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Introduction

Abstract

Multiple sclerosis (MS) is an inflammatory demyelinating disorder of the
central nervous system (CNS). We investigated the role of gender in neuronal
and immune injury in experimental autoimmune encephalomyelitis (EAE), using
C57BL/6 mice induced with myelin oligodendrocyte glycoprotein (MOG) 35-55
and complete Freund’s adjuvant (CFA) supplemented with pertussis toxin (PTX).
The body weights and the neurological function scores of mice in different genders
were assessed once a day for 40 days. The histopathologic changes in the
brains of mice were observed by light microscope with hematoxylin-eosin (H&E)
staining. The protein expression of myelin basic protein (MBP) and microtubule-
associated protein (MAP)-2 in the brain of mice were measured by Western-
blotting (WB) on day 22 post-immunization (Pl) and by immunohistochemistry
(IHC) on day 40 PI. The Interleukin (IL)-17A and forkhead box P3 (Foxp3) were
assessed by IHC on day 22 and 40 PI. In addition to neurological dysfunction
and weight loss, decreased protein expression of MBP and MAP-2 was seen.
The ratio of IL-17A/Foxp3 was dramatically enhanced in female and male EAE
mice, more so in males than females, compared with normal mice, respectively,
The mortality and the neurological function scores were significantly increased,
In conclusion, EAE results from an imbalance between Th17 and Treg cells,
along with the associated demyelination and axonal damage, affecting males
more severely.

Keywords: Experimental autoimmune encephalomyelitis; Gender; Myelin
basic protein; Microtubule-associated protein; Interleukin-17A; Forkhead box P3

differences in EAE using a reliable animal model to investigate MS is
clinically significant.

Multiple sclerosis (MS) is a common inflammatory demyelinating

disease of the central nervous system (CNS), which is characterized
by multifocal inflammation, demyelination, and neuronal damage [1-
3]. With different lesions in the brain, the clinical symptoms of MS
are complex and varied [4]. Most patients showed impaired vision,
numbness, movement disorders and other symptoms. Symptoms
accumulate with relapse of MS, severely reducing the patient’s
quality of life. Increased rate of relapse and severe disability are a
major challenge [5]. MS is the most common chronic disabling
disease in young adults [2,6-8], with a female-to-male preponderance
approaching 2:1 to 3:1 [9-11], and widening gender gap [11]. Our
research explores the underlying differences between genders.

Experimental autoimmune encephalomyelitis (EAE) has
been proven to be the ideal animal model presenting with similar
pathological and clinical manifestations as human MS [12]. Due to the
limited evidence available, related to differential incidence between
genders, we studied the distinguishing features in EAE [13]. In this
study, we compared body weights, neurological function scores,
incidence, mortality and latency between the genders. We observed
the expression of myelin basic protein (MBP), the microtubule-
associated protein (MAP)-2, Interleukin (IL)-17A, and forkhead
box P3 (Foxp3) in the brain of mice. A study of the gender-based

Materials and Methods

Animals

Specific pathogen-free grade, 6-8 weeks-old C57BL/6 mice of
were purchased from Beijing Weitong Lihua Experimental Animal
Tech. Co., Ltd., China [certification NO. SCXK (JING) 2006-0009].
The animals were housed in the Center of Laboratory Animals at
Capital Medical University [certification number SYXK (JING) 2010-
0020]. The experiments were approved by the Ethics Committee of
Capital Medical University.

Reagents

Myelin oligodendrocyte glycoprotein peptides (MOG) ., .
(MEVGWYRSPFSRVVHLYR NGK) were synthesized by Beijing
SciLight Biotechnology Co. Ltd. (China) ata purity of >95%. Complete
Freund’s adjuvant (CFA) and pertussis toxin (PTX) were purchased
from Sigma (USA). Rabbit anti-MBP mouse, rabbit anti-MAP-2
mouse, rabbit anti-IL-17A mouse, rabbit anti-Foxp3 mouse were
purchased from Abcam (UK). -actin was purchased from Epitomics
(USA). Sheep anti-rabbit IgG and DAB were purchased from Beijing
Biosynthesis Biotechnology Co., Ltd. (China). Western-blot kit was
purchased from Beijing CoWin Bioscience Co., Ltd. (China).
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Induction of EAE animal model

The mice were randomly assigned to four groups: female normal
control (F NC) group (n = 12), male normal control (M NC) group (n
= 12), female EAE (F EAE) group (n = 15), and male EAE (M EAE)
group (n=15). Each of the EAE mice was injected subcutaneously with
0.2 ml emulsion, containing 50 ug MOG ,_ ., in 100 pl of normal saline
(NS) and 100 ul of CFA (H37Ra, 4 mg/ml), followed by peritoneal
injections of 500 ng of PTX on day 0 and 2 post-immunization (PI)
[14]. The mice in NC groups were given NS instead.

Animal observations

Individual animals were examined daily. The body weights,
neurological function scores, incidence, mortality and latency data
of mice were recorded at the end of experiment. The neurological
function scores were defined as reported previously [14]: 0 for no
signs, 1 for flaccid tail, 2 for moderate hind-limp paralysis, 3 for
complete hind-limp paralysis, 4 for fore-limb paralysis, and 5 deaths.

Sample collection

The mice were sacrificed on day 22 (acute stage) and 40 (remission
stage) PI. The four mice out of 15 were anesthetized with an
intraperitoneal injection of 10% chloral hydrate (5 ml/kg). The mice
were perfused with ice-cold NS (50 ml), followed by slow perfusion
with 4% paraformaldehyde through the left ventricle. The brains of
mice were removed, fixed, and embedded in paraffin. The tissues
were sectioned (thickness, 4pm) for hematoxylin-eosin (H&E) and
immunohistochemistry (IHC) staining and detection. The brains of
four mice from each group were quickly removed, and immediately
frozen in liquid nitrogen, and then kept at -80°C for Western-blotting
(WB) detection.

Histopathology

The sections were dewaxed in xylene, dehydrated with gradient
alcohol for 5 min each, and stained with Harris hematoxylin for 1
min, followed by eosin for 10 min. The sections were dehydrated in
gradient alcohol, permeabilized with xylene, mounted on neutral
gum, and observed with light microscopy (Nikon eclipse 80i, Tokyo,
Japan).

Immunohistochemical analysis

The paraffin slices were dewaxed in xylene for 15 min, dehydrated
in gradient alcohol for 5 min each. The slices were treated with 3%
H,O, for 10 min at room temperature, washed 3 times with PBS
(pH7.2) for 5 min each. The slices were pre-treated using heat
mediated antigen retrieval with sodium citrate buffer (pH6) for
20 min, washed 3 times with PBS. The slices were incubated with
primary antibody [rabbit anti-mouse MBP (1:100), MAP-2 (1:200),
IL-17A (1:100) and Foxp3 (1:200)] at 4°C overnight. The slices were
later washed 3 times with PBS and incubated with biotin-labeled
secondary antibody (sheep anti-rabbit IgG) at 37°C for 30 min, and

Table 1: Incidence, mortality and latency of EAE mice (x +SE).

Group Number (n) Incidence (%) Mortality (%) Latency (days)
FNC 12 0 0 -

F EAE 15 100.0 6.3 12.7+3.2

M NC 12 0 0 -

M EAE 15 100.0 20.0% 10.0+1.5%

Note: 55p < 0.01 vs. F EAE

then washed 3 times with PBS and the colored reaction product was
developed using 3,3-diaminobenzidine tetrahydrochloride (DAB).
Finally, the slices were dehydrated and mounted. Each slice was
observed microscopically with six high-power fields (x400) randomly
selected. The quantitative analysis of immunohistochemical images
was carried out with a NIS-Elements BR 3.0 system (Nikon, Japan).
Positive results were expressed by integral optical density (IOD).

Western-Blotting analysis

Protein extraction and quantification were performed according
to the procedures of specification. Protein bands were separated by
sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-
PAGE), and subsequently transferred onto nitrocellulose membranes
(Millipore, USA). The membranes were blocked with 5% defatted
dry milk for 60 min, followed by incubation with primarily anti-
MBP antibody (1:1000), anti-MAP-2 antibody (1:2000) and anti
[-acting rabbit polyclonal antibody (1:3000) in blocking solution at
4°C overnight. The membranes were washed 4 times (10 min each),
followed by incubation with goat anti-rabbit IgG (1:10000) for 60
min. The membranes were then washed 4 times (10 min each) and
incubated in electrochemiluminescence (ECL) for 5 min, followed
by exposure to Kodak film (Comwin, China) and development with
an enhanced chemiluminescent kit (Amersham, UK). The image
analysis software ImageQuant TL 2005 (Amersham, Biosciences,
Piscataway, NJ) was used to analyze IOD value of each band. The
relative expression of the target protein was represented by the IOD
ratio, 10D, , /10D, 10D, ,, /IOD

B-actin® MAP-2 B-actin”

Statistical analysis

Data were expressed as mean * standard error and analyzed
with SPSS software (Version 17.0, Chicago, IL, USA,). The test of
normality was conducted by one-way ANOVA with a post-hoc LSD
test, or otherwise with a rank-sum test. P values less than 0.05 were
considered statistically significant.

Result

Incidence, mortality and latency of EAE mice

The experimental groups developed typical symptoms (limp tail,
limb weakness or even death) of F EAE mice after 12.7+3.2 days and
M EAE mice after 10.0£1.5 days following immunization, with 100%
incidence and a chronic monophasic course. The mortality was 6.3%
in F EAE mice, and was significantly higher, up to 20.0% in M EAE
mice (p < 0.01). The latency in M EAE group was significantly shorter
compared with the F EAE group (p < 0.01, Table 1).
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Figure 1: Changes in body weights of mice. Mice were weighed daily until
day 40 PI. The data were evaluated by body weights, measured in F NC (),
F EAE (A), M NC (o), M EAE (m). Note: ‘p < 0.05, "p < 0.01, “p < 0.01 vs. F
NC; #p < 0.05, #p < 0.01, **p < 0.001 vs. M NC.
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Figure 2: The neurological function scores of mice. Mice were scored daily
until day 40 PI. The scores were measured in F NC (), F EAE (A), M NC
(e), M EAE (m). Note: 5p < 0.05, 55p < 0.01 vs. F EAE.

Changes in body weights

No statistical difference was seen in the changes of body weights of
mice before immunization. The body weights decreased significantly
in F EAE mice compared with F NC mice on day 2 to day 19 and
day 21, 22 (p < 0.05 or p < 0.01 or p < 0.001), respectively. The body
weights decreased significantly in M EAE mice compared with M NC
mice from day 3 to day 22 and day 25, 28 (p < 0.05 or p < 0.01 or p <
0.001), respectively. The body weights were restored from day 18, and
the trend continued. No significant difference was observed until day
40 between the four groups (Figure 1).

Neurological function scores

The male mice were attacked initially from day 8, and the
female mice from day 10. The symptoms of EAE including flaccid
tail, stagger, hind-limb paralysis, fore-limb paralysis and even death
appeared successively. The neurological function scores of both F
and M EAE mice reached a peak on day 17. The data showed that
the scores of M EAE mice on day 9, 11, 13, 14 increased remarkably
compared with F EAE mice (p < 0.05 or p < 0.01), declining slightly
until day 40 after the peak (Figure 2).

Pathological changes

The pathological changes in the brains of mice were observed
under a light microscope by H&E staining on day 22 and 40 PIL
Results showed a normal neuronal structure in the F NC and M NC
groups (Figure 3A, 3D). The cytoplasm and nuclei were clear and
the neuroglial cells were scattered. A large number of inflammatory
cells were aggregated around small blood vessels to form sleeve-like
changes in the F EAE and M EAE groups on day 22 PI (Figure 3B,
3E). Inflammatory cell infiltration was reduced to varying degrees on
day 40 PI, but the cell shrinkage and nuclear lysis were visible in white
matter sections of mice brains in F EAE and M EAE groups (Figure
3C, 3F).
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Figure 3: Observation of pathological changes in the brains of mice under
the light microscope with H&E staining (magnification, x400). A, D Normal
structure in the F NC and M NC groups. B, E A large amount of inflammatory
cellinfiltration in F EAE and M EAE groups on day 22 PI. C, F Cell shrinkage
and nuclear lysis in the F NC and M NC groups on day 40 PI.
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Figure 4: MBP and MAP-2 protein expression in the brains of mice on day
22 PI. Lines A, B, C and D showed the expression of MBP or MAP-2 in the
brain of mice in F NC, F EAE, M NC, M EAE groups, respectively. The protein
expression of MBP and MAP-2 was assessed by Western-blot. Mean + SE
are depicted (n = 4 per group). Note: ™"p < 0.001 vs. F NC; ##p < 0.001 vs. M

NC; 5p < 0.05 vs. F EAE.

Protein expression of MBP and MAP-2

The protein expression of MBP and MAP-2 in the brains of mice
was observed with WB method on day 22 PI. The data showed no
difference in MBP expression between the F NC, F EAE, M NC and
M EAE mice. The MAP-2 in the brains of mice was significantly
decreased in F EAE and M EAE mice compared with the F NC and M
NC mice, respectively (p < 0.001). In addition, MAP-2 was apparently
decreased in M EAE mice compared with the F EAE mice (p < 0.05,
Figure 4).
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Figure 5: MBP protein expression in the mouse brain. A to D showed the
MBP expression in the cerebral cortex of mice in F NC, F EAE, M NC and
M EAE groups, respectively (magnification, x400). The protein expression of
MBP was assessed by IHC on day 40 Pl. Means + SE are depicted (n = 4
per group). Note: “p < 0.01, p < 0.001 vs. F NC; *p < 0.05, **p < 0.001 vs.
M NC; $p < 0.05 vs. F EAE.
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Figure 6: MAP-2 expression in the mouse brain. A to D showed the
expression of MAP-2 in the cerebral cortex of mice in F NC, F EAE, M NC
and M EAE, respectively (magnification, x400). The expression of MAP-2
protein was assessed by IHC on day 40 PI. Mean + SE are depicted (n = 4
per group). Note: ™p < 0.001 vs. F NC; ##p < 0.001 vs. M NC, %p < 0.01 vs.
F EAE.
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Figure 7: Expression of IL-17A protein in the mouse brain. A to D showed the
expressions of IL-17A in the mouse brain in F NC, FE EAE, M NC and M EAE
groups on day 40, respectively, (magnification, x400). The protein expression
of IL-17A was assessed by IHC on day 22 and 40 PI. Mean + SE are depicted
(n =4 per group). Note: ™p < 0.001 vs. F NC, ##p < 0.001 vs. M NC.

The protein expression of MBP and MAP-2 in the brains of mice
was observed with THC on day 40 PI. The protein expression of MBP
in the cerebral cortex, hippocampal CA1 and dorsal 3rd ventricle
(D3V) region was significantly decreased in F EAE mice compared
with the F NC mice (p < 0.01 or p < 0.001). MBP in the cerebral
cortex and hippocampal CA1 region was significantly decreased in
M EAE mice compared with the M NC mice (p < 0.05 or p < 0.001).
MBP in the cerebral cortex was significantly decreased in F EAE mice
compared with the M EAE mice (p < 0.05, Figure 5).

The protein expression of MAP-2 in the cerebral cortex,
hippocampal CAl and D3V region was significantly decreased
in F EAE and M EAE mice compared with the F and M NC mice,
respectively (p < 0.001). MAP-2 in the hippocampal CA1 and D3V
region was significantly decreased in M EAE mice compared with the
F EAE mice (p < 0.05 or p < 0.01, Figure 6).

Protein expression of IL-17A and Foxp3 on day 22 and 40
Pl

The data showed that the protein expression of IL-17A in
the brain of mice was significantly increased in the F EAE and M
EAE mice compared with the F and M NC mice on day 22 and 40,
respectively (p < 0.001, Figure 7). The protein expression of Foxp3
in the mouse brains was significantly increased in the F EAE and M
EAE mice compared with the F NC and M NC mice on day 22 PI
(p < 0.01 or p < 0.001), but it was significantly decreased in M EAE
mice compared with F EAE mice (p < 0.001). Foxp3 was significantly
decreased in the F EAE and M EAE mice compared with F NC and M
NC mice on day 40, respectively (p < 0.05 or p < 0.01), and it was also
markedly reduced in M EAE mice compared with the F EAE mice on
day 40 (p < 0.05, Figure 8).

Furthermore, the ratio of IL-17A/Foxp3 indicated no difference
between the F EAE mice and F NC mice but was statistically
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Figure 8: Expression of Foxp3 protein in the mouse brain. A to D showed the
expressions of Foxp3 in the brains of mice in F NC, F EAE, M NC and M EAE
on day 40, respectively (magnification, x400). The Foxp3 protein expression
was assessed by IHC on day 22 and 40 PI. Mean * SE are depicted (n = 4
per group). Note: "p < 0.05, ™p < 0.001, vs. F NC, # p < 0.01 vs. M NC, 5p <
0.05, %%%p < 0.001 vs. F EAE.

significant between M EAE mice and M NC mice (p < 0.001) on day
22 PI The ratio was significantly increased in the F EAE and M EAE
mice compared with F NC and M NC mice on day 40, respectively (p
< 0.001). It was also markedly increased in M EAE mice compared
with F EAE mice on day 22 and 40 PI (p < 0.001, Figure 9).

Finally, the cytokine levels in the brains of mice were analyzed on
day 22 and 40 PI. The data showed that the protein expression of IL-
17A was significantly decreased on day 40 PI compared with day 22
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Figure 9: The ratio of IL-17A/Foxp3 in the brain of mice. Means + SE are
depicted (n = 4 per group). Note: *p < 0.001 vs. F NC, #*p < 0.01 vs. M NC,
$88p < 0.001 vs. F EAE.

PI in the M EAE mice (p < 0.05) and no difference was seen between
day 22 and 40 PI in the F EAE mice. Foxp3 was significantly decreased
on day 40 PI compared with day 22 PI in the F EAE and M EAE mice,
respectively (p < 0.001, Figure 10).

Discussion

MS is characterized by local inflammation surrounding the
white matter in CNS, inducing demyelination, gliosis and neuronal
destruction mediated by T cells, especially in young adults [1,2,15].
It affects women 2 to 3 times more frequently than men [10], the
ratio increasing to 4 to 1, in a recent Canadian study [11]. Our results
showed that the neurological function scores of the male EAE showed
a zigzag increase in the acute phase compared with the female EAE.
The male EAE neurological dysfunction appeared on day 8 PI while
the female on day 10 PI.

Although the MBP (a major component of myelin sheath [16,17])
of EAE in WB was not considerably different from the NC mice, the
THC showed EAE mice were deficient in MBP in the white matter.
It is plausible that the myelin sheath was damaged in some parts
of EAE but no difference between genders was observed. MBP is
closely related to the vulnerability of white matter and hippocampus
[18]. MBP staining appears to overlie NFH staining, which is lost
at higher resolution [19]. MAP-2 is an important marker, and a
cytoskeletal protein involved in neuronal plasticity [20]. It is mainly
expressed in neuronal cell bodies, dendrites, dendritic spines and
postsynaptic dense area in CNS [20]. MAP-2, playing a role in the
growth of nervous system, was also detected by WB and IHC. The low
expression of MAP-2 is related to axon and dendrite damage [21,22].
We detected MAP-2 in the white matter of mice. The results showed
that MAP-2 in the cerebral cortex, hippocampal CA1 and D3V region
was significantly decreased in EAE compared with the NC mice.
Furthermore, MAP-2 was expressed higher in F EAE than M EAE,
which suggested that the male mice had more serious axon damage
than female mice. EAE has been attributed to the imbalance of Th1/
Th2 [23-25]. Recent research showed that the imbalance in Th17/Treg
plays a critical role in the EAE [26]. Furthermore, the pathogenesis of
EAE/MS involves aberrant activation of autoreactive T lymphocytes
in the peripheral access to the brain followed by T cell recruitment
[15]. IL-17, a cytokine produced by Th17 cells, plays a crucial role in
the development of EAE [27-29]. The ablation of ACT1 ameliorates
the EAE in mice [30]. ACT1 is a key adaptor molecule mediating
IL-17 signaling, not affecting the Thl cell-mediated EAE. The IL-17
family contains IL-17A, IL-17B, IL-17C, IL-17D, IL-17E [31,32]. The
IL-17A is the key player in IL-17-induced autoimmunity [31-33]. The
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Figure 10: Cytokine levels in the mouse brain. The ratio of IL-17A/Foxp3 was
apparently increased on day 40 PI compared with day 22 Pl in the F EAE and
M EAE mice, respectively. Means + SE are depicted (n = 4 per group). Note:
ép < 0.05, “&p < 0.001 vs. day 22 PI.

results showed that the IL-17A was overexpressed on the day 22, 40 PI
in EAE mice, without any difference between genders. No significant
differences were seen clinically in any cytokines between men and
women with MS [34]. Foxp3 mRNA is expressed by T regulatory cells
(Treg) [35], with low expression of Foxp3 decreasing the function of
Treg [36,37]. Foxp3+ Treg has the ability to control the autoimmune
responses and inhibits Th17 [26,38]. The overexpression of Foxp3+
inhibits the IL17-induced immune damage [26]. The data showed
that Foxp3 was increased in EAE mice on day 22 PI and decreased
in M EAE mice compared with F EAE mice on day 22, 40 PI. EAE
mice overexpressed IL-17A and Foxp3 compared with NC mice,
which demonstrates the inflammation due to EAE in the CNS.
We also found a higher IL-17A/ Foxp3 ratio in male EAE than
female EAE on day 22, 40 PI, implying that the higher neurological
function scores associated with EAE in males caused more serious
inflammation, although no differences were observed in the IL-17A
expression between genders. The Th17 cell lineage characteristically
produces high levels of IL-17 [39], while the Treg cells expressing
the Foxp3 transcription factor are essential for immune regulation
[40]. All of above suggest that Th17 or Treg alone have a limited role
in the measurement of immunity. The ratio of Th17 and Treg may
reflect the true measure of immunity. As the results showed, the ratio
of IL-17A/ Foxp3 can be used as a measuring index of the degree of
inflammation, of the underlying pathology mediating inflammation
in EAE which may be related to the imbalance in Th17/Treg levels.
The severe neurological deficiency in males and the high ratio of
IL-17A/ Foxp3 indicate that inflammation results in demyelination,
suggesting a role for injury due to inflammation in the differential
morbidity of males and females. A number of studies showed that
estrogen has protective role in inflammatory process [41]. It was also
shown to be protective in EAE [42,43]. Pregnancy is consistently
associated with a reduced relapse rate [44,45]. Our research found
that the female EAE mice weighed lower compared with male EAE
mice, probably related to high levels of estrogen.

Finally, the results described in this study introduce gender
differences in EAE, immunologically, with males showing higher
immune reaction compared with females. However, the general
pathological changes are not significantly different. In spite of the
indispensable role played by estrogen in EAE gender [46-48], the
higher neurological dysfunction in males is attributed to imbalance
in Th17/Treg levels.
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