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Abstract: Background: Multiple sclerosis (MS) is the most common autoimmune neurodegenerative disorder that
affects young aged people causing many disabilities and financial burdens to patients. Immunotherapy is a main line
of MS treatment. Induction of programmed death-1 (PD-1) proved effectiveness in many studies. This protein is
induced in many protozoal chronic infections. Aim: assessment of Toxoplasma gondii soluble tachyzoite antigen
(STAg) as an immunotherapeutic agent for experimental autoimmune encephalomyelitis (EAE) and the role of PD-1
in this protection. Methods and results: Four mice groups were used. Third and fourth groups represented the EAE
model. Others served as controls. Fourth group was immunized by STAg. Disease condition was assessed clinically
(by recording days of disease onset and mean clinical scores), immunologically (by measuring proinflammatory
cytokines and antibodies) and histopathologically (by recording brain inflammation and demyelination scores). PD-
lexpression on immune cells was assessed by immunohistochemistry. It was found that STAg immunized EAE
group had an improved condition with lower clinical, immunological and histopathological scores. PD-1 expression
was higher in STAg-EAE group. It also correlated negatively with all other assessed parameters. Conclusion: STAg
immunization can protect from EAE by induction of PD-1 on immune cells.
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1. Introduction

Multiple sclerosis (MS) is the most common
disabling neurodegenerative disorder that affects
young aged people especially women. More than two
millions worldwide suffer from that disease. Its global
prevalence ranges from 0.67 to over 200 per 100,000
people with annual incidence ranging from 1.4 to 12.2
per 100.000 people [1]. Regarding distribution, 50%
of MS patients were recorded in Europe [2,3] while
the lowest prevalence and incidence rates were
recorded in Africa. According to World Health
Organization (WHO), MS is responsible for 11% of
disability-adjusted life year (DALY) worldwide [4].
The associating disabilities - that affect not only motor
functions but may extend to involve sensory, visual
and even cognitive functions - markedly burden
economic conditions of patients and their families
because they usually leave work in addition to the cost
and side effects of treatment that cannot be forgotten
[5:7].

Pathogenesis of MS is a result of immune
dysregulation that leads to early demyelinating
inflammation  followed by gliosis, progressive
neurodegeneration and axonal destruction. The disease
process starts by abnormal phenotype of antigen
presenting cells (APCs) that recognize the peripherally
circulating myelin sheath proteins as 'non-self". Then,

they cross the blood brain barrier and trigger
activation of T helper (Th)-1 — with production of
Interferon-gamma (INF-y)— and Th-23 lymphocytes —
with production of interleukin (IL)-17 —. This is
followed by T cytotoxic lymphocytes and B
lymphocytes activation. The resulting
proinflammatory  cytokines and autoantibodies
subsequently damage myelin sheath and axons that
present clinically as episodes of remission and relapse
[8:13].

Normal individuals can tolerate myelin sheath
proteins that reach their peripheral circulation because
inflammatory reactions are suppressed by sets of
immune cells called regulatory cells. Their immune-
suppressive potential is mediated by either fork head
box protein-3 (foxp3) or programmed death-1 (PD-1)
expressed on activated cells. They act either by direct
inhibition of effector cells or indirectly by inhibiting
APCs. They also secrete many immune-suppressive
cytokines e.g. 1L-10, IL-35 and transforming growth
factor (TGF)-B. These cells were found to be
malfunctioning in MS patients especially during
relapses [14:18].

Regulatory cells expressing PD-1 showed a more
potent role in immune-suppression of autoimmune
diseases and allograft rejection. They were even used
as a trial therapy for cancer [19]. Their surface marker,
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PD-1 plays a very important immune downregulating
role via its ligands. The PD-1/PD-L1 ligand is
expressed on various types of immune cells and has an
important role in protection against autoimmune
diseases including  experimental  autoimmune
encephalomyelitis (EAE) — an animal model that
resembles human MS - [20, 21]. Its ligand PD-1/PD-
L2 is expressed on brain endothelial cells and partially
mediates functional integrity of blood brain barrier
against inflammatory cell infiltration. This ligand was
found to be defective in MS patients [22].

Being an immune mediated disease, treatment of
MS usually targets the immune response at its
different levels to ameliorate symptoms and space
between relapses. Unfortunately, many of these drugs
have serious side effects. So, the need of new lines of
treatment that target the immune-regulatory cells has
emerged [23]. Many studies that benefit from immune
modulation induced by helminths were held and
reported a significant immunotherapeutic role of many
helminths in EAE. Their action was explained by
skewing immune system towards Th2 response
induced by helminths. Other studies reported a role of
T-regs, B-regs and their immune-suppressive
cytokines that are originally induced to limit damage
caused by helminths and suppress autoimmunity as a
double benefit effect [24:27]. Protozoal infections that
affect central nervous system (CNS) or their antigens
e.g. Plasmodium falciparum and Trypanosoma cruzi
were also effective in protecting mice from EAE.
Their effects were also related to foxp3*T-regs and
their immune-suppressive cytokines [28, 29]. Another
CNS protozoan parasite that showed a negative
correlation with MS is Toxoplasma (T.) gondii [30].

Toxoplasma gondii is a protozoan parasite that
can induce CNS pathology. It can infect any vertebrate
animal by any of its developmental stages. Upon
countering infection, the parasite is transformed into
rapidly replicating tachyzoites that are distributed to
all body tissues and then lodge as bradyzoites in the
host neural and muscle tissue for the life time of the
host [31].

Chronicity of toxoplasmosis was found to be
associated with progressive increased expression of
PD-1 on lymphocytes that induces their apoptosis and
suppresses the immune response with possible
reactivation of latent infections in a phenomenon
known as "T cell exhaustion". Even low levels of PD-
1 expression can markedly suppress their INF-y and
can extend beyond CD8*T lymphocytes to affect IL-2
production and subsequently Th cell expansion [32,
33].

In the present work, we hypothesized that
induction of PD-1 expressing exhausted immune cells
by chronic T. gondii infection can protect mice from
developing severe EAE manifestations. Soluble

tachyzoites antigen (STAg) was proved to provoke
similar immune response to whole infection [34] so, it
was used instead of whole infection to avoid the
possible CNS pathology induced by T. gondii for
better studying of immunological changes.

2. Materials and Methods
2.1. Ethics Statement:

All animal experiments were conducted at
Theodor Bilharz Research Institute, TBRI (Giza,
Egypt). Mice were Kkept under standard housing
conditions in the animal house of TBRI and were
maintained on a standard commercial pelleted diet in
an air-conditioned room at 20-22°C. All experimental
procedures were performed in accordance with
international ethical guidelines after approval of the
institutional ethical committee of TBRI.

2.2. Animals and Study Design:

Six weeks old female 18-22gram BALBI/c
pathogen free mice were divided among four groups.
Group | (GI) represented the untreated negative
control group. Group Il (GII) received STAg
immunization. Both groups consisted of 10 mice each.
Group 111 (GIII) represented the untreated EAE model
and group IV (GIV) represented the STAg immunized
EAE model. The latter two groups consisted of 20
mice each.

2.3. Procedures:
2.3.1. Soluble Tachyzoite antigen preparation and
animal immunization:

Tachyzoites of the virulent T. gondii RH strain
were purchased from laboratory of Parasitology
Department, Faculty of Veterinary Medicine, Cairo
University. Mice were intraperitoneally injected with a
volume of 50 pL of a suspension of RH T. gondii
strain tachyzoites at 103-10* tachyzoites/ml. Peritoneal
exudates were collected 72 hours post infection.
Parasites were lysed by five cycles of freezing and
thawing then sonication was done at 4°C with 20
cycles/second for 10 minutes. The protein
concentration of the resulting supernatant containing
STAg was estimated by colorimetric method and the
samples were aliquoted and stored at - 80°C [35:37].
Mice of GIl and GIV were subcutaneously injected
by20 pg of STAg twice in the first and 7™ days of
experiment at the base of the tail [38].

2.3.2. Induction of EAE model and clinical
assessment:

Mice of GIIl and GIV were sensitized by
subcutaneous injection of 200 pg of myelin basic
protein (MBP), (Sigma-Aldrich, USA) in both flanks
emulsified in CFA (Sigma-Aldrich, USA), once at day
30 of experiment. Mice were observed daily for
another 30 days. Two parameters were examined to
evaluate the severity of EAE, mean day of onset (the
mean day that affected mice within a group first
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developed clinical signs of disease) and mean clinical
score (MCS) (the mean of clinical scores for all mice
within a group at day 60 of the experiment). Clinical
score was based on the following scale: 0 = normal;
1= limp tail; 2 = partial hind limb paralysis or ataxic
gait; 3 = complete hind limb paralysis; 4 = partial or
complete forelimb paralysis; and 5 = moribund or
dead. Food was made accessible to immobile animals.
Moribund animals were euthanized with a score of 5
[39, 40].

2.3.3. Cerebrospinal fluid (CSF) collection and
euthanizing animals:

At day 60 of the experiment [41], all mice were
anesthetized by inhalant ether then CSF was collected
as described by Li et al. [42]. Samples were
centrifuged, and the supernatants were collected and
stored at — 80 °C for immunity studies. Anesthetized
mice were then decapitated, brains were removed,
rinsed with saline and preserved in formalin 10% for
further procedures.

2.3.4. Assessment of CSF levels of IL-17, INF-y and
total anti-MBP antibodies:

Suppression of immune response was assessed
by measuring CSF levels of the proinflammatory
cytokines, IL-17 and INF-y using sandwich ELISA
kits (Abcam, USA) and total anti-MBP antibodies
through an indirect ELISA kits (My BioSource, Inc.,
USA). Techniques were performed as described by the
manufacturers.

2.3.5. Histopathological examination:

Brains were embedded in paraffin then, sections
were stained with hematoxylin and eosin for
assessment of inflammation and with Luxol Fast Blue
for assessment of demyelination. Inflammation score
was assessed as follows: 0 = none; 1 = a few
inflammatory cells; 2 = organization of perivascular
infiltrates; and 3 = increasing severity of perivascular
cuffing with extension into the adjacent tissue.
Demyelination score was assessed as follows: 0 =
none; 1 = rare foci; 2 = a few areas of demyelination;
and 3 = large (confluent) areas of demyelination [41,
43].

2.3.6. Assessment PD-1 expression on immune
cells:

Immunohistochemical staining of paraffinized
brain tissue sections was done using anti-PD-1
antibodies, (Abcam, USA) [44]. Positivity was
identified when the cell membrane alone or together
with the cytoplasm showed brown staining.
Immunohistochemical grading of PD-1 staining was
determined by histo score (H score) where intensity of
membrane staining was given a number from (0, 1+,
2+ or 3+). Percent of stained cells in each tissue was
multiplied by the intensity of staining. [1 x (% cells
1+) + 2 x (% cells 2+) + 3 x (% cells 3+)]. Then, a

score of 0-300 was given for each field followed by a
mean score for all fields [45].
2.3.7. Statistical analysis

Data entry, coding, and analysis were conducted
using SPSS (20), IBM Corp. Released 2011. IBM
SPSS Statistics for Windows, Version 20.0. Armonk,
NY: IBM Corp.

-Data of this study were of both quantitative and
qualitative types. Quantitative data were expressed in
Mean (X), and Standard Deviation (SD) while
qualitative data were expressed as number (frequency)
and percent (%).

-Tests of significance used were as follows:

e t student test to estimate the difference
between means of two quantitative variables.

e Chi? test to assess the relationship between
qualitative parameters.

o ANOVA (Analysis of Variance) to estimate
the difference between means of more than two
quantitative variables. Post Hoc test was used to assess
the difference in two means of two individual groups
after a significant ANOVA. The interpretation of Post
Hoc test is as follows: p1: comparison between the —ve
control group (GI) and sole STAg group (GII). p2:
comparison between the —ve control group (GI) and
EAE group (GIII). p3: comparison between the —ve
control group (GI) and STAQ-EAE group (GIV). p4:
comparison between sole STAg group (Gll) and EAE
group (GIII). p5: comparison between sole STAg
group (GIlI) and STAgQ-EAE group (GIV). P6:
comparison between EAE group (GlIl) and STAg-
EAE group (GIV).

-The level of significance of our data was 95%,
so, p value >0.05 was considered a non-statistically
significant difference, while p value < 0.05 was
considered a statistically significant difference.

3. Results
3.1. Improvement of clinical condition of EAE after
STAg immunization.

Clinical assessment of EAE revealed delayed
onset of manifestations with STAg immunization.
Mice of STAQ-EAE group started to show
manifestations around the 15" day. This delay was
statistically significant when compared to the non-
immunized group that started their clinical
presentation around the 9" day after MBP
sensitization (p<0.001). STAg effects didn't stop at
delaying the days of disease onset, but they also
affected its progression. This was detected on
comparing MCSs of the studied groups that revealed a
significantly lower MCS in STAg-EAE group
(1.75£0.78) than sole EAE one (3.95+0.75) (p<0.001).
[Table (1)]
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Table (1): Comparison between the studied groups regarding mean days of onset and mean clinical scores of

EAE.
Group N Mean SD t — test p-value
-ve control 10 .0000 .000
STAg 10 .0000 .00 -
Day of onset EAE 20 950 0.68 26.72 <0.001
STAgQ-EAE 20 15.60 0.75
-ve control 10 .00 .00
STAg 10 .00 .00 -
MCS EAE 20 3.95 0.75 9.001 <0.001
STAgQ-EAE 20 1.75 0.78

* statistically significant

3.2. Reduced inflammatory immune response after
STAg immunization.

Study of some important indicators of
inflammation ran along the same line with the clinical
findings. Measures of the proinflammatory cytokines,
IL-17 and INF-y showed a statistically significant
reduction in the STAg immunized EAE group
(389£80.25 & 1520+439.91 pg./ml respectively) than

the pure EAE one (612.5+£77.92 & 2620+416.24
pg./ml  respectively). (p6<0.05). STAg effects
extended beyond cytokines to involve the humoral
immune response. The mean total anti-MBP
antibodies was reduced from 15.9+1.51 ng/ml in the
pure EAE group to 11.5+1.57 ng/ml in STAQ-EAE
group. Their comparison was statistically significant
(p<0.001). [Tables (2)].

Table (2): Comparison between mice groups regarding CSF measures of proinflammatory cytokines - 1L-17

& INF-y -and total anti-MBP.

Group N Mean SD Test of significance p-value Post Hoc test
-ve control 10 18.00 4.58 pl:<0.05*
STAg 10 118.00 1751 p2: <0.05 *
EAE 20 61250 77.92 - «  P3:<0.05*
IL-17 (pg/ml) 249.35 <0.001 04 <0.05 *
STAg-EAE 20 389.00 80.25 p5: <0.05 *
p6: <0.05 *
-ve control 10 53.18 10.06 pl: >0.05
STAg 10 188.40 12.38 p2: <0.05 *
INF-y (pg/ml) EAE 20 2620 41624 195 304 % <0.001* Bi; :8:82 .
STAgQ-EAE 20 1520 439.91 p5: <0.05 *
p6: <0.05 *
-ve control 10 .00 .00
. STAg 10 .00 .00 -
Anti MBP (ng/ml) EAE 20 15.90 151 9.001 # <0.001
STAg-EAE 20 11.50 1.57

* Statistically significant.

**ANOVA (Analysis of Variance) to compare the four groups.
# T student test (to compare between EAE and STAg-EAE group).

N.B. The interpretation of Post Hoc test is as follows: p1: comparison between the —ve control group (GI) and sole STAg
group (GlI). p2: comparison between the —ve control group (GI) and EAE group (GlIII). p3: comparison between the —ve
control group (GI) and STAg-EAE group (GIV). p4: comparison between sole STAg group (GIl) and EAE group (GlII).
p5: comparison between sole STAg group (Gll) and STAg-EAE group (GIV). P6: comparison between EAE group (GlII)

andSTAQ-EAE group (GIV).

3.3.  Improved brain

inflammatory

demyelination scores with STAg immunization.

Examination of brains

and

revealed decreased

inflammation in STAg immunized EAE group than the
pure EAE one. The highest inflammation score — score
3 — was totally absent in STAg-EAE mice while it
extended to involve up to 45% of the pure EAE ones.

Another sign of improvement was that 80 % of STAg-
EAE mice had the score, 1 while the pure EAE group
only ranged between the scores 2 and 3 with total
absence of the mild inflammation score (score 1).
Theses all differences were statically significant
(p<0.001). [Figures 1a, & 2].
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Similar results were recorded regarding axonal demyelination score (score 1) with total absence of
demyelination. Demyelination scores of the pure EAE confluent demyelination (score 3). This comparison
mice ranged between scores 2 and 3 while 80% of the was also a statistically significant one (p<0.001).
STAg-EAE mice were recorded with the mild [Figures 1b, & 3].
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Figure (1): comparison between the studied groups regarding both inflammation (a) and demyelination (b) scores. Pure
EAE scores ranged between 2 & 3 (green & purple bars) while STAg administration improved both scores to range
between 1 & 2 (red & green bars).

Figure (2). H & E stained brain tissue. (scale bar 100p)
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a) Normal brain tissue of the control negative group showing normally appearing white matter (illustrated by
green arrow) with scattered oligodendroglia and nerve fibers. Gray matter (illustrated by red arrow) shows abundant

neuropils surrounding large neurons.

b) Brain tissue of EAE group showing severe inflammation with diffuse lymphocytic infiltration (illustrated

by green arrows).

c) Brain tissue of STAg-EAE group showing mild inflammation with a small area of inflammatory cell

infiltration (illustrated by green arrows).

Figure (3). Luxol fast blue stained brain tissue. (scale bar 100p)

a) Normal brain tissue of the control negative group showing blue stained myelin sheath surrounding purple
axons.

b) Brain tissue of EAE group showing completely demyelinated area.

c) Brain tissue of STAg-EAE group showing a small demyelinated area (illustrated by green arrow) with

normal myelination in the remaining brain tissue.

3.4. PD-1 expression is increased with STAg
immunization.

Comparison  between sole STAg group
(7.10£1.19) and negative control group (0+0) was
statistically significant proving that PD-1 was induced
by STAg immunization (pl <0.05). Regarding both
EAE groups, although the pure EAE group took the

upper hand in inflammation and clinical disease
parameters, the reverse was detected regarding the
immune-suppressive PD-1. Immune staining of brain
tissue revealed a statistically significant increase in
PD-1 expression in STAg-EAE mice (mean H-score =
72.5+7.86) than the pure EAE ones (mean H-score
=15.65+3.77) (p6<0.05). [Table (3) and figure 4].
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Table (3): Comparison between the studied groups regarding mean H- score of PD-1 expression on immune

cells.
Group N Mean SD ANOVA p-value Post Hoc test
-ve control 10 .00 .00 pl: <0.05*
STAg 10 7.10 1.19 p2: <0.05 *
EAE 20 15.65 3.77 - p3: <0.05 *
PD-1 H-score 721.56 <0.001 p4: <0.05 *
STAg-EAE 20 7250 7.86 p5: <0.05 *
p6: <0.05 *

*statistically significant

N.B. The interpretation of Post Hoc test is as follows: pl: comparison between the —ve control group (GI) and sole
STAg group (GII). p2: comparison between the —ve control group (GI) and EAE group (GlII). p3: comparison
between the —ve control group (GI) and STAQ-EAE group (G1V). p4: comparison between sole STAg group (GII)
and EAE group (GIII). p5: comparison between sole STAg group (Gll) and STAg-EAE group (GIV). P6:
comparison between EAE group (GlII) and STAg-EAE group (GIV).

Figure (4). immune stain reaction for PD-1 in mice brain tissue (red arrows refers to positive PD-1 expression).

(Scale bar = 100p)

a) Normal brain tissue of control negative group with negative staining of PD-1.
b) Brain tissue of nonimmunized EAE group showing limited expression of PD-1.
C) Brain tissue of STAg immunized EAE group showing strong diffuse expression of PD-1.

3.5. PD-lexpressionis negatively correlated with

other assessed clinical, immunological
histopathological disease parameters.

and

To prove the immune-suppressive role of STAg
induced PD-1, its H-score was correlated to the other
assessed clinical, immunological and histopathological
parameters of EAE. Negative correlation was detected
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between its expression and disease onset, MCS, IL-17,
INF-y, anti-MBP, inflammatory and demyelination
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Figure (5): correlation between H- score of PD-1 and other assessed disease parameters showing negative
correlation between its expression and: (a) day of disease onset. (b) mean clinical score. (c) CSF level of IL-17. (d)
CSF level of INF-y. (e) CSF level of anti-MBP antibodies. (f) inflammation score. (g) demyelination score.

4. Discussion

The present study aimed to assess the
immunotherapeutic effect of T. gondii STAg in EAE
model and the role of STAg induced PD-1 in this
protection.

Comparing STAg immunized and nonimmunized
EAE groups revealed a statistically significant
reduction in day of disease onset and clinical
progression of manifestations. Improvement extended
beyond clinical presentation to involve the
proinflammatory cytokines, - IL-17 and INF-y -, anti-
MBP antibodies and even inflammation and
demyelination scores of brains.

In agreement with our results, Stascheit et al.
[30] reported a negative correlation between presence
of T. gondii IgG in serum and being a MS patient.
Opposing point of view was presented by Oruc et al.
[46] who recorded significantly higher incidence of T.
gondii 1gG seropositivity among MS patients than
normal individuals.

Other intracellular CNS parasites also correlated
negatively with severity of EAE. Tadokoro et al. [28]
reported that infection with T. cruzi completely
prevented EAE development and induced complete
and lasting remission in mice that were infected with
this parasite after they had developed clinical EAE
manifestations. They related their results to increased
nitric oxide and IL-10 that suppressed inflammatory
cytokines e.g. INF-y and IL-2. Puentes et al. [29]
reported that repeated sequences of P. falciparum S—
an antigen protein linked to self T cell epitopes —
markedly protected mice from EAE and could even
treat the ongoing disease. They related their findings
to the physical linkage of the T cell epitope to the
parasite structure, the action of anti-inflammatory

cytokines like 1L-10 and TGF-p and foxp3 induced
suppression of tumor necrosis factor (TNF)-a.

STAg induced PD-1 production was proved by
the statistically significant difference in PD-1 H-score
between the pure STAg immunized group and the
negative control group which showed a negative PD-1
expression. These results were similar to what was
reported by Bhadra et al. [32,33]. They reported that
chronic toxoplasmosis was associated with progressive
elevated expression of the inhibitory receptor PD-1 on
effector CD8" T cells in both Iymphoid and
nonlymphoid tissue. PD-1 induces lymphocyte
apoptosis with subsequent immune-suppression that
lead to reactivation of the parasite. They also reported
that, blockade of the PD-1/PD-L1 pathway caused the
exhausted CD8* T cells to restore their function.

Similarly, CD8* and CD4* cell exhaustion was
also detected with the intracellular protozoan parasite,
Leshmania infantum. This was regarded to PD-1
upregulation on T lymphocytes and was proved by
PD-1 blockage that induced upregulation of both
CD4* and CD8* T cells in the study published by Esch
et al. [47].

In the present work, the inhibitory role of STAg
induced PD-1 was proved by its negative correlation
not only with clinical presentation of disease but also
the assessed immunological and histopathological
findings.

Likewise, Arruda et al. [48, 49] related the
prolonged clinical remission in MS patients with
autologous hematopoietic stem cell transplantation to
CD8*PD-1*cells and the inhibitory signals of their
receptor, PD-1.

In agreement with our results, a negative
correlation of PD-1 and its ligand PD-L1 with clinical
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manifestations of MS was reported by Javan et al.
[50]. They reported significantly lower expression of
PD-1 and PD-L1 in peripheral blood mononuclear
cells from MS patients when compared with the
healthy control group.

Accordingly, Terrazas et al. [51] regarded
ameliorated immune response in EAE model to PD-
1/PD-L2 expressed on alternatively activated
macrophages induced by Taeniacrassiceps.

Also, Shi et al. [52] recorded high anti-PD-1 1gG
antibodies in sera of newly diagnosed cases of
systemic lupus erythematosus (SLE). Its level was
significantly correlated with clinical manifestations
and neurological involvement. In vitro examination
showed that purified anti-PD-1 1gG obtained from
SLE patients enhanced T cell proliferation when co-
cultured with dendritic cells.

Regarding correlation with [L-17, results of
Carter et al. [53] were in accordance. They reported
production of significantly lower concentrations of
proinflammatory cytokines — including IL-17 and
INF-y — in PD-1*/PD-L1* animal models of EAE than
PD-1/PD-L1" models. Similarly, Wang et al. [54]
reported that IL-17 production was suppressed by PD-
1 over-expression on CD4* and CD19* cells. They
proved that estrogen induced suppression of EAE and
the proinflammatory cytokine, IL-17 were PD-1
dependent.

As for PD-1 correlation with INF-y and
autoantibodies, similar results were reported by
Salama et al. [20]. They reported that PD-1 blockade
resulted in EAE exacerbation with higher levels of
serum INF-y and anti-myelin  oligodendrite
glycoprotein antibodies. Also, Schachtele et al. [55]
reported that inhibition of PD-1 expressed on
Cytomegalovirus induced glial cells promoted INF-y
production from CD8* cells co-cultured with them.
Contrarily, although Trabattoni et al. [56] reported
that PD-1 expression on CD8" and CD4* lymphocytes
was significantly higher in stable MS than in acute
relapsing remittent MS patients, they reported that
INF-y producing cells showed no difference between
groups.

5. Conclusion

All the above-mentioned results can give a
conclusion that, STAg immunization could improve
EAE at clinical, immunological and histopathological
levels. This protection could be related to induction of
PD-1 on immune cells which in turn down regulated
all inflammatory reactions of EAE due to their
immune-suppressive properties.

Conflict of interest:
The authors have stated explicitly that there are
no conflicts of interest in connection with this article

10

Declarations of interest:
none
Funding:

This research did not receive any specific grant
from funding agencies in the public, commercial, or
not-for-profit sectors.

Color use:
Color should be used for figures in print.

Corresponding author

Shaimaa Ahmed Sharaf EL-Deen

Parasitology Department, Faculty of Medicine
Menoufia University, Egypt.

Email addresses: drsharaf81@yahoo.com
dr.shaimaa.sharaf@gmail.com
shaymaa.sharafeldeen@med.menofia.edu.eg

References:

1. Howard J, Trevick S, Younger DS.
Epidemiology of multiple sclerosis. NeurolClin
2016; 34 (4): 919- 939.
https://doi.org/10.1016/j.ncl.2016.06.016. Epub
2016 Aug 18.

2. Kingwell E, Marriott JJ, Jetté N, et al. Incidence
and prevalence of multiple sclerosis in Europe: a
systematic review. BMC Neurol 2013; 13:128.
https://doi.org/10.1186/1471-2377-13-128.

3.  Browne P, Chandraratna D, Angood C, et al.
Atlas of multiple sclerosis 2013: a growing
global problem with widespread inequity. Neurol
2014; 83(11):1022-1024.
https://doi.org/10.1212/WNL.000000000000076
8.

4. WHO (2006) Neurological Disorders: Public
Health
Challengeshttp://www.who.int/mental_health/pu
blications/neurological_disorders_ph_challenges/

en/.

5. Dendrou CA, Fugger L, Friese MA.
Immunopathology of multiple sclerosis. Nat Rev
Immunol 2015; 15(9): 545- 558.

https://doi.org/10.1038/nri3871.

6. Pearson JF, Alla S, Clarke G, et al. Multiple
Sclerosis impact on employment and income in
New Zealand. Acta Neurol Scand 2016; 1-10.
https://doi.org/10.1111/ane.12714.

7. Thell K, Hellinger R, Sahin E, et al. Oral activity
of a nature-derived cyclic peptide for the
treatment of multiple sclerosis. Proc Natl Acad
Sci  USA 2016; 113(15): 3960- 3965.
https://doi.org/10.1073/pnas.1519960113.

8.  Ziemssen T, Ziemssen F. The role of the humoral
immune system in multiple sclerosis (MS) and its
animal model experimental autoimmune
encephalomyelitis (EAE). Autoimmun Rev 2005;


http://www.jofamericanscience.org/
mailto:drsharaf81@yahoo.com
mailto:dr.shaimaa.sharaf@gmail.com
mailto:shaymaa.sharafeldeen@med.menofia.edu.eg
https://doi.org/10.1016/j.ncl.2016.06.016.%20Epub%202016%20Aug%2018
https://doi.org/10.1016/j.ncl.2016.06.016.%20Epub%202016%20Aug%2018
https://doi.org/10.1186/1471-2377-13-128
https://doi.org/10.1212/WNL.0000000000000768
https://doi.org/10.1212/WNL.0000000000000768
http://www.who.int/mental_health/publications/neurological_disorders_ph_challenges/en/
http://www.who.int/mental_health/publications/neurological_disorders_ph_challenges/en/
http://www.who.int/mental_health/publications/neurological_disorders_ph_challenges/en/
https://doi.org/10.1038/nri3871
https://doi.org/10.1111/ane.12714
https://doi.org/10.1073/pnas.1519960113

Journal of American Science 2018;14(3)

http://www.jofamericanscience.org

10.

11.

12.

13.

14.

15.

16.

17.

18.

4 (7): 460- 467.
https://doi.org/10.1016/j.autrev.2005.03.005.
Pender MP, Greer JM. Immunology of multiple
sclerosis. Curr Allergy Asthma Rep 2007; 7 (4):
285- 292. https://doi.org/10.1007/s11882-007-
0043-x.

Awasthi A, Riol-Blanco L, Jager A, et al. Cutting
edge: IL-23 receptor gfp reporter mice reveal
distinct populations of IL-17-producing cells. J
Immunol 2009;182(10): 5904- 598.
https://doi.org/10.4049/jimmunol.0900732
Luchtman DW, Ellwardt E, Larochelle C, et al.
IL-17 and related cytokines involved in the
pathology and immunotherapy of multiple
sclerosis: Current and future developments.
Cytokine  Growth  Factor Rev. 2014
Aug;25(4):403-13.
https://doi.org/10.1016/j.cytogfr.2014.07.013
Babaloo Z, Aliparasti MR, Babaiea F, et al. The
role of Th17 cells in patients with relapsing-
remitting multiple sclerosis: interleukin-17A and
interleukin-17F serum levels. Immunol Lett
2015; 164 2): 76-80.
https://doi.org/10.1016/j.imlet.2015.01.001.
Salehi Z, Doosti R, Beheshti M, et al.
Differential frequency of CD8+ T cell subsets in
multiple sclerosis patients with various clinical
patterns. PLoS One 2016; 11(7): e0159565.
https://doi.org/10.1371/journal.pone.0159565.
Buc M. Role of regulatory T cells in
pathogenesis and biological therapy of multiple
sclerosis. Mediators Inflamm  2013; 11
pages.http://dx.doi.org/10.1155/2013/963748.
Karandikar NJ, Crawford MP, Yan X, et al.
Glatiramer acetate (Copaxone) therapy induces
CD8 (+) T cell responses in patients with
multiple sclerosis. J Clin Invest. 2002 Mar;
109(5):641-9. https://doi.org/10.1172/JC114380.
Haas J, Hug A, Viehdver A, et al. Reduced
suppressive effect of CD4+CD25 high regulatory
T cells on the T cell immune response against
myelin oligodendrocyte glycoprotein in patients
with multiple sclerosis. Eur J Immunol 2005;
35(11): 3343- 3352.
https://doi.org/10.1002/eji.200526065.

Zozulya AL, Wiendl H. The role of regulatory T
cells in multiple sclerosis. Nat Clin Pra Neurol
2008: 4: 384-398.
https://doi.org/10.1038/ncpneuro0832.

Sinha S, Boyden AW, Itani FR, et al. CD8(+) T-
cells as immune regulators of multiple sclerosis.
Front Immunol 2015; 6: 619
https://doi.org/10.3389/fimmu.2015.00619.

11

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

Wei F1, Zhong S, Ma Z, et al. Strength of PD-1
signaling differentially affects T-cell effector
functions. Proc Natl AcadSci U S A
2013;110(27): E2480-9.
https://doi.org/10.1073/pnas.1305394110.
Salama AD, Chitnis T, Imitola J, et al. Critical
role of the programmed death-1 (PD-1) pathway
in regulation of experimental autoimmune
encephalomyelitis. J Exp Med 2003;198 (1): 71-
78. https://doi.org/10.1084/jem.20022119.

Jiang TT, Martinov T, Xin L, et al. Programmed
Death-1 Culls Peripheral Accumulation of High-
Affinity Autoreactive CD4 T Cells to Protect
against Autoimmunity. Cell Rep 2016;17 (7):
1783- 1794.
https://doi.org/10.1016/j.celrep.2016.10.042.
Pittet CL, Newcombe J, Prat A, Arbour
N.Human brain endothelial cells endeavor to
immunoregulate CD8 T cells via PD-1 ligand
expression in multiple sclerosis. J
Neuroinflammation. 2011; 8: 155.
https://doi.org/10.1186/1742-2094-8-155.

Cheng Y, Sun L, Xie Z, et al. Diversity of
immune cell types in multiple sclerosis and its
animal model: Pathological and therapeutic
implications.  J Neurosci Res  2017.
https://doi.org/10.1002/jnr.24023.

Sewell D, Qing Z, Reinke E, et al.
Immunomodulation of experimental autoimmune
encephalomyelitis by helminth ova
immunization. Int Immunol 2003; 15 (1): 59- 69.
https://doi.org/10.1093/intimm/dxg012.

Correale J, Equiza TR. Regulatory B cells,
helminths, and multiple sclerosis. Methods
MolBiol 2014, 1190: 257- 2609.
https://doi.org/10.1007/978-1-4939-1161-5 18
Libbey JE, Cusick MF, Fujinami RS. Role of
pathogens in multiple sclerosis. Int Rev Immunol
2014; 33 (4): 266- 283.
https://doi.org/10.3109/08830185.2013.823422.
Finlay CM, Stefanska AM, Walsh KP, et al.
Helminth products protect against autoimmunity
via innate type 2 cytokines IL-5 and IL-33,
which promote eosinophilia. J Immunol 2016;
196 (2): 703- 714.
https://doi.org/10.4049/jimmunol.1501820.
Tadokoro CE, Vallochi AL, Rios LS, et al.
Experimental autoimmune encephalomyelitis can
be prevented and cured by infection with
Trypanosoma cruzi. J Autoimmun 2004;
23(2):103- 115.
https://doi.org/10.1016/j.jaut.2004.05.003.
Puentes F, Dickhaut K, Hofstatter M, et al.
Immune  modulation and prevention of


http://www.jofamericanscience.org/
https://doi.org/10.1016/j.autrev.2005.03.005
https://doi.org/10.1007/s11882-007-0043-x
https://doi.org/10.1007/s11882-007-0043-x
https://doi.org/10.4049/jimmunol.0900732
https://doi.org/10.1016/j.cytogfr.2014.07.013
https://doi.org/10.1016/j.imlet.2015.01.001
https://doi.org/10.1371/journal.pone.0159565
http://dx.doi.org/10.1155/2013/963748
https://doi.org/10.1172/JCI14380
https://doi.org/10.1002/eji.200526065
https://doi.org/10.1038/ncpneuro0832
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4674574/
https://doi.org/10.3389/fimmu.2015.00619
https://doi.org/10.1073/pnas.1305394110
https://doi.org/10.1084/jem.20022119
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jiang%20TT%5BAuthor%5D&cauthor=true&cauthor_uid=27829150
https://www.ncbi.nlm.nih.gov/pubmed/?term=Martinov%20T%5BAuthor%5D&cauthor=true&cauthor_uid=27829150
https://www.ncbi.nlm.nih.gov/pubmed/?term=Xin%20L%5BAuthor%5D&cauthor=true&cauthor_uid=27829150
https://www.ncbi.nlm.nih.gov/pubmed/27829150
https://doi.org/10.1016/j.celrep.2016.10.042
https://doi.org/10.1186/1742-2094-8-155
https://doi.org/10.1002/jnr.24023
https://doi.org/10.1093/intimm/dxg012
https://doi.org/10.1093/intimm/dxg012
https://doi.org/10.1007/978-1-4939-1161-5_18
https://doi.org/10.3109/08830185.2013.823422
https://doi.org/10.4049/jimmunol.1501820
https://doi.org/10.1016/j.jaut.2004.05.003

Journal of American Science 2018;14(3)

http://www.jofamericanscience.org

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

autoimmune disease by repeated sequences from
parasites linked to self antigens. J Neuroimmune
Pharmacol 2016; 11(4):749-762.
https://doi.org/10.1007/s11481-016-9701-X.
Stascheit F, Paul F, Harms L, Rosche B.
Toxoplasma gondii seropositivity is negatively
associated  with  multiple  sclerosis.  J
Neuroimmunol  2015; 285: 119- 124
https://doi.org/10.1016/j.jneuroim.2015.05.011.

Dupont CD, Christian DA, Hunter CA. Immune
response  and  immunopathology  during
toxoplasmosis.  Seminlmmunopathol ~ 2012;

34:793-813. https://doi.org/10.1007/s00281-012-
0339-3.

Bhadra R, Gigley JP, Khan IA. PD-1-mediated
attrition of polyfunctional memory CD8+ T cells
in chronic Toxoplasma infection. J Infect Dis
2012; 206(1):125- 134.
https://doi.org/10.1093/infdis/jis304.

Bhadra R, Gigley JP, Weiss LM, Khan IA.
Control of Toxoplasma reactivation by rescue of
dysfunctional CD8+ T-cell response via PD-1-
PDL-1 blockade. Proc Natl Acad Sci USA 2011;
108 (22): 9196- 9201.
https://doi.org/10.1073/pnas.1015298108.

Leavy O. T-cell activation: TLRs doing it for
themselves. Nat Rev Immunol 2006; 6: 795.
https://doi.org/10.1038/nri1971.

Kahi S, Cozon GJN, Greenland T, et al. Rapid
flow cytometric method to explore cellular
immunity against Toxoplasma gondii in humans.
Clin Diag Laboratory Immunol 1998; 5: 745-8.
Ma GY, Zhang JZ, Yin GR, et al. Toxoplasma
gondii: proteomic analysis of antigenicity of
soluble tachyzoite antigen. Exp Parasitol 2009;
122 ): 41- 46.
https://doi.org/10.1016/j.exppara.2009.01.011.
Khammari I, Saghrouni F, Lakhal S, et al. A new
IgG  immunoblot kit for diagnosis  of
toxoplasmosis in pregnant women. Korean J
Parasitol 2014; 52(5): 493- 499.
https://doi.org/10.3347/kjp.2014.52.5.493.

Yap GS, Scharton-Kersten T, Ferguson DJ, et al.
Partially protective vaccination permits the
development of latency in a normally virulent
strain of Toxoplasma gondii. Infect Immun 1998;
66 (9): 4382- 4388.

Leadbetter EA, Bourque CR, Devaux B, et al.
Experimental autoimmune encephalomyelitis
induced with a combination of myelin basic
protein and myelin oligodendrocyte glycoprotein
is ameliorated by administration of a single
myelin basic protein peptide. J Immunol 1998;
161 (1): 504- 512.

12

40.

41,

42,

43.

44,

45,

46.

47.

48.

49,

Kuerten S1, Javeri S, Tary-Lehmann M,
Lehmann PV, Angelov DN. Fundamental
differences in the dynamics of CNS lesion
development and composition in MP4- and MOG
peptide 35-55-induced experimental autoimmune
encephalomyelitis.  Clin ~ Immunol. 2008
Nov;129(2):256-67.
https://doi.org/10.1016/j.clim.2008.07.016
Calida DM, Constantinescu C, Purev E, et al.
Cutting edge: C3, a key component of
complement activation, is not required for the
development of  myelin  oligodendrocyte
glycoprotein ~ peptide-induced  experimental
autoimmune encephalomyelitis in  mice. J
Immunol  2001; 166 (2): 723- 726.
https://doi.org/10.4049/jimmunol.166.2.723

Li Y, Zhang B, Liu XW et al. An applicable
method of drawing cerebrospinal fluid in rats. J
Chem Neuroanat. 2016 Jul;74:18-20.
https://doi.org/10.1016/j.jchemneu.2016.01.009
Zhang GX, Gran B, Yu S, et al. Induction of
experimental autoimmune encephalomyelitis in
IL-12 receptor-beta 2-deficient mice: [IL-12
responsiveness is not required in the
pathogenesis of inflammatory demyelination in
the central nervous system. J Immunol 2003;
170: 2153-2160.
https://doi.org/10.4049/jimmunol.170.4.2153.
Ramos-Vara A.  Technical aspects of
immunohistochemistry. Vet Pathol 2005; 42:
405- 426.https://doi.org/10.1354/vp.42-4-405.
Fraser JA, Reeves JR, Stanton PD, et al. A role
for BRCAL in sporadic breast cancer. J Br
Cancer 2003; 88 (8): 1263-1270.
http://dx.doi.org/10.1038/sj.bjc.6600863.

Oruc S, karakaya F, Demirbas H et al
Relationship of Toxoplasma gondii exposure
with multiple sclerosis. EurJ Med 2016; 13(1):
58- 63. https://doi.org/10.15197/ejgm.01429.
Esch KJ, Juelsgaard R, Martinez PA, et al.
Programmed death 1mediated T cell exhaustion
during visceral leishmaniasis impairs phagocyte
function. J Immunol 2013; 191 (11): 5542- 5550.
https://doi.org/10.4049/jimmunol.1301810.
Arruda LCM1, de Azevedo JTC1, de Oliveira
GLV, et al. Immunological correlates of
favorable long-term clinical outcome in multiple
sclerosis patients after autologous hematopoietic
stem cell transplantation. Clin Immunol. 2016
Aug;169:47-57.
https://doi.org/10.1016/j.clim.2016.06.005.
Arruda LC1, Lorenzi JC2, Sousa AP, et al.
Autologous hematopoietic SCT normalizes miR-
16, -155 and -142-3p expression in multiple
sclerosis patients. Bone Marrow Transplant.


http://www.jofamericanscience.org/
https://doi.org/10.1007/s11481-016-9701-x
https://doi.org/10.1016/j.jneuroim.2015.05.011
https://doi.org/10.1007/s00281-012-0339-3
https://doi.org/10.1007/s00281-012-0339-3
https://doi.org/10.1093/infdis/jis304
https://doi.org/10.1073/pnas.1015298108
https://doi.org/10.1038/nri1971
https://doi.org/10.1016/j.exppara.2009.01.011
https://doi.org/10.3347/kjp.2014.52.5.493
https://doi.org/10.1016/j.clim.2008.07.016
https://doi.org/10.4049/jimmunol.166.2.723
https://doi.org/10.1016/j.jchemneu.2016.01.009
https://doi.org/10.4049/jimmunol.170.4.2153
https://doi.org/10.1354/vp.42-4-405
http://dx.doi.org/10.1038/sj.bjc.6600863
https://doi.org/10.15197/ejgm.01429
https://www.ncbi.nlm.nih.gov/pubmed/?term=Esch%20KJ%5BAuthor%5D&cauthor=true&cauthor_uid=24154626
https://www.ncbi.nlm.nih.gov/pubmed/?term=Juelsgaard%20R%5BAuthor%5D&cauthor=true&cauthor_uid=24154626
https://www.ncbi.nlm.nih.gov/pubmed/?term=Martinez%20PA%5BAuthor%5D&cauthor=true&cauthor_uid=24154626
https://www.ncbi.nlm.nih.gov/pubmed/?term=Petersen%20CA%5BAuthor%5D&cauthor=true&cauthor_uid=24154626
https://www.ncbi.nlm.nih.gov/pubmed/?term=Exhaustion+during+Visceral+Leishmaniasis+Programmed+Death+1%E2%88%92Mediated+T+Cell+Impairs+Phagocyte+Function
https://doi.org/10.4049/jimmunol.1301810
https://doi.org/10.1016/j.clim.2016.06.005

Journal of American Science 2018;14(3)

http://www.jofamericanscience.org

50.

51.

52.

53.

2015 Mar;50(3):380-9.
https://doi.org/10.1038/bmt.2014.2.

Javan MR, Aslani S, Zamani MR, et al
Downregulation of immunosuppressive
molecules, PD-1 and PD-L1 but not PD-L2, in
the Patients with multiple sclerosis. Iran J
Allergy Asthma Immunol 2016; 15 (4): 296- 302.
Terrazas C, de Dios Ruiz-Rosado J, Amici SA, et
al. Helminth-induced Ly6Chi monocyte-derived
alternatively activated macrophages suppress
experimental autoimmune encephalomyelitis. Sci
Rep 2017; 7 40814,
https://doi.org/10.1038/srep40814.

Shi H, Ye J, Teng J, et al. Elevated serum
autoantibodies  against  co-inhibitory PD-1
facilitate T cell proliferation and correlate with
disease activity in new-onset systemic lupus
erythematosus patients. Arthritis Res Ther
2017;19 (1): 52. https://doi.org/10.1186/s13075-
017-1258-4.

Carter LL, Leach MW, Azoitei ML, et al. PD-
1/PD-L1, but not PD-1/PD-L2, interactions

3/3/2018

13

54,

55.

56.

requlate  the severity of  experimental
autoimmune encephalomyelitis. J Neuroimmunol
2007; 182 (1-2): 124-134.
https://doi.org/10.1016/j.jneuroim.2006.10.006.
Wang C, Dehghani B, Li Y, et al. Oestrogen
modulates experimental autoimmune
encephalomyelitis and interleukin-17 production
via programmed death 1. J Immunol 2009; 126
(3): 329-335. https://doi.org/10.1111/j.1365-
2567.2008.03051.x.

Schachtele SJ, Hu S, Sheng WS, et al. Glial cells
suppress postencephalitic CD8+ T lymphocytes
through PD-L1. Glia 2014; 62 (10): 1582- 1594,
https://doi.org/10.1002/glia.22701.

Trabattoni D, Saresella M, Pacei M, et al.
Costimulatory pathways in multiple sclerosis:
distinctive expression of PD-1 and PD-L1 in
patients with different patterns of disease. J
Immunol  2009;183  (8):  4984-  4993.
https://doi.org/10.4049/jimmunol.0901038.


http://www.jofamericanscience.org/
https://doi.org/10.1038/bmt.2014.2
https://doi.org/10.1038/srep40814
https://doi.org/10.1186/s13075-017-1258-4
https://doi.org/10.1186/s13075-017-1258-4
https://www.ncbi.nlm.nih.gov/pubmed/?term=Carter%20LL%5BAuthor%5D&cauthor=true&cauthor_uid=17182110
https://www.ncbi.nlm.nih.gov/pubmed/?term=Leach%20MW%5BAuthor%5D&cauthor=true&cauthor_uid=17182110
https://www.ncbi.nlm.nih.gov/pubmed/?term=Azoitei%20ML%5BAuthor%5D&cauthor=true&cauthor_uid=17182110
https://www.ncbi.nlm.nih.gov/pubmed/17182110
https://doi.org/10.1016/j.jneuroim.2006.10.006
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20C%5BAuthor%5D&cauthor=true&cauthor_uid=19302141
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dehghani%20B%5BAuthor%5D&cauthor=true&cauthor_uid=19302141
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=19302141
https://www.ncbi.nlm.nih.gov/pubmed/19302141
https://doi.org/10.1111/j.1365-2567.2008.03051.x
https://doi.org/10.1111/j.1365-2567.2008.03051.x
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schachtele%20SJ%5BAuthor%5D&cauthor=true&cauthor_uid=24890099
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hu%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24890099
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sheng%20WS%5BAuthor%5D&cauthor=true&cauthor_uid=24890099
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lokensgard%20JR%5BAuthor%5D&cauthor=true&cauthor_uid=24890099
https://www.ncbi.nlm.nih.gov/pubmed/24890099
https://doi.org/10.1002/glia.22701
https://doi.org/10.4049/jimmunol.0901038

