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Abstract. Background/Aim: Galectins belong to the family
of galactose-binding proteins known to play an important
role in the processes of cell proliferation, differentiation,
migration and neoplastic progression. Herein, we studied the
expression of galectin-3 (Gal-3) in chronic lymphocytic
leukemia (CLL). Materials and Methods: The expression of
Gal-3 was analyzed by means of multiparametric flow
cytometry in normal and pathological B-cells from
peripheral blood and bone marrow samples of 67 patients
with CLL. Results: Pathological B-cells expressed
significantly higher levels of cytoplasmic Gal-3 than normal
B-cells. Moreover, overexpression of cytoplasmic Gal-3 was
observed in the prognostically poorest subgroup of CLL
patients, namely those with 17p deletion. Conclusion: Our
results indicate a possible role of galectin-3 in CLL
pathophysiology and its potential value as a prognostic
marker and therapeutic target.

*These Authors contributed equally to this study.

Correspondence to: Dr. Marek Sarissky, Department of
Pharmacology, Faculty of Medicine, P.J. Safarik University, Trieda
SNP 1, 04011 Kosice, Slovak Republic. Tel: +421 556404385, e-mail:
marek.sarissky @upjs.sk or Dr. Peter Gal, East-Slovak Institute of
Cardiovascular Diseases, Inc., Department of Biomedical Research,
Ondavska 8, 040 11 Kosice, Slovak Republic. Tel: +421 556404277,
Fax: +421 557891610, e-mail: galovci@yahoo.com or pgal@vusch.sk

Key Words: Galectin-3, chronic lymphocytic leukemia, B-cells, flow
cytometry, cytogenetics, 17p deletion.

In hematological malignancies, galectins are involved in
the regulation of numerous (patho)physiological events
including cell proliferation, apoptosis, angiogenesis,
inflammatory responses, drug resistance, and tumor
progression [reviewed in (1-3)]. The chimera-type lectin,
galectin-3 (Gal-3), a 35-kDa protein coded by LGALS3
gene located on chromosome 14 (4), is widely expressed
in humans, including all types of immune cell
(macrophages, monocytes, dendritic cells, eosinophils,
mast cells, natural killer cells, and activated T- and B-
cells), epithelial cells, endothelial cells and sensory
neurons [reviewed in (5)]. In patients with chronic B-cell-
derived neoplasms, high levels of Gal-3 protein were
found in those with diffuse large B-cell lymphoma,
primary effusion lymphoma, and multiple myeloma, but it
was not detected in Burkitt lymphoma, follicular
lymphoma, marginal zone lymphoma, mucosa-associated
lymphoid tissue lymphoma or small lymphocytic
lymphoma (6). In a single existing study of Gal-3 in
chronic lymphocytic leukemia (CLL) (7), down-regulation
of LGALS3 mRNA was observed in patients with CLL
compared with healthy individuals. Higher representation
of LGALS3 mRNA was observed in patients with indolent
disease compared with the group with progressive disease.

In the present study, we analyzed the expression of Gal-3
in patients with CLL by flow cytometry and, to our
knowledge, for the first time studied possible relationships
between its expression and prognostically significant
chromosomal abnormalities, including deletions of 11q, 13q
and 17p, and trisomy 12.

2805



ANTICANCER RESEARCH 39: 2805-2809 (2019)

Materials and Methods

Samples. Peripheral blood (PB) and bone marrow (BM) samples from
67 patients with CLL (for details see Table I) were collected after
obtaining written informed consent. The samples were processed and
analyzed within 24 h of collection. The diagnosis of CLL was
established using the International Workshop CLL guidelines (8).

Flow cytometry. In order to establish the immunophenotypic diagnosis
of CLL, multiparametric flow cytometric analysis was routinely
performed for each patient with suspicion of chronic B-cell
lymphoproliferative disorder using standard 8-color staining with a
panel of antibodies targeted against the following antigens: cluster of
differentiation (CD) 3, CD4, CD5, CD8, CD10, CDl1l1c, CD19, CD20,
CD22, CD23, CD27, CD34, CD38, CD43, CD45, CD56, CD79b,
CD81,CD103, CD200, Flinders Medical Centre 7 (FMC7, epitope on
CD20), leukocyte-associated immunoglobulin-like receptor 1 (LAIR1),
mlgM, mlgKappa and mIgLambda. In patients with an established
diagnosis of CLL based on International Workshop CLL criteria
including immunophenotype, the expression of Gal-3 both on the cell
surface (mGal-3) and intracellularly (cyGal-3) was analyzed using a
phycoerythrin-conjugated monoclonal antibody to human Gal-3 (clone
Gal397; Biolegend, San Diego, CA, USA) (9-11). For cell surface
staining, all samples were processed using a standard stain-lyze-wash
technique. For intracellular staining, FIX&PERM Cell Fixation &
Permeabilization Kit (Invitrogen, Carlsbad, CA, USA) was used. After
staining, samples were acquired in a Navios EX flow cytometer
(Beckman Coulter, Brea, CA, USA). EuroFlow Standard Operating
Protocols were used for instrument setup, fluorescence compensation
and monitoring of instrument performance (12). The data were
analyzed using the Infinicyt v.1.7 software package (Cytognos,
Salamanca, Spain). For each sample, the following information was
reported separately for normal and pathological B-cells: i) The
presence or absence of the analyzed antigen (mGal-3, cyGal-3); ii) the
intensity of antigen expression as reflected by the mean fluorescence
intensity (MFI) expressed as relative linear arbitrary fluorescence
channel units scaled from 0 to 1x106 of the stained cells after
subtracting the MFI obtained for control unstained cells from the same
sample. Normal mature B-cells were identified as polyclonal
CD5neg/CD20high CD19+ cells whereas pathological B-cells were
identified as CD5Pos/CD20low CD19+ cells with monotypic expression
of cell surface immunoglobulin light chains.

Interphase fluorescence in situ hybridization (iFISH). Single-cell
suspensions of mononuclear cells were obtained from EDTA-
anticoagulated PB or BM samples by Ficoll-Urographin (Sigma,
Schering; Darmstadt, Germany) density centrifugation. The iFISH
studies were performed on slides bearing cells fixed in
methanol/acetic (3:1, v/v) solution and stored at —20°C. Analysis of
deletions of 11q, 17p, 13q and trisomy 12 was performed using XL
ATM/TP53 and XL DLEU/LAMP/12cen deletion/enumeration
probes (MetaSystems, AltluBheim, Germany). Denaturation and
hybridization steps were performed using a ThermoBRITE
hybridizer (Vysis-Abbott, Des Plaines, IL, USA). The slides were
counterstained with 4',6-diamidino-2-phenylindole and the number
of hybridization spots and their distribution in the nuclei were
evaluated using a BX60 fluorescence microscope (Olympus, Tokyo,
Japan). For each slide, the number of hybridization spots per
nucleus was counted in at least 200 nuclei; only spots with a similar
size, intensity, and shape were counted. For both FISH probes used,
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Table 1. Clinicobiological characteristics of patients with chronic
lymphocytic leukemia (CLL) (n=67).

Characteristic Value
Age, years Median (range) 67 (30-87)
Gender, n (%) Male 41 (61%)
Female 26 (39%)
Sample type, n (%) PB 50 (75%)
BM 17 (25%)
Disease status, n (%) Newly diagnosed 27 (40%)
Relapsed 40 (60%)
WBC, 1091 Median (range) (n=64) 14.77 (4-290)
ALC, 1091 Median (range) (n=51) 7.74 (1-279)
ANC, 1091 Median (range) (n=51) 3.6 (1-78)
PLT, 1012/1 Median (range) (n=63) 201 (5-398)
Hb, g/dl Median (range) (n=63) 14 (8-17)
B2MG, mg/l Median (range) (n=49) 2.6 (1-15)
LDH, pkat/l Median (range) (n=56) 3.79 (2-12)
Cytogenetics, n (%) Normal 14 (21%)
11q deletion 7 (10%)
13q deletion 33 (49%)
17p deletion 5 (7%)
Trisomy 12 4 (6%)
IGHV mutational status, n (%) Mutated 19 (28%)
Unmutated 48 (72%)

ALC: Absolute lymphocyte count; ANC: absolute neutrophil count;
B2MG: beta-2-microglobulin; Hb: hemoglobin; /GHV: immunoglobulin
heavy-chain variable region gene; LDH: lactate dehydrogenase; PLT:
platelet count; WBC: white blood cell count.

a 6% cut-off level was established. Frequencies of positive nuclei
in individual slides ranged from 7-95% for 13q deletion, 9-72% for
trisomy 12, 17-67% for 11q deletion and 30-97% for 17p deletion.

Statistical analysis. In order to establish the statistical significance
of differences observed between groups, the non-parametric Mann-
Whitney U-test was used. For paired samples comparison, the
Wilcoxon signed-rank test was employed. For correlation analysis,
the Spearman’s rho coefficient was calculated. Statistical
significance was considered to be present once p-values were lower
than 0.05. The data from the fluorescence intensity measurements
are expressed as the meantstandard deviation.

Results

The expression of Gal-3 was analyzed in pathological and
normal B-cells both on their cell surface (mGal-3) and
intracellularly (cyGal-3). B-Cells represented 47+26% of
total cellularity in samples. Normal B-cells were detected
in 50 out of 67 patients with CLL and represented 7+15%
of all B-cells. mGal-3 consistently tested negative, whereas
cyGal-3 was found in all major leukocyte populations,
including lymphocytes, monocytes and neutrophils (Figure
1). The strongest cyGal-3 expression was detected in
monocytes. Lymphocytes, including B-cells, showed
weaker cyGal-3 expression than monocytes and
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Figure 1. lllustrative bivariate dot plots and histograms showing the gating strategy to identify normal (green) and pathological (red) B-cells (A),
negative expression of membranous galectin-3 (mGal-3) (B), positive expression of cytoplasmic (cy)Gal-3 (C), and increased cyGal-3 expression
in pathological (right) versus normal (left) B-cells (D). CTRL: Control; CD: cluster of differentiation; KO: krome orange; PE: phycoerythrin; MFI:

mean fluorescence intensity.
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Figure 2. Graphs showing the expression of cytoplasmic (cy)Gal-3 in normal and pathological B-cells in peripheral blood (PB) and bone marrow
(BM) samples (A), in patients with chronic lymphocytic leukemia (CLL) with and without 17p deletion (fresh samples) (B), patients with CLL with
normal cytogenetics and those harboring 17p deletion (frozen samples) (C), and the correlation between the expression of cyGal-3 and platelet
count (D). The box plots represent the median mean fluorescence intensity (MFI) +standard deviation.

neutrophils. For both normal and pathological B-cells, the
expression of cyGal-3 did not significantly differ between
PB and BM samples (Figure 2A). However, when
compared to normal B-cells, pathological B-cells showed
significantly increased cyGal-3 expression in both PB and
BM (369+214 vs. 628+898, respectively, p=0.012; 506274
vs. 664+419, respectively, p=0.022) (Figures 1D and 2A).
Moreover, when we analyzed cyGal-3 expression in
relation to the cytogenetic profile of patients with CLL,
cyGal-3 was found to be significantly overexpressed in
those harboring 17p deletion compared to patients without
17p deletion (2,043+2,281 vs. 498+353, p<0.01) (Figure
2B). To confirm this finding, we analyzed an additional 14
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archival samples of cryopreserved isolated lymphocytes
from patients with CLL with 17p deletion (n=7) and
patients with normal iFISH findings (n=7). In these
cryopreserved samples, we again observed significant
cyGal-3 overexpression in patients with 17p deletion
(11,620+6,170 vs. 4,881+2,521, respectively, p=0.011)
(Figure 2C). No associations were found between cyGal-3
expression and other examined chromosomal abnormalities
(i.e. deletions of 11q, 13q, and trisomy 12). Deletion of 17p
was associated with lower platelet count (78+68 vs.
215+66x101%/1, p=0.001) and hemoglobin level (10.2+1.5
vs. 14.0+1.8 g/dl, p=0.001). Similarly, the expression of
cyGal-3 was correlated with a lower platelet count
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(p=0.017) (Figure 2D). Of note, no further correlations
were observed between the expression of cyGal-3 and the
remaining clinicobiological characteristics.

Discussion

In the present work, we demonstrate, for the first time, by
flow cytometric immunophenotyping that CLL B-cells
display overexpression of intracellular Gal-3, which was
further increased in the prognostically poorest subgroup of
patients, those harboring 17p deletion, the most important
independent prognostic factor in CLL (8, 13). In contrast to
our findings, a previous study showed decreased Gal-3
expression using both the semi-quantitative reverse
transcription polymerase chain reaction (RT-PCR) at the
mRNA level and flow cytometry at the protein level (7). They
analyzed samples from 85 patients with CLL by RT-PCR, but
only eight by flow cytometry. Apart from a lower number of
patients analyzed by flow cytometry, they employed an
indirect immunofluorescence method using a polyclonal
antibody, whereas we used a monoclonal antibody (cell
surface and intracellular flow cytometry quality control
tested) and direct immunofluorescence method. Furthermore,
we used residual normal polyclonal B-cells present in patient
samples as internal controls instead of samples obtained from
healthy donors. Out of 67 analyzed patient samples, 50
showed the presence of normal B-cells alongside CLL B-
cells. Thirty-five of them showed cyGal-3 overexpression in
CLL B-cells, whereas 14 showed little change or slightly
decreased expression.

Among chronic B-cell lymphoproliferative disorders,
overexpression of Gal-3 was also found in follicular
lymphoma (11, 14), primary effusion lymphoma (6),
intravascular large B-cell lymphoma (15) and diffuse large
B-cell lymphoma (6, 11, 14, 16, 17).

Several molecular mechanisms may be involved in the up-
regulation of Gal-3 in patients with CLL with 17p deletion
observed in our study. For example, Gal-3 has been shown
to support cell survival by diverse mechanisms. Gal-3
contains the NWGR amino acid motif found in the BH1
domain of BCL2 family proteins and supports mitochondrial
stabilization by binding to BCL2 (18). Furthermore,
suppression of LGALS3 by p53 is critical for p53-mediated
apoptosis, suggesting that Gal-3 and p53 regulate a survival
axis supporting cellular homeostasis (3, 5, 19). Thus, a
disturbed or lost p53 function, either through 17p deletion or
p53 gene mutation, may lead to Gal-3 overexpression, with
subsequent inhibition of apoptosis resulting in reduced
efficiency of anticancer therapy.

To conclude, in the present work we found that
pathological B-cells from patients with CLL exhibit
increased expression of Gal-3 in comparison with normal
B-cells. Moreover, our data suggest that the highest

expression of Gal-3 is associated with 17p deletion.
Therefore, therapeutic strategies targeting Gal-3 (20) may
be clinically relevant, especially in this prognostically
poorest subgroup of patients with CLL.
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