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ABSTRACT
Missing self recognition makes cancer sensitive to natural killer cell (NKc) reactivity. However, this model
disregards the NKc licensing effect, which highly increases NKc reactivity through interactions of inhibitory
killer cell immunoglobulin-like receptors (iKIR) with their cognate HLA-I ligands. The influence of iKIR/HLA-
ligand (HLA-C1/C2) licensing interactions on the susceptibility to and progression of plasma cell (PC)
dyscrasias was evaluated in 164 Caucasian patients and 286 controls. Compared to controls, myeloma
accumulates KIR2DL1¡L2CL3¡ genotypes (2.8% vs. 13.2%, p < 0.01, OR D 5.29) and less diverse peripheral
repertoires of NKc clones. Less diverse and weaker-affinity repertoires of iKIR2D/HLA-C licensing
interactions increased myeloma susceptibility. Thus, the complete absence of conventional iKIR2D/HLA-C
licensing interactions (KIR2DL1¡L2CL3¡/C2C2, 2.56% vs. 0.35%; p < 0.05; OR D 15.014), single-KIR2DL3C/
C1C (20.51% vs. 10.84%; p < 0.05; OR D 2.795) and single-KIR2DL2C/C1C (12.82% vs. 4.9%; p < 0.01;
OR D 5.18) interactions were over-represented in myeloma, compared to controls. Additionally,
KIR2DL1¡L2CL3¡ (20% vs. 83%, p < 0.00001) as well as KIR3DL1¡ (23% vs. 82%, p < 0.00001) genotypes
had a dramatic negative impact on the 3-y progression-free survival (PFS), particularly in patients with low-
tumor burden. Remarkably, myeloma-PCs, compared to K562 and other hematological cancers, showed
substantial over-expression of HLA-I (“increasing-self” instead of missing-self), including HLA-C, and mild
expression of ligands for NKc activating receptors (aRec) CD112, CD155, ULBP-1 and MICA/B, which
apparently renders myeloma-PCs susceptible to lysis mainly by licensed NKc. KIR2DL1¡L2CL3¡/C2C2
patients (with no conventional iKIR2D/HLA-C licensing interactions) lyse K562 but barely lyse myeloma-
PCs (4% vs. 15%; p < 0.05, compared to controls). These results support a model where
immunosurveillance of no-missing-self cancers, e.g., myeloma, mainly depends on NKc licensing.

Abbreviations: aKIR, activating KIR; aRec, activating receptor; BM, Bone marrow; BMPC, bone marrow plasma cell;
CFSE, carboxyfluorescein diacetate succinimidyl ester; FISH, fluorescent in situ hybridization; HLA, human leukocyte
antigen; iKIR, inhibitory KIRs; ISS, International scoring system; KIR:, killer cell immunoglobulin-like receptors; MGUS,
monoclonal gammopathy of uncertain significance; MM, multiple myeloma; NKc, natural killer cells; PB, peripheral
blood; PC, plasma cell; PCD, plasma cell dyscrasia; PFS, progression-free survival; SCT, autologous stem cell trans-
plantation; SMM, smoldering myeloma
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Introduction

Consistent with the “missing self” hypothesis, NK cells sensing
the loss of self-HLA-class-I (HLA-I) molecules trigger cytolysis
of “stressed” cells (e.g., tumor or virus-infected), while sparing
healthy tissues.1 The missing self hypothesis, however, disre-
gards the effect of NK cell licensing, which promotes terminal
maturation and functional competence of NK cells after signal-
ing through activating receptors (aRec).2,3 NK cell licensing is
dependent on the avid engagement of inhibitory killer cell
immunoglobulin-like receptors (KIR) on NK cells with their
cognate HLA-I ligands on cell tissues.3,4 KIR receptors may
transmit inhibitory (iKIRs) or activating (aKIRs) signals.5

Within the iKIRs, KIR2DL1 recognizes the HLA-C2 allotype
(Lys80), and KIR2DL2/3 the HLA-C1 allotype (Asn80),6

although KIR2DL2 may also interact with the HLA-C2 allo-
type.7 KIR2DL4 binds HLA-G, KIR3DL1 interacts with the
Bw4 epitope of some HLA-A and HLA-B molecules,8 and
KIR3DL2 interacts with HLA-A3 and A11 alleles.9 Binding of
aKIRs to HLA-C-ligands has only been documented for
KIR2DS1 and HLA-C2,10 as well as for KIR2DS4 and HLA-C2
and a few C1 allotypes.11 The ligands for other relevant activat-
ing (KIR2DS3, KIR2DS5 and KIR3DS1) and inhibitory
(KIR2DL5 and KIR3DL3) KIR receptors are currently uncer-
tain. Certainly, the NK cell cytotoxic function depends on the

CONTACT Mar�ıa R. �Alvarez-Lopez mdrocio.alvarez@gmail.com; Alfredo Minguela alfredo.minguela@carm.es
© 2016 Taylor & Francis Group, LLC

ONCOIMMUNOLOGY
2016, VOL. 5, NO. 4, e1093721 (12 pages)
http://dx.doi.org/10.1080/2162402X.2015.1093721

http://dx.doi.org/10.1080/2162402X.2015.1093721


signals delivered through interaction of aRec with their ligands.
Concerning ligands for “natural cytotoxicity receptors,” NKp30
interacts with B7-H6,12 NKp44 with NKp44L,13 but the non-
viral ligands for NKp46 remain unknown. With regard to other
aRecs, NKG2D recognizes the stress-inducible MICA/B.14 and
ULBPs proteins.15 whereas DNAM-1 (CD226) specifically rec-
ognizes poliovirus receptor (CD155) and Nectin-2 (CD112).16

Opposing signals from inhibitory and activating receptors
interacting with their corresponding ligands showed to control
NK cell functionality. Therefore, not only the diverse receptors
expressed on the NK cell, but also the inhibitory and activating
ligands expressed on the target cells will determine NK cell
response, susceptibility to autoimmunity,17 infection,18 and
cancer,19 and the outcome of allogeneic stem cell transplanta-
tion (SCT),20 or liver transplantation.21 Malignant cells usually
over-express ligands for activating receptors,16,22 and reduce
the expression of inhibitory ones (HLA-I).23,24 With respect to
this, it has been described that myeloma cells express ligands
for NK cell activating receptors,25,26 but only scarce and contra-
dictory results concerning the expression of inhibitory ligands
(HLA-I).27,26,28 are available.

Plasma cell dyscrasias (PCDs) are a group of diseases char-
acterized by the proliferation of clonal PCs and the presence of
monoclonal gammopathy. PCDs include benign forms such as
monoclonal gammopathy of undetermined significance
(MGUS), and malignant forms such as plasmacytoma, smol-
dering multiple myeloma (SMM), multiple myeloma (MM)
and PC leukemia. Although there have been important advan-
ces in the last decade,29 malignant forms of PCD remain largely
incurable and their incidence is increasing, accounting for
approximately 1% of cancers and 13% of hematologic cancers
in Western countries.30 The role of KIR/HLA interactions in
the pathogenesis, prognosis and progression of PCDs has not
been extensively studied. However, it has been shown that in
patients with MM, interaction between KIR3DL1/S1 and HLA-
Bw4 can predict PFS after autologous SCT.31 The present study

investigates the influence of KIR/HLA-I interactions involved
in NK cell licensing on the susceptibility to and the progression
of PCDs. Additionally, explores whether the expression of KIR
receptors in NK cells or that of their ligands in malignant PCs,
could determine NK cell functionality and the outcome of the
disease.

Results

Clinical and biological endpoints of patients

This study included 86 MGUS and 78 myelomas (consisting of
25 SMM and 53 MM). Nonetheless, following the new criteria
of the myeloma working group, 20 out of the 25 SMM patients
could be currently classified as MM.32 Table 1 shows the demo-
graphic and clinic-biological characteristics of patients. No sig-
nificant differences in sex or age were found between patient
groups. Most MGUS patients showed a low risk profile, 50.6%
of patients had no adverse risk factors, 49.4% had one and no
patient had two. In contrast, 60% of SMM patients had two
adverse risk factors, 28% had one and only 12% had none. MM
patients mostly showed a high-risk profile, with 33.9% showing
ISS (international score system)-III, 43.4% ISS-II and only
22.6% ISS-I. Increasing values of serum monoclonal compo-
nent (1.1 § 0.1, 1.6 § 0.2 and 2.4 § 0.3 g/dL), frequency of
Bence Jones protein (13.9%, 47.8% and 73.9%), immunoparesis
(23.3%, 84% and 90.6%), histological bone marrow plasma cell
(BMPC, 3.96% § 0.3, 16.5% § 2.6 and 33.9% § 2.9) and ratio
of aberrant/normal BMPCs (73.1% § 2.3, 89.9% § 4.01 and
96.0% § 1.1) were found in MGUS, SMM and MM patients,
respectively. Similarly, an increased incidence of numeric
abnormalities in chromosomes 5, 9 and 15, break at IgH
(14q32) and deletions of 17p13.1 (p53) and 13q14 was
observed, with at least one of those alterations being present in
21.6%, 61.9% and 70.8% of MGUS, SMM and MM patients,
respectively.(see Table 1 for details)

Table 1. Demographic data and clinic-biological characteristics of patients at diagnosis.

Demographic data and clinical characteristics MGUS (n D 86 ) SMM1 (n D 25 ) p< 2 MM (n D 53 ) p < 3

Sex: Female/Male (% Females) 42/44 (48,8%) 17/8 (68.0%) 27/26 (50.9%)
Age: years (Mean § SEM ) 67.0 § 1.4 65.6§ 2.9 68.4 § 1.7
Risk and ISS stratification (n) 4 42 / 41 / 0 3 / 7 / 15 12 / 23 / 18
Monoclonal component
Monoclonal component, g/dL (Mean § SEM ) 1.1 § 0.1 1.6 § 0.2 0.05 2.4 § 0.3 0.001�

Bence Jones protein, no Yes/No (% Yes) 10/62 (13.9%) 11/12 (47.8%) 0.001 34/12 (73.9%) 0.001
Immunoparesis, no Yes/No (% Yes) 20/66 (23.3%) 21/4 (84%) 0.001 48/5 (90.6%) 0.001
Plasma cells (histology and immunophenotype)
Histology-BMPC, % (Mean § SEM ) 3.96 § 0.3 16.5§ 2.6 0.001 33.9 § 2.9 0.001�

Ratio aberrant/total-BMPC (Mean § SEM ) 73.1 § 2.3 89.9§ 4.1 0.001 96.0 § 1.1 0.001
Fluorescent in situ hybridization (FISH)
p53 deletion, no Yes/No (% Yes) 1/73 (1.3%) 2/20 (9.1%) 4/46 (8.0%)
13q deletion, no Yes/No (%Yes) 3/70 (4.1%) 2/20 (9.1%) 12/37 (24.5%) 0.001
Break of IgH, no Yes/No (%Yes) 2/73 (2.7%) 4/18 (18.2%) 0.05 9/38 (19.1%) 0.01
Aneuploidy, no Yes/No (% Yes) 11/61 (15.3%) 6/14 (30.0%) 22/24 (57.8%) 0.001
Any FISH alteration, no Yes/No (%Yes) 15/61 (21.6%) 13/8 (61.9%) 0.001 34/14 (70.8%) 0.001

Chr, Chromosome; SEM indicates standard error of mean;
1Following new criteria of the Myeloma Working Group,32 20 out of 25 SMM should be included in the MM group.
2Significant difference between MGUS and SMM (Pearson’s x2, Fisher’s exact or Mann–Whitney tests).
3Significant difference between MGUS and MM (Pearson’s x2, Fisher’s exact or Mann–Whitney tests).
4Risk factors (0/1/2 score) in MGUS and SMM, and international scoring system (ISS, I/II/III score) in MM. 33,34
�Differences lower than p < 0.05 between SMM and MM.
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Genotypes missing iKIR are associated with myeloma

The gene frequency of KIR receptors is shown in Table 2.
KIR2DL1 gene was present in 97.2% of controls and 96.5% of
MGUS, but only in 92.0% of SMM, 86.8% of MM (p < 0.01;
Pc < 0.05; OR D 0.19) and 82.9% of MM with ISS > I (p <

0.001; Pc < 0.01; OR D 0.14). KIR2DL1 was also underrep-
resented in MM (p < 0.05; Pc > 0.05; OR D 0.24) and in
MM with ISS > I (p < 0.01; Pc < 0.05; OR D 0.18) com-
pared to MGUS. KIR2DL3 gene was present in 87.8% of con-
trols and in 84.0% of SMM, but only in 75.5% of MM (p <

0.05; Pc > 0.05; OR D 0.41) and in 68.3% of MM with ISS
> I (p < 0.01; Pc < 0.05; OR D 0.29). The frequency of
KIR2DL3 was also lower in MM with ISS >I (p < 0.05; Pc <
0.05; OR D 0.35) than in MGUS (86.0%). KIR2DL2 was
underrepresented in MGUS (55.8%), SMM (44.0%) and MM
(54.7%) compared to controls (62.9%), but these differences
were not statistically significant. Remarkably, dissociated
expression of KIR2DL2 and KIR2DS2 (KIR2DL2 ¡S2 C geno-
type) was detected in two patients from the MM group with
ISS >I (Table 2), but not in any MGUS or SMM patient or
control. Additionally, similar lower frequencies of KIR3DL1
and KIR2DS4 were observed in MM (88.7%, p < 0.05; Pc <

0.05; OR D 0.31) and in MM with ISS >I (87.8%, p < 0.05;
Pc < 0.05; OR D 0.29) than in controls (98.8%). Multivariate
logistic regression analysis confirmed that both KIR2DL1
(p < 0.01; OR D 0.185) and KIR2DL2 (p < 0.05; OR D

0.557) were independent protective factors for myeloma
(Table 3).

Consequently, KIR2DL1CL2CL3C genotype was found
to be underrepresented in SMM (28.0%; p < 0.05; Pc <

0.05; OR D 0.39) and MM (30.2%; p < 0.01; Pc < 0.05;
OR D 0.44) compared to controls (49.7%), whereas the
KIR2DL1 ¡L2CL3 ¡ genotype was significantly associated
to MM (13.2%; p < 0.01; Pc < 0.05; OR D 5.23) and MM
with ISS >I (17.1%; p < 0.001; Pc < 0.01; OR D 7.15)
compared to controls (2.8%) (Table 2). Multivariate logis-
tic regression analysis confirmed that KIR2DL1¡L2CL3¡

(p < 0.0001; OR D 6.74) and KIR2DL1CL2¡L3C (p < 0.05;
OR D 2.055) genotypes compared to KIR2DL1CL2CL3C,
were independently associated with the emergence of mye-
loma (Table 3). Moreover, compared to controls fre-
quency of KIR3DL1¡ genotype was increased within
KIR2DL1CL2CL3¡ myeloma patients (0.0% vs. 25.0%, p <

0.05; Pc < 0.05) and frequency of KIR2DL3¡ genotype
was increased within KIR3DL1¡ myeloma patients (9.1%
vs. 57.1%, p < 0.05; Pc < 0.05). Our data suggest that not
only double negative KIR2DL1¡L3¡, but also
KIR2DL3¡3DL1¡ genotype might be involved in the sus-
ceptibility to myeloma, but since the significant association
of KIR2DL3¡3DL1¡ genotype with myeloma susceptibility
was lost after Bonferroni correction, this association
should be contrasted in larger series.

Table 2. KIR and KIR ligands in controls and patients with plasma cell dyscrasia.

Controls (n D 286 ) MGUS (nD 86 ) SMM (n D 25 ) MM (n D 53 ) MM with ISS>I (n D 41 )
KIR gene frequency1 n (%) n (%) n (%) n (%) n (%)

2DL1 278 (97.2%) 83 (96.5%) 23 (92.0%) 46 (86.8%)2 34 (82.9%)2

2DL2 180 (62.9%) 48 (55.8%) 11 (44.0%) 29 (54.7%) 25 (61.0%)
2DL3 251 (87.8%) 74 (86.0%) 21 (84.0%) 40 (75.5%)3 28 (68.3%)3

2DL5 146 (51.0%) 51 (59.3%) 11 (44.0%) 28 (52.8%) 23 (56.1%)
3DL1 274 (98.8%) 82 (95.3%) 24 (96.0%) 47 (88.7%)4 36 (87.8%)4

2DS1 104 (36.4%) 37 (43.5%) 7 (28.0%) 20 (37.7%) 16 (39.0%)
2DS2 179 (62.6%) 48 (55.8%) 11 (44.0%) 31 (58.5%)5 27 (65.9%)5

2DS3 94 (33.0%) 32 (37.2%) 8 (32.0%) 16 (30.2%) 14 (34.1%)
2DS4 274 (98.8%) 82 (95.3%) 24 (96.0%) 47 (88.7%)4 36 (87.8%)4

2DS5 76 (26.6%) 31 (36.5%) 5 (20.0%) 16 (30.2%) 13 (31.7%)
3DS1 111 (38.8%) 37 (43.0%) 7 (28.0%) 22 (41.5%) 17 (41.5%)
iKIR2D genotypes
2DL1CL2CL3C 142 (49.7%) 36 (41.9%) 7 (28.0%)6 16 (30.2%)6 12 (29.3%)6

2DL1CL2CL3¡ 26 (9.1%) 9 (10.5%) 2 (8.0%) 6 (11.3%) 6 (14.6%)
2DL1CL2¡L3C 110 (38.5%) 38 (44.2%) 14 (56.0%) 24 (45.3%) 16 (39.0%)
2DL1¡L2CL3¡ 8 (2.8%) 3 (3.5%) 2 (8.0%) 7 (13.2%)7 7 (17.1%)7

KIR genotype
AA 76 (26.3%) 16 (18.6%) 9 (36.0%) 13 (24.5%) 8 (19.5%)
Bx 211 (73.8%) 70 (81.4%) 16 (64.0%) 40 (75.5%) 33 (80.5%)
KIR ligands
C1C1 95 (33.3%) 25 (29.1%) 8 (32.0%) 21 (39.6%) 15 (33.6%)
C1C2 136 (47.6%) 40 (46.5%) 14 (56.0%) 24 (45.2%) 22 (56.3%)
C2C2 55 (19.2%) 21 (24.4%) 3 (12.0%) 8 (15.1%) 4 (9.75%)
Bw4 230 (80.4%) 62 (79.5%) 20 (80.0%) 42 (79.2%) 32 (78.0%)
A3/A11 87 (32.4%) 25 (32.1%) 5 (20.0%) 16 (30.2%) 13 (31.7%)

1Framework genes are not considered (3DL2, 3DL3, 2DL4, 3DP1).
2Control vs. MM (p < 0.01; Pc< 0.05; OR D 0.19); Control vs. MM with ISS > I (p < 0.001; Pc < 0.01; OR D 0.14); MGUS vs. MM (p< 0.05; Pc > 0.05; OR D 0.24) and
MGUS vs. MM with ISS >I (p < 0.01; Pc > 0.05; OR D 0.18).
3Control vs. MM (p < 0.05; Pc>0.05; OR D 0.41); Control vs. MM with (ISS >I p< 0.01; Pc< 0.05; OR D 0.29); MGUS vs. MM with ISS >I (p< 0.05; Pc >0.05; OR D 0.35).
4Control vs. MM (p < 0.05; Pc>0.05; OR D 0.31) and Control vs. MM with ISS >I (p < 0.05; Pc >0.05; OR D 0.29).
5KIR2DL2¡S2C dissociated genotype was found in two MM with ISS > I.
6Control vs. SMM (p < 0.05; Pc >0.05; OR D 0.39); Control vs. MM (p < 0.01; Pc< 0.05; OR D 0.44) and Control vs. MM ISS > I (p < 0.05; Pc > 0.05; OR D 0.42).
7Control vs. MM (p< 0.01; Pc< 0.05; ORD 5.23); Control vs. MM with ISS> I (p< 0.001; Pc< 0.01; ORD 7.15); MGUS vs. MM (p< 0.05; Pc> 0.05; ORD 4.2) and MGUS
vs. MM with ISS>I (p < 0.05; Pc >0.05; OR D 5.88).
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Finally, no differences in the frequency of KIR genotypes
(AA or Bx), KIR ligands (HLA-C1C1, -C1C2 or -C2C2, Bw4-
epitope and HLA-A3/A11 alleles) or HLA-A, HLA-B or HLA-
C alleles (data not shown) were observed between patients and
controls (Table 2).

Repertoires of NK cells expressing lower diversity of KIR2D
receptors in myeloma patients

There were no differences in the absolute number of total NK cells
or NK cells expressing KIR2D receptors (KIR2DC) or not
(KIR2D¡) in peripheral blood (PB) between MGUS, Myeloma or
control groups. However, patients with the KIR2DL1¡L2CL3¡

genotype replenished the pool of KIR2DC circulating NK cells
exclusively with KIR2DL2/S2C clones, while patients with the
KIR2DL1CL2CL3C genotype exhibited amuchmore diverse reper-
toire of clones showing all possible KIR2DL combinations (Fig. 1).

iKIR2D/HLA-C licensing interactions with lower diversity
and weaker affinity are associated with myeloma

The frequency of iKIR2D/HLA-C licensing interactions in con-
trols and patients was analyzed with regard to the previously
described (conventional) KIR-ligand affinity hierarchy:
KIR2DL1/C2 > KIR2DL2/C1 > KIR2DL3/C1 (Table 4).37

Global significant differences in the repertoire of iKIR2D/HLA-
C licensing interactions were found between controls and mye-
loma patients (p < 0.01, Fisher test; Pc < 0.05), but not
between controls and MGUS patients.

The multivariate logistic regression analysis showed that
compared to the combination with the most diverse and high-
est affinity iKIR2D/HLA-C licensing interactions (reference
category, triple-KIR2DL1CL2CL3C/C1CC2C; 15.38% vs.
24.48% in patients and controls, respectively), less diverse and
weaker-affinity iKIR2D/HLA-C licensing interactions indepen-
dently contributed to increase myeloma susceptibility. Thus,
the complete absence of conventional iKIR2D/HLA-C licensing
interactions (but with the non-conventional KIR2DL2/C2 one)
was detected only in 1 out of 286 controls (0.35%), but in 1 out
of 86 MGUS (1.16%) and in 2 out of 78 myeloma patients
(2.56%; p < 0.05; OR D 15.014; controls vs. Myeloma patients).
This unusual KIR2D/HLA-C combination always occurred in
KIR2DL1-negative, C2-homozygous individuals. Additionally,

the following weakest iKIR2D/HLA-C licensing interactions,
single-KIR2DL3C/C1C (20.51% in myeloma vs. 10.84% in con-
trols; p < 0.05; OR D 2.795) and single-KIR2DL2C/C1C

(12.82% in myeloma vs. 4.9% in controls; p < 0.01; OR D 5.18)
also contributed independently to myeloma susceptibility.
Combinations of iKIR2D/HLA-C licensing interactions with
higher affinity in myeloma compared controls, such as single-
KIR2DL1C/C2C (11.54% vs. 18.5%), double-KIR2DL2CL3C/
C1C (7.69% vs. 17.83%), double-KIR2DL1CL3C/C2CC1C

(23.08% vs. 18.53%), double-KIR2DL1CL2C/C2CC1C (6.41%
vs. 4.56%) did not show significant differences.(Table 4)

KIR2DL1¡L2CL3¡ and KIR3DL1¡ genotypes negatively
impacted in the clinic-biological variables and patient
outcome

We explored the impact of different iKIR2D genotypes on the
clinic-biological variables and patient outcome (Table 5 and
Fig. 4). Although no significant differences were found in the
mean age of patients with different KIR2DL genotypes, signifi-
cantly higher frequency of patients under 47 (including 2
patients at 35 and 37) was found within KIR2DL1¡L2CL3¡

genotype compared with the remaining genotypes (25% vs. 2%,
p < 0.05; Pc < 0.05; ORD 5.99). Remarkably, the two younger
patients had the KIR2DL1¡L2CL3¡ genotype in the HLA-C2/
C2 background, and consequently lacked any conventional
iKIR2D/HLA-C licensing interactions. Additionally, patients
with the KIR2DL1¡L2CL3¡ genotype showed higher numbers
of histology-BMPC (30.3% vs. 14.5%; p < 0.01; Pc < 0.05),
monoclonal component (2.9 vs. 1.75 g/dL; p < 0.05), ratio of
aberrant/total-BMPC (94.3% vs. 81.9%; p < 0.05; Pc < 0.05)
and FISH alterations (90.0% vs. 39.1%; p < 0.001; Pc < 0.005;
OR, 22.27), compared to the remaining patients. Moreover,
patients with KIR2DL1¡L2CL3¡ genotype showed a higher
number of histology-BMPCs (30.3% vs. 11.3%; p < 0.01; Pc <
0.05) and ratio of aberrant/total-BMPC (94.3% vs. 81.2%; p <

0.05; Pc < 0.05) than patients with KIR2DL1CL2CL3C

genotype.
Importantly, not only KIR2DL1¡ (33.3% vs. 77.8%, p <

0.01; Pc < 0.05) but also KIR3DL1¡ (35.5% vs. 75.5%, p <

0.001; Pc < 0.01) genotypes showed significantly lower three-
year PFS than the remaining genotypes (Fig. 2). Interestingly,
this difference in the PFS was more marked in patients with
low-tumor burden (aberrant BMPCs < 95%, which was equiv-
alent to 6.4 § 0.8% of PCs in the bone marrow (BM)) both for
KIR2DL1¡ (20% vs. 83%, p < 0.00001; Pc < 0.0001) and
KIR3DL1¡ (23% vs. 82%, p < 0.00001; Pc < 0.0001), compared
with the remaining genotypes. In contrast, in patients with
high-tumor burden (aberrant BMPCs > 95%, which was equiv-
alent to 29.3% § 2.7 of PCs in the BM) KIR2DL1¡ (50% vs.
55%, p < 0.05) and KIR3DL1¡ (33.6% vs. 56.7%, p < 0.05),
showed no significant differences in the PFS, compared with
the rest of genotypes. Taken in consideration that only 3 out of
86 MGUS patients (3.5%) progressed on their diseases in the 3-
y follow-up (data not shown), it is noteworthy that the only
MGUS patient showing no conventional iKIR2D/HLA-C
licensing interactions (KIR2DL1¡L2CL3¡/C2C2), a 37 y old
woman, progressed to MM during the third follow-up year.

Table 3. Multivariate logistic regression analysis comparing controls and myelo-
mas (SMMCMM).

Dependent variable Co-variables1 OR 95%CI p

iKIR genes Sex 1.138 0.672–1.926 0.630
Age 1.015 0.991–1.039 0.214
KIR2DL1 0.185 0.065–0.527 0.002
KIR2DL2 0.557 0.325–0.955 0.033
KIR3DL1/2DS4 0.470 0.166–1.333 0.156

iKIR2D genotype KIR2DL1¡L2CL3¡ 6.743 2.348–19.359 0.000
KIR2DL1CL2¡L3C 2.055 1.152–3.668 0.015
KIR2DL1CL2CL3¡ 1.862 0.750–4.623 0.180
KIR2DL1CL2CL3C2 1.0 N.A.2 0.002

OR, odd ratio; 95%CI, 95% confidence interval.
1Sex and age were included in all analyses and no significant results were found in
all cases.
2Reference category. N.A.: no applicable.
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Increased expression of total-HLA-I and HLA-C (“Increasing
self”) and mild expression of aRec-ligands in BMPCs
determines NK cell cytolytic function

In order to explain why iKIR/HLA-I licensing interactions
might provide protection against myeloma, the expression of
both iKIR-ligands (total-HLA-I and HLA-C) and aRec-ligands
(CD112, CD155, ULBP-1 and MICA/B) were analyzed on nor-
mal-BMPCs in 10 non-dyscrasia donors and on aberrant-
BMPCs in 15 consecutive MM patients at diagnosis as well as
on their normal-residual lymphocytes (Fig. 3). Remarkably, as
opposed to K562 or other hematological tumors (ALL-T or
AML) that reduced (“missing-self”) or preserved (“normal-
self”) the expression of total-HLA-I and HLA-C, aberrant-
BMPCs showed increased expression of total-HLA-I and HLA-
C (“increasing-self”) compared to normal-BMPCs and lympho-
cytes (p < 0.01). Indeed, not a single patient showing a reduc-
tion of total-HLA-I or HLA-C expression was found. Besides,
compared to normal-BMPCs and lymphocytes, aberrant
BMPCs showed increased expression of aRec-ligands CD112
and CD155 (p < 0.01, any case) and conserved expression of
ULBP-1 and MICA/B, but much lower expression of aRec-
ligands than K562.

Finally, we investigated the role of iKIR2D/HLA-C licensing
interactions on the responsiveness of NK cell against “increas-
ing-self” tumors. So that CD107a degranulation and cytotoxic
capacity was evaluated in three patients from our series with no
conventional iKIR2D/HLA-C licensing interactions
(KIR2DL1¡L2CL3¡ genotype in the HLA-C2/C2 background)
and compared with three individuals showing a variable num-
ber of iKIR2D/HLA-C licensing interactions (controls). To pre-
serve the original licensing status of NK cells in each individual,
directly ex-vivo un-stimulated NK cells were assayed. Both
CD107a degranulation and cytotoxicity assays demonstrated
that NK cells from patients with total absence of conventional
iKIR2D/HLA-C licensing interactions had very similar
response than controls against K562 (“missing-self” target rich
in aRec-ligands). However, when target consisted in ex-vivo
purified BMPCs from MM patients (“increasing-self” target
with moderate expression of aRec-ligands), NK cells from
patients with no conventional iKIR2D/HLA-C licensing inter-
actions exhibited lower degranulation ( p < 0.05) and cytotoxic
capacity (p < 0.05) than NK cells from controls.

Discussion

Since the late 800s, the “missing self” hypothesis has provided a
reasonable explanation for cancer immunosurveillance: malig-
nant cells reduce the expression of HLA molecules to avoid the
attack of cytotoxic T cells, thereby enabling NK cells to sense
this loss through iKIRs.1 Although HLA loss is a widespread
phenomenon in cancer,23,24 it is not certain whether this is a
general event. Thus, differential expression of HLA among can-
cers could have contributed to the variety of models proposed
to explain NK allo-reactivity in haploidentical SCT.38 Certainly,
our data and others.27 demonstrate that myeloma-PCs, com-
pared to normal lymphocytes and other hematological cancers,
showed increased expression of HLA-I (“increasing self”),
including HLA-C, and mild expression of ligands for NK cell

Figure 1. NK cell repertoires in peripheral blood of controls and patients. (A) Anal-
ysis of KIR2D expression in peripheral blood NK and T cells. Gates to identify total
lymphocyte (a), as well as CD3C (b), CD4C and CD8C (c), CD16CCD56C (d),
KIR2DS1C, L1C and L1CS1C (e), and KIR2DL2/S2C and L3C (f) subsets were set in
appropriate dotplots.35 These gates were logically combined to assigned KIR2D
expression to CD3CCD4C, CD3CCD8C and CD3¡CD16CCD56C (NK) lymphocytes in
a representative patient with the KIR2DL1CS1CL2/S2CL3C genotype. (B) Special
analyses were implemented for patients with KIR2DL3 alleles that were non-reac-
tive with anti-KIR2DL3 antibody clone 180701 (presumably KIR2DL3�005 or �015
alleles).36 As described, KIR2DL3�005 was cross-reactive with anti-KIR2DL1/S1 anti-
body clone EB6 but not with KIR2DL1 antibody clone 143211. In these patients,
the possibility of three genetic backgrounds required cytometric analysis to be
adapted: (1) for KIR2DL2¡ individuals (a, b and c; n D 13) all cells stained with
CD158b/j (clone GL183) were assigned as L3C (yellow and orange), disregarding
alleged-alleles �005 and/or �015 were homozygous (a, n D 3 ), or heterozygous
with others KIR2DL3 alleles (orange) which are reactive with the CD158b antibody
(b, n D 5 and c, n D 5); (2) for KIR2DL2C individuals (d and e; n D 6) cells co-react-
ing with anti-CD158b/j and CD158a/h antibodies were assigned as L3C (yellow),
and cells that were non-reactive with CD158a/h antibody as L2C (dark blue); (3)
for KIR2DS1C/KIR2DL3�005 individuals (c and e; n D 6 ), S1C cells were considered
only as those that reacted with CD158a/h but not with CD158a nor CD158bj anti-
bodies (violet and red, in c and e, respectively). (C) NK cell repertoires in peripheral
blood of controls and patients. Left, no differences in the number (cells/mL) of total
NK cells (CD3¡CD16CCD56C) or NK cells expressing KIR2D receptors (KIR2DC) or
not (KIR2D¡) between controls and MGUS or myeloma (SMMCMM) patients were
detected by using CD158a/hCCD158bj antibodies. Right, distribution of peripheral
blood NK cell subsets (percent of total NK cells) expressing KIR2DL1, and/or
KIR2DL2/S2 and/or KIR2DL3, in total patients (MGUSCSMMCMM) with different
KIR2D genotypes. KIR2DL1¡L2CL3¡ showed only KIR2DL¡ or KIR2DL2C clones.
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aRec (CD112, CD155, ULBP-1 and MICA/B),25 which appar-
ently renders myeloma-PCs susceptible to lysis mainly by
licensed NK cells. Our data would support a new model where
NK cell response to myeloma, and hypothetically to other non-
missing-self tumors, would be highly dependent on NK cell
licensing, as licensed NK cells would respond more efficiently
against no-missing-self targets expressing low or moderate
amounts of ligands for NK cell aRec (Fig. 4). This might have
important implications for the design of future NK cell-based
therapies and for the selection of donors for haploidentical
SCT.

Our proposition for a role of NK cell licensing in the immu-
nosurveillance of myeloma is based on the higher frequency of
genotypes missing iKIRs, particularly KIR2DL1, KIR2DL2,
KIR2DL3 and KIR3DL1 found in these patients, probably
reflecting increased homozygosity.39 and the presence of reper-
toires of iKIR2D/HLA licensing interactions with lower diver-
sity and weaker affinity. Indeed, less diverse and weaker affinity
iKIR2D/HLA interactions,37,40 such as those showing complete
absence of conventional iKIR2D/HLA-C licensing interactions
(KIR2DL1¡L2CL3¡/C2C2), single-KIR2DL3C/C1C and single-
KIR2DL2C/C1C were accumulated in myeloma patients, while
stronger licensing combinations KIR2DL1C/C2C, double-
KIR2DL2CL3C/C1C and triple-KIR2DL1CL2CL3C/C1CC2C

were diminished, leading to repertoires of licensed NK cell with
lower diversity and potentially decreased cytotoxic capacity.41

To demonstrate whether or not iKIR/HLA-I licensing interac-
tions can provide protection against increasing-self tumors,
CD107a degranulation and cytotoxic capacity was analyzed in
three patients from our series with no conventional iKIR2D/
HLA-C licensing interactions (KIR2DL1¡L2CL3¡ genotype in
the HLA-C2/C2 background). As recently described, unli-
censed NK cells maintained cytolytic capacity against missing-
self tumor (e.g., K562),42 but barely lyse “increasing-self”
tumors such as myeloma. In contrast, NK cells from individuals
with a variable number of iKIR2D/HLA-C licensing interac-
tions lyse normally myeloma cells, as previously described.43 As
mentioned above, to preserve the original licensing status of
NK cells in each individual, NK cells were assayed un-stimu-
lated, directly ex-vivo, and in absence of exogenous cytokines;
consequently, in vitro responses against myeloma targets were
modest but sufficient to demonstrate that iKIR2D/HLA-C
licensing interactions improves the ability of NK cells to pro-
vide better responses against increasing-self targets with a mild
expression of ligands for NK cell aRec.

Current knowledge cannot easily explain why licensed
NK cells, as opposed to unlicensed ones, are able to lyse
increasing-self targets such us myeloma. Although further
research on the activating and inhibitory signal transduction
pathways in licensed and un-licensed NK cells should be
conducted, a reasonable explanation can be found in recent
results describing that NK cell education is strongly linked

Table 4. Diversity of iKIR2D/HLA-C licensing interactions in controls and myeloma patients.

Frequency, n (%) Multivariate logistic regression

Combinations of conventional
iKIR2D/HLA-C licensing interactions1

Controls (nD286 ) SMMCMM (nD78 ) OR Analysis 95%CI p

No iKIR2D/HLA-C interactions2 1 (0.35%) 2 (2.56%) 15.014 1.171–195.55 0.037
Single-KIR2DL3C/C1C 31 (10.84%) 16 (20.51%) 2.795 1.183–6.603 0.019
Single-KIR2DL2C/C1C 14 (4.9%) 10 (12.82%) 5.182 1.795–14.960 0.002
Single-KIR2DL1C/C2C 53 (18.5%) 9 (11.54%) 1.089 0.426–2.728 0.858
Double-KIR2DL2CL3C/C1C 51 (17.83%) 6 (7.69%) 0.727 0.255–2.068 0.550
Double-KIR2DL1CL3C/C2CC1C 53 (18.53%) 18 (23.08%) 1.936 0.855–4.382 0.113
Double-KIR2DL1CL2C/C2CC1C 13 (4.56%) 5 (6.41%) 2.335 0.703–7.758 0.166
Triple-KIR2DL1CL2CL3C/C2CC1C3 70 (24.48%) 12 (15.38%) 1.0 N.A. 0.004

OR, odd ratio; 95%CI, 95% confidence interval.
1Ordered following previously described (conventional) KIR2D-ligand affinity hierarchy: KIR2DL3/C1 < KIR2DL2/C1 < KIR2DL1/C2.37
2Patients with no conventional iKIR2D/HLA-C licensing interactions (but with the non-conventional KIR2DL2/C2 interaction).
3Reference category. N.A.: no applicable.

Table 5. Impact of iKIR2D genotype on clinic-biological variables and the outcome of total patients (MGUSCSMMCMM).

2DL1CL2CL3C (nD59 ) 2DL1CL2¡L3C (nD76 ) 2DL1CL2CL3¡ (nD18 ) 2DL1¡L2CL3¡ (nD12 )

Age
Years (Mean § SEM ) 65.4§ 1.5 67.6§ 1.5 64.7 § 2.4 65.3 § 5.24
�47 years / >47 y (%) 4/55 (6.8%) 3/73 (3.9) 1/16 (5.9%) 3/9 (25.0%)

1

Plasma cell biology
Histology-BMPC, % (Mean § SEM ) 11.3§ 1.9 15.8§ 2.2 19.9 § 5.9 30.0 § 7.2�

Monoclonal comp., g/dL (Mean § SEM ) 1.69§ 0.18 1.77§ 0.21 1.9 § 0.5 2.9 § 1.0
Ratio aberrant/total-BMPC (Mean § SEM ) 81.2§ 2.6 81.9§ 2.5 87.8 § 5.4 94.3 § 2.4��

FISH alteration, no Yes/No (%)2 10/48 (42.6%) 24/41 (36.9%) 6/10 (37.5%) 9/1 (90.0%)
3

12DL1¡L2CL3¡ vs. the other groups (p< 0.05; Pc > 0.05; OR D 5.99).
�2DL1¡L2CL3¡ vs. the other groups (p < 0.01; Pc < 0.05); 2DL1¡L2CL3¡ vs. 2DL1CL2CL3C (p < 0.01; Pc < 0.05).
��2DL1¡L2CL3¡ vs. the other groups (p < 0.05; Pc > 0.05); 2DL1¡L2CL3¡ vs. 2DL1CL2CL3C (p < 0.05; Pc > 0.05).
2Any alteration of p53, 13q deletions, break of IgH or aneuploidy of Chr-5, -9 or -15.
32DL1¡L2CL3¡ vs. the other groups (p< 0.001; Pc < 0.005; OR D 22.27).
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to a dynamic and coordinated expression of DNAM-1 and
to conformational changes in LFA-1.44 The authors
described that the expression of the adhesion/activation
DNAM-1 molecule on NK cell membrane positively corre-
lates with the quantity and quality of iKIR2D/HLA-C
licensing interactions as well as with the magnitude of NK
cell functional responses. Thus, upon target cell recognition,
a higher expression of DNAM-1 in educated NK cells
would favor changes in LFA-1 conformational state and a
rapid colocalization of both active LFA-1 and DNAM-1 at
the immune synapse, which might promote the formation
of more stable target cell conjugates,45,46 consequently
increasing the chances to lyse targets less sensitive to NK
cell killing such as myeloma tumor cells.

During the maturation process, PCs undergo several epi-
sodes of gene recombination which make them genetically
unstable. In this sense, FISH analysis determined that 68.1%
of myelomas in our series accumulated at least one out of
the six studied alterations. Obviously, such variety and high
frequency of genetic alterations demand diverse immuno-
surveillance mechanisms that permanently recognize and
eliminate transformed cells, with NK cells playing essential

roles.25 Accordingly, the reduction of effective (“licensed”)
NK cell repertoire would seriously impair immunosurveil-
lance, favoring not only the emergence, but also the devel-
opment of more aggressive PCDs. Indeed, diversity loss is
particularly obvious in KIR2DL1¡L2CL3¡ patients, in
whom an earlier onset of MM and PCDs with worse biolog-
ical features was observed. Remarkably, progressive PCD
was diagnosed in 2 out of the 3 patients showing complete
absence of conventional iKIR2D/HLA-C licensing interac-
tions at the early ages of 35 and 37. In accordance with our
hypothesis, not only KIR2DL1¡L2CL3¡ patients but also
KIR3DL1¡ (57.1% of them KIR3DL1¡KIR2DL3¡) showed
much poorer outcome, particularly in patients with low-
tumor burden, where the activity of NK cells may still
prevail.

In consonance with our results, a protective role of
KIR3DL1 against myeloma progression has been reported
in a series of 182 patients after autologous SCT.31 Indeed,
shorter PFS was described not only for KIR3DS1C homozy-
gous patients (KIR3DL1¡, as these 2 genes are alleles) but
also particularly for KIR3DL1CKIR3DS1C heterozygous
patients with low-tumor burden (having complete or partial

Figure 2. The impact of KIR genotype on myeloma progression free survival depends on tumor burden. (A) Patients with KIR2DL1¡ (KIR2DL1¡L2CL3¡, p < 0.01; Pc p <
0.05; top, left graphs) or KIR3DL1¡ (p < 0.001; Pc < 0.01; bottom, left graphs) genotypes showed significant lower progression free survival than the remaining patients.
These differences were more intense and significant (p< 0.00001; Pc p< 0.0001 for both genotypes, middle graphs) in patients with low-tumor burden (aberrant plasma
cells -PCs- <95%, equivalent to 6.4§ 0.8% of PCs in the bone marrow). No differences in the progression free survival were observed in patients with high-tumor burden
(aberrant PCs > 95%, equivalent to 29.3% § 2.7% of PCs in the bone marrow; right graphs). (B) Multivariate logistic regression analysis confirmed that age (OR, 1.04; p
D 0.022) and high-tumor burden (OR, 7.84; p D 0.000) significantly and independently increased the risk of myeloma progression. However, presence of any KIR2DL1
(OR, 0.178; p D 0.014) or KIR3DL1 (OR, 0.164; p D 0.016) significantly and independently protected from disease progression.
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remission) who lacked the KIR3DL1/Bw4 licensing interac-
tion and, therefore, functionally these patients could also be
considered KIR3DL1¡. Gabriel’s study did not describe any
impact on PFS for KIR2DL1; however, authors showed that
KIR2DL1 frequency was 94%, slightly higher than ours
(86.8%), but lower than that described for British Cauca-
sians (97.0 to 97.2%).47,48 Differences in KIR2DL1 frequency
between both series, in view of the rapid progressive disease
observed for KIR2DL1¡ patients in our series, could be due
to earlier exitus or to the exclusion of patients undergoing
tandem auto or auto-allo SCT in Gabriel’s series. Although
no further studies analyzing KIR genes in myeloma have
been reported, it is noteworthy that Australian Caucasians
show one of the lowest KIR2DL1 frequencies (84%).49 and
one of the highest rates of myeloma (http://www.aihw.gov.
au/WorkArea/DownloadAsset.aspx?idD 60129546402).

In Western countries, the frequency of myeloma is likely to
increase as the population ages, so the availability of new thera-
peutic strategies will be necessary. Our results provide informa-
tion for understanding immunosurveillance of a kind of tumor
that highly express HLA-I and, therefore, cannot be explained
by the missing self theory. Consequently, this information
might be useful for the design of future NK cell-based therapies
for myeloma or hypothetically for other non-missing self
tumors and for a better selection of haploidentical SCT donors.

Patients and methods

Patients and controls

BM and PB were obtained at diagnosis from 164 Caucasian
patients suffering from PCDs, recruited consecutively between

Figure 3. Increased expression of HLA-I (“Increasing self”) determines that myeloma plasma cells lysis mainly depends on NK cell licensing. (A) Expression of total-HLA-I
(W6/32 antibody, left column) and HLA-C (DT9 antibody, right column) was evaluated in K562 cell line and in residual normal bone marrow lymphocytes (gray line) and
tumor cells (bold black line) from T acute lymphoblastic leukemia (T-ALL), acute myeloblastic leukemia (AML) and MM patients. Cells were also stained with isotype con-
trol (thin line). K562 and T-ALL blasts completely or partially lost expression of total-HLA-I and HLA-C; AML blasts conserved normal expression of both molecules, but
myeloma PCs showed an increased expression of both total-HLA-I and HLA-C compared to normal lymphocytes. (B) Plasma cells from myeloma patients (black bars,
nD 15) showed higher expression (Mean fluorescence intensity) of total-HLA-I and HLA-C as well as ligands for activating receptors CD112 and CD155 than PCs from nor-
mal donors (striped bars, n D 10) and normal residual lymphocytes (gray bars, n D 15). K562 (white bars) showed much lower expression of HLA-I and HLA-C, and much
higher expression of activating ligands than myeloma PCs. ��, indicates p < 0.01 in the DMS post-hoc analysis from the ANOVA comparing both normal PCs and residual
lymphocytes with myeloma PCs. (C) Ex vivo, un-stimulated purified NK cells from three individuals with variable number of iKIR2D/HLA-C licensing interactions (Controls,
white bars and symbols) and three patients with no conventional iKIR2D/HLA-C licensing interactions (KIR2DL1¡L2CL3¡/C2C2, black bars and symbols) showed similar
degranulation and cytotoxic capacity against K562 cell line. However, patients with no conventional iKIR2D/HLA-C licensing interactions showed lower degranulation (p
< 0.05) and cytotoxicity (p < 0.05) activity against myeloma PCs (n D 3), cryopreserved from two C2C2 and one C1C1 MM patients. Data represent mean § SEM of three
independent experiments performed for every patient or control against every myeloma PC target. NK cells from controls showed at least one iKIR2DL licensing interac-
tion either for C1C1 or C2C2 myeloma targets.
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2010 and 2012 from Hospital Cl�ınico Universitario Virgen de la
Arrixaca, Hospital Rafael Mendez and Hospital General Uni-
versitario Santa Luc�ıa, Murcia, Spain (Table 1). Differential
diagnosis of myeloma from MGUS was based on the presence
of at least 10% clonal BMPCs and gammopathy in serum or
urine. Histological BMPCs quantification was done following
standard procedures in May-Gr€unwald-Giemsa stained aspi-
rates. Myeloma was classified as SMM or MM, depending on
the absence or presence of myeloma-related organ or tissue
dysfunction, including hypercalcemia, renal insufficiency, ane-
mia and bone disease. The study included 86 MGUS, 25 SMM
and 53 MM patients. Importantly, following new criteria of the
International Myeloma Working Group, 20 out of the 25 SMM
patients should be currently classified as MM.32 Risk factors for
MGUS and SMM.33 and International Staging Systems (ISS)
for MM.34 were estimated as described elsewhere.

HLA-I (HLA-A, -B and -C) and KIR genotypes were studied
in patients and in 286 ethnic-, sex- and age-matched, unrelated
healthy controls. KIR2D receptor expression on PB

lymphocytes was analyzed in all patients and in 30 controls.
Expression of iKIR-ligands (total-HLA-I and HLA-C) as well
as aRec-ligands (CD112, CD155, ULBP-1 and MICA/B) was
evaluated on normal-BMPCs in 10 non-dyscrasia donors and
on aberrant-BMPCs in 15 consecutive MM patients at diagno-
sis as well as on their normal-residual lymphocytes.

The study was approved by the respective Research Ethics
Committee at each hospital, and informed consent was
obtained from all patients and controls in accordance with the
Declaration of Helsinki.

HLA-A, -B and -C and KIR genotyping

HLA-A and B genotyping was performed using PCR-SSOP and
luminex technology (LabType, OneLambda, Canoga Park,
CA), in order to identify patients and controls carrying A3/A11
alleles or HLA-Bw4 epitopes. HLA-C and KIR typing was per-
formed as previously described.21 HLA-C genotyping allowed
distinction between HLA-CAsn80 (group-C1) and HLA-CLys80

(group-C2) alleles. HLA-C genotypes were classified into
C1C1, C1C2 and C2C2 groups. KIR genes encoding iKIRs
(2DL1-L3/2DL5 and 3DL1-L3) and aKIRs (2DS1-S5 and
3DS1),37,50 as well as KIR2DL4, which has both inhibitory and
activating potential, were detected.51 Distinction between
KIR2DL5A and KIR2DL5B was not possible. KIR genotypes
were classified into two groups, A and B.52

Flow cytometry

Immunophenotyping for discrimination between normal and
aberrant BMPCs was performed as described,53 using 7-color
staining with CD19, CD20, CD27, CD38, CD45, CD56 and
CD138 monoclonal antibodies (mAbs). KIR2D expression on
CD3¡CD16CCD56C NK cells as well as on CD3CCD4C and
CD3CCD8C T cells was analyzed using methods summarized
in Fig. 1A, B, using 9-color staining with CD3, CD4C, CD8C,
CD16, CD56, CD158a,h (clone EB6, which recognized both
KIR2DL1 and 2DS1), CD158b1/b2,j (clone GL183, KIR2DL2,
2DL3 and 2DS2), CD158a (clone 143211, KIR2DL1) and
CD158b2 (clone 180701, KIR2DL3) mAbs. Total-HLA-I and
HLA-C expression on normal and tumor cells was evaluated
using W6/32 (Serotec, Oxford, England) and DT9 (kindly pro-
vided by Dr. Simon Brackenridge, University of Oxford) mAbs,
respectively. Expression of ligands for NK cell aRec on tumor
cells was analyzed using CD112, CD155, ULBP-1 and MICA/B
mAbs. Reagents were obtained from Becton Dickinson (BD,
San Jose, CA), except for CD20 (Miltenyi Biotec, Bergisch
Gladbach, Germany), CD138 (IQP, Groningen, The Nether-
lands), CD158a/h and CD158b1/b2/j (Beckman Coulter, Fuller-
ton, CA), CD158a, CD158b2 and ULBP (R&D systems,
Minneapolis, USA), and CD112, CD155 and MICA/B (Biole-
gend, San Diego, CA). All studies were done on FACSCanto-II
and LSR-II using DIVASoftware (BD).

Fluorescent in situ hybridization (FISH)

BMPCs were purified using RosetteSep� Human Multiple-
Myeloma-Cell Enrichment Cocktail (StemCell Technologies,
Inc., Grenoble, France), fixed with Carnoy’s solution and stored

Figure 4. Proposed model to explain cytolytic activity of licensed and unlicensed
NK cells against normal-self (top), missing-self (medium) and increasing-self (bot-
tom) targets. Our hypothesis sustains that licensed NK cells (left) responding
through activating receptors (aRec) can kill missing-self and increasing-self tumors
expressing ligands for aRec (aLig), but not normal cells. By contrast, unlicensed NK
cells (right) would kill missing-self tumors,41 but not normal tissue or increasing-
self tumors with a mild expression of aLig such as myeloma.
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at ¡20�C. Numeric abnormalities in chromosomes 5, 9 and 15,
break at IgH (14q32) and deletions of 17p13.1 (p53) and 13q14
were studied by FISH using DNA-probes (Vysis Inc., Downers
Grove, IL). Sufficient purified BMPCs to complete FISH study
were obtained from 145 out of 164 patients (88.4%).

NK cell cytotoxicity and CD107a-degranulation assays

NK cells were purified with RosetteSepTM Human-NK-Cell
Enrichment Cocktail (StemCell technologies, Grenoble, France)
using 20mL of PB from three individuals with a variable num-
ber of iKIR2D/HLA-C licensing interactions (Controls) and
from three KIR2DL1¡L2CL3¡/C2C2 patients with no conven-
tional iKIR2D/HLA-C licensing interactions (but with the non-
conventional KIR2DL2/C2 interaction). Myeloma PCs were
purified from 3 MM patients (one C1C1 and 2 C2C2) using
RosetteSepTM and cryopreserved.

Cytotoxic activity of freshly purified, un-stimulated NK cells
was evaluated using K562 cell line or cryopreserved myeloma
PCs as targets, following previously described methods.54

Briefly, targets were stained with 0.25 mM 5- (and 6-) carboxy-
fluorescein diacetate succinimidyl ester (CFSE, Molecular
probes, Leiden, The Netherlands) for 10 min at 37�C, exten-
sively washed to remove any rest of CFSE and resuspended in
complete medium. NK cell effectors were washed in complete
medium and viability of both target and effector cells examined
with 0.5% trypan-blue. Effector cells were seeded with a con-
stant number of 10,000 CFSE-labeled target cells at different
effector/target ratios 1:1, 10:1, and 20:1 in triplicate, in absence
of stimulatory cytokines. In parallel, target cells were incubated
alone to measure basal cell death. Cells were incubated in a V-
bottom 96-well microplates in a total volume of 150 mL of com-
plete medium for 4 h in a 5% CO2 atmosphere at 37�C. Cell
mixtures were then washed in PBS–1% BSA and incubated in
the same buffer containing 20mg/mL 7-amino actinomycin D
(7-AAD, Sigma, France) for 10 min at 4�C in the dark. Cells
were then washed and acquired right afterwards on a LSR-II
flow cytometer. Mean value of triplicates was used to calculate
the percentage of lysis as follows: experimental – spontaneous
apoptotic target cells.

CD107a degranulation assay was performed with the same tar-
get and effector cells. Control sample without target cells was
included to detect spontaneous degranulation. An effector/target
ratio of 1:1 (100.000 cells each in 150 mL) in triplicate was used.
Vioblue anti-CD107a (10 mL, Miltenyi Biotec) was added in each
well before incubation. Effectors and targets were then co-incu-
bated at 37�C for 4 h; after the first hour, monensin (BD) at a final
concentration of 2 mM, was added to inhibit cell secretion. After
4 h, cells were washed and stained with a mixture of mAbs to ana-
lyze the surface expression of CD107a onNK cells.

Statistical analysis

Data was collected in a database (Excel2003; Microsoft Corpo-
ration, Seattle, WA) and analyzed using SPSS-15.0 (SPSS Inc..,
Chicago, IL). Pearson’s x2 and 2-tailed Fisher’s exact tests were
used to compare categorized variables. Numerical variables
were compared using Mann Whitney or ANOVA and the
DMS post-hoc tests. The Kaplan–Meier method and Log-rank

test were used to compare differences in the PFS. Multivariate
logistic regression analysis was applied to confirm positive asso-
ciations. The strength of association was estimated by odds
ratio (OR) and 95% confidence interval (95%CI). p
values < 0.05 were considered significant. The Bonferroni
method was used to correct for the number of comparisons
(Pc) when necessary.
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