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Cyclosporine (CsA) is an effective immunosuppressive agent widely used to prevent
alograft regjection and chronic inflammation in clinical practice. CsA exerts it
immunosuppressive action by interfering the activation and proliferation of T cells. Thereis
growing evidence that regular exercise can increase immune function. Patients taking CsA may
be benefit from regular exercise in improving cardiovascular and muscul oskeletal functions.
However, the effects of exercise on patients’ immune functions those who are taking CsA are

unclear.

FEph
The aim of this study was to investigate the interactive effect of CsA administration and
regular exercise on the functions of immune cellsin mice.
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Cyclosporin (CsA), alipophilic cyclic peptide isolated from the fungus Hypocladium
inflatum gams Y, is a potent immunosuppressant extensively prescribed in the treatment of
autoimmune diseases and alograft transplantation ?¥. It iswell known that CsA binds to
cyclophilin to form an active complex which inhibits the enzyme cal cineurin phosphatase .
Without the dephosphorylation by calcineurin, nuclear factor of activated T cells (NF-AT) family
members are unable to translocate into the nucleus to activate cytokine genesin T cellsto result
in the suppression of immune responses ®®. In addition, CsA has been recently found to block
the p38 and JNK signaling pathways triggered by antigen recognition in T cells ©.

It has been suggested that exercise can affect various components of the immune system
(Nieman 1998; Hoffman-Goetz & Pedersen 1994). Many immune functions are stimulated by
moderate physical activity and following long-term regular training. It’s reported that regular
exercise play an important role in the rehabilitation of patients with autoimmune rheumatic
disease (Nordemar R 1981; Minor MA 1989). On the other hand, more vigorous effort and
periods of heavy training exhibit to suppress immune responses (Nehlsen-Cannarella 1998). It’s
important to know that what level of exerciseis clinicaly beneficial or deleterious for the
individual. However, the mechanisms of these beneficial effects are poorly understood.

Since CsA is necessary for chronic inflammation patients, the health risk associated with
exercise for those taking CsA routinely is an important clinical issue. We hypothesized that CsA
may have clinically relevant interaction with exercise in the immune cells functions. The present
study aimed to investigate the interactions of exercise with CsA through measuring the related
immune responses in mice.

Fa 5 3ok

1 =
Mice

Female BALB/c mice were purchased from National Laboratory Animal Center (Taipei,
2



Taiwan) and maintained in the Animal Center of ChinaMedical University. The animal room was
at a12-hlight and dark cycle with constant temperature and humidity. All mice used were 8
weeks old. All procedures were performed according to the Guide for the Care and Use of
Laboratory Animals (NRC, USA).

Drugs

Cyclosporine (Neora®, 100 mg/ml) was provided by Novartis (Taiwan) Co. Ltd.
Lipopolysaccharide (LPS), Concanavalin A (ConA) and phosphate buffered saline (PBS) were
purchased from Sigma Chemical (St. Louis, MO, U.S.A.). Recombinant interferon-y (IFN-y) was
purchased from PeproTech (Margravine, London, England). The spleen cells and peritoneal
excluded macrophages were maintained in the RPM1-1640 medium supplemented with 10% fetal
calf serum (FCS), 1% penicillin, 1% streptomycin, and 200 mM L-glutamine (Gibco BRL, Grand
Island, NY, U.S.A.).

Animals and drug administration

Mice were randomly divided into 6 groups: 0-Ex (no CSA, no exercise), 0+Ex (no CSA,
exercise), 10-Ex (10 mg/kg/d CSA, no exercise), 10+Ex (10 mg/kg/d CSA, exercise), 20-Ex (20
mg/kg/d CSA, no exercise), and 20+Ex (20 mg/kg/d CSA, exercise), with eight micein each
group. The 3 exercise groups were trained 3 times aweek at approximately 75% VO2max for 8
weeks.

Cdll culture

Animals were sacrificed by cervical spine dislocation. The spleen was removed and crushed into
asingle cell suspension, and red blood cells were lysed with Tris-buffered ammonium chloride
before washing three times with HBSS. The cell numbers were determined with a hemocytometer,
and viabilities were assessed by trypan blue dye exclusion. Cells were seeded at a density of 2 x
10° cells/ml and incubated at 37 °C in humidified 5% CO,/95% air. All culture materials were
disposable and free of endotoxin.

Céll proliferation assay

Mitochondrial respiration-dependent MTT assay was employed to determine the cell viability.
MTT in PBS (0.1 mg) was added into each well and then incubated at 37°C for 4 h. The formazan
crystals were dissolved by addition of acid-isopropanol and mixed at room temperature. After 20
min, the optical density (OD) was measured with a microplate reader (BIO-RAD, model 3550,
U.S.A.) a 570 nm (ODs70.620). The mean value of the four wells was used to assess the cell
proliferation.

Determination of nitric oxide (NO)

Peritoneal excluded macrophages were obtained from mice ®® and incubated in RPM| 1640
medium in the presence or absence of LPS (2 ug/ml) plus IFN-y (10 U/ml). NO was determined
by measuring the accumulation of nitrite, a stable end product, in the culture supernatant ausing
the Griess reaction ©%. Equal volumes of culture supernatant or serum were mixed with Griess
reagent left over for 10 min at room temperature. The OD was measured with a microplate reader
(BIO-RAD, model 3550, U.S.A.) at 540 nm and the nitrite concentration was cal culated using
sodium nitrite as a standard.



Cytokine assay

Spleen cells, 5x10°/ml, were incubated with and without 5 pg/ml ConA in 24-well plates for
48 h. The culture supernatants were collected and stored at —80°C prior to being analyzed by
enzyme-linked immunosorbent assay (ELISA) (PharMingen, San Diego, CA) as described earlier
8 Briefly, 96-well plates were coated with monoclonal antibody with specificity for IFN-y or
IL-4 and incubated overnight at 4°C, washed with 0.05% Tween 20 in PBS and blocked by RPMI
1640 supplement with 10% FCSfor 1 h at room temperature (RT). Serially diluted culture
supernatants and standards prepared from recombinant mouse IFN-y or IL-4 separately
(PharMingen, San Diego, CA) were added for 2 h at RT. The wells of the plates were washed and
biotin-conjugated rat anti-mouse IFN-y or IL-4 was added for another 1 h at RT. After proper
washing, avidin-horseradish peroxidase was added and incubated for 1 h at RT. After aspirating
and washing, substrate (tetramethylbenzidine and hydrogen peroxide) was added for 30 min at
RT in the dark. The optical density (OD) was measured with a microplate reader (BIO-RAD,
model 3550, U.S.A.) at 450 nm. The detection sensitivities of IFN-y and IL-4 were 31.3 pg/ml
and 7.8 pg/ml, respectively.
Satistical analysis
All data are expressed as mean + SD. Statistical analysis was performed using one-way ANOVA
followed by Dunnetts post-hoc test, and the significant difference was set at * p< 0.05; ** p<0.01.

B

In order to investigate the interaction between the effects of exercise and CsA on immune
activitiesin vivo, we used the optimal dose of CsA 10 mg/kg as described in our previous study
31 We monitored the growth of mice in each group by their weight, food consumption, and
mobile activities everyday. The 0+Ex, 10+Ex, and 20+Ex groups were performed at
approximately 75% V O2max exercise 3 times aweek for 8 weeks. The changes of weight
showed that the exercise groups had lower but insignificant weight than non-exercise groups
(Fig.1). Food consumption and mobile activities were similar among all groups.

After 6 weeks, the function of peritoneal macrophages was determined by monitoring the
levels of nitric oxide (NO) from peritoneal macrophages under LPS/IFN-y stimulation. The result
demonstrated that NO production ability by mitogen-stimulated macrophages were higher in
10+Ex and 20+Ex groups comparing to 10-Ex and 20-Ex group, respectively (Fig. 2).

Spleen is one of the major secondary immune organs and CsA is known to inhibit T cell
activation. Therefore, we investigate whether the influence of CsA on the functions of spleen
cellswould be atered by exercise. The mitogenic activity of T cells was monitored by stimulating
spleen cellswith 5 ug/ml ConA for three days and cell proliferation analysis was performed by
the MTT method. Although mitogen-stimulated cell proliferation is suppressed by CsA but
exercise dightly enhancesthe T cell proliferation (Fig. 3). Further comparison of cytokine levels
secreted by ConA-stimulated spleen cellsindicated that T helper type 1 (Thl) cytokine, IFN-y but
not Th2 cytokine, IL-4, was markedly decreased after treatment with CsA alone. We found that
exercise resulted in asignificant increase of IFN-y (Fig. 4A), however, no significant difference
for IL-4 (Fig. 4B) among these groups.



To our knowledge, thisisthe first study to investigate the effect of exercise on the
CsA-induced immunosuppression in vivo. Previous studies have revea ed that the negative side
effects of CsA include nephrotoxicity, hepertension, hepatotoxicity and decreased exercise
capacity (Mercier JG 1995; William TJ 1997). Our results showed that 10 mg/kg CsA
administration everyday did not affect the O+Ex, 10+Ex, and 20+Ex groups to perform at
approximately 75% V O2max exercise 3 times aweek for 8 weeks. Meanwhile, they showed
similar in food consumption and mobile activities among these six groups. Although the exercise
groups were observed to get lower weight than non-exercise groups but there is no significant
differences. This phenomenon is aso supported by the regular exercise would cause more energy
loss in healthy people.

Previous report indicated that CsA reduced the levels of inducible nitric oxide synthase
(INOS), NO, and cyclooxygenase-2 produced by L PS-activated RAW264.7 cells (Attur et al.,
2000). Previous clinical study indicated that a well-organized exercise program resulted in
significant improvement in the functional capacity of heart transplant patients (Karapolat H 2007).
In addition to the significant increase in VOZ2, improved immune function may contribute to the
better quality of life of these patients. Our results showed that exercise significantly enhanced NO
production by LPS/IFN-y activated macrophages also support this concept.

It’swell known that CsA is adrug with awide immunosuppressant action because of its
ability to inhibit the calcium/calmodulin dependent phosphatase, cal cineurin, and consequently
the NF-AT-induced transcription, finally inhibiting the T lymphocytes proliferation (Matsuda S
2000; Annamaria DL 2005). Meanwhile, CsA was known to cause significant decrease of Thl
type cytokines, IL-2 and IL-12, aswell asto inhibit IFN-y from dendritic cells (DCs) (Sauma, D.
2003)®. Moreover, CsA reduced co-stimulatory molecule expression and further altered the
antigen presenting function of DCsfor T cell activation (Lee, J. 1., 1999). However, calcium acts
as a second messenger in skeletal muscle (Koulmann and Bisgard 2006) during prolonged
exercise. And through calcineurin signaling, exercise would activate many target genes
expressions. It’swell known that calcineurin about 10-fold higher concentrations in neurona and
muscle cells than other cell types (Olson EN 2000). Whether exercise also activates the
Ca2+-dependent regulatory pathway in T lymphocytes needs further studies. The intensity of
exercise also plays an important role in the activation pathway. In addition, it’s still unclear that
the combined effects of regular exercise and CsA on the activity of calcineurin.

It’swell known that the immunological and hormonal systems have close inter-regulatory
links (Besedovsky H 1989). In healthy individuals, exercise leads to arise in cytokines, such as
interleukin (IL)-1pB, IL-6 and tumor necrosis factor (TNF). IL-1f interacts with the endocrine
system to cause corticotrophin to rel ease hormone (Besedovsky H 1987). In addition,
glucocorticoids levels rise during moderate or sever exercise. Glucocorticoids are
anti-inflammatory hormones and have a clinically therapeutic effect on the treatment of
autoimmune rheumatic disease (Saldanha C 1986). There is accumul ating evidence suggests that
exercise of ahigh intensity or long duration can cause immunosuppression and increase
susceptibility to infection (Health GW 1992; Chung HY 2005). In this study, we found that
exercise resulted in asignificant increase of T helper type 1 (Th1) cytokine, IFN-y, that isthe
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major cytokine in innate and acquired immunity. And mitogen-stimulated cell proliferation
suppressed by CsA aso slightly enhanced by exercise. These results suggest that regular exercise
may enhance CsA-induced immunosuppression.

Whether exercise indirectly decreased CsA absorption or increased CsA clearance due to
metabolizing enzymes induction, increased p-glycoprotein activity, changed protein binding, or
induction of extrahepatic metabolism to result in decrease of CsA bioavailability needs further
studies. In conclusion, exercise significantly decreased the CsA-induced immunosuppression and
resulted in the higher macrophage and Th1l type activities than giving CsA aonein mice.
Therefore, in clinical, patients who need to take CsA everyday to control their chronic
inflammation are encouraged to undergo regular and modulate exercise to prevent infection
caused by CsA administration.
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Fig. 1 The weight of each group during the eight weeks. The O+Ex, 10+EXx, and 20+Ex groups
were performed at approximately 75% V O2max exercise 3 times aweek for 8 weeks. The
weight of mice was monitored every 2 weeks. The data were expressed as the mean.
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Fig. 2 Effect of different combinations of CsA and exercise on nitric oxide production from
macrophages. Murine peritoneal macrophages were added with LPS (2 pg/ml) plus
IFN-y (10 U/ml) and supernatants were collected 48 h after the initiation of the culturesto
determine the amount of NO by the method of Griess. The data were expressed as the
mean + SD.
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Fig. 3 The cell proliferation of ConA-stimulated spleen cells. 5x10° spleen cells were incubated
with and without 5 pg/ml ConA in 24-well plates for 72 h. The culture supernatants were
collected and analyzed using a sandwich-ELISA as described in Methods. The data were
expressed as mean + SD.
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Fig. 4 Thelevels of IFN-y (A) and IL-4 (B) cytokines secreted from ConA-stimulated spleen cells.
5x10° spleen cells were incubated with and without 5 ug/ml ConA in 24-well plates for 48

h. The culture supernatants were collected and analyzed using a sandwich-ELISA as
described in Methods. The data were expressed as mean + SD.
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