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Abstract
The cytotoxic, anti-proliferative and apoptotic effects of 3-Bromoacetoxy Calcidiol (B3CD), a
derivative of vitamin D3 precursor calcidiol, on human neuroblastoma (NB) cells were examined.
NB, predominantly a tumor of early childhood, is the most common extracranial solid tumor. Despite
aggressive treatments, survival for advanced stages remains low and novel treatment strategies are
needed. B3CD-induced apoptosis in various neuroblastic cells via caspases-3 and -9 activation.
B3CD upregulated mitochondrial pro-apoptotic Bax and anti-apoptotic Bcl-2 expression, caused
cytochrome c release, downregulated N-Myc expression and activated pro-survival marker Akt.
Accordingly, B3CD treatment dose dependently reduced the viability of NB cells with IC50 values
between 1 and 3 μM. The cytotoxicity of B3CD was significantly higher than for the calcemic parent-
compound vitamin D3 (IC50 between 10 and 30 μM). Further studies revealed that B3CD treatment
inhibits the proliferation of NB cells at low concentrations (IC50 between 30 and 100 nM). Cell cycle
analysis showed a dramatic increase in the apoptotic sub-diploidal population along with a cell cycle
block. In summary, the present study shows that B3CD is toxic to NB cells via suppression of cell
proliferation and cell viability by caspase activation and regulation of survival signals. These results
suggest that B3CD could be developed as a treatment for NB.
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Neuroblastoma (NB), predominantly a tumor of early childhood, is the most common
extracranial solid tumor. Two-thirds of the cases occur in children below the age of five. NB
account for 7–10% of all childhood cancers; in the majority of patients older than 1 year of
age, the disease is fatal (1). There are approximately 500–1000 new cases of NB in the USA
each year (2). Treatment methods currently available include surgery, radiation therapy,
chemotherapy, and autologous stem cell transplantation (3–5) either alone or in combination,
depending on the location and biological characteristics of the cancer cells, stage and the risk
group to which the patient belongs. However, despite intensive multimodality treatment, more
than 50% of children with high-risk disease relapse, because of drug-resistant residual disease
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(6–8). Eradication of refractory microscopic disease remains one of the most significant
challenges in the treatment of the high-risk NB and innovative treatments need to be designed.

Calcitriol/vitamin D3 (1,25-dihydroxy-vitamin D3) (Figure 1), an endocrine hormone
responsible for calcium and mineral homeostasis, inhibits cell proliferation and induces
differentiation, via binding to the vitamin D receptor (VDR) (9). Its clinical use in cancer
therapy is limited by its hypercalcemic side-effects (10–12). Synthetic analogs of calcitriol/
vitamin D3 have been developed to overcome these side-effects. However, secondary to
hypercalcemia their therapeutic efficacy remains limited (13). The natural precursor to
calcitriol/vitamin D3 is calcidiol, the precursor of the latter is cholecalciferol (Figure 1).
Calcidiol, found abundantly in serum, is a substrate to 1,α-vitamin D hydroxylase and
biologically inactive both in terms of binding to the VDR and transcription regulation (14).
Because the production of calcitriol/vitamin D3 by renal 1α-vitamin D hydroxylase is under
tight transcriptional control, an elevation in serum calcidiol level does not necessarily translate
into higher serum calcitriol/vitamin D3 or calcium levels (15). Consequently, calcidiol does
not suffer from lethal calcemic side-effects, even at supra-physiological doses (16). Past studies
led to the development of bromoacetoxy-calcidiol (B3CD; Figure 1), a bromoacetoxy-ester
derivative of calcidiol, which exerted potent selective anti-proliferative effects on prostate
cancer cells (17–19). Bromoacetoxy analogs generally display an improved pharmacologic
profile, exert less toxicity and greater stability compared with their parent compounds (20,
21). For B3CD, a systemic study in CD-1 mice showed that this calcidiol analog did not raise
serum-calcium nor exhibit toxicity (166 μg/kg, repeated intraperitoneal administration) unlike
other synthetic vitamin D3 derivatives (17, and references therein). Moreover, bromoacetic
acid, a possible metabolite after potential B3CD administration in clinically relevant doses, is
unlikely to reach toxic concentrations; the LD50 of bromoacetic acid in male rats is several
hundred-fold higher (87.8 mg/kg)a. The objective of the present study was to investigate the
therapeutic potential of B3CD to treat NB by analyzing the cytotoxic, anti-proliferative, and
apoptotic effects of B3CD, on human NB cell lines.

Materials and Methods
Synthesis of B3CD

A procedure described earlier, with suitable modifications was used to synthesize B3CD (22,
23). Briefly, equimolar amounts of calcidiol and bromoacetic acid were stirred with excess of
dicyclohexylcarbodiimide and dry pryridine in dichloromethane in an ice bath for 2–4 h. Our
modifications entail preparative high performance liquid chromatography (HPLC; Waters,
Milford, MA, USA) using a C18 Luna column (4.6 ×150 mm, 5 μm; Phenomenex (Torrance,
CA, USA) of B3CD followed by 1H NMR and Mass spectroscopy characterizationb.

Cell culture
SH-SY5Y (human NB) and IMR-32 (human NB) cells were obtained from American Type
Culture Collection (Manassas, VA, USA). SMS-KCNR (human NB) cells were provided by

aNotes: United Sates Environmental Protection Agency (USEPA) report (2005) Bromoacetic acid – identification, toxicity, use, water
pollution potential, ecological toxicity and regulatory information. CAS number 79-08-3. http://yosemite.epa.gov
bFor preparative HPLC, gradient elution with two solvents at a flow rate of 1.5 mL/min was used. Solvent A consisted of 10% MeOH
in H2O adjusted to pH 3.5 with formic acid. Solvent B consisted of 20% H2O (pH 3.5), 20% MeOH, and 60% acetonitrile. The gradient
consisted of 0 min-90% A, 10% B followed by 15 min-0% A,100% B and held at 100% B for 20 min. Five minutes of equilibration at
100% A was performed before and after each injection. Retention time for B3CD: 15.178 min. NMR spectra were recorded on ‘Bruker
Advance NMR spectrometers’ operating at 300 MHz or 400 MHz 1H frequency. Chemical shifts are referenced to CDCl3 at room
temperature. Mass spectra data were obtained using either JEOL JMS600 under FAB mode or API 150 MCA under electro spray
mode. 1H NMR δ6.27–6.26 (d, 1H, J = 3.0 Hz), 6.08–6.07 (d, 1H, J = 3.0 Hz), 5.41 (s, 2H, CH2Br), 5.21 (s, 1H), 4.88 (s, 1H), 2.98 (d,
2H, J = 4.2 Hz), 2.76 (d, 2H, J = 3.6 Hz), 2.67–2.31 (m, 3H), 2.19–1.76 (m, 4H), 1.65–1.21 (m, 15H), 0.61–0.28 (m, 10H), 0.23 (s, 3H);
MS (ES): m/z 474 [M + H]+.
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John Maris (CHOP, Philadelphia, PA, USA). All cells were seeded at 5 × 105/T75 flask
(Corning, Inc., Corning, NY, USA) and cultured to ~80% confluency according to the suppliers
recommendations at 37 °C, 5% CO2, in a humidified incubator.

Cell viability assay
Viability of various NB cell lines was determined by the CellTiter 96® AQueous One Solution
Assay (Promega Corp., Madison, WI, USA) following the manufacturer’s recommendations.
An ELISA plate reader (Thermo Labsystems, Waltham, MA, USA) allowed quantification of
this colorimetric assay [conversion of 3-(4,5-dimethylthiazol-2-yl)-5-(3-
carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium ‘MTS’ reagent in the presence of
phenazine methosulfate into a soluble formazan product] at 490 nM. Briefly, cells (5 × 103 per
well) were plated into 96-well flat-bottom plates (Corning, Inc.) and allowed to attach overnight
before treatment with various drugs as indicated (see ‘Result’ section) in FCS-free medium.
Stock solutions of drugs dissolved in DMSO as well as these vehicles alone (control) were
serially diluted in serum-free medium and added to the wells. Following incubation at 37 °C
in a cell-culture incubator for 20 h, MTS reagent was added at a 1:10 dilution to the medium.
The samples were incubated for an additional 4 h before absorbance was measured at 490 nM.
Experiments were performed in triplicates; data are expressed as the mean of the triplicate
determinations (X ± SD) of a representative experiment in % of absorbance in samples with
untreated cells [100%].

Western blot analysis
Cells were seeded into 100-mm2 tissue culture dishes (5 × 105 cells per dish), cultured to ~80%
confluency, treated in serum-free medium with B3CD as indicated (see ‘Result’ section), rinsed
in PBS, pH 7.4, scraped off, spun down in a microcentrifuge (10 000 × g, 5 min) and pellets
resuspended in lysis buffer (1% NP-40, 20 mM Tris pH 8.0, 137 mM NaCl, 10% glycerol, 2
mM EDTA, 1 mM activated sodium orthovanadate, 10 μg/mL Aprotinin, and 10 μg/mL
Leupeptin, Inhibitor Cocktail P-2714; Sigma–Aldrich, St Louis, MO, USA). Lysates were
rocked at 4 °C for 5 min, sonicated (10 pulses 5 seconds), centrifuged at 140 000 ×g for 10
min, and the protein concentration of the supernatant quantitated (Bio-Rad protein estimation
kit; Bio-Rad, Hercules, CA, USA). The samples were boiled in the presence of 5 ×SDS-PAGE
sample buffer and 50 μg total protein per lane were separated on 12% SDS-polyacrylamide
gels and blotted onto PVDF membranes. The blots were blocked with 5% non-fat dry milk in
PBST for 1 h at room temperature and incubated overnight at 4 °C with the antibodies against
various caspases (Cell Signaling Technology, Beverly, MA, USA), Bcl-2 or Bax (BD
Pharmigen, San Jose, CA, USA), N-Myc (Stratagen, La Jolla, CA, USA) or cleaved PARP-1,
beta-actin, phosphorylated Akt, Akt, cytochrome c (Cell Signaling Technology) at a 1:1000
dilution in 5% BSA in PBST on a rotating platform. After washing in PBST, the blots were
incubated with secondary antibody (peroxidase-conjugated antibodies; Amersham-Pharmacia
Biotech, Piscataway, NJ, USA). The bands were visualized by enhanced chemiluminescence
(Upstate, Waltham, MA, USA) and documented using the ChemiDocTM XRS System (Bio-
Rad).

For cytochrome c determination, NB cells were suspended in 0.5 mL of ice-cold buffer,
containing 20 mM HEPES (pH 7.5), 10 mM KCl, 1.5 mM MgCl2, 1 mM EDTA, 1 mM DTT,
0.1 mM phenylmethylsulfonyl fluoride, 10 μg/mL Aprotinin, 10 μg/mL Leupeptin, and 20 mM
sucrose. After standing on ice for 30 min, the cells were disrupted by stroking 40 times in a
glass homogenizer. The nonlysed cells and nuclei were spun down at 1000 ×g for 10 min at 4
°C. To pellet mitochondria, the resulting supernatant was centrifuged at 10 000 ×g for 30 min
and was resuspended in HEPES buffer. The supernatant was spun at 100 000 ×g for 1 h. The
supernatant from this final centrifugation represents the cytosolic fraction.
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Cell proliferation assay
Proliferation of various cell lines was determined by a BrdU (5-bromo-2′-deoxyuridine)
incorporation assay (Roche Applied Science, Indianapolis, IN, USA) according to the
manufacturer’s recommendations. Briefly, cells (5 ×103 per well) were plated into 96-well flat-
bottom plates (Corning, Inc.) and allowed to attach overnight before treatment with B3CD (see
‘Result’ section) for 18 h in FCS-free medium. BrdU (10 μM final concentration) was added
to the cells grown for a further 6 h. After washing, the cells were fixed and incubated for 2 h
at 37 °C with an anti-BrdU antibody-peroxidase conjugate. Immune complexes were detected
by addition of a tetramethyl-benzidine (TMB) substrate solution according to the
manufacturer’s recommendations. The reaction was stopped by adding 50 μL of 1 M sulfuric
acid, and the absorbance was measured with an ELISA plate reader (Thermo Labsystems) at
450 nM. In this assay, the color intensity correlates directly to the amount of BrdU incorporated
into the DNA, which in turn represents proliferation. Experiments were performed in
triplicates; data are expressed as the mean of the triplicate determinations (X SD) of a
representative experiment in % of absorbance of samples with untreated cells [100%].

DNA fragmentation analysis
Nuclear DNA fragments were isolated by using Apoptotic DNA Ladder Kit (Roche Molecular
Biochemicals, Indianapolis, IN, USA). Cells were seeded into 100-mm2 tissue culture dishes
(5 ×105 cells per dish), cultured to ~80% confluency, and treated in serum-free medium with
1 μM B3CD for 24 h. Floating and attached cells were collected, lysed in 0.5 mL of lysis buffer
and fragmented DNA was extracted using a glass fiber spin column provided by the
manufacturer. DNA was analyzed using 1.8% agarose gel in the presence of 0.5 μg/mL
ethidium bromide, alongside a DNA size standard (Bio-Rad). Apoptotic DNA fragment ladders
were detected on a UV transilluminator and photographed on a Bio-Rad, Gel Document
System, GDS 8000 (Bio-Rad). All experiments were performed in triplicate.

Cell cycle analysis (by FACS)
Cell cycle analysis and quantification of apoptosis was carried out by flow cytometry. Cells
were seeded into 100-mm2 tissue culture dishes (7.5 ×105 cells per dish), allowed to attach
overnight, and treated for 48 h with B3CD (300 nM or 3.0 μM). At the end of the incubation
period, detached cells were collected in 15 mL polypropylene centrifuge tubes along with the
medium; culture dishes were washed once with PBS, adherent cells scraped off and combined
in the same tube. After centrifugation (250 g, 5 min), cells were fixed and permeabilized with
70% ice-cold ethanol for 30 min, followed by incubation with 50 μg/mL of propidium iodide
and 100 μg/mL of RNase for 30 min at 37 °C in the dark. Data were acquired on a BD FACSort
flow cytometer using CELLQUEST software (BD Immunocytometry Systems) and analyzed
using MODFIT LT software (Verity Software House, Inc., Topsham, ME, USA). Ten thousand
events were analyzed for each sample. Appropriate gating was used to select the single cell
population NB cells. The same gate was used on all samples, ensuring that the measurements
were made on a standardized cell population.

Results and Discussion
The present study investigates the cytotoxic, anti-proliferative, and apoptotic effect of B3CD,
a derivative of the natural vitamin D3 precursor calcidiol on various human NB cell lines.
Previous work showed that B3CD at concentrations as low as 1.0 μM displayed strong growth-
inhibitory effects both with respect to proliferation and viability in prostate cancer cell lines
while other cancer cells such as MCF-7 (breast cancer) or primary keratinocytes were
significantly less affected (17,18). Other investigators have confirmed that, similarly, the
calcemic parent compound calcitriol/vitamin D3 acts differentially on distinct cell, tissue, and
tumor types (24–27).

Lange et al. Page 4

Chem Biol Drug Des. Author manuscript; available in PMC 2008 October 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Viability of human NB cell lines after B3CD or calcitriol/vitamin D3 treatment
In an initial approach to analyze the cytotoxicity of B3CD on several NB cell lines (stromal S-
type SMS-KCNR, neuronal N-type SH-SY5Y, and IMR-32), some of which are representative
of the type-3 childhood NB, we performed a colorimetric viability assay. The assay is based
on the ability of a cell’s mitochondria to reduce the substrate (MTS) and the absorbance of the
resulting product is directly proportional to the number of living cells in culture (see ‘Materials
and Methods’ section). B3CD treatment for 24 h dose dependently reduced the viability of
SMS-KCNR, SH-SY5Y, and IMR-32 NB cells (Figure 2, left panel). Viability was slightly
reduced at concentrations of B3CD as low as 100 nM, reduced by 20–25% at 300 nM with
IC50 values between 1 and 3 μM for all NB cell lines. B3CD exerted a 10-fold stronger effect
on NB cell viability than the calcemic parent compound calcitriol/vitamin D3 (Figure 2, right
panel; IC50 between 10 and 30 μM). Similarly, calcitriol/vitamin D3 in previous studies at
μM concentrations did not induce growth-inhibitory effects in prostate cancer cell lines (17,
18).

B3CD induces apoptosis in NB cells via the intrinsic pathway
To define the cellular response upon B3CD treatment of NB cells, we next analyzed the
expression and/or activation of cellular markers that are characteristics for induction of
apoptosis by immunblotting (see ‘Materials and Methods’ section). Apoptosis is executed by
caspases: initiator caspases (such as caspase-2, -8, -9, and -10) function mainly as upstream
apoptotic signals. Once activated, the initiator caspases cleave and activate downstream
effector caspases (such as caspase-3, -6, and -7), which are responsible for the cleavage of
many intracellular proteins, leading to the morphological and biochemical changes associated
with apoptosis (28,29).

As shown in Figure 3A, the treatment of NB cells with 100 nM to 2 μM B3CD resulted in a
dose-dependent activation of procaspase-3 (17 and 19 kD intermediates). Similarly, B3CD
activated caspase-9 (35 kD intermediate) in all the three NB cell lines. In contrast to caspase-9,
the caspase-8 pathway was not activated, although pro-caspase-8 was expressed in SMS-
KCNR cells (Figure 3A). Two major signaling pathways have been described for activation
of initiator caspases in mammalian cells. The intrinsic pathway mediates apoptotic responses
to various stress signals such as DNA damage, hypoxia, and growth factor deprivation. These
signals lead to the activation of pro-apoptotic members of the Bcl-2 family, resulting in
mitochondrial release of cytochrome c and other pro-apoptotic proteins (30,31). The extrinsic
pathway is initiated by interaction of specific ligands with their corresponding ‘death’ receptors
such as Fas, TNF receptor-1, and TRAIL resulting in receptor oligomerization and caspase-8
activation. Activated caspase-8 can process downstream effector caspases directly, leading to
apoptosis (26,30,32). It is interesting to note that for certain cell types, however, the death-
receptor induced apoptosis requires a mitochondrial pathway controlled by Bcl-2 family
proteins (33).

Our observations suggest that the extrinsic pathway is not involved in the B3CD-induced
apoptosis of SH-SY5Y, SMS-KCNR, and IMR-32 NB cells and B3CD likely induces apoptosis
via activation of the intrinsic pathway. Thus, treatment with B3CD can bypass the reported
resistance of certain NB cell lines to apoptosis because of the lack of caspase-8 activation or
expression (34). In addition to analysis of caspase activation, a commonly used method for
detection of apoptosis is the presence of cleaved Poly-ADP Ribose Poly-merase-1 (PARP-1)
in many cell types (35). Accordingly, after B3CD treatment, we observed a dose-dependent
increase of cleaved PARP-1 (89 kD) in all the three NB cell lines (Figure 3A) because of
caspase action (36).
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As the intrinsic pathway of apoptosis leads to the activation of members of the Bcl-2 family
and mitochondrial release of cytochrome C (33.39), we analyzed the expression of Bax and
Bcl-2 in B3CD-treated NB cells. Bcl-2 promotes cell survival, whereas Bax is a pro-apoptotic
factor (37). Immunblotting of the lysates of SMS-KCNR, SH-SY5Y, and IMR-32 revealed an
increase in Bax expression at concentrations of B3CD as low as 100 nM (48 h treatment),
reaching a maximum level at 2.0 μM (Figure 3B). In contrast, the levels of Bcl-2 protein were
significantly reduced following treatment with B3CD (Figure 3B). These studies indicate that
B3CD enhances expression of the pro-apoptotic factor Bax, while simultaneously suppressing
anti-apoptotic factor, Bcl-2, thereby efficiently inducing apoptosis in NB cells. Cancer cells
with augmented Bcl-2 are resistant to cytotoxic drugs and, thus, Bcl-2 proteins are increasingly
targets for new anticancer drugs (38). The balance between the anti-apoptotic Bcl-2 and death-
promoting Bax controls mitochondrial permeability changes and the release of cytochrome c,
which is an early event in the apoptotic process, preceding morphological signs of apoptosis
(39,40). Treatment with 500 nM B3CD for 48 h also resulted in an increase in cytosolic
cytochrome C in all the three NB cell lines tested (Figure 3B).

Suppression of pro-survival markers in NB cells by B3CD treatment
To elucidate the effect of B3CD on pro-survival signaling in NB, the activation/
phosphorylation of a hallmark survival factor, Akt, as well as expression of N-Myc was
investigated. Akt is a proteine–serine/threonine kinase and when activated targets the
phosphorylation of regulators of cell survival, transcription factors, and other kinases cells
(41,42). N-Myc is a transcription factor that is expressed in the brain and peripheral nervous
system and plays an important role in survival of aggressive NB in which caspase-8, component
of the death receptor pathways, is inactivated (43).

Immunblotting of lysates of SMS-KCNR was carried out using antibodies that specifically
recognize N-Myc or the phosphorylated or inactive form of Akt. We did not observe a
regulation in the expression of inactive Akt by B3CD concentrations up to 2.0 μM (Figure 3C).
In contrast, activated/phosphorylated Akt, which is in untreated cells was highly expressed
after B3CD treatment (100 nM to 2.0 μM, 48 h) dose dependently decreased to background
levels (Figure 3C). B3CD also inhibited the expression of N-Myc. No expression was seen at
2.0 μM B3CD (Figure 3C). Together, these studies clearly show that B3CD suppressed the
oncogenic transcription factor N-Myc as well as Akt-mediated pro-survival signaling in SMS-
KCNR NB cells. These observations are of particular interest for the potential therapeutic use
of B3CD as Akt activation has previously been linked to drug resistance in NB cells (42).
Similarly, N-Myc is a potential target for drug development, as N-Myc has been reported to
be overexpressed in more than 65% of human NB (44).

B3CD effect on cell proliferation and cell cycle progression
As described in the previous section, B3CD acts as a cytotoxic drug and leads to expression
and/or activation of apoptotic markers linked to the intrinsic pathway of apoptosis. To
investigate if B3CD affects the proliferation of NB cells (particularly at drug concentrations
at or below 300 nM when viability is not affected or partially reduced; Figure 2), we performed
BrdU incorporation assays and cell cycle analysis. Cell cycle analysis of SMS-KCNR NB cells
after B3CD treatment revealed an increase in the sub-diploidal apoptotic population at 300 nM
(23.7% apoptotic) with 55% of the population in an apoptotic state at 3.0 μM B3CD (Figure
4A). This observation directly correlates with the reduction of SMS-KCNR viability by B3CD
at the same concentrations (Figure 2). The sub-diploidal population represents cells with
significant DNA damage. DNA fragmentation analysis (Figure 4B) proved that DNA in
chromatin of cells treated with B3CD degraded into oligonucleosome-length fragments (DNA
laddering, n ×123 bp) characteristic for apoptosis, whereas DNA smear indicating necrotic
events was not observed (45).
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With respect to the cycling cells, B3CD at 300 nM causes a prominent increase of G0/G1
population along with slight decrease of cells in S-phase or G2/M phase (Figure 4A). Treatment
of SMS-KCNR with 3.0 μM B3CD for 48 h fully blocked cell cycle progression with no cells
left in the G2/M phase. Accordingly, the majority of the cycling cells were arrested in G0/G1
phase (Figure 4A) while the S-phase sub-population, compared with untreated NB cells, was
decreased (to 22%; Figure 4A). Apparently, in this asynchronous cell culture, B3CD treatment
affected cell cycle checkpoints in G0/G1 and S-phase. Although not the objective of the present
report, further studies emphasizing cancer-related cell cycle features (46,47) could focus on
the specific checkpoints in G0/G1 or S-phase affected by B3CD treatment. This would require
the study of expression pattern of cell cycle regulators (cyclin-dependent kinases and cyclins)
and replication-start and -progression signals of the S-phase (48,49) in synchronized NB
cultures. In summary, cell cycle analysis revealed a dramatic increase in the apoptotic sub-
diploidal population (severe DNA damage) after B3CD treatment along with a full block of
cell cycle progression (G2/M sub-population = 0%).

The observation that B3CD treatment at concentrations of 300 nM significantly increased the
apoptotic sub-population and reduced S-phase progression of NB cells (Figure 4A) correlates
with the effect of B3CD on BrdU incorporation/DNA replication as analyzed in our
proliferation assay (Figure 4B). B3CD dose dependently reduced SMS-KCNR proliferation.
Even at low drug concentrations (30 and 100 nM), BrdU incorporation was dramatically
suppressed (by 39% and 60%, respectively) compared with untreated cells (Figure 4C).
Previous work showed that 1.0 μM B3CD similarly displayed anti-proliferative effects in
prostate cancer while proliferation of other cell lines such as MCF-7 (breast cancer) and primary
keratinocytes was less affected (17,18). More importantly, the authors also proved in an SCID
mouse model that administration of B3CD did not cause any apparent systemic toxicity, weight
loss, or increased serum calcium levels (17). The present report suggests that B3CD is a potent
and growth-suppressing agent to cell lines derived from NB and a potential therapeutic drug
to treat such tumors in vivo.

Conclusion
In summary, the present study shows that B3CD is toxic to NB cells via suppression of cell
proliferation and cell viability by caspase activation, N-Myc downregulation, mitochondria-
mediated apoptosis, and de-activation of survival marker Akt. Apoptosis was mediated by cas-
pase-3 and -9 activation, and not by the extrinsic (caspase-8 mediated) pathway. This wide
effect of the bromoacetoxy derivative of calcidiol, natural precursor to calcitriol/vitamin D3
on NB cell signaling and survival suggests that B3CD could be developed as a therapeutic
agent against NB.
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Figure 1.
Structure of cholecaliferol, calcidiol, calcitriol/vitamin D3 and derivative B3CD.
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Figure 2.
Comparative analysis of the cytotoxic effect of B3CD and calcitriol/vitamin D3 on various
human NB cell lines. NB cells (SMS-KCNR, SH-SY5Y, and IMR-32) were treated with
various concentrations (0.1–30 μM) of B3CD and calcitriol/vitamin D3 for 24 h. The MTS
viability assay was carried out as described in ‘Materials and Methods’ section. Experiments
were performed in triplicates; data are expressed as the mean of the triplicate determinations
(X SD) of a representative experiment in % cell viability of untreated cells [100%].
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Figure 3.
Expression of apoptotic and pro-survival markers in NB cells after B3CD treatment. NB cells
(SMS-KCNR, SH-SY5Y, and IMR-32) were treated with increasing concentrations (0.1–2.0
μM) of B3CD for 48 h. Expression of proteins in the lysates of treated and untreated cells by
PAGE and Western blot analysis was carried out as described in ‘Materials and Methods’
section. (A) Caspase activation; primary antibodies against pro- and activated caspase-3, -8,
-9, and inactivated/cleaved PARP-1. As an internal standard for equal loading, blots were
probed with an anti-beta-Actin antibody. (B) Mitochondria-mediated apoptosis; primary
antibodies against cytochrome c, Bax, and Bcl-2. (C) Inhibition of N-MYC expression and Akt
activation; primary antibodies against N-MYC, Akt, and phosphorylated Akt.
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Figure 4.
B3CD effect on SMS-KCNR NB cell proliferation and cell cycle progression. (A) Cell cycle
analysis by FACS: NB cells were treated with 300 nM or 3.0 μM B3CD for 48 h. Cell cycle
analysis by FACS of treated and untreated cells followed was carried out as described in
‘Materials and Methods’ section. Data are presented as the relative fluorescence intensity of
cell sub-populations in the two-dimensional FACS profile (left panel) or bar diagram (right
panel). (B) DNA fragmentation: NB cells were treated with 1 μM B3CD for 24 h. DNA
fragmentation assay was carried out and apoptotic DNA fragment ladder (n ×123 bp) detected
as described in ‘Materials and Methods’ section. (C) BrdU incorporation: NB cells were treated
with various concentrations (30 nM to 3.0 μM) of B3CD for 24 h. The proliferation assay was
carried out as described in ‘Materials and Methods’ section. Experiments were performed in
triplicates; data are expressed as the mean of the triplicate determinations (X SD) in % cell
proliferation of untreated cells [100%].
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