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The effects of lithium, metformin and everolimus substances on cell growth
in 2D and 3D Ishikawa endometrial carcinoma cell culture
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Abstract

Purpose: Our aim is to study the effects of the single and combined treatments of Everolimus, Metformin,
and Lithium Chloride in two-dimensional (2D, monolayer) and three-dimensional (3D, spheroid) cell cultures of
Ishikawa cells, which comprise the endometrial cancer cell line.

Materials and methods: As part of the study, the effects of single and combined forms of Everolimus, Metformin,
and Lithium Chloride were determined on cell viability, invasion, colony formation and apoptosis, and PI3K/AKT/
mTOR pathway. Cell viability was assessed using XTT assay. CASP3, CASP8, CASP9, FASL, FADD, TNF,
TRADD, BAX, TP53, PISKCA, PISKCB, PTEN, MTOR, AKT1 genes were evaluated with RT-PCR, apoptosis
was evaluated by flow cytometry and 3D spheroid results were evaluated with invert microscope analysis.
Results: Everolimus, metformin, and lithium's IC50 levels were found at 48 hours to be 37.46 nM, 48.59 mM,
and 100 pM, respectively. It was determined that the invasive capacities of Ishikawa cells in treatment groups,
as well as cell colony formation were significantly reduced. In addition, Ishikawa spheroid cells were significantly
suppressed compared with the control groups. RT-PCR results revealed that substances and their combinations
affect genes associated with PI3BK/AKT/mTOR pathway and apoptosis. Flow cytometry results showed notably
increased apoptosis by single and combined treatments.

Conclusion: As a result, the single and combination forms of everolimus, metformin, and lithium have reduced
cell proliferation, induced apoptosis, and decreased mTOR activation through various mechanisms in Ishikawa
cells. However, our study has shown that Eve alone and triple combination therapy (Eve+Met+Lit) are more
effective than other therapies in the treatment of endometrial cancer.

Keywords: Endometrial cancer, PI3K/AKT/mTOR pathway, everolimus, metformin, lithium.

Tural E, Cil N, Secme M, Abban Mete G, Darici H, Bilir A, Karaoz E. The effects of lithium, metformin and
everolimus substances on cell growth in 2D and 3D Ishikawa endometrial carcinoma cell culture. Pam Med J
2024;17:560-576.

Oz

Amag: Amacimiz endometrium kanser hiicre hatti olan Ishikawa hucrelerinin iki boyutlu (2D, monolayer) ve
U¢ boyutlu (3D, spheroid) hiicre kultirlerinde Everolimus, Metformin ve Lityum Klorir'in tekli ve kombine
tedavilerinin etkilerini incelemektir.

Gereg ve yontem: Calisma kapsaminda, Everolimus, Metformin ve Lityum Kloririn tekli ve kombine formlarinin
hicre canliligi, invazyon, koloni olusumu ve apoptoz ve PI3BK/AKT/mTOR yolagi Gzerindeki etkileri belirlendi.
Hucre canliligi XTT testi kullanilarak degerlendirilmisti. CASP3, CASP8, CASP9, FASL, FADD, TNF, TRADD,
BAX, TP53, PISKCA, PIBKCB, PTEN, MTOR, AKT1 genleri RT-PCR ile, apoptoz flow sitometri ile ve 3D sferoid
sonuglari invert mikroskop analizi ile degerlendirildi.

Bulgular: Everolimus, metformin ve lityumun IC50 seviyeleri 48 saatte sirasiyla 37,46 nM, 48,59 mM ve 100
MM olarak bulundu. Tedavi gruplarindaki Ishikawa hucrelerinin invazyon kapasitelerinin yani sira hiicre koloni
olusumunun da 6nemli dlgude azaldidi tespit edilmistir. Ayrica, Ishikawa sferoid hicreleri kontrol gruplarina
kiyasla dnemli 6lgiide baskilanmistir. RT-PCR sonuglari, maddelerin ve kombinasyonlarinin PI3K/AKT/mTOR
yolagi ve apoptoz ile iligkili genleri etkiledigini ortaya koymustur. Flow sitometri sonuglari tekli ve kombine
tedavilerin apoptozu belirgin sekilde arttirdigini géstermistir.
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Sonug: Sonug olarak, everolimus, metformin ve lityumun tekli ve kombinasyon formlari, Ishikawa hiicrelerinde
cesitli mekanizmalar yoluyla hlcre gogalmasini azaltmig, apoptozu indiklemis ve mTOR aktivasyonunu
azaltmistir. Bununla birlikte, caismamiz tek basina Eve ve Ugcli kombinasyon tedavisinin (Eve+Met+Lit)
endometriyal kanser tedavisinde diger tedavilerden daha etkili oldugunu géstermistir.

Anahtar kelimeler: Endometriyal kanser, PI3K/AKT/mTOR yolagi, everolimus, metformin, lityum.

Tural E, Cil N, Segme M, Abban Mete G, Darici H, Bilir A, Karadz E. Lityum, metformin ve everolimus maddelerinin
2D ve 3D Ishikawa endometrial karsinom hucre kilturinde hicre buyumesi Gzerine etkileri. Pam Tip Derg

2024;17:560-576.

Introduction

Cancers are ranked second after
cardiovascular disease-related deaths due
to disease. Endometrial cancer is the most
common gynecological cancer in developing
countries [1-3].

According to biological, molecular, and
clinical characteristics endometrial cancers
divide into two types. Type | tumors are low-
grade International Federation of Gynecology
and Obstetrics grades 1 and grade 2 (FIGO
grade1, 2). These patients typically develop
endometrial hyperplasia. Type Il (FIGO grade
3) contains histological subtypes that are not
endometrioid. They generally appear on the
atrophic endometrium base, are not estrogen-
dependent, and have a poor prognosis with a
high grade [4-7].

To improve the treatment of endometrial
cancer, signaling pathways which may play
a role in the development of cancer are
targeted. The PI3K/AKT/mTOR is important
in endometrial cancers as well as in many
other cancers. The PI3K/AKT/mTOR pathway
regulates various cellular functions. PI3K/
AKT/mTOR  overactivation is implicated
in developing endometrial cancer [8]. It is
important to elucidate the antitumour effects of
different PISBK/AKT/mTOR pathway inhibitors
and to identify the patient populations in which
these inhibitors may be most effective, based
on preclinical and clinical studies [4-10].

A number of studies have investigated the
role of mTOR inhibition as a single agent in
the recurrence of endometrial cancer [10, 11].
Everolimus (Eve) is an effective, selective, and
orally active mTOR inhibitor [12]. In previous
clinical studies of EC patients with progressive
or recurrent phases | and Il, Eve was shown to
be promising [11-13].
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It has been reported that single-agent
treatment such as mTOR inhibitors and its
analogous activates the negative feedback and
as a result, the mechanisms that lead to the
development of resistance [14, 15]. Combined
treatments have been applied to overcome this
problem and to maximally inhibit this pathway.

It has been hypothesised that drugs
targeting glucose metabolism may be effective
in preventing or treating endometrial cancer
because of the association between obesity,
diabetes, hyperinsulinemia and endometrial
cancer. A prominent drug in this area was
Metformin  (Met) (1.1-dimethylbiguanid), a
first-line oral antihyperglycemic agent used
in treating type 2 diabetes [13, 14]. Met has a
direct and indirect effect on cell development
and metabolism. Its direct effect activates AMP-
Activated protein kinase (AMPK) and causes
phosphorylation of tuberous sclerosis 2 protein
and mTOR inhibition. Its indirect effect increases
the glucose intake of cells, thereby reducing
insulin circulation. The decrease in IGF-1 and
insulin inhibit cell proliferation [15, 16].

With a well-known confidence interval,
Lithium (Lit) chloride is used to treat psychotic
diseases, particularly bipolar disorder. Studies
with Lit have shown that it has antineoplastic
effects in various cancers, including colorectal
cancer, stomach cancer, and neuroblastoma
[17-22]. In addition, limited clinical studies have
suggested that Lit may increase the therapeutic
efficacy and reduce the side effects of some
anti-cancer drugs. Investigation of the antitumor
effects of Lit may be important for combination
treatment of endometrial cancers. This is the
first study to investigate the use of Lit alone or in
combination with Eve and Met for the treatment
of endometrial cancer.
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In this study, we investigated whether Eve,
Met and Lit single and combined treatments
affect the human endometrial carcinoma cell
line (Ishikawa), and their potential mechanisms
of action.

Materials and methods
Cell culture

This study was performed using the
human endometrial adenocarcinoma cell line
(Ishikawa). Cells were cultured in an RPMI
1640 nutrient environment containing 10% fetal
bovine serum (FBS), 1% L-glutamine, penicillin
(100 U/mL), streptomycin (100 pg/mL) in a
stove under 95% humidity at 37°C and 5% CO,,.
Studies were performed when the cell density
reached 80-90%, studies were performed. In
this study, single, dual, and triple combinations
of Eve, Met and Lit were used.

The experimental groups were as follows:
Group1: Control

Group2: Everolimus 37.46 nM IC50 (Eve)
Group3: Metformin 48.59 mM IC50) (Met)
Group4: Lithium 100 uM IC50 (Lit)

Group5: Everolimus IC50 + MetforminlC50
(Eve+Met)

Group6: Everolimus IC50 + Lithium 100 uM
IC50) (Eve+Lit)

Group7: Everolimus IC50 + Metformin IC50
+ Lithium 100 pM IC50 (Eve+Lit+Met)

Cell viability assay

Cytotoxicity, dose, and time-dependent
effects of the substances that we used were
studied with the Biological Industries Cell
Proliferation Kit XTT based Colorimetric Assay
(CellTiter-Glo® luminescent cell viability
assay REF:20-300-1000, LOT:2002010). The
powdered substances were dissolved in 1/1000
DMSO in an RPMI 1640 nutrient environment
containing 10% FBS at various doses, and
their effects were investigated by adjusting their
concentrations. The selected concentration
range was determined according to the test kit
protocol, considering information available in
the literature. The cells were seeded in 96-well
plate within RPMI 1640 with 2,000 Ishikawa

cells in each well and were kept 24 hours in the
incubator containing 5% CO, at 37°C. At the
end of 24h, the medium was aspirated. Then,
study of following concentrations: 0.1 mM, 1
mM, 5 mM, 10 mM, 20 mM, 50 mM, 100 mM for
Met; 50 uM, 100 uM, 200 puM, 400 pM for Lit; 2
nM, 10 nM, 25 nM, 50 nM, 100 nM, 200 nM and
300 nM for Eve were prepared in the medium
containing 10% FBS and the effects at 24, 48
and 72h were determined.

After 24 h, 100 yL medium was added to
each well, 50 yL reagent solution A, 1 pyL XTT
activator mixture was prepared, and 150 uL was
added per well. The cells were then incubated
for 4h in an incubator containing 5% CO, at
37°C, and the absorbance levels of the groups
were determined in the ELISA. IC50 ratio was
calculated as follows:

Cell viability (%)= (Absorbance value of the
substance-applied group/Absorbance value of
the control group) x 100

Spheroid formation with three-dimensional
(3D) cell culture method

The liquid overlay technique was used to
create an in vitro Ishikawa spheroid model.
Ishikawa cells were first seeded in a T75 flask
with RPMI 1640 medium and were incubated in
a stove with 95% humidity and 5% CO, at 37°C.
When the cells were 90% confluent, they were
washed with PBS, thoroughly purged from dead
cells and cell waste, and aspirated. Trypsin
was added to allow the cells to leave the flask.
In 1500 g, the cell-media mix in the flask was
centrifuged for 4 min, and the supernatant was
removed. Then cells with 100% viability were
cultured using RPMI 1640 to a 3% Noble agar-
covered six-well culture plate with 1x10° cells in
each well, and images of the cells were taken in
the inverted microscope in certain ranges and
measured in size.

Colony formation analysis

Ishikawa cells were seeded at 6-well plates
at 1x10° cell/well. After 24h of incubation, the
cells were exposed to the single and combined
concentrations of Eve, Met and Lit agents for
48h. The cells were incubated at 5% CO,, 37°C.
At the end of 14 days, the cells were fixed for 10
min with methanol and incubation. The colonies
were painted with crystal violet and counted.
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Matrigel invasion analysis

Ishikawa cells were seeded ata concentration
of 5x10° cells/wells on a Matrigel membrane
with 8 ym pores and incubated overnight in a
non-serum environment. They were put in RPMI
1640 24 well plates with 10% FBS containing
serum. After the cells were incubated overnight,
Met, Eve and Lit and combined doses were
applied to the medium without serum. The cells
passing through the membrane were detected
by methanol, painted with crystal violet and
counted.

Apoptosis detection with annexin V

The apoptotic index was evaluated using
flow cytometric annexin-V-fluorescence
isothiocyanate/propidium iodide (Annexin-V-
FITC/PI) (BD Pharmingen™ FITC, catolog
No0:5565447). After the instructions in the kit's
manual, the cells were washed twice with PBS
and re-suspended with the 0.01 M HEPES, 0.14
mM NaCl, and 2.5 mM CacCl, containing binding
pad. The cells in the cell suspension were
incubated with 5 yL Annexin V (BD Pharmingen)
FITC-labelled stain and PI for 15 min at room
temperature in the dark. Pl fluorescence and
Annexin V were measured at the same time
in a (BD FACS Calibur™ Cat. N0:349227) and
analyzed with the operating software of the
device.

Real-time PCR analysis

RNA isolation was performed in the groups
to assess expression at the gene level. Cells
were seeded at a density of 3x10°8 cells/well.
After 24h of incubation, Lit, Eve, Met, and
their combination were applied to each well,
except the control well, and incubated for 48h.
Complementary DNA (cDNA) was synthesized
using the cDNA Synthesis Kit (WizScript™).
CASP3, CASP8, CASP9, PISKCA, PI3KCB,
FASL, FADD, TNF, TRADD, BAX, TP53, PTEN,
mTOR, and AKT expression analyses were
performed using the StepOnePlus quantitative
real-time PCR (Thermo Scientific PikoReal 96)
according to the expression analysis SYBR
Green (Thermo Scientific, USA). Values were
normalised to ACTB levels for each gene (Table

1).
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Statistical evaluation of data

PCR datawere analysed by the AACT method
and quantified by a computer programme. The
Volcano Plot analysis provided by the RT?
Profiler; PCR Array Data Analysis programme
was used to compare the groups. Student’s t-test
was used to statistically evaluate the comparison
between groups. SPSS 24.0 package program
was used for data analysis. Continuous
variables were presented in terms of mean +
standard deviation and medians (minimum and
maximum), and categorical variables in terms
of numbers and proportions. The Shapiro-Wilk
test was used to examine the conformity of the
data for normal distribution. The Kruskal-Wallis
Analysis of Variance (Post-hoc, Mann-Whitney
U-test with Bonferroni adjustment) was used
to compare independent group differences
(p<0.05, considered statistically significant).

Results

Eve, Met and Lit and their combined forms
decreased cell proliferation of Ishikawa cells

In the results of the 24h cell viability test
of the applied substances, dose rates at 48h
were considered IC50 as cell proliferation did
not fall below 50%. The varying dose ranges
and overtime effects of Eve, Met, Lit alone, and
combined treatments are shown in Figure 1.

Eve, Met and Lit and their combination
reduced Ishikawa 3D spheroids

In the 48h images, which represent the
IC50 time of the doses, a reduced number
of spheroids, shrinking sizes, and border
irregularities were detected. The control group
presented a large number of spheroids with
an average size of 170 ym, ranging from 120
pm to 225 pm. In treatment groups, average
of spheroid size in the Eve treatment group
was 71.33 uym, average of spheroid size in the
Met treatment group was 97.5 ym, in the Lit
treatment group was 90 um, in the Eve+Met
treatment group was 96.4 ym, in the Eve+Lit,
treatment group was 97 um, in the Eve+Met+Lit
treatment group was found to be 80 ym (Figure
2).
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Table 1. Primary list of genes analyzed on RT-PCR

Genes Primer Sequence
ACTB F: CACCATTGGCAATGAGCGGTTC

R: AGGTCTTTGCGGATGTCCACGT
CASP3 F: GGAAGCGAATCAATGGACTCTGG

R: GCATCGACATCTGTACCAGACC
CASPS F: AGAAGAGGGTCATCCTGGGAGA

R: TCAGGACTTCCTTCAAGGCTGC
CASP9 F: GTTTGAGGACCTTCGACCAGCT

R: CAACGTACCAGGAGCCACTCTT
MTOR F: GCTTGATTTGGTTCCCAGGACAGT

R: GTGCTGAGTTTGCTGTACCCATGT
AKT F: TTCTGCAGCTATGCGCAATGTG

R: TGGCCAGCATACCATAGTGAGGTT
PIK3CA F: GGTTGTCTGTCAATCGGTGACTGT

R: GAACTGCAGTGCACCTTTCAAGC
PIK3CB F: TTGTCTGTCACACTTCTGTAGTT

R: AACAGTTCCCATTGGATTCAACA
BAX F: TCAGGATGCGTCCACCAAGAAG

R: TGTGTCCACGGCGGCAATCATC
PTEN F: TGAGTTCCCTCAGCCGTTACCT

R: GAGGTTTCCTCTGGTCCTGGTA
FADD F: GCTGGCTCGTCAGCTCAAA

R: ACTGTTGCGTTCTCCTTCTCT
TRADD F: GCTGTTTGAGTTGCATCCTAGC

R: CCGCACTTCAGATTTCGCA
EASL F: GGTTCTGGTTGCCTTGGTAGGA

R: CTGTGTGCATCTGGCTGGTAGA
TNEa F: CTCTTCTGCCTGCTGCACTTTG

R: ATGGGCTACAGGCTTGTCACTC
P53 F: ATCTACAAGCAGTCACAGCACAT

R: GTGGTACAGTCAGAGCCAACC
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Figure 1. The effect of Everolimus, Lithium, Metformin, and combined doses on Ishikawa cell viability.
A) IC50 doses of Everolimus; Ishikawa cells were detected 37.46 nM at the 48th hour
B) IC50 doses of Metformin; Ishikawa cells were detected 48.59 mM at the 48th hour
C) IC50 doses of Lithium; Ishikawa cells were detected 100 mM at the 48th hour
D) IC50 doses of combined treatment; Ishikawa cells were detected at the 48th hour
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Figure 2. Images of spheroids consisting of endometrial cancer cells. A: Control, B: Everolimus,
C: Metformin, D: Lithium, E: Everolimus + Metformin, F: Everolimus + Lithium, G: Everolimus +
Metformin + Lithium. Bar:100um
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Eve, Met and Lit and their combined forms
reduced colony formation capacity of
Ishikawa cells

In all groups colony numbers in Ishikawa
cells was significantly reduced with respect
to the control group. The colony formation
data of the groups in the Ishikawa cell array
was shown as follows, respectively: Control
(382.33£20.53), Eve (195£13.23), Met (12617),
Lit (251.67+12.58) Eve+Met (48.33£13.01),
Eve+Lit(210+43.59) Eve+Met+Lit(62.67+15.37)
Eve+Met was the lowest in the colony formation
analysis compared to the control group (Figure
3).

Eve, Met and Lit and their combined forms
inhibits migration of Ishikawa cells

As a result of the Matrigel invasion
experiment, single and combined of Eve, Met
and Lit administered Ishikawa cells noticeably
decreased according to the control group of the
invasion. The invasive data of the groups in the
Ishikawa cell array were as follows, respectively:
Control (1420+5), Eve (311£3.61), Met (10x0),
Lit (47.33+2.52), Eve+Met (10£0), Eve+Lit
(2104£43.59), Eve+Met+Lit (351+3) (Figure 4).
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Eve, Met and Lit and their combined forms
induces apoptosis on Ishikawa cells

Flow cytometry results

According to the flow cytometry results,
compared to the control group, late apoptosis
increased significantly in the treatment groups.
The highest rate of late apoptosis was observed
in the Eve+Met+Lit and Eve+Lit groups (Figure
5).

Eve, Met and Lit and their combined forms
changes mRNA expressions genes

In the group administered Eve, FASL and
CASP3 showed a significant increase. In the
group administered with Met, FASL, PTEN,
CASP9, and TRADD increased significantly
(p<0.05), whereas CASP8 decreased
significantly (p<0.05) in the Lit administered
group. In the group administered Eve+Met,
there was a significant increase in FADD,
CASP9, and BAX values, and the Eve+Lit group
showed a significant increase in FADD and TNF
values (p<0.05). PTEN, FADD, TNF, and TP53
levels increased significantly (p<0.05) in the
Eve+Met+Lit group (Table 2, 3).
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Table 2. The mRNA expression changes of cell cycle and apoptosis genes in Ishikawa cell line
treated with everolimus (Eve), metformin (Met) and lithium (Lit), compared with the control group
cells

Fold regulation (comparing to the control grup)

Gene Symbol Eve Lit Met

Fold Fold Fold

regulation p-value regulation p-value regulation p-value
ACTB 1.00 nan 1.00 nan 1.00 nan
CASP-8 1.13 0.64 -4.92 0.01 -1.16 0.40
FASL 2.1 0.02 -1.38 0.47 1.87 0.04
FADD 6.88 0.23 2375 0.10 32.90 0.05
TNF-Alpha 10.51 0.09 5.64 0.19 2.60 0.35
TRADD -1.71 0.90 3.54 0.15 13.83 0.00
CASP-9 -1.63 0.56 4.75 0.13 2.30 0.00
BAX -1.45 0.31 3.12 0.14 1.98 0.19
CASP-3 1.65 0.04 1.39 0.46 1.38 0.06
TP53 1.21 0.79 -1.94 0.91 5.75 0.27
PTEN -1.46 0.05 1.02 0.90 346 0.00
PIK3CA 2.72 0.66 6.93 0.42 40.13 0.13
PIK3CB -54.07 0.24 -1.64 0.35 2.41 0.76
AKT1 -1.39 0.19 2.73 0.1 2.05 0.20
MTOR -8.67 0.38 1.50 0.87 1.46 0.42
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Table 3. The mRNA expression changes of cell cycle and apoptosis genes in Ishikawa
cell line treated with everolimus+metformin (Eve+Met), everolimus+lithium (Eve+Lit), and

everolimus+metformin+lithium (Eve+Met+Lit) compared with the control group cells

Fold regulation (comparing to the control grup)

Gene Symbol Eve+Met Eve+Lit Eve+Met+Lit

Fold Fold Fold

regulation p-value regulation p-value regulation p-value
ACTB 1.00 nan 1.00 nan 1.00 nan
CASP8 -1.57 0.39 2.80 0.16 -1.13 0.47
FASL -1.77 0.41 -2.14 0.76 1.47 0.18
FADD 18 55 0.00 15.21 0.03 -2.43 0.00
TNF 7.24 0.31 34.70 0.00 8.42 0.02
TRADD 66.72 0.33 33.59 0.37 -2.12 0.06
CASP9 7.43 0.01 7.91 0.06 -1.31 0.41
BAX 4.41 0.02 2.35 0.25 1.17 0.64
CASP3 244 0.21 1.32 0.42 -1.10 0.57
TP53 100.66 0.37 12.35 0.10 4.34 0.03
PTEN 2.79 0.24 1.78 0.1 -2.76 0.00
PIK3CA 21,51 0.37 15.93 0.17 -2.47 0.41
PIK3CB 4.52 0.50 -3.18 0.28 -9.49 0.26
AKT1 2.08 0.19 3.42 0.15 5.51 0.36
MTOR 6.56 0.62 477 0.41 1.40 0.42
Discussion Ishikawa cells to form colonies, a crucial event

This is the first study to investigate the
effects of single and combined forms of Eve,
Met and Lit on cell viability, colony formation,
cell invasion, spheroid formation, apoptosis,
PI3K/Akt/mTOR signaling pathway in cultures
of Ishikawa cells. In our study, colony formation
and invasion capacity decreased significantly
in the single and combined treatment groups
compared with the control group. In particular,
the combination of Metand Eve and Eve+Met+Lit
was significantly more effective than either
monotherapy or the other combined therapies
in inhibiting cell invasion and the ability of

involved in tumorigenesis. These results were
consistent with previously reported findings that
the combined use of Met and Eve synergistically
augmented anticancer activity in the treatment
of breast and cervical cancers [21-25].

3D spheroids geometrically and molecularly
mimic tumors in vivo compared to monolayer
2D cells [26]. 3D cell culture has become an
effective method for drug screening [27]. In our
study, the effects of Met, Eve, and Lit alone
and in combination on the growth of Ishikawa
3D cells were examined. Interestingly, Eve, Met
and Lit alone and in combination blocked the
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growth rate of Ishikawa spheroids. However,
Eve alone was quite potent in reducing the
growth of spheroids compared to other groups,
except for the Eve+Met+Lit group. The results
in the triple combination group were similar to
those in the Eve group.

We examined whether the antineoplastic
effects of Met, Eve, and Lit single and combined
administration were mediated by the induction of
apoptosis. Apoptosis was higher in all treatment
groups than that in the control group. However,
while early apoptosis was highest in the Eve
treatment group, late apoptosis was slightly
higher in all combined groups than in the single
treatment groups.

When the molecules involved in the extrinsic
and intrinsic apoptotic pathways were examined
by RT-PCR analysis to elucidate the mechanism
of apoptosis, it was determined that both the
extrinsic and intrinsic pathways were effective
in the single and combined treatments. In
addition, another apoptosis-related gene, TP53,
which plays an important role in the regulation
of cell proliferation, DNA repair, apoptosis, was
significantly upregulated in the Eve+Met+Lit
treatment group.

The PI3K/AKT/mTOR is closely related to
various common malignancies and plays a
major role in resistance to anticancer drugs in
response to treatment [28-32]. In a wide range
of tumours, the components of this pathway
support irregular and limitless cancer cell
growth and proliferation and contribute to the
tumor by allowing the avoidance of apoptosis
[33, 34]. It is known that the increased mTOR
activity supports the PISK/AKT/mTOR pathway.
Supported by preclinical data the important role
of mTOR in cancer, resulting in mTOR inhibiting
drugs being developed as a therapeutic target
[35]. Eve is an inhibitor of rapamycin (mTOR),
which has an antitumor effect on cancers and
reduces the proliferation of endometrial cancers
through mTOR inhibition [36]. According to our
PCR results, a decrease in mTOR mRNA levels
was observed in all the groups.

The PTEN gene is a negative regulator
of the PISK/AKT/mTOR pathway, which is
the most frequent alteration in endometrioid
tumors [14, 15]. In preclinical studies, mutations
in various genes have been identified in
the molecular analysis of endometrial
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cancers. PTEN and PI3CA were the most
common genes. PTEN loss has been detected in
80% of endometrial tumors [14]. Thus, abnormal
cell growth and escape from apoptosis due to
loss of PTEN activity [13]. We observed that
single-met treatment increased PTEN mRNA
levels. These results are in line with those
reported by other studies that Met increased
PTEN mRNA levels in Ishikawa cells and
advanced and recurrent endometrial cancers
[37, 38]. According to the PCR results, the
lowest PTEN levels were determined in the
Eve alone and Eve+Met+Lit combined groups.
These results suggest that Eve suppresses the
efficacy of Met, and that Eve and Eve+Met+Lit
may use different pathways to inhibit mTOR in
endometrial cancers.

Increased PI3K activity via gain of function
has also been shown in several human
cancers: PIK3CA, with a frequency of up to
33% in Type | endometrial tumors and 15-
20% in Type Il endometrial tumors, is the
second most mutated gene [39-42]. Previous
studies have shown that PIK3CB, the other
catalytic component of PIK; is highly expressed
in endometrial cancer cell lines and clinical
samples taken at the initial stage of endometrial
carcinogenesis. PIK3CB mutations are less
frequent than PIK3CA mutations [43, 36]. Both
PIK3CA and PIK3CB mRNA levels were low
in the Eve+Met+Lit group, indicating that the
triple combined treatment was effective against
PIK3CA and PIK3CB mutations. AKT is known
to regulate signaling events that promote
cell survival, proliferation, angiogenesis, and
invasion [44]. In our study, no significant change
was observed in AKT mRNA level in any groups.

This study has some limitations. These
include not demonstrating the effects of the
tested substances on non-cancerous cell lines
by using any healthy normal cells in the study,
and also evaluating the study using only one
endometrial cancer cell line. It is recommended
to improve the study by using additional cell
lines and healthy cells.

In conclusion, we determined that the single
and combination of Eve, Met, and Lit were
effective in inhibiting Ishikawa cell proliferation,
promoting apoptosis, and preventing colony
formation and invasion capacity, probably acting
via different pathways in mTOR inhibition.
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Our study showed that single and
combined therapies, especially Eve alone and
Eve+Met+Lit, were more effective than other
therapies in the treatment of endometrial cancer.
We believe that Eve+Met+Lit therapy will be
an alternative in the treatment of endometrial
cancer because of the possibility of resistance
in a single application, the high probability of
combined treatments to prevent this condition,
and the ability to treat it as an anti-carcinogen
at lower doses; however, we believe that further
preclinical and clinical studies are required on
this matter.

Conflict of interest: No conflict of interest was
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