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Summary. Pretreatment of  the kidney donor with 8- 
methoxy-psoralen (8-MOP) and direct longwave ultraviolet 

(UVA) irradiation of  the kidney graft (PUVA therapy) 
significantly prolonged survival in allogeneic recipients. 
40% of  the recipients survived more than 100 days with 
normal transplant function. The addit ion of  standard 
clinical immunosuppressive agents azathioprine and pred- 

nisolone (both at dosages of  15 mg/kg body weight/day for 
21 days) to the PUVA therapy further improved graft sur- 
vival rate, with a recipient survival rate of  62.5%. The two 

drugs alone were less effective in prolonging graft survival 
rate (28.5%). A synergistic effect of  PUVA therapy and 
standard immunosuppressive t reatment  with azathioprine 
and prednisolone was demonstrated. This suggested a 
possible clinical application of  this type of  immunosuppres- 
sion and immunoregulation. 
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Introduction 

A recent paper [21] showed that  PUVA treatment  of  rat 
kidney allografts significantly prolonged survival time. The 
number of  indefinitely surviving recipients seemed to depend 
on the time and dose of  UVA irradiation rather than on the 
dosage of  8-MOP. The best results were obtained by combin- 
ed PUVA therapy. 

Other work has shown that ultraviolet (UV) irradiation 
can induce suppressor T cells and suppress several immune 
reactions [4, 18, 19]. The combined use of  peritransplant 
clinical immunosuppressive agent cyclosporin A for 3 days 
has a marked synergistic effect in prolonging UV irradiated 
islet allograft survival compared to controls treated only 
with cyclosporin A [15]. In human cadaveric renal allo- 
transplantation, the two other standard immunosuppressive 

drugs are azathioprine and prednisolone. Studies of  the 

effect of  these agents and combined PUVA treatment have 
not  been reported. Since any clinical trial of  PUVA therapy 
seems to be unlikely to be a t tempted without  the concur- 
rent use of  azathioprine and prednisolone, this study was 
designed to show either a synergistic or an antagonistic 
effect of  these drags with PUVA therapy. 

Material and Methods 

Rats. We used the following inbred strains: BD IX and Sprague- 
Dawley (SD). These strains are different from each other at their 
major histocompatibility complex (MHC) and were bred at the 
Academy of Sciences of the GDR, Central Institute for Cancer 
Research. All rats were maintained in the Experimental Animal 
House of our institution. According to our previous studies [10] 
kidney transplantation was performed in the SD to BD IX renal 
allograft model, in which passive enhancement provides incomplete 
suppression. 

Kidney Transplantation. The microsurgical orthotopie technique 
used has been published in this journal [201. The renal vessels and 
the ureter of the left kidney were anastomosed end-to-end without 
use of an indwelling ureteral cannula. Right recipient nephrectomy 
was performed at the time of transplantation. Ischemia time ranged 
from 14 to 24 (mean 19) rain. Graft function was followed by serial 
blood urea nitrogen (BUN) estimations (day 2, 7, 10, thereafter 
weekly). Blood samples were drawn from the medial angle of the 
eye. Autopsies were performed on most rats and which were examin- 
ed as reported previously [11 ]. 

Lymphocytotoxic Antibodies. The determination of complement- 
dependent lymphocytotoxic antibodies was done by means of the 
51Cr-release test in Group 1 and 4. A pooled rabbit serum (dilution 
1 : 10) served as a source of complement. Splenic lymphocytes iso- 
lated by centrifugation on a FicoU-Visotrast-gradient (density: 
1.078 g/ml) were used as target cells [5, 9 ]. 

Drugs. 8-MOP, obtained from GEROT Pharmazeutika (Vienna, 
Austria) as a 0.15% solution (OxsoralenR), was given intravenously 
(i.v.) at dosages of 0.06 and 1.0 mg/kg body weight (BW), respective- 
ly, via the vena cava of the kidney donor 10 min before removal of 
the graft. Azathioprine for injection (Burroughs Wellcome, England) 
and prednisolone for injection (Jenapharm, Jena, GDR) were freshly 
prepared prior to application in sterile water and normal saline, 
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Table 1. Effect of PUVA therapy alone or azathioprine and prednisolone therapy alone, respectively, and combined PUVA plus azathioprine 
and prednisolone treatment on graft survival of BD IX recipients of SD kidney allografts 

Experimental group No. of rats Survival times (days) Comparison of survival times 

1 10 8 ,8 ,8 ,9 ,9 ,9 ,9 ,  10, 11, 11 - 

2 7 8, 8, 8, 9, 10, > 100, > 100 n.s.a vs. group 1 (p = 0.15) 

3 10 9, 9, 10, 13, 13, 20, > 100, p < 0.05 vs. group 1 
> 100,> 100, > 100 n.s. vs. group 2 (p > 0.20) 

4 8 10, 20, 27, > 100, > 100, > 100, p < 0.01 vs. group 1 
> 100, > 100 n.s. vs. group 2 (p > 0.10) 

n.s. vs. group 3 (p > 0.30) 

a not significant 
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Fig. 1. Survival of rat renal allografts in the 4 experimental groups 
(see material and methods) 

respectively. Winearls et al. [23] suggested a less toxic dosage of 
azathioprine at 15 mg/kg BW/d and prednisolone at the same do- 
sage, given for 21 days, which were used in this study. The dosage 
was selected on the basis of comparison with levels used in humans 
in the early posttransplant period, adjusted for surface area. On this 
basis the human dose of azathioprine of 3 mg/kg BW/d is equivalent 
to 15 mg/kg BW/d in the rat. The first injection was given i.v. at the 
time of transplantation, but all subsequent injections were given by 
the intraperitoneal route. 

Ex Viva Kidney Preservation and UVA Irradiation. The technique 
used has been described in detail in a recent paper [211. The time of 
irradiation was 2 h and the UVA intensity was measured as 0.07 
J • era-2, s-1. 

Experimental Groups. Group 1 (n = 10): no treatment. Group 2 
(n = 7): azathioprine + prednisolone (both at 15 mg/kg BW/d for 
21 days. Group 3 (n = 10): 8-MOP at 0.06 mg/kg BW, UVA 2 h. 
Group 4 (n = 8): azathioprine + prednisolone as in group 2, 8-MOP 
at 1.0 mg/kg BW, UVA 2 h. 

Statistical Analysis. Comparison between the groups was made using 
Fisher's exact test or the Chi-square test. The differences among the 
groups were considered significant when p < 0.05. 

R e s u l t s  

The results are summarized in Table 1. Control kidney 
grafts without treatment (group 1) were rejected rapidly. 
Azathioprine and prednisolone treatment alone (group 2) 
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Fig. 2. Development of lymphocytotoxic antibodies after allotrans- 
plantation in group 1 (control) and group 4 (triple therapy) measured 
by 51Cr-release assay. The black circles represent the individual va- 
lues, the black line and the open circles the median values 

resulted in a prolonged graft survival and 2 out of 7 reci- 

pients (28.5%) survived more than 100 days. However, the 

difference is not  significant compared with group 1 (t9 = 
0.15). The PUVA therapy alone (group 3) did increase 
graft survival significantly ( p < 0 . 0 5 )  compared with 
group 1. 40% of the animals survived more than 100 days 

with normal functioning allograft (Fig. 1). 
The use of posttransplant azathioprine and prednisolone 

therapy has had a marked effect in prolonging the survival 

of PUVA-treated kidney allografts (group 4) and 62.5% of 
the recipients survived more than 100 days. This allograft 
survival rate was significantly better compared to the un- 
treated control group 1 (p < 0.01), but the differences 
were not  significant in comparison with group 2 and 3, 

respectively, 
In all long-term surviving recipients of group 2, 3 and 4 

(n = 11) the graft function remained stable, as judged by 
BUN levels, until  the animals were killed (136th to 182nd 

day after transplantation). 
The lymphocytotoxic antibody response after allotrans- 

plantation, with a peak on day 7 in both groups, was only 

slightly - if at all - suppressed in the combined therapy 
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group 4 (Fig. 2) in comparison with the control group I. 
After the 20th day the median value was continuously be- 
low 10%. 

Discussion 

In our initial investigations [21 ] we found that PUVA treat- 
ment of rat kidney allografts significantly prolonged 
survival without the use of immunosuppressive drugs. The 
experimental data presented show that the temporary post- 
transplant application of azathioprine and prednisolone 
has a synergistic effect in prolonging survival of PUVA- 
preatreated rat kidney allografts compared with recipients 
treated only with azathioprine and prednisolone and those 
recipients with exclusively PUVA-pretreated allografts, 
respectively. 

Azathioprine was found to have little effect on acute 
rejection [23]. This finding is consistent with the hypothe- 
sis that early rejection is primarily antibody mediated, since 
there was no difference in antibody response between con- 
trol animals and animals treated with azathioprine. Further 
experiments [23] failed to show any significant synergistic 
effect between azathioprine and prednisolone and passive 
enhancement. Our results in group 2 which show little 
effect of azathioprine and prednisolone treatment in pro- 
longing kidney aUograft survival are consistent with these 
findings. However, a careful study on the effect of UV irra- 
diation alone, PUVA therapy or combined PUVA plus aza- 
thioprine and prednisolone treatment on kidney allograft 
survival has not been reported. Although Lau et al. [14] 
have shown the possibility of tolerance induction by treat- 
ing rats with UV-irradiated donor blood cells prior to graf- 
ting of pancreatic islet cells. In the same model longterm 
survival was obtained by direct UV irradiation of the donor 
tissue [6-8, 16]. It has been suggested that metabolically 
active antigen-presenting cells - APCs - (Ia-positive macro- 
phages or dendritic cells) are inactivated by the use of UV 
irradiation [8]. Murine pancreatic islets pretreated with 
anti-dendritic cell antibody and complement prior to trans- 
plantation survived in histoincompatible recipients for more 
than 200 days. Rejection of stable islet allografts promptly 
occurred when transplant recipients were challenged with 
1 x lO s donor dendritic cells 60 days after transplantation 
[3]. However, when transplanted animals were injected with 
UV-killed donor spleen cells, a source of alloantigen on non- 
stimulating cells, at 30 days posttransplantation, graft re- 
jection was not stimulated. That means, the UV-irradiated 
cells were not immunogenic [12]. When animals which recei- 
ved UV-irradiated cells were subsequently challenged with 
viable donor spleen cells, the islet allografts were not rejec- 
ted [13]. Faustman et al. [2] suggested that such unrespon- 
siveness may result from the action of suppressor cells. The 
specifity of this tolerance was demonstrated by Lafferty 
and Prowse [ 12] as well as Lau et al. [ 14]. Lymphocyte from 
"tolerant" animals responded normally to donor alloanti- 
gen in vitro [ 1 ]. 

Pretreatment of rat kidney donor with 300 mg/kg cyclo- 
phosphamide on day -5  in addition with 1,000 rad total 
body irradiation on day - 2  which depleted nearly all inter- 
stitial dendritic cells, produced a dramatic prolongation in 
survival of DA recipients of AS kidneys. Graft function 
remained stable in all animals with few signs of rejection in 
the seven-day biopsies [17]. In the same way, the applica- 
tion of donor-specific alloantibodies raised against nylon 
adherent spleen lymphocytes significantly prolonged the 
survival time of F1 (BD IX x SD) kidneys in BD IX reci- 
pients [10]. 

These results in the kidney and pancreatic islet allograft 
model demonstrate an important in vivo role for donor 
dendritic cells in the stimulation of allograft rejection [3]. 
Our previous findings [21 ] that PUVA pretreatment prolon- 
ged kidney allograft survival could be explained by the 
alteration of those APCs. We have now shown a synergistic 
effect of PUVA pretreatment and posttransplant immuno- 
suppressive therapy with azathioprine and prednisolone, but 
without 100% success. Despite this, attempts to remove or 
deplete cells with a great potential to stimulate a dangerous 
anti-graft response may be of some clinical value. On the 
other hand, the induction of graft protecting effectors 
(suppressor cells and/or enhancing antibodies) by the PUVA- 
treated donor tissue seems to be an other or additional 
mechanism involved in this phenomenon. Preliminary data 
[22] with UVA- and PUVA-treated donor-specific blood 
transfusions (DST) prior to kidney allotransplantation sup- 
port this concept. The value of combined PUVA pretreat- 
ment and cyclosporin A application is under investigation. 

We think that these 3 approaches including PUVA donor 
kidney pretreatment, PUVA-treated DST, and combined 
PUVA pretreatment with following (temporary?) conven- 
tional immunosuppressive therapy (azathioprine, predniso- 
lone, cyclosporin A) are readily applicable to transplanta- 
tion of kidney allografts in other animals, and eventually in 
humans. However, it should be emphasized, that all of these 
systems show strain dependencies, and further work is re- 
quired to clarify the mechanisms responsible for indefinite 
graft survival. 

Acknowledgements. We wish to express our sincere gratitude to Mrs. 
H. Griitzner and Mrs. E. Hanisch for their excellent technical assistan- 
ce and to Prof. Dr. H. Meffert for valuable support of this study. 

References 

1. Agostino M, Prowse S J, Lafferty KJ (1983) Stabilization of 
islet aUografts by treatment of recipients with ultraviolet irra- 
diated donor spleen cells. Aust J Exp Biol Med Sci 61 :517-  
527 

2. Faustman D, Lacy P, Davie J, Hauptfeld V (1982) Prevention 
of allograft rejection by immunization with donor blood deplet- 
ed of Ia-bearing cells. Science 217:157-158 

3. Faustman D, Steinman RM, Gebel HM, Hauptfeld V, Davie J, 
Lacy P (1984) Prevention of rejection of murine islet aUografts 
by pretreatment with anti-dendritic cell antibody. Proc Natl 
Acad Sci USA 81:3864-3868 



24 

4. Fox IJ, Sy Ms, Benacermf B, Greene MI (1981) Impairement of 
antigen-presenting cell function by ultraviolet irradiation. Trans- 
plantation 31:262-265 

5. Groth J, Kaden J, Seholz D, Richter K, Mebel M (1981) Zur 
Dynamik humoraler und zellulS.rer Immunreaktivit/it nach 
LeichennierenaUotransplantation. Dtsch Gesundheitswes 36: 
297~301 

6. Hardy MA, Lau H, Weber C, Reemtsma K (1984) Pancreatic 
islet transplantation: induction of graft acceptance by ultravio- 
let irradiation of donor tissue. Ann Surg 200:441-450 

7. Hardy MA (1984) Prolongation of rat islet allografts with the 
use of ultraviolet irradiation, without immunosuppression. 
Transplant Proc 16:865-870 

8. Hardy MA, Lau H, Weber C, Reemtsma K (1984) Panreatic 
islet transplantation: immuno-alteration with ultraviolet irra- 
diation. World J Surg 8:207-213 

9. Kaden J, Groth J (1983) Zur Dynamik und diagnostisehen Wer- 
tigkeit der T-Lymphozytenzahl bei Patienten nach Nierentrans- 
plantation. I. Methodische Aspekte und Normalwerte bei ge- 
sunden Erwachsenen. Dtseh Gesundheitswes 38: 342-  347 

10. Kaden J, Groth J, Oesterwitz H, Schr6der K (1983) Passives 
Enhancement allogener Rattennierentmnsplantate durch Anti- 
k6rper gegen nylonadh/irente Milzlymphozyten. Z Urol Nephrol 
76:413-419 

11. Kaden J, Oesterwitz H, Groth J, Sehade R, Schneider W, 
Schr6der K (1984) Humorale Immunantwort, Konzentration 
ausgew~ihlter Serumproteine und Transplantathistologie nach 
aUogener Nierentransplantation bei Ratten. Z Urol Nephrol 
77:457-463 

12. Lafferty KJ, Ikowse SJ (1984) Theory and practice of immuno- 
regulation by tissue treatment prior to transplantation. World 
J Surg 8:187-197 

13. Lafferty KJ, Prowse SJ, Simeonovic CJ, Hegre O, Chase HP 
(1984) Current status of experimental islet transplantation. 
Transplant Proc 16:813-819 

14. Lau H, Reemtsma K, Hardy MA (1983) Pancreatic islet allo- 
graft prolongation by donor specific blood transfusions treated 
with ultraviolet irradiation. Science 221:754-755 

15. Lau H, Reemtsma K, Hardy MA (1984) Synergistic effect of 
direct ultraviolet irradiation and peritransplant cyclosporin 
A in prolonging rat islet allograft survival. Eur Surg Res 16:42 

16 Lau H, Reemtsma K, Hardy MA (1984) Prolongation of rat 
islet aUograft survival by direct ultraviolet irradiation of the 
graft. Science 223:607-609 

17. McKenzie JL, Beard MEJ, Hart DNJ (1984) Depletion of do- 
nor kidney dendritic cells prolongs graft survival. Transplant 
Proc 16:948-951 

18. Morison WL, Parrish JA, Woehler ME, Bloch KJ (1980) The 
influence of PUVA and UVB radiation on skin-graft survival 
in rabbits. J Invest Dermatol 75:331-333 

19. Morison WL, Parrish JA, Woehler ME, Krugler IJ, Bloch KJ 
(1981) Influence of PUVA and UVB radiation on delayed 
hypersensitivity in the guinea pig. J Invest Dermatol 76:485- 
488 

20. Oesterwitz H, Althaus P (1982) Orthotopic kidney transplan- 
tation in the rat with non-sphnted end-to-end ureteric anasto- 
mosis: details of a technique. Urol Res 10:149-152 

21. Oesterwitz H, Scholz D, Kaden J, Mebel M (1985) Prolonga- 
tion of rat renal allograft survival time by donor pretreatment 
with 8-methoxypsoralen and longwave ultraviolet irradiation of  
the graft (PUVA therapy). Urol Res (in press) 

22. Oesterwitz H, Kaden J, Scholz D, Mrochen H, Mebel M. Prolon- 
gation of rat renal allograft survival by a single donor specific 
blood transfusion treated with ultraviolet irradiation. (in prepa- 
ration) 

23. Winearls CG, Millard PR, Morris PJ (1978) Effect of azathio- 
prine and prednisolone on passive enhancement of rat renal 
allografts. Transplantation 25:229-234 

Dr. H. Oesterwitz 
Abteilung fiir Experimentelle Organtransplantation 
Bereich Medizin (Charit6) 
Humboldt-Universit~it 
Leninallee 49 
GDR-1017 Berlin 


