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Background: Recently, in patients with long-term functioning allografts, we showed that high NKG2D+ NK cell numbers in
the peripheral blood were associated with a higher glomerular filtration rate, whereas high NKG2A+ NK cells
were associated with a lower glomerular filtration rate. Both NK cell determinants react with ligands (MIC A/B,
HLA-E) expressed on stressed cells, such as virus-infected cells, tumor cells, or cells activated during graft re-
jection. In the present study, we attempted to characterize these 2 NK cell subsets further.

Material/Methods: Using flow cytometry, NK cell subsets were analyzed in whole-blood samples of 35 stable kidney transplant
recipients (serum creatinine mean+SD: 1.44+0.45 mg/d|). Blood was obtained 95-3786 days after transplant
(mean+SD: 1168+1011 days after transplant).
Results: High proportions of NKG2A-NKG2D+ NK cells were strongly associated with high numbers of CD56dimCD16+
(p=0.001) NK cells co-expressing CD107 (P=0.001) and granzyme B (P=0.045), suggesting that NKG2A-NKG2D+
NK cells are predominantly cytotoxic. In contrast, high numbers of NKG2A+NKG2D- NK cells were strongly as-
sociated with low numbers of CD56dimCD16+ NK cells expressing CD107 (P=0.026), CD25 (p=0.008), TGF-BR
(P=0.028), and TGF-B (P=0.005), suggesting that patients with high proportions of NKG2A+NKG2D- NK cells
have low proportions of NK cell subsets with cytotoxic phenotype.

Conclusions: A high proportion of NKG2A+NKG2D- NK cells is associated with decreased counts of NKG2A-NKG2D+
CD56dimCD16+ cytotoxic NK cells in the circulation. This may result in impaired immunosurveillance. We would
like to hypothesize that NKG2A-NKG2D+ CD56dimCD16+ cytotoxic NK cells eliminate MIC A/B-expressing
stressed cells which possess a potential to harm the transplant. Further studies will have to evaluate whether
the proportion of NKG2A-NKG2D+ CD56dimCD16+ cytotoxic NK cells is a useful biomarker for the prediction
of an uncomplicated postoperative course in kidney transplant recipients.
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Background

NK cells are part of the innate immune system and can elim-
inate antigens within hours after primary contact, in contrast
to the adaptive immune system that needs days for antigen
clearance. Thus, NK cells are predestined to mediate immu-
nosurveillance, as proposed by Bléry and Vivier [1] and Lopez-
Larrea et al. [2]. Using their NKG2 receptors, they are able to
sense stressed cells such as virus-infected or tumor cells [2].
Stressed cells express MIC A/B and/or HLA-E [3]. MIC A/B de-
terminants are ligands for the activating NK cell receptor
NKG2D, whereas HLA-E reacts with the inhibiting NK cell re-
ceptor NKG2A [3,4]. During acute and chronic rejection of sol-
id allografts, cells express MIC A/B and/or HLA-E [5-7]. We
hypothesize that NK cells patrol through the body and elim-
inate stressed cells at a very early stage of cell activation or
cell transformation (e.g., when the number of stressed cells is
still very low), and thereby prevent impaired graft function in
transplant recipients.

Recently, we showed in renal transplant recipients with long-
term functioning allografts that high relative as well as high ab-
solute numbers of circulating NKG2A+NKG2D- NK cells are as-
sociated with impaired graft function, whereas high proportions
of NKG2D+, particularly NKG2D+ CD56dimCD16+ NK cells, are
associated with good function of the transplant [8,9]. The higher
the ratio of NKG2A+ CD56dimCD16+ to NKG2D+ CD56dimCD16+
NK cells in the blood, the lower the glomerular filtration rate
(GFR) of the transplant [9]. Interestingly, this ratio decreased
significantly with time after transplant due to an increase of
NKG2D+ CD56dimCD16+ NK cells with prolonged follow-up [9].

We speculated previously that NKG2D+ NK cells might have a
protective role in long-term kidney transplant recipients, where-
as NKG2A+ NK cells might promote deterioration of graft func-
tion [8, 9]. This speculation was prompted by our finding that
high numbers of NK cells in the peripheral blood [10], especially
of NKG2D+ NK cells [9], were associated with good long-term
graft function and with findings of others showing that toler-
ant kidney and liver transplant recipients displayed an higher
proportion of peripheral blood NK cells [11,12]. Our findings
are in line with those of Crespo et al., who reported finding a
higher serum creatinine level and protein-to-creatinine ratio
in urine of patients with donor-specific antibodies (DSA) and
higher numbers of NKG2A+NK cells, compared to those with
lower numbers of NKG2A+NK cell numbers in the blood [13].
Patients with antibody-mediated changes in biopsies showed
significantly higher proportions of CD3-CD56+NKG2A+ NK cells
than DSA patients without these lesions [13]. The differences
appeared unrelated to retransplantation, previous acute re-
jection, or immunosuppressive therapy [13]. Jung et al. found
a higher density of NK cells co-expressing NKG2A in patients
with antibody mediated rejection compared to patients with
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T cell-mediated rejection or no rejection [14]. Kordelas et al.
showed that NK cells expressing the activating CD94/NKG2C
receptor are present in significantly lower numbers in patients
after allogeneic stem cell transplantation with severe acute
and chronic graft-versus-host disease (GvHD) [15]. Moreover,
the ratio of CD94/NKG2C to CD94/NKG2A was reduced in pa-
tients with severe acute and chronic GvHD after receiving an
HLA-mismatched graft. The authors concluded that the results
provide evidence that CD94/NKG2C is involved in GvHD pre-
vention [15]. Ataya et al. reported that pretransplant adaptive
NKG2C+ NK cells protect against CMV infection in kidney trans-
plant recipients [16], and Rohn et al. found that a certain donor
MICA allele reactive with NKG2D is a protective prognostic de-
terminant for CMV disease in kidney transplant recipients [17].

Based on these findings, we hypothesize that circulating NK
cells with activating NKG2D and/or NKG2C receptors may me-
diate immunosurveillance, eliminate stressed cells very early
after their development, and thereby protect the allograft from
rejection. In contrast, NKG2A+ NK cells appear to be harmful
for the graft. We therefore thought it of interest to study ad-
ditional characteristics of NK cells with NKG2A or NKG2D re-
ceptors on the cell surface, especially with respect to earlier
findings that CD56dimCD16+ NK cells co-expressing CD8, per-
forin, and granzyme B were associated with high serum creat-
inine levels and CD56bright (CD56bri) NK cells producing IL10
were associated with low serum creatinine levels, thus subdi-
viding NK cells into cytotoxic and immunoregulatory subsets,
with potential clinical relevance [18].

In the present study, we investigated whether NK cells with
only NKG2A receptors are associated with NK cell subsets
showing opposite characteristics when compared to NK cells
with only NKG2D, and whether these are different from those
of NK cells with both NKG2A and NKG2D receptors on the cell
surface. Furthermore, we examined whether NKG2A+CD56+
NK cells, including both NKG2A+NKG2D- and NKG2A+NKG2D+
cells, are associated with NK cell subsets that are different
from those of NKG2D+CD56+ NK cells comprising NKG2A-
NKG2D+ as well as NKG2A+NKG2D+ lymphocytes. We inves-
tigated whether NKG2A/D is mainly expressed on cytotoxic
CD56dimCD16+ and/or on immunoregulatory/cytokineproduc-
ing CD56briCD16— NK cell subsets and whether these cells co-
express the degranulation marker CD107, perforin, granzyme B,
IL17, IFNYy, and/or CD8, the activation maker HLA-DR (HLADR),
CD69 and the IL-2 (CD25) and IFNy (CD119) receptor, the in-
hibitory cytokines TGFp, IL10, and IL4, including their surface
receptors, and the inhibitory killer cell immunoglobulin-like
receptors (KIRs) CD158a, CD158b and CD158e, and wheth-
er they are associated with Treg cell numbers in the blood of
patients. We wanted to investigate the relationship between
NKG2A+ and NKG2D+ NK cells and why they are associated
with graft function.
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Table 1. Demographic data of patients the late post-transplant period.

Ages (years, mean, range) 52

<35 ml/min 2 (6%)
35-50 ml/min 8 (23%)
>50 ml/min 25 (71%)

Material and Methods

Patients

Blood specimens were obtained from 35 kidney graft recipi-
ents. Patients were studied during regular visits in the outpa-
tient clinics of the university hospitals Giessen and Heidelberg.
Patients were investigated at 95 to 3786 days after transplant
(mean+SD: 1168+1011 days after transplant). The study was
approved by the Heidelberg Ethics Committee (5-225/2014).
Patients gave written informed consent for all assays per-
formed within the study. The study was conducted in adher-
ence to the Declaration of Helsinki. Table 1 summarizes the
demographic data of the patients. Transplant recipients re-
ceived 6 immunosuppressive protocols consisting of the com-
binations tacrolimus+mycophenolate mofetil (MMF) (n=14),
tacrolimus+MMF+steroids (n=10), cyclosporine+MMF+steroids
(n=7), steroids+MMF+everolimus (n=2), tacrolimus+MMF+steroids+
everolimus (n=1), and tacrolimus+MMF+everolimus (n=1) (Table 1).
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HLA-ABDR mismatch >3 (n, %) 12 (34%)
MV IgG# recipients (n, %) 15 @3%)
MV IgG+donors (n,%) 17 (9%
© nd stage renal disease (0, %)
"""" Chronic glomerulonephrits 3 (%)
"""" Diabetes 3 %
"""" Hypertension/ischemic 2 (6%)
"""" Nephrosclerosis 2 6%
"""" Polyysic 9 (&%)
"""" gAnephropathy 6 (7%
"""" Others 10 %)
Immunosuppressive protocol (n, %)
 CiclosporinessteroidssMMF 7 Q0%
 TacolimusssteroidssMME 0 Q%
TacolimuseMME 14 (0%
© SteroidstMMFeeverolimus 2 6%
| TacolimussMMFseverolimus 1%

Tacrolimus+steroids+MMF+ 1 (3%

everolimus

Late post-Tx — recipients late post-transplant; GFR — glomerular
filtration rate; MMF — mycophenolate mofetil.

Lymphocyte and NK cell subsets

All blood specimens were investigated immediately after arrival
in the lab. Surface and intracellular markers were analyzed us-
ing immunofluorescence staining. CD45+, CD56+CD16, CD19+,
CD3+, CD4+, and CD8+ lymphocyte subsets were routinely de-
termined as previously described [10]. Total CD56+CD16 NK cell
count was determined using a mixture of PE-conjugated CD16
and CD56 monoclonal antibodies in the same tube. Multitest
CD3/CD16+CD56/CD45/CD19/Trucount (BD Bioscience) is a
four-color direct immunofluorescence reagent for enumerat-
ing percentages and in combination with Trucount tubes (BD
Bioscience) the absolute number of mature human NK cells. In
addition, NK cell subsets were studied [18]. We added 150 pl
of heparinized whole blood and fluorochrome-labeled mono-
clonal antibodies against NKG2A, NKG2D, CD158a (KIR2DL1),
CD158b (KIR2DL2/L3), CD158e (KIR3DL1), CD8, CD107, CD69,
IL2R, IL4R, IL10R, IFNYR, TGFBRII and IgG isotype controls only
to certain tubes, whereas antibody against CD45, CD3, CD56,
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Table 2. Antibody panel for flow cytometric tests of peripheral blood lymphocytes.

Tubel cD16 CD45 HLA-DR 1gG CD56 IgG CD3
Tubez 15 045 HIADR o1ssa  C0s6 o158 w3
C Tubes 16 045 HADR | NKG2D  cps6 NKG2A w3
C Tubed 6 045 HADR | L4 o6 o8 3
C Tubes 016 D45 HLADR e css omi7a 3
 Tubes 016 D45 HLADR o9 css s 3
C Tube? 6 045 HIADR TGFBRI coss LR 3
 Tube8 s 045 HLADR 10 D56 NKG2A  dNfy w3
 Tubed 16 045 HLADR a4 D56 NKG2A  CTGFB 3
Tubelo D16 045 HLADR cPerforin (D56 NKG2A  cGranzymeB (D3
 Tubell D16 045 HIADR a7 cpss o4 s w3
 Tubel2  CD4CDI6 D45 HLADR | Foxp3  CDS6 (D127 D25 w3
 Tubel3  C(D4CDI6 D45 cNFy | Foxp3  CDS6 (D127 CD25 3

Table shows the monoclonal antibody panel with the corresponding fluorochromes. Monoclonal antibodies in italic font were used in
every tube whereas monoclonal antibodies written in regular font were only used in certain tubes.

CD16, and HLA-DR was added to each test tube (Table 2). Tubes
were vortexed and incubated at room temperature (22°C) in
the dark. After 30-min incubation at 22°C, 2 ml lyse solution
diluted 1: 10 (BD Bioscience, Sunnyvale, CA, USA) was pipet-
ted in each tube. All tubes were vortexed, incubated for 10
min at room temperature in the dark, and centrifuged for 8
min at 1300 rpm. Supernatants were discarded and 2 ml of
PBS was pipetted into each tube. Then, each tube was vor-
texed and centrifuged for 8 min at 1300 rpm. Supernatants
were discarded and pellets were washed again. The cells were
suspended in 300 pl of PBS and analyzed with a FACSCanto Il
triple-laser flow-cytometer (BD Bioscience). When intracellular
markers were studied, lymphocytes were permeabilized. We
pipetted 500 pl of BD Perm/Wash buffer Il diluted 1: 10 (BD
Bioscience) to the tubes without Foxp3 monoclonal antibody
after the last washing step, and lymphocytes were incubated

at room temperature for 10 min. After adding 2 ml of PBS,
tubes were vortexed and centrifuged for 8 min at 1300 rpm.
Supernatant was removed and discarded. Pellets were sus-
pended in 100 pl of PBS. Antibodies against intracellular de-
terminants IL4, IL10, IL17, TGFp, IFNy, perforin, and granzyme
B were added. Tubes were incubated at room temperature for
30 min. To the tubes intended for Foxp3 monoclonal antibody,
1000 pl fixation/permeabilization buffer diluted 1: 3 (Foxp3
Stain Buffer Set, eBioscience, Darmstadt, Germany) was pipet-
ted. Then, cells were incubated at room temperature for 30
min, and 2 ml of permeabilization washing buffer diluted 1: 10
(Foxp3 Stain Buffer Set, eBioscience) was added. Lymphocytes
were vortexed, centrifuged for 8 min at 1300 rpm, and super-
natants were removed and discarded. Antibodies reactive with
intracellular determinants such as IFNy and Foxp3 were added.
All tubes were vortexed and incubated at room temperature

Figure 1. Gating strategy for the determination of NK and Treg cell subsets. (A) After excluding doublets from the total of acquired
events, peripheral blood lymphocytes (PBL) were gated according to (B) FSC/SSC and (C) CD45/SSC dot plot. (D) Then, CD3-
CD56+ NK cells, CD3+CD56+ NKT cells and CD3+ T cells were gated in the CD3 APC-Cy7/CD56 PerCPCy5.5 dot plot. (K)
CD3-CD56+ NK cells were further analyzed according to the intensity of the CD56 and CD16 expression (CD16 V450/CD56
PerCPCy5.5 dot plot). (E, L, M) Further, dependent on isotype controls, subsets of (F-J) T cells, (N-S) CD56brightCD16dim/— NK
cells and (T-Y) CD56dimCD16+ NK cells were analyzed using the depicted gate settings in dot plots of (N, T) NKG2D/NKG2A,
(0, U) CD69/CD107, (B, V) perforin/granzymeB, (Q, W) IFNYR/CD25, (R, X) IL4/TGFB and (S, Y) TGFBRII/IL10R. With respect to
the determination of IFNy+ Treg, CD3+ T lymphocytes were further analyzed and (F) CD4+ lymphocytes were identified using
a mixture of CD4 and CD16 monoclonal antibody with the same color (CD4+CD16 V450/CD3 APC-Cy7 dot plot). (G) Further,
CD4+CD25+ lymphocytes were gated using CD25 and the mixture of CD4 and CD16 monoclonal antibody (CD25 APC/
CD4+CD16 V450 dot plot). (H) Then, CD127-Foxp3+ Treg were determined within the CD4+CD25+ lymphocyte subset (CD127
PE-Cy7/Foxp3 PE dot plot). (I) CD127-Foxp3+ Treg were additionally gated in a CD127/CD25 gate based on all CD3+ T cells
(CD127 PE-Cy7/CD25 APC dot plot) and (J) IFNy+ Treg were determined using a CD56/IFNy dot plot (CD56 PerCPCy5.5/IFNy
FITC). FSC — forward-scattered light; SSC — side-scattered light.
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for 30 min. We then added 2 ml of permeabilization washing
buffer (tubes containing Foxp3 antibody) or PBS (tubes with-
out Foxp3 antibody). Then, lymphocytes were washed twice,
and, finally, 300 pl of PBS were pipetted to each pellet. Cell
numbers were determined with eight-color fluorescence using
a FACSCanto Il triple-laser flow-cytometer (BD Biosciences). In
the initial FSC/SSC dot plot, at least 50 000 lymphocytes were
analyzed. Our data reflect the cytokine production of NK cells
in vivo because cells were not stimulated for intracellular cy-
tokine staining. Mouse 1gG1 isotype controls and monoclo-
nal antibodies were purchased from BD Bioscience, with the
exception of anti-NKG2A, -CD158a, -CD158b and -CD158e
(Miltenyi Biotec GmbH, Germany) and -TGFB1 and -TGFBRII
(R&D Systems, Inc., Minneapolis, USA). Figure 1 shows the
gating strategy for the most relevant NK and Treg cell sub-
sets mentioned in the Results section.

Statistical analysis

We studied whether NKG2D and NKG2A were expressed
on CD56dimCD16+ and CD56briCD16- NK cells and wheth-
er these subsets expressed CD158a, CD158b, CD158e, CD69,
CD8, CD107, granzyme B, perforin, TGFp, IFNy, IL4, IL10, IL17,
IL2R, IFNYR, TGFBR, and HLADR. Cell subsets were compared
using the Spearman rank correlation test. Because cell subsets
were divided into either lymphocytes with immunoregulatory
phenotype (TGFB+, IL4+, IL10+) or lymphocytes with cytotox-
ic phenotype (CD8+, CD107+, IFNy+, perforin+, granzymeB+),
P values were not adapted according to Bonferroni correc-
tion. A result with a P value <0.05 was considered significant.

Results

NKG2A+NKG2D- and NKG2A-NKG2D+ NK cells in the
peripheral blood

In the peripheral blood of 35 renal transplant recipients with
long-term functioning allografts, 33% of all CD56+ NK cells ex-
pressed only NKG2D and 12% only expressed NKG2A, where-
as 43% were double-positive for NKG2D and NKG2A (Table 3).
Thus, 76% of all circulating NK cells expressed NKG2D and
55% expressed NKG2A.

NKG2A+NKG2D- and NKG2A-NKG2D+ NK cells and Treg
cells

In a previous publication, we showed that high CD56+16
(=CD45+CD3-CD56+CD16+ and CD45+CD3-CD56+CD16-) NK
and high CD4+CD25+CD127-Foxp3+ Treg cell numbers were
associated with good graft function in patients in the late post-
transplant period [10] and that NKG2D+ CD56dimCD16+ NK
cells particularly increased in the late post-transplant period [9].
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Table 3. Proportion of NKG2A/D-expressing NK cells in the blood
of 35 kidney transplant recipients with good long-term
graft function.

NKG2A-NKG2D+CD56+

NKG2A+NKG2D+CD56+

NKG2D+CD56+

NKG2A+CD56briCD16-

In the present study, absolute CD56+16 NK cell numbers in
the late post-transplant period consisted of high proportions
of NKG2A-NKG2D+ (r=0.406; P=0.017) and low proportions of
NKG2A+ NK cells (r=—0.462; P=0.006), suggesting that most of
the peripheral NK cells in transplant recipients with good long-
term outcome are NKG2A-NKG2D+, whereas NK cells in pa-
tients with impaired graft function are predominantly NKG2A+,
as also shown previously [8,9] (Table 4). Moreover, high propor-
tions of CD4+CD25+Foxp3+CD127- Treg were associated with
high NKG2D+ (r=0.387; P=0.021) and low NKG2A+NKG2D- NK
cells (r=—0.338; P=0.047) (Table 4). Treg and NKG2D+ NK cells
might have a synergistic effect on graft function, in contrast
to NKG2A+NKG2D- NK cells, which might act antagonistically.

A subset of NK cells, IFNy+ Treg, which previously have been
shown to be associated with good graft function [19,20], were
strongly associated with double-positive NKG2A+NKG2D+
NK cells (r=0.740; P=0.004) (Table 4). As recently reported,
the particular Treg subset that increases together with total
CD56+16 NK cells (CD45+CD3-CD56+CD16+ and CD45+CD3-
CD56+CD16~ NK cells) expresses the phenotype Helios+IFNy-
and therefore does not produce IFNy [10]. Our present data
are in line with these previous findings and suggest a graft-
protective role of NKG2A-NKG2D+ NK cells and Treg cells, in-
dependently or in combination with the IFNy+ Treg subset.

NKG2A+NKG2D- and NKG2A-NKG2D+ CD56dimCD16+ NK
cells

CD56dimCD16+ is a cytotoxic NK cell phenotype [18]. High pro-
portions of NKG2A-NKG2D+ NK cells were strongly associated
with high proportions of CD56dimCD16+ (r=0.541; P=0.001)
that were, in addition, CD107+ (r=0.546; p=0.001) and gran-
zyme B+ (r=0.341; P=0.045) (Table 4). The data support the no-
tion that NKG2D+ NK cells indeed are predominantly cytotoxic.
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Table 4. Associations of NKG2A/D-expressing NK cells with other NK and T cell subsets in the blood of 35 kidney transplant recipients
with good long-term graft function.

CD56+CD107+

-0,433; 0.009

-0.161; 0.355

0.530; 0.001

-0,447; 0.007

0.306; 0.074

CD56briCD16- Perforin—
GranzymeB-

CD56dimCD16+Perforin—
GranzymeB-
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Table 4 continued. Associations of NKG2A/D-expressing NK cells with other NK and T cell subsets in the blood of 35 kidney transplant
recipients with good long-term graft function.

NKG2A+NKG2D- NKG2A+NKG2D+ NKG2A-
NK cell phenotype* D56+ D56+ NKG2D+CD56+ NKGZ:":D“" "Kczl:_":ns e
5p 5p 5p . :

CD56dimCD16+ TGFBR+ ~0.387; 0.028 0.463; 0.008 0.144; 0.431 0.192; 0.291 0.462; 0.008
CD56+16/pl** ~0.097; 0.584 ~0.304; 0.081 0.406; 0.017 ~0,462; 0.006 0.031; 0.863
%CD4+CD25+CD127-F

T/‘;gg +CD25+C OXP3t 338, 0.047 0.242; 0.162 0.119; 0.495 0.091; 0.603 0.387; 0.021
%IFNy+CD4+CD25+CD127- ~0.232; 0.446 0.740; 0.004 ~0.210; 0.491 0.431; 0.142 0.243; 0.424

Foxp3+ Treg

Statistical analysis was performed using Spearman rank correlation test. P-values of <0.050 were marked by orange and correlations
of <0.010 by yellow background. * Percentages of NK cell subsets were compared with each other with the exception of absolute
numbers of CD56+16 NK cells/ul. ** Absolute numbers of CD56+16 (=CD45+CD3-CD56+CD16+ and CD45+CD3-CD56+CD16-) NK cells
were determined using a mixture of PE conjugated CD56 and CD16 monoclonal antibody in the same tube.

In contrast, high proportions of NKG2A+NKG2D- NK cells were
strongly associated with low proportions of CD56dimCD16+
that were, in addition, CD107+ (r=—0.377; P=0.026), CD25+
(r=—0.439; P=0.008), TGFBR+ (r=—0.387; P=0.028), and TGFB+
(r=—0.465; P=0.005). This suggests that patients with high
NKG2A+NKG2D- NK cells have low NK cells with an activat-
ed cytotoxic CD107+ CD25+ CD56dimCD16+ phenotype and
TGFB production (Table 4). It follows that a domination of
NKG2A+NKG2D- NK cells indicates a decrease of NKG2A-
NKG2D+ CD56dimCD16+ cytotoxic NK cells in the circulation
(r=—0.787; P<0.001), as shown in Figure 2.

NKG2A+NKG2D- and NKG2A-NKG2D+ CD56briCD16- NK
cells

CD56briCD16- is an immunoregulatory/cytokine-producing
NK cell phenotype [18]. High proportions of NKG2A-NKG2D+
NK cells were strongly associated with low proportions of
CD56briCD16- NK cells that co-express CD158a (r=—0.388;
P=0.021), CD158b (r=—0.413; P=0.014), CD158e (r=—0.444;
P=0.008), CD69 (r=—0.561; P<0.001), HLADR (r=—0.460; P=0.005),
CD119 (r=-0.693; P<0.001), perforin (r=—0.357; P=0.035),
granzyme B (r=—0.354; P=0.037), CD8 (r=-0.417; P=0.014),
IL4 (r=—0.369; P=0.029), and/or IL17 (r=—0.401; P=0.019)
(Table 4). Obviously, patients with high proportions of NKG2A-
NKG2D+ NK cells have low proportions of immunoregula-
tory and cytokine-producing CD56briCD16— NK cell subsets
co-expressing inhibitory CD158a/b/e receptors, CD69 and
HLADR activation markers, inhibitory IL4, cytotoxic markers
such as perforin, granzyme B, CD8, IL17, and receptors for
IFNy (CD119). NKG2A+NKG2D- NK cells were only associated
with high proportions of CD56briCD119+ NK cells (r=0.344;
P=0.043) (Table 4).
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Figure 2. NKG2A+NKG2D- and NKG2D+CD56dimCD16+ NK
cells in the blood of 35 kidney transplant recipients
with good long-term graft function. NKG2A+NKG2D—-
NK cells were inversely associated with NKG2D+
CD56dimCD16+ NK cells (r=—0.787; p<0.001).

NKG2A+NKG2D- and NKG2A-NKG2D+ CD56+ NK cells

When the total CD56+ NK cell pool was analyzed, NKG2A-
NKG2D+ NK cells were associated with high proportions
of CD107+ (r=0.530; P=0.001), and low proportions of
CD119+HLADR+ (r=—0.529; P=0.001) and CD69+HLADR+
(r=—0.492; P=0.003) NK cells, whereas NKG2A+NKG2D- NK
cells were associated with high proportions of CD69+HLADR+
(r=0.565; P<0.001) and CD8+HLADR+ (r=0.407; P=0.017)
and low proportions of CD107+ (r=—0.433; P=0.009), CD25+
(r=—0.423, P=0.011), CD25+HLADR+ (r=-0.430; P=0.010), IL4—
TGFB+ (r=—0.427; P=0.011), TGFB+ (r=—0.465; P=0.005), and
TGFBR+ (r=—0.349; P=0.050) NK cells (Table 4). The data sug-
gest that NKG2A-NKG2D+ CD56+ NK cells were associated
with resting cytotoxic NK cells expressing degranulation mark-
er CD107, whereas NKG2A+NKG2D- CD56+ NK cells were
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associated with activated NK cell subsets showing low IL2R,
CD107, and TGFp expression.

NKG2A+ and NKG2D+ NK cells

As shown previously, high proportions of NKG2D+ CD56+ NK
cells consisting of NKG2A+NKG2D+ and NKG2A-NKG2D+ NK
cells are strongly associated with GFR [8,9]. When the total
of NKG2D+ NK cells was analyzed, there were strong associ-
ations with high proportions of CD56dimCD16+ NK cells that
co-express TGFp (r=0.520; P=0.001), TGFBR (r=0.462; P=0.008),
and CD25 (r=0.459; P=0.006), and with CD56+ NK cells that
show the phenotype TGFB+IL4- (r=0.458; P=0.006), TGFp+
(r=0.517; P=0.001), TGFB+HLADR+ (r=0.361; P=0.036) and
TGFBR+ (r=0.413; P=0.019), suggesting strong TGFf production
of NKG2D+ CD56dimCD16+ NK cell subsets (Table 4). In con-
trast, the total of NKG2A+ NK cells was associated with high
proportions of CD56briCD16— NK cells that co-express CD69
(r=0.706; P<0.001), HLADR (r=0.490; P=0.003), CD119 (r=0.694;
P<0.001), IL17 (r=0.479; P=0.004), IL4 (r=0.400; P=0.017), perfo-
rin (r=0.406; p=0.016), granzyme B (r=0.375; P=0.027), no per-
forin and no granzyme B (r=0.381; P=0.024), CD158a (r=0.355;
P=0.037), CD158e (r=0.489; P=0.003) and with high CD56+
NK cells that show the phenotype CD69+HLADR+ (r=0.428;
P=0.010) and CD119+HLADR+ (r=0.366; P=0.030). In addition,
the total of NKG2A+ NK cells was associated with low pro-
portions of CD56+ NK cells co-expressing CD107 (r=-0.447;
P=0.007) and with low CD56dimCD16+ NK cells (r=—0.588;
P<0.001) that co-express CD107 (r=-0.513; P=0.002) and
granzyme B (r=—0.389; P=0.021) (Table 4). The data suggest a
strong activation of NKG2A+ CD56briCD16- NK cells associat-
ed with low numbers of resting cytotoxic granzymeB+CD107+
CD56dimCD16+ cells.

Discussion

Our previous studies suggested a graft-protective effect of
high NK cell counts in renal transplant patients with good
long-term outcome [8-10]. Others described increased NK
cell numbers in operationally-tolerant kidney and liver trans-
plant recipients [11,12]. Our recent work suggests a graft-pro-
tective effect of high proportions of NKG2D+ NK cells, where-
as NKG2A+ NK cells appear harmful for the transplant [8,9].
Ligands for NKG2D are MIC A and B determinants, whereas li-
gands for NKG2A are HLA-E molecules [1,2]. Both ligands are
upregulated on stressed cells, such as virus-infected cells, tu-
mor cells, or cells during graft rejection. We speculate that NK
cells with the activating NKG2D receptor are components of
immunosurveillance, sense stressed cells and eliminate them
rapidly in the patient [1,2]. In contrast, NK cells with the inhib-
itory NKG2A receptor are believed to (a) inhibit cytotoxic NK
cells and thereby impair immunosurveillance, and/or (b) inhibit
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immunoregulatory NK cells with immunosuppressive function
and thereby support an immune response against the trans-
plant [21]. Those immunoregulatory NK cells that could be in-
hibited by NKG2A+ NK cells might be IL10+CD56briCD16— NK
cells that were shown to be strongly associated with good
graft outcome in renal transplant recipients [18]. In the pres-
ent study, we attempted to find supportive evidence for these
hypotheses.

Although 43% of the NK cells expressed NKG2A as well as
NKG2D determinants, NKG2A+NKG2D- and NKG2A-NKG2D+ NK
cells subsets were strongly inversely correlated. These findings
indicate that patients have either high proportions of NKG2A+
or high proportions of NKG2D+ NK cells in the circulation and
that only these single-positive cells have clinical relevance in
transplant recipients, but not NK cells with double positivity
for NKG2A and NKG2D. The latter have inhibitory as well as
stimulatory receptors which we believe neutralize each other
and have no specific function with respect to graft function.
In our previous studies, there was no statistical association of
double-positive NK cells with GFR or serum creatinine [8,9]. We
speculate that many activated cells in the transplant express
MIC A/B as well as HLA-E and paralyze NK cells that bind to
both receptors. These data might also be interpreted as show-
ing that patients whose transplant cells express only MIC A/B
without HLA-E have a better prognosis than patients with only
HLA-E+ transplant cells that are missing MIC A/B.

When NKG2D+ and particularly NKG2D+NKG2A- NK cells dom-
inate in the periphery, long-term transplant recipients show
a high GFR, whereas a domination of NKG2A+ and especial-
ly NKG2A+NKG2D- NK cells is associated with low GFR [8,9].
High GFR in the late post-transplant period was associated
with high proportions of NKG2D+ CD56dimCD16+ NK cells [8].
CD56dimCD16+ NK cells are NK cells with a cytotoxic pheno-
type, as previously observed by us in long-term transplant re-
cipients [18]. In the present study, NKG2A-NKG2D+ NK cells
were associated with CD56dimCD16+ NK cells that co-express
the degranulation marker CD107 and the serinprotease gran-
zyme B, both indicating cytotoxic cells [18]. In contrast, patients
with high proportions of NKG2A+NKG2D- NK cells show low
proportions of these cytotoxic NK cell subsets. Decreased pro-
portions of NKG2D+ cytotoxic NK cells result in impaired im-
munosurveillance and impaired elimination of stressed cells.
We hypothesize that the small number of stressed cells at the
onset of a viral infection, tumor development, or graft rejection
can be efficiently killed and eliminated by NKG2D+ NK cells. A
failure of immunosurveillance will result in unrestrained pro-
liferation of stressed cells and development of infection, tu-
mor growth, or graft rejection.

Proliferation of stressed cells appears to be supported by
a domination of NK cells in the periphery that express the
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inhibitory receptor NKG2A. These patients have low propor-
tions of NKG2A-NKG2D+ NK cells in association with high
proportions of immunoregulatory and cytokine-producing
CD56briCD16- NK cells co-expressing inhibitory CD158a/b/e
receptors, CD69, and HLADR activation markers, inhibitory IL4,
and cytotoxic markers such as perforin, granzyme B, CD8, and
IFNy receptors (CD119) and IL17. It appears that CD56briCD16—
NK cells, when present at higher concentrations in the blood,
are activated and show a cytotoxic phenotype. However, NKG2A
is an inhibitory receptor and might prevent killing of HLA-E-
expressing transformed transplant cells. Moreover, inhibito-
ry CD158 a/b/e receptors suppress, in addition to NKG2A, the
killing function of NK cells. They react with their target struc-
tures, MHC class | determinants on transplanted cells, which
are upregulated during graft rejection. Prevention of killing
of stressed cells via CD158a/b/e/MHC class | interaction and
NKG2A/HLA-E interaction might result in continued prolifer-
ation of stressed cells and rejection of the graft mediated by
T and B lymphocytes. The latter might be the pathomecha-
nism that explains the strong association of high proportions
of NKG2A+NKG2D- NK cells with low GFR [8], and is in line
with the observation of Crespo et al. that patients with anti-
body-mediated changes in biopsies showed significantly high-
er proportions of CD3-CD56+NKG2A+ NK cells than DSA pa-
tients without these lesions [13].

NKG2D+ NK cells show another interesting aspect. When cy-
totoxic CD56dimCD16+ NK cells increase in the blood, they
appear to produce TGFB, indicating that a cytotoxic attack on
stressed cells can be downregulated by autologous TGFp re-
lease, which minimizes the risk of a continued cytotoxic re-
sponse against the graft and initiation of rejection.

High Treg cell proportions are associated with low
NKG2A+NKG2D- and high NKG2D+ NK cell proportions, sug-
gesting a synergistic effect of NKG2D+ NK cells and an antag-
onistic effect of NKG2A+NKG2D- NK cell subsets on immu-
noregulatory T cells. Interestingly, IFN-y-producing Treg cells
(IFNv+ Treg), the earliest during an immune response induced
Treg subset [19,20,22-24], as well as IL10+ CD56briCD16-
NK cells that were previously shown to be associated with
good long-term graft outcome [18], were only associated with
NKG2A+NKG2D+ double-positive NK cells but not with single-
positive NK cell subsets or total NKG2A+ and NKG2D+ NK cells.

Limitations
Because we were not able to test all markers of NK cell char-

acteristics in a single tube, we studied statistical associations
of NKG2A and NKG2D expression with particular NK cell sub-
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cell subsets or, alternatively, a co-expression of NKG2A/D on a
particular subset. Further studies are needed to clarify wheth-
er a particular NKG2A+ or NKG2D+ NK cell subset is clinically
relevant and can be used as a prognostic biomarker for good
long-term graft function.

Conclusions

Our analysis shows that certain NK cell subsets increase or
decrease in association with NKG2A/D expression. Based on
these data, we conclude that NKG2A-NKG2D+ CD56dimCD16+
NK cells with cytotoxic characteristics circulate through the
body and it appears that they eliminate MIC A/B-expressing
stressed cells, thereby preventing proliferation of these cells
and consequent rejection of the graft. Those patients have
low proportions of NKG2A+NKG2D- NK cells in the blood. A
domination of NKG2A+NKG2D- NK cells is associated with de-
creased counts of NKG2A-NKG2D+ CD56dimCD16+ cytotoxic
NK cells in the circulation and may result in impaired immu-
nosurveillance. Further studies are needed to evaluate wheth-
er high proportions of NKG2A-NKG2D+ CD56dimCD16+ cyto-
toxic NK cells are a useful biomarker for the prediction of an
uncomplicated postoperative course in kidney transplant re-
cipients. NKG2A+NKG2D- NK cells are associated with high
proportions of activated cytotoxic CD56briCD16— NK cells,
but they co-express the inhibitory receptors CD158a/b/e and
NKG2A and might be functionally suppressed and unable to
kill cells expressing HLA-E. Furthermore, our data do not pro-
vide evidence that NKG2A+ NK cells are associated with IL10+
CD56briCD16- NK cells and harm the graft by downregulation
of this immunoregulatory NK cells subset. High proportions of
NKG2A+ NK cells might only be an indicator of low propor-
tions of NKG2A-NKG2D+ CD56dimCD16+ cytotoxic NK cells
and an impaired immunosurveillance mediated by the latter.
NK cells with double positivity for NKG2A and NKG2D have no
clinical relevance with respect to long-term graft function. Our
data suggest that NKG2A-NKG2D+ CD56dimCD16+ cytotox-
ic NK cells are the only relevant effector cells that are respon-
sible for the observed associations of NKG2A+ and NKG2D+
NK cells with graft function.
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