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Received 16 May 2018 The immune mechanism underlying graft-versus-host disease (GVHD) after allogeneic stem cell transplantation
Accepted 6 August 2018 (HSCT) remains unclear. Natural killer (NK) cells play a crucial role in mediating pathogen-specific immunity and
are the first donor-derived lymphocytes reconstituted post-HSCT. However, NK cells vary at different stages after
Key Words: HSCT. Here, we found that the absolute NKG2A* subset cell counts and the percentages of NKG2A* among NK cells
Haplo-HSCT were significantly reduced in GVHD patients after HSCT compared with those from non-GVHD patients. Moreover,
EXHCE“S the reduction in NKG2A™ NK cells in post-HSCT GVHD patients was ascribed to increased apoptosis and a
NKG2A decreased proliferation capacity while retaining a strong graft-versus-leukemia effect. In vitro assays showed that
T cells co-culture of T cells with NKG2A™ NK cells significantly reduced IFN-y secretion by T cells and increased IL-4 secre-
tion. Moreover, the CD25 expression level was decreased, whereas the number of cells with the
CD4"CD25*FOXP3* phenotype was increased. In addition, the NKG2A" NK cells induced T cell apoptosis and
decreased T cell proliferation during the co-culture process. Importantly, NKG2A* NK cells mainly regulated acti-
vated but not resting T cells. In vivo assays showed that the serologic IL-10 level was evidently lower in GVHD
than in non-GVHD patients, whereas the IL-18, IFN-y, and tumor necrosis factor-« levels were higher in GVHD
patients. Furthermore, the NKG2A™ NK cell ratio from GVHD patients was markedly increased by the presence of
exogenous IL-10 but not by other cytokines. In contrast, the NKG2A" cell ratio from non-GVHD patients was not
increased by IL-10. Therefore, post-HSCT GVHD may be ascribed to the reduced induction of NKG2A* NK cells by
IL-10, which further overactivates T cells.
© 2018 American Society for Blood and Marrow Transplantation.
INTRODUCTION in GVHD [13]. Previous studies have demonstrated that donor

Allogeneic hematopoietic stem cell transplantation (allo-
HSCT) is an effective treatment strategy for hematologic malig-
nancies [1-6]. However, graft-versus-host disease (GVHD) is a
common complication after allo-HSCT [7-10], resulting from
the activation, amplification, and secretion of numerous
inflammatory factors related to donor alloreactive T cells that
damage host tissues and organs, mainly in the gastrointestinal
tract, liver, and skin [11]. Notably, natural killer (NK) cells rep-
resent the first donor-derived lymphocyte population to
recover after allo-HSCT and generally are observed within the
first month after allo-HSCT [12]. NK cells mediate a strong
graft-versus-leukemia (GVL) effect and play an important role
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NK cells have the potential to reduce acute GVHD (aGVHD) by
killing host antigen-presenting cells [14]. Adoptively trans-
ferred donor NK cells may exert a GVL effect while suppressing
aGVHD during allo-HSCT [15]. Our previous study showed that
patients with higher T/NK cell ratios were associated with high
incidence rates of aGVHD and chronic GVHD after transplanta-
tion [16]. These in vivo findings revealed an important role for
NK cells in GVHD. However, because of their heterogeneity,
NK cell subsets vary at each stage after HSCT. Importantly, the
specific function of each NK cell subset in GVHD development
is unclear.

NK cells express a series of immune receptors that identify
relevant ligands on target cells and maintain the immune bal-
ance between NK cell activation and tolerance [17]. NKG2A,
which is an inhibitory receptor belonging to the C-type lectin-
like superfamily, recognizes HLA-E, which is a nonclassic MHC
class I molecule. Early reconstituted NK cells exhibit a more
immature phenotype and express NKG2A at a level of
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approximately 90% compared with the approximately 50%
level expressed in healthy donors [18]. Therefore, NKG2A" NK
cells have been proposed to play a crucial role during the early
stage of GVHD after transplantation. Previous studies have
shown that the number of NKG2A® cells is decreased in
patients with chronic GHVD after HSCT [19]. However, the
relationship between NKG2A™ NK cells and aGVHD has not
been characterized. In addition, the role of NKG2A" cells in
aGVHD disease progression and the mechanism underlying
NKG2A* cell immunoregulation have not been clearly
explained.

In this study we used peripheral blood from GVHD and
non-GVHD paired specimens and healthy donors to address
the underlying mechanism by which NKG2A* NK cells regulate
T cells after HSCT.

METHODS
Study Design

Two patient cohort studies, including a prospective cohort (A) and a
paired cohort (B), were included herein. Cohort A included 59 consecutive
patients aged 15 to 60 years with acute myeloid leukemia, acute lymphoid
leukemia, chronic myeloid leukemia, or myelodysplastic syndrome who
underwent non-T cell-depleted haploidentical HSCT from May 2015 to May
2017 at Peking University Institute of Hematology. The exclusion criteria
included severe heart, kidney, or liver disease; HLA-matched transplants;
and second transplantation. The characteristics of the 59 patients are pre-
sented in Table 1. In addition, in the first evaluation of the prospective cohort
(cohort A) at day 30 post-HSCT, none of the enrolled patients exhibited
aGVHD. According to the subsequent status of GVHD occurrence or nonoccur-
rence after day 30 post-transplantation, patients were grouped into the with
or without aGVHD groups.

Cohort B enrolled 3 subsets for the in vitro assays: GVHD subjects, non-
GVHD subjects, and donors. Transplant recipients were identified from sub-
jects (n = 180) who had acute leukemia and received a haploidentical HSCT
from April 19, 2017 to August 30, 2017 and from December 1 to 31, 2017 at
Peking University Institute of Hematology. Fifteen patients who developed
GVHD and 15 cases of non-GVHD patients were enrolled. All 30 patients
were acute leukemia patients in their first complete remission [20], including
acute lymphoid leukemia and acute myeloid leukemia. The group-matching
criteria included age at HSCT (45 years), pre-HSCT chemotherapy cycles (+1
cycle), HSCT disease status, and post-transplant time (1 day) [21,22]. All
specimens were collected before steroid treatment. The use of immunosup-
pressive drugs for GVHD prophylaxis was the same in all patients, and no ste-
roids were used. None of the clinical characteristics, including a history of
Epstein-Barr virus or cytomegalovirus infection and antiviral therapy with
ganciclovir, showed significant differences between the GVHD and non-
GVHD subjects (Table 2).

This study was approved by the Clinical Ethics Review Committee at
Peking University Institute of Hematology and was performed in accordance
with the Declaration of Helsinki. Donors and recipients provided written
informed consent before entry into the study.

Transplantation Protocols

Donor selection, HLA typing, graft harvesting, and conditioning therapy
were performed as previously reported [5,20,22-25]. GVHD prophylaxis
mainly combined methotrexate, cyclosporine A, and mycophenolate mofetil.
Cyclosporine A (2.5 mg/kg, every 12 hours, iv) was used from day —9, and the
trough concentration was adjusted to 150 to 250 ng/mL. This regimen was
switched to oral administration when the patient's bowel function returned
to normal. From day -9, .5 g of mycophenolate mofetil was administered
orally every 12 hours, tapered to half until day +60, and discontinued thereaf-
ter. After graft infusion a dose of 15 mg/m? of methotrexate was administered
iv on day +1, and a dose of 10 mg/m? was administered on days +3, +6, and
+11[26].

Sample Collection

For prospective cohort A patient blood samples were collected on days 30
and 90 after allo-HSCT. Patients suffering from aGVHD within 90 days after
transplantation were assigned to the aGVHD group, whereas those without
any signs of aGVHD were identified as non-GVHD patients. For the paired
GVHD and non-GVHD patients, patients were considered “with aGVHD” or
“without aGVHD” based on clinical findings at each blood collection time
point. All patients were alive at the time when their peripheral blood was col-
lected. The evaluation of aGVHD was performed at weekly intervals by apply-
ing the modified Keystone and National Institutes of Health criteria [27,28].
Peripheral blood mononuclear cells (PBMCs) from each sample were freshly

Table 1
Patient Characteristics from the Prospective Study (Cohort A)
Variable GVHD Non-GVHD P
Group Group
Gender of patients, male/female 20/11 16/12 .5620
Median age at transplantation, 31(15-48) 35(15-63) .3110
yr (range)
Diagnosis, n 1244
Acute myeloid leukemia 16 13
Acute lymphoblastic leukemia 13 7
Chronic myelocytic leukemia 0 1
Myelodysplastic syndrome 2 7
Disease status at transplantation, n .8769
Standard risk 27 24
High risk 4 4
Conditioning, n 1300
BU/CY 0 2
BU/CY+ATG 31 26
HLA-A, -B, -DR mismatched, n
3/6 18 18
4/6 1
5/6 7 3
Donor—recipient sex matched, n 3536
Female—male 4
Others 22 17
Donor-recipient relationships, n 6229
Father 12 8
Sibling 6
Child 7 9
Donor—recipient blood type, n 3624
Matched 15 14
Major mismatched 3 3
Minor mismatched 8 4
Major and minor mismatched 0 2
aGVHD grade, n
I-11 27
1I-v 4
Median onset of aGVHD, days (range) 29 (12-64)
Organ involvement of GVHD, n
Skin 16
Intestinal 11
Skin and intestinal 4
Donor/recipient CMV serostatus +/+,n  31/31 28/28 1.0000
History of CMV reactivation, n 23 19 5915
CMV reactivation treated with 20 17 7133
ganciclovir, n
Steroid administration, n 16 13 .6908
Immunosuppressant, n 31 28 1.0000

BU indicates busulfan; CY, cyclophosphamide; ATG, antithymocyte globulin;
CMV, cytomegalovirus.

isolated by density gradient centrifugation (Pancoll human; Pan-Biotech
Tianjin, China) and analyzed by flow cytometry (fluorescent activated cell
sorter) within 24 hours.

Flow Cytometric Analyses

Surface marker staining for the following markers was performed in PBS
at 4°C for 30 minutes following Fc blocking: CD3 (Becton Dickinson, UCHT1),
CD56 (Becton Dickinson, NKCM16), CD4 (Becton Dickinson, L200), CD8 (Bec-
ton Dickinson, RPA-T8 CA, USA), CD335 (NKp46) (Becton Dickinson, 9E2/
NKp46), CD16 (Becton Dickinson, 3G8), CD57 (Becton Dickinson, NK-1),
DNAM1 (Becton Dickinson, DX11), NKG2C (CD159c) (Milteny Biotec, REA205
Germany), NKG2A (CD159a) (Milteny Biotec, REA110), NKG2D (Becton Dick-
inson, 1D11), Bcl-2 (Becton Dickinson, Bcl-2/100), Ki-67 (Becton Dickinson,
35/Ki-67), and CD25 (Becton Dickinson, 2A3). Intracellular cytokine and
FOXP3 staining were performed in Cytoperm buffer (Becton Dickinson) with
monoclonal antibodies against IL-2 (eBioscience, MQ1-17H12), IL-4 (eBio-
science, 8D4-8), IFN-y (Becton Dickinson, B27), and FOXP3 (eBioscience,
PCH101 CA, USA).

Cytotoxicity Assays

PBMCs were cultured in RPMI medium with 10% FCS supplemented with
1000 IU/mL of IL-2 (Beijing Double-Crane Pharmaceutical Co., Ltd., Beijing,
China) for 10 to 14 hours for use in both the spontaneous and IL-2-stimulated
NK cytotoxicity assays. The cytotoxicity of NK cells was determined using
CD107« expression against the MHC class I-deficient human
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Table 2
Patient Characteristics from the Paired Cohort Study (Cohort B)
Variable GVHD Non-GVHD P
Group Group
Gender of patients, male/female 12/3 9/6 2320
Median age at transplantation, 31(7-55) 31(6-56) .9050
yr (range)
Diagnosis, n 1244
Acute myeloid leukemia 9 10
Acute lymphoblastic leukemia 6
Disease status at transplantation, n 1.0000
Standard risk 15 15
Conditioning 1.0000
BU/CY+ATG 15 15
HLA-A, -B, -DR mismatched, n 1.0000
3/6 14 14
5/6
Donor—recipient sex matched, n 5428
Female—male 1 2
Others 14 13
Donor—recipient relationships, n 1347
Father 8 5
Sibling 2 7
Child 5 3
Donor—recipient blood type, n 4655
Matched 10 9
Major mismatched 2 0
Minor mismatched 2 4
Major and minor mismatched 1 2
aGVHD grade
I-1I 11
1-1v 4
Median onset of aGVHD, days (range) 28 (23-36)
Organ involvement of GVHD, n
Skin 6
Intestinal 5
Skin and intestinal 4
Donor/recipient CMV positive, n 15/15 15/15 1.0000
History of CMV reactivation, n 7 8 1.0000
CMV reactivation treated with 7 6 7047
ganciclovir, n
Steroid administration, n 0 0 1.0000
Immunosuppressant, n 15 15 1.0000

erythroleukemia K562 cell line as a target at an effector-to-target ratio of 5:1
for 4 hours. GolgiStop (.7 «L/mL; BD Biosciences) was added after 1 hour.
These cells were not tested for mycoplasma. The percentages of CD107«
expression and IFN-y production by the NK and NKG2A* cells were measured
using the Pharmingen Intracellular Staining kit (BD Pharmingen, San Diego,
CA).

Suppression Assays

NK cells, NKG2A™ NK cells, and CD3"CD56™ T cells were purified by flow
cytometry—based sorting (BD Aria). T cells from healthy donors were stimu-
lated at a density of 1 x 10° cells per well with Human T-Activator CD3/CD28
Dynabeads (Gibco) in the presence or absence of sorted autologous NK or
NKG2A" cells from GVHD-negative patients at a 1:1 ratio of NK cells or
NKG2A" cells to T cells. Cytokine suppression was determined by analysis of
intracellular cytokine staining of CD4" and CD8" T cells stimulated for 72
hours with Human T-Activator CD3/CD28 Dynabeads in the presence or
absence of autologous purified NK or NKG2A* cells. The T cells were restimu-
lated with Cell Stimulation Cocktail (00-4975; eBioscience) for 5 to 6 hours.
After surface staining the cells were fixed with Cytofix/Cytoperm buffer (Bec-
ton Dickinson). Intracellular cytokine staining was performed in Cytoperm
buffer with monoclonal antibodies against IL-4 (8D4-8; eBioscience) and IFN-
y (B27; Becton Dickinson). Samples were acquired on the FACSCanto II (Bec-
ton Dickinson), and data were analyzed with the Flow]o software.

Statistical Considerations

Statistical significance was determined by 2-way analysis of variance for
comparisons among subsets. Subject variables were compared using the
Mann-Whitney U test for continuous variables. Significance is indicated
within the figures, and n.s. indicates nonsignificant differences (P > .05). The
analyses were performed using GraphPad Prism 6.0, and P < .05 were consid-
ered significant.

RESULTS
NKG2A* NK Cells Were Significantly Reduced in GVHD
Patients after HSCT

In cohort A we collected peripheral blood samples from
patients on days 30 and 90 after haploidentical HSCT to inves-
tigate the NK cell reconstitution phenotype after HSCT and to
detect quantitative changes in NK cells using flow cytometry.
None of the patients exhibited aGVHD at day 30. According to
the subsequent GVHD status (the occurrence or not of GVHD
by day 30 post-transplant), patients were grouped into the
with or without aGVHD groups. The NK cell percentages and
absolute cell counts in the GVHD patients at day 30 were sig-
nificantly lower than those in the patients without GVHD
(Figure 1A,B). We also analyzed the expression of other NK cell
receptors (NKG2A, NKG2D, CD25, CD122, DNAM1, NKp30, and
NKp46) and found that the absolute cell counts of NKG2A" and
the percentage of NKG2A® among NK cells were significantly
reduced in the GVHD group (Figure 1C,D). In addition, NKp46
expression was significantly reduced in the GVHD group, but
no differences in the NKp30, NKG2D, CD25, CD122, and
DNAMT1 expression levels in NK cells were observed between
the GVHD and non-GVHD specimens (Supplementary Figure
S1). However, analysis of the day 90 samples showed no signif-
icant differences between the NK and NKG2A* NK cells (Figure
1E-H) or in other molecular phenotypes between the GVHD
and non-GVHD groups (Supplementary Figure S2). In addition,
we analyzed the NKG2D, CD25, CD122, DNAM1, NKp30, and
NKp46 expression levels in NKG2A"™ NK cells from the day 30
and 90 samples but found no significant differences between
the GVHD and non-GVHD groups (Supplementary Figures S3
and S4).

To verify the changes in NK cells and the NKG2A* subset in
patients with GVHD after HSCT, we performed an in vivo assay
using paired specimens from the GVHD and non-GVHD
patients in cohort B. Compared with those in the non-GVHD
group, the percentages and absolute cell counts of the NK and
NKG2A" subset cells were significantly decreased in the GVHD
patients (Figure 2). Moreover, the CD56"" 8" cells were signifi-
cantly reduced but the CD56%™ cells exhibited no significant
changes in the GVHD patients. Furthermore, the percentage of
NKG2A* NK cells among the CD56%™ cells was obviously
decreased, but no significant difference was observed among
the CD56P"80¢ cells.

The expression of other receptors and molecules (CD122,
DNAM1, NKG2D, NKp46, NKG2C, and CD57) in the NK cells
was comparable between the 2 subsets (Supplementary Figure
S5). This finding was identical to the results obtained for the
prospective cohort A. Importantly, the numbers and absolute
cell counts of the NK and NKG2A* NK cells were increased in
the GVHD patients in complete recovery compared with those
of the GVHD patients in partial recovery or the active stage
(Supplementary Figure S6).

As reported, NK cells comprise 2 main subsets, CD56°"ht
and CD56%™ cells [29,30]. We analyzed the distribution of
CD56"8M and CD56%™ cells and the percentages of NKG2A*
NK cells among the CD56”€"dim cells in the 2 cohorts. We
found that the percentage of CD56" 8" cells was significantly
reduced in the GVHD patients, whereas the absolute cell
counts of CD56%™ cells exhibited no significant changes
(Figure 3A-D). These results were consistent with those
reported in previous studies. Furthermore, the percentage of
NKG2A* NK cells among the CD56%™ cells was obviously
decreased, but no significant difference was observed among
the CD56"8M cells (Figure 3E-H). Approximately 90% of the
CD56"8M cells of GVHD and non-GVHD patients expressed
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Figure 1. Comparison of CD3-CD56" and NKG2A* NK cells in patients suffering from aGVHD versus patients without events. In prospective cohort A peripheral blood
was collected from the patients at days 30 and 90 post-HSCT and subjected to analysis of reconstitution of CD3~CD56" NK cells and other NK cell ratio phenotypes
using flow cytometry. On day 30 post-HSCT the aGVHD patients exhibited significantly lower NK and NKG2A" NK cell levels than the non-GVHD patients at both the
percentage level (A and C) (P < .05) and the absolute cell count level (B and D) (P < .05). On day 90 post-HSCT the NK cell ratios and absolute cell counts were similar
between the aGVHD and non-GVHD subgroups (E and F). The NKG2A* subset among the NK cells and the absolute cell counts were comparable between the aGVHD

and non-GVHD subgroups (G and H).

the NKG2A receptor. In conclusion, our results not only
describe the relationship between CD56P"8M/dim cells and
GVHD but also further demonstrate the distribution of NKG2A
cells among the 2 subgroups in the GVHD group, which is
improvement over existing reports.

NKG2A® NK Cells in GVHD Patients Showed Decreased
Proliferation Levels While Retaining a Strong GVL Effect

Next, we cultured the PBMCs extracted from the paired
specimens to detect NKG2A* subset cell proliferation. NKG2A*
cell proliferation was decreased in the GVHD patients (Figure
4AB). We also investigated changes in the killing ability of
NKG2A* subset cells in these 2 groups. After co-culture of
PBMCs with the leukemia cell line K562 for 4 to 6 hours, the
cytokine IFN-y level secreted by the NKG2A* cells was not
decreased in the GVHD patients compared with the level in
the non-GVHD patients (Figure 4C,D), and no significant differ-
ence was found in CD107« expression (Figure 4EF). These
results suggested that the killing ability of NKG2A™ cells from
the GVHD patients did not weaken and maintained a strong
GVL effect.

NKG2A* NK Cells Inhibited Activation of Alloreactive
T Cells In Vitro

The ability of NKG2A" cells to suppress alloreactive T cells
suggested that patients with NKG2A* cells might have reduced
immune rejection responses. To verify the effect of NKG2A*
subsets on T cells, NK and NKG2A" cells sorted from the non-
GVHD patients were co-cultured with CD3* T cells sorted from
the donors. Then, we evaluated the killing effect of NKG2A*
cells on resting and activated T cells after co-culture for 4 to 6
hours. We found that apoptosis was increased in the activated
T cell and Ki-67 expression was decreased, whereas these

parameters were unchanged in the resting T cells (Figure 5). To
investigate the inhibitory effect of NKG2A* cells on T cells,
cytokine secretion from T cells was examined after co-culture
for 72 hours. Compared with the levels in singly cultured T
cells, the IFN-y cytokine levels secreted from the co-cultured T
cells were significantly reduced, and IL-4 expression was
increased (Figure 6). Moreover, CD25 expression was
decreased, and the number of cells with the CD4*CD25"FOXP3*
phenotype was increased (Figure 7). Importantly, the NKG2A*
mainly regulated activated T cells but not resting T cells. These
results suggested that the NKG2A" NK cell subset induced T
cell apoptosis and decreased T cell proliferation. In addition,
the NKG2A"* NK cells suppressed cytokine secretion by T cells
and inhibited T cell activation.

IL-10 Level Was Positively Correlated with NKG2A
Expression Status

We also evaluated the cytokine expression status in the
sera of the paired GVHD and non-GVHD specimens. The IL-10
level was significantly lower in the GVHD patient sera than in
the non-GVHD patient sera, whereas the IL-18, IFN-y, and
tumor necrosis factor-« levels were higher in the GVHD group
(Figure 8A). In addition, when the GVHD patients were in com-
plete recovery, the IL-18, IFN-y, and tumor necrosis factor-o
expression levels were decreased and the IL-10 level was
increased in the active GVHD samples (Figure 8B). Because NK
cell development depends on cytokines, we analyzed whether
changes in IL-10 affected the development of NK cells and the
NKG2A* cell subset. We subsequently preincubated PBMCs
from GVHD and non-GVHD patients with IL-2, IL-10, or IL-15
stimulation for 72 hours to evaluate the possibility that NKG2A
expression was regulated by IL-2, IL-10, or IL-15. We found
that the percentages of NKG2A NK cells from GVHD patients
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Figure 2. The frequency and absolute cell counts of NK and NKG2A* NK subset cells were decreased in GVHD patients. In independent cohort B peripheral blood was
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cantly lower in the GVHD patients (n = 15) than in the non-GVHD patients (n =15, P < .05).
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Figure 4. NKG2A* NK cells in GVHD patients displayed increased apoptosis and a decreased proliferation capacity while retaining a strong GVL effect. (A and B)
PBMCs from the paired cohorts were labeled with 5-(and 6)-Carboxyfluorescein diacetate succinimidyl ester (CFSE) and cultured for 7 days. NKG2A* cell proliferation
was decreased in the GVHD patients (P < .05). (C and D) After co-culture of PBMCs with the leukemia cell line K562 for 4 hours, the cytokine IFN-y level secreted by
NKG2A" cells was comparable between the GVHD patients and non-GVHD patients (P > .05). (E and F) After co-culture of PBMCs with the leukemia cell line K562 for
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Figure 7. NK or NKG2A* NK cells exhibited decreased CD25 expression and an increased number of cells with the CD4*CD25*FOXP3* phenotype in the activated T cell
analysis. NK and NKG2A" cells sorted from the non-GVHD patients (n =5) were co-cultured with CD3" T cells sorted from the healthy donors (n=5) and subjected to
CD25 and FOXP3 expression analysis. The T cells were activated using T-Activator CD3/CD28 Dynabeads. (A) Flow cytometry showed that activated T cells expressed
lower CD25 levels in the presence of NK or NKG2A* NK cells, whereas the percentage of cells with the CD4*CD25"FOXP3* phenotype was increased. (B) Quantitative
histogram showing that activated T cells expressed lower CD25 levels in the presence of NK or NKG2A* NK cells, whereas the percentage of cells with the

CD4"CD25'FOXP3* phenotype was increased (C).

experiments suggested that NKG2A™ NK cells might prevent
aGVHD by regulating T cell immune functions. First, we found
that the percentages and absolute numbers of NK and NKG2A*
subset cells in patients with GVHD after transplantation were
reduced in the prospective cohort and then confirmed this
finding in the paired cohort study. In vitro assays showed that
NKG2A* NK cells inhibited T cell proliferation and activation as
well as secretion of the inflammatory factor IFN-y, promoted T
cell apoptosis, and increased the number of cells with the
CD4*CD25'FOXP3* phenotype.

Previous studies showed that NK cells had important regu-
latory functions that could modulate adaptive T cell responses
via cytokine release, cytotoxicity, or promotion of antigen
cross-presentation to T cells [13,31-34]. In a major mismatch
murine model of transplantation, Murphy et al. [35] demon-
strated that NK cells transferred together with non-T cell—-de-
pleted bone marrow cells without splenocytes did not induce
GVHD. Interestingly, activated NK cells prevented the develop-
ment of GVHD in mice that received splenocytes and invariably
led to the death of mice injected with bone marrow cells and
splenocytes alone [12]. Furthermore, Olson et al. [36] reported
that mice receiving donor NK and T cells showed improved
survival and decreased GVHD scores when compared with
controls receiving donor T cells alone. Moreover, in the pres-
ence of NK cells, donor T cells exhibited less proliferation,

lower CD25 expression, and decreased IFN-y production. Accu-
mulated evidence suggested that donor-derived NK cells might
attenuate GVHD by eliminating recipient antigen-presenting
cells or donor-derived alloreactive T cells [37,38]. These studies
demonstrated that NKG2A® subsets had some regulatory
impact on T cells in in vitro systems after allo-HSCT. Indeed,
our study confirmed these findings and found that after co-cul-
ture with NK cells, T cell proliferation, CD25 expression, and
IFN-y secretion were reduced compared with those in T cells
cultured alone. Because of the variable characteristics of NK
cells reconstituted post-transplant, the major NK cell subsets
reconstituted at each stage after HSCT were different. There-
fore, we speculate that although NK cells regulate the function
of T cells as a whole, the primary roles of each subset need to
be further explored.

As mentioned above, evidence for the recovery of NK cell
receptor subsets after stem cell transplantation is scarce. In a
prospective study Kordelas et al. [19] monitored the frequen-
cies of inhibitory receptor CD94/NKG2A expression in NK cells
after the allo-HSCT course for 1 year and related the results to
the occurrence of severe aGVHD or chronic GVHD in a cohort
of 26 patients undergoing allo-HSCT. This study showed that
the NKG2A receptor continuously decreased in the first year
after allo-HSCT and that the NKG2A" subset was reduced in
chronic GVHD patients. However, the study did not identify a
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cantly lower. (B) Compared with the active GVHD samples, the serum IL-18, IFN-y, and tumor necrosis factor-« levels were decreased, whereas the IL-10 level was

increased in GVHD patients in the complete recovery (CR) condition.

relationship between the NKG2A" subset and aGVHD, and
functional experiments to elucidate the role of NKG2A" cells
during the development of chronic GVHD were also lacking
[19]. In our study we found a decreased number of NKG2A*
subset cells in patients suffering from aGVHD in a prospective
study. Importantly, we confirmed this result using paired
GVHD and non-GVHD specimens. Moreover, the number of
NKG2A" subsets was increased in GVHD patients in a complete
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recovery status compared with that of GVHD patients in partial
recovery. Furthermore, co-culture of T cells and NKG2A" cells
in vitro revealed that T cell proliferation, CD25 expression, and
IFN-y production were reduced compared with those in T cells
cultured alone.

Our results suggested that NKG2A* cells might prevent the
occurrence of GVHD by inhibiting activated alloreactive T cells.
We also found that exogenous addition of IL-10 increased the
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Figure 9. The soluble plasma IL-10 level was closely associated with increased NKG2A expression in GVHD patient—derived NK cells. PBMCs from the GVHD and non-
GVHD patients were preincubated with IL-2, IL-10, or IL-15 for 72 hours and subjected to analysis. (A) The percentage of NKG2A" NK cells from the GVHD patients was
markedly increased under stimulation by exogenous IL-10 but not by stimulation with IL-2 or IL-15. (B) The non-GVHD patient-derived NKG2A"* NK cell ratio was sta-

ble when stimulated by IL-10, IL-2, or IL-15.
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number of NKG2A* subset cells in the peripheral blood. This
result suggested the potential of increasing the number of
NKG2A" cells via intervention to prevent the occurrence of
GVHD. Because the patient groups were small in this study,
more studies with a larger numbers of patients are warranted
to further elucidate the role of NK cell receptors in allo-HSCT.
Moreover, the specific NK receptor recovery and impact on
alloreactive T cells after allo-HSCT should be analyzed in more
detail in larger patient cohorts after allo-HSCT. The role of
HLA-E as the cognate ligand for NKG2A should be considered
in this context. In the in vitro system involving co-culture of T
cells with NK and NKG2A® cells, the number of
CD4"CD25'FOXP3" phenotype cells was increased; however,
whether these cells were regulatory T cells could not be con-
firmed. Further experiments are needed to confirm the func-
tions of these cells and further clarify the mechanism by which
NKG2A" cells regulate T cells and thus inhibit the occurrence of
GVHD. Mouse models may help elucidate the crosstalk
between NKG2A and other immune cells during early reconsti-
tution after allo-HSCT with respect to the prevention and
relapse of GVHD.

Overall, herein we observed reduced proportions and abso-
lute cell counts of NK and NKG2A" subset cells in patients with
aGVHD after allo-HSCT. The causative association between NK
cell numbers, the NKG2A™ subset, and GVHD remains debat-
able. Based on our results, we are tempted to speculate that
reduced proportions of NKG2A" subset cells in patients after
allo-HSCT are associated with aGVHD because of their inter-
play with the patient's donor-derived alloreactive T cells.
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