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Kidney transplantation has evolved over more than half a century and remarkable progress has been made in patient and graft
outcomes. Despite these advances, chronic allograft dysfunction remains amajor problem.Among other reasons, de novo formation
of antibodies against donor human leukocyte antigens has been recognized as one of the major risk factors for reduced allograft
survival. The type of treatment in the presence of donor specific antibodies (DSA) posttransplantation is largely related to the
clinical syndrome the patient presents with at the time of detection. There is no consensus regarding the treatment of stable renal
transplant recipients with circulating de novoDSA. On the contrast, in acute or chronic allograft dysfunction transplant centers use
various protocols in order to reduce the amount of circulating DSA and achieve long-term graft survival. These protocols include
removal of the antibodies by plasmapheresis, intravenous administration of immunoglobulin, or depletion of B cells with anti-CD20
monoclonal antibodies along with tacrolimus and mycophenolate mofetil. This review aims at the comprehension of the clinical
correlations of de novo DSA in kidney transplant recipients, assessment of their prognostic value, and providing insights into the
management of these patients.

1. Introduction

Despite all advances in the development of effective immuno-
suppressive regimens in kidney transplantation, chronic allo-
graft dysfunction remains a major problem [1]. Humoral
immune response contributes to the development of this
entity. Pretransplantation unsensitized kidney transplant
recipients may develop de novo antibodies against donor
human leukocyte antigens (HLA) or non-HLA as are the
polymorphic MHC system class I chain-related gene A
(MICA) molecules [2]. De novo formation of donor specific
antibodies (DSA), directed againstHLA, has been recognized
as one of the major risk factors for reduced allograft survival.
First observation was in 2002, when anti-HLA antibodies
were shown to appear 6 months to 8 years before graft failure
in a serial longitudinal study [3]. Now, we have substantial
evidence, showing that formation of de novoDSAafter kidney
transplantation is associated with antibody-mediated graft
injury that may lead to graft failure [4, 5]. Anti-HLA class
II DSA are considered the predominant de novo produced

antibodies posttransplantation in unsensitized pretransplan-
tation renal transplant recipients [6–8]. The introduction of
more sensitive and specific assays [9], as well as serial evalu-
ation of multiple samples [10] from the same patient, allowed
the detection of DSA after transplantation and comprehend
of their interference to graft dysfunction. The aim of this
paper is to review the incidence of de novo detected anti-HLA
and anti-MICA DSA after kidney transplantation, under-
lining their clinical impact and pathologic correlations and
assess their prognostic ability to transplantation outcome.
Insights into the management of patients with posttransplant
formation of DSA are also within the scope of this review.

2. De Novo Developed Posttransplantation
Donor Specific Antibodies

Patient’s exposure to “nonself-” HLAmolecules as after blood
transfusion, pregnancy, or organ transplantation can lead to
the development of anti-HLA antibodies [11, 12]. Thus, a
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transplant candidate may present with preformed anti-HLA
antibodies, while being in the waiting list. The antibodies
that do not preexist but develop after transplantation and
are directed against foreign graft HLA are considered as
de novo anti-HLA DSA. The distinction as donor specific
is crucial, when considering clinical relevance of anti-HLA
antibodies, as the DSA are for the graft. However, the Mayor
Histocompatibility (MHC) system is highly polymorphic,
with “private” epitopes that characterize each specific allele
and “public” epitopes occurring between alleles, not only
in the same locus, but also in different loci [13]. Humoral
sensitization on the other hand is a matter of anti-HLA
antibodies that recognize epitopes expressed on specific HLA
molecules. An epitope is defined as the physical area of an
antigenic molecule that an antibody binds to. In the case of
proteins, epitopes are defined by the tertiary conformation
of amino acid sequences. As a result, the primary sequence
of amino acids of a protein does not necessarily define an
epitope. HLA epitopes are structurally defined with the usage
of an algorithm [14] which is important when classifying a
given anti-HLA antibody as DSA. Another crucial charac-
teristic is the difference between the antigenicity of epitopes
(i.e., the reactivity with the anti-HLA antibody) and the
immunogenicity of epitopes (i.e., the capacity of inducing
anti-HLA antibody) [15]. Yet, partial denaturation of antigens
may lead to false positive results. Thus, it is essential to
elucidate the difference between HLA epitopes and antigens
in the light of understanding humoral immune response in
transplant recipients.

The MICA genes were first described in 1994 [16]. They
are located in the 46 kb centromeric to HLA-B region and
encodemolecules similar in conformation toHLAclass I pro-
teins. MICA genes are polymorphic and several studies have
found that immune response against MICA may correlate
with a decrease in graft survival after transplantation. MICA
antigens are expressed in epithelial cells [17], in fibroblasts,
in endothelial cells, and in monocytes and dendritic cells
[18, 19]. Lymphocytes are devoid of MICA and thus cross-
matching with lymphocytes obtained from the blood does
not work for the detection of antibodies against MICA. Only
activated lymphocytes have been reported to express MICA
[20], indicating them as danger signals in helping activating
innate immunity through binding of NKG2D on natural
killer cells and certain T cells [21]. A collaborative study
of more than 200 patients and their donors, with typing
for MICA alleles by sequenced-based typing to determine
antibodies against MICA, showed that antibodies against
MICA are donor specific [22]. Anti-MICA antibodies also
recognize nonself-“private” and “public” epitopes on MICA
molecules [22].

3. Incidence of De Novo Donor
Specific Antibodies

Several investigators have searched the incidence rate of de
novo formation of anti-HLA DSA among kidney transplant
recipients. Nevertheless, there is considerable variation in the
reported rates, basically related to the diversity of methods

used to detect anti-HLA antibodies [2, 23]. During the past
decade, HLA antibody tests have moved from CDC to solid-
phase assays, which show increased sensitivity and specificity
to detect HLA antibodies [24]. Using Luminex technology
one can detect and define low levels of these antibodies,
which has been a substantial help in clinical practice. Early
in 2002, antibodies directed against HLA were shown to
appear 6 months to 8 years before graft failure of kidney
transplants in a serial longitudinal study [3]. Following this
observation, another study showed that antibodies appear to
HLA class I and HLA class II, within approximately 2.7 to
3.9 years, respectively, before failure [6]. We know now that
the incidence of anti-HLA antibodies developing 6 months
after transplantation is roughly the same as after 10 years [25].
In a prospective design study, Terasaki and Cai evaluated
2231 patients and found that 21.4% of them were positive
for anti-HLA antibodies 1 year after transplantation [12].
Lachmann et al. [9] studying a large cohort of 1014 kidney
transplant recipients from deceased donors, monitored in
a cross-sectional manner for the development of anti-HLA
antibodies, found that 29% of them became positive and 31%
of these antibodies were DSA. Another study of 72 patients,
who were also negative for anti-HLA antibodies before trans-
plantation, showed that 22.2% of them developed antibodies
after transplantation, while 75%of themhadDSA [26].Wiebe
et al. [27] evaluating a cohort of low risk patients found
that 15% of them developed de novo DSA, in a mean follow
up time of 6.2 ± 2.9 years. The mean time to development
of these antibodies was 4.6 ± 3.0 years. In a retrospective
analysis of 505 patients Willicombe et al. reported a rate of
de novo production of DSA in 18.2% of patients [5]. The
mean time to detection of DSA after transplantation was
9.98 ± 12.48months [5]. In our center [8], periodical screen-
ing of 597 kidney transplant recipients revealed that 15.4%
of them produced DSA after transplantation, with similar
rates recorded between individuals sensitized not against the
donor before transplantation and those without anti-HLA
antibodies. Another recent study of 82 previously negative
pediatric patients showed that 23% of them developed DSA
in a mean follow-up time of 4.3 years [28]. The mean time to
appearance of de novoDSA in this population was 24months
after transplant. Wang et al. measured the incidence of de
novoDSA in the serum of 620 kidney recipients one year after
transplantation and found that 7.3% of them had developed
anti-HLA antibodies, with 84.4% of them being DSA [29].
Likewise, 32% of previously nonsensitized patients developed
de novo DSA in the study by Gingu et al. [30]. Everly et al.
[31] reported that 11% of the patients without detectable DSA
at the time of transplantation will have detectable DSA 1 year
later, and over the next 4 years, the incidence of de novoDSA
will increase to 20%. After de novoDSA development 24% of
the patients will fail within 3 years [31].

Antibodies against MICA antigens have been found in
transplant patients [32, 33] and in about 10% of the patients in
the waiting list for a first kidney [22]. When these antibodies
are donor specific they correspond to mismatched MICA
epitopes [22]. According to Zou and Stastny, about 20% of
kidney transplant recipients may present with anti-MICA
antibodies [22]. The authors also report a higher frequency,



Clinical and Developmental Immunology 3

accounting for 30% of the patients who have rejected a
previous transplant [22]. Another study, which employed
integrative genomics analysis of ProtoArray data, showed that
antibody responses against MICA antigens are modulated
after transplantation, irrespective of the graft rejection, and
may be very high at the time of humoral rejection, or
simply elevated in cellular rejection [34]. They report that
73% of the patients showed an increase in MICA specific
antibody response after transplant, regardless of the presence
or absence of biopsy proven graft rejection [34]. Furthermore
they found that MICA is preferentially localized to the
glomerulus [34].

4. Clinical Correlations of De Novo Donor
Specific Antibodies

Recent studies have provided substantial evidence that the
development of de novo DSA is associated with antibody
mediated injury and allograft failure [4, 5]. Studies from the
past also support a significant role for anti-HLA antibodies in
chronic allograft rejection [35]. Posttransplant production of
anti-HLA antibodies, especially in the presence of circulating
antibodies to donor HLA antigens, is highly associated with
the incidence of acute rejection and graft loss [3, 6, 36, 37].
Patients with de novoDSAmay be classified according to the
clinical syndrome they present with at the time of detection,
as follows: (i) acute allograft dysfunction, that is, patients
with a rise in serum creatinine ≥25% from baseline in ≤2
months. In this group of patients the onset of de novo DSA
was shown concurrent with the onset of clinical dysfunction.
(ii) Indolentallograft dysfunction, that is, patients with graft
dysfunction (proteinuria ≥0.5 g/day or increase in serum
creatinine ≥25% in >2 months). This group includes all
patients in whom the onset of de novoDSA preceded the start
of clinical dysfunction by an average of 9 months [27], (iii)
stable renal function in the allograft, including patients with
no graft dysfunction, in whomDSA were detected by routine
surveillance [27]. Results from a study which categorized a
cohort of 315 low risk patients using the above scheme showed
that independent predictors of de novoDSA production were
HLA-DRB1 (OR: 5.66, 𝑃 < 0.006) and nonadherence (OR:
8.75, 𝑃 < 0.001). Specifically, nonadherence was documented
in 100%of the acute dysfunction group, in 53%of the indolent
dysfunction de novoDSA group, and in only 6% of the stable
function group. In the group with acute dysfunction, the
onset of de novo DSA was essentially concurrent with the
onset of clinical dysfunction and the mean serum creatinine
at the time of kidney biopsy was 5.57mg/dL [27]. Graft loss
occurred in 22/315 patients during the study period and
14 of them (63.7%) had de novo DSA [27]. In the study
by Willicombe et al. de novo production of DSA, of any
specificity, was found to be associated with acute mediated
rejection (AMR) and transplant glomerulopathy. Only HLA-
Cw DSA were found not to be significantly associated with
allograft failure [5].Themajor risk factor for the development
of these DSA posttransplant, revealed from this study, was
the higher mean HLA mismatch [5]. More detailed analysis
showed that the antigenmismatches were associated with the

anti-HLA DQ DSA, while patients mismatched at the HLA-
DR locus were at significant risk for the developing DQ DSA
(𝑃 = 0.0021) [5].Thus, there is an enhanced immunogenicity
with mismatching at both the HLA-DR and HLA-DQ loci,
which is associated with increased production of de novo
anti-HLA DQ DSA [5]. The high incidence of anti HLA DQ
DSA is probably related to the high number of polymorphic
epitopes that are expressed on both 𝛼 and 𝛽 chains of the
HLA-DQ molecule [38].

In our experience [8], de novo appearance of DSA was
significant in that anti-HLA class II DSA, mostly directed
against HLA-DQmolecules, were predominant in HLA class
II incompatible grafts (Table 1). Moreover, recipients of HLA-
class II incompatible grafts developed DSA more frequently
than those receiving HLA-class II compatible (17.9% versus
7.9%, 𝑃 = 0.003) [8]. Over the follow-up time, 48/597 (8%)
patients lost their graft and 28/48 (58.3%) of these had de
novo formation of DSA. The presence of detectable anti-
HLA antibodies, either DSA or non-DSA, was the only
independent predictor for graft loss in the study coming
from our center. Hazards ratios for DSA positive and DSA
negative patients were found in 22.54, 95% CI: 6.69–75.89,
𝑃 < 0.001 and 5.94, 95% CI: 1.67–21.06; 𝑃 = 0.006,
respectively [8]. A retrospective study [28], evaluating the
de novo formation of DSA in a pediatric population of 82
patients, showed that renal function, measured as serum cre-
atinine, was significantly different between patients with and
without de novo formation of DSA. Specifically, patients who
did not develop anti-HLA antibodies, and those with non
DSA had comparable serum creatinine levels at discharge,
and throughout the follow-up time (mean time 4.3 years).
Conversely, a significant increase in creatinine levels was
observed in the DSA group at the end of follow-up period,
when compared with values at discharge and at the time of
first DSA appearance [28]. Interestingly, Lee et al. studying
serial sera collected in a period of 17 years from two groups
of patients, onewhose allograft failed due to chronic rejection
and a control group consisting of patients with functioning
grafts matched by transplant date, found that DSA appeared
in 96% of the patients with graft failure versus 48% of the
controls [42]. Importantly, this study provided clear evidence
that time to development of posttransplant antibody is a
critical factor in determining allograft survival. According
to these findings, antibodies which were developed within a
year after transplantation resulted in graft failure in a mean
time of 5.1 years [42]. In contrast, antibodies, which were
formatted after the first year, were associated with a slow
rate of failure and 80% of patients had functioning grafts
one decade after transplantation [42]. This difference was
mostly attributed to the condition of the graft and probably
the response of the host to the graft. It is possible that
antibodies forming within the first year react rapidly on
the endothelium initiating a cascade of events leading to
rejection. In the same study it was shown that HLA class
I DSA are produced sooner (median time to detection 6.6
months) and are associated with rapid graft loss, while class II
DSA occur later (median time to detection 12.5 months) and
may be associated with chronic transplant glomerulopathy
[42]. Huang et al. [43] monitoring performed and de novo
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Table 1: Studies searching the incidence of de novo anti-HLA DSA and their impact on graft survival.

Author
Publication year

Cohort
size,𝑁

Incidence of
de novo
anti-HLA
DSA

De novo anti-HLA
abs, class, DSA
frequency

Followup
(years)

Incidence of
AMR in pts.
with de novo
anti-HLA Abs

Incidence of
GF in total

Incidence of GF in
pts. with de novo
anti-HLA and
anti-HLA DSA

Worthington et al.
2003 [6] 76 10.5%

Class I, 7.9%
Class II, 6.6%

Class I and II, 1.3%
10 23.7% 91.7%

Hourmant et al. 2005
[23] 1229 5.5% Class I, 0.1%

Class II, 5.4% 5 8% 8.2% 16.8%
4.8%

Terasaki and Cai 2005
[37] 1564 2 8% 16.7%

Zhang et al. 2005 [39] 49 22.4%
Class I, 10.2%
Class II, 6.1%

Class I + II, 6.1%
2 26.7%

Mihaylova et al. 2006
[26] 72 16.7%

Class I, 9.7%
Class II, 5.6%

Class I + II, 1.4%
1–5 8.3% 18% 56.25%

Mao et al. 2007 [40] 54 27.8% 5 46.3% 65.6%
40.6%

Lachmann et al. 2009
[9] 1014 9.2% Class II, 6% 5.5 3.6%

2.4% 20.9% 14.7%

Ntokou et al. 2011 [8] 597 15.4%
Class I, 3.2%
Class II, 11.4%

Class I + II, 0.8%
1.2–10 6%

3.7% 8% 15.6%
9.7%

Wang et al. 2012 [29] 620 6.2%

Class I, 1.5%
Class II, 3.9%

Class I + II 0.8%,
DSA

5 18.4% 60%
63.2%, DSA

Ginevri et al. 2012
[28] 82 23.1%

Class I 2.4%, DSA
Class II 13.4%, DSA
Class I + II 7.3%,

DSA

4.3 40%
36.7%, DSA 13.5%, DSA

Alberu et al. 2012 [41] 53 32%

Class I 20.7%, DSA
Class II 7.5%, DSA
Class I + II 3.8%,

DSA

2 5.7%, DSA 9.4% 23.5%, DSA

Wiebe et al. 2012 [27] 315 14.9%

Class I 0.9%, DSA
Class II 10.2%, DSA
Class I + II 3.8%,

DSA

2.9 ± 6.2 5.3%, DSA 7% 13.6%, DSA

Willicombe et al. 2012
[5] 505 18.2% Class I 5.5% 5 30.6%, DSA 14.4%, DSA

Abs: antibodies; DSA: donor specific antibody; HLA: human leucocyte antigen; AMR: antibody-mediated rejection; GF: graft failure.

HLA DSA found the incedence of acute rejection in 34%,
48%, and 70% for patients with no DSA, with performed
DSA and with de novo DSA, respectively. Notably, in all
recipients with de novo DSA and rejection the first rejection
episode preceded or was concurrent with the emergence of de
novo DSA. Likewise DeVos et al. [44] reported that patients
who developed DSA after transplant had increased rate of
acute rejection episodes, higher serum creatinine, and worst
graft survival. Moreover patients with persistent DSA had
increased rates of rejection and worst renal function [44].
However, a prospective DSA screening protocol failed to
identify patients at risk for acute rejection or poor short term
graft outcomes [45]. Specifically, although DSA was detected
in 27% of all patients by protocol or indication searching,

and patients with DSA were significantly more likely to have
experienced acute rejection compared with those without
DSA, only 3 out of 19 with DSA had DSA detected before the
rejection episode [45].

MICA antibodies are also becoming increasingly rec-
ognized as critical in the pathogenesis of organ allograft
outcomes. Prospective studies of patients with MICA anti-
bodies have shown that they experience lower allograft
survival accounting for 83% versus 94% for patients with
HLA antibodies or 96% for those without HLA antibodies
(𝑃 = 0.0005,𝑃 = 0.0004, resp.) [46]. Notably, themultivariate
analysis from that study revealed hazard ratios for patients
with MICA antibodies as high as 6.1 opposed to 3.6 for
patients with HLA antibodies (𝑃 < 0.00001) [46]. An earlier
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retrospective study had identified MICA in kidneys which
had been rejected [47]. They were also found in the sera of
patients who eventually experience graft failure at a higher
frequency than in those who had functioning grafts [48].
Moreover, MICA antibodies were found before transplan-
tation in about 25% of the 85 patients in the waiting list
[44] and associated with hyperacute rejection and in the
absence of HLA antibodies [48]. Several studies have shown
that kidney allograft recipients undergoing both acute and
chronic rejection may have measured antibodies against
MICA antigens [32, 49–52].

5. Pathologic Correlations

Akey to understanding the effects of antibody-mediated graft
damage is to define the relationship between donor specific
antibody in the recipients’ sera and the histopathological
lesions in their grafts. The current Banff criteria define the
diagnosis of AMR as the presence of DSA along with certain
histological changes [48] including the C4d deposition [50].
In this regard, Hidalgo et al. [53] studied the frequency of de
novo DSA in the sera of patients and their associations with
specific histologic lesions and prognosis. They found that de
novo DSA were more frequent in patients having late biop-
sies (34%) versus early biopsies (4%) [53]. Microcirculation
inflammatory changes, such as glomerulitis, or capilliritis,
and damage such as glomerulopathy, or capillary basement
membrane multilayering and C4d staining were associated
with de novo DSA [53]. Thus, in late biopsies, de novo
DSA detection is frequent and associated with microvascular
lesions but not with scarring lesions. This study, performed
in late biopsy population, indicates that de novoDSA stresses
microcirculation in the allograft, causing these kidneys to
present with clinical indications for biopsy at a median of
about 6 years after transplant. Weibe et al. on the other
hand, studying 315 consecutive renal transplants without
pretransplant DSA, with protocol and for cause biopsies,
correlated the patients’ clinical phenotypes by graft function
at the time of de novo DSA detection. They found that 0–6-
month clinical rejection episodes (borderline or Banff 1A/1B
cellular rejections) occurred more commonly in the de novo
DSA group compared with the patients without de novo
DSA (28% versus 13%, 𝑃 = 0.015). In addition, despite
a median acuteglomerulitis score of zero in both groups,
the de novo DSA group had significantly higher peritubular
capillaritis scores in 0–6-month clinical rejection biopsies
compared to the group without de novo DSA (2 versus 1,
𝑃 = 0.049). Moreover, both the clinical rejection frequency
and the grade of capillaritis were higher independent of
adherence in the de novo DSA group [27]. Despite the
widespread use of C4d staining in the clinical management of
kidney transplant recipients [54–59], over time it has become
clear that C4d is neither completely specific nor sufficiently
sensitive for the diagnosis of AMR [54–56, 60]. The current
Banff diagnostic criteria [57] however require positive C4d
peritubular capillary staining for a definite diagnosis of AMR,
which might exclude some patients from such a specific
diagnosis. Interestingly, C4d-negative AMR, a clinical entity

which emerged in 2009 [56], was shown to be associated
with microcirculation changes and the presence of anti-
HLA class II DSA. As predictors of progression to chronic
mediated rejection, these findings confirmed the notion that
independently of C4d positivity, C4d-negative kidneys could
share features of antibody-mediated injury, and C4d staining
alone may not be sensitive enough to establish a diagnosis
of acute mediated rejection. Another study demonstrated
that high endothelial-specific gene expression in biopsies
from kidney transplant recipients with DSA but without
C4d, indicating ongoing antibody-mediated damage [56].
Most cases of C4d-negative AMR tend to occur more than
1 year after transplantation and represent chronic or acute-
on-chronic AMR episodes [56].

6. The Methods of Measuring DSA in
Serum and Diagnosis of DSA in Serum
and Diagnosis of DSA-Associated
Graft Rejection

Although the complement-dependent cytotoxicity (CDC)
[61] crosshatch has been the gold standard assay for many
years in kidney transplantation, the need for alternative HLA
antibody screening was also clear. The target in the CDC
assay is the lymphocyte, and thus not only HLA molecules
but also other unrelated cell membrane components may
be targets for antibody reactivity. Moreover, autoantibodies,
immune complexes, and immunoglobulin allotypes may also
interfere in this assay [62]. Because the assay is based on
complement activation, HLA specific IgG antibodies, not
able to fix complement, such as IgG2 and IgG4, cannot be
detected. This problem was solved by the development of
solid phase assays using isolatedHLAmolecules as targets for
antibody detection.They are based on ELISA or fluorescence
and can detect both complement fixing and noncomplement
fixing IgG antibodies [63]. A positive reaction in this occasion
is by definition caused by the reactivity with an HLA class
I or a class II molecule, and not with another unrelated cell
membrane molecule.

The ELISA assay was developed first, in which HLA class
I and HLA class II molecules were used as target molecules.
Later studies showed that kidney transplant recipients who
were transplanted with a negative CDC crossmatch with
both HLA class I and HLA class II antibodies present before
transplantation with this assay had a significantly poorer
graft survival [63] compared with patients without HLA
antibodies. Yet, patients with HLA class I or HLA class
II antibodies did not experience this worst graft survival.
This effect was attributed to donor specific antibodies as
the impact on graft survival was shown greater with the
number of HLA mismatches between donor and recipient
[61]. Subsequently, Lefaucheur et al. showed a significantly
lower graft survival in patients with DSA compared with
patients without DSA [62, 63]. In this regard, when the
presence of DSA was associated with the occurrence of
AMR graft survival was worse in the DSA group, while in
the absence of AMR graft survival was similar to that of
patients without DSA.Therefore, although the DSA detected
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by ELISA are a risk factor for some patients, it is not feasible to
assign the risk on a specific patient [56]. More recently, assays
based on antibody reactivity against HLAmolecules attached
to Luminex beads are used. The availability of single HLA
antigen beads facilitates the determination of the antibody
specificity enormously compared to previous panel analyses
[64]. There are several retrospective studies showing that the
presence of DSA is associated with a significantly decreased
graft survival even if no AMR takes place [64–66]. Yet,
donor HLA class II specific antibodies detected by Luminex
were shown to be clinically relevant with a positive B-cell
crossmatch [67]. Other studies reported that DSA detected
in Luminex are irrelevant in patients transplanted with a
negative CDC crossmatch [68, 69] or with a negative flow
cytometric crossmatch [69]. Incidence of rejection, renal
function and graft survival were found similar between
patients with and without DSA BY Luminex.

LateAMR is amajor cause of late kidney transplant failure
andmajor assistance in its understandingwas provided by the
1997 Banff classification. It was created basically in order to
classify rejection prior to the meeting in 2001, which further
defined pathological classification of AMR [49]. Incidence of
AMRhas been reported as 0–8% in renal transplant recipients
in larger centers largely due to increased recognition, detec-
tion of DSA, retransplanted patients, and increase in positive
crossmatch andABO incompatible transplantation for highly
sensitized patients. A few studies have indicated C4d staining
is around 93–96% specific but 31–95% sensitive [49]. Lately
quantification of DSA has been introduced as a comarker
of AMR to be taken into consideration in diagnosis and
treatment. After the Banff meeting in 2001 it was determined
that AMR has 3 cardinal features upon biopsy findings: (i)
acute tubular injury; neutrophils and/or mononuclear cells
in peritubular capillaries and/or glomeruli, and/or capillary
thrombosis; or arteritis/fibrinoid necrosis in the intima along
with intramural/transmural arterial inflammation. (ii) C4d
evidence for antibody action and/or immunoglobulin in
peritubular capillaries, immunoglobulin and complement in
arterial fibrinoid necrosis. (iii) anti-HLA antibody (DSA)
circulation in serumor other anti-donor endothelial antigens.

After the Banff meeting in 2009, positive C4d deposition
without evidence of rejectionwas added to criteria suggesting
antibody-mediated changes. Several studies had reported
C4d deposition in biopsies without evidence of rejection [56].
In protocol biopsies from ABO incompatible grafts, 21/37
had C4d deposition without evidence of AMR lesions or
T-cell-mediated rejection, which can suggest accommoda-
tion. Another addition to Banff criteria indicating antibody-
mediated changes was determined to be positive C4d with
presence of circulating anti-donor antibodies (no signs of
acute or chronic T-cell-mediated rejection or AMR/no ATN-
like minimal inflammation) [70].

7. Management of the Patient with De Novo
DSA after Kidney Transplantation

Patients with de novo DSA may present with a spectrum
of clinical syndromes and various pathological features.

The clinical phenotypes of the patientswhodevelopDSAafter
kidney transplantation vary significantly, from acute allograft
dysfunction to stable renal function [27]. In this regard, the
best therapeutic approach for the kidney transplant recipient
with de novo DSA will depend on the clinical picture at the
time of detection. Between episodes of acute AMR and late
chronic AMR there is a dynamic and progressive process
of injury and repair standing, which ultimately contributes
to failure of the allograft. Therefore, it is believed that the
most important clinical criterion of which protocol to use
is the rapidity of onset of graft dysfunction. Therapeutic
protocols include removal of the antibodies by plasma-
pheresis (or immunoadsorption), suppression of antibody
production by intravenously administered immunoglobulin
(IVIG), depletion of the antibody-secreting plasma cells with
anti-CD20 treatment with rituximab, along with tacrolimus
and mycophenolate mofetil. Most recent protocols employ
Campath-1H and Bortezomib [70]. Patients with de novo
formation of DSA after transplantation are treated by the
clinical syndrome they present with at the time of detection:
(i) Acute allograft dysfunction with histological evidence of
antibody mediated injury (C4d+) with minimal pathologic
features, acute tubular necrosis-like changes, are treated
with a combination of pulse methylprednisolone, a course
of plasma exchange therapy, 6–8 sessions, IVIG, and one
pulse of rituximab, 375 mg/m2. However, patients with more
severe clinical picture, that is rapid deterioration of renal
function and diffuse C4d+ staining, evidence of capillary
and/or glomerular inflammation with thrombosis require
therapy with longer courses of plasma exchange, 8–10 ses-
sions, followed by IVIG and rituximab. The new agent,
which has emerged in the treatment of AMR episodes, is
bortezomib [71]. It has been shown effective in reducing anti-
HLA antibody levels and reversing both AMR episodes in
substantial numbers of treated patients.

In both occasions, formation of de novo DSA is typically
documented in the light of worsening of renal function and
typically at the same time with the biopsy showing acute
AMR. It is essential to note that for this groupof patients insti-
tution of therapy should be rapid to avoid irreversible graft
loss. Despite the fact that a biopsy result is not a requirement
for institution of treatment, a graft biopsy is required to avoid
treating patients with advanced degrees of interstitial fibrosis
and tubular atrophy who are unlikely to benefit. (ii) Indolent
allograft dysfunction represents a slower, gradual decline
of renal function, which occurs without acute compromise
of renal function or significant proteinuria and cannot be
explained by any other cause. Kidney transplant recipients
who develop de novo DSA often show pathologic features of
indolent and slowly progressivemicrovascular abnormalities.
Donor specific antibodies, formed de novo, bind to allogenic
targets expressed by graft endothelium activate the system of
complement system and modulate the biology of rejection.
The appearance of these antibodies results from inadequate
immunosuppression and thus prevention is synonymous
with sufficient immunoregulation and/or enhancing of the
level of as needed. (iii) Detection of de novoDSA in a routine
test in patients with stable allograft function represents a
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step behind in the continuum of the natural history of acute
AMR. It is largely unknown how to treat these patients.
A closer monitoring of these patients, in addition to the
advancement of immunosuppressive therapy, which typically
includes tacrolimus and mycophenolate mofetil is generally
suggested. We tend to maintain higher trough level of
tacrolimus in such patients (>6 ng/dL) andusually administer
1.5–2 g of mycophenolate mofetil per day, depending on
the body weight. However, recent investigation has shown
other potential pathways that might be beneficial in such
patients. For instance, the effect of the proteasome inhibitor
bortezomib was evaluated as a desensitization strategy in
recent study [72].They administered one cycle of bortezomib
(1.3mg/m2 × 4 doses), used as the sole desensitization
therapy. Bortezomib treatment did not significantly decrease
DSA within the 150-day posttreatment period in any of the 4
patients [72].
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