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ABSTRACT

The sesquiterpene α-bisabolol (α-BSB) is a cytotoxic agent against acute 
leukemia and chronic myeloid leukemia cells. Here the profile of α-BSB citotoxicity 
was evaluated ex vivo in primary mononuclear blood cells isolated from 45 untreated 
B-chronic lymphocytic leukemia (B-CLL) patients. We studied the effects of α-BSB 
by flow cytometric and western blotting techniques with the following findings: (1) 
α-BSB was an effective proapoptotic agent against B-CLL cells (IC50 42 ± 15 μM). It 
was also active, but to a lesser extent, on normal residual B cells and monocytes (IC50  
68 ± 34 and 74 ± 28 μM, respectively; p < 0.01), while T-cells, though not achieving 
IC50 , were nevertheless decreased. (2) Lipid raft content positively correlated with 
α-BSB cell sensitivity, while neither the phenotype of B-CLL cells nor the disease 
clinical stage did affect the sensitivity to α-BSB. (3) Flow cytometry analysis evidenced 
the induction of pores in mitochondrial and lysosomal membrane after 3- to 5-hour 
exposure of B-CLL cells to α-BSB, leading to apoptosis; in contrast, western blotting 
analysis showed inhibition of the autophagic flux. Therefore, according to cellular 
selectivity, α-BSB is a cytotoxic agent preferentially active against leukemic cells, 
while its lower activity on normal B cells, monocytes and T cells may account for an 
additive anti-inflammatory effect targeting the leukemia-associated pro-inflammatory 
microenvironment. Consistent with the observed effects on intracellular processes, 
α-BSB should be regarded as a dual agent, both activating mitochondrial-based 
apoptosis and inhibiting autophagy by disrupting lysosomes.
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INTRODUCTION

B chronic lymphocytic leukemia (B-CLL) is the 
commonest malignancy in the western world. Usually an 
indolent disease that primarily affects elderly adults, it is 
characterized by monoclonal CD5+ mature B cells, which 
accumulate in bone marrow, lymphoid tissues and blood 
and are mostly blocked in G0/G1 phase of the cell cycle 

[1, 2]. Some patients may experience a more aggressive 
course: secondary hemolytic anemia and/or autoimmune 
thrombocytopenia may develop, and malignant 
progression may be seen. Eventually even the most 
indolent B-CLL leads to bone marrow insufficiency and 
symptomatic splenomegaly due to neoplastic substitution. 

Over the last twenty years, a deep revision of its 
pathogenesis has thoroughly changed the understanding 
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of B-CLL as well as its clinical and therapeutic 
management [3]. The turning-points in this progress 
can be summarized as follows. (a) Recognition of 
molecular rearrangements defining more aggressive 
courses, namely the somatic mutational status [2, 4–7] 
and chromosomal alterations such as del11 and 17 
[3, 8]. (b) Understanding of immunoglobulin B-cell 
receptor [6, 9] and microenvironment-driven signals 
[10–20] pathogenetic potential. (c) Better understanding 
of kinase-based transduction [10, 11, 21], programmed 
cell death and autophagy pathways as well as their gene 
regulation [14, 19, 22, 23]. (d) Availability of new agents 
(including anti-CD20 and other monoclonal antibodies 
as well as several kinase inhibitors) that turned out to be 
more effective than ever before, though perhaps not yet 
sufficient to cure the disease [24–27]. A better knowledge 
of the enzymatic pathways regulating adhesion signaling, 
apoptosis and autophagy as well as related oncogenes 
has pioneered and fostered the design of and the quest 
for therapies targeted at components of those pathways. 
The other way round, the differential efficacy of several 
of these targeted therapies has shed light on some more 
relevant mechanisms and transduction pathways in B-CLL 
[11, 25, 27]. New agents for targeted therapy include 
specific protein kinase inhibitors, apoptosis activators and 
autophagy inhibitors, some of them man-projected, some 
others sorted through existing cellular organic molecules. 
[3, 4, 9, 19, 24]. Among these latter, sesquiterpenes [28] 
like artemisinin [29] gossypol [30] or α-bisabolol (α-BSB) 
[31] may have practical and theoretical relevance to 
B-CLL therapy. These multifaceted, virtually limitless, 
target-restricted therapies should be in compliance with 
some traditional cornerstones for B-CLL treatment: (a) 
low toxicity; (b) easily administration preferably orally 
or subcutaneously; (c) good specificity for the therapeutic 
targets; (d) opportunity for synergism. In this context, the 
sesquiterpene alcohol α-BSB is safe at the therapeutic 
dosages in animal models, can be delivered orally [31], 
targets specific basic cellular functions like apoptosis and 
autophagy [22] and is synergistic with some tyrosin kinase 
inhibitors [32]. Here, we investigated the antineoplastic 
potential of α-BSB in a preclinical model of primary 
normal and neoplastic cells from untreated B-CLL patients. 

RESULTS

Patients

Table 1 summarizes the main characteristics of 
the 45 untreated patients who underwent evaluation. 
They were diagnosed with B-CLL starting from 2002. 
The great majority were Ig-mutated, normal-caryotype, 
Binet A-stage males with more than 47 years, more than  
12 × 10–9/L white blood cells (WBC) and 100 × 10–9/L 
platelets (PLTs), without anemia. We could not establish 
in this study any different sensitivity to α-BSB related 

to clinical stage according to Binet or to biological 
characteristics of B-CLL cells (i.e. CD38 positivity, IgVH 
mutational state or chromosomal abnormalities).

α-BSB inhibits B-CLL cell viability

For each patient, we comparatively evaluated the 
ex vivo sensitivity to α-BSB of B-CLL cells, normal 
residual B, T lymphocytes and monocytes. 2 to 80 μM 
α-BSB for 24 hours resulted in a dose-dependent reduction 
of B-CLL cell viability. Figure 1A shows that leukemic 
lymphocytes IC50 was 42 ± 15 μM α-BSB, significantly 
lower than 68 ± 14 and 72 ± 12 μM α-BSB of normal 
B cells and monocytes, respectively (p = 0.005). Instead, 
T lymphocytes did not reach the IC50 in the range of 
concentrations tested (up to 80 μM α-BSB), and were 
considered minimally sensitive to α-BSB. Accordingly, 
Figure 1B shows the preferential depletion of CD5/CD19 
B-CLL cells as opposed to the normal mononuclear ones. 
Thus, α-BSB inhibited leukemic cell viability in a dose-
dependent manner at concentrations also affecting residual 
normal B lymphocytes, monocytes and at a lesser extent 
normal T cells.

Lipid raft amounts

At the cell membrane level, α-BSB accumulates 
in the lipid rafts (LRs) [33]. Therefore, we sought if the 
different sensitivity to α-BSB observed in leukemic as 
compared to normal B lymphocytes could be related to a 
far more represented LRs in neoplastic cells than in their 
normal counterparts [34]. The largest components of LRs 
are glycosphingolipids such as ganglioside monosialic 
1 (GM1), cholesterol, sphingomielin and phosphatidyl 
serine. GM1 is a receptor for toxins and viral particles  
[35, 36] whose amounts have been demonstrated to 
correlate with the response to anti-CD20 therapy in B 
non-Hodgkin lymphomas and B-CLL [37]. Flotillins are 
another LR component belonging to a family of integral 
membrane proteins that are actively involved in signal 
transduction as well as in regulating the motility and 
localization of LRs [38]. Both Flotillin-1 and Flotillin-2 
are commonly used as LRs associated markers [39–41]. 
In B-CLL cells and in normal B and T lymphocytes of 
the same sample we quantified cholesterol, GM1 and 
Flotillin-1 by flow cytometry. Cholesterol was quantified 
by its affinity to the polyene antibiotic filipin which has 
fluorescence properties, GM1 by means of its affinity 
to cholera toxin B (CT-B), and Flotillin-1 by a specific 
monoclonal antibody [42]. As shown in Figure 1C, lipid 
raft amounts resulted significantly more abundant in CD5/
CD19 B-CLL cells than in normal T and CD19 B cells  
(p < 0.05 for each comparison). Altogether, these findings 
correlated with the different sensitivity to α-BSB seen in 
the different cell subpopulations, accordingly to previous 
suggestions [33].
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Table 1: Patients’ main clinical characteristics

Sex 
M/F Agea Hba g/L WBCa 10–9 /L 

N%-L% PLTsa 10–9/L IgVH UnM/M/ne/ndb FISH Normal/+12/
del(13)/ neb CD38Neg/Pos Binet 

A/B-C

33/12 69.5 (47–83) 145 (111–174) 24 (12.1–90)
5 (3–12.7)–75 (50–90) 215(101–400) 14/23/4/4 26/6/10/3 36/9 32/13

amedian & range.
bUnM = unmutated; M = mutated; ne = not evaluable; nv = not done.
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α-BSB causes damage to plasma membrane

To investigate the chain of events leading to the 
loss of cell viability, we initially stained the B-CLL cells 
with TO-PRO-3 iodide, which binds with high affinity 
to double-strand nucleic acids but does not enter intact 
plasma membrane, and Annexin-V to determine the lipid 
phosphatidylserine flip from the inner to the outer leaflet 
of the plasma membrane. We observed a time-dependent 
increase (data not shown) of TO-PRO-3 and Annexin-V 
fluorescence when cells were treated with 80 μM α-BSB 
(Figure 2A). After 3 hours of incubation with α-bisabolol, 
a substantial proportion of B-CLL cells were Annexin-
V-positive, thus signaling the irreversible onset of the 
apoptotic cascade. Then, to assess the depolarization of 
plasma membrane upon α-BSB, we used the sensitive 
anionic dye [Bis-(1,3-Dibutylbarbituric Acid)Trimethin 
Oxonol] [DiBAC4(3)], a slow-response probe that enters 
the depolarized membrane, with an increase in cell 
fluorescence. The mean fluorescence intensity (MFI) of 
DiBAC4(3) in B-CLL cells after 1- and 3-hour incubation 
with 80 μM α-BSB was higher than in control (MFI1h 
= 23 ± 7.8 and MFI3h = 65 ± 13 vs MFIbasal = 7.5 ± 0.6; 
p < 0.001). This indicated the depolarization of plasma 
membrane, a further hallmark of the apoptotic process 
induced by α-BSB (Figure 2B). Finally, loading cells with 
the Ca2+ indicator Fluo-4 AM, an increased Ca2+ influx was 
evident after 20 minutes (Figure 2C). Overall, these results 
indicated that α-BSB rapidly induced plasma membrane 
alterations and loss of plasma membrane integrity in 
B-CLL cells due to apoptosis.

α-BSB causes loss of mitochondrial 
transmembrane potential (ΔΨm)

We have previously demonstrated by 5,5′,6,6′-tetra-
chloro-1,1′,3,3′-tetra-ethyl-benz-imidazolyl-carbo-cyanine 
iodide (JC-1) staining that α-BSB dissipates the ΔΨm in a 
variety of cell types [31]. Here we investigated the ΔΨm in 
α-BSB-treated B-CLL cells. Figure 3A shows that exposure 
to α-BSB led well-polarized mitochondria to progressively 
lose their JC-1-dependent red fluorescence, shifting 
downward, which indicated ΔΨm dissipation. The calcein-

acetoxymethyl ester (calcein-AM) assay explores the 
mPTP opening, an early event in the damaged cells. Non-
fluorescent calcein-AM become fluorescent in cells after 
cleavage of AM groups via non-specific esterase activity 
in the cytosol and mitochondria. CoCl2 cannot enter into 
healthy mitochondria when the mPTP is closed and it 
quenches cytoplasmic fluorescence leaving unmodified 
the mitochondrial one. Figure 3B shows cells that were 
treated with α-BSB and then loaded with calcein-AM. MFI 
in treated and untreated cells was 244.5 ± 38 vs 253 ± 17, 
respectively, but after adding CoCl2, MFI was 15.8 ± 5 vs 
38.2 ± 3.8, respectively (p < 0.01) due to the quenching of 
both cytoplasmic and mitochondrial fluorescence in treated 
cells, as a consequence of the mPTP irreversible opening. 
Therefore, α-BSB disrupted the membrane permeability of 
mitochondria, induced ΔΨm dissipation and triggered the 
apoptotic death of B-CLL cells.

α-BSB induces pores in lysosomal membrane

The effect of α-BSB on lysosomes was studied 
using the fluorescent lysosomotropic dyes acridine 
orange (AO) and LysoTracker Green DND-26 (LTG). 
AO is a metachromatic fluorophore that becomes charged 
and retained by proton trapping within the lysosomal 
compartment. When cells are excited by blue light (488 
nm blue laser in flow cytometry), lysosomes emit intense 
red fluorescence while the cytosol and nuclei show weak 
diffuse green fluorescence. Cells with a reduced number 
of intact AO-accumulating lysosomes are pale. When 
lysosomes are damaged, AO is released to the cytosol 
in monomeric form and it turns green [43, 44]. The 
AO-relocation method [44–47] evaluates the degree of 
lysosomal damage based on the measure of cytosolic green 
fluorescence. Instead, the AO-uptake method measures 
directly the lysosomal red fluorescence. In the α-BSB-
treated B-CLL cells, the AO-relocation assay demonstrated 
an increase in green fluorescence detectable up to 3 hours 
after treatment (Figure 4A, left), followed by a decrease, 
likely due to the extracellular release of cytoplasmic AO, 
secondary to plasma membrane permeabilization. The AO-
uptake assay demonstrated a decrease in red fluorescence 
(Figure 4A, right). Notably, this was further confirmed by 

Figure 1: α-BSB reduced B-CLL cell viability. (A) Cytotoxicity assay. PBMC of 45 patients were treated with α-BSB at the 
indicated concentrations for 24 hours. Sensitivity to α-BSB was significantly different between B-CLL lymphocytes and normal T and 
B cells and monocytes (*p = 0.005). Results are expressed as mean ± SD. (B) PolyChromatic plot analysis on treated CD5/CD19 B-CLL 
lymphocytes as compared to normal T and CD19 B cells. PBMC from a B-CLL representative case with 13% of normal T lymphocytes 
were treated with 20, 40, 80 μM α-BSB for 24 hours, then immunostained with anti-CD3-FITC, anti-CD5-APC and anti-CD19-PE moAbs 
and analyzed by flow cytometry. The triangle display illustrates the different dummy colors assigned to each marker and the mixtures 
that result by their different amounts. The bivariate PolyChromatic plots shows the color mapping results: the subsets of cells can be 
identified by the color scheme. CD5/CD19 B-CLL cells are magenta, CD19 normal B cells are red, CD5/CD3 T cells are turquoise. The 
comparison of the plots gives evidence that α-BSB induced a dose-dependent preferential depletion of B-CLL lymphocytes. (C) Lipid 
rafts in normal T, CD19 B cells and in CD5/CD19 leukemic cells. PBMC of 45 patients were prestained with anti-CD3-PerCP, CD5-
APC and anti-CD19-APC-H7 moAbs. Cholesterol, GM1 and Flotillin-1 contents were determined by flow cytometry and expressed as 
arbitrary units. Overall, they were less abundant in T cells than in residual normal CD19 B cells than in CD5/CD19 B-CLL cells (*p < 
0.05 for each comparison), though the single GM1 component was only slightly increased in leukemic B-CLL cells. Means ± SD of 7 
experiments are shown.
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the LTG-uptake assay aimed to evaluate the lysosomal 
activity [48, 49]. Under baseline conditions, LTG was 
located at large vesicles in the cytoplasm. Treatment 
induced a time-dependent appearance and increment of a 
population of dimly fluorescent cells (Figure 4B). 

Autophagic flux inhibition

Since lysosomes were damaged by α-BSB 
treatment, we asked whether α-BSB promoted some 
impairment of the autophagic process, which plays a role 

Figure 2: α-BSB caused rapid loss of plasma membrane integrity in B-CLL cells. Treatment with 80 μM α-BSB for 1 
and 3 hours. (A) PBMC stained with Annexin-V and TO-PRO-3 after treatment. Distinction between unaffected cells (AnxV-neg/TO-
PRO-3-neg, mean percentages 95.2 ± 1.9control versus 31.6 ± 4.2treated), early apoptosis (AnxV-pos/TO-PRO-3-neg, mean percentages 3.8 
± 1.1control versus 57.4 ± 5.2treated) and late apoptosis (AnxV-pos/TO-PRO-pos, mean percentages 0.5 ± 0.3control versus 9.7 ± 1.7treated). (B) 
Time-dependent increase of cell fluorescence after cell incubation with α-BSB and DiBAC4(3) anionic dye, indicating the depolarization of 
the plasma membrane. (C) Density plot data showed the increase of intracellular Ca2+ concentration revealed by the Ca2+ indicator Fluo-4 
AM starting from 10 to 40 minutes after treatment, thus confirming the rapid loss of homeostatic plasma membrane impermeability. Each 
shown experiment is representative of 5.
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Figure 3: α-BSB caused rapid loss of mitochondria integrity in B-CLL cells. Treatment with 40 μM α-BSB for 3 and 5 
hours. (A) Mitochondrial transmembrane potential (ΔΨm) as evaluated by JC-1 staining. Untreated B-CLL cells presented a typical 
normal high ΔΨm. Upon treatment, cell fluorescence moved downward (intermediate and low ΔΨm), due to progressive JC-1 dislocation 
from mitochondria to cytosol. Data are presented by PolyChromatic plots. (B) Calcein-AM assay demonstrated the impairment of mPTP 
function. After 5 hours of treatment, cells were loaded with calcein-AM and MFI was similar to that of untreated cells. After adding CoCl2 
MFI was lower in treated than in untreated cells (p < 0.01), indicating that CoCl2 entered damaged mitochondria and quenched calcein 
inside them. Each shown experiment is representative of 5. 
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in B-CLL cells survival [50]. Autophagy is a catabolic 
process during which cytoplasmic organelles and proteins 
are nonselectively degraded to rescue cells from death. 
Double-membranous structures emerge in the cytosol 
forming an autophagosome that sequesters cytoplasmic 
proteins and organelles. If the rescue fails, apoptosis is 
triggered. During autophagy, a cytosolic form of the 
microtubule-associated protein light chain 3 (LC3-I) is 
conjugated to phosphatidylethanolamine to form LC3-
phosphatidylethanolamine (LC3-II). This latter is coupled 
to autophagosomal membranes. The autophagosome 
then fuses with lysosomes to form autolysosomes, 
intra-autophagosomal components are broken down by 
hydrolases and LC3-II is degraded. Hence, LC3-II is an 
autophagosomal marker for monitoring autophagic activity 
by immunoblotting or other methods. In evaluating 
autophagy by LC3-II immunoblotting technique, we 
observed that α-BSB induced an increment of LC3-II 
band in B-CLL cells. The increment may indicate either 
upregulation of autophagosome formation or blockage 
of autophagic degradation [51–53]. Figure 4C shows 
no further accumulation of LC3-II in the presence of 
pepstatin A and E-64D, inhibitors of the degradation of 
the autophagic cargo inside the autophagosome. Overall, 
and similarly to pepstatin or E-64D, α-BSB acts by 
blocking the autophagic degradation, in keeping with the 
observed cumulative damage to lysosomal membrane 
shown in Figure 4A–4B. Therefore, immunoblotting 
studies of the autophagic process support that α-BSB is an 
antiautophagic agent that causes the irreversible block of 
the autophagic flux.

DISCUSSION

We and others have previously shown that the 
natural sesquiterpene alcohol α-BSB induces apoptotic 
death of a variety of neoplastic cells either in vitro or 
in animal models [31–33, 54–58]. Notably, we have 
demonstrated its cytotoxicity against lymphoblastic, 
myeloblastic and chronic myeloid leukemia cells in 
preclinical studies [22, 31, 32]. Our present findings show 
that α-BSB induces efficient lysis of primary B-CLL. The 
neoplastic CD5/CD19 B cells resulting sensitive to α-BSB 
were obtained from 45 untreated patients representative of 
the typical diagnostic characteristics, natural history and 
clinical outcome of the B-CLL (Table 1). In parallel and in 
each patient, we analyzed both leukemic cells and normal 
residual CD5-negative B cells, monocytes and T cells. Our 
main results may be summarized as follows. a) α-BSB 
preferentially induced apoptosis of leukemic cells (Figure 
1A–1C). b) Concurrently, it had a clear-cut antiautophagic 
potential (Figure 4). As α-BSB could both promote 
apoptosis and inhibit autophagy, we may also refer to 
α-BSB as a dual (proapoptotic, antiautophagic) agent. 
c) Though at a lesser degree in comparison to leukemic 
cells, α-BSB had some cytotoxic effect also against 

normal residual B cells, monocytes and even T cells, 
which can also account for a plain anti-inflammatory/anti-
microenvironment activity (Figure 1A). The differential 
amounts of lipid raft could possibly help explain the cell-
type selectivity (Figure 1C).

We must place these results in the frame of the 
natural and therapeutic history of B-CLL. This leukemia 
has been characterized by a substantial lack of effective 
treatments until the 1990s. Alkylating agents were the only 
available therapeutic tools, no more than a symptomatic 
approach to downsize the neoplastic mass, when needed 
by symptoms, with no success in inducing disease 
remission or improving patients’ survival [25]. Hence, 
treatment was preferentially delayed until disease-related 
symptoms occurred, an approach compatible with the 
usually indolent clinical course of B-CLL [1, 24, 59]. 
The introduction of purine analogue-based immuno-
chemotherapy incorporating anti-CD20 antibodies was the 
turning-point that over the last 20 years greatly improved 
B-CLL treatment in terms of disease remission, failing, 
however, definitive cure [3, 24–27]. The development of 
an array of phosphokinase inhibitors was a further, more 
recent, improvement grounded in a better knowledge of 
the transduction network downstream BCR, chemokine 
receptors, receptors for ligands expressed by a variety 
of microenvironment cells (including monocytes, T 
lymphocytes, stromal cells etc.), and other receptors on 
B-CLL cells (including CD19, CD5, CD38 etc.). These 
agents are administered orally, are often successful even 
in B-CLL cells bearing unfavorable genetic mutations, 
and display significant less toxicity than immuno-
chemotherapy [23–26]. 

The natural history and the pattern of response to 
the treatment of B-CLL reflect perhaps the degree of 
microenvironmental pleiotropic integration of normal 
mature B lymphocytes [3, 13, 14, 16–20, 60]. Though 
we do not completely understand what processes belong 
to the basic instruction set of B lymphocytes, it is quite 
clear that their neoplastic counterpart still respond to 
strong microenvironmental signals while surviving some 
death checkpoints, which seem to have lost efficacy: 
1) the apoptosis/autophagy balance favors survival, 2) 
the mitotic checkpoints restraining cell cycle are not 
efficient and 3) membrane receptors regulating responses 
to microenviroment-related signals seem to be frozen 
in an activated configuration that confers a continuous 
streaming of signaling [20, 60].

1) In the context of apoptosis/autophagy balance, 
a plausible explanation for the resistance of B-CLL cells 
to eradication is supported by their autophagic potential, 
which probably upon treatment allows for the persistency 
of reservoirs of neoplastic stem cells, in a way somehow 
similar to that observed for chronic myeloid leukemia 
CD34 cells [32, 61]. Therefore, the dual proapoptotic, 
antiautophagic activity of α-BSB [22] is a point whorthy 
of interest in medical as well as biological terms, based 
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Figure 4: α-BSB induced lysosomal membrane injury and blocked autophagic flux in B-CLL cells. Treatment with 80 μM 
α-BSB for 3 hours. (A) Left side: AO-relocation assay. Cells were stained with acridine orange (AO) and treated. Leakage of lysosomal 
AO content into the cytoplasm was detected by flow cytometry as an increase of green fluorescence (FI-1). Right side: AO-uptake assay. 
Cells were stained with AO. Impaired lysosomal dye accumulation was measured as a reduction in red fluorescence (Fl-3). (B) Kinetics 
of lysosomal perturbation by LTG-uptake assay. Cells with higher MFI within 1 hour of treatment and time-dependent appearance of 
an incremental population of dimly fluorescent cells are depicted. These findings are compatible with an enlargement and subsequent 
collapse of lysosomes. The values of MFI and the corresponding percentage of cells are reported. (C) Expression levels of LC3-I, LC3-II 
and GAPDH in B-CLL cells untreated (control) or treated for 16 hours with α-BSB alone or in association with pepstatin A and E-64D 
(α-BSB+): no further accumulation of α-BSB+ LC3-II band. Each shown experiment is representative of 5.
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on the fact that autophagy can rescue from drug-induced 
death at least some specific type of cancer cells. In 
particular, a great deal of attention has been paid to the 
role of autophagy in rescuing cancer stem cells upon 
treatment, resulting in the therapy-resistance of this 
neoplastic compartment, which in turn results in the failure 
of cancer eradication and subsequent possible clinical 
relapse. It has been shown that the blocking of autophagy 
allows for the eradication of the residual neoplastic 
disease [61]. Moreover, since α-BSB participates to both 
the induction and inhibition of autophagy while inducing 
apoptosis [22, 31, 32], it seems reasonable to situate 
α-BSB action at the core molecular crossroads regulating 
both apoptotic and autophagic pathways. The dual action 
might involve two different layers of control: (a) the 
α-BSB interaction with the BH3-only protein BID [33], 
which may deliver signals through modulation of BCL2-
Beclin1 interactions at the endoplasmic reticulum leading 
to Beclin1-dependent autophagy [62] and BID-dependent 
apoptosis [22, 33]; (b) the α-BSB-dependent induction 
of pores in lysosomal membranes and the collapse of 
the lysososmal compartment (Figure 4A–4B), which 
neutralizes the autophagosome function and inhibits the 
autophagic flux (Figure 4C). Therefore, the core level 
machinery regulating the crosstalk between autophagy 
and apoptosis that is targeted and thus highlighted by 
α-BSB-induced phenomena may lead on the one hand 
to a better understanding of the role of BCL2-family 
molecules in oncogenesis and tumor progression, 
while on the other hand it may represent a target for 
refined therapeutic tools, such as α-BSB itself and other 
agents that can affect the apoptosis/autophagy balance 
[22–24]. Besides, the possible selective degradation of 
mitochondria through autophagy, which also occurs, adds 
further complexity [63]. 2) If we focus on the cell cycle 
disregulation, it follows from the above considerations 
that α-BSB through its cytostatic activity as well as its 
proapoptotic potential may be expected to overcome the 
unrestrained cycling of tumor cells in typical indolent 
forms of B-CLL as well as in more aggressive forms of 
B-CLL or in more aggressive subclones arising inside the 
mainly indolent B-CLL cell population. 3) If we take the 
leukemia/microenvironment crosstalk into consideration, 
our findings suggest that α-BSB may exert pleiotropic 
activities, inducing both efficient direct B-CLL death and 
microenvironmental modulation. This latter has at least 
two facets. First, α-BSB may account for an effect able to 
hamper the microenvironment-related cell-to-cell signals, 
especially from T4 cells, supporting B-CLL cell survival 
[64]. Second, the pathogenetic role of the peritumoral 
inflammatory responses and, therefore, the potential 
therapeutic significance of targeting them has been 
variously highlighted over the recent years [11, 15, 19, 
20, 65, 66]; in this context, α-BSB may counteract in an 
autacoid-like manner the B-, T- and monocyte-dependent 
pro-inflammatory responses, known to enhance leukemic 

growth [67]. Consequently, the effect of α-BSB on B-CLL 
is expected to increase over time, ranging from direct 
cytotoxicity to the maintenance of a microenvironment 
less favorable to B-CLL growth on the long run, a relevant 
impact for an agent eligible to be chronically administered. 
In that respect, α-BSB merits some additional interest on 
basic clinical grounds such as no or low general toxicity, 
easy oral delivering and affordable cost. [31, 32, 68, 69].

But at the very heart of our mechanistic views on 
α-BSB lies a broad biologic issue worthy of consideration. 
Previous studies have shown that the cytotoxic activity of 
α-BSB interests a variety of neoplastic cell types [31–
33, 54–56, 58], which could indicate an agent targeting 
basic and quite ancient cellular biochemical pathways, 
and, according to our findings, the evidence corroborates 
that α-BSB is an example of xenohormesis involving 
the function of BH3-only domain BCL2-family proteins 
at the crossroad of apoptosis and autophagy pathways 
[22, 62, 70], though the fine biochemical details of the 
apoptosis/autophagy crossmachinery targeted by α-BSB 
remain elusive. Indeed, there is no surprise that these 
pathways are shared between different types of cancers 
including leukemias. However, since leukemias, namely 
acute leukemias, are the most sensitive targets for α-BSB 
[22, 31, 32], this likely points to a specific relevance 
for the evolutionarily conserved apoptosis/autophagy 
crosstalk machinery in hematopoietic mesodermal-
derived lineages, and, if we can learn the lesson from the 
neoplastic counterpart, precisely where leukemia cells 
arise. We argument that in these cells exclusive unilineage 
adoption is barred by fusion transcription factors that 
maintain cells perpetually looping at a low pace without 
differentiation [64, 71–73]. As a result their apoptosis/
autophagy machinery is strongly unbalanced towards 
the autophagic rescue. This allow for the maintenance 
of an early leukemic compartment highly resistant to 
eradication, except perhaps for agents targeting autophagy.

In conclusion, we provide preclinical evidence 
that the sesquiterpene α-BSB can promote proapoptotic 
and antiautophagic activity in B-CLL cells, leading to 
efficient lysis. Simultaneously, α-BSB has some lytic 
activity on normal B-lymphocytes, monocytes and T 
cells, which may entail an overall damping effect against 
microenvironment components that sustain leukemic cell 
growth. 

MATERIALS AND METHODS

Patents’ cells and ethical requirements

Viable peripheral blood mononuclear cells (PBMC) 
of 45 patients with untreated B-CLL were obtained 
as previously described on a Ficoll-Hypaque gradient 
from peripheral blood [74, 75]. The diagnosis of B-CLL 
was made according to the current guidelines [24] as 
previously described [10] and fulfilled diagnostic criteria 
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for common B-CLL at the Hematology Section of the 
Department of Medicine, University of Verona (Verona, 
Italy), starting from 2002. The study was performed in the 
context of the project 1828/2010 approved by the ethics 
committee of the Verona University Hospital and a written 
informed consent was obtained according to law.

Cytotoxicity assay

Cells resuspended in RPMI-1640 (Invitrogen, 
Carlsbad, CA), supplemented with 10% heat-inactivated 
fetal bovine serum (Invitrogen), 50 U/mL penicillin and  
50 μg/mL streptomycin (complete medium, CM), seeded 
at a density of 1 × 105 cells/mL in 24-well plates and 
incubated at 37° C in 5% CO2 were exposed for 24 
hours to 20, 40, 80 μM of α-BSB (dissolved in DMSO 
1:40; derived from natural organic compounds, purity 
≥93%; Sigma-Aldrich, St. Louis, MO), representing 
the calculated soluble fraction in the assay as reported 
elsewhere [31]. At the end of the culture, the absolute 
counts of normal and leukemic leukocytes sub-
populations were measured with TruCOUNT tubes 
(Becton Dickinson, San Jose, CA) by flow cytometry 
according to the manufacturer's instructions with minor 
modifications. Briefly, 200 μL samples, a mixture of 
moAbs (CD45-APC-H7, CD5-APC, CD19-PE, CD3-
FITC) and 7-amino-actinomycin D for dead cells 
exclusion (all reagents from Becton Dickinson) were 
added to the TruCOUNT tubes. After a 15-minute 
incubation at room temperature, 1 mL lysing reagent 
(Biosource, Nivelles, BE) was added for 10 minutes. A 
total of 40,000 beads were acquired on a FACSCanto 
cytometer (Becton Dickinson) and analyzed by FlowJo 
9.3.3 software (Tree Star, Ashland, OR) as Dot Plot or 
PolyChromatic Plot. Hierarchical gating was used to 
accurately enumerate different populations. Data were 
expressed as ratio of number of cells treated with α-BSB 
to number of cells treated with vehicle alone.

Lipid raft component quantification

Cells were prestained for 10 minutes at room 
temperature with a mix of moAbs specific for different 
leukocyte populations (CD3-PerCP, CD5-APC, CD19-
APC-H7) and, after washing, the main components of 
LRs (ganglioside GM1, Flotillin-1 and cholesterol) were 
quantified. 1. GM1. Cells were incubated at 4° C for 
10 minutes with Alexa Fluor 488 cholera toxin subunit 
B (CT-B) (Invitrogen) which specifically binds to the 
pentasaccharide chain of GM1. Cells were then washed 
3 times with PBS and analyzed in flow cytometry. 2. 
Flotillin-1. Cells fixed and permeabilized by a commercial 
kit (eBiosciences, San Diego, CA) according to the 
manufacturer’s instructions were incubated with an anti-
Flotillin-1-Cy3 antibody (Sigma) for 1 hour at 4° C. After 
washing samples were analyzed in flow cytometry. 3. 

Cholesterol. Cells fixed with component A of Fix&Perm 
kit (AnDerGrub Bio Research, Kaumberg, AT) were 
incubated with 100 µg/mL Filipin III (Sigma) for 1 hour at 
room temperature. After washing samples were analyzed 
in flow cytometry [37]. GM1, Flotillin-1 and cholesterol 
data were expressed in arbitrary units as the ratio between 
median fluorescense intensity of stained cells (subtracted 
of that of unstained ones) and median forward scatter (as a 
surrogate of cell dimension) multiplied by 104. 

Evaluation of plasma membrane damage

1. Apoptosis and membrane permeability. Cells were 
treated for 1 to 3 hours with 80 μM α-BSB, washed with 
PBS and stained with Annexin-V-FITC (Miltenyi Biotec, 
Bergisch Gladbach, DE) for 15 minutes and TO-PRO-3 
(Invitrogen) immediately before acquisition. 2. Membrane 
potential. Cells were treated for 1 to 3 hours with 80 μM 
α-BSB, incubated with 100 nM DiBAC4(3) (Invitrogen) 
for 20 minutes and analyzed by flow cytometry as MFI. 
3. Ca2+ influx. Cells were resuspended in HBSS/Ca2+ and 
loaded with 2 μM Fluo-4 acetoxymethyl ester (Fluo-4 AM, 
Invitrogen) for 45 minutes at 37° C. After washing cells 
were incubated for 10, 20, 30 and 40 minutes with 80 μM 
α-BSB. Time-dependent cells fluorescence was recorded 
by flow cytometry. 

Mitochondrial membrane damage assays

Cells resuspended in CM at 1 × 106/mL were treated 
with 40 μM α-BSB for 3 and 5 hours at 37° C. 

1. Mitochondrial transmembrane potential (ΔΨm). 
As previously described [31] cells were washed with pre-
warmed CM, loaded with 4 μM JC-1 (Molecular Probes, 
Eugene, OR) for 30 minutes then washed twice with 
PBS. Aliquots of each sample were resuspended in PBS 
and analyzed by flow cytometry. Visualization of JC-1 
monomers and JC-1 aggregates was done using filter sets 
for fluorescein and rhodamine dyes. Image analysis was 
done by using Axiovision 3 software. The other aliquot 
of each sample was resuspended in PBS and analyzed by 
flow cytometry. 2. Mitochondrial permeability transition 
pore (mPTP). Cells were washed, resuspended in HBSS/
Ca2+, loaded with 10 nM calcein-AM with or without 
400 μM CoCl2 for 15 minutes at 37° C (MitoProbe 
Transition Pore assay kit, Invitrogen) and analyzed by 
flow cytometry. 

Lysosome injury assays

1. Acridine orange-relocation assay. Cells stained 
with 0,5 μg/mL AO (Molecular Probes) at 37° C for 15 
minutes, washed twice, treated with 80 μM α-BSB for 3 
hours, and analized by flow cytometry (FL-1 channel). 2. 
AO-uptake assay. Cells incubated with 80 μM α-BSB for 
3 hours were stained with 0,5 μg/mL AO for 15 minutes at 
37° C, washed twice and analized by flow cytometry (FL-
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3 channel). 3. LysoTracker green-uptake assay. Cells were 
incubated with 80 μM α-BSB for 1, 3 and 5 hours. Then 
they were washed and stained at 37° C for 1 hour with  
75 nM of the acidotropic dye LTG (Molecular Probes) and 
analized by flow cytometry (FL-1 channel). 

Detection of autophagic flux

5 × 106 cells were treated with either DMSO 
(vehicle) or 80 μM α-BSB for 16 hours. In order to inhibit 
the degradation of autophagic cargo, Pepstatin A (Sigma, 
10 μg/mL) and E-64D (Sigma, 10 μg/mL) were added to 
the media. Then they were harvested, washed in cold PBS, 
resuspended in Lysis Buffer (Thermo Scientific, Rockford, 
IL) plus protease inhibitor cocktail (Sigma). Whole cell 
lisates were separated on a 14% SDS-PAGE and analyzed 
by immunoblotting with anti-LC3 antibody and with anti-
GAPDH antibody (Cell Signaling Technology, Beverly, 
MA) and VeriBlot-HRP secondary antibody (Abcam, 
Cambridge UK). Development was done by enhanced 
chemiluminescent plus detection reagents (Thermo 
Scientific) [51]. 

Statistics

Continuous variables were summarized as the 
mean ± SD. Data were summarized by percentages when 
appropriate. Student’s t-test for means, chi-squared tests, 
the Mann–Whitney U test, and Kruskall–Wallis analysis of 
variance (ANOVA) by ranks were used, as appropriate and 
were considered significant for p values < 0.05. Data were 
analyzed using the statistical software Stata 12.1 (www.
stata.com).
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