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Abstract

Purpose: The study aims to examine the effects of boric
acid at different concentrations applied to green tea on
heat shock protein (HSP) 70 and HSP 90 in MCF-7 cells.
Materials and Methods: Boric acid in sodium tetraborate
buffer of 0 mg/m? (group 1), 100 mg/m?2 (group 2), 300
mg/m?2 (group 3), and 500 mg/m? (group 4) were applied
to soil where Camelia sinensis (green tea) grown. The
collected green tea leaves were dried and brewed in water
at 80°C for 40 minutes. Cytotoxicity was analyzed by MTT
method. The prepared green tea extracts (250 pg/ml) were
applied to MCF-7 cells. The mRNA expressions of HSP
70 and HSP 90 were determined by qRT-PCR. The HSP
70 and HSP 90 protein levels were measured by Western
blotting method.

Results: 100 and 500 mg/m? boric-acid-applied green tea
extracts increased HSP 90 mRNA expressions in MCF-7
cells compared to green tea extract without boric acid .
HSP 70 and HSP 90 protein levels did not show any
change between MCF-7 cells with boric-acid-applied green
tea extract and green tea extract without boric acid.
Conclusion: According to our results, the protein
expressions of HSP 70 and HSP 90 in MCF-7 cells
changed by neither boric-acid-applied green tea extracts
nor green tea extracts without any boric-acid-applied.

Keywords: : MCF-7 cells, heat shock protein, green tea,
boric acid, cytotoxicity

Oz

Amag: Caligmanin amaci, farkli konsantrasyonlarda borik
asit uygulanan yesil cayin MCF-7 hiicrelerinde 1s1 soku
proteini (HSP) 70 wve HSP 90 iizerine etkilerini
incelemektir.

Gereg¢ ve Yontem: Camelia sinensis  (yesil cay)’in
yetistirildigi topraga 0 mg/m? (grup 1), 100 mg/m?2 (grup
2), 300 mg/m? (grup 3) ve 500 mg/m? (grup 4) borik asit
sodyum tetraborat tamponu igerisinde uygulandu.
Toplanan yesil cay yapraklart kurutuldu ve 40 dakika
boyunca 80° C'de suda demlendi. Sitotoksisite MTT
yontemi ile analiz edildi. Hazirlanan yesil cay ekstraktlars
(250 pg/ml) MCF-7 hiicrelerine uygulandt. HSP 70 ve HSP
90'n mRNA ekspresyonlart gRT-PZR ile HSP 70 ve HSP
90 protein seviyeleri Western blotting yontemi ile
belirlendi.

Bulgular: 100 ve 500 mg/m? borik asit uygulanan yesil cay
ckstraktlart MCF-7 hiicrelerinde  HSP 90 mRNA
ekspresyonunu borik asit icermeyen yesil ¢ay ekstraktina
gore arttirdt. Borik asit uygulanmus yesil cay ekstrakti ve
borik asit icermeyen yesil cay ekstraktinin MCF-7
hiicrelerindeki HSP 70 ve HSP 90 protein seviyeleri
arasinda herhangi bir degisiklik saptanmadi.

Sonug: Bulgularimiza gére, MCF-7 hiicrelerinde HSP 70
ve HSP 90'in protein ekspresyonlari borik asit uygulanmig
ve uygulanmamus yesil cay ekstraktlari ile degismedi.
Anahtar kelimeler: MCF-7 hiicreleri; 1st sok protein; yesil
cay; borik asit, sitotoksisite
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INTRODUCTION

Cancer is a serious disease in worldwide. Nowadays,
different types of cancers represent major challenges.
For women, breast cancer is the one of the 3 most
common cancer types. Only breast cancer constitutes
30% of all new cancer diagnoses in women.
According to statistics, it is estimated that
approximately 40.610 women and 460 men died from
breast cancer in 2017. Numerous risk factors
including  genetic, hormonal,  environmental,
sociobiological and physiological factors may
influence the development of breast cancer 1-3.

It is reported that some selected bioactive
compounds and extracts from traditional herbs have
anti-inflammatory, anti-carcinogenic, and anti-
oxidant effects. One of these is Camellia sinensis (green
tea) which is commonly used as a medical plant. Its
phytocompounds have anticancer properties, and
provide protection against environmental factors,
such as free radicals #>. The studies showed that the
consumption of green tea may provide a protection
against various diseases thanks to its anti-viral, anti-
oxidant, anti-proliferative and apoptosis effects +©.
The green tea and its components have significant

anti-cancer properties 7.

Boron is an essential element for the growth and
development of plants. Boron has two forms as boric
acid and borates. The element is indirectly significant
for animal life 8. Barronco et al. ? suggested that boric
acid reduced the risk of prostate cancer and showed
anti-proliferative effects. It is expected that boric acid
may lead to the development of potent therapeutic
agents '°. According to the study of Yazici et al. ',
boric acid can modulate oxidative stress and enhance
the antioxidant defense mechanism in rodent model.
Boric acid also may inhibit the proinflaimmatory
cytokines, such as TNF-a and IL.-6.

Heat shock proteins (HSPs) were found in the cells
of all studied organisms that act as molecular
chaperones. HSPs play crucial role in process of
proteins folding and, have anti-apoptotic properties.
It is also known that these proteins are highly
conserved molecules that are expressed by cells in
response to stress conditions. High expression of
these proteins is associated with cancer progression,
such as breast, prostate, colorectal and, lung cancer 1%
13, HSP 70 and HSP 90 ate the members of HSPs
family. There is a positive correlation between the
expression of HSP70 and HSP90 4.
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Boric acid is dissolved in soil in extreme rain water,
which causes boric acid deficiency in plants. C.
sinensis grows in areas with abundant rainfall and
consequently boric acid deficiency may occur in the
growth of tea plants. In the absence of boric acid,
there is a decrease in the antioxidant effect in plant
roots and leaves. Therefore, boric acid application
to C. sinensis was carried out under controlled land
conditions. Thus, the present study investigated the
effects of boric acid at different concentrations
applied to green tea on the expressions of HSP 70
and HSP 90 in MCF-7 cells.

MATERIALS AND METHODS

The application of boric acid and green tea
sample preparation

Green tea was grown up in Cayeli, Rize. The land was
divided into four pieces. Five different regions were
formed from each piece. The first piece was accepted
control region (group 1) and there was no boric acid
application to soil. A single dose boric acid in sodium
tetraborate buffer of 100 (group 2), 300 (group 3),
and 500 (group 4) mg/m? was applied the other three
pieces, respectively. The collected leaves were dried
at room temperature. Dried leaves (1 g) were brewed
in water (50 ml) at 80°C for 40 minutes.

Cell lines and culture conditions

The breast cancer (MCF-7, ATCC,
Manassas, VA, USA) cells were maintained in the
recommended Dulbecco’s modified Eagle’s nutrient
F-12 Ham (DMEM-F12) medium (D6421, Sigma-
Aldrich, Oslo, Norway) supplemented with 10% fetal
bovine serum (FBS) (S0115, Seromed, Tutkey), L-
glutamine (03020-1C, Biological Industries, Israel),
penicillin (50 units/mL) and streptomycin (0.05
mg/ml) (03031-1C, Biological Industries, Israel).
The cells at 25 cm? flasks were cultured in a
humidified atmosphere with 5% CO; at 37°C. The
growth medium of cells was replaced by fresh growth
medium in 2 to 3 times per week.

human

Cytotoxicity assay

Culture medium was removed after the cells became
80-100% confluent. The cell layer was rinsed with
trypsin solution and removed, and then 2 mL trypsin
solution was added to flask for 5 minutes. The fresh
growth medium (5 mL) was added to flask and,
medium and cells were transferred to the centrifuge
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tube. The cell suspension was centrifuged at
approximately 1000 rpm for 5 minutes. The
supernatant was discarded and the cell pellet was
suspended in fresh growth medium. 1x10% cells/well
were plated on 96-well plates. The cells were treated
with different concentrations (0-4 mg/ml) of the
green tea extracts for 24 h. After the treatment,
medium was carefully discarded. MTT was carried
out according to the manufacturer’s instructions of
CellTiter 96® AQueous One Solution Cell prolifera-
tion Assay (G3580, Promega Corporation, Madison,
WI, USA). The cells were incubated with MTT
solution at 37°C, 5% CO; environment for 2 h. The
optic density at 490 nm was measured by ELISA
reader (BioTek, Synergy H1 Hybrid Multi-Mode
Microplate Reader, Winooski, VT, USA). The
percentage of relative cell viability was calculated
using the following formula: % cell viability =
(OD490 treated cells/ OD490 control) x 100.

The mRNA expression of HSP 70 and HSP
90 in MCF-7 cells

1x10¢ cells/well were seeded in 6 well plates and
incubated in a humidified atmosphere with 5% CO,
at 37°C until the cells proliferated. After that green
tea extracts (250 pg/ml) were applied to the cells for
24 h. The cells were washed with cold PBS. The
Trizol protocol was applied to cells. The cell pellets
in micro tube were homogenized into the trizol and,
chloroform (200 pL) was added to tube. The samples
were centrifuged at 12,000 g for 15 minutes at 4 °C.
The aqueous phase was transferred to new tube and
then isopropanol (500 pl) was added. Following
centrifugation, RNA pellets were washed with 80 %
ethanol. The pellet was dissolved in DEPC water.
The obtained 1 ug RNA was turned into cDNA by
using the cDNA synthesis kit (SuperScript 111 First-
Strand, 18080400, Invitrogen, Carlsbad, CA, USA). A
mix was prepared with RNA, random hexamer
primer, annealing buffer and RNase/DNase-free
water were incubated in a thermal cycler at 65°C for
5 minutes. 2X First-Strand Reaction Mix and
SupetSctipt™ II1/RNaseOUT™ Enzyme Mix wete
added to the tube on ice and then the samples were
incubated in the thermal cycler for 5-10 minutes at
25°C, followed by another 50 minutes at 50°C. The
PCR reaction mixture was made with TaqgMan Gene
Expression Master Mix and PCR primers. PCR
products were obtained by using the 7500 Fast
Instrument Real-Time PCR System (Applied
Biosystems, California, USA). The amounts of
reaction products of the target genes were calculated
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in relation to Beta-actin expression with Pfaffl
method 1. The primers of HSP 70, HSP 90 and Beta
actin were procured from Applied Biosystems.

Protein extraction and western blotting

The culture cells (1x10° cells/well) were seeded in 6
well plates and incubated in a humidified atmosphere
with 5% COzat 37°C until the cells proliferated. After
that, green tea extracts (250 pg/ml) were applied to
the cells for 24 h. Cell lysis buffer (9803, Cell
Signaling Technology, Boston, MA, USA) and
sonication were used for lysed to the cells. Protein
concentrations were analyzed with the protein kit
using Bradford method (Millipore, Billerica, MA,
USA). SDS-PAGE (7.5% gel) was used for separation
of proteins.

The separated proteins were transferred to
nitrocellulose membranes. 5% nonfat dried milk was
used for blocking of the membrane and then with the
primary antibody (for HSP 70; sc-1060, for HSP 90;
sc-101494, for Beta actin; sc-47778, Santa Cruz,
Oregon, USA) at 4°C, overnight. After that, the
secondary antibody was applied for 1 hour (anti-goat
sc-2350, anti-mouse sc-3589, Santa Cruz, Oregon,
USA). The bands were made visible with luminol
reagent (sc-2048, Santa Cruz, Oregon, USA) using
Gel Logic 1500 Imaging System Device (Eastmen
Kodak Company, Rochester, NY, USA). The protein
band densities were done with Kodak Carestream MI
analysis program (Eastmen Kodak Company,
Rochester, NY, USA) for data analysis. The levels of
protein were normalized with Beta actin.

Statistical analysis

Statistical analysis was done using GraphPad Prism 5
computer program. The results were expressed as
mean = SEM. Statistical analysis of the differences in
the measured properties of the groups was performed
with one-way analysis of variance (ANOVA),
followed by Tukey's post-hoc test. There was a
statistically significant as p < 0.05.

RESULTS

Cell viability in MCF-7 cells treated with
boric-acid-applied green tea extracts

The concentrations producing 50 % growth
inhibition (IC50) of the extracts from boric-acid-
applied green tea and green tea without boric acid on
the MCF-7 cells for 24 h were determined. The IC50
values of 0, 100, 300, and 500 mg/m? botic-acid-
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applied green tea extracts on MCF-7 cells were 3.012,
2.908, 2.731, and 2.625 mg/mL, respectively.

HSP 70 and HSP 90 mRINA expressions in
MCF-7 cells

HSP 70 mRNA expressions in MCF-7 cells were not
observed by qRT-PCR for 40 cycles (data not
shown). However, HSP 90 mRNA expression was
detected. HSP 90 mRNA expressions in MCF-7 cells
wete elevated by 100 and 500 mg/m? boric-acid-
applied green tea extract compared to MCF-7 with
green tea extract without boric acid (p<0.05 and
p<0.01, respectively). Interestingly, the levels of HSP
90 mRNA expression in MCF-7 cells treated with 300
mg/m? botic-acid-applied gteen tea extract wete
lower than MCF-7 cells treated with 100 and 500
mg/m? boric-acid-applied green tea extract (p<0.05
and p<0.01, respectively; Figure 1).
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Figure 1. HSP 90 mRNA expression in MCF-7
cells. 1: green tea without boric acid; 2: 100 mg/m?2
boric-acid-applied green tea; 3: 300 mg/m?2 boric-acid-
applied green tea; and 4: 500 mg/m?2 boric-acid-applied
green tea. *p<0.05 and **p<0.01.

Western blot analysis of HSP 70 and HSP
90 protein in MCF-7 cells

The levels of HSP 70 protein did not show any
changes between MCF-7 cells with boric-acid-applied
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green tea extract and with green tea extract without
boric acid. Similarly, HSP 90 protein levels were the
same among groups (Figure 2).

ek
204 | T
5l * * -T-
w £ T
25 15 |
S
@ o
Q
om 1.04
c [
s>
S 2 05
o
o=
I
0.0 - T T T
N q LS N

Figure 2. HSP 70 and HSP 90 protein levels in
MCEF-7 cells. 1: green tea without boric acid; 2: 100
mg/m2 boric-acid-applied green tea; 3: 300 mg/m2
botic-acid-applied green tea; and 4: 500 mg/m2 boric-
acid-applied green tea.

DISCUSSION

Breast cancer is a complex and heterogeneous disease
with a very high death rate. It is known that there is
a reasonable number of breast cancer cell lines
available to reflect the molecular characteristics of its
sub-types. MCF-7 is one of these cell line types and
there is a suitable model cell line for breast cancer
investigations worldwide!® 7. We preferred MCF-7
cell line in the present study.

Recently, the use of herbal products has shown
significantly increase. Although the studies on human
and animals reported a protective role of green tea
against various cancer types, the definitive evidence
has not been provided for beneficial or deleterious
effects of green or black tea consumption on cancer
18, Ogunleye et al. ' suggested that green tea
consumption may be associated with a decrease in
risk of breast cancer recurrence. According to the
study of Zhang et al. %, green tea extract cause cell
death and inhibit cell proliferation in vitro and in
vivo. Similarly, Liu et al. 2! mentioned that green tea
extract induced inhibition of cell proliferation in
human oral squamous carcinoma cell lines.

It is known that boric acid was utilized as an anti-
septic for food conservation, as well as soil sterility
22, Furthermore, boric acid was used as a therapeutic
agent. Sogut et al. 23 suggested that boric acid
showed apoptotic and antioxidant effects against
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alcohol-induced hepatoxicity in rats. In the cutrent
study, we tried to increase the effectiveness of green
tea by applying boric acid because it is basic element
for plant and has therapeutic properties. Thus, boric
acid was applied to Camellia sinensis at different
doses. The tea leaf samples used in the research
were collected from the Eastern Black Sea Region
considering the size, distribution, climatic
conditions of tea farming areas and the quality of tea
farming areas in the region 2. So, we did not prefer
using a controlled laboratory that was not suitable
for the natural conditions to grow tea.

HSP 70 and HSP 90 stabilize pro-survival
client proteins and so cause tumor growth °. Khan et
al. 2 reported that HSP 70 may increase in the
sensitivity of breast cancer cells. In breast cancer
patient, the over-expression of HSP70-2, a member
of HSP 70 family, was shown and caused progression
of breast cancer. It is suggested that HSP70-2 might
be potential molecule for breast cancer treatment 7.
Similar to HSP 70, HSP 90 promise for the treatment
of cancer disease. The anti-proliferative effect was
observed via the inhibition of HSP 90 as client
protein degradation 8. Moses et al.  showed that (-
)-Epigallocatechin gallate, a
major tea polyphenol, can prevent human prostate
cancer progression by inhibiting HSP 90. Likely, the
study of Li et al. * on pancreatic cancer cells observed
that (-)-epigallocatechin gallate caused degradation of
HSP 90 and showed anti-proliferative effect. Boric
acid supplementation increased the expression of
HSP 70 and decreased apoptosis dependent on
concentration in the spleen of African ostrich. Thus,
HSP 70 played a role anti-apoptotic function 3. In
our finding, we did not observe any change the
mRNA and protein expressions of HSP 70 between
MCEF-7 cells treated with boric-acid-applied green tea
extract and green tea extract without boric acid. The
studies were reported that there is a poor correlation
between mRNA and protein levels in the cells 3% 33,
We evaluated that HSP 90 mRNA levels in MCF-7
cells increased by boric-acid-applied green tea extract
compared to non-treated cells, but HSP 90 protein
levels did not change. It may be that the proteins
differ substantially in their half-lives in vivo, and/ot
post-transcriptional and post-translational
parameters may be the cause of this difference.

Different cell types in the human body have various
shapes and functions, even though they have the
same genome and the same organelles. The cells are
characterized by genetic material and the other
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components, but also by the genes they express. The
differentially expressed genes lead to the production
of proteins with different morphology, shape or
function within the cell. The limitations of this study
are that animal models are not utilized for the
systemic investigation of HSP proteins. The animal
studies are needed so that the level of the circulating
and tissue HSP proteins can be compared with that
at the cellular level.

Taken together, our study indicated that green tea
extract without boric acid and boric-acid-applied
green tea supplementations were not effective the
protein expressions of HSP 70 and HSP 90 in MCF-
7 cells. Future work is needed to better ascertain the
role of green tea extract with boric acid in cancer
cells.
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