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Abstract: Breast cancer is the most common type of
cancer which leads to many deaths among women. Olive
because of its antioxidant compounds is considered as
a candidate in controlling and prevention of cancer.
In this study the impact of Nano oleuropein of olive
in densities, namely 0 ppm, 300 ppm and 600 ppm
treatment on the protein profile in MCF-7 cell line using
two-dimensional electrophoresis and MALDI-TOF-
TOF was examined. Results of changes in expressed
protein spots showed that among 317 spots, four proteins
include CLICI, HSPBI, PSMD?7, and SULTIA2 had
significant differential change which were confirmed
with level less than 1% in Masscot. These proteins are
important factors in the anti-proliferative pathway and
induction of apoptosis pathway. Therefore, by inducing
the incensement of expression of (PSMD?7 and CLICI)
proteins by oleuropein treatment, cancer cells of MCF-
7 with the help of anti-proliferation and apoptosis
mechanisms play a major role in their containment and
a significant reduction in expression (SULTIA2 and
HSPBI) as a way to support the induction of apoptosis
pathway is presented by the oleuropein. Oleuropein
ensures further investigations to prove its utility in
preventing/treating breast cancer.
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INTRODUCTION

Cancer is a disease of uncontrolled cell growth and
spread, which cells do not respond to the check-
points leading to tumor growth and metastasis.
Among cancer treatment techniques, chemotherapy
does not specifically target drugs to cancerous areas,
thus exposing normal cells to negative side effects.
In addition, large doses are required owing to their
rapid removal and non-specific distribution [Schéttler,
Ledzewicz, 2015; De Matteis et al., 2018]. Due to the
adverse effects of chemotherapy, the goal of Nano-
medicine is to find cost-effective molecules that have
high specificity and sensitivity in cancerous cells.
Breast cancer is the most common cancer diagnosed
in women and the second leading cause of death from
cancer among them [Di Wu et al., 2017]. The main
cause of cancer is defective proteins; therefore, they
are important clues for diagnosis and treatment of the
cancer. In addition, proteins are primary targets for
many drugs and are considered the primary basis for the
design of drugs. Devising the therapeutic interventions
to target cancer stem cells would be useful in increasing
patients’ survival rates [Dalby et al., 2020]. Phyto-
polyphenols are integral part of the human diet. They
have been also used worldwide in traditional medicine
for thousands of years for their anti-bacterial, anti-viral,
anti-inflammatory, anti-allergic, and anti-thrombotic
properties. The effects of phyto-polyphenols are usually
pleiotropic, and many of these compounds have proven
anti-carcinogenic actions manifested by suppression of
cancer cell transformation, differentiation, proliferation
and invasiveness, angiogenesis and induction of
apoptosis. The suppressing effects of the polyphenols
on breast cancer initiation and cell growth are
demonstrated in multiple in vitro and in vivo systems
[Avtanski et al., 2018]. Oleuropein (Ole) is a phenolic
compound presents in fruits, olive leaves and oil. This
molecule has been shown to have favorable effects on
several human pathological conditions. In particular,
recent studies have provided evidence that Ole
exhibits preventive effects on different types of human
tumors. Studies undertaken to elucidate the specific
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mechanisms underlying these effects have shown that
this molecule may thwart several key steps of malignant
progression, including tumor cell proliferation, survival,
angiogenesis, invasion and metastasis, by modulating
the expression and activity of several growth factors,
cytokines, adhesion molecules and enzymes involved
in these processes [Leto et al., 2020; Alam et al., 2018;
Groh et al., 2013]. Nano molecules have become a
promising strategy for anti-cancer treatment due to
their inherent properties and they are designed to assist
therapeutic agents to pass through biologic barriers,
to mediate molecular interactions, and to identify
molecular changes [Sutradhar, Amin, 2014]. Genomic
and transcriptomic profiles of breast cancer have been
well established; however, the proteomic contribution
to these profiles has yet to be elucidated and more
studies need to be done in this field [Zeidan et al.,
2015; Doll et al., 2019]. Proteomics mainly examines
the structure and function of the proteome, isoforms,
structural changes, Post-transcription and translation
changes, phosphorylation and glycosylation, interaction
with other proteins and drugs [Bludau, Aebersold,
2020; Tyanova, Cox, 2018; Doll et al., 2019]. Scientists
design biological network optimization algorithm
for diseases detection such as cancer. Applications of
proteomics are investigation inhibition of cancer cells,
anti-proliferation effects and apoptosis [Haymond et al.,
2019; Gao et al., 2017; Khurshid et al., 2020]. The aim
of this study was to investigate the inhibitory effect of
Nano Oleuropein treatment on MCF-7 cell line growth
by inducing and changing the differential protein
expression using 2-dimensional electrophoresis.

MATERIAL AND METHODS

Specifications of cell line used in the experiment are
MCEF-7 breast tissue epithelial cell lines. MCF-7 cells
were cultured. Extraction of oleuropein canned variety
olive fruit seeds were dried by liofilizator. The standard
oleuropein (Sigma) was separated and purified using
preparative HPLC compared with retention time (RT).
Infrared spectroscopy is commonly used to analyze and
identify materials and examined using FTIR spectrum.
Approximate effect range of oleuropein on MCF-7
cells was determined. Protein extraction obtained from
homogenized cells. One dimensional electrophoresis
or isoelectric focusing (IEF) or Electrofocusing
was performed using (GeheaithcareEttanIPGphar 3
Amersham Protein IEF) device. For Strips equilibration
of electrophoresis in the second dimension after
isoelectric focusing (IEF), gel strips were placed on an
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equilibration SDS-PAGE solution. Placement of strips
on SDS-PAGE gel performed. After electrophoresis, the
gel was separated from the glass mould and was stained
using Coomassie Blue G250 method [Arndt et al.,
2018]. All stages of the 2-dimensional electrophoresis
and isolation of the desired spots were carried out in
the equipped Laboratories for the National Center
for Biotechnology and Genetic Engineering, Iran. In
differential protein spots selection procedure, all spots
were encoded on the gels using Melani Software. The
area of each spot was calculated and those differential
spots with similar area were selected three times and
were later sent to Ware University, UK for MS evaluation
after cutting two-dimensional gel using MALDI TOF-
TOF method via SinaClon. After examining the pieces,
MSs with higher frequency were determined and the
molecular weight of obtained pieces was analyzed
through matching in Data Base using Masscot and
significance level and score were determined.
Statistical analysis. Least Significant Ranges (LSR) test
was used in SPSS statistical software version 25 (SPSS
Inc., Chicago, IL, USA) for MTT data compare the
difference among groups (concentration) in terms of OD
at P-value < 0.1%. Priority analysis of concentrations
in terms OD levels was carried out using Duncan test.
After being cut, the spots were sent to Ware University
in UK via SinaClon for MS evaluation. Level of
significance and score were specified and announced
through Masscot Data Base.

RESULTS AND DISCUSSION

The results of ANOVA for different concentrations of
oleuropein (10000, 2500, 625, 156.25, 39.06, 9.76,
2.44, 0.61, 0.152 pl/ml) in terms of growth inhibition
of MCF-7 human breast cancer cells after 24, 48, 72
showed that there is a significant difference between
different oleuropein concentrations (P-value < 0.001)
(Fig. 1). Oleuropein concentrations in Duncan method
at P-value of 5% indicated that the highest inhibition
of cancer cells occurs in 10000 pg/ml. However, 0.625,
0.39 to 0.152 pg/ml. concentrations induced the least
growth inhibition. This means that the oleuropein
concentrations act differently in terms of inhibition
of MCF-7 cancer cells growth. However, the above
concentration was not statistically different from
2500.625 and 156.25 pg/ml concentrations. 39.06 to
0.152 pg/ml treatments had the least growth inhibition
and were grouped in Group D in the sense that there was
no statistical difference between these concentrations in
terms of inhibiting cancer cells growth compared to the



ZAEFIZADEH ET AL: TREATMENT BY NANO OLEUROPEIN OF OLIVE FRUIT

100 -
99,8 -
99,6 -
99,4 -
5992 -
5 99 1
<988 -
98,6 -
98,4 -
98,2 -
98 -
o ’f’@ & c,br‘ﬁ) & ¢§°fﬁ° & &
Y N o " b‘\?‘ Qq"’) 'l(:;b
o e & &
oY o

Concentration pg/ml

Figure 1. Results of comparing average inhibition growth of cancer
cells in different Oleuropein concentrations after 24 hours of treatment
using Duncan method at p-value of 5%.

other concentrations.

Theresults of ANOVA fordifferent Nano Oleuropein
concentrations (10000, 2500, 625, 156.25, 39.06, 9.76,
2.44,0.61, 0.152 pg/ml) in terms of growth inhibition
of MCF-7 human breast cancer cells after 24 hours
showed that there is a significant difference between
different Nano oleuropein concentrations (P-value
< 0.001). Data not shown. The result of comparing
average growth inhibition (after 24 hours) induced by
the Nano oleuropein concentrations in Duncan method
at P-value of 5% indicated that the highest inhibition of
cancer cells occurs when the 10000 pg/ml oleuropein
concentration was used. Microscopic images "invert"
in normal conditions and concentrations of different
treatments and Nano oleuropein. Spot of Moldi TOF
TOF MS identified 317 spots, 2 spots, to No. 1, 2, 3, 4,
were significant differences in the expression.

The (CLIC1_ HUMAN) protein with high score
(P <0.05) was diagnosed at during alignment pieces
in Masscot online data base . This protein is a human
protein (PI = 5.09), the molecular weight of which
was estimated (M, = 27248) Spot No. 3 (No. 13, Fig.
2, 3, 4). The sequence coverage rate of this protein
was 58%. This protein was upregulated in 600PPM
Oleuropein treatment compared with 300PPM and the
control treatments (Fig. 3, 4); therefore, it seems that
Oleuropein up-regulated this protein. In Elaine Masscot
of pieces of high molecular weight, this protein was
identified as (PSMD7 _HUMAN) with score of (343)
at P <0.05. This protein is a human protein (Pl =6.29),
the molecular weight of which was estimated (M=
37060). The sequence coverage rate of this protein
was 79%. This protein was upregulated in 600PPM
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Figure 2. The two—dimensional electrophoresis page
for total 317 spots and 4 differentially spots identified
by Maldi Tof-Tof method.
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Note: Spot No 13 an spot No 12 were identified CLI/C1 and PSMD?7,
respectively.

Figure 3. The two—dimensional electrophoresis page
of differential protein spots in control (control, OPPM
Oleuropein ).



PLANT & FUNGAL RESEARCH

- . - -
e No.13.CLIC] ‘ "

~ - -
e &,

Note: Spot No 13 an spot No 12 were identified CLIC! and PSMD?7,
respectively

Figure 4. The two—dimensional electrophoresis page of
differential protein spots in treatment with Oleuropein
(concentration of 300 PPM).

oleuropein treatment compared with 300PPM and
control treatments (Fig. 3, 4); therefore, it seems that
oleuropein up-regulated this protein. S1- S2 -S3: The
above proteins were upregulated in s2 and s3 samples
compared to S1 samples.

Recently, the anti-cancer impacts of different natural
components have become the focus of an interesting
deal of attention in cancer researches, owing mainly to
their potential in prevention of different types of cancer
[Dalby et al., 2020; Leto et al., 2020]. Breast cancer
is the most common type of cancer which leads to
many deaths among women. As any kind of metastatic
disease, few curative therapies currently exist for
breast cancer treatment which are more palliative and
sustaining. Relapse and metastases happen frequently
and in general, are unresponsive to conventional
treatments. Therefore, more efficient approaches are
required to cure breast cancer and the identification
of bioactive compounds with the ability to suppress
breast cancer growth promises to be an effective
strategy for the therapy of this disease [Avtanski
et al,, 2018; Khurshid et al., 2020; Asgharzade et
al., 2020]. In the present study the impact of Nano
oleuropein obtained from olive was investigated on the
prevention and treatment of breast cancer. The results
showed that Nano oleuropein could inhibit the growth
of cancer cells by 99% and 2500 pg/ml was the most
effective concentration on the inhibition rate although
it was significantly different from the 10000 pg/ml
concentration. so that even very low Nano oleuropein
concentration of 0.152 pg/ml could inhibit the growth
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of cancer cells by 98.8% in vitro environment. Growth
inhibition of MCF-7 cells due to the cell cycle arrest
in the GO/G1 phase was shown when the cells were
treated with Nano oleuropein. When cells were treated
for changed concentration ranges, the cell cycle arrest
at G1 phase was evident, accompanying a decrease in
G2/M phase when compared with the untreated control
cells. From this result we suggest that apoptotic cell
death of MCF-7 cells after Nano oleuropein treatment
was accompanied with the block of cell cycle at Gl
phase [Zeidan et al., 2015; Shamshoum et al., 2017].
Also the results confirm that the cytotoxicity of Nano
oleuropein on cancer cells depends on the Nano
oleuropein concentration. The selective influence of
Nano oleuropein which allows it to differentiate between
cancer and normal cells renders it a very efficient
bioactive agent in the treatment of hypertrophic breast
cells and in preventing the transformation of them into
cancerous cells. So Nano oleuropein treatment could
be useful both for the prevention of tumor progression
and/or therapy, either alone or in combination with
conventional preventive or therapeutic agents for the
prevention and/or treatment of breast cancer [Abtin
et al, 2018]. These findings were consistent with
some of studies [Aktas et al., 2020; Asgharzade et al.,
2020; Shamshoum et al., 2017]. Oleuropein played an
inhibitory role in LN-18 cell growth in glioblastoma
cell lines as well as TF-1a (erythroleukemia) and cell
lines derived from human tumors [Han et al., 2009].
Previous studies reported that oleuropein is a powerful
phenolic compound in decreasing viability of breast
cancer cells. Another study showed that oleuropein
played a role in the death of breast cancer cells in the
micro-molar. They also showed that oleuropein was
cytotoxic to breast cancer cells, in which HER2 was
upregulated [Abtin et al., 2018; Lu et al., 2021]. S.
Bayat reported that Oleuropein reduced viability of
MCF-7 cancer cells [Bayat et al., 2019]. Oleuropein
has anti-proliferative property and has been used at
micromolar amounts against cancer cell lines and has
inhibitory effects on breast cancer cells (MCF-7). Also
oleuropein is an antioxidant that can inhibit some tumor
suppressor genes caused by cancer cells by reducing the
oxidant structure as well as CpG demethylation [ Aktas
et al., 2020; Asgharzade et al., 2020]. Oleuropein was
suggested to prevent the transformation of normal cells
into cancer cells due to the probability of its prevention
to oxidative stress in normal breast cells. It has been
suggested that consumption of olive oil, which is
particularly rich in antioxidants, such as oleuropein,
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may provide protection against breast cancer by
inhibiting oxidative stress. The overall evidence from
in vitro assays, animal and human studies support the
antioxidant effect of oleuropein [Lu et al., 2021]. It was
confirmed in our experiment that oleuropein played an
inhibitory role for breast cancer cells and inhibition
of second apoptosis induction pathway is through the
oleuropein treatment. Oleuropein has anti-apoptotic
effect on (MCF-7) breast cancer cell line [Asgharzade et
al., 2020; Han et al., 2009; Abtin et al., 2018]. Recently,
the anti-cancer impacts of different natural components
have become the focus of an interesting deal of attention
in cancer researches, owing mainly to their potential in
prevention of different types of cancer [Dalby et al.,
2020; Leto et al., 2020]. Therefore, oleuropein can be
effective as a cancer control mechanism by upregulating
some proteins and our results demonstrate that Nano
oleuropein may exert a protective effect against breast
cancer by arresting the cell cycle and inducing apoptosis
in these cells confirming the bioactivity of natural
compounds and their potential use in cancer therapy.

CONCLUSION

Synthesis of Nano oleuropein is considered as a
successful material in the antitumor agents list and an
important factor in the of anti-proliferative direction and
induction of apoptosis pathway. Therefore, by inducing
upregulation of proteins (PSMD7, CLICI) by the
oleuropein treatment, MCF-7 cancer cells play a major
role in inhibiting cells growth using anti-proliferation
and apoptosis mechanisms. Lack of normal breast cell
lines is this research limitation. It is recommended
to study and identify other spots and achieve other
pathways to inhibit cancer cells by Nano oleuropein
treatment.
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Miiqayisali proteomiks tatbiqi ilo zeytun
meyvasindan alinan Nano oleuropeinlorlo
islonmis dos xorcangi hiiceyralorinda
ziilallarin (CLIC1 v PSMD?7) ekspressiyasi
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Dos xargongi qadinlar arasinda 6liima sobab olan on ¢ox
yayillmig xorcong noviidiir. Zeytun yagi torkibindoki
antioksidant birlogsmalara gors xar¢anglo miibarizads va
onun profilaktikasinda tasirli hesab olunur. Bu tadqigat
isinda sixlig1 0 ppm, 300 ppm va 600 ppm olan zeytun
yag1 Nano oleuropeini iki 6l¢iilii elektroforezi totbiqi
ilo MCF-7 hiiceyra xoattindoki protein profiline tasiri
iki-miqyasli elektroforez vo 2D TOF MIFDI istifado
etmoklo aragdirilmigdir. Ziilalin ekspressiyasini gostoran
lokolordoki dayisikliklorin naticolorine osason, dord
ziilal, o cimlodon CLIC1, HSPB1, PSMD7 va SULTIA2
tizra 317 lokado oshomiyyatli differensial doyisikliklor
miisahido edilmisdir ki, bu da Masscot-da 1%-don az
saviyya il tasdiglonmisdir. Bu, ziilallar antiproliferativ
yolunda va apoptoz yollarmin induksiyasinda miihiim
amildir. Buna gors do, oleuropein miialica ils ziilallarin
(PSMD7 va CLICI) ekspressiyasint simullagdiraraq
antiproliferasiya vo apoptoz mexanizmlori vasitosilo
MCF-7 xar¢ong hiiceyralorinin (SULT1A2 vo HSPBI)
foaliyyotinin azalmasinda oshomiyyatli doracads miithiim
rol oynayir. Oleuropeinin dds Xxarganginin garsisinin
almmasinda/miialicasindo faydaliligin1  siibut etmok
iclin alava tadqiqat olaraq toqdim edilir.

Acar sozlar: Dunkan testi, elektroforez, LCR test, MCF-
7, MALDITOF-TOF, loka



ZAEFIZADEH ET AL: TREATMENT BY NANO OLEUROPEIN OF OLIVE FRUIT

Ikcnpeccus 6eaxkoB (CLICI u PSMD?7)

B KJIETKaX paKa MOJIOYHOM KeJie3bl ¢
00padoTKa HAHO-0JIEYPONIEMHOM ILJI010B
OJIMBBI € UCTIOJIb30BAHHEM CPABHHUTEIbHOI
NMPOTEOMHUKH

Moxamman 3aedusane
Hccneoosamenvckuil yenmp mpaouyuOHHOU MeOUYuHsl U 2UOpomepaniu,
Vnueepcumem meouyuncrkux nayk, Apoedouns, Upan

Kamenust Mobamepu
buonoeuueckuii paxyremem Apoedunvcrkoco unuanra Hcramckoeo
Vuueepcumema Azao, Apoedouns, Upan

Caiiapa Ub6anynnaesa
Hnemumym bomanuxu HAH Azepbaiioocana, Badamoapcroe wiocce 40,
baxy, AZ1004, Azepbaiiosican

AmuH MoxceH3ajae
bBuonoeuueckuii ghaxyremem Apoedunvckoeo guauana Hcramckozo yHueep-
cumema A3zao, Apoedouns, Upan

Xona Cabaru
Hayuno-uccinedosamenvckuil yeHmp ouomexnono2uu u Ouoiocuu, Qaxyio-
mem Hayk, Ynusepcumem Lllaxuoa Yampana, Axeas, Upan

Pak mosouHOM »ene3bl - caMblil paclpoCTpaHEHHBIN
BUJ] OHKOJIOTUYECKUX 3a00JIeBaHUi IPUBOASAIINN K TH-
Oenmn MHOrUX XeHUIMH. OJIMBKOBOE MAacio, UMEIOLIee
B CBOEM (PUTOXMMHYECKOM COCTaBE aHTHOKCHJIAHTHBIC
COCAMHEHHMS, CYUTACTCS KaHAUIAATOM B MPOQHUIAKTHKE
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u Oopb0e ¢ pakoM. BpIIo M3ydeHO BIUSHHE HaHO-OJIe-
YpOTIEHHA OJINBKOBOTO MacJia Ha IJIOTHOCTh, & UMEHHO
o6pabotky 0 ppm, 300 ppm u 600 ppm Ha npopuib
Oenka B kieroyHod nmuHUM MCF-7 ¢ UCTIONB30BaHUEM
nBymepHoro snekrpogopeza u MALDI-TOF-TOF. Pe-
3yJAbTaThl U3MEHEHUH B MATHAX SKCIPECCUPOBAHHOTO
Oeika mokasaid, u4To cpenu 317 msaTeH deTsipe Oenka,
Bxirouass CLICI, HSPBI, PSMD7 w SULTIA2, nmenu
3HAYHUTENbHBIC MU DEPEHIINATBHBIC U3MEHEHUS, KOTO-
pBie OBUIM TMOATBEPKICHBI C TOYHOCThEO MeHee 1% B
Masscot. OTu OelIKH SBISFOTCS BAXKHBIM (PaKTOPOM, JJIs
AHTHUIPOTU(PEPATUBHOTO MYTH M WHIYKIMH aronTo3a.
CrenoBarenbHO, MHAYLUUPYS CTUMYISILHIO 3KCIIPECc-
cun OenkoB (PSMD7 n CLICI) ¢ OMOLIBIO JICYCHHUS
OJIEypONEMHOM, pakoBble kieTku MCF-7 n ucnonsys
MEXaHU3M aHTUIPONU(EpAUd M aronTo3a, WUrPaKoT
BXXHYIO POJIb B MIX CJICPKUBAHUU M 3HAYUTESILHOM CHU-
sxernu dkcripeccun (SULTIA2 w HSPBI). Ilpumenenue
0JICypOIIEHA MPEACTABIICH KaK CIIOCO0 MOAJICPKKHI UH-
IYKIMH TyTH anonto3. VccnenoBaHus oJeyporerHa
HEOOXOIMMBI TSI TIOJITBEPIKEHHSI €T0 TI0JIB3bI B TPOhU-
JIAKTHUKE/ICYCHUU paKa MOJIOYHOM JKeIle3bl.

Knroueswie cnosa: /[ynkan mecm, snexkmpoghopes, LCR
mecm, MCF-7, MALDITOF-TOF, namno



