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Long-term evaluation of proliferative donor 
antigen-specif ic reactivity in cadaveric 
kidney transplant recipients 

Abstract Development of donor- 
specific proliferative hyporeactivity 
has been evaluated in many studies 
for its usefulness in identifying 
transplant recipients at low risk of 
immunological complications. 
These studies often result in contro- 
versial conclusions, however. The 
authors claim that the discrepancy in 
the predictive value of mixed lym- 
phocyte culture- (MLC) reactivity 
might partly be due to differences in 
presentation and interpretation of 
results. The purpose of this study is 
to investigate the usefulness of a 
normalized evaluation of antigen- 
specific donor-reactivity in a small 
number of kidney transplant recipi- 
ents. This could then serve as a basis 
for an extended clinical study. Ten 
cadaveric kidney recipients were 
tested for proliferative reactivity to 
donor- and third-party antigens up 
to 20 months posttransplantation. 
Expressing donor-specific reactivity 
as a relation between the percentage 
of pretransplant responses towards 
donor splenocytes and the percent- 
age of pretransplant responses to- 
wards third-party donor cells should 
minimize influences of e. g. uremia, 
current immunosuppression or in- 
fections on the evaluation of specific 
reactivity and thus should allow an 
evaluation of the donor-specificity 
of T-cell alloresponses independent- 
ly of fluctuations in global respon- 
siveness. Four of ten recipients ac- 
quired a state of donor-specific hy- 

poreactivity ( < 75 % relative specif- 
ic reactivity) at 20 months post- 
transplantation (61 & 12 %, 
mean k SD). Six patients were clas- 
sified non-hyporeactive (98 k 10% 
mean relative specific reactivity). 
Relative specific reactivity did not 
correlate with the levels of general 
reactivity. Three of the four hypore- 
active and four of the six non-hy- 
poreactive patients developed acute 
rejection. Stable graft function at 
20 months posttransplantation (se- 
rum creatinine I 2  mg/dl) was not 
closely related to the reactivity sta- 
tus, as five of eight patients with 
well-functioning grafts did not de- 
velop relative specific hyporeactivi- 
ty. One recipient with chronic rejec- 
tion was classified hyporeactive. 
One non-hyporeactive patient lost 
his graft due to non-immunological 
causes. Our data suggest that post- 
transplant relative specific reactivity 
does not predict acute rejection. 
Downregulation of donor-specific 
reactivity might not be a prerequi- 
site for stable graft function but 
could help identifying recipients 
who require less immunosuppres- 
sion. This, however, remains to be 
established in a prospective immuno- 
suppression-weaning study. 
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Abbreviations FCS Fetal calf se- 
rum * PBMC Peripheral blood 
mononuclear cells. DMSO Dime- 

thylsulfoxide * SD Standard devia- 
tion . PBS Phosphate-buffered sa- 

line . CPM Counts per minute . 
MLC Mixed lymphocyte culture 

Introduction 

In clinical transplantation, lifelong immunosuppressive 
therapy is at present presumed to be a prerequisite for 
graft survival. Nevertheless, some patients have been re- 
ported to maintain stable graft function despite com- 
plete discontinuation of immunosuppression, [9, 211 
and successful prospective weaning of immunosuppres- 
sive therapy has recently been achieved in some long- 
term liver- 1161 and kidney transplant recipients [lS]. 
Such studies, however, also demonstrate a considerable 
risk of rejection. Thus, a reliable in-vitro assay reflecting 
specific hyporeactivity to donor antigens would be help- 
ful to select candidates for a prospective adjustment or 
even withdrawal of immunosuppression. 

Many investigators have examined a possible rela- 
tionship between posttransplant mixed lymphocyte cul- 
ture (MLC) reactivity and graft outcome in kidney 
transplant recipients. [l-3,5,6,12,14, 17-19,23,25,26] 
In one study, donor-specific MLC hyporesponsiveness 
was used successfully as a criterion for steroid withdraw- 
al [4,11]. Regarding the clinical relevance of alloreactiv- 
ity testing, however, a considerable variability has been 
found for its correlation to acute rejection or long-term 
graft outcome. These differences might be due to differ- 
ent immunosuppressive protocols, patient selection, or 
small patient numbers. Controversial results, however, 
might also result from marked differences in interpreta- 
tion and presentation of MLC results. For example, in 
some studies typing cells homozygous for a given donor, 
class I1 antigen (HLA-DR and -DO) were used instead 
of donor-derived cells, so that an additional influence 
of allostimulation by HLA class I or minor transplanta- 
tion antigens cannot be ruled out [17,18]. Furthermore, 
many authors inferred donor-specific hyporeactivity 
from the comparison of donor antigen-specific prolifer- 
ative responses with responses to only one third-party 
donor, [l, 5 ,  6, 19, 251 not considering the variability in 
the stimulatory capacity of cells from different third par- 
ty donors. Discrepancy of results might also be attribut- 
ed to considerable differences in the definition of specif- 
ic hyporesponsiveness. Thus, in some studies, donor- 
specific hyporesponsiveness has been concluded from 
the comparison of a donor-specific stimulation index 
(response to donor vs. autologous antigen) with a third 
party stimulation index [4, 11, 121. Other authors have 
defined specific hyporesponsiveness as a significant de- 
crease in the response to donor antigens below pretrans- 
plant levels of proliferation, while third-party reactivity 
remained unchanged [17,18]. In a recent report, down- 
regulation of a pre- or posttransplant relative response 

by 20 % , calculated from the comparison of prolifera- 
tion to donor-cells with proliferation to cells from a 
third-party donor, was considered indicative of hypore- 
sponsiveness [ S ] .  In another study, a relative response 
to cells from the specific donor or from a third party do- 
nor was evaluated in relation to the response to a pool of 
cells from 20 blood donors [25]. Finally, Zeevi et al. [26] 
defined four categories based on the extent of downreg- 
ulation of specific- or third party’ responses; donor-spe- 
cific hyporeactive, donor-specific intermediate, donor- 
reactive, and globally suppressed. 

In the present study, we prospectively evaluated 
MLC-reactivity in ten cadaveric renal transplants be- 
fore and serially up to 20 months after transplantation. 
With regards to the marked differences in interpretation 
and presentation of MLC results described in previous 
studies, we propose a model for the evaluation of post- 
transplant-specific MLC-responsiveness based on a rel- 
ative specific reactivity which is independent from the 
posttransplant course of general MLC-reactivity. A pos- 
sible predictive value of relative and general MLC-reac- 
tivity was investigated. 

Patients and methods 
Patients 

Our study comprises ten cadaveric renal allograft recipients who 
underwent kidney transplantation between July and October 1995. 
Patient data and immunosuppressive therapy are listed in Table 1. 
All patients received maintenance immunosuppression consisting 
of cyclosporine A (CsA), azathioprine (1-2 mg/kg per day) and ste- 
roids (according to a local tapering regimen). The dose of CsAwas 
adjusted to trough levels. At the time of blood harvesting, doses of 
CsAwere between 1.7 and 5.7 mg/dl, and trough levels between 60 
and 293 ng/ml. Four patients received sequential therapy consisting 
of a monoclonal antibody (mAb) to the a-chain of the human leuko- 
cyte function-associated antigen-1 (LFA-1; Odulimomab, IMTIX, 
Pasteur MCrieux Connaught, Lyon, France) plus azathioprine and 
steroids with delayed introduction of CsA on day 9. In one patient, 
(patient No. 9) azathioprine was withdrawn due to bone marrow de- 
pression; in another patient, (patient No. 8) immunosuppression 
was weaned following graft loss. Diagnosis of acute rejection was 
based on clinical data, increase of serum creatinine, and in most in- 
stances, by histological criteria. Episodes of acute rejection were 
treated initially with high doses of intravenous steroids (dexametha- 
sone at 100 mg/day for three days), in the case of steroid resistant re- 
jection antilymphocyte therapy (ATG or OKT3) was initiated. 

Cell isolation 

Cadaveric donor spleens were aseptically removed, spleen cells 
were teased out and isolated by density-gradient centrifugation. 
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Table 1 Patient demographic data and immunosuppression. M 
Male, F female, AZA azathioprine, Pred prednisolone, OD U Odu- 
limomab, FSGN focal sclerosing glomerulonephritis, FSGS focal 
Patient Age Sex Etiology of renal failure HLA-mismatch Immunosuppression" 

sclerosing glomerulosclerosis, a time of withdrawal (months post- 
transplant) is shown in parenthesis 

(A, BIDR) 

1. JH 29 M Chronic pyelonephritis 210 CsA, AZA, Pred 
2. SG 60 M Analgesic nephropathy 211 ODUICsA, AZA, Pred 
3. NS 42 M FSGN 210 CsA, AZA Pred 
4.ME 59 M Analgesic nephropathy 310 ODUICsA, AZA Pred 
5.  KF 58 M Unknown 011 CsA, AZA, Pred 
6. BA 44 F Diabetes mellitus 211 CsA, AZA, Pred 
7. LG 51 M Cystic renal disease 210 ODUICsA, AZA, Pred 
8. R F  41 M FSGS 1 I0 CsA (8), AZA (2), Pred (7) 
9. PF 49 M Unknown 211 ODU/CsA, AZA (9), Pred 

10. LJ 41 M Interstitial nephritis 211 CsA, AZA, Pred 

For isolation of recipient cells, 2&30 ml blood were taken immedi- 
ately before transplantation and at 1, 12 (eight patients) and 
20 months after transplantation. Blood was obtained before intake 
of the morning dose of CsA. Peripheral blood mononuclear cells 
(PBMC) were prepared by density gradient centrifugation. The 
cells were resuspended in RPMI1640 supplemented with gluta- 
mine (2 mM), penicillin (100 U/ml), streptomycin (100 uglml), 
20% fetal calf serum (FCS) and 10% DMSO and then cryopre- 
served. 

MLC technique 

For evaluation of proliferative alloresponses, 1 x lo5 recipient 
PBMC were cocultured with an equal cell number of irradiated 
(6000 rad) allogeneic spleen cells in culture medium containing 
glutamine, antibiotics, and 10% FCS for 5 days. The cultures 
were set up in round-bottom 96-well microtiter plates at 37 "C in 
a 5 % C 0 2  atmosphere. 16 h prior to harvesting, 1 pCi [3H] thymi- 
dine (NEN, Dreieich, Germany) was added to the cultures, and ra- 
dioactivity was assessed by liquid scintillation counting. Mean 
counts per minute (cpm) of triplicate cultures were calculated. 
Standard deviations (SD) of triplicate values were generally below 
15%. 

Definition of general reactivity and of relative donor-specific 
reactivity 

General MLC-reactivity at various time points after transplanta- 
tion was calculated by relating posttransplant proliferative re- 
sponses of recipient cells to spleen cells from five or six unrelated 
third party donors (at least one HLA-DR disparity with the organ 
donor) with pretransplant proliferation and is expressed as a 
mean percentage of pretransplant general reactivity + standard de- 
viations (SD). 

For the evaluation of relative donor-specific reactivity, the pro- 
liferative response to splenocytes from the organ donor at a given 
time point posttransplantation was compared with the pretrans- 
plant responsiveness and the percentage of pretransplant-specific 
reactivity was calculated. The percentage of pretransplant-specific 
reactivity at a given time point was then related to the mean per- 
centage of pretransplant general reactivity ( = relative specific re- 
activity). A value below 75 % was considered to be indicative for 
donor-specific hyporeactivity. 

Flow cytometry 

For direct immunofluorescence, PBMC were preincubated for 
15 min at 4 "C in phosphate-buffered saline (PBS) containing hu- 
man y-globulin, washed and then incubated for 30 min at 4 "C 
with phycoerythrin (PE)-conjugated anti-CD3 mAb (IOT3, Im- 
munotech, Marseille, France) or PE-labeled isotype control. Im- 
munofluorescence was assessed on a FACscan (Becton Dickinson, 
Sunnyvale, CA). The percentage of viable cells in recipient PBMC 
preparations was assessed according to cell size and scatter charac- 
teristics. Following cryopreservation and thawing, recipient- and 
donor cell preparations contained in general > 80 YO viable cells. 

Results 

In the present study, ten cadaveric renal transplant re- 
cipients were tested longitudinally for in-vitro MLC re- 
activity. As shown for pretransplant MLC responses 
(Fig. l), in most patients, a marked variability of reactiv- 
ity in counts per minute to different third party donors 
was observed which might question the often described 
direct comparison of donor-specific proliferative re- 
sponses with responses to cells from only one or few un- 
related third party donors. This prompted us to evaluate 
specific MLC-reactivity independently of the absolute 
cpm levels measured in cultures (methodology de- 
scribed in Patients and methods). 

An example of the time course of the percentage of 
pretransplant-specific- or general responses as well as 
of relative specific reactivity at various times is shown 
in Fig.2. In this patient, (Patient No. 3 ) ,  an increase of 
both % pretransplant-genera1 reactivity and the per- 
centage of pretransplant-specific reactivity above 
200 % at 1 month was followed by a decrease of both re- 
sponses at 3 months. While % pretransplant-genera1 re- 
activity significantly increased at later time points, % 
pretransplant specific reactivity further decreased to 
pretransplant levels at 20 months posttransplantation. 
In order to describe this divergence of general and spe- 
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Fig. 1 Pretransplant proliferation to  cells from the specific donor 
or to different unrelated third party donors. Cpm values measured 
in cultures stimulated with cryopreserved spleen cells from 5 or 6 
third party donors (open circles) or from the specific donor (closed 
circles) are depicted for each of the 10 patients tested. Mean prolif- 
erative levels to third party antigens are indicated by horizontal 
bars 

cific reactivity better, YO relative specific reactivity was 
introduced to normalize specific responsiveness against 
variations in reactivities due to different patient condi- 
tions. Thus, in this patient, a state of donor-specific hy- 
poreactivity developed, as indicated by a relative specif- 
ic response below 75 %. As observed also for the other 
recipients, relative specific reactivity remained stable 
throughout the observation period independently of 
the actual levels of general reactivity. Therefore, we 
consider this measure a reliable parameter for classify- 
ing patients hypo- or normoreactive. 

MLC responses at 1,12 and 20 months posttransplan- 
tation as well as clinical data obtained in 10 cadaveric 
kidney recipients are listed in Table 2. In four patients 
(Nos. 1 4 ) ,  20 months posttransplantation, a downregu- 
lation of specific reactivity in relation to third party reac- 
tivity below 75 % was observed, (mean: 61 * 12 YO) and 
these patients were classified as hyporeactive. In all four 
hyporeactive patients, a clear, though less pronounced 
downregulation of relative specific responses was found 
also 12 months posttransplantation (75 11 YO). Patient 
No. 4 acquired significant specific hyporesponsiveness 
as early as 1 month posttransplantation. In the remaining 
6 patients, (Nos. 5-10) relative specific reactivity was 
102 2 11 and 98 t 10% at 12 (Patient No. 6 and 8 not 
evaluated) and 20 months, respectively. 

In eight of the ten patients, general reactivity at 
1 month posttransplantation was found to be unchanged 
or increased when compared to the pretransplant levels, 
whereas in two patients a substantial decrease was ob- 
served (Table 2). Three patients received steroid bolus 
therapy within 2 weeks prior to blood collection at 
1 month after transplantation. Interestingly, in these re- 
cipients, general reactivity was not reduced below the 

~~ " '  I I 

01 3 6 9 12 20 
A MONTHS POST-TX 

1501 

" 8  I I 

01 3 6 9 12 20 
B MONTHS POST-TX 

Fig.2 Longitudinal posttransplant evaluation of YO pretransplant 
specific or general reactivity and relative specific reactivity in a 
kidney transplant recipient. YO Pretransplant responses to the spe- 
cific donor + SD (closed circles) or mean YO pretransplant general 
reactivity f SD (open circles) calculated from reactivity to cells 
from 5 or 6 different third party donors at indicated time points 
posttransplantation are depicted (A). Relative specific reactivity 
(B) was calculated by relating YO pretransplant specific reactivity 
to % pretransplant general reactivity 

pretransplant level at this time. At 20 months posttrans- 
plantation, general reactivity was increased in six pa- 
tients, and decreased in four patients. The observed 
changes in the absolute levels of general reactivity did 
not result from altered cell viability or from changes in 
the percentage of CD3' cells in recipient PBMC prepa- 
rations, as evaluated by FACS analysis (data not 
shown). In general, alloreactivity tended to be increased 
following transplantation with mean YO pretransplant 
reactivity to third party antigen of 136 * 57, 142 k 59 
and 127 f 68 % at 1,12 and 20 months post-transplanta- 
tion. 
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Table 2 Donor reactivity pattern and patient clinical data. AR Acute rejection episode, a Mean YO pretransplant reactivity to 5 or 6 unre- 
lated third-party donors f SD 
Patient %O Pre-Tx general reactivitya Pre-Tx specific reactivity Relative specific reactivity (%) A R  Creatinine 

months after transplantation months after transplantation months after transplantation ( m g W  
1 12 20 1 12 20 1 12 20 

1. JH 
2. SG 
3. NS 
4.ME 
5. KF 
6. BA 
7.LG 
8. RF 
9. PF 

10. LJ 

157 f 33 
141 k 42 
234 f 31 
201 f 44 
163 f 78 
133 f 19 
57 f 15 

109 f 4 
5 8 f 8  

109 f 49 

166 f 44 
127 k 19 
204 f 22 
147 f 36 
91 f 6 0  

138 k 32 

41 f 16 
224 f 62 

- 

- 

54 f 13 
167 f 15 
165 f 60 
129 f 35 
73 f 16 

193 +_ 44 
226 f 56 
37 f 12 
52+ 10 

175 f 33 

201 
141 
226 
130 
167 
116 
92 

103 
67 

122 

133 
101 
118 
121 
83 

131 

43 
258 

- 

- 

- 

36 128 
119 100 
100 97 
56 65 
74 102 

173 87 
248 161 
40 94 
49 116 

147 112 

80 67 
80 71 
58 61 
82 43 
91 101 
- 90 
95 110 
- 108 

105 94 
115 84 

Posttransplant-relative specific reactivity did not cor- 
relate with the levels of general reactivity. At 20 months 
posttransplantation, in three patients displaying relative 
specific hyporeactivity, global alloreactivity was found 
to be increased above pretransplant levels, whereas in 
three of the six non-hyporeactive patients a drop in gen- 
eral reactivity was observed. 

Acute rejection was diagnosed in three of the four 
hyporeactive and in four of the six non-hyporeactive re- 
cipients. One recipient classified as non-hyporeactive 
(No. 5) had a late ( > 3 months posttransplantation) 
acute rejection episode. In the rejecting hyporeactive 
patients, establishment of hyporeactivity was detected 
after occurrence of rejection. Interestingly, patients 
without a history of rejection (n  = 3) tended to have 
lower levels of general reactivity 20 months posttrans- 
plantation (55 * 18 % pretransplant general reactivity) 
than rejecting patients (158 -t 55 % pretransplant gener- 
al reactivity). This difference, however did not achieve 
statistical significance ( P  = 0.053, Kruskal Wallis test). 

In patient No. 1, who was classified as hyporeactive, 
renal function deteriorated continuously. An allograft 
biopsy at 20 months posttransplantation showed moder- 
ate chronic allograft nephropathy according to the 
Banff criteria for the diagnosis of renal allograft rejec- 
tion [20]. Histomorphologically, there was neither con- 
vincing evidence of predominantly immunological graft 
damage nor of the typical signs of chronical CsA neph- 
ropathy. A further patient who lost his graft 6 months 
after transplantation was classified as non-hyporeactive. 
In his case, graft loss was presumably a consequence of 
profound predamage (moderate to severe intimal hyali- 
nosis and fibrosis, interstitial fibrosis and > 40 % glom- 
erular scars) with acute tubular necrosis in early renal 
allograft biopsy and substantially impaired early graft 
function. 

The remaining eight recipients showed stable long- 
term renal function with a serum-creatinine level of 
2 mg/dl or below at 20 months posttransplantation. 

2.55 
< 1  1.03 
< 11117 2.07 
< 1  1.23 

1.46 
< 1  1.2 
< 1/2 1.3 

< 111 1.49 
<1  1.19 

Uremia 

Three of these patients were found to be hyporeactive, 
five were classified as non-hyporeactive. 

Discussion 

In the present study, ten recipients of cadaveric kidneys 
were monitored for their in vitro proliferative MLC-re- 
activity prior to transplantation and at various time in- 
tervals up to 20 months posttransplantation. Because of 
the controversy from previous reports investigating the 
prospective value of in-vitro alloreactivity in transplant 
recipients, which among other reasons might be due to 
differences in the evaluation of donor-specific reactivity, 
we propose a model which takes into account possible 
drawbacks from previous studies and therefore could 
be useful to get reproducible information about the do- 
nor-specific responsive state of the graft recipient. 

In our study, we demonstrate considerable variation 
in third party reactivity and therefore the reported use 
of reactivity against only one third party donor as pa- 
rameter of general reactivity might be questioned [l, 5, 
6,19,25]. In order to exclude influences from variations 
in general reactivity and to standardize specific reactivi- 
ty, donor responsiveness was expressed as a relative spe- 
cific reactivity, which is a relation between '10 pretrans- 
plant donor-specific and YO pretransplant general reac- 
tivity. Absolute posttransplant proliferative levels 
(cpm) were not used for the evaluation, since they might 
be influenced by other conditions such as current immu- 
nosuppression or infections during the posttransplant 
period. The increase in general reactivity following 
transplantation, as described for six of the ten tested pa- 
tients might be explained by pretransplant immunosup- 
pression due to uremia which has been described to sub- 
stantially depress T cell responses [lo]. 

Our data show that relative specific hyporeactivity 
develops regardless of high or low general posttrans- 
plant reactivity. Thus, as assessed 20 months posttrans- 
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plantation, in three of four hyporeactive recipients, gen- 
eral reactivity was significantly increased, whereas three 
of the six patients classified non-hyporeactive showed 
impaired posttransplant global reactivity. 

Furthermore, we describe a similar frequency of ear- 
ly acute rejection episodes in both hypo- and non-hy- 
poreactive patients. One patient diagnosed for late 
acute rejection ( > 3 months) was classified as non-hy- 
poreactive. This is in accordance with the observation 
of Reinsmoen et a1 [17, 181 that, in contrast to chronic 
rejection, the development of specific hyporeactivity 
does not necessarily correlate with the frequency of ear- 
ly rejection episodes. However, posttransplant MLC re- 
activity has been suggested by others to predict also the 
occurence of acute rejection episodes [5,12]. 

Of the eight kidney recipients showing stable graft 
function at 20 months posttransplantation as indicated 
by a serum creatinine of 2 mg/dl or below, only three de- 
veloped a state of relative specific hyporeactivity, 
whereas the other recipients remained reactive, indicat- 
ing that sustained specific MLC-reactivity does not nec- 
essarily preclude long-term graft success, as previously 
stated by some investigators [l, 2, 3, 14, 231. Further- 
more, we found a significant decrease of general MLC 
reactivity in three of the patients with stable kidney 
function, whereas the other five recipients showed a 
substantial increase of global responsiveness. Our data 
suggest that general reactivity at 20 months posttrans- 
plantation is not necessarily predictive for long-term 
graft success, as has been observed for specific reactivi- 
tY. 

Chronic rejection was diagnosed histologically in one 
patient, however morphology showed no convincing ev- 
idence of predominantly immunological graft damage. 
In this patient, relative specific reactivity as well as gen- 
eral MLC-reactivity were found to be low at 20 months. 
Because of only a single patient with a diagnosis of 
chronic rejection, a predictive value of MLC reactivity 
for chronic rejection cannot be drawn from our results. 
As recently evaluated in a large number of kidney recip- 
ients, chronic rejection might occur significantly less fre- 
quently in hyporesponsive patients, graft loss due to 
chronic rejection was exclusively observed in non-hypo- 
responsive patients [17,18]. Other authors have found a 
tendency towards a lower serum creatinine in hyporeac- 
tive recipients [5] or better graft survivals in hypore- 
sponders [ 121. Recent data suggest, that renal transplant 
recipients with chronic graft dysfunction are primed to 
respond to alloantigen via the indirect pathway of allo- 
recognition, as indicated by significant T-cell prolifera- 
tive responses to mismatched HLA-DR peptides [22, 
241. In our study, where alloresponsiveness of unsepa- 
rated PBMC was evaluated, proliferative responses 
might reflect allorecognition via both the indirect and 
the direct pathway. However, taking the observation 
into account that responses to allopeptides achieve 

peak levels at day 7 to 8 of culture [24], our experimen- 
tal setting (DNA-synthesis measured at the day of max- 
imum proliferation, i. e. 5 days after culture initiation) 
might preferentially detect direct allorecognition. 

Four of the patients received induction therapy with 
anti-LFA-1 mAb, Odulimomab, as part of a sequential 
immunosuppressive protocol. In-vivo administration of 
the same antibody has earlier been shown to effectively 
block adhesion of circulating T-cells via the LFA-1/ 
ICAM pathway [13]. In a recent multicenter trial com- 
paring the anti-LFA-1 antibody and rabbit ATG as in- 
duction therapy in first kidney transplantations, compa- 
rable immunosuppressive effects have been demon- 
strated [7]. Blocking the LFA-1/ICAM-1 pathway has 
earlier been suggested to effectively induce tolerance 
in allografts. Thus, in rodents, a short course of anti- 
LFA-1 antibody, together with an anti-ICAM-1 anti- 
body, has been shown to induce a state of specific nonre- 
sponsiveness to allogeneic heart allografts, which was 
found to be associated with a substantial drop of in-vitro 
CTL responses to donor cells [8]. In our study, we have 
found that two of the four patients receiving anti-LFA- 
1 mAb developed donor-specific hyporeactivity in-vit- 
ro. However, donor-specific downregulation of MLC re- 
activity was also observed in two of the six patients with- 
out such therapy, 

In conclusion, the conflicting results in the literature 
regarding the clinical impact of donor-specific hypore- 
activity in MLC might in part be due to substantial dif- 
ferences in the evaluation or definition of specific hypo- 
responsiveness. In the present study, we have discussed 
the drawbacks associated with the evaluation of specific 
hyporeactivity and propose a model for the assessment 
of a state of posttransplant donor-specific MLC hypore- 
sponsiveness. Although no clear correlation to long- 
term patient outcome could be established, which is 
probably due to the relatively small size of the study 
group, we consider our approach worth testing for its 
clinical relevance in a larger study, because of the con- 
sistency in the development of (non-) hyporeactive 
states after transplantation. Regarding the observed 
possibility of stable graft function despite cessation of 
immunosuppression in selected patients [9, 15, 16, 211, 
the adequate measurement of posttransplant donor-spe- 
cific MLC reactivity, possibly in combination with other 
in vitro assays might be an auxiliary measure for select- 
ing candidates for partial or complete withdrawal of im- 
munosuppressive therapy. 
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