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Abstract

Background and aim "Inflammatory bowel disease" (IBD) is a chronic, relapsing inflammatory disease of the intes-
tinal tract that typically begins at a young age and might transit to colorectal cancer (CRC). In this manuscript, we
discussed the epigenetic and metabolic change to present a extensive view of IBDs transition to CRC. This study
discusses the possible biomarkers for evaluating the condition of IBDs patients, especially before the transition to CRC.

Research approach We searched "PubMed"and “Google Scholar” using the keywords from 2000 to 2022.

Discussion In this manuscript, interesting titles associated with IBD and CRC are discussed to present a broad view
regarding the epigenetic and metabolic reprogramming and the biomarkers.

Conclusion Epigenetics can be the main reason in IBD transition to CRC, and Hypermethylation of several genes,
such as VIM, OSMA4, SEPT9, GATA4 and GATA5, NDRG4, BMP3, ITGA4 and plus hypomethylation of LINET can be used

in IBD and CRC management. Epigenetic, metabolisms and microbiome-derived biomarkers, such as Linoleic acid
and 12 hydroxy 8,10-octadecadienoic acid, Serum M2-pyruvate kinase and Six metabolic genes (NAT2, XDH, GPX3,
AKR1C4, SPHK and ADCY5) expression are valuable biomarkers for early detection and transition to CRC condition.
Some miRs, such as miR-31, miR-139-5p, miR -155, miR-17, miR-223, miR-370-3p, miR-31, miR -106a, miR -135b and miR-
320 can be used as biomarkers to estimate IBD transition to CRC condition.

Highlights

1. Inflammatory signals, cytokines and immune cell interaction lead to epigenetic reprogramming in IBD.

2. The imprinting profile of IGF2, NOD2, ATG16L1 and IRGM is considerable in IBD.

3. Microbiota plays an essential role in IBD transition to CRC via NF-kB and STAT3 signaling pathways.

4. TLR4 activates B-catenin via PI3K then it interacts with Wnt pathway and leads to a metabolic and neoplastic
reprograming in IBD.
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Introduction

Chronic inflammatory disease of the gastrointesti-
nal tract called inflammatory bowel disease (IBD) is a
multi-factorial disease caused by the interplay of hered-
itary and environmental factors. Although more than
160 loci have been linked to IBD, the function of many
of them remains unknown [1]. The developmental ori-
gins of IBD, including Crohn’s disease (CD) and ulcera-
tive colitis (UC), which are connected to early-onset
CRC, have been linked to epigenetic and microbiome
modifications. Intercalating age-specific DNA meth-
ylation and microbiome changes have been reported
in various studies, and they may be significantly rele-
vant to the developmental causes of IBD and CRC [2].
Ng et al. conducted a very precious systematic review
regarding the prevalence of IBD on 147 studies around
the world. The conclusion of this report mentioned that
in Europe (UC 505 per 100 000 in Norway; CD 322 per
100 000 in Germany) and North America (UC 286 per
100 000 in the USA; CD 319 per 100 000 in Canada),
were reported as the highest reported prevalence. In
North America, Oceania, and many European nations,
the prevalence of IBD exceeded 0.3 percent [3]. CD is
a transmural but frequently segmental inflammation of
the gut wall that can develop anywhere in the gut, from
the mouth to the anus. Fistula or fibrosis development
may be triggered by inflammation in CD. Up to 80% of
patients are currently necessitated to undergo at least
one surgical resection of an intestinal segment, despite
recent advancements in medicinal therapy options [4].
In contrast, UC only affects the large bowel and always
begins with the rectum displaying the maximum level
of activity. Up to 10 to 15% of patients may require a
colectomy since it may be characterized by a high rate
of bloody bowel movements per day and significantly
decreases the quality of life [5]. Research on IBD patho-
physiology and variables causing disease outbreaks is
currently considerable due to the associated substan-
tial morbidity and—at least for many people with more
severe disease—unsatisfactory treatment choices. IBD
has become a "prototype disease group" for chronic
auto inflammatory diseases with a polygenic basis and
significant complex environmental factors. Environ-
mental factors must be relevant to both the etiology of
the disease and the flare of the disease [6]. Over hun-
dreds or thousands of years, the genetic risk factors
have not changed, but the incidence and prevalence of
diseases remain increasing. IBD was almost nonexist-
ent as a disease until a century ago, However, it affects
millions of people, including non-Caucasians, among
whom the disease had previously been incredibly rare
nowadays, and this is obviously a consequence of the
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environmental factors [7]. Microbiome aberration (dys-
biosis), immunological dysregulation, and prenatal,
perinatal, and pediatric environmental effects all seem
to play significant roles in the onset, progression, and
maintenance of IBD. In highly industrialized countries,
the frequency of combined genetic and epigenetic sus-
ceptibility to UC and CD is estimated to be as high as
2% and about 1%, respectively [8]. Unlike the heredi-
tary syndromes of familial adenomatous polyposis
(FAP) and hereditary nonpolyposis colorectal cancer
(HNPCC) that have a well-defined genetic etiology, the
transition condition of IBD to CRC seems to be related
to the long-term inflammation and inflammatory
responses which reveals the importance of epigenetic
in IBD. The most important carcinogenic pathways in
CRC development seem to be chromosomal instability,
microsatellite instability, and hypermethylation, which
are noticeable in inflamed colonic mucosa before histo-
logical events so this fact highlights the importance of
molecular pathways in early diagnosis [9]. Epigenomic
regulation, such as DNA methylation, histone modifi-
cation, and non-coding RNA, play important roles in
the normal development and function of an organism
and epigenetic alterations play a critical role in com-
plex diseases, such as IBD, cancer, obesity, and type 2
diabetes (T2D) [10, 11]. Aerobic glycolysis is the main
mechanism for glucose metabolism in cancer cells, and
metabolic changes in cancer and metastasis and the
upregulation of glycolysis have been reported in many.

primary and metastatic cancers [12]. It is unknown if
cell metabolism has been altered throughout the transi-
tion from IBD to colorectal cancer (CRC). Cancer cells
ferment a large portion of their glucose supply into lac-
tate regardless of the availability of oxygen. Ventham
et al. conducted a study with a mouse colitis model pro-
duced by dextran sulfate sodium (DSS), and discovered
that inflammation increased the expression of essen-
tial glycolytic enzymes by activating the STAT3/c-Myc
signaling pathway. It’s interesting to note that key meta-
bolic enzymes consistently showed enhanced expres-
sion during the whole phase of chronic inflammation,
demonstrating that the metabolic reprogramming was
brought on by a long-lasting inflammatory signal. It is
unknown if cell metabolism has been altered through-
out the transition from IBD to CRC [13].

This manuscript is focused on recent developments in
our understanding of how intestinal microbiota, DNA
methylation, micro-RNAs, histone, and metabolism
changes interact to IBD transition to CRC. Finally, we
discuss the clinical and diagnostic implications, view-
points, and non-invasive biomarkers surrounding the
epigenetic and metabolic reprogramming in IBD.
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Epigenetic reprogramming in IBD can be an alarm

of vulnerability

Epigenetics is an important factor in cancer develop-
ment and it’s defined as heritable phenotypic changes
brought on by factors other than the DNA sequence.
Histone modification (including acetylation and meth-
ylation), DNA methylation and small noncoding RNAs
(sncRNAs), such as micro RNAs (miRNAs), have also
recently been discovered to function as epigenetic factors
[14]. Epigenetic alterations are likely to play critical roles
in various diseases, such as autoimmune disease [15],
Alzheimer’s disease [16], mental disease [17] and cancer
[18]. Inheritable epigenetic markers have been suggested
to play a role in the pathogenesis of IBD more than ten
years ago [19]. Epigenetic changes have fundamental
characteristics which are inheritable and impact the phe-
notype. They can be passed down across subsequent cell
divisions based on their heritable nature and, have the
power to either directly or indirectly change the tran-
scriptional status of the underlying DNA sequence. The
ability of epigenetic modifications to be fully reversed,
allowing for their erasure and subsequent reestablish-
ment upon passage through the parental germlines, may
be the most important trait of all. However, incomplete
"resetting” of the epigenome can be the major reason for
appearing some undesirable phenotypes [20]. Epigenetics
may be the major reason in determining IBD outcome of
specific malignancy like CRC, and there is a noticeable
link between epigenetic, cell division and cancer [21].
Inflammatory signals, cytokines, immune cells interac-
tion can change the epigenetics in IBD and lead to epi-
genetic reprogramming [22]. p53, DNA mismatch repair
genes, and even DNA base excision-repair genes are
examples of important genes implicated in carcinogenic
pathways that can be impacted by reactive oxygen and
nitrogen species produced by inflammatory cells [23].
Tumor-suppressor genes, including KLF6, TP53, APC,
K-RAS and DCC have been reported to be inactivated
in patients with IBD-associated cancer, for instance. The
tumor-suppressor genes are silenced in collaboration
with abnormal promoter methylation and without coding
region abnormalities and mutations [24]. Interestingly,
most of the epigenetic changes are completely reversible,
they can be removed and then reinstated during mitosis
and after passing through the parental germlines dur-
ing meiosis. The most well-known inheritable epigenetic
alterations include DNA methylation, histone posttrans-
lational modifications and nucleosome positioning [25].
Chromatin remodeling complexes, the lauded polycomb
group proteins, and micro RNAs (miRNAs), are recently
considered inheritable epigenetic alterations. A variety of
biological processes, such as gene transcription, DNA—
protein interactions, protein translation and silencing of

Page 3 of 15

endogenous retrotransposons, are coordinated by epige-
netic changes and their associated modifiers that influ-
ence important processes like growth, differentiation,
immunity, X chromosome inactivation and genomic
imprinting [26, 27]. Epigenetic alterations plasticity and
reversibility nature also increase the cell vulnerability
and make the cells susceptible to environmental factors,
such as infection, inflammation, Oxidative Redox Stress
(ROS) and chemical and pharmaceutical agents. Epige-
netic changes have the potential to mediate the gene-
environment interactions that underlie multifactorial
diseases such as IBD [28]. When the epigenetic repro-
gramming starts and which factors trigger it, is an inter-
esting discussion that we preferred to discuss in the next
subtitles.

Change in gene imprinting in IBD and CRC

Recent studies of parent-of-origin effects on the trans-
mission of familial IBD considered imprinting in several
genes and the results suggested that the imprinting pro-
file changed in several genes, such as NOD2, ATGI16L1,
IRGM [29], IL23R, CARDY, RNFI186 and PRDM1I [30,
31]. How the etiology of complex disorders might be
influenced by genomic imprinting and the influence of
genomic imprinting on immune functions and inflam-
matory disorders are still unknown [32]. Imprinted genes
are extremely vulnerable to "loss of imprinting,” a sort of
dysregulation that can activate the normally silent allele.
Imprinted gene products are extremely sensitive to dos-
age variations, therefore their altered expression as a
result of loss of imprinting can cause various disease
such as cancer [33]. Imprinted genes are expressed from
a single parental allele and are essential for develop-
ment, metabolism and neural function. This expression
at imprint control region (ICRs) is regulated by parent-
of-origin-dependent CpG methylation. These methyla-
tion markers are common to all cell types because ICRs
are created earlier than tissue differentiation. As a result,
they are interesting for analyzing the developmental ori-
gins of adult diseases [34]. Loss of imprinting (LOI) in
genes such as insulin-like growth factor II (IGF2) gene
was reported to increase the risk of CRC via increas-
ing CRC stem cells pluripotency by promoting tumor
autophagy [35]. Single cell RNA sequencing data analy-
sis suggested that Loss of IGF2 Imprinting can be used
as a potential biomarker to estimate the risk of CRC
[36]. Mice study confirmed that mice with LOI in IGF2
gene present twice risk of intestinal tumors development
which can be a valuable confirmation of the impact of
epigenetic in cancer development [37]. pleckstrin homol-
ogy like domain family A member 2 (PHLDA2) gene is
a maternally imprinted gene that is highly imprinting
in CRC. Downregulation of PHLDA?2 suppresses tumor
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development via PI3K/AKT/mTOR and PI3K/AKT/
GSK-3p signaling pathways [38] Fig. 1. Table 1 discuss
several genes that were studied for imprinting alteration
in IBD and CRC CRC-based studies.

Microbiota changes and TLRs: critical insight to IBD

and colitis

For a very long time, humans and microorganisms have
coexisted and developed in a mutually beneficial sym-
biotic relationship that is crucial for preserving homeo-
stasis. The microbiome, however, is dynamic and adapts
to aging and environmental changes. Food and dietary
habits, which have changed completely in industrial
societies, seem to be important environmental variables
that affect the microbiota and might cause or contrib-
ute to dysbiosis. Additionally, dietary components like
micronutrients have a crucial role in controlling mucosal
immunity and may have a direct or indirect impact on the
gut flora. Additionally, it has recently been demonstrated
that some dietary ingredients might alter epigenetic pro-
cesses, which may raise the risk of IBD formation and
progression [48]. Through epigenetic programming of
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the host intestinal epithelium, the gut microbiota func-
tions as a crucial modulator of the intestinal inflam-
matory response is noticeable. Microbiota activates
Ten-Eleven-Translocation (TET)-dependent hypometh-
ylation of genomic regions, which controls genes linked
to inflammatory response, and is associated with colo-
rectal cancer. The epigenetic landscape of lamina-asso-
ciated domains (LADs) in colonocytes is reorganized by
microbiota-induced Ten-Eleven-Translocation 3 (TET3)
expression, which leads to transcriptional alterations
of CRC [49]. After Lipopolysaccharides (LPS) stimula-
tion, macrophages have an increased level of TET2, an
enzyme that converts the DNA base methylcytosine
to 5-hydroxymethylcytosine (5HMC). TET2-induced
5HMC has a feedback loop that prevents chronically
high transcription of IL-6 during an innate immune
response. In prior work, the researchers discovered that
IkB{ binds TET2 to the IL-6 promoter in order to acti-
vate Histone deacetylase 2 (HDAC?2) in an indirect man-
ner, which deacetylates H3 and H4 histones and inhibits
transcription [50]. Cyclooxygenases and NF-kB are two
other potential contributing mechanisms. Numerous
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Fig. 1 Epigenetic plays critical role in multi-factorial disease. Epigenetic changes affect gene transcription, DNA-Protein interaction, Protein
translation, and silencing of endogenous retro transposons. Consequently, important functions, such as cell growth, differentiation, immunity,
genomic imprinting, and chromosome interaction change and make the cell vulnerable to inflammatory signals, cytokines, and other agents

and changes. These cells start epigenetic reprogramming in response to the new environmental changes. IGF2: Insulin-like growth factor II, NOD2:
Nucleotide Binding Oligomerization Domain Containing 2, ATG16L1: Autophagy-Related 16-Like 1, IRGM: Immunity-related GTPase family M
protein, IL23R: Interleukin 23 Receptor, CARD9: Caspase Recruitment Domain Family Member 9, PHLDA2: Pleckstrin homology like domain family
A member 2, CRC: Colorectal cancer, IBD: Inflammatory bowel disease, ROS: Oxidative Redox Stress, NOS: Nitric oxide synthase, MMR, DNA: DNA

mismatch repair, BER: base excision-repair
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inflammation-related genes, including cyclooxygenase-2
(COX-2), nitric oxide (NO) synthase-2 (NOS)-2 and the
interferon-inducible gene 1-8U, are enhanced in inflamed
mucosa in UC patients. Patients with IBD have increased
epithelial cell cycling in their intestinal mucosa and they
have higher rates of mitosis and apoptosis than normal
colonic biopsies from patients with sporadic adenomas,
particularly in the active region (inflamed), as opposed
to quiescent niche. Increased epithelial cell cycle, while
probably contributing to carcinogenesis, is not enough
to actually cause cancer [51-53]. The NF-kB and STAT3
signaling pathways, play an essential role in IBD transi-
tion to CRC and are continuously induced in cancer by
numerous aberrant alterations such as epigenetics [54].
NF-kB and STATS3 signals contribute to the microenvi-
ronment carcinogenesis via inducing pro-inflammatory
cytokines production, and these inflammatory media-
tors upregulate the expression of antiapoptotic genes, cell
proliferation and angiogenesis [55]. Microbiome affects
colon epithelial cells (CECs), and have remarkable effects
on CECs’ non-coding RNA production [56], DNA dam-
age [57], DNA methylation [58], and chromatin structure
[59]. Genes involved in cell proliferation and the WNT
signaling pathway are affected by gut microbes and play
an essential role in CRC development [60].

Since epigenetic alterations link host gene function to
environmental risk factors such as intestinal microbiota,
they might have a significant impact on the etiology and
the outcome of the IBD. Pathogen-associated molecular
patterns (PAMPs), for example, are environmental sig-
nals that can be integrated into epigenetic processes to
optimize the transcriptional production of inflammatory
cytokines [61]. PAMPs activate specific Toll-Like Recep-
tors (TLRs) in various conditions, such as inflammation
and cancer [62]. Cammarota et al. indicated a putative
indicator of colon cancer development is elevated TLR-4
expression in the tumor microenvironment [63]. TLR
signaling has a significant impact on two key processes
in wound healing: epithelial regeneration and myofi-
broblast activation. In the colon, a TLR2/TLR4/MyD88
cascade drives mucosal repair during the regenerative
phase of colitis, demonstrating the role of TLR signals in
regeneration [64, 65]. The overexpression of Dual oxidase
2 (DUOX2) and a microbiome were necessary for TLR4-
dependent carcinogenesis which can be the intestinal
epithelial cells respond to inflammation and ROS and
oxidative stress [66]. DUOX2 and NOX1 were up-regu-
lated in IBD and CRC as epithelial TLR4 was activated.
Villin-TLR4 mice showed a large increase in epithelial
hydrogen peroxide (H202); DUOX2 and a microbiome
were critical for TLR4-dependent carcinogenesis [67].
DUOX2 contributes to innate defense against intesti-
nal microorganisms by accelerating the production of

Page 6 of 15

H202 in enterocytes. An extensive Ashkenazi family with
19 Crohn disease patients hand 15 of them carry a sin-
gle monoallelic exonic mutation of DUOX2, which was
recently discovered. Biallelic, hereditary DUOX2 muta-
tions were identified as a Mendelian etiology of extremely
early onset IBD (VEO-IBD) in a research conducted by
Parlato et al. [68]. Santaolalla et al. showed TLR4 acti-
vates [-catenin in a PI3K-dependent mechanism,
increasing phosphorylation of 3-catenin Ser552, a mech-
anism linked to activation of Wnt pathway, according to
biochemical investigations in colonic epithelial cell lines.
The findings imply that activation of the Wnt/p-catenin
pathway by TLR4 can lead to a neoplastic reprograming
[69]. Cario et al. conducted a research based on TLRs in
colitis and their results TLR3 and TLR4 expression in the
intestinal epithelium was differently altered in active IBD.
In contrast to UC, TLR3 was markedly downregulated in
the intestinal epithelial cell (IEC) of active CD. TLR4 was,
however, markedly elevated in both UC and CD. In IBD,
TLR2 and TLR5 expression remained unaltered. These
findings show that different changes in selective TLR
expression in the intestinal epithelium may be linked
to IBD, and that these changes in the innate response
system may play a role in the pathogenesis of these dis-
eases [70]. TLR4-dependent PI3K/AKT/NF-kB oxidative
and inflammatory pathway and gut microbiota inter-
action seems to have important role in intestine injury
and metastasis [71]. Fusobacterium nucleatum (Fn) is a
pathogen bacterium which has a poor prognosis for late
stage CRC patients. Yan et al. indicated epithelial-to-
mesenchymal transition (EMT) markers (E-cadherin and
N-cadherin) and cancer stem cell (CSC) markers (Nanog,
Oct-4, and Sox-2) are valuable markers in CRC. N-cad-
herin, Nanog, Oct-4, and Sox-2 were unfavorable prog-
nostic factors, while E-cadherin was a favorable marker
(72] Fig. 2.

Damage-associated molecular patterns (DAMPs)

Direct pro-inflammatory mediators, known as damage-
associated molecular patterns (DAMPs), are endogenous
stress proteins that are produced or released in response
to cell or tissue damage. DAMPs might be originated
from various cellular and, tissue contents, such as the
nucleus, cytosol, mitochondria and extracellular matrix
[73]. IBD is one of many chronic inflammatory illnesses
that can be caused by excessive or persistent signaling
mediated by these molecules. In IBD, the production
of endogenous DAMPs such as calprotectin promotes
epigenetic reprogramming and increases the inflamma-
tory response produced by immune and non-immune
cells. The outcomes influence the pathologic alterations
that may maintain chronic intestinal inflammation and
also cause particular disease phenotypes [74]. A 36 kDa
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in inflammatory response and metabolic reprogramming. PAMPs: Pathogen-associated molecular patterns, DAMPs: Damage-associated molecular
patterns, TLR: Toll-like receptor, AhR: Aryl hydrocarbon receptor, GPR41: G-protein-coupled receptor 41, GPR109A: G-protein coupled receptor 109A,
TET: Ten-Eleven-Translocation, HDAC: Histone deacetylase, SHMC: 5-hydroxymethylcytosine, DUOX2: Dual oxidase 2, NOX1: NADPH Oxidase 1,
STAT3: Signal transducers and activators of transcription 3, SIRT1: Sirtuin 1

protein belonging to the S100 family called calprotec-
tin, has a direct antimicrobial effect, a role in the innate
immune response, and is mainly generated by neutro-
phils. Fecal calprotectin measurement is a helpful pre-
dictor of gastrointestinal inflammation. It is a useful tool
for prioritizing endoscopy since it has a strong negative
predictive value for screening IBD in undiagnosed, symp-
tomatic individuals [75]. Iron-binding lactoferrin serves
as an alarming and a neutrophil degranulation indicator
which might be detected in feces and used as a biomarker
of IBD since it is particularly resistant to proteolysis and
degradation. Consequently, lactoferrin has been used to
distinguish between functional disorders and IBD [76].
The potent DAMP called calreticulin (CRT) has been
found to affect homeostasis via regulating the immune
system. According to recent data, CRT can translocate to
the cell surface and act as a signal for immune-mediated
cell death in this regard. Calreticulin plays role in anti-
inflammatory programming in animal models of IBD
[77]. Watanabe et al. indicated that patients with UC had
significantly higher mean anti-CRT antibody titers and
anti-CRT antibodies were considerably higher in these

patients during the initial phase than during the passage
phase. The mean anti-CRT antibody titer in CD patients
was not significantly higher compared to healthy individ-
uals [78]. A significant extracellular matrix component
called hyaluronan actively contributes to IBD. In regions
of inflammation, the production of this dynamic polymer
is boosted and it is increased in IBD [79].

DNA methylation in IBD

DNA methylation in humans is the epigenetic change
that has received the most attention. DNA hyper- or
hypomethylation are the major way that abnormal DNA
methylation leads to cancer. DNA hypomethylation is
the loss of DNA methylation, which affects chromosomal
stability and increases aneuploidy, whereas DNA hyper-
methylation causes consistent transcriptional silence
and decreased gene expression. DNA methylation pro-
file can be used as diagnostic and prognostic biomark-
ers in various cancers [80]. Tahara et al. suggested that
EMT related genes’ DNA methylation status is associated
to severe clinical symptoms in UC patients [81]. Hyper-
methylation of vimentin (VIM) [82], OSM4 [83], SEPT9
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[84], GATA4 and GATAS5 [85], NDRG4 [86], BMP3 [87],
ITGA4(88], plus hypomethylation of LINE1 can be used
as diagnostic biomarkers for early stage detection of CRC
patients [89]. Promoter hypermethylation of PRICKLE1,
and other WNT pathway genes’ abnormal DNA methyla-
tion contributes to the emergence and spread of CIMP-
negative CRC and adenoma [90]. Hypermethylation
of ITGA4, TFPI2, and VIM promoters is increased in
inflamed colon tissue and it seems to be a potential risk
markers for colitis-associated cancer [91]. DNA methyla-
tion profile of colon mucosa is associated to the inflam-
matory condition in UC patients [92] Fig. 2. Peripheral
blood mononuclear cells’ TFPI2 and NDRG4 gene pro-
moter methylation analyses are new, non-invasive epige-
netic biomarkers for CRC detection [93]. Based on this
discussion a panel of DNA methylation profiles can be
designed to estimate the IBD transition to CRC condi-
tion and it can be used in CRC diagnosis in the primary
stages.

Histone changes in IBD

The butyric and propionic acids, which are produced by
microbiota, are HDAC inhibitors, and basically, HDACs
are essential for microbiota-host interaction [94]. Sodium
butyrate decreases experimental colitis without IL-10 via
inhibiting the NF-kB signaling pathway and histone dea-
cetylation [95]. The modifications in H3K4me3 appeared
to more accurately identify CD patients. The research-
ers compared these modifications to those observed in
H3K4me3 in ileal epithelial cells in germ-free mice and
animals kept according to standard practices. These
comprehensive analyses demonstrated that the presence
of gut microbiota led to several alterations in H3K4me3
in IECs [96]. Tsaprouni et al. indicated H4 was highly
acetylated in inflamed biopsies and Peyer’s patches (PP)
of CD patients. The PP showed increased H4K5 and K16
acetylation. These findings show a link between histone
acetylation and inflammation and suggest a potential new
therapeutic target for mucosal inflammation [97].

MicroRNAs in IBD and CRC

A class of noncoding RNAs with a length of 19-25 nucle-
otides (nt) is known as microRNAs (miRs). They are
generated by the RNaselll family member Dicer from
double-stranded hairpin precursors that are 70—100 nt in
length. Dicer is a component of the RNA-induced silenc-
ing complex and is endogenously expressed in the cyto-
plasm. Translational repression in mammals and mRNA
cleavage in plants are caused by miRs’” insufficient com-
plementarity in recognizing the 3’ untranslated region of
target mRNAs. miR profiling has been frequently used to
identify molecular biomarkers in tumors with the emer-
gence of high-throughput techniques like microarray
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and deep sequencing [98, 99]. Strong links exist between
colon inflammation and miRNA dysregulation. It has
been discovered that some microRNAs promote tumor
progression and metastasis while others prevent tumor
growth [100]. The abnormal patterns of miR expression
suggest that miRs may contribute to the pathophysiology
of IBD or reflect the underlying inflammation. To distin-
guish between CD and UC, a panel of miRs (miR-19a,
miR-21, miR-31, miR-101, miR-146a, and miR-375) can
be used as biomarkers [101] Table 2.

Metabolic reprogramming in IBD and upcoming
biomarkers

It is well known that long term IBD can be transitioned
to CRC due to long term inflammation and imbalanced
inflammatory responses [51]. Butyrate, which is mostly
synthesized by bacteria, suppresses undifferentiated
malignant and stem cells while stimulating mature colo-
nocytes. Mature colonocytes use butyrate oxidation to sup-
ply 70-80% of their energy needs. In different cell types,
butyrate activates the aryl hydrocarbon receptor (AhR),
the GPR41, and the GPR109A receptors while inhibiting
HDAC, maintaining the function of the gut barrier, and
reducing inflammatory processes. The number of bac-
teria that produce butyrate is reduced in IBD patients.
Butyrate penetrates the nucleus and acts as an inhibitor
of histone deacetylase (HDACI). Cancerous colonocytes
prefer glucose over butyrate as their preferred energy
source because they follow the Warburg effect pathway.
As a result, butyrate accumulates at moderate levels in
malignant colonocytes and serves as an HDACi [127].
When TLRs identify and react to systemic life-threatening
infections, gene-selective epigenetic reprogramming and
modifications in cellular bioenergetics emerge. The epige-
netic and bioenergy alterations are coordinated by sensor
sirtuin 1 (SIRT1) Fig. 2. Liu et al. indicated SIRT1 quickly
increased at the promoters of TNF-a and IL-1 after TLR4
activation, but not IkBa; SIRT1 promoter binding required
its co-factor, NAD+. SIRT1 induced termination of NFkB
dependent transcription by deacetylating nucleosomal
histone H4 lysine 16 and RelA/p65 lysine 310 during the
primary step [128]. TLR 4 is a key regulator for CRC devel-
opment under high-fat diet via cancer metabolism repro-
gramming [129]. In metabolic diseases, the development
of insulin resistance and leptin resistance is caused by the
activation of TLR4 by long-chain saturated fatty acids [38].
Colon cancer cells initiate epithelial-mesenchymal transi-
tion when TLR4-mediated galectin-1 synthesis is triggered
by the formation of ADAM10 and ADAM17-associated
lactate [130]. Further studies indicated that the expression
of glycolytic enzymes changes in chronic inflammation
mainly via STAT3/c-Myc pathway, and this finding reflects
metabolism reprogramming in IBD transition to CRC
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Table 2 miRs that can be used as a diagnostic and prognostic biomarker in IBD and CRC
miRs Up/down-regulation Diagnostic/Prognostic/ risk Role Refernces
marker/therapeutic in disease
miR-145, miR-143 Down Diagnostic/CRC High level in TNM Decrease cell growth in carcinoma [102]
stage |-l cell line
miR-20a, miR-143, miR-150, and let-7a  Up Diagnostic/CRC High level in TNM Regulate cell cycle, cell division, etc  [102]
stage lll
miR-200c and miR-18a Up Diagnostic /Prognosis/CRC Cell proliferation, apoptosis, EMT, [103, 104]
tumorigenesis
miR-19a Up Diagnostic /CRC Proliferation, migration, and invasion  [105]
miR-21, miR-21-5p, miR-16-5p Up Therapeutic/Prognostic/IBD-CRC Oncogenic [106-108]
miR-31 Up Diagnosis/Prognosis/IBD-CRC Intrinsic regulator of homeostasis, [109]
stem cell proliferation, differentia-
tion, and epithelial cell death
miR-155 Up Diagnosis/CRC Oncogenic, immune function [110]
miR-214 Up Diagnosis/ Therapeutic/CRC Coordinating tumor proliferation, [111]
stemness, angiogenesis, invasive-
ness, immune response
miR-124 Down Diagnosis/CRC Involved in the EMT, regulation [38]
of mitochondrial apoptotic pathway
miR-193a-3p Down Diagnosis/Prognosis/CRC Proliferation, migration and invasion  [112]
miR-139-5p Down Diagnosis/Prognosis/IBD-CRC Tumor suppressive role [113,114]
miR-133a Down Diagnosis, Prognosis, and Therapeu-  Proliferation, migration, and apopto-  [115]
tic/CRC sis via targeting SOX9
miR-124a Down Risk marker of Colitis-Associated Inhibit proliferation, glycolysis, [116]
Cancer in Patients with UC and energy metabolism
miR-155 Down Diagnosis/Therapeutic/IBD-CRC Regulate immune responses (1171
miR-17 Up Diagnostic/Prognostic /IBD-CRC Regulate cell division and cell cycle  [118]
miR-20a Up Diagnostic /CRC Oncogenic, promoting cell growth [119]
and motility
miR-223 Up Diagnostic /IBD-CRC Differentiation and activation [120]
of granulocytes
miR-29b Down Prognostic/Therapeutic/CRC Inhibit tumor growth and metastasis  [121]
miR-370-3p Up Prognostic/Therapeutic/ UC-CRC Inhibiting inflammation, and EMT [58]
miR-31,-106a, and -135b Dysregulated Prognostic/UC-CRC Cell growth [122]
miR-320 Down Diagnostic/Prognostic/IBD-CRC Tumor suppressor [123]
miR-34a/miR-34a-5p Down Diagnosis/Prognosis/IBD/CRC Inhibits tumorigenesis of CRC [110, 124]
via c-MYC/DNMT3a/PTEN pathway
miR-146a-5p and miR-155-5p Up Diagnosis, Prognosis, and Therapeu-  CRC metastasis [125]
tic/CRC
miR-126 Up Diagnosis, Prognosis/UC Increase inflammatory responses [126]

via NF-kB pathway

TNM: Tumor, nodes, and metastases, EMT: Epithelial-mesenchymal transition, UC: Ulcerative Colitis;

condition [131]. A component of the Condensin II com-
plex, known as Non-SMC Condensin II Complex Subunit
D3 (NCAPD3), is essentially responsible for chromosomal
condensation and segregation during meiosis and mitosis.
NCAPD3 increase glucose metabolism reprogramming
and Warburg effect in CRC. The expression of NCAPD3
increase in CRC and it increase the tumorigenesis [41].
Additionally, glucose metabolism reprogramming can lead
to the damage of electron transfer in mitochondria that
can lead to tumorigenesis and cancer progression [132].
Hypoxia-Inducible Factor (HIF) plays essential role in

CRC initiation and progression [133, 134]. HIF plays role
in glucose metabolism reprogramming via increasing glu-
cose uptake and glycolytic enzymes production [12]. Sch-
niers et al. conducted a study on the proteome dataset of
UC colon mucosa biopsies. They reported a significant
difference in metallothioneins, PPAR-inducible proteins,
fibrillar collagens, and proteins involved in bile acid trans-
port as well as metabolic functions of nutrients, energy,
steroids, xenobiotics, and carbonate [135]. To expand this
discussion, we designed Table 3 to elucidate the impor-
tance of metabolism reprogramming which can be used
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as a biomarker in evaluating the condition of IBD patients.
Additionally, we mentioned extra non-invasive biomarkers
which can be useful in IBD and CRC management.

Conclusion and future perspectives

One of the primary challenges was to elucidate how epige-
netic and metabolic reprogramming can be useful in find-
ing suitable biomarkers for IBD and CRC management.
In line with this, Epigenetics can play a crucial role in the
transition of IBD to CRC. Specifically, hypermethylation
of genes such as VIM, OSM4, SEPT9, GATA4, GATAS5,
NDRG4, BMP3, and ITGA4, along with hypomethylation
of LINE], also can potentially be utilized in the manage-
ment of both IBD and CRC. Peripheral blood mononuclear
cells’ TFPI2 and NDRG4 gene promoter methylation analy-
ses are novel, non-invasive epigenetic biomarkers which
can be used as prognostic biomarkers. A panel of DNA
methylation profiles can be designed to estimate the IBD
transition to CRC.

Epigenetic, metabolism, and microbiome-derived bio-
markers as promising non-invasive tools can be used for
the accurate diagnosis and prognosis of IBD, and CRC
patients. Additionally, some of these biomarkers can be
used to estimate IBD transition to CRC. Linoleic acid and
12 hydroxy 8,10-octadecadienoic acid, Serum M2-pyru-
vate kinase and Six metabolic genes (NAT2, XDH, GPX3,
AKRIC4, SPHKI, and ADCYS5) expression are valuable
biomarkers for early detection and transition to CRC con-
dition and these biomarkers elucidate the importance of
metabolism reprogramming in IBD and CRC. miR profil-
ing has been frequently used to identify the link between
colon inflammation and CRC. Some miRs, such as miR-31,
miR-139-5p, miR-155, miR-17, miR-223, miR-370-3p, miR-
31, miR-106a, miR-135b, and miR-320 can be used as bio-
markers to estimate IBD transition to CRC condition.
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