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8. ABSTRACT 

Chronic lymphocytic leukemia (CLL) is a lymphoproliferative disorder of 

unknown etiology, that can be characterized by clonal proliferation of mature, 

non-functional B lymphocytes and their accumulation in blood, bone marrow, 

lymph nodes and spleen. 

A breakthrough in CLL pathology research was the identification of 

mutation status in the immunoglobulin heavy chain variable region genes (IGHV) 

together with certain sequences of B-cell receptors (BCR), so-called stereotyped 

BCR, what might indicate a selection of antigen specific lymphocytes. The 

identification of stereotyped BCR gave rise to the autoimmune theory of CLL 

development based on the contact with an antigen and the selection of antigen-

specific B lymphocytes with almost identical BCR. Nature of these antigens is 

not fully described yet, although in CLL patients autoreactive antibodies were 

found with affinity towards cytoskeletal proteins, nonmuscle myosin heavy chain 

IIA, vimentin, filamin B and cofilin-1 (CFL-1), suggesting that we are dealing 

with an autoantigen. 

Research on ADF/cofilin protein family in various organisms showed that 

CFL-1 plays a key role in actin dynamics regulation, what impacts cell motility, 

migration and viability. Lack or deficiency of CFL-1 results in numerous cellular 

defects, e.g. uninhibited membrane structure formation, impaired chromosome 

segregation and abnormal cell division. Active, dephosphorylated CFL-1, in 

addition to its main function, is also responsible for transport to the nucleus of 
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globular actin and other proteins, accompanied by expression changes in various 

genes. Therefore, CFL-1 is a multifunctional protein, involved in several 

signaling pathways regulating motility, development, morphology and cell 

survival. Because of this reason CFL-1 is frequently impaired in different 

pathological states, so as its activity and function accordingly. 

Cofilin-1 is known to play important role in the pathogenesis of diverse 

malignancies. Despite reports of CFL-1 involvement in CLL etiology, the 

molecule was not characterized in the context of CLL transformation. Therefore, 

it seems crucial to evaluate CFL-1 expression, activity and role in the leukemic 

cells migration, apoptosis as well as cell cycle. This could provide better 

understanding of CLL mechanism. 

The main objective of this thesis was to determine the role of cytoskeletal 

protein, CFL-1, in the pathogenesis of CLL. The expression of CFL-1 was 

assessed on the transcript and protein level. Due to regulation of protein of 

interest activity and its localization by the phosphorylation process, 

phosphorylation and localization of leukemic cells was investigated. The 

functional experiments included migration and chemotaxis tests performed on the 

lymphocytes with silenced CFL-1 gene by nucleofection. In addition, CFL-1 role 

in the apoptosis and cell cycle was evaluated due to regulation of these processes 

in healthy cells by the molecule. 

In the study 180 treatment naïve CLL patients were enrolled, including 

102 male and 78 female aged 37 to 90 years. Control group constituted of 66 

healthy volunteers (HV). 
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On a group of 156 CLL patients and 30 HV, quantitative polymerase chain 

reaction was carried out to determine the level of CFL-1 gene expression by 

standard curve method. The median absolute number of CFL-1 gene in the study 

group was significantly higher (median CFL1/GAPDH=0.853) when compared 

to HV (median CFL1/GAPDH=0.464; p<0.001). There were no differences in 

CFL-1 mRNA level depending on the stage of the disease according to Rai 

classification, zeta chain associated protein kinase 70 (ZAP-70) and CD38 

expression as well as mutation status in IGHV genes, the presence of cytogenetic 

abnormalities nor mutation in SF3B1, NOTCH1 or MYD88 genes. There was no 

correlation between CFL-1/GAPDH and other clinico-pathological parameters. 

The expression of CFL-1 protein in magnetically sorted CD19+ leukemic 

cells was determined by Western blot on a group of 31 patients and 14 HV. 

Equally high level of CFL-1 was observed in all analyzed cases of CLL with 

a median densitometric density of total CFL-1 of 0.769, while the level of CFL-1 

in HV was 0.606. The difference was not significant (p=0.983). In statistical 

analysis, no correlation between the expression of the protein and age, lactate 

dehydrogenase (LDH) and β2-microglobulin levels was detected. Also analysis 

in different prognostic groups (Rai classification, ZAP-70 and CD38 expression, 

mutation status of IGHV, SF3B1, NOTCH1 and MYD88, presence of cytogenetic 

anomalies) did not show differences in CFL-1 protein level. 

In healthy cells, active, non-phosphorylated CFL-1 participates in many 

cellular processes. Therefore, its activity in CLL cells was evaluated using 

Western blot method. The CFL-1 activity was presented as the ratio of 
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normalized, phosphorylated CFL-1 to normalized, total CFL-1. In the analyzed 

group of patients (n=31) CFL-1 activity was significantly higher (median: 0.131) 

in comparison to HV (n=14, median: 0.827; p<0.001). Among CLL cases, no 

difference in protein activity depending on the stage of the disease according to 

Rai classification, ZAP-70 and CD38 subsets, mutation status in IGHV, SF3B1, 

NOTCH1 or MYD88 as well as cytogenetic abnormalities was detected. Lack of 

correlation between CFL-1 activity and other laboratory parameters was 

observed. 

In order to determine the localization of CFL-1 in CLL cells of 30 

patients, confocal microscopy was performed. In the majority of the samples 

equal distribution of CFL-1 in the cytoplasm was observed (n=20), in the nucleus 

CFL-1 was present in 6 cases, the membrane location, an apoptosis indicator, 

was observed also in 6 patients. There was no correlation between CFL-1 

localization in each compartment (cytoplasm vs membrane: p=0.065, cytoplasm 

vs nucleus: p=1.000, membrane vs nucleus: p=0.133) found. In a few cases both 

cytoplasmic and nuclear localization was identified, but it did not depend on the 

severity of the disease or any prognostic markers. 

To investigate the function of CFL-1 in CLL, a series of experiments on 

malignant cells with silenced CFL-1 gene with nucleofection was conducted. The 

transwell assay 72 hours post nucleofection was performed to assess chemotaxis 

and migration. In a group of 16 patients, CFL-1 silencing led to reduction in the 

ability of CLL cells to chemotaxis, the median of the chemotaxis index (ratio of 

cell number with silenced CFL-1 passing through the membrane to the number of 
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lymphocytes after control nucleofection passing through the membrane) was 

0.569. The ability of CLL cells to migrate towards SDF-1α was independent of 

the age and sex of patients and morphological parameters of the blood. There 

were no differences in the chemotaxis index between different prognostic groups 

(ZAP-70 and CD38 protein expression, stage of disease). 

In the next stage, the transwell method was used to determine the capacity 

of leukemic cells of 16 patients to migration. Reduced mobility of CD19+ 

lymphocytes after silencing of CFL-1 to migration was demonstrated with 

median migration index of 0.751. Similarly to chemotaxis, there were no 

differences in the migration index depending on the stage of the disease, 

prognostic groups ZAP-70 and CD38 observed. Likewise, there was no 

correlation between the migration index and age, sex and morphological 

parameters of patients' blood. 

To further investigate the role of CFL-1 in CLL, apoptosis analysis was 

performed after silencing of CFL-1 gene and compared to CD19+ cells subjected 

to control nucleofection. In the group of 16 CLL patients significantly higher 

median percentage of apoptotic cells with active caspase-3 was found: after 

silencing of CFL-1 the median was 55.0% in comparison to median of 38.7% in 

the control siRNA (p<0.001). These results were independent of the sex and age 

of patients, as well as blood parameters, Rai disease stage, ZAP-70 and CD38 

expression. 

Next, annexin V and propidium iodide staining was used as a standard 

method of apoptosis assessment, in a group of 15 patients after nucleofection. 
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A median of 81.6% dead leukemic cells, defined as annexin V and propidium 

iodide positive cells, in the CFL-1 silenced samples was obtained. Meanwhile in 

control 76.0% of dead cells were assessed, with no statistical significance 

(p=0.865). The number of dead cells did not depend on the age of the patients or 

morphological parameters, as well as their sex, CD38 and ZAP-70 protein 

expression and the stage of CLL. 

As CLL cells show characteristic inhibition of cell cycle in the G0/early 

G1 phase and knowing that CFL-1 is essential in physiological cell cycle 

progression, cell cycle analysis was performed by propidium iodide staining after 

nucleofection on a group of 13 patients. There were no differences in the 

percentage of lymphocytes in G0/G1 and S phase between cells with silenced 

CFL-1 and control lymphocytes (median cell percentage in the group with 

silenced CFL-1 compared to control: 83.2 vs 86.9, p=0.209; 5.0 vs 3.6, p=0.695). 

However, significantly more CFL-1 silenced cells in the G2/M phase were 

detected (median cell percentage: 7.7 vs 6.9, p=0.026). In addition, with the 

growing number of cells in the G2/M phase, an increase in the percentage of 

apoptotic cells with caspase-3 expression was identified (R=0.731, p=0.005) in 

the CFL-1 silenced group. Also, an inverse correlation between the percentage of 

cells in the G0/G1 phase of the cycle and the percentage of apoptotic cells was 

observed (R=-0.632, p=0.021). Statistical analysis showed no correlation 

between cell cycle phase and age, sex, blood parameters nor ZAP-70 and CD38 

expression as well as Rai stage of the disease. 
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In summary, in this study significantly higher expression of the CFL-1 

transcript was confirmed and higher activity of the protein in CLL cells 

compared to HV was described for the first time. Silencing of CFL-1 led to cell 

cycle progression, impaired ability of leukemic cells to migration and 

chemotaxis, as well as induction of apoptosis. As CLL is not only a disease of 

excessive proliferation but also inhibition of apoptosis, based on these results, it 

seems that high expression and activity of this molecule is protective of leukemic 

lymphocytes, maintaining the state of cell cycle arrest in the G0/G1 phase, and 

thus preventing from entering the apoptosis path. 


