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Abstract--Uptake characteristics of Cyclosporine A (CsA), an immunosuppressive agent widely used 
in organ transplantation, have been evaluated in RAJI cells, a human Burkitt lymphoma cell line which 
(i) does not bear T-cell markers, (ii) is insensitive to CsA after a 1 hr exposure to concentrations up to 
50/*g/ml, and (iii) does not metabolize CsA. CsA is rapidly accumulated inside the cells until a near 
steady-state is achieved (within 1-3 min). This uptake is characterized by two components: one linear 
process saturable at low drug concentrations (lower than 1/~g/ml) and another not saturable component 
even at high drug concentrations (up to 50/lg/ml). Uptake of CsA is temperature-dependent and 
unaffected by the presence of CsD, a structural CsA analog (50 ~g/ml CsD) or sodium azide (10 raM) 
in the extracellular compartment. 

Intracellular accumulation of CsA is associated with the rapid appearance of a cytosolic drug-protein 
complex, which is responsible at least in part, for the large amount of total drug accumulated inside the 
cells. Chromatographic analysis of this (3H)CsA-macromolecule complex on a Bio-Gel P-60 exclusion 
column demonstrates that the molecular weight of this protein(s), likely cyclophilin, is around 15,000- 
20,000 daltons. Using Lineweaver-Burk analysis of binding equilibrium data, the dissociation constant 
of CsA for this binding site was approximately 2.2/~M. 

These studies, which demonstrate that CsA (i) is rapidly accumulated inside the cells as free drug but 
is also specifically bound to an intracellular macromolecule, and (ii) is selectively retained in the 
intracellular compartment after the extracellular drug is removed, could explain the intense distribution 
of CsA in the organs and the slow disappearance of CsA from plasma after CsA therapy in humans. 

Cyclosporine A§,  a new potent  immunosuppressive 
agent [1], is widely used in human  organ trans- 
plantat ion [2, 3]. Other  applications of CsA in auto- 
immune diseases [4] and schistosomiasis [5] have also 
been reported.  

CsA seems to act on the immune  system by inhi- 
biting the initial steps of T-lymphocyte activation [6]. 
Other  studies have investigated the possible effects 
of CsA on the product ion of growth factors like 
IL 1 and IL 2 [7-9]. 

The immunosuppressive activity of this molecule 
is starting to be unders tood but  little is known about  
the drug uptake and its intracellular distribution. 
Ryffel et al. [10, 11] reported the different accumu- 
lation of CsC§, another  biologically active cyclo- 
sporine [10], by mur ine  and human  immune  cells 
and its specific binding on lymphocyte sites closely 
associated with the mitogenic receptor [11]. Merker 
et al. [12, 13] showed that uptake and concentrat ion 
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of (3H)CsA in thymoma cell line (BW 5147) hap- 
pened mainly in the cytosol and not in the cell 
membrane .  The protein responsible for the specific 
concentrat ion of the immunosuppressant  C s A  in 
lymphoid cells, namely cyclophilin, has an apparent  
molecular weight of 15,000-20,000 daltons [14]. 
Addit ional  studies have demonstra ted its presence 
in many malignant  and normal  cells [15]. The highly 
conserved structure and broad distribution of this 
protein suggest that cyclophilin and a ligand(s) may 
play a key role in cell growth and differentiation [15]. 

In this study we report (i) the kinetic of CsA 
uptake,  and (ii) the rates of association of CsA 
with an intracellular binding site(s) using a Burkitt  
lymphoma cell line as a model. Al though CsA was 
known to have no biological activity on this kind of 
cell line, it was appropriate to compare the intra- 
cellular disposition of CsA in CsA-sensitive cell lines, 
T-lymphocytes or thymic lymphoma [13], and in a 
CsA-insensitive cell line, Burkitt  lymphoma cells. 

MATERIALS AND METHODS 

Materials. Tritiated CsA (15 .5mCi/mg)  was 
obtained from Sandoz Ltd (Basle, Switzerland) and 
was 99% pure by HPLC;  this compound was used 
without further purification. Standards CsA and 
CsD were provided in powder form and dissolved 
initially at room temperature  in absolute ethyl alco- 
hol. Subsequent  dilutions were performed using 
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RPMI-1640 medium and stored at - 20  ° without 
apparent degradation over a month. 

Bio-Gel P-6 (200.400mesh) and Bio-Gel P-60 
(100.200 mesh) were purchased from Bio-Rad Lab- 
oratories (Richmond, CA). The following molecular 
weight markers, egg ovalbumine (M~ 45,000), car- 
bonic anhydrase (M, 29,000), cytochrome c (M, 
12,384) and vitamin BI2 (M~ 1355), were obtained 
from commercial sources. 

Cells. The human Burkitt lymphoma cell line, 
RAJI, was propagated in continuous culture in 
Roswell Park Memorial Institute medium (RPMI) 
1640 (Biomerieux) supplemented with 15% heat- 
inactivated undialyzed fetal calf serum (Flobio- 
Gibco) and 2mM L-glutamine. For cell growth 
experiments, cells at a final concentration of 5 105 
cells per ml of RPMI medium, were exposed for 1 hr 
to NaC1 buffer (control) or increasing CsA con- 
centrations. Cells were washed twice then resus- 
pended in RPMI 1640 medium supplemented with 
fetal calf serum and 2 mM L-glutamine. Cells were 
scored after 48 hr of incubation at 37 ° in a 5% CO2 
humidified atmosphere. 

Cell growth was defined as follows: 

Percentage of growth 

no of cells in drug-treated cultures 
_ x 1 0 0  

no of cells in control cultures 

Preparation of  cells for analysis of  intracellular 
radiolabel. Exponentially growing cells were 
harvested, washed twice with ice-cold 0.85% NaCI 
solution and then resuspended in RPMI medium. 
CsA was then added to the cell suspension. The 
pH was maintained at 7.4 by passing warm and 
humidified mixture of 95% 02:5% CO2 and the cell 
suspension was stirred with a Teflon paddle in flasks 
immersed in a 37 ° water bath [16]. 

CsA uptake was estimated after treatment of the 
cells with (3H)CsA (specific activity: 500-1000 cpm/ 
ng). Transport fluxes were stopped by adding 10 vol. 
of ice-cold 0.85% NaC1 solution and the cells were 
washed twice using the same solution. The cell pellet 
was then removed by a Pasteur pipet, transfered on 
a polyethylene tare, and dried overnight at 70 °. The 
dry pellets were weighted, placed in scintillation 
vials, and incubated in 0.2 ml of 1 N KOH for 1 hr 
at 70 ° . The digested solution was then neutralized 
with 0.2 ml of 1 N HC1. Five millilitres of Ready 
Solv scintillation cocktail (Beckman Instruments) 
were then added and the radioactivity evaluated. 
Results are expressed as nanomoles of equivalent 
CsA accumulated per gram of dry weight, as pre- 
viously described in detail [16]. 

Intracellular radioactivity was further investigated 
by a reversed-phase HPLC method. Cell extract 
was boiled for 2 min and centrifuged. Supernatant 
fraction was analyzed on a Hewlett Packard 1090 
A gradient liquid chromatograph equipped with a 
10/~m C18 #Bondapak column (Waters Associated). 
The HPLC analysis consisted of an isocratic elution 
for 14 min with 42% bidistitled water and 58% ace- 
tonitrile, followed by a gradient from 58 to 70% of 
acetonitrile over 20 min [17]. 

Binding to intracellular macromolecules. Cells 
exposed to radiolabeled CsA were washed twice as 

described above. Cell pellet was resuspended in ice- 
cold Tris buffer (20 raM, pH 7.2) containing 2-mer- 
captoethanol (5 mM) and sodium azide (0.02(:'/-) 
(buffer A; 14). The cells were disrupted by sonic 
oscillation until over 95% of them were broken as 
established by light microscopy and the cellular 
debris were removed by centrifugation at 4[},(100g 
for 20min. A 1 ml supernatant sample was then 
analyzed on a mini-column (5 ml) of Bio-Gel P-6. 
pre-equilibrated in buffer A by rapid centrifugation 
according to the method described by Fry et al. 
[18]. This procedure can separate the protein-ligand 
complex from the free ligand which is completely 
retained within the column. This was further con- 
firmed by adding radiolabeled CsA on the nrini- 
column; the latter was quantitatively retained inside 
the gel. 

Values are the mean -+ SD of at least three dif- 
ferent experiments. 

In some cases, the intracellular protein-(sA con> 
plex was further chromatographed on a Bio-Gel P- 
60 column (40 cm x 1.6 cm) equilibrated with buffer 
A and calibrated with the following molecular weight 
markers: ovalbumine, carbonic anhydrase, cyto- 
chrome c and vitamin BI= respectively. 

RESULTS 

Cell growth experirnents 
RAJI cells were incubated for 48hr in a 5%, 

CO2-humidified atmosphere after a 1 hr exposure to 
increasing CsA concentrations ranging from 0.1 to 
25ug/ml. Over this range of concentration cell 
growth was not perturbated. At 25 !~g/ml, cell growth 
was approximately 85% compared to control cells. 

Uptake of C~A in RAJI cells 

After exposure of RAJI cells to CsA, the drug is 
rapidly accumulated inside the cells. The initial 
uptake is studied over a short period ranging between 
few seconds (4-7 sec) to 90 sec. Moreover and based 
upon previously reported data [13] showing the 
specific intracellular binding of CsA in a murine 

i i i i 6o 
E~ 

E 
~_ 2o 

c 

o 
o 20 40 60 80 

S E C O N D S  

Fig. l. Time-courses of uptake and intracellular binding ol 
CsA, 10-80 sec after exposure of cells to 500 ng/ml 
(3H)CsA. At specified times, portions of cells were separ- 
ated, washed twice at 0 °, and both total (~H) uptake 
(m-- I )  and (~H) associated with intraccllular math> 
molecules (O--C0) were monitored as described in Mat- 

erials and Methods. 
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Fig. 2. Elution profile of the CsA-protein complex on Bio- 
Gel P-60. (A) Elution of the molecular weight markers. 
(B) Chromatogram of the CsA-protein complex after incu- 
bation of RAJI cells with 500 ng/ml (~H)CsA for 30 min. 
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Fig. 3. Effect of temperature on CsA uptake and accumu- 
lation in RAJI cells. Cells were exposed to 500ng/ml 
(3H)CsA in RPMI medium at different temperatures: 37 ° 
( A - - A ) ,  25 ° ( 0 - - 0 )  and 0 ° (ZE--A). At specified times, 
portions of cells were separated, washed twice and total 

(all) analyzed as described in Materials and Methods. 
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SECONDS 
Fig. 4. Time-courses of CsA uptake in control cells or in 
CsA-preloaded cells. Ceils were exposed for 30 rain in 
drug-free medium ( e ~ O )  or in medium containing 500 ng/ 
ml ( A - - A )  or 10ug/ml ( ± - - A )  unlabeled CsA. Cells 
were washed twice then rcsuspended in fresh medium con- 
taining 500 ng/ml (~H)CsA and uptake was monitored as 

described in Materials and Methods. 
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thymoma cell line, the kinetic of binding of CsA to 
intracellular macromolecule(s)  is also investigated. 

R A J I  cells are incubated with 500 ng/ml  (3H)CsA 
and, at specified times, intracellular content  is 
analyzed for total radioactivity and for binding to 
macromolecules .  Results are illustrated in Fig. 1. 
Accumulat ion of CsA is rapid, non-l inear and 
specifically associated to intracellular macromole-  
cules. Over  this t ime-period,  approximately 4 0 ~  of 
the intracellular constituents are bound to macro- 
molecules. To characterize further this intracellular 
binding site, cells pre-exposed to radiolabeled 
CsA are disrupted by sonic oscillation and cellular 
debris removed by centrifugation. Protein- l igand 
complex(es) obtained after Bio-Gel  P-6 chroma- 
tography is then applied on a Bio-Gel  P-60 column 
calibrated with appropriate molecular  weight 
markers.  As illustrated in Fig. 2, CsA is bound to a 
protein(s) with a molecular  weight around 20,000 
daltons. 

Different characteristics of CsA uptake 
The uptake of CsA is est imated after exposure of 

R A J I  cells to 500ng/ml  (3H)CsA. At  37 ° , cells 
rapidly accumulate CsA and an intracellular con- 
centration of 58.3 =- 16.5 ng /mg of cell dry weight 
(N = 7) is reached within 10 rain and is constant for 
at least 1 hr. Assuming that intracellular water /dry  
weight ratio is approximately 2 !d//mg of dry weight,  
this represents a 500-fold increase over  the drug 
concentrat ion in the medium. At 25 ° the initial 
uptake of drug is slower but, after 10 min, the same 
final intracellular concentrat ion is achieved (Fig. 3). 
At 0 ° the cells do not accumulate appreciable 
amounts of drug even after 30 rain of incubation. 
The low radioactive background can be attr ibuted 
to a specific and /o r  a non specific binding on the 
extracellular membrane.  

The energy-dependence of CsA transport and 
accumulation in cells has been further studied using 
sodium azide, a metabolic  poison. The initial uptake 
of 500 ng/ml  (3H)CsA as well as total accumulated 
drug, are not affected by the presence of 10raM 
sodium azide in the extracellular medium. Total  drug 
accumulated after 60 sec was 45.9 + 14.5 ng/mg dry 
weight (N = 2) in control cells and 50.6 = 20.3 ng/  
mg dry weight in sodium azide-treated cells. 

Moreover ,  the presence of 50 ug/ml CsD, a struc- 
tural CsA analog, in the extracellular medium has 
no effect on the initial rate of uptake of 500 ng/ml 
( )H)CsA.  Total drug accumulated after 60 seconds 
was 45.9 - 14.5 ng /mg dry weight (N = 2) in control 
cells and 4 7 . 0 v l l . 3 n g / m g  dry weight in CsD- 
treated cells. 

The rates of uptake of CsA in control cells and in 
CsA-pre t rea ted  cells are also determined (Fig. 4). 
Cells are exposed for 30 min in drug-free medium or 
in medium containing 500ng/ml  or 10ug/ml  un- 
labeled CsA. Cells are washed twice at 0 ° to eliminate 
extracellular drug, then resuspended in 37 ° fresh 
medium containing 500 ng/ml  (3H)CsA. The rates 
of uptake are determined over  80 sec. In 500 ng/ml  
CsA-pre loaded cells, uptake of radiolabeled CsA is 
identical to that of the control. However ,  in 10 ug/  
ml CsA-pre loaded cells, conditions under which the 
intracellular binding site(s) is saturated with un- 
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labeled CsA (see below), uptake of radiolabeled 
CsA was only 60% of that of control. These results 
suggest an important role for the intracellular binding 
site(s) in the uptake of CsA. 

Preliminary results from our laboratory dem- 
onstrate that CsA can be extensively metabolized 
in some normal cells, e.g. freshly isolated rabbit 
hepatocytes [17]. So, the behavior of (3H)CsA in 
RAJI cells is examined using a new specific HPLC 
method which permits to resolve CsA from its major 
metabolite forms [17]. After a 1 hr exposure of RAJI 
cells to 500 ng/ml (3H)CsA (specific activity = 3380 
cpm/ng), 99% of the intracellular drug was 
recovered as unchanged CsA. 

Time-dependence of accumulation and intracellular 
binding of CsA 

The time courses of total intracellular accumu- 
lation (upper panel) and binding (lower panel) of 
CsA after exposure of cells to increasing con- 
centrations of (3H)CsA, 100, 500 and 1000ng/ml. 
are illustrated in Fig. 5. 

For each concentration studied, the cells rapidly 
accumulate CsA until they reached a plateau (within 
10 rain). This steady-state value remains constant 
over the following 20 min of observation (upper 
panel). The kinetics of intracellular binding of CsA 
are shown, for the same CsA extracellular con- 
centrations, in the lower panel of Fig. 5. The rates 
of fixation of CsA to the intracellular site(s) are rapid 
over the first 5 min of observation, then reach a 
maximum value when total accumulation in cells has 
achieved a steady-state. 
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Fig, 6. Concentration-dependence of intracellular accumu- 
lation and binding of CsA in RAJI cells. Cells were exposed 
for 10 min to increasing concentration of (3H)CsA and both 
total (3H) uptake (0 - -0 )  and intracellular binding 
(A--&) were monitored as described in Materials and 
Methods. Each result is the mean -+ SD of two different 

experiments performed in duplicate. 
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Fig. 5. Time-dependence of intracellular accumulation and 
binding of CsA in RAJ I cells. Cells were exposed to increas- 
ing concentrations of (3H)CsA: 100 ng/ml (E--E), 500 ng/ 
ml (A--A)  and 100//ng/ml (O--O). Total drug accumu- 
lation (upper panel) and intracellular binding (lower panel) 
were monitored as described in Materials and Methods. 

Concentration-dependence of accumulation and 
intracellular binding of CsA 

In the experiments described above, we showed 
that after a 5 rain exposure to increasing concen- 
trations of radiolabeled CsA, intracellular accumu- 
lation and binding have both achieved a steady- 
state value which persists over the 1-hr period of 
observation. In the following experiment, cells are 
exposed for 10 rain to increasing concentrations of 
(3H)CsA and intracetlular radiolabel is analyzed for 
both total radioactivity and specific binding to macro- 
molecules (Fig. 6). 

When the extracellular concentration of (3H)CsA 
varies from 0.1 to 50 ,ug/ml, uptake of total radiolabel 
gives evidence of two components: one linear process 
which saturates at concentrations up to 1-5 ug/ml 
and another nonsaturating component for con- 
centrations above 10/2g/ml. The lower panel of this 
figure emphasizes the linear uptake process for con- 
centration ranging between 0.1 and 1 ug/ml. 

Specific analyses of radiolabel bound to intra- 
cellular macromolecules show that this intracellular 
binding site(s) is saturable at extracellular CsA con- 
centrations above 10 ug/ml. Indeed, while the ratio 
"protein-CsA complex/total accumulated drug" was 
about 0.2-0.3 for extracellular drug concentrations 
up to 1/~g/ml, this ratio was further decreasing at 
higher CsA concentrations. 

The binding equilibrium data are evaluated for 
CsA extracellular concentrations ranging between 
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Fig. 7. Intracellular retention of CsA in RAJI cells. Cells 
were incubated for 10 rain with 500 ng/ml (3H)CsA, then 
separated by centrifugation, washed twice with 0 ° NaCI, 
and resuspended in 37 ° fresh RPMI medium containing no 
( A - - ~ )  or t0/~g/ml ( i - - & )  unlabeled CsA at the time 
indicated by the arrow. Total intracellular (3H) was 
measured at the selected times as described in Materials 

and Methods. 

0.25 and 50/,g/ml and have been further analyzed 
using a Lineweaver-Burk plot in order to calculate 
the dissociation constant for this binding component. 
Dissociation constant is around 2.2/xM. 

Intracellular retention of  CsA 

Cells are loaded for 10 rain with 500ng/ml 
(3H)CsA, washed twice with 0 ° NaC1 buffer, and 
resuspended into fresh RPMI medium at 37 ° in the 
absence or presence of unlabeled CsA (10 gg/ml) 
(Fig. 7). 

In the absence of extracellular CsA, there is a 
slow loss of intracellular radioactivity over 30 min 
suggesting a selective retention of CsA in the intra- 
cellular medium. However, in the presence of extra- 
cellular CsA (10/,g/ml), there is a very rapid 
decrease in intracellular CsA concentration--repre- 
senting a loss of 70.88% 7- 6.90% (N = 3)--until  a 
new steady-state is achieved. 

DISCUSSION 

In this paper we describe the kinetics of uptake 
and intracellular binding of CsA in RAJI cells, a 
human Burkitt Lymphoma cell line. This cellular 
model was chosen because of the homogeneity of 
the cell population and it permits study under a 
variety of culture. Moreover this cell line does not 
bear T-cell markers (N. Tubiana, personal com- 
munication) and is not sensitive to inhibition by CsA 
on the following range of concentration tested: 0.1- 
25 jug/ml. These results are in agreement with those 
of others which confirm that greater sensitivity to 
CsA exists for selected malignant cells that bear 
some T-cell markers [19, 20]. Moreover, it was 
appropriate to study the uptake of CsA as well as 
the nature and amount of the binding component in 
this CsA-insensitive cell line and compare the results 
to those obtained by others using CsA-sensitive cell 
lines, in order to demonstrate if the insensitivity of 
a cell line could be correlated to drug accumulation 
or specific intracellular binding. 

Ryffel et al. [10, 11], using human and murine 
lymphocytes, reported the specific binding of CsC 

(another CsA structural analog) on peripheral recep- 
tors. Binding of (3H)CsC was saturable, time-depen- 
dent, reversible and closely associated with the mito- 
genic receptor on lymphocytes. Their studies did not 
explore the binding by the cytosol which apparently 
represents the major site of CsA accumulation in 
cells [13]. 

In BW 5147 cells, a murine lymphoma, Merker 
and Handschumacher [13] characterized the uptake 
of radiolabeled CsA and its intracellular disposition. 
This uptake was characterized by two components; 
one saturable at low drug concentrations and another 
not saturable even at high drug concentrations. 
Moreover, they demonstrated that most of the drug 
concentrated by the cells was located in the cytosol 
and bound to a low-molecular weight macromol- 
ecule, namely cyclophilin [13, 14]. This intracellular 
macromolecule bound specifically a series of cyclo- 
sporin analogs in proportion to their activity in a 
mixed lymphocyte reaction [14]. Of significant inter- 
est is the occurrence of cyclophilin in nonlymphoid 
tissues, with a high concentration of this protein 
present in brain and kidney (organs subject to toxic 
side effects during CsA therapy in humans) but also 
in B-cells [15]. However, the relationship between 
the binding site of CsA and the mechanism of CsA 
action remains to be established. 

The rate of uptake of CsA in RAJI cells was 
assessed using specific radiolabeled CsA. Uptake 
and binding in these cells, both reached a plateau 
within 5 rain at 37 °. The uptake of (3H)CsA is tem- 
perature dependent and unaffected by the presence 
in the extracellular medium of CsD (50/~g/ml), a 
CsA structural analog, or sodium azide (10 mM), a 
metabolic poison. Under these different exper- 
imental procedures, the disposition of CsA in RAJI 
cells was further investigated. Neither degradative 
compounds nor metabolites were recovered in intra- 
or extra-cellular compartments. 

Uptake of radiolabeled CsA in RAJI cells is char- 
acterized by two components; one seems to be satu- 
rable at low CsA concentration and is affected by 
the presence of the intracellular binding component, 
and another non-saturable at higher drug con- 
centration (above 10 ~g/ml). 

Intracetlular accumulation of CsA is associated 
with the rapid appearance of a cytosolic drug-protein 
complex, responsible at least in part, for the large 
amount of total drug accumulated inside the cells. 
Indeed, in CsA-preloaded cells (10~g/ml for 30 
min), conditions under which the intracellular bind- 
ing site(s) is saturated with unlabeled CsA, uptake 
of (3H)CsA is decreased by approximately 40%. 
However, when cells are preloaded with 500 ng/ 
ml CsA, conditions under which the intracellular 
binding site(s) is not saturated, uptake of radio- 
labeled CsA is comparable to that of control. 

The specific binding of CsA with an approximately 
20,000 daltons macromolecule(s) was assessed using 
a Bio-Gel P-60 exclusion column, according to Fry 
[18] and Handschumacher et al. [14] techniques. 
Although under our experimental procedure (incu- 
bation medium, exposure time, chromatographic 
elution) CsA was bound to a protein(s) with a mol- 
ecular weight of approximately 20,000 daltons, it is 
difficult to specify if it was a single protein type. 
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This ques t ion  r ema ins  u n d e r  fu r ther  invest igat ion.  
Bind ing  of rad io labe led  C s A  was rapid,  sa turab le  at 
CsA extracel lu lar  concen t r a t ions  above  10gg /ml ,  
t i m e - d e p e n d e n t  and  rapidly revers ib le  in the pres- 
ence of a high un l abe l ed  CsA concen t ra t ion .  More-  
over,  and  based  upon  binding equi l ibr ium data ,  the 
dissociat ion cons tan t  of  CsA for this b inding site was 
approx imate ly  2.2/~M. This  resul t  is not  significantly 
di f ferent  f rom those  obse rved  by different  au thors  
in cell-free systems and  ranged  be t w een  0.2 and  1 #M 
[13, 141 . 

Of  par t icular  in te res t  is the  obse rva t ion  tha t  when  
(3H)CsA-p re loaded  cells are r e suspended  in 37 ° 
fresh drug-free  m e d i u m ,  the re  is only a very low loss 
of in t racel lu lar  radio label ,  due in m a j o r  par t  to the  
specific b inding of  Cs A  to in t racel lu lar  macro-  
molecules ,  bu t  also to the  l ipophil i ty of the CsA 
molecule .  These  obse rva t ions  could explain the long 
re ten t ion  of CsA  in di f ferent  t issues and  the long 
plasma te rmina l  half  life values  (20-60 hr)  obse rved  
af ter  CsA admin i s t r a t ion  in h u m a n  pa t ien ts  [21]. 
This  obse rva t ion  is cons is ten t  with the b road  distri- 
bu t ion  of "cyclophi l in"  in many  t u m o r  and normal  
systems [15]. 
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