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Natural killer (NK) cells can alter the out-
come of hematopoietic cell transplanta-
tion (HCT) if donor alloreactivity targets
the recipient. Since most NK cells ex-
press inhibitory killer-immunoglobulin re-
ceptors (KIRs), we hypothesized that the
susceptibility of recipient cells to donor
NK cell–mediated lysis is genetically pre-
determined by the absence of known KIR
ligands. We analyzed data from 2062 pa-
tients undergoing unrelated donor HCT

for acute myeloid leukemia (AML;
n � 556), chronic myeloid leukemia (CML;
n � 1224), and myelodysplastic syndrome
(MDS; n � 282). Missing 1 or more KIR
ligands versus the presence of all ligands
protected against relapse in patients with
early myeloid leukemia (relative risk
[RR] � 0.54; n � 536, 95% confidence in-
terval [CI] 0.30-0.95, P � .03). In the sub-
set of CML patients that received a trans-
plant beyond 1 year from diagnosis

(n � 479), missing a KIR ligand indepen-
dently predicted a greater risk of develop-
ing grade 3-4 acute graft-versus-host dis-
ease (GVHD; RR � 1.58, 95% CI 1.13-2.22;
P � .008). These data support a geneti-
cally determined role for NK cells follow-
ing unrelated HCT in myeloid leukemia.
(Blood. 2007;109:5058-5061)
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Introduction

Natural killer (NK) cells display a range of receptors that ensure
tolerance to healthy cells and lytic responses to diseased and
allogeneic cells.1-5 Among these are the killer-immunoglobulin
receptors (KIRs), a diverse family of clonally restricted activating
or inhibitory receptors. NK cells that display a given inhibitory
KIR cannot respond to cells carrying a cognate HLA class I
molecule, also called the KIR ligand.6 Several investigations,
mainly those using T-cell depletion (TCD), have shown that following
allogeneic hematopoietic cell transplantation (HCT), KIR ligand status
predicts donor antirecipient alloreactivity, which can prevent relapse and
reduce graft-versus-host disease (GVHD).7-10

Clonal analysis has shown that each NK cell expresses an
inhibitory receptor for autologous HLA class I, either a KIR or the
HLA-E–specific CD94:NKG2A heterodimer.11 Consequently, an
individual’s NK-cell repertoire is functionally dependent upon both
the KIR and HLA genes. Beneficial alloreactive NK-cell responses
are detectable for only a few months following haploidentical
transplantation.12 During that time the NK-cell repertoire appears
unconstrained by recipient HLA; thereafter it becomes tolerant of
the recipient HLA type, presumably in part through expression of
inhibitory KIR. NK-cell alloreactivity can be observed in HLA-
matched HCT,13 where the influence of HLA on early reconstitut-
ing NK cells is temporarily suspended, such that “forbidden
clones” arise with alloreactivity toward the recipient’s HLA type.

Most humans have inhibitory KIRs specific for C1 (HLA-C
alleles with Ser77, Asn80), C2 (HLA-C alleles with Asn77, Lys80),
and Bw4. For example, in white populations the frequencies are
KIR2DL1 (91%-100%), KIR2DL2 (49%-60%), KIR2DL3 (85%-
93%), and KIR3DL1 (87%-98%).14 Consequently, most donor-
derived NK cells express inhibitory KIRs. Therefore, NK-cell
alloreactivity after HCT might simply correlate with the number
and type of KIR ligands a recipient lacks.

Results and discussion

We studied 2062 patients (556 with acute myeloid leukemia
[AML], 1224 with chronic myeloid leukemia [CML], and 282
with myelodysplastic syndrome [MDS]) whose transplantations
were facilitated through the National Marrow Donor Program
(NMDP) between 1988 and 2000. All patient samples and data
were collected after obtaining informed consent, in accordance
with the Declaration of Helsinki, using NMDP database and
Sample Repository institutional review board (IRB)–approved
protocols. Presence or absence of recipient C1, C2, and Bw4
KIR ligands was determined based on high-resolution HLA
typing confirmed using blood samples collected and stored by
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the NMDP at their Research Sample Repository. All patients had
either 1, 2, or 3 KIR ligands and, as there was no dose effect with
the number of missing ligands, ligand absence was analyzed as a
group. A first analysis of all the patients revealed no differences
in relapse or survival based on KIR ligand content. When the
patients were stratified according to disease stage, significant
differences emerged. For patients with early disease (AML in
first complete response [CR1], CML in first chronic phase and
less than 1 year from diagnosis, or MDS with refractory
anemia), the absence of 1 or more KIR ligands was protective
against relapse (relative risk [RR] 0.54, n � 536, 95% confi-
dence interval [CI] 0.30-0.95, P � .03; Table 1). This finding
was independent of HLA matching and independent of TCD,
consistent with the observed beneficial NK cell–mediated
effects in transplantation with HLA-matched sibling donors.13

Univariate analysis showed a decrease in relapse at 3 years from
11% (CI: 7%-17%) to 6% (CI: 4%-9%). In contrast, the absence
of 1 or more KIR ligands did not affect clinical outcomes for
patients with more advanced myeloid disease. HLA matching
and a diagnosis of CML were the predominant factors that
predicted better survival in this group, and missing KIR ligands
did not influence survival.

Host antigen-presenting cells (APCs) play an important role in
GVHD through the presentation of alloantigen to donor T cells.9

NK-cell killing of host dendritic cells has the potential to interrupt
GVHD, and we have recently shown that interferon-� production
by NK cells correlates with acute GVHD (aGVHD) incidence in
T-cell replete transplantation.15 Since these results suggest that NK
cells may play an indirect role in GVHD, we analyzed aGVHD
severity based on the presence or absence of KIR ligands. HLA

matching and TCD decreased the risk of aGVHD as expected.
Missing 1 or more KIR ligands had no independent effect on
aGVHD except in patients with CML more than 1 year from
diagnosis where it was associated with an unexpected high
incidence of grade 3-4 aGVHD (RR 1.58, n � 479, 95% CI
1.13-2.22, P � .008; Table 2). This corresponded to an increase in
severe aGVHD from 30% (CI: 23%-37%) for patients with all KIR
ligands present to a rate of 44% (CI: 39%-50%) for patients
missing 1 or more KIR ligands. We had hypothesized that
potentially alloreactive NK cells would be expected to kill host
dendritic cells, thus decreasing the severity of aGVHD.7 In our
cohort, perhaps T cells in the graft were active immediately after
transplantation, establishing aGVHD before NK cells had the
opportunity to kill host APCs.

Interest in the role of NK cells in KIR ligand–mismatched
transplantations has led to many reports with mixed conclusions
that are difficult to reconcile.7,8,10,16-19 Several studies show benefit,
which may correlate with the extent to which the graft is depleted
of T cells.15 Because most individuals have inhibitory KIRs for
HLA-C1, C2, and Bw4, we explored a model based on recipient
HLA typing alone to determine KIR ligand status. Our results
suggest that early stage myeloid leukemia patients relapse less if
they are missing a Bw4, C1, or C2 ligand. This finding became
apparent only when disease stage was examined independently,
likely because patients with advanced leukemia do less well
overall. The effect of missing KIR ligands in patients with early
leukemia may reflect the alloreactivity of donor-derived NK cells
that are not inhibited by recipient HLA class I, although the
divergence of effects between patients with early or advanced
disease may implicate other mechanisms. For example, T-cell

Table 1. Multivariate analysis of relapse following unrelated donor HCT

Variable Cohort size, no. Relative risk (95% CI) P

Early: AML CR1, CML with CP1 less than 1 y from diagnosis, and MDS (RA) 536

Recipient ligand status

All KIR-L present 182 1.00 (reference) —

Missing 1 or more KIR-L 354 0.54 (0.30-0.95) .03

Disease

AML 95 1.00 (reference) —

CML 372 0.23 (0.12-0.42) � .001

MDS 69 0.49 (0.21-1.17) .11

Early CML chronic phase more than 1 y from diagnosis 481

Recipient ligand status

All KIR-L present 171 1.00 (reference) —

Missing 1 or more KIR-L 310 1.06 (0.51-2.21) .88

Intermediate: AML more than CR1 or first relapse, CML more than CP1 or AP, MDS no excess blasts 706

Recipient ligand status

All KIR-L present 248 1.00 (reference) —

Missing 1 or more KIR-L 458 0.80 (0.57-1.13) .21

Disease

AML 307 1.00 (reference) —

CML 303 0.76 (0.53-1.08) .13

MDS 96 0.37 (0.19-0.71) .003

Advanced: AML in relapse, CML BC, MDS (RAEB/RAEBT) 339

Recipient ligand status

All KIR-L present 118 1.00 (reference) —

Missing 1 or more 1 KIR-L 221 1.30 (0.83-2.04) .26

Disease

AML 154 1.00 (reference) —

CML 68 0.77 (0.46-1.27) .31

MDS 117 0.28 (0.16-0.49) � .001

Regression models were adjusted for recipient and donor age, sex, year of transplantation, cytomegalovirus status, HLA matching, GVHD prophylaxis, and
pretransplantation performance status. Ninety-eight percent of patients received traditional fully ablative preparative regimens; 79% received cyclophosphamide and total body
irradiation; and 19% received busulfan and cyclophosphamide. There were no differences in the use of preparative regimens by disease stage.

CP indicates chronic phase; RA, refractory anemia; KIR-L, killer immunoglobulin receptor ligand (Bw4, C1 or C2 group); AP, accelerated phase; BC, blast crisis; and —,
reference value.
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responses arising from peptide presentation by Bw4, C1, or C2
epitopes may be more important than NK-cell alloreactivity in
transplantation for advanced disease. Additionally, NK-cell and
T-cell effector function may reflect an interactive continuum
between lymphocyte populations.

The increased aGVHD seen in patients with CML more than 1 year
from diagnosis has not been reported previously and suggests an indirect
role for NK cells in GVHD. This patient cohort, which predates the
routine use of imatinib, was unique in that more advanced CML patients
were treated with interferon compared with early chronic-phase patients
(60% [n � 481] vs 41% [n � 372]; P � .001). However, when prior
interferon therapy was analyzed with disease stage, no independent
affect on aGVHD risk was seen. The higher rate of aGVHD in the CML
cohort may be explained by the expanded myeloid pool with more host
APCs capable of presenting alloantigen to donor T cells.

This study analyzed a large number of transplantations and identified
2 effects of missing KIR ligands on HCT outcome. This highlights the
fact that KIR interactions are complicated and that their immune effects
may compete with the effects of T cells or other immune effectors.
Furthermore, the use of different GVHD prophylaxis and preparative
regimens7,8,16,19 (eg, potent T-cell depletion vs more traditional immuno-
suppression) may influence NK-cell recovery and function and explain
different clinical outcomes. In summary, we report an apparent genetic
predisposition to NK cell–mediated effects in standard-risk myeloid
leukemia patients where absence of an HLA-B or HLA-C KIR ligand
modifies specific clinical outcomes. Better understanding of how KIR
repertoires can be manipulated in transplantation may facilitate further
clinical benefit, perhaps through attenuation of KIR inhibitory signals.
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Table 2. Analysis for acute grade 3-4 GVHD

Variable Cohort size Relative risk (95% CI) P

Early: AML CR1, CML with CP1 less than 1 y from diagnosis, and MDS (RA) 534

Recip ligand status

All KIR-L present 181 1.00 (reference) —

Missing 1 or more KIR-L 353 0.95 (0.68-1.33) .75

HLA match status

KIR-L MM (GVH) 44 1.00 (reference) —

HLA MM only 188 1.00 (0.57-1.75) .99

HLA matched 302 0.54 (0.31-0.94) .03

Early CML chronic phase more than 1 y from diagnosis 479

Recip ligand status

All KIR-L present 170 1.00 (reference) —

Missing 1 or more KIR-L 309 1.58 (1.13-2.22) .008

HLA match status

KIR-L MM (GVH) 60 1.00 (reference) —

HLA MM only 209 0.96 (0.63-1.47) .86

HLA matched 210 0.52 (0.34-0.80) .003

ATG/TCD status

ATG given and TCD 26 1.00 (reference) —

ATG but no TCD 21 1.50 (0.54-4.16) .43

No ATG but TCD 68 0.65 (0.26-1.66) .37

No ATG or TCD 364 2.23 (1.04-4.78) .04

Intermediate: AML more than CR1 or first relapse, CML more than CP1 or AP, MDS no excess blasts 702

Recip ligand status

All KIR-L present 246 1.00 (reference) —

Missing 1 or more KIR-L 456 1.19 (0.89-1.59) .24

HLA match status

KIR-L MM (GVH) 71 1.00 (reference) —

HLA MM only 312 0.97 (0.64-1.48) .89

HLA matched 319 0.68 (0.44-1.03) .07

Advanced: AML in relapse, CML BC, MDS (RAEB/RAEBT) 338

Recip ligand status

All KIR-L present 118 1.00 (reference) —

Missing 1 or more KIR-L 220 0.75 (0.53-1.07) .11

HLA match represents antigen level match at HLA-A, B and allele match at DRB1. The regression adjustments applied were the same as in Table 1.
KIR-L MM (GVH) indicates KIR ligand mismatch in GVH direction; and MM, mismatch. Additional abbreviations are explained in Table 1.

5060 MILLER et al BLOOD, 1 JUNE 2007 � VOLUME 109, NUMBER 11

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/109/11/5058/1480817/zh801107005058.pdf by guest on 21 M

ay 2024



References

1. Parham P. MHC class I molecules and KIRs in
human history, health and survival. Nat Rev Im-
munol. 2005;5:201-214.

2. Wu J, Lanier LL. Natural killer cells and cancer.
Adv Cancer Res. 2003;90:127-156.

3. Parham P, McQueen KL. Alloreactive killer cells:
hindrance and help for haematopoietic trans-
plants. Nat Rev Immunol. 2003;3:108-122.

4. Farag SS, Fehniger TA, Ruggeri L, Velardi A,
Caligiuri MA. Natural killer cell receptors: new
biology and insights into the graft-versus-leuke-
mia effect. Blood. 2002;100:1935-1947.

5. Shilling HG, McQueen KL, Cheng NW, Shizuru
JA, Negrin RS, Parham P. Reconstitution of NK
cell receptor repertoire following HLA-matched
hematopoietic cell transplantation. Blood. 2003;
101:3730-3740.

6. Colonna M, Samaridis J. Cloning of immuno-
globulin-superfamily members associated with
HLA-C and HLA-B recognition by human natural
killer cells. Science. 1995;268:405-408.

7. Ruggeri L, Capanni M, Urbani E, et al. Effective-
ness of donor natural killer cell alloreactivity in
mismatched hematopoietic transplants. Science.
2002;295:2097-2100.

8. Giebel S, Locatelli F, Lamparelli T, et al. Survival

advantage with KIR ligand incompatibility in he-
matopoietic stem cell transplantation from unre-
lated donors. Blood. 2003;102:814-819.

9. Shlomchik WD, Couzens MS, Tang CB, et al.
Prevention of graft versus host disease by inacti-
vation of host antigen-presenting cells. Science.
1999;285:412-415.

10. Leung W, Iyengar R, Turner V, et al. Determinants
of antileukemia effects of allogeneic NK cells.
J Immunol. 2004;172:644-650.

11. Valiante NM, Uhrberg M, Shilling HG, et al. Func-
tionally and structurally distinct NK cell receptor
repertoires in the peripheral blood of two human
donors. Immunity. 1997;7:739-751.

12. Ruggeri L, Capanni M, Casucci M, et al. Role of
natural killer cell alloreactivity in HLA-mismatched
hematopoietic stem cell transplantation. Blood.
1999;94:333-339.

13. Hsu KC, Keever-Taylor CA, Wilton A, et al. Im-
proved outcome in HLA-identical sibling hemato-
poietic stem-cell transplantation for acute my-
elogenous leukemia predicted by KIR and HLA
genotypes. Blood. 2005;105:4878-4884.

14. Middleton D. Allele Frequencies in Worldwide
Populations. www.allelefrequencies.net. Ac-
cessed October 5, 2006.

15. Cooley S, McCullar V, Wangen R, et al. KIR re-
constitution is altered by T cells in the graft and
correlates with clinical outcomes after unrelated
donor transplantation. Blood. 2005;106:4370-
4376.

16. Davies SM, Ruggieri L, DeFor T, et al. Evaluation
of KIR ligand incompatibility in mismatched unre-
lated donor hematopoietic transplants: killer im-
munoglobulin-like receptor. Blood. 2002;100:
3825-3827.

17. Nguyen S, Dhedin N, Vernant JP, et al. NK-cell
reconstitution after haploidentical hematopoietic
stem-cell transplantations: immaturity of NK cells
and inhibitory effect of NKG2A override GvL ef-
fect. Blood. 2005;105:4135-4142.

18. Malmberg KJ, Schaffer M, Ringden O, Rem-
berger M, Ljunggren HG. KIR-ligand mismatch in
allogeneic hematopoietic stem cell transplanta-
tion. Mol Immunol. 2005;42:531-534.

19. Farag SS, Bacigalupo A, Eapen M, et al. The ef-
fect of KIR ligand incompatibility on the outcome
of unrelated donor transplantation: a report from
the center for international blood and marrow
transplant research, the European blood and
marrow transplant registry, and the Dutch registry.
Biol Blood Marrow Transplant. 2006;12:876-884.

MISSING KIR LIGANDS AND TRANSPLANTATION OUTCOMES 5061BLOOD, 1 JUNE 2007 � VOLUME 109, NUMBER 11

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/109/11/5058/1480817/zh801107005058.pdf by guest on 21 M

ay 2024


