
Abstract. The clinical significance of NK-like T CD3+/
CD16+CD56+ cells in chronic lymphocytic leukemia (CLL) is
still a subject of controversy. There are few previous
descriptions that this cell population can be qualitatively or
quantitatively deficient in CLL patients. In the present
study we investigated the clinical value of CD3+/CD16+

CD56+ cells as predictors of disease progression. We
assessed the frequencies of CD3+/CD16+CD56+ cells by the
flow cytometry in a group of 300 CLL patients. The
percentage of CD3+/CD16+CD56+ cell population expressed
as the percentage of CD3+ lymphocyte compartment showed
an inverse correlation with ZAP-70 and CD38. Additionally,
the CD3+/CD16+CD56+ showed an inverse correlation with
LPL/ADAM29 ratio. Likewise, the ability of these cells to
cytokine expression correlated with ZAP-70 expression. A
positive correlation between percentage CD3+/CD16+CD56+

cells and TFS was found. The decreased percentage of these
cells was associated with higher death risk in CLL patients.
Furthermore, the percentage of CD3+/CD16+CD56+ cells was
significantly decreased in patients who showed progression of
disease. This study suggests that assessment of CD3+/CD16+

CD56+ cells may be helpful in determining a worsening of
clinical course. Monitoring of these cell numbers and
function may provide useful information for determining
disease activity. Especially, it could be intormative to look
at these cells in patients with stage 0 CLL. For this patient
group immunological control and dysfunction are probably
important factors.

Introduction

Chronic lymphocytic leukemia (CLL) which is the most
common leukemia of adults in Western countries still
remains incurable. It follows an extremely variable course
with survival from months to decades. Studies on the novel
prognostic factors in CLL are essential for improvement
of criteria for starting the cytostatic treatment. Besides Rai
or Binet staging system, some chromosomal aberrations,
in particular concerning 11q and 17p, IgVH mutational status,
as well as CD38 and ZAP-70 expression, are currently
considered as the most important prognostic factors as
to progression-free and overall survival (1). The issue of
defining of unfavorable prognostic factors which may give
reason for the early beginning, i.e. before the meeting of
the currently admitted criteria, of cytostatic treatment, needs
further studies.

Current prognostic factors (i.e. IgVH mutational status,
ZAP-70, CD38) concentrate on the intrinsic abnormalities
of the malignant B cell clone (2-4). However, it became
clear that transformation and progression of tumors is not an
independent process but it is controlled by their interactions
with the tumor microenvironment (5). Probably interactions
between the leukemic cells and native immune system could
have an important influence on disease progression. There
are three main lymphocyte subsets that play important roles
in the regulation of immune responses to pathogens as well
as to tumors: conventional T lymphocytes, natural killer (NK)
cells and the third lymphocyte subset referred as natural killer
T (NKT) cells (6). It has been shown that T cell dysfunctions
account for pathological conditions such as increased suscep-
tibility to infections, autoimmune hemolytic anaemia, and
hypo-gammaglobulinemia, commonly noted in CLL patients.
The changes in number and functions of T lymphocytes may
support the ‘microenvironment’ that sustains the malignant B
cells clone, delays their apoptosis and may contribute to the
pathogenesis and progression of the disease (7-9). Likewise,
the phenotypic and functional abnormalities found in NK
cells, such as defective cytotoxic activity, might allow the
appearance and maintenance of leukemic B cells accumu-
lation. A dilutional effect of leukemic B cells and intrinsic

ONCOLOGY REPORTS  24:  803-810,  2010 803

Natural killer-like T CD3+/CD16+CD56+ cells in
chronic lymphocytic leukemia: Intracellular cytokine

expression and relationship with clinical outcome

AGNIESZKA BOJARSKA-JUNAK1,  IWONA HUS2,  MALGORZATA SIEKLUCKA2,  EWA WASIK-SZCZEPANEK2,  

TOMASZ MAZURKIEWICZ3,  PAWEL POLAK3,  ANNA DMOSZYNSKA2 and JACEK ROLINSKI1

Departments of 1Clinical Immunology, 2Hematooncology and Bone Marrow Transplantation, and
3Orthopedics and Traumatology, Medical University of Lublin, Poland

Received May 5, 2010;  Accepted June 22, 2010

DOI: 10.3892/or_00000924

_________________________________________

Correspondence to: Dr Agnieszka Bojarska-Junak, Department
of Clinical Immunology, Medical University of Lublin, Jaczewskiego
8, Lublin 20-090, Poland
E-mail: agnieszkajunak@poczta.onet.pl

Key words: CLL, CD3+CD16+CD56+, NK-like T cells, ZAP-70,
CD38

803-810.qxd  22/7/2010  11:37 Ì  ™ÂÏ›‰·803

https://www.spandidos-publications.com/10.3892/or_00000924


functional defects of NK cells might be responsible for a
low NK activity in most patients with CLL (10). However,
the studies examining NKT cell number and function in
B-CLL patients are limited (10,11). Guven et al (10)
reported the possibility of expanding the CD3+CD56+ cell
population, from peripheral blood mononuclear cells of
CLL patients. They found that these cells have cyto-
lytic capacity and may be a feasible clinical strategy for
controlling CLL.

The population of CD3+CD56+ cells was initially des-
cribed in 1986 by Lanier et al (12) and Schmidt et al (13) and
further characterized by Ortaldo et al (14) who showed that
CD3+CD56+ cells are capable of lysing a large group of tumor
cells in a non-MHC-restricted manner. Later, CD3+CD56+

subgroup was analyzed in more detail and called NKT (15).
The CD56 antigen is typically expressed by NK cells. T cells
expressing CD56 marker are not classical invariant NKT
(iNKT) cells but are a broader group of T lymphocytes that
conform to the original definition of NKT cells, which was T
lymphocytes coexpressing T cell antigen receptor (TCR) and
NK cell markers (16,17). NK receptor (NKR)-positive T cells
possess dual innate and adaptive immune functions displaying
properties of both T and NK cells capable of both MHC-
restricted and MHC-unrestricted cytotoxicity and cytokine
production. The human iNKT (cells binding CD1d-·-Galcer
and expressing V·24-J·18 paired with Vß11) and other T
cells expressing NKR (other than CD56) are found almost
exclusively within the CD56+ T cell population (16). CD56+

T cells can be activated by TCR ligation or in response
to cytokines in the microenvironment and stress-inducible
proteins present on target cells (18-20). CD3+CD56+ cells
can contribute to the activation and regulation of T cells,
B cells, and other cells of the adaptive immune system via
the production of cytokines. Upon activation, CD56+ T cells
can rapidly produce Th1-type and Th2-type cytokines (18).
Activities of CD3+CD56+ cells are regulated by inhibitory
KIR and CD94 molecules (21,22). This cell population can
be highly expanded in vitro by the addition of the cytokines
(IFN-Á, IL-1, IL-2) and anti-CD3 monoclonal antibody.
These CD3+CD56+ cells have been termed cytokine-induced
killer cells (CIK cells) and it was shown that they possess
enhanced cytotoxicity against various tumor cells (23). In
contrast to NK-like T cells that are de novo, CIK cells are
generated following in vitro culturing (24,25). CD3+CD56+

have also been named as Natural T (NT) cells (16,26). In
our study NK-like T cells have generally been used.

The aim of our study was to examine the role of CD3+/
CD16+CD56+ (NKT-like) cells in the pathogenesis and
clinical course of CLL. We investigated possible associations
between CD3+/CD16+CD56+ cells and poor prognostic factors,
both established ones, such as: CD38 antigen or ZAP-70
protein (zeta-associated protein of 70 kD) expression (2-4) as
well as new ones, such as lipoprotein lipase (LPL) and
metalloproteinase ADAM29 gene expression (27,28). To
our knowledge, this is the first study of this cell population
investigating the relationship between the peripheral blood
CD3+/CD16+CD56+ cells and clinical outcome in newly
diagnosed patients with CLL. In the current study, for the
first time, we present this cell population frequencies in
the CLL bone marrow.

Materials and methods

Patients and samples. Peripheral blood (PB) and bone
marrow (BM) specimens were obtained from 300 untreated
CLL patients diagnosed between September 1997 and
December 2008 (187 men and 113 women). The median age
of patients was 66 years (ranging from 32 to 87 years). CLL
diagnosis based on a clinical examination, morphological
and immunological criteria (29). At the time of diagnosis,
patients were staged according to the Rai staging system
(30) as follows: stage 0 (92 cases), stage 1 (57 cases), stage 2
(69 cases), stage 3 (40 cases) and stage 4 (42 cases). One
hundred and thirty-one patients (43.7%) with stable disease
did not receive chemotherapy, and 169 patients (56.3%) with
progressive disease required treatment. The patients cohort
was divided into three groups: patients with Rai stage 0 (92
cases), stage 1-2 (126 cases) and stage 3-4 (82 cases). The
control samples consisted of PB from 20 healthy volunteers
(8 men and 12 women aged from 33 to 66 years, median age
of 58 years) and BM from 10 healthy donors. PB and BM
samples were collected into heparinized tubes and imme-
diately processed. The study was approved by the Local Ethics
Committee. Peripheral blood and bone marrow samples
were obtained from the patients and healthy volunteers after
informed consent.

Assessment of CD3+/CD16+CD56+ cells. Immunopheno-
typic analysis is a key adjunctive tool for diagnosis of chronic
lymphocytic leukemia and is typically performed by flow
cytometry (29). The primary purpose of such analysis is to
look for the immunophenotypic pattern that is characteristic
for leukemic cells in CLL. In our study the standard diag-
nostic flow cytometric analysis included also monoclonal
antibodies (MoAbs) anti-CD3 FITC/CD16+CD56 PE/CD45
PerCP (BD Biosciences) which permitted simultaneous
assessment of T (CD3+) lymphocytes and NK (CD16+CD56+)
cells. During analysis, CD3+/CD16+CD56+ population was
determined. A standard, whole-blood assay with erythro-
cyte cell lysis was used for preparing the PB or BM specimens.
The samples were analyzed by flow cytometry directly after
preparation. For data acquisition and analysis, a FACS Calibur
instrument (BD) with CellQuest software (BD) was used.
For each analysis 10,000 events were acquired and analyzed.
The percentage of positive cells was measured from a cut-
off set using isotype matched non-specific control antibody.
CD3+/CD16+CD56+ T cells were analyzed within gated CD3+

T lymphocytes. Dot plots, illustrating the analysis method
for the identification of CD3+/CD16+CD56+ cells are shown
in Fig. 1.

Analysis of ZAP-70 expression in CLL cells. All PB samples
were stained for ZAP-70 protein expression. We used a
modification of a previously described method for flow cyto-
metric examination of ZAP-70 protein expression (31). A
cut-off point for ZAP-70 positivity in leukemic cells was
≥20%.

Detection of CD38 expression. Flow cytometry analysis
of CD38 antigen expression was performed on fresh PB
samples, as described previously (32). CLL cells were
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considered CD38-positive when ≥20% of them expressed
the membrane antigen.

Analysis of LPL and ADAM29 expression in CLL cells.
Peripheral blood samples from 100 CLL patients were
stained for LPL and ADAM29 expression. We used a
previously described method for flow cytometric examination
of LPL and ADAM29 expression (33).

Intracellular IFN-Á, TNF, IL-10 and IL-4 staining. In 25 CLL
patients we examined an intracellular IFN-Á and IL-4
expression by CD3+CD56+ cells. Intracellular TNF analysis
was performed on fresh PB or BM samples, as described
previously (34). MoAbs used for analyses included anti-
CD3 FITC (BD PharMingen), anti-CD56 CyChrome (BD
PharMingen) and anti-TNF PE (BD Biosciences), anti-
IFN-Á PE (BD Biosciences), anti-IL-4 (BD Biosciences)
and anti-IL-10 PE (BD PharMingen). In the experiment,
the mean percentages of CD3+CD56+ cells with intracellular
cytokine expression were analyzed.

Statistical analysis. Differences between two groups were
assessed using the U Mann-Whitney test. The Wilcoxon
paired test was used to compare the results in peripheral
blood and bone marrow. The Spearman rank correlation
coefficient was used in correlation tests. The Kaplan-Meier
method was used for drawing survival curves, and results
were compared using the log-rank test. The treatment free
survival (TFS) was calculated from the date of diagnosis

to the date of first treatment. We used Statistica 7.0 PL soft-
ware for all statistical procedures. Differences were consi-
dered statistically at p≤0.05.

Results

Percentage of CD3+/CD16+CD56+ cells in CLL patients and
healthy controls. The percentage of CD3+/CD16+CD56+ cells
within CD3+ T lymphocytes was significantly decreased
in patients with CLL in comparison to healthy donors (5.30
vs. 7.61%, p=0.01). The frequency of CD3+/CD16+CD56+

cells decreased with the stage of disease. The median
percentage of CD3+/CD16+CD56+ cells in stage 0 was 6.49%,
5.01% in stages 1-2 and 4.41% in stages 3-4 according to Rai
classification (Fig. 2). No significant difference was noted
between the percentage of CD3+/CD16+CD56+ cells in CLL
patients and those from healthy donors after adjusting for
age and sex.

Relationship between CD3+/CD16+CD56+ cells and prog-
nostic factors. We found an inverse correlation between the
percentage of CD3+/CD16+CD56+ cells and the proportion of
CD19+/CD5+ cells expressing ZAP-70 (R=-0.271; p=0.006).
The percentage of CD3+/CD16+CD56+ cells was significantly
higher in ZAP-70- patients compared with ZAP-70+ ones
(5.96 vs. 4.72%, p=0.003) (Fig. 3). Similarly, there was a
tendency for higher frequencies of CD3+/CD16+CD56+

cells in patients who were CD38 negative (5.51 vs. 4.74%,
p=0.005) (Fig. 4).
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Figure 1. The dot plots show representative data illustrating the analysis method for identification of CD3+/CD16+CD56+ cells among CD3+ T lymphocytes
following three-color staining. (A) The dot plot shows the forward scatter/side scatter (FSC/SSC) distribution and the gate (region R1) used to select
lymphocytes for analysis. (B) The R1 gated events were then analyzed for CD45 PerCP staining, and positive cells (CD45+) were gated (region R2). (C)
The dot plot shows the SSC vs. CD3 FITC distribution. The dot plot, CD3FITC vs. SSC was established by combined gating of events using R1 and
R2. CD3+ cells were thus identified as cells in R3. (D) The final dot plot CD3 FITC vs. CD16+CD56 PE was established by combined gating of events
using R1, R2 and R3. The number in the upper right quadrant in the dot plot represents the percentage of CD3+/CD16+CD56+ T cells.
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In the present study we found a significant positive
correlation between LPL and ZAP-70 expression (R=0.261;
p=0.037) as well as between LPL and CD38 expression
(R=0.227; p=0.032). The mean fluorescence intensity of LPL
staining in CD19+/CD5+ cells was lower in ZAP-70-negative
patients (median, 25.65 MFI) comparing to ZAP-70-positive
ones (median, 37.49 MFI) (p=0.007). The median LPL/
ADAM29 MFI ratio in ZAP-70-positive patients was 1.5
and in ZAP-70-negative patients was 0.7 (p=0.004). We
observed an inverse correlation between the percentage
of CD3+/CD16+CD56+ cells and the LPL/ADAM29 ratio
(R=-0.231; p=0.04).

Relationship between CD3+/CD16+CD56+ cells and
treatment-free survival (TFS) and overall survival. The
percentage of CD3+/CD16+CD56+ cells was lower in the
patients requiring treatment at diagnosis than in patients
who did not (5.85 vs. 7.84%, p=0.013). In patients who died
after the measurement, the percentage of CD3+CD16+CD56+

cells in peripheral blood assessed at diagnosis was signifi-
cantly lower than in patients who survived (3.39 vs. 6.50%,
p=0.029).

We divided patients into two groups using the median
percentage of CD3+/CD16+CD56+ cells (5.30%) as a cut-off.
Fig. 5 displays curves of overall survival of CLL patients

depending on the median percentage (5.30%) of CD3+/
CD16+CD56+ cells. Patients with <5.30% of CD3+/CD16+

CD56+ cells showed a shorter overall survival (27 months)
compared to the patients with >5.30% of CD3+/CD16+CD56+

cells (54 months) (p=0.002). Patients with <5.30% of
CD3+/CD16+CD56+ cells had a shorter TFS (14 months)
than those with >5.30% of CD3+/CD16+CD56+ cells (43
months) (p=0.001).

Next, the analysis of survival curves in both groups was
performed only in early stages (Rai stage 0). However, due
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Figure 2. The percentage of CD3+/CD16+CD56+ cells decreases with the
stage of CLL. The median percentage of CD3+/CD16+CD56+ cells was
compared between groups of CLL patients at different stages (according
to the Rai classification).

Figure 3. The median percentage of CD3+/CD16+CD56+ cells within CD3+

lymphocytes in ZAP-70-positive and ZAP-70-negative patients. The CLL
population was considered ZAP-70 positive when at least 20% of CD19+/
CD5+ cells were positive for the ZAP-70, as assessed by flow cytometry.

Figure 4. The median percentage of CD3+/CD16+CD56+ cells in CD38-
positive and CD38-negative patients. The CLL population was considered
CD38 positive when at least 20% of CD19+/CD5+ cells were positive for
the CD38, as assessed by flow cytometry. 

Figure 6. The NK-like T cell median percentage within CD3+ lympho-
cytes in bone marrow from CLL patients and healthy controls.

Figure 5. Probability of survival from the date of diagnosis compared among
CLL subgroups with less or greater than 5.30% of CD3+CD16+CD56+

cells; 5.30% is an equivalent of the median percentage of NK-like T cells
analyzed within CD3+ lymphocytes.
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to the lack of deceased cases, only the assessment of TFS
was possible. In the group with <5.30% of CD3+/CD16+

CD56+ cells, TFS was significantly shorter (19 months) in
comparison with the patients with higher percentage of
CD3+/CD16+CD56+ cells (49 months) (p=0.005).

Among CLL patients treated with chemotherapy, partial
or complete remission was achieved in 92 patients. In non-
responding patients, the percentage of CD3+/CD16+CD56+

cells was significantly lower than in patients in remission
(median, 4.81 vs. 5.33%, p=0.023) or when compared with
healthy donors (4.81 vs. 7.61%, p=0.002).

Percentage of CD3+/CD16+CD56+ cells in bone marrow of
CLL patients. We next assessed the NK-like T cells number
in BM aspirates from CLL patients. We observed a signi-
ficantly lower percentage of CD3+CD16+CD56+ cells in BM
in comparison to PB (4.16 vs. 5.30%, p=0.005). The
percentage of CD3+CD16+CD56+ cells in BM from CLL

patients was significantly lower in comparison to BM from
healthy donors (4.16 vs. 7.40%, p=0.03) (Fig. 6).

Intracellular cytokine expression. We examined the production
of IFN-Á, TNF, IL-4 and IL-10 by CD3+CD56+ cells in CLL
patients. Following PMA stimulation the majority of NK-
like T cells produced IFN-Á or TNF, and only a minority
produced IL-4 or IL-10 (Table I). Decreased percentages of
CD3+CD56+ cells with intracellular expression of TNF and
IFN-Á in CLL patients in comparison with normal controls
were found (p=0.001 and p=0.007, respectively). The per-
centage of CD3+CD56+ cells with intracellular expression
of IL-10 was significantly higher in CLL patients when com-
pared with healthy volunteers (p=0.01). No statistically
significant differences in the proportions of CD3+ CD56+

cells expressing IL-4 between CLL patients and normal
controls were found (Table I). Likewise, no significant
difference in the percentages of CD3+CD56+ cells producing
these cytokines between PB and BM was detected.

When we divided the patients into ZAP-70-positive and
ZAP-70-negative ones, significantly lower proportions of
CD3+CD56+ cells expressing IFN-Á were present in ZAP-
70+ comparing to ZAP-70- patients (p=0.001). Likewise,
a tendency for higher proportions of CD3+CD56+ cells
expressing TNF in ZAP-70-negative patients when com-
pared to ZAP-70-positive ones was noted (Table II). On
the contrary, percentages of CD3+CD56+ cells expressing
IL-10 were significantly lower in ZAP-70- patients comparing
to ZAP-70+ ones (p=0.001) (Table II).

Discussion

It is known that patients suffering from hematopoietic
malignancies are under immunosuppressive conditions
induced by increasing tumor cells and administration of
chemotherapy. A previous study showed a reduced number of

ONCOLOGY REPORTS  24:  803-810,  2010 807

Table I. Median percentage of CD3+CD56+ cells with intra-
cellular TNF, IFN-Á, IL-4 and IL-10 expression in peripheral
blood from CLL patients and health controls.
–––––––––––––––––––––––––––––––––––––––––––––––––

CLL Healthy
Variable patients controls P-value
–––––––––––––––––––––––––––––––––––––––––––––––––
CD3+CD56+TNF+ 34.13 69.21 0.001a

CD3+CD56+IFN-Á+ 30.26 47.53 0.007a

CD3+CD56+IL-4+ 4.23 5.38 0.531
CD3+CD56+IL-10+ 4.38 1.69 0.01a

–––––––––––––––––––––––––––––––––––––––––––––––––
The U Mann-Whitney test was applied for a statistical comparison
of the results between CLL patients and healthy controls. ap-value
of <0.05 was considered statistically significant.
–––––––––––––––––––––––––––––––––––––––––––––––––

Table II. Median percentage of CD3+CD56+ cells with intracellular TNF, IFN-Á, IL-4 and IL-10 expression in peripheral blood
and bone marrow from ZAP-70+ and ZAP-70- patients.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Variable ZAP-70-positive patients (n=141) ZAP-70-negative patients (n=159) P-value
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Peripheral blood

CD3+CD56+TNF+ 31.95 36.09 0.567
CD3+CD56+IFN-Á+ 13.08 44.99 0.001a

CD3+CD56+IL-4+ 3.54 4.82 0.153
CD3+CD56+IL-10+ 5.27 3.61 0.02a

Bone marrow
CD3+CD56+TNF+ 30.94 35.97 0.431
CD3+CD56+IFN-Á+ 16.09 45.09 0.001a

CD3+CD56+IL-4+ 2.94 4.83 0.087
CD3+CD56+IL-10+ 6.25 3.56 0.001a

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
The CLL population was considered ZAP-70 positive when at least 20% of CD19+/CD5+ cells were positive for ZAP-70, as assessed by
flow cytometry. The p-value was calculated using the U Mann-Whitney test. ap-value of <0.05 was considered statistically significant.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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peripheral V·24+ NKT cells in the patients with a variety of
hematopoietic malignancies in comparison with that in healthy
donors (35). However, there has been few previous
descriptions that NKT cells can be qualitatively or quanti-
tatively deficient in CLL patients. Fais et al (11) suggested
that number of NKT cells in CLL patients is low. Guven et al
(10) reported the possibility of expanding of CD3+CD56+ cell
population, from peripheral blood mononuclear cells of CLL
patients. The expansion rates were lower for the patients with
progressive disease (10). The present study demonstrated the
reduction of the percentage of CD3+/CD16+CD56+ cells in
CLL patients. In our study, we determined a lower per-
centage of CD3+/CD16+CD56+ cells within CD3+ T lympho-
cytes in CLL patients in comparison to healthy donors. A
decreased frequency of these cells may represent an
important mechanism responsible for disease progression. It
is noteworthy that CLL patients with unfavorable prognosis
showed lower percentages of CD3+/CD16+CD56+ cells.
We have found, that a smaller size of CD3+/CD16+CD56+

cell population was associated with more advanced Rai
stage at diagnosis as well as ZAP-70 expression. Addi-
tionally, the percentage of this cell population expressed as a
percentage of the CD3+ lymphocyte compartment was higher
in CD38-negative patients compared with CD38-positive
patients. Moreover, we found an inverse correlation between
the percentage of CD3+/CD16+CD56+ cells and the LPL/
ADAM29 ratio. Recent reports indicated that a combination
of the LPL/ADAM29 ratio with ZAP-70 expression can
be used as a surrogate marker for IgVH mutational status
(27,28).

These results suggest a potential role of CD3+/CD16+

CD56+ cells as a factor determining disease activity that has
to be evaluated in further studies. However, in the present
study it can be supported by the strong correlation between
the percentage of CD3+/CD16+CD56+ cells and treatment free
survival that suggests a potential use of this parameter as a
predictor of TFS. Differences in TFS connected with the
percentage of CD3+/CD16+CD56+ cells were recorded both
in all patients group as well as in the patients in early stage
of CLL. Furthermore, the crucial correlation between the
frequencies of CD3+/CD16+CD56+ cells was linked with over-
all survival time. We found a clear tendency towards shorter
survival times in CLL patient with decreased percentage
of CD3+/CD16+CD56+ cells. Moreover, the percentage of
CD3+/CD16+CD56+ cells was significantly decreased in
patients who showed progression of disease. This study
suggests that CD3+/CD16+CD56+ cells may be helpful in
determining a worsening of clinical course.

As bone marrow NKR+ T cells have been postulated to
play a role in tumor surveillance (36), next we assessed the
CD3+/CD16+CD56+ number in BM aspirates. Bone marrow
examination is not generally essential for the diagnosis of
CLL, it is important for determination of the course of
cytopenias and evaluation of the response to therapy (37).
CLL bone marrow is invariably infiltrated with leukemic
cells, and the extent of infiltration correlates with the
clinical stage and prognosis (37-39). It can support a
diagnosis of CLL showing atypical morphology and
exclusively allows the assessment of the infiltration type
(diffuse vs. non-diffuse) (37). In addition to hematopoietic

progenitor cells, bone marrow contains phenotypically and
functionally mature T and NK cells (36). The presence of
such cells may be important in fighting malignancy, as both
cell types are known to play a role in the attack on
cancerous cells (36). Recent findings suggest that NKT
cells facilitate the conversion of immunosuppressive
myeloid-derived suppressor cells (MDSCs) into immunogenic
antigen-presenting cells (APCs), eliciting successful
antitumor immunity (40). In our study, percentages of
CD3+/CD16+CD56+ cells analyzed within CD3+ lymphocytes
were significantly lower in bone marrow than in peripheral
blood. Decreased number of bone marrow CD3+/CD16+

CD56+ cells in CLL patients may reflect an immune escape
mechanism that contributes to the progression of disease.

Not only NKT-like cell number might be important in
determining the clinical outcome of CLL patients, but also
their cytokine expression pattern. In addition to aberrant
frequencies, CD56+ T cells from CLL patients also appear
dysfunctional in terms of cytokine expression. Following
PMA stimulation we found decreased percentage of CD3+

CD56+ cells with intracellular IFN-Á and TNF expressions
in CLL patients compared to healthy controls. Changes in
the cytokine network could sustain the expansion of the
leukemic B-cell clone. The explanation of abnormalities in
the circulating non-malignant immune cells of CLL patients
offers important insights into the biology of the disease. In
the current study, ZAP-70-positive patients showed lower
percentages of CD3+CD56+ cells with IFN-Á or TNF
expression. These cytokines are necessary for potentiation
of the cytotoxic activity of T cells and NK cells (41), and
decreased synthesis of these cytokines is the potential reason
of impaired cytotoxic function. Furthermore, both IFN-Á and
TNF possess direct cytotoxic and cytostatic activity toward
tumor cells and are involved in anticancer response (42,43).
A reduced number of CD3+CD56+ cells expressing intra-
cellular IFN-Á or TNF might represent a risk factor for the
progression of disease. Different data exist on IFN-Á
production by NKT cells. Some investigators showed that
invariant NKT cells in cancer patients are functionally
impaired and produce less IFN-Á (44) while others established
that iNKT cells are functionally normal (45) and have a
preserved production of IFN-Á (46). We also examined IL-4
and IL-10 expression by CLL CD3+CD56+ cells. In the
patients population the percentage of CD3+ CD56+ cells with
intracellular IL-10 expression was higher than in healthy
individuals. The combination of IL-4 and IL-10 is able to
suppress the generation of IFN-Á producting cells (47). These
result suggests that tracking the frequency and function of
NKT-like cells could contribute to the understanding of
disease pathogenesis. Because CD56+ T cells can produce
Th1-type and Th2-type cytokines (18) together with NK cell
activities, downregulation in this cell population can
deteriorate various immune signaling cascades in CLL
patients. The functional and proportional changes in CD56+ T
cells may be influenced by CD4+CD25+Foxp3+ regulatory T
cells (Tregs). Recently, enhanced frequencies of Tregs in
CLL patients when compared to healthy volunteers, have
been detected. The progressive increase of Tregs was noted
in advanced stage of disease (48). This special type of cells
is involved in functional downregulation of T, NK or NKT
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cells. Tregs can suppress the proliferation, cytokine release
and cytotoxic activity of NKT cells (49). In our study we did
not analyze regulatory T cells with intracellular component
stained for Foxp3. However, we found an inverse correlation
between percentage of CD3+/CD16+CD56+ T cells population
and CD4+CD25high regulatory T cells (data not shown).

CD3+/CD56+CD16+ cell population is heterogeneous pheno-
typically and functionally, so it is not possible to draw direct
conclusions with clinical behavior without more detailed
phenotyping. However, these results suggest that monitoring
of CD3+/CD16+CD56+ cells number (which can be assessed
easily in clinical routine practice as a part of diagnostic flow
cytometry analysis) and function may provide useful
information for determining disease activity/progression. For
the stage 0 CLL patient group evaluation of the immuno-
logical control and dysfunction probably is of special
importance.

Acknowledgements

We would like to thank Ms. Agata Surdacka for her excellent
technical support in this study. This study was supported
by State Committee for Scientific Research (Poland) (grant
numbers N N402082834 and N N402084234).

References

1. Hallek M, Cheson BD, Catovsky D, Caligaris-Cappio F,
Dighiero G, Döhner H, Hillmen P, Keating MJ, Montserrat E,
Rai KR and Kipps TJ: International Workshop on Chronic
Lymphocytic Leukemia. Guidelines for the diagnosis and
treatment of chronic lymphocytic leukemia: a report from the
International Workshop on Chronic Lymphocytic Leukemia
updating the National Cancer Institute - Working Group 1996
guidelines. Blood 111: 5446-5456, 2008.

2. Crespo M, Bosch F, Villamor N, Bellosillo B, Colomer D,
Rozman M, Marcé S, López-Guillermo A, Campo E and
Montserrat E: ZAP-70 expression as a surrogate for immuno-
globulin-variable-region mutations in chronic lymphocytic
leukemia. N Engl J Med 348: 1764-1775, 2003.

3. Damle RN, Wasil T, Fais F, Ghiotto F, Valetto A, Allen SL,
Buchbinder A, Budman D, Dittmar K, Kolitz J, Lichtman SM,
Schulman P, Vinciguerra VP, Rai KR, Ferrarini M and
Chiorazzi N: Ig V gene mutation status and CD38 expression
as novel prognostic indicators in chronic lymphocytic leukemia.
Blood 94: 1840-1847, 1999.

4. Dürig J, Nückel H, Cremer M, Führer A, Halfmeyer K,
Fandrey J, Möröy T, Klein-Hitpass L and Dührsen U: ZAP-
70 expression is a prognostic factor in chronic lymphocytic
leukemia. Leukemia 17: 2426-2434, 2003.

5. Tinhofer I, Rubenzer G, Holler C, Hofstaetter E, Stoecher M,
Egle A, Steurer M and Greil R: Expression levels of CD38
in T cells predict course of disease in male patients with B-
chronic lymphocytic leukemia. Blood 108: 2950-2956, 2006.

6. Brutkiewicz RR and Sriram V: Natural killer T (NKT) cells
and their role in antitumor immunity. Crit Rev Oncol Hematol
41: 287-298, 2002.

7. Scrivener S, Goddard RV, Kaminski ER and Prentice AG:
Abnormal T-cell function in B-cell chronic lymphocytic
leukaemia. Leuk Lymphoma 44: 383-389, 2003.

8. Palmer S, Hanson CA, Zent CS, Porrata LF, Laplant B,
Geyer SM, Markovic SN, Call TG, Bowen DA, Jelinek DF,
Kay NE and Shanafelt TD: Prognostic importance of T and
NK-cells in a consecutive series of newly diagnosed patients
with chronic lymphocytic leukaemia. Br J Haematol 141:
607-614, 2008.

9. Mellstedt H and Choudhury A: T and B cells in B-chronic
lymphocytic leukaemia: Faust, Mephistopheles and the pact
with the Devil. Cancer Immunol Immunother 55: 210-220,
2006.

10. Guven H, Gilljam M, Chambers BJ, Ljunggren HG,
Christensson B, Kimby E and Dilber MS: Expansion of natural
killer (NK) and natural killer-like T (NKT)-cell populations
derived from patients with B-chronic lymphocytic leukemia (B-
CLL): a potential source for cellular immunotherapy. Leukemia
17: 1973-1980, 2003.

11. Fais F, Morabito F, Stelitano C, Callea V, Zanardi S, Scudeletti M,
Varese P, Ciccone E and Grossi CE: CD1d is expressed on
B-chronic lymphocytic leukemia cells and mediates alpha-
galactosylceramide presentation to natural killer T lympho-
cytes. Int J Cancer 109: 402-411, 2004.

12. Lanier LL, Le AM, Civin CI, Loken MR and Phillips JH: The
relationship of CD16 (Leu-11) and Leu-19 (NKH-1) antigen
expression on human peripheral NK cells and cytotoxic T
lymphocytes. J Immunol 136: 4480-4486, 1986.

13. Schmidt RE, Murray C, Daley JF, Schlossman SF and
Ritz J: A subset of natural killer cells in peripheral blood dis-
plays a mature T cell phenotype. J Exp Med 164: 351-356,
1986.

14. Ortaldo JR, Winkler-Pickett RT, Yagita H and Young HA:
Comparative studies of CD3- and CD3+CD56+ cells: exami-
nation of morphology, functions, T cell receptor rearrangement,
and pore-forming protein expression. Cell Immunol 136:
486-485, 1991.

15. Elewaut D and Kronenberg M: Molecular biology of NK T cell
specificity and development. Semin Immunol 12: 561-568, 2000.

16. Golden-Mason L, Castelblanco N, O'Farrelly C and Rosen HR:
Phenotypic and functional changes of cytotoxic CD56pos natural
T cells determine outcome of acute hepatitis C virus infection. J
Virol 81: 9292-9298, 2007.

17. Matsuda JL, Mallevaey T, Scott-Browne J and Gapin L: CD1d-
restricted iNKT cells, the ‘Swiss-Army knife’ of the immune
system. Curr Opin Immunol 20: 358-368, 2008.

18. Doherty D, Norris S, Madrigal-Estebas L, McEntee G,
Traynor O, Hegarty J and O'Farrelly C: The human liver
contains multiple populations of NK cells, T cells and CD3+56+

natural T cells with distinct cytotoxic activities and Th1,
Th2 and Th0 cytokine secretion patterns. J Immunol 163:
2314-2321, 1999.

19. Satoh M, Seki S, Hashimoto W, Ogasawara K, Kobayashi T,
Kumagai K, Matsuno S and Takeda K: Cytotoxic Á‰ or ·ß T
cells with a natural killer cell maker, CD56, induced from
human peripheral blood lymphocytes by a combination of
IL-12 and IL-2. J Immunol 157: 3886-3892, 1996.

20. Bauer S, Groh V, Wu J, Steinle A, Phillips JH, Lanier LL and
Spies T: Activation of NK cells and T cells by NKG2D, a receptor
for stress-inducible MICA. Science 285: 727-729, 1999.

21. Mingari MC, Vitale C, Cambiaggi A, Schiavetti F, Melioli G,
Ferrini S and Poggi A: Cytolytic T lymphocytes displaying
natural killer (NK)-like activity: expression of NK-related
functional receptors for HLA class I molecules (p58 and CD94)
and inhibitory effect on the TCR-mediated target cell lysis or
lymphokine production. Int Immunol 7: 697-703, 1995.

22. Moretta A, Biassoni R, Bottino C, Pende D, Vitale M, Poggi A,
Mingari MC and Moretta L: Major histocompatibility complex
class I-specific receptors on human natural killer and T lympho-
cytes. Immunol Rev 155: 105-117, 1997.

23. Flieger D, Kufer P, Beier I, Sauerbruch T and Schmidt-Wolf IG:
A bispecific single-chain antibody directed against EpCAM/
CD3 in combination with the cytokines interferon alpha and
interleukin-2 efficiently retargets T and CD3+CD56+ natural-
killer-like T lymphocytes to EpCAM-expressing tumor cells.
Cancer Immunol Immunother 49: 441-448, 2000.

24. Linn YC and Hui KM: Cytokine-induced killer cells: NK-
like T cells with cytotolytic specificity against leukemia. Leuk
Lymphoma 44: 1457-1462, 2003.

25. Linn YC, Lau SK, Liu BH, Ng LH, Yong HX and Hui KM:
Characterization of the recognition and functional heterogeneity
exhibited by cytokine-induced killer cell subsets against acute
myeloid leukaemia target cell. Immunology 126: 423-435,
2009.

26. Ahmad A and Alvarez F: Role of NK and NKT cells in the
immunopathogenesis of HCV-induced hepatitis. J Leukoc
Biol 76: 743-759, 2004.

27. Heintel D, Kienle D, Shehata M, Kröber A, Kroemer E,
Schwarzinger I, Mitteregger D, Le T, Gleiss A, Mannhalter C,
Chott A, Schwarzmeier J, Fonatsch C, Gaiger A, Döhner H,
Stilgenbauer S and Jäger U: High expression of lipoprotein
lipase in poor risk B-cell chronic lymphocytic leukemia.
Leukemia 19: 1216-1223, 2005.

ONCOLOGY REPORTS  24:  803-810,  2010 809

803-810.qxd  22/7/2010  11:37 Ì  ™ÂÏ›‰·809

https://www.spandidos-publications.com/10.3892/or_00000924


28. Oppezzo P, Vasconcelos Y, Settegrana C, Jeannel D, Vuillier F,
Legarff-Tavernier M, Kimura EY, Bechet S, Dumas G,
Brissard M, Merle-Béral H, Yamamoto M, Dighiero G,
Davi F; French Cooperative Group on CLL: The LPL/ ADAM29
expression ratio is a novel prognosis indicator in chronic lym-
phocytic leukemia. Blood 106: 650-657, 2005.

29. Cheson BD, Bennett JM, Grever M, Kay N, Keating MJ,
O'Brien S and Rai KR: National Cancer Institute-sponsored
Working Group guidelines for chronic lymphocytic leukemia:
revised guidelines for diagnosis and treatment. Blood 87:
4990-4997, 1996.

30. Rai KR, Sawitsky A, Cronkite EP, Chanana AD, Levy RN
and Pasternack BS: Clinical staging of chronic lymphocytic
leukemia. Blood 46: 219-234, 1975.

31. Bojarska-Junak A, Giannopoulos K, Kowal M, Dmoszynska A
and Rolinski J: Comparison of methods for determining zeta-
chain associated protein-70 (ZAP-70) expression in patients
with B-cell chronic lymphocytic leukemia (B-CLL). Cytometry
B Clin Cytom 70: 293-301, 2006.

32. Hus I, Podhorecka M, Bojarska-Junak A, Rolinski J, Schmitt M,
Sieklucka M, Wasik-Szczepanek E and Dmoszynska A: The
clinical significance of ZAP-70 and CD38 expression in B-
cell chronic lymphocytic leukaemia. Ann Oncol 17: 683-690,
2006.

33. Bojarska-Junak A, Hus I, Chocholska S, Wasik-Szczepanek E,
Sieklucka M, Dmoszynska A and Rolinski J: BAFF and APRIL
expression in B-cell chronic lymphocytic leukemia: correlation
with biological and clinical features. Leuk Res 33: 1319-1327,
2009.

34. Bojarska-Junak A, Rolinski  J ,  Wasik-Szczepanek E,
Kaluzny Z and Dmoszynska A: Intracellular tumor necrosis
factor production by T- and B-cells in B-cell chronic lympho-
cytic leukemia. Haematologica 87: 490-499, 2002.

35. Yoneda K, Morii T, Nieda M, Tsukaguchi N, Amano I,
Tanaka H, Yagi H, Narita N and Kimura H: The peripheral
blood Valpha24+ NKT cell numbers decrease in patients with
haematopoietic malignancy. Leuk Res 29: 147-152, 2005.

36. Dean J, McCarthy D, Lawler M, Doherty DG, O'Farrelly C
and Golden-Mason L: Characterization of NKR+ T-cell subsets
in human bone marrow: implications for immunosurveillance
of neoplasia. Clin Immunol 114: 42-51, 2005.

37. Schade U, Bock O, Vornhusen S, Jäger A, Büsche G, Lehmann U
and Kreipe H: Bone marrow infiltration pattern in B-cell
chronic lymphocytic leukemia is related to immunoglobulin
heavy-chain variable region mutation status and expression of
70-kd zeta-associated protein (ZAP-70). Hum Pathol 37:
1153-1161, 2006.

38. Han T, Barcos M, Emrich L, Ozer H, Gajera R, Gomez GA,
Reese PA, Minowada J, Bloom ML and Sadamori N: Bone
marrow infiltration patterns and their prognostic significance
in chronic lymphocytic leukemia: correlations with clinical,
immunologic, phenotypic, and cytogenetic data. J Clin Oncol
2: 562-570, 1984.

39. Ghia P, Granziero L, Chilosi M and Caligaris-Cappio F: Chronic
B cell malignancies and bone marrow microenvironment.
Semin Cancer Biol 12: 149-155, 2002.

40. Ko HJ, Lee JM, Kim YJ, Kim YS, Lee KA and Kang CY:
Immunosuppressive myeloid-derived suppressor cells can be
converted into immunogenic APCs with the help of activated
NKT cells: an alternative cell-based antitumor vaccine. J
Immunol 182: 1818-1828, 2009.

41. Young MR, Young ME and Wright MA: Myelopoiesis-asso-
ciated suppressor-cell activity in mice with Lewis lung carcinoma
tumors: interferon-gamma plus tumor necrosis factor-alpha
synergistically reduce suppressor cell activity. Int J Cancer 46:
245-250, 1990.

42. Ruggiero V, Latham K and Baglioni C: Cytostatic and cyto-
toxic activity of tumor necrosis factor on human cancer cells.
J Immunol 138: 2711-2717, 1987.

43. Webb DS and Gerrard TL: IFN-alpha and IFN-gamma can
affect both monocytes and tumor cells to modulate monocyte-
mediated cytotoxicity. J Immunol 144: 3643-3648, 1990.

44. Tahir SM, Cheng O, Shaulov A, Koezuka Y, Bubley GJ, Wilson SB,
Balk SP and Exley MA: Loss of IFN-gamma production by
invariant NK T cells in advanced cancer. J Immunol 167:
4046-4050, 2001.

45. Kawano T, Nakayama T, Kamada N, Kaneko Y, Harada M,
Ogura N, Akutsu Y, Motohashi S, Iizasa T, Endo H, Fujisawa T,
Shinkai H and Taniguchi M: Antitumor cytotoxicity mediated
by ligand-activated human V alpha24 NKT cells. Cancer Res
59: 5102-5105, 1999.

46. Motohashi S, Kobayashi S, Ito T, Magara KK, Mikuni O,
Kamada N, Iizasa T, Nakayama T, Fujisawa T and Taniguchi M:
Preserved IFN-alpha production of circulating Valpha24 NKT
cells in primary lung cancer patients. Int J Cancer 102: 159-165,
2002.

47. Peng JK, Lin JS, Kung JT, Finkelman FD and Wu-Hsieh BA:
The combined effect of IL-4 and IL-10 suppresses the generation
of, but does not change the polarity of, type-1 T cells in histo-
plasma infection. Int Immunol 17: 193-205, 2005.

48. Giannopoulos K, Schmitt M, Kowal M, Wlasiuk P, Bojarska-
Junak A, Chen J, Rolinski J and Dmoszynska A: Characterization
of regulatory T cells in patients with B-cell chronic lymphocytic
leukemia. Oncol Rep 20: 677-682, 2008.

49. La Cava A, Van Kaer L and Shi F-D: CD4+CD25+ Tregs and
NKT cells: regulators regulating regulators. Trends Immunol 27:
322-327, 2006.

BOJARSKA-JUNAK et al:  NK-LIKE T CELLS IN CLL810

803-810.qxd  22/7/2010  11:37 Ì  ™ÂÏ›‰·810


