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Background: Conflicting results have been reported regarding the predicative roles of alloreactive natural killer (NK) cells on the
outcomes of transplantation in leukaemia patients.

Methods:We prospectively analysed the human leukocyte antigen (HLA) typing of donor–recipient pairs and the KIR typing of the
donors in 97 CML patients to address the predictive roles of NK cells in relapse undergoing T-cell-replete haploidentical
transplantation.

Results: Patients with class I ligands for the donor-inhibitory KIR gene exhibited decreased molecular and haematologic relapse
rates (P¼ 0.003 and P¼ 0.015, respectively). There was a significantly reduced risk of molecular and haematologic relapse in
patients with HLA-C1C2 or C2C2 who accepted donors with KIR2DS1 or in patients with HLA-Bw4 who accepted donors with
KIR3DS1 (‘recipient with relevant KIR ligand for donor-activating KIR’, n¼ 25), compared with the remaining transplants (n¼ 72,
P¼ 0.009 and P¼ 0.009, respectively). In addition, the presence of class I ligand in the recipients of donor-activating KIR
contributed to a decreased relapse rate in patients lacking class I ligand in the recipient of donor-inhibitory KIR (P¼ 0.04 and
P¼ 0.03, respectively).

Conclusions: This study suggests that the presence of class I ligands for the donor-activating or donor-inhibitory KIR gene in the
recipient might confer some protection against leukaemic relapse in T-cell-replete haploidentical transplantation.

Natural killer (NK) cells are lymphocytes that are critical for innate
immunity against malignant or virally infected cells. In recipients,
the functions of NK cells are primarily modulated by the
expression of activating and inhibitory receptors, as well as their
relevant ligands (Raulet and Vance, 2006). The alloreactivity of NK
cells depends on the expression of a KIR and its MHC-I ligand in
the donor (for education) and on the absence of the MHC-I ligand
in the recipient (for relief from inhibition). In biological studies of
NK cells, two general models that define NK alloreactivity have
arisen: a mismatch between the donor and recipient killer
immunoglobulin receptor (KIR) ligands (ligand-ligand model); or

recipients lacking KIR ligands for donor-inhibitory KIR receptors
(missing self-model) (Ruggeri et al, 2002; Kim et al, 2005).
Furthermore, in alloreactive NK-cell responses, KIR2DS1 expres-
sion offers a remarkable advantage because it allows for the
efficient killing of C2/C2 or C1/C2 myelomonocytic dendritic cells
(DCs) and T-cell blasts (Sivori et al, 2011). The interaction between
KIR3DS1 and human leukocyte antigen (HLA)-Bw4 was predictive
of progression-free survival after autologous stem cell transplanta-
tion (SCT) in patients with multiple myeloma (Gabriel et al, 2010).
Thus, KIR2DS1 and KIR3DS1 expression in HSC donors could
substantially increase the size of the alloreactive NK-cell subset.

*Correspondence: Professor X-J Huang; E-mail: xjhrm@medmail.com.cn

Received 8 April 2014; revised 24 June 2014; accepted 7 July 2014; published online 31 July 2014

& 2014 Cancer Research UK. All rights reserved 0007 – 0920/14

FULL PAPER

Keywords: KIR; haploidentical; HSCT; CML

British Journal of Cancer (2014) 111, 1080–1088 | doi: 10.1038/bjc.2014.423

1080 www.bjcancer.com |DOI:10.1038/bjc.2014.423

mailto:xjhrm@medmail.com.cn
http://www.bjcancer.com


Family HLA-mismatched/haploidentical haematopoietic SCT is
a feasible therapeutic approach for patients with lethal malignant
haematological diseases who lack an HLA-matched donor. Several
haploidentical transplant protocols have been established world-
wide (Huang, 2008; Fuchs et al, 2010). Human leukocyte antigen
mismatches can trigger donor vs recipient NK-cell alloreactivity
(Ruggeri et al, 1999, 2007; Leung et al, 2004, 2005; Zhao et al,
2011). However, conflicting results have been reported regarding
the impact of the ligand-ligand model or the missing self-model on
the outcomes of transplantation in leukaemic patients (Zhao et al,
2011). More interestingly, in the setting of T-cell-replete
haploidentical HSCT, we observed that a KIR ligand mismatch
was a strong risk factor for a high incidence of relapse and
decreased overall survival (OS), in direct contrast to the findings of
Perugia’s group regarding T-cell depletion (Huang et al, 2007).
Moreover, in another limited series of T-cell-replete haploidentical
transplants, recipients lacking KIR ligands for donor-inhibitory
KIR receptors showed a tendency towards a higher relapse rate
(Zhao et al, 2007). Although these prior results have been
inconsistent or even contradictory, the reasons for this discordancy
are currently unclear, but they might reflect differences in patient
heterogeneity, the involvement of donor-activated KIR genes and
post-transplantation alloreactive NK-cell reconstitution.

CML is considered to be one of the leukaemias most susceptible
to immune manipulation (Simula et al, 2007). Yong et al (2009)
demonstrated that in vitro, primitive, quiescent CD34þ cells in
CML were targeted by expanded NK cells. Kijima et al (2011)
demonstrated that missing self-recognition mediated by NK cells
protected mice from primary CML in vivo, suggesting that NK-cell
recognition had the potential to cure CML. Our previous report
showed that HLA-mismatched/haploidentical HSCT was a feasible
therapeutic option for CML patients without an HLA-matched
sibling (Xiao-jun et al, 2008; Jiang et al, 2011). Considering that the
conflicting roles of NK cells in protection against leukaemia,
inferred from retrospective haploidentical transplantation analysis,
might have been caused by patient heterogeneity, we prospectively
analysed the HLA typing of donor–recipient pairs and the KIR
typing of the donor in relatively purified samples from patients
with CML, to address further the predictive roles of NK cells in
the relapses of patients undergoing T-cell-replete haploidentical
transplantation. These transplants are particularly important to
investigate, because they allow for the evaluation of the influence of
inhibitory and activating donor KIR types in the presence in
recipients of the relevant KIR ligands on clinical outcomes without
the confounding effects of disease heterogeneity. The findings
could lead to better donor selection between donors and recipients.

PATIENTS AND METHODS

Patients. We enrolled patients with CML who were suitable for
allo-HSCT and who had no related or unrelated HLA-identical
donors. In total, 134 patients with CML underwent T-cell-replete
HLA-haploidentical transplantation between August 2003 and
December 2009 at the Peking University Institute of Hematology.
Written informed consent was obtained from all of the patients
and donors before their entry into the study, in accordance with
the Declaration of Helsinki. In this cohort, 37 patient–donor pairs
refused to undergo KIR and HLA-C genotyping. Therefore, the
remaining 97 consecutive CML patients were enrolled in the study.
Both the patients and their donors provided written informed
consent, and the Institutional Review Board of the Peking
University Institute of Hematology approved this study. The
characteristics of the 97 patients are presented in Table 1.

Conditioning regimen, mobilisation and collection of stem
cells, and GVHD prophylaxis. All of the patients received

myeloablative regimens, including a combination of cytosine
arabinoside (Ara-C) (4 gm� 2� 2 days, on days � 10 and � 9),
busulfan (12mg kg� 1 administered in 12 doses over 3 days, on
days � 8, � 7 and � 6), cyclophosphamide (1.8 gm� 2� 2 days,
on days � 5 and � 4), Simustine (MeCCNU) (250mg kg� 1 on
day � 3), and rabbit anti-human thymocyte immunoglobulin
(thymoglobulin 2.5mg kg� 1 per day i.v. of the Sangstat product)
on days � 5 through � 2.

The donors received rhG-CSF (Filgrastim) 5 mg kg� 1 daily for
5–6 days. On the fourth day, bone marrow (BM) cells were
harvested. The target total nucleated cell count was 3.0� 108

(median, 3.77� 108, range, 0.24–8.16� 108) cells per kg of
recipient weight. On the fifth and sixth days, peripheral
blood progenitor cells (PBPCs) were collected. The target mono-
nuclear cell count was 3.0� 108 (median, 3.58� 108, range,
0.91–11.7� 108) cells per kg of recipient weight. The fresh and
unmanipulated BM and PBPCs were infused into the recipients on
the day of collection.

The prophylaxis for GVHD included cyclosporine A (CsA) and
short-term methotrexate (MTX) with mycophenolate mofetil
(MMF) treatment. Cyclosporine A was started intravenously on
day � 9 at a dose of 2.5mg kg� 1 and was switched to the oral
formulation as soon as the patient was able to tolerate oral
medication after engraftment. The dosage was adjusted to the
patients’ blood levels. Mycophenolate mofetil was administered
orally at a dose of 0.5 g every 12 h, from day � 9 before
transplantation to day 30 after transplantation and then 0.25 g
every 12 h for 1–2 months. The dosage of MTX was 15mgm� 2,
and it was administered i.v. on day 1, while the dose was
10mgm� 2 on days 3, 6 and 11 after transplantation. The diagnosis
and grading of GVHD were established according to published
criteria. In all of the recipients, rhG-CSF was administered
subcutaneously at a dose of 5mg kg� 1 per day from day 6 after
transplantation until the neutrophil count reached 0.5� 109 cells
per litre for 3 consecutive days (Xiao-jun et al, 2008; Jiang et al,
2011).

Outcome definition. The haematologic response criteria were
defined as follows. Complete haematologic remission (CHR) was
defined as a myeloblast count of p5% in the BM, no myeloblasts
in the peripheral blood, neutrophil and platelet counts of at least
1.5� 109 per litre and 100� 109 per litre, respectively, and no
evidence of extramedullary involvement. Complete molecular
remission (CMR) was defined as an undetectable BCR-ABL
transcript level. Post-transplantation molecular relapse was defined
as positive BCR-ABL transcripts confirmed in two consecutive
assays after previously achieving CMR or a persistent BCR-ABL
transcript increase of more than 1 log. Cytogenetic relapse was
defined as Philadelphia (Ph) chromosome reappearance, and
haematologic relapse was defined according to the criteria of the
World Health Organization (WHO). Event-free survival was
defined as the time that elapsed between allo-HSCT and the
appearance of one of the following events: the absence of
haematologic response at 3 months; the loss of previously obtained
CHR, MCR or CCR; post-transplantation molecular relapse;
relapse in AP or BP; or death from any cause. Overall survival
was defined as the time from the beginning of allo-HSCT to death
from any cause (Xiao-jun et al, 2008; Jiang et al, 2011).

Minimal residual disease monitoring. Minimal residual disease
(MRD) was evaluated in recipient BM cells on days 30, 60, 90, 120,
150 and 180 and then every 1 year after HSCT. Cytogenetic
analysis was performed by fluorescence in situ hybridisation
(FISH). BCR-ABL transcripts were detected by analysing BM with
nested reverse transcriptase PCR before 2004 and with quantitative
real-time PCR after 2004. The normalisation ratios of BCR-ABL
transcript levels in quantitative PCR analysis were obtained
through comparison with the levels of ABL transcript, as
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previously reported (Xiao-jun et al, 2008; Jiang et al, 2011). The
sensitivity of the Bcr-Abl assay for detecting MRD was 0.001%.

Imatinib and donor lymphocyte infusion. Donor lymphocyte
infusion (DLI) and imatinib mesylate were given to patients who
had a molecular, cytogenetic or haematologic relapse after HSCT,
following a trial of immunosuppressant withdrawal. In patients
without GVHD, G-CSF-mobilised peripheral blood stem cell grafts
were used for DLI. Otherwise, imatinib mesylate was given. The
initial dose of imatinib mesylate was 400mg per day, and it was
adjusted, when necessary, according to response and tolerance
(Xiao-jun et al, 2008; Jiang et al, 2011).

HLA and KIR genotyping. Patient and donor DNA was prepared
from peripheral blood mononuclear cells and was used for HLA
typing and KIR genotyping before transplantation. The samples
were stored at � 40 1C. Serological and molecular HLA typing
were performed as described by Lu et al. Recipient HLA-C and
HLA-B alleles were identified by high-resolution DNA-based HLA
typing and were segregated, where appropriate, into the epitope
groups HLA-C group 1 (HLA-CAsn80: HLA-Cw1, 3, 7, 8, 13, 14
alleles), HLA-C group 2 (HLA-CLys80: HLA-Cw2, 4, 5, 6, 12, 15, 17,
18 alleles), and HLA-Bw4.

The KIR genotyping was performed on genomic DNA from
haploidentical donors of haematopoietic stem cells, using PCR
amplification with sequence-specific primers, as described pre-
viously, or using a KIR genotyping kit (One Lambda, Canoga Park,
CA, USA), according to the manufacturer’s instructions (Huang
et al, 2007; Zhao et al, 2007).

Definitions of two models of NK-cell alloreaction. The following
KIR receptors and their ligands were considered: KIR2DL1 with
HLA-C ‘group 2’-related alleles, KIR2DL2/3 with HLA-C ‘group
1’-related alleles, and KIR3DL1 with the HLA-Bw4 allele. The
ligand-ligand model was defined as follows: patients were separated
into two groups according to the HLA typing of the donors and
patients, specifically those with or without a KIR ligand mismatch
(the absence of one donor KIR ligand in the recipient) (Ruggeri
et al, 2007). The missing self model was defined as follows: the
missing-ligand model included all of the donor–recipient pairs in
which there was a mismatch between at least one KIR inhibitory
gene in the donor and the HLA molecule(s) in the recipient (Leung
et al, 2004, 2005).

Statistical analysis. The associations between patient character-
istics or pre-transplantation variables and post-transplantation

Table 1. Patients’ characteristics

Factor Total (n¼97)

Expressing
a class I ligand

in the recipient for
donor-inhibitory

KIR (n¼23)

Lacking a class
I ligand in the
recipient for

donor-inhibitory
KIR (n¼74) P-value

Median age at transplantation, years old (range) 28 (7–57) 33 (15–54) 26 (7–57) 0.081

Male sex, no. (%) 68 (70%) 15 (65%) 53 (72%) 0.558

Diagnosis, no. (%) 0.157

CP1 50 (52%) 11 (48%) 39 (53%)
CP2 15 (15%) 9 (39%) 15 (20%)
AP 24 (25%) 3 (13%) 12 (16%)
BC 8 (8%) 0 (0%) 8 (11%)

Donor/patient sex, no. (%) 0.128

F/M 34 (35%) 4 (17%) 30 (41%)
F/F 15 (16%) 5 (22%) 10 (14%)
M/M 32 (33%) 11 (48%) 21 (28%)
M/F 16 (17%) 3 (13%) 13 (18%)

HLA matching, no. (%) 0.328

3/6 9 (9%) 2 (9%) 7 (10%)
4/6 33 (34%) 5 (22%) 28 (38%)
5/6 55 (55%) 16 (70%) 39 (53%)

Median infused TNC, � 109 per kg 7.07 (2.89–14.12) 7.25 (5.24–13.38) 6.94 (2.89–14.12) 0.292

Median infused CD34þ , �106 per kg 2.18 (0.44–9.52) 2.05 (0.65–9.52) 2.28 (0.44–7.46) 0.594

Median infused CD3þ , �108 per kg 1.48 (0.2–5.10) 1.48 (0.23–2.89) 1.54 (0.20–5.10) 0.973

Median follow-up among survivors, years (range) 6.7 (3.6–10.1) 6.9 (3.7–9.6) 6.8 (3.6–10.1) 0.113

Engraftment

WBC, median days (range) 13.5 (10–25) 14 (11–21) 13 (10–25) 0.212

PLT, median days (range) 16 (9–188) 18 (9–188) 16 (9–151) 0.282

Presence of HLA-C2 in recipients of donor-KIR2DS1 15 (16%) 9 (39%) 6 (8%) o0.01

Presence of HLA-Bw4 in recipients of donor-KIR3DS1 19 (20%) 10 (44%) 9 (12%) o0.01

Presence of HLA-C2 or HLA-BW4 in recipients of donor-KIR2DS1 or -KIR3DS1 25 (26%) 11 (48%) 14 (19%) 0.01

Accepted TKI therapy post-transplantation 15 (15%) 0 (0%) 15 (20%) 0.019

Accepted DLI therapy post-transplantation 14 (14%) 0 (0%) 14 (19%) 0.036

Abbreviations: AP¼ accelerated phase; BC¼blast crisis; CP1¼ chronic phase 1; CP2¼ chronic phase 2; DLI¼donor lymphocyte infusion; F/F¼ female/female; F/M¼ female/male;
HLA¼ histocompatibility; M/F¼male/female; M/M¼male/male; PLT¼platelet; TKI¼ tyrosine kinase inhibitor; TNC¼ total nuclear cell; WBC¼white blood cell.
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outcomes were analysed using the Kaplan–Meier method, or they
were calculated using cumulative incidence curves to accommodate
competing risks. R software (R Development Core Team (2006).
R: A Language and Environment for Statistical Computing.
R Foundation for Statistical Computing, Vienna, Austria.
ISBN 3-900051-07-0, URL: http://www.R-project.org.) was used
to calculate the cumulative incidence, considering the presence of
competing risk. Event-free survival and OS were estimated using
Kaplan–Meier methods, and the probabilities of relapse, trans-
plant-related mortality (TRM), grade II to IV aGVHD, and both
absolute neutrophil count (ANC) and platelet count (PLT)
recovery were calculated as cumulative incidences to adjust the
analysis for competing risks. To evaluate the independent effects of
missing ligand transplants and KIR ligand-mismatched trans-
plants, Cox regression analysis was performed. Factors included in
the models were recipient and donor age, sex, sex mismatch,
diagnosis (myeloid leukaemia vs lymphoid leukaemia), number of
HLA-mismatched alleles, missing self transplants, KIR ligand-
mismatched transplants, pre-transplantation risk category (APþ
BCþCP2 vs CP1), and recipients with the relevant KIR ligand for
donor-activated KIR. The final multivariate models were
constructed using a forward stepwise model selection approach.
The patient characteristics among the three groups were compared
using chi-square statistics for categorical variables and with the
Mann–Whitney U test for continuous variables. Po0.05 was
considered as statistically significant.

RESULTS

Patient characteristics. The patients’ characteristics are provided
in Table 1. In total, 96 of the 97 patients achieved WBC
engraftment, and 92 of the 97 patients achieved PLT engraftment.
One patient died on day 24 without WBC or PLT engraftment. All
of the engrafted patients achieved complete donor chimaerism
after transplantation. Sixty-five patients survived without leukae-
mia. Sixteen patients died of transplant-related complications after
HSCT. Twenty-two patients had molecular relapse, of whom six
accepted TKI therapy and returned to MMR, while the remaining
sixteen patients progressed to haematological relapse. Eight of the
sixteen relapsing patients died. In all, 2 patients did not complete
the study, and 14 of 16 patients received DLI combined with TKI
or chemotherapy. Of these 14 patients, 2 returned to MMR, and 6
patients are currently living with leukaemia. The median follow-up
duration for the cohort was 6.7 years (range, 3.6–9.3 years).
Of the 97 patients, there were 61 and 36 patients who had 0-I
aGVHD and II-IV aGVHD, respectively. Among the 92 patients
evaluated for the cGVHD who survived longer than 100 days, 58
patients had limited (31 patients) or extensive (27 patients)
cGVHD.

The frequencies of inhibitory and activating KIR genes in this
Chinese population were consistent with the gene frequencies
reported in previously published studies. Specifically, the frequen-
cies were 98% for KIR2DL1, 28% for KIR2DL2, 100% for KIR2DL3
100%, 93% for KIR3DL1, 32% for KIR2DS1, 11% for KIR2DS2,
15% for KIR2DS3, 29% for KIR2DS5, 32% for KIR3DS1, and 55%
for KIR haplotype BX.

Presence of a class I ligand in the recipient for donor-inhibitory
KIR contributed to a decreased relapse rate. The data obtained
as of 1 August 2013 were analysed, and the univariate effects of the
demographic data on post-transplantation outcomes were analysed
by the Kaplan–Meier method or were calculated using cumulative
incidence curves to accommodate for competing risks.

There were 74 donor–recipient pairs lacking a class I ligand in
the recipient for donor-inhibitory KIR and 23 present a class I
ligand in the recipient for donor-inhibitory KIR. As shown in
Figure 1, univariate analysis demonstrated that there were
significantly increased molecular and haematologic relapse rates
in patients lacking a class I ligand in the recipient for donor-
inhibitory KIR (group A, n¼ 74), compared with those expressing
a class I ligand in the recipient for donor-inhibitory KIR (group B,
n¼ 23, P¼ 0.003 and P¼ 0.015, respectively, Figure 1A and B).
Therefore, patients lacking a class I ligand in the recipient for
donor-inhibitory KIR had longer EFS (P¼ 0.024, Figure 1C). There
were similar incidences of aGVHD, cGVHD and TRM in patients
lacking the KIR ligand for donor-inhibitory KIR, compared with
those among patients expressing the KIR ligand for donor-
inhibitory KIR. The OS in patients expressing the KIR ligand for
donor-inhibitory KIR tended to be longer than that of patients
lacking the KIR ligand for donor-inhibitory KIR, although these
differences were not significant (P¼ 0.137).

No significant influences of a KIR ligand mismatch between the
donor and the recipient on clinical outcomes, including relapse
(P¼ 0.722), aGVHD (P¼ 0.916), cGVHD (P¼ 0.838), TRM
(P¼ 0.727), OS (P¼ 0.816) and EFS (P¼ 0.656), were found in
CML patients.

Presence of a class I ligand in the recipient for donor-activating
KIR contributed to a decreased relapse rate. The activating
donor KIR genes, including KIR2DS1, KIR2DS2, KIR2DS3,
KIR2DS5, and KIR3DS1, were found to have no significant
influences on relapse. KIR2DS1 expression represents a remarkable
advantage because it allows for the efficient killing of C2/C2 or
C1/C2 myelomonocytic DCs and T-cell blasts. In addition, in patients
with multiple myeloma, the interaction between KIR3DS1 and
HLA-Bw4 predicts progression-free survival after autologous SCT.
We hypothesised that this association would be observed only in
donors with KIR2DS1 or KIR3DS1 and recipients with HLA-C1C2
or -C2/C2 or Bw4 because of the presence of a relevant KIR ligand
for the activating KIR gene. We found a significantly reduced risk
of molecular relapse among CML patients with HLA-C1C2 or -C2/C2
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Figure 1. The effects of missing self between donors and recipients on clinical outcomes. The cumulative incidence estimates for the probability
of molecular (A) and haematologic (B) relapse, as well as the Kaplan–Meier estimate for event-free survival (EFS, C) for CML patients lacking
or expressing of the relevant KIR ligand (HLA-BW4 or HLA-C2 positive) for the donor-inhibitory KIR gene (group A, n¼ 74 or group B, n¼23) after
haploidentical T-cell-replete transplantation.
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whose donors were positive for KIR2DS1, compared with
patients with HLA-C1C1 whose donors were positive for KIR2DS1
(P¼ 0.008) or negative for KIR2DS1 (P¼ 0.024, Figure 2A).
Furthermore, the haematologic relapse rate among CML patients
with HLA-C1C2 or -C2/C2 whose donors were positive for
KIR2DS1 was significantly lower than that of patients with HLA-
C1C1 whose donors were positive for KIR2DS1 (P¼ 0.010,
Figure 2B).

Similar to the predictive roles of donor KIR2DS1 and recipient
HLA-C ligand, patients with HLA-Bw4-accepting donors with
KIR3DS1 positivity tended to have lower molecular and haema-
tologic relapse rates, compared with patients with HLA-Bw4-
accepting donors with KIR3DS1 negativity (P¼ 0.058 and
P¼ 0.081, respectively, Figure 3A and B). At the same time,
molecular relapse in patients with HLA-Bw4-positive-accepting
donors with KIR3DS1 positivity was significantly less common
than in patients who were HLA-Bw4 negative (P¼ 0.048,
Figure 3A).

No effects of the recipients’ HLA-Bw4 positivity or negativity on
relapse were found. However, patients with HLA-C1C2 or -C2C2
(n¼ 59) had lower molecular relapse rate (10.53±5.06% vs
34.72±8.01%, P¼ 0.026) and haematologic relapse rates
(8.08±4.55% vs 20.39±5.31%, P¼ 0.066), compared with those
of patients with HLA-C1C1 (n¼ 38).

Next, we combined the above predictive model, specifically
subgrouping patients with HLA-C1C2- or C2C2-accepting donors
with KIR2DS1-positive patients or patients with HLA-Bw4-
accepting donors with KIR3DS1 positive (‘recipient with relevant
KIR ligand for donor-activating KIR’, n¼ 25) and ‘other’ (the
remaining transplants, n¼ 72). The molecular relapse and
haematologic relapse rates in patients in the ‘recipient with

relevant KIR ligand for donor-activating KIR’ group were
significantly lower than those of the patients in the ‘other’ group
(P¼ 0.009 and P¼ 0.009, Figure 4A and B). The donor-activated
KIR gene with the relevant KIR ligand in recipients, including
aGVHD, cGVHD, TRM, OS and EFS, was found to have no
significant influences on the clinical outcomes of CML patients.

Presence of class I ligand in the recipient for donor-activated
KIR contributed to a decreased relapse rate in recipient lacking
a class I ligand for donor-inhibitory KIR. Because patients
lacking a class I ligand for donor-inhibitory KIR had higher relapse
rates than those expressing a class I ligand for donor-inhibitory
KIR, we examined whether activating donor KIR2DS1 positivity or
KIR3DS1 positivity with relevant HLA ligand in recipients could
overcome the higher relapse rate in patients with a missing self
between the donor and the recipient. Among the 74 patients
without the KIR ligand for the donor-inhibitory KIR gene, there
were 13 patients in the ‘recipient with relevant KIR ligand for
donor-activating KIR’ group and 61 patients in the ‘other’ group.
The molecular relapse and haematologic relapse rates in patients in
the ‘recipient with relevant KIR ligand for donor-activating KIR’
group were significantly higher than those of the patients in the
‘other’ group (P¼ 0.04 and P¼ 0.03, Figure 5) among the patients
with a missing self between the donor and the recipient.

There were no significant differences in recipient age, diagnosis,
pre-transplantation risk category, HLA incompatibility, or doses of
CD3þ T cells and CD34þ cells among the patients with or
without a missing self between the donor and the recipient
(Table 2). However, there were more patients with the relevant KIR
ligand for a donor-activated KIR gene in the ‘recipient expressing a
class I ligand for donor-inhibitory KIR’ group, compared with
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Figure 2. The effects of donor KIR2DS1 positivity on the relapse of recipients with HLA-C2 ligand. The cumulative incidence estimate for the
probability of molecular (A) and haematologic (B) relapse in CML patients who were HLA-C2 positive (HLA-C1C2 or HLA-C2C2) accepting donors
with KIR2DS1 positivity, compared with those patients who were HLA-C2 negative (HLA-C1C1) accepting donors with KIR2DS1 positivity or
negativity after haploidentical T-cell-replete transplantation.
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Figure 3. The effect of donor KIR3DS1 positivity on the relapse of recipients with HLA-Bw4 ligand. The cumulative incidence estimate for the
probability of molecular (A) and haematological (B) relapse in CML patients with HLA-BW4 positive (HLA-BW4Bw4 or HLA-BW4BW6) accepting
donors with KIR3DS1 positivity, compared with those patients with HLA-BW4 positive (HLA-BW4Bw4 or HLA-BW4BW6) accepting donors with
KIR3DS1 positivity or those patients who were HLA-BW4 negative (HLA-BW6Bw6) after haploidentical T-cell-replete transplantation.
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those in the ‘recipient lacking a class I ligand for donor-inhibitory
KIR’ group (Table 2).

Multivariate analysis confirmed that 7-year molecular relapse
was best prevented by the combination of recipients having a
relevant KIR ligand (HLA-C2 positive or HLA-Bw4 positive) for
accepting donors with activating KIR gene positivity (KIR2DS1 or
KIR3DS1) (HR 0.141 (0.019–1.047)), P¼ 0.056, Table 2). The
absence of the KIR ligand for the donor-inhibitory KIR gene was
also an independent risk factor for lower EFS (HR 3.102 (0.937–
10.266), P¼ 0.064, Table 2). Additionally, multivariate analysis
also demonstrated that high-risk CML (CP2þAPþBC) was an
independent predictor of OS, EFS and relapse. Transplant-related
mortality was encouraged by donor KIR2DS3 positivity (HR 4.290
(1.544–11.921), P¼ 0.005) and was prevented by donor KIR2DS5
positivity (HR 0.121 (0.016–0.918), P¼ 0.041). Therefore, donor
KIR2DS3 and donor KIR2DS5 played contrasting roles in
predicting OS and EFS post-transplantation (Table 2). At the
same time, having a donor with the KIR BX haplotype was an
independent risk factor for 3–4 aGVHD post-transplantation (HR
4.096 (1.175–14.275), P¼ 0.010).

DISCUSSION

In the current study, we investigated the predictive roles of distinct
models for NK-cell alloreactivity on haploidentical transplantation
outcomes in patients with CML. By limiting the transplant setting
of our study to patients with Bcr-Abl-positive CML who received
T-cell-replete haploidentical transplant, we avoided procedural
heterogeneities, such as variabilities in the conditioning regimens
or the GVHD prophylaxis used, as well as the disease

heterogeneities, as observed in many other studies. To our surprise,
although we avoided the impact of heterogeneous disease, we
nevertheless demonstrated that, in this setting of T-cell-replete
haploidentical HCT, CML patients lacking the ligand for their
donors’ inhibitory KIR tended to have increased relapse and
inferior survival. Specifically, both the molecular and haematologic
relapse rates were increased in recipient lacking a class I ligand for
donor-inhibitory KIR. Therefore, the impact of therapeutic factors,
such as DLI and TKI therapy for molecular relapse, was excluded.
Furthermore, the patients’ pre-transplantation CML risk levels
were equal between the groups, and there were more patients
receiving DLI or TKI therapy post-transplantation in the group of
recipient lacking a class I ligand for donor-inhibitory KIR.
However, this difference did not change the high relapse rate
and inferior EFS in this group. Thus, the impact of disease
heterogeneity on the conflicting effects of a missing self model was
excluded. We found that a missing self model between donors and
recipients was indeed associated with a high relapse rate in the
setting of T-cell-replete transplantation, in agreement with our
previous retrospective report (Huang et al, 2007; Zhao et al, 2007)
and contrary to the findings reported in the setting of a potent
T-cell-depleted haploidentical HSCT (Leung et al, 2004, 2005).
Fuchs and colleagues also failed to find any significant differences
in any patient outcomes when utilising the other proposed models,
including ligand incompatibility, missing ligands, and gene–gene
for stimulatory KIR, in the setting of non-myeloablative haploi-
dentical HSCT study, utilising T-cell-replete grafts and a novel
post-transplantation immunosuppressive regimen, including Cy
(Symons et al, 2010). Furthermore, even in the setting of T-cell-
depleted haploidentical transplantation, Ruggeri et al (2007) did
not find any beneficial effects of a missing self model on clinical
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Figure 4. The effects of donor-activating KIR gene on the relapse of recipients with the relevant KIR ligand. The cumulative incidence estimate
for the probability of molecular (A) and haematologic (B) relapse in CML patients with the relevant KIR ligand (HLA-BW4 or HLA-C2 positive) for
donor-activating KIR gene (KIR2DS1 or KIR3DS1) after haploidentical T-cell-replete transplantation.

Others (n=61)

Recipient with relevant KIR ligand for donor activating KIR (n=13)

C
um

ul
at

iv
e

in
ci

de
nc

e 
of

 m
ol

ec
ul

ar
 r

el
ap

se

Days after transplantation

P=0.04

Others (n=61)

Recipient with relevant KIR ligand for donor activating KIR (n=13)

P=0.03
C

um
ul

at
iv

e
in

ci
de

nc
e 

of
 h

em
at

ol
og

ic
 r

el
ap

se

Days after transplantation

0.0

0.6

0.4

0.2

0.8

1.0

0.0

0.6

0.4

0.2

0.8

1.0

0 350030002500200015001000500 0 350030002500200015001000500

Figure 5. The effects of donor-activating KIR gene on the relapse of recipients with the relevant KIR ligand for the activating KIR gene but not
for the inhibitory KIR gene. The cumulative incidence estimate for the probability of molecular (A) and haematologic (B) relapse in CML patients
with the relevant KIR ligand (HLA-BW4 or HLA-C2 positive) for the donor-activating KIR gene (KIR2DS1 or KIR3DS1) but not for the donor-
inhibitory KIR gene (with missing self between donor and patient) after haploidentical T-cell-replete transplantation.
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outcomes. The reasons for these apparently discordant results are
currently unclear. Further laboratory studies, such as NK-cell
functional reconstitution differences between patients with and
without a KIR ligand for donor-inhibitory KIR, would be more
important (Vago et al, 2008; Triplett et al, 2009; Pfeiffer et al,
2010).

Interestingly, the preventative effects on relapse of activated
donor KIR genes with the relevant HLA ligand in the recipients
were found in the same group. At the same time, the higher relapse
rate in recipient lacking a class I ligand for donor-inhibitory KIR
was overcome by accepting donors with an activating KIR gene,
including KIR2DS1 and KIR3DS1, if the recipients had the relevant
ligand, such as HLA-C2 or Bw4. This finding suggested that in the
setting of T-cell-replete haploidentical transplantation, the allor-
eactive NK cells could be best predicted by the donor-activating
KIR gene and the relevant KIR ligand in the recipient. This clinical
observation was consistent with the recent basic findings that
KIR2DS1-positive NK cells could mediate the alloresponses against
the C2 HLA-KIR ligand group in vitro (Chewning et al, 2007;
Marcenaro et al, 2011, 2013). This finding was also in accordance
with the report from Gabriel et al, 2010 after autologous SCT,
which found that the interaction between donor KIR3DS1 and
HLA-Bw4 in recipients was predictive for increased NK-cell
function, as assessed by the control of leukaemic relapse. In
alloreactive NK-cell responses, KIR2DS1 expression represents a
remarkable advantage because it allows for the efficient killing of
C2/C2 or C1/C2 myelomonocytic DCs and T-cell blasts (Sivori
et al, 2011; Marcenaro et al, 2013). However, to reduce the risk of
relapse among 1277 patients with AML who underwent unrelated
matched or single mismatched HSCT, the data published by

Venstrom et al (2012) supported the preferential selection of a
KIR2DS1-positive donor if the donor had HLA-C1/C1 or C1/C2
and was not based on HLA-C in the recipient. Pittari et al (2013)
also demonstrated NK-cell tolerance of self-specific activating
receptor KIR2DS1 in individuals with the cognate HLA-C2 ligand.
Therefore, the reason for these apparently discordant results might
be the balance between the activating donor KIR gene in NK-cell
education/tolerance induction, as well as the initiation of
alloreactivity in NK cells post-transplantation. The induction of
tolerance in NK cells that express activating receptors through
chronic exposure to the ligand was described in mice (Tripathy
et al, 2008). However, in the setting of haploidentical transplanta-
tion, the induction of tolerance in NK cells that express activating
receptors remains unknown.

The contrasting effects of the missing self model between
donors and recipients and between the activated donor KIR
genes and the relevant KIR ligands in recipients on relapse in
haploidentical transplantation precisely suggest that the presence
of class I ligands for the donor-activating or donor-inhibitory
KIR gene in the recipient might confer some protection against
leukaemic relapse in T-cell-replete haploidentical transplanta-
tion. Acquisition of NK-cell activity including inflammatory
cytokines production and cytotoxicity have a pivotal role in the
graft-vs-leukaemia effect after allogeneic haematopoietic cell
transplantation. Natural killer cells can only acquire full
functionality post-transplantation when the NK cells have been
shown to recognise self-MHC class I, a phenomenon referred to
as ‘licensing’ or ‘education’ (Kim et al, 2005; Yawata et al, 2006,
2008; Yu et al, 2007; Sun et al, 2009; Sungur et al, 2013). The
interaction of recipients class I ligands and donor-inhibitory KIR
genes and activating KIR genes have important roles on the
process of NK-cell education in vivo and the initiation of
alloreactivity in NK cells post-haploidentical transplantation.
Therefore, we hypothesis that KIR–HLA interactions and of how
NK-cell education undergoes T-cell-replete haploidentical trans-
plantation to dictate NK function would be helpful in revealing
these apparently disparate results in the literature in the future. It
would also be helpful to explain the contrasting effects of donor
KIR2DS5 and donor KIR2DS3 on TRM and survival. However,
this study was limited by not performing the NK functional
recovery kinetics to explore the correlations between the
educated/uneducated NK cells’ reconstitution and the alloreac-
tive NK cells’ recovery in vivo post-T-cell-replete haploidentical
transplantation.

In summary, the seemly contrasting effects of alloreactive NK
cells on relapse, using the missing self model or activated donor
KIR genes, reflect that the presence of class I ligand in the
recipient for the donor-inhibitory KIR gene or the donor-
activating KIR gene could be an superior prognostic factor in
preventing relapse. This study indicated that the presence of
recipient class I ligands for donor-activating and donor-
inhibitory KIR genes would promote NK-cell functional recovery
during NK-cell education, thus conferring some protection
against leukaemic relapse in T-cell-repleted, haploidentical
transplantation, which would be worthy of future study. In
addition, a large diverse cohort study should be conducted in the
future in a prospective manner to confirm the effects of recipient
HLA and donor KIR genotype associations on the clinical
outcomes of transplantation.
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