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Purpose: In spite of all the efforts and researches on anticancer therapeutics, an absolute
treatment is still a myth. Therefore, it is necessary to utilize novel technologies in order to
synthesize smart multifunctional structures. In this study, for the first time, we have evaluated
the anticancer effects of BCcl nanocomplex by vitro and in vivo studies, which is designed
based on the novel nanochelating technology.

Methods: Human breast adenocarcinoma cell line (MCF-7) and mouse embryonic fibroblasts
were used for the in vitro study. Antioxidant potential, cell toxicity, apoptosis induction, and
CD44 and CD24 protein expression were evaluated after treatment of cells with different
concentrations of BCc1 nanocomplex. For the in vivo study, mammary tumor-bearing female
Balb/c mice were treated with different doses of BCcl and their effects on tumor growth rate
and survival were evaluated.

Results: BCcl decreased CD44 protein expression and increased CD24 protein expression.
It induced MCF-7 cell apoptosis but at the same concentrations did not have negative effects on
mouse embryonic fibroblasts viability and protected them against oxidative stress. Treatment
with nanocomplex increased survival and reduced the tumor size growth in breast cancer-
bearing balb/c mice.

Conclusion: These results demonstrate that BCc1 has the capacity to be assessed as a new anti-
cancer agent in complementary studies.

Keywords: BCcl, cancer, nanotechnology, nanochelating technology, nanocomplex

Introduction

According to the World Health Organization reports, the mortality associated with can-
cer will be increased from 7.4 million in 2004 to 11.8 million by 2030.! The currently
used therapies are surgery, radiotherapy, and chemotherapy. The chemotherapy agents
nonselectively have severe adverse effects on healthy tissues.>* These drugs have limited
mechanism of actions and target one or two signaling pathways, and so cancer cells are
able to evade chemotherapy agents and escape from being killed by selective resistance
pathways.* Therefore, more tumor-selective approaches and targeting neoplastic cells
via various pathways may be necessary in designing new anticancer drugs.

In the recent decades, medical researchers have highly regarded using nanotech-
nology to improve the effectiveness of medicines. Owing to the special nature of
cancer cells and the requirement of selective drug functions protecting healthy cells
to remain safe from side effects, this technology can be used in the pharmaceutical
industry to increase the selectivity and to enhance drug performances.’ Currently,
much of the focus on the use of nanotechnology in medical science is in the anti-
cancer drug innovation field.®* The nanotechnology-based drug delivery systems
have many advantages as a potent platform for anticancer therapy, such as improved
drug availability, high drug loading efficiency, resistance to recrystallization upon
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encapsulation, and spatially and temporally controllable drug
releases.” However, several obstacles, including difficulty
in achieving the optimal combination of physicochemical
parameters for tumor targeting, evading particle clearance
mechanisms, and controlling drug releases, prevent the
translation of nanomedicines into therapy.® Hence, efforts
have been focused on developing safer and more efficient
nanotechnology-based structures.

For the first time, we have synthesized BCc1 nanocom-
plex based on the novel nanochelating technology by a self-
assembly method and evaluated its anticancer effects. In this
study, we have assessed the “therapeutic behavior” potential
of BCcl1 by in vitro and in vivo studies.

In the previous studies, which used modern nanochelat-
ing technology, we synthesized Hep-c,” MScl, Pac, Pas, and
Paf nanocomplexes. The first nanocomplex Hep-c improved
cellular immunity responses against hepatitis B vaccine.

In another study, MSc1 nanocomplex showed therapeutic
behavior in an animal model of multiple sclerosis and pre-
vented H,O,-induced cell death even after binding with iron
in an in vitro model of oxidative stress.!® Also Pac, Pas, and
Paf nanocomplexes showed neuroprotective effects in the
cellular model of Parkinson’s disease.!

Many studies have shown the determinant role of iron
metabolism in cancer pathogenesis.'>"® The iron-dependent
ribonucleotide reductase is the rate-limiting enzyme in
DNA synthesis and considers the requirements of prolif-
erating cells. Therefore, cancer cells are more dependent
on the concentrations of iron.!* The research has shown
that iron chelators inhibit ribonucleotide reductase and
cyclin-dependent kinase activity, and thus, the cell cycle
arrests in the G1 phase."® These structures induce N-myc
downstream-regulated gene 1 (NDRG1) expression, which
in turn inhibits growth, angiogenesis, and metastasis of
malignant cells.'*" So, one important feature of BCcl
is its chelating property, and the dominant affinity of this
nanocomplex is for iron.

CD44 and CD24 are the most consistently used biomark-
ers to identify and characterize the breast cancer stem cells’
phenotype.?® CD44 has been shown to promote protumori-
genic signaling and advance the metastatic cascade.?' So, in
this study, BCcl potential to affect the expression of these
markers was evaluated.

Available reports imply that oxidative stress has an impor-
tant role in the pathogenesis of cancer and its progression.?>%
One of the common models for mimicking the oxidative
stress in vitro is using H,O, as a free radical source.* Thus,
we used this common cellular model to evaluate the effect of
BCcl on preventing oxidative stress-associated cell death.

Materials and methods

BCcl was synthesized by Sodour Ahrar Shargh Co. (Tehran,
Iran). Hydrogen peroxide (H,0,), sodium isothiocyanate,
dimethyl sulfoxide, FeCl,, nitric acid, acetone, methanol, and
formalin were purchased from EMD Millipore (Billerica, MA,
USA). Dulbecco’s Modified Eagle’s Medium, RPMI-1640,
fetal bovine serum, penicillin G and streptomycin (100 pg/mL),
and 0.25% trypsin—cthylenediaminetetraaceticacid (EDTA)
were purchased from Thermo Fisher Scientific (Waltham,
MA, USA). Hematoxylin and eosin (H&E) and 99% 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
were acquired from Sigma-Aldrich Co. (St Louis, MO, USA).
All antibodies, annexin V, and propidium iodide were obtained
from BD Biosciences (San Jose, CA, USA).

The list of the equipments and instruments used is as fol-
lows: electrical conductance meter and pH meter BEM802
(Milwaukee, Italy), rheometer (Brookfield Engineering
Laboratories, Inc., Middleboro, MA, USA), atomic absorp-
tion spectrometer (2100; PerkinElmer Inc., Waltham, MA,
USA), transmission electron microscope (CM-200 FEG; FEI
company, Hillsboro, OR, USA), scanning electron micros-
copy (VEGA-TESCAN-LMU; TESCAN, Czech Republic),
spectrum two infrared (IR) spectrometers (L160000A,
PerkinElmer Inc., Waltham, MA, USA), absorbance microplate
readers (ELx800; Winooski, VT, USA), B5S1 microscope and
DP72 camera (Olympus Corporation, Tokyo, Japan), auto-
mated blood analyzer (XS 800i; Sysmex, USA), FACSCalibur
cytometer (BD Biosciences, San Jose, CA, USA), and light
microscope (Axio Scope.Al; Zeiss, Germany).

Cell culture

Human breast adenocarcinoma cell line (MCF-7) and mouse
embryonic fibroblasts (MEFs) were purchased from the
National Cell Bank of Pasteur Institute (Tehran, Iran) and
were cultured in Dulbecco’s Modified Eagle’s Medium
supplemented with 10% fetal bovine serum and penicillin
G and streptomycin (100 pg/mL). Cells were cultured under
humidified atmosphere of 95% air, with 5% CO, at 37°C
in a 25 ¢cm? culture flask. Cancer Research Center, Shahid
Beheshti University of Medical Sciences Institutional Review
board does not require review for human cell lines.

Animals

Six-to-eight-week-old inbred female BALB/c mice were
purchased from Pasteur Institute, Tehran, Iran. All the animal
studies were approved by the Tehran University of Medical
Sciences. All mice were maintained in large group houses
under 12-hour dark/light cycles with proper access to food
and water.
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Synthesis and characterization of BCc|
Nanochelating technology was used by the Sodour Ahrar
Shargh Co. to design and synthesize the BCc1 nanocomplex.?
The synthesis of poly organic acid was done in a typical
procedure: 30.2 g organic acid, 10.40 mL ethanol, and
100 mL deionized water were added to a 250 mL three-
neck round-bottom flask fitted with an inlet adapter and an
outlet adapter. The mixture was heated within 15 minutes
by stirring at 160°C—165°C in silicon oil bath and then the
temperature of the system was lowered to 70°C. The mixture
was stirred for half an hour at 70°C to get the prepolymer.
Nitrogen was vented throughout the above procedures. The
prepolymer was postpolymerized at 50°C and 700°C with
and without vacuum for a predetermined time from 1 day
to 3 weeks depending on the temperature to achieve the
nanosized poly organic acid. Nitrogen was introduced into
the reaction system before the polymer was taken out from
the reaction system.

The surface morphology of BCcl was characterized
using scanning electron microscopy in Razi Metallurgical
Research Center.

High-resolution transmission electron microscopy
images of BCcl were captured using a transmission
electron microscope in the University of Tehran Science
and Technology Park.

The functional groups of BCc1 were characterized by IR
spectroscopy in the 400—4,000 cm™ range in the University
of Shahid Beheshti.

According to a previous study,? complexometric titration
was performed to verify the chelating property of BCcl.

Cytotoxicity of BCcl

Cell viability was measured by MTT assay (Sigma-Aldrich
Co.). Briefly, MEFs and MCF-7 cells were seeded onto
96-well plates in triplicate wells and grown overnight in
100 uL medium. Then, the cells were incubated with fresh
medium containing serial concentrations (0—1,000 pg/mL)
of BCcl for 24 hours and 48 hours. Afterward, the cells
were incubated with 0.25 mg MTT/mL (final concentration)
for 2 hours at 37°C, and the reaction was stopped by the
addition of dimethyl sulfoxide. The formazan dye crystals
were solubilized, and the absorbance was measured using
a microplate reader at a test wavelength of 570 nm and a
reference wavelength of 630 nm.

Evaluation of BCcl| LD50

Standard tests were carried out for assessing the median lethal
dose (LD50) according to the guidelines of the Organization
for Economic Co-operation and Development (guideline 420)

in the School of Pharmacy at Tehran University of Medical
Sciences.

Flow cytometry analysis of CD44 and

CD24 protein expression

MCF-7 cells were cultured in a medium containing
10 ug/mL of BCcl for 72 hours. Choosing this concentra-
tion of BCc1 was based on the results of cell toxicity test. A
total of 1x10° cells were laid into microtubes with 100 uL
phosphate-buffered saline (PBS) and stained with mono-
clonal antibodies against human CD44 Phycoerythrin (PE),
CD24 (PE), and their respective isotype controls at 4°C in
the dark for 30 minutes. The labeled cells were washed with
the washing buffer and then fixed in PBS containing 1%
paraformaldehyde. Isotype control is an antibody of the same
isotype as a primary antibody with no relevant specificity
to the target antigen. Isotype controls are used as negative
controls to help differentiate nonspecific background signal
from specific antibody signal. WinMDI 2.8 software was
used to create the histograms.

Apoptosis assay and cell cycle analysis
According to the manufacturer’s protocol, annexin V apopto-
sis assay was performed to investigate the cell death mecha-
nism in MCF-7 cells. Cells were incubated with 10 pg/mL of
BCcl for 48 hours. Choosing the concentration of BCc1 was
based on the results of cell toxicity test. Afterward, the cells
were washed with PBS (1x) and subsequently stained with
fluorescein isothiocyanate, annexin V, and propidium iodide.>
Cells were harvested with 3.5 mM EDTA-PBS buffer, fixed
with 70% ethanol for at least 1 hour at 4°C, treated with 20 g/
mL RNase A for 30 minutes, and stained with 60 pug/mL
propidium iodide for DNA content, and the cell cycle status
was analyzed with the FACSCalibur cytometer.”” WinMDI
2.8 software was used to create the density plot.

Measurement of BCcl cell protection
‘ca.paaty against H,O,-induced oxidative
injury

H,0, is used in experiments for simulation of oxidative stress
condition.”® MEFs were plated at a density of 1x10* cells/well
in 96-well plates in 100 uL RPMI. They were treated with
several concentrations of BCcl for 24 hours and then incu-
bated with 150 uM of H,O, for 1 hour as test groups. For
control group, the cells were cultured without treatment
with BCc1 or H,O, (as negative control) or treated merely
with H O, for 1 hour (as positive control). Afterward, the
cell viability was measured using the conventional MTT
reduction assay.
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In vivo studies and tumor creation
According to the method described by Langroudi et al,®
spontaneously adenocarcinoma breast tumor-bearing mice
were supplied. Fifteen days after transplantation, when the
tumor size reached to ~500 mm?, 24 tumor-bearing mice
were randomly divided into four BCc1-treated and control
groups, each consisting of six mice: low-dose group (0.4 mg/
kg), medium-dose group (10 mg/kg), high-dose group
(20 mg/kg), and control group (received distilled water in
the same route and volume). BCc1 was dissolved in distilled
water and injected intraperitoneally once a day. The tumor
volume was measured daily using a digital caliper (Mitutoyo,
Japan) and the following formula: V=1/6 (7L WD),** where
L= length, W= width, and D= depth.

Survival study

Tumor transplantation was carried out as described ear-
lier. After 15 days, when the tumor size of each mouse
reached ~500 mm?, 16 tumor-bearing mice were randomly
divided into four BCcl-treated and control groups: control
group (n=4), low-dose group (0.1 mg/kg, n=4), medium-
dose group (0.4 mg/kg, n=4), and high-dose group (1 mg/kg,
n=4). New doses were calculated based on the results of the
tumor growth study. The tumor sizes were measured up to
53 days post transplantation. BCcl was administered via
intraperitoneal (IP) injection once a day. At the end of life,
each mouse was dissected and lungs and liver were removed,
fixed in 10% paraformaldehyde, and were stained with H&E
stain for detection of metastasis.

Histological analysis
The lungs and liver were removed and fixed in 10% formalin
solution and embedded in paraffin. The paraffin-embedded
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4 um sections were stained with H&E and examined with an
Olympus B51 microscope, and images were captured using
the DP72 camera.

Evaluation of hematological parameters

To evaluate the effect of nanocomplex on hematologic
indices, 8-week-old mice were divided into three groups
(n=4). For 23 days, two groups of mice were IP injected with
BCcl, one group with 0.1 mg/kg of BCc1 and the other with
0.4 mg/kg once a day. The control group received distilled
water in the same route and volume. On day 0 and day 23,
blood was drawn from the retro-orbital sinus. Red blood
cells and hemoglobin determination was evaluated using an
automated blood analyzer.

Statistical analysis

Each experiment was performed in duplicate or triplicate.
Statistical analysis of the data was performed using the IBM
SPSS Statistics 19 software. The average of data was ana-
lyzed by analysis of variance for each experiment. A P-value
0f 0.05 was considered to be statistically significant. Survival
analysis was performed by the Kaplan—-Meier method.

Results

BCcl characteristics
Analysis of the images of BCc1 indicated that the size of the
nanocomplex was ~45-47 nm (Figure 1A and B). The IR
spectrum analysis clearly demonstrated that the BCc1 nano-
complex is an organic-hydrocarbon structure that possessed
the C=0 (reflecting chelating capacity), OH, and NH groups
(Figure 2A) based on the available graph.

The results showed that the elevated concentrations
of BCcl co-occurred with a decrease in iron absorption

Figure | (A) SEM image and (B) HRTEM image of BCcl.
Note: Scale of A is 500 nm and two yellow particles are 44 nm.

Abbreviations: SEM, scanning electron microscopy; HRTEM, high-resolution transmission electron microscopy.
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Figure 2 Infrared spectrum analysis (A) and complexometric titration (B).

spectrum, which was an indicator of iron chelation
(Figure 2B).

BCcl induced cell death in malignant cells
The results showed that after 24 hours and 48 hours, BCcl
cell toxicity was greater for cancer cells than MEFs. BCcl
nanocomplex was a proliferation inhibitor of cancer cells,
where the same concentration did not affect the viability
of healthy cells. For example, the 24 hours treatment with
100 pg/mL of BCcl was significantly toxic for MCF-7
cells (P<<0.05) and had decreased the cell viability to
37%, while only 14% reduction in the viability of MEFs
in this concentration of BCcl was observed. The viability
of MEFs after 24 hours treatment with BCc1 at concentra-
tions of 1,000 ug/mL, 100 ug/mL, 10 pg/mL, 1 pug/mL, and
0.1 pg/mL was, respectively, 30%, 96%, 91%, 90%, and
100%, and thus in the concentration of 1,000 pug/mL, the

A
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E 80 .
8 60
S
& 40 *
20
Control 0.1 1 10 100 1,000

BCc1 concentration (ug/mL)

Wavenumber (cm™)

cell viability decreased significantly (P<<0.05), while the
cell viability of MCF-7 at the same concentrations was 33%,
54%, 85%, 96%, and 85%, respectively, and thus in several
concentrations, the cell viability decreased significantly
(P<<0.05). The viability of MEFs treated for 48 hours with
the above concentrations was 9%, 81%, 94%, 98%, and
100%, while the viability of MCF-7 cells at concentrations
of 1,000 ug/mL, 100 pg/mL, and 10 pg/mL was significantly
(P<<0.05) cut down to 5%, 30%, and 41% (Figure 3A and B).
According to the IC_ values (Table 1), BCc1 has more anti-
proliferative activity in neoplastic cells.

BCcl cell protection against H,O,-
induced oxidative injury

The “Results” section showed that cell viability increased
significantly in all groups treated with BCcl and at the
optimum dose. It even increased up to 90% in comparison

w

100

80

60
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40

20

Control

0.1 1 10 100
BCc1 concentration (ug/mL)

1,000

| B MEFs m MCF-7|

Figure 3 BCcl cell toxicity in malignant and normal cells after 24 hours (A) and 48 hours (B).
Note: Significant differences in the control cells have been specified by a single asterisk (¥), meaning P-value <0.05.

Abbreviation: MEFs, mice embryonic fibroblasts.
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Table I IC, values in neoplastic and normal cells

MEFs MCF-7
24 hours 1,179+105 869185
48 hours 705+£50 493+75

Notes: Each IC,; value (given in pg/mL) is the mean £ SEM of at least three
experiments performed. The cells were incubated in the presence of different
concentrations of BCcl for 24 hours or 48 hours at 37°C. After this incubation
period, cellular proliferation was determined by the MTT assay.

Abbreviations: IC half maximal inhibitory concentration; MEFs, mouse embryonic
fibroblasts; SEM, standard error of the mean.

to the positive control group (P<<0.05). This nanocomplex,
even in high doses (100 pg/mL), used in this test was actu-
ally able to protect cell viability against H,O,. The viability
of these cells increased to 30% compared with control cells
(P<<0.05), while the viability of cancer cells (P<<0.05) was
significantly reduced by this dose (P<<0.05) (Figure 4).

BCcl is low toxic in vivo
BCcl toxicity report showed that IP LD50 (for mouse) of
this nanocomplex is 109.17 mg/kg (Table 2).

BCc| decreased CD44 expression

MCF-7 cells were treated with BCcl for 72 hours. Flow
cytometry results showed that CD24 expression in control
and BCcl-treated cells was 34% and 83%, respectively,
and the expression of CD44 was 21% and 8%, respectively
(Figure 5). According to the result, BCcl decreased CD44
expression significantly (P<<0.05).

BCcl induced apoptosis and cell cycle

arrest in MCF-7 cells
The treatment of MCF-7 cells with BCc1 showed significant
induction of apoptosis in breast cancer lines. The dosage of

100
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7
6
5
4
3

#
10 I

Percent
o O O O O

o

10 wg/mL of this nanocomplex could decrease viable MCF-7
cells and increase the percent of cells that were in early and
late apoptosis and necrosis compared to control (Figure 6).
The percentage of G1 cells increased from 59% to 70% with
10 pg/mL BCcl after 48 hours. The nanocomplex decreased
the percentage of S and G2/M cells from 15% and 26% to
12% and 18%, respectively (Figure 7).

BCc| decreased the rate of tumor

growth

The tumor growth rate was reduced by BCcl in all three
administered doses. The decrease seen in the lowest dose
was obvious. At the end of day 23 of injection, the tumor
sizes in the control group were, respectively, 40%, 25%, and
23% larger than the low-, medium-, and high-dose groups.
On day 1, the tumor sizes in the control group, the low-dose
group, the medium-dose group, and the high-dose group
were 13.6-, 8-, 10.8-, and 11-fold, respectively (Figure 8).

BCcl improves survival in mice with

adenocarcinoma breast tumor

First, second, and third deaths were related to the control
mice on 53 days, 60 days, and 66 days, respectively, after
transplantation. At the same time, all mice in the treated
group were alive. The last death of the control group occurred
on day 75. Mice in the low-dose group died on days 72 and
74, and the mice in the high-dose group died on days 73, 75,
and 76. Mice in the medium-dose group died on days 83, 85,
91, and 105 after transplantation. By calculating the mean
survival days of mice, the lifetime in low-, medium-, and
high-dose groups was 1.15-, 1.44-, and 1.17-fold, respec-
tively, greater than the control group. In this manner, the

2
Control  Control
negative positive

*
* *
* * *
I I I *
0.01 0.1 0.2 1 2 10 20 100

BCc1 concentration (ug/mL)

Figure 4 The protection of MEF cells from H,O,-induced oxidative toxicity by BCcl.

Notes: Significant differences in the H,O,-treated cells have been specified by a single asterisk (¥), meaning P-value =0.05. Significant differences in the control cells have

been specified by a single hash (#), meaning P-value =0.05.
Abbreviation: MEF, mice embryonic fibroblast.
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Table 2 BCcl toxicity report

Group Dose (mg/kg), No of animals died No of animals died No of animals died Total dead mice
IP injection after 24 hours after 48 hours after 72 hours
| 2,000 0 0 6
2 1,000 6 0 0 6
3 500 6 0 0 6
4 300 6 0 0 6
5 200 6 0 0 6
6 100 2 0 0 2
7 80 | 0 0 [
8 60 0 0 0 0
9 50 0 0 0 0

Note: Intraperitoneal LD50 (mouse) — 109.17 mg/kg.
Abbreviation: IP, intraperitoneal.

medium-dose group had a 44% increased life span compared
with the control mice (Figure 9).

BCcl had no negative effect on

hematological indices

The evaluation of hematological indices in the two groups of
mice treated by IP injection of BCcl showed that the nano-
complex had no negative effect on hematological parameters
(Figure 10).

BCcl prevents metastasis
In serial sections examined, two mice of the control group
showed clumps of metastatic cells in the parenchyma of

CD24
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Figure 5 Expression of cell markers CD44 and CD24 in MCF-7 cell line.

liver, while none of the treated cases showed metastasis.
Lung metastasis was seen in one mouse of all groups
except high-dose-treated group in which none of them
showed tumor cells. In some of the liver tissues, there
was a prominent inflammatory cell infiltration, including
neutrophils in spite of the absence of metastatic tumor.
There were also prominent megakaryocytes in the sinu-
soids in some liver samples without predilection to any
group (Figure 11).

Discussion
Considering the complex nature, drug resistance, and the
intelligence of cancer cells, achieving a multifunctional cancer
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Note: The histogram outlined by a black line represents positive staining for CD44 and CD24, and color-filled histograms show negative control stained with matched

isotype antibody.
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Figure 6 Flow cytometry analysis in the control and test after annexin and PI staining.
Abbreviations: Pl, propidium iodide; FITC, fluorescein isothiocyanate.
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to demonstrate the efficacy of the nanocomplex in controlling tumor growth by using mathematical logic.
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Figure 9 Survival diagrams of the control and test groups.

cell-selective agent is necessary.’'*? As the first synthetic
nanocomplex is designed based on the nanochelating tech-
nology for cancer treatment, the present study showed that
BCecl has high potentials to induce therapeutic behavior.
BCc1 was able to induce apoptosis and increased the per-
cent of cells that were arrested in the G1 phase. The studies
by Recalcati et al, Gazitt et al, and Gao et al have shown
that exposure to iron chelators results in a G1/S arrest via
decrease in p21CIP1/WAF1 protein expression and cyclin D
inhibition.'®33* In addition, multiple reports have shown
that iron chelation increases p53 transcription, translation,
and DNA-binding affinity, resulting in G1/S cell cycle arrest

17
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N
[(e)
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and/or apoptosis.’ =7 Thus, it is possible that iron chelation
is one of the BCcl antineoplastic mechanisms that induces
cell cycle arrest and apoptosis. Evaluations of mice bearing
adenoma carcinoma of the breast revealed that BCc1 was able
to increase the survival rates and decreased metastasis and the
rate of tumor growth. Several studies have shown that NDRG1
expression is induced by iron chelators, which inhibit tumor
growth, angiogenesis, and metastasis. On the other hand, the
results of this study have revealed that BCcl is able to effec-
tively reduce CD44 and increase CD24 expression in cancer
cell line. CD44 is considered as a potential cancer stem cell
marker in the majority of cancers.® It is capable of promot-
ing tumorigenic signals through a variety of major signaling
networks. In many cancers, CD44 plays a major role in the
initiation, metastasis, and promotion of tumor genesis.?"*#!
Considering the role of CD44 and CD24 markers in tumor
invasion and metastasis, the other mechanism of BCc1 antine-
oplastic function is possibly via such modifications.*>*

It should be noted that besides the potential beneficial use
of nanoparticles for cancer therapy, the safety of nanoparticles
is attracting the attention of the US Food and Drug Adminis-
tration, and also Environmental Protection Agency, which is
starting to look into the regulation of nanotechnology. Several
studies have demonstrated that nanoparticles induce the pro-
duction of reactive oxygen species and oxidative stress.***
Yang et al*® demonstrated in their study that oxidative stress
is a key route in inducing the cytotoxicity of nanoparticles.
On the other hand, studies have shown that neutral organic
coating increases nanomaterial biocompatibility.*’3
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Figure 10 The average amounts for Hb concentration (A), RBC count (B), HCT (C), and MCV (D).
Abbreviations: Hb, hemoglobin; RBC, red blood cell; HCT, hematocrit; MCV, mean cell volume.
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Figure || Hematoxylin and eosin staining of (A) normal lung tissue, (B) clumps of metastatic tumor cells, (C) normal liver tissue, (D) clumps of metastatic cells, and (E) the

megakaryocyte within the liver sinusoids.

Our in vitro experiments showed that the lethal con-
centrations of BCcl for breast cancer cell line are not
toxic for healthy MEF cells. In addition, the IP LD50 of
BCcl has been reported to be 109 mg/kg. However, this
study has confirmed that the optimum dosage is less than
(at least 109-fold less than the determined LD50) or equal
to 1 mg/kg. Also, BCcl has had no adverse effects on
hemoglobin and red blood cell levels. In addition, BCcl
like previous nanochelation-based structures, Mscl, Pac,
Pas, and Paf)'*'" has protected cells against H,0,-mediated

oxidative stress, and also IR spectrum analysis has clearly
demonstrated that BCcl is an organic-hydrocarbon struc-
ture. These characters positively affect the nanocomplex
biocompatibility.

Conclusion

In conclusion, the mentioned properties of BCcl, such as
having synthetic organic structure, low normal cell toxicity,
protecting cell viability against H,O,-mediated oxidative
stress, decreasing CD44 expression, G1 arrest in the cell
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cycle of cancer cell lines, decreasing tumor growth rate and
liver metastasis, and increased survival rate, are all gathered
in the BCcl structure.

The solidarity of the mentioned results along with the
modern technology by which nanocomplex has synthesized
shows that BCcl has the potential to evaluate complemen-
tary studies as an agent that induces therapeutic behavior in
clinical trials of cancer disease.
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