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Natural killer cell-type lymphoproliferative disease of granular lymphocytes is a disorder characterized by chronic proliferation of CD3-CD16+ granular lymphocytes. By flow cytometry
analysis, we previously demonstrated a dysregulation in killer immunoglobulin-like receptor
(KIR) expression in natural killer cells from patients with this lymphoproliferative disease, the
activating KIR receptors being mostly expressed. We also found that patients with natural killer
cell-type lymphoproliferative disease of granular lymphocytes usually had KIR genotypes characterized by multiple activating KIR genes.
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We investigated the mRNA levels of the KIR3DL1 inhibitory and the related KIR3DS1 activating receptors in 15 patients with natural killer cell-type lymphoproliferative disease of granular
lymphocytes and in ten controls. These genes are usually expressed when present in the
genome of the Caucasian population.

Results

Conclusions
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We demonstrated the complete lack of KIR3DL1 expression in most of the patients analyzed,
with the receptor being expressed in 13% of patients compared to in 90% of controls (P<0.01).
Interestingly, studies of the methylation patterns of KIR3DL1 promoter showed a significantly
higher methylation status (0.76 ± 0.12 SD) in patients than in healthy subjects (0.49±0.10 SD,
P<0.01). The levels of expression of DNA methyl transferases, which are the enzymes responsible for DNA methylation, did not differ between patients and controls.
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In this study we showed, for the first time, a consistent down-regulation of the inhibitory
KIR3DL1 signal due to marked methylation of its promoter, thus suggesting that together with
the increased expression of activating receptors, the lack of the inhibitory signal could also play
a role in the pathogenesis of natural killer cell-type lymphoproliferative disease of granular lymphocytes.
Key words: natural killer cells, lymphoproliferative disease of granular lymphocytes, KIR3DL1
down-regulation.
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Down-regulation of inhibitory KIR3DL1 in LDGL patients

Design and Methods
Patients and control blood donors

Fifteen Caucasian patients meeting the criteria for the
diagnosis of NK-type LDGL3 were consecutively enrolled
in the study (Table 1) and investigated for the presence
and expression of KIR3DL1/DS1 (Figure 1). Informed consent was obtained from all patients according to the
Declaration of Helsinki and the study was approved by
the local Ethics Committee. In all cases under study there
was chronic lymphocytosis, with at least 2,000 granular
lymphocytes/mm3 in the peripheral blood, lasting more
than 6 months. Most patients (14 of 15) were affected by
LDGL characterized by a proliferation of CD3CD16+CD56bright NK cells (range, 40-85%); only patient #1
had a proliferation of CD3-CD16+CD56- cells. At the time
of the study none of the patients had received treatment.
The control experiments were performed on ten blood
donors, representative of the healthy population.
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Lymphoproliferative disease of granular lymphocytes
(LDGL) is a rare disorder characterized by the chronic proliferation of granular lymphocytes.1-3 Based on the surface
phenotype of the proliferating lymphocytes, LDGL can be
classified into two subclasses. In the majority of cases
(85%), the proliferating granular lymphocytes belong to
the T-cell lineage (CD3+CD16+); however, in nearly 15%
of cases, patients’ granular lymphocytes originate from the
expansion of natural killer (NK) cells (CD3-CD16+). The
etiology and pathogenesis of NK-LDGL proliferation is
still a matter of debate; however, accumulating data suggest that exogenous agents, in particular viruses, might
play a role.4
In healthy individuals, NK cells represent a subset of
lymphocytes involved in immunosurveillance against
virus-infected and tumor-transformed cells.5,6 The ability
of NK cells to recognize and kill susceptible targets while
sparing normal autologous cells is commonly determined
by the concerted action of different surface receptor families, recognized as NK cell receptors, which either trigger
or inhibit NK cell-mediated cytolytic activity.7-10 Among
these, killer immunoglobulin-like receptor (KIR) molecules
are critical for the human NK cell’s ability to discriminate
aberrant cells from normal self playing a role in autoimmune diseases, transplantation, infectious diseases and
cancer.11,12 Within an individual’s NK cell population the
expression of KIR is very heterogeneous due to the expression of different numbers of KIR receptors and different
combinations of KIR genes.13,14 Moreover, long-term NK
cell clones maintain uniform KIR gene and allele-specific
expression, indicating that KIR transcription patterns are
stable in mature NK cells through many rounds of DNA
replication.15 Recently, it has been demonstrated that DNA
methylation plays an important role in the regulation of
KIR gene expression.16-18 CpG dinucleotides located
upstream of the translation initiation codon of each KIR
gene (KIR2DL3, 3DL2, 3DL1) are either densely methylated in the case of repressed KIR genes or demethylated in
expressed KIR genes. Expression of formerly silenced KIR
genes can be readily induced using a demethylating agent.
Reporter gene experiments using in vitro methylated 5'
untranslated region constructs indicated that KIR CpG
islands largely overlap with regions having promoter
activity.17
Previous flow cytometry data highlighted a dysregulation in KIR expression in NK cells from patients with NKLDGL.19,20 Particularly, in LDGL patients we found that
pathological NK cells mostly express activating KIR and
are positively selected, suggesting that these receptors
may be directly involved in the priming of the proliferation of granular lymphocytes.19 Thus, stimulation through
an activating KIR may represent the triggering event at the
onset of NK cell proliferation. We also demonstrated that
NK-LDGL patients usually have KIR genotypes containing
multiple activating KIR genes.21 Interestingly most NKLDGL cells freshly isolated from patients consistently
exhibited altered surface KIR3DL1/3DS1 expression, with
lack of the inhibitory receptor and the cells providing cytotoxic effects in vitro.22
Building on the findings described above, we used semiquantitative polymerase chain reaction (PCR) analysis to
investigate the mRNA levels of the inhibitory KIR3DL1
and the related activating KIR3DS1. Since it has recently

been demonstrated that DNA methylation is the main
mechanism involved in the regulation of KIR gene expression, we also analyzed the methylation pattern of CpG
islands in the promoter of these genes. Despite the high
homology between KIR promoters (>91%15), which
makes it difficult to choose primers specific for each KIR
gene, in the case of KIR3D1 the primers used efficiently
identified the specific promoter.17 Finally we evaluated the
expression levels of DNA methyltransferases (DNMT),
the enzymes responsible for DNA methylation.
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Flow cytometry analysis

The surface expression of KIR3DL1/KIR3DS1 receptors
was assessed by flow cytometry analysis in freshly isolated NK cells using direct or indirect immunofluorescence
assays as previously described.22,23 Briefly, cells were
stained with the appropriate unlabeled or labeled monoclonal antibodies; staining with unlabeled monoclonal
antibodies was followed by phycoerythrin (PE)– or fluorescein isothiocyanate (FITC)–conjugated goat anti-mouse
immunoglobulins (Southern Biotechnology, Birmingham,
AL, or Caltag, Burlingame, CA, USA). The analysis on
fresh peripheral blood mononuclear cells was performed
on the CD3-CD16+ gated cells. Samples were analyzed by
multi-color flow cytometry analysis (FACSCalibur, Becton
Dickinson, Mountain View, CA, USA) and data were
processed using CELLQuest Software (Becton Dickinson).

Purification of peripheral blood mononuclear cells and
sorting of natural killer cells from patients and control
blood donors
Peripheral blood mononuclear cells were derived from
healthy donors and from patients by Ficoll-Hypaque gradient. To obtain enriched NK cells, the peripheral blood
mononuclear cells from patients were incubated (for 20
min at 4°C) with FITC- or PE-conjugated monoclonal antibodies specific for CD16 or CD3, respectively; peripheral
blood mononuclear cells from healthy donors were,
instead, incubated with FITC-, PE- or PE-Cy5-conjugated
monoclonal antibodies specific for CD16, CD3, or
KIR3DL1/KIR3DS1, respectively. In samples from patients
with LDGL, the CD3-CD16+ NK cell fraction was sorted,
whereas in healthy donors, beyond the CD3-CD16+ NK
cell population, the CD3-CD16+KIR3DL1/KIR3DS1- and
1723
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CD3-CD16+KIR3DL1/KIR3DS1+ fractions were further
sorted. Cell sorting was performed with a FACSAria cell
sorter (BD Biosciences, San Jose, CA, USA) equipped with
blue, red, and violet lasers. Dead cells were excluded by
propidium iodide (10 mg/mL) versus forward scatter dot

plots and viable cells positive for the above mentioned
antibodies were selected and sorted, using 530 nm, 575
nm and 610 band pass filters and an argon ion laser (488
nm, 100 mW) for excitation and the cell sorter’s purity
option at a rate of 15,000 events per second. Sorted NK

Table 1. Laboratory and clinical features of the 15 LDGL patients studied.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Sex/age
(years)
F
M
M
M
F
M
M
F
M
F
F
M
M
F
F

58
62
67
65
57
32
57
48
77
39
56
55
59
63
52

Hb
(g/dL)

ANC
(¥109/L)

NK cells
(¥109/L)

Platelets
(¥109/L)

TCR gene
analysis

Follow up
(years)

Clinical
course

11.3
13.5
13.5
14.3
14.2
14.5
13.9
14.6
14.5
15.2
14.6
14.7
14.9
13.7
14.3

2.2
1.9
2.2
3.3
2.5
3.1
2.7
2.9
2.2
3.1
2.7
1.9
1.8
2.2
2.9

12.9
8.9
5.2
3.9
7.4
11.3
7.9
13.9
4.6
10.2
6.3
7.9
4.4
4.3
8.9

266
421
269
234
332
236
268
255
289
232
196
203
223
212
314

P
P
P
P
P
P
P
P
P
P
P
P
P
P
P

23
14
16
23
14
22
4
5
12
21
5
7
8
12
10

indolent
indolent
indolent
indolent
indolent
indolent
indolent
indolent
indolent
indolent
indolent
indolent
indolent
indolent
indolent
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Hb: hemoglobin; ANC: absolute neutropil count; NK: natural killer; TCR: T-cell receptor; P: polyclonal rearrangement of TCR genes; Y: years.
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Figure 1. Genotyping of KIR3DL1 and KIR3DS1 alleles and frequency of KIR3DL1/3DS1 mRNA expression in patients and normal controls.
Genomic DNA was extracted from peripheral blood mononuclear cells of 15 patients and ten controls. The presence or absence of
KIR3DL1/3DS1 gene was established by PCR-SSP using two different primer sets specific for both alleles. The figure (columns genome frequency) summarizes the KIR3DL1/3DS1 locus profiles observed in the patients (A) and controls (B). Filled boxes indicate the presence of
KIR allele; open boxes indicate the absence. The difference of presence in the genome of KIR3DS1 between patients and controls was not
statistically significant (P=0.28). For the investigation of KIR3DL1/DS1 expression total mRNA was isolated from sorted NK cells of patients
and controls. Semi-quantitative PCR was carried out to determine the presence or absence of transcription for both KIR3DL1/3DS1 alleles
(columns mRNA expression frequency). Amplification of β-actin was used as a control. The filled boxes indicate the corresponding expression of the mRNA, for both activating and inhibitory receptors in patients (A) and controls (B).
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Monoclonal antibodies
The commercially available FITC- or PE-labeled mouse
antihuman Z27 (anti-KIR3DL1/KIR3DS1),19 CD3 and
CD16 monoclonal antibodies used in immunofluorescence assays and sorting experiments were from Becton
Dickinson (Sunnyvale, CA, USA).

DNA isolation and KIR genotyping

A Qiagen RNeasy isolation kit (Valencia, CA, USA) was
used to isolate total RNA from 4¥106 cells (NK CD3-CD16+
cells) from patients and control donors. A Clontech cDNA
synthesis kit (Mountain View, CA, USA) was used for
cDNA synthesis. Semi-quantitative PCR was carried out
to determine the presence or absence of KIR3DL1/3DS1
mRNA and transcription levels. Primers for β-actin were
used as the control. Amplifications were carried out using
the following procedure; initial denaturation for 8 min at
95°C; then 35 cycles of 30 sec at 95°C, 45 sec at 55°C and
90 sec at 68°C, followed by 68°C for 10 min. PCR products were analyzed for the presence or absence of an electrophoretic specific band in 1% agarose gel stained with
ethidium bromide, visualized by ultraviolet light and documented with Image Master (Amersham Pharmacia
Biotech, Sweden). The real-time PCR reactions to assess
the levels of expression of mRNA DNMT1, DNMT3a and
3b, were performed in a volume of 15 mL containing 50 ng
cDNA, 0.3 mM of each primer, deionised water, and 7.5 mL
SYBR Green Master Mix (Applied Biosystems) using the
following conditions: 50°C for 2 min and denaturing at
95°C for 10 min, followed by 45 cycles of 95°C for 15 sec
and 60°C for 1 min. Optical data were collected during the
60°C step. The reactions were carried out in 96-well thinwall PCR plates covered with optically clear sealing film
(Applied Biosystems). Amplification, detection, and data
analysis were performed using the ABI PRISM 7000
Sequence Detector system (Applied Biosystems). Each
quantification target was amplified in triplicate samples. A
no template control for each mix and four standard curves
were generated for GAPDH, DNMT1, DNMT3a and
DNMT3b, using Jurkat cell line cDNA in serial dilutions of
1, 1:5, 1:25, and 1:125. The relative amounts of mRNA
were determined by comparison with standard curves.
Results were normalized for GAPDH expression for each
sample. A dissociation curve was generated to distinguish
specific from non-specific amplifications. The primers for
PCR and RT-PCR are listed in Table 2.15,25,27-29
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Genomic DNA was extracted from 5-20¥106 peripheral
blood lymphocytes using the Genomic DNA Purification
kit (Gentra Systems, Minneapolis, MN, USA) according to
the manufacturer's instructions. Sequence-specific primed
PCR typing was used to detect the KIR3DL1/3DS1 genotype of LDGL patients and controls. Two different primer
sets were used to establish the presence or absence of both
genes: KIR3DL1a forward TACAAAGAAGACAGAATCKIR3DL1a
reverse.TAG
GTCCCTGCACA,24
CAAGGGCAA24 and KIR3DL1b forward TCCCATCTTCCATGGCA GAT,24 KIR3DL1b reverse TAGGTCCCTGCAAGGGCAA24 for KIR3DL1 expression, KIR3DS1a forward GGCAGAATATTCCAGGAGG,25 KIR3DS1a reverse
AGGGGTCC TTAGAGATCCA25 and KIR3DS1b forward
TCCCCTGGTGAAATCAGGAGAGAG and KIR3DS1b
reverse AAGGGCACGCATCATGGA25,26 for KIR3DS1
expression.25 Amplifications with the primers KIR3DL1a,
KIR3DL1b and KIR3DS1a were carried out using the following procedure: initial denaturation for 8 min at 95°C;
then 35 cycles of 30 sec at 95°C, 45 sec at 55°C and 90 sec
at 68°C, followed by 68°C for 7 min. Volume reactions of
15 mL were prepared to include 30 ng of DNA, 1.5 mL 10X
PCR buffer, 1.5 mM magnesium chloride (MgCl2), 0.2 mM
deoxyribonucleoside triphosphates (dNTP), 0.2U Taq gold
(Applied Biosystems, Foster City, CA, USA), 0.4 mM of
each primer, and 1% dimethyl sulfoxide. To amplify the
KIR3DS1 gene with the primer KIR3DS1b, the following
program was used: initial denaturation at 95°C for 10 min
followed by 35 cycles of 30 sec at 95°C, 30 sec at 60°C,
and 30 sec at 72°C, followed by 72°C for 10 min. Volume
reactions of 15 mL were prepared to include 30 ng of DNA,
1.5 mL 10X PCR buffer, 3 mM MgCl2, 0.6 mM dNTP, 0.2U
Taq gold (Applied Biosystems, Foster City, CA, USA), 1
mM of each primer, and 1% dimethyl sulfoxide. PCR products were analyzed for the presence or absence of an electrophoretic specific band in 1% agarose gel stained with
ethidium bromide, visualized by ultraviolet light and documented with Image Master (Amersham Pharmacia
Biotech, Sweden).

RNA isolation and polymerase chain reaction
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populations were reanalyzed for purity and viability,
which both resulted greater than 95%.

DNA methylation analysis
Bisulfite conversion of DNA leads to conversion of all
unmethylated cytosines into thymidines, while methylated cytosines remain unchanged. Genomic DNA was
extracted from 2-20¥106 sorted cells (CD3-CD16+ NK cells
from patients and CD3-CD16+KIR3D1- NK cells from control donors) using the Genomic DNA Purification kit
(Gentra Systems, Minneapolis, MN, USA). The genomic
DNA was modified by sodium bisulfite treatment according to the manufacturer’s instructions (EPIGENTEK,

Table 2. Sequences of primers used in the study.

Primer
DNMT1 (RT-PCR)
DNMT3a (RT-PCR)
DNMT3b (RT-PCR)
GAPDH (RT-PCR)
KIR3DL1 (PCR)
KIR3DS1 (PCR)
β-ACTIN (PCR)

Forward

Reverse
26

CCAAAGCCCGAGAGAGTGCCTCAG
TATTGATGAGCGCACAAGAGAGC27
GGCAAGTTCTCCGAGGTCTCTG27
CGACCACTTTGTCAAGCTCA2
ACATCGTGGTCACAGGTCC24
GGCACCCAGCAACCCCA24
CGCGAGAAGATGACCCAGAT24

haematologica | 2010; 95(10)

bp
2

CCTTAGCAGCTTCCTCCTCCTT
GGGTGTTCCAGGGTAACATTGAG2
TGGTACATGGCTTTTCGATAGGA27
AGGGGTCTACATGGCAACTG27
ACAACTTTGGATCTGGGCTT28
AAGGGCACGCATCATGGA24
TTGCTGATCCACATCTGCTGG24

58
114
113
100
663
247
734
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Statistical analysis

Results
KIR3DL1/3DS1 genotyping
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Since not all KIR genes are necessarily present in the
genome of a person, as a first step, using sequence-specific
primed PCR we analyzed the KIR3DL1/3DS1 genes in the
genome of 15 NK-LDGL patients and ten healthy controls.
The KIR3DL1/3DS1 gene is unique within the KIR cluster
in that it is the only KIR locus coding for both activating
(KIR3DS1) and inhibitory (KIR3DL1) allotypes. The
KIR3DL1/3DS1 gene is also highly polymorphic with 23
sequenced alleles, 17 coding for the inhibitory receptor
and 6 for the activating receptor, the different alleles sharing a sequence similarity of more than 95% in the extra-

Figure 2. Distribution of CpG dinucleotides in the 5' region of the
KIR3D1 gene. The transcriptional start site is indicated by a square
and the CpG dinucleotides are highlighted in gray. Analysis of the
methylation patterns of the CpG island surrounding the transcriptional start site of this gene revealed that the methylation status
consistently correlates with the transcriptional activity in primary NK
cells.17 The primers used in this work to analyze the methylation pattern of this sequence are underlined.

1726

Patients with natural killer cell lymphoproliferative
disease of granular lymphocytes express the KIR3DL1
alleles differently

The mRNA expression of KIR3DL1/3DS1 was evaluated by semi-quantitative PCR in CD3-CD16+ NK cells sorted from peripheral blood mononuclear cells of the patients
and controls. Interestingly we found that the inhibitory
KIR3DL1 alleles were expressed in 13% of the patients
(KIR3DL1 mRNA expression frequency column in Figure
1A) but in 90% of healthy controls (KIR3DL1 mRNA
expression frequency column in Figure 1B; P<0.01).
Conversely, we found that the activating KIR3DS1 alleles,
when present in the genome, were expressed in 100% of
the LDGL patients (KIR3DS1 mRNA expression frequency
column in Figure 1A) and in 75% of control subjects
(KIR3DS1 mRNA expression frequency column in Figure
1B; P=0.11). These results suggest that, in the LDGL
patients, there is an important down-regulation of the
inhibitory KIR3DL1 signal, usually associated with expression of KIR3DS1 (when the gene is present in the
genome).
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Observed KIR gene frequencies were determined by
direct counting. Differences in the gene frequencies and
KIR expression frequencies between NK-LDGL patients
and controls were estimated by Fisher’s exact test. The
comparison of methylation frequencies of CpG dinucleotides and DNMT1 mRNA expression levels in the
group of patients with respect to controls was estimated
using the Student’s t-test. The data are expressed as mean
± standard deviation (SD). For all analyses, P values less
than 0.05 were accepted as statistically significant.

cellular domains (http://www.ebi.ac.uk/ipd/kir/align.html). To
examine the different known alleles, we used two sets of
primers (see the Design and Methods section), which could
eventually identify the inhibitory and activating receptors.
We found that a KIR3DL1 allele was present with a frequency of 100% in both patients (KIR3DL1 genome frequency column in Figure 1A) and controls (KIR3DL1
genome frequency column in Figure 1B), whereas an activating KIR3DS1 allele was present with a frequency of
67% in patients (KIR3DS1 genome frequency column in
Figure 1A) and 80% in controls (KIR3DS1 genome frequency column in Figure 1B, P=0.28). These results indicate that there were not differences in gene frequency for
the KIR3DL1/3DS1 between NK-LDGL patients and
healthy controls.
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Methylamp DNA modification Kit, NY, USA).
Converted DNA (25 ng) was used as a template in a
25mL reaction volume. The reaction contains 25 pmol of
each primer F-GGAATTCCGTTTTTTATGTTAGTATA
GATTTTA and R-CGGGATCCCGCCATATCTTTACCTCCAAATC,17 1 mM dNTP mix, 3 mM MgCl2, and 0.5
U HotStarTaq DNA polymerase (Qiagen). After initial
denaturation for 10 min at 95°C, 34 cycles were performed, each consisting of 90 sec at 95°C, 55 sec at 48°C,
and 1 min at 72°C, followed by 72°C for 10 min. The PCR
products were analyzed for the presence of an electrophoretic specific band in 1% agarose gel stained with
ethidium bromide, cloned with the TOPO-TA cloning system (Invitrogen) and sequenced. Ten clones were
sequenced for each case. In all sequenced PCR clones,
more than 99% of random cytosines (not part of the CpG
dinucleotides) were converted to thymidines, consistent
with adequate bisulfite treatment. Genomic KIR
sequences were obtained from www.genecards.org (GeneID
3811).

Analysis of the methylation pattern in the
KIR3DL1/3DS1 promoter
Since KIR3DL1 was not expressed in our patients, we
investigated the mechanism modulating the expression of
the KIR3DL1/3DS1 alleles. To date the most important
mechanism reported to be involved in the regulation of
KIR gene expression is methylation of CpG dinucleotides
in the promoter of each KIR gene. In fact, analyses of DNA
methylation patterns of KIR genes in NK cell lines as well
as in NK cells freshly isolated from peripheral blood
demonstrated that a small CpG island surrounding the
transcriptional start site of each KIR gene (Figure 2) is
demethylated in expressed KIR and methylated in unexpressed KIR.17 Since the KIR3DL1 and KIR3DS1 alleles are
reported to be under control of the same promoter30,31 the
set of primers specific for the KIR3D1 promoter used in
this study could not discriminate between the activating
and inhibitory alleles. After DNA modification with sodium bisulfite, PCR amplification and TOPO TA cloning,
we sequenced ten plasmids for each patient and each control analyzed in our study. Five patients were analyzed,
including patients #1, #2, and #3, who had both genes in
the genome, but expressed only the activating KIR3DS1
receptor, and patients #4 and #5, who had only the
inhibitory KIR3DL1 gene which was not expressed (Figure
1A). To provide appropriate controls for methylation, NK
cells that did not express either KIR3DL1 inhibitory or
haematologica | 2010; 95(10)
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KIR3DS1 activating receptors (i.e. the phenotype CD3CD16+ KIR3DL1/KIR3DS1-) at the cell surface were sorted
from five healthy donors.
Consistent with the published data, we found that the
promoters of the control individuals’ CD3CD16+KIR3DL1/KIR3DS1- cells were methylated17 (Figure
3A). By contrast, the promoters of patients with LDGL
showed a quite different status of methylation. In fact we
found about 60% of sequences were consistently methylated and 40% completely unmethylated in patients #1, #2
and #3, as follows: patient #1, seven plasmids methylated
and three plasmids not methylated; patient #2, five plasmids methylated and five plasmids not methylated;
patient #3, six plasmids methylated and four plasmids not
methylated; the results for patient #1 are illustrated in
Figure 3B. Although the expected percentage of methylated and unmethylated clones in these patients should be
50%, the relatively low number of cloned plasmids could
account for the slight difference. Considering the
KIR3DL1/3DS1 genotype and mRNA expression, patients
#1, #2, and #3 displayed each gene but expressed only the
activating one (Figure 1A). For this reason it is suggested
that the completely unmethylated sequences represented
the expressed activating receptor KIR3DS1, whereas the
methylated sequences were referred to the promoter of
inhibitory KIR3DL1 receptor, which was not expressed.
The results obtained from patients #4 and #5 are consistent with this interpretation. These patients presented
only the inhibitory receptor, which is not expressed, in
their genome and according to these feature, all the
sequenced plasmids had consistently methylated CpG
dinucleotides (patient #4 shown in Figure 3C).
Considering only the methylated sequences, the methylation frequency of the CpG island was calculated in each
clone. The methylation frequency was calculated as the
number of methylated CpG dinucleotides divided by the
total number of CpG dinucleotides present in the analyzed sequence. Interestingly we found that the value was
higher for the patients than for the controls (0.76±0.12 SD

Figure 3. Methylation of CpG dinucleotides
correlates with transcriptional activity of the
KIR3D1 gene in NK cells isolated from LDGLpatients. The figure reports the methylation
pattern in the 5' region of the KIR3D1 gene
for one representative control (A) and two
representative patients (B, C). The filled circles indicate methylated CpG dinucleotides,
the empty circles unmethylated ones. The
figure also shows the position of the start
codon, the numbers indicate the CpG dinucleotides before and after the start codon in
progressive order. The analysis of controls (5
subjects) was performed in the sorted CD3CD16+KIR3DL1/KIR3DS1- NK cells; instead
in patients (5 subjects), the analysis was performed on sorted CD3- CD16+ NK cells. The
methylation frequency, for each sequenced
clone, was calculated as the number of
methylated CpG dinucleotides over the total
CpG dinucleotides present in the analyzed
sequence. As shown by the numbers of the
filled circles (A, B, C), methylation was
increased in the patients with respect to the
controls. The difference of median methylation frequency, considering each clone for
the five patients and five controls, was statistically significant 0.76±0.12 SD versus
0.49±0.10SD, respectively P<0.01 (D).

Fo
un
da
tio
n

C

-10

Methylation frequency

ctr 1

-14

Methylation frequency

A

0.20
0.00

1.00

-14 -13-12-11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 1

2 3

4 5

CpG position

Patients

P<0.001

0.80
0.60
0.40
0.20
0.00

-14 -13-12-11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 1

2 3

4 5

CpG position
Figure 4. The methylation frequency at individual CpG positions in
normal controls and patients. The frequency for each CpG dinucleotide considered (from -14 to +5 with respect to the start codon)
is reported as a median of the total sequenced clones for controls
(upper panel) and patients (lower panel). The overall methylation frequency at individual positions was significantly higher in patients
than in controls (P<0.001).

versus 0.42±0.10 SD, respectively; P<0.01, Figure 3D). The
frequency of methylation for each individual CpG dinucleotide in the analyzed region was also considered (Figure
4). The difference in frequency of each CpG between the
patients and controls was also statistically significant
(P<0.001). These results indicate that, in patients with
LDGL, the KIR3DL1 gene is subjected to strong down-regulation by hypermethylation of its promoter.
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The expression levels of DNMT1, 3a and 3b, which are
mostly responsible for DNA methylation, were investigated in patients and controls. Since DNMT3a and 3b are
usually expressed at very low levels in adult human tissues,32 they were not suitable for this analysis (data not
shown). With regards to DNMT1, we did not found that
the level of expression differed between patients and controls (5.07±2.78 versus 4.98±3.23 SD respectively; P=0.44).
Accordingly, the enzymes responsible for DNA methylation do not seem to be involved in the increased methylation of KIR3DL1 promoter that we observed.

Discussion
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In this study we showed that there is strong down-regulation of the KIR3DL1 inhibitory signal together with a
skewed expression of the activating KIR3DS1 in NK-type
LDGL patients. In fact, the KIR3DL1 inhibitory receptor
was expressed in only 13% of our patients but in 90% of
controls (P<0.01). By contrast, the KIR3DS1 gene, when
present in the genome, was always expressed, and was
found in 100% of patients and 75% of controls.
DNA methylation of CpG dinucleotides surrounding
the start codon is a mechanism for switching off the
expression of genes, and has been shown to regulate the
expression of KIR receptors.17 In fact, CpG islands located
upstream of the translation initiation codon of each KIR
gene are densely methylated in the case of repressed KIR
genes and their expression can be readily induced using a
demethylating agent.17 Early during embryonic development, alternating waves of methylation and demethylation regulate cell growth and differentiation and it has
been suggested that the DNA methylation patterns, established during this time, remain relatively stable in normal
tissue.33 However, a growing body of data has demonstrated that this mechanism of gene expression control continues life-long.33
A significant novelty found in our study is the lack of
expression of the inhibitory KIR3DL1 receptor associated
with significantly increased DNA methylation in the promoter in NK-type LDGL patients as compared to in controls (P<0.01). Accordingly, it can be suggested that a putative event modulating gene transcription would be crucial
in the development of this disorder. In our experiments
we did not find a specific alteration in the methylation status of the KIR3D1 promoter. However, our data, showing
a significant increase of methylated CpG dinucleotides in
the KIR3D1 promoter of patients, support the importance
of the transcriptional mechanism and suggest that an
exogenous event, by adding more methyls and in turn providing a strong down-regulation of gene expression, might
account for this feature in LDGL patients. In other words,

a crucial step in this disease would be the marked silencing
of the KIR3DL1 gene, which is usually expressed in
healthy individuals.
In the past few years transcriptional inactivation of
tumor suppressor genes by hypermethylation of CpG dinucleotides in the promoter has been claimed as an etiological factor in hematologic malignancies.34 Epigenetic
events, for example, have been demonstrated to represent
a crucial step in the progression of the myelodysplastic
syndromes.35-37 Hypermethylation in the promoter region
of the p15INKB gene, a cyclin-dependent kinase inhibitor,
occurs in approximately 50% of patients with myelodysplastic syndrome and it has been reported to be acquired
during disease progression. More recently, hypermethylation has also been reported to be involved in virus-induced
disorders such as adult T-cell leukemia. In particular, it has
been reported that in adult T-cell leukemia cells, methylation first occurs in the exon region and then progresses to
the promoter region according to the clinical progression
of the disease.38 Turning off this mechanism by a
demethylating drug (e.g. 5-azacitydine) has proven a valuable strategy in the therapy of these disorders.39,40
An association between myelodysplastic syndromes
and LDGL has been reported,41 indicating that granular
lymphocytes can be under the same epigenetic pressure as
myelodysplastic cells. Although viral agents, mostly retroviral ones,42 have been suggested to be involved in the
pathogenesis of proliferation of cytotoxic cells in LDGL
patients, the precise mechanisms by which these agents
act are far for being elucidated. Interestingly, it has recently been reported that Epstein-Barr virus, frequently
involved in aggressive LDGL,43 is largely silenced by hostdriven methylation of CpG islands during the latent stage
and, in the switch to the lytic cycle, this epigenetic silencing is overturned, leading to aberrant DNA methylation
and subsequently aberrant gene expression.44
The concept that, together with expression of activating KIR, significant silencing of inhibitory KIR might also
favor the proliferation of pathological clones adds to the
information on the mechanisms involved in the pathogenesis of NK-type LDGL. Whether the down-regulation
we found is specific to the KIR3DL1 inhibitory receptor
is still under investigation and further studies are in
progress to evaluate the methylation pattern of others
KIR promoters.
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