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Aim. This review will demonstrate possibilities of using metabolomic profiling to identify biomarkers of various inter-
nal organs diseases.

Key points. A new diagnostic direction is associated with high-sensitive spectral analysis of biomarker molecules.
This review will discuss some of the latest advances with an emphasis on the use of metabolomics to identify major
metabolic changes in various diseases. The possibility of finding diagnostic markers in diseases of the gastroin-
testinal tract, respiratory and cardiovascular systems, in oncology, endocrinology, neurology are discussed. These
results define new potential therapeutic strategies, making metabolomics useful for a wide range of biomedical and
pharmaceutical research.

Conclusion. Metabolomic profile changes in different types of diseases will help to improve understanding of the
pathogenesis. New therapeutic approaches may be developed. They will take into account individual characteristics
of the patient, identified by using current molecular technologies. The results of metabolomic studies can be used to
monitor treatment outcomes.
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MeTabonoMHble NPOoPUIN Kak HOBOE NOHMMaHUe NPOoL,EeccoB 00s1e3Hn

O.10. 3onbHukosa’, M.C. Pewietosa, M.H. MBaHoBa, B.T. MBalukuH

®rAOY BO «[lepsbisi MockoBCKkuii rocyaapCTBEHHbI MEeEANLIMHCKUE yHuBepcuteT uM. U.M. CeveHoBa»
(CeyeHoBckuii YHUBepcuTeT) MuHucTepcTBa 3apaBooxpaHeHns Poccurickori Peaepaumnmn, Mocksa, Poccuiickas denepadms

Llenb 0630pa: npeactaBuTb MHPOPMALMIO O BO3MOXHOCTSX NMPUMEHEHUSI MeTaboNoOMHOro nNpoduInpoBaHus
DJ15 BbISIBNEHUS BOMapKepPOoB pa3inyHbix 3a601eBaHNM BHYTPEHHMX OPraHoB.

OCHOBHbI€ NOJNI0XEeHUs. HOBOE AMarHOCTMYECKOE HanpaBfieHME CBA3aHO C BbICOKOYYBCTBUTENbHBIM CNEKTpab-
HbIM aHanM3oM MoJekys-6romapkepoB. B 0630pe nutepatypbl 06CYyXOat0TCH HEKOTOPbLIE M3 MOCAEOHUX [0-
CTUXEHUIN C aKLEHTOM Ha NPUMEHEHNE MEeTaboNOMUKN ANS BbISBAEHUS OCHOBHBLIX METABO0SIOMHbIX W3MEHEHWI
npu pasnuyHbix 3abonesaHnsx. OBCyXaaeTcs BO3MOXHOCTb NOMCKa AUArHOCTUYECKMX MapKeEPOB Npu 3abosesa-
HUAX XENya04YHO-KMLLEYHOrO TPakTa, PECMMPATOPHON N CEPAEYHO-COCYANCTON CUCTEM, B OHKOMOrNU, SHOOKPUHO-
10K, HEBPONOTNN. DTN PE3yNbTaThl ONPEAENSIOT N HOBbIE MOTEHUMANbHBIE TEPANEBTUYECKME CTpaTernm, aenas
MeTaboIoOMUKY NOSIE3HOM A5 LUMPOKOro Kpyra GromMeamumMHCKuX 1 hapmMaueBTUYECKUX UCCEA0BaHMNA.
3akniovyeHue. HoBble AaHHble 06 N3MEHEHUM METAB0IOMHOIr0 NPO@UAS NPy PasHbIX HO30J10rMYEeCKNX hopmMax
NOMOryT YNy4ylUNTb NMOHUMAaHWE natoreHesa 3aboneBaHuin. M paspaboTaTb HOBblE TepaneBTUYECKME MOAXOAbI
B JIEYEHUW, YYNTbIBAS AAHHbIE MHANBUAYANbHbIX XapakTEPUCTUK NaUNEHTA, BbISBASIEMbIE C MOMOLLBLIO aKTyasbHbIX
MOJIEKYNSIPHBIX TEXHONMOMMIA. Pe3ynbTatsl MeTaboIOMHbIX UCCEeA0BaHUI MOTYT OblTb MPUMEHVMBI Y B KQYECTBE MO-
HUTOPWHIra Pe3ybLTaToB JIEHEeHUS.

KnioueBblie cnoBa: Metabonntbl, MeTabonomMHoe NpodunnposaHne, GromMmapkepbl, Macc-CnekTPOMETPUS, XUA-
KOCTHas xpomatorpadusi, MOHUTOPUHT JIe4eHns
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Metabolomic studies are relatively new and
rapidly developing scientific direction. It uses ad-
vanced analytical chemistry and computational tech-
nologies to describe complex biochemical processes.
Currently, metabolomics has applications in various
fields of science, including human health, drug de-
velopment, microbiology, and the food industry. The
variety of metabolomic studies application fields is
due to possibility to analyze a wide range of sub-
strates, including solids (tissues, soil, etc.), liquids
(biological fluids, water) and gases (exhaled air,
odors). These researches can be carried out in vivo
(with visualization of a specific group of cells) and
in vitro (using extracts and biofluids) [1—4]. Nuclear
magnetic resonance spectroscopy (NMR), gas chro-
matography-mass spectrometry (GC-MS) and liquid
chromatography-mass spectrometry (LC-MS) serve
as major analytics platforms to examine metabo-
lome [2]. Combination of research types allows to
accurately identify metabolites in different biosam-
ples and significantly broaden their studied range.
Metabolomic studies are conventionally subdivided
into metabolomic profiling and metabolomic target
analysis [3]. Metabolomic profiling is generally used
to identify metabolomic differences in various no-
sologies. Target analysis is conducted to determine
specific metabolites [4, 5]. In practice, metabolomic
profiling precedes further targeted research. The fun-
damental basis of this diagnostic approach includes
the following fact: the production of each metabolite
is caused by particular biochemical reactions in the
body. This allows the use of certain highly specific
molecules as biomarkers.

Metabolomic researches in gastroenterology

Using high-resolution magnetic resonance imag-
ing (MRI) with high resolution magic-angle spin-
ning (HR-MAS) the level of metabolites in chron-
ic and acute pancreatitis was assessed. The study
demonstrated a correlation between changes in the
metabolomic profile and inflammatory changes in
the pancreas. In acute necrotizing pancreatitis, an
increase in the level of amino acids (leucine, isoleu-
cine, valine) and a decrease in the level of taurine
and fatty acids compared with chronic pancreatitis
were observed. The authors suggested that these
changes may be potential metabolomic markers in
the differential diagnosis between chronic and acute
pancreatitis [6]. Also, a work devoted to the isola-
tion of exocrine pancreatic insufficiency biomarkers
is described (EPI). According to the analysis results,
in the group of patients with EPI, an increase in the
levels of phosphatidylserine, phosphatidylcholine,
pentazine and a peptide consisting of arginine, threo-
nine and proline was observed [7].

A search was carried out for specific serum me-
tabolites that can help predict the onset and pro-
gression of inflammatory bowel disease (IBD). The
changes in gut microbiota and metabolomic profiles
of patients with Crohn’s disease, ulcerative colitis

and healthy control were compared. Each stool sam-
ple was subjected to metagenomic sequencing and
metabolomic analysis using GC-MS. As a result of
the study, the difference between the metabolome
in patients with IBD and in the group of healthy
controls was demonstrated. Based on the generaliza-
tion of sequencing data and metabolomic analysis,
122 associations between bacterial and metabolomic
profiles were identified. One of the important find-
ings was the revealed correlation of changes in me-
tabolites with a decrease in taxonomic biodiversity
of the gut microbiota in patients with IBD [8]. In
a systematic review, published in 2020, observations
from 64 studies, aimed at studying the metabolome
of various biological environments of the body in
patients with IBD, were summarized. The authors
point to the fact that when choosing a material for
research, it is necessary to take into account the high
lability of the metabolomic indicators of urine and
feces, which vary depending on the patient’s diet. In
this case, serum and blood plasma react more slowly
to changes in the diet and can carry more static in-
formation about the metabolomic profile and about
systemic metabolism in general (Table 1). In studies
describing the analysis of blood metabolites of pa-
tients with IBD, changes in the level of branched-
chain amino acids were observed. Thus, in the groups
of patients with Crohn’s disease and ulcerative coli-
tis, an increase in the levels of isoleucine, leucine
and valine was observed compared with the control
group. 3-hydroxybutyrate, a breakdown product of
the amino acids listed above, was increased in 5 cases
in patients with ulcerative colitis. At the same time,
the level of glutamine in IBD was reduced, which,
according to the authors, indicates a defect in the
process of tight junction proteins synthesis and the
intestinal wall integrity loss. An increase in the ratio
of kynurenine and tryptophan levels was observed.
The levels of lipids, arachidonic acid and arachido-
nate varied in different directions in blood and feces
samples, showing lower values in blood and increas-
ing in stool samples [9].

In a study of patients with celiac disease, an in-
crease in the content of indolecarboxylic (indoleace-
tic acid, indolepropionic acid) and dicarboxylic acids
(succinic and fumaric acids) was determined. Indolic
acids are metabolites of tryptophan with potential
neuroprotective effects and are designed to prevent
the development of oxidative stress. An increase in
dicarboxylic acids is considered by the authors as a
marker of hypoxia [10].

The study of the metabolomic profile in pa-
tients with liver diseases is of great interest. It
is noted that the level of glycocholic acid, tauro-
cholic acid, phenylalanine, branched-chain amino
acids increases with more severity disease from
steatosis to non-alcoholic steatohepatitis (NASH),
NASH cirrhosis, while the values of glutathione
in these nosological forms decrease (p < 0.001 for
each state) [11, 12].

Poc xypH ractposuTepoJt rematon koaonpokron 2022; 32(1) / Rus J Gastroenterol Hepatol Coloproctol 2022; 32(1)

47



48

Hamuonanp
National college of gastroenterology, hepatology

A IMIKOJIa TaCTPOSHTEPOJIOTIUr, TeIlaTOJOIrnu

www.gastro-j.ru

Table. 1. Metabolomic profiles in IBD

Biological substrate

Identified changes in the metabolome

Stool

1 Acylcarnitines, Lysophospho-choline, Triacylglycerides

| Primary and Secondary bile acids
| SCFA
Amino Acids:
1 Leucine, Isoleucine, Valine

1 Alanine, Glycine, Lysine, Phenylalanine, Taurine, Tyrosine

Urine

1 Citrate, Succinate
| Formate, Hippurate, Trigonelline
| SCFA
Amino Acids:
| Alanine, Taurine Asparagine, Glycine

Blood

1 3-Hydroxbutyrate
1 Tryptophan Catabolites

| Arachidonic acid
Amino Acids:
1 Isoleucine
| Tryptophan

| Glutamine, Histidine
| Leucine, Isoleucine, Valine

Biopsy material

| Choline, Gliatilin
| Myoinositol
Amino Acids:
1 Aspartate
| Leucine,
Isoleucine, Valine
| Alanine, Glutamine, Glutamate

Breath

1 Pentane
| Hydrogen sulfide

Metabolomic researches in pulmonology

To date, few metabolomic researches in patients
with respiratory system diseases have been described.
Usually, they deal with the study of volatile organ-
ic compounds in the concentrate of exhaled air. In
samples of exhaled air from patients with chronic
obstructive pulmonary disease (COPD), bronchial
asthma (BA) and healthy controls, 9 compounds were
identified (2,3-dihydro-1-inden-1-one, ethyl citrate,
decanol-1, 2-phenoxyethanol and others), which are
of the greatest importance in the differential diagno-
sis of groups. Mathematical analysis of the obtained
data allowed us to distinguish between healthy and
patients with BA with an accuracy of 75 %, healthy
and patients with COPD with an accuracy of 85 %,
patients with BA and COPD with an accuracy of
83 % [13]. In the view of Bowerman K. et al., the
spectrum of the metabolomic profile of blood serum
in COPD combines 46 % of lipids, 20 % of xenobiot-
ics and 20 % of metabolites associated with amino
acids, including N-acetylglutamate and its analogue
N-carbamoylglutamate [14]. Statistically significant
negative correlations between metabolites of glyc-
erophospholipids and three products of oxidative
stress (superoxide dismutase (SOD), myelopyroxidase
(MPO), and 8-isoprostaglandin F2a (8-iso-PGF2a))
have been revealed in studies. Along with that, it was
found that the diagnostic values of SOD, MPO and
8-i1s0-PGF2a in sputum exhibit high sensitivity and
specificity in predicting the severity of COPD [15].

In a number of studies in patients with BA, the
most altered metabolomic pathways were the biosyn-
thesis of omega-6 or omega-3 fatty acids, including
arachidonic, linoleic, eicosapentaenoic and docosa-
hexaenoic acids, as well as the metabolism of galac-
tose and citrate [16, 17].

Altered levels of y-tocopherol / B-tocopherol,
positively correlated with the composition of the gut
microbiota (family Christensenellaceae) [18]. A sig-
nificant decrease in the content of short-chain fatty
acids (acetate, propionate, and butyrates) produced
by the microbiota, a change in their spectrum and
isoforms was found [19]. An inverse correlation was
found between the content of dicarboxylic acids (su-
beric (octanedioic) and sebacic (decandioic)) with
the forced expiratory volume of patients [20—22].

Hasegawa K. et al. performed a metabolomic
analysis of the blood serum of infants with severe
bronchiolitis. Scientists investigated the relationship
of serum 25-hydroxycalciferol (250HD) levels with
the metabolome and the severity of bronchiolitis. It
was found that metabolites (fibrinopeptide A, N1-
methyladenosine, sphingomyelin) correlated with a
low level of 250HD are significantly associated with
more frequent use of invasive mechanical ventilation
in these patients. At the same time, 6 metabolites
were identified (1-(1-enylstearoyl)-2oleoylglycero-
phosphorylethanolamine (GPE); 1-(1-enylstearoyl)-
linoleyl-GPE;  isoursodeoxycholate;  1-linoleoyl-
glycerophosphate (GPA); glycerate; glycylvalin
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correlating with a higher level of 250HD and a
lower frequency of use of invasive mechanical venti-
lation [23].

Mass spectrometry confirmed the differences in
the metabolomic spectrum of exhaled air in patients
with acute respiratory distress syndrome (ARDS)
with COVID-19 (28 patients) and in healthy con-
trols (12 patients). In a multivariate analysis with
an accuracy of 93 % (sensitivity: 90 %, specificity:
94 %), a characteristic “breath print” for COVID-19
was determined. The three most distinct notable
volatiles in COVID-19 ARDS patients were meth-
ylpent-2-enal, 2,4-octadiene-1-chloroheptane, and
nonanal [24].

Metabolomic researches in cardiology

Using metabolomic profiling, trimethylamine-N-
oxide (TMAO) has been identified, which is associ-
ated with a higher risk of developing cardiovascular
diseases [25—27]. Subsequent targeted metabolomic
studies have established that TMAO is a by-prod-
uct of trimethylamine. Trimethylamine, in turn, is
a product of the microbial degradation of carnitine,
betaine and choline obtained from meat and con-
tained in food phospholipids [28—30]. TMAO alters
the cholesterol balance by dysfunction of flavin mo-
nooxygenase 3 [31]. Although the role of TMAO in
human physiology is still being elucidated, there is
ample evidence that endogenously produced TMAO
in sufficiently large quantities is a metabolite that
provokes the development of diseases of the cardio-
vascular system. A study by Chen X. et al. the re-
lationship between the progression of atherosclerosis
and impaired metabolism of fatty acids, primarily
palmitic acid, has been demonstrated, which signifi-
cantly accelerates the development of atherosclerotic
changes due to the activation of inflammation and
apoptosis [32].

Changes in the metabolomic profile correlate
with the severity of chronic heart failure (CHF)
and systolic myocardial dysfunction. The most im-
portant metabolites in this pathogenetic combination
are 2-hydroxybutyrate, glycine, methylmalonate,
and myo-inositol [33]. In patients with low LV ejec-
tion fraction, higher serum concentrations of acyl-
carnitines, carnitine, betaine, and amino acids were
found, with low levels of phosphatidylcholines, lyso-
phosphatidylcholines, and sphingomyelins [34].

Metaboliomics research in oncology

Cancer is widely recognized as a genetic disorder
resulting from mutations in key oncogenes or tumor
suppressors. However, over the last few years, there
have been significant changes in the understanding
of this disease. This is partly due to the “rediscov-
ery” of two metabolic processes, aerobic glycoly-
sis and glutaminolysis, which are found in almost
all tumors, and are also closely associated with a
number of known oncogenes and tumor suppressors
[35, 36]. Oncomolecules identified by metabolomic

studies are endogenous metabolites, the accumu-
lation of which initiates and/or supports tumor
growth and metastasis. The first confirmed onco-
metabolite was 2-hydroxyglutarate, found in high
concentrations in gliomas [37, 38]. This compound
appears to indirectly alter histone methylation pat-
terns, which ultimately leads to tumorigenesis.
Later, fumarate, succinate, sarcasin, glutamine, as-
paragine, and lactate were also identified as onco-
metabolites [35—38]. Halfenprox, permethrin, and
biotin sulfone, which is oxidized biotin (also known
as vitamin H), are recognized as metabolites associ-
ated with the risk of lung cancer. It is discussed
that the reason for the increase in the activity of
these metabolites is associated with smoking [39].
The literature presents an analysis of the urine metab-
olome in patients with oncological and precancerous
diseases of the upper gastrointestinal tract [40]. This
study involved 44 patients with esophageal carcinoma,
31 patients with Barrett’s esophagus, and 75 healthy
controls. The results of the study demonstrated clear
differences in the metabolomic profile of the studied
groups [40]. Much attention is currently paid to the
role of short-chain fatty (butyrate), indolecarboxylic
(indoleacetic, indolepropionic) and dicarboxylic ac-
ids (succinic, fumaric) produced by gut microbiota
in the pathogenesis of colon cancer. These metabo-
lites, according to researchers, have tumor suppres-
sive properties, and their levels are significantly re-
duced in case of intestinal tumor lesions [10, 41].
With further study of the causal relationships, it be-
comes clear that many of the oncometabolites act as
signaling molecules or structural regulators that af-
fect immune cells, activate pro-carcinogenic inflam-
matory pathways, and control cell division processes.

Metabolomics research in endocrynology

Metabolomic profiling made it possible to es-
tablish a change in the level of amino acids as a
prognostic marker for the development of diabetes
mellitus (DM). In particular, elevations in serum of
branched-chain amino acids (leucine, isoleucine, va-
line), aromatic amino acids (phenylalanine, tyrosine)
and a little-known amino acid (aminoadipic acid)
can be used to identify people at risk of develop-
ing type 2 diabetes. It is assumed that the levels of
these markers have a prognostic potential long before
the onset of the disease, and on the one hand they
may be associated with dietary factors, while on the
other hand, they may be caused by the changes in the
composition of the gut microbiota (a decrease in the
content of Propionibacterium, Bifidobacterium). The
latter factor, in turn, can contribute to the develop-
ment of insulin resistance and diabetes [42—44].

Metabolomics research in neurology

Neurodegenerative diseases such as Parkinson’s
and Alzheimer’s are mediated by the development
of mitochondrial dysfunction and oxidative stress.
Along with this, the patients showed a number
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of characteristic changes in the metabolomic pro-
file. Thus, in Parkinson’s disease, the metabolism
of amino acids, fatty acids, and glutathione is im-
paired. This is evidence in favor of increased oxi-
dative stress, the presence of neuroinflammation,
as well as impaired glucose regulation [45]. In the
work of He R. et al., correlations were established
between the levels of homovanillic acid (a meta-
bolite of dopamine) and movement disorders in pa-
tients [46]. Changes in serum levels of ceramide,
sphingomyelin and phosphatidylcholine are dis-
cussed to be the predictors of Alzheimer’s disease
development. Some of these metabolites corre-
late with the severity of cognitive impairment and
may act as markers of disease progression [47].
In demyelinating diseases, in particular in multi-
ple sclerosis, the metabolomic profile is character-
ized by an increase in the content of ketone bodies
(B-hydroxybutyrate, acetoacetate, acetone), which is
associated with impaired metabolism of tricarbox-
ylic fatty acids in mitochondria. An increase in the
content of choline and phospholipids was noted, as
well as a decrease in tryptophan and its neuroactive
metabolite kynurenine [47—50]. Interesting findings
concern patients with schizophrenia. It is known
that this disease is associated with the presence of
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