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Ig-like transcript 2 (ILT2) suppresses T cell function in chronic lymphocytic leukemia
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ABSTRACT
Chronic lymphocytic leukemia (CLL) is associated with a profound dysregulation of the immune system.
Loss of T cell function is frequently caused in cancer by sustained signaling of inhibitory receptors. Here,
we analyzed the role of the novel inhibitory receptor Ig-like transcript 2 (ILT2) in the pathogenesis of CLL.
We observed that ILT2 expression was markedly reduced on leukemic cells, whereas it was increased on
CD8 and CD4 T cells from CLL patients, particularly in those patients harboring chromosome 11q deletion,
which includes the ATM gene. A deep dysregulation of ILT2 ligands expression in leukemia cells was also
observed. ILT2 impaired the activation and proliferation of CD4 and CD8 T cells in CLL patients, but it had
no effect in leukemic cells. ILT2 downregulated the production of IL-2 by CD4 T cells of CLL patients and
induced the expression of cytokines that promote the survival of leukemic cells, such as IFN-g , by T cells.
Importantly, ILT2 blockade restored the activation, proliferation and cytokine production of T cells. In
conclusion, we describe a novel immune inhibitory pathway that is upregulated in CLL and delineate a
new potential target to be explored in this disease.
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Introduction

Chronic lymphocytic leukemia (CLL) is a heterogeneous disease
with variable genetic signature, clinical presentation and evolu-
tion, which is characterized by an accumulation of functionally
incompetent mature malignant B cells.1,2 CLL is associated with
a profound dysregulation of the immune system. T cells are
increased at diagnosis and may mediate anti-tumor responses
that affect disease progression and survival.3-5 However, the evo-
lution of the disease is associated with a progressive immuno-
suppression that is the major cause of morbidity and mortality
in these patients.6,7 In CLL, B cell defects and hypogammaglobi-
nemia are associated with an impairment of the activity of other
immune cells, including T cells, NK cells and dendritic cells.6,8,9

CD4 and CD8 T cells show functional defects and, particularly,
there is a marked impairment of T cell helper activity.8,9 Such a
tumor-immunosuppressive environment may contribute to dis-
ease progression and may be further exacerbated by common
cytotoxic therapies. Besides, it may also block the effectiveness
of current immunotherapy approaches.

In the context of cancer, the loss of T cell function is fre-
quently caused by sustained signaling of multiple inhibitory
receptors that dampen the patient’s immune responses and
inhibit tumor elimination.10-11 Sustained signaling via these
checkpoint proteins, such as programmed cell death protein 1
(PD1), programmed cell death ligand 1 (PDL1) or cytotoxic T
lymphocyte antigen 4 (CTLA-4), results in functional exhaus-
tion of T cells, which lose the capability of proliferating,

secreting cytokines and lysing tumor cells.11 Targeting these
inhibitory checkpoints has achieved noteworthy benefit in mul-
tiple cancers by enabling patients to restore an effective antitu-
mor response.11 These promising clinical data have created a
recent excitement in the field of tumor immunology and
immunotherapy. Thus, there is an intense search for new inhib-
itory molecules involved in cancer immunosuppression.

In this direction, Ig-like transcript 2 (ILT2) (also named
CD85j, LILRB1, or LIR-1) is an inhibitory receptor expressed
by B cells, T cells, NK cells, dendritic cells, and other immune
cells.12,13 ILT2 interacts with classical and non-classical MHC
class I molecules, including HLA-E, HLA-F and HLA-G.14-16

Specifically, ILT2 binds to HLA-G with a 3- to 4-fold higher
affinity than to classical MHC class I molecules.17 ILT2 con-
tains 4 immunoreceptor tyrosine-based inhibition motifs
(ITIMs) in its cytoplasmic domain that are involved in negative
signaling through the recruitment of Src homology 2 (SH2)
domain-containing proteins, such as SHP-1.18 The interaction
of ILT2 with its ligands impairs the function and effector activ-
ity of T and B cells.19-23 Thus, engagement of ILT2 on T cells
has been shown to inhibit T cell antigen receptor (TCR) signal-
ing and downstream events such as actin reorganization.23

HLA-G expression correlated with advanced disease and poor
clinical outcome in several types of cancer, including hepatocel-
lular carcinoma24 and CLL,25-28 and it has been described as a
tumor-escape mechanism favoring cancer progression.29 Never-
theless, despite the fact that an intense research in the function
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of inhibitory immune molecules in cancer is being made, the
role of ILT2 in the pathogenesis of cancer has achieved less
attention than other inhibitory proteins.

In this study, we report a novel mechanism of immune sup-
pression in CLL characterized by a sustained ILT2-dependent
inhibitory signaling that down-regulates the activation, prolif-
eration and modulates cytokine production of T cells, suggest-
ing that ILT2 could be explored as a new target for
immunotherapy in CLL.

Results

The surface expression of ILT2 is reduced on leukemic cells
and increased on T cells from CLL patients

ILT2 is expressed on B cells and it is a critical inhibitor of their
proliferation, differentiation and functional activity.19,22 In this
study, the expression of ILT2 on B cells was analyzed in 52 CLL
patients and 20 age-matched healthy donors (Table 1) by flow
cytometry. Compared with B cells from controls, ILT2 expres-
sion (mean of mean fluorescence intensity (MFI): 357 §
107 vs. 760 § 214, P<0.001) and the percentage of ILT2C cells
(11 § 10% vs. 36 § 22%, P<0.001) was significantly reduced
on leukemic cells (Fig. 1).

ILT2 is an inhibitory receptor also expressed by T
cells.12,13,23,30 In our study, lower expression of ILT2 was

detected in T cells compared with B cells; and in contrast with
B cells, the expression of ILT2 was increased in T cells of CLL
patients, and specifically in CD4 T cells (mean of the MFI: 82
§ 63 vs. 51 § 40, P<0.05) (Fig. 2A–D).

Of note, significant clinical association with ILT2 expression
was found (Table 1). Patients harboring del(11q), which has
been associated with a poor clinical outcome in CLL,31-33

showed higher levels of ILT2C CD4 T cells (P<0.05) and lower
levels of ILT2C B cells (P<0.05) (Fig. 3A). ILT2C CD8 T cells
were not significantly increased in del(11q) patients. Contrast-
ing these data, ILT2C CD4 T cells (P<0.05) were significantly
reduced in CLL patients with del(13q), which is associated with
more favorable clinical outcome34 (Fig. 3B).

Surface expression of ILT2 ligands on leukemic cells

The expression of ILT2 ligands was also profoundly dysregulated
in leukemic cells. Leukemic cells expressing HLA-G (215§ 14 vs.
712 § 106, P<0.001), HLA-E (7248 § 537 vs. 5827 § 455
P<0.05) and HLA-F (1556 § 149 vs. 874 § 81, P<0.001) were
decreased in patients compared with B cells from controls
(Fig. 4A–C). The expression of HLA-G in B cells from healthy
controls was further confirmed by reverse transcription PCR
(Fig. S1). Classical MHC class I molecules were broadly expressed
on B cells, but their expression was increased in CLL patients
(mean of MFI: 2335 § 1590.6 vs. 1433.4 § 437.5; P<0.05)
(Fig. 4D). Therefore, a deep dysregulation of the expression of
ILT2 receptor and its ligands is observed in CLL patients.

ILT2 impairs T cell activation

Next, the role of ILT2 in the activation of the different lym-
phocyte subsets was studied by using the HP-F1 antibody,
that blocks the interaction between ILT2 and its ligands and
promotes the functional activity of T cells.13,20 Pheripheral
Blood Monoclear Cells (PBMCs) obtained from 14 CLL
patients and 7 healthy donors stimulated with PHA or IL-2
were treated with anti-ILT2 blocking antibody and the
expression of the early immune activation marker CD6935 in
different lymphocyte subsets was analyzed by flow cytometry.
In CLL, ILT2 blockade significantly increased the activation
of stimulated CD4 and CD8 T cells (Fig. 5A–C). Remarkably,
no effect on CD69 expression was observed in leukemic cells
upon ILT2 blockade (Fig. 5D). Similarly, ILT2 blockade
induced in lesser extent the expression of CD69 in T cells of
healthy donors (Fig. S2). Moreover, contrasting leukemic
cells, ILT2 blockade also activated healthy B cells. Impor-
tantly, PHA or IL-2 stimulation did not alter the expression
of ILT2 in T and B cells obtained from CLL patients and
donors (not shown). The expression of HLA-E in B cells and
leukemic cells was the only one among ILT2 ligands to be
induced in response to IL-2 and PHA (Fig. S3). These obser-
vations suggest that ILT2 has a co-inhibitory effect on T cell
function, but this effect was not observed in leukemic cells.

The effect of MHC class I molecules and HLA-G on the
activation of T cells was further analyzed by using specific
blocking antibodies. Only MHC class I blockade had a sig-
nificant effect on the activation of CD8 T cells (Fig. S4). No

Table 1. Clinical characteristics of CLL patients.

Patients

No. %

Age (years) 68 (Mean)
Sex
Male 28 53.8
Female 24 46.2

Binnet stage
A 44 84.6
B 5 9.6
C 3 5.8

Rai stage
0 30 57.7
I 11 21.2
II 7 13.5
III-IV 4 7.6

ECOG performance status
0 40 70.9
1 7 13.5
2 5 9.6

Cytogenetic abnormalities (FISH) (n D 48)
del(17p) 6 12.5
del(11q) 5 9.6
del(13q) 36 75
Trisomy 12 7 13.5

Metaphase karyotype
Complex 6 12.8
Single abnormality 13 27.7
Diploid 17 36.2

IGHV mutation status (nD 44)
Unmutated 11 21.2
Mutated 30 57.7
Discordant 3 5.8

CD38 expression (n D 49)
Positive (� 30%) 10 19.2

ZAP-70 (n D 37)
Flow positive (� 20%) 9 31.7
Progressive disease 30 57.7
Stable disease 22 42.3
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Figure 1. ILT2 expression is reduced on the surface of leukemic cells. (A) PBMCs from 52 CLL patients and 20 healthy donors were stained with CD19-, CD5- and ILT2-con-
jugated antibodies and analyzed by flow cytometry. The histogram shows the ILT2 expression in B cells from a healthy donor and leukemic cells (CD19CCD5C) from a
patient. (B) The comparison between the MFI § SEM of ILT2 surface expression on B cells from controls and patients is shown. (C) The comparison between percentage
§ SEM of ILT2C B cells from controls and patients is shown. Horizontal bars represent the mean.

Figure 2. ILT2 is overexpressed on T cells from CLL patients. (A) PBMCs were obtained from 52 CLL patients and 20 healthy donors and the expression of ILT2 on T cells,
and CD8 and CD4 T cell subsets was determined by staining the cells with CD3-, CD4-, CD8-, and ILT2-conjugated antibodies. Dot plots show the cytometric prolife of a
CLL patient. Histograms in the right show flow cytometry profiles of a healthy donor and a representative patient. The comparison of the MFI of ILT2 surface expression
on T cells (B), CD8 T cells (C) and CD4 T cells (D) between controls and patients is shown.

ONCOIMMUNOLOGY e1353856-3



significant effect on the activation of CD4 T cells and leuke-
mic cells was observed.

ILT2 inhibits T cell proliferation in CLL

T cells from CLL patients exhibit features of exhaustion, show-
ing functional defects in proliferation.36 We next analyzed
whether the dysregulation of ILT2 expression may affect B or T
cell proliferation using the CFSE assay. Thus, stimulated
PBMCs obtained from 12 CLL patients and 7 healthy donors
were treated with the anti-ILT2 blocking antibody, and its effect
on the proliferation of T and B cells was determined by flow
cytometry analysis (Fig. 6A). As shown in Fig. 6B–D, ILT2
blockade significantly induced the proliferation of T cells
(P<0.05), CD8 T cells (P<0.05) and CD4 T cells (P<0.05) in
patients and controls. ILT2 blockade also stimulated the prolif-
eration of healthy B cells (P<0.05); but no effect in leukemic
cell proliferation was observed (Fig. 6E). The effect of MHC
class I molecules and HLA-G on the proliferation of immune
cells was further analyzed using specific blocking antibodies. As
shown in Fig. 7, only MHC class I blockade had a significant
effect on the proliferation of CD4 T cells, CD8 T cells, and leu-
kemic cells, but no effect with HLA-G blockade was observed.

ILT2 impairs IL-2 production and enhances IFN-g
production in CLL

The effect of ILT2 blockade in the functional activity of T cells
was next analyzed. No effect was observed in the cytotoxic

activity mediated by CD8 T cells as determined by the CD107a
degranulation assay (not shown). However, a significant effect
on the production of key cytokines by T cells was detected
(Fig. 8A). The production of IL-2 has been reported to be
diminished in CLL,37 whereas IFN-g and TNF-a are increased
in CLL.38 Further, IFN-g has been shown to promote the sur-
vival of leukemic cells.39 In our study, the blockade of ILT2 had
no effect in the production of TNF-a by T cells obtained from
15 CLL patients and 6 healthy donors (not shown). However, it
significantly enhanced the production of IL-2 by CD4 T cells
(P<0.01) in both patients (Fig. 8B) and donors (Fig. 8C). In
CLL, ILT2 blockade significantly inhibited the expression of
IFN-g in T cells (P<0.05), and particularly in CD8 T cells
(P<0.05) (Fig. 7D); but no effect on the production of IFN-g
by healthy donors was observed (Fig. 8E). In leukemic cells and
healthy B cells ILT2 blockade did not significantly modulate
the expression of these cytokines (not shown).

Overall, our results show that ILT2 blockade induced the pro-
liferation, activation and cytokine production of T cells of CLL
patients, without affecting leukemic cell functional activity, sug-
gesting that ILT2 may be a potential therapeutic target to be
explored in CLL.

Discussion

CLL is associated with multiple alterations of the immune sys-
tem; being the immunosuppression the most typical feature.6,7

The severity of the immunodeficiency increases with the time
from diagnosis, suggesting that leukemic cells may directly cause

Figure 3. ILT2 expression correlates with cytogenetic abnormalities that are markers of the progression of the disease. (A) Comparison between ILT2C CD8 T cells, ILT2C

CD4 T cells, and ILT2C B cells from CLL patients stratified by the presence of chromosome 11q deletion. Horizontal bars represent the mean § SEM. (B) The comparison
between ILT2C CD4 T cells, ILT2C CD8 T cells and ILT2C B cells from CLL patients with or without chromosome 13q deletion is shown.
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this immunosuppression. In fact, direct T cell inhibition by leu-
kemic cells has been broadly documented.6,39 One of the relevant
mechanisms that account for the progressive loss of T cell func-
tion in cancer is the sustained signaling of multiple inhibitory
receptors, such as PD1 and CTLA-4, which down-regulate the
antitumor immune response of patients.10,11 Targeting these
immunosuppressive mechanisms may restore the antitumor
activity of T cells, providing a great benefit for cancer
patients.10,11 As a result, there is an intense search for new inhib-
itory molecules involved in cancer immunosuppression.

ILT2 is an inhibitory receptor involved in negative signaling
in B cells, T cells, NK cells and other immune cells.12,13,20,40

However, its role in cancer has been poorly defined. The pres-
ent study shows that the expression of this receptor and its
ligands are deeply dysregulated in leukemic cells and T cells of

CLL patients. ILT2 was overexpressed in T cells from CLL
patients; whereas its expression was considerably decreased in
leukemic cells. Of note, despite the fact that only a minor popu-
lation of ILT2C T cells is detected in CLL patients, the blockade
of ILT2 has a strong effect on the promotion of T cell function.
Thus, a detailed characterization of the phenotype and the reg-
ulatory characteristics of this population of ILT2C T cells war-
rants further investigation. Additionally, the analysis of other
ILT2C immune cells, such as NK cells and dendritic cells, is
needed to completely elucidate the role of ILT2 in CLL.

We also observed that the expression of non-classical
MHC class I molecules, including HLA-G, was significantly
reduced and the expression of the classical ones was increased
in CLL patients. Little information regarding the role of
ILT2, HLA-E and HLA-F in CLL is currently available.

Figure 4. The expression of ILT2 ligands is dysregulated in leukemic cells from CLL patients. The figure shows the comparison of the MFI of HLA-G (A), HLA-E (B), HLA-F (C)
and MHC class I (MHC-I) (D) expression between B cells from patients and controls analyzed by flow cytometry.
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Nevertheless, our study contrasts with previous studies sug-
gesting that HLA-G may be related with progression-free sur-
vival in CLL. Different studies reported that the amount of
leukemic cells expressing HLA-G varies from 1 to 34%25,41,42;
and a relation between HLA-G expression and markers of
poor clinical outcome, such as CD38 expression and
advanced Binet stage, was described.25,42 However, our find-
ings are in agreement with other studies which reported low
or no expression of HLA-G in CLL and no correlation with
the expression of well-established prognostic factors such as
ZAP-70 and CD38.26,42-44

ILT2 is an inhibitory receptor that impairs the proliferation,
differentiation and functional activity of B and T cells.13,19,20,23

In our study, we found that the dysregulation of ILT2 expression
was enhanced in patients with bad prognostic markers. Of spe-
cial interest was the distribution of ILT2 expression in patients
carrying a deletion of chromosome 11q, which often exhibit
bulky adenopathy and experience an aggressive clinical course,
with shorter survival and poor response to the treatment.31,32

The minimal region of deletion on 11q22.3–23.1 often involves
the Radixin (RDX) and Ataxia telangiectasia mutated (ATM)
genes. Given that ATM is crucial for DNA damage repair, it is
likely that the deletion of this gene would lead to enhanced
clonal aggressiveness and worse evolution, due to the acquisition
of novel genomic variants.45 In our study, a significant increase
of ILT2 expression in CD4 T cells and a lower expression in B
cells were observed in patients carrying the del(11q), which may
suggest a greater immunosuppression in these patients and could
also account for their poor clinical outcome. Nevertheless, due to
the low frequency of the chromosome 11q22–23 deletion, which

is detected in 5–20% of CLL patients,46,47 further specific studies
in larger populations are needed to draw definite conclusions.

T cells from CLL patients exhibit characteristics of
exhaustion, showing defects in proliferation and cytotoxic-
ity.36 Our findings suggest that ILT2 may be involved in the
impairment of T cell activation and proliferation observed in
CLL patients and this effect is higher in T cells of CLL
patients than in healthy donors. Importantly, ILT2 blockade
showed no effect on the activation or proliferation of leuke-
mic cells, although it has a significant effect in healthy B
cells. Further, ILT2 blockade has been reported to promote
the proliferation of tumor B cell lines.22 This could be
explained by the fact that peripheral B cells cannot be con-
sidered as the normal counterpart of leukemic cells of
CLL,48 and compared with B cells and other B cell-derived
cancers, CLL cells show very low proliferative activity.

ILT2 interacts with both classical and non-classical MHC-I
molecules.14-16 However, the blockade of HLA-G did not show
significant effects in the activation and proliferation of T and B
lymphocytes in CLL. Conversely, our experiments show that
classical MHC class I molecules are upregulated in the leukemia
cells of CLL patients, and blocking experiments in CLL showed
increased activation and proliferation of T cells, suggesting that
classical MHC class I molecules may play a more prominent
role in this effect than HLA-G.

We observed that ILT2 blockade did not enhance the cyto-
toxic activity of CD8 T cells of CLL patients. This may be related
with the multiple defects of T cells observed in CLL patients and
the low immunogenicity of leukemic cells, which are well known
for their inability to process and present antigens and to

Figure 5. ILT2 blockade promotes T-cell activation. Flow cytometry analyses were conducted to evaluate the expression of CD69 in PBMCs from 14 CLL patients stimu-
lated with IL-2 (50 U/mL) or PHA (5 mg/mL) and incubated in the presence of anti-ILT2 blocking antibody or irrelevant IgG1 (10 mg/mL) for 48 hours. The figure shows
the comparison between the surface expression of CD69 detected on T cells (A), CD8 T cells (B), CD4 T cells (C) and leukemic cells (D) from CLL patients. Bars represent
the mean MFI of CD69 § SEM for each condition.
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form a proper synapse with T cells.6 Additionally, CD8 T cells
from CLL patients had increased expression of exhaustion
markers such as CD244, CD160, and PD1 and showed func-
tional defects in proliferation and cytotoxicity due to impaired
granzyme packaging into vesicles and nonpolarized degranula-
tion.49 These data suggest that to increase the efficacy of ILT2
blocking in CLL should be combined with therapies that increase
the activity of cytotoxic T cells.50

ILT2 signaling was involved in the modulation of the pro-
duction of key cytokines by T cells. The production of the T

cell-stimulating cytokine IL-2 by CD4 T cells is diminished in
CLL37 and our findings suggests that ILT2 may be involved in
this impairment. Conversely, IFN-g production has been
reported to be increased in CLL and it may be involved in the
promotion of the survival of the leukemic clone.38 In agree-
ment, our study shows that T cells of CLL patients express
higher levels of IFN-g than healthy donors, and we also found
that ILT2 is involved in the upregulation of IFN-g observed in
CLL patients. This effect seems to be a specific feature of CLL
patients, since no effect on IFN-g production in healthy donors

Figure 6. ILT2 inhibits T cell proliferation in CLL and healthy donors. (A) IL-2-stimulated (50 U/mL) or unstimulated PBMCs obtained from 12 CLL patients and 7 healthy
donors were stained with CFSE and cultured in the presence of anti-ILT2 blocking antibody (10 mg/ml) or irrelevant IgG1 for 7 days, and the proliferation of different cell
subsets was analyzed by flow cytometry. Histograms show the flow cytometry profiles corresponding to CFSE expression in T cells, CD8 T cells, CD4 T cells and leukemic
cells of a representative CLL patient. (B-E) Comparison of the percentage of proliferating T cells (B), CD8 T cells (C), CD4 T cells (D) and B cells (E) from patients and donors
between the different experimental conditions analyzed are shown. Bars represent the mean § SEM from samples analyzed.
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was observed. Moreover, ILT2 has been reported to interfere
with CD8 T cell antiviral function by suppressing IFN-g pro-
duction.30 Thus, specific signaling pathways that regulate ILT2
in CLL warrant further investigation.

Overall, our findings describe a novel immune inhibitory
pathway that is upregulated in CLL and support that ILT2 may
represent a new potential target for immunotherapy to be
investigated in this disease.

Patients, materials and methods

Patients and samples

52 consecutive non-treated CLL patients from the Hospital
Universitario Central de Asturias and Hospital Universitario
de Cabue~nes (Spain) fulfilling the diagnostic criteria for
CLL (Table 1), and 20 age-matched healthy donors (mean
age 59.5 years) were studied. All methods and procedures

were performed following the Declaration of Helsinki. This
study was approved by the Ethics Committee of our Institu-
tion (Hospital Universitario Central de Asturias), and
informed consent was obtained from all patients and con-
trols. Both clinical and immunological characteristics of
patients were analyzed when patients were enrolled in this
study. The patient mean age was 68 years; 53% were male
and 47% female. The median time from diagnosis to study
was 62.3 months (range, 0 to 275 months). Patients did not
receive cytoreductive treatment within 18 months before
the investigation. Clinical and laboratory evaluation at visit
included history and physical examination, standard clinical
laboratory evaluation, evaluation for ZAP-70 by flow cytom-
etry (20% cut-off), characterization of CD38 expression; and
standard metaphase karyotype. Karyotype was categorized
as complex, single abnormality or diploid. FISH analysis for
17p deletion, 11q deletion, trisomy 12, and chromosome
13q deletion was also performed. A total of 200 cells in

Figure 7. MHC class I molecules inhibits T and B cell proliferation in CLL. IL-2-stimulated or unstimulated PBMCs obtained from 6 CLL patients were stained with CFSE and
cultured in the presence of anti-HLA-G blocking antibody, anti-MHC-I blocking antibody (both 10 mg/ml) or irrelevant IgG for 7 days, and the proliferation of different cell
subsets was analyzed by flow cytometry. The comparison of the percentage of proliferating T cells (A), CD8 T cells (B), CD4 T cells (C) and B cells (D) between the different
experimental conditions analyzed are shown. Bars represent the mean § SEM from samples analyzed.
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interphase were analyzed for each probe. Positive patient
cases were those with 5% or more cells with the abnormal-
ity. IGHV mutation status was characterized by direct

sequencing method, and patients were categorized as unmu-
tated (IGHV 98% germline homology) or mutated (98%
homology). PBMCs were isolated by Ficoll density gradient

Figure 8. ILT2 blockade increases IL-2 levels and reduces IFN-g production by T cells in CLL patients. (A) PBMCs from 15 CLL patients and 6 donors were cultured in the
presence of anti-ILT2 blocking antibody or irrelevant IgG1 for 48 hours, and the intracytoplasmic expression of IL-2 and IFN-g was analyzed in T and B cells by flow cytom-
etry. Dot plots show the level of IL-2 expression in CD4 T cells and IFN-g expression in CD8 T cells from a CLL patient. The mean of percentage § SEM of intracytoplasmic
levels of IL-2 in patients (B) and healthy donors (C) is shown. The intracytoplasmic expression of IFN-g in patients (D) and healthy donors (E) is shown.
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centrifugation. The mean of the percentage of leukemic cells
in PBMCs obtained from CLL patients was 51.4% (range
11.9–92%).

Antibodies and material

Recombinant human interleukin 2 (IL-2) (Peprotech), phytohe-
magglutinin (PHA, Sigma-Aldrich), etoposide (Sigma-Aldrich),
monensin (Sigma-Aldrich), phorbol 12-myristate 13-acetate
(PMA, Sigma-Aldrich), ionomycin (Sigma-Aldrich), brefeldin A
(BD Biosciences), HP-F1 anti-ILT2/CD85j blocking antibody
(IgG1), (provided by Miguel L�opez-Botet, Universitat Pompeu
Fabra, Spain) 87G anti-HLA-G blocking antibody (Invitrogen),
pan-HLA-I blocking antibody (IgG2a) (clone W6/32), an and an
irrelevant IgG1 antibody (provided by JR de los Toyos-Gonz�alez,
Universidad de Oviedo, Spain) were used in this study.

Flow cytometry

To determine immune cell subsets, cells were stained with
anti-CD3-FITC, anti-CD4-PerCP, anti-CD8-APC and anti-
CD19-APC (all from Immunostep), anti-CD3-PECy7 (eBio-
science), and isotype-matched control conjugates. T cells
were defined as CD3C; CD4 T cells as CD3CCD4C; CD8 T
cells as CD3CCD8C; and leukemic cells as CD19CCD5C.
Anti-ILT2-PE (eBioscience), anti-HLA-F rabbit antibody
(Abgent), anti-HLA-G-PE (Biolegend, clone 87G), anti-
HLA-E-PE (Biolegend) and a pan-anti-HLA-I antibody
(clone W6/32) were used to measure the expression of ILT2
and its ligands on different immune populations. Cells were
analyzed on a BD Biosciences FACSCanto II cytometer
(Beckton Dickinson).

Reverse transcription PCR

mRNA was obtained from purified B cells of healthy controls
using the High Pure RNA Isolation Kit (Roche). Reverse tran-
scription PCR was performed using reverse transcribed cDNA
from these samples and the level of GAPDH gene and HLA-G
gene was determined using the following primers: GAPDH
sense: 50-CGG AGT CAA CGG ATT TGG TC-30, GAPDH
antisense: 50-AAT CAT ATT GGA ACA TGT AAA CCA TGT
AGT-30. HLA-G sense: 50-CTG CTT GTC CTT GCA GCT
GTA G-30; HLA-G antisense: 50-CCT TTT CAA TCT GAG
CTC TTC TTT CT-30.

Immune cell activation

Freshly isolated PBMCs obtained from CLL patients and
healthy donors were cultured in the presence of anti-ILT2
blocking antibody (HP-F1) (10 mg/mL), anti-HLA-G blocking
antibody (87G)(10 mg/mL), pan-anti-MHC class I blocking
antibody (clone W6/32) (10 mg/mL), or irrelevant mouse IgG1,
and stimulated with IL-2 (50 U/mL) or PHA (5 mg/mL) for
48 hours. The expression of CD69 was evaluated by flow
cytometry. The effect of IL-2 and PHA on the expression of
ILT2 and its ligands in B and T cells was also analyzed by flow
cytometry.

Proliferation assays

PBMCs were labeled with 1 mM 5,6-carboxyfluorescein
diacetate succinimidyl ester (CFSE) (Sigma-Aldrich) and
cultured in the presence of the anti-ILT2 blocking antibody,
anti-HLA-G blocking antibody, pan-HLA-I blocking anti-
body and IL-2 for 7 d. CFSE staining was analyzed by flow
cytometry.

Analysis of T cell cytotoxicity

To analyze T cell cytotoxicity, a CD107a degranulation assay
was performed. PBMCs were stimulated for 5 hours with plate-
coated anti-CD3 antibody (Clone HIT3a, BD Biosciences,
10 mg/mL) and the anti-ILT2 blocking antibody or control
IgG; and in the presence of monensin and anti-CD107a-PE.
Finally, cells were analyzed by flow cytometry.

Intracellular cytokine staining

To study the intracellular production of interferon-g (IFN-g),
tumor necrosis factor-a (TNF-a) and IL-2, PBMCs were incu-
bated with anti-ILT2 blocking antibody or irrelevant mouse
IgG1 antibody for 48 hours. Cells were then washed and incu-
bated for 4 hours in the presence of 50 ng/mL PMA and 500
ng/mL ionomycin, with 1 mM brefeldin A or 1 mM monensin.
Intracellular cytokine expression was then analyzed by flow
cytometry.

Statistics

The relationship between continuous and categorical prognos-
tic variables was evaluated by Mann–Whitney U test, and Wil-
coxon Matched-Pairs Signed Ranks test was used for intra-
group comparisons.
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