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Abstract

BACKGROUND: To achieve delivery of a drug to tumors, folic acid (FA) was used as a targeting ligand to
change nanocarriers. Since the folate receptor has more expression in several tumor types such as breast cancer.

OBJECTIVES: The present study aimed to evaluate the effect of Doxorubicine-G2-FA (Dox- G2-FA) with
in vitro assays. The abbreviation of G2 represents the second generation of dendrimer synthesis.

METHODS: For this purpose, Dox-G2-FA was synthesized and mass spectroscopy was used to confirm the
synthesized component. Also, MTT assay, flow cytometry, and gene expression assay by real-time PCR were
used to evaluate cell viability, apoptosis, and necrosis.

RESULTS: In this study, the effect of Dox and Dox-G2-FA on the expression of Bax, Bcl2 genes showed
that there was a significant decrease in the expression of the Bcl2 gene in the Dox-G2-FA group compared to
Dox and control groups(P<0.05). Also, the results of flow-cytometry showed that apoptosis in the presence of
Dox-G2-FA was greater than in the Dox group (P<0.05).

CONCLUSIONS: Therefore, it seems that the effect of Dox-G2-FA on apoptosis is better than the effect of
Dox usage alone.

Apoptosis, Bax, Bcl2, Breast cancer, Doxorubicine-G2-folate

Correspondence

Zohreh Khaki, Department of Clinical Pathology, Faculty of Veterinary Medicine, University of Tehran, Tehran, Iran
Tel: +98(21)66936676, Fax: +98(21)66438327, Email: zkhaki@ut.ac.ir

Received: 2019-11-09

Accepted: 2020-01-25

Copyright © 2020. This is an open-access article distributed under the terms of the Creative Commons Attribution- 4.0 International License which permits Share,
copy and redistribution of the material in any medium or format or adapt, remix, transform, and build upon the material for any purpose, even commercially.

How to Cite This Article
Mansoor Lakooraj, H., Khaki, Z., Ghorbani, M., Shafiee Ardestani, M., and Dezfoulian, O. (2020). The in vitro Effect of Doxorubicine-G2-FA Treatment

on Breast Cancer. Iranian Journal of Veterinary Medicine, 14(2):147-158



https://ijvm.ut.ac.ir/
mailto:M.mojtahedzade%40ut.ac.ir%20?subject=
http://10.22059/ijvm.2019.291998.1005039


In vitro effect of Dox-G2-FA on Breast Cancer

Introduction

Breast Cancer is considered one of the most
devastating diseases with a high mortality
rate among the female population (AbuHam-
mad and Zihlif, 2013). Therapeutic options
of breast cancer are dependent on specific
biological features of tumors. In low grade
and estrogen-receptor-positive, hormone
therapy is a good option for the treatment of
cancer. Chemotherapy is another technique
for the treatment of cancer and serves as the
preferred treatment. Dox is the current ther-
apy for the treatment of breast cancer. The
main function of Dox is the intercalation of
DNA, the prevention of topoisomerase II,
and the formation of free radicals (Lovitt et
al., 2018). A key mechanism in the answer
of cancer cells to chemotherapeutic drugs
is their apoptotic way of activation. Also,
substantial toxic effects, side effects, and
fast degradation have limited clinical use of
chemotherapeutic drugs (Le et al., 2017).
One study reported that the most harmful
side effect of doxorubicine was cumulative
dose-dependent cardiotoxicity. To minimize
these side effects, and to limit drug disper-
sion into healthy tissues, chemotherapeutic
drugs, including doxorubicine can be used
with drug carriers (Tomankova et al., 2015).
Nano-materials are considered noteworthy
pharmacological carriers for drug delivery
and cancer therapy. Targeted nano-materi-
als selectively affect cancer cells via binding
to them, with minor effects on healthy cells
(Samad et al., 2009). Among several types
of nano-materials, dendrimers are extensive-
ly ideal carriers (Senapati et al., 2018), be-
cause they are radially symmetrical, globular
and Nanodimensionally compact structures
with tree-like branches or arms (Singh et al.,
2019). To achieve drug delivery to tumors,
folic acid (FA) was used as a targeting ligand
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to change nanocarriers (Wang et al., 2015,
Qin et al., 2013, Duan et al., 2012, Zwicke
et al., 2012). Folic acid plays a major role
in the synthesis of DNA and RNA as well
as cellular growth and metabolism. Uptake
of folate to a cell is mediated through cell
membrane folate receptors which are consid-
ered heterogeneous proteins. Furthermore,
folate receptor-alpha is a glycosylphosphati-
dylinositol (Sheikh et al., 2016) that has low
expression in normal cells. However, it is
over-expressed in several tumor types such
as breast cancer and gynecological cancers
of epithelial origin (Samad et al., 2009, Kalli
et al., 2008). Studies have demonstrated that
diverse folate conjugated nanomaterials as
gold nanoparticles are highly important in
targeted cancer therapy. Gold nanoparticles
have been recognized as hopeful candidates
for novel cancer therapy, owing to biocom-
patibility, chemo-physical stability, and
easy functionalization (Samad et al., 2009).
Therefore, this paper intends to evaluate the
effect of Dox-G2-FA in vitro considering
cytotoxicity, apoptosis, and gene expression
assay on the MCF-7 breast cancer cell line.

Materials and methods

Synthesis of DOX-G2-FA

Figure 1-A shows the synthesis of G2
dendrimer. Polyethylene glycol diacid was
dissolved in Dimethyl sulfoxide (DMSO)
by adding N, N'-dicyclohexylcarbodiimide
(DCC) (0.75 gr, 0.0036 mol) to the solution
and stirring for 30 min at room temperature,
and carboxyl groups were activated for con-
jugation. G1 dendrimer was obtained by
adding citric acid (0.71 gr, 0.0036 mol) to
the solution and stirred for 1 h at room tem-
perature. To the obtained product (2.25 gr,
0.01 mol) DCC and 5 mL DMSO were add-
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ed and the reaction was carried out under the
same-mentioned conditions for 15min. Fi-
nally, citric acid (2.1 gr, 0.01 mol) was add-
ed and the mixture was stirred for 1 week
at room temperature. After that, the G2 den-
drimer was filtered twice and purified using a
Sephadex G-50 fine column (GE Healthcare
Life Sciences, UK) and dialysis (dialysis bag
500-1000 Da cut-off, Spectrumlab, USA)
against double deionized water (1 x 1 L for 2
days). The purified product was freeze-dried
(LyoTrap plus, LTE Scientific Ltd, Oldham,
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UK) and stored at —20 °C for future studies.
To prepare a dendrimer-folate conjugate, 0.05
gr of dendrimer was dissolved in DMSO (15
ml) and mixed with DCC (2.25 gr, 0.01 mol).
After stirring for 30 min, folic acid (0.001 gr,
2.26 umol) was added and stirred continu-
ously at room temperature for 4 days to react
completely. The final conjugate was purified
using a Sephadex G-50 fine column and di-
alysis (Namazi and Adeli, 2005; Alavidjeh et
al., 2010). Figure 1-B shows the conjugation
of folic acid to G2 dendrimer.
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Figure 1. (A) Synthesis of G2 dendrimer; (B) Conjugation of folic acid to G2 dendrimer
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Dox-G2-FA was obtained by mixing and
incubating Dox (Santa Cruz Biotechnology
Inc., Texas, USA) (5mg, 9.2umol) and
10 mg G2-FA for one day. Finally, excess
Dox was removed by dialysis and the final
product was centrifuged (13000rpm, 4 °C,
30 min) to remove any impurity. Therefore,
an anionic linear globular dendrimer that
is biocompatible and biodegradable (Le
et al., 2017), conjugated to folic acid, and
then doxorubicin, which acts nonspecifical-
ly against cancer cells, is loaded with this
compound and the ultimately intelligent an-
ti-cancer system was designed.

To evaluate and calculate the loading effi-
ciency, a calibration curve was obtained by
recording the absorbance value of different
concentrations of the Dox solution at 480
nm wavelength firstly. Then, the absorbance
value from the unloaded drug solved in the
water (during dialysis) was used to calculate
loading efficiency (LE) using the equation
below (Khosravian et al., 2016):

Added drug - unloaded drug o
Added drug

LE% 100

The morphology, mean size, and zeta po-
tential of the G2-FA conjugates are deter-
mined by atomic force microscopy (AFM)
(ENTEGRA AFMNT-MDT, Russia) and dy-
namic light scattering (DLS)(Zetasizer Nano
ZS; Malvern Instruments, Malvern, UK). The
characterization of G2-FA was determined by
mass spectroscopy (LC/MS). LC/MS analy-
ses were provided by Triple Quadrupole LC/
MS (Agilent 6410, USA). Fluorescence spec-
troscopy was used to investigate drug loading
in dendrimer using a fluorescence spectro-
photometer (Perkin Elmer, LS 45, USA).

Cell culture

MCF-7 human breast cancer cells were
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obtained from Pasteur Institute (Tehran, Iran)
and were cultured in a low glucose Dulbec-
co's modified Eagle's medium (DMEM) con-
taining 2 mM glutamine, 0.01 mg/ml insulin
and 1% penicillin/streptomycin mix, supple-
mented with 10 % fetal calf serum (FCS)and
need to be incubated at 37 °C in an atmo-
sphere of 5% CO2(Mehrizi et al., 2018).
Cytotoxicity analysis (MTT assay)
MTT assay is a rapid colorimetric test to
determine the cell viability and cytotoxicity
for screening new drugs (Mosmann, 1983).
In this assay, NAD(P)H-dependent cellular
oxidoreductase enzyme converts the yel-
low tetrazolium MTT 3-(4,5-dimethyl thi-
azolyl-2)-2,5-diphenyltetrazolium bromide
into  insoluble  (E,Z)-5-(4,5-dimethylth-
1azol-2-yl)-1,3-diphenylformazan(for-
mazan). The insoluble purple formazan can
be dissolved with DMSO, and purple color
intensity indicates the cell viability. In the
current study, the MTT assay was performed
as described by Bahuguma et al (2017). In
brief, MCF-7 cells were plated in 96- well
flat-bottom plates at a density of 1 x 104
cells/well for 24 h at 37 -C with 5% CO2
for stabilization. Then, after 24 h, the culture
medium was removed and fresh medium was
added. Afterward, the cells were treated with
Dox and Dox-G2-FA independently of each
other at different concentrations (5, 10, 50,
and 100pg/ml). A negative control (untreated
cells) was also used. Again, after 24 and 48 h
treatment, the culture medium was replaced.
Then, 10 pl of MTT (Sigma, Germany) was
added and after 4 h at 37 °C in a CO2 incuba-
tor, the medium was removed. The formazan
crystals were solubilized by adding 50 pL of
DMSO and allowed to be incubated for 30
min at 37 °C in a CO2 incubator. Ultimately,
the color intensity (absorbance) was record-
ed at 540 nm using the ELISA plate reader

Iran J Vet Med., Vol 14, No 2 (Spring 2020)



Hamed Mansoor Lakooraj et al.

(ELX 808, Biotek, USA). The mean absor-
bance of each reaction was converted to cell
viability (%) through the following equation:

(Mean absorbance treatment/mean absor-

bance control) x100

A blocking test was performed to deter-
mine the selectivity and importance of folate
in binding to cancerous tissue. For this pur-
pose, different values of folic acid (0.5, 1, 5,
and 10 pg/ml) were added to the cell line, and
then the same MTT assay was examined.

Evaluation of apoptosis and necrosis by
the flow- cytometry technique

Briefly, the principle of Annexin V- Fluores-
cein isothiocyanate (FITC) staining assay for
the flow- cytometry technique (Cy Flow Space,
Partec, Germany) is presented as follows.

Viable cells maintain an asymmetric dis-
tribution of different phospholipids between
the inner and outer leaflets of the plasma
membrane. Phosphatidylserine (PS) is locat-
ed in the inner leaflet of normal cells. Apop-
totic cells exposed PS on the outer leaflet of
the plasma membrane, while the membrane
integrity remains unchallenged in the early
phases of apoptosis. However, the translo-
cated PS can be detected by staining with a
FITC conjugate of Annexin V. Annexin V
is a calcium-dependent phospholipid-bind-
ing protein that specifically binds to PS.
Changes in PS asymmetry can be detected
by Annexin V-FITC staining for the flow-
cytometry method before the occurrence
of morphological changes associated with
apoptosis and before a loss of membrane
integrity. To differentiate between apoptotic
and necrotic cells, a membrane-impermeable
DNA stain, like propidium iodide (PI), can
be added concurrently to the cell suspension
(Van Engeland et al., 1998).

Thus, 4 labeling patterns in the mentioned
assay may be observed on 4 regions or quar-
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ters: Damaged cells during the isolation
procedure (Q1) - Annexin V negative and
Pl-positive; Apoptotic cells (Q2) - Annexin
V positive and PI negative; Vital cells (Q3)
- negative for both Annexin V and PI; Ne-
crotic cells (Q4) - positive for both Annexin
V and PIL.

In this technique, we placed 5x104 cells/
ml in each plate, and Dox and Dox-G2-FA
were added to each plate. The cells were
separated from the plate after washing with
phosphate buffer solution (PBS) and trypsin
enzyme and were put through centrifuges.
The cells were washed with a buffer solution
and centrifuged to be isolated. FITC solution
(Sigma, USA) was incubated with Annexin
(Sigma, USA) (5 pl) for 15 min at room tem-
perature in a dark environment. PI (Sigma,
USA) (5 pl) was added, which was attached
to the DNA 1n necrotic cells. Thus, for this
purpose, the measurement of induced apop-
tosis by Dox and Dox-G2-FA was assessed
by a FACScan flow cytometer (BD FACS-
Calibur, USA).

Gene expression assay by real-time PCR

RNA was extracted from the breast can-
cer cell line (MCF-7) according to the man-
ufacturer’s instructions (Qiagen, USA). The
final RNA was detected by the spectroscopy
method. Primers were designed by the com-
puter program Primer Express. Real-time
PCR includes 0.35 ml cDNA template and
50-900 nM of oligonucleotide primer, 1X
SYBR RT-PCR buffer, 0.2 mM each of dATP,
dCTP, dGTP, 3 mM MgCl2, 0.4 mM dUTP,
0.005 U Ampli Taq Gold, 0.002 U AmpEr-
ase UNGerase enzyme, primer and forward
primer in 10 ml volume. PCR reactions were
performed following thermal cycling profile:
95 °C for 10 min, followed by 40 steps of 95
°C for 30 s and 58 °C for 1 min and 72 °C for
1 min. After 40 cycles, the samples were run
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for the dissociation protocol. Then, the PCR
products were run on a 2% agarose gel to de-
tect the presence of a band with the expected
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size (Hashempour Alamdari et al., 2017).
Forward and reverse primer used in the
current study are listed below:

Forward: 5-TGTGGATGACTGAGTACCTGAACC-3'

Bcel-2
Revers: 5'-CAGCCAGGAGAAATCAAACAGAG-3'
Forward: 5'-TTGCTTCAGGGTTTCATCCAG-3'
Bax
Revers: 5'-AGCTTCTTGGTGGACGCATC-3'
Forward: 5'-CGTCTGCCCTATCAACTTTCG-3
GAPDH

Revers: 5-CGTTTCTCAGGCTCCCTCT-3'

Data analysis

Statistical data analysis was conducted
by one-way ANOVA. All the analyses were
conducted by SAS (SAS Institute Inc., Cary,
NC, USA). Data are presented as mean +
SEM. Diftferences with P-value<0.05 were
considered significant.

Results

The size of the G2-dendrimer and the G2-
FA were 80 nm and 140 nm respectively.
Besides, the results of zeta potential analy-
sis indicated that G2-FA(-52 mV) was neg-
ative compared to G2-dendrimer (-22 mV)
confirming the conjugation folic acid to the
G2-dendrimer.

The AFM analysis results showed that the
G2-dendrimer has a semi-spherical shape
with an average size of 70 nm (Figure 2-A),
while the G2-FA had a stretched shape and
a size of 125 nm (Figure 2-B). Furthermore,
these results are in good agreement with the
DLS analysis results.

The results of the Dox loading showed
that in the first 14 h of the study, 58% of the
drug was loaded into the dendrimer. After
that, there was no significant loading (Fig-
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ure 2 — C). Also, it was illustrated that the
drug was released slowly, and the highest
percentage of release occurred at the acidic
pH (81%; pH=5.5) (Figure 2- D).

The results of the MTT assay showed
that the viability of the cells after treatment
with different concentrations of Dox-G2-
FA (except 5 pg/ml) in comparison to Dox
was significantly decreased (P<0.05) (Fig-
ure 3-A). Also, the results of the MTT assay
indicated that the viability of the cells after
treatment with 50 and 100 pg/ml of Dox-
G2-FA compared to the Dox group was sig-
nificantly decreased(in the presence of the
blocking test) (P<0.05)(Figure.3-B).

As Figure 3-C showed, there is a sig-
nificant decrease in the Dox-G2-FA group
compared to the Dox and the control groups
in terms of the Bcl2 gene (P<0.05).

As Figure 4 shows, 95.05 % of the cells
existed in normal status in the control group.
In the Dox group, 52.16 % of the cells
showed apoptosis and 30.88 % of cells ne-
crosis in the presence of Dox; While 61.69
% of cells showed apoptosis, and 24.11 %
of the cells necrosis in the presence of Dox-
G2-FA (P<0.05).
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Figure 4. Flow- cytometry results - (a) control, (b) Dox and (c¢) Dox-G2-FA groups

Discussion

The use of chemotherapeutic drugs is one
of the several ways to treat cancer and tu-
mors. These drugs can also be applied to ra-
diation or surgery methods. However, they
may have undesirable or unwanted effects
(Senapati et al., 2018).

Dox is used to treat various cancers. More-
over, it is one of the chemotherapy agents
used in the treatment of breast cancer. It acts
by blocking the replication and transcription
processes (Lovitt et al., 2018). Although an
acceptable outcome has been seen in the che-
motherapy of some cancers, they also show
undesirable toxicity and severe complication
(Le et al., 2017). The targeted drug delivery
using polymer nanoparticles with their unique
characteristics such as biocompatibility, mon-
odispersity index, and three-dimensional
globular shapes can overcome these problems
(Lovitt et al., 2018). In the current study, we
synthesized G2-Folic acid having the ability
to carry Dox for targeted release (delivery) to
the breast cancer cell. The amounts of drug
loading and release from this nano-carrier
were 58% and 81% respectively. Atomic force
microscopy, mass spectroscopy, fluorescent
spectroscopy, dynamic light scattering, and
zeta potential, confirmed the successful syn-
thesis and drug loading. In this carrier, folic
acid conjugated via covalent binding. Target-
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ed delivery of anticancer drugs may be more
advantageous than chemotherapy (Mehrizi et
al., 2018). Some polymers such as polyeth-
ylene glycol and chitosan have been used for
tumor-targeted delivery (Duan et al., 2012).
Moreover, drug carriers may be modified
with a ligand to increase their ability (Yoo et
al., 2019). In the current study, we synthesized
(G2-Dox and confirmed it by mass spectros-
copy, then attached it to folic acid. Folic acid
as a group of water-soluble vitamin B is one
of the main elements involved in DNA syn-
thesis or cell division (Yilmaz and Walhout,
2014). Folic acid transports drugs to cancer
cells via folate receptors on the cell surface.
Parveen et al (2010) reported that the folate
receptor was over-expressed in many cancers
and emerged as a targeting ligand for selective
delivery. Compared to some commonly used
dendrimers like Poly amidoamine (PAMAM)
having a positive charge, the synthesized na-
no-carriers are more biocompatible owing
to its negative charge. This feature led to the
use of second-generation dendrimer for drug
delivery. The positive charge of PAMAM
dendrimer was instigated to use fourth and
fifth-generation which leads to increase in the
cost and time of synthesis and low drug-load-
ing efficiency (Javani et al., 2017, Luong et
al., 2016, Sowinska and Urbanczyk-Lipkow-
ska, 2014, Alavidjeh et al., 2010).
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Flow cytometer analysis showed that
apoptosis and necrosis were observed in
52.16% and 30.88% of cells in the presence
of doxorubicin. In the presence of Dox-G2-
FA, 61.6% and 24.11% of the cells showed
apoptosis and necrosis, respectively. It seems
that Dox-G2-FA causes more apoptosis than
Dox. The mechanism of the action of doxo-
rubicin on apoptosis is not completely clear.
Probably, it causes loss of the mitochondrial
membrane potential and activates the intrin-
sic mitochondrial/caspase-9 way(Debatin,
1997). Compared to the result of Myc et al
(2010) (Myc et al. 2010), the synthesized
particle has shown an acceptable and better
result that can be derived from the small size,
the low-generation, ability to load the wiz-
ard, the adaptability of the structure. Also,
compared with the control and Dox groups,
reduction of the antiapoptotic Bcl-2 expres-
sion could be attributed to an increased sen-
sitivity of the MCF-7 cells to induce apop-
tosis when exposed to synthesis structure
(Javani et al., 2017), indeed the reduction of
Bcl2 can restore the apoptotic process in tu-
mor cells (Czabotar et al., 2014).

According to the present study results,
there was a significant decrease in the ex-
pression of the Bcl2 gene in the Dox-G2-FA
group compared to Dox group. Moreover,
in flowcytometry, apoptosis in the presence
of Dox-G2-FA was greater than in the Dox
group. Therefore, it seems that the effect of
Dox-G2-FA on apoptosis is better than free
Dox. In this regard, more investigations are
needed on the effect of Dox-G2-FA on dif-
ferent cell lines as well as in vivo assay.
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