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Introduction

While the cellular theory of kidney graft rejection domin-
ates, the ability of alloantibody to mediate graft injury is
well established [1]. Furthermore, despite several attempts
to detect the pretransplantation state of immunisation by
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Summary

The anti-allograft immune response may have a cellular and a humoral compo-
nent. Lymphocytotoxic antibodies (Ab) and anti-human leucocyte antigen
(HLA) Ab present before kidney transplantation carry an enhanced risk of
acute rejection. Current immunosuppressive drugs act predominantly upon the
cellular immune pathway which may leave unopposed the humoral mecha-
nisms of anti-allograft response. We studied the production of lymphocytotoxic
Ab and anti-HLA Ab after kidney transplantation under different drug therap-
ies. Two hundred and sixty-four consecutive kidney transplant recipients treated
with different immunosuppressive drugs, either stable and or with previous
acute rejection or acute urologic obstruction, entered this study. Lymphocyto-
toxic Ab and anti-HLA Ab were evaluated by complement-dependent cytotox-
icity and by ELISA. Ab donor-specificity was determined by flow cytometry.
Both lymphocytotoxic Ab and anti-HLA Ab were significantly increased in
acute rejection whatever the immunosuppressive regimen and almost signifi-
cantly in urologic obstruction treated with azathioprine (AZA) groups. The
presence of antidonor-specific Ab was associated with a significantly higher rate
of graft loss. Mycophenolate mofetil (MMF) therapy significantly down-regula-
ted Ab synthesis in all patients groups when compared with AZA. The develop-
ment of humoral antidonor response post-transplantation is associated with a
dismal graft prognosis. This is the first report that acute urologic obstruction
may be followed by unspecific lymphocytotoxic and anti-HLA Ab synthesis,
surmising that a protracted obstruction may promote renal fibrosis through
antibody mediation. The significant down-regulation of the humoral response
by MMF when compared with AZA may herald a lower risk to mount a chro-
nic rejection process.

testing T-lymphocyte function, only the humoral arm
tests have been effective in measuring alloimmunisation,
starting with the use of panel-reactive antibody (PRA)
test [2]. Actually, the relevance of pretransplantation anti-
HLA PRA is acknowledged by the transplant community
and a positive high result portends a higher risk of acute
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rejection and lower allograft survival [3,4] which turned
the anti-HLA PRA test an universally accepted routine
study pretransplantation. Until recently, post-transplanta-
tion monitoring of anti-HLA antibodies was not per-
formed regularly. However, a substantial number of
studies have reported a significant association between
post-transplantation anti-HLA antibodies with adverse
events [5], although their sensitivity and specificity has
been questioned by others [6]. HLA antibodies are mainly
found as a result of whole blood transfusions, pregnancies
or earlier transplants [7,8,9]. It is quite uncommon to
find HLA-specific antibodies in nonimmunised individu-
als, but such cases have been reported [10,11] and it has
been speculated that the immunogens for these antibodies
are cross-reactive microbial determinants.

Mycophenolate mofetil (MMF) has substituted for
azathioprine (AZA) in kidney transplantation following
the demonstration of better graft survival, at least during
the first years [12,13]. MMF is a potent, selective, non-
competitive inhibitor of the type 2 isoform of inosine
monophosphate dehydroxygenase, a key enzyme in
de novo pathway of purine synthesis. MMF seems to be
endowed with better efficacy to down-regulate the
humoral response than AZA. In a clinical study among
kidney graft recipients, those treated with cyclosporine
(CsA) and MMF displayed a poor humoral response to
influenza vaccine when compared with those treated with
CsA and AZA [14]. Furthermore, MMF has been associ-
ated with immunoglobulin deficiency after kidney trans-
plantation [15] and with a reduced incidence of HLA
antibodies post-transplantation [16].

According to what has been reported, we have seen a
significant reduction of acute rejection episodes among
our kidney transplant recipients as well as a significant
improvement of the first-year graft survival following the
substitution of MMF for AZA. Since 1995, we introduced
in our transplant unit the routine evaluation HLA anti-
bodies post-transplantation, that is, three years before we
routinely used of MMF.

We hypothesised that MMF may be associated with sig-
nificant changes of post-transplant HLA antibodies which
may constitute one of the reasons behind improved trans-
plant results.

Materials and methods

Two hundred and sixty-four consecutive first cadaver kid-
ney grafts performed between January 1995 and December
2000 entered this study. They were divided into six groups.
Groups I, II and III were treated with CsA, AZA and
prednisolone from the beginning and Groups IV, V and VI
were treated with CsA, MMF and prednisolone from the
outset. Groups I (n = 83) and IV (n = 94) remained free
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of acute rejection episodes during the first year postsurgery,
at least, and they did not suffer any major complication.
Groups II (n =21) and V (n = 11) developed an acute
rejection episode, confirmed by a renal biopsy, classified
according to the Banlff scale [17]. The severity of the acute
rejections was not significantly different by comparing the
two groups. Every acute rejection episode was treated with
i.v. methylprednisolone pulses and in corticoresistant cases
and whenever the Banff grade was II or higher, anti-thymo-
cyte antibodies were used. Groups III (n = 30) and VI
(n = 25) suffered an episode of urologic obstruction con-
firmed by echography, with a rise of serum creatinine
(20.2 mg/dl) during the first 3-month postsurgery. Urolog-
ic obstruction was caused by either ureteral stricture or
lymphocele and all cases resolved following either recon-
structive surgery or lymphocele drainage with or without
creation of a peritoneal window.

The aetiologies of renal failure were those commonly
described among a Caucasoid European population and
were not different when comparing the groups.

The analysis of antibodies was done by three methods.
A complement-dependent cytotoxicity (CDC) test was
performed according to the European Federation of
Immunogenetics accreditation standards protocol [18].
The ELISA (LAT test) mixed Class I and II trays (LATM)
and LAT Class I and II (88 antigens and 40 antigens
panel) kits for analysis of anti-HLA specificity were pur-
chased from OneLambda, Canoga Park, CA, USA, and
tests were performed following to the manufacturer
instructions. Positivity of ELISA results was defined by
the rAT software by comparison of the optical density
measured in sample wells with that of negative control
wells. When either CDC or ELISA tests were positive, a
flow cytometry crossmatch (FCXM) was performed as
described previously [19]. Briefly, mononuclear cells were
isolated from donor spleen cells and T lymphocytes were
enriched by nylon wool separation, and selected by phy-
coerythrin-conjugated anti-CD2 monoclonal antibody
from Becton-Dickinson, San Jose, CA, USA. Donor T
lymphocytes (0.5-1.10° lymphocytes/test serum) were
incubated with patient sera/or negative control for
30 min at 20 °C. Detection of patient IgG antibodies
bound to respective donor cells was performed using flu-
orescein isothiocyanate-labelled F(ab), goat anti-human
IgG antibody, a 30 min, 20 °C incubation (Jackson
ImmunoRes. Lab, West Grove, PA, USA). Samples were
analysed after cell fixation on a FACScalibur flow cyto-
meter from Becton Dickinson. Data analysis was per-
formed using CellQuest software and the cutoff point was
defined by the fluorescence of negative control samples
plus two standard deviations.

The timings for antibodies follow-up was as follows:
previous to kidney transplantation, every patient PRA was
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screened at a 3-month interval. After the transplant sur-
gery, the follow-up was done by CDC, LAT test and
FCXM when indicated on the Ist, 3rd, 6th, and 12th
months.

Statistical analysis was done by Pearson’s chi-squared
testing and by odds ratio (OR) with 95% confidence
intervals (CI), using Statistica from Statsoft, Tulsa, OK,
USA.

Results

Anti-human leucocyte antigen match for the whole
patients group was: A: 1.1 £0.2; B:0.9£0.25 and
DR:1 £ 0.1 and no significant differences were found
when comparing either the HLA matching or mismatch-
ing between the six groups. Cold ischaemia time spanned
from 6-30 h, however no significant differences were
found between the groups.

Every rejection episode was diagnosed within the first
3-week post-transplantation among Groups II and V and
neither significant differences were found for the Banff
grading nor for immunological graft loss between both
groups. Only two cases presented recurrent acute rejec-
tion episodes, one in Group II and one in V, both keep
graft function more than 4 years post-transplant. The
causes of urologic obstruction presented an equal distri-
bution when comparing Groups III with VI. Every patient
from Groups I, II, and III was followed by at least 6 years
post-transplantation while patients from Groups 1V, V,
and VI were followed by at least 3-year post-transplanta-
tion, until the date of end of the study. In the whole
studied population, the 1 and 5 years graft survival was
91% and 79%, respectively, and median/SD serum creati-
nine at the last outpatient visit was 1.4 + 0.4 mg/dl. Fur-
thermore, only 1.7% of cases have a serum creatinine
higher than 2.5 mg/dl at 5-year postsurgery. However,
while no significant difference was observed by comparing
stable cases with those that developed acute rejection for
1- and 5-year graft survival, when donor-specific antibod-
ies were superimposed on acute rejection, a significantly
lower graft survival was observed, 52.3% at 5 years.

In Table 1, we present the CDC results pretransplant,
both the maximum and the late presurgery test values.
Only two patients presented a PRA >30% pretransplanta-
tion, one from Group I and one from Group V. Only
one patient presented a donor-specific antibody pretrans-
plant defined by FCXM, a young female with a record of
several blood transfusions, included in Group IV. She did
not develop any rejection episode and she continues to
enjoy a good graft function more than 4-year post-trans-
plantation. A positive but low (<10%) latest PRA pre-
transplant was found among 5.2% of the whole
population and it was not different when comparing the
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Table 1. Number and percentage of positive tests for CDC, among
Group |, stable patients treated with AZA (n = 83) and Group Il
acute rejection patients treated with AZA (n = 21), Group lll, urologic
obstruction cases treated with AZA (n = 30), Group IV, stable treated
with MMF (n = 94), Group V, acute rejection cases treated with MMF
(n = 11) and Group VI, urologic obstruction cases treated with MMF
(n = 25).

CDC maximum CDC pretransplant

Group | 29+ 2.1 1.7+ 0.8
Group Il 6.1+3.38 42 +38
Group Il 27+19 1.8+0.6
Group IV 28+ 1.9 1.4+0.8
Group V 6.8 +4.3 6.2+49
Group VI 28+ 15 1.9+0.9

Table 2. Number and percentage of positive tests for CDC, LAT class
| and LAT class Il among Group |, stable patients treated with AZA
(n = 83) and Group IV, stable patients treated with MMF (n = 94).

CDbC LAT class | LAT class Il
Group |, month 1 17 (20.4) 15 (18.0) 8 (9.6)
Group IV, month 1 19 (20.2) 16 (17.0) 5(5.3)
Group I, month 3 23 (29.1) 21 (26.6) 14 (17.8)
Group IV, month 3 10 (11.1) 9 (10.0) 6 (6.7)
Group I, month 6 4(5.1) 4 (5.1) 2(2.6)
Group IV, month 6 2(2.2) 2(2.2) 2(2.2)

six groups. However, when considering all the historical
PRA pretransplant, a significantly lower prevalence of
positive samples was found among the combined rejec-
tion-free Groups I, III, IV, and VI (14.6%) when com-
pared with the combined rejection Groups II and V
(37.8%), P = 0.048.

In Table 2, we present the results of CDC and LAT
tests for stable Groups, I plus IV. No significant differ-
ences were found when comparing the evolution of serum
creatinine and whole blood CsA levels between both
groups during the study period. No significant difference
was observed when comparing Group I versus Group IV
for either CDC or LAT results on the first month post-
transplantation. However, on the third month post-trans-
plantation, a significantly up-regulated humoral response
was observed among Group I when compared with
Group 1V, specifically for CDC an OR of 3.22 (CI 1.428-
7.26) was observed. A significant correlation for CDC was
observed between pre- and post-transplantation positivity,
P < 0.001, which suggests that although the low CDC
values pretransplant (always <10%, Table 1) these anti-
bodies did not disappear following the conventional post-
transplant immunosuppression. Of interest, three cases
presented donor-specific antibodies, two from Group I
and one from Group IV. They never developed acute
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Table 3. Number and percentage of positive tests for CDC, LAT class
I and LAT class Il among Group I, patients with acute rejection trea-
ted with AZA (n = 21) and Group V, patients with acute rejection
treated with MMF (n = 11).

LAT LAT
cbC class | class Il FCXM

Group I, postrejection 17 (81.0) 17 (81.0) 12 (57.1) 11 (52.4)
Group V, postrejection 8(72.7) 8(72.7) 7 (63.6) 6 (54.5)
Group Il, month 3 15(88.2) 15(88.2) 12 (70.5) 9 (52.9)
Group V, month 3 3(33.3) 3(33.3) 3(33.3) 2(22.2)
Group Il, month 6 6 (40.0) 6 (40.0) 4 (26.6) 2 (13.3)
Group V, month 6 0 0 0 0

rejection and they go on to enjoy a good graft function.
By 12-month post-transplant, these antibodies were not
detectable.

In Table 3, we present the data concerning the cases
who developed acute rejection, Groups II and V. While
no significant difference was found concerning the devel-
opment of antibodies postrejection, whatever its class or
specificity when comparing both groups, a significant dif-
ference was observed at follow-up in a way that by the
6-month post-transplantation, only cases treated with
AZA were still presenting antibodies.

When we compared Groups I versus II, a significantly
higher humoral reactivity was found among II, and acute
rejection was associated with an OR of 11.08 (CI 3.3—
36.5) for CDC positivity; also, when comparing Groups
IV with V a significantly higher humoral reactivity was
observed among V and acute rejection was associated
with an OR of 22.4 (CI 5.1-98.4) for CDC positivity. Of
special interest, by combining the results observed for
rejection-free (I and IV) and acute rejection groups (II
and V), the presence of a positive FCXM at the third
month was associated with an OR 85.7 (CI 15.6-463.7)
for immune graft loss. On the contrary, no significant
increase of immune graft loss was observed when the
antibodies were not donor-specific.

In Table 4, we present the data for groups III and VI,
the cases that developed urologic obstruction. Within the
groups receiving AZA, when comparing stable cases of I

Table 4. Number and percentage of positive tests for CDC, LAT class
I and LAT class Il among Group lll, patients with urologic obstruction
treated with AZA (n = 30) and Group VI, patients with urologic
obstruction treated with MMF (n = 25).

CDC LAT class | LAT class Il
Group ll, postobstruction 12 (40.0) 10 (33.3) 6 (20.0)
Group VI, postobstruction 3(12.5) 3(12.5) 2 (8.3)
Group Ill, month 6 3(10.3) 3(10.3) 2 (6.9)
Group VI, month 6 0 0 0
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with urologic obstruction of III, an enhanced humoral
response with urologic obstruction was seen, OR 1.74 (CI
0.72—4.17) although it did not reach a level of significance
(P = 0.21). Under an MMF, this up-regulation was not
observed. Of interest, urologic obstruction cases treated
with AZA displayed a significantly higher rate of humoral
sensitisation than when treated with MMF, OR 4.9 (CI
1.2-20.0), P = 0.02. However, in both groups the anti-
bodies were not donor-specific and they were not any
more present by the 6-month post-transplantation.

Whatever the group at 1 year post-transplantation, we
almost never observed HLA ab, with the interesting
exception of cases from Group II which showed positivity
in 6/21 cases.

Discussion

We performed a longitudinal study of the humoral
response pre- and post-transplantation among a large
group of first cadaver kidney recipients treated either with
AZA or MMF which produced the following major find-
ings:

1 MMF therapy is associated with a significant down-
regulation of antibody production on the third month
post-transplantation among stable cases;

2 MMF is associated with a significantly shorter period
of antibody positivity when compared with AZA among
cases that suffered acute rejection;

3 A close to significant upregulation of the humoral
response observed within AZA cases with urologic
obstruction is not observed within the MMF group, and
MMEF is associated with a significant down-regulation of
humoral response postobstruction when compared with
AZA;

4 The presence of donor-specific antibodies post-trans-
plantation among acute rejection cases portends a very
poor graft prognosis.

MMF has largely replaced AZA in the immunosuppres-
sive therapy for kidney transplantation as the first trials
have suggested a better graft survival, at least during the
first years post-transplant [12,13]. Its superior efficacy is
(causally?) associated with a more profound suppression
of antibody production [14] and in some cases with
immunoglobulin deficiency [15]. Our patients presented
low levels of PRA pretransplant which could be anticipa-
ted as they were recipients of a first graft and as a rule
they did not receive blood transfusions during the pre-
transplant period. In agreement with others, patients with
a positive PRA pretransplant displayed a significantly
higher incidence of acute rejection than cases persistently
PRA negative pretransplant. The number of positive cases
for antibodies post-transplantation among stable cases
treated with either AZA or MMF is within the values
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previously reported by others [16, 20]. While no signifi-
cant difference was found when comparing antibody pro-
duction at the first month postsurgery, we observed a
significant down-regulation of the humoral response at
the third month post-transplantation with MMF when
compared with AZA. Moreover, while antibody positivity
was progressively declining along with the time interval
since the transplantation among MMF cases, an unex-
pected rise of antibody positivity was seen at the third
month when compared with first month postsurgery
among AZA cases, for which we have no reasonable expli-
cation. By sixth month postsurgery, the positive cases
were rather low in both groups precluding a meaningful
statistical analysis. In agreement with data from Terasaki
and Ozawa [16], no significant difference is found when
comparing data generated by CDC analysis with ELISA
testing. However, our data differ from that reported by
these authors as the number of positive cases for either
anti-HLA class I or class II with MMF therapy is clearly
higher (21/94) among our patients when compared with
their figure, 9.8%. Of interest, the rather low number of
positive cases among our patients at the sixth month
post-transplantation does not suggest that the humoral
response is causally related to long-term loss of trans-
plants among rejection-free cases. Actually, the four posit-
ive cases among Group I keep a good graft function more
than 6-year post-transplant. Our data seem to suggest
that either CDC or ELISA positivity among stable cases
does not seem to carry important clinical consequences,
at least as far as first kidney transplants concerns, and
even donor-specific antibodies may not be harmful within
this patient population.

We did not observe a significant difference of antibody
positivity following acute rejection between AZA and
MMEF. In agreement with others [5], a significantly higher
number of Ab positive cases were found among acute
rejection cases when compared with rejection-free trans-
plants. However, a positive unspecific Ab response did
not confer a significantly higher risk for graft loss while a
donor-specific antibody reaction was a very powerful pre-
dictor of graft loss among both groups. We have not a
clear explanation for this wide significant difference con-
cerning the clinical implications of donor-specific anti-
bodies among rejection-free and acute rejection cases,
however, we surmise that the presence of Ab without
other inflammatory/immune responses may underlie this
discrepancy. Alternatively, one may speculate that the
quantity of Ab may be significantly lower within rejec-
tion-free cases than among acute rejection transplants and
some evidence has been presented that low doses of anti-
HLA antibodies may be associated with induction of cell
survival genes and endothelial cell accommodation [21].
Supon et al. [6] observed that donor-specific antibodies
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presented a significant risk for acute rejection but they
reported a significantly lower of positive cases when com-
pared with our figures. We believe that our finding of a
significantly higher rate of antibody disappearance among
acute rejection cases treated with MMF when compared
with AZA may be of clinical importance signalling a
lower risk to go on to develop chronic rejection following
acute rejection under MMF therapy.

The percentage of cases suffering from urologic
obstruction was 22.4% (30/134) among AZA and 19.2%
(25/130) among MMF group which is not very different
from the 17.6% incidence of lymphoceles reported among
CsA-Pred-treated kidney transplants [22]. More than 80%
of our obstruction cases were secondary to lymphocele in
both groups. Lymphoceles have been associated with
rejection episodes [23], but we excluded acute rejection
from the two urologic obstruction groups. We observed a
close to significant higher donor-unspecific Ab response
following urologic obstruction among AZA group which
was not seen among MMF group. Moreover, MMF cases
displayed a significantly lower Ab response than AZA
cases. As far as we know, a rise of humoral response fol-
lowing urologic obstruction has not been previously
reported. Although the clinical importance of our finding
is not clear, we believe that this different behaviour may
constitute another indirect indication of a greater immu-
nosuppressive effect by MMF which may abrogate the
powerful inflammatory reaction described in animal mod-
els of ureteral obstruction [24]. Furthermore, our findings
may raise the hypothesis that the unspecific inflammation
brought about by urologic obstruction may under certain
circumstances promote the synthesis of HLA and non-
HLA Ab (Table 4).

A note of caution is warranted about our data. Our
transplant population was restricted to first graft recipi-
ents and we have preliminary data showing that Ab syn-
thesis is a frequent finding in second and third graft
recipients whatever the clinical course may be. Further-
more, the interpretation of our data may improve with
AD isotype classification and Ab dilution studies.

In summary, we report a significant down-regulation of
the humoral response when MMF replaces AZA in the
post-transplant immunosuppressive regimens both among
rejection-free and urologic obstruction cases, and the
powerful predictive value for graft survival of donor-spe-
cific antibodies. Furthermore, the significant different pat-
tern of disappearance of both donor-specific and
unspecific antibodies among the cases who suffered an
acute rejection episode treated with MMF when compared
with those treated with AZA strongly suggests a decreased
risk to develop a chronic rejection under MMF coverage,
in agreement with the report by Theruvath et al. [25]
who showed that MMF with tacrolimus as rescue therapy

1290 Transplant International 18 (2005) 1286-1291 © 2005 European Society for Organ Transplantation



Oliveira et al.

promoted a sustained decrease in antidonor antibodies.
The beneficial effects of MMF by down-regulation of the
unspecific humoral response following a transient urologic
obstruction episode compared with AZA may also be of
clinical significance.
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