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The clinical significance of post- 
transplantation non-HLA antibodies in 
renal transplantation 

- Abstract This study was undertak- 
1994 en to examine the clinical relevance 

of antibodies detected in the sera of 
patients following renal transplanta- 
tion. The sera from 23 transplant re- 
cipients with acute rejection and 10 
transplant recipients with diagnosed 
chronic rejection were tested against 
various epithelial, monocyte and 
endothelial cell lines (A549, HTB44, 
primary renal epithelial, U937 and 
Ea-hy 926). The test used for de- 
tecting binding antibodies was a 
simple, indirect immunofluores- 
cence flow cytometric technique. 
The level of IgG antibodies directed 
against the test cell lines was exam- 
ined in the sera of patients with mild 
or severe rejection and compared to 
those of patients showing no signs of 
rejection. Patients with chronic re- 
jection were found to have increased 

levels of antibodies (IgG and IgM) 
when compared to patients with ei- 
ther end-stage renal failure or pa- 
tients with stable post-transplant re- 
nal function. Antibodies detected by 
the present technique were directed 
against antigens found on all cell 
lines tested, and immunoblotting in- 
dicated that they were directed 
against non-HLA antigens. In con- 
clusion, monitoring for the presence 
of such antibodies may provide a 
valuable prognostic indicator of 
graft rejection in renal transplant 
patients. 

Key words Renal transplantation, 
post-transplantation non-HLA 
antibodies . Non-HLA antibodies, 
renal transplantation . Rejection, 
renal transplantation, non-HLA 
antibodies 

Introduction 

It is well recognised that pre-existing antibodies to allo- 
antigens encoded by the major histocompatibility com- 
plex (MHC) loci are detrimental to the survival of hu- 
man kidney allografts [9, 221. Various reports have 
shown that these antibodies can be detected either with 
the standard lymphocytotoxic crossmatch test [13, 21, 
291 or, more recently, with the more sensitive method 
of the FACS crossmatch [6,7, 11, 15,271. 

In the investigation of such antibodies, different 
specificities have been identified. The presence of anti- 
bodies to the MHC is strongly associated with rejection 
[8].  Some reports have also shown a correlation be- 
tween the presence of antibodies in the pre- and post- 

transplant sera to non-MHC targets such as endothelial 
and/or monocyte antigens [2-5,23,24], kidney cell anti- 
gens [MI, epithelial cell antigens using either donor skin 
[19,20], cultured cells or hybridomas of endothelia-epi- 
thelial cell lines such as EA-hy or A549 cell lines alone 
[12,16] and poor graft function. 

In a previous report we have shown that there is a sig- 
nificant correlation between the presence of antibodies 
directed against donor lymphocytes and severe acute re- 
jection episodes [l]. In order to investigate the role of 
non-HLA antibodies against epithelial, endothelial and 
monocyte antigens and their role in the rejection pro- 
cess, we have examined the presence of these antibod- 
ies in renal transplant recipients who have shown mild, 
severe and chronic rejection episodes. 
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Materials and methods 
Patient groups 

Samples of sera were collected from renal transplant recipients se- 
lected at random prior to, and at daily intervals for the first 3 weeks 
after, transplantation. None of the patients showed any donor lym- 
phocyte-directed antibodies as detected by either the cytotoxic or 
flow cytometric crossmatch test. None of the patients had viral ill- 
ness including cytomegalovirus following transplantation. The 
blood samples that were used were taken as part of the routine 
venesection and for routine clinical analysis. This therefore com- 
plied with the ethical standards laid down in the 1964 Declaration 
of Helsinki. 

Patients were divided into different groups according to the se- 
verity and type of rejection that occurred after transplantation: 
1. Recipients with no evidence of rejection. The kidney showed ex- 
cellent function and no increased immunosuppression was re- 
quired (n = 7). 
2. Recipients with moderate or severe rejection. All patients in this 
group had either one or more rejection episodes and the renal 
biopsy showed either moderate or severe cellular rejection. All of 
these recipients were treated with supplementary antirejection 
medication (n  = 16). 
3. Recipients with chronic rejection. All patients had biopsy-pro- 
ven chronic rejection for at least 2 years post-transplantation 
(n = 10). 
4. Recipients with stable function. Patients in this group had no 
clinical rejection for at least 2 years post-transplantation (n = 10). 
5. Patients with end-stage renal failure who did not undergo trans- 
plantation during the period of the study (n = 10). 

The samples of sera were stored at -20°C until used. 

Cell lines 

Four cryopreserved cell lines were used as targets: 

A549 (A TCC) 

AS49 is a permanent tumour epithelial cell line initiated from a hu- 
man alveolar cell carcinoma. The cells were maintained as a mono- 
layer culture in a 7S-cm2 culture flask in RPMI-1640 (Northumbria 
Biologicals, Cramlington, UK) with 10 % heat-inactivated foetal 
calf serum (FCS; Gibco, Paisley, UK) containing 4 mM glutamine 
(Northumbria (Biologicals), penicillin (100 U/ml; Sigma Chemi- 
cal, Dorest, UK), ampicilin (100 pg/ml) and streptomycin (100 pg/ 
ml; Sigma). Cultures were incubated at 37°C. The cell cultures 
were split in the ratio of 1:3 using trypsin-EDTA (Northumbria 
Biologicals). 

HTB44 (ATCC) 

This is a permanent cell line derived from a human renal carcino- 
ma. The cells were cultured as a monolayer in a 75-cm2 flask in Ea- 
gle’s Minimum Essential Medium (MEM) with nonessential amino 
acids (Northumbria Biologicals), sodium pyruvate (Northumbria 
Biologicals) and 10 YO heat-inactivated FCS, penicillin (100 Uiml), 
streptomycin (100 pg/ml), ampicillin (100 pg/ml), and 4 mM gluta- 
mine. Cell cultures were split in a ratio of 1:3 using trypsin-EDTA. 

U937 (ATCC) 

U937 was established from malignant cells obtained from the 
pleural effusion of a male patient with diffuse histiocytic lympho- 
ma. This permanent cell line is one of only a few human cell lines 
expressing monocyte-like antigenic characteristics. The cells were 
grown in non-adherent form in a vertical 7S-cm2 culture flask in 
RPMI 1640 with 10 YO heat-inactivated FCS containing 4 mM glu- 
tamine, penicillin (100 U/ml), ampicillin (100 pgiml) and strepto- 
mycin (100 pg/ml). 

EA-hy 926 

This human cell line was derived by fushing endothelial cells de- 
rived from human umbilical vein endothelial cells with the human 
cell line A549. It served as both an epithelial and endothelial cell 
target. This cell line has the characteristics of endothelial cells 
whilst expressing the same antigenic determinant as epithelial 
cells. The cells were cultured as a monolayer in a 75-cm2 flask in 
Dulbeccos Modified Eagles Medium (DMEM) with 4.5 g glucose 
(Gibco), 10 YO heat-inactivated FCS, penicillin (100 Uiml), strepto- 
mycin (100 pg/ml), ampicillin (100 pg/ml), 4 mM glutamine and 
HAT supplement (Gibco). Cell cultures were split in a ratio of 1:3 
using trypsin-EDTA. 

Primary renal epithelial cells 

These cells were cultured using the method described by Kirby et 
al. [14]. 

Mycoplasma testing 

All cell lines used in this study were tested for the presence of My-  
coplasma infection. Boehringer’s enzyme immunoassay was per- 
formed using the protocol of the Mycoplasma Detection Kit 
(Boehringer Mannheim, Sussex, UK). All of the cell lines that 
were tested by this technique were found to be free of Mycoplas- 
ma  infection. 

The single-colour binding flow cytometer assay against cell lines 

This assay was used to determine the binding of antidonor antibod- 
ies to the tested cell line. Fifty microlitres of cultured cells (1 x lo5) 
was incubated with 5Opl of recipient sera for 20min at 37°C. 
Pooled AB sera from five different normal males who had not 
been transfused were used as controls. The cells were then washed 
using a cell washer (Ross Laboratories, UK). Fifty microlitres of 
1:40 goat F(ab’), FITC-conjugated anti-human IgG (Sigma) or 
IgM (Caltag Laboratories, San Francisco, Calif., USA) was added 
to detect the class of antibodies and the mixture was incubated for 
20 min at 37 “C. The cells were then washed using the cell washer 
and resuspended in 200 pl of Isoton I1 (Coulter Electronics, UK). 
The cells were analysed using the FACScan (Becton Dickinson, Ox- 
ford, UK) flow cytometer. To determine the percentage of dead 
cells, 5 pl of propidium iodide (PI) was added before the analysis. 

The results were analysed using Lysys I1 software. The cells 
were gated by forward scatter (FSC) and side scatter (SSC) para- 
meters. Dead cells were omitted from the analysis by gating out 
those labelled by PI. The intensity of fluoresceine fluorescence 
was determined and the results were expressed as a ratio “relative 
median fluorescence” (RMF) and calculated as follows: 
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Table 1 Comparison between the relative median fluorescence (RMF) values for IgG and IgM antibodies directed to the various cell 
lines tested on pre-transplantation sera. P value using Mann-Whitney rank test 

Type of cells IgG 

No rejection (7) Rejection (16) 

Mean Range Mean Range P 

IgM 
No rejection (7) Rejection (16) 

Mean Range Mean Range P 

A549 1.001 0.7-1.3 0.85 0.85-8.3 0.09 
HTB 44 0.88 0.6-1.22 1.3 0.5-2.5 0.06 
u937 0.87 0.7-1.4 1.03 0.4-1.8 0.06 
EA-hy 1.1 0.7-1.8 1.9 0.55-8.5 0.09 

epithelial 1.3 0.8-2.3 1.64 0.65-4.98 0.8 
Primary renal 

0.92 0.7-1.3 0.92 0.42-1.4 0.8 
0.88 0.6-1.3 0.94 0.5-1.44 0.7 
0.85 0.42-1.2 1.03 0.6-1.5 0.2 
0.95 0.7-1.1 0.9 0.55-1.4 0.8 

1.1 0.8-2.63 1.01 0.5-2.1 0.8 

Median channel of gated fluoresceine fluorescence of test serum 
Median channel of gated fluoresceine fluorescence of 
control AB sera 

Class I and I1 determination of the various cell lines 

The class I and class I1 antigen expression of the various cell lines 
was determined using the following method. Cells were pelleted 
at a concentration of 1 x 105-1 x lo6, and 50 pl of the primary anti- 
bodies - either 1/20 of mouse anti-human class I (kindly donated 
by Dr 3.Kirby) or 1/50 of mouse anti-human class11 (Dako, 
Bucks, UK) - was added and incubated for 20-30min at 4°C; 
they were then washed using the cell washer. Then, 100-pl aliquots 
of secondary antibody, 1/40 of goat anti-mouse Ig FITC-conjugated 
(Becton Dickinson), was added. These were then incubated for 
30 min at 4°C. The cells were washed and 200 p1 of Isoton I1 
(Coulter Electronics) was added. The cells were analysed with the 
FACScan using the appropriate settings for each cell ine. 

Immunoblotting assay 

In an attempt to identify the target antigen detected by the anti- 
bodies, immunoblotting assays were carried out using the method 
of Dunn et al. [lo]. In this method, cell lysis from the various cell 
Lines was performed. Briefly, protein extracts from the various cell 
lines were electrophoretically separated using the sodium dodoe- 
cy1 sulphate polyacrylamide gel electrophoresis technique on 
12 % SDS PAGE gel. Normal human lymphocytes were used as a 
positive control for class I and class I1 antigens. Proteins were 
electrophoretically transferred onto nitrocellulose. Nitrocellulose 
strips with the separated proteins were incubated with blocking re- 
agent for non-specific binding. Strips were then incubated with 
15 different sera from patients with either acute rejection or chron- 
ic rejection showing a high RMF value with the FACS. Sera from 
AB-type normal adult volunteers were used as controls. The class I 
and class I1 antigens were identified by incubating the nitrocellu- 
lose strip with either monoclonal mouse anti-humanclass I or 
mouse anti-human class11 antibodies (Dako) a t  a dilution of 
1:100. The strips were washed and then incubated with peroxi- 
dase-conjugated goat anti-mouse IgG or IgM (Dako) at a dilution 
of 1:lOOO. The strips were washed and the reaction visualised with 
an enhanced chemiluminescence (ECL) detection reagent 
(Amersham International, Aylesbury, UK). Strips were exposed 
to Hyperfilm ECL for 2-3 min and then developed with an auto- 
mated radiograph developer. 

Statistical analysis 

Statistical analysis of results was performed using Fischer’s exact 
test or the Mann-Whitney test, as appropriate [17]. 

Results 

Of the 23 patients who were studied in the 1st month 
after transplantation, 7 had no signs of rejection and 16 
had either mild rejection with one rejection episode or 
severe rejection with more than one rejection episode. 

To determine the presence of IgG or IgM antibodies 
in the pre-transplant period in patients with acute rejec- 
tion, pre-transplant sera were obtained from those pa- 
tients and tested against the various cell lines. Results 
are summarised in Table 1. As can be seen, there was 
no association between the presence of IgG or IgM anti- 
bodies to the cell lines and rejection. To determine the 
presence of antibodies in the post-transplant period, 
the mean RMF values for IgG and IgM antibodies 
were calculated; these are shown in Table2. With re- 
gard to the A549 cell line, out of seven patients with no 
rejection episode, only one showed a positive reaction 
to A549, and no significant differences were observed 
when compared to patients in the rejection group 
( P  = 0.6). However, the other cell lines showed highly 
significant differences between the non-rejecting and 
rejecting groups ( P  = 0.00045, 0.0012, 0.01 and 0.0075 
with HTB 44, U937, primary renal epithelial and EA- 
hy cell lines, respectively). 

In contrast to IgG, low RMF values were observed 
for IgM in all of the cell lines, and there were no signifi- 
cant differences between the rejecting and non-reject- 
ing groups of patients (Table2). In all patients with 
acute rejection, the first occurrence of IgG antibodies 
was compared to the onset of rejection. There was no 
clear correlation between the detection of antibodies 
and the onset of clinical rejection. 

In order to study the presence of IgG and IgM anti- 
bodies in patients with chronic rejection, sera from 
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Table 2 Comparison between the relative median fluorescence (RMF) values for IgG and IgM antibodies directed to the various cell 
lines tested in the immediate post-transplantation perioda for renal recipients. P value using Mann-Whitney rank test 

Type of cells IgG 

No rejection (7) Rejection (16) 

Mean Range Mean Range P 

A549 15.1 0.9-2.3 1.95 0.9-8.7 0.6 
HTB 44 0.98 0.9-1.2 3.8 0.9-3.7 0.00045 
u937 1.14 0.6-2.15 2.83 0.99-3.4 0.0012 
EA-hy 0.95 1.00-5.3 2.5 0.98-7.93 0.0075 
Primary renal 
epithelial 1.1 0.944.2 1.9 0.95-5.7 0.01 

IgM 
No rejection (7) Rejection (16) 

Mean Range Mean Range P 

1.7 0.9-4.7 0.9 0.55-1.3 0.27 
1.01 0.82-1.3 1.05 0.7-1.71 0.94 
1.2 0.82-1.73 1.1 0.6-1.6 0.55 
0.95 0.5-1.3 0.95 0.6-1.2 0.9 

1.3 0.8-2.1 1.24 0.6-1.7 0.5 

a During hospital stay (14-20 days) 

Table 3 Comparison between the positive relative median fluorescence (RMF) values for IgG antibodies directed to the various cell 
lines tested in long-term renal transplant recipients 

Patient group Type of cells 

A549 EA-hy HTB44 u937 

Chronic rejection Number of positive values 7110 7110 10110 8110 
Mean (SD) 7.31 (3.7) 4.8 (2.3) 8.54 (2.3) 19.23 (9.3) 
Range 3.21-10.97 2.8-9.25 7.2-12.7 7.8-35.1 

Mean (SD) 2.8 (1.3) 2.7 (0.2) 3.4 (0.7) 7.62 (1.75) 
Renal failure Number of positive values 2110 0110 1110 3110 

Range 1.95-5.6 2.6-3.2 2.5-4.8 5.5-10.15 
Stable renal function Number of positive values 1/10 0110 0110 1/10 

Mean (SD) 3.32 (0.6) 2.2 (0.4) 3.33 (0.5) 5.7 (2.1) 
Range 2.9-4.6 1.7-2.94 2.54.1 3.5-9.8 

1 vs2 0.02 0.0005 0.0001 0.07 
1 vs 3 0.021 0.03 0.015 0.006 
2 vs 3 0.99 0.141 0.5 0.58 

chronically rejecting patients were tested against the 
cell lines and compared to patients with either end- 
stage renal failure or stable renal function after trans- 
plantation. The results showed that most of the patients 
with chronic rejection had detectable IgG or IgM to 
the cell lines. IgM antibodies to epithelial cells were ob- 
served to be significantly increased in those with chronic 
rejection when compared with those patients with end- 
stage renal failure or stable transplanted patients (Ta- 
bles 3,4). 

In order to identify the target of the detectable anti- 
bodies, the surface concentration of class I and class I1 
antigens was determined for each cell line (Fig.1). As 
can be seen, the cell lines had a higher expression of 
class I than class 11. The results were then reanalysed to 
determine whether or not the cell lines had their MHC 
in common with the respective donor MHC (Table 5) .  
In patients with no rejection, at least one shared antigen 
was found in 29 YO of cases with A549 and renal epithe- 
lial cell lines. In contrast, with the HTB44 and U937 
cell lines, only 14 YO (1/7) had common antigens, and no 
common antigens were observed with EA-hy cell lines. 

In patients with mild or severe rejection, with regard to 
A549 and U937, higher percentages of common anti- 
gens were observed: 44 % (7/16) and 25 YO (4/16), re- 
spectively. In contrast, with HTB44, only 6.3 % had com- 
mon antigens, and no common antigens were observed 
with EA-hy and renal epithelial cells. These results indi- 
cate that common HLA antigens of class I between the 
cell lines and donor cells had no direct correlation with 
the level of antibodies towards the cell lines examined. 

Reactivity of monoclonal antibodies to class I and 
class I1 on normal human lymphocytes showed that a 
45 kDa protein was identified to be class I and a 
33 kDa protein was identified to be class I1 (Fig.2). In 
identifying the target molecule to which the recipient 
antibodies were directed, electrophoresis results re- 
vealed that no bands of reactivity were detected against 
protein bands of the same molecular weight of either 
class I or classII. This pattern was found to be the 
same in recipients with either acute or chronic rejec- 
tion. A typical example is illustrated in Fig. 2: nitrocellu- 
lose paper probed with serum derived from a recipient 
with severe acute rejection. 
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Table 4 Comparison between the positive relative median fluorescence (RMF) values for IgM antibodies direct to the various cell lines 
tested inlong-term renal transplant recipients 
Patient group Type of cells 

A549 EA-hv HTB44 u937 

Chronic rejection Number of positive values 
Mean (SD) 
Range 
Number of positive values 
Mean (SD) 
Range 
Number of positive values 
Mean (SD) 
Range 

Renal failure 

Stable renal function 

7/10 
10.12 (10.3) 
3.12-38.2 
0110 
3.81 (0.8) 
2.8-5.1 
2/10 
6.23 (3.6) 
2.76-15.2 

9/10 
4.5 (1.2) 
2.5-6 
1/10 
3.04 (0.3) 
2.6-3.6 
3/10 
5.5 (5.6) 
2.6-19.8 

8/10 
13.5 (3.6) 
7.8-18.6 
1/10 
7.3 (4.1) 
4.5-17.91 
3/10 
10.45 (2.7) 
7.3-15.7 

4/10 
5.34 (1.6) 
3.5-7.9 
5/10 
8.9 (2.9) 
5.26-1 5 
1/10 
4.42 (2.1) 
2.9-10.18 

1 vs 2 
1 vs 3 
2 vs 3 

0.6 0.001 0.006 1 .OO 
0.07 0.02 0.07 0.3 
0.99 0.582 0.582 0.141 

Table 5 The relationship between the common HLA type of do- 
nors and the cell lines tested and the status of the rejection in the 
immediate post-transplant period 
Type of cells No rejection (7) Rejection (16) 

None Common None Common 

AS49 5 2 9 7 
HTB 44 6 1 1s 1 
u937 6 1 12 4 

Primary renal 
EA-hy 7 0 15 1 

epithelial 5 2 16 0 

Discussion 

Despite the improvement in renal transplantation dur- 
ing the last few years [28], renal recipients still show a 
high number of rejection episodes, graft failure from 
vascular rejection still occurs, and chronic rejection re- 
mains the main problem in long-term allograft survival. 
Several reports have shown an association between the 
detection of anti-EC (endothelial cell) or anti-EM (en- 
dothelial monocyte) antibodies in renal transplant re- 
cipients and rejection [2,4, 2.51. By using a highly sensi- 
tive flow cytometric method, we have also been able to 
detect these antibodies using non-donor-specific cell 
lines. Paul et al. [25] showed that specific antigens on en- 
dothelial monocytes were the targets of circulating anti- 
bodies in the sera of graft failure patients, and the as- 
sumption made was that specificity was directed 
against class 11. However, the present study has failed 
to identify any anti-class I1 activity. 

The target antigens detected in this study using an 
immunoblotting assay on the cell lines showed that 
there were shared antigens between all cell lines tested 
that may be linked to HLA antigens, although they 

Fig.1 Expression of class I and class I1 antigens of the cell lines 
tested 

were not HLA antigens. These antibodies may damage 
endothelial and epithelial cells in the grafted kidney by 
either complement-mediated mechanisms or antibody- 
dependent cytotoxicity. 

The results of the present study indicate that antibod- 
ies were detected in the post-transplant period directed 
against non-HLA antigens that were not detectable by 
standard tissue typing techniques. IgG was found in the 
sera of patients with acute rejection and IgG and IgM 
in the sera of patients with chronic rejection. The meth- 
od appeared to be suitable for monitoring the develop- 
ment of rejection in the post-transplant period. The 
question arises as to whether these antibodies are an in- 
cidental product of rejection or whether they contribute 
to the rejection in any way. Unfortunately, as yet there is 
no way of knowning this. 
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Fig.2 Immunoblot analysis to determine the specificity of sera 
from renal transplant patients. Strips 1-3: EA-hy 926 cell lines 
were probed with healthy volunteer male serum. Strips 4-8: The 
same cells were probed with five different sera from severely 
acute rejecting recipients. Strip 9: Normal lymphocyte cells were 
probed with monoclonal antibodies to class I and class I1 antigens 
as a molecular weight marker. The scale at the left indicates mole- 
cular weight x 103 kDa. Note that no band of the same molecular 
weight of either class I or class I1 was detected 

In the present study, analysis of specificity of anti- 
bodies, using the immunoblotting method, proved that 
only IgG antibodies were found to the cell lines and 
were not directed to class I and class I1 antigens. The 
precise nature of the specificity of such non-MHC anti- 
bodies is currently being examined. Our preliminary re- 
sults suggest that antibodies detected in the post-trans- 
plant period are directed against different targets. The 
possibility that there may be crossreaction between 
HLA antigens and cell lines cannot be excluded. Work 
by Schook et al. [26] has shown that antibodies may re- 
act against monocyte-endothelial cell antigens and not 
with class I and class I1 antigens. This suggests that sera 
may recognize different determinant on the cell surface 
to MHC antigens. 

In summary, in the present study we were able to de- 
tect antibodies in the sera of patients undergoing acute 
or chronic rejection that were directed to antigens ex- 
pressed on endothelial, monocytes and epithelial cel 
lines. These were not directed against class I or class I1 
MHC antigens. The presence of these antibodies was 
found to correlate with acute and chronic rejection 
and, thus, non-MHC antigens may serve as targets in 
both the early and late humoral immune response to re- 
nal allografts. 

Acknowledgements The authors would like to thank Mrs. W. Ball 
for her technical assistance, Mr. H.Pleass for providing some of 
the sera from the chronically rejecting patients and Dr. Peter Kel- 
ly of the Department of Medical Statistics for helping in the analy- 
sis of this study. The tissue typing of all of the cell lines was kindly 
done by the United Kingdom Transplant Support Service Authori- 
ty. This work was supported by a grant from the King Faisal Specia- 
list Hospital and Research Centre and from The Ministry of High- 
er Education in Saudi Arabia. 

1. Al-Hussien KA, Shenton BK, Bell A, 
Talbot D, Clark K, Rigg K, Forsythe J, 
Proud J, Taylor RMR (1994) Charac- 
terization of donor-directed antibody 
class in the post-transplant period using 
flow cytometry in renal transplantation. 
Transpl Int 7: 182-189 

2. Brasile L, Clarke J, Abrams A, Cerilli J 
(1989) Risk factor in the development 
of antibodies to vascular endothelial 
cells. Transplant Proc 21: 716-717 

3. Cerilli J, Brasile L, Galouzis T, De- 
Francis MB (1981) Clinical significance 
of anti-monocyte antibody in kidney 
transplant recipients. Transplantation 
32: 49.5-497 

4. Cerilli J, Brasile L, Galouzis T, Lampert 
N, Clarke J (198.5) The vascular endo- 
thelial cell antigens system. Transplan- 
tation 39: 286-289 

5. Cerilli J, Clarke J, Doolin T, Cerilli G, 
Brasile L (1988) The significance of a 
donor-specific vessel crossmatch in re- 
nal transplantation. Transplantation 46: 
359-362 

6. Chapman JR, Deierhoi MH, Carter NP, 
Ting A, Morris PJ (1985) Analysis of 
flow cytometry and cytotoxicity cross- 
matches in renal transplantation. 
Transplant Proc 17: 2480-2481 

7. Cinti P, Bachetoni A, Trovati A, Ber- 
loco P, Pretagostini R, Poli L, Molajoni 
E,  Cortesini R (1991) Clinical relevance 
of donor-specific IgG determination by 
FACS analysis in renal transplantation. 
Transplant Proc 23: 1297-1299 

8. Claas F, Schreuder I, Persijn G, Rood J 
van (1993) HLA and ABO matching in 
clinical renal transplantation. In: 
Thompson A, Catto G (eds) Immunol- 
ogy of renal transplantation. Edward 
Arnold, London, pp 177-187 

9. Dejelo CL, William TC (1977) B-cell 
cross-match in renal transplantation. 
Lancet 11: 241 



220 

10. Dunn MJ, Crisp SJ, Rose ML, Taylor 
PM, Yacoub MH (1992) Anti-endothe- 
lial antibodies and coronary artery dis- 
ease after cardiac transplantation. Lan- 
cet 339: 1566-1570 

gos M, Perkins H, Colombe B, Feduska 
N, Salavatierra 0 (1983) Flow cytome- 
try analysis: a high technology cross- 
match technique facilitating transplan- 
tation. Transplant Proc 15: 1939-1944 

12. Harmer AW, Haskard D, Koffman C, 
Welsh KI (1990) Novel antibodies asso- 
ciated with unexplained loss of renal 
allografts. Transpl Int 3: 66-69 

(1972) Detection of alloantibodies us- 
ing a sensitive antiglobulin microcyto- 
toxicity test: identification of low levels 
of pre-formed antibodies in accelerated 
allograft rejection. Tissue Antigens 2: 
215-226 

14. Kirby JA, Givan AL, Shenton BK, Tal- 
bot D, Frosythe JL, Lennard T, Proud 
G, Taylor RMR (1990) Renal allograft 
rejection. Possible involvement of anti- 
body-dependent cell-mediated cyto- 
toxicity. Transplantation 50: 225-229 

15. Lazda VA, Pollak R, Mozes MF, Jonas- 
son 0 (1988) The relationship between 
flow cytometer crossmatch results and 
subsequent rejection episodes in cada- 
ver renal allograft recipients. Trans- 
plantation 45: 562-565 

11. Garovoy MR, Rheinschmidt MA, Bi- 

13. Johnson AH, Rossen R, Butler WT 

16. Martin S, Brenchley PE, Postlethwaite 
RJ, Johnson RW, Dyer PA (1991) De- 
tection of anti-epithelial cell antibodies 
in association with paediatric renal 
transplant failure using a novel micro- 
cytotoxicity assay. Tissue Antigens 37: 
152-155 

17. Mathews J, Altman D, Campbell M, 
Royston P (1990) Analysis of serial 
measurements in medical research. 

18. Mohanakumar T, Waldrep JC, Phibbs 
M, Mendez-Picon G, Kaplan AM, Lee 
HM (1982) Serological characterization 
of antibodies eluted from chronically 
rejected human renal allografts. Trans- 
plantation 32: 61-66 

(1989) Prediction of early kidney trans- 
plant rejection by a crossmatch with 
donor skin. Transplantation 48: 951-952 

20. Moraes JR, Moraes ME, Luo Y, Stastny 
P (1991) Alloantibodies against epider- 
mis and early kidney transplant rejec- 
tion. Transplantation 51: 370-373 

21. Pate1 R, Terasaki P (1969) Significance 
of the positive crossmatch test in kidney 
transplantation. N Engl J Med 280: 735- 
739 

22. Paul LC, Es LAvan, Riviere GB de La, 
Eernisse G, DeGraeff J (1978) Blood 
group B antigen on renal endothelium 
as the target for rejection in an ABO-in- 
compatible recipient. Transplantation 

BMJ 300: 230-235 

19. Moraes JR, Pettaway C, Stastny P 

2 6  268-271 

23. Paul LC, Claas FH, Es LA van, Kalff 
MW, DeGraeff J (1979) Accelerated 
rejection of a renal allograft associated 
with pretransplantation antibodies di- 
rected against donor antigens on endo- 
thelium and monocytes. N Engl J Med 
300: 1258-1260 

24. Paul LC, Es LAvan, Fleuren G (1979) 
Antibodies directed against antigens on 
the endothelium of peritubular capil- 
laries in patients with rejecting renal 
allografts. Transplantation 27: 175-179 

25. Paul LC, Baldwin W, Es LA van (1985) 
Vascular endothelial alloantigens in re- 
nal transplantation. Transplantation 4 0  

26. Schook LB, Wood N, Mohanakumar T 
(1987) Identification of human vascular 
endothelial cell/monocyte antigenic 
system using monoclonal antibodies. 
Transplantation 44: 412-416 

27. Talbot D, Givan AL, Shenton BK, 
Stratton A, Proud G, Taylor RMR 
(1989) The relevance of a more sensi- 
tive crossmatch assay to renal trans- 
plantation. Transplantation 47: 552-555 

28. Terasaki P, Mickey MR, Iwaki Y, Cic- 
ciaralli J, Cecka M, Cook D, Yuge J 
(1989) Long-term survival of kidney 
grafts. Transplant Proc 21: 615 

29. Williams G, Hume D, Hudson R, Mor- 
ris P, Kano K, Milgrom F (1968) “Hy- 
peracute” renal-homograft rejection in 
man. N Engl J Med 279: 611-618 

117-123 




