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(54) COMPOSITION FOR TREATING INFLAMMATORY BRAIN DISEASES WHICH INCLUDES STEM 
CELL AS ACTIVE INGREDIENT

(57) The present invention relates to a composition
for treating inflammatory brain diseases which includes
a stem cell as an active ingredient. When the stem cell
according to the present invention is directly adminis-
tered to animal models with inflammatory brain diseases,
a brain damage caused by inflammation such as edema

is significantly reduced, the weight-loss phenomenon is
greatly improved, and the like, and thus the cell has an
excellent effect in treating inflammatory brain diseases
and consequently can be used effectively in treating in-
flammatory brain diseases.
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Description

[Technical Field]

[0001] The present invention relates to a composition
for treating inflammatory brain diseases, comprising
stem cells as an active ingredient.

[Background Art]

[0002] Stem cells refer to cells having the ability to self-
replicate and the ability to differentiate into at least two
cells and can be classified into totipotent stem cells,
pluripotent stem cells, and multipotent stem cells.
[0003] Totipotent stem cells are cells with totipotent
properties capable of developing into one perfect individ-
ual, and these properties are possessed by cells up to
the 8-cell stage after the fertilization of an ovum by a
sperm. When these cells are isolated and transplanted
into the uterus, they can develop into one perfect individ-
ual.
[0004] Pluripotent stem cells, which are cells capable
of developing into various cells and tissues derived from
ectodermal, mesodermal and endodermal layers, are de-
rived from an inner cell mass located inside blastocysts
generated 4-5 days after fertilization. These cells are
called embryonic stem cells and can differentiate into var-
ious other tissue cells but not create new living organ-
isms.
[0005] Multipotent stem cells are stem cells capable of
differentiating into only cells specific to tissues and or-
gans containing these cells and are involved in the growth
and development of each tissue and organ during fetal,
neonatal, and adult periods as well as the maintenance
of homeostasis of adult tissues and the induction of re-
generation of damaged tissues. These tissue-specific
multipotent cells are collectively referred to as adult stem
cells. Adult stem cells are taken from pre-existing cells
in various organs of the human body and then developed
into stem cells, and these cells are characterized by dif-
ferentiation into specific tissues. However, experiments
for differentiating adult stem cells into various tissues
such as hepatocytes have been performed successfully
and thus have attracted much attention.
[0006] Stem cells have properties such as self-renew-
al, differentiation, and immortality, and adult stem cells,
which can be obtained from various tissues, can be de-
rived from various sources, compared to embryonic stem
cells. Moreover, adult stem cells can avoid ethical issues
that researchers can encounter and thus have been
widely used in studies. Furthermore, stem cells isolated
from umbilical cord blood do not cause any additional
damage to a donor, unlike bone marrow or adipose tis-
sue, and thus have more advantages than other adult
stem cells.
[0007] Meanwhile, inflammatory brain diseases refer
to inflammatory diseases occurring in the brain due to
specific causes and encompass encephalitis, meningitis,

meningoencephalitis, etc. Encephalitis is the generic
term for inflammatory diseases of the cerebral parenchy-
ma and is distinguished from inflammation of the menin-
ges surrounding the brain (meningitis). When meningitis
and encephalitis are both present, this is frequently re-
ferred to as meningoencephalitis. Depending on the
causes, encephalitis can be broadly divided into infec-
tious, vasculitic, tumoral, chemical, and idiopathic en-
cephalitis and can be divided again into specific catego-
ries depending on the details. Moreover, the encephalitis
can be divided into acute, subacute, and chronic en-
cephalitis depending on the time course of the disease.
Until now, antibiotics have been used for the treatment
of inflammatory brain diseases, but even if the causative
organisms are treated by the use of antibiotics, they
cause side effects such as acute brain injury, hydroceph-
alus, hypacusis, epilepsy, etc., and thus there is a need
to develop a new treatment for inflammatory brain dis-
eases. However, there have been no systematic studies
on the treatment of inflammatory brain diseases using
stem cells so far.
[0008] Accordingly, the present inventors have con-
ducted research to develop a new medicine for treating
inflammatory brain diseases and found that direct admin-
istration of stem cells into the ventricles of animal models
with inflammatory brain diseases has excellent therapeu-
tic effects on inflammatory brain diseases, such as caus-
ing less side effects such as significantly reduced brain
injury due to inflammatory response such as edema and
significantly reduced loss in weight, reducing the degree
of apoptosis and reactive gliosis, and significantly reduc-
ing the number of activated macrophages and the
number of inflammatory cytokines in the brain, thereby
completing the present invention.

[Disclosure]

[Technical Problem]

[0009] An object of the present invention is to provide
a pharmaceutical composition for treating inflammatory
brain diseases, comprising stem cells as an active ingre-
dient.

[Technical Solution]

[0010] To accomplish the above object, the present
invention provides a pharmaceutical composition for
treating inflammatory brain diseases, comprising stem
cells as an active ingredient.

[Advantageous Effects]

[0011] When the stem cells according to the present
invention are administered directly into the ventricles of
animal models with inflammatory brain diseases, they
have excellent therapeutic effects on inflammatory brain
diseases, such as causing less side effects such as sig-
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nificantly reduced brain injury due to inflammatory re-
sponse such as edema and significantly reduced loss in
weight, reducing the degree of apoptosis and reactive
gliosis, and significantly reducing the number of activated
macrophages and the number of inflammatory cytokines
in the brain, and thus can be effectively used for the treat-
ment of inflammatory brain diseases.

[Description of Drawings]

[0012]

FIG. 1 shows the experimental design to determine
the therapeutic effect of stem cells on inflammatory
brain diseases.
FIG. 2 shows MRI images of brains that have been
changed depending on the induction of brain inflam-
mation and the administration of stem cells.
FIG. 3 shows the changes in the ratio of the brain
injury area to the total brain area depending on the
administration of stem cells in meningoencephalitis
animal models.
FIG. 4 shows the changes in body weight depending
on the administration of stem cells in meningoen-
cephalitis animal models.
FIG. 5 shows the results of immunofluorescence
stainings of brain tissues depending on the admin-
istration of stem cells in meningoencephalitis animal
models.
FIG. 6 shows the changes in protein expression in
brain tissues depending on the administration of
stem cells in meningoencephalitis animal models.
FIG. 7 shows the changes in inflammatory cytokine
expression in brain tissues depending on the admin-
istration of stem cells in meningoencephalitis animal
models.

[Mode for Invention]

[0013] The present invention provides a pharmaceuti-
cal composition for treating inflammatory brain diseases,
comprising stem cells as an active ingredient.
[0014] In the present invention, the stem cells refer to
cells that are the source of cells or tissues that constitute
an individual and may refer to undifferentiated cells that
have the ability to differentiate into specific cells or mul-
tiple functional cells and the ability to self-replicate the
same cells repeatedly. Stem cells are present in all tis-
sues during fetal development and can be found in some
adult tissues such as bone marrow, epithelial tissues,
etc. where cells are continually replaced.
[0015] The stem cells may be autologous or allogeneic
stem cells, may be derived from any kind of animals in-
cluding human and non-human mammals, and may in-
clude both adult- and embryonic-derived stem cells with-
out limitation.
[0016] Moreover, the stem cells of the present inven-
tion include embryonic stem cells or adult stem cells and

are preferably adult stem cells. The adult stem cells may
be mesenchymal stem cells, human tissue-derived mes-
enchymal stromal cells, human tissue-derived mesen-
chymal stem cells, multipotent stem cells, or amniotic
epithelial cells, and the mesenchymal stem cells may be
derived from at least one selected from the group con-
sisting of umbilical cord, umbilical cord blood, bone mar-
row, adipose, muscle, nerve, skin, amnion, and placenta,
but not limited thereto. In an embodiment of the present
invention, umbilical cord blood-derived mesenchymal
stem cells were used as the stem cells.
[0017] More specifically, the stem cells used in an em-
bodiment of the present invention were isolated from um-
bilical cord blood and cultured, and the stem cells express
CD105 and CD73 markers but do not express CD34,
CD45 and CD14 markers. Moreover, the stem cells are
positive for HLA-AB and negative for HLA-DR and ex-
press pluripotent markers such as Oct4 and SSEA-4.
[0018] In order to obtain the stem cells of the present
invention, the way to isolate and collect umbilical cord
blood is as follows. During normal vaginal delivery, um-
bilical cord blood is collected from the umbilical vein ex-
tracted from the uterus in which the placenta remains
after childbirth, and during cesarean section, umbilical
cord blood is collected from the umbilical vein while the
placenta is expelled from the uterus after childbirth. When
umbilical cord blood is collected from the umbilical vein
extracted from the uterus after childbirth, it is collected
from the umbilical vein connecting the placenta and fetus
after an infant is born by aseptic technique. At this time,
a method of collecting umbilical cord blood before the
separation of the placenta from the uterus after childbirth
or a method of collecting umbilical cord blood in vitro after
the separation of the placenta can be used. During ce-
sarean section, the method of collecting umbilical cord
blood in vitro after the separation of the placenta is used,
in which the umbilical cord blood is collected in a blood
bag containing an anticoagulant using a collecting needle
after securing the umbilical vein.
[0019] Methods of isolating and culturing mesenchy-
mal stem cells from collected umbilical cord blood include
a method disclosed in Korean Patent Publication No.:
2003-0069115 and methods known in the art (Pittinger
MF et al. Science, 284: 143-7, 1999; and Lazarus HM et
al. Bone Marrow Transplant, 16: 557-64, 1995), and an
example is as follows. First, the collected umbilical cord
blood is centrifuged on a Ficoll-Hypaque gradient, for ex-
ample, to isolate mononuclear cells including hematopoi-
etic stem cells and mesenchymal stem cells, which are
then washed several times to remove impurities. When
the washed mononuclear cells are seeded in a culture
vessel at an appropriate density and cultured, the cells
proliferate as a monolayer. Among these cells, those that
are homogeneous with an elongated spindle shape and
proliferate in the form of a colony, when observed by
phase contrast microscopy, are mesenchymal stem
cells. Then, when these cells are cultured and grown, the
cells are allowed to proliferate by subculture up to a de-
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sired number of cells.
[0020] In the present invention, a cell culture medium
containing 10% to 30% FBS can be used for the isolation
and culture of mesenchymal stem cells, and the cell cul-
ture medium may include those typically used in the art,
such as Dulbecco’s modified eagle medium (DMEM),
minimal essential medium (MEM), alpha-MEM, McCoy’s
5A medium, Eagle’s basal medium, Connaught Medical
Research Laboratory (CMRL) medium, Glasgow MEM,
Ham’s F-12 medium, Iscove’s modified Dulbecco’s me-
dium (IMDM), Leibovitz’ L-15 medium, Roswell Park Me-
morial Institute (RPMI) 1640 medium, etc.
[0021] When the stem cells according to the present
invention are administered directly into the ventricles of
animal models with inflammatory brain diseases, they
have excellent therapeutic effects on inflammatory brain
diseases, such as causing less side effects such as sig-
nificantly reduced brain injury due to inflammatory re-
sponse such as edema and significantly reduced loss in
weight, reducing the degree of apoptosis and reactive
gliosis, and significantly reducing the number of activated
macrophages and the number of inflammatory cytokines
in the brain, and thus can be effectively used for the treat-
ment of inflammatory brain diseases.
[0022] In the present invention, the inflammatory brain
diseases collectively refer to all inflammatory diseases
occurring in the brain and include encephalitis, meningi-
tis, and meningoencephalitis, but not limited thereto.
[0023] The pharmaceutical composition of the present
invention may further comprise one or more known active
ingredient having the therapeutic effect on inflammatory
brain diseases in combination with the stem cells.
[0024] The pharmaceutical composition of the present
invention may be formulated into a dosage form suitable
for administration to an individual according to conven-
tional methods in the pharmaceutical field. Examples of
dosage forms suitable for this purpose may preferably
include those for parenteral administration such as injec-
tions including injection ampoules, infusions including in-
fusion bags, and spraying agents including aerosols. The
injection ampoules may be mixed with injection solutions
immediately before use, and the injection solutions may
include physiological saline, glucose, Ringer’s solution,
etc. Moreover, the infusion bags may be made of poly-
vinyl chloride or polyethylene.
[0025] The pharmaceutical composition of the present
invention may further comprise a suitable carrier conven-
tionally used for the preparation of pharmaceutical com-
positions. For example, in the case of injections, they
may further comprise a preservative, an analgesic agent,
a solubilizing agent, or a stabilizing agent, and in the case
of dosage forms for topical administration, they may fur-
ther comprise a base, an excipient, a lubricant, or a pre-
servative.
[0026] As used herein, the term "administration" refers
to providing the composition of the present invention to
an individual in an arbitrary suitable way. For a desired
effect, the stem cells may be administered in a daily dose

of 1.0 x 102 to 1.0 x 1010 cells/kg body weight once or
several times. However, it should be understood that the
dose of the active ingredient actually administered ought
to be determined in light of various relevant factors such
as the condition to be treated, the route of administration,
the age, the body weight, age, and sex of an individual,
and the above dose should not be intended to limit the
scope of the invention in any way.
[0027] The pharmaceutical composition of the present
invention may be administered into an individual via var-
ious routes. All routes of administration can be contem-
plated and include, for example, oral or rectal adminis-
tration, or intravenous, intramuscular, subcutaneous, in-
trauterine, or intracerebrovascular injection. Preferably,
the pharmaceutical composition of the present invention
can be grafted or transplanted directly to the ventricle of
an individual in need of treatment, but not limited thereto.
[0028] The composition of the present invention can
be used alone or in conjunction with surgery, radiation
therapy, hormone therapy, chemical therapy, and meth-
ods using biological response modifiers for the treatment
of inflammatory brain diseases.
[0029] Hereinafter, preferred examples will be provid-
ed for better understanding of the present invention.
However, the following examples are only provided to
illustrate the present invention, and the scope of the
present invention is not limited by the examples.

Example 1: Preparation and characterization of mes-
enchymal stem cells

[0030] The following experiment was performed to iso-
late mesenchymal stem cells from human umbilical cord
blood. First, collected umbilical cord blood was centri-
fuged on a Ficoll-Hypaque gradient to isolate mononu-
clear cells including hematopoietic stem cells and mes-
enchymal stem cells, which were then washed several
times to remove impurities. After washing, the mononu-
clear cells were seeded in a culture vessel and cultured,
and among the cells that proliferated as a monolayer,
mesenchymal stem cells which were homogeneous with
an elongated spindle shape and proliferated in the form
of a colony, when observed by phase contrast microsco-
py, were isolated and proliferated by subculture. Umbil-
ical cord blood-derived mesenchymal stem cells subcul-
tured for 5 passages were characterized.
[0031] As a result, it was found that the stem cells of
the present invention expressed CD105 and CD73 mark-
ers, but did not express CD34, CD45 and CD14 markers.
Moreover, it was found that the stem cells were positive
for HLA-AB and negative for HLA-DR and expressed
pluripotent markers such as Oct4 and SSEA-4.
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Example 2: Transplantation of mesenchymal stem 
cells into ventricles of meningoencephalitis animal 
models and determination of effects on treatment of 
meningoencephalitis

2-1. Design of meningoencephalitis animal models

[0032] To create meningoencephalitis animal models,
after 10-day-old white rats were anesthetized by inhala-
tion of nitrogen monoxide, Escherichia coli (E. coli) of 1
x 103 colony forming unit (CFU) (10 ul) was slowly ad-
ministered into the right ventricle using a 31 gauge sy-
ringe for 60 seconds on a stereotaxic frame, and then an
antibiotic Ampicillin (200 mg/kg) was administered every
12 hours for 2 days. To identify the effects of the stem
cells of the present invention on the treatment of menin-
goencephalitis, 1 x 105 mesenchymal stem cells were
diluted in 10 ul PBS and slowly administered into the right
ventricle of white rats at the age of 11 days (P11), one
day after the modeling (induction of meningoencephali-
tis), on a stereotaxic frame under inhalation anesthesia
of nitrogen monoxide. In the meningoencephalitis con-
trol, physiological saline was administered into the right
ventricle. The above experiment process is shown in FIG.
1.

2-2. Brain MRI scans and body weights measurement

[0033] MRI scans of brain, culture of cerebrospinal flu-
id, and measurement of body weight were performed on
the meningoencephalitis animal models established in
the above Example 2-1. More specifically, one day after
the induction of meningoencephalitis, the brains of 11-
day-old white rats (P11) were scanned by 7-tesla mag-
netic resonance imaging (MRI), and the degree of injury
due to meningoencephalitis was measured on the diffu-
sion weighted image (DWI). Furthermore, in order to
identify the cerebrospinal fluid infection, each white rat
underwent a cistern tap to obtain cerebrospinal fluid,
which was cultured to identify E. coli. Then, the brains of
all white rats at the age of 16 days (P16) were scanned
by 7-tesla MRI to measure the degree of brain injury.
Brain MRI images were analyzed with an Image J pro-
gram to measure the increase in ventricle and the inf-
arcted area of cerebral parenchyma, which was defined
as brain injury, and "the volume ratio of the brain injury
area to the total brain area" was calculated. Moreover,
the body weight of each white rat was measured before
and after the experiment.
[0034] The experimental results are shown in FIGS. 2
to 4.
[0035] As shown in FIG. 2, compared to the 11-day-
old white rats (Normal), the meningoencephalitis-in-
duced white rats (P11) showed severe edema and injury
in cerebral parenchyma and ventricular dilatation, and it
was found that the meningoencephalitis was induced by
the growth of E. coli during the cerebrospinal fluid culture
test. Moreover, it was found from the brain MRIs taken

at the age of 16 days (P16) that when the stem cells were
administered into the ventricle of white rats after the in-
duction of meningoencephalitis, the degree of ventricular
dilatation was significantly reduced compared to the
white rats which were not treated with stem cells.
[0036] Moreover, as shown in FIG. 3, the brain injury
was increased in the meningitis group compared to the
normal white rats (Normal), and before the administration
of the substances (P0), there were no differences in the
degree of brain injury between the meningitis control into
which physiological saline was administered and the
meningitis group treated with the stem cell of the present
invention (Meningitis + MSC). However, after the admin-
istration of the substances (P7), the brain injury was sig-
nificantly increased in the meningitis control, while the
brain injury was not increased in the meningitis group
treated with the stem cell of the present invention, from
which it was found that the degree of brain injury was
significantly improved by the administration of the stem
cells of the present invention after the induction of menin-
goencephalitis.
[0037] Furthermore, as shown in FIG. 4, the average
body weights between all groups were similar at the start
point of the experiment (P0). However, it was found that
after the administration of the substances (P7), the body
weights were significantly reduced due to weakened
body conditions caused by meningitis in the meningitis
control (Meningitis control) in which meningitis was in-
duced and which were not treated with stem cells, but
the reduction in body weight was significantly low in the
meningitis group treated with the stem cell of the present
invention (Meningitis + MSC).

2-3. Staining of brain tissues and analysis of protein ex-
pression

[0038] After the end of the experiment on the menin-
goencephalitis animal models established in the above
Example 2-1 (at the age of 16 days (P16)), each white
rat was anesthetized by intraperitoneal injection of keta-
mine. Then, cerebrospinal fluid (CSF) was collected from
the cistern magna of each white rat, which was then
quickly frozen and stored at -70°C.
[0039] Moreover, after fixing the extremities of each
white rat, the chest was incised to expose heart and lung
tissues, a 23 gauge needle was inserted into the left ven-
tricle, and then 4% paraformaldehyde was perfused into
the right atrium. Then, the skull was incised, and brain
tissues were carefully collected and fixed in 4% formalin,
or periventricular areas were cut, which were then quickly
frozen in nitrogen gas and stored at -70°C.
[0040] Immunofluorescence stainings such as immun-
ofluorescent terminal deoxynucleotidyl transferase-me-
diated deoxyuridine triphosphate nick end labeling
(TUNEL), neuronal specific glial fibrillary acidic protein
(GFAP), and ED-1 were performed according to a known
method on the brain tissues isolated by the above proc-
ess, and the expression of GFAP and Caspase-3 was
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identified by Western blot.
[0041] Moreover, the expression of inflammatory cy-
tokines (IL-1, IL-1β, IL-6, TNF-α) was measured by the
known enzyme-linked immunosorbent assay (ELISA) us-
ing the periventricular areas and cerebrospinal fluid iso-
lated by the above process.
[0042] The experimental results are shown in FIGS. 5
to 7.
[0043] As shown in FIG. 5, the results of the TUNEL
staining show that the degree of apoptosis in cells that
were positive for the staining was significantly increased
in the meningitis control (Control) in which meningitis was
induced and which were not treated with stem cells, com-
pared to the normal white rats (Normal), but it was sig-
nificantly reduced in the group (MSC) treated with the
stem cell of the present invention. Moreover, the results
of the GFAP staining show that the degree of reactive
gliosis in cells that were positive for the staining was sig-
nificantly increased in the meningitis control (Control) in
which meningitis was induced and which were not treated
with stem cells, compared to the normal white rats (Nor-
mal), but it was significantly reduced in the group (MSC)
treated with the stem cell of the present invention. Fur-
thermore, the results of the ED-1 staining show that the
number of activated macrophages in the brain that were
positive for the staining was significantly increased in the
meningitis control (Control) in which meningitis was in-
duced and which were not treated with stem cells, com-
pared to the normal white rats (Normal), but it was sig-
nificantly reduced in the group (MSC) treated with the
stem cell of the present invention.
[0044] Moreover, as shown in FIG. 6, the results of the
Western blot analysis show that the ratio of GFAP to Cas-
pase-3 was significantly increased in the meningitis con-
trol (Control) in which meningitis was induced and which
were not treated with stem cells, compared to the normal
white rats (Normal). However, the ratio of GFAP to Cas-
pase-3, from which the degree of reactive gliosis and the
degree of apoptosis can be determined, was significantly
reduced in the group (MSC) treated with the stem cell of
the present invention.
[0045] Furthermore, as shown in FIG. 7, the results of
the ELISA analysis show that the expression of inflam-
matory cytokines in the brain was sharply increased in
the meningitis control (Control) in which meningitis was
induced and which were not treated with stem cells, com-
pared to the normal white rats (Normal). However, the
number of inflammatory cytokines was significantly im-
proved in the group (MSC) treated with the stem cell of
the present invention.
[0046] It was found from the above experimental re-
sults that the stem cells according to the present invention
can treat inflammatory brain diseases through transplan-
tation into the ventricles.

Claims

1. A pharmaceutical composition for treating inflamma-
tory brain diseases, comprising stem cells as an ac-
tive ingredient.

2. The pharmaceutical composition for treating inflam-
matory brain diseases of claim 1, wherein the stem
cells are autologous or allogeneic stem cells.

3. The pharmaceutical composition for treating inflam-
matory brain diseases of claim 1, wherein the stem
cells are embryonic stem cells or adult stem cells.

4. The pharmaceutical composition for treating inflam-
matory brain diseases of claim 3, wherein the adult
stem cells are selected from the group consisting of
mesenchymal stem cells, human tissue-derived
mesenchymal stromal cells, human tissue-derived
mesenchymal stem cells, multipotent stem cells, and
amniotic epithelial cells.

5.  The pharmaceutical composition for treating inflam-
matory brain diseases of claim 4, wherein the mes-
enchymal stem cells are derived from at least one
selected from the group consisting of umbilical cord,
umbilical cord blood, bone marrow, adipose, muscle,
nerve, skin, amnion, and placenta

6. The pharmaceutical composition for treating inflam-
matory brain diseases of claim 1, wherein the stem
cells have the following immunological characteris-
tics:

(1) positive for CD105, CD73, and HLA-AB;
(2) negative for CD34, CD45, CD14, and HLA-
DR; and
(3) expression of Oct4 and SSEA-4.

7. The pharmaceutical composition for treating inflam-
matory brain diseases of claim 1, wherein the inflam-
matory brain diseases comprise at least one select-
ed from the group consisting of encephalitis, menin-
gitis, and meningoencephalitis.
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