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LONG-TERM SURVIVAL OF THE TRANSPLANTED KIDNEY AND THE
CLINICAL RELEVANCE OF DONOR-SPECIFIC ANTIBODIES
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Ondrej Viklicky’

Abstract: The aim of our study was to evaluate the relevance of donor-specific antibodies (DSA) as defined by solid-
phase single-antigen (SA) assays for predicting long-term graft survival after kidney transplantation. Sera from 132
kidney transplant recipients were retrospectively tested before, 3, 6 and 12 months after transplantation. The incidence
of rejection and graft survival was followed up for 7 years. We found 29 episodes of acute cellular rejection (CR), 21
cases of antibody-mediated rejection (AMR) and 18 graft failures due to immunological reasons. Pre-transplant DSA
and DSA three months after transplantation correlated with an increased rate of AMR and impaired graft function. After
the fourth year, recipients with persistent DSA were at a higher risk of graft failure (p = 0.0317). Antibody specificity
was prevailingly to HLA class I antigens (66.6% DSA, 75% non-DSA). During the first year after transplantation, the
number of patients with non-DSA decreased (30.3% to 10.7%), while, due to de novo production of antibodies, the
number of DSA positive patients remained constant.

Conclusion: Detection of antibodies to HLA antigens using solid-phase assays, especially single-antigen bead
technology before and three months after transplantation is predictive for increased incidence of antibody-mediated
rejection and impaired long-term kidney graft survival.

IDepartment of Immunogenetics, IKEM, Prague, Czech
Republic

’Department of Nephrology, IKEM, Prague, Czech
Republic

*Department of Clinical & Transplantation Pathology,
IKEM, Prague, Czech Republic

*Unit of Medical Statistics, IKEM, Prague, Czech
Republic

‘Department  of  Clinical &  Transplantation
Immunology, IKEM, Prague, Czech Republic

* Both authors have equally contributed to this publication.

Corresponding author:

Antonij Slavcev

Department of Immunogenetics, Institute for Clinical and
Experimental Medicine, Videnska 1958/9, Prague 140 21, Czech
Republic

Tel: +420-26136 2347

Fax: +420-26136 2393

e-mail: antonij.slavcev@ikem.cz

Submitted: January, 2020
Accepted: March, 2020

Key words: kidney transplantation, antibodies, rejection, HLA,
crossmatch

INTRODUCTION

Acute antibody-mediated rejection (AMR) is the main
immunological cause of irreversible deterioration in
graft function and impaired survival of the transplanted
kidney." ? The detection and definition of HLA donor-
specific antibodies (DSA) using solid-phase assays is
now essential for the diagnosis of AMR. However, the
role of pretransplant DSA and de novo-produced DSA
(as defined by these techniques) in the assessment of
long-term kidney graft survival is still uncertain. A
number of studies have indicated worse graft survival
in patients with pretransplant DSA and posttransplant
de novo-produced DSA™® even though they are
contradicted by other reports.” ® Intriguingly, two
recent studies point out that non-donor-specific
antibodies (non-DSA) might also have graft-damaging
effects.” ' The clinical relevance of various technical
modifications of the single-antigen Luminex assay,
which involves the role played by complement-
activating vs. non-activating antibodies, is also under
intense scrutiny.'" '> Given the different and often
contradictory data in the literature, the goal of our
retrospective study was to evaluate the clinical
relevance of DSA as well as non-DSA (as defined
using the single-antigen bead technique) for the
prediction of long-term (7 years) graft survival after
kidney transplantation.

MATERIAL AND METHODS

Our study included 132 kidney recipients who received
kidneys from deceased donors in the Transplant centre
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Table 1. Demographic characteristics of kidney transplant recipients
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. Total ACR' AMR?
Patients (n=132) (n=29) P value (n=21) P value

Male 82 (62%) 15 (18%) 13 (16%)

Gender NS NS
Female 50 (38%) 14 (28%) 8 (16%)
PRA > 10% 15 (11%) 2 (13%) 2 (13%)

First Transplanted NS NS
PRA <10% 106 (81%) 25 (24%) 14 (13%)
PRA > 10% 4 (3%) 0 (0%) 1 (25%)

Retransplanted NS NS
PRA <10% 7 (5%) 2 (29%) 4 (57%)
First Transplanted 121 (92%) 27 (22%) 16 (13%)

NS P=0.0179

Retransplanted 11 (8%) 2 (18%) 5 (45%)
>4 33 (25%) 10 (30%) 7 (31%)

ABDR Mismatch NS NS
<4 98 (75%) 19 (19%) 14 (14%)

Delayed graft Yes 19 (14%) 4 (21%) NS 4 (21%) NS
function No 113 (86%) 25 (22%) 17 (15%)
Yes 44 (33%) 12 (27%) 9 (20%)

ATN’ NS NS
No 88 (67%) 17 (19%) 12 (14%)
Yes 29 (22%) 5 (17%) 4 (14%)

Induction Therapy NS NS
No 103 (78%) 24 (23%) 17 (17%)

Legend: 'ACR — cellular rejection, >AMR — antibody-mediated rejection, >ATN — acute tubular necrosis

IKEM between 2004 and 2005. All recipients were
followed up for graft function, patient and kidney graft
survival for 7 years after transplantation. The research
was approved by the ethics committee of the institute
and written informed consent was obtained from all
patients before their inclusion in the study. The
demographic characteristics of our cohort are shown in
Table 1.

The detection and specification of HLA antibodies
were performed before, 3, 6 and 12 months after
transplantation. Patients with panel-reactive antibodies
(PRA) > 50% before transplantation, as assessed using
the complement-dependent lymphocytotoxic (CDC)
assay, were treated with induction immunosuppressive
therapy, including antithymocyte globulin (ATG) and
corticosteroids. All kidney recipients had a negative
CDC crossmatch test, performed with unseparated T
and B cells (isolated from donor lymph nodes or the
spleen) before transplantation. All pre- and post-
transplantation sera were analysed retrospectively
using the Luminex technique. After transplantation,
341 samples were analysed in total. The detection of
HLA antibodies was performed using the LABScreen
Mixed technique; positive sera from the LABScreen
test were further tested for HLA specificity using single
antigen (SA) beads (One Lambda Inc., Canoga Park,
USA) according to the manufacturer’s instructions on a
Luminex 200 System. A cut-off for positivity of 1000
MFI and 2000 MFI was applied for class I and class II
SA beads, respectively. Donor-specific antibodies were
defined against HLA-A, -B and -DR antigens.

Cellular (CR) and antibody-mediated rejection (AMR)
were diagnosed in graft biopsies according to the

updated Banff classification (2008)"; biopsies were
performed at the time points of kidney graft function
deterioration. AMR was defined by morphological
evidence of acute tissue injury, immunofluorescent
detection of diffuse C4d deposits in peritubular
capillaries (>10%) and the simultaneous presence of
DSA. The standard immunosuppressive protool after
transplantation  included calcineurin  inhibitors,
mycophenolate mofetil and corticosteroids. Statistical
evaluation of data was performed using the Chi-square
test, Fischer’s exact test and Log-Rank test. Kaplan-
Meier survival curves were drawn with GraphPad
PRISM 7.0 (La Jolla, California, USA).

RESULTS
Incidence of rejection and grafft loss

During the 7-year follow-up, 29 cases of acute cellular
rejection (ACR) and 21 antibody-mediated (AMR)
rejections were diagnosed. Eighteen kidney recipients
(13.6%) experienced ACR and 10 (7.6%) AMR, while
11 developed AMR and ACR simultaneously (52% of
all AMR episodes). AMR during the first year was
observed in 17 (81%) cases; eight recipients developed
AMR during the first month after transplantation and 7
during the next 2 months after transplantation. A trend
for higher occurrence of AMR with an increasing
number of HLA mismatches was observed. Recipients
with fully HLA-A, -B and -DR-matched grafts
remained free of AMR, while 35% of those with 6
HLA mismatches developed AMR (p =0.049). No
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Table 2. Pretransplant donor and non-donor-specific antibodies and correlation to the incidence of antibody-mediated rejection and graft

failure
Patients AMR' P value Graft failure P value
(n=132) (n=21) (n=18)

Preformed DSA’ 21 (16%) 10 (48%) 0.0001 7 (33%) 0.0224
DSA class I only 14 (11%) 5 (36%) 0.0497 5 (36%) 0.0245
DSA class I (& class II) 17 (13%) 7 (41%) 0.0067 6 (35%) 0.0134
DSA class II only 4 (3%) 3 (75%) 0.0127 1 (25%) NS
DSA class II (& class I) 7 (5%) 5 (71%) 0.0011 2 (29%) NS
DSA class Tand II 3 (2%) 2 (67%) NS 1(33%) NS

Preformed non DSA*® 40 (30%) 4 (10%) NS 3 (8%) NS
Non-DSA class I only 30 (23%) 4 (13%) NS 3 (10%) NS
Non-DSA class II only 2 (1.5%) 0 NS 0 NS
Non-DSA class I & 1T 8 (6%) 0 NS 0 NS

Legend: 'AMR — antibody-mediated rejection, 2DSA — donor-specific antibodies, *Non-DSA — non-donor-specific antibodies

influence of gender, PRA levels, induction
immunosuppressive therapy or other factors on the
development of cellular and antibody-mediated
rejection was found (Table 1). AMR occurred more
frequently after retransplantation (p = 0.0179) and was
associated with increased risk of graft failure: nine
(43%) out of 21 recipients who experienced AMR lost
their grafts, while 9 grafts (8%) failed in the
remaining 111 recipients free of AMR (p =0.0001).

Pretransplant HLA antibodies

Twenty-one (16%) recipients had preformed DSA
before transplantation, while 40 (30%) had non-DSA.
The majority of DSA specificities were against HLA
class I antigens (66.7% class I; 14.3% class 1 & 1I);
non-DSA were also more frequently specific to HLA
class I antigens (75% class I, 20% I & II). The
pretransplant presence of DSA significantly correlated
with higher risk of AMR, both for class I- and class II-
specific antibodies (p < 0.0001) (Table 2), while non-
DSA were not associated with the occurrence of AMR.
Concerning graft survival, DSA and especially DSA
class I (also simultaneously with class II antibodies)
were associated with a higher rate of long-term graft
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Figure la. Kaplan-Meier curves of graft survival in kidney
recipients with pretransplant DSA, non-DSA and without HLA
antibodies. Increased risk of graft loss in pretransplant DSA-positive
patients (p = 0.0330).

failure (p = 0.0224) (Table 2 and Fig.1a). Interestingly,
graft survival was similar between DSA-positive and
DSA-negative cohorts, with graft failures in the DSA-
positive patients occurring more frequently only after
the fourth year after transplantation. Comparison of
individual specificities of DSA+ with DSA-negative
recipients showed a trend of increased risk of graft
failure in patients with DSA+ for class I (Log-Rank test
p = 0.0106, Fig.1b). Pretransplant non-DSA did not
influence graft survival (Fig.1a).
DSA I11+ (n=4)

100
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Figure 1b. Kaplan-Meier curves of graft survival in DSA-positive
and DSA-negative kidney recipients. Increased risk of graft failure
in DSA class I positive recipients (p = 0.0106).

Posttransplant HLA antibodies

During the first year after transplantation, 15 recipients
lost their preformed DSA (71.4% pretransplant DSA-
positive), and 21 recipients developed de novo DSA.
Fifteen (71.4%) of those were pretransplant HLA
antibody-negative, while 6 (28.6%) had pretransplant
non-DSA. Six recipients (28.6%) had persistent
pretransplant DSA at the end of the first year after
transplantation. Conversely, non-DSA production
decreased during the first year from 30.3% to 10.7%.

During the first 3 months after transplantation, the
presence of DSA correlated with a higher risk of AMR
(p =0.0074) (Table 3) and graft failure (compared with
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Table 3. Donor and non-donor-specific antibodies after transplantation (3 months) and correlation with the incidence of antibody mediated

rejection (AMR) and graft failure

Patients AMR! P value Graft failure P value

(n=128) (n=15) (n=18)
DSA? 18 (14%) 6 (33%) 0.0074 6 (33%) 0.0299
DSA class I only 13 (5 de novo) 3 (23%) NS 4 (31%) NS
DSA class II only 3 (2 de novo) 2 (67%) NS 2 (67%) NS
DSA class I and II 2 (1 de novo) 1 (50%) NS 0 NS
Persistent DSA 10 (8%) 4 (40%) 0.0171 4 (40%) 0.0473
Lost pretransplant DSA 11 (9%) 5 (45%) NS 3 (27%) NS
De novo DSA 8 (6%) 2 (25%) NS 2 (25%) NS
Non-DSA® 37 (30%) 8 (22%) 0.0551 5 (14%) NS
Non-DSA class I only 20 (16%) 4 (20%) NS 4 (20%) NS
Non-DSA class II only 5 (4%) 0 NS 0 NS
Non-DSA class I and II 12 (9%) 4 (33%) NS 1 (8%) NS

Legend: 'AMR - antibody mediated rejection, “DSA — donor-specific antibodies, *Non-DSA — non donor-specific antibodies

DSA-negative recipients and those with non-DSA —
Fig.2a). Interestingly, persistent DSA (pre- and post-
transplant) were related to the highest risk for
development of AMR (p = 0.0171), while no
correlation was found between de novo DSA and the
incidence of AMR. Surprisingly, persistent DSA at 3
months after transplantation were related to worse
long-term (7 years) graft survival than de novo DSA at
the same time point. De novo DSA played a role in
graft survival during the first 4 years after
transplantation (Fig.2b), but after the fourth year,
recipients with pretransplant DSA were at a higher risk
of graft failure. At 6 and 12 months after
transplantation, the presence of antibodies (DSA and
non-DSA) was not associated with AMR or graft
failure (results not shown).

DISCUSSION

As indicated above, testing for donor-specific
antibodies is now essential for the diagnosis of AMR

1004
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Figure 2a. Kaplan-Meier curves of kidney recipients with HLA-
specific antibodies (DSA and non-DSA) and recipients without
HLA antibodies. Increased risk of graft loss in DSA-positive
patients (p = 0.0210).

after organ transplantation.'* However, unresolved
questions remain concerning the clinical relevance of
antibodies (as defined using the SA technique) for
predicting long-term allograft survival and the timing
of posttransplant monitoring of antibodies.

In line with previous reports, an increased risk of graft
failure in transplant recipients who experienced AMR
was observed.”” Retransplanted, high-risk kidney
recipients and those with worse HLA matching with
their respective donors were more prone to AMR.
While all recipients included in the study were free of
cytotoxic donor-specific antibodies before
transplantation (CDC crossmatch negative),
pretransplant DSA revealed retrospectively using the
SA beads technique came up as a clear predictor for the
development of AMR. This finding is in agreement
with previous reports showing higher incidence of
AMR in recipients with pretransplant DSA.'"
Concerning graft survival, a new intriguing finding of
our study was that impaired survival in DSA-positive
recipients became apparent only 4 years after
transplantation. Siisal et al. (2011) did not find worse
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Figure 2b. Kaplan-Meier curves of graft survival in kidney
recipients with persistent pretransplant DSA, de novo DSA and
non-DSA detected 3 months after transplantation. Although de
novo DSA played a main role in inferior graft survival during the
first 4 years after transplantation, recipients with pretransplant DSA
were at higher risk of graft failure after the fourth year (p = 0.0317).
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allograft survival in recipients positive for DSA as
defined using the SA technique; however, the follow-
up speculate that the relatively late graft failure in
patients with pretransplant DSA might be due to the
slow damaging effect exerted by (low-level) DSA (20)
and/or by accommodation of the transplanted kidney to
antibody injury.”’ We found no correlation between
non-DSA and the development of AMR', even though
almost one third (28%) of the cohort with non-DSA
developed de novo DSA after transplantation. In
agreement with other studies, this may be a risk factor
for graft survival.*> >

As far as the relevance of the detection time point of
antibodies, testing for DSA 3 months after
transplantation is, in our estimation, important for
predicting allograft outcomes. At 3 months, recipients
with DSA had a higher risk for the development of
AMR and worse long-term allograft survival. In our
cohort, persistent DSA had a stronger impact on the
incidence of AMR and graft survival in comparison
with de novo DSA. Everly et al.” suggest that the
production of de novo DSA occurs more often during
the first year after transplantation and that these
antibodies are associated with graft failure, which is
also in line with our findings.

In conclusion, detection of antibodies to HLA antigens
using SA bead technology before and three months
after transplantation is predictive of impaired long-term
graft survival. Patients with preformed and persisting
DSA during the first three months after transplantation
could be considered as a risk group and should be
carefully monitored.
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