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Streszczenie
Wstęp: Komórki NKT biorą udział w  odpowiedzi przeciwno-
wotworowej na drodze bezpośredniej cytotoksyczności oraz 
pośrednio poprzez aktywację komórek efektorowych. Ostat-
nie badania wykazały zależność pomiędzy liczbą i  funkcją 
komórek NKT a rokowaniem klinicznym. Wydają się stanowić 
obiecujące narzędzie w immunoterapii nowotworów, jednakże 
ich mała liczba w ludzkim organizmie, a szczególnie obniżona 
u chorych na raka, sugeruje konieczność generacji tej populacji 
komórkowej. 
Celem pracy była ocena dystrybucji komórek NKT we krwi ob-
wodowej, węzłach chłonnych i tkance guza u pacjentów z nie-
drobnokomórkowym rakiem płuc (NDRP) oraz opracowanie 
najbardziej wydajnego zestawu cytokin stymulującego różni-
cowanie komórek NKT. 
Materiał i metody: Za pomocą cytometrii przepływowej auto-
rzy oceniali odsetek komórek iNKT+CD3+ w  tkankach pobra-
nych od 18 pacjentów z NDRP. W celu generacji komórek NKT 
zakładano hodowle komórek wyizolowanych z  krwi 20 zdro
wych dawców oraz z  tkanek 4 pacjentów z  NDRP. Komórki 
były stymulowane α-GalCer w  następujących kombinacjach: 
α-GalCer+IL-2, α-GalCer+IL-2+IL-7 oraz α-GalCer+IL-2+IFN-γ.
Wyniki: Odnotowano istotne statystycznie różnice pomiędzy 
odsetkami komórek NKT w  tkankach pacjentów. Najwyższy 
odsetek tych komórek zaobserwowano w tkance guza (0,39%), 
a najniższy w węzłach chłonnych (0,13%). Wszystkie zastoso-
wane kombinacje α-GalCer i cytokin stymulowały proliferację 
komórek NKT u zdrowych dawców w warunkach in vitro. Kom-
binacje: α-GalCer+IL-2+IL-7 oraz α-GalCer+IL-2+IFN-γ, stymulo-
wały proliferację komórek NKT z najlepszą wydajnością.
Wnioski: Wyniki sugerują, że komórki NKT migrują do guza 
pierwotnego i  gromadzą się w nim. Wszystkie badane kom-
binacje α-GalCer i  cytokin były zdolne do generacji komórek 
NKT in vitro.
Słowa kluczowe: NDRP, NKT, krew obwodowa, węzły chłonne, 
guz.
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Abstract
Introduction: Natural killer T (NKT) cells are involved in the an-
titumor response by direct cytotoxicity and indirectly through 
activation of effector cells. Recent studies have shown a rela-
tionship between the number and function of NKT cells and 
clinical outcomes. NKT cells seem to represent a promising tool 
for immunotherapy of cancer.
The aim of the study was to evaluate the distribution of NKT 
cells in peripheral blood, lymph nodes and tumor tissue of 
non-small cell lung cancer (NSCLC) patients, as well as deve-
lopment of the most efficient set of cytokines stimulating dif-
ferentiation of NKT cells.
Material and methods: We evaluated the percentage of 
iNKT+CD3+ cells in the tissues collected from patients with 
NSCLC. For the generation of NKT cells, we cultured cells iso-
lated from the blood of 20 healthy donors and from the tissues 
of 4 NSCLC patients. Cells were stimulated with α-GalCer in 
combinations with cytokines.
Results: We noted significant differences in the percentages 
of NKT cells in the patients’ tissues. The highest percentage of 
these cells was observed in the tumor tissue and the lowest 
in the lymph nodes. In vitro, in healthy donors all α-GalCer-
cytokine combinations were effective in stimulation of NKT 
cells’ proliferation. NKT cells’ proliferation was the most effi-
ciently stimulated by α-GalCer+IL-2+IL-7 and α-GalCer+IL-2+ 
+IFN-γ.
Conclusions: Our results suggest that in the course of NSCLC, 
NKT cells migrate to the primary tumor and accumulate there-
in. All tested combinations of α-GalCer and cytokines were ca-
pable of generation of NKT cells in vitro.
Key words: NSCLC, NKT, peripheral blood, lymph nodes, tumor. 
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Introduction
Lung cancer is the most common malignancy in the 

world [1]. It is estimated that nearly 90% of all cases of 
lung cancer are the result of active cigarette smoking. 
Other cases are associated with exposure to physical and 
chemical environmental and occupational factors, such as 
arsenic, asbestos or radon [2]. Non-small cell lung cancer 
(NSCLC) accounts for over 80% of all lung malignancies [1]. 
In most cases, lung cancer develops asymptomatically for 
a  long time, which contributes to the late diagnosis and 
high advancement of the disease and makes it unsuitable 
for surgical treatment. These are the reasons for the low 
5-year survival rate, which is estimated at around 8-16% 
[3]. Unsatisfactory treatment results encourage scientists 
to search for new therapies intensively. In this perspective, 
special attention is turned to natural killer T (NKT) lympho-
cytes. NKT cells are a  special heterogeneous subpopula-
tion, demonstrating co-expression of the characteristics 
of both conventional T lymphocytes (αβTCR, CD3) and NK 
cell surface markers (CD56, CD161) [4, 5]. Thanks to their  
ability, regarding regulation of functions and activity of  
T cells and NK cells, NKT cells seem to play a pivotal role 
in combining innate and acquired immunity [6]. Contrary 
to classical T lymphocytes, which can recognize only pep-
tide antigens, NKT are able to recognize lipid or glycolipid 
antigens presented in the context of the non-classical anti-
gen-presenting molecule CD1d. Therefore, they fill a gap in 
the repertoire of antigens which can be recognized by hu-
man lymphocytes [7]. A breakthrough in the study on NKT 
cells was the discovery of the first agonist of invariant TCR  
(T cell receptor), α-galactosylceramide (α-GalCer), which is 
a glycosphingolipid isolated from the marine sponge Agelas 
mauritianus and is commonly used in vitro for the identi-
fication and activation of iNKT (invariant-NKT) cells [4, 5, 
8]. Although numerous studies have proved that Vα24NKT 
cells demonstrate antitumor activity in the mechanism of 
cytotoxicity [6, 7], their main role is to activate other cells 
of the immune system, such as NK cells, CD8+ T cells, cyto-
toxic T lymphocytes (CTL) and dendritic cells [6, 7].

In animal models it was demonstrated that after acti-
vation with exogenous α-GalCer, NKT cells have the abil-
ity to inhibit tumor growth and metastasis [7]. Decrease 
of the number and activity of NKT was reported in differ-
ent types of neoplasms, including melanoma and colorec-
tal, head and neck, breast and kidney cancers [7, 9]. Some 
researchers even postulate that NKT cells can be used as 
predictive factors in cancer [9, 10]. Although most of the 
evidence for the antitumor effect of NKT cells is based on 
animal models, numerous attempts have been made with 
their clinical application [11, 12]. They are based on three 
main strategies: in vivo activation of iNKT cells following 
intravenous administration of α-GalCer; reinfusion of au-
tologous dendritic cells loaded with α-GalCer ex vivo; and 
intravenous administration of autologous iNKT cells which 
were stimulated ex vivo. Patients who underwent therapy 
with iNKT cells showed a good response to the treatment. 
There were no serious side effects. Most importantly, there 

was a significant increase in the number of NKT cells and 
the production of IFN-γ and long-term disease stabilization 
with a good quality of life. Additionally, prolonged survival 
was observed in patients who responded to the treatment 
with increased IFN expression [6, 7, 11-13].

Aim of the study
The purpose of our study was to evaluate the distri-

bution of NKT cells in peripheral blood, lymph nodes and 
tumor tissue of patients with non-small cell lung cancer.  
The second objective was to develop the best set of sub-
stances capable of inducing NKT generation, in vitro. 

Material and methods
Material for assessment was obtained from 18 male pa-

tients with non-small cell lung cancer hospitalized in the 
Department of Thoracic Surgery, Medical University of Lu-
blin. All subjects gave informed consent to participate in 
the study. Among the subjects there were 9 patients with 
squamous cell carcinoma, 6 with adenocarcinoma and  
3 with large cell carcinoma. The tissue material consisted of 
peripheral vein blood samples, fragments of lymph nodes 
and tumor resected in the course of thoracic surgery. All  
18 participants reported a smoking habit and six of them 
were still under its influence at the time of diagnosis.  
The mean age of the patients was 62.4 ± 8.4 years. Within 
30 months after surgery nearly 25% of evaluated patients 
died. For generation of NKT cells, we collected blood sam-
ples from 20 healthy donors and 4 patients with NSCLC. 
Additionally fragments of lymph nodes and tumor tissue 
were obtained from patients.

Assessment of NKT cells’ distribution in the blood, 
lymph nodes and tumor tissue.

Monomorphonuclear leukocytes from peripheral blood, 
lymph nodes and tumor tissue were isolated and preserved 
as described before [14]. The percentages of iNKT cells 
in the tissues were evaluated using a  Becton Dickinson  
FACSCalibur flow cytometer (BD Biosciences, USA). The mea
surements were performed after incubation of the cells 
with anti-invariant NKT and anti-CD3 antibodies, conju-
gated to fluorescein isothiocyanate (FITC) and phycoery-
thrin (PE) (both: BD Pharmingen™, USA), respectively. Data 
collection and analysis was performed using CellQuest Pro 
software.

Generation of iNKT cells in vitro with 
different combinations of cytokines
Monomorphonuclear cells’ isolation was performed 

with the methods described above. Cells were suspended 
in culture medium: Gibco AIM-V serum-free (Life Technolo-
gies, USA). Unstimulated cells served as a control culture. 
Other cultures were stimulated with α-GalCer (Enzo Life 
Sciences, USA) and cytokines (BioVision Inc., USA) in the 
following combinations: I: α-GalCer+IL-2, II: α-GalCer+IL-2+ 
+IL-7, III: α-GalCer+IL-2+IFN-γ. Cells were cultured at 37°C, 
5% CO2 and 95% humidity in a New Brunswick Galaxy 170R 
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incubator. Seven days after culture initiation, their medium 
was replaced and the same set of stimulators was added. 
After that cells were incubated for another 7 days. On the 
last day of culture, the percentage of iNKT+CD3+ cells was 
assessed by the method described above.

Statistical analysis
Statistical analysis was performed using Statistica 10.0 

PL software. The results are presented as median and inter-
quartile range (IQR). Friedman ANOVA test followed by with 
post-hoc tests, Mann-Whitney U test, Kruskal-Wallis test 
followed by Dunn test and Spearman rank correlation were 
used for analysis of statistical significance. Results were 
considered as significant at the significance level p < 0.05.

Results
The aim of the study was to evaluate the distribution 

of NKT cells in peripheral blood, lymph nodes and tumor 
tissue in patients with non-small cell lung cancer. Statisti-
cal analysis of obtained results revealed significant differ-
ences in the distribution of NKT cells in different tissues. 
The highest percentage of these cells was observed in the 
tumor tissue (0.39%) and the lowest in the lymph nodes 
(0.13%) (p = 0.002). Comparison of the number of NKT cells 
in peripheral blood of healthy donors and NSCLC patients 
showed some differences (0.25% and 0.24% respectively), 
but they were not statistically significant (p = 0.9). Percent-
ages of NKT cells among the lymphocytes presented in par-
ticular tissues are shown in Figure 1.

The obtained results were subsequently compared with 
patients’ clinical parameters. Using the Kruskal-Wallis test, 
it was demonstrated that there are significant differenc-
es in the percentages of NKT cells in the peripheral blood 
(p = 0.04) and lymph nodes (p = 0.02) depending on the 
histologic type of NSCLC. Statistical analysis proved that 
the highest percentage of NKT cells was in squamous cell 
carcinoma and the lowest in adenocarcinoma. Similar dif-
ferences were not observed in the tumor tissue. Although 

no relationship between the cancer staging and number of 
NKT cells in the studied tissues was revealed, it was dem-
onstrated that the number of NKT cells in the peripheral 
blood increases depending on the size of the primary tumor 
(T stage). The proportion of NKT cells was the lowest in the 
blood of patients with stage T1 of the disease and the high-
est in the blood of T4 patients (p = 0.03). The percentage 
of NKT cells among peripheral blood lymphocytes is shown 
in Figure 2.

The above relationship was not observed in the lymph 
nodes or tumor tissue. Mann-Whitney U-test analysis 
showed no significant difference in the percentage of NKT 
cells in the studied tissues and N stage. Although a higher 
percentage of NKT cells was observed in evaluated tis-
sues of patients who died in the period between surgery 
and the end point of the study, these results did not reach  
the expected level of significance. The correlation between 
the number of NKT cells and clinical characteristics of pa-
tients (age, WBC level, period of time since smoking ces-
sation, smoking period and the number of pack-years) did 
not show any statistical significance.

The second objective of this experiment was to develop 
a combination of α-GalCer and cytokines which would be 
capable of generating NKT cells in vitro. In the tissues of 
healthy donors there were statistically significant differ-
ences in the percentages of NKT cells in the cultures stimu-
lated with different sets of cytokines and control culture  
(p = 0.001). When compared to the control culture the larg-
est increase in the percentage of NKT cells was observ
ed in the cultures stimulated with α-GalCer+IL-2+IL-7 and 
α-GalCer+IL-2+IFN-γ. The results are presented in Figure 3.

Analysis of mononuclear cell cultures from peripheral 
blood, lymph nodes and tumor tissues of NSCLC patients 
showed no significant difference in the percentage of NKT 
cells in the cultures stimulated with different combinations 
of cytokines and control culture. Comparison of stimulation 
indices after pacing with individual combinations of cyto-
kines, both in healthy donors and NSCLC patients, showed 
no statistically significant differences between cultures.
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Fig. 1.� Percentage of iNKT+CD3+ in examined tissues
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Fig. 2.� Association between percentage of iNKT+CD3+ and advan-
cement of primary tumor
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Discussion
Lung cancer is the most common malignancy in the 

world, characterized by a very poor prognosis and high mor-
tality in both men and women [1]. For this reason, many at-
tempts are undertaken worldwide to improve the diagnos-
tic and therapeutic techniques. In recent years, great hopes 
are associated with the use of immunological methods to 
improve predictive factors and therapeutic procedures. In 
our study, we observed a  significantly higher percentage 
of NKT cells in tumor tissue as compared to the blood and 
lymph nodes of NSCLC patients. The results suggest that 
NKT cells migrate to the tumor environment and are ac-
cumulated therein. The mechanism of this phenomenon is 
not completely explained, but some reports suggest that 
it may be associated with chemokines secreted by tumor 
cells and their complementary receptors on NKT cells [15]. 
The results of the majority of research focused on this prob-
lem have confirmed the hypothesis about the migration  
of NKT cells to the tumor environment [16-18]. Motohashi  
et al. [16] observed a significant deficiency of Vα24 NKT cells 
in the peripheral blood of lung cancer patients and a much 
higher percentage of these cells in the tumor environment 
compared to tissues of the control group. Bricard et al. also 
observed an increased number of NKT cells in tumor tissue 
of patients with hepatocellular carcinoma [18].

It is suggested that the accumulation of NKT cells in 
the tumor may correlate with a better prognosis. Tachibana  
et al. [17] reported that immunohistochemical staining of 
cells present in the primary tumor environment revealed 
the presence of activation markers (CD69 or FasL) and effec-
tor molecules (IFN-γ and granzyme B), providing evidence 
of their direct cytotoxic activity against tumor cells. Addi-
tionally, in the same study they found an increased num-
ber of NKT cells in the neighboring, metastasis-free lymph 
nodes, suggesting their role in the inhibition of metastasis. 
Patients with a higher number of NKT cells had a  longer 
overall survival time and progression-free time [17].

In our study we compared the number of circulating 
NKT cells in the blood of NSCLC patients and healthy do-

nors. There were no significant differences between groups. 
Similar results were obtained by Crough et al. [19]. How-
ever, most of the available studies demonstrated the deficit 
of NKT cells in the blood of cancer patients, compared to 
the blood of healthy donors [16, 20, 21]. The reason for such 
differences may be too small groups of studied patients.

We found a  relationship between histological type of 
tumor and the number of NKT cells in the blood and lymph 
nodes of patients. The largest iNKT cell percentage was 
in patients with squamous cell carcinoma, and the low-
est in those with adenocarcinoma. This seems interest-
ing, considering the fact that the glandular type of NSCLC 
is associated with a worse prognosis than squamous cell 
carcinoma. Our study showed no correlation between the 
number of NKT cells and clinical stage of the disease, which 
is consistent with results of other researchers [16]. How-
ever, detailed analysis of the individual parameters of TNM 
classification showed that the size of the tumor (T) was 
directly related to the number of blood circulating NKT cells. 
Interestingly, we did not find such a dependence for NKT in 
the tumor tissue.

In the literature there are reports on the impact of aging 
on the number of NKT cells, which declines in the blood of 
older patients [19, 20]. Reduction in the level of circulating 
NKT cells can serve as a risk factor for cancer development. 
Our study did not demonstrate any correlation between 
the age of patients and the number of NKT cells.

In recent years, new promising therapeutic methods 
have been introduced. Some of them are based on immu-
nological interactions. Due to their low abundance in hu-
man tissues, use of NKT cells in cancer immunotherapy 
requires the development of cell generation methods on 
a large scale. The second objective of our study was to de-
velop a set of cytokines best suited for in vitro stimulation 
of NKT cells’ differentiation. As the stimulators, we used 
sets of cytokines composed of α-GalCer and IL-2, whose 
effectiveness has been proven in previous studies [19, 22]. 
Crough et al. tried to generate human NKT cells in vitro, 
using α-GalCer and IL-2. After 7 days of PBMC culture, they 
obtained a significant increase of NKT cells in cultures of 
cells obtained from healthy donors and from NSCLC pa-
tients [19].

Additionally, in our study, we used IL-7 and IFN-γ to en-
rich PBMC cultures to maintain normal development and 
function of NKT cells. Physiologically dendritic cells secrete 
IL-7 to affect the proper maturation of NKT cells after leav-
ing the thymus [7] and IFN-γ is produced by activated NKT 
lymphocytes and stimulates NK cells, macrophages and cy-
totoxic T lymphocytes [6, 7]. NKT stimulation efficiency of 
IL-7 was shown by van der Vliet et al. in an experiment in 
which they obtained a 76-fold increase in the number of 
NKT cells after their culture in the presence of α-GalCer-DC, 
IL-7 and IL-15 [23].

We found that all combinations of α-GalCer and cytokines 
stimulate proliferation of NKT cells in the healthy donors. 
The highest increase in cell numbers was observed in the 
cultures stimulated by the combinations α-GalCer+IL-2+IL-7  
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and α-GalCer+IL-2+IFN-γ. These results are consistent with  
the majority of similar trials [19, 22] and confirm the hypo
thesis that IL-7 promotes the maturation and differentiation  
of NKT cells [23]. Unlike healthy donors, cultures of mono-
nuclear cells obtained from the tissues of lung cancer pa-
tients did not show an increase in the number of NKT cells. 
In a  similar study Yanagisawa et al. [22] did not observe 
growth of an NKT cell population after being cultured in the 
presence of α-GalCer and IL-2 for seven days. Only cultures 
previously sorted in order to maintain Vα24 NKT cells re-
sulted in a significant increase in their number. It is possible 
that the low proliferative potential of these cells in cancer 
patients might be related to the presence of immunosup-
pressive agents which inhibit NKT cells’ differentiation in 
these tissues. There are also reports that the deficit of NKT 
cells in the tissues of patients can be associated with de-
creased proliferation after stimulation with α-GalCer [21]. At 
the same time, it has to be stressed that our study was con-
ducted on a very small number of patients and therefore it 
needs to be expanded.

Our findings demonstrating the migration and accumu-
lation of iNKT cells in the tumor tissue make it necessary 
to investigate the mechanisms responsible for this pheno
menon and the influence of iNKT cells on tumor cells. In ad-
dition, promising results of iNKT cell generation in healthy 
donors and simultaneous absence of satisfactory results in 
NSCLC patients suggest the need to repeat this study on 
a larger number of patients.

Conclusions
The highest percentage of NKT cells was detected in  

the tumor tissue and the smallest in the lymph nodes. This 
result suggests that NKT cells migrate to and accumulate 
in the environment of the primary tumor. There is a correla-
tion between the histological type of lung cancer and the 
number of NKT cells. The highest percentage of NKT cells 
was observed in patients with squamous cell carcinoma 
and the lowest in patients with adenocarcinoma. This ob-
servation is consistent with the statement that adenocarci-
nomal type of NSCLC is characterized by a worse prognosis 
than squamous cell type. The number of NKT cells in the 
blood of lung cancer patients increases with the size of the 
primary tumor – T stage in the TNM classification. All cyto-
kines and α-GalCer combinations used stimulated the pro-
liferation of NKT cells in healthy donors in vitro. The most 
efficient stimulation of NKT proliferation was achieved by 
the use of the following combinations: α-GalCer+IL-2+IL-7 
and α-GalCer+IL-2+IFN-γ. 
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