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Summary

Purpose: Considering tumor-induced suppression of 
natural killer (NK) cell activity the aim of this study was to 
investigate the in vitro effect of a standard immunotherapeu-
tic cytokine, interferon (IFN)α, and a less investigated agent, 
13-cis retinoic acid (RA) on the functional and receptor char-
acteristics of CD16-defined NK cells and their functionally 
diverse dim and bright subsets in patients with metastatic 
melanoma (MM).

Methods: Peripheral blood lymphocytes (PBL) of pa-
tients with clinical stage IV MM were stimulated in vitro for 
18 h in RPMI 1640 culture medium (CM) alone, CM supple-
mented with IFN-α (250 U/ml), RA (10–6M) and their com-
bination. NK cell activity was determined using standard 4 h 
radioactive cytotoxicity assay, while the expression of activat-
ing (NKG2D, CD161) and inhibitory (CD158a, CD158b) NK 
cell receptors on CD3–CD16+ NK cells and their functional 

bright and dim subsets were analyzed by flow cytometry.
Results: NK cell cytotoxic activity was increased af-

ter in vitro treatment with IFN-α alone and in combination 
with RA, while only IFN-α induced increase in NKG2D and 
CD161 activating NK cell receptor expression. Contrary to 
this, RA treatment increased the expression of inhibitory KIR 
CD158b. IFN-α-obtained increase in CD161 expression was 
due to its induction on both NK cell subsets, while for NKG2D 
only on CD16bright subset.

Conclusion: The favorable enhancement of NK cell ac-
tivity of MM patients obtained with IFN-α is associated with 
upregulation of activating NKG2D and CD161 receptors, 
while the lack of RA-associated upregulation is probably due 
to the shown increased expression of inhibitory KIR receptor 
CD158b after in vitro treatment with this agent.
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Introduction

MM patients with advanced disease show impair-
ments in their immune response, including decreased 
NK cell activity [1,2]. As MM is an immunogenic tumor 
resistant to chemotherapy and irradiation, immunomod-
ulating agents have been included in its treatment [3]. 
In this sense, IFN-α, as an innate cytokine showing an-
tiproliferative and immunomodulatory properties, has 
been included in the immunotherapy of MM for several 
decades. On the other hand, considering that its thera-
peutic effect is limited, many other immunomodulating 
agents, alone or in combination with IFN-α, have been 
investigated in this disease. Therefore, taking into ac-

count the antiproliferative and differentiating effects on 
tumor cells and the immunomodulating effect on vari-
ous aspects of immune response of RA, this biological 
agent has been used in the treatment of MM [4].

It is well known that IFN-α, a type I interferon, 
stimulates NK and T cytotoxic cells and induces the 
production of Th1 cytokines, i.e. interferon-γ (IFNγ), 
interleukin (IL)-2 and IL-12, that enhance favorable, 
cell-mediated, antitumor reactions [1,5]. The effect of 
IFN-α is realized through phosphorylation of STAT1 
and STAT2 that induces transcription of various IFN-
responsive genes that affect the cell cycle, induce cyto-
kine secretion and perforin and FasL production [6]. In 
this sense, through interferon-regulating transcription 
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veillance against cancer and its downregulation in MM 
has been shown in one study [1]. Upon binding stress-in-
duced ligands, such as MICA/MICB [14] and ULBP1-4, 
NKG2D induces NK cell cytotoxicity. Another common 
NK cell receptor, CD161, one of the earliest markers in 
NK cell development [15], is primarily described as an 
activating receptor [13]. Contrary to this, the superfam-
ily of KIR receptors, type I membrane glycoproteins, are 
classified into inhibitory or stimulating receptors, and 
can prevent NK cell mediated lysis of cells that express 
class I MHC [13]. Inhibitory KIR receptors, CD158a 
(KIR2DL1) and CD158b (KIR2DL2,3) belong to a 
more frequent group of KIR receptors and recognize 
HLA-C1 and HLA-C2 molecules, respectively, on tu-
mor cells [16]. For this reason these KIR receptors are 
most frequently investigated since, by downregulating 
NK cell activity, they facilitate tumor escape [16].

The aim of this study was to investigate the immu-
nomodulatory effect in predictive in vitro treatments of 
PBL of MM patients with a standard immunotherapeu-
tic cytokine (IFN-α) and a much less investigated agent 
(RA) on NK cell activity and their influence on the ex-
pression of newly defined activating and inhibitory NK 
cell receptors. Moreover, we analyzed the receptor ex-
pression on the entire NK cell population and its two 
functionally diverse subsets, especially on the larger 
CD16bright subset engaged in tumor cytotoxicity and 
also on the smaller regulatory CD16dim NK cell subset. 
Unlike for IFN-α, there is no or only scarce data regard-
ing modulation of NK cell cytotoxicity and receptor ex-
pression with RA, or its combination with IFN-α, since 
RA is a biological agent whose effect has been mostly 
investigated on tumor cells.

Methods
This study has been reviewed and approved by the Ethics 

Committee of the Institute for Oncology and Radiology of Serbia 
and all subjects gave written informed consent.

Patients
In this study included were 35 patients (median age 51 years) 

with histologically proven MM (stage IV), according to the modi-
fied AJCC/UICC staging system (Table 1).

PBL isolation
PBL were isolated using Lymphoprep (Nypacon, Oslo, Nor-

way) density gradient, centrifuged at 500 g, 40 min, and washed 3 
times in RPMI 1640 culture medium (CM, Gibco, Bristol, UK) sup-
plemented with 10% FCS (Sigma, USA).

In vitro treatment of PBL with IFN-α and 13-cis retinoic acid
PBL isolated from MM patients were cultivated for 18 h in 

RPMI 1640 culture medium (CM) alone, CM supplemented with 

factors 1 and 2 (IRF-1 and IRF-2), IFN-α also affects 
genes involved in cell cycle control, cytokine secretion 
and the synthesis of their receptors [6].

On the other hand, RA, a derivative of vitamin A, is a 
biological agent that has antiproliferative and differentiat-
ing properties on tumor cells, as well as immunomodulat-
ing effects on innate, as well as adaptive immune respons-
es, including induction of innate cytokines (IFNγ, IL-12 
and IL-15) and increase of NK cell activity [7]. ATRA, a 
13-cis RA isomer, has been less investigated although it 
has shown clinical benefit in the treatment of solid tumors 
and MM [4]. The activity of RA depends on the presence 
of its nuclear retinoic acid receptors A and X (RAR and 
RXR, respectively) in target cells through which it regu-
lates proliferation, differentiation, susceptibility to apopto-
sis and sensitizes tumor cells to cytotoxic lymphocytes by 
RA-inducible molecules, MICA and RA early transcripts, 
ULBP1-3 and RAET1, known to be ligands for NK cell 
activating receptor NKG2D [1,8]. Moreover, its antipro-
liferative effect on in vitro cultured tumor cells [9] shows 
synergy with IFN-α [7]. Nevertheless, the effect of RA 
alone or its combination with IFN-α has not been inves-
tigated with respect to modulation of newly defined NK 
cell receptors and their effect on cytotoxicity of this innate 
immune subset with antitumor activity.

NK cells have rarely been studied with respect to 
the expression of one of the most important NK cell cy-
totoxic receptors, CD16, the low affinity receptor for 
IgG (FcγRIII) (ADCC) engaged in direct cytotoxic-
ity and antibody-dependent, cellular cytotoxicity [10], 
proliferation, cytokine production, as well as post-ac-
tivational NK cell apoptotic death [11]. NK cells with 
respect to CD16 phenotypically and functionally com-
prise the CD16bright NK cell subset [10] (analogous to 
CD56dim subset), that aside from high expression of 
CD16 and inhibitory KIR receptors [12], expresses 
abundant perforin and granzyme granules and is in-
volved in NK cell cytotoxicity. CD16dim NK cell subset 
(analogous to CD56bright subset) has low expression of 
CD16 and low to absent expression of KIR receptors, 
and displays a regulatory function owing to its abundant 
cytokine production and weak cytotoxicity [12]. It has 
been shown that NK cell subsets differ in IL-2 receptor 
expression [12], while there are no data related to the 
expression of IFN-α receptors.

The balance between NK cell activating and inhib-
itory signals mediated by a group of receptors that were 
originally described on NK cells, regulates NK cytotoxic 
activity [13]. These families of NK cell receptors include 
activating c-lectin-like receptors (NKG2D, CD161), 
other natural cytotoxicity receptors and inhibitory killer 
cell receptors (KIR). NKG2D, as the most prominent 
activating receptor, mediates immune responses in sur-
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with radioactive 51Chromium (Na2CrO4, As = 3.7 MBq, Amersham, 
UK), to form triplicates of 3 effector cell (E) to target cell (T) ratios 
(E:T): 80:1, 40:1 and 20:1. The mean percent cytotoxicity was cal-
culated using the following formula:

Maximal release was obtained by incubation of target K562 
tumor cells at the same concentration in the presence of 5% Triton 
X-100, and spontaneous release was obtained by incubation of K562 
cells in CM alone.

Reverse transcriptase-polymerase chain reaction

Total RNA was isolated from in vitro stimulated PBL using 
TRIZOL (Invitrogen, Madison, WI, USA) reagent. One µg of total 
RNA was reverse-transcribed by random priming while incubated 
with 1 µl reverse transcriptase MuLV, 10 mM deoxynucleotide tri-
phosphate mix (dNTP), RNAse inhibitor and 2 µl 0.1 M dithioth-
reitol (DTT) for 1 h at 37° C and then 5 min at 99° C. Total cDNA 
was then subjected to PCR program 5 min at 95° C, and 30 cycles 
of amplification (15 sec at 95° C, 30 sec at 57° C, 45 sec at 72° C) 
and 7 min at 72° C. The sequence of primers used for amplifica-
tion of 414 bp (base pair) fragment of IRF-1 was: GACCAGAG-
CAGGAACAAG corresponding to bp 483-501 and the antisense 
was TAACTTCCCTTCCTCATCC corresponding to bp 881-889. 
β actin primer selected to amplify 685 bp fragment was: TGGGT-
CAGAAGGATTCCTAT corresponding to 181-200 and the antisense 
AAGGAAGGCTGGAAGAGT corresponding to 821-838 from the 
published β actin sequence.

Western blot analysis

The protein content in whole-cell extracts was determined 
by means of Bradford assay. Equal amounts of proteins (20 µg/
well) were resolved by 10% SDS-PAGE and transferred to nitrocel-
lulose (Bio-Rad, USA). Blots were incubated overnight with Anti- 
Stat1(pY701) (BD Transduction laboratories, San Hose, CA), rabbit 
anti-human MEK1/2 and ERK1/2 (Sigma, St. Louise, USA) phos-
pho specific antibodies. The blots were developed using enhanced 
chemiluminescence (ELC) detection system (Amersham, Arlington 
Heights, IL USA) and analyzed with Gel Doc BioRad system using 
Multi-Analyst 1.1 software.

Statistical analysis

The GraphPad Prism software was used for statistical analy-
sis. The significance of differences between results obtained after 
treatments with IFN-α, RA and their combination was evaluated 
with respect to control culture medium treatments by using nonpara-
metric Wilcoxon signed rank test. A p value below 0.5 was consid-
ered to be statistically significant.

Results

NK cell cytotoxicity of MM patients performed 
against standard sensitive erythromyeloid K562 tumor 
target cell line after in vitro PBL cultivation showed 
that NK cell cytotoxicity after treatment with 250 U of 

IFN-α (250 U/ml), 13-cis retinoic acid (10–6M) and their combina-
tion in 6-well plates (Sigma, St Louis, MO) at 37° C and 5% CO2 in 
humid atmosphere.

Flow cytometric analysis

Surface immunophenotype of in vitro treated PBL from 26 
MM patients was identified using the following combinations of 
directly labeled monoclonal antibodies (mAbs): CD3PerCP/CD-
16FITC, CD3PerCP/CD16FITC/CD161PE, CD3PerCP/CD16PE/
CD158aFITC, and CD3PerCP/CD16FITC/CD158bPE (Becton 
Dickinson, San Jose, CA, USA) and CD3PerCP/CD16FITC/NKG-
2DPE (R&D, USA). The samples were prepared as previously de-
scribed [17]. A total of 10,000-50,000 gated events, verified as PBL 
according to their physical characteristics (FSC and SSC), were col-
lected per sample and analyzed using CellQUEST software. Ex-
clusion of non-specific fluorescence was based on matched isotype 
mAb combinations conjugated with FITC, PE and PerCP (Becton 
Dickinson, San Jose, CA, USA). NK cells were defined and gated 
within the lymphocyte gate according to their expression of CD3 and 
CD16 (CD3–CD16+). In order to define the two NK cell subsets of 
low (CD3–CD16dim) or high (CD3–CD16bright) subsets, CD3–CD16+ 
NK cells were divided based on the density of CD16 antigen defined 
by mean fluorescence intensity (MFI) as previously reported [18]. 
NK cell receptors CD161, NKG2D, CD158a and CD158b on CD3–

CD16+ NK cells were expressed as percents in PBL as well as per-
cents in gated CD3–CD16+ NK cells, while the expression of these 
receptors on CD3–CD16bright and CD3–CD16dim NK cell subsets 
was estimated in PBL.

NK cell assay

NK cell activity of 36 MM patients were determined using 
standard cytotoxicity assay [19]. One hundred μl of in vitro stimu-
lated PBL, as effector cells, at 4.0×106/ml concentration of CM and 
two 1:1 dilutions, were mixed with 100 μl of the erythromyeloid cell 
line K562 as target cells, at 0.05×106/ml concentration, prelabelled 

Table 1. Patient characteristics

Characteristics N (%)

Age (years)
Range 28-69
Median 51

Gender
Male 22 (53)
Female 13 (47)

Primary tumor localization
Head and neck 5 (10)
Trunk 12 (26)
Upper limb 3 (6)
Lower limb 11 (23)
Unknown 4 (11)

Metastases
Lung 12 (26)
Liver 13 (28)
Soft tissues 8 (17)
Bones 6 (13)
Adrenals 2 (4)
Spleen 2 (4)
Retroperitoneum 2 (4)
Lymph nodes 25 (54)

*counts per min

*
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CM to 5.52±0.89% for NKG2D (Figure 2a), and from 
3.01±0.54% in CM to 3.73±0.54% for CD161. Analy-
ses of activating receptor expression after IFN-α PBL 
treatment on gated CD3–CD16+ NK cells showed sim-
ilar significant increase (Wilcoxon signed rank test, 
p<0.05) of both NKG2D (values were 0.52±8.04% 
in CM and 58.57±8.71% after IFN-α treatment) and 
CD161 expression (values were 25.91±3.38% in CM 
and 37.75±4.25% after IFN-α treatment) (Figure 2b).

Contrary to this, the analyses of CD158a and 
CD158b KIR expression showed that only treatment 
with RA alone significantly increased (Wilcoxon signed 
rank test, p<0.05) the expression of CD158b on CD3–

CD16+ NK cells in PBL (values were from 3.50±0.70% 
in CM to 3.88±0.7% after IFN-α treatment) (Figure 3a), 
whereas the analyses of KIR expression on gated CD3–

CD16+ NK cells did not show any change (Figure 3b).
The evaluation of signaling pathways engaged 

in in vitro performed treatments indicated that IFN-α, 
unlike RA, increased 1.27-fold the level of pSTAT1 
in PBL of MM patients after 4 h of in vitro treat-
ment (Figure 4a). On the other hand the investigation 
of RA associated signaling molecules MEK1,2 and 
ERK1/2 showed an 1.28-fold increase in pMEK1,2 
and 1.50-fold increase in pERK1,2 protein level after 
treatment with RA alone and also 1.57-fold increase 
in p-MEK1,2 and 1.50-fold increase in p-ERK1,2 af-
ter its combination with IFN-α (Figure 4c). Represen-
tative results for pSTAT1, MEK1,2 and ERK1,2 are 
displayed in Figure 4b and d, respectively. Our results 
also indicated a substantial IFN-α-mediated induction 
of IRF-1, a key transcription factor engaged by this cy-
tokine (Figure 5a). Representative results for IRF-1 are 
shown in Figure 5b.

The analyses of NK cell receptor expression af-
ter these in vitro treatments on CD16dim and CD16bright 

IFN-α alone or in combination with RA (10–6 M) was 
significantly augmented (p<0.05, Wilcoxon signed 
rank test) compared to PBL treated in medium alone 
(values were 40.04% in CM, 56.15% with IFN-α and 
56.92% with IFN-α and RA for an E:T ratio 80:1). 
Contrary to this, RA alone (10–6 M) did not potenti-
ate NK cell activity of the investigated MM patients 
(Figure 1).

Expression of NKG2D, CD161, CD158a and 
CD158b NK cell receptors after in vitro treatment of 
PBL of these patients with IFN-α, RA and IFN-α to-
gether with RA was estimated on CD3–CD16+ NK 
cells in PBL (Figure 2a), as well as on gated CD3–

CD16+ NK cells (Figure 2b). The obtained results 
showed that IFN-α treatment, as opposed to either RA 
alone or IFN-α and RA together, induced significant 
increase (p<0.05, Wilcoxon signed rank test) in acti-
vating NK cell receptor expression on CD3–CD16+ 
NK cells, with the increase being from 4.88±0.95% in 

Figure 1. NK cell cytotoxic activity was evaluated against standard 
sensitive erythromyeloid K562 tumor target cell line for 80:1 effec-
tor to target cell ratio after 18h in vitro treatment of PBL of MM pa-
tients with 250 IU IFN-α, 10–6 M 13-cis RA and their combination. 
Significant (*p<0.05, Wilcoxon signed rank test) enhancement of 
NK cell cytotoxicity was obtained with IFN-α alone, as well as in 
combination with 13-cis RA. Results are expressed as percentage 
of specific lyses and are shown as mean ± SE.

Figure 2. Expression of CD161 and NKG2D activating NK cell receptors after 18h in vitro treatment of PBL of MM patients with IFN-α, 
13-cis RA and their combination was estimated (a) on CD3–CD16+ cells in PBL and (b) on gated CD3–CD16+ NK cells. Only treatment 
with IFN-α significantly (*p<0.05, Wilcoxon signed rank test) increased the percentage of CD161 and NKG2D activating receptors on NK 
cells in PBL, as well as on gated NK cells. Results are shown as mean ± SE.
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Figure 3. Expression of CD158a and CD158b inhibitory KIR receptors after 18h in vitro treatment of PBL of MM patients with IFN-α, 13-
cis RA and their combination was estimated (a) on CD3–CD16+ cells in PBL and on (b) gated CD3–CD16+ NK cells. Treatment with 13-
cis RA, alone, significantly (Wilcoxon’s signed rank test, *p<0.05) increased the expression of CD158b on CD3–CD16+ NK cells in PBL. 
Results are shown as mean ± SE.
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tory CD158a and CD158b KIR receptors no significant 
change was obtained after treatments (Figure 7b).

Discussion

As it has been shown that MM patients have an 
impairment in innate immune response, especially in 
the activity of NK cells as its major effector subpopu-
lation [1], in this study we investigated the in vitro ef-
fect of INF-α and RA on different NK cell parameters 
in these patients.

In the present study we demonstrated that NK 
cell cytotoxicity of the investigated MM patients is 
increased by the in vitro performed treatments with 
IFN-α and IFN-α together with RA, while RA alone 
does not provoke any enhancement of NK cell activity. 
Considering that it has been shown for various cyto-
kines, including IFN-α, that increase of NK cell activ-
ity was due to upregulation of various cytotoxic secre-
tory molecules, such as perforin, granzymes A and B, 
as well as FasL and TRAIL receptors [20], in this study 
we showed for the first time that the effects of IFN-α, as 
well as IFN-α in combination with RA, are associated 
with a change in expression of the newly described acti-
vating and inhibitory NK cell receptors. The results ob-
tained in this study indicate that the investigated agents 
affect the balance of these receptors in favor of the acti-
vating NKG2D and CD161 receptors. In this sense, up-
regulation of NK cell cytotoxicity by IFN-α is not only 
due to the known upregulation of cytolytic molecules 
[20], but also to the shown upregulation of the main ac-
tivating receptor, NKG2D, whose expression has been 

NK cell subsets showed only after IFN-α treatment a 
highly significant increase (p<0.01, Wilcoxon signed 
rank test) in CD161 expression on both NK cell subsets 
(0.49±0.09% in CM and 0.62±0.01% after treatment for 
CD16dim and from 2.04±0.92% in CM to 2.25±0.92% 
after treatment for CD16bright NK cell subset). Unlike 
this, the expression of NKG2D increased significantly 
after IFN-α treatment (p<0.01, Wilcoxon signed rank 
test) only on CD16bright NK cell subset (2.51±0.82% in 
CM and 2.92±0.72% after IFN-α treatment) (Figure 6a). 
Moreover, there was no change in the expression of in-
hibitory KIR NK cell receptors, CD158a and CD158b, 
on either CD16dim and CD16bright NK cells after in vitro 
performed treatments (p>0.05, Wilcoxon signed rank 
test) (Figure 6b).

The analyses after treatment with IFN-α, RA and 
their combination of the density of expression (mean 
fluorescence intensity, MFI) of activating NK cell re-
ceptors on the two NK cell subsets showed that receptor 
CD161 expression increased significantly (p<0.05, Wil-
coxon signed rank test), on both NK cell subsets after 
IFN-α treatment compared to treatments in CM (from 
5.19±1.10% to 6.96±1.65% on CD16dim and from 
5.54±1.54% to 7.14±1.95% on CD16bright), whereas 
treatment with RA and IFN-α combination significant-
ly increased (p<0.05, Wilcoxon signed rank test) its 
density of expression only on CD16dim NK cell sub-
set (from 5.19±1.10% in CM to 8.4±2.22% after treat-
ment). However, IFN-α treatment increased the densi-
ty of expression of activating NK cell NKG2D recep-
tor (12.18±2.38% in CM and 20.22±6.98% after IFN-α 
treatment) only on CD16bright NK cell subset (Figure 
7a). With respect to the density of expression for inhibi-

Figure 6. The expression of NKG2D and CD161 activating and CD158a and CD158b inhibitory KIR NK cell receptors was evaluated in 
PBL on CD3–CD16bright and CD3–CD16dim NK cell subsets after 18h in vitro treatments of PBL of MM patients with IFN-α, 13-cis RA and 
their combination. IFN-α treatment significantly (*p<0.05, Wilcoxon signed rank test) increased the expression of (a) NKG2D on CD3–

CD16bright NK cell subset, while the expression of CD161 increased significantly (*p<0.05, Wilcoxon signed rank test) on both CD3–CD-
16bright and CD3–CD16dim NK cell subsets. On the contrary there was no change in CD158a and CD158b NK cell receptor expression after 
treatments (b). Results are shown as mean ± SE.
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for improvement of NK cell activity [23], we assume 
that upregulation of NKG2D expression leads to con-
sequent increase of NK cell activity.

Considering that the level and inducibility of 
pSTAT1 by IFN-α in PBL determines its effects [44], 
evaluation of its level may be a useful parameter in 
pretherapy predictive assays of in vivo response to this 
cytokine [24]. The evaluation of signaling pathways 
engaged in PBL performed treatments indicates an 
increase in pSTAT1 level by IFN-α, while RA, either 
alone or in combination with IFN-α increases the mol-
ecules associated with MAPK signaling pathway, i.e. 
MEK1,2 and ERK1,2. These results support the ob-
tained, or lack of, modulation of NK cell cytotoxicity 
by these agents. The semiquantitatively measured in-
crease of the investigated STAT1 protein in IFN-α and 
RA-treated PBL reflects their upregulation in NK cells, 
since these cells have been identified in one flow cy-
tometry study to express STAT1 after in vitro or in vivo 
IFN-α treatment [24]. It has been shown in different an-
imal model systems or cell lines [25], and only scarcely 
in pathological conditions [48] that NK cell cytolysis of 
target cells by the effector molecules Fas-L and perfo-
rin, is STAT1-dependent; so far this pathway has been 
rarely investigated in human NK cells [26].

It has been shown that RA receptors can undergo 
posttranslational modifications that include phosphor-
ylation at tyrosine and serine/threonine residues which 
affect RA activity and also allow “cross talk” with the 
MAPKinase signaling pathway [27]. In this sense, our 
results that show that, contrary to IFN-α alone, RA 
alone or in combination with IFN-α upregulates the ex-
pression of molecules associated with MAPK signal-
ing pathway, i.e. MEK1,2 and ERK1,2, associated with 

shown to be compromised in metastatic MM patients 
[1], as interaction of NKG2D and its ligands MICA or 
MICB on tumor cells facilitates NK cell cytotoxic anti-
tumor mechanisms [14].

Our results showed that in vitro IFN-α and RA dif-
ferentially affect the expression of the two newly inves-
tigated primary activating NK cell receptors NKG2D 
and CD161 and the newly investigated KIR receptors 
CD158a and CD158b on CD3–CD16+ NK cell popula-
tion. Namely, we found that while IFN-α 18 h treatment 
significantly increased NKG2D and CD161 expres-
sion on NK cells, 18 h treatment with RA alone only in-
creased the expression of the inhibitory CD158b KIR 
receptor. So far modulation of the expression of these 
NK cell receptors has been reported for IFN-α in one 
study for healthy controls [21] and in another for meta-
static melanoma patients [22], while no such data has 
been available for RA. Therefore, by affecting the bal-
ance of the newly described activating and inhibitory 
NK cell receptors that shape NK cell activity, the inves-
tigated agents regulate NK cell cytotoxicity.

Except these two studies, the association of in vi-
tro IFN-α induced NK cell NKG2D receptor expression 
with enhanced NK cell activity has so far been shown 
only in NK92 cell line after treatment with higher con-
centrations (1000 U/ml) and after longer, 48 h, incuba-
tion [23]. Unlike IFN-α and RA combination, the lack 
of increase of NK cell activity after treatment with RA 
alone, may be the consequence of the newly shown in-
crease in inhibitory KIR CD158b receptor expression 
on CD3–CD16+ NK cell population. Moreover, as in 
this study no decrease in KIR expression was observed 
after IFN-α treatment, although it has been shown that 
downregulation of inhibitory KIRs by IFN-α is needed 

Figure 7. Mean fluorescence intensity (MFI) of expression of NKG2D and CD161 activating and CD158a and CD158b inhibitory KIR 
NK cell receptors was evaluated in PBL on CD3–CD16bright and CD3–CD16dim NK cell subsets after 18h in vitro treatments of PBL of MM 
patients with IFN-α, 13-cis RA and their combination. (a) IFN-α treatment significantly (*p<0.05, Wilcoxon signed rank test) increased the 
MFI of investigated activating NK cells receptors on CD3–CD16bright NK cell subset for NKG2D receptor and on both CD3–CD16bright and 
CD3–CD16dim NK cell subsets for CD161 receptor (*p<0.05, Wilcoxon signed rank test). On the contrary, there was no change in CD158a 
and CD158b NK cell receptor MFI after treatments (b). Results are shown as mean ± SE.
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It is of interest that modulation of the density of 
expression (MFI) of the investigated NK cell receptors 
by these agents on the cytotoxic and regulatory NK cell 
subsets supports the obtained findings of their percent-
age in NK cell subsets, as these two parameters are now 
used interchangeably in the evaluation of flow cytom-
etry data.

We conclude that our in vitro predictive prether-
apy findings of favorable enhancing effect of IFN-α on 
NK cell activity of the investigated MM patients is as-
sociated with upregulation of activating NKG2D and 
CD161 NK cell receptors, while the lack of RA alone-
associated upregulation is probably due to the new-
ly shown increased expression of the inhibitory KIR 
CD158b NK cell receptor after in vitro treatment with 
this agent alone. However, in combination with IFN-α, 
RA enhanced NK cell activity probably originates from 
upregulated proteolytic enzymes that mediate cytotox-
icity. In this sense, the obtained data, especially for RA, 
give novel insight of the involvement of the newer gen-
eration of NK cell receptors in increasing the antitumor 
NK cell activity of MM patients.

Acknowledgment

This work was supported by the grant number 
41031 of the Ministry of Science and Technology of the 
Republic of Serbia. We wish to thank Mrs. Jasna Popo-
vic Basic and Mrs. Miroslava Culafic for excellent tech-
nical work and help during this investigation and Mrs. 
Dusica Gavrilovic for extensive statistical analyses.

References

1. Konjevic G, Mirjacic-Martinovic K, Vuletic A et al. Low ex-
pression of CD161 and NKG2D activating NK receptor is as-
sociated with impaired NK cell cytotoxicity in metastatic mel-
anoma patients. Clin Exp Metastasis 2007; 24: 1-11.

2. Konjevic G, Jovic V, Vuletic A, Radulovic S, Jelic S, Spuzic 
I. CD69 on CD56 + NK cells and response to chemoimmu-
notherapy in metastatic melanoma. Eur J Clin Invest 2007; 
37: 887-896.

3. Atkins MB. Immunotherapy and experimental approaches for 
metastatic melanoma. Hematol Oncol Clin North Am 1998; 
12: 877-902.

4. Rosenthal MA, Oratz R. Phase II clinical trial of recombinant 
alpha 2b interferon and 13 cis retinoic acid in patients with 
metastatic melanoma. Am J Clin Oncol 1998; 21: 352-354.

5. Bremers AJ, Parmiani G. Immunology and immunotherapy 
of human cancer: present concepts and clinical developments. 
Crit Rev Oncol Hematol 2000; 34: 1-25.

6. Kröger A, Köster M, Schroeder K, Hauser H, Mueller PP. Ac-
tivities of IRF-1. J Interferon Cytokine Res 2002; 22: 5-14.

upregulation of NK cytotoxicity [28], supports the role 
of these signaling molecules in the obtained increase of 
NK cell activity of the investigated MM patients.

Furthermore, as IRF-1 is a STAT1-inducible key 
transcription factor involved in the synthesis of cyto-
toxic granules necessary for NK cytotoxicity [6], we 
showed that IRF-1 mRNA is promptly and significantly 
induced by IFN-α. This finding is consistent with one 
previous report on isolated NK cells of healthy indi-
viduals that also showed fast upregulated expression 
of IRF-1 after only 1 h of stimulation [29] with a peak 
level after 4 h treatment with 1000 U/ml of IFN-α [25]. 
In this regard, our results also indicate IFN-α-mediated 
induction of IRF-1, a key transcription factor engaged 
by this cytokine.

It is interesting that our new results indicate that 
the performed short-term in vitro treatments with IFN-α 
or RA in healthy individuals do not influence the size 
of either cytotoxic CD16bright or regulatory CD16dim 
NK cell subset [21], as a desirable shift would be in fa-
vor of the more mature, cytotoxic CD16bright subset 
[18,30]. Considering that there is no significant change 
in NK bright and dim subset distribution following the 
performed treatments (data not shown), as well as the 
recently shown NK receptor distribution in these sub-
sets [30], the novel observed selective induction of ac-
tivating NKG2D and CD161 receptor expression with 
IFN-α on NK cell population, are most likely the con-
sequence of direct regulation on a single cell level by 
this cytokine rather than a reflection of the subset shift 
within the NK cell compartment.

In addition, the results obtained for IFN-α-med-
iated NKG2D and CD161 induction on the two NK cell 
subsets are in agreement not only with the found signifi-
cant IFN-α upregulation of these receptors on the entire 
CD3–CD16+ NK cell population, but also with the in-
crease of NK cell activity. Moreover, our findings also 
show, for the first time, how the investigated agents affect 
receptor expression on these two NK cell subsets. In this 
regard, the found IFN-α induction of NKG2D is the con-
sequence of its increase mostly on cytotoxic CD16bright 
subset, while IFN-α induction of CD161 also on the en-
tire NK cell population results from its increased expres-
sion on both NK cell subsets, which is in agreement with 
our previous finding that CD161, contrary to NKG2D, 
is more susceptible to IFN-α [21,22]. Contrary to this, 
RA does not display any effect on these two activating 
receptors when analyzed on these two NK cell subsets, 
while the trend of the observed RA-mediated induction 
of CD158b expression on the cytotoxic CD16bright NK 
cell subset is in agreement with the increase observed on 
the entire NK cell population that may underlie the found 
lack of induction of NK cell activity by this agent.



769

19. Brown RL, Ortaldo JR, Griffith RL, Blanca I, Rabin H. The 
proliferation and function of human mononuclear leukocytes 
and natural killer cells in serum-free medium. J Immunol 
Methods 1985; 81: 207-214.

20. Smyth MJ, Cretney E, Kelly JM et al. Activation of NK cell 
cytotoxicity. Mol Immunol 2005; 42: 501-510

21. Konjevic G, Mirjacic Martinovic K, Vuletic A, Radenkovic S. 
Novel aspects of in vitro IL-2 or IFN-α enhanced NK cytotoxic-
ity of healthy individuals based on NKG2D and CD161 NK cell 
receptor induction. Biomed Pharmacother 2010; 64: 663-671.

22. Konjevic G, Mirjacic Martinovic K, Vuletic A, Babovic N. 
In-vitro IL-2 or IFN-α-induced NKG2D and CD161 NK cell 
receptor expression indicates novel aspects of NK cell activa-
tion in metastatic melanoma patients. Melanoma Res 2010; 
20: 459-467.

23. Zhang C, Zhang J, Sun R, Feng J, Wei H, Tian Z. Opposing 
effect of IFNgamma and IFNalpha on expression of NKG2D 
receptors: negative regulation of IFNgamma on NK cells. Int 
Immunopharmacol 2005; 5: 1057-1067.

24. Lesinski GB, Trefry J, Brasdovich M et al. Melanoma cells 
exhibit variable signal transducer and activator of transcrip-
tion 1 phosphorylation and a reduced response to IFN-alpha 
compared with immune effector cells. Clin Cancer Res 2007; 
13: 5010-5019.

25. Liang S, Wei H, Sun R, Tian Z. IFN alpha regulates NK cell 
cytotoxicity through STAT1 pathway. Cytokine 2003; 23: 
190-199.

26. Critchley-Thorne RJ, Simons DL, Yan N et al. Impaired inter-
feron signaling is a common immune defect in human cancer. 
Proc Natl Acad Sci U S A 2009; 106: 9010-9015.

27. Faus H, Haendler B. Post-translational modifications of steroid 
receptors. Biomed Pharmacother 2006; 60: 520-528.

28. Tassi I, Klesney-Tait J, Colonna M. Dissecting natural killer 
cell activation pathways through analysis of genetic muta-
tions in human and mouse. Immunol Rev 2006; 214: 92-105.

29. Lehtonen A, Lund R, Lahesmaa R, Julkunen I, Sareneva T, 
Matikainen S. IFN-alpha and IL-12 activate IFN regulatory 
factor 1 (IRF-1), IRF-4, and IRF-8 gene expression in human 
NK and T cells. Cytokine 2003; 24: 81-90.

30. Konjevic G, Mirjacic Martinovic K, Vuletic A, Jurisic V, Spuz-
ic I. Distribution of several activating and inhibitory recep-
tors on CD3(–) CD16 (+) NK cells and their correlation with 
NK cell function in healthy individuals. J Membr Biol 2009; 
230: 113-123.

7. Pelicano L, Li F, Schindler C, Chelbi-Alix MK. Retinoic acid 
enhances the expression of interferon-induced proteins: evi-
dence for multiple mechanisms of action. Oncogene 1997; 
15: 2349-2359.

8. Vertuani S, Dubrovska E, Levitsky V, Jager MJ, Kiessling R, 
Levitskaya J. Retinoic acid elicits cytostatic, cytotoxic and 
immunomodulatory effects on uveal melanoma cells. Cancer 
Immunol Immunother 2007; 56: 193-204.

9. Vuletic A, Konjevic G, Milanovic D, Ruzdijic S, Jurisic V. An-
tiproliferative effect of 13-cis-retinoic acid is associated with 
granulocyte differentiation and decrease in cyclin B1 and Bcl-
2 protein levels in G0/G1 arrested HL-60 cells. Pathol Oncol 
Res 2010; 16: 393-401.

10. Nagler A, Lanier LL, Cwirla S. Comparative studies of human 
FcRIII-positive and negative natural killer cells. J Immunol 
1989; 143: 3183-3191.

11. Warren HS, Kinnear BF. Quantitative analysis of the effect 
of CD16 ligation on human NK cell proliferation. J Immunol 
1999; 162; 735-742.

12. Cooper MA, Fehniger TA, Caligiuri MA. The biology of hu-
man natural killer-cell subsets. Trends Immunol 2001; 22, 
633-640.

13. Farag SS, Caligiuri MA. Human natural killer cell develop-
ment and biology. Blood Rev 2006; 20: 123-137.

14. Diefenbach A, Hsia JK, Hsiung MY, Raulet DH. A novel li-
gand for the NKG2D receptor activates NK cells and mac-
rophages and induces tumor immunity. Eur J Immuno 2003; 
33: 381-391.

15. Freud AG, Caligiuri MA. Human natural killer cell develop-
ment. Immunol Rev 2006; 214: 56-72.

16. Yawata M, Yawata N, Draghi M, Little AM, Partheniou F, 
Parham P. Roles for HLA and KIR polymorphisms in natural 
killer cell repertoire selection and modulation of effector func-
tion. J Exp Med 2006; 203: 633-645.

17. Jackson A, Warner N. Preparation, staining and analysis by 
flow cytometry of peripheral blood leukocytes. In: Rose N, 
Friedman H, Fahey J (Eds): Manual of Clinical Laboratory 
Immunology (3rd Edn). American Society for Microbiology, 
1986, pp 226-235.

18. Konjevic G, Martinovic KM, Jurisic V, Babovic N, Spuzic I. 
Biomarkers of suppressed natural killer (NK) cell function 
in metastatic melanoma: decreased NKG2D and increased 
CD158a receptors on CD3–CD16+ NK cells. Biomarker 
2009; 14: 258-270.


