
J.-G. Zhang 
M. W. Walmsley 
J. V. Moy 
A. C. Cunningham 
D. Talbot 
J. H. Dark 
J. A. Kirby 

J . G .  Zhang (El) . M. W. Walmsley . 
J.V. Moy . A. C. Cunningham . D. Talhot . 
J.H.Dark. J .A.Kirby 
Transplant Immunobiology Unit. 
Department of Surgery. 
University of Newcastle upon Tyne. 
Newcastle upon Tyne NE? 1HH, UK 
Tel. +4.11912117158: Fax +.13191?118514 

Differential effects of cyclosporin A 
and tacrolimus on the production of TGF-P: 
implications for the development 
of obliterative bronchiolitis 
after lung transplantation 

Abstract The development of 
obliterative bronchiolitis is a com- 
mon cause for failure of lung allo- 
grafts. Fibrinogenesis can occur for 
a number of different reasons but 
some groups have suggested that 
cyclosporin A (CsA) and tacrolimus 
(FK.506) have different effects on 
the cytokines which induce fibrino- 
genesis. We investigated the effect 
of tacrolimus and CsA in tissue cul- 
ture and found that there was in- 
deed a negative effect on human 
lung small airway epithelial cell 
proliferation by recombinant trans- 
forming growth factor-/? (TGF-/?), 
which was reversed by anti-TGF-/?. 

The same effect was seen with CsA 
at immunosuppressive concentra- 
tions, which was also reversed by 
anti-TGF-/?, whereas no such inhibi- 
tion was seen with tacrolimus at im- 
munosuppressive doses unless high 
concentrations were used. Free 
TGF-/? was confirmed as being ele- 
vated in the supernatant of cell cul- 
ture wells with standard dose CsA as 
opposed to low dose CsA or tacroli- 
mus using an ELISA assay. 
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Introduction 

Three isoforms of transforming growth factor-/? (TGF-/?) 
are produced by mammalian cells, with TGF-/? being the 
most well studied. The biologically active form of TGF- 
p ,  is a 25-kDa dimer consisting of two identical 112-ami- 
no acid subunits joined by disulphide bonds. The TGF-/? 
family is known to have many physiological functions, in- 
cluding wound repair and modulation of the immune sys- 
tem: many of these are mediated by regulation of the se- 
cretion of a range of additional cytokines. In vitro studies 
have shown that low concentration of TGF-/? are chemo- 
tactic for fibroblasts and stimulate the deposition of ex- 
tracellular matrix components such as collagen, fibronec- 
tin and proteoglycans. 

A variety of studies has identified TGF-/? as a power- 
ful fibrogenic cytokine [2]. Indeed, intravenous injec- 
tion of TGF-/? rapidly results in systemic fibrosis, with 
the liver, kidney and lung being most severely affected. 
The correlation between elevated TGF-/? levels and in- 

creased deposition of extracellular matrix is particularly 
clear for models of pulmonary fibrosis. 

Several groups have shown that cyclosporin A (CsA) 
can augment the production of TGF-/? by epithelial cells 
[ 3 ] .  It is possible that this elevated production of TGF-/? 
enhances development of the fibrotic disease oblitera- 
tive bronchiolitis following lung transplantation. 

This study was designed to determine whether CsA 
and tacrolimus have a similar effect on TGF-/? produc- 
tion by lung tissues. 

Materials and methods 
Human small airway epithelial cells (SAEC) were supplied by Clo- 
netics and expanded in serum-free medium. The cells were charac- 
terised by immunofluorescence flow cytometry and shown to be 
free from significant contamination by endothelial cells (CD31) 
or leucocytes (CD.15); the cells expressed the epithelial marker cy- 
tokeratin 19. The cells were propagated in serum-free medium and 
they produced a doubling time of 30 h. 
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Fig.1 Inhibition of human small airway epithelial cell (SAEC) 
proliferation by addition of recombinant transforming growth fac- 
tor$', (TGF-b,). The ID,,, for this inhibition is 600 pgiml 

......._. . ........................ ......................... 

0 CsA 

\ 0 Tacrolimus 
Drug Vehicle 

b 
Tacrolimus CsA 
H H 

0 0.1 I 10 l o o  l o 3  l o 4  l o 5  

Drug Concentration (nglml) 

3 0 

10 + I  I - - 1 . , * - 1  . , 1 - , , - ,  ""T I . 1 1 - - - 1  8 , - 1 . - - - 1  11111 .11  

Fig. 2 Inhibition of SAEC proliferation by immunosuppressive 
drugs. Immunosuppressive concentrations of cyclosporin A (CsA) 
and tacrolimus in tissue culture are indicated by lines above the x- 
axis 

CsA was supplied by Sandoz and tacrolimus was provided by 
Fujisawa; both drugs were dissolved in ethanol. The immunosup- 
pressive doses of both CsA and tacrolirnus was derived from a 
mixed lymphocytic reaction (MLR) Epstein-Barr virus-trans- 
formed B cells as targets. The immunosuppressive dose was de- 
fined as that producing a significant reduction of cell proliferation 
from the plateau of inhibition. Recombinant TGF-P ,, anti-TGF-p 
and ELISA kits were supplied by R&D Systems Europe. 

Cell proliferation was routinely assessed by measurement of in- 
corporated radioactivity after pulsing subconfluent cultures in flat 
profile %-well plates with 'H-thymidine for 18 h. 
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Fig. 3 Anti-TGF-/? blocking antibody significantly restored pro- 
liferation of SAEC treated with an immunosuppressive con- 
centration of CsA. An irrelevant control antibody had no ef- 
fect on SAEC proliferation (* P<0.05, ** P <  0.01 compared 
with SAEC proliferation in the absence of anti-TGF-P anti- 
body) 

Results 

When the human SAEC were cultured with the ad- 
dition of recombinant TGF-/3 [l] a significant inhibi- 
tion of proliferation was encountered (Fig. 1). This 
was dose dependent with an ID,,, inhibition of 
600 pg/ml. 

The same experiment was then repeated replacing 
recombinant TGF-P with varying doses of CsA and ta- 
crolimus (Fig. 2). The immunosuppressive concentra- 
tions of CsA and tacrolimus in tissue culture are indicat- 
ed by lines above the x-axis. It is clear that an immuno- 
suppressive concentration of CsA inhibits SAEC prolif- 
eration. An immunosuppressive concentration of ta- 
crolimus has no effect on SAEC proliferation; this drug 
only inhibited cell division at a concentration between 
100 and 1000 times that which blocked lymphoprolifera- 
tion in a MLR. The effect of CsA was non-toxic as 
SAEC proliferated normally when returned to drug- 
free medium. 

A polyclonal anti-TGF-/3 blocking antibody signifi- 
cantly restored proliferation of SAEC treated with an 
immunosuppressive concentration of CsA (Fig. 3). An 
irrelevant control antibody had no effect on SAEC pro- 
liferation. 

Discussion 
Treatment of human SAEC with an immunosuppres- 
sive concentration of CsA upregulates the produc- 
tion of biologically active TGF-P. This growth factor 
has well-defined fibrogenic properties and may con- 



S 327 

tribute to the development of the fibrotic changes epithelial cells. This would suggest that fibrosis may 
associated with obliterative bronchiolitis following be a greater problem with CsA than with tacrolimus 
lung transplantation. The presence of tacrolimus had [l]. 
no effect on the production of TGF-p by the airway 
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