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Large granular lymphocyte (LGL) leuke-
mia is a clonal lymphoproliferative dis-
ease of mature T and natural killer cells.
The etiology of LGL leukemia is un-
known. IL-15 is an inflammatory cytokine
that stimulates T and natural killer cells
and is critical for their survival and prolif-
eration. IL-15 signals through a heterotri-
meric receptor that is composed of a
private receptor, IL-15R� and IL-2/IL-
15R� and �c shared with IL-2. Using a

newly developed assay, we demonstrated
increased levels of soluble IL-15R� in the
serum of patients with T-LGL leukemia.
Furthermore, IL-15R� mRNA levels were
also up-regulated in the PBMCs of these
patients. FACS analysis indicated that
IL-15R� was expressed both on mono-
cytes as well as on some CD8� leukemic
cells of the patients. Interestingly, the mRNA
levels of IFN-�, a known inducer of IL-15R�,
were also up-regulated in patients’ PBMCs.

Moreover, PBMCs of some T-LGL patients
proliferated at higher levels in response to
exogenously added IL-15 compared with
those of normal donors. In summary, our
study demonstrated increased expression
of IL-15R� in T-LGL leukemia. It is conceiv-
able that higher IL-15R� expression may
lower IL-15 response threshold in vivo and,
therefore, may contribute to the pathogene-
sis of the disease. (Blood. 2012;119(1):
137-143)

Introduction

IL-15 is a proinflammatory cytokine that stimulates T and natural
killer (NK) cell activity and induces the expression of TNF-�,
IL-1�, and other inflammatory chemokines.1-4 IL-15 is important
for the maintenance of long-lasting, high-avidity T-cell responses
directed at invading pathogens by supporting the survival of CD8�

memory T cells. In addition, IL-15 also inhibits IL-2–induced
activation-induced cell death.5-7 IL-15 signals through the heterotri-
meric IL-15 receptor that includes a private IL-15–specific receptor
subunit IL-15R�, the IL-2/IL-15R� subunit (CD122) that is also
shared with the IL-2 receptor, and the common �-chain (�c)
receptor that is shared by IL-2, IL-4, IL-7, IL-9, and IL-21.3,8 IL-15
binds to IL-15R� with high affinity (Kd of � 1 � 10�11M).9 Under
physiologic conditions, IL-15 does not act as a secreted molecule
but rather is trans-presented on the cell surface of activated
monocytes and dendritic cells as part of an immunologic synapse to
T and NK cells that express IL-2/IL15R� and �c.10

Abnormalities of IL-15 expression have been implicated in
many autoimmune disorders, including rheumatoid arthritis,11

psoriasis,12 celiac disease,13 inflammatory bowel disease,14 and
multiple sclerosis,15 as well as in select lymphoid malignancies and
diseases associated with human T-cell lymphotropic virus
1 infection.16 In celiac disease, abnormal expression of IL-15R�
was found to be associated with abnormal IL-15 expression, and
together they contribute to the pathogenesis of the disease.17 This
highlights the importance of IL-15R� for the function of IL-15.

Large granular lymphocyte (LGL) leukemia represents a spec-
trum of lymphoproliferative diseases that are characterized by
abnormal clonal expansions of mature T or NK cells.18 Based on
the cellular origin, LGL leukemia can be divided into T-cell LGL
leukemia and NK-cell LGL leukemia. The majority of patients with
T-cell LGL leukemia have a clinically indolent course. However, a

significant fraction will develop neutropenia, anemia, recurrent
bacterial infections, autoimmune disorders, or symptomatic spleno-
megaly.19 Neutropenia, the most common hematologic disorder
associated with T-LGL leukemia, is the major reason for these
patients seeking medical attention.18 Approximately 70% to 80%
patients with T-LGL leukemia develop neutropenia and may be
predisposed to infection. Anemia is the second most common
hematologic disorder associated with T-LGL leukemia. Another
common association is autoimmunity, with rheumatoid arthritis
occurring most often.20,21 Rheumatoid arthritis has been reported in
approximately one-third of T-LGL leukemia patients. Although it
has been suggested that LGL leukemic cells represent cytotoxic
T lymphocytes activated by chronic antigenic stimulation, the
molecular mechanisms that lead to LGL leukemia are unknown.
The wide association of LGL leukemia with hematologic and
autoimmune disorders suggests the possibility of a common
pathogenesis in LGL leukemia and their hematologic disorders and
autoimmune diseases.

Several studies have suggested that IL-15 might play a role in
the pathogenesis of LGL leukemia.22,23 Furthermore, a phase 1
clinical trial of IL-15 blockade in T-cell LGL leukemia was
conducted in our Branch using the Mik�1 monoclonal antibody
(anti-CD122) that blocks IL-15 trans-presentation to cells express-
ing IL-2/IL-15R� and �c.24 However, Mik�1 does not block IL-15
action on cells that express the heterotrimeric receptor in a cis
orientation. In our phase 1 trials, Mik�1 therapy was not effective
in the treatment of patients with monoclonal T-LGL. To gain more
insights into the role of IL-15 in the pathogenesis of T-LGL
leukemia, we investigated whether abnormal IL-15R� expression
was associated with T-LGL leukemia in the present study. Using a
newly developed assay, we found increased serum levels of soluble
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IL-15R� (sIL-15R�) in patients with T-LGL leukemia. Consistent
with this, up-regulation of IL-15R� mRNA expression in the
PBMCs of patients with T-LGL leukemia was also demonstrated.
FACS analysis showed that IL-15R� was expressed both on
monocytes and CD8� leukemic cells in certain patients. Further-
more, the mRNA levels of IFN-�, a known inducer of IL-15R�,
were also up-regulated in patients with T-LGL leukemia. Interest-
ingly, although PBMCs from patients with T-LGL leukemia did not
proliferate spontaneously ex vivo, they proliferated in response to
exogenously added IL-15. In some patients, and the proliferation
was much more robust compared with that of normal donors. In
summary, our data demonstrated increased expression of IL-15R�
in T-LGL leukemia. It also suggested that the higher expression of
IL-15R� in T-LGL leukemia may lower the IL-15 response
threshold of the cells in vivo, and thereby, may contribute to the
pathogenesis of T-LGL leukemia.

Methods

Patients and normal donors

Serum samples were obtained from a total of 43 patients with T-LGL
leukemia and 29 healthy controls with their consent on institutional review
board-approved protocols in accordance with the Declaration of Helsinki.
The diagnosis of T-LGL leukemia was based on clinical and laboratory
parameters as described previously25: (1) a peripheral blood smear or bone
marrow biopsy/aspirate with morphologic findings consistent with LGL;
(2) CD3�, CD8�, usually CD57� cells in the peripheral blood or bone
marrow as measured by flow cytometry; and (3) clonal T-cell receptor
rearrangement as determined by southern blotting or PCR. Neutropenia and
anemia were graded following the Common Toxicity Criteria Version 3.0.
Neutropenia (absolute neutrophil count decreased): grade 0 indicates no
abnormality in labs; grade 1, less than lower limits of normal to 1500/mm3;
grade 2, 1000 to 1500/mm3; grade 3, 500 to 1000/mm3; and grade 4, less
than 500/mm3. Anemia (decreased hemoglobin concentration): grade 0
indicates no abnormality; grade 1, less than lower limits of normal to
10.0 g/dL; grade 2, 8.0 to 10.0 g/dL; grade 3, 6.5 to 8.0 g/dL; and grade 4,
less than 6.5 g/dL.

Cell lines and blood cells

The 293T cells were cultured in RPMI 1640 supplemented with 10% FBS.
PT18, PT18 IL-15R� cells were cultured with 10% WEHI-3 conditioned
medium as described previously.26 PBMCs were obtained from patients and
normal donors by Ficoll-hypaque centrifugation. CD8� T cells were
purified to 90% to 95% purity by positive selection using CD8-conjugated
MACS beads (Miltenyi Biotec).

sIL-15R�-IL-2 chimeric protein production

sIL-15R� composing the complete extracellular region of IL-15R�, a
pre-prolactin signal peptide, and Kozak sequence were generated by PCR
using primers: 5�-ATTGAATTCGCCGCCACCATGGACAGC-3� (sIL-
15R� sense primer) and 5�-GACCTGCAGAGTGGTGTCGCTGTG-
GCCC-3� (sIL-15R� anti–sense primer). The IL-2 coding region was
amplified using primers 5�-AGCCTGCAGATGTACAGGATG
CAACTCC-3� (IL-2 sense primer) and 5�-GATGGATCCTCAAGTTAGT-

GTTGAGATGATGC-3� (IL-2 anti–sense primer). The sIL-15R�-IL-2
coding region was then amplified with a sIL-15R� sense primer and an IL-2
anti–sense primer and then cloned into EcoR1 and BamH1 sites of pEF-neo.
To express the sIL-15R�-IL-2 chimeric protein, 293T cells were transfected
with pEF-neo-sIL15R�-IL-2 and culture supernatants were collected after
transfection.

sIL-15R� ELISA

Quantification of sIL-15R� was performed using an indirect ELISA assay.27

sIL-15R�-IL-2 was used as a standard. To set up the assay, a high
absorption plate was coated with the polyclonal goat anti–human IL-15R�
antibody AF247 (R&D Systems). After blocking, samples were added to the
plate to allow sIL-15R� to bind to the plate. After washing, plate-bound
sIL-15R� was then saturated with recombinant human IL-15 (R&D
Systems). After washing, the plate-bound IL-15–sIL-15R� was detected by
adding biotin-labeled anti–IL-15 (Genzyme). The assay was then developed
by adding streptavidin-conjugated alkaline phosphatase and subsequently
the substrate 4-nitrophenyl phosphate disodium salt. Absorption at 405 nm
was read on a microplate reader (Molecular Devices). The sensitivity of the
assay is approximately 0.3pM.

Flow cytometry

Anti–CD8 FITC, anti–CD14 FITC, anti–CD122 PE, anti–CD132 PE,
anti–CD3 APC, and isotype controls were purchased from BD Biosciences.
Biotin-labeled anti–IL-15R� was obtained from R&D Systems. To stain
cell surface markers, the cells were blocked by a human Fc�R binding
inhibitor (eBioscience) at 4°C for 20 minutes, and the cells were then
stained with the FACS developing antibody at 4°C for 30 minutes. After the
washing, the cells were analyzed using a FACSCaliber (BD Biosciences).

IFN-�, IFN-�, IFN-�, and IL-18 ELISA

The serum levels of multitype IFN-�, IFN-�, IFN-�, and IL-18 were
measured using the ELISA kits from R&D System (41105-1, 41410, DIF50,
and 7620) following the manufacturer’s instructions.

TaqMan real-time quantitative RT-PCR

Total RNA was extracted from PBMCs using the RNeasy Mini Kit
(QIAGEN) according to the manufacturer’s instructions. Reverse transcrip-
tion reactions were carried out for each sample (250 ng) using the
Superscript First-Strand synthesis System (Invitrogen). The TaqMan Univer-
sal PCR Master Mix, the human IL-15, IL-15R� primer/probe, IFN-�, and
the hypoxanthine guanine phosphoribosyl transferase 1 (HPRT1) primer/
probe sets were purchased from Applied Biosystems. The detection of
human IL-15, IL-15R�, IFN-�, and HPRT1 was performed using an ABI
Prism 7500 sequence detection system (Applied Biosystems) according to
the manufacturer’s instructions. The copy numbers of IL-15, IL-15R�, and
IFN-� mRNA were normalized to the copy number of human HPRT1 mRNA.

Proliferation assay

PBMCs from T-LGL leukemia patients or normal donors were isolated by
Ficoll-Hypaque density centrifugation. PBMCs were washed with PBS and
then resuspended in RPMI 1640 media supplemented with 10% FBS at a
concentration of 1 � 106 cells/mL. Cell suspensions (100 	L) were seeded
into 96-well microtiter plates in triplicate and cultured for 6 days at 37°C in
5% CO2. Recombinant human IL-15 (200 pg/mL and 20 ng/mL) was added

Table 1. Characteristics of patients with T-LGL leukemia

Patient no. Age, y Sex Receiving G-CSF before study Present treatment Neutropenia Anemia Rheumatoid arthritis History of infection Bleeding

1 58 Male No No Yes No Yes Yes No

2 56 Male No No Yes No Yes No No

3 74 Male No No Yes No Yes No No

4 80 Female Yes No Yes No Yes No No

5 32 Female No No Yes Yes No Yes No
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to the plate at the beginning of the culture. Cultures were pulsed with 1 	Ci
3H- thymidine 6 hours before harvesting.

Statistical analysis

The difference in the distributions of sIL-15R� serum levels among
different grades of neutropenia and anemia in patients with T-LGL leukemia
was tested using the Kruskal-Wallis rank test. P values 
 .05 were
considered statistically significant.

Results

Development of an sIL-15R� assay

To measure the concentration of sIL-15R�, an indirect ELISA
assay was developed that used the polyclonal anti–IL-15R� as a
capture antibody, IL-15 as a linker, and an anti–IL-15 antibody as
the detection antibody. When calibrated using a human sIL-15R�–
IL-2 fusion protein, the assay gave a linear response up to a
concentration of 60pM with a sensitivity approximately 0.3pM
(Figure 1A). sIL-15R� can be produced by its shedding from the
cell surface as a result of proteolytic cleavage or through alternative
splicing. To test whether our assay could detect sIL-15R� produced
by both protein cleavage or alternative splicing, we transfected
293T cells with a cDNA encoding wild-type full-length human
IL-15R� and a cDNA encoding only the extracellular domain of
human IL-15R�. Flow cytometry demonstrated that IL-15R� was
expressed on the cells transfected with wild-type IL-15R�, but not
on the cell surfaces of cells transfected with the extracellular
domain of IL-15R� because of the lack of the anchoring transmem-
brane domain (Figure 1B). We then analyzed the culture superna-
tants to measure the concentration of sIL-15R�. Culture superna-

tants from both cells transfected with wild-type IL-15R� and cells
transfected with the extracellular domain of IL-15R� contained
high concentrations of sIL-15R� at 4286pM and 25 628pM,
respectively. Control supernatants from cells transfected with an
empty vector demonstrated no detectable sIL-15R� (Figure 1C).
This indicated that the assay we developed could detect the natural,
cleaved form of sIL-15R� as well as sIL-15R� generated by
alternative splicing. We also validated the assay using the mouse
cell line PT18, which was transfected to stably express human
IL-15R�. Culture supernatants from PT18–IL-15R� contained
51.8pM sIL-15R�, whereas supernatants from PT18 contained no
detectable sIL-15R� (Figure 1D-E).

Increased serum sIL-15R� levels in patients with T-LGL
leukemia

IL-15 has been implicated in the pathogenesis of LGL leuke-
mia.22,23 IL-15R�, the private receptor for IL-15, has high affinity
for IL-15 and trans-presents IL-15 to neighboring cells during an
immunologic synapse.10 A significant increase in the concentra-
tions of sIL-15R� was observed in serum samples collected from
patients with T-LGL leukemia compared with those from normal
donors (P 
 .0001; Figure 2A). The mean concentration of serum
sIL-15R� was 10.89pM in patients with T-LGL leukemia com-
pared with a mean of 1.7pM in the serum of healthy donors.
Moreover, sIL-15R� was detected in 40 of 43 patients with T-LGL
leukemia, whereas only 13 of 29 normal donors had detectable
sIL-15R� in the serum. The serum level of IL-18, a proinflamma-
tory cytokine that is induced by IL-15,28 was also significantly
increased in patients with T-LGL leukemia (Figure 2B). The
average serum IL-18 level was 2001 pg/mL in patients with T-LGL

Figure 1. Development of sIL-15R� ELISA. (A) IL-15R� ELISA curve using serial dilutions of sIL-15R�–IL-2 standard. The absorption was measured at 405 nm. (B) The cell
surface expression of IL-15R� in 293T cells transfected with vector only, wild-type IL-15R�, or extracellular domain of IL-15R� (sIL-15R�) as assessed by flow cytometry.
(C) sIL-15R� levels in the supernatants from 293T cells transfected with vector only, wild-type IL-15R�, and sIL-15R� measured with the assay. N.D. indicates nondetectable.
(D) The cell surface expression of IL-15R� in a murine mast cell line PT-18 and PT18-IL15R� by flow cytometry. (E) sIL-15R� levels in the supernatants from cell lines PT18
and PT18-IL15R�. N.D. indicates nondetectable.
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leukemia compared with 371 pg/mL in normal donors (P 
 .0001).
Neutropenia is a common clinical finding associated with T-LGL
leukemia.18 There was a strong correlation between the sIL-15R�
levels and the severity of neutropenia in the patients examined.
Higher levels of sIL-15R� were usually associated with more
severe neutropenia in the patients (P 
 .001, n � 43; Figure 2C).
The average sIL-15R� levels in patients with Common Toxicity
Criteria more than grades 2, 3, and 4 neutropenia were 13.08pM
(n � 6), 14.58pM (n � 10), and 15.75pM (n � 8), respectively,
whereas the average sIL-15R� levels in grade 0 (n � 14) and grade
1 (n � 5) neutropenia were 6.19pM and 5.6pM (Figure 2C). There
was also an inverse correlation of sIL-15R� levels with anemia in
the patients (P 
 .05; Figure 2D).

IL-15R� expression was increased in the PBMCs from patients
with T-LGL leukemia

The differences in the serum sIL-15R� concentrations observed
between T-LGL leukemia patients and normal donors suggested
that there might be up-regulation of IL-15R� expression in PBMCs
from patients with the leukemia. To examine the mRNA levels of
IL-15R� in the patients, we isolated PBMCs from 5 patients with
CD8� T-LGL leukemia (Tables 1 and 2). TaqMan real-time
RT-PCR showed that IL-15R� mRNA levels were increased 3- to
7-fold in patients with T-LGL compared with those from normal
donors (Figure 3A). To define the cellular source of the IL-15R�
expression within PBMCs, we performed a FACS analysis to

Figure 3. Increased expression of IL-15R� in the
PBMCs from patients with T-LGL leukemia. (A) Taq-
Man real-time RT-PCR analysis of IL-15R� mRNA levels
in the PBMCs from patients with T-LGL leukemia. The
copy numbers of IL-15R� mRNA were normalized to the
copy number of HPRT1 mRNA. The fold induction was
calculated based on the normalized IL-15R� mRNA copy
number in PBMCs from normal donors (n � 3). (B) FACS
analysis of the cell surface expression of IL-15R� on both
CD8� T cells and monocytes in PBMCs from T-LGL
leukemic patients compared with those from normal
donors. The data from patient LGL1 are representative of
those from 2 T-LGL patients who showed IL-15R� expres-
sion on both CD8� cells and monocytes. The data from
patient LGL3 are representative of those from patients
that showed IL-15R� expression on monocytes alone.
CD14 was used as the monocyte marker.

Figure 2. Increased serum levels of sIL-15R� in patients with T-LGL leukemia. (A) sIL-15R� concentrations were determined using the ELISA assay described in
“sIL15-R� ELISA” in serum samples from T-LGL leukemic patients (n � 43). Twenty-nine serum samples from healthy normal donors were included as controls (P 
 .0001).
(B) The serum levels of IL-18 in patients with T-LGL leukemia (n � 43) compared with that of normal donors (n � 29). (C) The distribution sIL-15R� serum levels in patients with
T-LGL leukemia with different grades of neutropenia (P 
 .001). (D) The distribution sIL-15R� serum levels in patients with T-LGL leukemia with different grades of anemia (P 
 .05).
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examine the expression of IL-15R� in different cell populations.
IL-15R� was detected on the cell surfaces of CD8� leukemic cells
in 2 of 5 patients, whereas IL-15R� was expressed on monocytes
among all 5 patients studied (Figure 3B). These data suggest that
both monocytes and some CD8� leukemic cells from T-LGL
patients showed the potential to produce and release sIL-15R� into
the serum.

IFN-� expression was up-regulated in the PBMCs from patients
with T-LGL leukemia

Interferons are known inducers of IL-15R�.29 To better understand
the mechanism of IL-15R� expression in our leukemia patients, we
analyzed the expression of interferons in the patients’ PBMCs. We
found that IFN-� mRNA expression was markedly increased in the
PBMCs from T-LGL leukemia patients (eg, 32-fold increase in
1 patient; Figure 4). However, the serum levels of IFN-� in the
patients studied were similar to those in normal donors (supplemen-
tal Figure 1, available on the Blood Web site; see the Supplemental
Materials link at the top of the online article). The serum levels of
IFN-� were also normal, but we found slightly increased multitype
IFN-� levels in the serum from patients with T-LGL leukemia
(supplemental Figure 1).

PBMCs from some T-LGL leukemia patients proliferated at a
higher rate in response to IL-15 ex vivo

Higher levels of IL-15R� expression in the T-LGL leukemia
patients led us to suspect that there might be an IL-15 autocrine/

paracrine loop in the PBMCs of T-LGL patients. To test this, we
cultured PBMCs from T-LGL patients as well as normal donors ex
vivo without addition of mitogens and antigens. Surprisingly,
although IL-15R� was expressed in T-LGL leukemia patients,
PBMCs from the patients did not proliferate spontaneously without
addition of cytokines, antigens, or mitogens (Figure 5A). More-
over, the 3H-thymidine uptake was significantly lower than that of
normal PBMCs. This is probably because of lack of cytokine (eg,
IL-2, IL-15) expression as we could not detect IL-2/IL-15 mRNA
in the PBMCs (data not shown). We then asked whether the
PBMCs from T-LGL leukemia patients could respond to exog-
enously added IL-15 ex vivo. We tested the proliferation responses
of T-LGL PBMCs to both 200 pg/mL and 20 ng/mL IL-15, which
activate high affinity and intermediate affinity receptors, respec-
tively. The patients’ PMBCs proliferated slightly to 200 pg/mL
IL-15, and the proliferation was more robust in response to
20 ng/mL IL-15 (data not shown). Moreover, in 2 patients where
IL-15R� was expressed on the leukemic cells, the proliferative
responses to IL-15 were significantly higher compared with those
of normal PBMCs (n � 5, P 
 .05; Figure 5B). When cultured
with 200 pg/mL IL-15, the patients’ PBMCs proliferated at
3921 cpm and 9841 cpm compared with the 1771 cpm observed
with normal donors (n � 5). When cultured at 20 ng/mL, the
patients’ proliferation responses based on 3H-thymidine uptake
were 41 580 cpm and 41 668 cpm compared with 22 323 cpm for
normal donors (n � 5). These data suggest that the PBMCs from
T-LGL patients had a lower response threshold to IL-15 ex vivo.

Discussion

IL-15 is a pleiotropic cytokine that is required for the growth and
homeostasis of CD8� T cells, TCR ��� intraepithelial lympho-
cytes, NKT cells, and NK cells.29-31 IL-15 signals through a
heterotrimeric receptor composed of a high-affinity subunit, IL-
15R�, and the intermediate affinity receptor signaling complex,
IL-2/IL-15R�-�c. IL-15R� is expressed on multiple cell types,
including activated dendritic cells and monocytes, as well as some
nonlymphoid cells and even nonhematopoietic cells.32 The expres-
sion of IL-15R� by monocytes and dendritic cells is essential for
the function of IL-15 in priming NK cells and maintaining CD8�

memory T cells.10,33 Given the importance of IL-15R� in IL-15
signaling, we hypothesized that there might be differences in
sIL-15R� levels in physiologic and pathologic conditions, and this
might be an indicator of abnormal IL-15 signaling. Two mecha-
nisms have been reported for the generation of sIL-15R�. One is
spontaneous or active shedding of IL-15R� from cell surfaces as a
result of enzymatic cleavage of the protein. This process is
dependent on the TNF-�-converting enzyme ADAM 17. Another
mechanism is alternative splicing, which results in soluble forms of

Figure 4. Increased expression of IFN-� message in patients with T-LGL
leukemia. TaqMan real-time RT-PCR analysis of IFN-� mRNA levels in the PBMCs
from T-LGL leukemia patients. The copy numbers of IFN-� mRNA were normalized to
the copy numbers of HPRT1 mRNA. The fold induction was calculated based on the
normalized IFN-� mRNA copy number in PBMCs from normal donors (n � 3).

Figure 5. PBMCs from some T-LGL leukemia patients
had higher response to exogenously added IL-15
compared with those of normal donors. (A) Six-day
spontaneous proliferation of PBMCs from T-LGL leuke-
mic patients and normal donors ex vivo without addition
of antigens or mitogens. (B) The proliferation of PBMCs
from select T-LGL leukemia patients (LGL1 and LGL4) in
response to exogenously added IL-15. Two concentra-
tions of IL-15 (200 pg/mL and 20 ng/mL) were used in the
assay. The proliferation of normal donors represented
data from 5 normal donors.
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IL-15R�. In the present study, we developed an assay to measure
the sIL-15R� levels in serum or plasma. The assay is very sensitive
and gave a linear response when tested with recombinant sIL-15R�
in the range of 0.9 to 60pM (Figure 1A). The assay was able to
detect both the natural shed form of sIL-15R� as well as an
alternatively spliced form of sIL-15R� (Figure 1C). One advantage
of this assay is that it does not use radioactive materials in contrast
to other assays.34 Moreover, it can be used to measure the total
sIL-15R� level as well as sIL-15R� bound with IL-15 using a
modification of the assay procedures (data not shown).

Using our assay, we found that the sIL-15R� levels were
significantly increased in patients with T-LGL leukemia over that
found in normal healthy donors (Figure 2A). Moreover, higher
sIL-15R� levels were associated with more severe neutropenia
(P 
 .001; Figure 2C). The mechanism for neutropenia in patients
with T-LGL leukemia is unknown; however, increased expression
of Fas ligand (FasL) on LGL and in the serum has been thought to
play a role.35,36 The FasL gene is constitutively expressed in T-LGL
leukemia, and increased soluble FasL induces neutrophil apopto-
sis.34 Interestingly, in preclinical studies, the administration of
high-dose IL-15 to rhesus macaques was also associated with a
neutropenia.37,38 In our study, the neutropenia appeared to be the
result of redistribution of neutrophils from the peripheral blood into
the tissues.37 IL-15 has been shown to induce neutrophil migration
by triggering a cascade of cytokine and chemokine expression
initiated through IL-18.28 In patients with T-LGL leukemia, the
serum levels of IL-18 were dramatically increased (P 
 .0001;
Figure 2B). It is possible that the sIL-15R� levels in T-LGL
leukemia not only reflected the level of leukemic cell expansions
and neutropenia through FasL expression but also may contribute
to neutrophil migration together with IL-15 by inducing cytokine/
chemokine expression.

Consistent with the sIL-15R� ELISA data, the IL-15R� mRNA
expression in the PBMCs from patients with T-LGL leukemia were
also up-regulated (Figure 3A). Furthermore, the cellular origins of
IL-15R� expression in the PBMCs of patients with T-LGL
leukemia appeared to be heterogeneous. By FACS analysis, all
5 patients expressed IL-15R� on monocytes, whereas only 2 of
5 patients expressed IL-15R� on CD8� leukemic cells. Interest-
ingly, the IFN-� mRNA levels were also up-regulated in the
PBMCs of patients with T-LGL leukemia (Figure 4). IFN-� induces
IL-15R� expression in dendritic cells and monocytes.29 This
observation could potentially contribute to IL-15R� up-regulation
in the PBMCs of patients with T-LGL leukemia.

Although IL-15 has been suggested to be a survival factor for
LGL leukemic cells,22,23 we were unable to detect IL-15 mRNA in
the PBMCs of patients with the leukemia (data not shown).
Furthermore, the patients’ PBMCs did not spontaneously prolifer-
ate ex vivo, suggesting a lack of autocrine/paracrine cytokine loop
(Figure 5A). However, both CD8� T cells and monocytes from
LGL leukemia patients expressed IL-2/IL-15R� and �c (data not

shown). Although dendritic cells and monocytes are the major
sources of IL-15, it has been reported that nonhematopoietic cells,
such as skeletal muscle39 and astrocytes,40 produce IL-15 in vivo.
With increased expression of IL-15R� on CD8� T cells and
monocytes in select patients with T-LGL leukemia, it is conceiv-
able that the cells might respond more effectively to very low
concentrations of IL-15 in the microenvironment where IL-15 is
being made. Indeed, in 2 patients where IL-15R� was expressed on
the leukemic cells, when we cultured their PBMCs with 200 pg/mL
IL-15, a concentration that only activates the high affinity IL-15
receptor, they proliferated more robustly compared with those of
normal donors. More robust proliferation was also observed when
we cultured patients’ PBMCs with 20 ng/mL IL-15 that activates
the intermediate affinity IL-15 receptor in these 2 patients. This
observation supported the view that there was an expression of
high-affinity IL-15 receptors in the leukemic cells of these patients.
It also suggested that higher IL-15R� expression in some patients
with T-LGL leukemia may decrease the IL-15 response threshold
that is needed to activate downstream signaling in leukemic cells.

Collectively, our data indicate that sIL-15R� is increased in the
serum of patients with T-LGL leukemia and that IL-15R� expres-
sion was up-regulated in the patients’ PBMCs as well. Up-
regulation of IL-15R� may decrease the IL-15 response threshold
of the cells in the patients, an alteration that may contribute to the
pathogenesis of the disease.
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Table 2. Absolute number of lymphocytes, monocytes, and the percentage and absolute number of LGL cells in the peripheral blood from
patients with T-LGL leukemia

Patient no. sIL15R�, pM No. of lymphocytes per mm3 No. of monocytes per mm3 Percentage of LGL cells among lymphocytes No. of LGL cells per mm3

1 9.8 11 926 536 76.4 9111

2 9.7 3368 933 21.1 711

3 14.7 1740 590 10 174

4 20.6 14 350 300 71.4 10 246

5 22.2 21 112 928 30.2 6367
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