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ORIGINAL ARTICLE

The clinical significance of conversion
of complement-dependent cytotoxic T cell
crossmatch test after renal transplantation

Abstract The purpose of this study
was to investigate the clinical rele-
vance of conversion of post-trans-
plant T cell crossmatch between
kidney donor and recipient. This
study comprises 892 cadaveric renal
transplantations performed on 874
adult patients between August 1991
and December 1997. Recipient se-
lection was based on a negative
complement-dependent cytotoxic T
cell crossmatch test with current

( £2 months old) serum. For this
study, on day 0 and day 14 after
transplantation, serum samples were
collected for later crossmatching.
On day 14 after transplantation, the
crossmatch had converted to positi-
ve in 76 transplantations (8.5%).

Acute rejection occurred in 50 % of
the converters and 22 % of the non-
converters (P < 0.005), and graft
survival was significantly poorer

(P < 0.025), being 85 vs 94 % at 1
and 68 vs 83 % at S years, respectiv-
ely. In patients with delayed graft
function, 1-year graft survival was
77 % in the converters and 91 % in
the non-converters (P < 0.05). Con-
version of T cell crossmatch, especi-
ally in connection with delayed graft
function, identifies a subgroup of
patients at high risk of severe rejec-
tion and poor graft survival.
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Introduction

With the growing availability of new immunosuppres-
sive drugs, the transplant clinicians are able to use a
more aggressive and individualized immunosuppression
on those renal allograft recipients who are at an in-
creased risk of early allograft rejection.

A clinician needs to know how to identify the high-
risk recipients who might benefit from an individually-
tailored immunosuppression. Patients having previously
lost a kidney graft due to immunological reasons are
known to be high-risk candidates for retransplantation.
A severe vascular rejection, however, can be encoun-
tered by recipients of a first graft and also by patients
without any previous history of immunization.

It is generally accepted that mild rejections respond-
ing to treatment do not jeopardize the long-term surviv-
al of the grafts, and our own experience has shown that

an early acute rejection as such is not a bad prognostic
sign [8]. On the other hand, it is known that an early re-
jection not responding properly to antirejection therapy,
or a rejection not treated adequately, leads to deleteri-
ous changes in the graft and accelerates graft loss [2,
22]. Furthermore, van Saase et al. showed that early vas-
cular rejection is the most important variable in predict-
ing both early and late graft loss [18]. Such rejection ep-
isodes naturally eliminate the grafts from long-term sur-
vival analyses, such as the determination of transplant
half-life, which only include grafts surviving the first
post-transplant year. Matas etal. [13] demonstrated
how even a single episode of acute rejection influences
the half-life of primary renal grafts.

In our experience, a negative cytotoxic T cell cross-
match test against the donor sometimes converts to pos-
itive in association with a severe allograft rejection. A
similar finding, made in patients with repeated or re-
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fractory rejection, was also reported by Greger et al. in
1989 [5]. It is not known, however, whether the post-
transplant conversion of the crossmatch was brought
about by the ongoing rejection process, or whether it al-
ready occurred during the early post-transplant period
before any clinical signs of rejection developed, or even
whether it occurred without any rejection process at all.

The purpose of this study was to evaluate the rele-
vance of post-transplant crossmatch conversion as a pre-
dictor of success of transplantation. We screened our re-
cipients of cadaveric renal allografts who underwent
transplantation between August 1991 and December
1997 by means of the complement-dependent cytotoxic
T cell crossmatch test on day 0 and day 14 after trans-
plantation. The results of these tests were correlated
with relevant clinical outcome parameters in these 892
kidney transplantations.

Patients and methods

Patients

From August 1991 to December 1997, ali adult patients who under-
went cadaveric kidney transplantations at our center were enrolled
in this study. For this study, serum samples were collected prospec-
tively just before transplantation and 14 days thereafter. Eight
cases in which the patient died or the graft was removed before
day 14, and 69 cases in which blood samples were not taken on
day 14, mainly because of early discharge from the transplant
unit, were excluded from the analysis. The results of the remaining
892 transplantations are reported herein.

Our normal procedure for accepting patients to the waiting list
requires the patient to be on maintenance dialysis and have had 3
units of random, leukocyte-poor, packed red cell transfusions un-
less having been pregnant or having received transfusions previ-
ously. The selection criteria for patients for transplantation com-
prise ABO blood group compatibility, in general a sharing of >2
HLA-AB and > 1 HLA-DR antigens as well as a negative comple-
ment-dependent cytotoxic T cell crossmatch test. Repeated HLA-
class I antigen mismatch transplantations are not allowed. Lym-
phocytotoxic panel-reactive antibodies were screened using a ran-
domly picked T cell panel of 30 blood donors every 2 months, and
the latest PRA level was used in this analysis.

All kidney grafts were retrieved from heart-beating donors
{553 from male and 339 from female donors). The mean age of do-
nors was 39.3 years (ranging from 1 to 66 years).

Of the transplantations, 748 were first, 114 second, 28 third, and
2 fourth kidney transplantations. The cause of uraemia and other
characteristics are described in Table 1.

Crossmatch

Our standard complement-dependent cytotoxic crossmatch for re-
cipient selection is performed on donor spleen T cells using the
Amos technique [1] with sensitizing washing step. The patients’
sera are each tested in four wells: undiluted, in 1:10 dilution, in se-
rum excess, and in complement excess. If any of these wells has
more dead cells than the negative control, the test is considered
positive. The test is performed both at room temperature and

Table 1 Characteristics of 892 cadaveric renal transplantations in
adult patients 1991-1997 (TX transplantation)

Cause of uraemia, n (%)

Glomerulonephritis 358 40.1%
Diabetes 223 25.0%
Polycystic disease 140 15.7%
Other 171 19.2%
Mean age, years (range) 45 (15-72)
Gender, M/F (% females) 536/356  (39.9%)
Mean time on dialysis, months 15t TX 16.4 (1-181)
(range) 2nd TX 265 (1-171)
3rd TX 422 (3-215)
Mean cold ischaemia time,
hours (range) 251 (12-43)

at + 37 °C to eliminate autoantibodies, and if the test is positive at
both temperatures, it is considered positive. From each patient se-
lected for crossmatching, at least one serum ( < 2 months old), to-
gether with all available ( < 6 months old), is used for the pretrans-
plant crossmatch test. The fine specificity is not analyzed.

For this study, the follow-up crossmatch tests on sera obtained
on day 0 and day 14 were performed with the same technique,
and the pretransplant serum ( < 2 months old) was always included
as a reference. The results of the crossmatch tests of the study were
not used for clinical purposes, as the samples were analyzed later.
The study sera of the converters who had rejection episodes
(n = 38) were retested against the donor T cells using flow-cytome-
try together with anti-IgM- and anti-IgG-antibodies (DAKO,
Glostrup, Denmark). The target molecule for the antibody binding
to donor T cells was not analyzed.

Immunosuppression

The induction immunosuppression normally consisted of triple
therapy: methylprednisolone, 1 mg/kg in divided doses, tapered
within 2 weeks to 0.2 mg/kg in one dose; azathioprine, 50 mg thrice
daily, and from 2 weeks on 25 mg thrice daily; and cyclosporine,
started preoperatively, initially 5 mg/kg twice daily and adjusted
to a trough level of 200-300 umol/l. In patients undergoing retrans-
plantation with high preoperative antibody titers, additional induc-
tion treatment with ATG (Fresenius, Munich, Germany) was insti-
tuted.

The first-line antirejection treatment consisted of peroral me-
thylprednisolone, 3 mg/kg in divided doses for 5 days. Patients
with steroid resistant rejection (SRR) were treated with OKT3
(Orthoclone OKT3, Ortho Pharmaceutical Corp., Raritan, N.J.)
or ATG. If the histology showed signs of acute vascular rejection
(AVR), a course of plasma exchanges was instituted.

Clinical outcome parameters

Acute rejections within the first 100 days were recorded. A clinical
suspicion of rejection was investigated further with ultrasound and
Doppler flowmetry and confirmed with fine needle aspiration or
histological biopsies. The histological findings were scored accord-
ing to the Banff classification [20]. Histological biopsies were taken
in cases of SRR and also to reveal symptomless rejection in grafts
with prolonged primary nonfunction.

The concept of delayed graft function (DGF) was used as de-
scribed by Halloran et al. [6]: plasma creatinine levels of greater
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Table 2 Comparison of char-
acteristics in the Converters

and Non-Converters n

Converters Non-converters
76 816
Gender, M/F (% females) 37/39 (51.3) 499/317 (38.8) N.S.
Mean age, years (range} 43.3 (19-66) 452 (15-72) N.S.
Retransplantations, # (%) 31 (40.8) 113 (13.8) P < 0.005
Time on dialysis, months (range) 29.8 (1-215) 17.5 (1-171) P < 0.00001
Panel reactive antibodies, n (%)
0%-29% 60 (78.9%) 755(92.5%)
30%-79 % 11 (14.5%) 49 (6.0%) P <0.005
80 %-100 % 5 (6.6%) 12 (1.5%)
Cold ischaemia time, hours (range) 24.8 (14-43) 25.0 (12-42) N.S.
Delayed graft function, # (%) 40 (52.6%) 247 (30.3 %) P <0.005

than 500 umol/l throughout the 1st week after transplantation, the
requirement of more than one dialysis within the 1st week, or the
delay of more than 2 days in reaching a urine output of more than
11/24 h.

The time of graft failure was defined as the day after transplan-
tation at which the patient returned to permanent dialysis. Patient
death with functioning graft was classed as graft failure.

Statistics

The chi-squared test was used with contingency tables and when
actual 1-year survival data were evaluated. The survival curves
were calculated with an actuarial life-table analysis using the prod-
uct-limit method for censored data. Comparisons between survival
curves were made using a log-rank analysis. Graft half-life was cal-
culated by fitting an exponential curve to 1- to 6-year survival data
by the least-squares method. Multiple regression analysis was used
in evaluating the effect of different parameters on rejection inci-
dence.

Results

In these 892 adult cadaveric kidney transplantations, the
overall 1-year patient survival, graft survival (GS), and
graft survival in connection with deaths with functioning
graft censored were 96.7, 93.6, and 95.9%, and the
3-year survival figures 94.9, 88.9, and 92.6 %, respective-
ly. The onset of graft function was delayed in 287 trans-
plantations (32.2%). In 11 transplantations (1.2% ) the
graft never started to function. An acute rejection epi-
sode within 100 days after transplantation occurred in
220 cases (24.7%).

Crossmatch conversion

In 76 transplantations (8.5 %) the crossmatch had con-
verted to positive by day 14 (converters), and in 816
(91.5%) it had remained negative (non-converters). In
all of them, the day 0 crossmatch test was negative. The

crossmatch from those converters who had rejections
was repeated using flow-cytometry. In all of these cases
the pretransplant sera remained negative, whereas the
day 14 sera showed donor-specific IgG antibodies. The
characteristics of the converters and non-converters are
given in Table 2. Retransplantations were significantly
more frequent with the converters who also had a longer
time on dialysis before transplantation. Among the con-
verters, there were also more patients with moderately
elevated (>30%) or high levels (>80%) of panel-
reactive antibodies (PRA). The cold ischaemia time
(CIT) was very similar in the two groups. Despite this,
there were significantly more transplantations with
DGF among the converters. In the whole study popula-
tion, the mean CIT in transplantations with DGF was
26.8 h and in transplantations with early function it was
242 h.

The converters had significantly less DR-compatible
(13 vs 30%) transplantations and significantly more
transplantations with two DR mismatches (18 vs 7%)
than the non-converters (P < 0.001).

Acute rejections within 100 days after transplantation

Acute rejections occurred more frequently among the
converters than among the non-converters (50.0 vs
22.3%, P <0.005). Furthermore, the proportion of
more severe types of acute rejections, SRR and AVR,
was greatly increased as shown in Fig.1 (P < 0.005).
The frequency of rejection was somewhat higher in
grafts with DGF than in grafts with early function in
both converters (57.5 vs 41.7%) and non-converters
(25.9 vs 20.7%). The frequency of rejection showed no
correlation with PR A-levels within the groups. In a mul-
tiple regression analysis with HLA-DR mismatches,
first/retransplantations and crossmatch conversion, con-
version (f = 0.200, P = 0.000000) and DR mismatches
(8=0.164, P=0.000001) correlated independently
with rejection frequency.
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Fig.1 Frequency and type of acute rejections in 892 cadaveric
transplantations in Converters and Non-Converters (NOR no re-
jection, ARR acute reversible rejection, SRR steroid-resistant re-
jection, AVR acute vascular rejection)
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Fig.2 Graft survival in Converters and Non-Converters by onset
of graft function * P < 0.05

Graft survival

Graft survival was significantly poorer among the con-
verters than among the non-converters with a 1-year
GS of 852 vs 94.1% (P <0.025). In transplantations
with GS of over 1 year, the mean serum creatinine value
at 1 year was 141 pmol/l in the converters and 129 mol/l
in the non-converters (NS).

No significant differences between converters and
non-converters were noted with respect to GS in trans-
plantations with an early onset of graft function
(1-year GS: 94.3 vs 95.9%). However, in the case of
DGF, the converters showed significantly worse GS
than the non-converters (1-year GS: 76.8 vs 90.9%)
(Fig.2).

Graft survival in the case of DGF
We analyzed GS in the subgroup with DGF according

to graft number. In first transplantations, GS was
worse among the converters than with the non-convert-
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Fig.3 Graft survival in Converters and Non-Converters with de-
layed graft function, by transplant number. The difference in first
transplantations was statistically significant (P < 0.01) (TX trans-
plantation)

100 % h
o A i uanan
I|_| assnnaann
90 % T
1 L .,

80 %1 .

70 %1 wesemmessesassnnnns .

60 %1 == Converters, NOR (n=17) i
» = Non-Converters, NOR (n=183) b
= Non-Converters, Rejection. (n=64)

50 % *** Converters, Rejection (n=23)

0 1 2 years 3

Fig.4 Graft survival in Converters and Non-Converters with de-
layed graft function, by occurrence of acute rejection. The differ-
ence in the Converters with rejection was significantly worse than
in Non-Converters with rejection (P < 0.05) (NOR no rejection)

ers (1-year GS: 72.4 vs 89.8 %, P < 0.01). The same trend
was apparent for retransplantations (1-year GS: 81.0 vs
95.6 %, NS) (Fig.3). When GS was analyzed according
to the occurrence of rejection, we found no difference
between the groups in transplantations without rejec-
tion, whereas in transplantations with acute rejection
the converters showed significantly worse GS than the
non-converters (1-year GS: 63.8 vs 87.5%. P <0.05)
(Fig.4).

The calculation of kidney graft half-life after 1 year
of survival showed that converters (n = 66) had a 71/2
of 14.7 (95 % confidence interval (CI): 12.5-17.6) years
and non-converters (n=717) a T1/2 of 21.7 (95% CL
21.6-21.8) years.

To check for possible bias caused by the exclusions,
we analyzed the 69 transplantations for which cross-
match data were not available and found that their
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5-year graft survival was 82.0% compared to 82.3%
among patients in the study, and the rejection frequency
was 26.1 % compared to 24.7 % in the study.

Discussion

Our aim was to find out if conversion of our stan-
dard crossmatch with the same method as used for
patient selection for transplantation could be a rele-
vant indicator of success of transplantation, and if
so, whether it could be used as a marker for a need
of an individually-tailored intensified immunosup-
pressive regimen.

Day 14 after transplantation was chosen as the day of
testing so that it could be performed before the first
acute rejection while being late enough for an immuno-
compromised individual to respond to the transplanted
organ.

In the present study of 892 transplantations of cadav-
eric renal allografts, the complement-dependent cyto-
toxic T cell crossmatch test converted to positive in
8.5% when measured on day 14 after transplantation.
There are reports on crossmatch conversion after trans-
plantation demonstrating the correlation with acute re-
jection and prognosis [3, 5, 7, 12, 16]. However, no data
are available on the natural post-transplant course of
the crossmatch test between the kidney donor and re-
cipient, and the possible conversion of the test in rejec-
tion-free patients.

In our study, the number of acute rejections was
higher among the converters, than among the non-
converters, which is consistent with earlier reports [3,
5, 12]. The distribution of rejection episodes according
to the severity of rejection was different in the two
groups, having the same association of severe rejec-
tions and crossmatch conversion than in O’Malley
etal. [16]. Thus it is not surprising that the 1-year
graft survival of the converters was significantly lower
and the mean serum creatinine concentration at
1 year after transplantation higher than in the non-
converters.

The key issue in the present study seems to be the
subgroup analysis according to the onset of graft func-
tion. The conversion of crossmatch as such was not de-
trimental, as one half of the converters were doing
well. When conversion occurred in patients with DGF,
it appeared to be a bad prognostic sign, not only in the
case of retransplantation, but in particular for recipients
of first grafts.

The consequences of DGF and the initial quality of
graft function on long-term GS have been studied ex-
tensively [7, 11, 15, 21]. Pfaff et al. [17] demonstrated
a strong association of DGF with reduced GS, but
failed to demonstrate any between GS and such factors
which are known to associate with DGF. In our study,

the subgroup to which the post-transplant conversion
of crossmatch best applies as a predictor of GS is the
one of patients with DGE This pronounced effect is
not explained by CIT, which was very similar in all
groups.

There is experimental evidence [19] that at least part
of the factors leading to ischaemic injury of the graft and
DGF may be of immunological origin. One explanation
would be that these patients are immunized towards the
donor prior to transplantation. Kimball et al. [9] showed
that cytotoxic crossmatch-negative primary transplant
recipients may be donor-specific pretransplant cross-
match-positive when tested by flow-cytometry, and this
finding correlated with SRRs.

The number of PRA-positive patients in our study
and of transplantations with a suboptimal HLA
match, although within our strict requirements for
HLA-matching, was somewhat higher in the convert-
ers, but the levels of PRA did not explain differences
in rejection frequency between converters and non-
converters. Furthermore, the effect of conversion was
more pronounced in the case of first transplantations
than with retransplantations. Pre-existing low level
immunity against the donor cannot be excluded as a
cause of crossmatch conversion. However, donor-spe-
cific antibodies, which have been missed at the time
of transplantation like non-complement-fixing anti-
bodies, are not the probable explanation. After re-
peating the crossmatches with flow-cytometry, which
picks up non-complement-fixing antibodies as well,
no antibodies could be shown prior to transplanta-
tion.

Costa et al. [4] found that the rise of PRA after
transplantation correlated with rejections not respond-
ing to standard therapy, which is in accordance with
the results of the present study. Similar results were
published by Monteiro et al. [14], who monitored pre-
and post-transplant PRA levels by ELISA. They
showed that the rise of PRA after transplantation was
a deleterious sign and suggested that these patients
were immunologically high responders. Anti-donor-
specific HLA antibodies were not found by panel
screening. However, direct crossmatch with donor cells
was not performed.

Our converters may represent a subpopulation of
high responders. As they had more HLA mismatches,
they were exposed to a broader spectrum of HLA anti-
gens in their grafts than the non-converters. This high
responsiveness, however, was not caused by their own
HLA allele repertory. The frequency of alleles was the
same in all subgroups.

Whatever the mechanism behind the conversion of
crossmatch at post-transplant day 14 is, together with
DGF it indicates a subpopulation of patients producing
potentially harmful antibodies. The target of these anti-
bodies remains to be determined.



It has been postulated that antibodies against a graft
may allow natural killer cells to infiltrate the graft and
mediate the process of chronic rejection by antibody-de-
pendent cell-mediated cytotoxicity [10]. In our study,

function.

the converters had a worse graft half-life than the non-

converters, which may suggest that antibodies causing
conversion may be involved in chronic rejection too.
Our results show that post-transplant crossmatch

test conversion identifies renal transplant recipients

with a poorer prognosis and alerts the clinician to the
risk of insidious rejection and poor long-term survival
especially with respect to patients with delayed graft

Acknowledgements This study was supported by grants from
the Kurt and Doris Palander Foundation and Einar and Karin
Stroehm Foundation.

References

1

8]

. Amos D, Badir H, Boyle W, McQueen

M, Tiilikainen A (1969) A simple mi-
crocytotoxicity test. Transplantation 7:
220-223

. Basadonna GP, Matas AJ, Gillingham

KIJ, Payne WD, Dunn DL, Sutherland
DE, Gores PF, Gruessner RW, Najarian
JS (1993) Early versus late acute renal
allograft rejection: impact on chronic
rejection. Transplantation 55: 993-995

. Christiaans MHL,, Overhof-de Roos R,

Nieman F, Hooff JP van, Berg-Loonen
EM van den (1998) Donor-specific an-
tibodies after transplantation by flow

cytometry. Transplantation 65: 427433

. Costa AN, Scolari MP, Iannelli S, Bus-

caroli A, D’ Arcangelo GL, Brando B,
Indiveri F, Savi M, Borgnino LC, De-
Sanctis LB, Stefoni S, Bonomini V
(1997) The prescence of post-transplant
HIL A-specific IgG antibodies detected
by enzyme-linked immunosorbent assay
correlates with specific rejection pathol-
ogies. Transplantation 63: 167-169

. Greger B, Buesing M, Hebart H, Mel-

lert J. Hopt UT, Lauchart W (1989) The
development of a positive donor-specif-
ic crossmatch after kidney transplanta-
tion is detrimental to the graft. Trans-
plant Proc 21: 750

. Halloran PF, Aprile MA, Farewell V,

Ludwin D, Smith EK, Tsai SY, Bear RA,
Cole EH, Fenton SS, Cattran DC (1988)
Early function as the principal correlate
of graft survival. A multivariate analysis
of 200 cadaveric renal transplants treat-
ed with a protocol incorporating anti-
lymphocyte globulin and cyclosporine.
Transplantation 46: 223-228

. Halloran PF, Schlaut J, Solez K, Srini-

vasa NS (1992) The significance of the
anti-class I response. II. Clinical and
pathologic features of renal transplants
with anti-class I-like antibody. Trans-
plantation 53: 550-555

. Isoniemi H, Kyllénen L, Eklund B,

Hockerstedt K, Salmela K, Willebrand
E. von, Ahonen J (1995) Acute rejec-
tion under triple immunosuppressive
therapy does not increase the risk of
late first cadaveric renal allograft loss.
Transplant Proc 27: 875-877

9.

10.

11.

13.

14.

15.

16.

Kimball P, Rhodes C, King A, Fischer
R, Ham I, Posner M (1998) Flow-cross-
matching identifies patients at risk

for postoperative elaboration of cyto-
toxic antibodies. Transplantation 65:
444-446

Kirby JA, Givan AL, Shenton BK,
Talbot D, Forsythe JL, Lennard TW,
Proud G, Taylor RM (1990) Renal
allograft rejection. Possible involve-
ment of antibody-dependent cell-medi-
ated toxicity. Transplantation 50:
225-229

Lehtonen SRK, Isoniemi HM, Salmela
KT, Taskinen EI, Willebrand EO von,
Ahonen JP (1997) Long-term graft out-
come is not necessarily affected by de-
layed onset of graft function and early
acute rejection. Transplantation 64:
103-107

. Lobo PI, Spencer CE, Stevenson WC,

Pruett TL (1995) Evidence demonstrat-
ing poor kidney graft survival when
acute rejections are associated with IgG
donor-specific lymphocytotoxin. Trans-
plantation 59: 357-360

Matas AJ, Gillingham KJ, Payne WD,
Najarian JS (1994) The impact of an
acute rejection episode on long-term
renal allograft survival (t1/2). Trans-
plantation 57: 857-859

Monteiro F, Buelow R, Mineiro C, Ro-
drigues H, Kalil J (1997) Identification
of patients at high risk of graft loss by
pre- and post-transplant monitoring of
anti-HLA class I IgG antibodies by en-
zyme-linked immunosorbent assay.
Transplantation 63: 542-546

Najarian JS, Gillingham KJ, Sutherland
DER, Reinsmoen NL, Payne WD, Ma-
tas AJ (1994) The impact of the quality
of initial graft function on cadaver kid-
ney transplants. Transplantation 57:
812-816

O’Malley KJ, Cook DJ, Roeske L, Mc-
Carthy JF, Klingman LL, Sano Y, Ka-
poor A, Hobart MG, Flechner SM,
Modlin CS, Goldfarb DA, Dennis VW,
Novick AC (1998) Post-transplant flow
cytometry crossmatch and acute rejec-
tion in renal transplantation. Trans-
plantation 65:5116

17.

18.

19.

21.

Pfaff WW, Howard RJ, Patton PR,
Adams VR, Rosen CB, Reed AI (1998)
Delayed graft function after renal
transplantation. Transplantation 65:
219-223

Saase JLCM van, Woude FJ van der,
Thorogood J, Hollander AAMJ, Es LA
van, Weening JJ, Bockel JH van, Bruijn
JA (1995) The relation between acute
vascular and interstitial renal allograft
rejection and subsequent chronic rejec-
tion. Transplantation 59: 1280-1285
Shoskes DA, Parfrey NA, Halloran PF
(1990) Increased major histocompati-
bility complex antigen expression in
unilateral ischemic acute tubular necro-
sis in the mouse. Transplantation 49:
201-207

. Solez K, Axelsen RA, Benediktsson H,

Burdick JF, Cohen AH, Colvin RB,
Croker BP, Droz D, Dunnill MS, Hal-
loran PF, Hayry P, Jennette JC, Keown
PA, Marcussen N, Mihatsch MJ,
Morozumi K, Myers BD, Nast CC, Ol-
sen S, Rosen S, Sachs DH, Salomon
DR, Sanfilippo F, Verani R, Willebrand
E von, Yamaguchi Y (1993) Interna-
tional standardization of criteria for the
histologic diagnosis of renal allograft
rejection. The Banff working classifica-
tion of kidney transplant pathology.
Kidney Int 44: 411422

Troppmann C, Gillingham KJ, Gruess-
ner RWG, Dunn DL, Payne WD, Na-
jarian JS, Matas AJ (1996) Delayed
graft function in the absence of rejec-
tion has no long-term impact. Trans-
plantation 61: 1331-1337

. Tullius SG, Nieminen M, Bechstein

WO, Jonas S, Steinmuller T, Qun Y,
Pratschke J, Graser E, Sinha P, Volk
HD, Neuhaus P, Tilney NL (1998) Con-
tribution of early acute rejection epi-
sodes to chronic rejection in a rat kid-
ney retransplantation model. Kidney
Int 53: 465472



