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Abstract The perfusion of human 
renal allografts with CD45-specific 
monoclonal antibodies (mAbs) may 
reduce their immunogenicity and 
the incidence Of rejection. we 
performed a safety study in 40 
patients receiving their first 
cadaveric renal transplant. Two 
milligrams each of the rat CD45 
specific mAbs YTH 24.5 and YTH 
54.12 were perfused into the grafts 
prior to transplantation. The 
patients were followed for 3 
months. No patient died, and four 
grafts were lost, three to vascular 
causes not considered to be related 
to antibody perfusion and one to 
severe rejection. Two patients 
developed an anti-rat antibody 
response. Immunohistological 
double-labelling performed on 
cortical biopsies taken post- 
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perfusion and prior to wound 
closure showed that at least 60% 
of the CD45+ cells were coated by 
perfused anti-CD45 (‘antibody 
uptake’). Among the patients 
studied for uptake and episodes of 
rejection, the incidence of rejection 
was 75% in 12 patients whose 
antibody uptake was < 95 YO 
compared with 22% in 18 patients 
with antibody uptake 2 95 % 
( P  = 0.01). We conclude that this 
treatment was free of adverse 
effects and that there is a correla- 
tion between the uptake of anti- 
body by passenger leucocytes and 
reduction in acute rejection 
episodes. 

Key words Kidney transplantation 
CD45 mAb . Multiceptre study 

immunogenicity and lower the incidence of rejection 
Introduction episodes. 
The presence of leucocytes within solid organ grafts 
(‘passenger leucocytes’) is well established; they include 
interstitial dendritic cells, which in the kidney are found in 
the intertubular spaces [I, 21. Depletion of donor dendri: 
tic cells can prolong allograft survival in animal models 
[3-71, and their injection into rat recipients with long- 
surviving renal allografts leads to rejection of this graft 
[8]. An effective and safe method of inactivating or 
eliminating these antigen-presenting cells within human 
allografts prior to transplantation may reduce graft 

All leucocytes express the CD45 antigen on their cell 
surface, and the perfusion of renal allografts with CD45- 
specific antibodies prior to transplantation is one method 
of targeting these cells and inhibiting their function. In a 
previous clinical study, the pretreatment of renal al- 
lografts with a combination of two rat CD45-specific 
monoclonal antibodies (mAbs) resulted in a significant 
lowering of the incidence of rejection [9]. The incidence of 
rejection was found to correlate inversely with the 
percentage of CD45+ cells which were labelled by 
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perfused antibody in post-perfusion biopsies [lo]. Previ- 
ous studies of anti-CD45 perfusion of pig kidneys have 
defined the perfusion conditions that optimize antibody 
uptake [I 13. 

The rat CD45-specific mAbs YTH 24.5 and YTH 
54.12, used in the above-quoted study, have since been 
produced from subclones free of myeloma light chain and 
purified from culture supernatant rather than ascites. 
This study set out to establish the safety of these 
antibodies for use in the pretreatment of kidneys prior to 
transplantation. Information was also collected on the 
efficacy of the perfusion technique in labelling the 
allograft’s CD45 + cells. 

Patients and methods 

Forty patients receiving their first renal graft from a cadaveric donor 
were recruited from the four participating centres. Patients were 
excluded if they were to receive ATG or ALG for prophylactic 
pretreatment, ensuring a predominantly unsensitized study group. 
Each centre treated their patients with their standard immunosup- 
pression protocol. Allograft rejection was diagnosed by biopsy. 
Follow-up lasted for 3 months post-transplantation. 

The CD45-specific mAbs YTH 24.5 and YTH 54.12 are both rat 
IgG2b and were initially isolated by Prof. H. Waldmann [12]. The 
antibodies used in this study were purified from culture supernatant 
using cell lines expressing a single light chain and heavy chain. A 2- 
mg sample of each mAb was diluted in 50 ml cold kidney perfusion 
solution (hypertonic citrate, Soltran, Baxter) and manually injected 
into the renal artery over 2.5 min while at the same time occluding 
the renal vein. The time from mAb perfusion to restoration of blood 
flow to the kidney was at least 45 min to allow time for the antibody 
to diffuse and bind to the CD45 + cells. Prior to wound closure. a 
wedge biopsy was taken for analysis of mAb uptake within the 
kidney. 

The uptake of perfused antibody by CD45+ cells was deter- 
mined immunohistologically by double immunolabelling of cryosec- 
tions. CD45+ cells coated with perfused antibody were stained red 
by rabbit anti-rat alkaline phosphatase conjugate and fast red 
substrate. Any remaining CD45 + cells in the section which were 
not coated with perfused antibody were stained brown-black by ap- 
plication of biotinylated anti-CD45, StreptABC-peroxidase com- 
plex and DAB-nickel substrate. The uptake of antibody was 
calculated as the proportion of the total number of CD45 + cells in 
the biopsy which were labelled with the perfused antibody and 
expressed as a percentage of the CD45 + cells. Serum samples taken 
before transplantation and at regular intervals afterwards were 
tested by two sandwich ELISAs, using either YTH 24.5 or YTH 
54.12 as the solid phase, to determine whether patients developed an 
anti-rat antibody response to the perfused monoclonals. 

For comparison of major adverse events, i.e. death and graft 
loss, data were retrospectively collected on the most recent trans- 
plant patients from each centre who had not been perfused with 
CD45-specific mAbs, but who met the same inclusion and exclusion 
criteria as the study group. The number of these patients from each 
centre equalled the number of patients from that centre treated with 
anti-CD45 therapy. 

Results 

The 40 patients were recruited between April and August 
1992. Twenty-six were male, and the mean age was 43 
years (range 19-64). The median number of MHC 
mismatches was 2.5. Thirty-eight patients (95%) had a 
panel reactivity of 5 20 O h .  The median incubation time 
of the antibody within the kidney (time from mAb 
perfusion to release of arterial clamp) was 94 min (range 
52-425 min). The median time from restoration of blood 
flow to the allograft and renal biopsy was 29 rnin (range 
6-85). There were no deaths in the study group, but two 
in the historical group (difference not significant). Four 
grafts were lost in the study group, three from vascular 
causes: one from a renal artery thrombosis on day 1, cause 
uncertain; one from a kidney that failed to perfuse at the 
time of transplantation, which was found on histology 
thrombosis that developed on day 11 as a result of an 
occluding surgical ligature. The fourth graft was lost due 
to unremitting cellular and vascular rejection (though the 
patient was considered too frail to receive OKT3 anti- 
body therapy). By comparison, three grafts were lost 
within the first 3 months post-transplantation in the 
control group, all from arterial thromboses. 

Ten of the 38 patients without primary non-function 
(26.3%) had delayed graft function. The incidence and 
types of infections encountered in the study group were 
unremarkable. 

Two patients were positive for anti-rat antibodies, one 
of whom was positive pretransplant. In both patients the 
response was isotype- but not idiotype-specific. 

Biopsies from 33 patients were evaluable by immuno- 
histology for antibody uptake. In two patients no post- 
transplant biopsy was taken and in five the biopsy was 
considered too small for analysis (< 4 high power fields). 
In all cases the uptake was greater than 60%, and the 
median percentage uptake of perfused mAb I by the 
CD45+ cells was 96.4%. 

No endothelial binding of perfksed CD45-specific 
mAb was detected in any of the biopsies. Sixteen patients 
(40 O h )  had at least one episode of allograft rejection, but 
only one graft was lost in the process. The data were 
analysed to see whether the uptake of perfused antibody 

Table 1 MAb uptake and allograft rejection 

Group Rejection 

High uptake (2 95.00/,) 
Low uptake (< 95.0 %) 
Total 13/30 (43.3 Yo) 

4/18 (22%) 
9/12 (75 %) 

* P = 0.001 (Fischer’s exact test) 
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correlated with subsequent allograft rejection. Of the 33 
patients with satisfactory biopsies, the three patients with 
early technical graft failures were excluded from this 
analysis, leaving 30 evaluable patients. These patients 
were divided into two groups according to whether the 
mAb uptake was < 95 YO (the “low-uptake’’ group) or 
2 95.0 YO (the “high-uptake” group). The incidence of 
rejection was significantly lower in the high-uptake group 
compared with the low-uptake group (see Table 1) .  

Discussion 

Whilst the ex vivo perfusion of renal allografts with 
mAbs to CD45 is a relatively new technique, we experien- 
ced no adverse events attributable to the perfusion. The 
incidence of renal artery thrombosis (2/40 patients or 
5%) was similar to that in the control group, and the 
incidence of delayed graft function (26.3 YO) accords with 
that seen in other large-scale studies involving renal 
allotransplantation [13, 141. 

Although the uptake of the perfused antibodies by 
CD45f cells was nearly complete (2  95%) in the 

majority of biopsies, in a significant proportion the 
uptake was suboptimal. The reasons for this are unclear. 
Further modifications of the perfusion protocol may be 
required to ensure that mAb uptake is at least 95 % in the 
maximum number of kidneys. The inverse relationship 
between antibody uptake and the incidence of rejection 
was striking and accords with the findings of a previous 
study [lo]. While it is conceivable that some unknown 
parameter may influence both mAb uptake and rejection, 
the findings are consistent with the hypothesis that 
passenger leucocytes are immunogenic, and their elimina- 
tion or inactivation may lessen the incidence of rejection. 

The proportion of patients developing anti-rat anti- 
bodies was as low as that seen in a previous study of anti- 
CD45 pretreatment [15]. This is most likely due to the low 
total does of xeno-antibody delivered to the patient. 
Consequently, the subsequent use of other murine anti- 
bodies to treat patients who have received anti-CD45 
pretreated kidneys should not be compromised. 

Having demonstrated the safety of this therapy, a 
larger-scale placebo-controlled trial is now required to 
determine its efficacy. 
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