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We previously showed that incubation of chronic myeloid leukemia (CML) cells in very low oxygen selects a cell
subset where the oncogenetic BCR/Abl protein is suppressed and which is thereby refractory to tyrosine kinase
inhibitors used for CML therapy. In this study, salarin C, an anticancer macrolide extracted from the Fascaplysinopsis
sponge, was tested as for its activity on CML cells, especially after their incubation in atmosphere at 0.1% oxygen.
Salarin C induced mitotic cycle arrest, apoptosis and DNA damage. Salarin C also concentration-dependently inhibited
the maintenance of stem cell potential in cultures in low oxygen of either CML cell lines or primary cells. Surprisingly,
the drug also concentration-dependently enforced the maintenance of BCR/Abl signaling in low oxygen, an effect
which was paralleled by the rescue of sensitivity of stem cell potential to IM. These results suggest a potential use of
salarin C for the suppression of CML cells refractory to tyrosine kinase inhibitors

Introduction

Chronic Myeloid Leukemia (CML) is a myeloproliferative
neoplasia that, especially at the onset of its chronic phase, is
extremely well taken care of by treatment with Imatinib-mesylate
(IM; STI571; Gleevec�) or other tyrosine kinase inhibitors
(TKi), which are indeed very effective in inducing remission of
disease.1 However, in most cases, TKi do not prevent CML
relapse after treatment withdrawal, due to the persistence of TKi-
resistant minimal residual disease (MRD).2-4 Leukemia stem cells
(LSC) are the best candidate to sustain MRD.5,6 Indeed, it has
been recently reported that LSC of CML are resistant to TKi.7-9

Thus, the search for drugs capable of suppressing CML cell sub-
set/s responsible for treatment-resistant MRD is intensive.

We previously showed that incubation of CML cells in atmo-
sphere at very low oxygen suppresses the oncogenetic BCR/Abl
protein and selects a minor cell subset which is BCR/Abl-inde-
pendent for persistence in culture. Thus, selected cells are refrac-
tory to the action of IM due to the lack of its molecular target.
These BCR/Abl-negative cells, however, remain genetically leu-
kemic (BCR/abl-positive), so that they are capable, once trans-
ferred into a growth-permissive environment, to reproduce a
BCR/Abl-expressing population, where sensitivity to IM is res-
cued.10-12 On this basis, we defined a novel mechanism of CML
cell insensitivity to therapy: the refractoriness (primary resistance)

to IM due to the lack of its molecular target.13-15 This property
parallels the capacity of LSC to home within the physiologically
“hypoxic” stem cell niches of bone marrow.16-20 Noteworthy,
refractoriness does not involve BCR/abl mutations affecting the
IM-binding site of BCR/Abl and conferring secondary resistance
upon a CML cell subset. Thus, such a mechanism of drug insen-
sitivity cannot be overcome by the 2nd and most probably even
the next generations of TKi developed for CML therapy.21 Clini-
cal data confirmed that, in the majority of cases, relapse of disease
upon IM discontinuation consists of a cell population expressing
wild-type BCR/abl, indicating that MRD was sustained by refrac-
toriness rather than acquired, mutation-driven secondary resis-
tance. 22,23 On the basis of all above, cell selection in low oxygen
emerged as a handy experimental model to test the effects of
drugs, separately from those on cell bulk, on a CML cell subset
which retains stem cell potential and is refractory to TKi.

Salarin C, an anticancer macrolide extracted from the Mada-
gascar Fascaplysinopsis sponge,24-26 inhibits growth and induces
apoptosis of CML cells of the K562 stabilized line.27 The study
reported here was undertaken to deepen the effects of Salarin C
on CML cells and in particular to establish whether the drug is
active on CML cells selected in low oxygen and refractory to
TKi. We determined the effects of salarin C: (a) on CML cell
lines cultured in low oxygen; (b) on the maintenance of stem
cell potential in cultures of cell lines as well as primary CML
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cells incubated in low oxygen; (c) on stem cell potential, when
combined to IM. The results obtained indicated that salarin C:
(a) induced mitotic cycle arrest in G2/M, apoptosis and geno-
toxic damage in cultures incubated in either air or low oxygen;
(b) inhibited the maintenance of stem cell potential within
either cell lines or primary CML cell populations incubated in
low oxygen; (c) enforced the maintenance of BCR/Abl-depen-
dent signaling in low oxygen, thereby (d) rescuing in part the
sensitivity of stem cell potential to IM.

Results

Figure 1 shows the overall effects of salarin C on CML cells of
the K562 and KCL22 stabilized lines incubated in normoxia and
treated or not from time 0 with a single drug dose. Salarin C con-
centration-dependently affected the kinetics of viable cell number
in culture in both cell lines (Fig. 1A and E). The drug concentra-
tion (1 mM) capable to reduce the number of viable cells with
respect to time 0 in either cell line was then tested, at day 3 of
incubation, for its capacity to induce apoptosis or to affect cell
distribution across the mitotic cycle. In both cell lines, salarin C
treatment markedly increased the percentage of cells in apoptosis,

as determined by the annexin-V / PI assay (Fig. 1B and F,
Fig. S1A and C), and in the G2/M cycle phases, while decreasing
that in S phase (Fig. 1C and G, Fig. S1B and D). In keeping
with the induction of apoptosis and G2/M accumulation, salarin
C increased cleaved caspase 3 and cyclin A2, respectively, in both
cell lines (Fig. 1D and H). Fig. 1D and H also shows that salarin
C induced DNA damage, as indicated by the marked increase of
CHK2 and H2AX phosphorylation with respect to untreated
controls.28 A link between the effects of salarin C on apoptosis
and those on cell cycle distribution was established by pre-treat-
ing K562 cell cultures with lovastatin or nocodozole, inducers of
G0/G1 or G2/M arrest, respectively (Fig. S2).29,30 Pretreatment
with lovastatin protected K562 cells from salarin C-elicited apo-
ptosis, while nocodozole rendered the cells more sensitive to the
drug. This indicates that the pro-apoptotic effects of salarin C are
cell cycle phase-specific, suggesting that G2/M accumulation
preludes to the induction of apoptosis by salarin C.

We previously showed that BCR/Abl is suppressed in CML
cells incubated in low oxygen, which are thereby refractory to
IM,10,11 making the search for drugs that target BCR/Abl-nega-
tive cells selected in low oxygen of high therapeutic interest (see
Introduction). Thus, we tested the effects of salarin C on K562
or KCL22 cells incubated at 0.1% oxygen (Fig. 2). Under these

Figure 1. Salarin C inhibits cell proliferation and induces apoptosis and DNA damage in CML cell lines. K562 (A) or KCL22 (E) cells were plated at 3£105

cells/ml and after 24 hours (time 0) were treated or not (control) with a single dose of salarin C at the indicated final concentration (mM); cells were then
incubated in normoxia and trypan blue-negative cells were counted at the indicated timepoints; values are averages § SEM of data from 3 independent
experiments; significant differences are indicated (Student’s t test for independent samples; *: p< 0.05. K562 (B, C) or KCL22 (F, G) cells were incubated
as above in the presence (sal C) or not (con) of 1 mM salarin C and subjected to Annexin V / propidium iodide assay to determine the percentages of cells
in early or late apoptosis (B, F) or labeled with propidium iodide alone (C, G) to determine cell cycle phase distribution. Analysis was performed by flow
cytometry at day 3 of incubation; values are averages § SEM of data from 3 independent experiments; significant differences are indicated (Student’s t
test for independent samples; *: p< 0.05, **: p< 0.01). K562 (D) or KCL22 (H) cells were lysed at day 3 of incubation and lysates subjected to immuno-
blotting with antibodies raised against the indicated proteins; anti-actin antibody was used to verify equalization of protein loading; one representative
experiment out of 3 is shown.
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conditions, control K562 or KCL22 cells, as expected according
to our previous results,11 underwent an initial, limited numerical
increase, followed by a fall to cell numbers well below the time 0
level. SalarinC concentration-dependently suppressed this
increase or reduced the number of viable cells with respect to
time 0 (Fig. 2A and D), thus yielding results similar to those
obtained in normoxia (see Fig. 1A and E). Accordingly, salarin
C induced a 2-fold increase of the percentage of apoptotic cells
(Fig. 2B and E, Fig. S3 and markedly enhanced caspase 3 cleav-
age (Fig. 2C and F). Salarin C also increased CHK2 and H2AX
phosphorylation (Fig. 2C and F). The effects of salarin C on cell
cycle distribution and cyclin A2 expression in low oxygen were
negligible (data not shown). When the results reported in
Figure 1B, D, F and H are compared with the corresponding
data of Figure 2B, C, E and F, day 3, it emerged that, for either
cell line, the pro-apoptotic effects of salarin C in low oxygen
were similar to those in normoxia, although the apoptosis levels
in untreated control cultures were higher at 0.1% oxygen than in
normoxia.

We had also previously found that in low oxygen, under con-
ditions where BCR/Abl is suppressed, the stem cell potential of
CML cell populations is maintained independently of BCR/Abl
protein expression.10,11 This maintenance was confirmed in con-
trol cultures of the experiments of Figure 3A, which shows the
repopulation ability (LC2) of K562 and KCL22 cells rescued

from cultures incubated for 7 days at 0.1% oxygen (LC1), an
indicator of the maintenance of stem cell potential in LC1 (CRA
assay). Salarin C concentration-dependently reduced the mainte-
nance of stem cell potential, KCL22 cells being more sensitive
to the drug than K562 cells; at 1 mM, however, salarin C
completely suppressed stem cell potential in either cell line. These
results, taken together with those of Figures 1 and 2, led to con-
clude that salarin C is active on both CML cell bulk and stem
cell potential. The effects of salarin C on BCR/Abl signaling at
day 7 of incubation in low-oxygen LC1, when the cells were
transferred to normoxic LC2 in the experiments of Figure 3A,
are addressed in the experiments of Figure 3B, which shows the
level of phosphorylation of the BCR/Abl substrate Crkl, the stan-
dard criterion for the monitoring of BCR/Abl kinase activity.31,32

Incubation in low oxygen, as expected, suppressed Crkl phos-
phorylation in either K562 or KCL22 cells, while salarin C con-
centration-dependently antagonized this suppression. Figure 3C
shows in better detail this effect of salarin C on Crkl and BCR/
Abl phosphorylation as well as BCR/Abl expression, in K562
cells incubated in low oxygen for 3 days, i.e. upon BCR/Abl sup-
pression in control cells. Taken together, the results of Figure 3
indicated that the detrimental action of salarin C on the mainte-
nance of CML stem cell potential in low oxygen may be linked
to the enforced persistence of BCR/Abl signaling, which is usu-
ally suppressed in low oxygen.

Figure 2. Salarin C induces apoptosis and DNA damage in CML cell lines incubated in low oxygen. K562 (A) or KCL22 (D) cells were plated at 3£105 cells/
ml and after 24 hours (time 0) treated or not (control) with a single dose of salarin C at the indicated concentration (mM); cells were then incubated at
0.1% oxygen for the indicated times and trypan blue-negative cells were counted. Values in graphs are averages § SEM of data from 3 independent
experiments; significant differences are indicated (Student’s t test for independent samples; *: p< 0.05). K562 (B) or KCL22 (E) cells were incubated as
above in the presence (sal C) or not (con) of 1 mM salarin C and subjected to Annexin V/propidium iodide assay at the indicated timepoints to determine
the percentages of cells in early or late apoptosis; values are averages § SEM of data from 3 independent experiments; significant differences are indi-
cated (Student’s t test for independent samples; *: p< 0.05, **: p< 0.01). K562 (C) or KCL22 (F) cells treated as above were lysed in Laemmli buffer at the
indicated times and lysates subjected to immuno-blotting with antibodies raised against the indicated proteins; anti-GAPDH antibody was used to verify
equalization of protein loading; one representative experiment out of 3 is shown.
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Figure 3. Salarin C inhibits Culture Repopulation Ability of CML cell lines and rescues BCR/Abl signaling in CML cell lines incubated in low oxygen. (A)
K562 or KCL22 cells were treated or not (control) at time 0 with a single dose of salarin C at the indicated concentration (mM) and incubated at 0.1% oxy-
gen (LC1). On day 7 of LC1, cells were transferred to secondary cultures (LC2) established in the absence of salarin C and incubated in normoxia. Trypan
blue-negative cells were counted at the indicated timepoints of LC2; the graphs represent average § SEM of data from 3 independent experiments; sig-
nificant differences are indicated (Student’s t test for independent samples; *: p< 0.05). (B, C) Cells were treated or not at time 0 with the indicated con-
centrations of salarin C and incubated at 0.1% oxygen for the indicated times. Cells were lysed in Laemmli buffer and lysates subjected to immuno-
blotting with antibodies for the indicated proteins. Due to the marked MW difference, anti-phospho-Abl antibody made it possible to detect phospho-
BCR/Abl. Anti-GAPDH antibody was used to verify equalization of protein loading. One representative experiment out of 3 is shown.

Figure 4. Salarin C inhibits Culture-Repopulation Ability of primary CML cells incubated in low oxygen. Bone marrow cells explanted from 4 CML patients
(#) were treated (circle) or not (square) at time 0 with a single dose of 1 mM salarin C and incubated at 0.1% oxygen (LC1). On day 7 of LC1, cells were
transferred to secondary cultures (LC2) established in the absence of salarin C and incubated therein in normoxia. Trypan blue-negative cells were
counted at the indicated timepoints of LC2. The graphs represent data from one experiment. In the case of patient # 3, cells treated or not (contr) at
time 0 with 1 mM salarin C (sal C) and incubated at 0.1% oxygen for 3 days were lysed in Laemmli buffer and lysates subjected to immuno-blotting with
anti-Abl antibody, which, due to the marked MW difference, made it possible to detect BCR/Abl. Anti-GAPDH antibody was used to verify equalization of
protein loading
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Given the potential relevance
of the results of Figure 3 to design
therapeutic protocols, we tested
the effects of salarin C on the
maintenance of stem cell potential
in low oxygen of primary bone
marrow cells explanted from CML
patients (Fig. 4).Treatment with
1 mM salarin C suppressed the
maintenance of stem cell potential
of CML patient-derived cells, fully
confirming the results obtained
with CML cell lines in the experi-
ments of Figure 3A. In the case of
patient #3, the antagonistic effect
of Salarin C on BCR/Abl suppres-
sion in low oxygen is also shown.

The persistence of BCR/Abl
signaling in low oxygen under sal-
arin C treatment (Fig. 3B and C)
prompted us to test the effects of
the combination of salarin C with
IM on the maintenance of stem
cell potential (Fig. 5). In these
experiments, in order to better
appreciate the effects of the combi-
nation, we added salarin C (at
time 0) at relatively low concentra-
tions (i.e., 0.5 and 0.1 mM for
K562 or KCL22 cells, respec-
tively), yet effective in rescuing
some BCR/Abl signaling (see
Fig. 3). IM was then added to
low-oxygen LC1 at day 2 or 3 (see
below) and cells were transferred
at day 7 from LC1 to LC2, to be incubated therein in normoxia
for 30 days (when the peak of expansion in LC2 was reached).
Low-concentration salarin C significantly reduced stem cell
potential of either K562 or KCL22 cell cultures (Fig. 5), in keep-
ing with the results of Figure 3A. The treatment with IM at day
3 was effective on KCL22 cells (Fig. 5A), but ineffective on
K562 cells (Fig. 5B), as expected due to the complete suppres-
sion of BCR/Abl at day 3 in these cells when incubated in low
oxygen (Fig. 3C). However, IM was effective on K562 cells too
when added to cultures at day 2 (Fig. 5C). The fact that, in
order to obtain data comparable with those of KCL22 cells
(Fig. 5A vs. 5C), K562 cells needed to be treated with IM one
day earlier than KCL22 cells depends on the faster suppression
of BCR/Abl signaling in low oxygen in K562 cells. This suppres-
sion well explains the complete ineffectiveness of IM shown in
Figure 5B. The slower response to low oxygen and the higher
sensitivity to IM of KCL22 when compared to K562 cells
(Fig. 5A vs. 5C) are well-known (previous unpublished results).
When IM was effective alone (Fig. 5A and C), its combination
with salarin C significantly enhanced the suppression of stem cell
potential in low oxygen.

Discussion

This paper deepened the characterization of the effects of sal-
arin C on CML cells, addressing in particular those on cells
where BCR/Abl-dependent signaling is suppressed following
incubation in low oxygen. The results obtained indicated that sal-
arin C exerts on CML cell bulk an overall pro-apoptotic effect,
which may be linked to the induction of DNA damage, as the
marked increase of CHK2 and H2AX phosphorylation in drug-
treated cultures seems to indicate. While H2AX is a histone
which is phosphorylated following DNA damage, CHK2 phos-
phorylation and activation is responsible for the phosphorylation
and stabilization of p53.33 On the other hand, the proapoptotic
effect of salarin C seems linked to cell distribution through the
mitotic cycle, as suggested by the effects of K562 cell pre-treat-
ment with lovastatin or nocodozole. Indeed, G0/G1 arrest deter-
mined by lovastatin protected from salarin C-induced apoptosis,
while G2/M accumulation determined by nocodozole sensitized
to the effects of the drug. This suggests that an early block of cell
cycling antagonizes, while cycle progression favors, the induction
of apoptosis by salarin C. The relationship of cell cycle phase to

Figure 5. Effects of salarin C, Imatinib-mesylate or their combination on Culture Repopulation Ability of CML
cell lines incubated in low oxygen. KCL22 (A) or K562 (B, C) cells were incubated at 0.1% oxygen (LC1) and
treated or not (con) at time 0 with a single dose of 0.1 mM (A) or 0.5 mM (B, C) salarin C (sal C), and/or of
1 mM Imatinib-mesylate (IM) on day 3 (A, B) or day 2 (C). On day 7 of LC1, cells were transferred to drug-free
secondary cultures (LC2) and incubated therein in normoxia until peak of numerical expansion was reached
in control untreated cultures (day 30). Trypan blue-negative cells were then counted. Values are averages §
SEM of data from 3 independent experiments; significant differences are indicated (Student’s t test for inde-
pendent samples; *: p< 0.05; **: p<0.005)
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CHK2 and H2AX phosphorylation with respect to the induction
of apoptosis remains to be investigated. All the effects of salarin
C on CML cell bulk were confirmed when the drug was added at
time 0 to cultures incubated at 0.1% oxygen.

The effects of salarin C were then tested using a stem cell
assay. At 0.1% oxygen, BCR/Abl-dependent signaling is progres-
sively suppressed in function of incubation time, so that the stem
cell potential of the culture becomes refractory to the effects of
IM and most probably of TKi in general.13-15 Salarin C inhibited
the maintenance of stem cell potential in either KCL22 or K562
cell culture incubated in low oxygen. Thus, salarin C was active
not only on CML cell bulk undergoing BCR/Abl-dependent
growth, but also on the BCR/Abl-independent stem cell poten-
tial. Of relevance under the translational point of view is that
identical results were obtained using primary cells explanted
from CML patients. These data indicated that salarin C may be
suitable to overcome the refractoriness to TKi of LSC which
most likely sustain MRD.

We previously hypothesized that BCR/Abl signaling provides
a selective advantage under growth-permissive environmental
conditions (relatively high tissue oxygen tension), but is detri-
mental to the maintenance of LSC responsible for MRD within
the stem cell niches (low oxygen).15 On this basis, the observa-
tion that salarin C was active on stem cell potential commanded
to deepen the effects of the drug on BCR/Abl-dependent signal-
ing in low oxygen. Salarin C concentration-dependently induced
the maintenance in low oxygen of Crkl phosphorylation through
day 7 and of BCR/Abl phosphorylation at least until day 3 on
the basis of what observed in K562 cells. Thus, salarin C appar-
ently antagonized the selection of BCR/Abl-independent CML
cells. This led to speculate that, in the presence of salarin C, the
reduced maintenance of stem cell potential in low oxygen was
linked at least in part to the extended persistence of BCR/Abl sig-
naling under conditions where it should be suppressed. The
effects of lovastatin and nocodozole suggest that this persistence
may push LSC to G0>G1 progression, which would not be
affordable in low oxygen, resulting in the induction of apoptosis
in coincidence with G2/M accumulation. The mechanism deter-
mining the persistence of BCR/Abl signaling in salarin C-treated
cultures remains to be elucidated. On the basis of all above, sal-
arin C is likely to exhibit a dual suppressive effect on stem cell
potential, inducing DNA damage in LSC as much as in the bulk
of cell population and preventing their adaptation to the low-
oxygen stem cell niche via the maintenance of growth-promoting
signaling.5,8,21,23,34,35 The latter issue makes salarin C worth to
be characterized not only just as a potential anti-leukemic agent,
but also as a tool to deepen the antagonism between signals driv-
ing LSC clonal expansion and those enforcing LSC maintenance.

The salarin C-induced persistence of BCR/Abl signaling in
low oxygen led to predict an enhanced sensitivity of stem cell
potential to TKi. This possibility was addressed by adding IM at
time points (i.e. when BCR/Abl protein was still expressed)
selected in order to enable IM to inhibit alone the maintenance
of stem cell potential. The response of the 2 cell lines tested was
slightly different, BCR/Abl signaling and thereby sensitivity to
IM being suppressed faster in K562 cells. However, under

conditions where either cell line was sensitive to IM alone, low
concentrations of salarin C enhanced the effects of IM, indicating
that salarin C rescued part of the sensitivity of stem cell potential
to IM. The fact that salarin C alone or IM alone exhibited quan-
titatively similar effects led to hypothesize that, within the time
window of sensitivity of stem cell potential to IM alone, salarin
C and IM targeted overlapping cell subsets.

The interplay between the effects of very low oxygen, salarin C
and IM falls within the general issue of the development of cell
resistance to growth-limiting conditions.36 Once this resistance is
acquired, the persistence of growth-promoting stimuli in a non-
growth-permissive environment, far from being useful, is most
likely detrimental to stem cell survival.14,15 On the other hand,
the suppression of such stimuli is believed to represent a main
issue in the selection of cancer stem cells. This concept is suitable
to be applied not only to the irreversible genetic selection of
mutant cancer subclones, but also to the reversible phenotypic
shift we found enforced upon CML cells in low oxygen. The lat-
ter case is surely compatible, as we discussed extensively else-
where,13,15 with tumor progression.37 Thus, LSC of CML
reversibly selected in low oxygen would exhibit, on one hand,
refractoriness to therapy (IM and TKi) like genetically-selected
cancer stem cells, on the other hand, sensitivity to any treatment,
such as salarin C, capable to rescue growth-promoting stimuli in
a non-growth-permissive environment.

The results presented in this paper are of interest in view of
the design of experimental therapeutic strategies based on the sal-
arin C/IM combination. As TKi alone are very effective in CML
debulking and inducing remission, little advantage is to be
expected using their combination with salarin C from the action
of salarin C on cell bulk we observed. On the other hand, a treat-
ment with the salarin C / TKi combination at the onset of disease
is liable to induce a “deeper” remission, where stem cell potential
is targeted directly by salarin C and to some extent also TKi, as
well as by TKi following salarin C action. Finally, a treatment
with salarin C following successful response to TKi may
“sensitize” MRD to further TKi cycles carried out within the
post-remission follow-up; salarin C could indeed antagonize the
adaptation of LSC to the low-oxygen environment of stem cell
niches where BCR/Abl signaling is suppressed and MRD is most
probably long-term maintained. In this respect, it is worth point-
ing out that salarin C treatment should be always combined to
that with TKi, in order to counteract any possible stimulus to
CML expansion due to the persistence of BCR/Abl signaling in
salarin C-primed LSC.

Materials and Methods

Cells and culture conditions
K562 and KCL22 cells are stabilized CML cell lines derived

from primary cells of blast crisis CML patients. Maintenance cul-
tures were established in RMPI-1640 medium (Lonza, cat. no.
BE12-167F) supplemented with 10% fetal bovine serum (FBS;
Euro Clone, cat. no. ECSO18OL), 1% L-glutamine and 1%
penicillin/streptomycin, and incubated at 37�C in water-saturated
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air additioned with 5% CO2 (standard atmosphere). Primary
cells were collected from bone marrow aspirates of CML patients
following informed consent and under the approval of the Ethics
Committee of Azienda Ospedaliero-Universitaria Careggi
(AOUC/University Hospital) at the Division of Hematology
(Authorization number 520/10 issued on 18/10/2010 by the
Ethical Committee of AOUC). To determine the number of via-
ble cells in culture, cells were diluted 1:1 with a 0.04% w/v try-
pan blue solution in PBS (buffered saline solution containing
NaCl 80 g/l, KCl 2.5 g/l, Na2HPO4 2H2O 18 g/l, KH2PO4
2.5 g/l) and the resulting cell suspension was counted in a
B€urker’s hemocytometer.

Cell incubation at low oxygen tension
Cells from maintenance cultures were plated at 5£105/ml

(“intermediate” passage), incubated for 24 hours under standard
atmosphere and then replated at 3£105/ml (liquid culture 1;
LC1). LC1 were incubated at 37�C at very low oxygen tension
(water-saturated atmosphere containing 0.1% O2, 5% CO2,
94.9% N2) in a gas-tight incubator/manipulator (Don Whitley
Scientific DG250 anaerobic workstation). At different times of
incubation in low oxygen, cells were recovered from LC1,
washed, plated at 3£104/ml (liquid culture 2; LC2) and
incubated under standard oxygen-containing atmosphere
(“normoxia”).

Drug treatment
Salarin C was administered at time 0 to cultures incubated at

0.1% oxygen or in normoxia, at concentrations ranging from
0.01 to 1 mM, in a single dose.27 Lovastatin was administered as
a single 60 mM dose, at time 0, to cultures incubated in nor-
moxia. Nocodozole was administered as a single 0.1 mM dose, at
time 0, to cultures incubated in normoxia. IM was administered
as a single 1 mM dose on day 2 or 3 of incubation at 0.1%
oxygen.

Analysis of apoptosis and cell cycle
Apoptosis and cell cycle analysis was performed as previously

described.34 In brief, to quantify apoptosis, cells were centrifuged,
resuspended in the buffer supplied within the Annexin V-fluos
staining kit (Roche Diagnostics, Basel, Switzerland) and incu-
bated with FITC-labeled Annexin V and propidium iodide (PI)
for 15 min at room temperature (RT) in the dark. Flow cytome-
try was performed using a FACSCanto (Beckton & Dickinson,
San Jos�e, CA, USA). The percentages of Annexin VC/PI¡ or
Annexin VC/PIC cells are considered to reflect “early” or “late”
apoptosis, respectively. To determine cell-cycle phase distribu-
tion, cells were centrifuged and pellet resuspended in 1 ml of PI
solution (50 mg/ml PtdIns, 0.1% trisodium citrate, 0.1%
NP40). After 30 min of incubation at RT in the dark, nuclei
were analyzed by flow cytometry and data processed using the
FlowJo� software.

Evaluation of stem cell potential by the Culture
Repopulation Ability (CRA) assay

The CRA assay, an in vitro procedure for the estimate of the
stem potential contained within a cell population, yields results

comparable to those obtainable via the corresponding Marrow
Repopulation Ability assay in vivo.38 The CRA assay is based
indeed on the transfer of the cell population to be assayed into
growth-permissive cultures rather than on its transplantation into
syngeneic animals.38-40 This prompted the adaptation of CRA
assay to the study of human leukemia cell populations of various
types.10,41 In brief, cells were incubated for different times under
selective conditions (incubation in low oxygen, drug treatment)
in LC1 (where the experiment actually occurs) and then trans-
ferred to non-selective LC2 (where their stem cell potential is
exploited) incubated in normoxia and in the absence of drugs. In
LC2, LC1 cells undergo clonal expansion, being the peak value
of LC2 repopulation and the time taken to reach the peak consid-
ered indicators of their stem cell potential (CRA).

Cell lysis and western blotting
Cell aliquots were harvested while keeping the cultures inside

the anaerobic workstation, transferred into 15 ml-tubes previ-
ously kept in ice and centrifuged for 5 minutes at 1300 rpm and
4�C. Cell lysis and immunoblotting were performed as previ-
ously reported.34 BCR/Abl expression, phosphorylation and
activity was determined using rabbit polyclonal antibodies raised
against c-Abl, p-Abl or p-CRLK (Cell Signaling Technology, cat.
no. 2861, 2862 and 3181, respectively). Apoptosis was deter-
mined using a mouse anti-caspase 3 monoclonal antibody (Santa
Cruz Biotechnology, cat. no. Sc-7272) and a rabbit polyclonal
antibody specific for a product of caspase 3 activation (Cell Sig-
naling Technology, cat. no. 9661) and the cleavage of PARP-1
using rabbit polyclonal antibodies against either PARP-1 or
cleaved PARP (Cell Signaling Technology, cat. no. 9542 or
9541, respectively). H2AX or CHK2 phosphorylation was
detected with a rabbit monoclonal antibody anti-p-H2AX or a
rabbit polyclonal antibody anti-p-CHK2 (Cell Signaling, cat. no.
9718 or 2661, respectively). A goat anti-GAPDH antibody
(Santa Cruz, cat. no. Sc-20 357) was used to check equalization
of sample loading. The primary antigen-antibody complexes
were detected with secondary fluorochrome-conjugated antibod-
ies: goat anti-rabbit, goat anti-mouse or donkey anti-goat
(IRDye�800CW or IRDye�680, LI-COR). When serial immu-
noblotting was performed on the same membrane, the antibodies
used first were removed by incubating the membranes for
30 minutes at 50�C in stripping buffer (Tris/HCl, 0.25 mM at
pH 6.7, 100 mM 2-mercaptoethanol, SDS 2%) and shaking the
membranes every 10 minutes. The membranes were then washed
in PBS-T (3 washes of 10 minutes each on a shaker/rocker),
incubated again in blocking buffer and finally subjected to the
second immunoblotting.
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