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Abstract Natural killer (NK) cells play a role in the

innate and adaptive antitumor immune responses. The

activity of NK cells is regulated by functionally

opposing, activating and inhibitory receptors whose

balance ultimately determines whether target cells will

be susceptible to NK cell mediated lysis. As melanoma

is an immunogenic tumor, the effect of immunomod-

ulating agents is consistently investigated. In this study

in 79 metastatic melanoma (MM) patients and 52

controls NK activity, expression of activating NKG2D

and CD161 receptors and KIR receptors, CD158a and

CD158b, on freshly isolated PBL and NK cells were

evaluated. Native NK cell activity of melanoma

patients in clinical stage I–III and MM patients was

determined against NK sensitive K562, NK resistant

Daudi, human melanoma FemX, HeLa and HL 60

target tumor cell lines. In addition, predictive pre-

therapy immunomodulating effect after 18 h in vitro

treatments of PBL of MM patients with rh IL-2, IFN-a
(IFN), 13-cis retinoic acid (RA) and combination IFN-

a and RA was evaluated with respect to NK cell lyses

against K562 and FemX cell lines. In this study we

show for the first time that low expression of CD161

and activating NKG2D receptors, without increased

expression of KIR receptors CD158a and CD158b, as

well as a decrease in the cytotoxic, CD16bright NK cell

subset, is associated with a significant impairment in

NK cell activity in MM patients. Furthermore, the

predictive pretherapy finding that IL-2, IFN, IFN and

RA, unlike RA alone, can enhance NK cell activity of

MM patients against FemX melanoma tumor cell line

can be of help in the design and development of

therapeutic regimens, considering that it has recently

been shown that low-dose combination of different

immunomodulators represents the most promising

approach in the therapy of MM.
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Abbreviations

NK Natural killer cells

IL-2 Interleukin-2

RA 13-cis retinoic acid

FITC Fluorescein isothyocyanate

PE Phycoerythrine

KIR Killer immunoglobulin-like receptors

Introduction

The first line of antitumor immune defense is mediated

by natural killer (NK) cells, as the main effector sub-

population of the innate immune system. NK cells,

unlike tumor specific T cells, are defined by their

capacity to kill certain tumor-target cells without prior
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sensitization or MHC-restriction [1]. Aside from this,

by producing IFNc, TNFa, GM-CSF and chemokines

[2], NK cells regulate adaptive T-cell mediated

immune response. They are characterized by a CD3-

CD16+ phenotype, CD16 (FccRIII) being the low

affinity receptor for IgG, expressed on the majority of

NK cells that is involved in antibody dependent cell-

mediated cytotoxicity (ADCC).

Natural killer cells are equipped with multiple acti-

vating and inhibitory cell surface receptors whose

engagement by cognate ligands on target tumor cells

allows NK cells to discriminate between normal and

infected or transformed cells. Activating receptors

include recently characterized C-dependent lectin like

receptor, NKG2D, natural cytotoxicity receptors

(NCR) [3–5], CD16 and CD161 with activating and

inhibitory potential [6], that cooperate and play a

major role in NK-cell cytotoxicity against transformed

cells [7].

It has been well established that healthy cells are

protected from NK-cell mediated lysis by expression of

major histocompatibility (MHC) class I molecules,

while malignant cells, that have during malignant

transformation, lost MHC class I ligands, are suscep-

tible to their lysis. The identification of killer cell

inhibitory, i.e., immunoglobulin, receptors (KIR), type

I membrane glycoproteins that are responsible for the

inhibition of NK-cell mediated lysis of target cells that

express defined groups of MHC class I glycoproteins,

proves this ‘‘missing-self’’ hypothesis [8, 9].

Natural killer cell activity is down-regulated in ad-

vanced malignancies including melanoma [10–12].

Several cytokines, among them IL-2 and IFNa, have

been most extensively studied. Considering that met-

astatic melanoma (MM) is an immunogenic tumor with

poor response to chemotherapy, immunomodulating

agents have been introduced in the therapy, most

notably IL-2 and IFN, that affect NK cell activity, have

shown therapeutic benefit [13, 14]. In MM IL-2, as a T

cell growth factor and NK cell activator, offers a small

but significant advantage in overall survival, whereas

IFN, member of type I interferon family, also supports

protective antitumor cellular immune reactions by acti-

vating NK cells, inducing proliferation and differenti-

ation of T cells and increasing tumor antigenicity. A

new biological agent, 13-cis retinoic acid (RA), that

with antiproliferative, pro-differentiating and immu-

nomodulating activity [14], when given alone or in

combination with IFNa, upon binding its non-steroid

nuclear receptors (RAR and RXR) has shown

numerous effects, including induction of innate im-

mune cytokines, IFNc, IL-12 and IL-15 which augment

NK cell activity [15, 16]. To date the most promising

therapeutic results for MM are obtained in combined

trials that aside from chemo biotherapy include low-

dose immunomodulators, IFN-a, IL-2 and other

agents, including RA [14, 17].

In this study we give extensive new data related to

the percentage and absolute numbers in peripheral

blood of CD3-CD16+CD56+ NK, CD3+CD161+ and

CD3+cd subsets and other major phenotypic charac-

teristics of NK cells as effector cells of innate immu-

nity, we supplement the scarce data of the expression

of activating and KIR receptors on PBL and NK cells

of healthy controls, and even more so, of MM patients

and give comparative analysis of predictive, prethera-

py, in vitro modulating potential of NK cell activity

with IL-2, IFNa, RA and IFNa and RA combination

for MM patients.

Materials and methods

In this study 79 patients with histologically proven MM

in clinical stage IV from 24 to 69 years (37 males and

42 females) were evaluated for NK cell lysis, while of

these patients, 44 patients (24 males and 20 females) in

this stage, with median age of 51 years and 9 non-MM

patients in clinical stage I–III, according to modified

AJCC/UICC staging system, were included for other

evaluated parameters. Performance status was evalu-

ated by the ECOG Scale from 0 to 4, where grade 0

represents fully active patients, grade 1 patients restricted

in physically strenuous activity, grade 2 patients unable

to carry out any work activities, grade 3 patients

confined to bed or chair more than 50% of waking

hours and grade 4 completely disabled patients

(Table 1). Fifty two healthy volunteers, age and sex

matched, with no evidence of any disease or infection

was evaluated for NK cell lysis and other immuno-

logical parameters. Heparinized blood samples were

obtained from patients before initiation of treatment.

Peripheral blood lymphocyte isolation (PBMC)

Peripheral blood lymphocyte were isolated using

Lymphoprep (Nypacon, Norway) density gradient,

centrifuged at 500 g, 40 min, and washed 3 times

in RPMI 1640 culture medium (CM, Gibco, UK)

supplemented with 10% FCS (Sigma, USA).

Flow cytometric analysis

Surface phenotype of freshly isolated peripheral blood

lymphocytes (PBL) were identified using the following

combinations of directly labeled monoclonal antibodies
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(mAbs): CD45FITC/CD14PE (Leucogate), and lym-

phocyte subsets were identified using CD3PerCP/

CD16FITC/CD56PE, CD3FITC/CD161PE and CD3

PE/TCRcdFITC (Becton Dickinson, San Jose, USA).

Also CD16FITC/CD161PE, CD16PE/CD158aFITC,

CD16FITC/CD158bPE (BD Pharmingen, US) and

CD16FITC/NKG2DPE subsets (R&D, US) were

analyzed. The samples were prepared as previously

described [18]. Briefly, 1.0 · 105 freshly isolated PBL

in 100 ll RPMI 1640 supplemented with 10% FCS,

were incubated for 30 min at 4�C with 20 ll of

appropriate mAb combination, washed twice with ice-

cold PBS and fixed with 1% paraformaldehyde prior to

FACS analyses. Surface marker expression was quan-

tified on FACSCalibur flow cytometer (Becton Dickinson,

San Jose, USA). A total of 10,000–50,000 gated events

verified as PBL, according to, both, their physical

characteristics (FSC and SSC) and were collected per

sample and analyzed using CellQUEST software.

Exclusion of non-specific fluorescence was based on

matched isotype mAb combinations conjugated with

FITC, PE and PerCP (Becton Dickinson, San Jose,

USA). In order to precisely define the expression of

any receptor on CD16+ NK cell subset for each indi-

vidual the Flow cytometry data of the percent of a

double positive subset (e.g., CD16+/CD161+) was

divided by the percent of CD16+ NK cells and multi-

plied by 100, according to the following formula:

CD16 + CD161 +

CD16þ � 100;

as previously reported [19].

NK cell assay

Natural killer cell specific lysis was determined using

standard cytotoxicity assay [20]. 100 ll of freshly iso-

lated or in vitro stimulated PBL, as effector cells, at

concentration of 4.0 · 106/ml of CM and two 1:1 dilu-

tions, were mixed with 100 ll of the erythromyeloid

cell line K562 for all healthy controls and all melanoma

patients, as well as against human melanoma cell line

FemX, human Burkitt lymphoma derived B-cell line,

Daudi, human promyelocytic leukemia cell line HL60

and cervical carcinoma cell line, HeLa as target cells

for minimum of 5–10 healthy controls and MM pa-

tients, at concentration of 0.05 · 106/ml, (prelabelled

with radioactive 51Chromium (Na2CrO4, As = 3.7

MBq, Amersham, UK), to form triplicates of three

effector cell (E) to target cell (T) ratios (E:T), 80:1,

40:1 and 20:1. The assay was performed in 96 round

bottom microwell plates (Falcon, USA) which were

incubated at 37�C in a humidified atmosphere con-

taining 5% CO2. Plates were, then centrifuged for

3 min at 200 g and the supernatant from each well was

used for determination of the amount of released
51Chromium from the lysed target tumor cells in a

gamma counter (Berthold, FRG) and expressed in

counts per minute (cpm). The mean percent cytotox-

icity was calculated using the following formula:

cpm experimental releaseð Þ�cpm spontaneous releaseð Þ
cpm maximal releaseð Þ�cpm spontaneous releaseð Þ

�100

Maximal release was obtained by incubation of

target K562 and/or FemX, Daudi, HL60 and HeLa

tumor cell lines at the same concentration in the

presence of 5% Triton X-100, and spontaneous release

was obtained by incubation of appropriate target

tumor cell line in CM, alone.

In vitro treatment of PBMC with IL-2, interferon-a,

RA and IFN-a and RA combination

Peripheral blood lymphocyte isolated from MM pa-

tients and healthy controls were cultivated for 18 h in

RPMI 1640 CM, alone, CM supplemented with IL-2

Table 1 Patients’ characteristics

I–III IV

Age
Range 33–75 28–69
Median 61 51

Gender
Male 6 22
Female 3 13

Performance status
0 7 8
1 1 12
2 1 9
3 5
4 1

Primary tumor localization
Head and neck 0 2
Trunk 5 12
Upper limb 2 6
Lower limb 2 10
Unknown 0 5

Metastases
Lung 10
Liver 13
Soft tissues 8
Bones 3
Suprarenal 1
Spleen 2
Retroperitoneal tissue 2
Lymph nodes 4 14
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200 U /ml (BD Pharmingen, US), IFN 250 IU/ml

(Sigma, US), RA (10–6 M) (Sigma, US) and their

combination, IFN and RA, in 6-well plates (Nunc,

Danmark) at 37�C and 5% CO2 in humid atmosphere.

After incubation, NK cell cytotoxicity was determined

by the 51-chromium-release assay using K562 and

FemX as tumor target cell lines.

Results

The evaluation of NK cell activity of freshly isolated

PBL of patients with early (I–III) and metastatic, (IV)

clinical stage of melanoma, prior to therapy shows that

MM patients have significantly impaired NK cell

activity compared to healthy controls (31.26 ± 3.69%

vs. 43.06 ± 4.86 respectively, p < 0.05, Man–Whitney

test) evaluated against K562 tumor target cell line.

Melanoma patients in early clinical stage do not show

significant difference in NK cell activity compared to

healthy controls (36.12 ± 2.69%) (Fig. 1a).

Evaluation of NK cell lysis of MM patients against

different tumor targets, including standard NK-sensi-

tive, K562 cell line, human melanoma FemX cell line,

NK-resistant Daudi cell line, HL60 and HeLa tumor

cell lines, shows that, compared to healthy controls, it

is, for MM patients, as shown in Fig. 1, significantly

decreased against K562 tumor cell line. NK cell lysis

against NK-resistant Daudi target cell line has the

same trend as for K562 but on a significantly lower

level for both controls and MM patients. NK cell lysis

against melanoma FemX cell line is even more

impaired, although, unlike against HeLa and HL 60

target tumor cell lines, there is a small difference

between controls and MM patients (Fig. 1b).

The expression of CD161 receptor on freshly iso-

lated PBL of MM patients was significantly lower than

in controls (10.66 ± 1.06% vs. 14.07 ± 1.51%, respec-

tively, p < 0.05) (Fig. 1c). However, we also show that

CD161 expression on CD16+ NK cell subset, only, in

MM patients (26.18 ± 3.42%) in comparison to healthy

controls (39.41 ± 5.60%) is significantly lower (p < 0.05,
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Fig. 1 (a) NK cell specific lysis of healthy controls, non-MM
patients (clinical stage I–III, n = 9) and MM patients (n = 79)
evaluated against K562 tumor target cell line (E:T, 80:1) shows
significant (p > 0.05) impairment in clinical stage IV; (b) NK cell
specific lysis of MM patients and healthy controls against K562,
FemX and Daudi cell lines, unlike HL60 and HeLa target tumor

cell lines (E:T, 80:1) shows a significant decrease; (c) the
percentage of subsets with CD161 and NKG2D receptor
expression in PBL shows a significant decrease in the CD161+
subset, only in MM patients; (d) the relative percentage of CD16+
subsets with CD161 and NKG2D receptor expression shows a
significant decrease in MM patients compared to healthy controls
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Man–Whitney test) (Fig. 1d). Furthermore, we show, a

significant decrease in the expression of NKG2D acti-

vating receptor on the population of CD16+ NK cells

in MM patients (66.98 ± 7.61%), compared to healthy

controls (92.72 ± 1.52%), (p < 0.05, Man–Whitney

test), while there was no significant difference between

MM patients and healthy controls in the expression of

this activating receptor when analyzed

in the entire PBL population (39.00 ± 3.95%, vs.

43.2 ± 2.66%, respectively) (Fig. 1c). The relative

percent of the expression of these receptors was ob-

tained by calculation from Flow cytometry dot plot

data as described in Material and methods. Given

representative Flow cytometry dot plots show decreased

expression of CD161 (Fig. 2b) and NKG2D on CD16+

NK cells (Fig. 2d) of an MM patient compared to a

healthy control (Fig. 2a, c).

In this study we give new data related to KIR

expression in MM patients, as well as healthy controls.

We show that in PBL or CD16+ NK cells there is no

significant difference between MM patients and con-

trols in the expression of KIR receptor CD158a

(2.83 ± 0.47% vs. 1.76 ± 0.37% in PBL, and 11.77 ±

1.77% vs. 7.78 ± 2.21% on CD16+NK cell subset) and

CD158b (6.10 ± 0.73% vs. 8.12 ± 1.19% in PBL and

32.15 ± 2.58% vs. 37.79 ± 3.66% on CD16+NK cell

subset) (Fig. 3a, b).

Also, regarding the density of expression of CD16

we give novel data that show a significant difference in

the distribution of CD16bright and CD16dim NK cell

subpopulations between MM patients and healthy

controls. The percentage of CD16bright NK cells was

significantly lower (Median = 66.85) in MM patients

compared to controls (Median = 75.45), whereas, the

percentage of CD16dim NK cells was significantly

higher (Median = 41.06) in MM patients than in con-

trols (Median = 24.18), analyzed by non-parametric

Man–Whitney U test (Fig. 4a). The disturbance of the

Fig. 2 Representative Flow cytometry dot plots of a healthy
individual and a MM patient shows a significant decrease in
CD16+CD161+ NK cells in MM patient (b) compared to healthy

control (a) and a significant decrease in CD16+ NKG2D NK
cells in MM patient (d) compared to healthy control (c)
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ratio of expression of CD16dim and CD16bright NK cell

subpopulations is illustrated by representative flow

cytometry histograms for a healthy control and MM

patient (Fig. 4b and c, respectively).

Obtained immunomodulation of NK cell lysis of

MM patients (n = 7) with IL-2, IFNa, RA, RA and

IFNa after an 18 h in vitro treatment, compared to

control cultures with medium alone, was evaluated by

using two different tumor target cell lines, i.e., standard

K562 and a human melanoma, FemX, cell line. The

obtained results show that applied immunomodulating

agents, with the exception of RA, enhance NK cell

cytotoxicity. The treatment-induced NK cell lysis is

greater when FemX was used as tumor target cell line,

in comparison to K562, for the treatments with IL-2

and IFN-a, with IL-2, of all the applied immunostim-

ulating agents, giving the greatest enhancement of NK

cell cytotoxicity (Fig. 5).

The evaluation of the distribution of relative and

absolute values for the CD3-CD16+CD56+ NK cell

subset in peripheral blood of healthy controls and MM

patients, does not show significant difference in the

relative percent, however the average absolute value

per liter in peripheral blood is, due to general lymp-

hopenia in these patients, significantly lower than for

healthy controls (Table 2). Although, the relative

percent of CD3+CD161+ subset is significantly lower

and CD3+cd subset is higher in MM patients compared

to healthy controls, the absolute numbers of these two

subsets are lower in investigated patients than in

healthy controls. Additional data regarding CD16dim

and CD16bright subset distribution shows that in abso-

lute numbers, CD16dim subset is somewhat smaller in

MM patients than in controls, and the absolute number

for the significantly smaller percent of CD16bright sub-

set is also reflected in a smaller absolute number in

peripheral blood. Although the relative numbers of

populations of CD161, NKG2D, CD158a and CD158b

positive cells given in Figs. 1c and 3a did not differ

from controls, we show new data that the absolute

numbers of these populations per liter of peripheral

blood are much lower, except for CD158a, than in

healthy controls (Table 2).

Discussion

It has been shown that patients with malignancies,

especially in advanced clinical stage, have suppression

of various types of immune response [21, 22]. Tumor-

associated impairment in the function of NK cells may

be the consequence of their reduced number, dysbal-

ance in their activating and inhibitory receptor reper-

toire [23], as well as dysregulation of the cytotoxic

machinery caused by the prevalence of immunosup-

pressive cytokines, IL-10 and TGFb, which, together

with numerous other inhibitory factors produced by

tumor cells [24, 25], disturb their activation and func-

tion. In this sense, we show in this study that there is

prior to therapy a significant impairment, compared to

controls, of NK cell lysis in MM patients, whereas, NK

cell lysis of patients in early, clinical stage I–III did not

differ significantly from controls.

Additional evaluation of NK cell lysis of MM

patients and controls against the standard NK-sensitive,

K562 cell line compared to a standard NK-resistant,

Daudi, cell line, shows the same trend but on a much

lower level of a significantly decreased NK lysis in MM

patients. As Daudi cell line is NK-resistant and LAK

and ADCC susceptible, it was used as negative control

in order to exclude the contribution of LAK or ADCC

to the observed cytotoxicity [26].
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Natural killer cell lysis of the most relevant, human

melanoma, FemX, cell line shows even greater

impairment of NK cell lysis than against the NK-

resistant, Daudi cell line for both healthy controls and

melanoma patients [27]. The resistance of this mela-

noma cell line may be the consequence of either a lack

of expression of stress proteins characteristic for

malignantly transformed cells, such as stress-inducible

ligands MICA/B that activate NKG2D receptors or

sustained expression of HLA class I molecules that by

binding KIR, down-regulate NK cell-mediated lysis.

Additional data related to NK cell lysis of different

tumor target cell lines, included HeLa, human cervical

carcinoma, that, as most epithelial tumors, expresses

MICA/B ligands that should up-regulate NK cell

activity, and a promyelocytic leukemia, HL60 cell

line that in leukemia-related subdivision to NK

cell-susceptibility, can be NK-insensitive, sensitive or
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Fig. 5 Evaluation of immunomodulating effect of IFN-a, RA,
RA and IFN-a and IL-2, compared to untreated cultures, on NK
cell specific lysis of MM patients after 18 h in vitro treatments of
PBL shows that, by using two different tumor target cell lines,
K562 and FemX, a melanoma tumor cell line, IFN-a and IL-2
give greater enhancement of NK cell lysis against FemX target
cell line, in comparison to K562
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Fig. 4 (a) The expression of CD16bright NK cell subset is
significantly lower, while CD16dim NK cell subset is significantly
higher in MM patients compared to controls. Representative

Flow cytometry histograms show a significantly lower percentage
of CD16bright NK cell subset in an MM patient (c) compared to a
control (b)
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highly sensitive [28]. Despite these data and their

unrelated origin, our data show both HeLa and HL60

cell lines the lowest susceptibility to NK lysis by either

healthy controls or MM patients.

New evidence given in this study showing that the

percentage of CD3-CD16+CD56+ NK cells in periph-

eral blood of investigated MM patients does not differ

from normal controls, would suggest that the impair-

ment in their function is not the consequence of a

decrease in their number [29, 30] in peripheral blood.

However, if the blood count of patients is used to

calculate from the percentage of this subset the abso-

lute number of CD3-CD16+CD56+ NK cell per liter of

blood it was found that MM patients have significantly

reduced number of NK cells (Table 2).

Even though it has been established that the activity

of NK cells is determined by the balance of positive and

negative signals that they receive through different types

of receptors on their cell membrane [31], there are only

few reports, up to now, that give data concerning the

expression of several activating NK cell receptors. In this

study we show for the first time that MM patients, prior

to therapy, have a significant decrease in the expression

of CD161, compared to controls. The few reports that

deal with CD161 receptor expression are generally in

healthy individuals or in certain hematological malig-

nancies and give data in a very diverse manner, from the

percent of CD161 receptor on the entire population of

PBL, to its expression on CD3-, CD16+ or CD56+ sub-

populations. To this effect, some reports, like ours, in

dealing with NK cell subpopulation state in the

CD3-subset the presence of CD161 on 19% of cells in

healthy controls [32]. However, reports that average

positivity of CD3-CD56+ NK cells for CD161 is 72%

[30], is not in agreement with our extensive data for

healthy controls.

Furthermore, in this study the evaluation of the

expression of activating NK cell receptor of the newer

generation, NKG2D, also shows, for the first time, that

MM patients have a significant decrease, compared to

controls, of NKG2D on CD16+ cells. As NKG2D is a

relatively new NK cell receptor most of the existing

reports deal with basic data pertaining to its structure

and function in rodent and human NK cells and lines [4,

33], as well as with its putative ligands in animal tumors

or characterized cell lines [34, 35]. However, aside from

individual reports, such as the one dealing with its

expression in a T cell subset [36], there are scarce re-

ports of its expression in any innate immunity cell

subpopulation in cancer patient. NKG2D activates the

cytotoxic mechanism by recognition of stress proteins

expressed on malignantly transformed cells, such as

MHC-class-I-related molecules MICA and MICB and

the ULBP1-4 proteins [37, 38]. Impairment of NK cell

activity in patients with lung and colorectal cancer has

been associated with down-regulation of NKG2D

receptors on NK cells induced by elevated plasma lev-

els of immunosuppressive cytokine, TGFb [24], or by its

soluble tumor-derived MIC ligands [39]. The signifi-

cantly reduced expression of the analyzed receptors,

CD161 and activating NKG2D, on CD16+ NK cells in

investigated melanoma patients represents new data

that may be associated with the shown serious impair-

ment in the cytotoxic function of their NK cells.

In this study we also give new data for MM patients

concerning NK cell expression of KIR receptors,

CD158a (KIR 2DL1) and CD158b (KIR 2DL2,3),

belonging to the killer cell Ig-like receptor superfamily,

which upon recognition of appropriate HLA alleles

(HLA-C group 1; Cw2, 4, 5, 6 and HLA-C group 2;

Cw1, 3, 7, 8, respectively) on tumor cells, generally,

negatively regulate NK cell activity [40]. As the

Table 2 Distribution of cell subsets in peripheral blood of healthy controls and MM patients

Healthy controls Metastatic melanoma

n Mean (%) Range Absolute
number · 109/la

n Mean (%) Range Absolute
number · 109/l

CD3-CD16+CD56+ 34 16.32 4–60 2.56 44 20.61 3–45 1.8
CD3+CD161+ 20 6.9 2–19 1.1 24 3.5 3–21 0.31
CD3+gdTCR+ 15 3.3 2–12 0.48 12 4.5 2–9 0.405
CD16dim 21 3.5 6–10 0.56 24 4.5 2–11 0.405
CD16bright 21 12.7 10–35 2.03 24 8.3 2–26 0.74
CD161 20 14.07 2–27 2.2 32 10.7 1–25 0.99
NKG2D 8 43.27 31–53 6.88 10 39 19–62 3.51
CD158a 18 1.76 1–5 0.28 31 2.86 1–12 0.26
CD158b 19 8.12 2–18 1.3 32 6.1 2–16 0.55

a The absolute number of each subset was evaluated from the mean percentage obtained from three, two or single color fluorescence
analysis by multiplying with total lymphocyte cont for patients or controls
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reduction in KIR receptors is associated with NK cell

positive regulation and proliferation [41], we report for

the first time that, unlike down-regulation of NK cell

activating NKG2D receptors shown in this study, there

is no significant change in these patients in the

percentage of KIR receptor expression, i.e., CD158a

(mAb 158a recognizes inhibitory CD158a-KIR2DL1

and activating CD158h-KIR2DS1 receptors) and

CD158b (mAb 158b recognizes inhibitory CD158b1/

b2-KIR2DL2/3 and activating CD158j-KIR2DS2

receptors) compared to controls in either PBL or

CD16+NK cells (Fig. 3). Absolute number of CD158a

and CD158b positive cells in peripheral blood of MM

patients shows that there is, actually, a significant

decrease in CD158b positive cells in PBL of the

patients (Table 2). The significance of this finding is to

be elucidated, as the biology of KIR receptor expres-

sion is still being investigated and implies receptor

calibration dependent on individual HLA class I

repertoire expression, as well as its influence on down-

regulation of activating receptor expression [42].

Our evaluation performed on a larger number of

investigated healthy individuals is in agreement with

previously published data of the expression of CD158a

and CD158b on CD16+NK cells, although only for

healthy individuals [30, 43, 44]. The few reports on

KIR in melanoma investigated the influence of HLA

allotypes in melanoma cell lines on inhibition of NK

cell lysis and suggest that disrupting interaction of KIR

with their ligands on tumor cells in vivo may enhance

antitumor response mediated by both innate and

adaptive immune effector cells [45].

As the prototypic antigens that define NK cell subset

are CD16 and CD56, in this study we analyzed the

expression of CD16, the low-affinity FccRIII present

on the surface of NK cells which binds to antibody

(IgG1) coated targets and allows NK cell triggering

during ADCC. CD16 is present on almost the entire

subset of NK cells [8, 46]. It has been shown that CD16

is not only involved in ADCC but also in direct (non-

antibody mediated) target cell recognition and killing

[46, 47]. According to the relative surface density of

CD16 antigen, two subpopulations have been defined,

of CD16dim and CD16bright [46]. These CD16+ subsets

are clearly distinct in their functional capacity in per-

forming NK and ADCC activity. As there have been,

so far, only few reports dealing with the extent and

characteristics of CD16 antigen density of NK cells in

humans, we show that in healthy controls, according to

the density of CD16 expression, the CD16dim NK cell

subpopulation represents 24.18% (median) and

CD16bright subpopulation represents 75.45% (median)

of NK cells, which is in accord with one former report

[46]. Furthermore, we give for the first time evidence

that in MM patients there is a significant shift in the

ratio of these two NK cell subsets, and 41.06% (med-

ian) are CD16dim NK cells and 66.85% (median) of NK

cells are CD16bright. As it has been shown by pheno-

typic characterization that increasing level of CD16

expression is associated with NK cell maturation, these

interesting novel results may indicate a decrease in the

more mature and cytolytically potent, CD16bright NK

cell subset, that may contribute to the impaired NK cell

cytotoxicity found in these patients. Additional data

show that disturbed ratio of CD16dim and CD16bright

subsets is maintained in absolute numbers in PBL of

MM patients, and that owing to lymphopenia, the

absolute number of the two CD16+ subsets is below

that for healthy controls.

As this study, aside from pretherapy evaluation of

the activity and characteristics of NK cells of MM

patients, also includes investigation of predictive effect

of 18 h in vitro treatments on PBL with IL-2, IFN, RA

and combination of RA and IFN on NK cell lysis

assayed against the standard sensitive K562, as well as

a human melanoma, FemX, tumor target cell line.

Obtained immunomodulation of NK cell lysis, com-

pared to control cultures with medium alone, of MM

patients shows that all applied immunomodulating

agents, except RA, enhance NK cell cytotoxicity.

However, IL-2 and IFN treatment-enhanced NK cell

lysis show greater effect against FemX target cell line

than against K562, with IL-2, of all the applied

immunostimulating agents, giving the greatest

enhancement of NK cell lysis [48, 49].

In this study we give extensive novel data related to

the expression of NK cell activating and KIR receptors

in PBL and NK cells in MM patients and healthy con-

trols and show, for the first time, that the impairment of

NK cell activity in MM is associated with decreased

expression of CD161 and activating receptor NKG2D,

on freshly isolated NK cells. Furthermore, we show

disturbance in the ratio of CD16dim and CD16bright NK

subsets in investigated MM patients that may, also,

contribute to impaired NK cell tumor cytotoxicity. As

immunotherapeutic agents are applied in the treatment

of melanoma in order to enhance antitumor immune

response, we give comparative analyses of the degree of

predictive in vitro potentiation of NK cell specific lysis

with IL-2, IFNa, and IFNa together with RA, and RA

alone, against K562 and melanoma cell line, FemX, that

can possibly be of help in the design and development of

therapeutic regimens, considering that new data shows

that low-dose combination of different immunomodu-

lators represents the most promising approach in the

therapy of MM.
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