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Disordered expression of inhibitory receptors on the NK1-type natural killer (NK)
leukaemic cells from patients with hypersensitivity to mosquito bites
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SUMMARY

Recent studies have revealed the existence of a distinct type of NK cell leukaemia of the juvenile type,
which presents with hypersensitivity to mosquito bites (HMB) as an essential clinical manifestation and
is infected with clonal Epstein—Barr virus (EBV). This disorder is thus called HMB-EBV-NK disease
and has been reported in Orientals, mostly from Japan. We investigated the profile of cytokine
production and the expression of both types of NK inhibitory receptors, i.e. CD94 lectin-like dimers and
killer-cell immunoglobulin-like receptors, in NK leukaemic cells from three patients with HMB-EBV-
NK disease. It was found that freshly isolated NK leukaemic cells expressed mRNA for interferon-
gamma (IFN-vy) and additionally produced IL-10 upon stimulation with IL-2, indicating that the NK
cells were of NKI1 type. More than 98% of NK cells from the patients bore CD94 at a higher level than
did normal NK cells, whereas p70 or NKAT?2, belonging to immunoglobulin-like receptor, was not
expressed in those NK cells. Freshly isolated leukaemic NK cells transcribed mRNA for CD94-
associated molecule NKG2C at an abnormally high level, and upon stimulation with IL-2 and/or IL-12
they expressed NKG2A as well. The disordered expression of these inhibitory receptors not only
provides some insights into the pathogenesis of HMB-EBV-NK disease but also can be used as

phenotypic markers for the diagnosis of this type of NK cell leukaemia.
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INTRODUCTION

Hypersensitivity to mosquito bites (HMB) is a disorder character-
ized by necrotic skin reactions at bite sites and the associated
general symptoms such as high fever, lymphadenopathy, and
hepatosplenomegaly [1-3]. This enigmatic disease has been
reported in Orientals, mostly Japanese patients in the first two
decades of life. The previous case reports and our inquiries of
Japanese haematologists and dermatologists showed that there
have been at least 59 Japanese patients with HMB. Accumulated
clinical and laboratory studies in these cases have revealed a
surprising finding that HMB occurs in close association with NK
cell leukaemia whose malignant cells are infected with mono-
clonal (or oligoclonal) Epstein—Barr virus (EBV) [2,4]. We have
proposed that this disorder is a distinct clinical entity, which is
called HMB-EBV-NK disease in this study. NK leukaemic cells in
most cases are large granular lymphocytes (LGL), express surface
molecules of normal activated NK cells including CD2, CD11b,
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hypersensitivity to mosquito bites

CD9% NKG2 HLA-E

CD16, CD38, CD56 and HLA-DR, and exhibit cytotoxicity
against NK-sensitive target cells and antibody-dependent cell-
mediated cytotoxicity [1,3]. Although these NK cells infiltrate the
skin lesions of mosquito bites [1], it remains unclear how HMB is
mediated by these NK leukaemic cells.

NK cells participate in the elimination of microorganism-infected
and malignant cells by their cytotoxicity during early immunological
events [5]. Inaddition, cytokines secreted by them play a crucial role in
various immunoregulations, such as the subsequent generation of
adaptive T cell responses [6—8]. Similar to differentiation of T helper
cells into Th1 or Th2 subsets by IL-12 or IL-4, it has recently been
reported that human NK cells cultured in the presence of IL-12 or
IL-4 differentiate into two NK1 and NK2 populations, respectively
[9]. IL-12-induced NKI1 cells possess vigorous cytotoxicity and
secrete interferon-gamma (IFN-vy), IL-10, and tumour necrosis
factor-alpha (TNF-a), but not IL-2 or IL-4, whereas NK2 cells
selectively produce IL-5 and IL-13 upon stimulation with IL-4.

NK cells can discriminate normal cells from abnormal cells
such as virally infected and tumour cells via their killer cell inhibi-
tory receptors (KIR) [10,11]. Normal cells evade NK cell attack
by stimulating KIR of NK cells with MHC class I molecules
abundantly expressed on them. Therefore, when the expression of
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MHC class I molecules is down-regulated in vivo in tumour cells,
they are unable to induce the inhibitory signal transduction of NK
cells, and thereby the tumour cells are effectively lysed by NK
cells [10-13]. In human NK cells, several KIR have been
identified and termed p70, NKAT2 and CD94. The p70 and
NKAT2 KIR belong to the immunoglobulin superfamily and
recognize HLA-B and C molecules, respectively [14,15]. On the
other hand, CD94 molecules belong to C-type lectin, recognize
non-classical HLA-E molecules, and transmit inhibitory signals
when they closely bind with NKG2A molecules [16,17]. In
contrast, signalling via NKG2C in the context of CD94 is known
to activate NK cells [18].

To characterize the function of NK leukaemic cells in HMB-
EBV-NK disease and to address the pathogenesis of HMB, we
further investigated the NK cells with regard to the cytokine
profile and the expression of KIR. This study demonstrates that
the NK cells secrete NK1-type cytokines and express a high level
of surface CD94 molecules and mRNAs for NKG2A and C,
whereas p70 or NKAT2 was not expressed. Since the levels of
NKG2A and C molecules of freshly isolated NK leukaemic cells
were comparable to those of IL-2- and IL-12-stimulated normal
NK cells, it is suggested that the NK cells are in an activated state.

PATIENTS AND METHODS

Patients

Three patients with HMB-EBV-NK disease, 13-, 17- and 31-year-
old Japanese women, were studied. The clinical information and
the haematologic data of the patients were described previously
[1,2]. Briefly, peripheral blood mononuclear cells (PBMC) from
three patients contained 40-60% of CD3 4 8716756 NK cells,
which were infected with monoclonal or biclonal EBV as
determined by Southern blotting with probes for viral terminal
repeat. All patients were studied for CD94/NKG2 expression and
the 13-year-old girl was further analysed in other studies. PBMC
were taken from these patients when they were free from local and
systemic symptoms evoked by mosquito bites. As control NK-
lineage leukaemic cells, CD3~CD56" LGL leukaemic cells in a
patient with EBV-non-infected, NK-LGL leukaemia (YS) [19],
were used. Normal NK cells were obtained from peripheral blood
of three healthy age- and sex-matched individuals (13-,16- and 17-
year-old Japanese girls).
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Monoclonal antibodies

FITC-conjugated MoAbs specific for pan-HLA class I molecules
(G46-2.6), CD9%4 (HP-3D9), p70 KIR (DX9) and NKAT2 (DX27),
and purified, non-conjugated form of CD94 (HP-3D9) MoAb
were purchased from PharMingen (Hamburg, Germany). PE-
conjugated CDS56-specific MoAb (YM31) was obtained from
Becton Dickinson (San Jose, CA). Biotin- or non-conjugated
MoAbs specific for IL-2, IL-4, IL-5, IL-10 and IFN-y were
purchased from PharMingen. Oligonucleotide primers specific for
IL-2, IL-4, IL-5, IL-10 and IFN-vy were described previously [20].
Nucleotide sequences of primers specific for NKG2A, NKG2C
[21] and HLA-E [22,23] used in this study are indicated in
Table 1.

Preparation of NK cells

RPMI 1640 (Nissui Pharmaceutical Co., Tokyo, Japan) medium
supplemented with 25 mm HEPES, 2 mM L-glutamine, 1 mM non-
essential amino acid, 5 x 1072 mM 2-mercaptoethanol, 1 mm
sodium pyruvate, 100 pwg/l gentamycin (all from GiBco Labs,
Grand Island, NY) and 10% fetal calf serum (FCS) was used in
this study and designated complete medium.

PBMC were prepared from heparinized venous blood from
patients with HMB-EBV-NK disease and normal individuals by
centrifugation with Ficoll-Paque (Amersham Pharmacia Biotech
AB, Uppsala, Sweden). The cells at the interface were collected
and washed three times with complete medium. The NK cell
population was separated from PBMC with CD56-specific MoAb
and anti-mouse IgG-conjugated magnetic beads (Dynal Inc., Oslo,
Norway). PBMC were incubated in complete medium containing
1 pwg/ml anti-CD56 MoAb for 30 min at 4°C and washed three
times with complete medium. The cells were mixed with anti-
mouse [gG-conjugated beads at a ratio of five beads per cell, and
incubated for 1 h at 4°C. The cells bound to magnetic beads were
collected with a magnet. After washing three times the cells were
separated from beads by 6 h cultivation with complete medium at
37°C in 5% CO, and used as freshly isolated NK cell population.

Flow cytometric analysis

Freshly isolated PBMC were double-stained with FITC-
conjugated and PE-conjugated MoAbs for 30 min at 4°C. After
washing three times, the cells were analysed with a flow

Table 1. NKG2A, NKG2C, and HLA-E primers used in this study

Primers* 5'—=3/ Ref.
NKG2A-S GCAGAGATGGATAACCAAGG [21]
NKG2C-S GAGGAACCTTCTCAGAAGTG [21]
NKG2-AS GGCCAGCAAACTCTCTTCCC [21]
HLA-E-E1-S GATCATGGTAGATGGAACCCTCCTT [23]
HLA-E-E3-S ATCTCCGAGCAAAAGTCAAATGATGCCTCTGAG [23]
HLA-E-E3-AS CGCCTCAGAGGCATCATTTGACTTTTGCTCGGA [23]
HLA-E-E8-AS AGACACAGAGGTGGACTGTTTCTCT [22]

*NKG2-AS primer was used for polymerase chain reaction (PCR) as a common antisense
primer for NKG2A-S (444 bp) or NKG2C-S (419 bp) sense primers. For DNA sequencing,
PCR product (1276 bp) amplified by HLA-E-E1-S and HLA-E-E8-AS coding all coding
region of HLA-E cDNA was subjected to nucleotide sequencing by HLA-E1-S, E3-S, E3-AS,

or E§-AS primer.
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cytometer (FACScan; Becton Dickinson, Oxnard, CA). Lympho-
cyte fraction was gated to exclude monocytes.

Reverse transcriptase-polymerase chain reaction

Freshly isolated NK cells from patients with HMB-EBV-NK
disease were analysed for expression of mRNAs for IL-4, IL-5,
IL-10, IFN-y, NKG2A and C, and B-actin. In some experiments
NK cells from the patients and normal individuals were cultured
for 5 days in complete medium supplemented with rIL-2 (50 U/ml;
Genzyme, Cambridge, MA) and/or rIL-12 (10 ng/ml; PharMingen)
and analysed for NKG2A and C. Total RNAs of these cells were
extracted with an RNA extraction kit (RNeasy; Qiagen, Hilden,
Germany). First-strand cDNA was reverse transcribed using each
RNA sample and was amplified by polymerase chain reaction
(PCR) using specific primers (Table 1) with an RNA PCR kit
(GeneAmp RNA PCR kit; Takara Biomedicals, Osaka, Japan)
according to the manufacturer’s directions. PCR was run for 40
cycles with a thermal cycler (DNA amplifier; Sanyo Co., Osaka,
Japan) as follows: 1-5 min at 94°C, 2-5 min at 57°C, 30 s at 72°C.
The PCR products and DNA mol. wt marker VI (Boehringer
Mannheim, Mannheim, Germany) were loaded in 2% agarose gels
and visualized with UV exposure of 1 wg/ml ethidium bromide-
staining agarose gel.

Enzyme-linked immunospot assay

Cytokine profiles of NK cells from patients with HMB-EBV-NK
disease and normal subjects were examined by enzyme-linked
immunospot (ELISPOT) assay as described previously [6]. One
hundred microlitres of the purified form of IL-2-, IL-4-, IL-5-,
IL-10- or IFN-vy-specific MoAbs dissolved at a concentration of
1 wg/ml in 0-1 M carbonate buffer (pH 9-0) were added to each
well of 96-well plates (MultiScreen-HA; Millipore, Bedford, MA)
and incubated at 4°C for 12 h. After incubation, plates were
washed twice with PBS, blocked with PBS containing 10% FCS at
37°C for 1 h, and washed twice with PBS. Freshly isolated NK
cells from the patients and normal subjects were cultured for 24 h
in RPMI 1640 supplemented with 1 wg/ml concanavalin A
(Con A). The cells (5 x 10%/well) were further cultured overnight
in antibody-coated plates at 37°C in a 5% CO, condition. Plates
were then vigorously washed 10 times with PBS and incubated
with 0-5 pwg/ml of biotin-conjugated MoAb (anti-IL-2, -1L-4,
-IL-5, -IL-10 or -IFN-y MoAb) in 100 w1 of PBS containing 10%
FCS at 37°C for 2 h. After washing five times with PBS, the plates
were incubated with streptavidin-peroxidase (Boehringer Mann-
heim; 1:1000 in PBS containing 10% FCS) at 37°C for 1 h. After
extensive washing, 100 wl of substrate (1 pg/ml of 3,3'-
diaminobenzidine tetrahydrochloride containing 0-003% H,0,;
Sigma Chemical Co., St Louis, MO) were added to each well and
incubated at 37°C for 15 min. Developed spots were counted
using a dissecting microscope.

Proliferation assay

NK cells isolated from a patient with HMB-EBV-NK disease and
a normal individual by using immunomagnetic beads were pre-
cultured with rIL-2 (50 U/ml) for 5 days. The cultured NK cells
were incubated in triplicate for 24 h in 96-well plates (Corning,
Cambridge, MA) in 100 ul of complete medium. *H-TdR
(Amersham, Arlington Heights, IL; 1 wCi/well) was added to
the culture 8 h before harvesting. The cells were harvested on
glassfibre filters using a cell harvester (Cambridge Technologies,
Watertown, MA) and their radio uptake was measured in a

scintillation counter. Anti-CD94 or isotype-matched control
MoAb was added in this assay at varying concentrations.

Cytotoxicity assay

Varying numbers of NK cells that were cultured with rIL-2
(50 U/ml) for 5 days were assayed by incubating with 1 x 10*
>!Cr-labelled K562 cells for 10 h at 37°C. Target K562 cells were
radiolabelled by suspension at a concentration of 1 x 10° cells/ml
in RPMI 1640 medium containing 200 wCi/ml Na’'Cr (DuPont-
New England Nuclear, Boston, MA) at 37°C for 60 min and
washed three times. After incubation the radioactivity in the
medium and cells was counted by a gamma counter. The percent
lysis was calculated as described previously [24]. To examine the
function of CD94 molecules on NK cells, 1 wg/ml anti-CD94 or
isotype-matched control MoAb was added to the cytotoxicity
assay.

RESULTS

NK-type cytokine profile of NK leukaemic cells of HMB-EBV-NK
disease

CD56™ cells purified with immunomagnetic beads from PBMC
of three patients with HMB-EBV-NK disease and those of three
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Fig. 1. Cytokine expression of NK leukaemic cells of HMB-EBV-NK
disease. (a) Purified NK cells from a patient with HMB-EBV-NK disease
and a normal subject were cultured in the presence of rIL-2 (50 U/ml). The
IL-4-, IL-5-, IL-10- and IFN-vy-producing capacity of each NK cell was
examined by ELISPOT assay. Data are expressed as the mean * s.e.m. of
results in duplicate experiments. (b) Reverse transcriptase-polymerase
chain reaction (RT-PCR) was performed with specific primers for IL-4,
IL-5, IL-10, IFN-vy, and B-actin in NK cells freshly isolated from the
patient. Normal peripheral blood mononuclear cells activated with rIL-2
(50 U/ml) or concanavalin A (2 wg/ml) were used as control.
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Fig. 2. Expression of inhibitory receptors on NK leukaemic cells of
HMB-EBV-NK disease. (a) Peripheral blood mononuclear cells from a
patient with HMB-EBV-NK disease and a healthy individual were stained
with PE-conjugated anti-CD56 MoAb and FITC-conjugated anti-CD94
MoAb, anti-p70 MoAb or anti-NKAT2 MoAb, and analysed with a flow
cytometer. (b) Histogram of CD94 expression in CD56™ cell populations
from a patient with HMB-EBV-NK disease (HMB), a patient with NK-
large granular lymphocyte (LGL) leukaemia whose leukaemic cells were
not infected with Epstein—Barr virus (EBV) (YS), and a healthy individual
(control).

age- and sex-matched normal subjects were expanded by
culturing in IL-2-supplemented medium and subjected to ELI-
SPOT assay for IL-4, IL-5, IL-10 and IFN-vy. Representative data
from a patient and a normal individual are shown in Fig. la.
CD56™ cells apparently secreted IL-10 and IFN-, but not IL-4 or
IL-5, suggesting that the leukaemic NK cells can be classified into
NKI1-type [9]. A RT-PCR study of cytokines of freshly isolated
NK cells from the patient revealed that they expressed mRNA
only for IFN-v, but not for IL-4, IL-5 or IL-10 (Fig. 1b). NK cells
from the other two patients also exhibited similar results. These
results suggest that the NK cells may become IL-10-producing
NKI1 cells upon stimulation with IL-2.

High expression of CD94 and lack of expression of p70 and
NKAT?2 on NK leukaemic cells of HMB-EBV-NK disease

PBMC freshly isolated from three patients with HMB-EBV-NK
disease were dual-stained with PE-conjugated CD56 and FITC-
conjugated CD94-, p70 KIR- or NKAT?2 KIR-specific MoAb for
flow cytometric analysis. As represented by the control shown in
Fig. 2a, in healthy individuals approx. 40%, approx. 35% and
approx. 40% of CD56% NK cells were positive for CD94, p70
KIR and NKAT?2 KIR, respectively. On the other hand, in a
patient with HMB, > 98% of CD56" NK cells were positive for
CD9%4 and negative for p70 KIR and NKAT2 KIR, suggesting that
almost all CD56" cells were CD94" p70~ NKAT2™ NK leu-
kaemic cells and normal NK cells were scarcely present. Virtually
the same data were obtained from CD56™ cells from the other two
patients with HMB-EBV-NK disease, as > 98% of CD56™ cells
showed high expression of CD94 and lack of expression of p70
and NKAT2 (data not shown). As summarized in Table 2, the
level of CD94 expression in NK leukaemic cells of HMB-EBV-
NK disease was significantly higher than that in normal NK cells
as assessed by fluorescence intensity. Another type of NK LGL
leukaemic cell (YS) [19] expressed CD94 at a comparable level to
normal NK cells (Fig. 2b, Table 2). In contrast to CD94, p70 and
NKAT?2 were not expressed on HMB NK cells, which presented a
striking contrast to normal NK cells but a similarity to YS cells.

Table 2. Expression of CD94, p70 and NKAT?2 inhibitory molecules on
hypersensitivity to mosquito bites (HMB) and control NK cells

Mean fluorescence intensity (log)*

NK cells CD% p70 NKAT2 Control{
HMB patient 1 214.8 49 45 4.5
HMB patient 2 120.1 3.7 45 4.1
HMB patient 3 156.9 4.6 6.2 49
YS (LGL control) 78.8 4.6 4.8 4.2
Healthy control 1 65.0 54.0 30.1 4.2
Healthy control 2 46.5 57.9 48.4 4.7
Healthy control 3 75.4 57.7 413 4.5

*The expression levels of CD97, p70 and NKAT2 molecule on CD56™"
cells were measured with CELLQuest software (Becton Dickinson). NK
large granular lymphocyte (LGL) line (YS cells) and CD56 cells of
healthy peripheral blood mononuclear cells were used as controls.

FRat IgG MoAb was used as a control MoAb.
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Table 3. Proliferation of NK cells in the patient’s peripheral blood
mononuclear cells (PBMC) stimulated with rIL-2

*H-TdR incorporation Percent of CD56™ cells

PBMC* (10° ct/min * s.d.) in cultured PBMC
HMB patient 722 £ 3-1 98
Healthy control 1 13.8 = 0-8 42
Healthy control 2 143 = 11 35

*PBMC from a hypersensitivity to mosquito bites (HMB) patient or
healthy individuals were cultured in complete medium supplemented with
50 U/ml rIL-2 for 5 days, and subjected to proliferation assay and flow
cytometric analysis with PE-conjugated anti-CD56 MoAb.

Vigorous expansion of NK cells from the patient’s PBMC by

in vitro cultivation with IL-2

After 5-day cultivation with rIL-2, PBMC from a patient with
HMB-EBV-NK disease expanded more vigorously (six to seven-
fold) than those from age- and sex-matched healthy individuals. It
was noteworthy that 98% of the propagating cells from PBMC of
the patient expressed CD56, whereas approximately 40% of
CD56" cells were present in the cultured control PBMC
(Table 3). The expanded patient’s CD56" cells exhibited the
same CD94" p70~ NKAT2™ phenotype as freshly isolated ones
(data not shown).

High expression of NKG2 mRNA in NK leukaemic cells

CD9%4 molecules strictly bind with NKG2 molecules, which are
subdivided into A to F, and CD94/NKG2A and CD94/NKG2C
complexes transmit inhibitory and activation signals, respectively,
into NK cells [16,18]. Since NK cells of HMB-EBV-NK disease
bore high amounts of CD94 on their surface, RT-PCR was
performed to examine the expression of NKG2A and C molecules
in these cells. Freshly isolated NK leukaemic cells already
expressed both mRNAs for NKG2A and C molecules, whereas
mRNAs for these NKG2 molecules were undetectable in fresh NK
cells from healthy controls (Fig. 3). When cultured in the presence
of IL-2, normal NK cells could produce mRNA for NKG2C and a
barely perceptible amount of mRNA for NKG2A. Moreover, the
combined addition of IL-2 and IL-12 stimulated NK cells to
remarkably express NKG2A as well as NKG2C. In the NK
leukaemic cells, NKG2A expression was augmented by IL-2 and
more markedly by a combination of IL-2 and IL-12. The
expression of NKG2C in the NK leukaemic cells seemed to be
already at maximal level even before stimulation with these
cytokines. CD94 expression on either NK cells of HMB-EBV-NK
disease or normal individuals was not affected by stimulation with
IL-2 and/or IL-12 or Con A (data not shown). Taken together
these data suggest that NK leukaemic cells of HMB-EBV-NK
disease were in an activated state as estimated by the expression of
NKG2 molecules.

Functional expression of CD94 molecules on NK leukaemic cells
To test whether CD94 molecules highly expressed on NK
leukaemic cells of HMB-EBV-NK disease are functional, we
examined the in vitro effects of addition of anti-CD94 MoAb,
which is capable of transducing inhibitory signals [25]. In the
cytotoxicity assay against NK-sensitive K562 target cells, both
NK cells of HMB-EBV-NK disease and normal NK cells

NKG2A NKG2C B-actin

HMEB NK
Control NK
HMEB MK
HMEB NK
Control NK

Control NK

Fig. 3. Expression of NKG2A and C molecules in NK leukaemic cells of
HMB-EBV-NK disease. Freshly isolated, rIL-2-cultured, or rIL-2 + rIL-
12-cultured NK cells from a patient with HMB-EBV-NK disease or a
healthy control were subjected to reverse transcriptase-polymerase chain
reaction with primers specific for NKG2A or C.

vigorously lysed K562. Their cytotoxicities were abrogated by
the addition of anti-CD94 MoAb, but not control MoAb, in a dose-
dependent fashion (Fig. 4). Similarly, the proliferation of NK cells
of HMB-EBV-NK disease and a normal subject, assessed by the
incorporation of *H-TdR, was also reduced dose-dependently by
anti-CD94 MoAb (Fig. 4). Thus, the NK leukaemic cells
expressed functional CD94 inhibitory receptors.

Normal expression and absence of mutation of HLA-E molecules
in a patient with HMB-EBV-NK disease

CD94/NKG2 complex recognizes non-classical HLA-E molecules
[16,17]. The expression level of HLA-E molecules strictly
correlates with the total amounts of HLA-A, B, and C proteins,
since the stable surface expression of HLA-E depends on the
amount of leader peptide derived from classical HLA molecules
[26]. Therefore, one possible explanation for the high expression
of CD9% in NK cells of patients with HMB-EBV-NK disease is
that decreased expression of HLA-E or mutated HLA-E molecules
leads to up-regulation of CD94 expression. Flow cytometric and
RT-PCR studies however, revealed that PBMC from patients with
HMB-EBV-NK disease expressed HLA class I molecules at a
comparable level to those from normal individuals, and HLA-E
cDNA from the patients could be amplified at the same level as
that from healthy controls (data not shown). In addition, nucleo-
tide sequences of total length of the patient’s HLA-E cDNAs were
identical to normal healthy individuals and previously identified
HLA-E cDNA clones, JTW-15 [27,28]. Therefore, these results
demonstrate that the HLA-E molecule of patients with HMB-
EBV-NK disease is normal in terms of its expression and
sequence, suggesting that abnormality of HLA-E is not a
mechanism of the high expression of CD94 molecules.

DISCUSSION

In this study we further characterized NK leukaemic cells of
HMB-EBV-NK disease in two respects: the profile of cytokine
production, and the expression pattern of inhibitory receptors. It
has been reported that NK cells differentiate into IFN-vy- and IL-
10-producing NK1-type cells after cultivation with IL-12 [9]. In
our patients with HMB-EBV-NK disease, freshly isolated

© 2000 Blackwell Science Ltd, Clinical and Experimental Immunology, 120:413-419
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Fig. 4. Expression of functional CD94 molecules on NK leukaemic cells of HMB-EBV-NK disease. Anti-CD94 or control MoAb was
added at the indicated concentrations in the K562 cytotoxicity assay and the proliferation assay of IL-2-precultured and NK cells from a

patient with HMB-EBV-NK disease and a control individual.

leukaemic cells spontaneously produced IFN-vy. After cultivation
with IL-2, the leukaemic cells produced both IFN-y and IL-10.
Therefore, the leukaemic cells of HMB-EBV-NK disease can be
classified into NKl1-type cells. The NK leukaemic cells were
functional, because they had a cytotoxic activity against NK cell-
sensitive target cells. It is speculated that the NK leukaemic cells
may secrete NKI1 cytokines when patients are bitten by a
mosquito, and after resolution of symptoms the cells may again
produce IFN-vy alone.

The expression of CD94 lectin-like dimers and that of KIR on
the leukaemic NK cells was abnormal in the following three
respects. First, CD94 was highly expressed on the NK cells. The
level of CD94 expression in the NK cells of HMB-EBV-NK
disease was greatly higher than that of the EBV-non-infected NK-
LGL leukaemic cells. We found that this expression is functional
in transducing inhibitory signals, because their cytotoxicity and
proliferation were inhibited by anti-CD94 MoAb. This suggests
that the cells can be down-modulated when HLA-E binds to
CDY%4.

The mechanism underlying the high expression of CD9%4 is
speculative. The NK1 nature of the NK cells raises the possibility
that the released cytokines affect the expression of CD94. For
example, IL-10 down-regulates classical MHC class I expression
[29]. Since the expression levels of classical HLA class I and
HLA-E molecules are correlated with each other [26], IL-10
produced by the NK leukaemic cells potentially inhibits HLA-E
expression, which may lead to the high expression of CD94 by

relaxing possible feedback suppression. Alternatively, the patients
might have an abnormality in HLA-E. A nucleotide sequence
analysis of HLA-E gene from a patient revealed two nucleotide
substitutions in exon 2 coding a1 domain, compared with the
previously described cDNA sequence of HLA-E (HLA-6.2 [23]).
However, HLA-6.2 was constructed with genomic DNA of B cell
line derived from an American [23], and these mutations were
found commonly among Japanese controls and a cell line derived
from a Japanese patient [27]. Therefore, the contribution of these
mutations toward the function of HLA-E is completely neglected,
indicating the absence of a pathogenic role of HLA-E in the high
expression of CD94. Finally, EBV infection possibly augments
CD94 expression via unknown mechanisms.

Second, the NK leukaemic cells expressed high levels of
NKG2. mRNA for NKG2C was markedly expressed in freshly
isolated NK leukaemic cells even when stimulated with IL-2 or
IL-12, while the expression of NKG2A mRNA became more
apparent after cultivation with the cytokines. Since CD94/NKG2A
or C complex inhibits or activates the cellular kinetics of NK cells,
respectively [16,18], one can assume that the NK cells are in an
activated state despite the high expression of CD94. The fact that
normal NK cells expressed mRNAs for NKG2A and C upon
stimulation with IL-2 and/or IL-12 further supports that highly
expressed NKG2 is a marker for activated NK cells.

The third feature in the NK leukaemic cells is the lack of
expression of p70 and NKAT?2. Because inhibitory signalling via
p70 and NKAT?2 seems not to operate, the cells are considered to

© 2000 Blackwell Science Ltd, Clinical and Experimental Immunology, 120:413-419



NK leukaemic cells in mosquito hypersensitivity patients

be in an activated condition. The absence of p70 and NKAT?2,
accompanied with high expression of CD94, was not found in NK
cells separated from healthy individuals. This polarized expres-
sion of the inhibitory receptors provides an intriguing character-
istic for the NK leukaemic cells in HMB-EBV-NK disease.

The NK leukaemic cells share functional features with normal
NK cells, as they had cytolytic ability, NK1 cytokine profile, and
susceptibility to IL-2 and/or IL-12. This implies that HMB is
mediated directly or indirectly by NK leukaemic cells. However,
they differ from normal cells in the high expression of CD94/
NKG?2 complex and the lack of p70 and NKAT2. Upon mosquito
biting, the disordered regulation of the inhibitory receptors may
induce strong NK cell activation and result in exaggerated local
and systemic reactions. Our findings are important not only for
exploration of the pathomechanism of HMB-EBV-NK disease but
also for utilization of CD94, p70 and NKAT?2 as phenotypic
markers in the diagnosis of this unique NK cell leukaemia.
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