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Integral role of metabolic profiling in patients
with prostate cancer
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ABSTRACT

Prostate cancer is the most diagnosed malignant neoplasm among males worldwide. Over the past few years, there has
been a need to find alternative methods for early diagnosis of prostate cancer. There is evidence that metabolic dysfunction
is a characteristic feature of the carcinogenesis of prostate cancer, with various metabolites acting as biomarkers of tu-
mor growth. Metabolomics is a young science that arose at the junction of molecular biology, biochemistry and genetics.
The complete set of substrates and metabolic products is a metabolic profile, or metabolome. The metabolome of prostate
cancer is formed by substances formed as a result of metabolic changes in response to the occurrence of a malignant pro-
cess in the prostate. Unique data on metabolic changes have already been obtained, allowing us to rethink the carcinogenesis
of prostate cancer. The study of the metabolome opens up new opportunities for early diagnosis, prognosis and treatment of
prostate cancer.
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WuTerpanbHas ponb MeTabonuueckoro
npopunMpoBaHUA y NaLUEHTOB C paKOM
npeacraTesibHOMU enesbl

B.H. Naenos, M.®. YpmaHues, M.P. bakees

BalLKvpcKuit rocyaapcTBeHHbIN MeAULIMHCKMIA YHUBepcuTeT, Yda, Poccus

AHHOTALNA

PaK npeacTaTenbHON Xenesbl — CaMoe [MarHOCTUpyeMoe 3/10Ka4ecTBEeHHOe HOBOODpa3oBaHWe CPeAu JIMLL MYMKCKOro
nosa Bo BCeM Mupe. 3a NocnefHWe HECKOMBKO IET BO3HUKIIA HEODXOAMMOCTb B MOUCKE aNibTEPHATUBHLIX METOAO0B paHHel
AMarHoCTUKM paKa MpefcTaTesibHoM Xenesbl. VIMeTcs faHHble, Y4To MeTabonnyeckas AUCHYHKLMA SBNSETCA XapaKTepHOM
0COOEHHOCTBI0 KaHLieporeHe3a 3Toro 3abofieBaHus, Npy 3TOM pasfiMuHble MeTaboMMTbl BLICTYMAKOT B KayecTBe OMOMapKe-
poB 0OmyxoneBoro pocta. MeTtabonoMnka — Moniofas HayKka, BO3HMKLUASA Ha CTbIKe MOJIEKYNsipHOW buonorum, Guoxumum
¥ reHeTuKu. MonHbIM Habop cybcTpaToB M MpoayKTOB MeTabosm3Ma npeacTaBnseT cobol MeTabonmueckuit npodunb, wm
MeTabonoM. MeTabonom paka npeacTaTenbHON Jenesbl GOpMUpYIOT BellecTBa, obpasylolumecs B pesynbTate bruoxumuye-
CKMX M3MEHEHWI B OTBET Ha BO3HWUKHOBEHWE 3/I0KAYeCTBEHHOTO MpoLiecca B MpefcTaTeNibHOM Xenese. Yke ceiiuac nony-
YeHbl YHUKaNbHblE CBEAEHUS 0 MeTaboNOMHbIX 0COBEHHOCTAX, NO3BOMAOLLMX NEPEOCMBICTIUTL KaHLieporeHe3 3aboneBaHus.
N3yyeHne MeTabonoMa OTKPLIBAET HOBbIE BO3MOXHOCTM [/ PaHHEl AMarHOCTUKY, NPOrHO3MPOBaHUA W JIEYEHUA paKa npes-
cTaTeNlbHOM JKenesbl.

KnioueBble cnoBa: pak npencTaTenbHON Xesesbl; MeTabosoMuKa; MeTabonoM; b1oMapKepbl paka NpeAcTaTeNbHOM Kenesbl;
[,00pOKayYeCcTBEHHAsA rUNepniasus NpeacTaTeNbHON Xese3bl.
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INTRODUCTION

Prostate cancer (PCa) is the most diagnosed type of
cancer in men and is most commonly found in patients
over the age of 50. Currently, this disease is the lead-
ing cause of cancer-related deaths in men around the
world [1]. In addition to the deterioration of somatic pa-
rameters associated with the presence and progression
of a neoplastic lesion, early-stage PCa has a significant
impact on the quality of life and psychological status
of patients [2]. Although there are population and geo-
graphic differences in morbidity and mortality, evidence-
based risk factors for PCa include age, ethnicity/race,
and family history. At the same time, dysregulation of
carbohydrate and lipid metabolism is a proven predic-
tor of PCa progression with excess fat accumulating in
subcutaneous tissue and internal depots [3].

PCa is a clinically heterogeneous disease that mani-
fests with different process activities regardless of its
stage. In recent years, the need to find alternative, non-
invasive ways to diagnose PCa has increased. During
the initial examination, it is very important to assess the
prognostic component of the tumor process to improve
the management strategy and reduce the number of un-
necessary invasive procedures. Currently, one of the
key issues in global urologic oncology is the primary or
outpatient diagnosis of PCa and its differentiation from
benign prostatic hyperplasia (BPH) [4]. The most com-
mon PCa screening methods include blood prostate-
specific antigen (PSA) testing and digital rectal examina-
tion (DRE) of the prostate. Despite the high sensitivity of
the methods used to determine PSA and its fractions,
elevated PSA is also typical of BPH and does not reliably
distinguish clinically significant forms of PCa from “non-
malignant” prostate diseases [5]. DRE refers to palpation
methods of physical diagnosis, which allows identifying
prostate lesions only if they are large enough. Therefore,
it is very difficult to detect the early stages of PCa. Unfor-
tunately, the PSA test and DRE do not meet current needs
for early detection in highly specialized oncology care.
Current evidence suggests that metabolic dysfunction is
a hallmark of PCa carcinogenesis [6]. Some circulating
metabolites serve as biomarkers of tumor growth and
prognostic markers of neoplastic aggressiveness [7, 8].
We can take a new step in the screening, early diagnosis,
and treatment of PCa by investigating the metabolic basis
of prostate tumors and identifying the leading substrates
in the biochemical profiles of patients [9].

UNDERSTANDING METABOLOMICS
AND METABOLOME

Metabolomics is an emerging science that spans mo-
lecular biology, biochemistry, and genetics. Along with
genomics, transcriptomics, and proteomics, it is one of the
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modern “-omics” disciplines for studying biological pro-
cesses at the subcellular level. The goal of metabolomics
and other -omics is to determine the molecular genetic
profile of physiological and pathological processes [10].
Metabolomics identifies and analyzes metabolites (ex-
ogenous and endogenous molecules weighing less than
1.5 kDa) produced as a result of cell activity and detected
in body fluids and secretions [11]. The complete set of
substrates, intermediates, and metabolites is called a
metabolic profile or metabolome, and they can be grouped
at the cellular, tissue, and organismal levels [12, 13].

The history of metabolomics began in the late 1940s
when a group of researchers led by R. Williams deve-
loped the concept of unique individual metabolic “por-
trait.” Urine and saliva were paper chromatographed to
determine the distribution of molecules found in these
media. It was concluded that substrates and metabolites
are unique for each individual organism, and the distribu-
tion and ratio of components of biological media are not
stable and change dynamically over time [14]. In addi-
tion to determining the metabolome and its uniqueness
at the organism level, the metabolic patterns in alcoholic
and psychiatric patients were compared. Despite the
qualitative nature of the analysis, there was a significant
difference in the chromatographic results between the
experimental groups. A real breakthrough in metabo-
lomics occurred in the early 1970s with the advent of
quantitative methods for molecular assays in liquid me-
dia [15]. In 1971, E. Horning and M. Horning introduced
the term “metabolic profile” [16], based on the results
of fundamental research by C.E. Dalgliesh et al. [17],
which demonstrated the high-precision measurement of
components of biological fluids and tissue structures us-
ing gas chromatography—mass spectrometry. In 2007, with
the advent of nuclear magnetic resonance spectroscopy
and mass spectrometry, the human metabolome became
completely understood. The current version of the Human
Metabolome Database contains information on more than
2,280 drug metabolites, 25,000 pathological pathways,
and 28,000 metabolites of food components and additives
[18]. Mass spectrometry and nuclear magnetic resonance
spectroscopy are currently the most widely used methods
in metabolomics. Mass spectrometry is combined with
liquid/gas chromatography or capillary electrophoresis.
Each method has its own advantages and disadvantages
depending on the physicochemical properties of the mol-
ecules being analyzed [19, 20]. This requires more careful
planning of the research model.

PHYSIOLOGICAL METABOLISM
IN PROSTATE CELLS

A key role in the metabolic processes of every cell in
the body is to provide energy substrates for biochemi-
cal reactions. It should be noted that a way to produce
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energy often determines how cells function. Adenosine
triphosphate (ATP) molecules produced during anaero-
bic glycolysis are the energy source for healthy pros-
tate cells. Normal prostate epithelial cells have a unique
metabolic profile characterized by accumulating zinc and
citrate molecules [21]. Zinc and citrate accumulation is
required for sperm cells to function and achieve physi-
ological sperm parameters [22, 23]. Zinc inhibits mito-
chondrial aconitase, which is involved in the citrate con-
version to isocitrate, promoting citrate accumulation and
stopping further reactions in the tricarboxylic acid cycle.
The cells of a healthy prostate are dynamically balanced
by using anaerobic glycolysis as a faster way to obtain
energy sources in the form of macromolecular bonds of
ATP molecules [24].

PROSTATE CANCER METABOLOME:
CHARACTERISTICS AND ROLE IN
CARCINOGENESIS

The PCa metabolome consists of substances produced
because of metabolic changes in the body in response to
developing and progressing prostate cancer. It is important
to distinguish the PCa metabolome from the general me-
tabolome of the body to properly interpret test results and
diagnostic procedures. Serum and urine are used to study
the biochemical shifts, but some methods are currently be-
ing developed for the analysis of prostate tissue [25].

Metabolomic shifts in PCa are driven by impaired
physiological biochemical processes in prostate cells
[26-28]. Malignant transformation decreases zinc levels,
leading to activation of mitochondrial aconitase and con-
version of citrate to isocitrate [29, 30]. This reorganiza-
tion helps initiate the tricarboxylic acid cycle and causes
a radical change in the metabolism of PCa cells. Conse-
quently, tumor cells may be able to obtain more energy
in the form of ATP molecules through cellular respira-
tion with aerobic glycolysis or, more commonly observed,
use citrate conversion for de novo acetyl coenzyme A and
fatty acid synthesis [31]. These are unique characteristics
of PCa that distinguish it from many tumors. The Warburg
effect is excluded due to high oxidative capacity and glu-
cose independence [29, 32]. Zinc plays one of the most
important roles in malignant prostate cell transformation.
In addition to changing the energy processes, this ele-
ment determines the proliferative and invasive activity of
PCa [33]. Concurrent decreased zinc and citrate levels are
associated with PCa progression and metastasis [30, 34].
In PCa, a decrease in spermine secreted by the organ is
also observed, and some studies suggest that this is as-
sociated with cancer aggressiveness [35].

Over the past decade, the number of studies investi-
gating the metabolic profile of PCa using various plat-
forms has increased significantly [10, 22, 23, 31, 36, 37].
Most studies have identified metabolites characteristic of

Tom 14,N2 1, 2024

DOl https://doiorg/10.17816/uroved626770

ypOHOFMHECRME BEJOMOCTH

PCa, including sarcosine and choline in plasma and urine as
the most important ones [38]. A. Franko et al. [39] described
compounds present in the PCa metabolome, including ar-
gininosuccinate, arginine, and proline. These substances
are products of the urea cycle, and they were significantly
increased in PCa compared to BPH [39]. Another study
demonstrated an association between elevated fumarate
levels (because of activation of the oncogenic HIF1a and
NF-kB pathways) and poor survival in PCa. An association
has been found between elevated plasma levels of sphingo-
lipids and caveolin1 and high clinical aggressiveness of PCa
[40]. Caveolin1 modifies fatty acid metabolism by activating
the conversion of sphingomyelins to ceramide derivatives.
These processes increase energy resources in cells and
enhance the neoplastic activity.

Some studies have focused on the metabolism of sarco-
sine and its relationship to PCa. A. Sreekumar et al. provid-
ed one of the first important studies of this compound [41].
Liquid and gas chromatography and mass spectrometry
were used for metabolic profiling of samples from PCa
patients and healthy controls. Uracil, kynurenine, glycer-
ol3-phosphate, leucine, and proline levels were slightly el-
evated in serum, urine, and prostate tissue of PCa patients.
Sarcosine levels were significantly elevated in metasta-
tic PCa compared to controls, as well as in locally advanced
PCa compared to BPH [41]. Many subsequent studies have
not provided conclusive evidence of an association between
high levels of sarcosine in metabolic profiling and the pres-
ence of PCa F. Jentzmik et al. [42] found no association
between sarcosine concentration and the presence of a ma-
lignant process in the prostate when stratified by Gleason
score. Some other studies show conflicting results [43, 44].
M. Yousefi et al. [45] measured sarcosine levels in 67 pa-
tients, including 25 healthy patients (control group), 23 with
established BPH, and 19 with PCa. A significant increase
in serum and urine sarcosine levels was reported in the
PCa group. The BPH group had lower levels and the lowest
levels were found in the control group [45]. This uncertainty
and inconsistency for a single metabolite indicates the need
for further improvements in sample preparation techniques,
instrumentation, and data analysis methods. A lot of stud-
ies are currently underway to identify patterns of metabolic
changes in PCa and to determine the “typical” PCa metabo-
lome, and this will undoubtedly contribute to the develop-
ment of new diagnostic and therapeutic approaches.

PROSPECTS FOR INTEGRATION
OF METABOLIC PROFILING IN THE
DIAGNOSIS AND TREATMENT OF PCA

In comparison to other -omics, metabolomics is
unique in its ability to reflect dynamic changes in organ-
ism parameters that lead to a specific phenotype. Metab-
olomic research can not only identify biomarkers of PCa,
but also metabolically differentiate clinical phenotypes
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with subsequent patient stratification to determine diag-
nostic and treatment approaches. Metabolic imaging of
PCa has become possible with advances in understanding
the abnormal metabolism of prostate tumor cells. Due
to the lack of dependence on glucose and glycolysis,
PCa cells have low avidity for fluorodeoxyglucose (FDG),
which is used in '®F-FDG positron emission tomography/
computed tomography [46]. Metabolic profiling can also
be used to examine the metabolome of the core biopsy
of the removed prostate following radical prostatectomy
to stratify patients into risk groups or to predict treat-
ment outcomes. The identification of PCa biomarkers will
clearly be one of the most vital clinical applications of
metabolomics. Despite the conflicting results of studies
on the reliability of sarcosine levels for the PCa detection,
other amino acids and their derivatives are currently be-
ing investigated as potential markers for malignant pro-
cesses in the prostate [47, 48]. Identification of PCa risk
factors is another application of metabolomics. The de-
velopment and progression of a tumor is associated with
oncogenic mutations in the genetic material of the cell
caused by exogenous and endogenous factors. Damaged
deoxyribonucleic acid causes metabolic changes. Each
factor of genetic damage is characterized by correspond-
ing metabolic rearrangements which are caused both by
the production of abnormal amino acids and proteins and
by epigenetic changes in the regulation of polypeptide
synthesis [36]. Identifying risk factors and specific meta-
bolic profiles associated with them will allow us to es-
tablish groups of patients at risk of PCa. Metabolomics
can also be integrated into the development of drugs that
affect the metabolism of PCa. By targeting key molecules
involved in carcinogenesis and metastasis, it will be pos-
sible to destroy the pool of malignant cells at an early
stage [49, 50].
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CONCLUSION

Implementing metabolomics in clinical practice opens
new opportunities for diagnosing and treating malignant
neoplasms. PCa is one of the most pressing issues in
modern oncology and urology, and investigating PCa me-
tabolism broadens our understanding of the neoplastic
transformation of healthy prostate cells. The characteris-
tic molecular regulation of intracellular processes makes
PCa a metabolically unique disease that lacks the “clas-
sic” features of biochemical atypia seen in most solid
neoplasms. By understanding the PCa metabolome, we
can discover new biomarkers of the disease, improve
early-stage diagnosis, and contribute to the development
of new targeted drugs. The number of metabolomic stud-
ies of PCa is currently growing, and new mechanisms of
carcinogenesis are being revealed. The active use and
development of metabolomics along with other -omics
will transform the management of PCa patients.
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