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Background: Our previous ﬁndings showed that BCc1, a nanoparticle designed based on
nanochelating technology, can be considered a new anti-cancer nanoparticle if conﬁrmed by
complementary studies.
Goal: In the present study, we investigated the effects of the BCc1 nanoparticle alone on
some gene expressions inﬂuencing the apoptosis pathway, and also the effect of the mixture
of BCc1 nanoparticle and doxorubicin on survival.
Method: Using an in vitro study, the effects of the BCc1 nanoparticle on Bax, Bcl2, p53,
Caspase7 and p21 gene expressions were assessed after a 24-h treatment using real-time PCR
in MCF-7 and MEFs; in addition, using an in vivo study, 4T1 tumor-bearing female Balb/c
mice were treated with different doses of the BCc1 nanoparticle and doxorubicin alone and
together and then their mean and median survival was evaluated.
Result: The results showed that the BCc1 nanoparticle increased gene expressions of RB,
p53, Caspase7, p21, and Bax and decreased gene expressions of Bcl2 in MCF-7 signiﬁcantly,
but no change was observed in MEFs expressions. The ﬁndings revealed that the BCc1
nanoparticle, when used orally, had the highest mean and median survival time. A mixture of
a high dose of the BCc1 nanoparticle (1 mg/kg) and a low dose of doxorubicin (0.1 mg/kg)
showed synergistic effects on enhanced life span, while doxorubicin dose was prescribed
approximately 50 times less than the murine applicable dose (5 mg/kg).
Conclusion: Our results demonstrated that the BCc1 nanoparticle not only has the potential
to become a novel nanomedicine for cancer therapy, but it can also provide the basis of a new
medicine for cancer management when mixed with a lower applicable dose of doxorubicin.
Keywords: BCc1 nanoparticle, cancer, doxorubicin, nanochelating technology, murine 4T1
tumor model

Introduction
In the next 20 years, the number of new cancer cases is forecast to increase by almost
70%.1,2 To date chemotherapy has been considered a standard treatment for all kinds of
cancers; however, the outcomes of this kind of treatment are not desirable enough, so in
recent years, by shedding more light on molecular pathways, tumor biology, tumor–host
interactions and tumor microenvironment, new combination therapies,3–5 including
chemotherapy with targeted therapy, chemotherapy with immunotherapy and chemotherapy with gene therapy have been developed.6
Doxorubicin, an antineoplastic agent, has been widely used, either alone or in
combination with other chemotherapy drugs, as a chemotherapeutic agent since the
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1960s.7,8 However, the clinical use of this drug is harmful
due to its damaging effects on heart,9 hepatotoxicity,10
hematologic index, etc.11–13 Nowadays, researchers aim
to ﬁnd some compounds that are able to neutralize the
toxic effect of doxorubicin, while maintaining the antitumor effect of the drug.14 To achieve this, doxorubicin is
administered in a liposomal formulation, permitting
patients to be treated with higher lifetime doses.
Additionally, well-tolerated doxorubicin can be beneﬁcial
to a great extent combined with other regimens in order to
enhance tolerability or allow the combination partners to
be delivered at higher doses.15
Nanotechnology envisages a breakthrough in the
domain of cancer therapy owing to its unique properties
and functions.16 This technology is completely ﬂexible as
it permits scientists to engineer drug nanoparticles of
dimensions 10–500 nm, enabling them to pass through
the leaky vasculature of the tumorigenic microenvironment with higher speciﬁcity and reduced cytotoxicity.17
Nanochelating technology, a new branch of nanotechnology, has recently proved its noticeable impact in various sciences by synthesizing unique nanostructures.18 In
our previous report, MSc1 nanocomplex, synthesized by
nanochelating technology, exhibited therapeutic effects in
an animal model of multiple sclerosis.19 Also, in an
experimental model of Parkinson disease, Maghsoudi
et al revealed neuroprotective effects of three nanochelating-based nanocomplexes.20 According to our other
experiments, GFc7 nanocomplex (an iron-containing copper chelator nanocomplex) improved cell proliferation in
addition to maintaining and increasing pluripotency properties of Human Mesenchymal Stem Cells (HMSC).21
Using an in vitro study, we have already investigated
the anticancer effects of the BCc1 nanoparticle
(45–47 nm), designed based on nanochelating technology
by a self-assembly method,22 and the results demonstrated
that although BCc1 nanoparticle cell toxicity was higher
for cancer cells than normal ones, it did not affect the
viability of healthy cells at a ﬁxed concentration and
could increase the percentage of early and late apoptosis
in cancer cells as compared to control. Likewise, the G1
phase percentage increased from 59% to 70%, while S and
G2/M phases percentages decreased from 15% to 12% and
26% to 18%, respectively. Additionally, the report of our
in vivo study showed that the BCc1 nanoparticle led to an
increase in survival and decrease in the growth of tumor
size in breast cancer-bearing Balb/c mice without
anemia.22
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Nowadays, many tumor suppressor genes are found to be
effective in cell cycle control. Tumor suppressor genes
usually prevent or reduce the likelihood of malignant transformation. However, a tumor suppressor gene efﬁciency loss
puts a cell at risk of neoplastic transformation.23
Previous studies have revealed the function of various
tumor suppressor genes in cells. P53, nicknamed the “guardian of the genome,” is proven to be vital to cell division
control.24 It takes part in the cell cycle checkpoint pathway
and apoptosis24 and also controls multiple genes, including
p21, associated with G1 phase arrest.25 Similarly, it is also
conﬁrmed that cyclin-dependent kinase inhibitor p21 develops cell cycle arrest in response to various stimuli and
prevents cellular proliferation independent of CDK2, needed
for S phase progression.26 The retino blastoma (RB) functions to prevent excessive cell growth by controlling cell
cycle progression until a cell is ready to divide; therefore, its
dysfunctionality27 is the cause of some major cancers.
The balance between the pro-apoptotic gene Bax and
anti-apoptotic gene B-cell lymphoma 2 (Bcl-2) is crucial
in cell development, and abnormal expression of Bax and
Bcl-2 sets off apoptosis through the mitochondrial
pathway.28 Some other studies have proven the key role
of Caspase7 in mediating apoptosis and association
between Caspase family members and cancer risk.29
In the present study, we investigated cancer and normal
cells treatment by the BCc1 nanoparticle so as to compare
tumor suppressor gene expressions in both kinds of cells
considering the fact that BCc1nanoparticle can cause
apoptosis, so we opted for some genes that affect the
apoptosis pathway, such as RB, Bax, Bcl2, p53,
Caspase7, and p21, described above.
Moreover, we intended to investigate the effect of oral
dose of the BCc1 nanoparticle on survival in metastatic
animal modeling and also the effect of a mixture of doxorubicin and BCc1 nanoparticle on survival when used through
injection where doxorubicin was applied in a murine applicable dose (5 mg/kg) and a low dose (0.1 mg/kg) as well; that
is, 50 times less than its murine applicable dose.30,31 Mice
mammary carcinoma cells (4T1) were selected for animal
modeling as this is a metastatic cell line that can attack liver,
lung and brain tissues by rapid cell division.32

Materials and methods
Chemicals
The BCc1 nanoparticle was obtained from (Tehran, Iran).
DMEM, FBS, PBS, penicillin G, streptomycin (100 mg/
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mL), and 0.25% trypsin–ethylene diamine tetraacetic acid
were from Gibco-Life Technologies (Carlsbad, CA, USA).
Doxorubicin HCl liposome was from Sobhan Oncology
(Tehran, Iran).

BCc1 nanoparticle
BCc1 nanoparticle22 with antineoplastic effect, which is
a new product patented as “Nanochelating Technology” in
the US Patent and Trademark Ofﬁce (USPTO),18 was
synthesized according to the protocol explained in the
previous study.

Cell culture conditions
The 4T1 cell line, mouse embryonic ﬁbroblasts (MEFs),
and Michigan Cancer Foundation-7 (MCF7) cell line were
prepared from the National Cell Bank of Pasteur Institute
(Tehran, Iran) and were cultured in DMEM supplemented
with 10% FBS, penicillin G, and streptomycin.
MEFs and MCF-7 cells were cultured in a humidiﬁed
incubator in an atmosphere of 95% air and 5% CO2 at 37°C
and seeded onto 6-well plates in triplicate wells, while the
cells were maintained with a fresh medium containing BCc1
nanoparticle for 24 h and then p53, p21, Bax, Bcl2,
Caspase7, and RB gene expressions were investigated.

Gene transcription evaluation
Total RNA was extracted using trizol following the manufacturer’s instructions. Synthesis of cDNA was performed
with M-MuLV reverse transcriptase and oligo primers.
Gene quantiﬁcation & real time PCR quantiﬁcation (qRTPCR) analysis was conducted using a standard SYBR
Green PCR kit protocol on a Rotor Gene 6000
instrument.33,34 Data were normalized by glyceraldehyde3-phosphate dehydrogenase (GAPDH) as the endogenous
control gene. The relative mRNA expression levels were
measured according to the ΔCT method.

Haﬁzi et al

accustomed for 1 week before the test and kept at standard
conditions during the study; 24±2°C temperature, 50±10%
relative humidity, and 12 h light/12 h dark cycle.
This animal study was conducted according to the
relevant national and international guidelines of Shahid
Beheshti University of Medical Sciences for the care and
use of laboratory animals. It has also received the ethics
approval of Shahid Beheshti University of Medical
Sciences, Tehran, Iran; Reg. No. IR.SBMU.REC.1396.2.

Animal experiment and treatment groups
Before 4T1 cell line was injected to mice, the percentage of
cell viability was measured and then 6×105 of cells were
suspended in 100 μL of PBS and injected into the second
mammary fat pad of female Balb/c mice. During the test, the
mice were monitored once every three days after injection
and then tumor tissues became noticeable after almost 10
days. Following that, the mice were randomly divided into
10 groups, with 8 in each. All groups were treated via IP
injection except one which was treated orally.
The dates on which mice died and their other observable symptoms were investigated and recorded; the sick and
moribund animals were excluded from the study.
Subsequently, means and medians for survival time of
the animals were calculated.35
Treatments were categorized according to Table 1, where
doxorubicin applicable dose (5 mg/kg) and low dose (0.1 mg/

Table 1 Design of dosages and study groups
Groups

Treatments

Group 1

Control

Distilled water

Group 2
Group 3

BCc1 nanoparticle low dose
BCc1 nanoparticle high dose

0.1 mg/kg/once a day
1 mg/kg/once a day

Group 4

Doxorubicin low dose

0.1 mg/kg/once a day

Group 5
Group 6

Doxorubicin applicable dose
Mixture of BCc1 nanoparticle

5 mg/kg/once a week
0.1 mg/kg/once a day

Cell viability assessment

(low dose) and doxorubicin

and 0.1 mg/kg/once

Staining solution, containing propidium iodide (PI) as
a reverse indicator of cell viability, was added to the
cells and incubated for 1 min in the dark. Following that,
PI was assessed by ﬂow cytometry analysis (FACS) to
quantify the exact number of cell viability.21

(low dose)
Mixture of BCc1 nanoparticle

a day
1 mg/kg/once a day

(high dose) and doxorubicin

and 5 mg/kg/once

(applicable dose)
Mixture of BCc1 nanoparticle

a week
01 mg/kg/once a day

(low dose) and doxorubicin

and 5 mg/kg/once

(applicable dose)
Mixture of BCc1 nanoparticle

a week
1 mg/kg/once a day

(high dose) and doxorubicin

and 0.1 mg/kg/once

(low dose)
BCc1 nanoparticle used orally

a day
10 mg/kg/once a day

Animals and ethics approval
Seven-to-eight-week-old inbred female Balb/c mice were
purchased from Pasteur Institute, Tehran, Iran. All mice
were maintained in large group houses where they were
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Group 8

Group 9

Group 10
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kg), and BCc1 nanoparticle high dose (1 mg/kg) and low
dose (0.1 mg/kg) were prescribed for the present study.

Statistical analysis
Summary statistics of the data were reported as mean ±
standard error from at least 3 separate experiments conducted in triplicate, and means and medians for survival
time were presented for all groups. In each group, the
standard error and 95% conﬁdence interval were reported
for each of these indices.
Survival table for tracking dead time was obtained, yet
not reported here. To compare the survival time between
these groups, the well-known log-rank test was used as
well as the Breslow and Tarone–Ware tests. For pairwise
comparison (to know which 2 groups were different), the
Wilcoxon test was employed, where the signiﬁcance level
was considered 0/05.
Survival analysis was conducted using life tables and
the Kaplan–Meier method and statistical data analysis was
computed using the SPSS Statistics version 25 software
(IBM, Armonk, NY, USA).

Results
Tumor suppressor gene expressions
As shown in Figure 1, the gene expressions of Bax in
MEFs and MCF-7 were 0.84±0.012 and 1.77±0.015,
respectively, and gene expressions of Bcl2 in MEFs and
MCF-7 were 0.75±0.1 and 0.91±0.1. Therefore, the BCc1

nanoparticle signiﬁcantly increased ratio of Bax/Bcl-2 in
MCF-7 in comparison with MEFs.
As shown in Figure 2, the gene expressions of p21 in
MEFs and MCF-7 were 0.72±0.05 and 2.03±0.1, respectively, and the gene expressions of p53 in MEFs and MCF7 were 0.63±0.08 and 1.15±0.1. Moreover, the gene
expressions of Caspase7 in MEFs and MCF-7 were 0.56
±0.05 and 1.76±0., respectively, and the gene expressions
of RB in MEFs and MCF-7 were 0.57±0.06 and 1.61
±0.17. Thus, these results show that tumor suppressor
gene expressions (p21, p53, Caspase7, and RB) signiﬁcantly increased after BCc1 nanoparticle treatment in
MCF-7 cells as compared to MEF cells.

Cell viability
PI cannot enter viable cells; however, it can permeate cell
membranes of dying or dead cells. In this study, PI was
utilized to assay cell viability by ﬂow cytometry to quantify the exact percentage of viable cells compared to initial
cultured cells as control. The percentage of cell viability
for 4T1 cell line before injecting the Balb/c mice was
equal to 98±1% (Figure 3).

Survival analysis in deﬁned groups
● Median survival time

In Table 2, the median survival time in each group is
given. According to this table, the median survival time

2

Relative gene expression (fold)

***

1.5

*
1

MEFs
MCF-7

0.5

0

Bax

Bcl2

Figure 1 Effects of BCc1nanoparticle on the relative expression level of Bax and Bcl2 genes in MCF-7 compared with MEF cells. The black horizontal line shows the onefold
enrichment cutoff criteria; data are expressed as mean ± SD; asterisks show datasets that are signiﬁcant at different levels: * p<0.05, ** p<0.01, *** p<0.001.
Abbreviations: MEF, mouse embryonic ﬁbroblast; MCF7, Michigan Cancer Foundation-7.
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Figure 2 Effects of the BCc1 nanoparticle on the relative expression level of Caspase7, p21, p53, and RB genes in MCF-7 compared with MEF cells. The black horizontal line
shows the onefold enrichment cutoff criteria; data are expressed as mean±SD; asterisks show datasets that are signiﬁcant at different levels: *p<0.05, **p<0.01, ***p<0.001.
Abbreviations: MEF, mouse embryonic ﬁbroblast; MCF7, Michigan Cancer Foundation-7; RB, Retino Blastoma.
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Figure 3 Viability assay of 4 T1 cells by FACS instrument. Data are shown with a dot plot
diagram.
Abbreviation: FACS, ﬂow cytometry analysis.

in each group was as follows: control group: 19 days (95%
CI: 11.30–26.69); BCc1 nanoparticle group (BCc1 used
orally): 38 days (95% CI: 33.1–42.8); BCc1 nanoparticle
low dose group: 21 days (95% CI: 18.6–23.4); BCc1
nanoparticle high dose group: 14 days (95% CI:
4.3–23.6); doxorubicin low dose group: 14 days (95%
CI: 1.16–26.83); and doxorubicin applicable dose group:
23 days (95% CI: 15.30–30.69). Also, the median survival
time in each mixture group was as follows: BCc1 nanoparticle low + doxorubicin low dose group: 29 days (95%
CI: 0–75); BCc1 nanoparticle high + doxorubicin applicable dose group: 9 days (95% CI: 4.1–13.8); BCc1

OncoTargets and Therapy 2019:12

nanoparticle low + doxorubicin applicable dose group:
12 days (95% CI: 9.43–14.56); and BCc1 nanoparticle
high + doxorubicin low dose group: 34 days (95% CI:
23.7–44.2).
In this table, the p-value for pairwise comparisons with
respect to the control group is provided. Accordingly, the
groups (BCc1 nanoparticle high + doxorubicin low and
BCc1 nanoparticle, used orally) had different survival distributions with respect to the control group.
Thus, the results showed that in the groups which used
BCc1 nanoparticle orally and the mixture of BCc1 nanoparticle high + doxorubicin low dose, the median survival
times were 19 and 15 days signiﬁcantly higher than the
control group, respectively. The values of Wilcoxon statistics for these 2 comparisons were 4/592 and 4/198 with
p-value equal to 0/032 and 0/40, respectively.
● Mean survival time

The mean survival times in each group are given in
Table 3. According to this table, the mean survival
time in each group was as follows: control group: 19.5
days (95% CI: 12.3–26.84); BCc1 nanoparticle group
(BCc1 used orally): 35.33 days (95% CI: 27–43.65);
BCc1 nanoparticle low dose group: 20.33 days (95%
CI: 14.16–26.50); BCc1 nanoparticle high dose group:
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Table 2 Median survival time
Signiﬁcance

Number

Groups

Estimate

Standard
error

Lower
bound
(95%
CI)

Upper
bound
(95% CI)

1
2

Control
BCc1 nanoparticle low dose

19
21

3.928
1.225

11.301
18.600

26.699
23.400

0.721

3

BCc1 nanoparticle high dose

14

4.899

4.398

23.602

0.317

4
5

Doxorubicin low dose
Doxorubicin applicable dose

14
23

6.547
3.928

1.169
15.301

26.831
30.699

0.701
0.609

6

Mixture of BCc1 nanoparticle (low dose) and doxoru-

29

23.568

0.000

75.192

0.749

7

bicin (low dose)
Mixture of BCc1 nanoparticle (high dose) and doxoru-

9

2.449

4.199

13.801

0.431

8

bicin (applicable dose)
Mixture of BCc1 nanoparticle (low dose) and doxoru-

12

1.309

9.434

14.566

0.201

bicin (applicable dose)
9

Mixture of BCc1 nanoparticle (high dose) and doxorubicin (low dose)

34

5.237

23.735

44.265

0.040*

10

BCc1 nanoparticle orally used

38

2.449

33.199

42.801

0.032*

Note: *According to this table the groups 9 and 10 have different survival distributions with respect to the control group.

Table 3 Mean survival time
Groups

Estimate*

Standard
error

Lower
bound
(95%
CI)

Upper
bound
(95% CI)

Control

19.571

3.709

12.302

26.841

BCc1 nanoparticle low dose
BCc1 nanoparticle high dose

20.333
15.167

3.148
4.086

14.163
7.158

26.504
23.175

Doxorubicin low dose

20.143

5.599

9.168

31.118

Doxorubicin applicable dose
Mixture of BCc1 nanoparticle (low dose) and doxorubicin (low dose)

20.143
21.429

2.530
4.582

15.184
12.448

25.102
30.409

Mixture of BCc1 nanoparticle (high dose) and doxorubicin (applicable

16.000

4.099

7.966

24.034

dose)
Mixture of BCc1 nanoparticle (low dose) and doxorubicin (applicable

12.857

1.870

9.192

16.522

32.000
35.333

3.359
4.248

25.416
27.007

38.584
43.659

dose)
Mixture of BCc1 nanoparticle (high dose) and doxorubicin (low dose)
BCc1 nanoparticle used orally
Note: *Estimation is limited to the largest survival time if it is censored.

15.16 days (95% CI: 7.15–23.17); doxorubicin low dose
group: 20.14 days (95% CI: 9.16–31.11); and doxorubicin applicable dose group: 20.14 days (95% CI:
15.18–25.10). Also, the mean for survival time in each
mixture group was as follows: BCc1 nanoparticle low +
doxorubicin low dose group: 21.42 days (95% CI:
12.44–30.40); BCc1 nanoparticle high + doxorubicin
applicable dose group: 16 days (95% CI: 7.96–24.03);
BCc1 nanoparticle low + doxorubicin applicable dose
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group: 12.85 days (95% CI: 9.19–16.52); and BCc1
nanoparticle high + doxorubicin low dose group: 32
days (95% CI: 25.41–38.58).
Thus, the results showed that in the groups which
used BCc1 nanoparticle orally, and the mixture of BCc1
nanoparticle high + doxorubicin low dose, the mean
survival times were higher than in the control group.
The plots of hazard and survival functions of all
groups are given in Figures 4 and 5, respectively.
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According to these ﬁgures, the cases in the groups
which used BCc1 nanoparticle orally and the mixture
of BCc1 nanoparticle high + doxorubicin low dose
group had higher survival and lower hazard in respect
to the cases of other groups.

Discussion
Cancer is still known as one of the most challenging global
health-care issues around the world and is deﬁned as the
uncontrolled growth of cells. Accelerating cell division rates

Hazarad function

2.0

Hazard

1.5

1.0

0.5

0.0
0

10

30

20

40

50

Days
Control
BCc1nanoparticle low dose
BCc1nanoparticle high dose
Doxorubicin low dose
Doxorubicin applicable dose
Mixture of BCc1nanoparticle (low dose) and doxorubicin (low dose)
Mixture of BCc1nanoparticle (high dose) and doxorubicin (applicable dose)
Mixture of BCc1nanoparticle (low dose) and doxorubicin (applicable dose)
Mixture of BCc1nanoparticle (high dose) and doxorubicin (low dose)
BCc1nanoparticle orally used
Figure 4 The hazard function in the groups which used BCc1 nanoparticle orally, and the mixture of BCc1 nanoparticle low dose and doxorubicin applicable dose showed
a lower hazard than other groups.
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Survival function

1.0

CUM survival

0.8

0.6

0.4

0.2

0.0
.00

10.00

20.00

30.00

40.00

Days
Control
BCc1nanoparticle low dose
BCc1nanoparticle high dose
Doxorubicin low dose
Doxorubicin applicable dose
Mixture of BCc1nanoparticle (low dose) and doxorubicin (low dose)
Mixture of BCc1nanoparticle (high dose) and doxorubicin (applicable dose)
Mixture of BCc1nanoparticle (low dose) and doxorubicin (applicable dose)
Mixture of BCc1nanoparticle (high dose) and doxorubicin (low dose)
BCc1nanoparticle orally used
Figure 5 Kaplan – Meier diagram of survival diagram in the groups which used BCc1 nanoparticle orally, and the mixture of BCc1nanoparticle low dose and doxorubicin
applicable dose showed higher survival than other groups.
Abbreviation: Cum, Cumulative

or inhibiting normal controls on the system can be caused by
mutations in cancer genes, such as cell cycle arrest or programmed cell death.36
Doxorubicin is one of the most useful chemotherapy
drugs in cancer therapy and Doxil® (liposomal doxorubicin) is the ﬁrst generation of nanomedicine approved
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clinically in the last two decades, yet the most common
cytotoxic drug. It has a metabolic activity increasing free
radical generation and oxidative stress induction, so it
causes an imbalance between reactive oxygen species
(ROS) and antioxidant enzymes, resulting in liver cell
damage and cardiomyopathy in patients.10
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Omaima reported that a combination of selenium nanoparticles and doxorubicin is more effective on hepatocellular carcinoma than doxorubicin, when used alone.10 Kim
found out that the consumption of erythropoietin is useful
in the reduction of cardiomyopathy in patients treated with
doxorubicin.37 Lamkanﬁ reported that Free DOX did not
increase the mice survival signiﬁcantly, while DOX-Lip
increased the life-spans 35%.38
Nanochelating technology, patented21 as a new approach,
has already proven its dramatic impact in the treatment of
various diseases by different nanoparticles possessing effective properties. Additionally, it introduces a new generation
of nanoparticles with therapeutic properties that do not need
any carriers, unlike other nanoparticles loaded with drugs.22
In vitro and in vivo studies showed that the BCc1
nanoparticle with iron chelating property has high potentials of inducing therapeutic behavior. Our previous study
with FACS method proved that BCc1 nanostructure can
decrease cell viability in cancer cells using apoptosis and
arrest G1/S phase in treated cells. For the same reason, we
investigated some gene expressions affecting apoptosis
mechanism both in cancer and normal cells. It is proven
that an increase in p53 decreases the expressions of the
apoptosis-suppressing gene Bcl-2, while simultaneously
stimulating an increase in Bax gene expression. P53 anticancer function is through apoptosis, genomic stability, and
inhibition of angiogenesis, and it can also arrest growth by
holding the cell cycle and activate DNA repair proteins
when DNA sustains damage.
In this study, BCc1 nanoparticle signiﬁcantly increased
the ratio of Bax/Bcl-2 in cancer cells compared to normal
cells. Also, we observed that it increased p53 in cancer cells
but did not cause any changes in normal cells, so the results
signiﬁed the presence of apoptosis pathway in cancer cells.
P21 is one of the main engines driving cellular transformation whose malfunction can result in losing proper control
of the mammalian cell cycle. The different physiological
responses caused by p21 are intertwined. For example, cell
cycle arrest induced by p21 enhances DNA repair by providing the damaged DNA with enough time to get ﬁxed before
being sent to daughter cells, so this is a key path by which
p21 exercises its anti-apoptotic activities.26 Some studies
have demonstrated that RB performs in a pathway which is
often inactivated in most human cancers.25 Successive activation of caspases has a key role in the execution-phase of
cell apoptosis.39 This fact made us investigate Caspase7,
which is a caspase (cysteine aspartate protease) protein
family member. The analyses of tumor suppressor genes
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revealed that BCc1 nanoparticle treatment increased p21,
RB, and Caspase7 gene expressions in cancer cells but did
not increase healthy cells much.
The results of molecular analyses phase in the present
study and ﬂow cytometry in the previous one conﬁrm each
other, so these results subsequently prove the hypothesis
that the BCc1 nanoparticle can intelligently activate the
apoptosis cycle in cancer cells and then stop them, yet the
apoptosis cycle does not get activated in healthy cells
when used at a favorable dose.
Our previous animal study performed on breast cancerbearing Balb/c mice showed that treating mice with the BCc1
nanoparticle, when used intraperitoneally, reduces tumor
cells growth and increases survival compared to a control
group, but in the present study it was attempted to investigate
its effect when used orally, the results of which showed that
median and mean survival times in the BCc1 nanoparticle
group increased compared to other groups.
The comparison of the mixture of BCc1 nanoparticle
and doxorubicin in four combinations [BCc1 nanoparticle
(high dose) and doxorubicin (applicable dose), BCc1
nanoparticle (low dose) and doxorubicin (low dose),
BCc1 nanoparticle (applicable dose) and doxorubicin
(low dose), and BCc1 nanoparticle (low dose) and doxorubicin (applicable dose)] revealed that the mixture of
BCc1 nanoparticle in high dose and doxorubicin in low
dose led to a higher median and mean survival times.
Therefore, it can be claimed that there is a synergism
effect between BCc1 nanoparticle and doxorubicin.
Currently, scientists apply various technologies to
reduce the toxicity of chemotherapy agents and increase
their efﬁcacy, especially by nanotechnology that improves
the bioavailability of medicines and “thus enhances efﬁcacy without any need for higher doses”.40,41 Therefore,
nanotechnology can result in a difference in patients and
the clinical outcomes, as the maximum tolerated dose of
the active agent can be improved by preventing tolerability
problems.14
According to the results of the present study, survival
could be increased by the BCc1 nanoparticle mixture,
while the doxorubicin dose was one-ﬁftieth of its murine
applicable dose. So this is a novel approach having the
potential to be evaluated and optimized in further studies.

Conclusion
Although doxorubicin dose was reduced by 50 times,
survival increased by 48% compared to control, so it can
be claimed that this favorable result was due to the mixture
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of doxorubicin with the BCc1 nanoparticle, and we can
achieve a new chemotherapy regime by reducing the doxorubicin dose. Moreover, the BCc1 nanoparticle can be
regarded as an independent medicine for the treatment of
cancer by complementary studies in the future.
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