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Ocoxin® oral solution slows down tumor growth
in an experimental model of colorectal cancer
metastasis to the liver in Balb/c mice
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Abstract. Liver metastatic disease is the main cause of death
in colorectal cancer (CRC) patients. During metastatic spread
of the disease an imbalance in the oxidative stress and inflam-
mation plays a crucial role in tumor progression. In order to
improve the efficacy of current therapies, new complemen-
tary therapeutic approaches are being analyzed including
biologically active compounds with low side effects. The
anti-inflammatory and anti-oxidant properties of Ocoxin® oral
solution (OOS) prompt us to analyze its effect on the metastatic
development of CRC to the liver. First, in vitro effect of OOS
in tumor cell viability and migration was analyzed. Second,
in vivo effect of different dosage patterns and concentrations in
the development of hepatic metastasis was analyzed by intra-
splenic inoculation of C26 colon carcinoma cells in Balb/c
mice. Third, the expression of alpha smooth muscle actin,
caspase-3 and Ki-67 expression was quantified by immuno-
histochemistry, then gene expression levels of inflammatory
factors were measured by quantitative RT-PCR. According
to our results, OOS reduced tumor cell viability and migra-
tion in vitro. Moreover, in vivo daily administration of OOS
from the 7th day after tumor cell inoculation decreased the
total area and size of metastatic foci in the liver. Furthermore,
cell proliferation and fibroblast recruitment was decreased
in tumor foci while a higher number of apoptotic cells were
observed. Finally, RNA levels for the inflammatory media-
tors COX-2, IFNy, IL1p, IL6 and TNFa were reduced in total
liver. In conclusion, OOS reduced the metastatic development
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of colorectal cancer to the liver by increasing apoptosis, and
decreasing tumor cell proliferation and fibroblast recruitment
in the tumor foci, as well as the expression of inflammatory
mediators in total liver. These results point out OOS as a
potential supplement to be applied as complementary therapy
for the treatment of liver metastasis from colorectal cancer.

Introduction

Colorectal cancer (CRC) is one of the most aggressive cancers
in the western countries. Despite the development of new treat-
ments, patients suffering from this disease die of the spread of
the primary cancer to other organs, mainly the liver, rather than
from the primary tumor. To date, the only effective treatment
is hepatic resection, and thus, a novel and effective therapies
are urgently needed to treat metastatic disease, improving
life expectancy and quality in CRC patients. Several studies
have included biologically active compounds due to their low
toxicity and excellent potential for cancer treatment.

The relationship between inflammation and tumor devel-
opment is widely accepted (1). During the progression of
cancer inflammatory cells are recruited into the tumor stroma
by signals derived from the tumor, as well as from the cells
residing in the organ that is being colonized. This inflamma-
tory milieu results in the trigger for oxidative stress. In this
scenery, the presence of oxidative and inflammatory factors
play a crucial role regulating the expression of genes involved
in tumor progression and metastasis (2).

This off balance in the microenvironment of the developing
tumor affects the major cell types of the host organ in the
tumor, namely, the cancer associated fibroblasts (CAFs) (3).
The CAFs contribute to this pro-tumoral microenvironment
by further producing pro-inflammatory and pro-angiogenic
factors favoring the growth of the tumor, invasion of the
targeted organ, angiogenesis and finally metastasis (3).

This inflammatory and oxidative millieu has encouraged
the validation of several nutritional and biological components
with anti-inflammatory and anti-oxidative properties, as
complements for antitumor therapies. Among others, extracts
from green tea and licorice, and vitamins has been reported
to possess immunomodulatory, anti-inflammatory and anti-
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oxidant properties which make them excellent candidates for
the validation of their anti-tumorigenic and anti-metastatic
effects in different types of cancer (4-7). Moreover, the admin-
istration of several of these compounds as nutrient mixtures
has shown greater efficacy than their administration as indi-
vidual treatments (8,9).

OOS is a nutritional supplement with recognized
anti-oxidant, anti-inflammatory and immunomodulatory
properties. The solution is composed, among others, of green
tea extract, glyzyrrhicic acid, vitamin C, B6 and B12, minerals
and aminoacids. It was synthesized by combining two prod-
ucts, Viusid® and Ocoxin®. The Viusid component has been
tested in different clinical trials showing beneficial effects in
patients suffering from chronic hepatitis C and cirrhosis (10,11).
Moreover, OOS antitumor effects have validated in vitro and
in vivo preclinical breast cancer models (12). Thus, we aim to
study the effects of OOS in the metastatic progression of CRC
to the liver.

In the present study, we demonstrate the inhibitory effect
OOS in vitro and an in vivo pre-clinical model of metastatic
development of colorectal carcinoma to the liver. We show
that OOS exerts its effect by reducing tumor cell proliferation
and by increasing apoptosis in vivo. Furthermore, this nutri-
tional supplement shows not only a reduction in the fibroblast
recruitment to the tumor stroma, which has been related to
angiogenesis and tumor progression (13), but also to a modula-
tion of the inflammatory signature in the liver. Thus, OOS
might be a novel and effective complementary treatment
which properties might help to increase the efficacy of actual
anti-metastatic therapies as well as to improve the life-quality
of patients suffering from this disease.

Materials and methods

Animals. Balb/c mice (male, 8-weeks old) were obtained from
Charles River Laboratories Espafia S.A. (Barcelona, Spain).
The animals were fed a standard chow and had access to water
ad libitum. All the proceedings were approved by the Basque
Country University Ethics Committee for Experimental
Animal with the reference number CEEA/357/2014/ARTETA
RUIZ, in accordance with the institutional, national and
international guidelines regarding the protection and care of
animal use for scientific purposes.

Cell line. The murine colon cancer C26 cells, syngenic with
Balb/c mice (ATCC, LGC Standards S.L.U. Barcelona, Spain)
were used. Cells were grown under standard conditions in
RPMI-1640 medium (Life Technologies, Madrid, Spain)
supplemented with 10% fetal bovine serum (FBS), penicillin
(100 U/ml), streptomycin (100 pgg/ml) and amphotericin B
(0.25 pug/ml) all purchased from Life Technologies.

Viability and cell cycle assays. PrestoBlue® reagent (Life Tech-
nologies) was used for quantification of tumor cell viability
following the manufacturer's instructions. The C26 cells were
cultured on collagen (Sigma-Aldrich, St. Louis, MO, USA)
precoated culture plates at a concentration of 50,000 cells/ml
in RPMI-1640 supplemented with 0.5% FBS and antibiotics-
antimycotics. After 24-h incubation in the presence of different
OOS concentrations ranging from 0 to a maximum of 1:200
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Figure 1. Diagram of the experimental animal groups according to OOS
dosage pattern. Animals were divided into 3 experimental groups as follows:
Group I, OOS untreated group; group II, mice treated with OOS 4 days prior
to tumor cell inoculation; group III, mice treated with OOS from the 7th day
after tumor cell inoculation. All treated groups were administered a daily
dose during the period of treatment.

(V/Vf) PrestoBlue was added for 2 h. Finally, absorbance
was measured with Fluoroskan Ascen (Thermo Labsystems,
Waltham, MA, USA). Results were calculated as the average
of three independent experiments. For cell cycle analyses,
cells were fixed after 72-h incubation in the presence of OOS
(1/100; V/Vf) and DNA stained with propidium iodide (PI;
Life Technologies) for 30 min. Then, cells were analyzed by
flow cytometry in a Beckman Coulter Gallios™ (Beckman
Coulter Inc., Barcelona, Spain). The number of cells in each
cell cycle phase was quantified by means of Weasel software.

In vitro migration assay. The migration assay was carried out
on modified Boyden chambers. Briefly, tumor cells, at a concen-
tration of 2x10° cells/ml were cultured onto 8 ym-diameter
pore membrane (Greiner Bio-One, La Jolla, CA, USA)
precoated with collagen type I 10 yg/ml (Sigma-Aldrich).
Tumor cells were allowed to migrate for 18 h in the presence of
OOS (1:100 V/VY) in culture medium supplemented with 0.5%
FBS. Migrated cells were quantified after 4% formalin fixa-
tion and crystal violet staining (Sigma-Aldrich). Results were
calculated from three independent experiments and data were
expressed as the mean of total migrated cells per membrane.

Experimental development of hepatic metastasis. In vivo
metastasis assay was carried out by intrasplenical (i.s.) inocu-
lation of tumor cells. The cells (2x10%) were inoculated in the
inferior pole of the spleen under anesthesia. The animals were
treated with 100 pl of OOS and divided into 3 groups based on
administration pattern as follows: in group I, animals received
no treatment; in group II, mice were treated with OOS 4 days
prior to tumor cell inoculation; and in group III, mice were
treated with OOS from the 7th day after tumor cell inocula-
tion until the day of sacrifice (Fig. 1). As control for tumor
development at the time of first doses of OOS in group III
three untreated animals were sacrificed the 7th day after
tumor cell inoculation. Animals from groups I, IT and III were
sacrificed 21 days after tumor cell inoculation, and livers were
collected, fixed in zinc solution (Sigma-Aldrich) and paraffin
embedded for histological analyses after H&E staining. Tumor
occupied area was quantified in three 7 ym-thick sections per
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liver, separated 500 ym from each other and calculated as the
area occupied by tumor foci per section of liver tissue. At least
6 mice per group were used per each experiment. Once the
most effective administration pattern was chosen by treating
mice with 100 ul of OOS, the effectiveness of a lower OOS
concentration (50 ul) was tested under the same experimental
conditions.

Immunohistological analyses of liver tissue. Liver tissue
was analyzed for the expression of Ki-67 (ab16667; 1:100;
Abcam, Cambridge, UK) and caspase-3 (ab4051; 1:100;
Abcam) by immunohistology. Mice from group I and III were
sacrificed and livers were collected for immunohistological
analyses in 7 um tissue sections by staining with specific
antibodies. Additionally, the expression of a-smooth muscle
actin (ASMA) (MCA5781GA; 1:100; AbD Serotec, Raeigh,
NC, USA) was also quantified. Antigen retrieval was carried
out in citrate buffer pH 6.0, then endogenous peroxidase and
inspecific proteins were blocked by incubating for 40 min with
3% of H,0, and 40 min with 3% FBS. Finally, liver tissue
was incubated with specific antibodies and antigen expression
was revealed by horseradish peroxidase (HRP)-conjugated
streptavidin (Life Technologies) and 2-Solution DAB kit
(Life Technologies) following the manufacturer's instructions.
Antigen expression levels were quantified by ImagelJ software
(NIH, Bethesda, MD, USA). Results were expressed as the
mean of at least 6 liver sections for each treatment.

RT-gPCR. Total RNA was extracted from paraffin embedded
liver tissues collected from mice treated with 100 ul of OOS
according to group I and III dosage pattern using Norgen
FFPE RNA Purification kit (Norgen Biotek Corp., Thorold,
ON, Canada) following the manufacturer's instructions. RNA
concentration and quality was assessed by NanoDrop spectro-
photometer (ND-1000; Thermo Fisher Scientific Inc.,
Rockford, IL, USA), and 2 ug RNA was reverse transcribed
into cDNA with recombinant moloney murine leukemia virus
reverse transcriptase and random primers (Life Technologies).
Quantification of cDNA template was performed with real-
time polymerase chain reaction (PCR) using SYBR-Green
(Life Technologies) as a fluorophore in ABI 7900HT (Life
Technologies). PCR primers (Life Technologies) were as
follows: GAPDH (housekeepeing) F, GTATGACTCCACTCA
CGGCAA and R, CTTCCCATTCTCGGCCTTG; IL1B F,CT
GTGACTCATGGGATGATGATG and R, GCCTGTAGTG
CAGTTGTCTAAT; INFy F, TTCTTCAGCAACAGCAAG
GC and R, TGTGGGTTGTTGACCCTCAAA; COX2 F, TG
CACTATGGTTACAAAAGCTGG and R, TCGGAAGCTC
CTTATTTCCCTT; TNFa F, CCAGTGTGGGAAGTGTCTT
and R, AAGCAAAAGAGGAGGCAACA; IL6 F, TCTAT
ACCACTTCACAAGTCGGA and R, GAATTGCCATTGC
ACAACTCTTT. Relative expression of target genes was
normalized to the internal control gene GAPDH by the AACt
method. Data were generated by the use of specific software
(ABI Prism, SDS2.0; Life Technologies) after normalization.
Results were calculated at least from 6 livers per treatment and
from two independent experiments.

Statistical analysis. Statistical analysis was performed with
the Student's two-tailed unpaired t-test. Data are expressed as
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Figure 2. OOS reduces in vitro viability of C26 cells. (A) The viability of
C26 cells was tested after 24-h incubation in the presence of OOS. C26 cells
were treated with increasing concentrations of OOS ranging from 1:200 to
1:50 during 24 h before viability quantification and compared to the viability
of initially cultures cells (light grey) and to that of untreated cells (black).
Differences in the viability of treated cells vs. untreated cells (*) and vs.
initially cultured cells (**) were considered to be statistically significant at
P<0.05. (B) The cell number in each cell phase respect to total gated cell
number was analyzed after PI staining by flow cytometry after 72-h incuba-
tion with 1:100 OOS (V/Vf). Differences between treated and untreated cells
were considered statistically significant at "P<0.05.

the mean = SD. The criterion for significance was P<0.05 for
all comparisons.

Results

OOS reduced the viability of C26 cell line in vitro. In order to
test the effect of OOS in the viability of colon carcinoma cells,
C26 cells were treated with increasing concentrations from 0
to 1:200 (V/Vf) of OOS for 24 h. As shown in Fig. 2A, the
viability of tumor cells decreased in a dose-dependent manner
from 20% at 1:200 (V/Vf) of OOS to >90% at 1:50 (V/Vf)
(Fig. 2A) in respect to untreated C26 cells. However, when
compared to the initial cell number, control untreated cells and
every treatment shows viability differences but 1:100 (V/Vf)
resulted in a significant non-proliferation.

Since the only concentration which inhibited completely
the proliferation of C26 cells was 1:100 OOS (V/Vf), we
next, analyzed the amount of cells in each phase of the cell
cycle by means of PI staining after the cuture for 72 h in
the presence of OOS. Then, the cells were analyzed by flow
cytometry. As seen in Fig. 2B, the number of cells in phase
G,/M and in the peak Sub G, were increased while the
cell number ongoing DNA replication in phase S showed a
significant decrease compared to those cells cultured under
basal conditions.
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Figure 3. OOS reduces in vitro migration of C26 cells. C26 cells were cultured
on top of 8 ym-pore membrane modified Boyden chambers. The number of
migrated C26 cells were quantified after 18-h incubation in the presence of
1:100 OOS (V/Vf) Data are mean values + SD from three different experi-
ments. Differences were considered statistically significant at “P<0.05.

In vitro migratory potential of C26 cells is reduced by OOS.
To assess the effect of OOS in the migratory potential of
C26 cells through a collagen type I layer, we incubated C26
cells on top of collagen type I-covered 8 ym-diameter pore
membranes. The C26 cells were allowed to migrate for 18-h in
the presence of 1:100 of OOS (V/Vf). The amount of migrated
tumor cells was decreased by 50% in presence of 1:100 of
OOS (V/Vf) (Fig. 3).

Effects of administration pattern in OOS efficacy during the
development of metastasis to the liver in vivo. Next, the more
efficient dosage pattern of OOS was assessed. The tumor cells
were inoculated i.s. and 100 ul of OOS was administered once
a day under the schedule described in Materials and methods
(Fig. 1), until sacrifice. Under these dosage protocols, the
weight of liver and spleen did not show any change (data not
shown) among the experimental groups. The nutrient mixture
only exerted significant effects in those animals included in
group III (Fig. 4A), while no effect was detected in the preven-
tive administration of OOS (group II) on the tumor burden in
the liver when compared to untreated group I (Fig. 4A). Even
though, the metastatic development was decreased at day 21
after tumor cell inoculation in mice treated with OOS from
day 7, the progression was not inhibited but slowed down, since
at day 7 after tumor cell inoculation only few micrometastasis
could be observed (data not shown).

Dose-dependent effect of OOS in the metastasic develop-
ment to the liver in vivo. Once the most effective pattern of
administration was established, a lower dose of OOS efficacy
was tested under these circumstances. Mice were treated with
50 and 100 ul of OOS following the administration pattern
of group III. After the collection of livers and processing for
histological analyses the quantification of liver area occupied
by tumor foci were carried out. The results show, a reduction
of >50% in the area of liver tissue occupied by the tumor
in those livers collected from 50 and 100 ul-treated mice
(Fig. 4B). Even more, after the classification and quantification
of the tumor foci by their size, an decrease in the number of
metastatic foci larger than 400 mm? of diameter were detect
in mice treated with 50 and 100 x1 OOS compared to those
observed in the livers of untreated mice. Indeed, this differ-
ence was only significant in livers collected from the animals
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Figure 4. OOS slows down in vivo tumor growth. (A) C26 cells were i.s. inoc-
ulated and mice were treated with 100 x1 of OOS under the administration
patterns described in Materials and methods. Group I, untreated; group II,
OOS administered four days prior to tumor cell inoculation; group III,
OOS administered from day 7th after tumor cell inoculation until sacrifice.
(B) Mice were treated with 50 and 100 1 of OOS under administration pat-
tern of group III. (C) The amount of liver foci developed in the liver of mice
untreated or treated with 50 and 100 1 of OOS was quantified in liver tissue
based on tumor foci size. Image original magnification, x20. Differences
were considered statistically significant at "P<0.05.

treated with 100 ul of OOS (Fig. 4C). However, no significant
difference was observed between the treatments.

OOS affects tumor proliferation and apoptosis in vivo. To
quantify the expression levels for Ki-67 and caspase-3, livers
were collected either from untreated C26-bearing mice and
from C26-bearing mice treated with 50 or 100 ul of OOS from
day 7 since this dosage pattern was the only one showing any
kind of effectiveness. The livers were fixed and embedded
in paraffin and the expression levels of Ki-67 and caspase-3
were analyzed by immunohistochemistry. As shown in Fig. SA
while the levels of caspase-3 expression were increased
10-fold after 100 xl OOS administration compared to the
untreated group. No significant changes were observed in the
animals treated with 50 ul of OOS. Furthermore, the levels



ONCOLOGY REPORTS 35: 1265-1272, 2016

A 0pl 50 pl
q &
7] ¥ :
S AT WA
Ii
g
=042
]
i
£ 008
a3
© 9
EE 0.04
E
2 0= 50 100
B
00S ()

58

B ®

8 2 0.404

]

5= *
& § 0201

x:

o
1

(9]
3

Ki67/Caspase 3
ratio
8 & ¢

o

00S (ul)

Figure 5. OOS affects proliferation and apoptosis in vivo. The effect of OOS
on Ki-67 and caspase-3 expression in livers from tumor-bearing mice was
analyzed by immunohistochemistry. (A) Caspase-3 expression (brown) was
quantified in livers collected from untreated, 50 and 100 ul OOS treated
C26-bearing mice as the percentage of the area positive for caspase-3 expres-
sion respect to total liver section area. (B) Ki-67 expression (brown) was
quantified in livers collected from untreated, 50 and 100 p1 OOS treated C26-
bearing mice as the percentage of the area positive for Ki-67 expression in
respect to total liver section area. (C) The ratio between Ki-67 and caspase-3
was calculated as the expression of Ki-67 relative to caspase-3 expression.
Image original magnification, x20. Differences were considered statistically
significant at "P<0.05.

of Ki-67 showed a decrease in the tumor foci developed in
the livers of mice treated with 100 xl OOS compared to those
observed in the livers from untreated mice (Fig. 5B). However,
the difference was not observed in the livers collected from
mice treated with 50 ul of OOS. Even more, the ratio between
Ki-67 and caspase-3 expression was reduced in mice injected
with C26 cells and treated with both concentrations of OOS
vs. untreated mice (Fig. 5C).

OOS treatment limits the infiltration of myofibroblasts in
the metastatic liver. Finally, the expression of ASMA was
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Figure 6. In vivo HSC infiltration in the tumor is reduced by OOS. Expression
levels of ASMA were analyzed in liver tissue by immunohistochemistry.
ASMA was stained with specific antibodies in liver tissue collected from
untreated, 50 and 100 ul OOS treated mice. Data are calculated as % of
ASMA expression per tumor foci area. Image original magnification, x20.
Differences were considered statistically significant at "P<0.05.

quantified in the metastatic liver tissue in order to analyze the
infiltration by liver cancer-associated fibroblasts within the
tumor foci. Sections from those livers collected either from
untreated C26-bearing mice (group I) or from C26-bearing
mice treated with 50 or 100 ul of OOS following the dosage
pattern for group III were stained with specific antibodies
for ASMA, an antigen expressed in CAFs. The intratumoral
levels of ASMA expression in liver tissue collected from
mice treated with 50 and 100 ul of OOS was reduced by 50%
compared to the liver tumors obtained from untreated mice
(Fig. 6).

OO0S modulates the expression of inflammatory genes in
metastatic livers. Since the tumor microenvironment is char-
acterized by an inflammatory signature, the gene expression
of the inflammatory molecules IFNy, TNFa, COX-2, IL6 and
IL1p was quantified in total liver tissue by JPCR. As shown in
Fig. 7, the expression of genes coding for the aforementioned
inflammatory molecules was significantly reduced in the livers
collected from mice treated with 100 ul of OOS according to
group III compared to those obtained from untreated mice
(Fig. 7).

Discussion

CRC is one of the leading causes of cancer-related deaths
in the world, due mainly to the metastatic spread to distant
organs, specially the liver. Even though great advances have
been made in the development of therapies to treat CRC, they
are often aggressive and with limited efficacy. Thus, new
complementary therapies are being developed consisting in
biological compound mixtures. Certain nutrient mixtures have
been proved to be effective in several preclinical in vivo and
in vitro models such as pulmonary metastasis of melanoma and
cervical cancer (8,14). However, there is no report describing
the efficacy of these nutrient mixtures in the in vivo metastatic
spread of CRC to the liver. Thus, in the present study, we aimed
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Figure 7. OOS affects inflammatory gene expression in total liver. Gene expression of IFNy, TNFa, IL1p, IL6 and COX-2 was analyzed by RT-PCR. Total
RNA was extracted from paraffin-embedded liver tissue collected from untreated or 100 ul OOS treated C26-bearing mice. Data are expressed as the mean
values + SD from six livers from two independent experiments. Differences were considered statistically significant at "P<0.05.

to investigate the effectiveness of OOS, a complex mixture
containing licorice extract, vitamins and minerals which have
proven anti-oxidant and anti-inflammatory properties in other
diseases (15,16) in the metastatic development of colon carci-
noma cells. Here, we highlight the anti-metastatic effect of
this nutrient mixture in vivo by means of reducing tumor cell
proliferation, migration and recruitment of CAFs, along with
an increase in apoptosis. Additionally, the mixture induced a
decrease in the expression of RNA levels for pro-inflammatory
and pro-angiogenic factors in metastasized liver provoking a
slow down of the metastatic development of colorectal cancer
C26 cells to the liver. Thus, these results support the need for
further studies for the use of OOS as a nutritional comple-
ment during the treatment of colorectal cancer liver metastatic
disease.

According to our results, the effect of OOS on the meta-
static progression of C26 cells to the liver depends on the
dosage pattern. Because a significant reduction in the tumor
burden of the liver was observed only in the mice treated with
OOS 7 days after tumor cell inoculation, but not when the
solution was administered days before the tumor inoculation.
Lode et al (17) have reported the inefficacy of a nutrient mixture
against metastasis in a neuroblastoma model. However, as
stated by Niedzwiecki (18) these observations might be due to
several reasons. On the one hand, the excessive amount of cells
inoculated by the authors or the need for longer and continuous
periods of treatment may account for this lack of effect. On
the other hand, antioxidants have been proved to exert their

functions mainly in the presence of chronic inflammation and
in a highly hypoxic environment (1). In the absence of a highly
inflammatory and pro-oxidant microenvironment biologically
active compounds might lack their anti-tumoral activity (19),
such as the one in mice before the tumor inoculation. Thus,
this could explain the lack of effect of OOS in the early stage
treatment. Even so, further studies are needed to fully estab-
lish the mechanisms of OOS when it is administered at early
stages.

Dietary agents are believed to suppress, among others,
the hyper-proliferative processes during the development of
a tumor. Several phytochemicals have been shown to exert
suppressive effects on AP-1 and NF-kB interfering with
growth and proliferative signals (20,21). In accordance to this,
supplementation with dietary nutrient mixture OOS signifi-
cantly slows down murine colon carcinoma C26 tumor growth
in vivo in immune competent mice related to a decrease in the
intratumoral expression of Ki-67, an antigen strictly associated
with cell proliferation. The in vitro studies supported these
findings since the viability of tumor cells was significantly
decreased and a slight reduction in the number of cells in phase
S was induced by OOS treatment. Along with these results, an
increase in the amount of cells in phase G,/M was observed.
In fact, cathechins and licorice components cause cell cycle
arrest by downregulating cyclin D1 and E, key molecules in
G, to S transition and completion of the latter one (22,23).
Ultimately, the cell cycle arrest will trigger cell cycle deregula-
tion and apoptotic processes via upregulation of p21 and p27,
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both well-known tumor suppressor proteins downregulated
in numerous cancers (24). In addition to the effect in the cell
cycle progression, OOS breaks the characteristic resistance of
tumor cells to enter apoptosis. Consistent with these observa-
tions, an increase in cell number in subGl in vitro and the
intratumoral increase of caspase-3 in vivo after treatment
with the complex nutrient mixture points to the induction of
programmed cell death within tumor foci by this compound.
The hypoxic and inflammatory tumor microenvironment
induces the activation of anti-apoptotic pathways supporting
the effect of anti-inflammatory or anti-oxidative drugs which
have been shown to increase the sensitivity of tumor cells to
pro-apoptotic signals (25). In addition to its effects in tumor
cell proliferation and apoptosis, OOS reduced the migratory
potential of C26 colon carcinoma cells in vitro. Migration
of tumor cells is a key step not only for invasion of adjacent
tissue in the primary organ but also for extravasation and colo-
nization of the secondary target organ during the metastasic
process. It is well-known that chronic inflammation is linked
to oxidative stress and both of them are related to the invasive
and migratory potential of cancer cells during tumor progres-
sion (1). Thus, the migratory capacity of tumor cells is also a
potential target for nutrient mixtures with anti-inflammatory
and anti-oxidant properties. Roomi et al (9,14) have shown that
in vitro, a nutrient mixture consisting in lysine, ascorbic acid,
proline and green tea, among others, significantly reduced the
migratory potential of a selected set of different tumor cell
types related to a decrease in the levels of pro-migratory and
pro-angiogenic factors such as proteases and VEGF (9,14).

In the hepatic tumor microenvironment, myofibroblasts
are the most prominent CAFs. In the liver, CAFs are mainly
originated from transdifferentiated hepatic stellate cells in the
tumor stroma, and such tumor activated-hepatic stellate cells
promote tumor growth and invasiveness (26). Additionally,
they contribute not only to create a pro-tumoral stroma but
also to trigger the angiogenic switch allowing one step
forward from an avascular to a vascular state during the
metastasic tumor growth (26). Furthermore, these tumor
associated fibroblasts participate actively in the production of
pro-inflammatory and pro-oxidant factors taking active part in
tumor expansion by inducing, among others, the trigering of an
angiogenic response. Moreover, recruited fibroblasts within a
tumor have been positively correlated with tumor progression
and poor prognosis in colorectal cancer (27). In our model, the
nutrient mixture OOS reduced the recruitment of myofibro-
blasts within the tumor foci, as shown by a decreased amount
of ASMA expressing cells within the tumor foci which might
also account for the reduced angiogenesis. This reduction in
myofibroblast infiltration in vivo was related with an impaired
migratory potential of 3T3 fibroblast in vitro by OOS (data
not shown). The impaired recruitment of CAFs might account
as an additional mechanism by which the nutrient mixture
might exert its antitumoral effects. Indeed, several compounds
with anti-oxidant and anti-inflammatory properties reduce the
angiogenic response in different types of tumors and show a
significant impact in the tumor stroma formation (28).

The antioxidant properties of several components of OOS,
such as polyphenols, cannot fully explain their antitumoral
activity. Cathechins modulate inflammatory pathways since
they act as signaling agents by interfering with NF-«B and
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AP-1 which, in turn, results in inhibition of pro-inflammatory
and pro-angiogenic factors, including IL6, IL-1f, TNF-a and
VEGF (29). Among them, TNFa or IL-18 induce the expres-
sion of growth factors, stimulate epithelial tumor motility
and tumor angiogenesis (30,31). Another proinflammatory
molecule commonly upregulated in colon cancer, COX-2, has
been implicated in the growth and progression of colorectal
cancer via multiple pathways (32-34) including the acquisition
of resistance to apoptosis and promoting angiogenesis through
VEGF production (35,36). Moreover, a decrease in COX-2
expression at RNA levels in total liver caused by OOS admin-
istration might be related to a reduction in VEGF levels (36).
Additionally, the reduction in IL-1B, and TNFa RNA levels
after OOS administration is consistent with the downregulation
in the levels of COX-2 RNA which is commonly stimulated by
cytokines such as IL-1p and TNFa as a result of the interac-
tion between colon carcinoma cells and the cells of the liver
microenvironment (36,37).

In summary, OOS slows down the metastatic progression of
CRC to the liver. Thus, the anti-oxidant and anti-inflammatory
properties of this nutrient mixture induced an inhibition of
the proliferative and migratory potential of tumor cells which
together with an increase in the sensitivity to apoptotic signals
might modulate the metastatic development of colorectal
cancer cells to the liver. Besides, OOS limits tumor infiltra-
tion by CAFs and inhibits the production of inflammatory
and angiogenic factors within the tumor microenvironment.
Collectively, this creates an unfavorable and non-permissive
microenvironment for tumor growth suppressing the final
steps of tumor progression. Therefore, OOS may constitute
a pharmacologically safe complementary compound for
the treatment of cancer and its metastasis slowing down the
tumor growth, and, thus, increasing the life time and quality
for patients suffering from CRC liver metastasis. The above
justifies further characterization and validation of OOS in
the metastatic development and their combination with actual
therapies.
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