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Abstract: Out of the minor myelin proteins, most significant one is myelin oligodendrocyte glycoprotein (MOG).
Mesenchymal stem cells (MSCs) have proven immunoregulatory capacity. The objective of this study was to investi-
gate the effects of syngeneic MSCs on mouse model of experimental autoimmune encephalomyelitis (EAE) through
observation of locomotion by footprint analysis, histological analysis of spinal cord and estimation IL-17. C57BL/6
mice (10 weeks, n = 16) were immunized with 300 pg of MOG, ., and 200 pL of complete Freund’s adjuvant (CFA)
to produce EAE model. Sham-treated control (n = 8) were injected with CFA. Half of immunized mice were given
100 pL of PBS (n = 8) and next half (n = 8) received 1 x 10° MSCs on day 11 through the tail veins. Clinical scoring
showed development of EAE (loss of tonicity of tail and weakness of hind limb) on day 10. Following MSC treat-
ment, clinical scores and hindlimb stride length showed significant improvement on day 15 onwards, compared to
day 10 (P < 0.05). Under LFB staining, while PBS-treated group of EAE mice showed pale and degenerated axons
in anterolateral white column of lumbar spinal cord, MSC-treated group showed numerous normal-looking axons.
H&E staining showed normal axons in anterolateral white column and reduction of macrophages in MSC-treated
EAE mice group. A lower level of IL-17 was observed in MSC treated EAE mice, compared to PBS-treated EAE mice.
Our results suggest that Intravenous MSC has the potential to improve the locomotion and regeneration of axons in
spinal cord in MOG-induced EAE model.
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Introduction

Out of the various autoimmune demyelinating
diseases affecting the central nervous system,
incidence of multiple sclerosis (MS), a chronic
demyelinating disease has been reported to be
higher [1]. Perivascular infiltration of immune
cells across the blood-brain barrier was ob-
served as one of the pathological characteris-
tics of MS [2]. Various types of immune cells
including T cells, B cells, activated macro-
phages and microglia have been found to be
involved in the inflammation and demyelination
associated with MS in histopathological stud-
ies [3]. In particular, T-lymphocytes have be-
en implicated in the autoimmune responses

against myelin antigens, as shown in the animal
model of experimental autoimmune encephalo-
myelitis (EAE) [4]. Many of the therapeutic
modalities related to the clinical studies of MS
was evolved out of the mechanisms observed
in the studies involving regulation of EAE in
inbred rat and mice model [5]. MOG myelin pro-
tein has been found in the outermost turn of the
myelin membrane. MOG has been proposed to
play a role in transducing signals through the
membrane of the myelin to the cytoskeleton
elements during myelin sheath formation by oli-
godendrocyte [6]. A previous study has report-
ed that peripheral blood lymphocytes from MS
patients responded predominantly to MOG
compared to myelin basic protein (MBP), sug-
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gesting its importance in the pathogenesis of
MS [7].

EAE can be induced, as a chronic disease, in
C57BL/6 mouse by immunization with MOG [8]
and it manifests morphological changes of
demyelination, inflammation and axonal loss,
similar to human MS [9]. Mesenchymal stem
cells (MSC) are multipotent cells capable of dif-
ferentiating into different cell types such as
osteocytes, adipocytes and chondrocytes [10].
MSCs are capable of repairing tissue injuries by
creating a milieu that promotes the regenera-
tion of endogenous cells [11]. An anti-apoptotic
mechanism activated by the MSCs was pro-
posed to influence the regeneration process
and affect the functional outcome after stem
cell treatment in neurodegenerative diseases
[12]. The immunoregulatory capacity of the
MSCs to suppress T-cell responses was dem-
onstrated both in vitro and in vivo [13, 14]. In
this study, an animal model of EAE was pro-
duced in C57BL/6 mouse by immunization with
MOG. MSCs were isolated from the primary cul-
ture of bone-chips that were isolated from
young and healthy C57BL/6 mouse and were
characterized by flow cytometry. The effects of
intravenous administration of MSCs from syn-
geneic young mice to the EAE mouse of
C57BL/6 strain were investigated by using his-
tological analysis, measurement of IL-17 le-
vels and estimation of locomotion by footprint
analysis.

Materials and methods
Animals and induction of EAE

Female C57BL/6 mice (8-10 weeks old) were
procured from and maintained in the animal
holding facility of Brain Research Institute of
Monash University Sunway Campus Malaysia.
MOG peptide, corresponding to 21 mouse MOG
amino acid residues, was synthesized by
ProspecBio (Israel). On day O (zero), mice (n =
16) received subcutaneous injections of 300
pg of the MOG,, ., peptide mixed with 200 pL
of complete Freund’s adjuvant (CFA) containing
4 mg/ml heat-killed H37Ra strain of Myco-
bacterium tuberculosis (Chondrex Inc.) over the
tail pleat followed by intra-peritoneal adminis-
tration of 400 ng of pertussis toxin (PT) (Sigma-
Aldrich). The second post-immunization dose of
PT was also administered IP on day 2. The mice
were examined and scored daily for clinical
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signs of EAE using a protocol adapted from the
University of Pennsylvania’s Institutional Animal
Care and Use Committee guideline (IACUC
guideline experimental autoimmune encepha-
lomyelitis rodent models). The standard clinical
score criteria used were as follows: O = no
signs, 1 = limp tail, 2 = limp tail and mild paraly-
sis of hind limbs, 3 = paralysis of hind limbs or
with urinary incontinence, 4 = hind limb paraly-
sis with weakness of forelimbs or with atonic
bladder and 5 = quadriplegia. The animal proto-
col was approved by the animal ethics commit-
tee of the Monash University. Sham-treated
EAE mice (n = 8), that were injected with CFA
followed by PT were used as controls.

Isolation and proliferation of MSCs

C57BL/6 mice (n = ©6) were sacrificed under
anesthesia followed by cervical dislocation.
Femur, tibia and humerus bones were cut in
between the upper and lower epiphyses and
were collected under aseptic conditions. Bone
marrow was flushed out by injecting Hank’s bal-
anced salt solution into the medullary cavity,
until the bone pieces became pale. The bone
pieces were digested in a mixture of Dulbecco’s
Modified Eagle Medium (DMEM) and Colla-
genase Il (GIBCO). Following the formation of a
coagulum in a shaking incubator, the bone
chips were washed multiple times and plated in
a 25-cm? plastic culture flask in low glucose
DMEM supplemented with fetal bovine serum
(FBS) and antibiotics. The culture flasks were
kept in a humidified 5% CO, incubator at 37°C.
On the third day, the non-adherent circular
floating cells were removed by a complete
media change. After seven days, the adherent
MSCs were harvested by trypsinisation with
0.25% trypsin containing 1 mM EDTA. Cell
count was done using the Trypan blue exclusion
assay and plating was done at variable densi-
ties ranging from 1600 to 2500 cells/cm?. The
adherent MSCs were cultured in consecutive
passages once per week at a split ratio of 1:2
until the fifth passage.

Characterization of MSCs

The MSCs obtained in passage-4 culture were
plated in Mesencult proliferation media fol-
lowed by basal media containing 20% Me-
sencult adipogenic stimulatory supplement
(Stemcell Technologies, Canada). After three
weeks, differentiated adipocytes were fixed
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Figure 1. Phase contrast photomicroscopy of multilineage differentiation of MSCs derived from C57BL/6 mouse
bone-chips culture. Control undifferentiated MSCs (A) and fat droplets in differentiated adipocytes stained red (B)
(20x, Oil Red O stain). Control undifferentiated MSCs (C) and dark brown calcium salt deposits in the extracellular
matrix of differentiated osteoblast cells (D) (20x%, von Kossa stain).

with 4% paraformaldehyde (PFA) and stained
with oil red O (Figure 1A and 4B). Similarly,
osteogenic differentiation was done in
Mesencult basal media containing 25%
Mesencult osteogenic stimulatory supplement
(Stemcell Technologies, Canada). After three
weeks, the appearance of calcium salts at the
bottom of the plate was identified using von
Kossa stain after fixation with 4% PFA and incu-
bation with 1% silver nitrate for two hours
(Figure 1C and 1D). MSCs were analyzed for
cell surface marker expression at passage-4
and passage-5. The cells were trypsinised,
washed with staining buffer and incubated (1 x
10° cells in 100 pL) with combination of anti-
bodies (10 uL each) for 45 minutes in the dark
at room temperature. The antibodies used we-
re CFS-anti-rat-CD105, PE-anti-rat-CD29, APC-
anti-rat-Sca-1 and PerCP-anti-rat-CD45 (R&D
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Systems, USA). Samples were run using the BD
Accuri™ C6 flow cytometer and results were
analyzed using CFlow Plus software. Isotype-
matched antibodies were used as controls to
determine non-specific staining. Flow cytome-
try analysis revealed that more than 98% of the
MSCs expressed Sca-1 and more than 63% of
the MSCs expressed CD29 (Figure 2). A small
percentage (9.8%) of the cultured cells was
positive for CD105. Absence of CD45 positive
cells (0.6%) indicated that the culture was
devoid of cells of hematopoietic origin. Mini-
mum expression of CD-105 antigen in these
ccompact-bone derived MSCs can be attribut-
ed with promising experimental study value
[15] as it was proposed that CD105-negative
cells suppressed the proliferation of CD4* T
cells more efficiently compared to CD105 posi-
tive cells [16].

Int J Clin Exp Pathol 2015;8(10):12041-12052



Effect of MSC on EAE model in mouse

800
]

600
1

Count

200
1

wl w2 wd wt WS B
CD29-PE-A

600 800
1 1

400
1

Count

200
1

(=T
w W W Wt WS
CD105-CFS-A

200 2

e v &

Count

Count

800
!

600
]

200
]

=

ol B w wt W WP
Sca-1-APC-A

gof 2

800
1

600
1

200
]

o -

P A
CD45-PerCP-A

X

Figure 2. Flow cytometry analysis for phenotypic characterization of compact bone derived MSCs. The histogram
with red line shows isotype controls and histogram with gray lines show reactivity with indicated antibodies. Majority
of cells were positive for Sca-1 (98.2%) and CD-29 (63.4%). Only a small subpopulation of cells (9.8%) was positive
for CD-105. Cultured MSCs showed lack of CD-45 expression.

Injection of MSCs

The mice that had developed EAE (by 10" day)
(n = 16) were divided into two groups, as fol-
lows: Group 1, control group, received 100 uL
of PBS by intravenous route (n = 8) and Group
2, MSC treated group, received 1 x 10°> MSCs
by intravenous route (n = 8). The injections of
MSC or PBS through the tail veins were done on
day 11 of MOG immunization, with the mice
being kept in an immobilizer. Mean daily scores,
pre-treatment scores (day O to day 10), and
post-treatment scores (day 11 to day 20) were
calculated for each group.
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Footprint analysis

The footprint analysis done on day O (pre-exper-
iment), day 5, day 10, day 15 and day 20 were
used to compare the gait of PBS treated EAE
mice with that of MSC treated EAE mice. The
forepaws and hindpaws of the mouse were
stained with red and blue organic colours by
dipping over the stamp-pad. The mouse was
then allowed to run through a 50-cm-long and
10-cm-wide paper-lined plastic tunnel to a goal-
box, creating consecutive footprints of forelimb
and hindlimb with red and blue colours. At least
nine steps were measured for each mouse.

Int J Clin Exp Pathol 2015;8(10):12041-12052
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Figure 3. Mean clinical score observed in PBS treated EAE mice group and
MSC treated EAE mice group from day O to day 20 (A). Comparison between
the scores in PBS treated and MSC treated group (mean * S.E) (B). Signifi-
cant reduction in the scores day 16 onwards (*P < 0.05) in MSC treated
group compared to day 10 score in one way repeated measures ANOVA.

Three steps from the middle portion of each
run were measured for the data on stride and
stance lengths. Three readings were taken with
a gap of 30 minutes each to prevent stress to
the mouse. A fresh sheet of white paper was
placed on the floor of the runway for each run.
A piece of wet paper towel was placed at the
opposite end of the tunnel, to wipe the ink on
the paws. Measurements of stride length, fore-
base width, and hind-base width gave an indi-
cation of gait. Stride length was measured for
forelimb and hindlimb as the average distance
of forward movement between each stride. The
mean values for each set of three values of
stride length, fore-base width and hind-base
width were used in subsequent analysis. Sta-
tistical analysis of one way repeated measures
ANOVA was carried out to determine any signifi-
cant difference (P < 0.05) between the values
of footprint analysis on day O, day 5, day 10,
day 15 and day 20.

Histological analysis

Four mice in each group were transcardially
perfused with normal saline through the left
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20

MSC Treated

cardiac ventricle followed by
fixation with cold 4% PFA on
22" day of the MOG immu-
nisation. Spinal cords were
carefully dissected out, post-
fixed in 4% PFA for 24 hours,
and processed for paraffin
embedding. Sections were
cut at 8 ym on a Leica se-
mi-automatic microtome and
stained for histologic exami-
nation under an Olympus
Provis AX70 optical micro-
scope. Hematoxylin and eosin

-t PBS+ EAE
—~m—MSC+ EAE

@ Day 10 (H&E) staining was used to
®Day 12 reveal perivascular or sub-pial
o Day 14 inflammatory infiltrates, and
@ Day 16 Luxol Fast Blue (LFB) staining,
D Day 18 was used for the screening of
& Day 20 any demyelination.

IL-17 quantification

Splenic tissues from all th-
ree groups (n = 8 each) were
weighed and homogenized
with calcium and magnesium-
free PBS by gentleMACS dis-
sociator. Splenic supernatant
with a concentration of 0.1
mg/uL homogenate/protein was stored at
-80°C until use. IL-17 cytokine was assayed in
supernatants from the splenic homogenate
using Quantikine® mouse IL-17 immunoassay
(R&D Systems Inc. USA) ELISA kit. For each
splenic sample, 2 sets of reactions were set up.
The 96-well microplate was precoated with a
monoclonal antibody specific for mouse IL-17.
After 50 pL of assay diluent was added to each
well, 50 pL of control, standard and sample
(splenic homogenate) were added into each
well. Following incubation for 2 hours at room
temperature, each well was washed for five
times with wash buffer. Mouse IL-17 conjugate
was added to each well followed by incubation
for 2 hours and repeated washing. Following
addition of 100 pL of substrate solution and
incubation for 30 minutes in dark, 100 uL stop
solution was added to stop this reaction. The
plate was read at 450 nm-540 nm using a
microplate reader. A standard curve was con-
structed from a set of standards with known
concentration and this was then used to deter-
mine the concentration of IL-17 for each
condition.

Int J Clin Exp Pathol 2015;8(10):12041-12052
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reaching a score of 1 at day
20. Following IV injections of
MSC on day 10 (mean score
1.88), MSC-treated EAE mice
showed a progressive decre-
ase in the manifestation of
symptoms characterized by a
continuous decrease in the
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day 14 and 57% on day 18,
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score on day 10 before admin-
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Figure 4. Mean left hindlimb stride length in cm (£ S.E) (A) and mean right
hindlimb stride length in cm (£ S.E) (B) in PBS treated and MSC treated EAE

Day0 Day5 Day10Day 15 Day 20 Day0 Day5 Day 10 Day 15 Day 20
MSC treated mice group PBS treated mice group

# # istration of MSC. On day 20,
the mean clinical score of
MSC-treated EAE mice rea-
ched a score of 0.5 (Figure
3A). One way repeated mea-
sures ANOVA analysis show-
ed significant increase in the
mean clinical score on day 16
onwards compared to day 10
in MSC- treated EAE mice (day
16, P = 0.038; day 18, P =
0.008; day 20, P = 0.001).
Clinical scores of PBS-treated

mice groups. In PBS treated EAE mice group (n = 8), significant reduction in EAE mice did not show any
hindlimb stride length on day 10 onwards (*P < 0.05) (left) and day 15 on- significant difference betwe-
wards (*P < 0.05) (right), compared to pre-experiment day O. In MSC treated en day 10 mean clinical score

EAE mice group (n = 8), significant increase in left and right hindlimb stride
length on day 15 onwards (#P < 0.05) compared to day 10 stride length.
MSC treatment was given on day 11. One way repeated measures ANOVA

with post hoc Bonferroni.

Statistical analysis

The results are expressed as mean * standard
error of mean. The intergroup differences anal-
ysis was performed by the two-way ANOVA fol-
lowed by the post-hoc test of Bonferroni. In the
case of nonparametric data analysis, the Mann-
Whitney post-hoc test was performed. In all
analyses, differences between groups were
considered to be significant when P < 0.05.

Results
Clinical score evaluation of EAE mouse

The mean clinical score of EAE mice treated
with PBS showed appearance of limp tail (score
1) at day 8 with progressive increase in mani-
festation of symptoms until day 10 when paral-
ysis of hinblimb was observed in addition to
limp tail (mean score 1.81) (Figure 3A). After
day 16, the mean score decreased gradually

12046

and mean clinical score on
any days afterward (day 12-
day 20) (Figure 3B).

Evaluation of foot print analy-
sis in EAE mice

There was no recognisable change in the mean
fore-base width and the hind-base width in foot
print analysis between any of the three groups
of mice. Sham-treated control EAE mice group
did not show any significant change in the mean
hindlimb stride length in one way repeated
measures ANOVA analysis between pre-experi-
ment day O data and any of the post-experiment
data (day 5, 10, 15, 20). Mean value for left
hindlimb stride length in PBS-treated EAE mice
group showed significant reduction on day 10,
15, 20 compared to day O mean value for pre-
experiment stride length [Wilk's lambda = 0.33,
F(4,20) = 9.97, P = 0.001, post-hoc Bonferroni]
(Figure 4A). Mean value for right hindlimb stride
length in PBS-treated EAE mice group showed
significant reduction on day 15 and 20 com-
pared to day 10 mean value for stride length
[Wilk’s lambda = 0.54, F(4,20) = 4.23, P =
0.012, post-hoc Bonferroni] (Figure 4B).

Int J Clin Exp Pathol 2015;8(10):12041-12052
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Figure 5. Profile plot of mean left hindlimb stride length (A) and mean right hindlimb stride length (B) in PBS treated
and MSC treated EAE mice groups in two way repeated measures ANOVA analysis. Mean stride length on day 15 and
day 20 were significantly (P < 0.05) higher in MSC treated group.

Evaluation of foot print analysis in EAE mice
following MSC treatment

The mean hind limb stride length in EAE mice
was compared between MSC-treated group
(MSC treatment on day 11) and PBS-treated
group. The profile plot in two way repeated
measures ANOVA showed significant increase
in the mean value for left hindlimb stride length
on day 15 and 20, compared to day 10 in MSC-
treated EAE mice group (Figure 5A). The mean
value for left hindlimb stride length on day 20
(6.8 £ 0.9 cm) in MSC-treated EAE mice group
was higher than similar mean stride length on
day 20 (6.1 + 0.9 cm) in PBS-treated EAE mice
group. Two way repeated measures ANOVA
analysis found significant difference in the
mean left hind limb stride length between PBS-
treated EAE mice group and MSC-treated EAE
mice group [Wilk’s lambda = 0.63, F(4,20) =
2.92, P = 0.04]. Significant difference was also
observed in the mean value for right hind limb
stride length between PBS-treated EAE mice
group and MSC-treated EAE mice group [Wilk’s
lambda = 0.27, F(4,14) = 9.27, P = 0.001]. In
profile plot of two way repeated measures
ANOVA (Figure 5B), MSC-treated EAE mice
group showed significant elevation in the mean
value for right hind limb stride length on day 15
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(7.1 £ 0.6 cm) and 20 (6.9 + 0.8 cm), compared
to day 10 (6 + 0.9 cm). In comparison, PBS-
treated EAE mice group showed significant
reduction in the mean value for right hindlimb
stride length on day 15 (5.98 + 0.7 cm) and day
20 (5.95 + 0.9) (Figures 4B and 5B,).

Evaluation of histological analysis

Under LFB staining, compared to the sham-
treated control group of mice showing normal
bluish-stained myelin (Figure 6A), PBS-treated
EAE group of mice showed evidence of damage
in the myelin sheath of the lateral white funicu-
lus of the lumbar spinal cord sections (Figure
6B). The damaged myelin in the lateral white
funiculus failed to take the LFB staining in spi-
nal cord sections of PBS-treated EAE mice. In
MSC-treated EAE group of mice (Figure 6C),
normal-looking bluish-stained myelin was ob-
served under LFB staining in the lateral fu-
niculus.

Under H&E staining, sham-treated control gro-
up of mice showed rounded axons with a rim of
myelin in the white matter of anterior and lat-
eral funiculi of spinal cord sections. The white
matter of posterior funiculus also showed nor-
mal appearance of axons and uniform endothe-
lial lining around the capillary (Figure 7A, 7D).

Int J Clin Exp Pathol 2015;8(10):12041-12052
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Figure 6. Photomicrograph showing the white matter of anterior and lateral funiculi of the lumbar spinal cord in
different groups stained with luxol fast blue (8 ym, 40x, 50 ym bar). The area of section within the red square has
been magnified to show in the box below. Well stained myelin in the white matter in the control sham treated group
(A), pale stained myelin in the white matter with an area completely unstained in lateral funiculus (*) in the PBS
treated EAE group (B) and well stained myelin in the white matter in MSC treated EAE group (C).

The PBS-treated EAE group of mice showed
sub-pial accumulation of macrophages with a
loss of normal architecture of the axons in the
white matter of anterior and lateral funiculi.
Vacuolations were observed at the peripheral
part of the funiculi with absence of normal-
looking round axons. There was also evidence
of neuronal damage with observable pyknosis
of nuclei of neurons in the anterior grey column.
The white matter of posterior funiculus showed
appearance of macrophages in sub-pial region
and around the capillaries (Figure 7B, 7E). The
MSC-treated EAE group of mice showed many
normal looking axons surrounded by a rim of
myelin in the white matter of anterior and lat-
eral funiculi. The anterior grey column showed
neurons with clear nucleus and nucleolus.
Although no quantitative analysis was done,
there appeared to be fewer macrophages in the
sub-pial regions of spinal cord sections in the
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MSC-treated EAE group of mice. There was
absence of macrophages around the capillary
also (Figure 7C, 7F).

IL-17 concentration in spleen

Mean concentration of IL-17 from the splenic
homogenate estimated by the Quantikine®
mouse IL-17 immunoassay on the 22" day, was
increased by 19% in the PBS-treated EAE gro-
up of mice, compared to the concentration in
sham treated-control group of mice. Splenic
homogenate of MSC-treated EAE group of mice
showed reduction in the mean IL-17 concentra-
tion (Figure 8). The mean IL-17 concentration in
MSC treated group was reduced by 22%, com-
pared to the mean IL-17 concentration in PBS
treated EAE group. The reduction of the mean
IL-17 concentration in the MSC treated group of
mice was not statistically significant.

Int J Clin Exp Pathol 2015;8(10):12041-12052
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Figure 7. Photomicrograph showing the white matter of antero- lateral funiculus (A-C) and posterior funiculus (D-F)
of the lumbar spinal cord in different groups stained with H&E (8 um, 100x%, 50 ym bar). Green arrows showing the
dot-shaped axon surrounded by rim of unstained myelin in the white matter and white arrow showing the normal-
looking neuron in the anterior grey column in the control sham treated group (A). Normal posterior white funiculus
with capillary (white arrow) in control sham treated group (D). Areas of demyelinated white matter with vacuolation
(green arrow), pyknosed neuron (white arrow) and macrophages (*) in PBS treated EAE group (B). Macrophages in
sub-pial and pericapillary locations are also seen (white arrow) (E). Normal looking white matter with dot-shaped
axon surrounded by rim of unstained myelin in MSC treated EAE group (C). Posterior white column showing lack of
macrophages (white arrow) in MSC treated group (F).
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toms. In a previous study, EAE symptoms
appeared 8 to 12 days after immunization with
MOG in C57BL/6 mouse [18]. Adipose tissue
derived MSCs were given intravenously on day
12 and day 14. Significant difference in the
clinical scores between untreated and MSC-
treated EAE groups of mice was found only on
the 20" day and onwards. In a separate study,
MSCs were injected on day 18 and day 30 after
immunization with MOG in C57BL/6 mouse
[19]. Early improvement in the clinical scores
was observed when MSCs were administered
on day 18, but there was no effect when MSCs
were administered on day 30. A siginificant
decrease in Thl7 cells and an increase in
CD4*CD25*foxp3* T-cells were observed in the
lymph node of only those EAE mice that
received MSCs on day 18. In the present study,
the EAE mice reached a mean clinical score of
1.88, on 10th day after immunization with
MOG. MSCs were administered intravenously
on 11th day, and signifiant improvement in the
clinical score was observed day 16 onwards.

A number of studies using the EAE model, have
used various behavioral tests to assess the
motor impairment. In a study evaluating prega-
balin treatment on EAE model, contact area of
each hind limb footprint was used in walking
track test for motor evaluation [20]. In another
study, where optimized dosage of MOG immuni-
zation was used in Lewis rats, moderate impair-
ment of hind limb locomotor function was
detected in grid walk test at day 3, and the ani-
mals recovered by day 14 [21]. In our study, we
used the stride length of foot print analysis to
evaluate the locomotor function in EAE mice
following MSC treatment, which has not been
previously reported.

In the sham-treated control mice group, no sig-
nificant change was observed in the mean
value of the hindlimb stride length in the post-
experiment days compared to day O (pre-exper-
iment observation). In the PBS-treated EAE
mice group, significant reduction (P < 0.05) in
the mean values of the left (day 10 onwards)
and right hind limb stride length (day 15
onwards) was observed. Following intravenous
injection of MSC on day 11, significant eleva-
tion (P < 0.05) in the mean values of the left
and right hind limb stride length was observed
in the MSC-treated EAE mice group on day 15
and day 20, compared to day 10. Zappia et al.
in a study on transplantation of MSCs in the
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EAE model of multiple sclerosis, proposed that
the majority of the transplanted MSCs migrat-
ed to the secondary lymphoid organs and clini-
cal improvement appeared to be mediated by
the inhibition of peripheral encephalitogenic
T-cells [22]. There was little evidence that the
transplanted MSCs differentiate into neurons.
Improvement in the clinical motor function
requires replenishment of damaged myelin.
Increase in the number of oligodendrocytes,
glial cells responsible for myelination in the spi-
nal cord, was observed in the histological anal-
ysis of MSC-treated EAE animals [23, 24].

The present study found evidence of demyelin-
ation in the lateral funiculi of LFB-stained lum-
bar spinal cord sections PBS-treated EAE group
of mice. In MSC-treated EAE group of mice,
many normal looking axons were observed in
the anterior and lateral funiculi of lumbar spinal
cord sections under H&E staining. A study eval-
uating the effect of intravenous adipose tissue
derived MSCs in a chronic EAE model, found
51% decrease in the demyelinated areas and
42% decrease in the axonal loss in the white
matter of lumbar spinal cord in MSC-treated
EAE mice compared to control vehicle-treated
EAE mice [25].

IL-17 plays an important role in regulating the
adaptive and innate immunity, as well as in
host defense and the pathogenesis of certain
autoimmune diseases. IL-17 receptor mRNA
has been found to be expressed in the lungs,
Kidney, liver, spleen and various myeloid cells
[26]. Th17 cells, named after their ability to
secrete IL-17, have been proven to play an
essential role in the pathogenesis of early
phase of autoimmune CNS inflammation such
as MS [27]. The present study used a single
dose of MSC treatment, administered intrave-
nously, at the peak of the EAE symptom devel-
opment (day 11 after immunization with MOG).
When CD4*T cells differentiated into Thl7
cells, were co-cultured with MSCs, IL-17 secret-
ing cells were suppressed. The maximum sup-
pression of IL-17 secreting cells was achieved
when MSCs were added at the beginning or day
zero of the differentiation process [19]. Lack of
significant increase of IL-17 levels in the spleen
of the different mice of the MSC treated EAE
group was possibly due to different stages of
the TH17 differentiation process among the
members of the group. Therapeutic effect of
MSC treatment in the early stage of EAE model
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was found to be associated with both signifi-
cant decrease of Thl7 cells and increase of
CD4*CD25*Foxp3* T regulatory cells [17].

Conclusion

The present study was able to produce a limit-
ed level of motor function loss restricted to the
hindlimb of C57BL/6 mouse model of EAE by
immunization with MOG. MSCs isolated from
the culture of syngeneic mouse compact bone
and given intravenously to the EAE mice, were
able to increase the motor functions of both hin-
dlimbs. This was evidenced by significant in-
crease in the stride length and improvement in
the clinical score in the mice receiving the MSC
treatment. Qualitative histological observation
of the lumbar spinal cord provided evidence of
improvement in the morphology of the myelin-
ated white matter following MSC treatment.
Changes in the IL-17 levels in the spleen follow-
ing MSC treatment could not be established.
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