
Abstract. Background/Aim: Despite numerous studies, the
etiology of chronic lymphocytic leukemia (CLL) remains
unknown. A hypothesis of autoantigen stimulation in
leukemic clone selection might explain ‘stereotypy’ of B-cell
receptors. In healthy cells, cofilin-1 (CFL1) has multiple
functions. Its role was described in several malignancies.
The aim of this study was characterization of the role of
CFL1 in CLL. Materialas and Methods: Cells from
peripheral blood of 180 patients and 42 healthy volunteers
(HVs) were isolated. Gene expression was assessed with
reverse transcription polymerase chain reaction (RT-qPCR);
western blot was performed for determination of protein
level and activity. After silencing of CFL1 gene, cell ability
for migration and chemotaxis was investigated with
Transwell method. Post-silencing, apoptosis and cell cycle
was determined by flow cytometry. Results: In RT-qPCR, we
observed significantly higher expression of CFL1. Higher
activity of protein in CLL cells when compared to HVs was
detected. Knock-down of CFL1 led to decreased chemotaxis
and migration of CLL cells versus cells from HVs. Apoptosis
was increased amongst cells with silenced CFL1 and
correlated with higher proportion of cells in the G2/M phase.
Conclusion: Significantly higher expression of CFL1 mRNA
in CLL and higher protein activity might indicate high
utilization of CFL1 in malignant cells, maintaining their

viability, as its inhibition affected viability, cell-cycle
progression and motility of leukemia cells.

Despite numerous studies, the etiology of chronic lymphocytic
leukemia (CLL) remains unknown. CLL is a heterogenous
disease; many patients never require therapy due to an indolent
course, while other cases demonstrate rapid progression and
need immediate treatment (1). Clinical heterogeneity of CLL
is a reflection of genetic and epigenetic abnormalities but these
anomalies do not explain clonal expansion of leukemia cells.
Therefore, microenvironmental stimuli are suspected to be
involved in the pathogenesis of CLL (2, 3).

Identification of the mutational status of immunoglobulin
heavy chain variable region (IGHV) genes together with the
definition of stereotyped B-cell receptors (BCRs) has led to
the autoimmune theory of CLL pathogenesis with the crucial
role of antigen selection. The nature of antigens has not been
fully described but autoreactive monoclonal antibodies,
characterized by presence of unmutated IGHV genes and
stereotyped BCRs were identified in CLL. These monoclonal
antibodies recognize several cytoskeletal proteins exposed on
the surface of apoptotic cells and bacteria, including non-
muscle myosin heavy chain IIA, vimentin, filamin B and
cofilin-1 (CFL1) (4-6). In our previous study, we detected the
presence of autoreactive cytotoxic T-cells directed against
CFL1 and observed overexpression of CFL1 transcriptome in
patients with CLL compared to a healthy control group (7).

Cofilin-1 is member of the actin-depolymerizing factor
(destrin)/cofilin family and has been identified in wide range of
eukaryotic organisms. Unphosphorylated CFL1 has the ability
to bind both globular and filamentous actin, promoting its
dynamics for motility, development and cytokinesis (8-10). In
mammals, phosphorylation of CFL1 on serine 3 (Ser3), which
leads to its inactivation, is mainly regulated by two kinase
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families: LIM kinases (LIMK1 and 2) and testicular protein
kinases (TESK1 and 2). CFL1 can be dephosphorylated, and
therefore activated, by two types of phosphatases: Slingshot
family (SSH1L, SSH2L, and SSH3L) and chronophin (CIN) (9,
11). Since CFL1 is essential for regulation of actin dynamics, it
is required in cell division at telophase in mitosis. It localizes
to the cleavage furrow and midbody, and regulates dynamics of
actomyosin-based contractile rings. Loss of CFL1 expression
leads to G2/M-phase arrest, formation of multinucleate cells and
cell death. Post mitosis, the role of CFL1 is unknown but up-
regulation of CFL1 was reported to be associated with G1-phase
arrest, as in CLL cells, and knock-down of CFL1 gene released
G1-phase arrest (10). Apoptosis-regulatory functions of CFL1
were described recently. Dephosphorylated CFL1 binds to actin
and is translocated into mitochondria. Actin cytoskeletal
changes during apoptosis may affect mitochondria function or
enhance mitochondrial translocation of other pro-apoptogenic
proteins, resulting in dysfunction of mitochondria, release of
cytochrome c and apoptosis (12-14).

The role of CFL1, its prognostic value and contribution to
neoplastic transformation has been described in several
malignancies (4-6, 15, 16). It was shown in in vitro and in
vivo models that unphosphorylated CFL1 binds to actin,
increasing migration, invasion and metastasis (6). Moreover,
high levels of CFL1 were associated with lower survival
rates, poor prognosis, large tumor sizes, resistance to
therapies and advanced stages of disease (4, 16, 17).

Taking into consideration reports regarding the function
of CFL1 in different types of cancer and of CFL1 acting as
autoantigen in CLL, we performed detailed characterization
of CFL1 in malignant cells in order to establish its
expression, activity and function in chemotaxis and the cell
cycle, as well as in apoptosis of CLL cells. Revealing the
role of CFL1 in these processes might help in understanding
the molecular mechanisms of CLL.

Materials and Methods
Patient samples. Peripheral blood samples of 180 newly diagnosed,
treatment-naive patients with CLL were obtained from the
Department of Hematooncology and Bone Marrow Transplantation,
Medical University of Lublin and Hematology Department, St
John’s Cancer Center, Lublin, Poland (Table I). As controls we used
blood samples from 42 age-matched healthy volunteers (HVs). The
study was approved by the Ethics Committee of Medical University
of Lublin (Lublin, Poland) (no. KE-0254/81/2014 and KE-
0254/25/2015) and performed in accordance with Declaration of
Helsinki. Written informed consent was obtained from all patients
with respect to the use of their blood for scientific purposes.

Isolation of peripheral blood mononuclear cells. Peripheral blood
mononuclear cells (PBMCs) were isolated by Ficoll (Biochrom AG,
Germany) density-gradient centrifugation. Viability of cells was
identified by staining with trypan blue (Sigma–Aldrich Co., St
Louis, MO, USA).

Magnetic separation of CD19+ cells. From PBMCs, CD19+ cells
were separated in magnetic field using MACS Separation
Technology and human CD19 MicroBeads (Miltenyi Biotec,
Bergisch Gladbach, Germany) as per manufacturer’s protocol.

RNA extraction, reverse transcription and quantitative reverse
transcription polymerase chain reaction (RT-qPCR). Total RNA was
extracted with AllPrep DNA/RNA/Protein Mini Kit (Qiagen, Venlo,
the Netherlands) as per manufacturer, and reverse transcribed to
cDNA with QuantiTect Reverse Transcription Kit (Qiagen).

Expression of CFL1 mRNA was determined by RT-qPCR using
FastStart Universal SYBR Green Master method according to the
manufacturer’s protocol (Life Technologies Corporation, Carlsbad,
CA, USA) on a 7500 Real Time PCR System (Life Technologies
Corporation). The sequences of primers used in RT-qPCR reaction
were as follows: forward: 5’-GGCTGAAGCAGACCAAGTTC-3’,
reverse: 5’-GGAAAAGGGAGAGGAACCAG-3’. CFL1 expression
was normalized to that of glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) as reference gene using standard curve method.

Western blot for CFL1 protein expression. Protein was extracted
from CD19+ cells using RIPA buffer with 10% phosphatase
inhibitor cocktail 2 and 10% protease inhibitor cocktail (Sigma–
Aldrich). Next, western blot procedure was performed as previously
described (18) with the following primary monoclonal antibodies:
Phospho-cofilin (Ser3; rabbit), CFL1 antibody, α-tubulin and
secondary anti-rabbit IgG, horseradish peroxidase-linked antibody
(Cell Signaling Technology Inc., Danvers, MA, USA).
Densitometric density of each protein band, quantified with Image
Lab software 5.2.1 (Bio-Rad, Berkeley, CA, USA), was normalized
to α-tubulin band and results were presented as total CFL1 density
and the proportion of activated protein was expressed as: 

Confocal microscopy. Magnetically sorted CLL cells were fixed with
paraformaldehyde on coverslips and stained with antibody to CFL1
(Abcam PLC, Cambridge, UK). Next, cells fixed on coverslips were
incubated with goat anti-rabbit IgG H&L (Alexa Fluor® 488) (Abcam
PLC) and Vectashield antifade mounting medium with 4’,6-
diamidino-2-phenylindole (DAPI; Vector Laboratories, Inc.,
Burlingame, CA, USA) for nuclear staining. Digitized images were
generated using confocal laser scanning microscope Axiovert 200M
(Zeiss, Oberkochen, Germany) and qualitatively assessed.

Nucleofection and cell culture. CD19+ cells were nucleofected with
validated, pre-designed Stealth siRNA duplexes targeting CFL1
(Invitrogen) or MISSION siRNA Universal Negative Control #1
(Sigma–Aldrich) using Human B-Cell Nucleofector Kit and
Nucleofector II Device (Lonza, Basel, Switzerland).

Following nucleofection, CD19+ cells were cultured for 72 hours
in standard medium consisting of RPMI-1640 (Biochrom, Berlin,
Germany) supplemented with 50 U/ml penicillin, 50 μg/ml
streptomycin, 100 μg/ml neomycin (Sigma–Aldrich) and 10% heat-
inactivated fetal bovine serum (Biochrom) at 37˚C in a humidified
atmosphere of 5% CO2. Post nucleofection viability of cells was
evaluated with trypan blue staining. Silencing effectiveness was
confirmed on the protein level using western blot.
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Transwell assay. Seventy-two hours after CFL1 silencing, the potential
of CD19+ cells for migration and chemotaxis was measured using 5-
μm pore transwell inserts (Corning Incorporated, NY, USA). After
assessing the post nucleofection viability of cells with trypan blue,
5×105 of CD19+ lymphocytes in serum-free medium were seeded in
the upper chamber and after 4-hour incubation their ability to move
towards the bottom chamber filled with RPMI-1640 and 10% fetal
bovine serum was measured. To determine chemotaxis, additionally
200 ng/ml of stromal cell-derived factor 1-α (SDF1α; Sigma–Aldrich)
was added to bottom chamber. The number of migrating and
chemotactic cells was determined using FACSCalibur (Becton-
Dickinson and Company, Franklin Lakes, NJ, USA) with gate set on
live cells using forward scatter and side scatter parameters. Results are
presented as migration and chemotaxis indices, which were derived
by dividing the number of cells with siCFL1 moving towards the
bottom chamber by the number of cells treated with MISSION siRNA
moving to the bottom chamber.

Apoptosis analyses. The percentage of apoptotic cells was measured
after 72 hours in siCFL1 cells and compared to cells with MISSION
siRNA. Two methods were implemented for apoptosis analyses:
i) Annexin V/propidium iodide (PI) technique: with Annexin V-
FITC Apoptosis Detection Kit (Sigma–Aldrich) performed
according to the manufacturer’s instructions and analyzed using
FACSCalibur (Becton-Dickinson and Company).
ii) Caspase-3 activity assay: PE Active Caspase-3 Apoptosis Kit
(BD, USA) was used to measure the percentage of apoptotic CD19+
cells as per the manufacturer’s protocol and determined with
FACSCalibur (Becton-Dickinson and Company).

Cell-cycle analysis. At 72 hours post CFL1 silencing, CD19+ cells
were fixed with 80% ethanol at −20˚C for 30 min and afterwards
stained with PI/RNase Staining Buffer (Becton-Dickinson and
Company) as per the manual. The cell-cycle distribution was
evaluated with FACSCalibur (Becton-Dickinson and Company).

Statistical analysis. All results are presented as median values.
Mann–Whitney U, Wilcoxon and Fisher’s exact tests were used to
evaluate differences between subgroups of patients. To compare
differences in more than two groups, chi-square and analysis of
variance Kruskal–Wallis tests were performed. Correlations of
variables were calculated with Spearman’s rank-correlation
coefficient. All calculations were carried out using STATISTICA
13.4 program (StatSoft Polska Sp. z o.o., Cracow, Poland).

Results

CFL1 mRNA expression was increased in CLL. CFL1 gene-
expression analysis with standard curve method and GAPDH
as housekeeping gene was performed on samples obtained
from 156 patients with CLL and CD19+ cells of 31 HVs. The
median absolute CFL1 expression in patients with CLL was
significantly higher, by ~44%, when compared to HVs
(p=0.013; Figure 1A). No differences in CFL1 mRNA level
depending on stage of disease according to the Rai system, zeta
chain of T-cell receptor associated protein kinase 70 (ZAP70)
and CD38 expression as well as IGHV genes mutational status,
cytogenetic abnormalities, mutations in splicing factor 3B

subunit 1 gene (SF3B1), Notch homolog 1 translocation-
associated gene (NOTCH1) or myeloid differentiation primary
response 88 gene (MYD88) nor correlation of CFL1/GAPDH
with other clinicopathological parameters were detected.

Expression of total and activated CFL1 was higher in CLL.
Protein expression of CFL1 in CD19+ cells was determined
using western blot in group of 31 randomly chosen patients
with CLL and 13 HVs. We observed equally high CFL1
levels in all patients, with a tendency towards higher
expression when compared to HVs: the median densitometric
quantity of total CFL1 normalized with α-tubulin in CLL
cohort was 0.769, while in the control group it was 0.546
(p=0.080). Lack of correlation between protein expression
and age, lactate dehydrogenase and β2-microglobulin levels
was observed. Analysis of different prognostic groups (Rai
classification, ZAP-70 and CD38 expression, IGHV, SF3B1,
NOTCH1 or MYD88 mutation status, and cytogenetic
abnormalities) showed no differences in CFL1 protein levels.
Invasive phenotype of cells in other types of cancer is
determined not only by the level of CFL1, but also its
activity (20). In healthy cells, activated CFL1 participates in
many processes, therefore we aimed to assess its activity via
western blot. The level of activated CFL1 was significantly
higher in patients with CLL when compared to HVs
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Table I. Clinical characteristics of patients (n=180).

Number of patients                                                       Value

Age, years
  Median (range)                                                        66 (37-90)
Gender, n (%)
  Male                                                                       102 (57%)
  Female                                                                     78 (43%)
Rai stage, n (%)
  0                                                                               58 (35%)
  I                                                                                37 (22%)
  II                                                                               42 (25%)
  III                                                                               9 (5%)
  IV                                                                             21 (13%)
ZAP70 (cut-off=20%), n (%)
  Negative                                                                   96 (53%)
  Positive                                                                    43 (24%)
  Not available                                                           41 (23%)
CD38 (cut-off=30%), n (%)
  Negative                                                                   99 (55%)
  Positive                                                                    43 (24%)
  Not available                                                           38 (21%)
IGHV mutational status, n (%)
  Unmutated                                                               61 (34%)
  Mutated                                                                    57 (32%)
  Not available                                                           62 (34%)

ZAP70: Zeta chain of T-cell receptor associated protein kinase 70;
IGHV: immunoglobulin heavy chain variable region genes.



(p<0.001; Figure 1B and C). Among CLL cases, there were
no differences observed in activated protein level depending
on the stage of disease according to the Rai system, ZAP-70
and CD38 subgroups, IGHV, SF3B1, NOTCH1 or MYD88
mutation status nor cytogenetic abnormalities. We also
detected no correlation with other clinical parameters.

Subcellular localization of CFL1 in CLL cells. To determine
the localization of CFL1 in cells of 31 patients with CLL,
we used confocal microscopy with positive staining for
CFL1 and nuclei with DAPI. We did not observe any non-
specific reactions. Confocal microscopy revealed differential
subcellular localization of CFL1 in the majority of cases
(n=20, Figure 1D). Membranous protein was present in six
patients, while nuclear localization was observed in six
patients (Figure 1D). There was no correlation between

CFL1 localization in different cellular compartments
(cytoplasm versus membrane, p=0.065; cytoplasm versus
nucleus, p>0.99; membrane versus nucleus, p=0.133).
Localization of protein was independent of disease stage and
prognostic markers.

CFL1 promoted migration and chemotaxis of CD19+ cells
from patients with CLL. In order to investigate the function of
CFL1, we silenced its gene in CD19+ cells of patients and
HVs, and ran a series of experiments. With transwell assay,
we performed chemotaxis and migration analysis 72 h post
nucleofection. In the group of 16 patients with CLL, we found
that CFL1 silencing reduced chemotaxis of malignant cells, as
the median chemotaxis index in this group was less than half
that of HVs (Figure 2A). Moreover, chemotaxis of leukemia
cells was significantly lower in comparison to the control
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Figure 1. Expression of total and activated cofilin-1 (CFL1) in chronic lymphocytic leukemia (CLL) and healthy volunteers (HVs). A: Expression
of CFL1 mRNA was significantly higher in CD19+ cells from patients with CLL versus HVs as assessed by reverse transcription polymerase chain
reaction with standard curve method. B: The level of activated CFL1 protein was significantly higher in CD19+ cells from patients with CLL versus
HVs as evaluated by western blot. C: Exemplary western blot result from five patients with CLL and seven HVs showing total CFL1 expression,
expression of inactive phosphorylated CFL1 and α-tubulin as a control protein. D: Exemplary images of nuclei stained with 4’,6-diamidino-2-
phenylindole (blue; top left) and localization of CFL1 (green; top right), and merged image (bottom left) in cells from two patients with CLL.



group (n=9; chemotaxis index: 1.296, p=0.010). The capability
of CLL cells to migrate towards SDF1α was independent of
age and sex of the patients, as well as other clinical
parameters. We also observed no differences in chemotaxis
index between different prognostic groups according to ZAP-
70 and CD38 protein expression and Rai classification.

Transwell assay was applied to determine migration in
cohort of 16 CLL patients and nine HVs. We found
significantly reduced motility of CD19+ lymphocytes after
nucleofection of CFL1 mRNA, with a median migration index
40% below that of the HV group (p=0.043; Figure 2B).

Similarly to chemotaxis, we detected no differences in
migration index depending on Rai stage of disease, ZAP-70
and CD38 subgroups. Likewise, we found no correlation of
migration index with patients’ age, sex or clinical parameters.

CFL1 facilitated an anti-apoptotic state of CD19+ cells from
patients with CLL. To further explore the role of CFL1 in
CLL, we carried out apoptosis analysis. In 16 patients with
CLL, the median percentage of apoptotic cells, i.e. those
expressing active caspase-3, was significantly higher when
compared to those from HVs (n=8; p<0.001; Figure 2C).
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Figure 2. Effect of cofilin-1 (CFL1) silencing on migration and chemotaxis of chronic lymphocytic leukemia (CLL) cells. A: Chemotaxis of CLL cells
was significantly reduced after CFL1 knock-down in comparison to CD19+ cells from healthy volunteers (HVs); data were normalized by scrambled
siRNA). B: CFL1 silencing impaired migration of cells from patients with CLL in comparison to control CD19+ cells; data were normalized by
scrambled siRNA. C: Apoptosis (caspase-3-positive cells) in cells from patients with CLL was significantly higher after CFL1 knock-down compared
with CD19+ cells from HVs. D: Apoptosis was significantly higher CLL cells after silencing of CFL1 versus those with scrambled siRNA.



After silencing of CFL1 in leukemia cells, the median
proportion of apoptotic cells was significantly increased
compared to those transfected with control siRNA (p<0.001;
Figure 2D); in the HV group, the percentage of apoptotic
CD19+ cells after CFL1 silencing was 5.56% and after
transfecting with control siRNA was 4.98% (p=0.484). These
results were independent of the sex and age of patients as
well as clinical parameters, ZAP-70 and CD38 expression
and Rai stage of disease. 

We also used staining with annexin V and PI in a cohort
of 15 patients with CLL after nucleofection as a standard
method in apoptosis evaluation. We obtained a median of
81.56% dead cells, defined as annexin V-positive and PI-
positive cells, and 75.96% dead cells in those transfected
with control siRNA, with no statistical significance. The
number of dead cells did not depend on the age of patients
nor morphological parameters, or sex of patients, CD38 and
ZAP-70 protein expression and stage of disease according to
Rai classification.

CFL1 knock-down induced cell-cycle progression of CD19+

cells from patients with CLL. As CLL cells exhibit
characteristic inhibition of cell cycle in G0/early G1 phase and
CFL1 in healthy cells is essential to normal cell-cycle
progression, we analyzed the cell-cycle distribution by PI
staining in samples from 13 patients with CLL and compared
it with eight from HVs. We detected no differences in the
percentage of lymphocytes in the G0/G1 nor S phases in
leukemia cells after CFL1 silencing (median of silenced versus
control group: 71.14% versus 76.71% and 0.95% versus
1.19%, respectively). However, significantly more cells with
CFL1 knock-down were in the G2/M phase when compared
to cells treated with scrambled siRNA (median: 0.83 versus
0.39, p=0.026). In addition, with an increase of cells in the
G2/M phase, an increase in the percentage of caspase-3-
expressing cells was noted (R=0.73, p=0.005). An inverse
correlation between the percentage of cells in the G0/G1 phase
and the percentage of apoptotic cells was observed (R=−0.63,
p=0.021). Statistical analysis revealed no association between
cell-cycle phase distribution and age, sex, morphological
parameters nor ZAP-70 and CD38 expression and Rai stage.

When compared to healthy B-lymphocytes, we observed no
significant differences in the cell-cycle distribution of CLL
cells after CFL1 knock-down. Silencing of CFL1 gene did not
influence cell-cycle progression in CD19+ cells from HVs.

Discussion

In this study we demonstrated higher expression and
activation of CFL1 in CLL compared to a control group.
Inhibition of this protein affected viability, the cell cycle and
the motility of leukemia cells, pointing to the participation
of CFL1 in CLL leukemogenesis.

The role of CFL1 in various cancer types is diverse. In
melanoma, significantly higher expression of CFL1 transcript
and protein were demonstrated in cases with more advanced
disease and this was associated with shorter survival and
worse prognosis by Bracalente et al. (19). They found both
cytoplasmatic as well as nuclear localization of CFL1 in
melanoma, as we observed in CLL cells. Although in contrast
to our findings, an increase in CFL1 expression in the nucleus
was associated with metastatic melanoma and more aggressive
types of melanoma (19). 

Maimaiti et al. demonstrated increased expression of CFL1
in papillary thyroid cancer, without correlation with
clinicopathological features (20). Other research showed that
the malignant phenotype of cells in many forms of cancer is
associated not only with a higher level of CFL1, but also by
the balance between expression of proteins regulating CFL1
activity (21). The CFL1 pathway is composed of phosphatases
and kinases that through dephosphorylation of Ser3 activate
CFL1 or might lead to its inactivation via phosphorylation.
This affects cell migration, resulting in changes in metastasis
of thyroid cancer (20).

Similar results were obtained by Wang et al. (22);
overexpression of CFL1 at the translational level in breast
cancer was observed. Due to aurora A kinase increase, the
level of non-phosphorylated CFL1 was higher, similar to our
observations, correlating with poor patient prognosis. An
elevated level of aurora A kinase was also observed in CLL
and its inhibition was the subject of clinical trials (22). It
seems that increased activation of CFL1 in CLL might be
result of aurora A kinase overexpression, as in breast and
thyroid cancer, and the antitumor effect of aurora A kinase
inhibition might be mediated by CFL1 down-regulation (20-
23). According to Hsieh et al., a potent histone deacetylase
6 (HDAC6) inhibitor, MPT0G211, suppressed triple-negative
breast cancer metastasis by inhibiting HDAC6 activation,
increasing heat-shock protein 90 acetylation to promote
aurora A kinase degradation and thereby inhibit CFL1 (24).

Increased expression of CFL1 was reported in bladder
tumors with no association between tumor stage, similarly to
our findings in CLL (25). CFL1 regulates cytoskeleton and
cellular motility, therefore it is enriched in the cytoplasm.
CFL1 also has a nuclear localization signal, enabling its
translocation to nucleus, where it is involved in nuclear
morphology and function (18). Corresponding to Hensley et
al.’s (25) findings, Wang et al. found higher expression of
CFL1 protein and gene in bladder cancer compared with
para-cancerous tissues (26). Our results indicated
cytoplasmatic localization in general, but CFL1 was also
observed in the nucleus in some samples, with no correlation
with disease parameters.

Expression of CFL1 was markedly higher also in gastric
tumor tissues (27). In a mouse model of gastric cancer, Wang
et al. CFL1 silencing led to reduced invasion and metastasis
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in vitro and in vivo (27). Reduction in migration and invasion
of gastric cancer cells was due to down-regulation of
phosphorylated CFL1 but with no change in the total CFL1
level; our results are in agreement with this (28). In
esophageal squamous cell carcinoma, Wang et al. showed
increased expression of both protein and mRNA levels of
CFL1 in comparison to normal esophageal epithelium, with
correlation with the degree of infiltration, metastasis to
lymph nodes and pathological staging of cancer (29).

In contrast to our findings, in non-small cell lung cancer,
overexpression of CFL1 inhibited motility and invasion of
cells (30). Kolegova et al. reported increased expression of
CFL1 protein and mRNA in regional metastases of non-small
cell lung cancer (31). According to Rangel et al., the
concentration of CFL1 in sputum might be an independent
predictor of lymph node metastases risk in patients with lung
cancer (32).

Overexpression of CFL1 upon transfection was found to
enhance proliferation of a glioma cell line and affected the
cell cycle. Similarly to our findings, Du et al., upon
reduction of CFL1 expression, observed G2-phase arrest and
increased apoptosis. As in CLL, glioma cells overexpressing
CFL1 had an enhanced migration index (33). Wang et al. in
human aortic endothelial cells showed that CFL1 silencing
was associated with down-regulation of p27 and p21 and
induced expression of cyclin D, cyclin E, cyclin-dependent
kinase 2 (CDK2) and 4 (CDK4) and CDK, demonstrating
that CFL1 overexpression regulates the G0/G1 phase of the
cell cycle, inhibiting apoptosis, which is characteristic of
CLL cells (34). Our results indicate that CFL1 silencing
increased the number of cells in the G2/M phase, which was
associated with increased apoptosis.

In vulvar squamous cell carcinoma, CFL1 protein was up-
regulated in comparison to normal tissue samples, which
correlated with tumor aggressiveness and progression (35).
Moreover, CFL1 inhibition facilitated apoptosis and impaired
migration, as in our research.

CFL1 in hematological malignancies has not been
investigated as extensively as in solid tumors. However,
phosphorylation status of CFL1 in murine and human myeloid
tumor cell lines was studied by Prudent et al. (36); their results
indicate that only a small fraction (10-30% depending on the
cell line) of CFL1 is phosphorylated, and therefore inactive.
Scientists from China, looking for treatment for hematological
malignancies, described the mechanism of action of allyl
isothiocyanate on leukemia cell lines U937, Jurkat and HL-
60. Allyl isothiocyanate effectively induced apoptosis and
mitochondrial injury in transformed and primary human
leukemia cell lines by activation of CFL1 via rho-associated,
coiled-coil-containing protein kinase 1 (ROCK1) pathway,
leading to translocation of CFL1 to mitochondria, release of
cytochrome c and apoptosis (37). The same mechanism of
action was established for MC-3129, a synthetic cyclohexene

derivative, on cell viability and apoptosis of various human
leukemia cells (38).

Zampini et al. studied methylation processes in t(8;21)-
rearranged childhood acute myeloid leukemia cases. One of
the observed effects of epigenetic changes was overexpression
of Ras homolog family member that activated a pathway
leading to phosphorylation of CFL1, preventing it from being
translocated to mitochondria and apoptosis. As an effect, they
observed cytoskeleton aberrations and lower cell death after
chemotherapy (39).

There are very few reports regarding CFL1 in lymphopro-
liferative diseases. In a childhood acute lymphoblastic
leukemia cell line resistant to prednisolone, CFL1 was
identified to be the most highly up-regulated (40). Borro et al.
studied T-lymphocyte proteome profile in different B-
lymphoproliferations (diffuse large B-cell lymphoma, follicular
lymphoma, classical Hodgkin lymphoma and CLL) and found
reduced expression of phosphorylated CFL1, while the level of
the unphosphorylated form was similar in patients and controls
(41), which our results are in accordance with.

In summary, we demonstrated significantly higher
expression of CFL1 mRNA and its high activation in CLL
cells when compared to healthy controls. Silencing of CFL1
led to cell-cycle progression, and impaired migration and
chemotaxis, as well as increased apoptosis. As CLL is a
disease not only of proliferation, but also inhibition of
apoptosis, we propose that CFL1 might participate in
maintenance of the anti-apoptotic state of leukemia cells, and
inhibition of this molecule enables them to go under apoptosis.
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