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Introduction

Summary

Donor-specific alloantibodies (DSA), especially those fixing complement, may
pose a particular immunologic risk to transplant recipients. To assess the clini-
cal impact of C4d- or non-C4d-fixing (IgG) HLA sensitization, pretransplant
sera obtained from 338 kidney allograft recipients prescreened by FlowPRA
were retrospectively evaluated by Luminex single antigen (SA) testing using a
novel fluorescent-labeled anti-C4d reagent for detection of antibody-triggered
C4d deposition in addition to IgG binding. Recipients with [IgG]DSA (n = 39)
showed a substantially higher rate of C4d positive rejection (33%) than 16
patients with [IgG] non-DSA (0%) or 283 antibody-negative patients (4%,
multivariate analysis excluding retransplantation because of high co-linearity:
P < 0.0001), and adversely affected 5-year death-censored graft survival (74%
vs. 81% and 90%, respectively, multivariate model: P < 0.05). [C4d] DSA
(n =21) and [C4d] non-DSA (n = 25) increased rates of C4d positive rejec-
tions to a similar extent (24% and 28% vs. 4% in recipients without C4d-fixing
reactivity; multivariate analysis: P < 0.002) with a trend towards adverse 5-year
graft survival (76% and 76% vs. 90%; P < 0.2). In conclusion, Luminex-based
characterization of HLA sensitization may be a useful strategy for risk stratifica-
tion. Possibly as a result of intensified immunosuppression in presensitized
recipients, identification of C4d-fixing DSA was not associated with a further
increase of rejection and graft loss rates.

transplants. A critical advance has been the establishment
of techniques using color-coded microspheres coated with

Humoral presensitization is well known to pose a risk of
allograft rejection and loss [1]. For many years, cell-based
assays, l.e. standard complement-dependent cytotoxicity
(CDC) testing and flow cytometry crossmatching
(FCXM), have been the mainstay of serum analysis [2].
However, more recently, highly sensitive and specific solid
phase HLA antibody tests have been developed in an
attempt to accurately assess of individual immunologic
risks in cytotoxic negative crossmatch (XM) kidney

defined single HLA or non-HLA antigens [3-5]. A major
benefit of such technologies, which use flow cytometry or,
more recently, the Luminex platform, may be that, with-
out need for donor cells, they allow for identification and
characterization of alloantibodies directed at individual
donor antigens. However, even though many laboratories
have now incorporated single antigen (SA) bead testing
into routine, the actual clinical impact of preformed IgG
donor-specific antibodies (DSA) uncovered by sensitive
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solid phase assays, but escaping detection by CDC and/or
FCXM, is still under discussion [6-11]. Considering the
important role of the complement system as a key player
in the process of allograft rejection [12,13], a clue to bet-
ter distinguish between more and less harmful HLA pre-
sensitization could be to determine the ability of detected
alloantibodies to activate the classical
pathway [14,15]. For differentiation between comple-

ment- and noncomplement-fixing alloreactivities, we have

complement

established a protocol allowing for detection of human
C4d complement split product deposition to FlowPRA
screening beads coated with multiple HLA antigens
([C4d] FlowPRA screening) [16]. Applying this assay
system, preformed C4d-fixing panel reactivity was found
to be strongly associated with the occurrence of C4d
positive antibody-mediated rejection (AMR) and inferior
kidney allograft survival [17,18]. However, in this previ-
ous study, we did not specify targeted HLA antigens at a
single HLA antigen level and were thus not able to evalu-
ate if DSA were present or absent. Recently, Smith et al.
[19] have adopted our flow cytometric protocol of [C4d]
FlowPRA screening to Luminex-based SA testing for iden-
tification of C4d-fixing DSA. In a large cohort of heart
transplant patients, they reported 80% graft loss rates for
patients with preformed C4d-fixing DSA, suggesting that
probing of C4d-fixing DSA may be useful to identify a
patient subgroup at extensive immunologic risk [19].

In this study, we established a simplified Luminex SA
protocol for detection of C4d-fixing alloreactivity using a
novel fluorescent-labeled anti-C4d reagent for direct
immunofluorescence. Re-testing a large cohort of kidney
allograft recipients prescreened by FlowPRA [17], we
applied standard Luminex SA testing for detection of
alloreactive IgG and, in parallel, a modified technique for
evaluation of the C4d-fixing ability of anti-HLA reactivi-
ties. The major objective of our study was to evaluate the
actual clinical impact of IgG type and C4d-fixing Lumin-
ex SA reactivity with and without DSA in the setting of
kidney allotransplantation.

Patients and methods

Patients

In this study, 338 consecutive adult renal transplant recip-
ients (transplantation at the Medical University of Vienna
between January 2001 and December 2002; 303 recipients
of a deceased donor allograft) were included. Baseline
characteristics have earlier been described in detail [17].
In brief, median recipient age was 52 years (interquartile
range [IQR]: 41-60). Moreover, 119 (35%) recipients
were female, 67 (20%) patients had a history of prior
transplantation, and 87 (26%) were presensitized as sug-
gested by a CDC-PRA >10%. Median HLA mismatch (A,
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B, DR) was three (IQR: 2-4), cold ischemia time 12 h
(median, IQR: 7-17), and donor age 48 years (median,
IQR: 39-59). The majority of study patients received cal-
cineurin inhibitor-based maintenance immunosuppres-
sion. One hundred and seven patients (32%) received
antibody induction with an anti-IL-2 receptor monoclo-
nal antibody or a polyclonal anti-lymphocyte antibody.
Twenty-eight broadly sensitized recipients of a deceased
donor allograft were subjected to a previously detailed
protocol of peritransplant immunoadsorption (IA) [20].
In 10 recipients subjected to this protocol, a positive cur-
rent CDC-XM had been converted to negative by a single
pretransplant 1A session. All other recipients had a nega-
tive CDC-XM at the time of transplantation. Patient fol-
low-up (until March 2008) was 77 months (median, IQR:
70-83).

Biopsies

Allograft biopsies were performed for renal dysfunction
after exclusion of toxic calcineurin inhibitor levels or
postrenal and prerenal causes of graft dysfunction. All
biopsy specimens were prospectively stained for C4d
applying a polyclonal rabbit anti-C4d reagent (BI-RC4D;
Biomedica, Vienna, Austria) as previously described [21].
Biopsies were considered C4d positive in case of linear
endothelial C4d deposition in at least a quarter of cortical
peritubular  capillaries. ~Cell-mediated rejection was
diagnosed and classified according to the Banff ‘97 classi-
fication [22]. Morphologic lesions suggestive of antibody-
mediated rejection (AMR) were classified according to a
revision to the Banff ‘97 classification [23].

DyLight " 549-conjugated C4d polyclonal antibody

Polyclonal anti-C4d antibody, BI-RC4D (Biomedica), was
labeled with DyLight" 549 applying a standard protocol.
An IgG fraction devoid of nitrogen containing buffer sub-
stances was incubated for 1 h with DyLight 549 NHS
Ester (Pierce Biotechnology, Rockford, IL, USA) at 22 °C
in the dark. The reaction was stopped by incubation with
an equal volume of 1 m Tris/HCl buffer (pH 6.8) for
another hour, and conjugated antibody was finally dialy-
sed against phosphate-buffered saline.

Staining efficiency of DyLight  549-labeled anti-C4d
antibody was evaluated in direct comparison with the
same anti-C4d reagent conjugated with fluorescein isothi-
ocyanate (FITC) (Biomedica). Applying a previously
detailed FlowPRA-based protocol [17], for in vitro C4d
deposition, nonfluorescent FlowPRA HLA class I screen-
ing beads were incubated with patient sera known to con-
tain C4d-fixing anti-HLA class I alloreactivity. C4d-coated
beads were then incubated with saturating concentrations
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of DyLight" 549- or FITC-conjugated anti-C4d antibody.
As assessed by flow cytometry, staining of beads with the
two reagents revealed comparable mean fluorescence
intensities (FI) and percent panel reactivities (data not
shown).

Luminex-based detection of IgG and C4d-fixing HLA
antibodies

For Luminex-based SA analysis of IgG and C4d-fixing
anti-HLA alloreactivities, pretransplant sera obtained from
71 out of the 338 study patients, which had previously
been shown to test positive by FlowPRA screening [17],
were re-tested by LABScreen® Single Antigen assays (HLA
class I: LABScreen® Single Antigen HLA Class I Antibody
Detection Test — Combi; HLA class II: LABScreen® Single
Antigen HLA Class II Antibody Detection Test — Group 1;
One Lambda, Canoga Park, CA, USA). IgG anti-HLA
reactivities ([IgG] Luminex) were evaluated according to
the manufacturer’s protocol. In brief, Luminex SA beads
were incubated with undiluted sera in 96-well plates for
30 min at room temperature. After washing, phycoery-
thrin (PE)-conjugated goat anti-human IgG antibody
(One Lambda) was added for another 30 min. For detec-
tion of C4d-fixation we adopted the protocol of [C4d]
FlowPRA to Luminex application ([C4d] Luminex). Beads
were incubated with undiluted serum for 30 min at 4 °C
followed by 30 min incubation with an excess of nonbind-
ing serum obtained from a nonsensitized healthy male vol-
unteer as complement source. Beads were washed and
incubated with DyLight" 549-labeled pretitered anti-C4d
polyclonal antibody at saturating concentration (30 min,
4 °C). For data acquisition, a LABScan”" 100 flow analyzer
(Luminex Corporation, Austin, TX, USA) was used.

For both [IgG] and [C4d] Luminex SA testing, thresh-
olds for each anti-HLA reaction were determined accord-
ing to average binding of negative control sera obtained
from five nonsensitized healthy male volunteers. First, FI
detected for each HLA-coated bead (HLAb) was corrected
for binding to control no-antigen beads (NCb) according
to the following formula: FI control serum HLAb/FI con-
trol serum NCb. For each bead, we then calculated the
mean and standard deviation (SD) of corrected control
serum reactivities. Analysing reactivities of patient sera, a
test result was considered positive if (FI patient serum
HLADb/FI patient serum NCb) was >2 X (mean of cor-
rected binding of the five control sera plus three standard
deviations).

Statistical methods

For wunivariate comparisons, chi-squared tests and

Kruskal-Wallis tests were used, as appropriate. Multivariate
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logistic regression models were applied to determine the
independent effects of pretransplant serology on C4d posi-
tive rejection rates. Results are presented as the odds ratio
(OR) and the 95% confidence interval (CI). Kaplan—Meier
analysis was used to calculate graft survival and the Mantel
Cox Log-rank test was applied to compare survival
between groups. A Cox proportional hazards model was
applied to assess the effect of serologic results on graft sur-
vival adjusting for potential confounders. Results are given
as the hazard ratio (HR) and the 95% CI. A two-sided
P-value <0.05 was considered as statistically significant.
Statistical calculations were performed using spss for
Windows, version 14.0 (SPSS Inc., Chicago, IL, USA).

Results

Luminex single antigen detection of anti-HLA reactivity
with or without C4d-fixing ability

Pretransplant sera obtained from 338 consecutive kidney
transplant recipients were prescreened applying [IgG]
FlowPRA HLA class I and/or II screening [17]. Recipients
with flow panel reactivity 210% (n = 71) were re-evalu-
ated by Luminex SA testing.

Evaluating 71 FlowPRA positive samples, a total of
9448 Luminex (HLA class I and II) single bead reactions
were analysed. At a SA level, IgG binding was detected
for 1960 single beads. Thirty-eight percent of IgG positive
beads (n = 753) turned out to fix detectable amounts of
C4d, whereas, this was only the case for 1.7% of the 7888
IgG negative beads (n = 132).

Applying Luminex SA testing, 55 of the 71 [IgG] Flow-
PRA positive patients (78%) were found to have detect-
able reactivity against one or more defined HLA class I
and/or II antigens (Table 1). C4d-fixing Luminex SA

Table 1. Luminex SA testing of 71 [IgG] FlowPRA screening positive
recipients.

[lgG]JFlowPRA positive

(n =71/338)

Pretransplant serology [lgG]Luminex [C4d]Luminex
Patients with positive test result, n 55 46
Positive HLA class | SA beads, 29 (15-44) 11 (3-28)

median n (IQR)

Positive HLA class Il SA beads, 13 (7-30) 9 (4-20)
median n (IQR)
Patients with DSA, n 39 21
DSA against 1 HLA antigen 31 16
DSA against 2 HLA antigens 4 5
DSA against 3 HLA antigens 3 0
DSA against 4 HLA antigens 1 0

DSA, donor-specific alloreactivity; IQR, interquartile range; SA, single
antigen.
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reactivity was uncovered in 46 of the [IgG] FlowPRA posi-
tive patients (65%). For only three of these patients no al-
loreactive 1gG was detected. Median numbers of SA beads
targeted by sera containing SA reactivity are listed in
Table 1.

Comparing single bead reactivities with reported donor
HLA antigens (HLA A, B, C, DR, DQ), 39 of the 55
[IgG] SA positive (71%) and 21 of the 46 [C4d] SA posi-
tive recipients (46%) were found to have detectable reac-
tivity against one or more mismatched graft HLA-class I
and/or II antigens ([IgG] or [C4d] DSA, respectively). In
four of the 21 patients with [C4d] DSA no [IgG] DSA
could be identified. In Table 1, numbers of donor anti-
gens targeted by alloreactive sera are listed.

Pretransplant [IgG] Luminex single antigen reactivity
and allograft outcomes

According to the results of two-step solid phase testing
(FlowPRA prescreening and subsequent Luminex SA test-
ing of FlowPRA positives), three patient groups were
defined: [IgG] DSA patients (SA positive recipients with
donor-specific reactivity, n = 39), [IgG] non-DSA patients
(SA positive recipients without donor-specific reactivity,
n =16), and a [IgG] neg group (recipients negative by
FlowPRA screening and a subgroup of 16 SA negative
patients with >10% FlowPRA reactivity, where negative
Luminex HLA antibody testing was considered to indicate
false positive FlowPRA screening, n = 283).

[IgG] DSA and [IgG] non-DSA patients showed a
higher rate of 210% pretransplant CDC-PRA reactivity

Table 2. [IgG] Luminex SA test results — patient characteristics and
graft outcomes.

[lgGl
[lgGIDSA non-DSA [IgGlneg

Patient groups (n=39) (nh=16) (n=283) P-value

Immunologic risk factors

Retransplantation, n (%) 30 (77) 8 (50) 29 (10) <0.001
HLA MM, median, IQR 3(3-4) 2(1-3) 3(2-4) 0.02
Female gender, n (%) 16 (41) 9 (56) 94 (33) 0.13
CDC-PRA 210%, n (%) 31(80) 7 (44) 49 (17) <0.001
Peritransplant 1A, n (%) 21 (54) 5(31) 2(1) <0.001
CDC-XM conversion, n 10 0 0
Clinical outcomes
C4d positive rejection, 13(33) 0(0) 10 (4) <0.0001
n (%)
Cell-mediated rejection, 8((1) 2(13) 59 (21) 0.7
n (%)
5-year censored survival  74% 81% 90% 0.004
5-year overall graft 69% 75% 79% 0.27
survival

CDC, cell-dependent cytotoxicity; IA, immunoadsorption; PRA, panel
reactive antibody; XM, crossmatch.
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and retransplantation than [IgG] neg patients (Table 2).
On the basis of broad CDC-PRA reactivity, 21 (54%) of
the [IgG] DSA and five (31%) of the [IgG] non-DSA
recipients had been subjected to peritransplant IA for
desensitization. Applying this protocol, among patients
with [IgG] DSA, 10 patients had been transplanted after
successful conversion of a positive CDC-XM. All other
patients were CDC-XM negative already before initiation
of TA treatment. Within the other two patient groups, all
recipients had a negative current CDC crossmatch
(Table 2).

Twenty-three of the 338 patients (7%) were found to
experience C4d positive acute graft dysfunction within the
first 6 months. C4d-positive rejection usually occurred
early after transplantation (median 14 days, IQR:
8-20 days). All but one of the C4d positive indication biop-
sies showed typical morphologic features suggestive of
AMR. As shown in Table 2, as many as 13 of the 39
[IgG]DSA recipients (33%) developed C4d positive rejec-
tion. Conversely, among [IgG] non-DSA recipients, no epi-
sode of C4d positive rejection was reported. Among [IgG]
neg recipients only 4% (n = 10) developed C4d positive
rejection (Table 2). In univariate analysis, differences
between patient groups were highly significant (Table 2).
To test the independent effects of pretransplant serology,
logistic regression analysis was applied. In this model, base-
line variables imbalanced (P < 0.2) between patients with
and without C4d deposition (cold ischemia time) or pre-
sumed to be potential risk factors for capillary C4d deposi-
tion (female gender, HLA mismatch) were considered.
Retransplantation was not included because of its high
co-linearity with serologic results (P < 0.0001). Multivari-
ate analysis revealed a highly significant independent effect
of [IgG] DSA (OR: 12.2 [95% CI: 4.6-33]; P < 0.0001).

Death-censored graft survival turned out to be worst in
[IgG] DSA patients (P = 0.004; Fig. 1, Table 2). In a mul-
tivariate model (Cox regression analysis) including female
gender, recipient age, donor age, cold ischemia time,
donor type (living versus deceased donor), and HLA mis-
match as potential confounders (retransplantation as a
highly co-linear variable), the effect of [IgG]DSA on
death-censored graft survival proved significant (HR: 2.3
[95% CI: 1.1-5.1]; P = 0.036).

In a subsequent subanalysis excluding 28 broadly sensi-
tized patients subjected to desensitization by peritrans-
plant TA (310 patients; 18 recipients with [IgG] DSA, 11
with [IgG] SA third party reactivity), we also found sig-
nificantly higher AMR rates among patients with IgG
DSA (28% vs. 0% in patients with [IgG] SA or 3% in
patients without IgG reactivity; P < 0.001). Notably, in
this analysis, no differences in graft survival rates were
observed (89% vs. 91% vs. 90% 5-year death-censored
graft survival).
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Pretransplant C4d-fixing Luminex HLA single antigen
reactivity and allograft outcomes

For evaluation of the clinical value of [C4d] Luminex SA
testing, groups of [C4d] DSA (n = 21) and [C4d] non-
DSA patients (n = 25) were evaluated in comparison with
a group ([C4d] neg) comprising recipients negative by
FlowPRA prescreening or, if FlowPRA-positive, negative
by [C4d] Luminex SA testing (n = 292).

As observed for [IgG] SA reactivity, the presence of
[C4d] Luminex SA reactivity, with or without [C4d]
DSA, was found to be tightly associated with current
CDC-PRA reactivity and retransplantation (Table 3).
Approximately 90% of patients with [C4d] DSA showed
210% CDC-PRA reactivity or had a history of prior
transplantation. On the basis of broad CDC sensitization,

Table 3. [C4d]Luminex SA test results — patient characteristics and
graft outcomes.

[C4d]
[C4d]DSA non-DSA  [C4d]neg
Patient groups (n=21) (=25 (n=292) P-value
Immunologic risk factors
Retransplantation, 18 (86) 20 (80) 29 (10) <0.001
n (%)
HLA MM, median, IQR 3(2-4) 3(2-3) 3(2-4) 06
Female gender, n (%) 7 (33) 10 (40) 102 (35) 0.9
CDC-PRA 210%, n (%) 19 (91) 19 (76) 49 (17) <0.001
Peritransplant 1A, n (%) 12 (57) 13 (52) 3(1) <0.001
CDC-XM conversion, n 7 3 0
Clinical outcomes
C4d positive rejection, 5 (24) 7 (28) 11 4) <0.0001
n (%)
Cell-mediated rejection, 4 (19) 6 (24) 59 (20) 0.9
n (%)
5-year censored survival 76% 76% 90% 0.01
5-year overall graft 71% 68% 79% 0.28

survival

CDC, cell-dependent cytotoxicity; IA, immunoadsorption; PRA, panel
reactive antibody; XM, crossmatch.

a high proportion of [C4d] DSA patients, that is 12/21
(57%), had been subjected to peritransplant IA, whereby
seven of them had been transplanted after conversion of a
positive CDC-crossmatch (Table 3). Moreover, 13 (52%)
[C4d] non-DSA patients were desensitized by IA (CDC-
crossmatch conversion in three patients).

C4d positive rejection was frequent among [C4d] Lum-
inex positive patients either with (n = 5; 24%) or without
[C4d] DSA (n =7, 28%). Notably, for all seven rejecting
patients within the [C4d] non-DSA group, noncomple-
ment-fixing [IgG] DSA could be identified. As shown in
Table 3, associations of detected [C4d]Luminex SA reac-
tivity with C4d positive rejection were highly significant
in univariate analysis (P < 0.0001). Applying multivariate
analysis (logistic regression model) adjusting for the same
confounders as described above for analysis of [IgG]
Luminex results, both [C4d] DSA and [C4d] non-DSA
were found to be independent predictors of C4d
positive rejection ([C4d]DSA: OR 10.1 [95% CI: 3.2—
31], P < 0.0001; [C4d] non-DSA: OR: 7.3 [2.1-25],
P = 0.002).

Death-censored graft survival rates were significantly
lower in [C4d] Luminex SA positive patients than in
[C4d] SA negative patients, however, without a difference
between patients with and without [C4d] DSA (Fig. 1,
Table 3). A multivariate model (Cox regression analysis)
excluding retransplantation  because of its high co-linearity
with serologic results, revealed a trend towards decreased
death-censored survival for both [C4d] DSA and [C4d]
non-DSA patients ([C4d] DSA: HR 2.4 [95% CIL: 0.9—
6.0); P=0.07 [C4d] non-DSA: HR 1.9 [0.7-4.9];
P =0.2).

In a subanalysis excluding the 28 patients subjected to
peritransplant IA (310 patients; nine patients with [C4d]
DSA, 12 with [C4d] SA reactivity), we observed a trend
towards higher rates of C4d-positive dysfunction among
patients with [C4d] DSA (11%) and [C4d] SA reactivity
(17%; patients without C4d-fixing reactivity: 4%), but no
difference with respect to 5-year graft survival (89% and
92% vs. 90%).
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Finally, the data were analysed to compare between
patients with C4d-fixing DSA (n = 21; four of them were
[IgG] DSA negative) and patients with non-C4d-fixing
[IgG] DSA (n = 22). Both subgroups had significantly
higher AMR rates [five of 21 (24%) and nine of 22 recipi-
ents (41%), respectively] than the group of patients with-
out preformed donor-specific reactivity (3%; P < 0.001].
Moreover, recipients with preformed DSA, either with or
without C4d-fixing capability, had inferior death-censored
graft survival (76% vs. 68%, respectively, vs. 90% 5-year
graft survival in DSA-negative patients; P < 0.001). Nota-
bly, for patients with C4d-fixing DSA, there was appar-
ently no evidence for a further increase of AMR or graft
loss rates.

Discussion

In this study, we have set up a new protocol of Luminex-
based detection of C4d-fixing HLA reactivity applying a
fluorescent-labeled anti-C4d antibody for direct IF. At the
level of single HLA antigens, the Luminex platform
enabled us to distinguish between donor-specific and
non-donor-specific HLA antibodies, with or without
complement-fixing ability. Our initial hypothesis was that,
in extension of our previous observation of inferior graft
outcomes in patients with preformed C4d-fixing panel
reactivity [17], assessment of C4d-fixing DSA could fur-
ther distinguish a patient subgroup at particular immuno-
logic risk. Indeed, applying a similar protocol of modified
Luminex-based SA detection using an anti-C4d monoclo-
nal antibody for indirect staining; Smith et al. [19] have
demonstrated a substantial clinical impact of preformed
C4d-fixing DSA in a cohort of heart allograft recipients.
They reported 20% 1-year graft survival rates for recipi-
ents having preformed C4d-fixing DSA, whereas, in
absence of DSA, C4d-fixing reactivity did not consider-
ably affect survival [19].

Using our Luminex-based technique for in vitro C4d
detection, we observed a tight association between C4d
fixation to Luminex beads and the presence of bound
IgG, a finding, which is in accordance with our previous
results obtained with FlowPRA [17]. Luminex-based anal-
ysis of patient sera revealed that <2% of IgG negative sin-
gle beads were capable to fix C4d. Accordingly, only few
patients had C4d reactivity in absence of detectable allore-
active IgG. The occasional finding of C4d positive but
IgG negative results may reflect false positive reactions,
but could also have its explanation in complement fixa-
tion by alloreactive IgM or subthreshold levels of IgG
escaping detection.

A major finding of our study was that identification of
[IgG] DSA predicted a high rate of C4d positive graft
dysfunction and inferior long-term graft survival, an
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effect which proved significant in multivariate models. In
contrast, for patients with non-DSA IgG reactivity, no
case of C4d-positive graft dysfunction and survival rates
similar to test negative recipients were found. Few previ-
ous studies have addressed the impact of [IgG] DSA
detected by Luminex on clinical outcomes. Two smaller
studies have found increased rejection rates for patients
having Luminex [IgG] DSA [6,9], whereas in a third
study no such effect was reported [8]. Importantly,
reporting overall rejection rates, none of these studies
have provided a separate analysis of AMR. Discrepant
results among trials may at least in part be caused by
inclusion also of antibody-independent rejection episodes.
Of note, in our study, cell-mediated rejection, which, in
our cohort, was much more common than humoral rejec-
tion, was not associated with pretransplant serology. Our
finding of a strong association between preformed [IgG]
DSA and occurrence of AMR is also supported by two
recent studies applying ELISA- or FlowPRA-based DSA
detection, where DSA were found to predict AMR and
adverse kidney allograft survival [7,24].

In line with our previous results obtained with [C4d]
FlowPRA screening [17], in this study, preformed
C4d-fixing Luminex SA alloreactivity in general, with or
without detectable C4d-fixing DSA, was found to be asso-
ciated with the occurrence of C4d positive rejection and
adverse graft survival. Regarding our observation of a
considerable number of C4d-positive rejections also in
the group of [C4d]non-DSA patients, it is important to
note that in all these cases, (noncomplement-fixing)
[IgG] DSA could be identified. This finding strongly
reinforces specific diagnostic value of DSA detection for
prediction of AMR.

In contrast to a recently published retrospective heart
transplant study [19], we were unable to detect a differ-
ence in graft outcomes between [C4d] DSA and [C4d]
non-DSA recipients. Importantly, there was also no major
difference between patients with C4d-fixing and patients
with non-C4d-fixing DSA. Indeed, our analysis, which is
limited by its retrospective design, did not provide con-
vincing evidence for a major diagnostic advantage of
[C4d] Luminex SA testing. A possible explanation for this
difference to the heart study [19] could be that many of
our [C4d] (and [IgG]) Luminex positive recipients had
been subjected to antibody depletion by peritransplant
IA, which, according to our local practice, was applied on
the basis of broad CDC-PRA reactivity. This and similar
protocols have earlier been shown to effectively prevent
rejection in broadly sensitized recipients of a deceased
donor allograft with or without a positive CDC cross-
match [20,25]. Notably, a substantial number of patients
with C4d-fixing DSA have had a positive current
CDC crossmatch convertible by a single pretransplant IA
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session. Our assumption of a considerable improvement
of outcomes in DSA-positive patients by peritransplant A
may be in accordance with a recent study by Akalin et al.
[26], who demonstrated that peritransplant antibody
depletion may substantially decrease the risk of acute
antibody-mediated rejection in sensitized patients with
high levels of Luminex DSA.

Of note, a separate analysis excluding broadly sensitized
patients subjected to peritransplant IA, still failed to
reveal differences in AMR rates between patients with
[C4d]DSA and recipients with [C4d]SA third party reac-
tivity only. Moreover, exclusion of IA patients did not
considerably affect the results of our comparison of C4d-
fixing versus non-C4d-fixing DSA. A drawback of such
subanalyses, however, may be the evident selection bias of
excluding patients with a particularly high immunologic
risk (high rate of retransplantation and broad CDC-PRA
reactivity), who, according to our routine, had been sub-
jected to IA treatment. Moreover, exclusion of a consider-
able number of presensitized patients resulted in marked
decrease in group sizes and low end point frequencies.
This may impede a valid interpretation of statistical
results.

In summary, this study reinforces specific diagnostic
relevance of solid phase detection of IgG type DSA and
supports its use as a tool for pretransplant risk stratifica-
tion. Despite its inherent limitations (retrospective design;
amelioration of outcomes by anti-humoral treatment),
the results of the present study advocate the use of
(Luminex-based) solid-phase antibody testing for specifi-
cation of HLA reactivity patterns and, most importantly,
identification of donor-specific reactivities. One rationale
for the implementation of this technique in clinical rou-
tine may be that, in the context of cell-based assays, solid
phase DSA detection could help identify patients at
increased immunologic risk and guide the implementa-
tion of specific anti-humoral desensitization strategies.
However, our data also clearly demonstrate that pre-
formed (donor-specific) alloreactivity detected by sensitive
Luminex testing does not inevitably cause rejection and
inferior graft performance. Using ‘supersensitive’ antibody
testing, it will be a major challenge to define valid detec-
tion thresholds, to reliably identify false positive results,
and to develop strategies to more precisely predict the
actual clinical impact of individual reactivity patterns. In
this respect, one potential improvement could be the
in vitro detection of complement fixation, which may
serve as a surrogate of the ability of preformed antibody
to trigger complement activation (and C4d deposition) in
the microvasculature of the transplanted organ. Using a
novel protocol of [C4d] Luminex testing we describe tight
associations of preformed C4d-fixing HLA panel reactivity
with the occurrence of AMR. However, presumably as a
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result of amelioration of transplant outcomes by targeted
recipient desensitization, for recipients having C4d-fixing
DSA, we were unable to demonstrate a further increase of
rejection and graft loss rates. Nevertheless, the results of
this study which included the development of a Luminex-
based technique for direct C4d staining could provide a
valuable basis for future (prospective) studies clarifying
the actual value of this innovative assay principle.
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