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Abstract

Introduction: Tumours connected with head and neck comprise about 5% of all tumours. The most 
frequent histological type of laryngeal carcinoma is squamous cell carcinoma. Different research proj-
ects suggest that the role of T lymphocytes might be significant in tumour development. iNKT cells are 
a new subpopulation of T cells and show cytotoxic activity against tumours. iNKT cells participate in 
modulating the function of other cells which have anti-tumour properties and secrete cytokines, which 
have pro-inflammatory and anti-inflammatory effects. In animal models the significance of iNKT cells 
in various diseases including cancer was shown.

Aim of the study: The aim of this study was to determine the percentages of iNKT cells, CD161+ 
cells, CD161– cells, iNKT CD4+ cells, and iNKT CD8+ cells, NK cells, NKT-like cells, and T cells 
subsets present in peripheral blood of patients with laryngeal cancer before and two months after the 
tumour resection, in comparison to healthy volunteers.

Materials and methods: This study included material from laryngeal patients who were treated 
at the Department of Otolaryngology and Laryngological Oncology (Medical University of Lublin) 
between 2012 and 2013. A total of 50 patients (40 men and 10 women) aged between 45 and 77 years 
(median age: 60 years) were enrolled. Based on the TNM classification, the patients were classified as 
having stage I-IV laryngeal cancer. The control group was composed of 15 healthy volunteers (12 men 
and three women) aged between 43 and 82 years (median age: 61 years). The protocol of the study was 
approved by the Local Bioethical Committee at the Medical University of Lublin.

Peripheral blood samples (15 ml) from the basilic vein were collected by venipuncture using sterile, 
sodium heparin-treated tubes (20 units per ml of blood) and used for cytometric analyses. 

Results: iNKT cells were analysed among T CD3+ cells. The percentage of CD3+ and CD3+CD4+ 
T cells before tumour resection was higher than in the control group, but the increase of CD3+ T cells 
was not significant. The T CD3+CD4+ / T CD3+CD8+ cell ratio was significantly higher than in 
healthy donors. After tumour resection a decreased percentage of CD3+CD4+ T cells but an increased 
percentage of CD8+CD3+T cells was noted. The T CD3+CD4+ / T CD3+CD8+ cell ratio was signifi-
cantly higher in patients before and after the surgery than in the control group. The amount of NKT-like 
cells increased after resection and was significantly higher than in the control group.

Conclusions: Our study exhibited the change in percentage of iNKT, NK, NKT-like cells, and T 
lymphocytes after tumour resection in patients with laryngeal cancer. The research explains the contri-
bution of those cells in immunological response against tumour.
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Introduction
Tumours connected with head and neck comprise 

about 5% of all tumours. The most frequent histological 
type of laryngeal carcinoma is squamous cell carcinoma 

[1, 2]. Different research projects suggest that a role of T 
lymphocytes might be significant in tumour development 
[3]. iNKT cells are a new subpopulation of T cells and 
show cytotoxic activity against tumours [4]. iNKT cells 
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comprise 0.005%-0.2% of CD3+ T cells [5]. Generally, the 
definition of an NKT cell is a CD3+ T cell that expresses 
T cell receptor and NK cell molecules on its surface (such 
as CD161) [5, 6]. NKT cells were divided into type I, type 
II, and NKT-like cells [6]. In contrast to conventional T 
cells, NKT cells are able to recognise a cell’s lipid anti-
gens. Type I is called “invariant” NKT cells (iNKT cells) 
because of the expression of a semi-invariant TCRα chain 
with a Vα24 Jα18 gene segment. This type has the ability 
to recognise α-galactosylceramide (α-GalCer, KRN7000 
– a prototypic glycolipid antigen) and ganglioside antigens 
(GD3), which are, respectively, exogenous and endoge-
nous glycolipid antigens [4, 7, 8]. The second NKT cell 
type are non-invariant NKT cells, which do not express 
the Vα14 Jα18 TCRα-chain and do not have the possi-
bility to recognize α-GalCer. NKT-like cells are a T-cell 
subpopulation with memory phenotypes. Zrazilova Dubska 
et al. showed disease-free survival in patients with breast 
tumours that were associated with high level of NKT-like 
cells [4, 7].

iNKT cells participate in modulating the function of 
other cells that have anti-tumour properties. A commitment 
of iNKT cells to immune control is connected with indi-
rect and direct involvement [9]. NKT cells connect innate 
and adaptive immunity [10]. iNKT cells secrete cytokines, 
which have pro-inflammatory and anti-inflammatory ef-
fects [4, 11]. In animal models the significance of iNKT 
cells in various diseases including cancer has been shown. 
iNKT may be associated with the pathogenic role in infec-
tious diseases, autoimmunity, and cancer [8, 10]. Many 
tumour cells decrease levels of cancerous antigens, major 
histocompatibility complex, and costimulatory molecules. 
Cancer cells show the ability to produce transforming 
growth factor-β (TGF-β), interleukin (IL)-10, or prosta-
glandin E-2 (PGE-2), which are suppressive molecules 
[12]. Those cells respond to the presence of cancer cells. 
However, iNKT cells are impaired and their functionality 
is abnormal [4, 10, 13]. In patients with various malig-
nant diseases a decreased number and reduced function of 
iNKT cells was observed upon activation [9].

The available methods of treatment do not lead to the 
expected results [3, 14]. Recognition of components of the 
immune system the influence of which leads to develop-
ment of tumours allows introduction of the most effective 
immunotherapy [15]. Surgery is a classical procedure, but 
this method does not provide satisfying effects [9]. Surgery 
and radiotherapy, however, empower positive results of 
treatment in early stages of the disease [1].

The aim of this study was to determine the percentages 
of iNKT cells, CD161+ cells, CD161– cells, iNKT CD4+ 
cells, and iNKT CD8+ cells, NK cells, NKT-like cells, and 
T cells subsets present in peripheral blood of patients with 
laryngeal cancer before and two months after the tumour 
resection in comparison to healthy volunteers.

Material and methods
This study included material from laryngeal patients 

who were treated at the Department of Otolaryngology and 
Laryngological Oncology (Medical University of Lublin) 
between 2012 and 2013. A total of 50 patients (40 men and 
10 women) aged between 45 and 77 years (median age: 
60 years) were enrolled. Based on the TNM classification, 
the patients were classified as having stage I (n = 4), stage 
II (n = 13), stage III (n = 22), or stage IV laryngeal cancer 
(n = 11). The control group was composed of 15 healthy 
volunteers (12 men and three women) aged between 43 
and 82 years (median age: 61 years).

None of the enrolled individuals had undergone blood 
transfusions, suffered from infection, or had been taking 
antibiotics or other drugs with known influence on the im-
mune system for a month before the examination. Patients 
with a history of allergic diseases were excluded from the 
study. The protocol of the study was approved by the Local 
Bioethical Committee, at the Medical University of Lublin.

Peripheral blood samples (15 ml) from the basilic vein 
were collected by venipuncture using sterile, sodium hep-
arin-treated tubes (20 units per ml of blood) and used for 
cytometric analyses. 

Fresh peripheral blood was incubated with a set of 
monoclonal antibodies: anti-45 FITC/anti-14 PE, an-
ti-iNKT FITC, anti- CD161 PE-Cy5, anti-CD3 PE-Cy5, 
anti-CD4 PE, anti-CD8 PE, anti-CD3 FITC/CD16+ 
CD56PE, anti-CD3 FITC/anti- CD19 PE, and anti-CD4 
FITC/CD4 PE/ CD3 PerCP (BD Pharmingen, United 
States). The samples were deprived of erythrocytes by 
addition of a lysing solution (FACS Lysing Solution, Bec-
ton Dickinson, United States). The immunophenotype of 
peripheral blood cells was determined with a FACSCal-
ibur flow cytometer (Becton Dickinson, United States) 
equipped with an argon laser emitting at 488 nm. The re-
sults were analysed with CellQuestPro software (Becton 
Dickinson, United States).

Statistical analysis

Statistical analysis was conducted with Statistica 7.1 
PL software (StatSoft, United States). The fractions of 
identified cells were expressed as mean ± SD, and median 
and range. Mann-Whitney U-test were used for intergroup 
comparisons, and Wilcoxon test was used for comparison 
of differences between patients and healthy donors. The 
differences were considered significant at p < 0.05.

Results
iNKT cells were analysed among T CD3+ cells. 

The frequencies of iNKT cells were significantly low-
er in laryngeal cancer patients before tumour resection 
(0.13 ±0.10%; median 0.09%; min. 0%; max.0.44%; 
p = 0.000395; Fig. 1A) and after tumour resection (0.19 
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±0.18%; median 0.11%; min. 0.02%; max. 0.68%; p = 
0.01824; Fig. 1B) in comparison with the control group 
(0.37 ±0.12%; median 0.23%; min. 0.06%; max. 0.94%). 
We did not observe statistically significant differences in 
the percentages of CD161+, CD4+, and CD8+ cells among 
iNKT cells between the study and control groups.

The mean percentage of NK cells was significantly 
higher in laryngeal cancer patients after cancer tissue re-
section (18.17 ±7.74%; median 15.99%; min. 6.78%; max. 
39.02%) than before (12.61 ±5.79%; median 11.72%; min. 
1.76%; max. 27.07%; p = 0.00941; Fig. 1C). 

We observed higher frequencies of NKT-like cells in 

patients before tumour resection (3.38 ±2.88%; median 

2.42%; min. 0.27%; max. 15.21%; p = 0.035; Fig. 1D) in 

comparison with percentage of NKT-like cells in healthy 

donors (1.99 ±1.93%; median 1.11%; min. 0.29%; max. 

7.27%). The frequencies of NKT-like cells were higher in 

study patients after tumour resection (3.94 ±3.80%; medi-

an 2.65%; min. 0.43%; max. 17.96%; p = 0.037; Fig. 2A) 

than before this procedure (3.38 ±2.88%; median 2.42%; 

min. 0.27%; max. 15.21%). 

Fig. 1. A) Percentage of iNKT cells among T CD3+ before tumor resection in comparison with control (p = 0.000395).  
B) Percentage of iNKT cells among T CD3+ after tumor resection in comparison with control (p = 0.01824). C) Per-
centage of NK cells among T CD3+ cells before tumor resection in comparison with percentage of NK cells after tumor 
resection (p = 0.00941). D) Percentage of NKT-like cells before tumor resection in comparison with control (p = 0.0346)
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Our study revealed also that the percentages of NKT-
like cells were higher in patients after tumour resection 
than in the control group (p = 0.04; Fig. 2B).

The frequencies of T CD3+ cells in patients before tumour 
resection (67.63 ±11.70%; median 69.81%; min. 15.99%; 
max. 90.47%) were significantly higher than after the resection 
(62.99 ±12.04%; median 67.0%; min. 29.39%; max. 80.57%; 
p = 0.03955; Fig. 2C). We found statistically significantly 
higher percentages of T CD3+/CD4+ cells in patients before 

tumour resection (39.79 ±11.05%; median 39.88%; min. 19%; 
max. 60.81%) than after (34.21 ±9.45%; median 33.78%; min. 
13.03%; max. 50.4%; p = 0.0038; Fig. 2D). 

Our research revealed also that in laryngeal cancer pa-
tients after tumour resection, the percentages of T CD3+/
CD8+ cells were higher than before the procedure (33.06 
±10.88%; median 33.44%; min. 7.61%; max. 49.14% 
vs. 29.70 ±8.98%; median 29.62%; min. 11.79%; max. 
49.14%; p = 0.01855; Fig. 3A). 

Fig. 2. A) Percentage of NKT-like cells before tumor resection in comparison with percentage of NKT-like cells after 
tumor resection (p = 0.03704). B) Percentage of NKT-like cells after tumor resection in comparison with control (p = 
0.0414). C) Percentage of T CD3+ cells before tumor resection in comparison with percentage of T CD3+ cells after 
tumor resection (p = 0.03955). D) Percentage of T CD4+ cells among CD3+ cells before tumor resection in comparison 
with percentage of those cells after tumor resection (p = 0.0038)
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Moreover, the T CD3+CD4+/T CD3+CD8+ cell ra-
tio was higher before tumour resection in the study group 
(1.91 ±1.33; median 1.62; min. 0.24; max. 6.59) and after 
this procedure (1.97 ±1.84; median 1.44; min. 0.4; max. 
7.83) in comparison to the control group (0.8 ±0.47; medi-
an 0.66; min. 0.28; max. 2.05; p = 0.000426; Fig. 3B and 
p = 0.00212; Fig. 3C, respectively).

Discussion
The iNKT subpopulation was divided into two subsets. 

This division is connected with expression of CD4 and 
CD8 surface antigens [7]. We can divide this subpopula-

tion into CD4+ and CD4-CD8– cells (double negative) and 
a small population of CD8+ cells. iNKT cell division on 
subpopulations of cells is connected with different func-
tions. CD4+ iNKT secretes cytokines such as IL-4, GM-
CSF, IFN-γ, IL-13, and TNF-a [6], so final CD4+ NKT 
cells produce Th1 and Th2 cytokines. CD4-NKT cells, 
CD4-CD8–, and CD8+ NKT cells produce Th1 cytokines 
[16, 17]. The predominant majority of CD4+ iNKT cells 
occur in foetal and neonatal blood; however, CD4-iNKT 
cells are found in peripheral blood [6]. CD4+ NKT cells 
activate NK cells, B cells, and CD4+ T cells whereas 
CD8+ NKT cells activate CD8+ T cells and NK cells [18].
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Only type II NKT cells have suppressing properties, but 
other subtypes show opposite capabilities. Two phases have 
been exhibited in NKT activation. The early phase is con-
nected with production of Th1 and Th2 cytokines, whereas 
the second phase is responsible for secretion of proinflam-
matory cytokines – IFN-γ and TNF by NKT cells [18].

Among cells connected with protection against tumour 
we can distinguish CD8+ and CD4+ T lymphocytes [5]. 
Other cells that have an important function in immune sur-
veillance against cancers are NK cells. The role of NK cells 
is associated with their ability to kill tumour cells [19].

NKT cells are able to protect against tumour growth. In 
various types of cancers, a reduction in the amount of NKT 
cells and in their functional activity was observed [20].

Cytotoxic properties of iNKT cells are connected with 
the occurrence of perforin, Fas/FasL, and TRAIL- mol-
ecules, which induce death of cells. On the other hand, 
iNKT can activate other cells: NK cells, CD8+ T cells, and 
DC, and then those cells participate in killing the tumour. 
After activation, iNKT cells produce IFN-γ, which subse-
quently activates NK and CD8+ T cells. CD8+ T cells are 
responsible for recognising the tumour antigens, and NK 
cells exhibit an anti-tumour response. Probably, the pres-
ence of iNKT cells can inhibit the suppressive functions 
of certain cells such as macrophages or myeloid-derived 
suppressor cells [21]. Regulatory functions have been at-
tributed to NKT cells because of their secretion of IL-4, 
which leads to the Th2 response [22].

Because of the diverse functions of NKT cells, there is 
a possibility that two subsets of NKT cells can be distin-
guished. Type II NKT cells have the suppressing proper-
ties, but another subset of NKT cells can show anti-tumour 
properties. NKT cells can present cytotoxicity similar to 
that of CD8+ T cells. This ability divides NKT cells into 
cytotoxic and non-cytotoxic subtypes [17].

Laryngeal cancer is connected with the occurrence of 
extraoesophageal reflux. In the mucosa of patients with ex-
traoesophageal reflux increased levels of NKT cells, CD8+ 
T cells, and CD1d molecules can be found [23]. Molling 
et al. reported a reduced number of T cells and NK cells 
in patients with laryngeal cancer in comparison to healthy 
controls with a high statistical significance.

Molling et al. showed a notable decrease of iNKT 
cells/106 T cells. However, the results were not statistically 
significant. Tumours are said to be able to produce immu-
nosuppressive cytokines [24]. The engagement of iNKT 
cells in the anti-tumour response in patients with cancer 
can explain the reduction of their number, despite which, 
iNKT cells retain the ability to produce IFN-γ [21].

On the other hand, the decrease of iNKT cell num-
bers can be explained by apoptosis of those cells, and their 
migration and accumulation on the tumour site. However, 
tumour leads to the occurrence of a defective NKT cell 
population, which is caused by the reduction of CD1d ex-

pression of myeloid DCs, participate in correct activation 
of NKT cells [24].

In our research the numbers of CD161+, CD4+, and 
CD8+ cells in the iNKT population were evaluated. We 
did not find a significant difference between percentage of 
those cells before surgery and after. CD161 is expressed 
on T, NK, and iNKT cells [16]. CD161 is a receptor ex-
pressed on NK cells and 25% of blood T lymphocytes and 
on NK cells. CD161 is associated with memory pheno-
type of T lymphocytes. The majority of NKT cells express 
CD161+. On the other hand, the minority of CD161– NK 
cells or subset T cells express CD56 antigen [25]. We ob-
served a lower percentage of CD161+, CD4+, and CD8+ 
among iNKT cells in healthy individuals in comparison to 
examined patients. The percentage of CD161– cells was 
higher in the control group, but this assessment lacked sta-
tistical significance. Tye increase in the number of iNKT 
cells after resection was not significant, but the percentage 
of iNKT cells in comparison with healthy controls was sig-
nificantly decreased.

Anti-tumour response is connected with antigen-spe-
cific CD4+ or CD8+T cells [21, 26].

Kuss et al. showed a decreased absolute number of 
CD3+, CD4+, and CD8+ T cells in patients with laryngeal 
cancer in comparison with the control group, but Kuss et 
al. did not obtain similar results in their comparison of 
the percentage of T cell subsets. The investigators did 
not show a change in the percentage of CD3+ and CD4+, 
CD8+ subpopulations of T cells [27]. Chen et al. reported 
that total levels of lymphocyte numbers were significant-
ly decreased in comparison to the control group. The de-
crease of CD4+ T cells was not substantial nor statistically 
important. The level of CD8+ T lymphocytes was higher 
in patients with cancer than in healthy individuals [11]. 
Li et al. obtained the same result as Kuss and Chen, but 
the slight increase of CD8+ T cells showed no statistical 
importance [14].

Our research indicates that the percentage of CD3+ and 
CD3+CD4+ T cells before tumour resection was higher 
than in the control group, but the increase of CD3+ T cells 
was not significant. The percentage of T CD3+/CD8+ 
cells before tumour resection was slightly lower than in 
the control group. The T CD3+CD4+/T CD3+CD8+ cell 
ratio was significantly higher than in healthy donors. After 
tumour resection a decreased percentage of CD3+CD4+ 
T cells but an increased percentage of CD8+ T cells was 
noted. Each of the changes in those subpopulations were 
statistically significant, but the most important difference 
was connected with the decrease of CD3+/ CD4+ T cells. 
The comparison of T CD3+CD4+/T CD3+CD8+ cell ra-
tios between patients suffering from cancer and healthy 
individuals is interesting because of its considerable statis-
tical dependence and the fact that it is significantly higher 
before and after the surgery than in the control group.
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NKT-like cells are connected with immunological 
activation caused by a tumour, and they start a cytotox-
ic immune response against it [16]. The protective role 
of NKT-like cells against cancer has been described in 
breast cancer and chronic lymphocytic leukaemia. Zdrazi-
lova-Dubska showed higher numbers of NKT-like cells in 
patients with cancer than in the reference population [7].

NKT-like cells were another subpopulation of NKT cells 
that was investigated. Their numbers increased after resection 
and were significantly higher than in the control group.

Kuss et al. showed a reduction of NK cell numbers 
[27], and Kou et al. reported decreased activity of those 
cells in comparison with healthy subjects [12].

In our research the percentage of NK cells before tu-
mour resection was lower than in the control group but 
increased after the procedure.

In summary, our study exhibited a change in percent-
age of iNKT, NK, NKT-like cells, and T lymphocytes after 
tumour resection in patients with laryngeal cancer. The re-
search explains the contribution of those cells in immuno-
logical response against tumour.
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