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ABSTRACT

Omics technologies, including proteomics and metabolomics approaches, provide promising opportunities to
improve the accuracy of diagnosis and monitoring of the course of inflammatory bowel disease (IBD). Integration
of these advanced research areas into clinical medicine not only allows for a more in-depth assessment of the
pathogenesis of IBD, but also opens avenues for innovative therapeutic strategies adapted to individual patient
profiles and patient cohorts.

The lecture analyzes trends in the identification of biomarkers with high sensitivity and specificity that can be used
both for diagnosis and prognosis of the course of IBD subtypes, and for predicting the response to therapy, which,
ultimately, will contribute not only to improved treatment outcomes, but also to an increase in the quality of life
of patients.

The authors conducted a non-systematic, descriptive review of the literature with a search depth of 10 years, aimed at
systematizing data on the achievements of proteomics and metabolomics approaches for the diagnosis, monitoring
of the IBD course, and personalization of therapeutic strategies. The search for literary references was carried out
using Scopus, Web of Science, MedLine, the Cochrane Library, EMBASE, Global Health, CyberLeninka, and
RSCI databases.

The analysis of the results of experimental and clinical studies allowed to identify a number of biomarkers — candidates
for testing and potential implementation in routine clinical practice. Convincing data were obtained on the potential
benefits of integrating proteomics and metabolomics studies with other omics approaches. The importance of an
interdisciplinary approach combining the results of clinical studies with modern approaches in bioinformatics and
molecular biology for the development of more effective diagnostic tools and strategies is obvious.
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TpeHAbl NPeLn3NOHHON ANArHOCTUKA U MOHUTOPUHIa BOCNaNuTeNbHbIX
3a6oneBaHN KNLWWEeYHNKA: NOTEHL AN NPOTEOMHbIX 1 MeTabosIOMHbIX

6momapkepoB

JlamuHa C.B., MaeB U.B., UBaHoBa T.W., KoxxeBHukoBa E.O., Kanuw C.B.

Poccutickuii ynugepcumem meouyunst (PocYrnuMeo)
Poccus, 127006, . Mockea, yn. [Joncopykosckas, 4

PE3IOME

OMHUKCHbIE TEXHOJIOTHH, B TOM YHCIIE IPOTEOMHbIE U METa0O0JIOMHBIE MTOAXO/bI, IPEAOCTABIISIOT MHOTO00CIIAI0-
1€ BO3MOXKHOCTH JJIs NMOBBILICHUS TOYHOCTH JMAarHOCTUKH 1 MOHMTOPHHIA TEYECHHsI BOCIAIMTENIBHBIX 3a00J1e-
Banuii kumeunuka (B3K). Marerpauns sTux nepeaoBbiX HANPaBICHUI HCCIEI0BAHUN B KIMHUYECKYIO MEIULIMHY
HE TOJIBKO TO3BOJIseT Oosee yriryOneHHo oueHuTh naroreHes B3K, HO u OTKpbIBaeT myTh K MHHOBALIMOHHBIM Te-
PANeBTUYECKUM CTPATEIHSAM, alallTUPOBAHHBIM K HHAUBUIYJIbHBIM NPO(QMIISAM NalMEHTOB U KOTOPT HALIMEHTOB.

Jlexmust TMOCBsALICHA aHAJIN3Y TPECHIOB BBIABJICHUSA 6I/IOMapKepOB C BBICOKOU YYBCTBUTCJIBHOCTBIO U CHCL[I/I(bI/I"I-
HOCTBIO, KOTOPBIE MOTYT OBITH UCITOJIB30BAHbI KaK JUTL TUArHOCTUKU U NPEAUKIUN TCUCHUS ITOATUIIOB B3K, TakK
1 MPOTHO3UPOBATH OTBETHYIO PEAKIHUIO HA TEpAIUI0, YTO B KOHECYHOM HTOIC 6yz1eT CIocoOCTBOBATh HE TOJBKO
YIyHHICHUIO PE3YJIbTATOB JICYCHW A, HO U MMOBBINICHUIO KAaY€CTBA JKU3HU IMMallU€HTOB.

ABTOpaMu MMpoBeICH HECUCTEMATHIECKHU I, OMICaTEeIBHBIN MTOMCK JINTEPATyphl ¢ rryOuHoit 10 j1eT, HarpaBIeHHBIH
Ha CHCTEMaTH3alNIO0 JaHHBIX O JOCTIDKCHHAX MOJXO0M0B MIPOTEOMHUKU M METaOOJTOMUKH JUIS IEJeH THAarHOCTUKH,
MoHuTopunra tedenust B3K u nepconanmsanum TepaneBTHdeckux crpateruil. [Iomck muTepaTypHBIX HCTOYHH-
KOB TIpoBOMIICS 110 0azam naHHBIX Scopus, Web of Science, MedLine, The Cochrane Library, EMBASE, Global
Health, CyberLeninka, PUHLI.

AHanus pe3ysibTaToB SKCIEPUMEHTAIBHBIX M KIMHUYECKUX MCCIIEIOBAHHMI MO3BOJIMI BBIACIUTH Psifi GOMapke-
POB — KaHIMJATOB JUIS TECTUPOBAHUS U MOTCHIMAIBHOTO BHEAPEHUS B PYTHHHYIO KJIMHHYECKYIO MPAKTUKY. [1o-
JIy4eHbl yOeuTebHbIC JaHHbIC O IOTEHIMAIbHBIX IPEUMYILECTBAX MHTETPALlMK IIPOTCOMHBIX U METa00IOMHBIX
UCCIIeJOBAHMI C IPYTUMH OMHKCHBIMH 110X04aMu. O4eBHIHA 3HAYMMOCTb MEKIMCIUIIIIMHAPHOTO OJIX0/1a, 00b-
€/IMHSIOLIETO PE3yJIbTaThl KIMHUYECKNX UCCIIEJOBAHUIA, COBPEMEHHBIE M0/1X0/1bl OHOMH(OPMATHKU M MOJIEKYJIsIp-
Holi Ouomnoruu g pa3padotku 6osee F3PpPEeKTUBHBIX AUATHOCTHYECKUX HHCTPYMEHTOB U CTPATETHIA.

KiroueBble €JI0Ba: BOCHAIMTEIbHBIC 3a00ICBaHNUS KHUIIICYHHKA, 0o0J1e3Hb KpOHa, SI3BEHHBIN KOJIUT, OMHUKCHBIC
TCXHOJIOTHUH, MCTa6OHOM, IpoTeOM

KOH(I)JIHKT HHTEPECOB. ABTOpBI JACKIApUPYIOT OTCYTCTBUE SAIBHBIX U MOTCHIUAJIBHBIX KOH(l)J'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6J'IPIKaHPIeI>i HaCTOHH_[ef/’I CTaTbHU.

Hcrounuk punancupoBanus. Pabora BeimonHeHa npu ¢punancoBoii moaaepxkke @PI'BOY BO «Poccuiickuii yHH-
BEpCUTET MeAUIUHBDy Mun3apasa Poccun B paMkax peanu3aliiy HaydHOW TeMaTHKH Kageaphl MPONEJeBTHKH
BHYTPEHHHX 0OJIE3HEH M TacTPOIHTEPOIOTHH, HAyIHO-HNCCIESA0BATEIBCKOTO ICHTPa OMOMEIUIIMHCKUX UCCIENO0-
BaHUI.

Jass uutupoBanus: Jismuna C.B., Maes U.B., Usanosa T.U., KoxeBnukoa E.O., Kamum C.B. Tpenuabt
MPEIU3HOHHON JIMATHOCTUKA M MOHUTOPHHIA BOCIAIUTENLHBIX 3a00JICBAHMN KHIIEYHUKA: MOTEHIIUA [POTe-
OMHBIX ¥ METabOJIOMHBIX OHMOMapKepoB. broremens cubupckoi meduyunvl. 2025;24(2):169—178. https://doi.
org/10.20538/1682-0363-2025-2-169-178.

INTRODUCTION

Searching for disease biomarkers dates back to
the formation of medicine as a science. The search
for biomarkers in inflammatory bowel disease (IBD)
is of no exception (Fig. 1). Precision medicine and
diagnostic approaches associated with targeting

interventions are becoming new hotspots and trends
in modern medicine (Fig. 1). At the early stage of
diagnostic research in IBD, the focus was placed
on general characteristics and classical diagnostic
approaches. Currently, the trend in research is
increasingly shifting toward targeting IBD therapy
and improving the quality of life of patients [1].
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Fig. 1. Results of a bibliometric study of worldwide data

sources to identify hotspots and trends in the diagnosis of

inflammatory bowel disease: a — co-occurrence of keywords;

b — temporal scale of keyword clustering; ¢ — map of keyword

time zones in the literature on accurate diagnosis and treatment
of inflammatory bowel disease [1]
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Fig. 2. Current and potential biomarkers in inflammatory bowel disease, adapted from [3]
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Some of the most common keyword search
markers for the diagnosis and management in IBD
are C-reactive protein (CRP) and fecal calprotectin.
However, they are obviously not true biomarkers
of IBD, as they merely reflect the presence of
inflammation and its severity, but are not specific, and
changes in the values of these indicators are typical
of many other conditions. They have relatively low
sensitivity and specificity in patients with IBD [2].
Similarly, the evaluation of serologic biomarkers is of
uncertain value in predicting disease progression or a
response to treatment.

Today, omics biomarkers provide significant
additional advantages for the diagnosis and
management in IBD, including Crohn’s disease (CD)
and ulcerative colitis (UC) (Fig. 2). The introduction
of omics technologies, the identification of genomic,
proteomic, and metabolomic markers, and the in-depth
assessment of the intestinal microbiome allow not only
to assess the probability of disease development, but
also to provide in-depth and comprehensive evaluation
of the molecular basis and pathogenesis in IBD. Early
diagnosis and understanding of the pathogenesis of
CD and UC are extremely valuable for the choice of
reasonable personalized pathogen-specific therapy in
a variety of clinical manifestations.

Among omics biomarkers, the results of proteomics
and metabolomics studies attract the attention of
researchers and clinicians. Their significance as
promising tools for the diagnosis, management, and
control of IBD therapy in modern personalized and
precision medicine is undoubted.

Proteomics and metabolomics are among the most
dynamically developing areas of molecular diagnosis.
The undeniable advantage of these approaches is the
possibility of non-invasive assessment of a significant
number of indicators.

A proteomics analysis has already identified some
candidate IBD biomarkers for testing in clinical
practice, such as oncostatin M and avp6 antibodies
[4]. In addition, proteomics approaches have been
actively used for identifying stool protein and peptide
biomarker panels in patients at risk of IBD and in
treatment strategy adjustment [5].

Metabolomic profiling also allows to differentiate
IBD patients from healthy individuals and to identify
CD and UC with high accuracy. Such metabolites
as tryptophan and indole-3-acetic acid have been
identified as potential biomarkers in IBD, with
ROC curves showing high discriminatory power
(AUC: 0.9738 for CD and 0.9887 for UC) [6]. Data

from metabolomics studies also identify a number
of biomarkers with a potential diagnostic value [7].
Simultaneuosly, , the integration of metabolomics
data with other potential molecular biomarkers, such
as lipidomics, can be used as an additional diagnostic
advantage in IBD [8].

This work focuses on analyzing the results of
current omics studies evaluating proteomic and
metabolomic indices to identify potential biomarkers
for the diagnosis, monitoring, and potential assessment
of the response to therapy in patients with IBD.

OMICS BIOMARKER POTENTIAL

Currently, the study of omics biomarker potential
and the integration of various omics data in IBD
has focused on three areas of interest: identification
of new diagnostic proteomic biomarkers, in-depth
characteristics of disease pathogenesis, and response
to treatment.

Proteomic and metabolomic biomarkers provide
a holistic view of the disease, identifying molecular
networks and pathways involved in the IBD
pathogenesis (Fig. 3). This approach significantly
helps to develop prognostic criteria for early detection
of the disease and monitoring of clinical outcomes [9].

Proteome Analysis

Considering the presence of proven strong
correlations between the level of protein expression
and disease activity, proteomics attracts special
attention as a diagnostic tool [10]. At the same time,
a current trend in proteomics is the formation of
diagnostic panels for the most accurate CD and UC
signatures.

Diagnostic and Monitoring Capabilities

It is obvious that the diversity of clinical
manifestations and insufficient sensitivity and
specificity of existing biomarkers indicate the
special significance of potential biomarkers for the
differential diagnosis of IBD. Proteomics studies
allow to differentiate IBD and other intestinal diseases
with high sensitivity and specificity [11]. Proteomics
approaches in IBD were first used in the works of U.
Berndt et al. The studies revealed differences in protein
expression by different T cell populations in CD and
UC [12]. This experimental approach demonstrated
high sensitivity (70%) and specificity (72.5%) in CD.

The results of the study on MMP-12 and oncostatin
M are of great interest. They allowed to effectively
differentiate IBD from other intestinal diseases [13].
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Fig. 3. Potential roles of biomarkers in IBD, examples of existing and new biomarkers that could perform these functions, adapted
from [3]

Serum antibodies to avf6 integrin determined in the
blood serum are now considered as another promising
biomarker in IBD and, especially, UC [14]. The
loss of intestinal epithelial barrier integrity precedes
clinical manifestations of the disease, which explains
the possibility of detecting antibodies to avp6 in the
preclinical period of IBD, as well as the possible
association of the level of antibodies to avp6 with the
severity of the disease course, which is potentially
prognostically significant.

Another candidate for application in clinical
practice is PGE-MUM, which is determined in urine
and correlates with endoscopic and histologic activity
in IBD, especially in UC. PGE-MUM has a great
diagnostic potential because of its better correlation
with endoscopic parameters compared to CRP. In
addition, threshold values for PGE-MUM were
proposed to predict endoscopic and histologic activity
with a reported sensitivity of 81-82% [15].

A significant trend in molecular diagnosis of IBD
is the formation of diagnostic panels to evaluate
protein expression in biological material of different
types. Thus, four most diagnostically significant
protein biomarkers were identified in serum: platelet
factor 4 (PF4), calgranulin A (MRP8), fibrinogen A
(a-chain) (FIBA), and haptoglobin alpha-2 (Hpo?2).
Hpa2 was particularly significant in differentiating
UC and CD with accuracy similar to or higher than

that in ANCA and ASCA serologic tests [16]. The
analysis of colonic mucosal tissue samples from adult
and pediatric patients allowed to form two candidate
protein panels [17].

These panels were effective in the diagnosis
of IBD and the differential diagnosis of CD and
UC, respectively. The diagnostic panel included
fatty acid binding protein 5 (FABPS), uridine
diphosphate-a-d-glucose-6-dehydrogenase (UGDH),
leucine-rich mitochondrial protein containing PPR
motifs (LRPPRC), visfatin/NAMPT, and inorganic
pyrophosphatase 1 (PPA1). Elevated levels of NAMPT
and PPA1 were particularly significant in IBD. The
differential diagnostic panel included mitochondrial
trifunctional enzyme subunit beta (HADHB),
cytosol aminopeptidase (LAP3), leukotriene-A-4
hydrolase (LTA4H), metallothionein-2 (MT2A),
mitochondrial tricarboxylate transport protein
(SLC25A1), heterogeneous nuclear ribonucleoprotein
H3 (HNRNPH3), mitochondrial delta(3,5)-delta(2,4)-
dienoyl-CoA isomerase (ECHI), transferrin receptor
protein 1 (TFRC), beta-2-microglobulin (B2M),
SEC61 transmembrane channel complex protein,
subunit alpha 1 (SEC61A1), staphylococcal nuclease
domain-containing protein 1 (SND1), , and transferrin
(TF). The first nine proteins of the panel were
significantly elevated in CD compared to UC patients.
Thus, they can be considered as candidates for an
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in-depth evaluation in the differential diagnosis of
CD and UC regardless of the age of patients. In the
analysis of colonic biopsy proteome, there are three
newly identified biomarkers, including eosinophil
major basic protein (PRG2), laminin 2 (LCP1), and
proteasome activator complex subunit 1 (PSME1),
that are clearly associated with active CD [18].

It is of particular interest that many biomarkers
are mainly components of fatty acid metabolism [17].
This allows to consider the prospect of a possible
combination of proteomics studies with the assessment
of the lipid profile in IBD patients.

The proteome analysis also suggests the
pathogenetic significance of mitochondrial dysfunction
in the development of IBD, especially UC [19].
Decreased expression of eight mitochondrial proteins
(ATP synthase subunit beta (ATP5B), mitochondrial
malate dehydrogenase 2 (MDH2), heat shock protein
90 (HSPA9B), voltage-dependent anion-selective
channelprotein 1 (VDACI), peroxiredoxin 1 (PRDX1),
heat shock protein 60 (HSPD1), peroxiredoxin 2
(PRDX2), and prohibitin (PHB)), was particularly
significant in UC. The key protein of mitochondrial
complex, PHB, was decreased in biopsy specimens of
colonic mucosa in UC both in remission and relapse.
This allows to suggest possible early mitochondrial
changes during disease formation.

B cell-activating factor (BAFF), a member of the
tumor necrosis factor (TNF) superfamily, attracts
special attention among proteomic biomarkers. It is
produced by most cells of the innate and adaptive
immunity and is of great importance for immune
regulation and inflammatory changes in the intestine
in IBD [20]. In IBD, BAFF levels are elevated in
serum, feces, and colonic tissues and are associated
with inflammation in the intestinal mucosa [21].
Pathogenetically relevant BAFF overexpression, in
turn, exacerbates the proinflammatory activity of
immune cells in IBD, including through the NF-xB
signaling pathway and the NLRP3 inflammasome
[22]. These data allow us to consider BAFF as a
candidate biomarker for monitoring the course of
IBD, including in the context of therapy.

Potential for Personalized Therapy
and Assessment of a Treatment Response

In addition to diagnostic biomarkers, proteomics
approaches can potentially be used to assess the
response of IBD patients to ongoing therapy. For
example, an elevated serum BAFF level, mentioned
in the previous section, was initially associated with a

better response to infliximab treatment in CD patients.
Those with a clinical response to infliximab treatment
showed a decrease in its levels after treatment,
whereas those who did not respond to therapy showed
an increase in the parameter [23]. In addition, specific
single nucleotide polymorphisms (SNPs) in the BAFF
gene, such as rs1041569, have been associated with
CD susceptibility and a response to treatment [24].

The potential of BAFF blockade is now considered
as one of the therapeutic strategies. It has been
shown in experimental models that BAFF blockade
reduces the severity of inflammation, weight loss,
and histopathologic damage in colitis [25, 26]. Thus,
BAFF may not only be a potential diagnostic and
therapeutically predictive biomarker, but also may be
considered as one of the targets for the IBD treatment.

The dynamic assessment of circulating chemokine
levels and the assessment of monocyte activation
have also been used as candidate biomarkers for the
response to treatment with TNF inhibitors, particularly
infliximab. Within 2 weeks after the initiation of
therapy in patients without a clinical response, there
was an obvious decrease in the level of protein from
CD14+/CD86+ macrophages and the level of the
chemokine CCL2 [27].

In another study, proteomics approaches were
used for the response management of infliximab and
prednisolone therapy in IBD children. The study
proposed a candidate panel with 18 proteins and 3
microRNAs [28].

Thus, the potential of the proteomics data obtained
allows to consider this approach as promising for
the differential diagnosis of IBD, research on IBD
pathogenesis, as well as monitoring and prediction
of the treatment response. At the same time, the
results of the proteome analysis in a number of cases
demonstrate associative links with other areas of
omics diagnosis, such as lipidomics, which allows to
speak about the possibility of more in-depth studies
in IBD.

Metabolomic Biomarkers

Metabolomic biomarkers have also become
promising tools for diagnosing and evaluating the
response to treatment of IBD, including CD and UC.
Metabolomic biomarkers can be used not only to
identify pathogenetic features of the disease and, as
expected, diagnostic targets, but can potentially guide
therapeutic decisions. Metabolomics is increasingly
being used to identify biomarkers to predict a treatment
response and to distinguish IBD subtypes.
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Diagnostic Potential

Today, metabolomic biomarkers are used in
the differential diagnosis of IBD subtypes and to
identify key differences between IBD patients and
healthy persons. Serum and plasma, feces, and urine
are considered as the main biological samples for
metabolomic biomarkers. Thus, a group of five serum
metabolites — pyruvate, phenylacetylglutamine,
isolithocholic acid, taurodeoxycholic acid, and
glycolithocholic acid — showed high accuracy
(AUC = 0.861) in the differential diagnosis between
CD and UC groups. High diagnostic accuracy
rates allow us to consider them as a non-invasive
diagnostic alternative to the tests used in routine
clinical practice [29].

Serum metabolomics studies have demonstrated
an increase in tryptophan and indole-3-acetic acid
levels in both CD and UC patients, while kynurenine
and indole-3-propionic acid levels were elevated only
in CD [6]. A study by T.Vakhitov et al. identified
14 serum metabolites, including 2-hydroxybutyric
acid and creatinine, as potential biomarkers of UC
[30]. Other plasma metabolites — acylcarnitine,
3-indoleacetic acid, and dehydroepiandrosterone
sulfate — were associated with intestinal microbiota and
immune response formation. They were highlighted as
candidate markers for further in-depth analysis [31].

The analysis and identification of fecal metabolites
are also being used to develop metabolic profiles of
individuals withIBD. Among 78 metabolitesidentified
by L. Ning et al. all, metabolites were classified
into three major categories of nutrient metabolism,
including amino acids, carbohydrates, and fatty acids
[7]. According to the results, the increase in the
levels of amino acids, such as tryptophan, glutamine,
arginine, 5-hydroxytryptophan, and histidine,
was worth noting. These data go in line with the
previous results [32]. Various organic acids related
to the tricarboxylic acid cycle, such as pyruvic
acid, fumaric acid, malonic acid, and oxoglutaric
acid, were elevated in the feces of patients with
IBD, indicating abnormal energy metabolism of the
intestinal microbiota.

In addition to the possibility of using fecal
metabolites to identify IBD, it is also possible to
perform differential diagnosis of their subtypes. For
example, significant changes in fecal metabolome
profiles have been described in patients with UC and
CD. The metabolic signature of fecal IBD includes
alterations in short-chain fatty acids, tryptophan
metabolites, sphingolipids, and vitamin levels.

Although there is a considerable overlap between the
metabolic signatures of the two subtypes of IBD, CD
is primarily characterized by enrichment of primary
bile acids, whereas UC is characterized by higher
levels of proteolytic fermentation products [33].

The analysis of metabolomic pathways is also of
particular importance for the formation of diagnostic
strategies in IBD. Studies have demonstrated that
glyoxylate and dicarboxylate metabolism, alanine,
aspartate and glutamate metabolism, as well as
glycerolipid metabolism in patients with IBD are
associated with disease activity and can be used in the
differential diagnosis of IBD subtypes [6]. A decrease
in the ratio of primary and secondary bile acids in IBD
compared to healthy individuals is worth noting. The
metabolomics analysis also associated metabolism of
beta-alanine, arginine, and proline with IBD, while
glycerolipid metabolism in UC and CD differed
significantly [6].

Correlations between IBD activity and changes
in amino acid metabolism and B-oxidation of fatty
acids have been described [34]. Amino acids, such
as L-glutamine, glycine, and L-arginine, have been
shown to support intestinal redox balance and immune
homeostasis and can potentially alleviate the severity
of IBD symptoms.

In addition, the metabolomics analysis also
confirms the significance of the relationships between
amino acids and various signaling pathways, including
mTOR and NF-kB, involved in the implementation
of inflammatory responses. These pathways play
an important role in regulating the balance of pro-
inflammatory and anti-inflammatory cytokines in
the gut [35]. Alterations in fatty acid metabolism,
especially polyunsaturated fatty acids (PUFAs), are
also closely associated with IBD. Changes in PUFA
o-6 and ®-3 levels correlate with inflammatory
markers, suggesting their role in modulating
inflammation in IBD [36]. An approach involving
the evaluation of ratios between pro-inflammatory
and anti-inflammatory mediators and fatty acid
derivatives can also be used for diagnostic purposes
in IBD. For example, an increased arachidonic
acid-to-eicosadienoic acid ratio is indicative of a
proinflammatory state in UC patients.

Metabolome as a Biomarker
of a Treatment Response

Metabolomic profiles can be used to predict
the response to a number of biological drugs. The
significant role of the intestinal microbiota and its
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endogenous metabolites in the IBD development is
known. It is suggested that the analysis of metabolites,
including endogenous metabolites, may serve as
predictors of the response to biological therapy in
patients with IBD. According to a systematic review
that included 38 studies investigating the potential of
fecal and intestinal wall microbiota and endogenous
metabolomic markers as predictors of a response to
biologic therapy in patients with IBD, the data on the
significance of metabolomic signatures in assessing
the response of patients with IBD to various biological
agents were confirmed [37]. In the future, these data
can be used for precision and personalized therapy.
Thus, the levels of endogenous metabolites, such as
butyrate and deoxycholic acid, were significantly
associated with clinical remission after anti-TNF
alpha drug therapy.

So, higher levels of butyrate-producing bacteria
and specific metabolites, such as acetamide, have
been shown to be associated with a positive response
to vedolizumab [37]. In addition, lower baseline levels
of acylcarnitine and ceramide and increased levels of
N-methylglycine were positively associated with the
response to vedolizumab [38].

CD patients with a positive clinical response
to ustekinumab also showed specific bacterial
signatures of the gut microbiota — the increase in
Faecalibacterium and lower levels of Escherichia/
shigella. This supports the suggestion that bacterial
profiles can be used as predictors of a treatment
response in IBD [37].

Therefore, it is clear that metabolomic profiling
is of particular interest and importance in the context
of precision and personalized medicine for patients
with IBD.

CONCLUSION

Proteomics and metabolomics studies open
significant perspectives for further study of IBD.
The results of experimental and clinical studies
have already identified a number of biomarkers —
candidates for testing and introduction into routine
clinical practice. There is compelling evidence of the
potential benefits of integrating these areas with other
omics approaches, such as lipidomics. The integrative
biomarker analysis can be used both to assess IBD
pathogenesis and to personalize patient management
approaches and treatment strategy selection. The
integration of multi-omics data, including those using
artificial intelligence, can also be considered as a basis
for tools to predict IBD development and the course

of the disease [39]. Data integration and IBD datasets
and biomarker atlases are of great use for predicting
specific features of the disease [40].

REFERENCES

1. Liu C, Yu R., Zhang J., Wei S., Xue F., Guo Y. et al. Re-
search hotspot and trend analysis in the diagnosis of inflamma-
tory bowel disease: A machine learning bibliometric analysis
from 2012 to 2021. Front. Immunol. 2022;13:972079. DOI:
10.3389/fimmu.2022.972079.

2. Fabian O., Bajer L., Drastich P., Harant K., Sticova E.,
Daskova N. et al. A Current State of Proteomics in Adult and
Pediatric Inflammatory Bowel Diseases: A Systematic Search
and Review. International Journal of Molecular Sciences.
2023;24(11):9386-9386. DOI: 10.3390/ijms24119386.

3. Clough J., Colwill M., Poullis A., Pollok R., Patel K., Honap S.
Biomarkers in inflammatory bowel disease: a practi-
cal guide. Ther. Adv. Gastroenterol. 2024;17:1-19. DOI:
10.1177/17562848241251600.

4. Mestrovic A., Perkovic N., Bozic D., Kumric M., Vilovic M.,
Bozic J. Precision medicine in inflammatory bowel disease: a
spotlight on emerging molecular biomarkers. Advances in Car-
diovascular Diseases. 2024;12(7):1520-1520. DOI: 10.3390/
biomedicines12071520.

5. D’Inca R., Sturniolo G. Biomarkers in IBD: what to utilize for
the diagnosis? Diagnostic. 2023;13(18):2931. DOI: 10.3390/
diagnostics13182931.

6. Kim J., Suh D.H., Park Y., Jae S., Kang Oh.H., Ji. Y. et al.
P140 Serum metabolomic biomarkers can identify and char-
acterize associated subtypes and phenotypes in inflammatory
bowel disease. Journal of Crohn’s and Colitis. 2024;18:1437—
i438. DOI: 10.1093/ecco-jcc/jjad212.0270.

7. Ning L., Zhou Y.L., Sun H., Zhang Y., Shen Ch., Wang Z.
et al. Microbiome and metabolome features in inflammato-
ry bowel disease via multi-omics integration analyses across
cohorts. Nat. Commun. 2023;14:7135. DOI: 10.1038/s41467-
023-42788-0.

8. Chen L., Zhang C., Niu R., Mao R., Qiu Yun, Feng R. P915
multi-omics biomarkers for the prediction of response to bio-
logics in patients with inflammatory bowel disease. Journal of
Crohn’s and Colitis. 2024;18(1):11670-11671. DOI: 10.1093/
ecco-jec/jjad212.1045.

9. Bourgonje A.R., Goor H., Faber K.N., Dijkstra G. Clinical val-
ue of multi-omics-based biomarker signatures in inflammato-
ry bowel diseases: challenges and opportunities. Clinical and
translational gastroenterology. Clin. Transl. Gastroenterol.
2023;14(7):¢00579. DOI: 10.14309/ctg.0000000000000579.

10. Wright 1., Van Eyk J.E. A Roadmap to successful clinical
proteomics. Clin. Chem. 2017;63:245-247. DOI: 10.1373/
clinchem.2016.254664.

11. Deeke S.A., Starr A.E., Ning Z., Ahmadi S., Zhang X,
Mayne J. et al. Open: Mucosal-luminal interface proteom-
ics reveals biomarkers of pediatric inflammatory bowel dis-
ease-associated colitis. Am. J. Gastroenterol. 2018;113:713—
724. DOI: 10.1038/541395-018-0024-9.

12. Berndt U., Bartsch S., Philipsen L., Danese S., Wiedenmann B.,
Dignass A.U. et al. Proteomic analysis of the inflamed in-

176 BlonneteHb cMbupckoi MeguuuHbl, 2025; 24 (2): 169-178



Reviews and lectures

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

testinal mucosa reveals distinctive immune response pro-
files in Crohn’s disease and ulcerative colitis. J. Immunol.
2007;179:295-304. DOI: 10.4049/jimmunol.179.1.295.
KallaR., Adams A.T., Bergemalm D., Vatn S., Kennedy N.A.,
Ricanek P. et al. Serum proteomic profiling at diagnosis pre-
dicts clinical course, and need for intensification of treatment
in inflammatory bowel disease. BioRxiv. 2020;15(5):699-708.
DOI: 10.1093/ecco-jcc/jjaa230.

Livanos A.E., Dunn A., Fischer J., Ungaro R.C., Turpin W.,
Lee S.H. et al. Anti-Integrin avp6 autoantibodies are a novel
biomarker that antedate ulcerative colitis. Gastroenterology.
2023;164:619—629. DOT: 10.1053/j.gastro.2022.12.042.

Arai Y., Matsuura T., Matsuura M., Fujiwara M., Okaya-
su L., Ito S. et al. Prostaglandin E-major urinary metabo-
lite as a biomarker for inflammation in ulcerative colitis:
prostaglandins revisited. Digestion. 2016;93:32-39. DOI:
10.1159/000441665.

Meuwis M.-A., Fillet M., Geurts P., de Seny D., Lutteri L.,
ChapelleJ.-P. etal. Biomarker discovery for inflammatory bow-
el disease, using proteomic serum profiling. Biochem. Pharma-
col. 2007;73:1422-1433. DOI: 10.1016/j.bcp.2006.12.019.
Starr A.E., Deeke S.A., Ning Z., Chiang C.-K., Zhang X.,
Mottawea W. et al. Proteomic analysis of ascending colon bi-
opsies from a paediatric inflammatory bowel disease inception
cohort identifies protein biomarkers that differentiate Crohn’s
disease from UC. Gut. 2017;66:1573—-1583. DOI: 10.1136/
gutjnl-2015-310705.

Han N.Y., Choi W., Park J.M., Kim E.H., Lee H., Hahm K.B.
Label-free quantification for discovering novel biomarkers
in the diagnosis and assessment of disease activity in in-
flammatory bowel disease. J. Dig. Dis. 2013;14(4):166-174.
DOI:10.1111/1751-2980.12035.

Hsieh S.Y., Shih T..C, Yeh C.Y., Lin CJ., Chou Y.Y.,
Lee Y.S. Comparative proteomic studies on the pathogenesis
of human ulcerative colitis. Proteomics. 2006;6(19):5322—
5331. DOI:10.1002/pmic.200500541.

Sun M., He C., Cong Y., Liu Z. Regulatory immune cells in reg-
ulation of intestinal inflammatory response to microbiota. Mu-
cosal. Immunol. 2015;8:969-978. DOI: 10.1038/mi.2015.49.
Kumric M., Zivkovic P.M., Ticinovic Kurir T., Vrdoljak J.,
Vilovic M., Martinovic D. et al. Role of B-cell activating
factor (BAFF) in inflammatory bowel disease. Diagnostics.
2021;12:45. DOI: 10.3390/diagnostics12010045.

Uzzan M., Colombel J.F., Cerutti A., Treton X., Mchandru S.
B Cell-activating factor (BAFF)-targeted b cell therapies in
inflammatory bowel diseases. Dig. Dis. Sci. 2016;61:3407—
3424. DOTI: 10.1007/s10620-016-4317-9.

Timmermans W.M., van Laar J.A., van der Houwen T.B.,
Kamphuis L.S., Bartol S.J., Lam K.H. et al. B-Cell Dysregu-
lation in Crohn’s disease is partially restored with infliximab
therapy. PLoS One. 2016;11(7):¢0160103. DOI: 10.1371/
journal.pone.0160103.

Andreou N.P., Legaki E., Dovrolis N., Boyanov N., Georgi-
ou K., Gkouskou K. et al. B-cell activating factor (BAFF)
expression is associated with Crohn’s disease and can serve
as a potential prognostic indicator of disease response to In-
fliximab treatment. Dig. Liver Dis. 2021;53:574-580. DOI:
10.1016/j.d1d.2020.11.030.

Bulletin of Siberian Medicine. 2025; 24 (2): 169-178

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Quan R., Chen C., Yan W., Zhang Y., Zhao X., Fu Y. BAFF
blockade attenuates inflammatory responses and intestinal bar-
rier dysfunction in a murine endotoxemia model. Front. Im-
munol. 2020;11:570920. DOI: 10.3389/fimmu.2020.570920.
Zhang Y., Tao M., Chen C., Zhao X., Feng Q., Chen G. et al.
BAFF blockade attenuates DSS-induced chronic colitis
via inhibiting NLRP3 inflammasome and NF-«kB activa-
tion. Front. Immunol. 2022;13:783254. DOI: 10.3389/fim-
mu.2022.783254.

Magnusson M.K., Strid H., Isaksson S., Bajor A., Lasson A.,
Ung K.-A. et al. Response to infliximab therapy in ulcerative
colitis is associated with decreased monocyte activation, re-
duced CCL2 expression and downregulation of tenascin C.
J. Crohn’s Colitis. 2014;9:56-65. DOI: 10.1093/ecco-jcc/
Jjju008.

Heier C.R., Fiorillo A.A., Chaisson E., Gordish-Dressman H.,
Hathout Y., Damsker J.M. et al. Identification of pathway-spe-
cific serum biomarkers of response to glucocorticoid and in-
fliximab treatment in children with inflammatory bowel dis-
ease. Clin. Transl. Gastroenterol. 2016;7:¢192. DOI: 10.1038/
ctg.2016.49.

MaR., Zhu Y., Li X., Hu S., Zheng D., Xiong S. et al. A novel
serum metabolomic panel for the diagnosis of Crohn’s dis-
ease. Inflammatory Bowel Diseases. 2023;29(10):1524-1535.
DOI: 10.1093/ibd/izad080.

Vakhitov T., Kononova S., Demyanova E., Morugina A.S.,
Utsal V.A., Skalinskaya M.I. et al. Identification of candidate
biomarkers for inflammatory bowel disease using non-tar-
geted serum metabolomics. Voprosy Detskoj Dietologii.
2022;20(6):21-32. DOI: 10.20953/1727-5784-2022-6-21-32.
Wu X.P., Liu K., Wu Q., Wang M., Chen X., Li Y. et al. Bio-
markers of Metabolomics in Inflammatory Bowel Disease and
Damp-Heat Syndrome: A Preliminary Study. Evidence-based
Complementary and Alternative Medicine. 2022;3319646.
DOI: 10.1155/2022/3319646.

Gallaghe K., Catesson A., Griffin J.L., Holmes E.,
Williams H.R.T. Metabolomic Analysis in Inflammato-
ry Bowel Disease: A Systematic Review. J. Crohns Colitis.
2021;15:813-826. DOI: 10.1093/ecco-jcc/jjaa227.

Vich Vila A., Zhang J., Liu M., Faber K.N., Weersma R.K.
Untargeted faecal metabolomics for the discovery of bio-
markers and treatment targets for inflammatory bowel
diseases. Gut. 2024;73(11):1909-1920. DOI: 10.1136/gut-
jnl-2023-329969.

Zheng X., Zhu Y., Zhao Z., Chu Y., Yang W. The role of
amino acid metabolism in inflammatory bowel disease and
other inflammatory diseases. Frontiers in Immunology.
2023.14:1284133. DOI: 10.3389/fimmu.2023.1284133.

He F., Wu C., Li P, Li N., Zhang D., Zhu Q. et al. Functions
and signaling pathways of amino acids in intestinal inflam-
mation. BioMed Research International. 2018:9171905. DOI:
10.1155/2018/9171905.

Yan D., Ye S., He Y., Wang S., Xiao Y., Xiang X. et al. Fat-
ty acids and lipid mediators in inflammatory bowel disease:
from mechanism to treatment. Frontiers in Immunology.
2023;14:1286667. DOI: 10.3389/fimmu.2023.1286667.
Wang C., Gu Y., Chu Q., Wang X., Ding Y., Qin X. et al. Gut
microbiota and metabolites as predictors of biologics response

177



Lyamina S.V., Maev I.V., lvanova T.I. et al. Trends in Precision Diagnosis and Monitoring of Inflammatory Bowel Diseases

in inflammatory bowel disease: A comprehensive systematic multi-omics and biomarkers empowers case—control genetic
review. Microbiology Research. 2024;282:127660-127660. discoveries in the UK Biobank. Nat. Genet. 2024;56:1821—
DOI: 10.1016/j.micres.2024.127660. 1831. DOI: 10.1038/541588-024-01898-1.

38. Reider S., Watschinger C., Koch R., Tilg H., Moschen A. 40. Smelik M., Zhao Y., Li X., Loscalzo J., Sysoev O., Mahmud
P206 Metabolomic predictors of response to vedolizumab in F. et al. An interactive atlas of genomic, proteomic, and me-
inflammatory bowel disease. Journal of Crohn’s and Colitis. tabolomic biomarkers promotes the potential of proteins to
2024;18(1):1527. DOI: 10.1093/ecco-jcc/jjad212.0336. predict complex diseases. Sci. Rep. 2024;14(1):12710. DOI:

39. Garg M., Karpinski M., Matelska D. Disease prediction with 10.1038/541598-024-63399-9.

Author contribution

Lyamina S.V., Ivanova T.I. — formulation of the idea, development of research methodology, collection, analysis, and systematization
of data. Kozhevnikova E.O. — drafting of the manuscript, design of the manuscript text, work with graphic material. Kalish S.V. — editing
of the manuscript. Maev 1.V. — final approval of the manuscript for publication.

Author information

Lyamina Svetlana V. — Dr. Sc. (Medicine, Head of the Laboratory for Molecular Pathology of Digestion, Research Center for
Biomedical Research, Professor of the Division of Introduction into Internal Medicine and Gastroenterology, Russian University of
Medicine, Moscow, svlvs@mail.ru, https://orcid.org/0000-0001-8300-8988

Maey Igor V. —Dr. Sc. (Medicine), Professor, Academician of RAS, Honored Doctor of the Russian Federation, Head of the Division
of Introduction into Internal Medicine and Gastroenterology, Russian University of Medicine, Moscow, ProRekt-02@msmsu.ru, https://
orcid.org/0000-0001-6114-564X

Ivanova Tatiana I. — Laboratory Researcher, Laboratory for Molecular Pathology of Digestion, Research Center for Biomedical
Research, Russian University of Medicine, Moscow, artlife1917@gmail.com, https://orcid.org/0000-0002-7720-156X

Kozhevnikova Ekaterina O. — Cand. Sc. (Biology), Researcher, Laboratory for Molecular Pathology of Digestion, Research Center
for Biomedical Research, Russian University of Medicine, Moscow, katena_94@list.ru, https://orcid.org/ 0000-0002-9835-694X

Kalish Sergei V. — Junior Researcher, Laboratory for Molecular Pathology of Digestion, Research Center for Biomedical Research,
Russian University of Medicine, Moscow, anahoretes@mail.ru, https://orcid.org/0000-0002-2781-9396

(<) Lyamina Svetlana V., svlvs@mail.ru
Received 06.02.2025;

approved after peer review 19.02.2025;
accepted 27.02.2025

178 BlonneteHb cMbupckoi MeguuuHbl, 2025; 24 (2): 169-178



