
Summary 

 

Despite considerable therapeutic progress that has been made in recent years, chronic 

lymphocytic leukemia (CLL) still remains incurable. The advent of effective therapies appears 

to lie in understanding the biology and pathogenesis of this disease. As in other tumors, the 

interaction of leukemic B lymphocytes with cells of the tumor microenvironment may be of 

significance. T lymphocytes, and among them iNKT cells, remain an important element of the 

CLL microenvironment. Although not numerous, these cells have a unique regulatory potential 

in relation to the function of most cells of the immune system. Additionally, their clear cytotoxic 

properties enable them the destruction of tumor-transformed cells. Considering the foregoing, 

iNKT cells are surely an important element of the immune surveillance over cancer cells. 

However, immunosuppressive properties have also been put down to iNKT. Recently the 

heterogeneity of iNKT cells has been proven and several subpopulations have been identified: 

iNKT1, iNKT2, iNKT17, iNKT10 and iNKT FoxP3+. The new classification model may 

partially explain the multidirectional activities observed for iNKT cells. There are only few 

papers that evaluate the population of iNKT cells in CLL patients. Therefore the aim of the 

undertaken research was the assessment of this unique T lymphocytes’ population in patients 

with CLL, what could enable to explain their potential relationship with clinical picture of the 

disease. 

Peripheral blood samples from 70 untreated CLL patients (43 women and 27 men) were 

obtained from the Chair and Department of Haematooncology and Bone Marrow 

Transplantation of the Medical University of Lublin. Samples were collected after newly 

diagnosis. The control group consisted of 23 healthy aged-matched volunteers (12 women and 

11 men). Disease staging was determined according to the Rai classification system, on the 

basis of which patients were devided into three risk groups: 

 Low risk group (Rai stage 0) – 23 patients 

 Medium risk group (Rai stage I – II) – 37 patients 

 High risk group (Rai stage III – IV) – 10 patients 

The collected material was immediately used to assess the immunophenotype of iNKT cells 

using flow cytometry. The cells were first stained with monoclonal antibodies against surface 

markers (anti-CD3 and anti-TCR Vα24-Jα18). Following membrane staining, iNKT cells 

(TCR Vα24-Jα18+/CD3+) were intracellularly stained to determine the expression of cytokines 



(IFN-γ, IL-4, IL-10, IL-17) and transcription factors (T-bet, GATA3, E4BP4, RORγt, FoxP3). 

The analysis method allowed to identificate subpopulations: iNKT1 (T-bet+IFN-γ+), iNKT2 

(GATA3+IL-4+), iNKT17 (RORγt+IL-17+), iNKT10 (E4BP4+IL-10+) and iNKTreg (FoxP3+). 

The conducted study showed a significantly lower percentage of iNKT cells in the group 

of CLL patients than in the healthy control. The low percentage of iNKT (≤0.25%) was 

observed to be associated with a need for faster therapy initiation. There was a significant 

inverse correlation between the percentage of iNKT cells and the level of CD1d expression on 

leukemic B lymphocytes. Similar character had the correlation of iNKT cells with the number 

of lymphocytes, leukocytes and the percentage of CD5+ / CD19+ leukemic lymphocytes. We 

also found inverse relationships of this cells’ population with the membrane expression of the 

CD38 molecule and the cytoplasmic protein ZAP-70. In addition, the percentage of iNKT cells 

gradually decreased along with the clinical stage of CLL and reached the lowest values in stage 

III-IV, according to Rai classification. Along with the increasing numer of iNKT cells, the 

percentage of apoptotic B lymphocytes (mlow/CD19+) also increased. A significant 

correlation between the percentage of iNKT+perforin+ and the percentage of mlow/CD19+ 

cells was observed. The analysis of NKG2D expression on iNKT cells showed a decline of this 

receptor in more advanced stages of CLL. As the numbers of iNKT cells decrease with the 

disease progression, it seems that it may contribute to the progressive accumulation of cancer 

cells. 

In this study, particular attention was paid to the assessment of subpopulations of iNKT 

cells in the peripheral blood ex vivo, immediately after its collection. All of the identified 

subsets (iNKT1, iNKT2, iNKT17, iNKT10 and iNKTreg) were present in CLL patients, but in 

higher frequences than in healthy volunteers. Noteworthy is the fact of iNKT2 domination over 

iNKT1 in the course of CLL. iNKT2 percentage was significantly higher in the high risk group 

(stage III / IV) than in the group of patients at stage 0 or stage I / II. It is known that cytogenetic 

disorders play a significant role in the pathogenesis of CLL. The results showed a significantly 

higher percentage of iNKT2 in the group of patients with del(17p13) and/or del(11q22) in 

comparison with the group of patients without these unfavorable aberrations. Higher percentage 

of iNKT2 was also noted for ZAP-70+ and CD38+ patients. In addition, the percentage of iNKT2 

cells clearly positively correlated with the percentage of leukemia cells. Compared with healthy 

controls, CLL patients showed lower ratio iNKT1:iNKT2 which decreased along with the 

severity of the disease. It also took lower values in ZAP-70-positive patients as well as those 

with del (11q22) and/or del (17p13) compared to patients without ZAP-70 and aberrant 

abnormalities. This analysis also showed relationship of iNKT2 cells with time to treatment 



(TTT). The percentage of iNKT2 in the group of patients with progressive form of CLL, was 

significantly higher than in the group of patients who did not require treatment. This observation 

may suggest that the development of CLL is accompanied by the deepening polarization of the 

immune response towards Th2, to which iNKT2 cells contribute. 

Most likely, iNKT17 cells are an important element of the antitumor response in CLL. 

A significantly higher percentage of iNKT17 cells was demonstrated in patients in early clinical 

stages of CLL as compared to those in more advanced Rai stages (I-II and III-IV). In addition, 

the percentage of iNKT17 was lower in both CD38-positive and ZAP-70-positive patients, 

compared to groups lacking these factors. The assumed beneficial role of these cells in CLL 

may additionally be supported by the observed positive correlation between iNKT17 and 

iNKT1 cells. An inverse correlation with the percentage of M-MDSC cells was demonstrated 

for both iNKT17 and iNKT1. Due to the fact that MDSC cells inhibit antitumor immune 

response, probably as the percentage of iNKT1 and iNKT17 decreases and the percentage of 

suppressor MDSC cells increases, the immune control over leukemic B lymphocytes in CLL is 

inhibited. 

In the group of CLL patients, the percentage of iNKT10 and iNKTreg subpopulations 

(iNKT FoxP3+) was significantly higher than in the control group. However, it can not be 

determined whether this is the cause or the effect of the tumour. Data analysis revealed a gradual 

increase in the percentage of iNKT FoxP3+ along with the progression of CLL. This 

subpopulation occurs in higher percentage in CLL patients with high ZAP-70 expression 

compared to ZAP-70-negative patients. Moreover, high values of iNKT FoxP3+ (> 9%) are 

associated with a shorter time to the start of therapy. Although the obtained results did not show 

the relationship between iNKTreg and regulatory T lymphocytes (Treg), the character of iNKT 

FoxP3+ cells’ activity suggests that they may strengthen or complement the suppressor activity 

exhibited by Treg cells. iNKT FoxP3+ percentages adversely correlated with other cells with a 

proven protumor function - MDSC cells. A strong relationship was also demonstrated between 

iNKTreg and iNKT10. These two subpopulations probably impair the immune response against 

leukemic lymphocytes, and thus hinder their elimination. 

In 20 randomly selected patients, whole blood samples were cultured for 24 h in the 

presence of a specific agonist - α-GalCer (at standard concentration of 100 ng / ml). The ability 

of iNKT cells to produce cytokines (IFN-γ, IL-4, IL-10, IL-17) was analysed by flow cytometry 

and the qRT-PCR at mRNA level. In comparison to ex vivo results, α-GalCer stimulation 

resulted in an increase of iNKT1, iNKT2, iNKT17, and iNKT10 percentages and the expression 

of individual cytokines assessed at the mRNA level in patients with CLL. However, the results 



of our in vitro analysis did not show any significant differences in the ratio of iNKT1 to iNKT2 

cells in CLL patients compared to counts obtained ex vivo. 

The following conclusions were put forward, based on the results of the research: 

1. Lower median percentage of iNKT in CLL patients than in the healthy group together with 

a negative correlation between iNKT percentage and the values of leukocytosis, 

lymphocytosis and the percentage of CD5+/CD19+ leukemic lymphocytes might confirm 

the important role of iNKT cells in the pathogenesis of CLL. Adverse relationship between 

iNKT percentage and recognized prognostic factors (expression of ZAP-70 and CD38, 

disease staging according to Rai classification system) might suggest their prognostic 

significance. 

2. The time from CLL diagnosis to the start of therapy was shorter in patients with a frequency 

of iNKT  0,25%. This observation might be important during therapeutic decision-making 

process. 

3. The diminishment of spontaneous apoptosis of CLL cells „ex vivo” in a group of CLL 

patients in comparison to that observed in a control group may confirm the important role 

of apoptosis disorders in the process of accumulation of leukemic lymphocytes. The 

premise on the contribution of iNKT cells in the elimination of leukemic lymphocytes 

might be supported by a positive correlation between the percentage of iNKT cells and the 

percentage of iNKT with intracellular expression of perforin and also the percentage of 

apoptotic B cells. Disorders of cytotoxic activity of iNKT cells may contribute to the 

accumulation of CLL cells. 

4. Monitoring of iNKT2 and the iNKT1/iNKT2 ratio for which significant relationships with 

unfavorable prognostic parameters (clinical stages of the disease, cytogenetic 

abnormalities, high expression of ZAP-70 or CD38) have been demonstrated, can provide 

important information determining the activity of CLL. 

5. Observations on the domination of iNKT2 (IL-4+GATA3+) over iNKT1 (IFN-γ+     T-bet+) 

seems to favour leukemic lymphocytes. The development of CLL might be thus 

accompanied by the deepening polarization of the immune response towards Th2, to which 

iNKT2 cells contribute. 

6. Lower percentages of iNKT17 cells in patients in advanced clinical stages of CLL, ZAP-

70-positive and CD38-positive patients as well as a positive correlation between iNKT17 



and iNKT1 and negative correlation between iNKT17 and M-MDSC are the premise on 

the beneficial position of iNKT17 in anti-tumor immune response. However, the impact of 

iNKT17 on the development of CLL remains undetermined. In the light of the above 

information, further analysis of iNKT17 role in the development of CLL is necessary. 

7. The obtained results indicate that CLL is accompanied by an increased percentage of 

iNKTreg (iNKT FoxP3+) in comparison to healthy people. The percentage of iNKT FoxP3+ 

is significantly higher in patients with ZAP-70 expression. Moreover, patients with high 

percentage of iNKTreg (> 9%) had a more aggressive clinical course of CLL, what related 

to a shorter time to start of a therapy. This observation can be important when making 

therapeutic decisions. 

8. The positive correlation between the percentage of iNKTreg and percentages of MDSC and 

iNKT10 cells may suggest, that iNKTreg subset impair the immune response against 

leukemia lymphocytes, thus hinders their elimination. 

9. CLL patients with low percentage of iNKT cells characterize with high CD1d expression 

on leukemic cells. It can be assumed that the reduction of the iNKT population and the 

decrease in their activity (supported by a lower percentage of iNKT with intracellular 

expression of perforin) is associated with the high expression of CD1d on tumor cells. 

10. The assessment of mean fluorescence intensity (MFI), which indirectly determines the 

number of receptors on the cell surface, indicates a decrease in NKG2D expression along 

with the increasing stage of the disease. Changed NKG2D expression as well as 

demonstrated relationship between the expression of this receptor and the percentage of 

iNKT cells with intracellular expression of perforin may suggest an impairment of 

cytotoxic activity of iNKT cells. 

11. iNKT cells respond to stimulation with α-GalCer in vitro. It is manifested by the increased 

expression of cytokines (IL-4, IFN-γ, IL-10, IL-17) at mRNA and protein level. These 

observations may be of importance in development of immunotherapy methods. 

 


