








Methylamp DNA modification Kit, NY, USA). 
Converted DNA (25 ng) was used as a template in a

25� L reaction volume. The reaction contains 25 pmol of
each primer F-GGAATTCCGTTTTTTATGTTAGTATA
GATTTTA and R-CGGGATCCCGCCATATCTTTAC-
CTCCAAATC,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 per-
formed, 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 elec-
trophoretic specific band in 1% agarose gel stained with
ethidium bromide, cloned with the TOPO-TA cloning sys-
tem (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).

Statistical analysis
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 dinu-
cleotides 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.

Results

���������� genotyping
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 shar-
ing a sequence similarity of more than 95% in the extra-

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 fre-
quency of 100% in both patients (KIR3DL1 genome fre-
quency column in Figure 1A) and controls (KIR3DL1
genome frequency column in Figure 1B), whereas an acti-
vating KIR3DS1 allele was present with a frequency of
67% in patients (KIR3DS1 genome frequency column in
Figure 1A) and 80% in controls (KIR3DS1 genome fre-
quency column in Figure 1B, P=0.28). These results indi-
cate that there were not differences in gene frequency for
the KIR3DL1/3DS1 between NK-LDGL patients and
healthy controls.

Patients with natural killer cell lymphoproliferative 
disease of granular lymphocytes express the ������
alleles differently
The mRNA expression of KIR3DL1/3DS1 was evaluat-

ed by semi-quantitative PCR in CD3-CD16+ NK cells sort-
ed 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 expres-
sion of KIR3DS1 (when the gene is present in the
genome).

Analysis of the methylation pattern in the
���������� 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 unex-
pressed 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 sodi-
um bisulfite, PCR amplification and TOPO TA cloning,
we sequenced ten plasmids for each patient and each con-
trol 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
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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 transcrip-
tional 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 pat-
tern of this sequence are underlined.
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KIR3DS1 activating receptors (i.e. the phenotype CD3-
CD16+ 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’ CD3-
CD16+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 methy-
lated 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 plas-
mids 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 methylat-
ed 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 consis-
tent 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 methyla-
tion 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 ana-
lyzed sequence. Interestingly we found that the value was
higher for the patients than for the controls (0.76±0.12 SD

versus 0.42±0.10 SD, respectively; P<0.01, Figure 3D). The
frequency of methylation for each individual CpG dinu-
cleotide 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-reg-
ulation by hypermethylation of its promoter.
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Figure 3. Methylation of CpG dinucleotides
correlates with transcriptional activity of the
KIR3D1 gene in NK cells isolated from LDGL-
patients. 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 cir-
cles indicate methylated CpG dinucleotides,
the empty circles unmethylated ones. The
figure also shows the position of the start
codon, the numbers indicate the CpG dinu-
cleotides before and after the start codon in
progressive order. The analysis of controls (5
subjects) was performed in the sorted CD3-

CD16+KIR3DL1/KIR3DS1- NK cells; instead
in patients (5 subjects), the analysis was per-
formed 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 methyla-
tion frequency, considering each clone for
the five patients and five controls, was statis-
tically significant 0.76±0.12 SD versus
0.49±0.10SD, respectively P<0.01 (D).

Figure 4. The methylation frequency at individual CpG positions in
normal controls and patients. The frequency for each CpG dinu-
cleotide 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 fre-
quency at individual positions was significantly higher in patients
than in controls (P<0.001).
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DNMT1, 3a and 3b reverse transcriptase polymerase
chain reaction expression levels
The expression levels of DNMT1, 3a and 3b, which are

mostly responsible for DNA methylation, were investigat-
ed in patients and controls. Since DNMT3a and 3b are
usually expressed at very low levels in adult human tis-
sues,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 con-
trols (5.07±2.78 versus 4.98±3.23 SD respectively; P=0.44).
Accordingly, the enzymes responsible for DNA methyla-
tion do not seem to be involved in the increased methyla-
tion of KIR3DL1 promoter that we observed.

Discussion

In this study we showed that there is strong down-reg-
ulation 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 develop-
ment, alternating waves of methylation and demethyla-
tion regulate cell growth and differentiation and it has
been suggested that the DNA methylation patterns, estab-
lished during this time, remain relatively stable in normal
tissue.33 However, a growing body of data has demonstrat-
ed that this mechanism of gene expression control contin-
ues 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 pro-
moter in NK-type LDGL patients as compared to in con-
trols (P<0.01). Accordingly, it can be suggested that a puta-
tive 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 sta-
tus 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 pro-
viding 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 din-
ucleotides in the promoter has been claimed as an etiolog-
ical 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 myelodys-
plastic syndrome and it has been reported to be acquired
during disease progression. More recently, hypermethyla-
tion 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, methyla-
tion 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 valu-
able 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 retro-
viral 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 recent-
ly been reported that Epstein-Barr virus, frequently
involved in aggressive LDGL,43 is largely silenced by host-
driven methylation of CpG islands during the latent stage
and, in the switch to the lytic cycle, this epigenetic silenc-
ing is overturned, leading to aberrant DNA methylation
and subsequently aberrant gene expression.44
The concept that, together with expression of activat-

ing KIR, significant silencing of inhibitory KIR might also
favor the proliferation of pathological clones adds to the
information on the mechanisms involved in the patho-
genesis 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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