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the effects of cyclosporine on
remyelination following gliotoxic
injection in the brainstem
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ABSTRACT

The use of cyclosporine (CsA) has shown to induce an increase in the density of
oligodendrocytes near remyelinating areas following the injection of ethidium bromide
(EB), a demyelinating agent, in the rat brainstem. This study was designed in order to
evaluate if CsA has the capacity of increasing remyelination. In this context, a comparison
between the final balance of myelin repair in CsA treated and non-treated rats was
assessed using a semi-quantitative method developed for documenting the extent and
nature of remyelination in gliotoxic lesions. Wistar rats were submitted to intracisternal
injection of 10 microliters of 0.1% EB. Some were treated during 31 days with CsA (group
Il - 10 mg/kg/day by 7 days and, thereafter, 3 times a week, with a minimal interval
of 48 hours) by intraperitonial route. Others were not treated with CsA (group I). A
control group was planned receiving into the cisterna pontis 10 microliters of 0.9% saline
solution and following after that the same CsA administration protocol (group Il). Results
clearly demonstrate that in vivo administration of CsA after EB-demyelinating lesions
stimulated oligodendrocyte remyelination (mean remyelination scores of 3.72+0.25 for
oligodendrocytes and 1.04+0.39 for Schwann cells) compared to non-treated animals
(3.13£0.71 and 1.31+0.62, respectively), although the mechanisms by which this positive
CsA effect occurs are unclear.

Key words: cyclosporine, central nervous system, ethidium bromide, oligodendroglia,
remyelination, Schwann cells, semi-quantitative analysis.

Anélise semiquantitativa dos efeitos da ciclosporina na remielinizacdo apés injecdo
gliotéxica no tronco encefélico

RESUMO

O uso de ciclosporina (CsA) mostrou induzir um aumento na densidade de oligoden-
drécitos préximos a areas de remielinizacdo apés inje¢do de brometo de etidio (EB), um
agente desmielinizante, no tronco encefalico de ratos. Este estudo foi desenvolvido a fim
de avaliar se a CsA possui a capacidade de acelerar a remielinizacdo. Neste contexto,
foi feita uma comparacao entre o balango final de reparo mielinico em ratos tratados ou
ndo com CsA usando-se um método semiquantitativo desenvolvido para documentacéo
da extensdo e natureza da remielinizacdo em lesdes gliotdxicas. Ratos Wistar foram
submetidos a injecdo intracisternal de EB a 0,1%. Alguns foram tratados durante 31 dias
com CsA (grupo lll - 10 mg/kg/dia por 7 dias e, apds, 3 vezes por semana, com um
intervalo minimo de 48 horas entre as aplicagdes) por via intraperitoneal. Outros ndo
foram tratados com CsA (grupo I). Um grupo controle foi desenvolvido recebendo, na
cisterna pontina, 10 microlitros de solucéo salina e seguindo apds o mesmo protocolo de
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administracdo de CsA (grupo ll). Os resultados mostram claramente que a administragéo in
vivo de CsA apbs lesdes desmielinizantes induzidas pelo EB estimulou a remielinizagéo por
oligodendrécitos (escores médios de remielinizacdo de 3,72+0,25 para oligodendrdcitos e
1,04+0,39 para células de Schwann) em comparacgdo aos animais ndo-tratados (3,13+0,71
e 1,31+0,62, respectivamente), embora os mecanismos pelos quais este efeito positivo
da CsA ocorre sejam desconhecidos.

Palavras-chave: andlise semiquantitativa, brometo de etidio, células de Schwann,
ciclosporina, oligodendroglia, remielinizacdo, sistema nervoso central.

A greater proportion of oligodendroglial cells on the
edges of demyelinating lesions was seen in rats treated
with cyclosporine (CsA) after the injection of ethidium
bromide (EB) in the rat brainstem'. This gliotoxic agent
is known to induce early astrocyte disappearance and oli-
godendroglial loss when injected in the central nervous
system (CNS) leading to, respectively, blood-brain bar-
rier disruption and primary demyelination. Subsequent
remyelination occurs performed by surviving oligoden-
drocytes and by invasive Schwann cells'®.

Nests of oligodendrocytes similar to those observed
in a previous study using CsA following EB injection
were seen in attempts of remyelination in multiple scle-
rosis (MS)” and experimental allergic encephalomyelitis
(EAE)®. Such distribution is not considered a normal as-
pect of the nervous tissue and may be related to the ex-
istence of oligodendroglial progenitor cells (OPCs) and
to the action of trophic factors on them®.

CsA has as its major known effect the capacity of
reducing the synthesis and liberation of interleukin-2
(IL-2), a cytokine released from T CD4+ lymphocytes
(Th - helper)® and capable of inhibiting proliferation of
OPCs'M.

Using a semi-quantitative method developed by
Blakemore and Crang'?and Gilson and Blakemore' for
documenting the extent and nature of remyelination in
gliotoxic lesions, the aim of this study was to investigate
if CsA could stimulate oligodendrocyte remyelination
after being administered by 31 days in rats submitted to
a focal EB injection in the brainstem.

METHOD

This experiment was approved by the Ethics Comis-
sion of the University Paulista (protocol number 002/09).
Twenty male Wistar rats, 4 to 6 months old, were used.
They were divided into 3 groups: I (n=8), constituted
of animals injected with EB into the cisterna pontis; II
(n=4), including animals injected with saline solution and
treated with CsA; and III (n=8), of animals equally in-
jected with EB, but treated with CsA.

The rats were anaesthetized with ketamine and xyla-
zine (5:1, 0.1 ml/100g) and a burr hole was made on the
right side of the skull, 8 mm rostral to the fronto-pari-
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etal suture. Injections were performed freehand using a
Hamilton syringe, fitted with a 35° angled polished gauge
needle into the cisterna pontis, an enlarged subarachnoid
space below the ventral surface of the pons.

Ten microliters of 0.1% EB solution were injected into
the cisterna pontis of rats from groups I and III and the
same volume of 0.9% saline solution was injected in rats
from group II.

Rats from groups II and III were daily treated with
CsA by intraperitoneal route using 10 mg/kg/day in the
first week and, thereafter, 3 times a week, with a min-
imal interval of 48 hours. A solution containing 10 mg/
ml of CsA (Sandimmun®) was obtained by diluting the
content for intravenous infusion (50 mg/ml) in sterile
0.9% saline solution.

The animals were anaesthetized and submitted to in-
tracardiac perfusion with 4% glutaraldehyde in 0.1 M So-
rensen phosphate buffer (pH 7.4) at 31 days. Thin slices of
the brainstem (pons and mesencephalon) were collected
and post-fixed in 1% osmium tetroxide, dehydrated with
graded acetones and embedded in Araldite 502 resin,
following transitional stages in acetone. Thick sections
were stained with 0.25% alkaline toluidine blue. Selected
areas were trimmed and thin sections were stained with
2% uranyl acetate and lead citrate and examined using
a Philips EM-201 transmission electron microscope.

Comparison between the final balance of myelin re-
pair in CsA treated and non-treated rats was assessed
using the semi-quantitative method developed by Blake-
more and Crang' and Gilson and Blakemore'®. Three
semithin sections from each animal at 31 days after EB
injection from groups I and III were examined for the
presence of axons remyelinated by oligodendrocytes
and Schwann cells, as well as for demyelinated axons.
Remyelination by either Schwann cells or oligodendro-
cytes was identified using morphological criteria previ-
ously described®**'*', The proportion of each was esti-
mated in a scale ranging from 0 to 5. A lesion in which
all axons were remyelinated by Schwann cells would have
a Schwann cell (S) score of 5; an oligodendrocyte (O)
score of 0 and a demyelination (D) score of 0. If 40% of
the demyelinated axons were remyelinated by oligoden-
drocytes and 40% by Schwann cells with the remaining
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axons being demyelinated, then the lesion was assigned a
score of O-2, S-2, D-1. To compare remyelination scores
from CsA-treated and non-treated rats 31 days after EB
injection, a lesion repair profile of O versus S remyelin-
ation was made, providing an adequate graphical rep-
resentation of each group. The mean O and S scores
+2SEM enclose a domain which represent an average of
repair. Non-overlapping domains in these graphic repre-
sentations indicate significantly distinct results.

RESULTS

Observations of semithin sections

from groups |, Il and 1l

The examination of semithin sections from rats of
group I (EB injection) at 31 days revealed the appearance
of lesions of variable extent (from the mesencephalon
into the pons), but affecting mostly the ventral surface of
the pons, and allowed the establishment of 2 areas with
very distinct morphological characteristics. The center
of the lesion presented an extended extracellular space,
with many foamy phagocytic cells, lymphocytes, demy-
elinated axons and some myelin debris. At the periphery,
macrophages were less conspicuous and thinly remyelin-
ated axons could be seen, some clearly associated with
Schwann cells (Fig 1A), others related to oligodendro-
cytes (Fig 1B).

Semithin sections from rats belonging to group III
(EB injection and CsA treatment) at the same period re-
vealed lesions similar to those seen in group I and also
presenting macrophages, lymphocytes, few naked axons
and some myelin derived membranes in the extracel-
lular space of the central area. As previously noted in a
former study from 2008 using the immunosuppressive
agent CsA' the most prominent finding at the peripheral
site was the high density of round cells identified as oli-
godendroglial cells (Fig 2A), as well as many thinly remy-
elinated axons (Fig 2B). Schwann cell remyelinated axons
were also observed, mainly at perivascular and subpial
sites. No mortality was recorded in this group due to
CsA treatment using the drug administration scheme
previously mentioned.

Examination of ultrathin sections from EB injected
groups (I and III) confirmed the ultrastructural descrip-
tions outlined by Bondan et al.".

No rat from group II (saline solution injection and
CsA treatment) presented any sign of lesion or tissue dis-
organization in the brainstem at 31 days post-injection.

Score comparison between

groups | and lll at 31 days

Comparison between group I (rats non-treated with
CsA) and III (rats treated with CsA) was made by ob-
serving semithin sections at 31 days after EB injection,
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Fig 1. Group | - Electronmicrographs [A] Oligodendrocyte
remyelinated axons (r) next to astrocyte processes (a). 6.064 X.
[B] Schwann cell remyelinated axons (R) near a blood vessel (v).
Note the presence of Schwann cell cytoplasm (arrow) surrounding
the axon, as well as the presence of collagen fibers (c). 12.672 X.

with documentation of the remyelination balance and
construction of the corresponding diagrams, according
to the semi-quantitative method developed by Blakemore
and Crang'® and Gilson and Blakemore'. Scores are rep-
resented in Table and the respective diagrams in Fig 3.

DISCUSSION

In the present study the observations obtained from
semithin and ultrathin sections in groups I and III con-
fimed those described in a previous study using CsA fol-
lowing EB injection in the rat brainstem'. Again it was
clearly noted that rats injected with EB and treated with
this immunosuppressive drug had a higher density of oli-
godendrocytes on the edges of the lesions, in relation to
the immunocompetent animals from group I and those
treated with cyclophosphamide® or dexamethasone® from
previous investigations.

With the semi-quantitative analysis (by comparing
the domains of the mean scores for groups I and III and
their limits — £2SEM — at 31 days), it was evident that
CsA treatment in the present study caused an increased
oligodendroglial remyelination'**.
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It is known that CsA permeates into target cells and
binds to cyclophilins, a family of peptidyl-prolyl isomer-
ases. Its immunossupressive effect is due to the binding
to cyclophilin A and the drug-receptor complex then in-
hibits the dephosphorylase activity of calcineurin, pre-
venting nuclear factor of activated T cell (NFAT) dephos-
phorylation and thereby inactivating the transcription
factor NFAT'®. As NFAT dephosphorylation is necessary
for the transcription of a number of cytokine genes, in-
cluding IL-2, IL-4, IFN-§, TNF-a, activation of various
T cells, macrophages and B cells is inhibited"”**. Notably
the suppression of IL-2 expression by CsA is thought to
play an important role in T-cell-mediated immunolog-
ical processes".

IL-2 may be present in the CNS in pathological states
following disruption of the blood-brain barrier (BBB)
and infiltration of activated T cells in this site, more pre-
cisely of those producing the referred cytokine such as
Th1 cells and T cytotoxic cells'*".

In the CNS it is recognized that IL-2 may modu-
late the function and genic expression of oligodendro-
cytes and their progenitors'®'"". Human recombinant
IL-2 appears to influence proliferation and differentia-
tion of rat oligodendrocytes in vitro, increasing as far
as in 3 times their numbers in cultures containing IL-2
and stimulating their maturation, as shown by the aug-
mented expression of myelin basic protein (MBP) and
of MBP mRNA'**. On the other hand, IL-2 seems to
inhibit the proliferation of oligodendrocyte progenitor
cells (OPCs)'*'"", suggesting that IL-2 has variable bi-
ological effects on oligodendrocytes depending on their
stage of differentiation.

Lymphocytes were found in the demyelinating lesions
from both EB-injected groups, sometimes contacting
myelin debris in the extracellular space as well as acti-
vated macrophages containing phagocytosed myelin, in
a relationship suggestive of antigenic recognition’.

A possible explanation for the high density of oligo-
dendrocytes in rats submitted to CsA treatment could be
the inhibition of IL-2 secretion induced by the drug. This
requires that lymphocytes in the EB-induced lesions had
the capacity of secreting the cytokine (such as the Th1
subpopulation) and were activated by antigenic stimula-
tion. Since the referred cytokine inhibits in vitro prolif-
eration of rat OPCs'*'**, it is possible that depletion of
IL-2 in the lesion site facilitates division and migration
of such cells. Paradoxically, mature oligodendrocytes are
capable of accelerating their capacity of myelination or
remyelination in the presence of IL-2'"". This would be
beneficial in demyelinating diseases, although it is not
observed in immune-mediated conditions, such as MS
and EAE, characterized by abundant lymphocytic infil-
trates, specially of Th1 cells”. It is important to notice
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Fig 2. Group Il - Electronmicrographs [A] Oligodendrocyte (O)
presenting extensive rough endoplasmic reticulum next to remy-
elinating axons (r) and astrocyte processes (a). 4.836 X. [B] Ampli-
fication of an oligodendroglial remyelinated area. (a) hypertrophic
processes; (O) oligodendrocytes; (r) remyelinated axons. 10.460X.

Fig 3. Diagrams of oligodendrocyte (O) versus Schwann cell (S) re-
myelination scores in CsA-treated [A] and non-treated [B] rats 31
days post-lesioning. Non-overlapping repair domains indicate sig-
nificantly different results. The majority of axons are remyelinated
by oligodendrocytes. n: number of score observations.

that those conclusions connecting IL-2 and oligoden-
droglial cells were obtained from in vitro studies, where
a simpler scenery is found. The in vivo environment is a
much more complex and unpredictable milieu due to the
intricate interactions between the different cell types in-
volved and their secreted factors.
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Table. Remyelination scores by 31 days after EB injection in groups | (rats non-treated with CsA) and Ill (rats treated with CsA), according
to the semi-quantitative method developed by Blakemore and Crang'? and by Gilson and Blakemore'™ for semithin sections.

Group | (non-treated with CsA)

Group lll (treated with CsA)

Animal (0] S D (0] S D
1 4.0 1.0 0.0 4.0 0.5 0.5
1 35 1.5 0.0 35 1.0 0.5
1 3.0 2.0 0.0 35 1.5 0.0
2 3.0 1.0 1.0 35 1.5 0.0
2 3.0 1.0 1.0 40 1.0 0.0
2 3.0 2.0 0.0 4.0 1.0 0.0
3 2.0 2.0 1.0 35 1.0 0.5
3 4.0 1.0 0.0 4.0 1.0 0.0
3 3.0 2.0 0.0 4.0 0.5 0.5
4 3.0 1.0 1.0 4.0 0.0 1.0
4 1.0 20 20 4.0 1.0 0.0
4 40 0.0 1.0 35 1.5 0.0
5 3.0 1.0 1.0 4.0 0.5 0.5
5 3.0 1.5 05 4.0 1.0 0.0
5 35 1.5 0.0 35 1.0 0.5
6 3.0 2.0 0.0 35 1.0 0.5
6 3.0 1.0 1.0 35 1.5 0.0
6 25 2.0 05 40 1.0 0.0
7 40 1.0 0.0 35 1.0 0.5
7 4.0 0.0 1.0 35 1.5 0.0
7 3.0 15 0.5 35 1.5 0.0
8 3.0 2.0 0.0 35 1.0 0.5
8 4.0 1.0 0.0 35 1.5 0.0
8 2.5 0.5 1.0 4.0 1.0 0.0
Mean 3.13 1.31 0.52 3.72 1.04 0.23
) 0.71 0.62 0.56 0.25 0.39 0.29
SEM 0.14 0.12 0.11 0.05 0.08 0.06

O:axons remyelinated by oligodendrocytes; S: axons remyelinated by Schwann cells; D: demyelinated axons; SD: standard-deviation; SEM: mean standard error.

Astrocyte disappearance and direct mechanical
damage due to intracisternal injection of the gliotoxin
are identified as factors capable of disturbing the blood-
brain barrier (BBB) and thus allowing lymphocyte infil-
tration. Blood vessels devoided of nearby astrocytic pro-
longations were still seen at 31 days after EB injection,
suggesting the lack of a completely developed BBB, as it
is known that astrocyte presence appears to be essential
to the induction of BBB tight junctions™.

Even during inflammation, the total number of lym-
phocytes in the CNS is comparatively small in relation
to other body sites. So the amount of cells capable of re-
acting to a given antigen is proportionally reduced and
lymphocytic response is restricted to a relatively small
number of clones (oligoclonal response)™.

In the present investigation, there was no evidence
that CsA treatment was detrimental to macrophagic
activity, because, on the contrary to that observed with
the use of cyclophosphamide® or dexamethasone®, there
was no significant difference in the amounts of myelin-
derived membranes between groups I and III (treated or
not with CsA).

Nests of oligodendrocytes similar to those observed
in our study were found in attempts of remyelination in
MS’ and EAE®. Such distribution is not a normal feature
of the nervous tissue and may reflect the existence of
OPCs responding to trophic factors on them?®.

In the EB model, it was described a cell population
with membrane immunoreactivity to ganglioside D3
(GD3) from 6 to 12 days after the gliotoxic injection,
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being considered as probable OPCs that came out in re-
sponse to the demyelinating process®.

Oligodendrocytes originate from migratory and mitotic
precursors, then progenitors, and mature progressively into
postmitotic myelin-producing cells?**. These OPCs derive
from neuroepithelial cells of the ventricular zones, at very
early stages during embryonic life, and migrate long dis-
tances away from these zones, populating the developing
neuropil to form white matter throughout the brain***.

The subventricular zone (SVZ) is a germinal matrix
of the forebrain that first appears during the later third
of murine embryonic development. It enlarges during
the peak of gliogenesis, between P5 and P20, and then
shrinks but persists into adulthood®?**. Although most
cells give rise to homogeneous progeny, some SVZ cells
originate both oligodendrocytes and astrocytes, and a
rare cell will develop into both neurons and glia®.

During remyelination local adult OPCs must switch
from an essentially quiescent state to a regenerative phe-
notype and this transition seems to be triggered by fac-
tors derived from activated microglial cells and astro-
cytes, leading to OPC proliferation and recruitment to
demyelinated areas where differentiation of OPCs to re-
myelinating oligodendrocytes takes place™. Adult OPCs
have received numerous names such as synantocytes and
polydendrocytes, showing proliferative activity in vivo
and remarkable plasticity in vitro®.

When submitted to CsA in vitro, neural stem cells,
collectively referred as neural precursors cells (NPCs) and
isolated from the forebrain subependyma of adult male
CDI mice, showed increased numbers and larger colo-
nies, without any alteration in the differentiation profile
of these colonies, indicating that CsA did not promote
selective survival of a particular neural lineage. Consis-
tent with in vitro observations, in vivo administration of
CsA to adult animals increased the numbers of NPCs
within neurogenic niches lining the lateral ventricles”.

On the other hand hipoccampal-derived precursors
have shown in vitro decreased proliferation, diminished
numbers of neurons and increased numbers of astrocytes
within CsA-treated colonies®. These different observa-
tions probably reflect the use of temporally (embryonic
vs adult) and regionally distinct (hippocampal vs subep-
endymal) precursors pools and emphasize the differences
between starting populations of cells on those studies.

Our study clearly demonstrates that in vivo admin-
istration of CsA after EB-demyelinating lesions stim-
ulated oligodendrocyte remyelination (mean remye-
lination scores of 3.72+0.25 for oligodendrocytes and
1.04+0.39 for Schwann cells) compared to non-treated
animals (3.13+0.71 and 1.31+0.62, respectively), although
the mechanisms by which this positive CsA effect oc-
curs are unclear.
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As already stated', CsA could produce a direct or in-
direct effect on persisting niches of OPCs in the mature
CNS environment by affecting the final balance between
proliferative/antiproliferative factors related to oligoden-
droglial populations in the lesion site, maybe facilitating
the first ones and by doing this resulting in greater num-
bers of oligodendrocytes. Although CsA in this study
changed the dynamics of the nervous tissue repair after
EB injection, it is not possible to assume that these al-
terations were directly due to the suppression of lym-
phocyte activity.

REFERENCES

1. Bondan EF, Lallo MA, Graca DL. Ultrastructural study of the effects of cyclo-
sporine in the brainstem of Wistar rats submitted to the ethidium bromide
demyelinating model. Arq Neuropsiquatr 2008;66:378-384.

2. Blakemore WF. Ethidium bromide induced demyelination in the spinal cord
of the cat. Neuropathol Appl Neurobiol 1982;8:365-375.

3. Graga DL, Blakemore WF. Delayed remyelination in the rat spinal cord fol-
lowing ethidium bromide injection. Neuropathol Appl Neurobiol 1986;12:
593-605.

4. Bondan EF, Lallo MA, Sinhorini IL, Pereira LAVD, Graca DL. The effect of
cyclophosphamide on the rat brainstem remyelination following local
ethidium bromide injection in Wistar rats. J Submicrosc Cytol Pathol 2000;
32:603-612.

5. Bondan EF, Lallo MA, Baz El, Sinhorini IL, Graga DL. Estudo ultra-estrutural
do processo remielinizante pds-injecdo de brometo de etidio no tronco
encefélico de ratos imunossuprimidos com dexametasona. Arg Neurop-
siquiatr 2003;62:131-138.

6. Bondan EF, Lallo MA, Trigueiro AH, Ribeiro CP, Sinhorini IL, Graca DL.
Delayed Schwann cell and oligodendrocyte remyelination after ethidium
bromide injection in the brainstem of Wistar rats submitted to strepto-
zotocin diabetogenic treatment. Braz J Med Biol Res 2006;39:637-646.

7. Raine CS, Scheinberg L, Waltz JM. Multiple sclerosis. Oligodendrocyte sur-
vival and proliferation in an active established lesion. Lab Invest 1981;45:
534-546.

8. Raine CS, Moore GRW, Hintzen R, Traugott U. Induction of oligodendrocyte
proliferation and remyelination after chronic demyelination: relevance to
multiple sclerosis. Lab Invest 1988;59:467-476.

9. Borel JF. Cyclosporine. In: Dale MM, Foreman JC (Eds). Textbook of immu-
nopharmacology. 2.Ed. Oxford: Blackwell, 1989: 300-311.

10. Benveniste EN. Cytokines: Influence on glial cell gene expression and func-
tion. In: Blalock JE (Ed). Neuroimmunoendocrinology. 2.Ed. Basel: Karger,
1992:106-153.

11. Saneto RP, Altman A, Knobler RL, Johnson HM, De Vellis J. Interleukin 2
mediates the inhibition of oligodendrocyte progenitor cell proliferation in
vitro. Proc Nat Acad Sci 1986;83:9221-9225.

12. Blakemore WF, Crang AJ. The relationship between type-1 astrocytes,
Schwann cells and oligodendrocytes following transplantation of glial cell
cultures into demyelinating lesions in the adult rat central nervous system.
J Neurocytol 1989;18:519-528.

13. Gilson J, Blakemore WF. Failure of remyelination in areas of demyelination
produced in the spinal cord of old rats. Neuropath Appl Neurobiol 1993;
19:173-181.

14. Yajima K, Suzuki K. Ultrastructural changes of oligodendroglia and myelin
sheaths induced by ethidium bromide. Neuropathol Appl Neurobiol 1979;
5:49-62.

15. Pereira LAVD, Dertkgill MSJ, Graca DL, Cruz-Hofling MA. Dynamics of re-
myelination in the brain of adult rats after exposure to ethidium bromide.
J Submicrosc Cytol Pathol 1998;32:341-348.

16. Takahashi N, Hayano N, Suzuki M. Peptidyl-prolyl cis-trans isomerase is the
cyclosporine A-binding protein cyclophilin. Nature 1989;337:473-475.

17. Kuga K, Nishifuji K, Iwasaki T. Cyclosporine A inhibits transcription of cyto-
kine genes and decrease the frequencies of IL-2 producing cells in feline
mononuclear cells. Internal Med 2008;70:1011-1016.

18. Matsuda S, Koyasu S. Mechanismsof actionof cyclosporine. Immunophar-
macology 2000;47:119-125.



Arq Neuropsiquiatr 2011;69(2-B)

19.

20.

21.

22.

23.

Benveniste EN. Role of cytokines in multiple sclerosis, autoimmune en-
cephalitis, and other neurological disorders. In: Aggarwall BB, Puri RK (Eds).
Human cytokines: Their role in disease and therapy. Cambridge: Blackwell,
1995:195-215.

Risau W. Induction of blood-brain barrier endothelial cell differentiation.
Ann NY Acad Sci 1991;633:405-419.

Leibowitz S, Hughes RAC. Immunology of the nervous system. London:
Edward Arnold, 1983.

Reynolds R, Wilkin GP. Cellular reaction to an acute demyelinating / remy-
elinating lesion of the rat brain stem: localization of GD3 ganglioside im-
munoreactivity. J Neurosci Res 1993;36:405-422.

Baumann N, Pham-Dinh D. Biology of oligodendrocyte and myelin in the
mammalian central nervous system. Physiol Rev 2001;81:871-927.

24.

25.

26.

27.

28.

Cyclosporine effects: remyelination brainstem
Bondan et al.

Bradl M, Lassmann H. Oligodendrocytes: biology and pathology. Acta Neu-
ropathol 2010;119:37-53.

Levison SW, Goldman JE. Both oligodendrocytes and astrocytes develop
from progenitors in the subventricular zone of postnatal rat brain. Neuron
1993;10:201-210.

Gritti A, Bonfanti L. Neuronal-glial interactions in central nervous system
neurogenesis: the neural stem cell perspective. Neuron Glia Biol 2007;3:
309-323.

Hunt J, Cheng A, Hoyles A, Jervis E, Morshead CM. Cyclosporine A has
direct effects on adult neural precursor cells. J Neurosc 2010;30:2888-2896.
Guo J, Zeng Y, Liang Y, Wang L, Su H, Wu W. Cyclosporine affects the pro-
liferation and differentiation of neural stem cells in culture. Neuroreport
2007;18:863-868.

383



