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Abstract
Neuroblastoma (NB) is an embryonic malignancy affecting the physiological development of adrenal medulla and paravertebral
sympathetic ganglia in early infancy. Proteasome inhibitors (PIs) (i.e., carfilzomib (CFZ)) may represent a possible pharmaco-
logical treatment for solid tumors including NB. In the present study, we tested the effect of a novel non-competitive inhibitor of
heme oxygenase-1 (HO-1), LS1/71, as a possible adjuvant therapy for the efficacy of CFZ in neuroblastoma cells. Our results
showed that CFZ increased both HO-1 gene expression (about 18-fold) and HO activity (about 8-fold), following activation of
the ER stress pathway. The involvement of HO-1 in CFZ-mediated cytotoxicity was further confirmed by the protective effect of
pharmacological induction of HO-1, significantly attenuating cytotoxicity. In addition, HO-1 selective inhibition by a specific
siRNA increased the cytotoxic effect following CFZ treatment in NB whereas SnMP, a competitive pharmacological inhibitor of
HO, showed no changes in cytotoxicity. Our data suggest that treatment with CFZ produces ER stress in NBwithout activation of
CHOP-mediated apoptosis, whereas co-treatment with CFZ and LS1/71 led to apoptosis activation and CHOP expression
induction. In conclusion, our study showed that treatment with the non-competitive inhibitor of HO-1, LS1 / 71, increased
cytotoxicity mediated by CFZ, triggering apoptosis following ER stress activation. These results suggest that PIs may represent a
possible pharmacological treatment for solid tumors and that HO-1 inhibition may represent a possible strategy to overcome
chemoresistance and increase the efficacy of chemotherapic regimens.
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Introduction

Neuroblastoma (NB) is an embryonal malignancy that
affects normal development of the adrenal medulla and
paravertebral sympathetic ganglia in early childhood [1].
The main drivers of NB formation are neural crest cell-
derived sympathoadrenal cells that undergo abnormal genet-
ic arrangements. In order to maintaining their proliferative

potential such cells regulate intracellular protein content ho-
meostasis through the ubiquitin proteasome system.
Therefore, cancer cells usually have higher proteasome ac-
tivity and are more sensitive to inhibition of the proteasome
when compared to normal cells. Proteasome inhibition leads
to the accumulation of misfolded proteins, which results in
endoplasmic reticulum (ER) stress, unfolded protein re-
sponse (UPR), and apoptosis and thus representing a possi-
ble molecular target for pharmacological strategies [2, 3].
Currently, reversible and irreversible inhibitors (PIs) of the
26S proteasome are used for multiple myeloma (MM) treat-
ment. In addition, previous studies showed that proteasome
could be a therapeutic target in NB, and therefore, protea-
some inhibition may represent a potential therapeutic strat-
egy for treating NB patients [4–6]. To this regard, previous
studies showed the efficacy of bortezomib treatment, a re-
versible PI, on neuroblastoma [7, 8]. Similarly, another re-
cent study indicated that carfilzomib (CFZ), an irreversible
PI, induces apoptosis and sensitizes NB cells to
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doxorubicin-induced apoptosis [5]. However, the efficacy of
PIs could be limited by the induction of the antioxidant
Nrf2-dependent cell response, in tumor cells after chemo-
therapy [9–12]. To this regard, bortezomib treatment was
found to decrease the expression of Keap-1, the cytosolic
inhibitor of Nrf2 increasing its translocation into the nucle-
us. Among various Nrf2-targeted genes, heme oxygenase 1
(HO-1) has been shown to play a major role in drug resis-
tance and regulation of cancer cell redox homeostasis [13,
14]. HO, exists in two different isoforms, HO-1 (inducible
isoform) and HO-2 (constitutive isoform), catalyzing the
rate-limiting step in heme degradation, resulting in the for-
mation of carbon monoxide (CO), iron and biliverdin. HO-
1 is considered a master regulator of antioxidant response
and recent experimental evidence has shown its involve-
ment in cancer cell biology protecting cancer cells, improv-
ing their survival and their resistance to anticancer treatment
[13, 15–18]. Increased HO-1 expression has been observed
in various human tumors both under basal conditions and
following different anticancer treatments and thus suggesting
that HO-1 and its by-products may have an important role
in the development of a resistant phenotype [19–24]. To
this regard, Furfaro et al. showed that in HTLA-230 NB
cells HO-1 upregulation drives the resistance to proteasome
inhibition. Furthermore, the authors also showed that the
inhibition of HO activity, significantly improved the pro-
apoptotic effect of PI and resulting in a significant reduc-
tion of the dose of PI [7].

However, the major bias of previous published man-
uscripts dealing with HO activity inhibition is the use
of compounds inhibiting the activity of both HO iso-
forms (i.e., SnMP), other heme-containing enzymes,
and therefore, it is not possible to clearly enucleate
the effects connected to HO-1 enzymatic activity from
the protein expression itself [25]. To solve this issue,
our research interest was focused on the optimization
of a new class of azole-based non-competitive HO-1
inhibitors [26–29].

The present work was directed at evaluating the role of
HO-1 specific activity in neuroblastoma cells following treat-
ment with LS1/71, a non-competitive specific inhibitor of
HO-1 activity and how it may impact on CFZ mediated
cytotoxicity.

Materials and Methods

Cell Cultures and Treatments

NB cells SH-SY5Y were cultured in DMEM supple-
mented with 10% FBS and 1% penicillin/streptomycin
at 37 °C and 5% CO2. CFZ was added for 24 h alone
and in combination with LS1/71 (imidazole derivate)

(synthesized as previous described [30, 31]), SnMP
(10 μM), and hemin at different concentrations (2, 10,
and 50 μM). All agents were diluted directly in cell
culture medium. NB cells were also trasfected by short
interfering (si)RNAs. In particular, HMOX-1 siRNA and
control siRNA was synthesized by Guangzhou RiboBio
Co., Ltd. (Guangzhou, China). The sequence of HMOX-
1 siRNA was as follows: sense, 5′-CCA GCA ACA
AAG UGC AAG AdTdT-3 ′ , and ant isense, 3 ′-
dTdTGGUCGUUGUUUCACGUUCU-5. NB cell lines
were transfected with 50 nM siRNA using RNAiMAX
transfection reagent (Invitrogen Life Technologies,
Carlsbad, CA, USA) according to the manufacturer’s
instructions.

Cell Viability Assay

Cell viability was assessed using ATPlite 1step assay
(PerkinElmer, Milan, Italy) according to the manufac-
turers’ protocol. Briefly, the 96-well black culture plate
was taken from the incubator and equilibrated at room
temperature for 30 min. Subsequently, to each well con-
taining 100 μl of the cell suspension (5 × 105 cells/ml),
100 μl of reconstituted reagent was added and the plate
was shaken for 20 min at 700 rpm using orbital shaker
(Stuart Scientific, Staffordshire, UK). The luminescence
was measured using Victor3 (PerkinElmer, Milan, Italy).
Viability of the cells was expressed as percentage of
vitality of untreated cells.

Measurement of HO Enzymatic Activity

Total HO activity was determined in cell lysate by measuring
the bilirubin formation using the difference in absorbance at
464 to 530 nm as described by Ryter et al. [32].

Reaction mixtures (500 μL) consisted of 20 mM
Tris-HCl, pH 7.4, (1 mg/mL, Thermo Fisher Scientific,
Italy) cell lysate, 0.5–2 mg/mL biliverdin reductase,
1 mM NADPH, 2 mM glucose 6-phosphate (G6P),
1 U G6P dehydrogenase (Sigma-Aldrich, Italy), 25 μM
hemin, 10 μL of DMSO (Sigma-Aldrich, Italy) (or the
same volume of DMSO solution of imatinib or com-
pound 5i or 5j to a final concentration of 10 μM).
Incubations were carried out for 60 min at 37 °C in a
circulating water bath in the dark. Reactions were
stopped by adding 1 volume of chloroform. After recov-
ering the chloroform phase, the amount of bilirubin
formed was measured with a double-beam spectropho-
tometer as OD464–530 nm (extinction coefficient,
40 mM/cm for bilirubin). One unit of the enzyme was
defined as the amount of enzyme catalyzing the forma-
tion of 1 nmol of bilirubin/mg protein/h.
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Gene Expression Analysis by Real-Time PCR (qRT-PCR)

RNAwas extracted by TRIzol reagent (Invitrogen, Carlsbad,
CA, USA). First-strand cDNA was then synthesized with
Applied Biosystem (Foster City, CA, USA) reverse transcrip-
tion reagent. HO-1 mRNA expression was assessed by
TaqMan Gene Expression, Applied Biosystem and quantified
using a fluorescence-based real-time detection method by
7900HT Fast Real Time PCR System (Life technologies,
Carlsbad, CA, USA). For each sample, the relative expression
level of HO-1 (Hs01110250_m1), CHOP (Hs00358796_g1),
BAX (Hs00180269_m1), BFAR (bifunctional apoptosis reg-
ulator, Hs01062109_m1), Ire1 alpha (Hs00980095_m1), and
BIP/GRP78 (Hs00607129_gH) mRNAwas normalized using
GAPDH (Hs02758991_g1) as an invariant control.
Subsequently, the relative quantification was obtained com-
paring the untreated vs. treatment samples by means of the
calculation of 2^-DDCt.

Western Blot Analysis

Briefly, for western blot analysis, 30 μg of protein was loaded
onto a 12% polyacrylamide gel MiniPROTEAN® TGX™
(BIO-RAD, Milan, Italy) followed by electrotransfer to nitro-
cellulose membrane TransBlot® Turbo™ (BIO-RAD, Milan,
Italy) using TransBlot® SE Semi-Dry Transfer Cell (BIO-
RAD, Milan, Italy). Subsequently, membrane was blocked
in Odyssey Blocking Buffer (Licor, Milan, Italy) for 1 h at
room temperature. After blocking, membrane was three times
washed in phosphate-buffered saline (PBS) for 5 min and
incubated with primary antibodies against HO-1 (1:1000) (an-
ti-rabbit, cat. no. BML-HC3001-0025, Enzo Life Sciences,
Milan, Italy), BiP (1:1000) (anti-rabbit, cat. no. 3177S, Cell
Signaling Technology, Milan, Italy), iron-responsive
element1α (IRE1α) (1:1000) (anti-rabbit, cat. no. 3294S,
Cell Signaling Technology, Milan, Italy), and β-actin
(1:1000) (anti-mouse, cat. no. 4967S, Cell Signaling
Technology, Milan, Italy), overnight at 4 °C. Next day, mem-
branes were three times washed in PBS for 5 min and incu-
bated with infrared anti-mouse IRDye800CW (1:5000) and
anti-rabbit IRDye700CW secondary antibodies (1:5000) in
PBS/0.5% Tween-20 for 1 h at room temperature. All antibod-
ies were diluted in Odyssey Blocking Buffer. The blots were
visualized using Odyssey Infrared Imaging Scanner (Licor,
Milan, Italy), and protein levels were quantified by densito-
metric analysis. Data were normalized to β-actin expression
[33].

Immunofluorescence

Cells were grown directly on coverslips before immuno-
fluorescence. After washing with PBS, cells were fixed
in 4% paraformaldehyde (Sigma-Aldrich, Milan, Italy)

for 20 min at room temperature. Subsequently, cells
were incubated with primary antibody against HO-1 (an-
ti-rabbit, cat. no. BMLHC3001-0025, Enzo Life
Sciences, Milan, Italy) at dilution 1:200, overnight at
4 °C. Next day, cells were washed three times in PBS
for 5 min and incubated with secondary antibodies:
TRITC (anti-mouse, cat. no. sc-3796, Santa Cruz
Biotechnology) at dilution 1:200, and FITC (anti-rabbit,
cat. no. sc-2012, Santa Cruz Biotechnology, Santa Cruz,
CA, USA) at dilution 1:200 for 1 h at room tempera-
ture. The slides were mounted with medium containing
DAPI (4 ′ ,6-diamidino-2phenylindole, Santa Cruz
Biotechnology, Santa Cruz, CA, USA) to visualize nu-
clei. The fluorescent images were obtained using a Zeiss
Axio Imager Z1 Microscope with Apotome 2 system
(Zeiss, Milan, Italy). As a control, the specificity of
immunostaining was verified by omitting incubation
w i t h t h e p r i m a r y o r s e c o n d a r y a n t i b o d y .
Immunoreactivity was evaluated taking into account
the signal-to-noise ratio of immunofluorescence.

Mitogen-Activated Protein Kinase (MAPK)
Phosphorylation Assessment by In-Cell Western

Cells were then fixed in 4% paraformaldehyde (PFA) by
adding 20 μl of 12% PFA directly to the wells for 1 h at room
temperature. The 96 wells were washed three times with PBS
(50 μl/well), permeabilized with PBS/0.1% Triton X-100
(50 μl/well, three times, 2 min each), and blocked in LI-
COR buffer (50 μl/well) for 2 h at room temperature (or alter-
natively overnight at 4 °C). The wells were then incubated
with mouse anti-ERK1/2 or rabbit anti-phospho-ERK1/2 an-
tibodies, mouse anti-JNK or rabbit anti-phospho-JNK anti-
bodies, and mouse anti-p38 or rabbit anti-phospho-p38 anti-
bodies (1:200 for optimal signal-to-noise ratio, Cell
Signalling) in LI-COR blocking buffer for 2 h at room tem-
perature (20 μl/well) and subsequently washed with PBS/
0.1% Tween-20 (50 μl/well, three times). Infrared anti-
mouse IRDye800CW and anti-rabbit IRDye700CW second-
ary antibodies (1:200) in PBS/0.5% Tween-20 were then
added (20 μl/well). The plates were incubated for 1 h at room
temperature, and the wells were washed with PBS/0.1%
Tween-20 (three times) and incubated in PBS (50 μl/well).
The plates were covered with black seals and imaged on an
Odyssey infrared scanner using microplate settings with sen-
sitivity of 5 in both the 700 and 800 nm wavelength channels.
In separate wells, secondary antibodies alone were used to
calculate background to be subtracted by the remaining wells.
Data were acquired by using Odyssey software, exported and
analyzed in Excel (Microsoft, Redmond, WA). Results were
expressed as ratio between total ERK1/2 and phospho-ERK1/
2, total JNK and phospho-JNK.
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Statistical Analysis

The data are expressed as mean ± SEM. Statistical analysis
was carried out by ANOVA test: it is used to compare the
means of more than two samples. The significance of

differences between means was analyzed by analysis of vari-
ance. A p value of less than 0.05 (*p < 0.05) was accepted as
statistically significant between experimental and control
groups.

Results

Effect of CFZ on Cell Viability and Heme Oxygenase-1
Expression

CFZ treatment resulted in a significant and dose dependent
reduction of cell viability (Fig. 1). In particular, we observed
that after 24 h of CFZ treatment cell viability was significantly
reduced by about 60 and 40% following 1 and 0.1 μM CFZ,
respectively. No significant effect was observed following
with the dose of 0.05 μM of CFZ (Fig. 1). Our results also
showed that CFZ treatment resulted in a significant increase of
HO-1 gene (Fig. 2a) and protein expression (Fig. 2b).

Role of Heme Oxygenase in CFZ-Induced Cytotoxicity

In order to investigate the effect of HO-1 in CFZ-
mediated citotoxicity, we treated cells with nor inducer
(hemin) or inhibitor (SnMP) of HO-1 alone and in com-
bination with 0.1 μM CFZ. We showed that different

Fig. 2 Evaluation of HO-1 gene
expression and HO activity on
NB cell lines. a Evaluation of
HO-1 gene expression in control
cells and after treatment by CFZ
(0.1 μM). b, c Evaluation of HO-
1 protein expression performed
by incubation with anti-rabbit
secondary antibody followed by
monoclonal antibody conjugated
with TRITC (red). The staining of
the cells was performed using the
nuclear dye DAPI (blue). Data are
expressed as mean ± SD of five
independent experiments. The
significance of differences be-
tween means was analyzed by
analysis of variance (*p < 0.05
respect to CTRL)

Fig. 1 Determination of cell viability of NB cell lines. ATPLite analysis
for cell viability evaluation of NB cell lines untreated and treated by CFZ
for 24 h at different concentration. The data are expressed as mean ± SD
(standard error) of five independent experiments. The significance of
differences between means was analyzed by analysis of variance (*p <
0.05 respect to CTRL)

1454 Mol Neurobiol (2019) 56:1451–1460



concentration of Hemin (1 and 10 μM) and SnMP were
not toxic for cells (Fig. 3a). Interestingly, treatment with
hemin (1 and 10 μM) abolished CFZ-mediated cytotox-
icity whereas HO-1 inhibition (SnMP 10 μM) was not
able to enhance CFZ-mediate cytotoxicity when com-
pared to CFZ alone (Fig. 3b). We further tested the
involvement of HO-1 under our experimental condition
by specifically silencing HO-1 expression by mean of
siRNA (siHMOX1). This set of experiments showed
that siHMOX1 further enhanced CFZ-mediated cytotox-
icity when compared to CFZ alone (Fig. 3b).

LS1/71 Sensitizes Cells to the Cytotoxic Effect
of the CFZ

These set of experiments were aimed at evaluating the impact
of selective HO-1 inhibition of CFZ toxicity. As a results of
HO-1 non-competitive inhibition, LS1/71 significantly in-
creased CFZ toxicity in neuroblastoma cells (Fig. 4a). In
particular, 0.05 μMCFZ significantly reduced cell viability
in the presence of LS1/71 when compared to CFZ or

untreated cells (Fig. 4b). Interestingly, LS1/71 resulted also
in a significant decrease of HO-1 gene expression when
compared to CFZ alone or untreated cells (Fig. 5a). Our
results also showed that LS1/71 reduced CFZ-mediated
HO activity increase (Fig. 5b).

LS1/71 Induced Apoptosis in NB Cells Treated
with CFZ by ER Stress

To further evaluate the possible biochemical mechanism of
LS1/71, we also investigated the possible involvement of en-
doplasmic reticulum stress (ER stress). We showed that CFZ
treatment was able to increase ER stress as measured by
PERK (Fig. 6b), IRE1α (Fig. 6c), and GRP78 (Fig. 6d) pro-
tein expression. Furthermore, the combined treatment of CFZ
with LS1/71, was able to further increase GRP/78 when com-
pared to CFZ alone. Interestingly such treatment resulted also
in a significant increase of the apoptotic gene BAX (Fig. 7a)
while decreasing the antiapoptotic BFAR gene expression
(Fig. 7b). Consistently with these observation, we also ob-
served a significant increase of CHOP (Fig. 7c) expression,
an inducer of apoptosis mediated by ER stress.

Effect of LS1/71 and CFZ on Mitogen-Activated
Protein Kinase

In order to assess the involvement of mitogen-activated pro-
tein kinases (MAPKs) on activation of apoptosis following
treatment with CFZ-LS1/71, we measured phosphorylation
of ERK, JNK, and p38 by in cell-western analysis.
Surprisingly, the results showed an increased phosphorylation
of ERK and JNK after exposure to CFZ (Fig. 8). Following
treatment with the combination of CFZ and LS1/71, the phos-
phorylation of ERK and JNK was significantly reduced com-
pared to CFZ alone or untreated cells. Finally, no significant
change was observed in the phosphorylation of p38 (data not
shown).

Discussion

PIs represent the first-line therapy for multiple myeloma pa-
tients and recent evidence suggest that they may be exploited
as chemotherapic agents for solid tumors including NB [6]. In
particular, previous studies evaluated the efficacy of PIs with
traditional therapies such as doxorubicin [5, 34]. However, the
clear biochemical molecular and molecular cut underlying the
pharmacological mechanisms remain to be elucidated. To this
regard, our previous data suggested that HO-1may represent a
possible molecular target of PIs toxicity as well as a key ele-
ment in the mechanisms of chemoresistance [35].

In this study, we investigated the effect of non-
competitive inhibition of HO-1 activity, by LS1/71 in

Fig. 3 Determination of cell viability of NB cell lines. aATPLite analysis
for cell viability evaluation of NB cell lines untreated (CTRL), treated by
1 and 10 μM Hemin and treated by 10 μM SnMP. b Analysis for cell
viability evaluation of NB cell lines untreated, treated by CFZ (0.1 μM),
and by combination of CFZ and 1 or 10 μM hemin (hemin+CFZ), of
10 μM SnMP (SnMP+CFZ) and by siHMOX1 (siHMOX1+CFZ). Data
are expressed as mean ± SD of five independent experiments. The
significance of differences between means was analyzed by analysis of
variance (*p < 0.05 respect to CTRL) (#p < 0.05 respect to CFZ)
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NB cells and how such pharmacological treatment im-
pact on CFZ mediated citotoxicity. Inhibition of HO
activity by metalloporphyrins (i.e., SnMP or ZnPPIX)
has several drawbacks since they do not discriminate
betwenn the two isoforms and exhibit non specific ac-
tivity on other heme-containing enzymes such as nitric
oxide synthase (NOS), and cytochromes, and may be
also a potent inducer of HO-1. Therefore, in order to
develop more specific HO-1 inhibitors, devoid of the
typical side-effects of Mps, in a recent study Salerno
et al. designed and synthesized a novel series of
imidazole-based HO-1 inhibitors structurally different
from MPs. (1-[4-(4-iodophenoxy)butyl]-1H-imidazole),
named LS1/71, showing the highest selective inhibitory
activity against HO-1 among this series. LS1/71 was
used in combination with imatinib in leukemia cells
downregulating HO-1 expression and activity, abolishing
pharmacological resistance [30, 36].

Our results showed that CFZ increased both HO-1
protein and gene expression which was dependent on

ER stress pathway activation. These results are consis-
tent with our previous work showing that BTZ was also
able to induce HO-1 in multiple myeloma via the acti-
vation of the UPR response triggered by ER stress.
Furthermore, we also showed that such complex bio-
chemical cascade of events lead to nuclear translocation
of HO-1, thus conferring resistance to BTZ and induc-
ing genetic instability in MM cells [35]. The involve-
ment of HO-1 in CFZ mediated cytotoxicity is further
substantiated by the protective effect of pharmacolocal
induction of HO-1 (i.e. hemin) mitigating CFZ cytotox-
icity. Consistently with these results, HO-1 gene silenc-
ing by a specific siRNA was able to increase the cyto-
toxic effect induced by CFZ in NB while inhibition of
HO activity by SnMP, a competitive and non-specific
inhibitor of HO activity, showed no significant change
compared to treatment with only CFZ.

Therefore, in the present study we tested the effect of
a new non-competitive inhibitor of HO-1 as a possible
adjuvant therapy to overcome drug resistance and

Fig. 4 Determination of cell viability of NB cell lines. a Analysis for cell
viability evaluation of NB cell lines untreated, treated by CFZ (0.1 μM),
treated by 10 μMLS1/71 and by combination of CFZ and LS1/71 (CFZ+
LS1/71). b Analysis for cell viability evaluation of NB cell lines untreat-
ed, treated by CFZ (0.05 μM), treated by 10 μM LS1/71 and by

combination of CFZ and LS1/71 (CFZ+LS1/71). Data are expressed as
mean ± SD of five independent experiments. The significance of differ-
ences between means was analyzed by analysis of variance. (*p < 0.05
respect to CTRL) (#p < 0.05 respect to CFZ)
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potentiating the efficacy of CFZ. This set of experi-
ments showed that LS1/71 was able to decrease cell
viability following CFZ treatment. Interestingly, our re-
sults showed that LS1/71 sensitized cells to lower con-
centrations of CFZ (i.e., 0.05 μM). Finally, our data
indicated that when cells are treated with CFZ or LS1/
71, CHOP apoptotic pathway is activated together with
the pro-apoptot ic BAX gene while the BFAR,
antiapoptotic gene, is significantly reduced. These data
suggest that treatment with CFZ produces ER stress in
NB without activating CHOP-mediated apoptosis,
whereas CFZ and LS1/71 co-treatment determined apo-
ptosis activation and induction of CHOP expression.

Ultimately, CFZ treatment resulted also in the activa-
tion of ERK and JNK signal transduction pathways
whereas LS1/71 decreased phosphorylation of ERK
and JNK and thus leading to a reduction of cell prolif-
eration and increased apoptosis following proteasome
inhibition.

In conclusion, our study showed that treatment with
the non-competitive inhibitor of HO-1, LS1/71 demon-
strating different biochemical and pharmacological pro-
file increased CFZ mediated cytotoxicity by triggering
apoptosis following ER stress activation. Taken all to-
gether, these results also suggest that PIs may represent
a possible pharmacological treatment for solid tumors
and that HO-1 inhibition may represent a possible strat-
egy to overcome chemoresistance and increase the effi-
cacy of chemotherapic regimens.

Fig. 5 Evaluation of HO activity and HO-1 gene expression on NB cell
lines. a Evaluation of HO-Activity in control cells (CTRL), after treat-
ment by CFZ (0.05 μM) and by combination of CFZ and LS1/71 (CFZ+
LS1/71). b Evaluation of HO-1 gene expression in control cells (CTRL),
after treatment by CFZ (0.05 μM) and by combination of CFZ and LS1/
71 (CFZ+LS1/71)

Fig. 6 a Western Blot analysis.
Densitometric analysis of
chaperon levels of PERK (b),
IRE1α (c), and GRP78 (d)
protein expression in
neuroblastoma cell lines
untreated, treated by CFZ
(0.05 μM), treated by 10 μM
LS1/71 and by combination of
CFZ and LS1/71 (CFZ + LS1/
71). The data are expressed as
mean ± SD of five independent
experiments. The significance of
differences between means was
analyzed by analysis of variance.
(*p < 0.05 respect to CTRL) (**p
< 0.05 respect to CFZ)
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Fig. 7 Evaluation of Gene BAX
(a), BFAR (b), and CHOP (c)
gene expression in neuroblastoma
cell lines untreated, treated by
CFZ (0.05μM), treated by 10μM
LS1/71 and by combination of
CFZ and LS1/71 (CFZ+LS1/71).
The data are expressed as mean ±
SD of five independent experi-
ments. The significance of differ-
ences between means was ana-
lyzed by analysis of variance. (*p
< 0.05 respect to CTRL) (#p <
0.05 respect CFZ)

Fig. 8 Evaluation of ERK (a, b)
and JNK (b, c, d) phosphorylation
by in cell-western analysis.
Measurement of ratio between
phospho ERK and total ERK
protein expression, and between
phospho JNK and total JNK pro-
tein expression in neuroblastoma
cell lines untreated, treated by
CFZ (0.05μM), treated by 10μM
LS1/71 and by combination of
CFZ and LS1/71 (CFZ + LS1/
71). The significance of differ-
ences between means was ana-
lyzed by analysis of variance (*p
< 0.05 respect to CTRL)
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