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ABSTRACT

Background: The transcriptional control of various cell types, especially in the
development or functioning of immune system cells involved in either promoting or
inhibiting the immune response against cancer, is significantly influenced by DNA
or RNA methylation. Multifaceted interconnections exist between immunological or
cancer cell populations in the tumor's microenvironment (TME). TME alters the
fluctuating DNA (as well as RNA) methylation sequences in these immunological
cells to change their development into pro- or anti-cancer cell categories (such as T
cells, which are regulatory, for instance). Objective: This review highlights the
impact of DNA and RNA methylation on myeloid and lymphoid cells, unraveling
their intricate role in immune response orchestration within both oncological and
non-oncological milieus. Deciphering this complex transcriptional regulation holds
promise for identifying and demonstrating therapeutic avenues that take advantage
of the modulation of DNA and RNA methylation with the goal of alleviating the
number of cancer-related morbidity and mortality cases. Conclusion: While more
research is required towards fully understanding the effectiveness of epigenetic-
based treatments aimed at tumor as well as immune cell populations, there is
compelling proof that indicates that they will be successful in slowing the
advancement of malignancy as well as lowering cancer-related complications as well
fatalities.
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1-INTRODUCTION

Epigenetic variations are inherited adjustments that control cell-specific transcription sequences essential for
the healthy emergence or upkeep of distinct tissue functionalities. While aberrations in the methylation landscapes
can result in modified gene regulation or operation, genomic unpredictability, or aggressive transformation of cells.
Hereditary changes can occur during the activation or inactivation of particular proteins that have an essential role
in tumorigenesis (1). A change in DNA methylation, histone adaptation, or in the synthesis of non-coding
transcripts (ncCRNA) represents the three most researched morphological pathways that lead to malignancy as

shown in Figure 1.
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Figure (1): A healthy equilibrium between malignancy immune surveillance with tumorigenesis (2)

The unusual regulation for chromosomes as well as amino acids caused by inappropriate changes in genetics, which
include genetic material alterations, eliminations of amplifications, copy-number variations (CNVs), chromosomal
aberrations or unpredictability, as well as genetic material combinations, may allow cells that are normally
developed to progress from a pre-cancerous to a cancerous phase. In a comparable manner, atypical epigenetics
including aberrant DNA imprinting trends, epigenetic adaptations, as well as ncCRNA transcript of expression
(including miRNA), can contribute to the development of tumors. The most prevalent reversible process, DNA
methylation, has been connected to malignancy since the 1980s. Abnormal DNA methylation plays an important
role in cancer. The promoter region of most genes contains stretches of cytosine and guanine nucleotides linked by a
phosphate group. These regions are called CpG islands. In healthy cells, CpG islands are not methylated. However,
in cancer cells, CpG islands in the promoter regions of tumor suppressor genes or cell cycle regulators are
excessively methylated. Methylation turns off the expression of these genes, allowing cancer cells to divide rapidly
and uncontrollably (3).

The covalent insertion by a methylation (-CH3) group at the cytosine (C) nucleotide next to a guanosine (G) base is
known as DNA methylation. S-adenosylmethionine (SAM) serves as the methyl source during the methylation
process. Over twenty-eight million CpG dinucleotides are found in mammalian genomes, with 60-80% of them
displaying modification in each particular CpG island, on the other hand, have particular areas wherein dinucleotides
from CpG are abundant and frequently discovered close to transcription for genes (4-5). The DNA methyltransferase
(DNMT) 1, DNMT3A, or DNMT3B add dimethyl of methyl groups onto Chromatin in creatures, transforming
unaltered C into 5-methyl-cytosine (5mC). While DNMT1 maintains a hemimethylated DNA structure by adding
methyl members to it as well as by replicating DNA methylation sequences from the maternal strands into its
descendant thread throughout cellular splitting, of cells, DNMT3A as well as DNMT3B add methyl categories to
DNA with no reference DNA being present or so conduct entirely new activation (6-7). S-adenosylmethionine, an
accessible methyl donor or co-factor during this process, provides reporters can identify DNA methylation by
looking for complexes with methyl-CpG-binding domains (MBDs), likely transcriptional variables, and zinc finger
(ZNF) enzymes. Overall, CpG modification may interfere with the attachment of expression elements to a regulating
region, which results in translational silence, which impacts the transcription of genes (8). Methyl groups may be
either actively or passively eliminated from DNA. Ten-eleven translocation (TET) “erasers" that actively
demethylated DNA do so by oxidizing the methylated unit that ranges from 5mC to 5hmC (5-hydroxymethyl-
cytosine), 5fC (5-formylcytosine), or 5¢caC (5-carboxylcytosine)(9-10).
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1.1 Hypo-and Hyper-methylation as a mechanism of cancer development

Several articles have shown that the regulation of gene expression throughout maturation is influenced by
tissue- or cellular type-specific DNA hypermethylation or hypomethylation at cis-acting transcriptional regulating
sites. Gene transcription seems more significantly impacted by hypermethylation within CpG-rich promoter areas
that are specific to tissue promoters. On the contrary, regulators experience tissue-specific DNA hypermethylation
more often in continuously translated gene domains as well as intragenic and intergenic regulators (11). It will be
critical to comprehend the functions that differentiation-related tissue- as well as cellular type- or population

composition-specific hypermethylation of genetic material plays (Figure 2).

Some of the pathways for DNA hypermethylation regulating gene expression
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Figure (2): Genomic hypermethylation linked to illness and growth may affect gene transcription
in a number of manners (12).

The inhibition of gene production by DNA hypermethylation (whether it's starting or maintaining gene
suppression) is shown in (a) or (b). The beneficial associations between DNA hypermethylation and gene
regulation are seen in (c) with (d). Attractive versus adverse associations with the expression of genes are shown
in (e) and (g). Effects changing the RNA isoform's structure that may take place without altering the transcript's
level of stability are listed in item (f). Modifications in DNA methylation are thought to play a role in malignancy,
according to a vast number of studies. For example, malignancies often exhibit localized hypermethylation of the
genome, along with broad hypomethylation of DNA repetitions or large areas of DNA. A DNA region that is
typically only partially modified may exhibit hypermethylation in certain tumor samples or hypomethylation in
others (13-14).

Similarly, it has been demonstrated that an identical genomic DNA region for a gene-promoting area might be
hypomethylated for a certain neurological condition and hypermethylated for another. The promoters, which are
frequently encased in CpG-rich areas of around 1-2 kb referred to as CpG islands or CGls, have been the site of
the most intensive research on cancer hypermethylation of DNA (15-16). More than 22% of vertebrate

145



JOURNAL OF BIOTECHNOLOGY RESEARCH CENTER, VOL. 18, NO. 1 (2024)

regulators are CpG-enriched, despite fitting the criteria associated with a CGlI, or almost 50% of human
regulators (both of which are DNA segments directly downstream or upstream from the TSS) intersect CGls.
Regardless of the degree of transcription for that corresponding genetic material, over 95% of all CGI
promoters remain largely inactive for typical mammalian cells. CGls frequently appear inside places other than
TSSs and partially overlapped supporters, such as transcriptional structures, intergenic areas, CGI coasts (i.e.,
inside 2 kb of a different CGl), and even in regulators (17). Similar to CGI promoters, CGls in regulators are
prone to DNA hypermethylation linked to malignancy.

A numerical methylation evaluation (bisulfite pyrosequencing) for nineteen cancer-associated hypermethylation
indicators within incurable carcinomas, such as breast cancers, nearby histologically typical tissues, or
elimination mammoplasty controls, revealed cancer-associated hypermethylation at non-promoter areas in
addition to CGI promoters (18-19). Four CGIl-promoter areas, two intronic CGls, two CpG-enriched areas that
did not meet the criteria for a CGI but are near CGI shores, and one far-upstream CGI have been shown to have
cancer-linked hypermethylation during this investigation. The last one was located 5.6 kb downstream of EN1's
5" end, where a homeobox TF is encoded. In contrast with numerous typical cells and organs where EN1 wasn't
expressed, a similar far-upstream CGI was likewise elevated within typical EN1-expressing myoblasts from the
skeleton's muscles (20). This finding suggests a significant correlation between genomic DNA and the
transcriptional activity of genes in typical specimens, potentially through the process illustrated in Figure 2.
Conversely, this hypermethylation was linked to transcriptional silence in mammary malignancy, most likely
primarily as a result of contamination extending to the promoter region.

2. DNA Methylation in Regulating Innate & Adaptive Immune Response in Cancer, the Pros and Cons.
2.1 Dendritic Cells (DCs)

The initial intrinsic immune cell kinds that are activated for defense against infection by pathogens are DCs as
well as monocytes. Skilled antigen presentation cells (APCs) called DCs are crucial for eliciting antigen-
specific adaptive T-cell reactions. Despite diverse stressors or inflamed circumstances, DCs may experience
noticeable alterations in their phenotypic or functioning. To stimulate various functional “CD4 (Thl, Th2,
Th17) or CD8 (cytotoxic) T cells, these DCs may be polarized to produce certain types of cytokines (such as IL-
12, IL-23) or Notch receptors (e.g., DLL1/4). The significance of DNA modification for regulating DC
development and stimulation is still not completely understood, especially when it comes to TME (21-22).
However, during the development of monocytes into DCs as well as immature DCs (iDCs) becoming mature
DCs (mDCs)”, DNA methylation alterations have been observed. Bullwinkel et al. examined epigenetic
methylation that takes place within their CD14 as well as CD209 genetic loci, deemed crucial for the
functioning of monocytes as well as DCs, correspondingly (23). They discovered that when macrophages
differentiate into DCs, CD14 regulation is decreased while CD209 transcription is increased the histone
alterations that occurred at the CD14 locus that led to CD14 silence are related by reverse transcriptional shifts
between CD14 or CD209, while its absence of "repressive" chromatin markings or Genomic of DNA at the
CD209 region produced transcription stimulation of CD209. Human monocytes, as well as iDCs or mDCs
generated from monocytes, were thoroughly investigated regarding DNA methyl alterations at a base molecule's
precision by Zhang et al. There have been identified to be many established genes or mechanisms controlling
DC proliferation or maturity (24-25).

The number of variably methylated sites (DMPs) from monocytes to iDCs as well as iDC towards mDCs was
1608 as well as 156 sequentially. At the attachment regions of the expression elements of proteins associated
with DC development or functioning, there was significant DNA demethylation, which eventually boosted the
expression of the aforementioned genes. Additionally, the demethylation was locus-specific or linked to
modifications in the DNA methyl controllers TET2 or its DNMT1 family of molecules (26-27). Surprisingly, it
has been demonstrated that this DNA methylation reader MBD2 within DCs plays an essential part in driving
CD4+ T cell development towards the Th 2 cellular category. Deletion of Mbd2 particularly impaired DC
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phenotypic activating as well as the capacity to start Th2 response against allergies as well as helminths.
Additionally, TET2 was shown to be the primary controller of DNA the demethylation of transcription
sequences unique to dendritic cell populations or pathogens throughout IL-4-mediated transformation by human
neutrophils into these cells, primarily in intergenic sequences or transcriptional bodies. Even though with
aforementioned findings clearly show that DNA methylation controls DC activation as well as macrophage to
DC differentiating themselves, their function in the TME still requires further investigation (27).

2.2 Macrophages

Myeloid cells called monocytes exhibit a range of morphologies, including their M1 or M2 variants representing the
extremes. Nitric oxide, type 1 cytokines, as well as chemical messengers, are produced by M1 tissues once they are
‘classically triggered' by IFN to kill tumor tissues. Additionally, M1 functions as APCs to trigger antigen (Ag)-specific
activation of cytotoxic CD8+ T cells. Through ‘alternative’ mechanisms involving IL-4, IL-13, as well as TGF, M2 cells
are stimulated. M2 generates type 11 chemokines or cytokines, which aid in the formation as well as the growth of tumors
(28-29). Dekkers et al. observed significant DNA activation alterations throughout neutrophil-into-leukocyte conversion
after comparing worldwide DNA activation between individual monocytes, naive macrophages, with active cells (30). In
contrast to upregulation with DNMT3B, 7 cell lines had a stronger polarization towards the M2 macrophage phenotype
as opposed to M1, which suppresses inflammation. The gene expression of DNMT1 grows throughout prolonged illness
and has been linked to DNA hypermethylation. In a research investigation, it was investigated how TAMs affected the

DNA methylation of the tumor suppressor gene gelsolin (GSN) while stomach carcinoma developed (31).

Initially, it has been demonstrated that DNMT1 upregulation methylates and silences the GSN gene, whereas secondly,
it has been linked to increasing TAM recruitment in the TME of gastrointestinal gastric. Further investigation indicated
that TAMs released CCL5, which caused gastrointestinal lymphocytes to produce DNMT1 overly, suppressing GSN,
and promoting cancer by stimulating the JAK2/STAT3 cascade (32-33). On the other hand, in healthy myeloid tissues,
TET enzymes seem to play a part in reducing pro-inflammatory genes. When stimulated, it has been demonstrated that
TET2-deficient monocytes or DC express more IL-6. By communicating with Ib, a nuclear IB relative, or connecting to
the IL-6 promoter's area along with enlisting the enzyme histone deacetylase 2 (HDAC?2), it has been demonstrated that
TET2 lowers IL-6 transcription (34-35). Additionally, TET2 suppresses immunological systems that fight malignancy,
acting as an activator in the development of malignant tumors. It is in line with the hypothesis that the TET enzyme
inhibits inflammation in myeloid cells. Ultimately, such investigations demonstrate that DNA methylation controls the

transformation of monocytes into macrophages or the polarization of macrophages (36-37).
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2.3 Natural Killer (NK) Cells

MHC class I-deficient cancerous cells may be effectively lysed by NK cells. The stimulating sensors on NK
cells may recognize tumors that contain stress-induced ligands such as MICA. By producing mortality receptors
(such as the Fas ligand) and generating enzymes like perforin, NK cells can destroy malignant cells by inducing
apoptosis (38). It is still unclear how DNA methylation affects the proliferation or maturation of these cells.
Subsequently, it has been shown that methylation regulates the MHC-I cytotoxicity of NK tissues, which is
controlled by the KIR (killer cell Ig-like receptors) group. KIR transcripts are suppressed by primordial units
through histone alteration or hypermethylation, but they are demethylated or produced by KIR-expressing units like
lymphocytes. As a consequence of DNA hypermethylation, HCMV-associated NK cell lines also exhibit reduced
concentrations of signaling connectors such as EAT-2, FCERLG, or the transcriptional regulator PLZF. The genetic
material methylome of individual naive NK cells was compared to the DNA methylome of activating NK cells,
indicating repeatable alterations in DNA methylation were discovered. When NK cells are activated, methylated
research typically reveals CpG low methylation (81% of relevant sites) (39).

The highly prioritized gene BHLHE40, which has been suggested as a possible diagnostic indicator of NK
stimulation with peripheral blood, is demonstrated to have a significant demethylation process for engaged NK units
compared to low demethylation for naive NK cells. A DNA methyltransferase inhibitor (DNMTi), AzaC, has been
employed to treat a mouse epithelium ovaries carcinoma approach, which has been demonstrated to boost NK cells
or CD8+ T lymphocyte tumor invasion despite decreasing tumor weight. Histone deacetylase inhibitors (HDACI)
cause a decrease in pro-tumor macrophages throughout a TME with greater stimulation for those immunological
system cells that fight cancer. In addition, gliomas or hepatocellular carcinoma (HCC) tissues, via DNA methylation
and histone methylation, accordingly, downregulate the expression of agonists (including ULBPs or MICA) of the
lymphocyte-stimulating receptors NKG2D that is necessary for NK cell catalytic activities. It has been shown that
the use of DNMTi or an EZH2 antagonist increases the levels of NKG2D ligands, leading to the destruction of
glioma or HCC cells by NK cells, respectively. Such results demonstrate that DNA methylation governs the
replication by crucial elements in NK cells that control their development or stimulation, as well as proteins within

malignant lymphocytes that govern the tumor-lytic action of NK lymphocytes (40-41).

3. ADAPTIVE IMMUNITY

The stimulation of naive T cells depends on the T cell receptor (TCR) on T cells interacting with the
antigen/MHC combination (signal 1) produced on APCs. Subsequent stimulation is aided by the interaction of
beneficial co-stimulatory substances on stimulated APCs, known as signaling 2 (such as CD80/86 or B7RP1 on
APCs onto CD28 and correspondingly, ICOS on T lymphocytes). TCR stimulation is a complex procedure that
culminates in intracellular signaling cascades, causing T cells to become activated, differentiate, multiply (clonally
expand), or become executioner cells that produce cytokines. These processes are significantly regulated by
genomic methylation (42-43). For example, IL-2 is abundantly produced when T cells are stimulated by TCRs,

which is necessary for mice T cell activity and clonal growth. A promoter-enhancer domain of the IL-2 locus, which
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is actively demethylated during T cell activation and persistently demethylated subsequently, is the site of the
increased IL-2 cytokine. This will be detailed below; DNA methylation also contributes significantly to the
triggering, expansion, or functional capabilities of CD4 or CD8 T lymphocytes, in addition to the IL-2 cytokine.

However, Unlike other T cells, CD4+ T lymphocytes may develop into distinct variants, such as supporter T cell 1,
2, 0r 17 (Thl, Th2, or Th17), as well as Tregs, which based on the Ag signal or kind of cytokine stimulation (Figure
3). Thl cells release kind | cytokines, such as IL-2 or IFN, which aid CD8+ T cells in expanding, trafficking, or

performing their impact roles to their full potential, slowing the development or spread of tumors.

Conversely, Th2 polarizes resistance towards tumor growth or produces kind Il cytokine (IL-4, IL-5, or IL-13).
Following differentiation (44), developed CD4 T cells control subsequent immune processes, including the
development of CD8 T cells, phagocytes, B cell activation activities, or immunological recollection. FOXP3 is
demethylated in many places, notably its promoters or enhancers, in Tregs, which significantly increases FOXP3
transcription. DNMT1, DNMT3A, or TET2 sustain these mutation rates (45). The chemicals secreted by
differentiating lymphocytes are shown in green boxes. These immunological cells or the cytokine they produce may

also promote or inhibit the growth of tumors.
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Figure (3): DNA imprinting has a function in controlling the development of Thl, Th2, Th17, or Treg effector
cell subtypes from naive CD4+ T cells (3).

Variations in DNA methylation throughout maturation may result in the development of several subgroups of
CD4+ T lymphocytes. The cytokines shown in black boxes aid in the separation or stimulation of each category.
The IFN gene a marketer, for example, stays hypomethylated or IFN is notably produced whenever naive CD4+
lymphocytes get activated by I1L-12 or IFN cytokines. IFN is methylation or repressed while the IL-4 gene is
demethylated or abundantly released in the Th2 subgroup. The IL-17 gene is demethylated as well as
substantially expressed by Th17 lymphocytes.
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4. Pro- and Anti-Cancer Immunity.

The adaptable immunity response is very precise and creates biological memories. Lymphocytes, T, or B cells
are part of adaptive immunology and generate cytokines or autoantibodies to fight infections. During responses
against alien infections, an extensive amount of T cell ligands (TCRs) or B cell receptors (BCR) on T cells or B cells
is tremendously helpful. These proteins recognize and distinguish owned from non-self-proteins. When confronted
with the identical disease again, long-lasting memory cells created following the elimination of the pathogen offer
quick but effective pathogenic suppression. Subsequently, it has now been shown, following many years of debate
that a functioning cancer immune surveillance system does indeed exist and functions as a tumor suppressant or
killer (46). It's noteworthy that both intrinsic and adaptable immunity responses may identify or destroy cancerous
cells. The immune system's elements in the tumor microenvironment (TME) can be either pro- or anti-tumor, aiding
the tumor's advance or regress. TME is a complicated interplay of stromal, immunological, or malignant cells that is
controlled by several variables, such as inflammatory conditions, chemokines, cytokines, extracellular matrix, or
tissue-specific variables. TME variables, which might be pro- or anti-tumorigenic, determine whether a tumor is
inhibited from growing or advances. The tumor's immune surveillance response slows and stops the expansion of
malignancy, but cancerous individuals may adapt or create defenses to avoid or outsmart the immunological
response (46).

The three primary immune system evasion pathways include The loss of immunogenicity—tumor cells generate
a substantial amount of immune-suppressive ligands (e.g., PD-L1) and lower the number of immunological tumor
antigens, leading to the lower appearance of antigenic substances to innate immune cells; The depletion of
antigenicity—tumor cells modify chemotherapy as well as tumor suppression genes to boost inflammation and
attract greater numbers of immune cells. Loss of immunogenicity—tumor cells generate inadequate levels of
immunological tumor antibodies (47).

5. DNA Methylation as a Diagnostic & Prognostic Tool.

Cytidine methylation of DNA at sites known as CpG across the entire genome is an inherited marker that helps
control how genes are expressed. DNA methylation levels are distinct for each type of cell membrane, persisting
throughout life, and may indicate alterations during carcinogenesis. Using a mix of retained embryonic or mutation-
induced signals, DNA methylation is currently used as an indicator for classifying tumors. DNA methylation
information can be applied to categorize tumors, evaluate and replicate the amount variations, determine the booster
DNA methylation position of particular genetics, like MGMT and MLH1, deconvolute their tumor
microenvironment, alongside evaluating the tumor immune invade as an interesting biological marker for
immunotherapy, among other things. It has been demonstrated that the methylation sequences of tumors are
persistent during every phase of the illness, precisely representing their cellular background that is conserved,
making this an accurate indicator for tumor categorization. Important tumor categories that are not distinguishable
by histopathology such as medulloblastomas, ependymomas, or supratentorial PNETs have been further

subclassified with effectiveness using DNA methylation (48-49).
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Tumors with identical histology may be identified atomically, including therapeutically distinctive divisions, as
acknowledged from the TCGA analysis of glioma and genetic melanoma. Before the process of DNA methylation,
CNS primitive neuroectodermal tumors (CNS-PNETS) were a diverse group of tumors distinguished by tiny, rapidly
differentiating units that resembled embryonal tissue or had both gli or neural differentiation. Among the 323 tumors
that had been histologically classified as PNETs, DNA methylation profiling showed that all except 77 tumors were
classified as distinct cancers, such as medulloblastoma, advanced tumors like carcinomas, or pyramidal tumors.
However, according to further studies, DNA methylation could offer a solution 50% of the time for complex
circumstances wherein the prognosis is frequently prescriptive. The inclusion of DNA methylation caused an
immediate alteration in medical care in 15% of instances, according to research that concentrated on for diagnosis of
difficult patients (50).

. DNA Methylation as Cancer Therapeutic Target

It has not always been easy to treat malignancy by focusing on DNA methylation. Initial studies on DNA
methylation alterations in cancer showed a widespread reduction of methylation that was theorized to be the primary
factor in carcinogenesis by either activating carcinogenic enzymes or causing instability in chromosomes.
Decreasing DNA methylation was seen in this context as a tumor-promoting occurrence as opposed to a potential
cancer treatment. Following research revealed that, in addition to worldwide methylation reduces, multiple genes—
many of which were crucial to a tumor phenotype—displayed increases in methylation within their promoters
through tumor formation, which was connected to epigenetic modification conveying suppressing as well as
degradation of protein functioning (51-52). This resulted in a resurgence of interest in medications that were
revealed to be powerful genetic methyltransferase antagonists generations earlier. Finally, these medications have
received medical authorization for the management of myelodysplastic syndromes throughout the USA, and
genomic therapy—a wholly novel way of treating cancer—is now possible. Descriptive investigations of the
epigenetic modifications for healthy or malignant cells led to the first inference that DNA modification has a
function in the genesis of cancer (53-54). Early research that measured the worldwide concentration of 5-
methylcytosine revealed that methylation reduction has been a frequent hallmark of tumorigenesis. The loss of
methyl eventually became apparent in certain DNA, where it has been proposed as a method for activating gene
transcription. Additionally, it has been demonstrated that substantial loss of 5-methylcytosine causes chromosome
breakage or raises the risk of malignancy in certain instances in animals (55).

DISCUSSION:

Naturally, none of these inspires much excitement for administering medications to people that will further
decrease DNA methylation concentrations. When it was discovered that DNA methylation variations in malignancy
had two distinct appearances, the circumstance was altered. One part of the story had worldwide hypomethylation.
Simultaneous with this, it was discovered that several gene regulators experienced changes in DNA methylation.
These rises were connected to the silence of gene transcription or loss of function of proteins. According to
estimates, each tumor silences numerous genes, several of which are crucial for the development or maintenance of

the oncogenic phenotype (56-57).
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The idea that epigenetic suppression represents a workable method of deactivating tumor-suppressor proteins in
carcinoma, which has been repeatedly proven over the last several years, was prompted by the consistent aspect of
transcriptional suppression. Last but not least, it has been demonstrated in mice models that lowering DNA
methylation could prevent the development of cancer in some situations, offering additional confirmation that
elevated DNA methyl plays a harmful function in malignancy (58). The aforementioned treatment area is likewise
very generic regarding its impact due to the abundance of proteins or processes that DNA methylation affects. For
instance, the retinoic acid receptor or all-trans retinoic acid receptivity may be restored by hypomethylation, which
may acutely sensitize neurons toward the impacts of receptor agonists. That appears to be quite particular (59).
There has been a treatment ratio for a low methyl treatment which is connected to the observation that tumors are
significantly more reliant on genetic silence (for example, of tumor suppression proteins) for their phenotypic than
regular human tissues are. As a result, the consequences of hypomethylation treatment are a total of many impacts
on the physiological functioning of cells; therefore, it is probable that the overall treatment outcome is positive.

Although being aware of its possible drawbacks (possible risk of toxic effects, cancer inductive reasoning, etc.),
its non-specificity might be seen as favorable (many flaws are addressed concurrently). Since genome methyl
involves a post-synthetic process, DNA methyltransferases have to be expressed throughout order for DNA methyl
to occur in place in reproducing tissues. Consequently, preventing the production of such proteins would lead to a
gradual decrease in DNA methyl by recently split individuals (Figure 4), a process connected with the resumption of
gene transcription in hypomethylated individuals (60-61). There is a lot of attention to finding methods to
hypomethylate certain genes, as there are theoretical methods to achieve this using unmethylated in nature

oligonucleotides or other methods; unfortunately, none of them are currently useful in clinical applications.
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Figure (4): DNA imprinting inhibitors' suggested mode of effect in treating malignancy (62).
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It has been demonstrated that a hypothesized tumor-suppressor gene regulator switches from being unmethylated or
functioning in healthy tissue to being hypermethylated or repressed in cancerous tissues. DNA methyltransferases
(DNMT) that are necessary for preserving the hypermethylated condition following each round of DNA replicating;

must be active for this flip to occur.

7. CONCLUSION
The ability to control immunological cell maturation and function inside the TME is essential for determining

whether a tumor will develop or be suppressed. Immune cell populations that generate pro-tumor cytokines within a
pro-cancer TME promote the formation and growth of tumors, while the opposite is true with an anti-cancer TME.
Specialized immune system cell subgroups are produced as a result of specific epigenetic sequences changing gene
transcription. The equilibrium of pro- versus anti-cancer immune systems inside the TME is essential for either
tumor development or inhibition, as was previously stated. Nevertheless, the majority of research regarding the
function of imprinting has been looked at as one class of immune cells. Prospective research should concurrently
examine many immune subgroups. This extensive research is going to shed more light on how the immune system
or cancer interacts, which will make it possible to develop new epi-therapies that can strengthen the immune
system's defenses against cancer as well as other illnesses. Although it is continually changing and reversed,

addressing methylated is a very alluring anti-cancer therapy.
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