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The role of lipids and fatty acid metabolism in the development of prostate cancer
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The reprogramming of lipid metabolism and signaling pathways is the central aspect of cancer biology. It is hypothesized
that tumor cells can alter the lipid spectrum in order to fulfill their metabolic requirements. Furthermore, they can alter
potential tumors and suppressive mechanisms in which lipids' involvement is essential. Recently, more attentions have been
given on the alteration of lipid metabolism during prostate cancer development, and investigations have shown unique
regulation of "de novo" lipid synthesis in cancer cells. Cancer cells often use newer pathways and enzymes to simplify the
synthesis of fatty acids, and the newly synthesized lipids affect cellular processes, which impacts cancer cell proliferation
and survival outcomes. Herein, we aimed to study the influence of lipid profile alterations on the development of prostate
cancer. We found that the total amounts of lipids and phospholipids were increased within tissues from men with the
malignant prostate tumor as compared with the benign prostate tissue. Significant changes were also observed in the
composition of saturated and unsaturated fatty acids within the malignant tumor tissues. Intensification of lipid peroxidation
has also been observed in malignant prostate tumors compared to benign prostate tumors. Collectively, these findings further
highlights the fact that lipid and fatty acids play unique regulatory roles in the cellular development of prostate malignant
transformation.
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Prostate cancer

Lipids are the source of energy and one of the basic
building blocks for all living cells. According to recent
studies, alterations in the lipid spectrum and their
metabolism play significant role(s) in cancer
development'?. The cancerous cells may alter the lipid
profile in order to satisfy their metabolic requirements.
They can also affect the potential tumors' suppressor
mechanisms, in which lipids are also involved’. Notably,
by controlling the lipid metabolism, it is possible to
induce (as well as inhibit) the tumor progression®.
Besides, the lipids also contribute in the tumor cell
proliferation and metastasis’. Nowadays, the lipid
alterations and reprogramming of the signaling
pathways are considered as critical aspects for cancer

biology®. Recent studies also suggest that lipid
alterations  contribute  towards prostate  cancer
development’.

Notably, in prostate tumors, the unique regulation
of the de novo lipid synthesis occurs by tumor cells.
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The process is caused by changes in lipid metabolism,
during which tumor cells use alternative pathways and
enzymes to simplify the synthesis of fatty acids.
Newly synthesized lipids can induce some specific
cellular processes in order to enhance proliferation
and survival of tumor cells. Epidemiological studies
have shown thatdietary fats can also provoke prostate
cancer development®. However, the given pathology
is caused by dietary fats or "de novo" synthesized
lipids, remains still unknown. The studies however
suggest that fatty acids are involved in numerous
metabolic processes during prostate carcinogenesis.
According to some authors, this could be due to the
presence or absence of double bonds in the fatty acid
molecules®. The investigation indicates the high
concentrations of palmitic acid in patients with
prostate cancer, proliferative mastopathy and breast
cancer, etc.”'’. Notably, in the cell membrane,
an abnormal amount of terminal carbonic acids
reduces membrane permeability and viscosity. As a
result, the intercellular adhesion forces are also
reduced, thereby promoting tumor cell migration and
dissemination''
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Furthermore, saturated fatty acids play essential
role(s) in the proliferation of cancerous cells. Previous
study suggested that this could be due to several
reasons: the ability of saturated fatty acids to inhibit
the activity of anti-oncogene - P53 (tumor suppressor
gene)'? alter the induction of P21 (a cyclin-dependent
kinase inhibitor), which plays a vital role in
developing cellular response regarding DNA damage'”.
As for unsaturated fatty acids and their metabolites,
besides their characteristic function, they are
significant mediators and modulators in the process of
transmitting intracellular signals that are involved in
oxidative metabolism and alter the gene expression
mechanism'®. They act as ligands for specific nuclear
receptors'*. Unsaturated fatty acids can also bind the
peroxisomal transcription factors [e.g., peroxisome
proliferator- activated receptor gamma (PPAR-y)],
which play crucial role(s) in lipid homeostasis'>'®.

Herein, our research work aimed to investigate
potential alterations/differences in the lipids and fatty
acid metabolism in prostatic tissues (benign versus
malignant) to demonstrate their contribution towards
prostate cancer development. We primarily investigated
the total amount of tissues' (prostate benign and
malignant) lipids and the levels of phospholipids in
the total lipids. We also evaluated the changes in the
spectrum of free fatty acids and the lipid peroxidation
intensity within the prostatice tumor tissues.

Material and Methods

Samples

In the present study, we collected sample from men
with benign and malignant prostate tumors (15 cases in
each group). The age of all subjects ranged from 60-75
years in each group. The disease status and clinicalstage
of the subjects was determined based on the rectal,
histomorphological, and ultrasound examinations of the
prostate gland at the A. Tsulukidze Urology National
Center, Tbilisi, Georgia. The study was approved by the
National Council on Bioethics of Georgia and written
informed consent was obtained from all subjects.

Methods

The tumor tissues were homogenized in a
chloroform-methanol mixture. The total amount of lipids
and phospholipids in total lipids were determined by
using the Kates method from tissue homogenates'’.
The analysis of fatty acids was performed using
high-performance liquid chromatography (HPLC)'®. We
determined the lipid peroxidation levels according to the
method described by Uchiyama and Mihara'".

The obtained data were analyzed using the
statistical methods by MINITAB (Basic Statistic), and
P wvalue of <0.05 was considered statistically
significant.

Results and Discussion

In the first stage of the study,total amount of lipids
in the benign and malignant tumor tissues of the
prostate was evaluated. We observed the total amount
of lipids in the prostate tissues with adenocarcinoma
was elevated (=1.5 times) as compared to the benign
prostatic tissues (Table 1). We found that level of
phospholipids in the total amount of lipids was also
elevated (#1.65 times) within the malignant tumors as
compared with the benign tumors (Table 1).

According to our previous studies, there was a sharp
increase in the total amount of lipids, phospholipids, and
fatty acids in the blood and erythrocytes within prostate
adenocarcinoma compared to the control group”*
(Table 2).

These results can be explained with the following
potential mechanisms: changes in lipid
metabolismand altered regulation of the metabolism'
by mobilizing the body's fat deposits during malignant
growth'”, and also the alterations in hormonal
balance®, leading towards the development of prostate
tumors. As noted earlier, one of the characteristic
features of malignant tumor isthe intensification of
lipid biosynthesis®. Previous study suggest that the
mentioned fact may be due to the hyper-expression of
sterol-regulatory protein within the malignant tissue
cells, which controls the activity of genes that encode
important enzymes involved in the biosynthesis of
fatty acids, such as the enzyme, fatty acid synthase
(FAS)™. The study indicated that this multifunctional
enzyme complex (i.e., FAS) is highly expressedin

Table 1 — Comparative assessments of the total amount of lipids,
total amount of phospholipids and the intensity of lipid
peroxidation within the prostate tumors’ tissues.

Study parameters Benign Adenocarcinoma
prostatic of the prostate

hyperplasia

Total amount of lipids 0.75+0.25 1.13+0.09

(mg/100 mg per tissue)

Amount of total 0.3840.19 0.63+0.02

phospholipids

(mg/mg lipid)

Intensity of lipid 0.3+0.15 0.6+0.12

peroxidation

(uM/mL per 1 mg protein)
n=15, number of patients in each study group; P< 0.05; The age
range of the patients 60-75 years.
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Table 2 — A comparative evaluation ofthe total amount of lipids, amounts of phospholipids, and individual fatty acids in blood and
erythrocytes of the men with prostate tumors

Study parameters

Total blood lipids

(dry weight in mg per mL, in the blood)
Blood total phospholipids

(dry weight in mg per mL, in the blood)
Total amount of phospholipids in the erythrocyte membrane
(dry weight in mg 1 mL, in erythrocytes)
Stearic acid (C18: 0)

(mg%, in blood plasma)

Linolenic acid (C18:3)

(mg%, in blood plasma)

Arachidonic acid (C20:0)

(mg%, in blood plasma)

Control group Benign prostatic ~ Adenocarcinoma of the

hyperplasia prostate
3.32 3.57 3.8
1.6 1.3 22
0.35 0.5 0.9
208.7+5.6 176.6+4.0 249.0+4.1
516.6+£3.4 632.0+4.8 693.0+4.4
351.2+1.2 383.2+1.6 383.8+0.9

n=15, number of patients in each study group; P< 0.05; The age range of the patients 60-75 years

many types of human solid tumors, including prostate
cancer’”. Taken this into consideration, we suggest
that the increase in FAS enzyme activity and the
involvement of newer pathways of lipid metabolism
in prostate cancer cells should increase the amount of
total lipids and phospholipids in the total lipid mass
compared to the benign tumor.

It is to be noted that androgens may also
significantly affect the process of lipid biogenesis in
cells®. Literature suggests that activation of lipid
synthesis facilitates the androgen signal®, which is
also confirmed by our data®”'. The androgens
activate androgen receptors by activating the sterol
regulatory element-binding protein (SREBP)-1C-
dependent multifunctional enzyme complex (i.e.,
FAS) thereby enhancing lipid synthesis within the
malignant cells®. Moreover, altering the amount of
lipids in tumor tissue is also significantly affected by
the developed oxidative stress and lipid
peroxidation”. We also examined the intensity of
lipid peroxidation within tissues of prostate tumors
and found that there was 2-fold increase in the
intensity of lipid peroxidation in the tumor tissue with
prostate adenocarcinoma patients as compared with
the benign prostatic hyperplasia (Table 1).

Several possiblemechanisms are suggested for the
activation of lipid peroxidation within prostate
malignant tumor tissue. Recent studies have
demonstrated that the process of energy transformation
in normal prostate epithelial cells is specific, particularly
in the normal prostate cells, the energy is generated in
the epithelium by glycolysis*. During tumor growth,
epithelial cells switch from glycolysis (ineffective
system) to oxidative phosphorylation (effective
system),while most of the tumor processes (for example

in breast cancer, uterine tumors, efc.) are characterized
by reverse energy transformation™. An increase in Krebs
cycle activity in the prostate malignant epithelial
cells may cause increased electron production for the
mitochondrial electron transport chain. Thus, the
probability of transferring the electrons directly to
oxygen increases, which leads to the formation of large
amounts of reactive oxygen species (ROS)>.
Considering the fact that prostate epithelial cells are not
adapted to ROS and free radicals, it becomes clearer that
during prostate malignant transformation free radical
processes within the prostate epithelial cells have greater
significance compared to other malignant tumors. Thus,
the formation and/or accumulation of ROS must be
followed by the intensification of lipid peroxidation,
which is confirmed by our studies (Table 1).

Additionally, it is also known that oxidative stress in
tumor cells leads to enhanced lipogenesis™*°. Notably,
the oxidative stress activates the multifunctional enzyme
complex-FAS in an SREBP-1C-dependent pathway™.
Moreover, the main reason for the activation of lipid
peroxidation process can also be the development of
oxidative stress in tumor cells on the background of
reduced activities of antioxidant systems®. Lipids, and
particularly phospholipids, contain a wide spectrum of
biomolecules with unique structures due to the fatty
acids and the length of their chains, also the number of
double bonds, the variety of bond locations, and the
chain structure'.

Our goal was to investigate the alterations in the
spectrum of free fatty acids in prostate tumor tissues
(benign and malignant) asfatty acids are involved in
numerous biochemical processes within tumors”'>*.
To achieve this goal, we studied free unsaturated and
saturated fatty acids, particularly assessed the levels
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of following individual saturated fatty acids: lauric
(C12:0), myristic (C14: 0), palmitic (C16: 0) and
stearic (C18: 0) acids. Also, for unsaturated fatty
acids the following individual fatty acid levels were
evaluated: oleic (C18: 1), linoleic (C18: 2), linolenic
(C18: 3), arachidonic (C20: 0), eicosanoid (C22: 0),
and lignoceric acids (C24: 0).

Our analyses showed that the individual fatty acids
were decreased within prostate malignant tissues as
compared to a benign tumor in the following order:
lauricacid (C12: 0) (~ 2.56 times), myristicacid (C14: 0)
(~ 8.7 times), palmiticacid (C16: 0) (~ 2.76 times), and
stearic acids (C18: 0) (~1.97 times) (Fig. 1).

In case of prostate malignant tissue, decreased levels
of saturated fatty acids in the total amount of free fatty
acids may be due to the replacement of unsaturated
membrane fatty acids with saturated fatty acids on the
basis of enhanced lipid peroxidation™. Epithelial cells of
malignant prostate tissues are characterized with a
different energy metabolism compared with benign
prostate tissue™’. As noted earlier, this metabolic
alteration also causes numerous changes within the
malignant prostate tumors, including increase in the
number of mitochondria in cancer cells”. Interestingly,
outer and inner membranes of the mitochondria are
mostly composed of phospholipids rich in saturated fatty
acids®. It is therefore suggested that the decrease in free
saturated fatty acids in malignant tumor tissues
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Fig. 1 — A comparative representation of the total amount of

“individual "free saturated fatty acids in the total amount of free
fatty acids in the tumor tissue of men with prostate cancer
(mg/%). 1. Benign prostatic hyperplasia; 2. Adenocarcinoma of
the prostate

compared to benign tumor may be due to an increase in
the number of mitochondria, which should lead to
decrease of saturated fatty acids portion in total amount
of free fatty acids.

Generally, tumor tissue is characterized by
overexpression of FAS™ and the activity of FAS
directly correlates with protein palmitoylation and
myristoylation®.

It is hypothesized that these types of protein lipid
modifications play crucial role(s) in the mechanism of
receptor signal transmission in the cell®. Moreover,
palmitoylation and myristoylation reactions play
essential roles in the regulation of transmembrane
transport of solutes as well as in the implemention of
some signaling pathways such as WNt/B-catenin
pathways®™. It is well known that intensity of this
signal pathway is an oncogenic factor during the
development of prostate cancer, hepatocarcinoma, and
melanoma as well®.

We speculate that the reduced levels of myristic and
palmitic acids inprostate adenocarcinoma cases may
also be due to the activation of this signaling pathway
and involvement of these fatty acids in protein lipid
modification reactions, whichshould also cause a
decrease in saturated fatty acids in the total amount of
free fatty acids inprostate malignant tissues (Table 3).

In the next stage of our study, we investigated the
quantitative alteration of free unsaturated fatty acids
in the total amount of fatty acids within benign and
malignant prostate tumor tissues. We found that the
total amount of free unsaturated fatty acids was
lowered significantly (~1.9 times) within malignant
prostate tissue compared to benign tumor tissue
(Table 3). A significant decrease in the level of
unsaturated fatty acids in the total amount of free fatty
acids should be caused by a change in the amount of
separate unsaturated fatty acids. Consequently, we
investigated the amount of individual unsaturated
fatty acids within the prostate tumor tissues, which

Table 3 — Comparative determination of the levels of free
saturated and unsaturated fatty acids in prostate tumors.

Study parameters Benign prostatic Adenocarcinoma
hyperplasia of the prostate

Total amount of free 19.5£3.5 7.19+£2.8

saturated fatty acids

(mg/%)

Total amount of free 35.03+4.5 18.4243.8

unsaturated fatty acids

(mg/%)
n=15, number of patients in each study group; P< 0.05; The age
range of the patients: 60-75 years.
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Fig. 2 A comparative demonstration of the levels of
“individual "unsaturated fatty acids in the total amount of free
fatty acids (mg/%). 1. Benign prostatic hyperplasia; 2.
Adenocarcinoma of the prostate

demonstrated sharp decreased levels within the
prostate malignant tumor tissues as compared to the
benign tissue samples (in the following order): oleic
acid (C18: 1) (~1.5 times), linoleic acid (C18: 2) (~2.7
times), linolenic acid (C18: 3) (~ 1.58 times), and
arachidonicacids (C20: 0) (~ 1.78-fold) (Fig. 2).

We speculate that numerous factors may be
contributing to the observed decreased amount of
individual unsaturated fatty acids in the total free fatty
acids within malignant prostate tissue. One such factors
can be the ‘intensification’ of lipid peroxidation, and
consequently the enhanced peroxidation of unsaturated
fatty acid. Moreover, unsaturated fatty acids and
their metabolites such as arachidonic acid (C20:4®6)
and its metabolites (prostaglandins and leukotrienes)
play significant synergistic role(s) in the malignant
transformation of prostate™.

In numerous malignancies of epithelial tissues (such
as neuroblastoma and embryonic tumors), increased
activity of cyclooxygenase-2 has been demonstrated. It
is known that these enzymes are involved in the
synthesis of prostaglandins from unsaturated fatty acids.
It is regarded that increased activity of this enzyme is
directly associated with the processes such as cell
proliferation, tumor invasion, angiogenesis, metastasis,
and immunosuppression’’. Enhanced metabolism of
arachidonic acid via 5-lipoxygenase pathwayhas also
been observed in cases of other epithelial malignancies

(i.e., malignancies of colon, esophagus, lungs, and
breast, etc.)’’””. If we consider that prostate cancer
belongs to malignancies of the epithelial origin, there is
a high probability that the activity of the given enzyme
can also be increased within the malignant tumor tissue
of the prostate.An increased activity of the enzyme
should lead to the activation/enhancement of unsaturated
fatty acid metabolism by lipoxygenase pathway, which
should cause reduction in the amount of unsaturated
fatty acids’. The alterations in the amount of single fatty
acids (unsaturated and saturated) indicates a qualitative
change within the membrane lipid pool and in general
within the lipid spectrum of the tumor tissue cells,
significantly altering the structure andfunctional status of
membrane'.

We therefore highlight that the given alterations
within lipid profile may be due to the unique
regulation of de novo lipid synthesis by prostate
cancer cells. Thus, these changes can be considered as
a precondition for prostate malignant transformation.

Conclusion

Based on the data obtained from our research
investigations it can be concluded that: i) alterations in
the lipid metabolism regulation takes place within the
prostate cancer cells that may be caused by the
mobilization of newer fatty acid depots; ii)
enhancement of lipogenesis occurs, which is induced
by oxidative stress within the prostate malignant cells;
and iii) reduction in the levels of individual fatty acids
(saturated and unsaturated) in prostate malignant tissue,
is a valid indicator for a qualitative alterations in lipid
composition of plasma membrane and within the
general lipid profile of prostate malignant tissue cells.
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