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Abstract. - OBJECTIVE: New evidence is pre-
sented for differences in lipid metabolism be-
tween healthy and cancer cells, which has in-
creased considerably in recent years. Alterations
in lipid metabolism affect important processes
such as cell growth, proliferation, and differenti-
ation. Therefore, the purpose of this study is to
determine the gene expression levels of the en-
zymes which have a function in lipid metabolisms
such as fatty acid synthase (FASN), sterol regula-
tory element-binding protein (SREBP), phospha-
tidylinositol 3-kinase (PI3K), mammalian target
of rapamycin (mTOR), protein kinase B (Akt), and
AMP-activating protein kinase (AMPK) in patients
with endometrial cancer.

PATIENTS AND METHODS: This study includ-
ed 60 patients diagnosed with endometrial ade-
nocarcinoma which subgrouped as Grade 1 (n =
20), Grade 2 (n = 20), Grade 3 (n = 20). For con-
trol group endometrial tissues from 30 individ-
uals subgrouped as control 1 (n = 15) secretory
phase and control 2 (n = 15) proliferative phase
healthy endometrial tissues. Gene expression
analysis was performed using Real-time poly-
merase chain reaction (RT-PCR).

RESULTS: PI3K gene expression levels were
decreased in patients with Grade 3 endometrial
cancer compared to Grade 1 and 2 (p <0.05). The
gene expression levels of Akt and mTOR were
decreased in the Grade 3 patients compared to
control groups. The gene expression levels of
SREBP, FASN, and AMPK were decreased in all
patients’ groups compared to control groups (p
<0.05).

CONCLUSIONS: The results suggest that while
lipogenesis may show different tissue-specific
behaviors related to some pathways, it may have
a direct relationship with endometrial cancer.
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Introduction

Endometrial cancer is the most common malig-
nancy of the female reproductive system. Every
year, 320,000 new cases are diagnosed globally,
and 76,000 patients die worldwide due to endo-
metrial cancer'?. Traditionally, endometrial can-
cer has different clinical, pathological, histolog-
ical, and molecular behavior and is divided into
two subgroups, Type 1 and Type 234,

Type 1 endometrial cancers are low grade,
estrogen-dependent, hormone receptor-positive
adenocarcinomas with endometrioid morpholo-
gy and are often referred to as endometrioid en-
dometrial cancers. Type 1 endometrioid cancers
account for 85% of all endometrial cancers. They
are often diagnosed at an early stage and are usu-
ally characterized by a good prognosis'®. Type
2 endometrial cancers are serous and clear cell
carcinomas that are aggressive types, affecting
about 10-15% of diagnosed patients®. The most
important risk factors of endometrial cancer are
increased estrogen, use of tamoxifen, obesity,
age, early menstruation, and late menopause’.

Changes in lipid metabolism, known as an en-
ergy-providing molecule, have great importance
in cancer development. The increase of fat mo-
bilization in cancer cells causes hyperactivity in
fatty acid metabolism, which in turn increases
plasma-free fatty acid concentration due to fast-
ing, insufficient glucose use, prolonged malnu-
trition, secretion of adrenaline, and growth hor-
mones®. The increased proliferation of cancer
cells requires acceleration of lipid synthesis for
the construction of biological membranes as these
energy-rich lipids provide energy to cancer cells
in nutrient deficiency®.
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One of the most studied lipid metabolism en-
zymes against cancer is FASN'. The SREBP
molecule is another important transcription reg-
ulatory factor in pathway''. In the control of cel-
lular metabolism, the PI3K pathway functions
particularly in glucose transport and utilization,
regulation of cell growth, protein biosynthesis,
and prevention of apoptosis. Akt regulates cellular
metabolism through various sub-targets'>. mTOR
plays an important role in cell growth and metab-
olism". The irregularity of the PI3K/AKT/mTOR
signal pathway plays a role in the pathogenesis of
many types of cancer. AMPK, originally known
as serine/threonine kinase, regulates the negative
regulation of many key enzymes of lipid anabo-
lism. Over time, AMPK has been simultaneous-
ly inhibited by many anabolic pathways such as
lipids, carbohydrates, protein biosynthesis, while
being considered an energy sensitive kinase that
activates catabolic pathways in various multicel-
lular organisms such as glucose uptake and me-
tabolism'.

Obesity, one of the main risk factors of endo-
metrial cancer, can be examined to emphasize the
importance of its related molecules and pathways
in endometrial cancer. In obesity, cancer cells are
constantly stimulated by proinflammatory cy-
tokines and adipokines, among which leptin is
dominant. Studies indicate that leptin can affect
cancer cells through some phenomena, includ-
ing inflammation, cell proliferation, suppression
of apoptosis, and angiogenesis'®. Increased leptin
in obesity is an adipokine that contributes to hy-
perestrogenemia and the growth of estrogen-de-
pendent tumor cells'®. Many studies have associ-
ated leptin with activation of the mTOR pathway.
Metformin, which is effective in the treatment of
endometrial cancer, has been evaluated as a thera-
peutic agent due to the inhibition of the P13K/Akt/
mTOR pathway and thus indirect inhibition of
downstream leptin signaling. Metformin direct-
ly activates AMPK, which then phosphorylates
the tuberous sclerosis 2 protein and subsequently
inhibits the mTOR signal, leading to a decrease
in cell proliferation. Metformin also indirectly af-
fects cell growth by increasing insulin sensitivity,
resulting in increased intracellular glucose uptake
and decreased peripheral insulin levels'.

Early diagnosis of endometrial cancer is high-
ly possible, and treatment offers positive results.
The ability to treat cancer without reducing the
quality of life by eliminating or controlling the
causes of cancer is the target of cancer pathway
studies'™.

688

In this study, it was aimed to determine the lev-
els of gene expressions of FASN, SREBP, PI3K,
Akt, mTOR, and AMPK in patients with endo-
metrial cancer. According to our results, it was
reported that lipogenesis and PI3K/Akt/mTOR
signaling pathway mediators may play a role in
the diagnosis, treatment, and prognosis of endo-
metrial cancer.

Patients and Methods

Patients and Tumor Samples

Prospectively collected (2012-2018) forma-
lin-fixed paraffin-embedded (FFPE) tissue
specimens’ series were retrieved from Mersin
University Faculty of Medicine, Department of
Obstetrics and Gynecology. All of these samples
were linked to comprehensive clinical, histologic,
and molecular data.

A total of 60 patients diagnosed with endo-
metrioid adenocarcinoma were included in this
study. All patients were divided into 3 groups,
which included 20 patients per group, according
to the tumor grades. Besides, two control groups
were also included: Control 1 with 15 prolifera-
tive samples, and Control 2 with 15 secretory
phase healthy samples.

Collecting Samples from Paraffin
Archive Tissues

FFPE tissues were prepared using the modified
tissue microarray method for analysis. With the
modified tissue microarray method, samples from
different areas of the same tumor can be taken and
evaluated, and tissue samples of different cases can
be examined together in the same paraffin block.
For this purpose, in the present study, a punch bi-
opsy device designed for the removal of skin biop-
sies was used in the preparation of the blocks.

Appropriate areas on preparations without
detection-tracking artifacts and with little or no
necrosis were marked using a light microscope.
These areas were selected from 4 different blocks.
A tissue sample of 4 mm in diameter was removed
from the paraffin block from areas corresponding
to those marked on the preparations. New paraf-
fin blocks were obtained by mapping 5 different
cases on one block, with 4 tissues extracted from
different blocks of the same case on the same line.
Each block was created from 20 textures con-
taining 5 rows and 4 columns. From these newly
prepared blocks and control blocks, microtome
sections with a thickness of 15 pm were taken,
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and the sections were transferred onto clean slides
(Figure 1).

Primer Design

National Center for Biotechnology Information
database was used to design the primers for the
genes which were performed in this study. The
designability report of the determined primers
was received via the “FLUIDIGM D3 Assay De-
sign” service.

Deparaffinization and RNA Isolation

Sample separation from the paraffin block was
performed according to the QTAGEN miRNeasy
FFPE Kit (Cat No: 217504, Hilden, Germany) pro-
tocol. After the necessary procedures were car-
ried out, the total RNA for cDNA extraction was
filtered into the tube.

cDNA Synthesis, Preamplification,
and RT-PCR Application

Reverse Transcription Master Mix (P/N: 100-
6298, South San Francisco, CA, USA) was used
to convert RNAs isolated from tissue samples
into cDNA using the Reverse Transcription
method according to the “Fluidigm ¢cDNA pro-
duction” protocol. After the cDNA was synthe-
sized, the preamplification phase was initiated.
The Fluidigm PreAmp Kit (Fluidigm, 100-5580,
South San Francisco, CA, USA) protocol was
thus applied. The Dynamic Array chip was
placed on the BioMark HD Real-Time Reader.
RT-PCR was carried out using BioMark Data
Collection software.

Figure 1. Determination of target tissues by marking in
archive tissue preparations.

Statistical Analysis

Statistical analysis was performed with Free
Trial IBM SPSS statistical software (SPSS Inc.,
Chicago, IL, USA). In the analysis of the study re-
sults, the delta ct values were calculated based on
the difference between the ct values of the target
and reference genes. (Act). Act values were calcu-
lated using the Pfaffl method formula®.

Data were controlled for normal distribution
using the Shapiro-Wilk test. According to the
test results, while Control 1 and Control 2 groups
showed a normal distribution (p > 0.05), the Grade
1, Grade 2, and Grade 3 groups did not (p < 0.05).
The Kruskal Wallis multiple comparisons and
Kruskal Wallis Dunn’s post hoc tests were used to
detect differences between groups in terms of gene
expressions. For all analyses, a p-value <0.05 was
regarded as statistically significant.

Ethics Committee Approval

This study, as part of the “Relation between li-
pogenesis and AMPK/Akt/mTOR in Endometrial
Carcinoma” project, was approved by the Ethics
Committee of Mersin University (Mersin, Tur-
key) (21/09/2017, 16/274).

Results

This study included 60 patients with endome-
trioid adenocarcinoma as well as 30 healthy sub-
jects. The FASN, SREBFI, SREBF2, PIK3CA,
AKT1, MTORCI1, PRKAAIl, PRKAA2, and
PRKABI expression profiles were determined.
GAPDH is one of the most common housekeep-
ing genes and was used as an endogenous control
in the quantitative analysis of RT-PCR to normal-
ize the distinguishing expression of tissues.

Participants who have similar ages were in-
cluded in this study. The mean age of the patient
group was 62.67 = 11.082, while the mean age of
the control group was 42.90 + 4.163. Prognostic
factors such as myometrial invasion, distance to
serosa, age, and lymph node involvement were
compared between the Grade 1, Grade 2, and
Grade 3 groups (Table I).

The Grade 1, Grade 2, and Grade 3 groups
were compared in terms of myometrial invasion,
distance to serosa, age, and lymph node involve-
ment. Results showed that there was a signifi-
cant difference in myometrial invasion between
the groups (p = 0.004). Myometrial invasion was
found to differ significantly between Grade 1 and
Grade 2 (p = 0.005), and Grade 1 and Grade 3
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Table I. Grade 1, Grade 2, Grade 3 prognostic factors.

Grade 1 Grade 2 Grade 3

(mean = SEM) (n: 20) (mean = SEM) (n: 20) | (mean =SEM) (n: 20) P
Myometrial invasion 0.435+0.114 1.065+0.149 @ 1.01+0.168* 0,004
Distance to serosa 0.620+0.125 0.797+0.207 0.565+0.131 0.814

Positive | Negative Positive | Negative Positive | Negative p
Lymph node (n, %) (n, %) (n, %) (n, %) (n, %) (n, %)
involvement

4,20% 16, 80% 1, 5% 19, 95% 2,10% 18, 90% 0.322

Results are expressed as mean = SEM. SEM; standard error rate. aShows statistically significant difference (p <0.05) with Grade

1 group.

(p = 0.028). There was no significant difference
between the groups in terms of lymph node in-
volvement and distance to serosa.

Results of Lipogenesis Markers

FASN expression levels were found significant-
ly different between patient and control groups (p
=0.034). It was determined that FASN expression
decreased in patient groups when compared to the
control groups. A significant difference was de-
termined in the Grade 2 group compared to the
Control 2 group (p = 0.028) (Figure 2 A).
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Furthermore, the expression levels of SREBF1
gene, which stimulate fatty acid synthesis, were
found significantly different compared to oth-
er groups (p = 0.0001). There was a significant
difference between Grade 2 and Control 1 (p =
0.012) and between Grade 3 and control 1 (p =
0.0001) (Figure 2 B).

Besides, SREBF2, one of the cholesterol me-
tabolism stimuli gene expression, showed a signif-
icant difference between the groups (p = 0.0001).
SREBF2 expression levels were significantly
decreased in the patient group when compared

B SREBF1
0,154 ——
=
g 0104 a
©v a
©
g oos
Qu 0,05 I
0,00 T T T T
Control1  Control2  Gradel Grade2 Grade3

Figure 2. Results of Lipogenesis Markers A, Gene expression of FASN, B, Comparison of SREBF1 delta ct values. C,
Comparison of SREBF2 delta ct values. *shows differences between control 1, shows differences between control 2. p <0.05

statistically significant.
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Figure 3. Results of PI3K/Akt/mTOR signal transmission pathway. A, Comparison of PIK3CAdelta ct values. B, Comparison
of AKT1 delta ct values. C, Comparison of MTORCI delta ct values. * shows differences between control 1, ® shows differences
between control 2, ¢ shows differences between grade 3. p<0.05 statistically significant.

to the control group Grade 2 and Control 1 (p =
0.002) and Grade 2 and Control 2 (p = 0.0001),
respectively. Similar significant differences were
determined between Grade 3 and Control 1 (p
= 0.003) as well as Grade 3 and Control 2 (p =
0.0001) (Figure 2 C).

Results of PI3K/Akt/mTOR Signal
Transmission Pathway

When PIK3CA gene expression levels were
compared, a significant difference was found be-
tween the groups (p = 0.002). Although it was not
statistically significant, the expression levels of
PIK3CA gene in the Grade 1 and Grade 2 groups
were higher than the control groups. On the oth-
er hand, the expression levels of PIK3CA gene
in Grade 3 group showed a significant decrease
compared to the Grade 1 (p = 0.014) and Grade 2
(p = 0.003) groups. This result can be explained
by the fact that PI3K increases as expected in the
early stages of cancer and decreases as the tumor
progresses (Figure 3 A).

It was shown that the Aktl expression level
was significantly different between the groups (p

= 0.0001). There was a significant difference be-
tween Grade 3 and Control 1 (p = 0.002) as well
as Grade 3 and Control 2 (p = 0.001) (Figure 3
B). AKT1 expression levels of patient groups de-
creased compared to control groups but this re-
duction was not statistically significant.

When we compare the gene expression levels
of MTORC1 complex as a continuation of the sig-
naling pathway a significant difference was found
between groups (p = 0.001). Grade 3 compared
to the Control 1 (p = 0.005) and Control 2 (p =
0.015) groups, respectively (Figure 3 C). There
was a decrease in MTORCI expression levels in
patient groups when compared to control groups,
but this decrease was not statistically significant.

Results of AMPK Subunits

The alpha and beta subunits of AMPK, known
as energy metabolism sensors and regulators, pro-
vide AMPK activation. In this study, the expres-
sion levels of AMPK alpha 1 (PRKAAL), alpha 2
(PRKAA?2), and beta (PRKABI) subunits in both
the patient and control groups were analyzed. Sig-
nificant decrease in PRKAAI expression levels
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Figure 4. Results of AMPK subunits. A, Comparison of PRKAA1 delta ct values. B, Comparison of PRKABI delta ct values.
C, Comparison of PRKAA2 delta ct values. ¢ shows differences between control 1, ® shows differences between control 2.

p<0.05 statistically significant.

was observed in Grade 1 compared to Control 1
(p = 0.022), Grade 2 compared to Control 1 and
Control 2 (p = 0.003), and Grade 3 compared to
Control 1 (p = 0.0001) (Figure 4 A).

PRKABI acts as a bridge between AMPK
subunits. It was shown that a significant decrease
was observed in expression levels in Grade 2 (p =
0.001) compared to Control 1 and Control 2, and
in Grade 3 compared to Control 2 (p = 0.034) (Fi-
gure 4 B).

There was no significant difference between
the groups in terms of PRKAA2 expression re-
sults. (p = 0.603) (Figure 4 C).

Discussion

Endometrial cancer is a gynecological cancer
that ranks fourth in developed countries, and its
prevalence keep increasing annually'. Lipid me-
tabolism, which provides extra energy sources
for metastasis and proliferation and can act as a
secondary messenger in various signaling path-
ways, is now recognized as an important meta-
bolic pathway in cancer. FASN is an important
molecule in the lipid metabolic pathway and has
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the ability to rewire tumor cells to provide greater
energy flexibility to achieve high energy require-
ments?.

FASN catalyzes the condensation of ace-
tyl-CoA and malonyl-CoA to produce long-chain
fatty acids'?. In this study, it was observed that
FASN expression decreased in the patient group
compared to the control group. Although FASN
expression increases in endometrial glands and
stromal cells from the proliferative period to the
early secretory phase, it decreases after the ces-
sation of cell proliferation in the late secretory
phase?!22,

SREBF]1 gene expression, which stimulates fat-
ty acid synthesis, was found to be downregulated
in the patient when the patient and control group
results were compared. Studies have shown that
downregulation of SREBF1 expression inhibits
cell growth, migration, and invasion and induc-
es apoptosis in ovarian cancer cells?. Similarly,
evaluation of SREBF2, one of the stimuli of cho-
lesterol metabolism, indicated a decrease in the
patient group compared to the control group.

The observation of increased SREBF1 expres-
sion and activation in the proliferative phase is
consistent with the idea that proliferative cells in
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the endometrium require de novo lipogenesis. In
addition, the SREBF1 protein was not detected
in most of the postmenopausal endometrium and
stromal cells independent of endometrial phases.

The PIK3CA gene encodes the catalytic sub-
unit pl110 alpha of the PI3K enzyme and activat-
ing mutations of PIK3CA have been frequently
identified in many cancers. These mutations were
found to produce the active PI3K form resulting
in high protein activities. Activating mutations of
PIK3CA have been associated with the growth of
epithelial cells and cancer®.

As a result of this study, a significant differ-
ence was found between the groups in terms of
PIK3CA gene expression levels. Although it was
not statistically significant, it was determined that
the expression levels of Grade 1 and Grade 2 of
the patient groups were higher than the control
groups, and the Grade 3 group showed a signifi-
cant decrease compared to the Grade 1 and Grade
2 groups. These results suggested that PIK3CA is
active in the initial stages of the tumor with the
effect of different factors but does not show the
same activation in the later stages of the tumor.

It was reported that in a previous research PIK-
3CA activates mutations in endometrial cancer.
Velosco et al*® detected PIK3CA mutations in
24% of their endometrial cancer samples. Konop-
ka et al*” detected 20% mutation and 12.2% am-
plification in 196 endometrial carcinoma samples.
Oda et al*® investigated PTEN and PIK3CA gene
mutations and detected PIK3CA mutation in 36%
and both PTEN and PIK3CA mutations in 26% of
66 endometrial cancer patients.

The PI3K-Akt-mTOR pathway stimulates the
proliferation, growth, and survival of cancer cells.
It also controls anabolic and catabolic processes
and supports aerobic glycolysis (the Warburg ef-
fect) and lipid biosynthesis, which are character-
istic of neoplastic cells®.

PKB, also known as evolutionarily conserved
serine/threonine kinase Akt, is one of the most
commonly activated protein kinases in cancer.
Hyperactivation of Akt is associated with apopto-
sis resistance, increased cell growth, cell prolifer-
ation, and cellular energy metabolism*. The con-
nection of the PI3K-Akt pathway with lipogenesis
was supported by in vitro studies’'.

AKT gene expression levels were found signifi-
cantly different between the groups. In particu-
lar, the decrease determined in the Grade 3 group
compared to the control groups suggests that the
progression of the tumor is inversely proportional
to the AKT expression level.

A significant decrease was found between
groups in gene expression of MTORC1 complex.
Although an increase is expected in PI3K and its
downstream targets, Akt and mTOR molecules,
which are activated in cancer, in parallel with the
process, different results have been reported from
recent studies. In the endometrial cancer research
conducted by Holst et al®, the relationship be-
tween PIK3CA mutations (exons 9 and 20), gene
expression, PIK3CA amplification from the same
patients, and clinical, histological, and molecular
data were analyzed. PIK3CA amplification was
associated with some features of PI3K pathway
activation, but it was not associated with determi-
nants of Akt and mTOR activity.

The decrease of AKT1 and MTORCI markers
in Grade 3 compared to the control groups can be
interpreted as suppression of the Akt/mTOR path-
way in the advanced stages of the disease. This
decrease in SREBF1 and SREBF2 levels in the
patient groups may be due to the low mTOR and
Akt levels in the patient groups.

Two important tumor suppressor factors have
been reported in the PI3K/Akt/mTOR pathway.
These are PTEN, which acts as a brake upstream
of Akt, and a TSC1/TSC2 heterodimer that acts
as a brake downstream of Akt and upstream of
mTOR. MTOR, which is activated in the absence
of the TSC1/TSC2 brake, operates as a feedback
mechanism inhibiting Akt30.

Evaluation of previous research indicates that
the PI3K/Akt/mTOR pathway is important in can-
cer development; however, it does not show the
same activation in every tissue type or every can-
cer process. Due to the fact that pathway mem-
bers are activated or inactivated independently
each other leads to the need for different studies
to evaluate these members as cancer markers.

AMPK is a serine/threonine protein kinase
and is known as the “intracellular energy sensor
and regulator”. Downregulation of AMPK ac-
tivity is associated with tumorigenesis. Several
mechanisms contribute to decreased AMPK ac-
tivity in tumor formation, including self-inhibi-
tion, post-transcriptional, and post-translational
modification®*. AMPK activity is lower in vari-
ous tumor tissues than neighboring para tumor
or normal tissues and further decreases with pro-
gressive tumor stage*. In ovarian cancer, AMPK
Bl mRNA and protein expression, as well as
AMPK activity, have been found to gradually de-
crease with malignant progression of the cancer®.

According to the results obtained, the AMPK
expression level was found to be lower in the pa-

693



S. Efsun Antmen, N. Canacankatan, I. Garses, H. Aytan, S. Erden Ertirk

tient groups compared to the control groups. This
decrease in the patient groups continued with the
grade of the tumor. It has been observed that the
expression level of AMPK is low in endometrial
cancer tissues, like the studies performed in other
tumor tissues. On the other hand, the decrease ob-
served in the expression levels of SREBP, FASN,
mTOR, which are among the target genes that
AMPK inhibits, suggests that AMPK does not
show the same effect on endometrial tissue as on
other tissues.

Conclusions

In line with these results as well as previous re-
search, it is suggested that lipogenesis has a direct
relationship with endometrial cancer, but it may
exhibit different tissue-specific behavior with
some pathways.

Therefore, the efficient PI3K/Akt/mTOR sig-
naling pathway in lipogenesis and SREBPI-2,
FASN, AMPK genes affected by this pathway
would benefit from further detailed studies. In-
vestigation of the metabolism and signal trans-
duction pathways may help in the development
of therapeutic strategies for endometrial cancer
treatment.

Conflict of Interest
The Authors declare that they have no conflict of interests.

Acknowledgments

This study, which is part of the “Relation between lipogen-
esis and AMPK/Akt/mTOR in Endometrial Carcinoma”
project, was funded through a grant from the Mersin Uni-
versity Research Foundation, Mersin, Turkey (Grant no.
2018-1-TP3-2825).

References

1) Morice P, Leary A, Creutzberg C, Abi-Rustum N,
Darai E. Endometrial cancer. Lancet 2016; 387:
1094-1108.

2) Ferlay J, Soerjomataram I, Dikshit R, Eser S, Mat-
her C, Rebelo M, Parkin DM, Forman D, Bray F.
Cancer incidence and mortality worlwide: sour-
ces, methods and major patterns in Globocan
2012. Int J Cancer 2014; 136: E359-E386.

3) Bokhman JV. Two pathogenetic types of en-
dometrial carcinoma. Gynecol Oncol 1983; 15:
10-17.

694

4) Lax SF, Kurman RJ. A dualistic model for endo-
metrial carcinogenesis based on immunohisto-
chemical and molecular genetic analyses. Verh
Dtsch Ges Pathol 1997; 81: 228-232.

5) Buhtoiarova TN, Brenner CA, Singh M. Endomet-
rial carcinoma: role of current and emerging bio-
markers in resolving persistent clinical dilemmas.
Am J Clin Pathol 2016; 145: 8-21.

6) Bagaria M, Shields E, Bakkum-Gamez JN. Novel
approaches to early detection of endometrial can-
cer. Curr Opin Obstet Gynecol 2017; 29: 40-46.

7) SunH, YanL, TuR, Zhang Y, Ma L, Tang W, Li L,
Chen W, Zhan C, Zang R. Expression profiles of
endometrial carcinoma by integrative analysis of
TCGA data. Gynecol Obstet Invest 2017; 82: 30-38.

8) Erdamar H, Kazanci HF, Gok S. Biochemical chan-
ges in cancer. J Clin Anal Med 2014; 5: 430-438.

9) Santos CR, Schulze A. Lipid metabolism in can-
cer. FEBS J 2012; 279: 2610-2623.

10) Menendez JA, Lupu R. Fatty acid synthase and
the lipogenic phenotype in cancer pathogenesis.
Nat Rev Cancer 2007; 7: 763-777.

11) Horton JD, Goldstein JL, Brown MS. SREBPs:
activators of the complete program of cholesterol
and fatty acid synthesis in the liver. J Clin Investig
2002; 109: 1125-1131.

12) Porstmann T, Santos CR, Giriffiths B, Cully M,
Wu M, Leevers S, Griffiths JR, Chung Y, Schulze
A. SREBP activity is regulated by mTORC1 and
contributes to Akt-dependent cell growth. Cell
Metab 2008; 8: 224-236.

13) Kucukoner M. mTOR signaling pathway and
mTOR nhibitors In the treatment of cancer. Dicle
Med J 2013; 40: 156-160.

14) Alers S, Loffler AS, Wesselborg S, Stork B. Role
of AMPK-mTOR-UIk1/2 in the regulation of autop-
hagy: cross talk, shortcuts, and feedbacks. Mol
Cell Biol 2012; 32: 2-11.

15) Modzelewska P, Chuldzinska S, Lewko J, Reszec
J. The influence of leptin on the process of carci-
nogenesis. Contemp Oncol 2019; 23: 63-68.

16) Vatseba TS. Influence of pathogenetic factors of
type 2 diabetes on activation of PIBK/AKT/mTOR
pathway and on the development of endometrial
and breast cancer. Regul Mech Biosyst 2019; 10:
295-299.

17) Soliman PT, Zhang Q, Broaddus PR, Westin SN,
Iglesias D, Munsell MF, Schmandt R, Yates M,
Ramondetta L, Lu KH. Prospective evaluation of
the molecular effects of metformin on the endo-
metrium in women with newly diagnosed endo-
metrial cancer: a window of opportunity study.
Gynecol Oncol 2016; 143: 466-471.

18) Bireller ES, Cincin S, Cakmakoglu B. Endomet-
rial cancer and it's impact on development sig-
nal transduction pathway; PISBK/AKT/mTOR and
RAS/RAF/MAPK. J Exp Med 2015; 5: 42-50.

19) Pfaffl MW. A new mathematical model for relative

quantification in real-time RT-PCR. Nucleic Acid
Res 2001; 29: 2002-2007.



Relevance of lipogenesis and AMPK/Akt/mTOR signaling pathway in endometrial cancer

20)

21)

22)

23)

24)

25)

26)

27)

Chee WF, Azhar A. Fatty acid synthase: an emer-
ging target in cancer. Molecules 2020; 25: 1-22.

Escot C, Joyeux C, Mathieu M, Maudelonde T,
Pages A, Rochefort H, Chalbos D. Regulation of
fatty acid synthetase ribonucleic acid in the hu-
man endometrium during the menstrual cycle. J
Clin Endocriol Metab 1990; 70: 1319-1324.

Pizer ES, Kurman RJ, Pasternack GR, Kuhajda
FP. Expression of fatty acid synthase is closely
linked to proliferation and stromal decidualization
in cycling endometrium. ISGyP 1997; 16: 45-51.
Nie L, Lu Q, Li W, Yang N, Dongol S, Zhang X,
Jiang J. Sterol regulatory element-binding protein
1 is required for ovarian tumor growth. Oncology
Rep 2013; 30: 1346-1354.

Li W, Tai Y, Zhou J, Gu W, Bai Z, Zhou T, Zhong Z,
McCue PA, Sang N, Ji J, Kong B, Jiang J, Wang
C. Repression of endometrial tumor growth by tar-
geting SREBP1 and lipogenesis. Cell Cycle 2012;
11: 2348-2358.

Chen J, Zhao K, Li R, Shao R, Chen C. Activation
of PIBK/Akt/mTOR pathway and dual inhibitors of
PI3K and mTOR in endometrial cancer. Curr Med
Chem 2014; 21: 3070-3080.

Velasco A, Bussaglia E, Pallares J, Dolcet X, Llo-
bet D, Encinas M, Llecha N, Palacios J, Prat J, Ma-
tias-Guiu X. PIK3CA gene mutations in endomet-
rial carcinoma: correlation with PTEN and K-RAS
alterations. Hum Pathol 2006; 37: 1465-1472.

Konopka B, Janiec-Jankowska A, Kwiatkowska
E, Najmola U, Bidzinski M, Olszewski W, Goluda
C. PIKBCA mutations and amplification in endo-
metrioid endometrial carcinomas: relation to other
genetic defects and clinicopathologic satatus of
the tumors. Hum Pathol 2011; 42: 1710-1719.

28)

29)

30)

31)

32)

33)

34)

35)

Oda K, Stokoe D, Taketani Y, McCormick F. High
frequency of coexistent mutations of PIK3CA and
PTEN genes in endometrial carcinoma. Cancer
Res 2005; 35: 10669-10673.

Grunt TW. Interacting cancer machineries: cell
signaling, lipid metabolism, and epigenetics.
Trends Endocrinol Metab 2017; 29: 86-98.

Hay N. The Akt-mTOR tango and its relevance to
cancer. Cancer Cell 2005; 8: 179-183.

Bakan |, Laplante M. Connecting mTORC1 sig-
naling to SREBP-1 activation. Curr Opin Lipidol
2012; 23: 226-234.

Holst F, Werner HMJ, Mjos S, Hoivik EA, Kuson-
mano K, Wik E, Berg A, Birkeland E, Gibson WJ,
Halle MK, Trovik J, Cherniack AD, Kalland K, Mills
GB, Singer CF, Krakstad C, Beroukhim R, Sal-
vesev HB. PIK3CA amplification associates with
aggressive phenotype but not markers of AKT-M-
TOR signaling in endometrial carcinoma. Clin
Cancer Res 2019; 25: 334-345.

He X, Li C, Ke R, L Luo, Huang D. Down-regula-
tion of adenosine monophosphate-activated pro-
tein kinase activity: a driver of cancer. Tumor Biol
2017;39: 1-7.

Hadad SM, Baker L, Quinlan PR, Robertson KE,
Bray SE, Thomson G, Kellock D, Jordan LB, Pur-
die CA, Hardie DG, Fleming S, Thompson AM.
Histological evaluation of AMPK signaling in pri-
mary breast cancer. BMC Cancer 2009; 9: 307-
405.

Li C, Liu VW, Chiu PM, Yao K, Ngan HYS, Chan
DW. Reduced expression of AMPK-B1 during
tumor progression enhances the oncogenic ca-
pacity of advanced ovarian cancer. Mol Cancer
2014; 13: 1-12.

695



