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ABSTRACT

After kidney transplantation, natural killer (NK) cells play a pivotal role in triggering the immune
response to the allogeneic grafts primarily by their killer-cell immunoglobulin-like receptors (KIR).
This process may be one mechanism that contributes to graft rejection. In this study, we have
evaluated whether acute rejection after kidney transplantation was associated with predicted NK cell
alloreactivity based on KIR gene and ligand along with KIR/HLA compound genotype analysis.

DNA from 65 patients with biopsy-proven acute kidney allograft rejection (AKAR), 61 clinically
stable graft function (SGF) recipients and 176 healthy subjects were identified for the presence or
absence of 10 variable KIR genes (both activating and inhibitory receptors) and their HLA ligands
using polymerase chain reaction-sequence specific primers (PCR-SSP) assay.

Although no significant difference in the frequency of individual KIR genes, was found the gene
content, and the haplotypic distribution between the three categories were detected, the frequency of
the KIR3DL1+HLA-Bw4*A allele combination was significantly lower in AKAR patients compared
to SGF recipients (p=0.004, OR=0.34, CI=0.16-0.72) and healthy subjects (»=0.019, OR=0.47,
CI=0.25-0.89). Kaplan-Meier survival test showed that the KIR3DL1+HLA-Bw4*A allele
combination could be considered protective for AKAR (p=0.04 by log-rank).

The results of this study suggest that KIR/HLA polymorphism may be a genetic susceptibility
factor to alloreactivity dysfunction in the NK cells of patients with AKAR. It is likely that a
KIR/HLA combinatorial study can be beneficial in predicting AKAR occutrence for the purpose of
selecting donors appropriately.

Keywords: Human leukocyte antigen; Killer-cell immunoglobulin-like receptor (KIR); Kidney
transplantation; Transplant rejection

Corresponding Author: Ali Akbar Amirzargar, PhD; of Medical Sciences, Tehran, Iran. Tel: (+98 21) 8895 3009,
Department of Immunology, School of Medicine, Tehran University Fax: (+98 21) 6641 9536, E-mail: amirzara@tums.ac.ir
Copyright© Summer 2017, Iran J Allergy Asthma Immunol. All rights reserved. 245

Published by Tehran University of Medical Sciences (http:/ijaai.tums.ac.ir)


mailto:amirzara@tums.ac.ir

D. Jafari, et al.

INTRODUCTION

Acute kidney allograft rejection (AKAR) occurs as
a consequence of interactions between recipient
immune cells within the transplanted organ."?
Considerable evidence now exists demonstrating that
adaptive immunity plays an important role in the
occurrence of AKAR. However, recent studies have
indicated the importance of innate immune effector
cells such as natural killer (NK) cells in both graft
rejection and tolerance following solid organ
transplantation.>®

NK cells are fundamental players during innate
immune responses, which physically interact with other
immune and non-immune cells.® These cells have been
known to be associated with certain diseases. In the
field of solid organ transplantation, significant strides
have recently been made in the understanding of
underlying cellular and molecular mechanisms in
regulating the acquisition of effector functions by NK
cells.* NK cells activation following engagement of
their surface receptors induces the synthesis and
secretion of mediators and the triggering of cell-
mediated cytolysis, which is most closely associated
with cell damage including destruction of transplanted
cells.”™

Among the cell surface receptors that regulate the
function of NK cells, killer cell immunoglobulin-like
receptors (KIRs) are the most important and
polymorphic.'* The human KIR gene family is less
than 200 Kbp in length and located on chromosome 19
(19913.4), the leukocyte receptor complex (LRC)
region. The region encodes KIRs with inhibitory
functions (iKIR; 3DL1-3, 2DL1-3, and 2DL5),
activating functions (aKIR; 3DS1, 2DS1-5), or both
(2DL4).>*>"* Furthermore, according to the number of
inhibitory and activating genes, KIR genotypes can be
further classified into A and B haplotypes.’**
Haplotype A, the most common haplotype in the
human KIR gene, consists of mostly iKIR genes and
also one aKIR gene. Haplotype B is characterized by
the presence of more than one activatory KIR gene in
addition to inhibitory genes.***®

The KIRs recognize the presence of specific HLA
type | ligands on the surface of potential target cells.
HLA ligands have been described for some (but not all)
KIR genes. KIR2DL1 and KIR2DS1 recognize a subset
of HLA-Cw molecules with lysine at position 80 of the
heavy chain (HLA-C2 group), whereas KIR2DL2/3

246/ Iran J Allergy Asthma Immunol, Summer 2017

and KIR2DS2 interact witha subset of HLA-Cw
molecules with asparagine at position 80 of the heavy
chain (HLA-C1 group). KIR3DL1 and its activating
counterpart 3DS1 bind to HLA-B and certain HLA-A
allotypes that contain the Bw4 motifs (HLA-Bw4
alleles) >

Experimental studies have shown increased
infiltration of host NK cells as well as enhanced ex
vivo cytotoxicity of NK cells against donor cells in
rejecting kidney allografts.>® As previously mentioned,
NK cell activation is critically determined by the
balance between activating and inhibitory signals from
KIR-HLA interactions.” It is likely that simultaneous
polymorphisms in KIR and HLA can result in an
increased frequency of alloreactive KIR™ NK cells
within the host NK cell population, which is consistent
with the “missing self” hypothesis.’*?*?! Regarding this
hypothesis, it is considered that the genetic variability
of KIRs and/or HLA ligands in individuals might help
to determine the outcome of solid organ transplants.* In
kidney transplantation, conflicting data exist regarding
the role of KIR and KIR ligands in NK cell activation
within the transplanted organ.?**? Therefore, we were
interested in assessing the effect of KIR genes and their
HLA ligands along with KIR/HLA compound
genotypes on protection/susceptibility to AKAR.

MATERIALS AND METHODS

Study Population

A total of 126 allograft recipients who received a
kidney transplant from living or cadaveric-unrelated
donors between June 2007 and March 2013 at three
transplant centers, Sina Hospital, Emam Khomeini
Hospital both affiliated to Tehran University of
Medical Sciences (TUMS) and Labbafi Nezhad
Hospital, Shahid Beheshti University of Medical
Sciences (SBMU) were included in this retrospective
analysis. Recipients were classified into two groups
according to the occurrence of biopsy-proven acute
kidney allograft rejection (AKAR group) or having
clinically stable graft function (SGF group) without any
previous episode during five years of follow up. The
AKAR group comprised of 65 patients receiving a
kidney transplant, diagnosed with AKAR. Acute
rejection was defined by clinical manifestations
including increases in serum creatinine level and
glomerular filtration rate (GFR) (Cr>1 mg/dL,
GFR<60) and confirmed by biopsy protocol based on
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Banff criteria.®® The SGF group consisted of 61
patients who had no clinical manifestations of acute
rejection during at least 18 months after transplantation.
The immunosuppressant regimen for all recipients was
adjusted conventional triple-drug therapy consisting of
cyclosporine A or tacrolimus (FK506), mycophenolate
mofetil (MMF) or azathioprine, and methyl prednisone
as steroid. These recipients had not received antibody
induction therapy.

Additionally, the KIR/ HLA genotyping data of 176
unrelated healthy volunteers from our previous
publication were included in the study for better
comparison.”® All samples were collected with the
written consent of the patients or of their legal
guardians and the study was approved by the Ethics
Committee of Tehran University of Medical Sciences,
Tehran, Iran. Genomic DNA was extracted from
peripheral blood cells using the salting-out method as
described by Miller and colleagues.”® The quality and
quantity of DNA was determined by UV
spectrophotometry.

KIR and HLA-ligand Genotyping

Using the polymerase chain reaction-sequence
specific primers (PCR-SSP) assay, DNA samples were
genotyped for the presence or absence of 10 KIR genes
including the KIR genes responsible for inhibitory
signals (2DL1, 2DL2, 2DL3, 3DL1), those for
activating signals (2DS1, 2DS2, 2DS3, 2DS4, 2DS5
and 3DS1), and their five major HLA class | ligands
including HLA-C1, C2 and three allotypes with Bw4
motif: HLA-Bw4 A allele, HLA-Bw4 B allele with
threonine at its position 80 (Bw4 Thr), and HLA-Bw4
B allele with isoleucine at its position 80 (Bw4 lle).

Primer design and PCR thermal conditions for all
the KIR genes and HLA ligand genes were adopted
from the protocol by Vilches et al.** and Taiik et al.*®
respectively. An internal control primer was included in
each PCR typing reaction. Positive control samples
were a generous gift from Dr. D.Middleton, Liverpool
University UK. All PCR reactions were amplified with
programmable thermal cycler (Verity, ABI, USA). In
each reaction, target DNA was amplified in a total
volume of 20 pL containing 0.1-1.5 pM of each
specific primers, 1.5 mM MgCI2, 1 uL of 10x PCR
buffer, 0.5U of Taq DNA polymerase and 100 ng of the
genomic DNA. For electrophoresis, the PCR products
were run on 2% agarose gel capable of resolving 100-
2000 base pair fragments of DNA.
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Identification of Group A and B Haplotypes

To analyze haplotypic structures, samples were
evaluated using the method of Rajalingam et al.”®
Briefly, individuals carrying sole 9 KIR genes
including KIR2DL4, 2DS4, 2DL3, 2DL1, 2DP1, 3DP1,
3DL1-3 were typically assigned as carriers of AA
genotype (the most frequent KIR genotype). Other
individuals were regarded as carriers of Bx genotypes
(AB+BB). Subjects without any of the four A
haplotype-associated genes (KIR2DL3, 2DL1, 3DL1,
and 2DS4) were considered as carrier for two copies of
group B haplotype (BB genotype), and the remaining
individuals were assigned as heterozygotes (AB
genotype). Furthermore, according to locus region of
KIR gene clusters, we analyzed individuals carrying the
Bx genotype using model of Pyo and colleagues.”
Based on this model, two distinct gene clusters were
identified at centromeric and telomeric halves of the
KIR gene complex. The centromeric cluster consisted
of 2DS2, 2DL2, 2DL5B, 2DS3 genes, while the
telomeric cluster consisted of KIR3DS1, 2DL5A,
2DS5, 2DS1 genes. Individuals carrying the BXx
genotype can represent either centromeric cluster (we
call it C4, in which C represents centromeric cluster
with 4 genes), telomeric cluster (T4), or both (CT4).*

Statistical Analysis

The comparison of frequency between the groups
was calculated using a two-tailed Fisher exact
probability (p) test. Odds ratio (OR) with 95%
confidence interval (CI) was considered for the groups.
Additionally, probability that the graft is not rejected
(postoperative survival) was calculated by the Kaplan-
Meier method and the difference of survival curves was
provided by the log-rank statistic (Mantel-Cox). The
association of clinical (transplant characteristics, Table
1) and genetic variables with each outcome were
evaluated by using multivariate survival analysis using
Cox's regression model. p<0.05 was considered as
statistically significant difference. All analyses were
performed using SPSS software version 18.0 (IBM
Corporation, New York, USA).

Results

The clinical parameters and general demographics
for AKAR and SGF groups are listed in Table 1.
Similar to the results of our previous study, SGF
recipients had longer follow-up than AKAR group
(p=0.01, Table1).?® In the present study, HLA matching
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was not considered, and all recipients received HLA- significant (p=0.4). Out of 65 patients with AKAR, 21
mismatched kidney transplants (1-6 mismatched) from cases (32.3%) lost their kidney transplant and returned
living unrelated donors (61.9%), cadaveric donors to dialysis or underwent a second attempt at kidney
(30.95%), and living related donors (7.15%). In terms transplantation. The frequency of delayed graft
of donor sources, there was no detectable difference function (DGF) was also higher in this group (29.3% vs
between both recipient groups. Cytomegalovirus 14.75% in SGF, p=0.052), with a higher level of serum
(CMV) infection was more prevalent in AKAR group creatinine during follow up (p<0.01).

than SGF group, but the difference was not statistically

Table 1. Demographic and clinical features of the kidney transplant patients with acute kidney allograft rejection (AKAR)
and stable graft function (SGF) recipients group.

Parameters AKAR group (n=65) SGF group (n=61) p value
Follow up duration (month) 42+ 35.7 61.3+22.4 0.01
Age (year) 34.02+13.5 31.4+10.9 0.278
Sex (Male/Female) 44121 32/29 0.083
Donor Source

Cadaver 24 (36.9%) 15 (24.6) 0.136
living unrelated 36 (55.4%) 42 (68.85) 0.121
living related 5 (7.7%) 4 (6.55) 0.805
CMV infection (Pos /Neg) 181747 14147 0.4
Rejection type

Cell- mediated 54 (86.9%) - -
Antibody- mediated 10 (11.5%) - -
Cellular & humoral 1 (1.6%) - -
Graft loss (%0) 21 (32.3%) - -
DGF (Yes /No) 19/46 9/52 0.052
Cr level 3.03+£1.37 1.08+0.13 0.000

CMV: Cytomegalovirus; DGF:Delayed graft function; Cr: creatinine. Data are presented as n (%).
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Figure 1. Patients with acute kidney allograft rejection (AKAR), stable graft function (SGF) recipients and healthy subjects
have similar killer immunoglobulin-like receptor (KIR) gene frequencies. KIR2DL4,5, -3DL2, and -3DL3 were not typed
because these genes are present in all individuals.
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Table 2. Comparison of the genotype frequencies of killer immunoglobulin-like receptor (KIR) genes in patients with acute
kidney allograft rejection (AKAR) and stable graft function (SGF) recipients. Each line represents one KIR genotype [gene
presence (grey Box) or gene absence (white Box)]. C4: centromeric clustering, T4: telomeric clustering, CT4: centro-
telomeric clustering

Haplotype A- Haplotype B-
associated genes associated genes

y - S

c = %)

5 9 3 3 %Y 3 % 8 % 5 & 5 &

2 R 8 § f 2 & & & 8§ o g gg =

S o e e

©) o LL

?

1 4 26.15 16.39
2 10 CT4 4.62 3.28
3 9 CT4 9.23 492
4 9 CT4 0.00 3.28
5 9 CT4 4.62 6.56
6 9 CT4 462 164
7 8 CT4 0.00 1.64
8 8 CT4 6.15 1.64
9 8 CT4 0.00 1.64
10 8 CT4 0.00 1.64
11 8 CT4 154 3.28
12 8 CT4 0.00 1.64
13 8 CT4 0.00 1.64
14 8 CT4 1.54 1.64
15 8 CT4 1.54 0.00
16 8 CT4 1.54 0.00
17 8 CT4 154 0.00
18 7 C4 9.23 4.92

19 7 T4 7.69 11.48
20 7 CT4 0.00 1.64
21 7 CT4 0.00 1.64
22 7 CT4 154 0.00
23 7 CT4 154 0.00
24 7 CT4 154 0.00
25 7 CT4 1.54 0.00
26 6 CT4 1.54 1.64
27 6 Cc4 0.00 4.92

28 6 C4 7.69 13.11
29 6 C4 0.00 1.64
30 6 T4 0.00 1.64
31 6 CT4 1.54 0.00
32 5 Cc4 0.00 3.28
33 5 T4 0.00 1.64
34 5 Cc4 1.54 0.00
35 5 T4 1.54 0.00
36 4 C4 0.00 1.64
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Figure 1 provides a comparison of the frequency of
the different KIR genes among the study population.
By excluding one patient in the case group and 2
recipients in SGF group, 2DL1 gene was observed in
all recipients. KIR2DL2 and 2DL3 share a single locus
and the entire study population had at least one copy of
either gene (2DL2/2DL3 frequency =100%). There was
no significant difference in the distribution of
inhibitory and activating KIR genes between the
groups.

Table 2 illustrates KIR genotype distribution among
transplantation recipients with and without AKAR
based on haplotype status. Among a total of 36 KIR
genotypes delineated, 14 genotypes were solely found
in SGF group; 10 genotypes were found in AKAR
group, and all other genotypes were shared by both
groups. Analysis of haplotype frequency did not show
any significant difference between the groups. As
shown in figure 2a, 26.1% of the AKAR group and
16.4% of the SGF recipients were carriers of the AA-
zero genotype; however, this is a non-significant
increment (p=0.183). Haplotype distribution in subjects
with the Bx haplotype (with C4, T4, and CT4
clustering patterns) did not reveal a significant
association between AKAR group and SGF recipients

1004

Haplotype frequency (%)

Gene cluster frequency for Bx (%)

or between all transplant recipients and healthy subjects
(Figure 2b). Meanwhile, in our study no significant
increment or decrement in the genetic content of the
KIR genes was seen between the groups.

Combinatorial frequency of KIR genes with their
HLA class | ligands was also compared between the
three groups. Comparison of compound KIR-HLA
genotype showed that the frequency of the
KIR3DL1+HLA-Bw4*A allele combination was
significantly lower in AKAR patients compared to SGF
recipients (p=0.004, OR= 0.34, CI=0.16-0.72) and
healthy subjects (p=0.019, OR= 0.47, CI1=0.25-0.89). In
practice, when we analyzed the effects of
KIR3DL1+HLA-Bw4*A allele combination on the
outcome of kidney transplantation using the Kaplan-
Meier test, we found that it had a significant protective
effect against the occurrence of AKAR (p=0.04 by log-
rank test, Figure 3). No other KIR/HLA combinations
indicated significant susceptibility to or provided
protection from AKAR (Table 3). Furthermore, Cox
proportional hazard modeling showed that type of
donor (hazard ratio [HR]=0.658, p= 0.04) was
associated with an overall survival (OS) rate. We found
no significant associations of other clinical parameters
with OS rate.

EB AKR (n=65)
SGF (n=61)
B3 Healthy control (n=178)

Figure 2. Haplotype frequencies (left) and gene cluster frequencies (for Bx haplotype) (right) in patients with acute kidney
allograft rejection (AKAR), Stable graft function (SGF) recipients group and healthy subjects
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Table 3. Killer immunoglobulin-like receptor (KIR) and their HLA ligand in susceptibility to acute kidney allograft rejection
(AKAR)

AKAR SGF group Healthy p value
group (a) (b) subjects (c) (@) vs. (b) (a) vs. (c) (b) vs. (c)
(n=65) (n=61) (n=176)

Genotype

2DL1+/C2+ 43 (66.1) 39 (63.9) 131 (74.4) 0.794 0.203 0.117
2DS1+/C2+ 23(35.3) 18 (29.5) 59 (33.5) 0.483 0.787 0.564
2DL1+/2DS1-/C2+ 20 (30.7) 22 (36) 72 (40.9) 0.530 0.151 0.506
2DL1-/2DS1+/C2+ 1(1.5) 1(1.6) 0(0) 0.964 0.099 0.088
2DL2+/C1+ 29 (44.6) 24 (39.3) 79 (44.9) 0.550 0.970 0.452
2DL3+/C1+ 41 (63) 37 (60.6) 112 (63.6) 0.661 0.936 0.678
2DS2+/C1+ 27 (41.5) 23 (37.7) 81 (46.0) 0.530 0.535 0.26
2DL2+/2DS2-/C1+ 2(3) 4 (6.5) 0 (0) 0.361 0.019* 0.000*
2DL3+/2DS2-/C1+ 18 (27.6) 20 (32.7) 43 (24.4) 0.535 0.606 0.204
2DL2-/2DS2+/C1+ 0(0) 2(3.2) 2(L1) 0.142 0.391 0.263
2DL3-/2DS2+/C1+ 4(6.1) 5(8.1) 12 (6.8) 0.657 0.854 0.719
3DL1+/ HLA-BW4*A+ 17 (26.1) 31 (50.8) 75 (42.6) 0.004 0.019 0.267
3DL1+/Bw4.Thr+ 9(13.8) 10 (16.3) 24 (13.6) 0.690 0.966 0.597
3DL1+/Bw4.lle+ 32 (49.2) 34 (55.7) 95 (54.0) 0.466 0.513 0.812
3DS1+/ HLA-Bw4*A+ 12 (18.4) 16 (26.2) 35 (19.9) 0.296 0.804 0.299
3DS1+/Bw4.Thr+ 5(7.6) 4 (6.5) 15 (8.5) 0.805 0.836 0.626
3DS1+/BwA4.lle+ 15 (23) 15 (24.6) 36 (20.5) 0.986 0.658 0.499
3DL1+/3DS1-/ HLA-Bw4*A+ 9(13.8) 16 (26.2) 43 (24.4) 0.082 0.076 0.78
3DL1+/3DS1-/Bw4. Thr+ 5 (7.6) 7(11.4) 11 (6.3) 0.471 0.690 0.185
3DL1+/3DS1-/BwA4.lle+ 20 (30.7) 20 (32.7) 61 (34.7) 0.808 0.571 0.79
3DL1-/3DS1+/ HLA-Bw4*A+ 4(6.1) 1(1.6) 3(1.7) 0.196 0.068 0.972
3DL1-/3DS1+/Bw4.Thr+ 1(1.5) 1(1.6) 2(1.1) 0.964 0.803 0.762
3DL1-/3DS1+/BwA4.lle+ 3 (4.6) 0(0) 2(1.1) 0.090 0.093 0.404

AKAR= :Acute kidney allograft rejection; SGF=: graft function. Data are presented as n (%).
* The value is within the confidence interval and is not significant.

Log rank test, p=0.042

089

0.6

0.4

Probability of Overall Survival

Presence of combination

|| Absence of combination

0.0

T T T T
.00 50.00 100.00 150.00 200.00

In month

Figure 3. Kaplan-Meier graft survival curve. Graft survival rate based on the presence or absence of KIR3DL1+HLA-Bw4*A allele
combination for patients with acute kidney allograft rejection (AKAR) and stable graft function recipients (SGF) recipients.
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DISCUSSION

Acute kidney rejection is a potential post-
transplantation event and is apparently linked with poor
long-term outcomes after kidney transplantation. The
immune system plays a vital role in the development of
the disorder.”® However, the exact mechanisms that
have an impact on an individual transplant recipient’s
susceptibility to AKAR have not been well understood.
In addition to T cells, NK cells may contribute to graft
rejection via KIR-HLA interactions. These interactions
seem to be involved in the pathophysiology of
eliminating neoplastic and virus-infected cells,’ and in
the development of susceptibility to multiple
autoimmune  disease®® and alloreactivity.® KIRs
potentially regulate the function of NK cells through
binding to their corresponding HLA ligands and adjust
the balance between activation and inhibition of NK
cells.® Recent studies have shown associations KIR
genes and their HLA ligands with outcomes in kidney
transplant patients.>?%%

The comparison of the presence of single KIR gene
between the groups has revealed no statistically
significant difference with kidney graft survival and
other studies have reported similar findings.>!*%
However, the group of Nowak et al. compared the
frequency of 10 KIR genes and showed associations of
KIR2DS4 variants and KIR2DS5 gene with increased
probability of rejection and protection of the
transplanted  kidney, respectively. Blockage of
KIR2DS5-ligand interaction through soluble KIR2DS4
could be the probable cause of susceptible role of
KIR2DS4 in AKAR.? The results of Nowak et al.
appear to conflict with a study carried out by Vampa et
al., who reported that increased NK cell activity was
associated with a greater proportion of recipient’s
activating KIR genes for donor HLA class 1. We
recently demonstrated an unexpected increase in the
distribution of activating KIR2DS5 gene in a healthy
Northern Iranian population,with 41% showing
activation of the gene (compared to 25.4% of the
Southern Iranian population);® however, we could not
identify a relation between kidney graft survival and
the presence of single KIR gene.

Analysis of KIR haplotype status revealed no
significant associations with the KIR inhibitory (A/A)
haplotype versus the stimulatory (B/x) haplotype.
Among the Bx haplotypes, the frequency of the C4, T4,
or CT4 subtypes did not show a significant association
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in the acute rejection group compared to other subjects.
In different populations, gene content might be
associated with selective pressures caused by
infections, epidemiological challenges, and genetic
drift.* We presumed that KIR gene content (number of
inhibitory and activating) could influence the activity
of NK cells in a dose-dependent manner, although we
detected no significant difference between groups.

The interesting finding of our study is the
association between the KIR3DL1+HLA-Bw4*A allele
combination and transplant kidney outcome (Table 3),
in which the combination is decreased in AKAR
patients compared to SGF recipients and healthy
subjects.  The  KIR3DL1+HLA-Bw4*A  allele
combination has also been linked with some
immunological disorders. Evaluation of the cell lines
obtained from human solid tumors showed that there
was a direct relationship between a given sufficient
level of the HLA-Bw4*A allele expressed by the
melanoma targets and the surviving melanoma cells
from lysis through KIR3DL1-expressing NK cells and
some T lymphocytes.* In the stem cell transplantation
setting, a reported combinatorial study from Foley et al.
showed that KIR3DL1 in combination with certain
HLA-A alleles has a protective role in saving target
cells from KIR3DL1-dependent NK cells lysis as
KIR3DL1-ligand  mismatch  allows for NK
alloreactivity.®® One study has reported an increased
frequency of the KIR3DL1+HLA-A Bw4 combination
in patients with acute myeloid leukemia, who received
hematopoietic stem-cell transplantation, although the
effect was not significant, may be effective in the
enhancement of inhibition.*

So far, few studies have addressed the effects of NK
cell alloreactivity based on the missing-self hypothesis
on the outcome of kidney transplantation. Two studies
have shown that KIR ligand incompatibility has no
effect on kidney allograft survival.*# It has been
shown that the presence of KIR2DS3 combined with
the presence of the corresponding HLA ligand have an
adverse effect on long-term outcomes after
transplantation.®’ Furthermore, a significant association
between the alloreactivity of NK cells after kidney
allograft transplantation and KIR2DL1/HLA-C2 and
KIR2DL2,3/HLA-C1 has been reported.?

The analysis of peptide-HLA class | tetrameric
complexes by Thananchai et al. has indicated that
HLA-Bw4*A allele-expressing target cells were
resistant to lysis mediated by KIR3DL1-expressing NK
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cells. It has been shown that Bw4-bearing HLA-A can
serve as inhibitory ligands in a manner similar to that of
HLA-B signaling.*®

We assessed the effect of genetic variation at the
KIR/HLA locus using combinatorial analysis on
protection/susceptibility toward AKAR. Reduction of
the inhibitory compound of KIR-HLA (including
KIR3DL1+HLA-Bw4*A) may disturbs the balance of
the signal transduction between activating and
inhibitory receptors. Furthermore, the ineffective
suppression of activating signals results in enhancing
the cytotoxic function of NK cells. Together, these
findings indicate that the presence of the inhibitory
KIR3DL1+HLA-Bw4*A allele combination is a main
feature in the SGF group, and might be crucial to
improve kidney graft outcome in the long term.

We did not find an association between KIR
frequencies or gene content of KIR in the peripheral
blood of renal transplant patients and the incidence of
acute rejection. We found out that the lack of certain
inhibitory KIRs in combination with their HLA ligands
might trigger NK cell activation and subsequently
leading to susceptibility to AKAR. Using survival
analysis, we suggested that the KIR3DL1+HLA-
Bw4*A allele could be considered as a protective
combination for AKAR. Combinatorial results could
help us to select the best possible match for each
patient to improve the outcome of allograft kidney
transplantation. A comprehensive KIR/HLA
combinatorial study has not yet been performed in the
context of acute rejection of kidney transplants, and
further studies using larger cohorts are still required.
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