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Objective(s): Multiple sclerosis (MS) and itsanimal model, experimental autoimmune encephalomyelitis
(EAE), are regarded as autoimmune diseases of the central nervous system (CNS). The CNS, testes,
and eyes are immune privileged sites. It was initially presumed that ocular involvement in EAE and
infertility in MS are neural-mediated. However, inflammatory molecules have been detected in the
eyes of animals affected by EAE. It prompted us to investigate if the testes may also be targeted by
immune response during EAE.

Materials and Methods: kinetics of T cell response was investigated in the CNS and testes in EAE
at different clinical scores. IFN-y, IL-4, IL-17, and FoxP3 mRNA expressions were considered as
representatives of Th1, Th2, Th17, and Treg, respectively.

Results: In CNS, IL-17 and IFN-y were initially up-regulated and attenuated at the late phase of the
disease. IL-4 and FoxP3 were markedly down-regulated, but IL-4 was then up-regulated at the late
phase of the disease. In the testes, IFN-y and IL-17 were diminished but increased at the late phase
of the disease. FoxP3 was gradually increased from the initial step to the peak of the disease. IL-17/
IFN-y showed a similar pattern between the CNS and testes. However, FoxP3 and IL-4 expression
appeared to have different timing patterns in the CNS and testes.

Conclusion: Given the permeability in blood-retina/brain/CSF barrier by complete Freund’s adjuvant, the
pattern of T cells may be changed in the testes during EAE as a consequence of the blood-testis barrier
permeability. More research is required to explore the connection between immune privileged organs.
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Introduction

The concept of “immune privilege” has traditionally
denoted tissues or sites where graft rejection is delayed
or absent, such as the eye, the central nervous system
(CNS), and the testes. Ithas become evident thatimmune
privilege is a consequence of multiple mechanisms
involving active regulation of antigen-specific immune
responses within the privileged tissue. However, the
immune system can attack immune privileged tissues
in some circumstances, e.g., multiple sclerosis (MS),
autoimmune orchitis, and autoimmune uveitis. Indeed,
immune-privileged tissues are tissues in which localized
immune responses are actively suppressed. Therefore,
immune privilege does not mean thatthis tissue is absent
from immune response, but rather that the regulatory
mechanisms are active (1-3). These mechanisms have
been shown to involve the localized blood barrier,
altered major histocompatibility antigen expression,
expression of the immunoregulatory non-classical
MHC antigens, active immunosuppression mechanisms,
and induction of antigen-specific immunosuppressive
lymphocytes, especially CD4+ CD25+FoxP3+Treg cells
(2, 3).

In the normal state of the CNS, blood-brain barrier

(BBB) and blood-cerebrospinal fluid (CSF) barrier
(BCSFB) combined with the lack of an apparent
lymphatic system, low constitutive levels of major
histocompatibility antigen (MHC), molecules, local
production of suppressive factors, limited numbers
of professional antigen-presenting cells, and natural
FoxP3* regulatory T cells (Treg) cause the CNS
environment to remain inherently hostile to activated
adaptive immunity (2). Most specificimmune-regulatory
mechanisms to testicular antigens include the blood-
testis barrier, altered expression of MHC, testicular
microenvironment, and immunosuppressive elements
such as Fas ligand and indoleamine 2,3 dioxygenase (3).
Similarly, under physiological circumstances, blood-
retina barrier (BRB), absence of lymphatic drainage
of the interior of the intact globe, low constitutive
levels of MHC molecules, an immunosuppressive
ocular microenvironment, constitutive expression
of apoptotic molecules on ocular cells help generate
regulatory T cells (1). Previous studies demonstrated
simultaneous encephalomyelitis and uveitis in
experimental autoimmune encephalomyelitis (EAE),
the experimental model for MS (4-6). On the other
hand, the testes are affected in patients with MS and the
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onset of MS in men coincides with the beginning of the
decline in bioavailable testosterone in approximately
50% of patients with MS. Sexual dysfunction can also
develop in approximately 47-80% of patients with MS
at the later stages of the disease (7-12). Also, spinal
cord injury can cause infertility. Accordingly, we have
observed regression of the testes and seminal vesicles
in EAE (13-15). Considering the results demonstrating
simultaneous encephalomyelitis and uveitis, we
hypothesized that the T cell pattern could change in the
brain and retina as well as the testes in EAE. It prompted
us to investigate the trends of T cell immune response
represented by IFN-y, [L-17, IL-4, and FoxP3 in the CNS
and testes during the course of EAE.

Materials and Methods

Animal breeding

Lewis rats were originally purchased from the Darou
Pakhsh, Tehran, Iran. All animal, were given free access
to food and water, maintained in light- and temperature-
regulated rooms, and housed for one week before
experiments. All experiments were done according to
Animal Care and Use Protocol of Alborz University of
Medical Sciences.

Experimental group and study design

Six experimental groups were considered including
one group as normal and five groups as animals affected
by EAE at scores 1to 5 (each n=5). EAE-induced animals
were followed-up until they reached the considered
score and then sacrificed. To do so, the animals were
anesthetized with a ketamine and xylazine mixture and
then perfused transcardially with cold PBS. Then, the
CNS and testes of the animals were isolated, snap-frozen
in liquid nitrogen, and stored at -80 °C until use for total
RNA extraction and measurement of cytokine levels.

EAE induction and clinical evaluation

EAE was induced as described before (13-15).
Briefly, rats between 8-9 weeks of age were immunized
subcutaneously with 200 pl (100 pl on each of left and
right sides of lower back) of a homogenate of equal
volumes of a 50% suspension of guinea pig spinal cord
and complete Freund'’s adjuvant (CFA) (Difco, Germany)
(1:1, v/v), containing 4 mg/ml Mycobacterium
tuberculosis H3 RA (Difco Labs, Detroit, MI). Each rat
received 50 pg guinea pig spinal cord and 400 pg M.
tuberculosis H3 RA.

The animals were daily weighed, and clinical signs
of disease were evaluated. The different clinical signs
after EAE induction were scored as follows: score 0,
no symptoms; score 0.5, loss of tonicity of the distal
portion at the tail or tail weakness; score 1, complete
tail paralysis; score 2, mild paresis of hind limbs;
score 3, complete paralysis of one hind limb; score 4,
bilateral hind limb paralysis; score 5, complete paralysis
(tetraplegia), urinary and/or fecal incontinence.

Real-time PCR

Total RNA was extracted from each frozen brain,
spinal cord, and testes using Trizol reagent (Invitrogen)
according to a standard protocol. RNA concentrations
were determined by a UV spectrophotometer (NanoDrop
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2000c, Eppendorf) to make sure that the ratio at the
absorbance of 260 nm to 280 nm wavelength (A260/
A280) was 1.8-2.0.

Expression of mRNA for [B-actin, IFN-y, IL-4, IL-
17, and FoxP3 was determined using Rotor-Gene
6000™ (Corbett Research, Australia) thermocycler
and SYBR®Premix Ex Taq™Il Real-Time PCR Master
Mix (Takara, Japan) in a final volume of 10 pl,
according to the manufacturer’s instructions. Assay
of the samples was in triplicate. The sequences of
primers were forward 5’-aggccaaccgtgaaaagatg-3’
and reverse 5’-accagaggcatacagggacaa-3’ for
B-actin and forward 5’- ccacggagaacgagctcatc-
3’and reverse 5’- gagaaccccagacttgttcttca-3’
for IL-4, forward 5’-gggaagttggaccaccacat-3’
and reverse 5’-ttctccacccggaaagtgaa-3’ for IL-
17, forward  5’-gaaagacaaccaggccatcag-3°  and
reverse 5’-tcatgaatgcatccttttttg-3’ for IFN-y, and
forward 5’-cgggagagtttctcaagcac-3’ and reverse 5'-
ggagctcttgtccactgagg-3’ for FoxP3. The efficiencies for
primers used in the study varied between 95% and
105%. Primer pairs were validated to ensure the correct
size of the PCR product and the absence of primer
dimers. Thermocycler conditions included an initial
step at 50 °C for 5 min and a step at 95 °C for 10 min.
This was followed by a two-step PCR program at 95 °C
for 15 sec and 60 °C for 60 sec for 40 cycles. The B-actin
gene was chosen as an internal control against which
mRNA expression of the target gene was normalized.
The resultant gene expression level was presented as
22¢ in which ACt was the difference between Ct values
of the target gene and B-actin.

Statistical analysis

Data are shown as mean+SEM and statistically were
analyzed using the GraphPad Prism statistical package
and assessed by one-way ANOVA. In all cases, P-values
less than 0.05 were considered statistically significant.

Inline with our previousreport, the animals developed
an acute monophasic disease with a reproducible and
homogenous pattern (14). The disease which appeared
with 100% incidence consisted of 5 stages, as explained
in the previous section. EAE was induced in thirty
animals who were monitored for 14 days to reach
clinical scores 1 to 5. At each clinical score, five animals
were sacrificed, and the CNS and testes were removed.
As Figure 1 shows, initial signs of the disease (score 1)
appeared on day 6, and afterward the disease flared up.
On day 0 (before immunization), 7, 8, 10, 12, and 14
healthy animals and those at scores 1, 2, 3, 4, and 5 were
chosen, sacrificed, and the CNS and testes were removed.
The changes in expression of genes associated with EAE
were estimated during the course of the disease from 0
or healthy state, to 5 or peak of the disease in the brain,
spinal cord, and testes. Since EAE is a T cell-mediated
disease, we investigated the changes in expression of
[FN-y, IL-4, IL-17, and FoxP3 as representative of Th1,
Th2, Th17, and natural Tregs, respectively.

In the brain (Figure 2), IFN-y expression (Figure 2a)
was significantly increased in animals at scores 3, 4, or
5 compared with the normal animals. IFN-y expression
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Figure 1. Timing of clinical scores and weight loss from day 1 to 14 after the immunization. To induce EAE, male Lewis rats were immunized
subcutaneously with a suspension of guinea pig spinal cord and complete Freund's adjuvant (CFA). Clinical score and weight were measured daily
from the day of disease induction. From the animals in which the disease was induced, five animals at each score were selected. Therefore, SEM

is not applicable to the clinical score

in score 4 animals was also markedly up-regulated disease progressed. Expression of IL-4 and FoxP3 was
comparing to score 1 animals and showed a partially further explored as representative of Th2 response (16)
significant increase (P=0.06) in score 4 and 5 animals and naturally occurring regulatory T cells, respectively.
compared to score 2 animals. Regarding IL-17 (Figure Level of IL-4 (Figure 2c) and FoxP3 expression (Figure
2a), it showed an increasing trend and then decreased 2d) was observed to be significantly attenuated in
comparing to normal animals. IL-17/ IFN-y ratio animals affected by the disease compared with the
(Figure 2b) significantly increased in the brains of the normal animals. However, IL-4 expression showed a
score 2 animals and showed a decreasing trend as the partially significant increasing trend during the disease
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Figure 2. Kinetics of IFN-y (a), IL-17 (a), IL-17/IFN-y ratio (b), IL-4 (c), and FoxP3 (d) expression in the brain of normal rats and rats affected
with EAE scoring from 1 to 5. IFN-y (a) expression was significantly increased in animals at scores 3, 4, and 5 compared with the normal animals.
IFN-y expression in score 4 animals was also markedly up-regulated comparing to score 1 animals and showed a partially significant increase in
score 4 and 5 animals compared to score 2 animals. IL-17 (a) level was markedly increased in score 1, 2, 3, 4, and 5 animals compared with normal
animals. There was also significant down-regulation of IL-17 expression in score 5 animals compared with score 1, 2, 3, and 4 animals. In addition,
there was a significant difference in IL-17 expression between the score 1 animals and the score 2 and 3 animals. IL-17 expression also showed
a significant difference in score 2 animals with score 3 and 4 animals. IL-17/ IFN-y ratio (b) significantly increased in the score 2 animals and
showed a decreasing trend as the disease progressed. Level of IL-4 (c) expression was observed to be significantly attenuated in score 1, 2, 3, 4, and
5 animals compared with the normal animals. However, IL-4 expression in score 5 animals showed a partially significant increase compared to
score 1, 2, 3, and 4 animals. However, there was no significant difference in IL-4 expression among score 2, 3, and 4 animals. FoxP3 (d) expression
was observed to be significantly attenuated in score 1, 2, 3, 4, and 5 animals compared with the normal animals. It markedly dropped in score 2,
3,4, and 5 animals compared with score 1 animals. However, there was no significant difference in FoxP3 expression between score 2, 3, and 4
animals. Data are presented as mean+SEM. (*) represents significant difference with the normal animals. (+) represents significant difference with
score 1 animals. (%) represents significant difference with the score 2 animal. (x) represents significant difference with score 5 animals
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Figure 3. Trend of IFN-y (a), IL-17 (a), IL-17/IFN-y ratio (b), IL-4 (c), and FoxP3 (d) level in the spinal cord of healthy and EAE-induced rats scored
from 1 to 5. IFN-y (a) expression was significantly increased in score 1 to 5 animals comparing to the normal animals. IFN-y expression in score
2 animals was also markedly up-regulated comparing to score 1, 3, 4, or 5 animals. IL-17 (a) level was markedly increased in score 1, 2, 3, and 4
animals compared with normal animals. The difference between normal animal and animals at score 5 was partially significant. There was also
significant down-regulation of IL-17 expression in score 5 animals compared with score 2, 3, and 4 animals. Nevertheless, there was a significant
difference in IL-17 expression between the animals at score 1 comparing to score 2, 3, and 4 animals. IL-17 expression was also markedly lower
in score 1 animals than score 3 and 4 animals. IL-17/ IFN-y ratio (b) significantly increased in the score 1 animals and peaked in score 3 animals
and then showed a decreasing trend as the disease progressed. Level of IL-4 (c) expression was significantly attenuated in score 1, 2, 3, 4, and 5
animals compared with the normal animals. However, IL-4 expression in score 5 animals showed a marked increase compared to score 1, 2, 3,
and 4 animals. FoxP3 (d) expression showed a significant down-regulation in score 1 to 5 animals compared with normal animals. However, there
was a significant decline in FoxP3 expression in score 5 animals comparing to score 3 animals. Data are presented as mean+SEM. (*) represents
significant difference with the normal animals. (+) represents significant difference with score on 1 animals. (%) represents significant difference
with the score 2 animal. ({) represents significant difference with score 3 animals. (&) represents significant difference with score 4 animals. (x)

represents significant difference with score 5 animals

(0.05<P<0.1). In addition, FoxP3 expression markedly
decreased in animals affected by the disease.

In the spinal cord (Figure 3), IFN-y expression (Figure
3a) showed a significant increasing trend, peaking
at score 2, in the affected animals comparing to the
normal animals. IL-17 expression (Figure 3a) showed
a similar pattern as to IFN-y expression. IL-17/ IFN-y
ratio (Figure 3b) had an increasing trend up to score 3
and then decreased as the disease progressed. Level of
IL-4 expression (Figure 3c) was significantly decreased
in animals affected by the disease. However, IL-4
expression showed a marked increase at the end of the
disease (score 5). FoxP3 expression (Figure 3d) showed
a significant decreasing trend during the disease.

In the testes (Figure 4), expression of IFN-y (Figure
4a) was significantly decreased in the affected animals
by the disease relative to normal animals. However,
IFN-y expression showed an increasing trend during
the disease. IL-17 (Figure 4a) expression showed a
gradually decreasing trend from the score 1 animals
towards the score 4 animals and then increased at
the end of the disease (score 5). IL-17/ IFN-y ratio
(Figure 4b) significantly increased in the score 1
animals and then showed a decreasing trend as the
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disease progressed. IL-4 level (Figure 4c) did not show
a significant difference among normal and diseased
animals. FoxP3 expression (Figure 4d) was significantly
increased as the disease progressed comparing with
normal animals.

The testes and the CNS are both immune privileged
sites with analogous mechanisms that operate in order
to maintain immune privilege. These mechanisms
have been shown to involve the localized blood barrier,
altered major histocompatibility antigen expression,
expression of the immunoregulatory non-classical
MHC antigens, active immunosuppression mechanisms,
and induction of antigen-specific immunosuppressive
lymphocytes, especially CD4+ CD25+FoxP3+Treg cells
(3, 17). It is well-established that systemic disorders
can have inhibitory effects on male reproductive
function (18). Therefore, this study aimed to examine
the pattern of T cells in the testes and compare it with
the pattern in the CNS during the course of EAE. Results
on the kinetics of Th1 and Th17 cell pattern in the CNS
are consistent with a previous result (19-21). The
difference in the pattern of IFN-y and IL-17 between
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Figure 4. Trend of IFN-y (a), IL-17 (a), IL-17/IFN-y ratio (b), IL-4 (c), and FoxP3 (d) level in the testes of normal and EAE-induced rats scored
from 1 to 5. IFN-y (a) level was significantly attenuated in score 1 to 5 animals relative to normal animals. However, IFN-y expression showed
an increasing trend from the score 1 animals towards the score 5 animals. IL-17 (a) expression showed a decreasing trend from the score 1
animals towards the score 4 animals. However, it was increased in the score 5 animals. A significant difference was observed between score 3
and 4 animals compared with the normal animals. IL-17 expression in the score 1, 2, 3, and 5 animals was significantly higher than that of the
score 4 animals. In addition, the score 2 and 3 animals expressed a significantly higher level of IL-17 than the score 5 animals. IL-17/ IFN-y ratio
(b) significantly increased at the beginning of the disease but showed a decreasing trend onward. IL-4 (c) showed no significant change. FoxP3
(d) expression was gradually increased as the disease progressed. Data are presented as mean+SEM. (*) represents significant difference with
the normal animals. (+) represents significant difference with score 1 animals. (}) represents significant difference with the scored 2 animal.
(0) represents significant difference with score 3 animals. (@) represents significant difference with score 4 animals. (x) represents significant

difference with score 5 animals

the brain and the spinal cord may be an indication of
unexplained preferential targeting of inflammation to
the spinal cord in EAE (14, 22). The ratio of IL-17/ IFN-y
is also consistent with a previous report regarding the
preferential homing pattern of Th17 and Th1 cells in the
brain and spinal cord during development and later time
points of EAE (23). The pattern of IL-4 expression and
its ameliorating effect during recovery is also consistent
with a previous report (16). Consistently, considering
the critical role of IL-4 in memory and learning (24)
along with the learning and memory dysfunction in MS
and EAE (25, 26), in this study IL-4 was significantly
decreased at the beginning and during the course of the
disease but increased at the late phase of the disease.

In contrast to the CNS, in the testes, [IFN-y expression
markedly reduced at the onset of clinical signs and
then gradually increased and peaked at the height
of the disease (score 5). IL-17 expression showed a
decreasing pattern during the course of the disease but
returned to the normal level at the late time points of
the disease. A previous report demonstrated that there
is a kinetic of this cytokine in the CNS (19-21, 23) and
this article shows that such a fluctuation is observed
in both the CNS and testes. Notably, IL-17/IFN-y ratio
was significantly increased in both the CNS and testes,
though with different timing patterns. The difference
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in the patterns of IFN-y and IL-17 between the CNS
and testes may be due to different physiologic roles of
these cytokines depending on the environmental cells
(27-30). However, the regulatory role of IFN-y in both
organs and its role as a master regulator of IL-17 level
should also be taken into account (29, 30). Accordingly,
IL-4, which has a physiologic role in the CNS (24),
significantly decreases at the onset of clinical signs and
remains low during the course of disease with a rise late
in the disease. However, IL-4 level in the testes remained
unchanged and appeared with no clear relation to the
disease, which is consistent with other circumstances
in the testes (31). In addition, the pattern of FoxP3
expression differed between the CNS and testes. While
FoxP3 expression had a decreasing trend in the CNS, it
appeared to have an increasing trend in the testes. The
pattern of FoxP3 expression in the CNS was consistent
and similar to the previous reports and in the testes
was somehow similar to the experimental autoimmune
orchitis (32, 33). Our results regarding CNS only show
the validity and reliability of our results. The similarity in
the T cell pattern in experimental autoimmune orchitis
(33) and testes in EAE (our study) suggests that there
seems to be some similarity between these conditions.
In other words, although with different degree and
pattern, presumably, there is an inflammatory response
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in the testes during EAE comparable with the situation
in experimental autoimmune orchitis. However, the
increasing trend of FoxP3 expression in the testes is
also consistent with a previous study (35). This may
be a local compensatory mechanism in order to fight
the autoimmune processes or maybe because of Treg
dysfunction, as seen in other circumstances (34, 35).
The difference in FoxP3 expression pattern between the
CNS and testes may be because of different magnitude of
immune response and subsequently epitope spreading
in the CNS (21). In addition, considering the role of
testosterone in the expansion of the CD4+CD25+ Treg,
it can be conceived that production of testosterone
may increase as the disease recovers, leading to a
Treg increase (3). Altogether, the anti-inflammatory
mechanism including Treg and Th2 may be activated
in the CNS and the testes in a different timing pattern.
This may also be due to different favor of endothelial
cells in the blood-brain or the blood-testis barriers on
the migration of Treg or Th2 cells (36).

Hypogonadism and reduced production of
testosterone by Leydig cells have been reported in male
MS patients and mice with EAE (11, 37, 38). Considering
the immunosuppressive effect of testosterone,
administration of testosterone supplements to MS
patients has been suggested as a novel therapeutic
approach (39, 40). Accordingly, treatment with
agents such as D-aspartate, which ameliorates EAE,
causes testosterone production in the testes and brain
(41, 42). This is consistent with the concomitant
decrease of the testosterone level and marked loss of
myelinated nerve fibers (43). Interestingly, testicular-
associated immune deviation is another sign of
the immunosuppressive effect of normal testicular
constituent in creating tolerance against autoimmunity
(44, 45). Results of this study initially may raise the
idea of possible antigenic similarity between the CNS
itself with the testes. However, experiments based on
the phenomenon mentioned above known as testicular-
associated immune deviation make the possibility
of such an assumption less likely. On the other hand,
considering the critical role of CFA in experimental
autoimmune disease induction, it is worth noting
that different studies have reported that CFA causes
increased permeability in the blood barrier with the
brain, cerebrospinal fluid, retina, and testis (46-48).
For example, administration of CFA in experimental
autoimmune arthritis leads to decreased testosterone
level (49-51), a condition similar to infertility mediated
by testicular damage (52). Altogether, from the results
mentioned above along with the results of this study,
it is conceivable that CFA may vastly affect all of the
barriers in the immune privileged sites (generalized
permeability).  Considering the presence of tight
junctions in immune privileged sites, there are antigens
in tight junctions shared by the CNS, eye, and testes (53,
54). This is consistent with previous results indicating
infertility mediated by inflammation due to direct
actions on the activity of the epithelial cells resulting
in suppression of steroidogenesis (3, 46). The Leydig
cells making testosterone are located next to tight
junctions and Sertoli cells (3). This makes the testes an
inconvenient microenvironment for normal production
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of testosterone. More research is required to unravel
the immunologic aspect of Freund’s adjuvant and its
effect on different tissues.

Conclusion

This study demonstrated that the kinetics of T cell
response concomitantly changed in the CNS and testes
in EAE. Considering the effect of CFA on the blood
barrier with the brain, cerebrospinal fluid, retina,
and testis (46-48), the changes of T cell pattern in the
testes during EAE may be a consequence of blood-
testis barrier permeability. Therefore, the changes in
fertility and testosterone level in MS/EAE may also be
primarily because of blood-testis barrier permeability,
similar to infertility mediated by testicular damage
(52). In addition, the down-regulatory mechanism of
inflammation including Treg and Th2 may be activated
with different timing patterns in the inflamed CNS
and testes. Considering the mass attack towards
immune privileged sites (CNS, eye, and testes) in
EAE, there may be some antigens in the blood-brain, -
cerebrospinal fluid, -testis, and -retina barrier shared by
these organs. This study for the first time concomitantly
looks at and compares the kinetics of T cell response
in the CNS & testes and suggests a situation similar to
autoimmune orchitis for testes in EAE. More research
is required to explore the possible interconnection
between these organs.
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