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THE PRESENCE of anti–donor-specific antibodies be-
fore transplantation, detected using a complement-

dependent lymphocytotoxic test (CDC), is an absolute
contraindication to renal transplant; moreover, some au-
thors have observed a high incidence of acute rejection
(ARj) episodes1–5 and a decreased graft survival6–9 in
kidney transplant recipients with a positive flow cytometric
crossmatch (FCXM) before transplantation. FCXM is
more advantageous than CDC in that it shows a higher
sensitivity in the detection of preformed antibodies10 and
allows the simultaneous detection of complement-activat-
ing and nonactivating alloantibodies, the class of donor
specific antibodies (IgG and/or IgM), and the donor target
cells (T and/or B lymphocytes).

Nevertheless, pretransplant crossmatching can only give
an idea of presensitization. It is not able to identify all
patients who will experience rejection following transplan-
tation. Although needle core biopsy represents the most
effective tool for diagnosing rejection, many efforts have
been made to monitor rejection using less invasive proce-
dures. The aim of this study was to demonstrate that among
the many approaches used to monitor rejection in renal
transplant recipients FCXM routinely performed after
transplantation represents a specific, sensitive, and nonin-
vasive method for monitoring donor specific immune re-
sponses. For this purpose FCXM was performed in the first
3 months after transplant on 42 patients who had received
cadaveric kidney transplant.

MATERIALS AND METHODS
Patients

Of the kidney transplant (KT) recipients who received cadaveric
kidney transplants in the Transplant Unit of Department of
Surgery at Tor Vergata University of Rome between October 1995
and June 1997, only those who satisfied the following criteria were
included in the study: pretransplant negative CDC and FCXM
cross-match; clinical follow-up for at least 3 months after trans-
plantation; available donor spleen lymphocytes. All selected KT
recipients were monitored using FCXM during the first 3 months
after transplantation. Patient sera were taken before (current sera)
the transplant and after the transplant on days 7, 14, 30, 60, and 90
and when ARj was suspected. All sera were checked for autoanti-
bodies using FCXM. Donor spleen lymphocytes were stored in
liquid nitrogen until used. Organ allocation was based on the best

donor-recipient HLA matching; matching priority was HLA-DR,
HLA-B and HLA-A. The patients’ characteristics are presented in
Table 1.

Immunosuppressive Protocol

Patients were treated with a standard triple-therapy immunosup-
pression protocol consisting of 8 mg/kg per day of cyclosporine, 1.5
mg/kg per day of azathioprine, and 20 mg/day of prednisone. All
patients received 500 mg of methylprednisolone on the day of
transplantation. Rejection treatment consisted of three doses of
methylprednisolone (0.5 to 1 g/dose).

Clinical Outcome Parameters

All cases of renal dysfunction were investigated by assessing clinical
symptoms and confirmed in general by needle core biopsy. No
transplanted organ was lost during the period of our study for
immunologic reasons. Sixteen ARj episodes occurred in 12 pa-
tients; all the first ARj episodes appeared within 15 days after
transplantation, and four patients had a second rejection episode
within the second month.

FCXM

A modification of the three-colour fluorescence technique de-
scribed by Bray11 was used. In brief, donor spleen lymphocytes
(2.5 3 105) and 75 mL of serum were incubated at room temper-
ature for 30 min, then washed twice with phosphate buffered saline
containing 5% fetal bovine serum and 0.1% sodium azide (PBS-
Flow). The lymphocytes were then incubated for 30 min at 4°C with
50 mL of diluted fluorescein isothiocyanate-conjugated goat
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Table 1. Kidney Transplant Recipients Characteristics

Age, mean 6 SD 44 6 9.88
Male/Female (%) 62/38
No of transfused patients (%) 9
No of retransplant (%) 2
HLA-AB mismatches: mean 6 SD 2.45 6 0.87
HLA-DR mismatches: mean 6 SD 0.61 6 0.53
Acute rejection episodes: mean 6 SD 0.38 6 0.65
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F(ab9)2 anti-human IgG or IgM (Dako-Denmark) to determine the
class of bound alloantibodies; 5 mL of peridinin chlorophyll pro-
tein-conjugate monoclonal antibodies anti-CD3 and 5 mL of phy-
coerythrin-conjugated monoclonal antibodies anti-CD20 (Becton
Dickinson, San Jose, Calif) were also added to the cell suspension
to identify donor T and B lymphocytes. After incubation the cells
were washed twice with PBS-Flow and resuspended in 200 mL of
1% paraformaldehyde in PBS until analysis. For all FCXMs
analyzed, donor lymphocytes were incubated with the test serum, a
positive control serum (a pool of patients’ sera with .90% panel
reactive antibodies) and a negative control serum (a pool of .5
sera from healthy male subjects). Samples were analyzed using a
FACScan flow cytometer and FACScan software (Becton-Dickin-
son). Data were collected with logarithmic amplification, and
fluorescence intensity was displayed on 1024 channels (4-decade
log scale). A channel shift of more than 2 standard deviations (SD)
between the mean log fluorescence of the negative control sample
and test samples was considered to be a positive FCXM.

Statistical Analysis

The chi-square test and Mann-Whitney two-sample test were used
for statistical comparison. P , .05 was considered significant.

RESULTS

Of the 42 KT recipients monitored using FCXM during the
first 3 months after transplantation, 11 (26%) had proved at
least once IgG-FCXM positive. In all but 3 of the 11
patients, IgG positivity was directed at both T and B donor
lymphocytes; the other three patients showed a positive
FCXM directed exclusively at B donor lymphocytes. More-
over, 6 of the 11 patients who presented an IgG-positive
FCXM were also IgM positive.

Analyzing HLA-ABDR mismatches in the FCXM-posi-
tive and FCXM-negative patients we found an increase,
although it was not significant, in the degree of HLA-AB
mismatching in the first group compared with the second
(HLA-AB mismatch mean 6 SD: 3 6 0.06 versus 2.25 6
0.88). On the other hand, no differences were observed in
the degree of HLA-DR mismatching in the two groups
(HLA-DR mismatch mean 6 SD: 0.72 6 0.61 versus 0.58 6
0.49).

The serum creatinine level at 3 months after transplan-
tation was also measured. Correlating these data with
FCXM positivity we observed that the mean serum creati-
nine value in FCXM-positive patients was higher than that
seen in FCXM-negative patients (3.4 6 2.2 versus 1.9 6
0.67 mg/dL: marginally significant with Mann-Whitney two-
sample test) (Table 2).

Correlating ARj and posttransplant FCXM monitoring

we found that 9 of the 11 FCXM-positive patients (81.8%)
experienced at least one ARj episode. Moreover, all four
patients who experienced two episodes of ARj in the period
of our observation were in the FCXM-positive group. In
contrast, only 3 (9.7%) of the 31 patients with negative
FCXM had ARj episodes (P 5 .00002) (Fig 1). The two
FCXM-positive patients who had no acute rejection epi-
sode experienced a slight reduction in diuresis and a small
increase in serum creatinine levels that did not require
further immunosuppressive treatment. The FCXM became
negative a few weeks after ARj treatment in those patients
who had developed a positive FCXM.

No correlation was found between the degree of FCXM
positivity and incidence of ARj. The onset of FCXM
positivity was analyzed and correlated to ARj episodes.
FCXM monitoring revealed in 11 of the 16 (68%) ARj
episodes the presence of anti–donor-specific antibodies
from 7 to 1 days before the clinical appearance of rejection.

DISCUSSION

It is well accepted that rejection episodes occur in the early
posttransplant period and influence long-term graft survival
and the incidence of chronic graft rejection. Moreover,
some studies have shown that the presence of preformed
alloantibodies, detectable only by FCXM, represents a high
risk of rejection,2,4,12 whereas the relevance of a positive
FCXM after transplantation is still unclear.

In accordance with some authors,4,13 our data confirm a
statistically significantly higher incidence of acute rejection
episodes in patients with a positive FCXM when compared
to patients with a negative FCXM (81.8% versus 9.7%, P 5
.00002); all four patients who experienced two rejection
episodes in the period of our observation belonged to the
group of FCXM-positive patients.

By studying the graft function at 3 months after trans-
plantation we observed that increased serum creatinine

Table 2. Analysis of HLA-ABDR Mismatches and Serum
Creatinine Levels According to FCXM Status

FCXM positive*
(n 5 11 patients)

FCXM negative*
(n 5 31 patients)

HLA-AB mismatches 3.0 6 0.6 2.25 6 0.88
HLA-DR mismatches 0.72 6 0.61 0.58 6 0.49
Serum creatinine levels (mg/dL) 3.4 6 2.2 1.9 6 0.67

*Data are given as mean 6 standard deviation.

Fig 1. Correlation between ARj incidence and FCXM analysis in
the 42 kidney transplant patients.
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levels were more common in patients with a positive FCXM
than in patients with negative FCXM.

We also analyzed the incidence of HLA-ABDR mis-
matches in the two groups, however, no differences in the
degree of HLA-DR mismatching were found; on the con-
trary we observed an increase, although not significant, of
HLA-AB mean mismatches in the FCXM-positive patients,
and it can be assumed that this greater HLA-class I
incompatibility might well stimulate the development of
posttransplant donor-specific antibodies.

Our study indicates that FCXM combines sensitivity with
specificity in evaluating the patients’ response to the graft.
In accordance with some authors,4 we found that the
clinical observation of rejection in 68% of rejection epi-
sodes was preceded by several days by the appearance of a
positive FCXM. These data support our hypothesis that
FCXM can be used as a prediction marker of rejection.

In conclusion, our study suggests that FCXM is a sensi-
tive, noninvasive tool for the assessment of rejection in
renal transplant recipients that can be performed whenever
the recipient’s clinical status indicates the possibility of
rejection, and that FCXM is a promising approach for the
evaluation of posttransplant donor specific immune re-
sponse.
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