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ENCOURAGING WOMEN IN MEDICAL SCIENCES AS A MEDICAL
STUDENT JOURNAL

As the position of women in society has evolved over the years, it is inevitable that their roles within professional groups will also
change. However, stigma, anxiety, and both verbal and physical abuse against women have not yet disappeared (1). The challenges of
studying medicine are already significant in terms of mental health, and the additional burdens placed on women put those striving to
advance their careers in medical sciences at a disadvantage (2).

This is why we still need women to be present in scholarly publications, conferences, and leadership positions as role models. Increased
representation can inspire other women and girls, and by sharing diverse experiences, we gain valuable perspectives that contribute to
a more comprehensive understanding of the issues we face in our field.

To that end, it is essential to increase the publication of female medical students, support them in their publishing endeavors, and
provide guidance throughout their careers. As medical student journals, it is both our vision and honor to represent the views and
opinions of women in their research fields, along with their experiences and challenges. We must strive to create a future where
women feel safe and healthy in their careers by ensuring our publication processes use neutral and unbiased language and maintain
gender balance on the editorial board (1).

With our February issue, we celebrate International Day of Women and Girls in Science and International Women's Day in support of
a more equal and healthier future.

Sila Ece Tiryaki
Editor-in-Chief, Turkish Medical Student Journal
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EPIGENETIC REGULATION OF ADIPOSE TISSUE: INSIGHTS INTO
METABOLIC FUNCTIONS AND DYSFUNCTION

Atakan Uyar?, © Suat Erdogan?

Mrakya University School of Medicine, Edirne, TURKIYE
2Trakya University School of Medicine, Department of Medical Biology, Edirne, TURKIYE

ABSTRACT

Adipose tissue, the body's primary energy-storing tissue, has additional roles in hormone regulation and thermogenesis. While it has been traditionally
examined through the lens of hormonal and nervous system interactions, recent advancements have highlighted the importance of epigenetic
modifications in adipose tissue function and dysfunction. This review examines how epigenetic modifications impact the functions of white adipose
tissue, brown adipose tissue, and beige adipose tissue, how these alterations contribute to the development of obesogenic memory, and how they
indirectly affect the central nervous system to sustain obesity. Additionally, it explores the impact of epigenetic alterations on obesity susceptibility
and the outcomes of metabolic diseases such as obesity and type 2 diabetes, following a brief overview of epigenetic modifications, the types
of adipose tissue, and their functions. Epigenetic mechanisms such as deoxyribonucleic acid methylation, histone modifications and non-coding
ribonucleic acid modulations have a considerable role in adipocyte differentiation, lipid metabolism, and thermogenesis in brown and beige adipose
tissue. In white adipose tissue, these modifications are linked to dysregulated lipid storage and metabolic impairments associated with obesity.
Brown and beige adipose tissue, adipose tissues responsible for non-shivering thermogenesis, are also regulated by a network of transcription factors
and epigenetic regulators that modulate their differentiation and function. Studies have indicated that transgenerational epigenetic inheritance
may be a contributing factor to the rising prevalence of metabolic diseases, including non-alcoholic liver disease, obesity, and type 2 diabetes.
Furthermore, differential deoxyribonucleic acid methylation patterns in genes associated with obesity and type 2 diabetes have been revealed,
offering insights into the mechanisms of these diseases and potential therapeutic targets. Interestingly, bariatric surgery appears to have an effect
that resets the obesogenic memory, making it a more effective long-term treatment than conventional weight loss methods. This provides a link
between epigenetics and weight loss interventions. Furthermore, the potential role of epigenetics in central nervous system regulation of appetite
and energy homeostasis underscores its systemic impact on metabolic pathways using the reward circuitry involved in hedonic regulation. This review
emphasizes the significance of epigenetic regulation in adipose tissue functions and its implications for metabolic diseases. The comprehension of
these mechanisms serves as a foundation for the development of innovative therapeutic approaches to address the growing prevalence of metabolic
diseases, including obesity and diabetes.

Keywords: Adipose tissue, diabetes mellitus, epigenomics, lipogenesis, obesity

INTRODUCTION prominent energy reserve in humans, yet it is also responsible for
several endocrine functions (2). White adipocytes typically have

Adipose Tissue a spherical shape, and each contains a single large lipid droplet

Adipose tissue (AT) has traditionally been divided into two
types, white AT (WAT) and brown AT (BAT), which are visually
distinguished by the color of the tissue (1). These two tissue types
exhibit distinct characteristics, resulting in unique physiological
roles within the body (Figure 1) (1). WAT represents the most

e-mail: uyarhourglass@proton.me
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that pushes the other organelles to the side and can grow up to
100 pm (1, 3).

Brown AT is predominantly found during the postnatal period in
infants and plays a crucial role in non-shivering thermogenesis
(1). This process is driven by the protein uncoupling protein-1
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(UCP-1), which facilitates adenosine triphosphate utilization
for heat production (1, 3, 4). Unlike white adipocytes, brown
adipocytes are distinguished by their multiple lipid droplets
dispersed throughout a larger ellipsoidal-shaped cell rich in
mitochondria, which contains iron (1). This gives the cell and the
BAT overall a brownish color (1, 3). The adipose cells forming
this tissue are typically smaller in size (3). Although it was
once believed to exist exclusively during the postnatal period,
imaging studies have revealed its presence in adults, particularly
in the supraclavicular and thoracic regions (7).

Recently, two additional types of ATs have been identified:
beige and pink adipose cells (1). Beige AT (BeAT) displays
characteristics of both brown and white fat tissues (Figure 1),
which will be elaborated on later (1). Pink AT, on the other hand,
has been observed in pregnant rodents and is believed to arise
from the reversible transformation of subcutaneous AT into
mammary glandular tissue (3). However, studies focusing on
this specific tissue type remain limited (3).

Lipid Metabolism and Thermogenesis

Lipid metabolism is a complex network of pathways influenced
by internal and external factors. Dysregulation in processes such
as adipogenesis, lipolysis, and lipid oxidation is often associated
with obesity, diabetes, non-alcoholic fatty liver disease, and
cardiovascular disorders (5). AT regulates lipid metabolism by
balancing triglyceride storage and breakdown in response to
nutritional and hormonal signals, though fat is also stored in
visceral organs such as the liver (1, 6).

Adipocytes store triglycerides via two mechanisms: absorbing

dietary lipids from the bloodstream as free fatty acids released
from circulating triglycerides by lipoprotein lipase (LPL), and

K&advenemic
> activation
WHITE ADIPOCYTE
-Energy storage, endocrine
-UCP-1 Expression (-)
-Low mitochondrial density
-Unilocular lipid droplet

k Cold exposure

Uyar and Erdogan. Epigenetic Regulation of Adipose Tissue: Insights into Metabolic Functions and Dysfunction

de novo lipogenesis, synthesizing fatty acids from acetyl
coenzyme A, especially following carbohydrate-rich meals (1,
4). These fatty acids undergo esterification with glycerol to form
triglycerides (1, 4). During periods of elevated energy demand,
such as fasting or exercise, lipolysis releases fatty acids and
glycerol from adipocytes (4). Hormones such as noradrenaline
activate lipolysis via B-adrenergic receptors and protein kinase
A, which in turn activates hormone-sensitive lipase and adipose
triglyceride lipase (4). Insulin exerts an inhibitory effect on
lipolysis by reducing cyclic adenosine monophosphate levels
(1, 4).

As previously mentioned, BAT differs from WAT by producing
heat through non-shivering thermogenesis via UCP-1 (1, 7-9).
The activity of BAT is known to increase during periods of cold
exposure, which is linked to adaptive thermogenesis (8-10). This
may play a role in regulating body weight (9, 10). Additionally,
research has shown that leaner individuals tend to have higher
BAT activity than those with a higher body mass index (BMI)
(9, 10). This further supports the idea that BAT activity may be
associated with weight control.

Epigenetic Mechanisms in Gene Regulation

Epigenetics is the study of heritable modifications to gene
expression that do not involve changes to the underlying
deoxyribonucleicacid (DNA) sequence (11). Nutrition, metabolic
abnormalities, physical activity, oxidative stress, inflammation,
and medications are among the environmental factors identified
as contributors to these alterations (11). Such alterations may
be reversed, but they may also be transmitted to subsequent
generations (11). Epigenetic data is stored in chromatin, which is
composed of multiple nucleosome units (DNA-wrapped histone

BROWN ADIPOCYTE
-Thermogenesis
-UCP-1 Expression (+)
-High mitochondrial density
-Multilocular lipid droplets

@
o ¢

"3/

-Medium mitochondrial

-Multilocular lipid droplets

BEIGE ADIPOCYTE
-Thermogenesis,
endocrine
-UCP-1 Expression (+)

density

Figure 1: White, brown and beige adipocytes. White adipocytes primarily serve as the body’s main energy storage while also playing key endocrine roles
(2). In contrast, brown adipocytes are responsible for non-shivering thermogenesis (1-4). Beige adipocytes exhibit characteristics of both white and brown
adipocytes (1). These cells originate from white adipocytes and are activated by factors such as B-adrenergic stimulation and cold exposure (7). This figure was

created using the program: BioRender.
UCP-1: Uncoupling protein 1
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octamers) (11). The chromatin structure is of great importance
in identifying the transcriptional state of DNA (11). Unlike the
euchromatin region, which is more open and transcriptionally
active, the heterochromatin region of DNA is densely packed
and transcriptionally inactive (11). These chromatin states are
regulated by epigenetic modifications (11). The most prominent
epigenetic modifications include DNA methylation, histone
modifications, and non-coding ribonucleic acid (ncRNA)
modulations (Figure 2), which are briefly described below
(11-13).

DNA methylation is the process in which a methyl group from
S-adenosyl methionine is added to a cytosine residue in DNA,
a reaction catalyzed by DNA methyltransferases (DNMTs) (11).
This modification inhibits transcription by preventing DNA-
binding proteins, from accessing the methylated site (11). DNA
methylation occurs predominantly at cytosine followed by
guanine, commonly referred to as “CpG methylation" (11, 12).
Among the other epigenetic alterations, DNA methylation is
considered to be the key epigenetic mechanism (13). In histone
acetylation, histone acetyltransferases (HATs) add an acetyl
group to the lysine residues on the N-terminal tails of histones,
enhancing transcriptional activity (14). Histone methylation
is the process by which histone methyltransferases (HMTs)
transfer the methyl group to the N-terminal of the lysine
and arginine residues of histone tails (11, 15). Unlike histone
acetylation, histone methylation can either stimulate or inhibit
transcription (15). Histone crotonylation can either activate or
suppress gene transcription by adding a crotonyl group to the
lysine residues of histones (11). Histone ubiquitination is the
process in which the E1, E2, and E3 ligases attach ubiquitin
molecules to the lysine residues of histones, marking them for
proteasomal degradation (11). Histone phosphorylation occurs
when serine, threonine, or tyrosine residues on histone proteins
are modified by histone kinases (11). This modification can alter
the structure and function of histone tails, influencing chromatin
dynamics and gene expression. In addition to influencing
adaptors, transcription factors, chromatin-modifying enzymes,
repressors, and transcription regulation, these modifications to
the amino-terminal tails of histones also affect how histones
interact with DNA (11, 16). Furthermore, these modifications
are believed to create a “histone code” on the N-terminal
histone tails that signals proteins or complexes to “read” and
use to initiate signaling pathways (14). The hypothesis “histone
code” states that post-translational changes to these histone
proteins have a significant impact on DNA transcription (17).
As a result, histones are crucial for the epigenetic control of
gene transcription and may also be involved in nuclear signaling
complexes (14).

Non-coding RNAs, which are not translated into proteins, also
play a role in gene regulation (11). These include microRNA
(miRNA), long non-coding RNA (IncRNA), and small interfering
RNA (siRNA) (11). Non-coding RNAs (ncRNAs) were previously
believed to regulate gene expression solely at the post-
transcriptional level; however, recent studies indicate their
growing significance in epigenetic regulation (18).
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MicroRNAs typically interact with the 3' untranslated
region of target messenger RNAs (mRNA), leading to mRNA
degradation and translational repression (19, 20). However,
miRNAs have also been observed to bind other regions, such
as the 5' untranslated region, coding sequences, and gene
promoters (20). Additionally, miRNAs contribute to epigenetic
modifications (21). For instance, at least two miRNAs, which
are downregulated by oncogenes or other tumorigenic factors,
appear to target the histone methyltransferase enhancer of
zeste homolog 2 (EZH2), ultimately leading to its overexpression
(21). Similarly, miR-214 has been shown to suppress EZH2
expression, thereby promoting skeletal muscle differentiation
(21). Furthermore, miRNAs influence DNA methylation by
modulating DNA methyltransferases (18). Notably, the miR-
29 family (including miR-29a, miR-29b, and miR-29c¢) exhibits
reduced expression in non-small cell carcinoma, while DNMT3a
and DNMT3b are significantly upregulated (18).

Long non-coding RNAs represent a class of regulatory RNA
molecules typically exceeding 200 nucleotides in length
(18). These molecules have critical roles in the cytoplasm and
beyond, including roles in translation regulation, metabolism,
and signaling (22). IncRNAs often possess modular structures
enriched in repetitive elements, which have been increasingly
recognized as functionally significant (22). Early research on
genomic imprinting and X chromosome inactivation identified
the IncRNAs H19 and X-inactive specific transcript as key players
in epigenetic regulation (18). Several studies have reported
elevated H19 expression in cancer cell lines and patient-derived
samples, suggesting its potential role in tumorigenesis (23).
In gastric cancer cells, H19 upregulation has been linked to
increased miR-675 expression, with both genes promoting cell
proliferation and inhibiting apoptosis, whereas their suppression
has the opposite effect (23).

Small interfering RNAs silence gene expression through
RNA interference (RNAIi) pathways, operating at both the
transcriptional and post-transcriptional levels (24). RNAi is
a biological process in which double-stranded RNA triggers
gene silencing by directing the degradation of complementary
mRNA (25). Within this mechanism, Argonaute (Ago) proteins,
in association with siRNAs, form the core components of
RNA-induced silencing complexes (RISC) and RNA-induced
transcriptional silencing complexes (RITS), both of which are
essential effectors of RNAi (24). The guide strand of siRNA
base-pairs with its target RNA, enabling precise cleavage of the
target transcript (24).

In addition to miRNAs and siRNAs, another class of small
ncRNAs, known as piwi-interacting RNAs (piRNAs), has been
implicated in epigenetic regulation (26). The Piwi protein
functions as an epigenetic regulator by binding to genomic
polycomb group (PcG) response elements in conjunction with
PcG proteins, leading to the silencing of homeobox genes (18).
This association suggests that piRNAs play a crucial role in
epigenetic regulation (18).
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.............................................................................................................................................................................................. 5
Epigenetics and White Adipose Tissue Epigenetics and Adipose Tissue Memory

As with many other organs and tissues, it is inevitable that People with obesity often have challenges with weight regain
epigenetics will have a considerable impact on the development after losing weight (27). This phenomenon, known as weight
and functions of AT. In the context of WAT, recent interest has recidivism, is frequently attributed to difficulties in maintaining
focused on alterations in the epigenome, particularly in relation dietary and physical activity routines (28). However, it
to obesity and its associated comorbidities (Figure 3). is well-established that a wide range of physiological
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Figure 2: Epigenetic regulation of gene expression. Gene expression is controlled by three key epigenetic mechanisms: Histone modifications-modifications
such as histone methylation, acetylation, and phosphorylation alter gene expression by modifying the amino acid residues on histone tails (11, 12-15). DNA
methylation-this process involves the transfer of a methyl group from S-adenosyl methionine to the cytosine residue in DNA, leading to transcriptional
repression (11, 12). ncRNAs, such as miRNAs, siRNA and IncRNA interact with various factors to regulate transcription (18-25). miRNA downregulates the
histone modifying enzyme recruitment by either mRNA degradation, or translational repression (19). This results in altered gene expression. Though the roles
and functions of most IncRNAs are yet to be discovered, the prevalent insights regarding IncRNAs indicate that they promote the recruitment of chromatin-
modifying enzymes to particular genomic loci, thereby altering the chromatin or DNA state (26). siRNAs function via RNAi mechanisms to inhibit gene
expression at either the transcriptional or post-transcriptional stage (24). Ago proteins, in conjunction with siRNA, constitute the central components of RISC
and RITS, which are key effectors in the RNAi pathway (24). The interaction between the guide strand and the target RNA through complementary base-
pairing facilitates the cleavage of the target RNA (24). This figure was created using the program: Microsoft Powerpoint.

Ac: Acetylation, DNMT: DNA methyltransferase, Me: Methylation, miRNA: microRNA, SAM: S-adenosyl methionine, P: Phosphorylation, Ub: Ubiquitination, HAT:
Histone acetyltransferase, HMT: Histone methyltransferase, ncRNA: Non-coding RNA, mRNA: Messenger RNA, siRNA: Small interfering RNA, RNAi: RNA interference,
RISC: RNA-induced silencing complex, RITS: RNA-induced transcriptional silencing complex, Ago: Argonaute proteins, IncRNA: Long non-coding RNA, RNAi: RNA
interference, DNA: Deoxyribonucleic acid, RNA: Ribonucleic acid
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processes, beyond diet and exercise alone, play a significant
role in regulating body weight and fat mass (28). One of
the physiological processes contributing to the frequency
of weight regain is epigenomic alteration, which creates an
“obesogenic memory” that diminishes the long-term benefits
of calorie restriction (29-31). This obesogenic memory not only
promotes a persistent tendency to regain weight but may also
underlie the metabolic impairments observed in individuals
with obesity (30). Hinte et al. (30) recently demonstrated,
through single-nucleus RNA sequencing, that both human
and mouse ATs retain cellular transcriptional changes even
after significant weight loss. Furthermore, they found that the
epigenomes of mouse adipocytes remain persistently altered
by obesity, impairing their functionality and responsiveness to
metabolic stimuli (30).

While metabolic adaptations in response to weight loss are
known to persist long-term, the duration of this persistence
varies based on the method by which the weight loss was
achieved (29, 30). Bariatric surgery is a common treatment for
obesity, particularly in severely obese patients who have not
succeeded with non-invasive weight loss methods (32). One of
the most recent findings is that, compared with patients who
lost weight by calorie restriction, those who underwent bariatric
surgery had only a transient decrease in basal metabolic rate
(BMR), as opposed to persistently low BMR rates (29, 33).
This suggests that bariatric surgery may be more effective
than conventional methods in countering treatment against
epigenetic obesogenic memory. However, the exact molecular
mechanisms underlying this phenomenon remain unknown,
making it difficult to overcome this barrier to achieving long-
term treatment success (30).

Influence of Epigenetic Alterations in Obesity and Its
Comorbidities

Obesity is an increasingly problematic health issue, as the
worldwide incidence of obesity has markedly escalated over
the last four decades, rising from 3% to 11% among men and
from 6% to 15% among women during the same timeframe
(34). Type 2 diabetes, cardiovascular disease, and several types
of cancer are the primary adverse effects of obesity, which have
already contributed to a reduction in average life expectancy
(35). The development of obesity-related comorbidities,
such as type 2 diabetes, cardiovascular diseases, and non-
alcoholic fatty liver disease, is influenced by a combination of
pathophysiological and environmental factors (36). Given that
epigenomic alterations influence various biological systems, it
is reasonable to assume that epigenetics also plays a reciprocal
role in the development of obesity and its related comorbidities.
A study conducted in a young cohort identified multiple CpG
sites associated with obesity and found that the variance in
DNA methylation was greater in obese individuals compared
to lean controls (37, 38). The study also demonstrated that
obesity could be predicted with 70% accuracy using both
differential methylation and differential variability (37, 38).
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Another study newly identified 33 CpG sites associated with
waist circumference and 70 CpG sites linked to BMI (39).
These CpG sites accounted for 25.9% of the variation in waist
circumference and 29.2% of the variation in BMI, respectively
(39). Another study identified 3529 differentially methylated
regions (DMRs) located within or near genes in adipocytes,
using a combination of DNA methylation capture sequencing
and reduced representation bisulfite sequencing in 11 lean and
12 obese pigs (40). This study also identified 276 differentially
expressed transcripts with at least one DMR by sequencing the
transcriptome from the same fraction of isolated adipocytes
(40). These transcripts were found to be overrepresented in
insulin signaling, metabolic, and mitogen-activated protein
kinase gene pathways (40).

One of the most common comorbidities of obesity, type 2
diabetes, has also been shown to involve epigenomic changes
that contribute to its pathophysiology (38). It was discovered
that the islets from type 2 diabetes donors exhibited lower
expression of key genes and increased DNA methylation,
which were associated with impaired insulin secretion (38).
Additionally, elevated hemoglobin Alc and glucose levels
appeared to directly increase DNA methylation of these genes
(38). Nilsson et al. (41) demonstrated that in the livers of type
2 diabetes patients, individuals with the condition showed
reduced DNA methylation at 94% of the significant CpG sites.
The observed hypomethylation in the livers of diabetic subjects
could be attributed to reduced folate levels (41). Indeed, those
with type 2 diabetes had significantly lower erythrocyte folate
levels compared to individuals without diabetes (41). Even
more interestingly, another study found that women with
higher folate intake had a lower risk of developing diabetes
(38, 42). This suggests that epigenetic changes influenced by
folate intake might play a role in the development of diabetes.
However, genetic studies indicate that the effect size of each
CpG site is relatively small (38). This is not surprising, as type
2 diabetes is a complex, multifactorial, and polygenic disease,
making it unlikely that methylation of a small number of CpG
sites would have a significant impact on the disease (38).

Epigenetics and Susceptibility to Obesity

Studies indicate that individuals with a genetic predisposition
for AT accumulation are also more susceptible to adverse
environmental factors, which renders them more prone to
weight gain (43). This phenomenon is known as gene-by-
environment interaction, and it is mediated through epigenetic
mechanisms (43). Viable yellow (Avy) mutation in the agouti
mouse model illustrates how epigenetics influence obesity (43,
44). For context, it is worth mentioning that Avy mutation is
one of two dominant mutations of the Agouti gene on mouse
chromosome 2 (45). This mutation manifests a phenotype
characterized by yellow fur, significant obesity, insulin
resistance, and vulnerability to tumorigenesis (45). When these
mice are fed a diet high in methyl donors, the mutation that
disrupts melanocortin-4 receptor and causes obesity can be
reversed (43, 44). This demonstrates a connection between
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environmental-driven epigenetic changes and obesity (43,
44). Another study discovered that in obese subjects, weight
was inversely correlated with the rate of DNA methylation
at the leptin gene's promoter region (46). Additionally, the
study’s results indicated a negative correlation between DNA
methylation levels and total cholesterol, insulin resistance
(measured by the homeostatic model assessment), glucose,
and fasting insulin (46). Compared to non-obese subjects, obese
individuals also exhibited higher expression of DNMT1 and
DNMT3Db (46). This finding suggests that the epigenomic profile
of leptin is likely associated with obesity and its risk factors,
thereby increasing the likelihood of comorbidities (46).

There s limited research supporting transgenerational epigenetic
inheritance in humans, and the dynamic, transient nature
of epigenetic modifications presents additional challenges
in this area of study (38). Outside of human research, actual
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with most observations being made in Caenorhabditis elegans
(38). However, several studies have attempted to investigate
the transmission of epigenetic mechanisms across generations
and their relationship to type 2 diabetes and obesity (38). The
rapid rise in the prevalence of metabolic and chronic diseases
may partly explained by the fact that obese mothers can pass on
their metabolic phenotypes to their children, increasing the risk
of chronic metabolic diseases (8). One proposed mechanism for
this is epigenetic inheritance.

Epigenetics in Central Nervous System (CNS) Regulation of
Appetite and Metabolic Pathways

It is well-established that the CNS has a major influence on
other organs and systems (47-49). Given this, it is reasonable
to suggest that the CNS also plays a critical role in the
gastrointestinal and endocrine systems (48, 50, 51). One of the

transgenerational epigenetic effects are still poorly understood, mechanisms through which the CNS may exert its influence is
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Figure 3: Epigenetics and White Adipose Tissue. Epigenetic changes play a significant role in both weight gain and weight maintenance, influencing the
development and persistence of obesity (8,29-31, 43, 50). It was recently demonstrated that both human and mouse ATs retain cellular transcriptional changes
even after significant weight loss (30). Furthermore, the epigenomes of mouse adipocytes remain persistently altered by obesity, impairing their functionality
and responsiveness to metabolic stimuli (30). Studies indicate that individuals with a genetic predisposition for AT accumulation are also more susceptible to
adverse environmental factors, which renders them more prone to weight gain (43). This phenomenon is known as gene-by-environment interaction, and it
is mediated through epigenetic mechanisms (43). Epigenetic changes also exhibit a reciprocal relationship with obesity-related comorbidities. Multiple CpG
sites associated with obesity were identified and found that the variance in DNA methylation was greater in obese individuals compared to lean controls
(37, 38). It was also observed that the islets from type 2 diabetes donors exhibited lower expression of key genes and increased DNA methylation, which
were associated with impaired insulin secretion (38). People with type 2 diabetes had significantly lower erythrocyte folate levels compared to individuals
without diabetes (41). Additionally, in a study, women with higher folate intake had a lower risk of developing diabetes (38, 42). This suggests that epigenetic
changes influenced by folate intake might play a role in the development of diabetes. Epigenetic modifications may have the potential to regulate appetite
through transcriptional changes in the CNS. It has been observed that rodents chronically fed a high-fat diet show significant changes in dopamine receptor
transcription (50). More notably, differential DNA methylation was found in the dopamine transporter and tyrosine hydroxylase promoter regions, and the
pattern of this methylation response corresponded with changes in gene expression (50). This figure was created using the programs: BioRender and Microsoft
Powerpoint.

CNS: Central nervous system, CVD: Cardiovascular diseases, MAFLD: Metabolic-associated fatty liver disease, Me: Methylation, AT: Adipose tissue, DNA: Deoxyribonucleic
acid, WAT: White adipose tissue, DNMT: Deoxyribonucleic acid methyltransferase
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through epigenetic changes. This idea is further supported by
Gupta-Agarwal et al. (52), who identified 507 epigenetically
related genes in the hippocampal cornu ammonis (CA1 region
of the hippocampus). Given the CNSs important role in the
hedonic control of appetite, it is reasonable to question whether
epigenetics also plays a role in appetite regulation. Studies
suggest that this may indeed be the case. It has been observed
that rodents chronically fed a high-fat diet show significant
changes in dopamine receptor transcription (50). More notably,
differential DNA methylation was found in the dopamine
transporter and tyrosine hydroxylase promoter regions, and the
pattern of this methylation response corresponded with changes
in gene expression (50). This suggests that the reward circuitry
involved in the hedonic regulation of feeding may be influenced
by epigenetic changes. However, much remains unknown about
the functional role of these epigenetic modifications in the CNSs
control over energy and glucose metabolism (29).

Epigenetics and Brown Adipose Tissue

As mentioned previously, recent studies suggest the existence
of at least two types of thermogenic AT: pre-existing BAT and
inducible BeAT (1, 7, 8). Classical BAT originates prenatally from
a specific group of dermomyotome cells and is mainly found
in specialized BAT locations, which typically diminish in adult
humans (7). In contrast, BeAT, also referred to as “inducible
BAT", is believed to originate from WAT and is induced under
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conditions such as cold exposure and exercise (7). Although it is
known that BeAT is derived from WAT, the precise origin of this
tissue remains unclear. However, it seems likely that epigenetic
modifications play a significant role in the development of these
cells.

Recent studies have identified approximately 50 transcriptional
and epigenetic regulators that either promote or inhibit the
development of BAT and BeAT (53). Notably, nearly all of
these regulators function through four key transcriptional
factors: peroxisome proliferator-activated receptor y, CCAAT-
enhancer-binding protein, PPARy co-activator-1a, and PR domain
containing 16 genes (Figure 4) (53). Some of these epigenetic
factors include several miRNAs, dimethyltransferases such as
euchromatic histone lysine methyltransferase 1and euchromatic
histone lysine methyltransferase 2, and a IncRNA called Brown
fat IncRNA 1 (53).

CONCLUSION

Adipose tissue plays several critical roles beyond fat storage
and lipid regulation in the body’s physiological and pathological
functions, including thermogenesis and hormone regulation.
These functions are governed by various mechanisms, one of
which, epigenomic modifications, has gained recent attention.
Studies on BeAT/BAT and WAT highlight the significant role of
epigenetics. While epigenetics may also influence pink AT, there
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Figure 4: Epigenetic regulation of BAT/BeAT development. Nearly all epigenetic modifications involved in the development of BAT and BeAT function through
the PPARy, C/EBP8, PGCla, and PRDM16 genes (53). Some of these epigenetic factors include several miRNAs, dimethyltransferases such as EHMT1 and
EHMTZ2, and a long non-coding RNA called Blnc1 (53). This figure was created using the programs: BioRender and Microsoft PowerPoint.
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is still limited research in this area, making it unclear. However,
when it comes to pathological conditions like obesity and its
comorbidities, there is a wealth of evidence to explore. Several
studies suggest that epigenetic mechanisms may contribute to
the development and maintenance of obesity through various
pathways, such as creating an obesogenic memory, increasing
susceptibility to environmental factors that promote weight
gain, affecting the central CNS and indirectly controlling
appetite, and possibly through epigenetic inheritance. Since
epigenetic changes are reversible, there is hope for therapeutic
interventions that target these changes, offering potential
treatments for major diseases such as obesity and type 2
diabetes.
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ABSTRACT

Cancer is one of the leading causes of death, and despite remarkable advances in treatment, chemotherapy remains the primary therapeutic
approach. However, the emergence of drug resistance presents a major challenge, often limiting the efficacy of conventional treatments. As a
result, developing novel therapeutic strategies has gained increasing importance in recent years. One such emerging approach is the use of bacteria
in cancer therapy. Bacterial therapies offer unique mechanisms to target cancer cells and stimulate the immune response, providing a promising
alternative to traditional treatments. This review aims to explore the potential of bacterial-based therapies in overcoming drug resistance and

improving cancer treatment outcomes.
Keywords: Bacteria, cancer, immunostimulation, treatment

INTRODUCTION

Cancer is the second leading cause of death globally, after
cardiovascular diseases (1). In 2020, an estimated 19.3 million
cancer patients were newly diagnosed, and ten million deaths
due to cancer occurred worldwide (2). The most frequent
diagnoses included lung, prostate, colorectal, and breast cancers
(3). Lung cancer, for instance, is the most prevalent form of
cancer among men (1). These statistics underscore the urgent
need to develop novel therapeutic approaches, and one such
promising strategy is the use of bacterial therapies in cancer
treatments (4). These strategies can be categorized into the
following four sub-methods (5):

1. Bacterial vectors utilized for the targeted delivery of genetically
engineered therapeutic agents.

2. Bacterial toxins for the inhibition of tumor growth.
3. Bacteria-mediated immunostimulation in cancer treatment.

4. Combination therapies integrating bacterial treatments with
immunotherapy and chemotherapy.
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Bacterial Vectors Utilized for the Targeted Delivery of
Genetically Engineered Therapeutic Agents

Bacterial vectors have emerged as promising tools for the
targeted delivery of genetically engineered therapeutic agents
in cancer therapy. These vectors leverage the natural properties
of bacteria to selectively home in on tumor sites, offering
unique methods for localized treatment and minimizing damage
to healthy tissues (6). A landmark study by Minton et al. (7)
demonstrated that bacterial spores could inhibit cell growth,
highlighting their potential in anticancer therapies. This early
research laid the foundation for subsequent explorations into
the use of bacterial vectors in cancer treatment.

Further advancements were made in a 1997 study by Pawelek
et al. (8), in which the anticancer effects of a genetically
modified Salmonella strain were observed. This study
revealed that Salmonella could selectively colonize the tumor
microenvironment (8). Once in the tumor, the bacteria activated
the immune system and produced therapeutic genes and toxins
that specifically targeted tumor cells, offering a novel approach
to cancer treatment (8).
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Subsequent studies have demonstrated that bacteria selectively
colonize tumor tissues, proliferate in hypoxic environments, and
induce cancer cell destruction by producing enzymes and toxins
(9). Genetic engineering techniques have enabled a more precise
control of the bacteria's tumor-targeting abilities as well as the
incorporation of novel functions to enhance their therapeutic
potential (10).

Several different studies have been conducted in bacterial
vector-based cancer immunotheraphy (Table 1).

Bacterial Toxins for the Inhibition of Tumor Growth

Bacterial toxins exhibit high cytotoxic effects and specific
targeting capabilities, which make them promising agents
in cancer treatment that selectively target specific surface
receptors on cancer cells or exploit the characteristics of the
tumor microenvironment (17). Treatment strategies employing
these toxins include immunotoxins, targeted therapies, and gene
therapy (18). Immunotoxins, which are generated through the
conjugation of bacterial toxins with monoclonal antibodies, enable
more precise targeting of cancer cells (19). In contrast, targeted
therapies aim to modify tumor cells to enhance their binding
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to specific surface antigens, thereby reducing the likelihood of
damaging normal cells (20). Additionally, incorporating bacterial
toxin genes into gene therapy strategies facilitates the targeted
production of toxins within tumor cells, a mechanism that can be
categorized into three key subheadings (21).

a. Direct Cytotoxicity

Certain bacterial toxins, such as diphtheria toxin and
Pseudomonas exotoxin, can infiltrate cancer cells and disrupt
essential cellular processes, particularly protein synthesis (22).
This disruption ultimately leads to cell death. These toxins can
be engineered to specifically target overexpressed receptors in
cancer cells, thereby minimizing damage to healthy tissues.

b. Immune Modulation

Toxins such as superantigens are known for their ability
to activate the immune system by triggering a significant
release of cytokines (23). This cascade recruits immune cells,
particularly T cells, to the tumor microenvironment, enhancing
the immune-mediated destruction of tumor cells and inhibiting
further tumor growth (24).

Table 1: Comparative objectives and outcomes of bacterial vector-based cancer immunotherapy studies.

Title

Objective

Results

Pleiotropic
Immunomodulatory Functions
of Radioactive Inactivated
Bacterial Vectors for Enhanced
Cancer Radio-immunotherapy

This study aimed to develop a safer IRT using inactivated
bacterial vectors labeled with %1/, which were
designed to retain radioactivity at tumor sites, target
tumor cells and TAMs, and enhance the antitumor immune
response (11).

In vivo studies showed that "?*I/"*"|-labeled bacterial
vectors effectively targeted tumor cells and TAMs.
They inhibited tumor growth and prolonged survival
in a murine breast cancer model while enhancing TIL
infiltration and anti-tumor immunity (11).

A Safe Bacterial Microsyringe
for in vivo Antigen Delivery and
Immunotherapy

This study aimed to engineer a novel antigen delivery
system that utilizes the Pseudomonas aeruginosa T3SS as a
microinjector, employing the “KBMA” strategy to enhance
safety for potential human applications (12).

The study demonstrated the potential of an attenuated P.
aeruginosa strain as a safe antigen delivery vehicle since it
effectively targeted antigen-presenting cells and induced
a strong anti-tumor immune response in a murine model
(12).

Intracellular Bacterial Vectors
That Induce CD8 (+) T

Cells with Similar Cytolytic
Abilities but Disparate
Memory Phenotypes Provide
Contrasting Tumor Protection

This study compared the efficacy of Listeria
monocytogenes and Salmonella typhimurium in inducing
functional CD8(+) T cell responses and tumor protection
(13).

The study revealed that while both L. monocytogenes and
S. typhimurium induced functional CD8 (+) T cells, only
Listeria generated long-lasting memory T cells crucial for
effective tumor protection (13).

Optimization of Antitumor
Immunotherapy Mediated

by Type Il Secretion System-
based Live Attenuated Bacterial
Vectors

The primary objective of this study was to optimize the
efficacy of live attenuated P. aeruginosa vectors, which
utilize the type Il secretion system for antigen delivery,
inducing robust and durable anti-tumor immune responses
(14).

This study demonstrated that optimized P. aeruginosa
vectors can enhance CD8 (+) T cell responses and improve
tumor rejection in murine models, highlighting their
potential for clinical use in cancer immunotherapy (14).

Cancer Immunotherapy Using
L. monocytogenes and Listerial
Virulence Factors

This study explored the potential of S. typhimurium as
a cancer immunotherapy agent by assessing its ability
to selectively infect tumor cells and enhance immune
responses (15).

The findings demonstrated that S. typhimurium efficiently
targeted tumors, induced the release of tumor-associated
antigens, activated CD8 (+) T cells, and promoted
significant tumor regression, suggesting its potential for
bacterial-mediated cancer immunotherapy (15).

Cancer immunotherapy using
L. monocytogenes and listerial
virulence factors

This study investigates the use of Listeria monocytogenes
as a vector for cancer immunotherapy, focusing on its
ability to deliver tumor-associated antigens directly into
the cytoplasm of host cells to elicit robust CTL responses
(16).

The study shows that L. monocytogenes targets tumor
cells, promotes tumor antigen presentation via the MHC
Class | pathway, and activates CTLs, leading to strong
anti-tumor responses (16).

IRT: Internal radioisotope therapy, TAMs: Tumor-associated macrophages, TIL: Tumor-infiltrating lymphocyte, T3SS: Type IlI secretion system, KBMA: Killed but metabolically
active, CTL: Cytotoxic T lymphocyte, MHC: Major histocompatibility complex, P. aeruginosa: Pseudomonas aeruginosa, L. monocytotogenes: Listeria monocytogenes,
S. typhimurium: Salmonella typhimurium
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c. Apoptosis Induction

Certain bacterial toxins can induce programmed cell death
(apoptosis) in tumor cells (25). For instance, toxins produced
by Clostridium perfringens can disrupt cellular membranes,
promoting apoptosis, particularly in the hypoxic conditions
often present in tumor cores (Table 2) (26).

Bacteria-Mediated Immunostimulation in Cancer Treatment

The entry of bacteria into the host initiates a rapid and robust
immune system stimulation that leads to an immediate immune
response critical for combating malignancies (Figure 1) (31).
This response predominantly activates innate immune cells,
such as macrophages, dendritic cells, and natural killer (NK)
cells, which collectively enhance the body's defenses against
cancer cells. Key molecular components found in bacterial cell
walls, such as lipopolysaccharides (LPS) and peptidoglycans,
function as pathogen-associated molecular patterns recognized
by pattern recognition receptors on immune cells (32). This
recognition triggers a cascade of signaling events that culminate
in significant immune activation.

The immunostimulatory effects of bacteria are mediated
through several mechanisms. First, bacteria can be directly
introduced into the tumor microenvironment, where they
induce local inflammation and attract immune effector cells
to the tumor site (33). Second, certain bacteria can produce
toxins capable of selectively inducing apoptosis in cancer
cells, thereby reducing tumor burden and further stimulating
the immune response (34). Third, bacteria can induce long-
lasting immunological memory, enhancing the host’s ability to
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mount a rapid response against recurrent tumors (35). Finally,
innovative therapeutic strategies involving engineered bacteria
exploit these mechanisms to enhance the efficacy of existing
cancer treatments, including checkpoint inhibitors and other
immunotherapeutic approaches (36).

In summary, bacteria-mediated strategies highlight the
potential of leveraging microbial interactions to enhance
immune function in cancer therapy. By targeting tumor cells
directly and modulating the immune system, these approaches
may establish a durable antitumor response, representing a
promising avenue in the fight against cancer.

Combination Therapies Integrating Bacterial Treatments with
Immunotherapy and Chemotherapy

Bacterial therapies are gaining attention in cancer treatment
due to their ability to both directly target tumors and stimulate
the immune system. These therapies, when combined with
immunotherapy and chemotherapy, offer a synergistic
approach, potentially enhancing therapeutic outcomes and
addressing drug resistance (37).

Bacteria can activate the immune system through molecules
like LPS and peptidoglycans that are present in their cell walls.
These components are recognized by immune cells such as
macrophages, dendritic cells, and NK cells, leading to a strong
immune response (38). When used alongside checkpoint
inhibitors, like Programmed cell death protein 1/Programmed
death-ligand 1 (PD-1/PD-L1) blockers, bacterial therapies can
further boost the immune system’s ability to attack cancer cells,
which helps to overcome immune evasion mechanisms (39).

Table 2: Several studies that have been conducted in the field of using bacterial toxins for inhibition of tumor growth.
Title

Bacterial toxin Objective

Result

CRM197 (NT diphtheria
toxin): Effects on Advanced
Cancer Patients

NT diphtheria toxin

The primary objective of this study
was to investigate the therapeutic
potential of CRM197, a non-toxic
mutant of diphtheria toxin, as a novel
immunotherapeutic agent for various
advanced cancers (27).

This clinical trial showed that subcutaneous CRM197
administration induced a strong immune response,
was well-tolerated, and demonstrated promising
anti-tumor activity in patients with advanced cancers,
suggesting its potential as a novel immunotherapy
(27).

Safety, Tolerability, and
Tumor Response of IL4-
Pseudomonas Exotoxin

The primary objective of this open-
label, dose-escalation study was to
evaluate the safety and efficacy of

Intratumoral administration of NBI-3001 was well-
tolerated in patients with recurrent malignant glioma

(NBI-3001) in Patients exotoxin intratumorally administered IL-4 P. and showed promising anti-tumor activity, indicated
with Recurrent Malignant exotoxin (NBI-3001) in patients with by an increased tumor necrosis on MRI (28).
Glioma recurrent malignant glioma (28).
Intratumoral Injection The primary goal of this clinical tr|.al Intratumoral injection of C. novyi-NT showed

. . was to evaluate the safety and efficacy L - L f .
of Clostridium novyi-NT of intratumoral iniection of C. novvi- promising anti-tumor activity with tumor regression
Spores in Patients with C. novyi-NT ! -novy and systemic immune response, but it caused

Treatment-refractory
Advanced Solid Tumors

NT, an attenuated bacterial strain, in
patients with advanced solid tumors
(29).

significant toxicities, including sepsis and gas
gangrene at higher doses (29).

Major Cancer Regressions
in Mesothelioma After
Treatment with an Anti-
mesothelin Immunotoxin
and Immune Suppression

P. exotoxin A (with
anti-mesothelin)

The study aimed to assess the efficacy
of an anti-mesothelin immunotoxin
combined with immune suppression for
treating mesothelioma (30).

In preclinical models, the combination treatment
resulted in major tumor regressions. Clinical

trial results indicated that the anti-mesothelin
immunotoxin was well-tolerated and showed
significant therapeutic potential, with some patients
experiencing tumor shrinkage. Immune suppression
was found to enhance the response by mitigating
immune-mediated resistance (30).

MRI: Magnetic resonance imaging, NT: Non-toxic, IL: Interleukin
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Additionally, bacterial therapies complement chemotherapy
by localizing within the tumor microenvironment, allowing
for more targeted drug delivery. This improves drug efficacy
while minimizing side effects on healthy tissue. Bacteria also
help disrupt the tumor's physical barriers, enhancing drug
penetration and overall treatment effectiveness (40).

Genetically engineered bacteria add further precision to this
approach. Modified bacteria can deliver chemotherapeutic
agents directly to tumors, ensuring higher concentrations at the
target site while reducing systemic toxicity (41). This targeted

delivery is particularly beneficial for combating resistant
tumors and improving the safety profile of chemotherapy (42).
A comprehensive treatment strategy is achieved by combining
bacterial therapies with immunotherapy and chemotherapy
(Figure 2). While immunotherapy amplifies the immune
response against cancer, chemotherapy directly attacks
proliferating tumor cells, and bacteria enhance these effects by
improving immune activation and drug targeting. This multi-
pronged approach can reduce the likelihood of resistance, a
major challenge in cancer treatment.
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Figure 1: Mechanisms of host signaling pathway modulation by bacterial vectors in cancer therapy.

Nf-kB: Nuclear factor kappa-light-chain-enhancer of activated B cells, PI3k: Phosphoinositide 3-kinase, Akt: Protein kinase B, Mtor: Mammalian target of rapamycin, TLR: Toll-like
receptor, NLR: Nod-like receptor, MAPK: Mitogen-activated protein kinase, ERK: Extracellular signal-regulated kinase, HIF-1a: Hypoxia-inducible factor 1-alpha
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Figure 2: Combination therapies in cancer: integration of bacterial therapies, immunotherapy, and chemotherapy.
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CONCLUSION

Bacterial treatment methods are emerging as promising
alternatives in cancer therapy. Through various strategies such
as tumor targeting, immunotherapy, gene therapy, and oncolytic
bacteria, bacterial vectors can be effective in eliminating cancer
cells. In particular, bacterial treatment methods offer significant
advantages alongside traditional therapies by enhancing the
immune system, modulating the tumor microenvironment, and
providing targeted therapeutic approaches.

However, several challenges and limitations exist in the clinical
applications of bacterial treatment methods. Issues such as the
control of bacterial infections, minimizing side effects during
treatment, and determining appropriate dosages should be the
focal points of research. Furthermore, it is essential to integrate
bacterial treatment methods with immunotherapies to enhance
their effectiveness.

Future research should focus more on both preclinical and
clinical studies to improve the efficacy and safety of bacterial
treatment methods and deepen the knowledge in this field. In
conclusion, bacterial treatment strategies open a new horizon
in cancer therapy and play a significant role in the fight against
cancer through a multidisciplinary approach.
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ABSTRACT

Aims: The aim of this study is to observe the correlation between viral infections and seasonal changes and the disease.

Methods: This study was conducted retrospectively with 98 patients diagnosed with immune thrombocytopenia between 2018 and 2022. Data
regarding patients’ demographic information, laboratory results, presence of coronavirus disease 2019 infection, seasonal and monthly distribution
of infection, coronavirus disease 2019 vaccination history, and presence of active treatment were collected. The relationship between immune
thrombocytopenia and viral infections according to seasons, the change in the number of patients diagnosed with immune thrombocytopenia before
and after March 2020 due to the restrictions during the pandemic period, and the difference in platelet counts in patients who were vaccinated
against coronavirus disease 2019 were investigated.

Results: In immune thrombocytopenia cases, which are possibly triggered by viral infections, when we investigated whether there was a seasonal
difference, it was seen that the number of patients diagnosed with immune thrombocytopenia was higher in spring and summer. However, when
statistical analysis was performed, no significant difference was found in terms of new diagnoses between seasons. On the other hand, a statistically
significant difference was found between months. When examined on a monthly basis, it is seen that patients were diagnosed more frequently in
June and October.

Conclusion: It was determined that the months of diagnosis were close to each other in our study, and the literature showed us that we need to
consider the characteristics of these months in etiology.

Keywords: Coronavirus disease 2019, hematology, immune thrombocytopenia

INTRODUCTION immune thrombocytopenia in adults is generally chronic, and

The hematological condition known as  immune the seasonal variability of this disease is unknown (2).

thrombocytopenia is typified by autoantibodies targeting ~ Autoantibodies against platelet surface glycoproteins
platelets in the reticuloendothelial system and destroying contribute significantly to both the impaired production
them (1). Immune thrombocytopenia in children is typically and destruction of platelets in immune thrombocytopenia.
acute, self-limiting, and tends to appear in winter and fall, ~ CytotoxicTlymphocytes also play a role in the pathophysiology
possibly triggered by viral infections or vaccinations. Many ~ ©f immune thrombocytopenia, involving interactions between
affected children report flu-like symptoms in the weeks before B and T lymphocytes and inflammatory cytokines. In primary
developing immune thrombocytopenia. On the other hand, immune thrombocytopenia, autoantibodies against antigens
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like Glycoprotein IIb/Illa (GP IIb/llla) and GPIb/IX lead to
reduced platelet production and increased destruction. Studies
have identified autoreactive T cell clones against GPIIb/llla in
immune thrombocytopenia patients, alongside cytotoxic T cells
targeting autologous platelets. Additional evidence includes an
imbalanced T helper cell type 1(Th1)/Th2 ratio, increased Th17
cells, elevated interleukin-17 levels, and reduced regulatory T
cells (2).

Immune thrombocytopenia can be a primary condition or occur
secondary to other disorders. Secondary causes include viral
infections such as Epstein-Barr virus, cytomegalovirus, and
hepatitis C; certain medications; and autoimmune diseases such
as antiphospholipid antibody syndrome (2, 3).

Primary immune thrombocytopenia is an acquired immune
disorder characterized by isolated thrombocytopenia, defined
as a peripheral blood platelet count of less than 100x10°/L. This
condition is caused by the presence of pathogenic anti-platelet
autoantibodies, T cell-mediated destruction of platelets,
and impaired function of megakaryocytes. In adults, primary
immune thrombocytopenia typically progresses to a chronic
state, making it necessary to seek treatment aimed at restoring
a durable platelet count to ensure adequate hemostasis (4).

In adults, primary immune thrombocytopenia affects about 80%
of patients, with secondary immune thrombocytopenia affecting
the remaining 20%. Primary immune thrombocytopenia can
affect up to 9.5 out of every 100,000 individuals, and as people
age, its incidence rises to about 3.3 out of every 100,000
adults annually. Immune thrombocytopenia is more common
in women, but in children and the elderly, it is observed more
frequently in men (5).

Petechiae, purpura, and mucosal bleeding in the mouth,
gastrointestinal tract, and urinary tract, including nosebleeds,
are possible symptoms. Additionally, a lower quality of life
may be experienced. In approximately 0.2% of cases, cerebral
hemorrhages can be fatal in the worst circumstances (4).

Depending on the disease duration, immune thrombocytopenia
is classified into newly diagnosed, persistent, and chronic.
Immune thrombocytopenia that is newly diagnosed is classified
as occurring within three months of diagnosis, persistent
immune thrombocytopenia occurs between three and twelve
months after diagnosis, and chronicimmune thrombocytopenia
lasts more than twelve months (2).

Treatment strategies for immune thrombocytopenia aim
to restore platelet counts to levels that support adequate
hemostasis rather than striving for normal physiological platelet
counts. First-line treatments primarily focus on inhibiting the
production of autoantibodies and reducing platelet degradation.
Second-line  treatments  include  immunosuppressive
medications, such as rituximab, and may involve splenectomy.
Finally, third-line treatments seek to stimulate platelet
production by megakaryocytes (4).

The mechanism of immune thrombocytopenia remains
incompletely known, but it is believed to be linked to viral
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infections. Data about its association with the coronavirus
disease 2019 (COVID-19) is scarce (6). Furthermore, numerous
studies indicate that it is associated with seasonal variations
and fluctuates by month (2). Due to the paucity of available
research on the effects of these two conditions on the disease,
we conducted a retrospective study including patients
diagnosed with immune thrombocytopenia at the Hematology
Department of Trakya University School of Medicine between
2018 and 2022.

MATERIAL AND METHODS

This study was approved by the Scientific Research Ethics
Committee of Trakya University School of Medicine (approval
number: 08/31, dated: 08.05.2023).

Data for this study were collected through the Trakya University
School of Medicine Database between January 2018 and
December 2022. This study was conducted retrospectively with
98 patients, 64 women and 34 men, who were diagnosed with
immune thrombocytopenia at Trakya University Hematology
Clinic between 2018 and 2022.

Patients

In our study, the diagnosis of immune thrombocytopenia was
made based on the criteria: “Thrombocytopenia (<100,000/puL),
absence of anemia (excluding anemia due to bleeding and/or iron
deficiency), normal leukocyte count (though mild abnormalities
in leukocyte count may be observed), and no morphological
evidence of dysplasia in any blood cell type in the blood smear”.
A total of 98 patients who met these criteria were included.
No specific gender distinction was made, and individuals
of all genders and ages who were diagnosed with immune
thrombocytopenia at our clinic during the specified years were
included in the study. Patients with additional diseases other
than immune thrombocytopenia were not included in the
study. These patients presented to our clinic between 2018 and
2022, either with complaints of bleeding or other symptoms,
and received this diagnosis. Additionally, patients who were
referred to our clinic from other departments of our hospital
due to low platelet counts and were diagnosed with immune
thrombocytopenia were also included. Hemoglobin, platelet
count, activated partial thromboplastin time, and prothrombin
time values were recorded for the patients.

Collected Data

The diagnosis of COVID-19 was based on positive polymerase
chain reaction test results. Patients who had already been
diagnosed with immune thrombocytopenia were categorized as

“positive”, “negative”, or “unknown” based on their COVID-19
infection status during the study.

The vaccination status of 55 patients in the study was obtained.
The vaccines administered were Sinovac and BioNTech.
However, since the study did not focus on the distribution of
these vaccines by manufacturer, the only parameter examined
was whether the patients were vaccinated with one of these two
vaccines.
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Platelet values before vaccination were available for 45
patients, and platelet values after vaccination were available for
37 patients. The study aimed to determine whether there was
a significant difference in platelet counts following vaccination.

The study also focused on the seasons and months in which the
patients were diagnosed. The data were analyzed to investigate
whether there was a correlation between the diagnosis of
immune thrombocytopenia and the seasons or the months of
the year.

The presence or absence of active treatment was recorded for
94 patients. Data on the patients’ demographic information,
laboratory results, presence of COVID-19 infection, the
infection’s seasonal and monthly distribution, COVID-19
vaccination history, and presence of active treatment were
collected.

The relationship between immune thrombocytopenia and viral
infections by the seasons, the change in the number of immune
thrombocytopenia diagnoses before and after March 2020 due
to the restrictions during the pandemic, and the difference in
platelet counts in patients who were vaccinated for COVID-19
were investigated.

Statistical Analysis

The data were analyzed with IBM SPSS version 23.0. The
comparison of categorical data groups was performed using
Fisher's exact test to detect new diagnoses according to seasons
and the chi-squared test as appropriate. The Kruskal-Wallis test
was used to evaluate the significance of differences between
patient groups that were aware of the diagnostic platelet
value of patients diagnosed in different seasons. The Wilcoxon
test was used to compare the values of patient groups whose
platelet values were measured before and after vaccination. The
chi-squared test was used to evaluate the difference between
gender groups diagnosed in different seasons. For all analyses,
a p-value threshold of <0.05 was accepted as statistically
significant.

RESULTS

The number of newly diagnosed patients each year was as
follows: 2018: 21 (21.4%), 2019: 25 (25.5%), 2020: 25 (25.5%),
2021: 20 (20.4%), and 2022: 7 (7%). Of the newly diagnosed
cases, 63 were female and 35 were male (Table 1).

When the platelet values of the patients before the COVID-19
vaccination were examined, it was seen that this data was
available in 45 patients, the mean value was 126,177 [standard
deviation (SD) 104,147], and the median was 86,000. When
the post-vaccination data of the 37 patients were examined, it
was determined that the mean platelet count was 91,837 (SD
87,174) and the median was 61,000. No significant difference
was found in platelet count before and after the COVID-19
vaccine (p=0.053) (Table 2).

When we investigated whether there was a seasonal difference,
no difference was found in terms of new diagnoses according
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to the seasons (p=0.059). However, significant differences were
found on a monthly basis (p<0.001).

In our study, 98 patients with immune thrombocytopenia were
diagnosed more frequently in summer (30.3%) (30 patients) and
spring (27.3%) (27 patients). However, there was no statistically
significant difference in the number of newly diagnosed cases
between seasons (Figure 1).

When we examined the times of new diagnoses on a monthly
basis, it was found that diagnoses were made more frequently in
June (14.28%) (14 patients) and October (13.26%) (13 patients).
On the other hand, we found September (4.08%) (4 patients)
and November (4.08%) (4 patients) to be the months with the
least number of diagnoses. A statistically significant difference
was found in diagnosis according to months (Figure 2).

During the same period, 19.4% of patients (19 patients)
were diagnosed with COVID-19, 39.8% (39 patients) were
undiagnosed, and the COVID-19 status of 40.8% (40 patients)
was unknown (Figure 3).

Out of 98 patients, 25.8% (25 patients) were actively receiving
treatment, while 74.2% (73 patients) were not (Figure 4).

Table 1: Number of patients diagnosed with immune
thrombocytopenia.

Female Male
Number of patients 63 35
(min.-max.) (18-80) (18-93)
Average age + SD 45.05+16.068 48.65+22.49

SD: Standard deviation, min.-max.: Minimum-maximum

Table 2: Pre and post vaccination values of platelet.

Pre-vaccination Post-vaccination

Median 86000 61000
(min.-max.) (4000-438000) (4000-299000)

126177+104147 91837+87174

Avarage age + SD

SD: Standard deviation, min.-max.: Minimum-maximum

[ rercentage

Spring Summer Fall Winter

35

30

5

0

Figure 1: Seasonal distribution of patients diagnosed with immune
thrombocytopenia.
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COVID-19 vaccination information is available for only 55
patients. 96.4% (53 patients) of whom were vaccinated and
3.6% (2 patients) were not vaccinated (Figure 5).

DISCUSSION

The exact mechanism of immune thrombocytopenia is not
fully understood. Numerous studies have proposed that
the disease is initiated by a viral infection, with pre-formed
antibodies cross-reacting with platelet surface integrins such
as glycoprotein Ib-IX-V or glycoprotein IIb/Illa6,7. While
immune thrombocytopenia has been linked to numerous viral
infections, there is limited information about its connection to
COVID-19 (6).

In the study of Bhattacharjee and Banerjee (7), examining
45 cases of new-onset immune thrombocytopenia due to
COVID-19, it is stated that immune thrombocytopenia may
occur secondary to COVID-19 infections. In another case report,
evidence from the treatments' effectiveness and the absence
of other underlying factors indicated that COVID-19 was the
cause of immune thrombocytopenia in this instance (8). In our
study, we found the number of newly diagnosed patients higher

POSITIVE
19.4%

UNKNOWN
40.8%

NEGATIVE
39.8%

Figure 2: Percentage distribution of patients on a monthly basis.
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Figure 3: COVID-19 diagnosis rates of patients.
COVID-19: Coronavirus disease 2019

in 2019 and 2020. However, it should be discussed whether this
supports our conclusion.

The relationship between immune thrombocytopenia and viral
infections is known, so we wanted to investigate whether there
was a seasonal difference (6). In a multicenter study conducted
by Tombak et al. (2) in Tiirkiye, the rate of patients diagnosed
with immune thrombocytopenia, especially in the spring,
was much higher than in other months. Some studies in the
literature also support the fact that immune thrombocytopenia
diagnosis differs significantly according to months (2). We
did not find a significant seasonal difference in our study, but
when we looked at the rate of patients diagnosed according to
months, we found a significant difference between months in
our hospital. We found that the rate of patients diagnosed in
June and October was higher than in other months.

Immune thrombocytopenia is a diagnosis of exclusion in the
evaluation of thrombocytopenia. Although its pathogenesis
is not completely clear, the leading theory suggests that viral
antigens cross-react with normal platelet antigens ina molecular
mimicry manner, triggering the destruction of platelets (8).
It is conceivable that a comparable mechanism exists with
COVID-19 or that COVID-19 could lead to a worsening of a

POSITIVE
25.8%

NEGATIVE
74.2%

Figure 4: Treatment situations of patients diagnosed with immune
thrombocytopenia.

NO (2)
3.6%

YES(53)
96.4%

Figure 5: COVID-19 vaccination status of patients.
COVID-19: Coronavirus disease 2019
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pre-existing low-grade immune thrombocytopenia disorder (8).
Since we could not fully access the data on patients’ COVID-19
infection in our study, our results on this subject are open to
improvement.

In one study, thrombocytopenia flare-ups occurred in 12% of
chronic immune thrombocytopenia patients after COVID-19
vaccination. Thrombocytopenia flare-ups usually occurred 2-5
days after vaccination, but despite this, recommendations for the
first dose of the COVID-19 vaccine continued (9). In our study,
no significant relationship was found between the COVID-19
vaccine and pre- and post-vaccination platelet values. The mean
platelet values of patients before vaccination were found to be
higher than the platelet values after vaccination.

In our study, we did not find gender differences in the occurrence
of immune thrombocytopenia according to the seasons. The
fact that Tombak et al. (2) reached the same conclusion in their
study supports our result.

Study Limitations

Ourstudy was limitedin evaluating some dates due to limitations
in accessing patient data. However, the fact that the months of
diagnosis in our study were consistent with the literature was
a supportive study for the limited studies conducted on this
subject. However, more comprehensive studies using larger
patient groups are needed on this subject.

CONCLUSION

In our study, the number of patients diagnosed with immune
thrombocytopenia was significantly higher in June and October.
This result, which is consistent with the literature, shows that
changes in etiology depending on the months should be taken
into consideration.

Various studies demonstrate the relationship between
COVID-19 and immune thrombocytopenia and suggest that
it may have a negative effect on the prognosis of the disease.
In our retrospective study, 19 of the patients with immune
thrombocytopenia had COVID-19 infection. Fifty-three patients
whose data we could access had COVID-19 vaccines. There was
no significant difference in the platelet values of patients who
received the COVID-19 vaccine before and after vaccination.
However, more detailed studies are needed on the long-term
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effects of COVID-19 and its vaccine on a larger number of
patients diagnosed with immune thrombocytopenia.

As revealed in our study, immune thrombocytopenia has been
observed to be more prominent, especially in the months of
seasonal transition and during epidemic periods when viral
infections are frequently seen, and it should be kept in mind in
patients presenting with isolated thrombocytopenia.
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ULTRASOUND-ASSISTED THROMBOLYSIS THERAPY FOR
THE TREATMENT OF ACUTE PULMONARY EMBOLISM IN

AN INTERMEDIATE-HIGH-RISK PATIENT WITH MULTIPLE
COMORBIDITIES: A CASE REPORT

Ayan Mammadova, ©© Myas Murad

istanbul Medipol University, International School of Medicine, Istanbul, TURKIYE

ABSTRACT

Venous thromboembolism is an event that occurs within two components: deep venous thrombosis and pulmonary embolism. With many risk
factors including old age, hospitalization and recent surgeries, malignancies, and the use of oral contraceptives, it occurs to be a relatively common
condition. The European Society of Cardiology divides patients with acute pulmonary embolism into high-risk pulmonary embolism, low-risk
pulmonary embolism, intermediate-high-risk pulmonary embolism, and intermediate-low-risk pulmonary embolism. This division is made based
on three main criteria: hemodynamic stability, right ventricular dysfunction, and elevated troponin levels. Patient management based on risk
stratification plays a vital part during the treatment. A 57-year-old woman arrived at the emergency department with syncope, abrupt shortness of
breath, and unusual pleuritic chest pain. The patient had hypertension, insulin-dependent diabetes mellitus, and coronary artery disease dating back
to 2012, which began with an anterior myocardial infarction treated with a left anterior descending stent. The patient later required additional stents
in the left coronary artery and circumflex artery due to restenosis. At the date of approach, a three-vessel coronary artery bypass graft procedure was
performed on her a month ago. With this medical history and being assessed as an intermediate-high-risk group, she was considered a candidate
for catheter-directed therapy. Ultrasound-assisted thrombolysis therapy was performed with EkoSonic® Endovascular System and the patient was
discharged with a total cure. This case serves as an example regarding the issue of a proper approach to patient management.

Keywords: Breast cancer, cardiovascular disease, echocardiography, pulmonary embolism

INTRODUCTION and the occurrence of VTE in cancer patients has a substantial
prognostic significance (5). Cancer increases the risk of PE/
VTE because it impacts all the components of Virchow's triad,
which consists of blood vessel alterations, circulation stasis, and
hypercoagulability state. Apart from the disease itself, some
anti-cancer treatments can also increase the risk of PE. Studies
have shown that chemotherapy increases the risk of developing
PE by six times, and surgery also serves as another significant
factor contributing to the increased risk of PE (6).

Venous thromboembolism (VTE) is a thromboembolic event
that further divides into deep venous thrombosis (DVT) and
pulmonary embolism (PE) (1). VTE occurs when a blood clot
is circulating in the bloodstream after breaking off its original
site, most commonly a lower extremity (2). VTE is a relatively
common condition, having an annual incidence of 1-2 per 1,000
persons in Europe and the United States of America (USA)
(3). Although VTE has various risk factors, including old age,

hospitalization and recent surgeries, malignancies, and the use A st-udy was conducted to compare PE patients with and without
of oral contraceptives, it can also occur unprovoked (4). PE mallgnancy.. The study showed that tche group Fhat had both
is one of the most common complications in cancer patients PE and malignancy showed compromised vital signs, and they
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were more frequently in the high-risk category compared to
the group that only had PE without malignancies. The cancer
group also demonstrated higher mortality rates and increased
complications to thrombolytic therapy (7).

Pulmonary embolism is the leading and most severe
complication of DVT, so PE requires risk stratification according
to the severity of the condition to guide treatment (8). The
European Society of Cardiology (ESC) guidelines recommend
using a combination of imaging, clinical scoring systems, and
biomarkers for risk stratification. The ESC divides patients into
acute PE into high-risk PE, low-risk PE, intermediate-high-risk
PE, and intermediate-low-risk PE (9). The first step is identifying
if the patients are high-risk because they have higher mortality
rates compared to the others, if the patient is hemodynamically
unstable, has right ventricular dysfunction (RVD) and elevated
troponin levels, then they are classified as high-risk PE patients
(10). Hemodynamic instability is defined as having a systolic
blood pressure lower than 90 mmHg without hypovolemia,
arrhythmias, or sepsis, and/or the need for vasopressors with
end-organ hypoperfusion, so high-risk PE patients are directed
immediately to reperfusion therapies and organ support. Low-
risk and intermediate-risk (both low and high) PE patients are
all hemodynamically stable; however, intermediate-high-risk
PE patients have both RVD and elevated troponin levels. On the
other hand, intermediate-low-risk PE patients have either RVD
or elevated troponin levels, and at last, low-risk PE patients do
not present with hemodynamic instability, RVD, and elevated
troponin levels (11).

There are several treatment options for PE and they all depend
on the risk group of the patient. Patients with high-risk status
require urgent reperfusion therapy or catheter-directed
treatments (CDTs) (12). CDTs are also considered in patients
developing hemodynamic instability regardless of the risk
group. However, proceeding with anticoagulant treatment
alone is usually enough for most patients with low-risk or
intermediate-low-risk PE. According to the ESC Guidelines,
advanced therapies (systemic lysis, catheter lysis, or surgical/
catheter thrombectomy) should be considered in those with
intermediate-high-risk PE and deteriorating clinical signs (9, 13).

This case report aims to present a patient with acute PE
accompanied by multiple comorbidities, serving as an example
of CDT.

CASE REPORT

A 57-year-old woman arrived at the emergency department
with syncope, unusual pleuritic chest pain, and abrupt shortness
of breath. The patient’s medical history includes hypertension,
insulin-dependent diabetes mellitus, and coronary artery disease
dating back to 2012, which began with an anterior myocardial
infarction treated with a left anterior descending stent. The
patient later required additional stentsin the left coronary artery
and circumflex artery due to restenosis. Subsequently, a three-
vessel coronary artery bypass graft procedure was performed
on February 9, 2024, to address the restenosis. The patient also
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had a decreased left ventricle ejection fraction (LVEF) of 40-
45%. Additionally, the patient had a history of breast cancer
for which she was treated with bilateral mastectomy, followed
by chemotherapy with cyclophosphamide and tamoxifen.
However, chemotherapy was completed before the onset of PE.
The patient was taking multiple medications including aspirin,
clopidogrel, fenofibrate, perindopril, amlodipine, indapamide,
metoprolol, sitagliptin and insulin glargine.

Upon arrival at the emergency department, the patient exhibited
acute distress, tachycardia with a heart rate of 108 beats per
minute (bpm), a blood pressure of 120/75 mmHg, and moderate
hypoxemiawith oxygen saturation of 91%. An electrocardiogram
showed sinus tachycardia and a pattern consistent with S1Q3T3
pattern, which suggested acute PE. Physical examination
revealed decreased breath sounds on the right side, as well as
murmurs of mitral and tricuspid regurgitation, both graded as
3/6. The bilateral lower extremity venous system was examined
using color Doppler ultrasonography. Because DVT was the
initial diagnosis, the Valsalva maneuver was not performed.
Widespread acute-to-subacute thrombotic alterations were
detected by theimaging, whichincluded filling deficienciesin the
lumens of both common femoral veins, the bilateral superficial
femoral veins along their whole course, both popliteal veins, and
the visible proximal portions of the crural veins.

The right great saphenous vein terminated as a stump in its
proximal portion, according to further observations; surgery
was started at this level. Bilateral saphenopopliteal junctions
and the left great saphenous vein were found to be patent.

Echocardiography revealed LVEF of 45%, moderate mitral
and tricuspid regurgitation, a reduced tricuspid annular plane
systolic excursion of 1.3 cm reflecting mild RVD, and elevated
systolic pulmonary artery pressure (sPAP) of 45 mmHg,
indicating pulmonary hypertension. Laboratory findings
showed an elevated D-dimer at 11.1 pg/L consistent with
thromboembolism, and positive troponin suggesting myocardial
strain. Pulmonary computed tomographic angiography showed
the right main pulmonary artery and the lobar and segmental
branches of the upper, middle, and lower lobes of the right
lung showed an embolism-like filling defect on multidetector
computer tomography (Figure 1). In the right pleural space,
a 10 mm pleural effusion was observed. A triangle-shaped
region of consolidation with elevated density and ground-glass
opacity was seen in the lateral portion of the right lung's middle
lobe (Figure 2). This region was compatible with a pulmonary
infarction secondary to embolism since it had a base connected
to the pleura and showed air bronchograms. Areas of increased
density next to the effusion were found in the posterobasal
portion of the right lung's lower lobe. These regions were
diagnosed as atelectasis because they lacked distinct borders
and showed air bronchograms.

Both lungs showed a mosaic attenuation pattern, which could
indicate a small airway or small vessel illness. Bilaterally, only
minor emphysematous alterations were observed. The thoracic
aortic and coronary vascular walls displayed calcified atheroma
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plaques, while the major mediastinal vascular structures
displayed normal calibration. There was no pathological wall
thickening in the thoracic esophagus, and the trachea and both
major bronchi were patent. There was no evidence of a left
pleural or pericardial effusion. No anomalies were found in the
study’s upper abdominal portions. The bone structures that
could be seen showed no signs of lytic or destructive lesions.

It was decided to use the EkoSonic® Endovascular System [(EKOS)
EKOS Corporation; Bothell, WA, USA] for ultrasound-assisted,
catheter-directed thrombolysis because of the intermediate-
high-risk of PE and the elevated risk of bleeding from recent
coronary artery bypass surgery. Before the EKOS procedure, a
pulmonary angiography was conducted (Figure 3). During the
EKOS procedure, to execute selective pulmonary angiography,
a 6F JR4 catheter was inserted into the right major pulmonary
artery. Massive thrombi in the right pulmonary artery's middle,
lower, and upper lobe branches were visible on the angiography.
A hydrophilic wire was then used to insert an EKOS catheter into

Figure 2: Computed tomography scan (frontal).
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the right major pulmonary artery (Figure 4). After giving a 5 mg
bolus of tissue plasminogen activator (tPA), 30 mg of tPA was
continuously infused over the course of 24 hours. The catheter
system was successfully removed following the completion of
the thrombolytic therapy. Activated partial thromboplastin time
monitoring was used to maintain therapeutic anticoagulation
after the patient had an intravenous heparin bolus (5,000 units)
and an infusion. The patient was followed up as uneventful.

The patient’s clinical condition significantly improved after
receiving treatment with EKOS. Following treatment, the
patient’s vital signs were stable, with a heart rate of 75 bpm,
blood pressure of 120/80 mmHg, and an oxygen saturation
level of 95%. The resolution of pulmonary hypertension was
suggested by follow-up echocardiography, which showed a
stable LVEF at 45%, a decrease in tricuspid regurgitation, and
a drop in sPAP to 30 mmHg. A 24-hour follow-up pulmonary
angiography verified that the right-sided pulmonary thrombus
had resolved (Figure 5). After being declared clinically stable,

Figure 3: Pulmonary angiography before the EkoSonic® Endovascular
System procedure (EKOS Corporation; Bothell, WA, USA).

Figure 4: Insertion of EkoSonic® Endovascular System catheter in
pulmonary angiography (EKOS Corporation; Bothell, WA, USA).
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Figure 5: Pulmonary angiography after the procedure.

the patient was discharged on 6,000 units of enoxaparin (low
molecular weight heparin), prescribed twice a day.

The patient was transitioned to oral rivaroxaban 20 mg once a
day for continued anticoagulation at the 15-day follow-up.

DISCUSSION

Regarding the management of acute PE, a risk evaluation based
on early mortality rates is a must. Hemodynamic instability,
troponin levels, RVD, and clinical PE severity must be evaluated.
Based on this evaluation, patients are categorized under four
groups: high-risk PE, intermediate-high-risk PE, intermediate-
low-risk PE, and low-risk PE (9). Besides providing ventilation
and oxygen therapy, treatment options have changed drastically
over time (14). For low-risk patients, anticoagulant therapy is
observed to be satisfactory, and for high-risk patients, systemic
thrombolytic therapy is advised, if there are no contraindications.
In case of contraindications with high-risk groups, surgical
treatment and CDTs must be evaluated. For intermediate-risk
groups, therapy options need to be decided after patients’
personal risk assessment that is done by clinicians’ expertise (9).
For intermediate-high-risk groups, it is vital to bear in mind that
the situation may convert into high-risk; anticoagulant therapy,
thrombolysis, and thrombectomy (surgical or catheter-directed)
must be evaluated based on the individual (9, 15).

Based on the risk evaluation, our patient was categorized
between the intermediate-high to high-risk group. With a
recent history of bypass surgery, our patient was a match for
CDT and was discharged with a total cure. This case serves as
an example regarding the issue of a proper approach to patient
management.
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EDITORIAL COMMENTARY

THE ALARMING SURGE OF EARLY ONSET COLORECTAL CANCER:
A CALL FOR EARLY DETECTION AND PREVENTATIVE MEASURES

Ates Kutay Tenekeci!, ® Ahmet Arda Unal’,

1Hacettepe University School of Medicine, Ankara, TURKIYE

Basak Celtikgi?

2Hacettepe University School of Medicine, Medical Biochemistry Department, Ankara, TURKIYE

Keywords: Colorectal neoplasms, life style, mass screening, young adult

The past decade has witnessed a concerning rise in colorectal
cancer (CRC) among individuals under 50 years of age, a group
now categorized as having early-onset colorectal cancer (EO-
CRC) (1). Projections suggest that by 2030, EO-CRC will account
for 11% of all colon cancer cases and 23% of rectal cancer
cases (1). While approximately 20% of EO-CRC cases can be
attributed to hereditary cancer syndromes, the majority occur in
individuals without a known genetic predisposition (2). Factors
such as increased antibiotic use, decreased physical activity,
rising obesity rates, and lifestyle changes that have accelerated
since the 1950s are believed to influence the gut microbiome and
may be contributing to this alarming trend (3, 4). Unfortunately,
due to the absence of routine screening for younger populations,
many EO-CRC cases are diagnosed at advanced stages, showing
the urgent need for comprehensive, long-term studies that
start in childhood to elucidate the environmental and biological
factors driving this disease.

Globally, CRC is named the third most common cancer, along
with being one of the leading causes of cancer-related mortality
(5). In high-income countries, effective screening programs have
led to a reduction in CRC incidence among the population 50-75
years of age. However, these successes are overshadowed by the
disturbing rise in CRC among those under 50 years (6-10). The
most pronounced increase in EO-CRC cases is seen in the 20-39
year age group (7, 11), prompting reconsideration of the current
age thresholds for CRC screening. Although the exact causes of
this surge are not fully understood, they appear to be linked to
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birth cohort effects and lifestyle changes after the year 1950,
including shifts in diet, physical activity, and antibiotic use (7,
12,13).

While a small proportion of EO-CRC cases are linked to
hereditary colon cancer syndromes, the majority occur in
individuals without a familial history of the disease (2). The
first significant report of rising CRC rates among young adults
in the United States (US) was declared in 2003 with the through
Surveillance, Epidemiology, and End Results (SEER) program
data, covering 1973-1999 (14). During this period, CRC rates
stabilized among older adults but increased by 17% for colon
cancer and a staggering 75% for rectal cancer among younger
adults, who often present tumors in more advanced stages,
further highlighting the severity of the trend (14).

Subsequent analysis by the American Cancer Society in 2009,
utilizing SEER data from 1992-2005, reinforced this troubling
pattern (15). Research has shown a decline in CRC risk for
individuals born before 1950 but a significant increase for those
born between 1950 and 1990 (16). Notably, individuals born
around 1990 have an increased risk of colon cancer by two folds,
and the rectal cancer by four folds in comparison to the ones
born around 1950 (16).

This phenomenon is not limited to the United States; similar
increases in EO-CRC incidence have been observed in other high-
income countries (17). By 2030, CRC cases among 20-34-year-
olds in the US are expected to surge by 90% for colon cancer
and 124.2% for rectal cancers (1). While CRC incidence is
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declining among those over 65 years, the annual increase in
colon and rectal tumors among younger individuals in the US is
approximately 2% (18, 19).

Numerous risk factors are thought to take part in EO-CRC
formation, including type 2 diabetes mellitus, obesity, Western
dietary patterns, sedentary lifestyles, antibiotic use, alcohol
consumption, and smoking (20-25). Collectively, these factors
play a role in the growing incidence of EO-CRC. Additionally,
EO-CRC often presents distinct histopathological and molecular
characteristics compared to sporadic CRC, including higher rates
of perineural or venous invasion, poor differentiation, mucinous
or signet-ring cell histology, with generally poorer prognoses
(26). At the molecular level, EO-CRCs are more likely to be
microsatellite-stable, with frequent long interspersed nuclear
element-1 (LINE-1) hypomethylation and TP53 mutations, and
less frequent alterations in Kirsten rat sarcoma viral oncogene
homologue (KRAS), v-raf murine sarcoma viral oncogene
homolog B1 (BRAF), and adenomatous polyposis coli (APC)
genes (27).

In conclusion, the aggressive nature of EO-CRC and its
frequent diagnosis at advanced stages significantly worsen
patient outcomes. Given the increasing incidence and unique
characteristics of EO-CRC, it is imperative that we enhance our
understanding of its underlying causes and reconsider screening
practices to improve early detection and outcomes in this
vulnerable population (28).
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