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Abstract
Background
CELLFOOD™ (CF) is a nutraceutical non-addictive, non-invasive, and completely non-toxic
unique proprietary colloidal-ionic formula. Little is known about its effect on cancer cells in
solid tumors. The aim of this study was to evaluate the effect that CF has on different cancer
cell lines and the mechanism by which the nutraceutical works.

Methods
The effect of CF on HFF (normal fibroblasts), Met5A (mesothelium), MSTO-211H, NCI2452, Ist-Mes1, MPP89, Ist-Mes2 (mesothelioma), M14 (melanoma), H1650, H1975 (lung
cancer), SKRB3 (breast cancer), and HCT-116 (colorectal cancer) cell growth was tested by

cell proliferation and clonogenic assay. Among all of them, MSTO-211 and HCT-116 were
analyzed for cell cycle by flow cytometry and western blot.

Results
All human cancer lines were suppressed on cell growth upon 1:200 CF treatment for 24 and
48 hours. Death was not observed in HFF and Met5A cell lines. Cell cycle analysis showed
an increased sub-G1 with reduction of G1 in MSTO-211 and a cell cycle arrest of in G1 in
HCT116. Activation of caspase-3 and cleavage of PARP confirmed an apoptotic death for
both cell lines. Increased expression levels of p53, p21, and p27, downregulation of c-myc
and Bcl-2, and inhibition of Akt activation were also found in CF-treated MSTO-211 and
HCT-116 cells.

Conclusions
These findings ascertained an interaction between p53, c-myc, p21, p27, Bcl-2, PI3K/Akt
pathway, and CF-induced apoptosis in MSTO-211H and HCT-116 cells, suggesting that CF
acts as an important regulator of cell growth in human cancer cell lines. CF could be a useful
nutraceutical intervention for prevention in colon cancer and mesothelioma.

Keywords
CELLFOOD™ (CF), Nutraceutical, Mesothelioma, Colorectal cancer

Background
CELLFOOD™ (CF) is a unique, proprietary concentrate of 78 ionic minerals, 34 enzymes,
17 amino acids, electrolytes, and dissolved oxygen, held in a negatively-charged suspension
utilizing deuterium, the only non-radioactive isotope of hydrogen. CF possesses antioxidant
properties which protect erythrocytes, lymphocytes, and biomolecules against free radical
attacks, suggesting that it may be an adjuvant intervention in the prevention and treatment of
various physiological and pathological conditions related to oxidative stress [1]. The oral
supplementation of CF for a period of six months significantly improves fibromyalgia
symptoms and health-related quality of life of fibromyalgic patients compared to placebo [2].
CF treatment on leukemia cell lines induces cell death due to apoptotic mechanisms and
altering cell metabolism through HIF-1α and GLUT-1 regulation [3]. However, the anticancer activities and potential anti-cancer mechanisms of the nutraceutical in solid tumors
have not yet been elucidated.
Many physiological processes, including proper tissue development and homeostasis, require
a balance between apoptosis and cell proliferation. All somatic cells proliferate via a mitotic
process determined by progression through the cell cycle. Apoptosis (programmed cell death)
occurs in a wide variety of physiological settings, where its role is to remove harmful,
damaged or unwanted cells. Apoptosis and cell proliferation are linked by cell-cycle
regulators and apoptotic stimuli that affect both processes. A failure in regulating
proliferation together with suppression of apoptosis are the minimal requirements for a cell to
become cancerous [4].

In the context of aberrant growth control, many important genes responsible for the genesis
of various cancers have been discovered and the pathways through which they act
characterized. Two proteins involved intimately in regulating cell proliferation are Akt and
the tumor suppressor p53 (p53). The protein serine/threonine kinase Akt (also known as
protein kinase B or PKB) plays an important role in averting cell death. A diverse range of
physiological stimuli induce Akt kinase activity, including many trophic factors which
promote survival, at least in part, through Akt activation via the phosphatidylinositide 3′-OH
kinase (PI3K) signaling cascade. Moreover, induced Akt activity (p-AKT) (due to
overexpression) is sufficient to block apoptosis triggered by many death stimuli [5]. p53 has
an important protective role against undesired cell proliferation. As such, p53 has been
described as the “guardian of the genome”. The p53 protein is a transcription factor that
normally inhibits cell growth and stimulates cell death in response to myriad stressors,
including DNA damage (induced by either UV or chemical agents such as hydrogen
peroxide), oxidative stress, and deregulated oncogene expression [6-10].
p53 activation is characterized by a drastic increase and its rapid accumulation in stressed
cells [11]. p53 is a master gene regulator controlling diverse cellular pathways, by either
activating or repressing downstream genes. Among such genes, there is also the protooncogene c-myc, which is negatively regulated by p53 [12]. The c-myc proto-oncogene
encodes the c-myc transcription factor, and was originally identified as the cellular
homologue to the viral oncogene (v-myc) of the avian myelocytomatosis retrovirus [13,14].
More recently, elevated or deregulated expression of c-myc has been detected in a wide range
of human cancers, and is often associated with aggressive, poorly differentiated tumours
[15,16]. One of the key biological functions of c- myc is its ability to promote cell-cycle
progression [17-19] by repressing genes as the cyclin-dependent kinase inhibitors p21/WAF1
(p21) and p27Kip1 (p27), which are involved in cell-cycle arrest [20-22]. Cell division relies
on the activation of cyclins, which bind to cyclin-dependent kinases to induce cell-cycle
progression towards mitosis. Following anti-mitogenic signals, p21 and p27 bind to cyclindependent kinase complexes to inhibit their catalytic activity and induce cell-cycle arrest
[23].
Acceleration of tumorigenesis is observed when apoptosis is suppressed by overexpression of
anti-apoptotic proteins such as Bcl2 [24]. When anti-apoptotic Bcl-2 family members are
overexpressed, the ratio of pro- and anti-apoptotic Bcl-2 family members is disturbed and
apoptotic cell death can be prevented. Targeting the anti-apoptotic Bcl-2 family of proteins
can improve apoptosis [25-27]. Apoptosis induction is arguably the most potent defence
against cancer growth. Evidence suggests that certain chemopreventive agents can trigger
apoptosis in transformed cells in vivo and in vitro, which appears to be associated with their
effectiveness in modulating the process of carcinogenesis.
In this study, we analyzed the effect of CF on 12 different cell lines showing that the
nutraceutical has anti-cancer activity. Among all, colon cancer (HCT-116) and mesothelioma
(MSTO-211H) cell lines were the most sensitive and were selected to study the action of CF
on cancer. The nutraceutical treatment induced death by apoptosis, upregulation of p53 and
downregulation of c-myc, pAkt, and Bcl-2. Given the central role of these molecular targets
in cell proliferation and death, the potential preventive benefits of CF in human cancers are
self-evident.

Methods
Cell culture
Breast (SKRB3), colorectal (HCT116), lung (H1650, H1975), melanoma (M14),
mesothelioma (MSTO-211H, NCI-2452, Ist-Mes1, MPP89, Ist-Mes2) cancer cell lines, and
fibroblast (HFF) and mesothelio (MeT5A) cell lines were gradually conditioned in
DMEM/F12 + Glutamax (Invitrogen Life Technologies, Paisley, UK) supplemented with
10% FBS and antibiotics and maintained at 37°C and 5% CO2.

Cell food
CF (liquid) was kindly provided by Eurodream srl (La Spezia, Italy) and stored at room
temperature. CF was diluted in phosphate buffered saline (PBS) and sterilized using a 0.45
µm syringe-filter before use.

Cell growth assays
For cell growth experiments, cells were plated in quintuplicates in 96-well culture plates
(Nunc, Milan, Italy) at a density of 3 × 103 cells/well. 24 h later, the medium was replaced
with fresh growth medium containing 1:200, 1:400, 1:800, 1:1600 dilutions of CF. At 24 and
48 h of treatment, XTT labelling reagent (final concentration 0.5 mg/ml) was added to each
well, and the samples were incubated for an additional 4 h at 37°C. The XTT assay (Cell
proliferation Kit (XTT), Roche Molecular Biochemicals, Indianapolis, IN) is based on the
cleavage of the yellow tetrazolium salt XTT to form an orange formazan dye by metabolic
active cells. Absorbance was measured at 492 nm with a reference wavelength at 650 nm and
the absorbance values of treated cells were presented as a percentage of the absorbance
versus non treated cells (CNTRL). All experiments were repeated three times.
The anti-proliferative CF activity was assessed in monolayer cell culture conditions by
plating cell lines in a T25 flask. After 24 h, CF (5 µl per ml of medium corresponding to a
1:200 dilution) was added for the time indicated in the experiments. Nothing else was added
in CNTRL. The expansion of cell culture proliferation was quantified by manual cell
counting. Experiments were repeated in triplicate and media values were calculated.

Clonogenic assay
Five hundred viable cells per well (treated with CF and CNTRL) were plated in a 35 mm dish
and allowed to grow in normal medium for 10-14 days and then stained for 30 min at room
temperature with a 6% glutaraldehyde, 0.5% crystal violet solution. Pictures were captured
digitally. All experiments were repeated at a minimum twice for each cell line.

Flow cytometry
For cell cycle analyses, cells were fixed in 70% ethanol and stored at -20°C over night. Fixed
cells were treated with 1 mg/ml RNase A (cat. 12091021, Invitrogen Life Technologies,
Paisley, UK) for 1 h at 37°C and DNA was stained with Propidium Iodide (Sigma, St. Louis,
MO, USA). Samples were acquired with a Guava EasyCyte 8HT flow cytometer (Merck
Millipore Billerica, Massachusetts, USA). Cell cycle distribution was shown.

Western blot analysis
Briefly, 25-50 µg of proteins extracted as described previously from cultured cells [21] were
separated by SDS-PAGE and transferred onto nitrocellulose membranes. Membranes were
blocked and blotted with relevant antibodies: Bcl-2, p21, p27, p53, c-myc, caspase-3 (Santa
Cruz Biotechnology, Santa Cruz, CA, USA), p-AKT, AKT, PARP (Cell Signaling
Technology, Danvers, MA) and γ-tubulina (Sigma, Saint Louis MO, USA). Goat anti-mouse
or rabbit or goat IgG horseradish peroxidase conjugated secondary antibodies (1:3,000) (BioRad Laboratories; Hercules, CA, USA) were visualized with enhanced chemiluminescence
reagent (ECL, Amersham-Pharmacia, Uppsala, Sweden).

Results
CF induces death in human cancer cell lines
The antiproliferative effect of CF dilutions (1:200, 1:400, 1:800 and 1:1600) was assessed by
Cell proliferation kit upon 24 and 48 h of treatment was tested on different cell lines (Table
1). In all cancer cell lines CF had a dose-response effect, in fact, the slight reduction in the
proliferative activity at 1:800 dilution increased and became significant at 1:200 dilution. At
this dilution dose, no significant changes in the HFF and Met5A cell lines were observed
(Figure 1A). HCT-116 and MSTO-211 were the most sensitive to CF and for this reason they
have been selected for further studies. By manual count of vital cells, the absence of
inhibition of cell growth in HFF and Met5A and the antiproliferative activity in HCT-116 and
MSTO-211 upon CF treatment were confirmed (Figure 1B) although with different
percentages compared to those obtained with the proliferation kit. This shows that CF inhibits
the proliferation of cancer cell lines.
Table 1 Cell lines tested with CF
Name
H1650
H1975
HCT-116
HFF
Ist-Mes1
Ist-Mes2
M14
Met-5A
MPP89
MSTO-211H
NCI-H2452
SKBR3
Normal§ and cancer cell lines.

Source
Lung Cancer
Lung Cancer
Colon Cancer
Fibroblasts§
Mesothelioma
Mesothelioma
Melanoma
Mesothelium§
Mesothelioma
Mesothelioma
Mesothelioma
Breast Cancer

Figure 1 Effects of CF on cancer and normal human cells. (A) Cells were cultured in the
presence or absence of CF at the 1:200 dilution for 24 and 48 hours. Cell viability was
measured using the XTT assay and expressed as% of inhibition of proliferation versus non
treated cells (CNTRL). Data are expressed as mean ± SD of at least three independent
experiments. * p < 0.05 vs CNTRL. (B) HFF, Met5A, HCT-116 and MSTO cells were
treated with CF (5 µl/ml, corresponding to a 1:200 dilution) or not (CNTRL) for 24 and 48
hours, the graphs represent the vital cells number measured by manual count. Data are
expressed as mean ± SD of at least three independent experiments.

CF reduces the clonogenic survival of MSTO-211 and HCT-116 cell lines
The effects of CF on HCT-116 and MSTO-211 cancer cells and HFF and Met-5A normal
cells in clonogenic assays were evaluated. The clonogenic cell survival assay determines the
ability of a cell to proliferate indefinitely, thereby retaining its reproductive ability to form a
large colony or a clone. This cell is then said to be clonogenic. Single cells were plated and
cultured for 10 days with CF 1:200 (Figure 2). Colony formation was absent in HCT-116 and
MSTO-211, while HFF and Met-5A colony yields were unaffected. This shows that CF
selectively inhibits the ability of HCT-116 and MSTO-211to grow into a colony.
Figure 2 HFF, Met5A, HCT116 and MSTO colony formation capacity upon CF
treatment. Five hundred viable cells, pretreated for 48 h with CF (1:200) and CNTRL, were
allowed to grow in normal medium for 10-14 days and then stained by crystal violet solution.
The image is representative of three independent experiments.

CF induces apoptosis in HCT-116 and MSTO-211 cell lines
In order to confirm whether CF-induced growth inhibition was due to apoptosis, CF-treated
and untreated HCT-116 and MSTO-211 cells were analyzed by flow cytometry. The G1 peak
was increased in CF-treated HCT-116 cells. The percentage of G1 peak in control and CFtreated HCT-116 cells for 24 and 48 hours was 32.8 ± 0.8, 39.0 ± 0.19 and 48.6 ± 1.5,
respectively (Figure 3A). The sub-G1 peak, which is indicator of apoptosis, was raised
following 24 and 48 hours of CF-treated MSTO-211 cells. The percentage of this sub-G1
peak in control and CF-treated MSTO-211 cells for 24 and 48 hours was 2.5 ± 0.03, 11.2 ±
1.0 and 17.8 ± 2.0, respectively (Figure 3B), thereby suggesting apoptotic cell death.
Caspase-3 is expressed in cells as an inactive precursor from which the subunits of the mature
caspase-3 are proteolytically generated during apoptosis. In our experiments we used a mouse
monoclonal antibody raised against the full length caspase-3, so the reduction of the
expression of caspase-3 indicates apoptosis. Expression of caspase-3 and cleavage of poly
(ADPribose) polymerase (PARP) (the substrate of caspase-3, an early index of apoptosis)
were detected in western blot (Figure 3C, D) in CF-treated HCT-116 and MSTO-211cells.
These results show that CF induces apoptosis in HCT-116 and MSTO-211 cells. These
results show that CF induces apoptosis in HCT-116 and MSTO-211 cells.
Figure 3 Effects of CF on the HCT116 and MSTO cell-cycle progression and apoptosis.
Cell cycle analysis after propidium iodide staining was performed by flow cytometry in
HCT-116 and MSTO cells untreated (CNTRL) or treated with CF (1:200) for 24 and 48 h
(CF24h and CF48h). The percentages of HCT-116 and MSTO cells in the different phases of
cell cycle was reported in graph (A) and (B), respectively. Data are expressed as mean ± SD
of at least three independent experiments. Western blot of total lysates indicates that the CF
activates caspase-3 and PARP cleavage in HCT-116 (C) and MSTO (D) cells upon CF
treatment (1:200) for 24 and 48 h versus the untreated control (C). γ tubulin was examined as
a loading control. The image represents three independent experiments.

CF induces apoptosis via upregulation of p53, p21 and p27 and
downregulation of c-myc
To clarify the detailed mechanisms underlying CF-induced cell apoptosis, we detected the
expression of apoptosis related proteins in CF-treated HCT-116 and MSTO-211cells by

western blot assay for the indicated time (Figure 4). We found that the treatment with CF
increased the expression of p-53 and of the cell cycle-regulatory proteins p21 and p27 as
compared to CNTRL. p53 controls some genes including c-myc. By investigating c-myc, we
found that its expression is downregulated in CF-treated cells as compared to the control,
suggesting that p53 negatively regulates c-myc. There are reports in the literature supporting
our findings showing that apoptosis could be induced through downregulation of c-myc in
curcumin treated cancer cells [28-30]. These data indicate that p53, c-myc, p21 and p27 play
a decisive role in CF-induced apoptosis of HCT-116 and MSTO-211 cells.
Figure 4 Expression of p53, c-myc, p21 and p27 in HCT-116 and MSTO cells. Cells were
cultured in the absence or presence of CF (1:200) for the indicated time and whole cell
lysates were analyzed by western blot. Data representing three independent experiments with
similar results, indicate an upregulation of p53, p21 and p27 and a downregulation of c-myc
in HCT-116 and MSTO cell upon CF treatment vs untreated cells. γ tubulin was examined as
a loading control.

CF induces apoptosis through inhibition of the PI3K/Akt and Bcl-2 signaling
pathway
We investigated the effect of CF on PI3K/Akt and Bcl-2 survival pathways. To test the status
of Akt activation, the phosphorylation of Akt was measured in HCT-116 and MSTO-211 by
western blot analysis (Figure 5). A high level of basal phosphorylated Akt (p-Akt) was
observed in both cells, and total Akt levels were found to be almost equal in HCT-116 and
MSTO-211 cells. Consequently, we examined the protein expression and phosphorylation
level of p-Akt after CF treatment for the indicated times in HCT-116 and MSTO-211 cells.
The levels of p-Akt significantly decreased following treatment with CF while total Akt
levels did not change (Figure 5). Our experiments on Bcl-2 western blot assay in non-treated
and CF-treated HCT-116 and MSTO-211 cells showed an evident decrease of Bcl-2 in CFtreated cells (Figure 5). These data indicate that CF play a decisive role in the survival
pathway inhibition in HCT-116 and MSTO-211 cells.
Figure 5 Effects of CF on the survival pathway in HCT-116 and MSTO cells. Cells were
cultured in the absence or presence of CF (1:200) for the indicated times and whole cell
lysates were analyzed by western blot. Data representing three independent experiments with
similar results, indicate a downregulation of Bcl-2 and p-AKT, whereas total AKT does not
change in HCT-116 and MSTO treated with CF for 24 and 48 h vs untreated cells. γ tubulin
was examined as a loading control.

Discussion
Cancer chemoprevention using natural or synthetic compounds to prevent or suppress the
development of cancer is an area of active investigation. Many compounds belonging to
diverse chemical classes have been identified as potential chemopreventive agents, including
dietary constituents, nutraceuticals, naturally occurring phytochemicals, and synthetic
compounds. Because of their safety and the fact that they are not perceived as ‘medicine’,
natural compounds have created high interest for their development as chemopreventive
agents that may find widespread, long-term use in populations at normal risk.
Chemopreventive agents function by modulating processes associated with xenobiotic
biotransformation, with the protection of cellular elements from oxidative damage, or with

the promotion of a more differentiated phenotype in target cells [31-34]. They induce
apoptosis, inhibit cellular proliferation, affect angiogenesis and cell metabolism in various
cancers, all of which are hindrances to tumor growth [35-37].
It is know that cancer cells can not grow in a high oxygen environment and that the prime
cause of cancer is the replacement of the normal oxygen respiration by an anaerobic (without
oxygen) cell respiration, focusing the vital importance of oxygen [38]. Our body uses oxygen
to metabolize food and to eliminate toxins and waste through oxidation. Cells undergo a
variety of biological responses when placed in hypoxic conditions, including switch in energy
metabolism from oxidative phosphorylation to glycolysis and activation of signaling
pathways that regulate proliferation, angiogenesis and death. Cancer cells have adapted these
pathways, allowing tumours to survive and even grow under hypoxic conditions, and tumour
hypoxia is associated with poor prognosis and resistance to therapy [39,40]. In most solid
tumours, the resistance to cell death is a consequence of the suppression of apoptosis
(dependent on mitochondrial energy production).
In this context, CELLFOOD™, the “physiological modulator” aimed to make available
oxygen “on-demand” with marked antioxidant effects [1,41,42], was investigated for
apoptosis and cancer prevention. CF (also known as Deutrosulfazyme™), is a nutraceutical
supplement whose constituents, including 78 trace elements and minerals, 34 enzymes, 17
amino acids, electrolytes and deuterium sulphate, are all naturally occurring substances which
are essential to the body’s biochemical functions. We tested the activity of CF on 12 different
cell lines, 2 normal and 10 cancerous. Our results showed that CF reduced cell proliferation
in a dose-dependent manner in all the cancer cell lines used. Mesothelioma (MSTO-211) and
colon cancer (HCT-116) were the most sensitive cell lines to the nutraceutical. Mesothelioma
(MM), which commonly originates from mesothelial cells lining the pleural cavity, is an
aggressive tumour that is difficult to treat [43]. The number of MM patients is predicted to
increase because of the long latency of the disease and historical exposure to asbestos [44].
Colorectal cancer is a major cause of morbidity and mortality throughout the world [45]. CF
suppresses cell growth by apoptosis in MSTO-211 and HCT-116 cell lines. In particular, we
found that CF caused an increase of sub-G1 and a reduction of G1 in MSTO-211, and a cell
cycle arrest in G1 in HCT116. We speculated that CF-induced proliferative block was
irreversible due to the significant increase in population with a sub-G1 and G1 DNA content
(that are indicative of apoptosis) observed in the treated cells as compared to the untreated
ones.
Evidence of apoptosis in MSTO-211 and HCT-116 cells on CF treatment was observed in
western blot. CF induces apoptosis by a caspase-dependent pathway. Among the caspase
family members, caspase-3 is known to be one of the key executioners of apoptosis because
caspase-3 activation causes the cleavage or degradation of downstream important substrates,
like PARP, which is the hallmark of caspase-dependent apoptosis. In our experiments,
caspase-3 activation and PARP cleavage were detected in CF-treated MSTO-211 and HCT116. Thus, apoptosis induction by CF was also confirmed by these observations.
Nevertheless, to further explain the precise mechanism of CF-induced apoptosis in cancer
cells, we examined the expression levels of p53, c-myc, Bcl-2, pAkt and Akt. We identified
p53 as the target of CF. p53 is one of the most important tumour suppressor genes, and it is
frequently inactivated in various cancers. p53 modulates various cellular functions, such as
apoptosis and cell cycle arrest via transcriptional regulation. Interestingly, wild-type p53
expression was detected in 47% of colorectal adenocarcinomas [46], and approximately 70–
80% of mesothelioma cells, although having the wild-type p53 gene, show a homologous

deletion at the INK4A/ARF locus containing the p14ARF and the p16INK4A genes, which
consequently leads to decreased p53 functions despite the wild-type genotype [47]. MSTO211 and HCT-116 cell lines endowed wild-type p53 and CF treatment increased the
expression level of p53.
Accumulating evidence indicates that c-myc has an important function in cell proliferation
and apoptosis induction [48]. c-Myc expression is low in quiescent normal cells whereas it is
elevated in a broad range of human cancers, such as the malignant pleural mesothelioma,
indicating its key role in tumour development [49]. Human malignant pleural mesothelioma
shows elevated c-myc expression and it is a transcription factor mediating cancer
progression, highly overexpressed in 60% of colorectal cancer, indicating that c-myc is a
hallmark of tumorigenesis [50-52]. Studies using conventional c-myc transgenic mice, in
which the oncogene is constitutively expressed in a given cell type by means of a tissuespecific promoter, have supported the view that deregulated c-myc, as an initial event, is
important for the formation of certain cancers, albeit with a long latency [24,53,54]. C-myc
has also been reported to promote cell cycle re-entry and proliferation through repression of
p21 and p27 expression [55]. In our experiments, CF induced an upregulation of p21 and p27
thus, the suppression of c-myc expression by the nutraceutical may render substantial
therapeutic benefits in colorectal cancer and mesothelioma patients by inhibiting the driving
activities of c-myc in cell proliferation and cell cycle progression.
The phosphatidylinositol 3-kinase (PI3K)/AKT signaling pathway plays an important role in
survival when cells are exposed to various kinds of apoptotic stimuli [56,57]. Recent reports
have indicated that the activation of Akt pathway is implicated in conferring resistance to
conventional chemotherapy and multiple chemotherapeutic agents on cancer cells [58,59].
Akt is hyperactivated in a wide range of human tumours as a result of constitutive activation
of growth receptors, mutation of PI3K, and inactivation or loss of PTEN phosphatise [60].
One mechanism by which Akt prevents apoptosis is considered to proceed through
phosphorylation and inactivation of the pro-apoptotic protein and also induction of the antiapoptotic Bcl-2 protein expression [5,61]. The pro-survival Bcl-2 family members are pivotal
regulators of apoptotic cell death; therefore, they are considered as attractive targets for drug
design [62,63]. Interestingly, we found p-AKT and Bcl-2 downregulation in HCT-116 and
MSTO-211 upon CF treatment, thus leading us to believe that CF can be used for the
prevention of tumours and can possibly sensitize cancer cells to standard therapy.

Conclusion
Taken together, these findings establish an interaction between p53, c-myc, Bcl-2, p21, p27
and PI3K/Akt pathway and CF-induced apoptosis in MSTO-211 and HCT-116 cells, which
may improve prevention outcomes for mesothelioma and colon cancer. Given the central role
of p53, c-myc, Akt and Bcl2 in cell proliferation and death of many cancers, together with the
evidence obtained on MSTO-211 and HCT-116 cell lines treated with CF, we believe in the
potential chemopreventive benefits of CF in human cancers. Although further investigation is
underway in our laboratory, this present work suggests that CF can sensitize cancer cells to
standard therapy. In addition, as a nutritional supplement, CF can improve the quality of life
of cancer patients undergoing antineoplastic therapy.

Abbreviations
CF: Cellfood™; GLUT-1: Glucose transporter 1; HIF-1α: Hypoxia inducible factor 1 alpha;
MM: Mesothelioma; p53: Tumor suppressor p53

Competing interests
The authors confirm that there are no conflicts of interest.

Authors’ contributions
BN carried out the majority of the experiments. RS contributed to the FACS analysis. SC,
SBa, SBe and FC contributed to interpretation of data and study coordination. RG performed
the study design, data acquisition and analysis, and manuscript writing. All authors read and
approved the final manuscript.

References
1. Benedetti S, Catalani S, Palma F, Canestrari F: The antioxidant protection of
CELLFOOD against oxidative damage in vitro. Food Chem Toxicol 2011, 49:2292–2298.
2. Nieddu ME, Menza L, Baldi F, Frediani B, Marcolongo R: Efficacy of Cellfood’s therapy
(deutrosulfazyme) in fibromyalgia. Reumatismo 2007, 59:316–321.
3. Catalani S, Carbonaro V, Palma F, Arshakyan M, Galati R, Nuvoli B, Battistelli S,
Canestrari F, Benedetti S: Metabolism modifications and apoptosis induction after
CellfoodTM administration to leukemia cell lines. J Exp Clin Cancer Res 2013, 32:63.
4. Green DR, Evan GI: A matter of life and death. Cancer Cell 2002, 1:19–30.
5. Datta SR, Brunet A, Greenberg ME: Cellular survival: a play in three Akts. Genes Dev
1999, 13:2905–2927.
6. Kastan MB, Onyekwere O, Sidransky D, Vogelstein B, Craig RW: Participation of p53
protein in the cellular response to DNA damage. Cancer Res 1991, 51:6304–6311.
7. Mansur CP: The regulation and function of the p53 tumor suppressor. Adv Dermatol
1997, 13:121–166.
8. Sandor J, Ambrus T, Ember I: The function of the p53 gene suppressor in
carcinogenesis. Orv Hetil 1995, 136:1875–1883.
9. Schoneich C: Protein modification in aging: an update. Exp Gerontol 2006, 41:807–
812.
10. Liu D, Xu Y: p53, oxidative stress, and aging. Antioxid Redox Signal 2011, 15:1669–
1678.

11. Gottlieb TM, Oren M: p53 in growth control and neoplasia. Biochim Biophys Acta
1996, 1287:77–102.
12. Levy N, Yonish-Rouach E, Oren M, Kimchi A: Complementation by wild-type p53 of
interleukin-6 effects on M1 cells: induction of cell cycle exit and cooperativity with cmyc suppression. Mol Cell Biol 1993, 13:7942–7952.
13. Vennstrom B, Sheiness D, Zabielski J, Bishop JM: Isolation and characterization of cmyc, a cellular homolog of the oncogene (v-myc) of avian myelocytomatosis virus strain
29. J Virol 1982, 42:773–779.
14. Pelengaris S, Khan M, Evan G: c-MYC: more than just a matter of life and death. Nat
Rev Cancer 2002, 2:764–776.
15. Vita M, Henriksson M: The Myc oncoprotein as a therapeutic target for human
cancer. Semin Cancer Biol 2006, 16:318–330.
16. Meyer N, Penn LZ: Reflecting on 25 years with MYC. Nat Rev Cancer 2008, 8:976–
990.
17. Amati B, Alevizopoulos K, Vlach J: Myc and the cell cycle. Front Biosci 1998, 3:D250–
D268.
18. Dang CV: c-Myc target genes involved in cell growth, apoptosis, and metabolism.
Mol Cell Biol 1999, 19:1–11.
19. Eilers M: Control of cell proliferation by Myc family genes. Mol Cells 1999, 9:1–6.
20. Jung P, Hermeking H: The c-MYC-AP4-p21 cascade. Cell Cycle 2009, 8:982–989.
21. Gartel AL, Ye X, Goufman E, Shianov P, Hay N, Najmabadi F, Tyner AL: Myc
represses the p21(WAF1/CIP1) promoter and interacts with Sp1/Sp3. Proc Natl Acad Sci
U S A 2001, 98:4510–4515.
22. Müller D, Bouchard C, Rudolph B, Steiner P, Stuckmann I, Saffrich R, Ansorge W,
Huttner W, Eilers M: Cdk2-dependent phosphorylation of p27 facilitates its Myc-induced
release from cyclin E/cdk2 complexes. Oncogene 1997, 15:2561–2576.
23. Sherr CJ, Roberts JM: CDK inhibitors: positive and negative regulators of G1-phase
progression. Genes Dev 1999, 13:1501–1512.
24. Strasser A, Harris AW, Bath ML, Cory S: Novel primitive lymphoid tumours induced
in transgenic mice by cooperation between myc and bcl-2. Nature 1990, 348:331–333.
25. Del Poeta G, Venditti A, Del Principe MI, Maurillo L, Buccisano F, Tamburini A, Cox
MC, Franchi A, Bruno A, Mazzone C, Panetta P, Suppo G, Masi M, Amadori S: Amount of
spontaneous apoptosis detected by Bax/Bcl-2 ratio predicts outcome in acute myeloid
leukemia (AML). Blood 2003, 101:2125–2131.

26. Minn AJ, Rudin CM, Boise LH, Thompson CB: Expression of bcl-xL can confer a
multidrug resistance phenotype. Blood 1995, 86:1903–1910.
27. Yoshino T, Shiina H, Urakami S, Kikuno N, Yoneda T, Shigeno K, Igawa M: Bcl-2
expression as a predictive marker of hormone-refractory prostate cancer treated with
taxane-based chemotherapy. Clin Cancer Res 2006, 12:6116–6124.
28. Li ZX, Ouyang KQ, Jiang X, Wang D, Hu Y: Curcumin induces apoptosis and inhibits
growth of human Burkitt’s lymphoma in xenograft mouse model. Mol Cells 2009,
27:283–289.
29. Leow PC, Tian Q, Ong ZY, Yang Z, Ee PL: Antitumor activity of natural compounds,
curcumin and PKF118–310, as Wnt/beta-catenin antagonists against human
osteosarcoma cells. Invest New Drugs 2010, 28:766–782.
30. Kunnumakkara AB, Diagaradjane P, Guha S, Deorukhkar A, Shentu S, Aggarwal BB,
Krishnan S: Curcumin sensitizes human colorectal cancer xenografts in nude mice to
gamma-radiation by targeting nuclear factorkappaB- regulated gene products. Clin
Cancer Res 2008, 14:2128–2136.
31. Hong WK, Sporn MB: Recent advances in chemoprevention of cancer. Science 1997,
278:1073–1077.
32. Wattenberg LW: What are the critical attributes for cancer chemopreventive agents?
Ann NY Acad Sci 1995, 768:73–81.
33. Smith TJ, Hong J-Y, Wang Z-Y, Yang CS: How can carcinogenesis be inhibited? Ann
NY Acad Sci 1995, 768:82–90.
34. Sun SY, Hail N Jr, Lotan R: Apoptosis as a novel target for cancer chemoprevention.
J Natl Cancer Inst 2004, 96:662–672.
35. Huang Y, Hu J, Zheng J, Li J, Wei T, Zheng Z, Chen Y: Down-regulation of the
PI3K/Akt signaling pathway and induction of apoptosis in CA46 Burkitt lymphoma
cells by baicalin. J Exp Clin Cancer Res 2012, 31:48.
36. Krifa M, Alhosin M, Muller CD, Gies JP, Chekir-Ghedira L, Ghedira K, Mély Y,
Bronner C, Mousli M: Limoniastrum guyonianum aqueous gall extract induces apoptosis
in human cervical cancer cells involving p16 INK4A re-expression related to UHRF1
and DNMT1 down-regulation. J Exp Clin Cancer Res 2013, 32:30.
37. Saldanha SN, Tollefsbol TO: The role of nutraceuticals in chemoprevention and
chemotherapy and their clinical outcomes. J Oncol 2012, 2012:192464.
38. Warburg O: On respiratory impairment in cancer cells. Science 1956, 124:269–270.
39. Shannon AM, Bouchier-Hayes DJ, Condron CM, Toomey D: Tumour hypoxia,
chemotherapeutic resistance and hypoxia-related therapies. Cancer Treat Rev 2003,
29:297–307.

40. Harris AL: Hypoxia—a key regulatory factor in tumour growth. Nat Rev Cancer
2002, 2:38–47.
41. Iorio EL: Hypoxia, free radicals and antioxidants. The “Deutrosulfazyme®”
paradox. Hypoxia Med J 2006, 1:2–32.
42. Ferrero E, Fulgenzi A, Belloni D, Foglieni C, Ferrero ME: Cellfood™ improves
respiratory metabolism of endothelial cells and inhibits hypoxia-induced reactive
oxygen species (ROS) generation. J Physiol Pharmacol 2011, 62:287–293.
43. Robinson LA, Reilly RB: Localized pleural mesothelioma. The clinical spectrum.
Chest 1994, 106:1611–1615.
44. Broaddus VC: Asbestos, the mesothelial cell and malignancy: a matter of life or
death. Am J Respir Cell Mol Biol 1997, 17:657–659.
45. World Health Organization: Cancer Incidence in Five Continents. Lyon: The World
Health Organization and The International Agency for Research on Cancer; 2002.
46. Starzynska T, Bromley M, Ghosh A, Stern PL: Prognostic significance of p53
overexpression in gastric and colorectal carcinoma. Br J Cancer 1992, 66:558–562.
47. Altomare DA, Menges CW, Xu J, Pei J, Zhang L, Tadevosyan A, Neumann-Domer E,
Liu Z, Carbone M, Chudoba I, Klein-Szanto AJ, Testa JR: Losses of both products of the
Cdkn2a/Arf locus contribute to asbestos-induced mesothelioma development and
cooperate to accelerate tumorigenesis. PLoS ONE 2011, 6(4):e18828.
48. Boxer LM, Dang CV: Translocations involving c-myc and c-myc function. Oncogene
2001, 20:5595–5610.
49. Adhikary S, Eilers M: Transcriptional regulation and transformation by Myc
proteins. Nat Rev Mol Cell Biol 2005, 6:635–645.
50. Ramael M, Van den Bossche J, Buysse C, Deblier I, Segers K, Van Marck E:
Immunoreactivity for c-fos and c-myc protein with the monoclonal antibodies 14E10
and 6E10 in malignant mesothelioma and non-neoplastic mesothelium of the pleura.
Histol Histopathol 1995, 10:639–643.
51. Smith DR, Goh HS: Overexpression of the c-myc proto-oncogene in colorectal
carcinoma is associated with a reduced mortality that is abrogated by point mutation of
the p53 tumor suppressor gene. Clin Cancer Res 1996, 2:1049–1053.
52. Marshall GM, Gherardi S, Xu N, Neiron Z, Trahair T, Scarlett CJ, Chang DK, Liu PY,
Jankowski K, Iraci N, Haber M, Norris MD, Keating J, Sekyere E, Jonquieres G, Stossi F,
Katzenellenbogen BS, Biankin AV, Perini G, Liu T: Transcriptional upregulation of
histone deacetylase 2 promotes Myc-induced oncogenic effects. Oncogene 2010, 29:5957–
5968.

53. Adams JM, Harris AW, Pinkert CA, Corcoran LM, Alexander WS, Cory S, Palmiter RD,
Brinster RL: The c-myc oncogene driven by immunoglobulin enhancers induces
lymphoid malignancy in transgenic mice. Nature 1985, 318:533–538.
54. Morgenbesser SD, DePinho RA: Use of transgenic mice to study myc family gene
function in normal mammalian development and in cancer. Semin Cancer Biol 1994,
5:21–36.
55. Nasi S, Ciarapica R, Jucker R, Rosati J, Soucek L: Making decisions through Myc.
FEBS Lett 2001, 490:153–162.
56. Oka N, Tanimoto S, Taue R, Nakatsuji H, Kishimoto T, Izaki H, Fukumori T, Takahashi
M, Nishitani M, Kanayama HO: Role of phosphatidylinositol-3 kinase/Akt pathway in
bladder cancer cell apoptosis induced by tumor necrosis factor-related apoptosisinducing ligand. Cancer Sci 2006, 97:1093–1098.
57. Dieterle A, Orth R, Daubrawa M, Grotemeier A, Alers S, Ullrich S, Lammers R,
Wesselborg S, Stork B: The Akt inhibitor triciribine sensitizes prostate carcinoma cells
to TRAIL-induced apoptosis. Int J Cancer 2009, 125:932–941.
58. Oki E, Baba H, Tokunaga E, Nakamura T, Ueda N, Futatsugi M, Mashino K, Yamamoto
M, Ikebe M, Kakeji Y, Maehara Y: Akt phosphorylation associates with LOH of PTEN
and leads to chemoresistance for gastric cancer. Int J Cancer 2005, 117:376–380.
59. Kai K, D'Costa S, Sills RC, Kim J: Inhibition of the insulin-like growth factor 1
receptor pathway enhances the antitumor effect of cisplatin in human malignant
mesothelioma cell lines. Cancer Lett 2009, 278:49–55.
60. Opitz I, Soltermann A, Abaecherli M, Hinterberger M, Probst-Hensch N, Stahel R, Moch
H, Weder W: PTEN expression is a strong predictor of survival in mesothelioma
patients. Eur J Cardiothorac Surg 2008, 33:502–506.
61. Pugazhenthi S, Nesterova A, Sable C, Heidenreich KA, Boxer LM, Heasley LE, Reusch
JE: Akt/protein kinase B up-regulates Bcl-2 expression through cAMP-response
element-binding protein. J Biol Chem 2000, 275:10761–10766.
62. Manion MK, Hockenbery DM: Targeting BCL-2- related proteins in cancer therapy.
Cancer Biol Ther 2003, 2:S105–S114.
63. Li L, Haynes P, Bender JR: Plasma membrane localization and function of the
estrogen receptor α variant (ER46) in human endothelial cells. Proc Natl Acad Sci U S A
2003, 100:4807–4812.

