists in years. The greatest
improvement for this technique was done by Gahwiler who used thinner
brain slices (300-400 um thick) which are more suitable for physiological
and pharmacological studies (13). In this technique each slice is attached
on a glass coverslip either by a plasma clot or a collagen matrix. Each
coverslipissingly inserted in a tube that contains culture medium and then
the tubes are placed in a roller drum located in a humidified incubator
at 37°C. Roller drum provides a slow rotation which makes these slices
constantly oxygenated to ensure their survival. The slices cultured with
the roller-tube technique reach a thickness of approximately 50 um
(almost a monolayer thick) after a few weeks in vitro which makes it
possible to access individual cells. (14). There are some disadvantages of
this method: falling-off of some of the slices during cultivation and the
possibility of synaptic reorganization and sprouting due to embedding
the tissue in clot and the static conditions.

To overcome these limitations, in 1991 Stoppini et.al. described a different
and easier method for organotypic slice cultures in which tissue is placed
on a semi-porous membrane at the interface between air and culture
medium (15). In this “membrane” or “interface” technique, membrane
inserts which the slices are transferred on are placed into a petri dish
containing a very small amount of culture medium below, and by that
the tissue is directly exposed to the air for oxygenation. Semi-porous
membrane allows diffusion of the substances in the culture medium
that are required for slice survival. Compared to the roller-tube method,
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the tissue remains thicker with a thickness of 100-150 um (a few layers
of cells thick) in a few weeks in vitro depending on the initial thickness
which makes them usable for both electrophysiological and analytical
techniques. Moreover, this method is more suitable for any kind of
application such as chemical or drug treatment and gene silencing or
overexpressing since the slices are not covered with any material.

Both roller-tube and membrane techniques preserve the cytoarchitecture
of the tissue yet the major differences between these two methods are
the final thickness of the slice and the future analysis to be performed.
Since its easier to prepare and have a few advantages over the roller-tube
method, most of the laboratories prefer membrane technique currently,
including ours.

CRUCIALFACTORSTO CONSIDERFORORGANOTYPIC
BRAIN SLICE CULTURES

Age of the Animal

As reviewed well by Humpel (2) and Croft et al. (16), the age of the donor
animal is an important factor for tissue survival and cultivation time in
organotypic brain slice cultures. Brains of animals at early postnatal days
(usually P6-P8) are commonly used for slice cultures since they are more
resistant to mechanical trauma that occurs during the slice preparation
compared to the adult brains. Moreover, cytoarchitecture and synaptic
connections are already established in most brain areas (17). Slice cultures
may also be prepared from embryonic animals, yet they are not suitable
well for long-term cultivation since the cells are still in their migratory
phase and tissue organization usually deteriorates. Using early postnatal
animals has another advantage: their brains are larger than embryonic
ones, hereby it is easier to dissect (14).

Even though organotypic brain slice cultures are typically prepared from
early postnatal animals, some researchers put in the effort to culture slices
from adult animal brains (18-23) and human brain biopsies (24, 25) or
even post-mortem human brains (26). However, preparing organotypic
brain slice culture from adult brains is more challenging and requires
to be optimized well for long-term culturing such as culturing at lower
temperatures, optimizing culture medium components or reducing the
thickness since the cell survival is very limited and cytoarchitectural
organization of the tissue does not retain for a long time (16).

Brain Regions to be Cultured

Organotypic brain slice cultures can be successfully prepared from almost
all brain regions including hippocampus (27), cerebellum (28), cortex
(29), thalamus (30), hypothalamus (31), striatum (32) and substantia nigra
(33). Yet, hippocampus and cerebellum are the most widely studied two
brain regions.

The great majority of the studies in the literature performed slice culture
from a specific brain region while some co-cultured two or more regions
that take part in a pathway. On the other hand, whole coronal or sagittal
slices can also be used to study desired target brain regions. With this type
of culture, a more in vivo-like environment can be established. Moreover,
it was reported that whole brain slices are more resistant because the
neurons are less axotomized in that way (34). There are several examples
for culturing of whole sagittal (3, 35-37) and coronal (20, 38-42) slices of
the brain. Furthermore, some groups have reported successfully culturing
of whole coronal brain slices of adult rat (42) and mouse (20).

However, obtaining whole-brain slices intact and keeping the slices alive
for long-term cultivation is a more complex process and requires more
expertise and some modifications of culture medium compositions such
as the addition of exogenous growth factors in order to support neuronal
survival. For example, Ullrich et. al. reported a method for whole sagittal
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Figure 1: Preparation of organotypic whole-brain coronal slice culture. (A) Dissection tools are used for preparation. (B) The brain of the rat at P7 is carefully dissected under
aseptic conditions. (C) The olfactory bulb and cerebellum are removed by a razor blade. (D) Trimmed brain is embedded into a low melting agarose. (E) Solid agarose is trimmed
into a cube by a razor blade and glued to the specimen holder of the vibratome. (F) The specimen holder is placed into buffer tray that is filled with cold dissection medium. (G) The
brain is coronally sliced into 100-400 um thick sections by vibratome. (H) Coronal slices collected by a paintbrush and put into cold dissection medium. (1) Slides are transferred

onto membrane inserts that are placed in a 6-well plate.

brain slice culture to study cholinergic and dopaminergic neurons together
and pointed out that the addition of exogenous growth factors is necessary
for neuronal survival (36). In any case, the culture conditions need to be
determined experimentally for long-term culturing of whole sagittal or
coronal brain slices depending on the brain region content of the slice that
is desired to be cultured since each brain region have particular neuron
types with different requirements. In our laboratory, we successfully
culture whole coronal brain slices of neonatal (P7) rat brain containing
hippocampus, cortex, striatum, thalamus and hypothalamus for 2 weeks.

Survival of the Slices

Keeping the slices alive for a long-term period is another challenging
process as much as the preparation of the slices, since neurons are more
sensitive compared to the other cell types. During the first week of the
cultivation, healthy slices get thinner and splay and their color becomes
transparent. These are the significant macroscopic indications of a
healthy slice. Whitish-opaque remaining slices -whole slice or a part of
it- should be considered as unhealthy and should be discarded from the
study. Moreover, in a healthy slice, cell spreading out of the edges is seen
during this period (2).

Even though these indications are the most distinct signs for slice vitality,
in some circumstances, slices that appear macroscopically normal may not
actually be healthy. Atrophy may occur in the slices in time, and this is most
likely due to inefficient or inappropriate medium composition. Other than
that, the age of the animal, the thickness of the slice, preparation conditions
and speed are the major factors that affect slice survival.

PREPARATION OF ORGANOTYPIC SLICE CULTURES

It is important to note that preparing organotypic brain slice cultures
necessitate a good knowledge of brain anatomy. Moreover, high technical
skill is required for successful dissection of the brain especially from
early postnatal animals (43). In this section, we will briefly mention the
preparation of organotypic brain slice culture using membrane interface
technique.

After decapitation of the animal, the brain is carefully dissected under
aseptic conditions and put into a cold dissection medium composed
of a balanced salt solution placed in ice. Optionally, the brain region to
be cultured may also be dissected under a microscope after removal of
the brain. The brain can be trimmed or split into two hemispheres by
a razor blade. For whole-brain slices, the brain is embedded into a low
melting agarose and then glued to the specimen holder of the vibratome.
Buffer tray of the vibratome is filled with cold dissection medium and
the surrounding platform is covered with ice. Keeping the brain cold is a
crucial step for successful slicing and slice survival. Thereafter, the brain
is sliced into 100-400 pum thick sections either sagittally or coronally.
The slices collected in cold dissection medium by a paintbrush then are
transferred onto semipermeable membrane inserts that are placed in a
6-well plate containing culture medium and cultured at 37°C and 5% CO,
in a humidified chamber. The culture medium is changed twice a week.
Generally, culture medium that is defined by Stoppini et al. (15) is used in
membrane interface technique, yet as mentioned before its composition
should modified experimentally depending on the brain region content
of the slice that is desired to be cultured. The general workflow of this
protocol is schematized in Figure 1.

Gliosis and microglial activation occur due to the endogenous release
of enzymes and ions during slicing (4, 44). Hence, the slices should be
cultured at least 10 days to minimize this activation before any kind of
experiment to be performed. Figure 2 represents a two-week-old healthy
whole-brain coronal slice and immunofluorescence labeling of the slices.

ADVANTAGES AND DISADVANTAGES

The major advantage of organotypic brain slice culture is that they
preserve the cytoarchitecture of the brain and contain nearly all cell
types thus allowing them to be studied in their microenvironment.
These cultures maintain the morphological and physiological features of
the brain such as cell-cell interactions, neuronal networks and synaptic
organization similar to in vivo conditions (16, 17).
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Figure 2: Whole-brain coronal slices. (A) A two-week-old slice under brightfield
microscope. (B) Immunofluorescence labeling of the slice. All images were taken with
BioTek Lionheart FX Automated Microscope (BioTek Instruments, Winooski, VT, USA)
and Genb software was used to obtain stitched images. Magnification: 4X

Ethically, organotypic brain slice cultures offer a potentially alternative
system to severe in vivo animal studies. In vivo animal experiments can
cause significant pain or stress. Moreover, organotypic brain slice cultures
reduce the number of animals required for an in vivo experiment since
multiple slices can be obtained from one animal (16). Even though
organotypic brain slice cultures are powerful models, they cannot
substitute for in vivo models, since they do not represent the systemic or
behavioral outcome.

These cultures are suitable for any kind of application ranging from
drug, peptide or chemical treatments to gene alterations. Moreover,
organotypic brain slice cultures offer researchers the opportunity to
perform various analytical techniques such as immunofluorescent
labeling, enzyme-linked immunosorbent assay (ELISA), western blot
and quantitative real-time polymerase chain reaction (qRT-PCR) as
well as electrophysiological recordings and stimulations. In summary,
organotypic brain slice cultures are excellent model systems for almost
all areas of neuroscience studies.
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