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Effect of cyclosporin A, FK506 and rapamycin 
on proliferation and soluble 11-2 receptor 
release from mitogenically stimulated rat 
spleen cells 

A. GRAHAM POCKLEY, SIMON WILLIAMS, 
STEVEN D. REID and MATTHEW J. BOWLES. 

Department of Surgical Sciences, Clinical 
Sciences Centre, Northern General Hospital, 
Herries Road, Sheffield S5 7AU, U.K. 

Interleukin 2 (IL-2) is a key cytokine in the 
development and regulation of immune responses and 
exerts its actions via IL-2 receptors (IL-2R) which have 
been found in three forms, each with different affinities 
for IL-2. The low and intermediate affinity forms exist as 
the single subunits a (55 kd) and p (75 kd) respectively. 
The p subunit is expressed constitutively while the 
expression of the a subunit is dependant on cell 
activation - a high affinity receptor is created when these 
two subunits associate to make an ap dimer [l]. A third 
subunit, they chain, is associated with the p subunit and 
may assist in the IL-2 mediated signal-transducing 
pathway [2]. The a subunit is released from the 
membrane of activated cells and although the released 
subunit is smaller (45 kd), it retains its ability to bind IL-2 
[3]. Using a commercially available ELISA kit, levels of 
soluble IL-2R (slL-2) have been shown to be raised in 
the serum of patients with conditions characterized by 
immune system activation such as autoimmune [4] and 
inflammatory bowel disease [5], infections including 
AIDS [6] and transplant rejection [7,8]. Elevated serum 
levels of slL-2R have also been observed in patients 
with chronic severe asthma, with levels and disease 
severity reducing after cyclosporin A treatment [9]. This 
study describes the effect of the immunosuppressive 
agents cyclosporin A (CsA), FK506 and rapamycin on 
cell proliferation and the release of slL-2R from 
concanavalin A (Con A) stimulated rat splenic 
mononuclear cells using a recently developed assay 

Splenic mononuclear cells were obtained from 
1101. 

DA rats by mechanical disruption and purified by 
densit gradient centrifugation. Cells (1 00 pl; 
2x105kell) were stimulated with the T cell mitogen Con 
A (50 pl; 2.5 pg/ml; Sigma) in the presence or absence 
of immunosuppressant in 96 well culture plates (5 
replicates per time point) at 37"C, 5% CO, and 100% for 
3 days. Stock solutions of CsA (Sandoz, UK), FK506 
(Fujisawa Pharmaceuticals, Japan) and rapamycin 
(Wyeth-Ayerst, USA) were prepared by dissolving the 
drugs in ethanolnween 80 (5:l). Final dilutions for 
inclusion in the cell cultures were made with culture 
medium. At the end of the incubation period, 100 @I of 
culture supernatant was removed from each well and 
pooled appropriately. Supernatants were centrifuged 
and stored at -20°C until assay for slL-2R levels. The 
proliferative response of the stimulated cells was 
determined using a colorimetric assay [ l  11. 
Suppressive activities were expressed as the 
percentage of the control (ethanolnween diluent). 

CsA (104-20 pM) inhibited the MTT response in a 
concentration dependent manner with 100% inhibition 
being observed at 20 pM CsA and 50% inhibition at 
0.01 pM (Table). FK506 (10-7-10 pM) also inhibited 
proliferation, but approximately 10' times more potently 
than CsA (Table). These findings differ from previous 
reports of 10 to 100 fold differences [12] which may 
result from the alternative technique used for 
determining the proliferative response in this study. 
CsA and FK506 also dose-dependently inhibited slL-2R 
release, albeit more potently than their respective 
effects on the M l T  response (Table). CsA was 

approximately 106-107 less potent than FK506 (Table). 

Table. Concentrations of CsA, FK506 and 
rapamycln eliciting 50% suppression of the 
MTT resDonse and slL-2R release h M \  

MTT response slL-2R release 

Cyclosporin A 10' 10-3 

Rapam ycin 1-10 10-6 
FK506 1 o - ~  - 1 o - ~  1 0 9 -  1 0 1 0  

Rapamycin (lo6-1 pM) resulted in a somewhat 
different M l T  response inhibitory profile. Between 1 0-6 
and 0.1 pM rapamycin suppression of proliferation was 
approximately 25% and was not concentration- 
dependent, whereas between 1 and 10 pM the 
suppressive activity rose sharply to a maximum of 
100%. The potency of rapamycin was 10-100 times 
less than CsA and lo7  less than FK506. These results 
are also in contrast to previous studies reporting that the 
potency of rapamycin lies between that of CsA and 
FK506 [ 121. 

Rapamycin was also a more potent inhibitor of 
slL-2R release than of the M l T  response as 
concentrations which only inhibited the MTT response 
by 25% (0.1 pM) inhibited slL-2R release by 
approximately 50%. The inhibitory response profile was 
similar to that observed for the M l T  response with little 
concentration dependency being apparent between 1 O-@ 
and 1 pM. 

In summary, this is the first study to report the 
effects of CsA, FK506 and rapamycin on slL-2R release 
by mitogenically stimulated rat splenic mononuclear 
cells. For all agents, slL-2R release was more sensitive 
to inhibition than the M l T  response. These data also 
indicate that in comparison to previous studies using 3H- 
thymidine uptake assays, the MTT response which is 
reflective of mitochondria1 dehydrogenase activity 
appears to be markedly more sensitive to FK506 
inhibition. 

This study was supported by grants from the Joint 
Research Board of St Bartholomew's Hospital. 
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