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PREFACE

In the vast realm of scientific inquiry, our quest for
understanding extends beyond the boundaries of individual
disciplines, weaving a tapestry that connects nutrition, genomics,
and medical research. The titles before you encapsulate a journey
into the depths of scientific exploration, each representing a distinct
facet of our quest to unravel the mysteries of life, health, and the
intricate interplay between our choices and our biology.

The first exploration takes us into the fascinating world of
nutrigenomics, a frontier where the choices we make in our daily
diets intricately intersect with the aging process. Through the lens of
honey bees, a remarkable model organism, we peer into the genetic
mechanisms that dictate longevity and well-being. The humble
honey bee, a creature of ecological importance, serves as an
unexpected yet illuminating guide through the labyrinth of molecular
intricacies that underpin the relationship between diet and aging.

Next, we pivot to a groundbreaking chapter in enzymology,
where two catalysts, TVTS and (MpMS), have emerged as veritable
keystones, unlocking doors to an era of unprecedented scientific
discovery. These enzymes, with their cryptic acronyms, beckon us
into the world of molecular processes that have the potential to
reshape our understanding of genetic pathways and their
implications for human health and longevity.

As we traverse the scientific landscape, our attention turns to
the therapeutic potential embedded in the natural compounds known
as flavonoids. These compounds, found abundantly in our diets,
reveal a compelling story of hope in the context of Alzheimer's
Disease. Through meticulous investigation, we explore the
therapeutic effects of flavonoids, envisioning a future where these
natural agents may become vital tools in the arsenal against
neurodegenerative afflictions.

Our journey then takes a turn toward the enigmatic realms of
autoimmune skin disorders. First, we delve into the complexities of
Psoriasis, a condition that challenges our understanding of immune



responses and inflammatory processes. Following this, we unravel
the mysteries of Alopecia Areata, an autoimmune skin disease that
disrupts the delicate balance of hair growth. In these chapters, we
confront the intricate mechanisms that govern self-directed immune
responses, aiming to illuminate pathways toward targeted
therapeutic interventions for those grappling with these challenging
conditions.

This compilation invites you to embark on a voyage of
discovery, where the threads of nutrigenomics, enzymology,
therapeutics, and autoimmune research are woven together into a
narrative that transcends individual disciplines. As you traverse the
chapters that follow, may you find inspiration in the ceaseless pursuit
of knowledge and the collective endeavor to unlock the secrets of
life's intricacies.

Editor
Assist. Prof. Dr. Metin ERTAS
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CHAPTER |

Nutrigenomic Approach for Investigating The
Associations of Diet and Aging: Honey Bees as a
Model Organism

Gizem SONMEZ OSKAY!
Devrim OSKAY?

Introduction

The aging of populations worldwide is occurring at an
accelerated rate compared to the past. Age 65+ is the fastest-growing
demographic globally. The elderly population is estimated to have a
significant increase, surpassing 1.5 billion people by the year 2050
(Fong & et al.,, 2021). It has been predicted that a significant
proportion, around 80%, of health issues experienced during later
adulthood might potentially be averted or postponed via the adoption
of lifestyle modifications among those aged 55 to 65 years (Milte &
McNaughton, 2016). Aging is a progressive and irreversible

1 Gizem SONMEZ OSKAY, PhD., ORCID: 0000-0003-4724-9340. Corresponding author:
sonmezgiz@gmail.com
2 Devrim OSKAY, Asst. Prof, Department of Agricultural Biotechnology, Faculty of
Agriculture, Namik Kemal University, Tekirdag, ORCID: 0000-0002-3410-2780.
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pathophysiological phenomenon characterized by the decline of
physiological integrity and functional capacity, ultimately resulting
in increasing sensitivity to mortality (Cui & et al., 2012; Cai & et al.,
2022; Guo & et al., 2022). The process of aging is associated with
the progressive accumulation of biomolecular damage, which varies
across individuals due to the interplay between genetic and
environmental factors. Several mechanisms contribute to the
complexity of this process, such as cellular senescence, genomic
instability, telomere attrition, epigenetic, proteostasis loss,
mitochondrial dysfunction, chronic inflammation, deregulated
nutrient-sensing, and stem cell exhaustion (Zhang & et al., 2022;
Keshavarz & et al., 2023; Lopez-Otin & et al., 2023). Several of
these mechanisms are interconnected with nutrient-sensing signaling
pathways, indicating that nutrition plays a pivotal role in the aging
process (Chen & et al., 2022). Nutrigenomics is a nascent scientific
discipline that investigates the genetic alterations resulting from
dietary factors, hence including the convergence of nutrition,
wellness, and genomics. It has been shown to assist in evaluating the
effects of nutrients on the processes of aging, longevity, and
healthspan, as well as the underlying mechanisms involved in these
events (Ye & et al., 2007). The use of nutrigenomic investigations
and comprehension of diet-disease correlations may be employed to
create personalized nutritional and pharmaceuticals (Evangelakou &
etal., 2019).

Throughout human history, animal-based research has been
used as the main driver for endeavors aimed at discovering remedies
for diverse diseases and advancing pharmaceutical innovation.
Preclinical research with diverse animal models owing to their
advantages of short lifecycles, high fertility, simple anatomical
structures, evolutionarily conserved genes, and cost-effectiveness
provides the basis for understanding the pathophysiology of diseases
human. Within this framework, several model organisms, such as
mammals, yeast, nematodes, fish, and flies, have been utilized as
tools for investigating complex mechanisms and potential therapies.
(Maleszka, 2014; Andersen & Winter, 2017; Robinson & et al.,
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2019; Mukherjee & et al., 2022; Lu & et al., 2022; Adhish &
Manjubala, 2023). These models present a wide range of particular
methodologies, enabling comprehensive genetic examination of
several key biological processes using diverse techniques (Irion &
Niisslein-Volhard, 2022).

For more than a century, insects have been extensively used as
model organisms. The use of insects as research models has several
technical and ethical advantages when compared to vertebrate
models (Brandt, 2020). In recent years, insects have gained
considerable attention as ideal model organisms notably in the study
of aging and disease in humans. As noted in previous studies, it is
clear that sequencing insect genomes offers a unique opportunity to
evaluate gene correlates of human diseases (Adams & et al., 2000;
Fortini & et al., 2000).

As a social insect, honey bees (Apis mellifera L.) play a crucial
role in supporting worldwide agriculture thanks to pollination
services. Besides the agricultural contribution, the economic worth
of honey bees lies in their ability to produce very valuable functional
and healthy food, including honey, pollen, royal jelly, propolis, etc.
(Romero & et al.,, 2019). The Honey bee Genome Project has
contributed valuable insights into the genetic underpinnings of
honey bee biology, the molecular mechanisms underlying social
behavior, and the evolutionary aspect. So, this project has positioned
the honey bee as a significant model organism for future scientific
studies (Zheng & Hu, 2009). Several human genes exhibit homology
within the honey bee genome, with particular emphasis on metabolic
enzymes, components of insulin signaling, and the innate immune
system (Wang & et al., 2018). The honey bee genome undergoes
methylation in a manner similar to the mammalian genome. It has
been shown that due to its smaller size compared to the human
genome, the honey bee genome facilitates the measurement and
interpretation procedures by having a relatively low proportion of
methylated DNA (Ford, 2013). Honey bees are an especially ideal
model organism for investigating the molecular basis of the aging
mechanism (Keller & Jemielity, 2006). It is even significant in
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comprehending the mechanisms that control the cognitive decline
that comes with advancing age (Behrends & et al., 2007). As well,
honey bees can be used as a suitable model organism for studying
age-related alterations in brain function, since learning and memory
processes can be readily assessed in controlled laboratory conditions
(Behrends & Scheiner, 2010). Moreover, the difference in lifespan
between a queen bee and worker bees in the colony, which is
ascribed to variations in diet, has substantial importance for
investigating the molecular mechanism that underlies the age-related
impacts of nutrition.

Given the global population's fast aging, an increase in age-
related diseases, and the challenges of doing clinical research on the
connection between nutrition and human aging, model organisms
have emerged as the main focus in dietary longevity research, as
shown in Figure 1.

Population
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Figure 1. Insight into nutrigenomic research to explore the impact
of nutrition on the aging process in honey bees.

The chapter concludes by integrating information derived from
the molecular mechanism underlying the relationship between
nutrition and aging in honey bees. Additionally, it explores the
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potential of honey bees as a model organism in nutrigenomic studies
for investigating the impact of diverse diets on longevity.

The molecular pathways involved diet and aging in honey bees

The honey bee colonies consist of workers, drones
(seasonally), and a single queen. The average lifespan also differs
considerably across different castes. The usual lifespan of a honey
bee queen is between one and two years, but the lifespan of a worker
honey bee is between 2 and 20 weeks. The lifespan of honey bees is
greatly affected by nutrition, and whether the honey bees in the
colony are workers or queens depends on the difference in feeding
(Page & Peng, 2001; Remolina & et al., 2007). The queen bee
assumes the role of reproduction in the colony, while worker bees
undertake various responsibilities both within and outside the hive,
including brood care, nectar collection, pollen gathering, and water
collection, by the division of labor based on age-related
requirements. The division of labor in honey bees is controlled by
complex interactions involving vitellogenin (vg), juvenile hormone
(JH), and the insulin/insulin-like growth signaling/target of
rapamycin (IIS/TOR) pathway (Corona & et al., 2023). Many
researchers have reported that the lifespan of honey bee workers with
the same genotype in the colony is mostly regulated by
environmental factors (Winston, 1980; Winston, 1987; Seeley, 1995;
Behrends & Scheiner, 2010). Also, it has been explained in many
research that aging in honey bee workers is plasticity depending on
different tasks and social behaviors in the colony rather than
chronological age. (Huang & Robinson, 1996; Giray & Robinson,
1994; Miinch & et al., 2008; Rueppell & et al., 2008; Miinch &
Amdam, 2010; Amdam, 2011; Miinch & et al., 2013; Rueppell & et
al., 2016). The architecture of the honey bee genome depends on
plasticity, including changes in gene expression and chromatin
arrangement, and has implications not just for physiology and
diseases in humans, but also for other instances of flexibility
(Duncan & et al., 2020).
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Vg is a phosphoglycoprotein that is produced by the fat body
and has a role in the development of eggs in queen bees. Typically,
research has shown a correlation between rising levels of JH and
declining levels of vitellogenin Vg in the hemolymph during the shift
from duties performed within the hive to those performed outside the
hive. If the colony experiences the reverse situation, such as a
shortage of young worker bees, forager bees may revert to their
nursing responsibilities. According to reports, this process of
reversal is accompanied by an augmentation in Vg synthesis and a
reduction in JH level (Lourenco & et al., 2019). In animals,
implementing a restricted diet or inhibiting genes related to dietary
restriction often leads to an extension of longevity. Conversely,
restricting dietary intake in honey bees reduces their longevity by
hastening a process of behavioral development that ultimately leads
to their departure from the nest as foragers. Namely, nutrition
influences the behavioral transitions of worker bees during the aging
process. The regulation of nutrient signaling, the honey bee caste
determination process, dietary restriction, and senescence is
principally governed by two pathways: IIS and TOR pathway
(Wheeler & et al., 2013; Zhang & et al., 2021). These nutrient-
signaling pathways exert their influence on honey bee caste
formation via juvenile hormone (Mutti & et al., 2011). According to
research when the insulin receptor substrate gene, which is linked to
the I1S system, is turned off in honey bees, they become more mature
behaviorally faster and live shorter lives (lhle & et al., 2019).
Another study has shown that vitellogenin inhibits insulin/insulin-
like peptide signaling, which is recognized to accelerate aging and
reduce longevity (Lee & et al., 2015). Besides, these pathways
respond to nutritional changes by regulating downstream genes with
antioxidant, antimicrobial, or metabolic functions, and can also
regulate lifespan as a consequence. It is well recognized that
nectar/honey serves as the primary energy source in the diet of honey
bees. Pollen, on the other hand, provides the essential protein supply
required for the growth of both larvae and adult bees. An imbalanced
ratio of protein to carbohydrates in the diet may have negative effects
on the survival and ovarian development of adult individuals, as well
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as the growth of larvae (Bouchebti & et al., 2022). A recent research
revealed that worker honey bees who were deprived of pollen during
the first week of their adult life had indications of premature aging
(Martelli & et al., 2022).

The potential role of epigenetic responses to diet in aging of
honey bees

Honey bees are considered the most intriguing model for
studying the impact of diet-mediated epigenetic modifications on
longevity. The queen bee has a much longer lifespan compared to
the worker honey bee, with an average duration that is twenty times
greater. The difference in longevity could be explained by the
variation in nutrients received during the larval period. While larvae
fed with royal jelly turn into long-lived queen bees, it has been
reported that royal jelly suppresses the expression of de novo
methyltransferase (DNMT3) by causing changes in DNA
methylation patterns (Ford & et al., 2011). Research has shown that
the fatty acid (10-HDA), which is the main component of royal jelly,
may effectively hinder the activity of histone deacetylase 3. This
inhibition promotes the acetylation of histones, hence facilitating the
transformation of larvae into queens (Spannhoff & et al., 2011;
Polsinelli & Yu, 2018). A recent study has shown that the royal jelly
diet includes biologically active chemicals that may inhibit the
enzymes DNMT3A and histone deacetylase 3 (HDAC3), which
function in tandem to facilitate the creation of a compacted
chromatin structure by suppressing transcription (Alhosin, 2023). A
new study has shown that the modification of H3K4mel may play
an act in creating and sustaining caste-specific transcriptional
programs in honey bees (Zhang & et al., 2023). Koji¢ et al. (2023)
found that administering sodium butyrate, a histone deacetylase
inhibitor, as a supplement to honey bees resulted in
extended longevity. This increase in lifespan was attributed to the
upregulation of vitellogenin, HDAC1, and HDAC3 isoforms.
Another investigation showed that p-coumaric acid, which is present
in honey and bee bread, modifies gene expression by differentially
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regulating genes associated with caste determination (Mao & et al.,
2015). Research examining the impact of dietary phytochemicals on
the longevity of honey bees found that the presence of casein in the
diet eliminated the ability of p-coumaric acid to prolong honey bee
lifespan when quercetin was not present (Liao & et al., 2017).
Rasmussen et al. (2021), reported that curcumin effectively
prevented or partly mitigated the reduction in longevity resulting
from ethanol take-in, as well as the ethanol-induced alterations in
DNA methylation. The developmental alterations in DNA 5-
methylcytosine levels in queen bees are influenced differentially by
their natural larval diet compared to workers and drones.
Methylation levels exhibited an increase in the queens, whereas a
decrease was seen in the drones and workers (Strachecka & et al.,
2015). The impact of DNA methylation on the lifespan of worker
honey bees, specifically concerning vitellogenin expression, has
been shown. This effect is regardless of the role of the juvenile
hormone (Cardoso-Junior & et al., 2018). Various research has
proven that RNA-based epigenetic processes, including caste-
specific microRNAs and N6-methyladenosine mRNA modification,
are also involved in caste differentiation and aging (Ashby & et al.,
2016; Wang & et al., 2021; Lowe & et al., 2022).

The epigenetic regulation of lifespan is modulated by sirtuins.
Sirtuins play a crucial role in slowing down cellular aging and
increasing the lifespan of an organism by controlling a range of
cellular activities. Additionally, it contributes to the postponement
of age-related telomere degradation, the preservation of genomic
stability, and the enhancement of DNA damage repair (Lee & et al.,
2019). Sirt family genes and TOR are recognized components of the
calorie restriction pathway, wherein both caloric restriction and TOR
suppression result in heightened expression of the pivotal sirtuin
regulator. Research has shown that sirtuin genes are linked to a long
lifespan and have a significant impact on the relationship between
dietand longevity. Paoli et al. (2014), in their research
unequivocally demonstrated the impact of the amino
acid/carbohydrate ratio in the diet on Sir2 expression. According to
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Rascon et al. (2012), resveratrol activates a process that depends on
calorie restriction to extend the lifespan of honey bees.

Nutrigenomics studies

Nutrigenomics is an emerging subject of study that is
generating significant attention. Nutrigenomics is the study of how
technologies like nutrigenetics (the study of DNA, including SNPs),
transcriptomics (MRNA), proteomics, and metabolomics relate to
nutrition (Lal & et al., 2022; Pandita & Pandita, 2022).

The rapidly growing area of nutrigenomics has seen a surge in
research focused on understanding how different diets (protein
and/or carbohydrate) impact the gene expression patterns of adult
honey bees. In their native habitat, honey bees rely significantly on
nectar and pollen sources for their nourishment. Nevertheless, in the
natural environment, particularly during periods of scarcity, the
inclusion of dietary supplements becomes obligatory in the
nourishment of honey bees as a result of the inadequate supply of
accessible plant resources. Several studies have investigated how
honey bees respond to honey, pollen, and/or artificial diets. The
studies examined the effects of pollen, microalgae, amino acids,
lipids, and carbohydrate diets on metabolic processes, as well as their
impact on lifespan and stress responses (DeGrandi-Hoffman & et al.,
2018; Ricigliano, 2020). However, there are a restricted amount of
nutrigenomic studies that specifically focus on the molecular
impacts of nutrition. The study conducted by Alaux et al. (2011) on
nutrigenomics in honey bees demonstrated that pollen stimulates
nutritional sensing and metabolic pathways. It also has a beneficial
influence on genes related to the synthesis of certain antimicrobial
peptides and genes connected with lifespan. Rutter et al. (2019),
discovered around 2000 transcripts that exhibit variations based on
the quality of monofloral diets in honey bees. The majority of these
genes are linked to nutritional signaling and immune responses. A
study compared two varroa-resistant honey bees that were fed pollen
and spirulina microalgae to see how genetic diversity affected how
they responded to natural and artificial diets. The research
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emphasized the presence of genotype-specific dietary responses in
honey bees (Ricigliano & et al., 2021). The research examined the
nutrigenomic effects of a diet containing mushroom extract on honey
bees, focusing on their survival, food intake, and disease infection
level. The findings indicated that the diet had a stimulating impact
on four out of the five measured genes (Glavinic & et al., 2021).
According to Camilli et al. (2022), zinc supplementation influences
the expression of many genes and has a significant impact on the
development of honey bees. Research on dietary supplements might
potentially enhance future studies in the area of honey bee
nutrigenomics by elucidating their impact on the regulation of
several genes that are differently expressed, thereby highlighting
their significant contribution to honey bee healthy longevity.

Conclusion

Honey bees play a vital part in the operation of ecology,
agriculture, and human society. Their functions in domains including
pollination, biodiversity preservation, food production, and
economic contributions are crucial for a well-rounded and
sustainable ecosystem. It has been used as a model organism in
several scientific investigations to enhance the comprehension of
intricate biological processes and behavior.

Honey bees are advantageous in the field of nutrigenomics
because they have clear dietary requirements and may be used to
study various genomic, transcriptomic, and proteomic sources. They
are also useful for studying the impact of nutrition on aging and age-
related diseases. In the future, using honey bees as a reflection of
humans may uncover novel gene-longevity connections in response
to diet. This might facilitate the investigation of underlying
molecular mechanisms and pathways to uncover novel dietary
targets for aging processes and age-related diseases.
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CHAPTER 1l

Enzymes that Opened a New Era for The Scientific
Community: TvTS and MpMS

Idris ARSLAN!?

Introduction

The term 'Terpene' describes the natural products derived from
five carbon isoprene units with a 30C polycyclic structure produced
by the evolutionary optimisation of nature and endowed with
versatile biological activities. Additionally terpenoids are the largest
group of natural products synthesized by living sources, representing
60% of the known natural products. They are ubiquitous; thus, they
are present in almost all classess of living organisms, but more
common in terestrial higher plants (Zhang et al. 2021).

According to their chemical skeleton, terpenes or terpenoids
are further classified as monoterpenoids (C10), hemiterpenoids (C5),
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sesquiterpenoids (15C), diterpenoids (20C), sesterterpenoids (C25),
triterpenoids  (C30), and tetraterpenoids/carotenoids (C40).
Moreover, derivatives with more C atoms are called 'Homo-
derivatives', while those with fewer C atoms are classified as 'Nor-
derivatives' of the terpenoids. Triterpenes can be also divided into
subgroups, such as acyclic, mono-, bi-, tri-, tetra- and penta- (cyclic)
triterpenoids according to their C skeletal backbone (Nguyen et al.
2015).

—{Monoterpenoids (C10)

—{Sesquiterpenoids (15C)

—— Diterpenoids (20C)

Terpenes

—Sesterterpenoids (C25)

—{ Triterpenoids (C30)

Figure 1. Classification of terpenoids based on carbon skeleton
backbone

Additionally, the term meroterpenoid states natural products
of mixed biochemical origin which partially originated from
terpenoid pathways (Cornforth 1968). Triterpenoids have been
reported to be characterized approximately 200 distinct skeletons
with more than 30.000 substances and 100 unique cyclical
triterpenoid frames uptill now (Deng et al. 2020). Plant-derived
triterpenoids were reported to play an active role in the cellular
processes such as permeability of the membranes, cell respiration,
photosynthetic reactions and up- or down- regulation of growth
and/or development (Tholl 2015). Terpenoids possess fascinating
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pharmacological activity including, anticancer, anti-inflammatory,
anti-allergic and enzyme inhibitory activity (Arslan, 2023).

-

A B

Figure 2. A common naturally occurring triterpenoids betulinic
acid (A) ursolic acid (B)

Synthesis of triterpenoid compounds

Most recently, triterpenes were known to be produced by
triterpene synthases from acyclic squalene and/or (S)-2,3-
epoxysqualene (Abe 2007).

So far, terpenoids were known to be naturally only synthesized
from C5 units, isopentenyl pyrophosphate (IPP), also known as
isopentenyl diphosphate (IDP) an intermediate in the cytosolic
mevalonate pathway (MVA) and plasticidal methylerythritol
phosphate/deoxyxylulose 5-phosphate pathway (MEP/DOXP) (Shi
et al. 2010).

2,3-oxidosqualene a precursor unit of triterpenoids is
synthesized via the mevalonic pathway and then diversified
structurally through 2,3-oxidosqualene cyclases and several
scaffold-regulating  enzymes including cytochrome  P450
monooxygenases (P450s or CYP), UDP-glycosyltransferases
(UGTs) and acyltransferases. Moreover, the most of bioactive
triterpenoids are purified from natural sources by often conventional
techniques of extraction and sometimes semi-synthesized. It was
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reported to be these methods of supply are time- and energy
consuming and do not generally align with sustainability purposes.
Recent progressess in genetic and metabolic engineering fields have
revealed expectations for the distinct approaches of triterpenoid
pathway in heterologous sources such as Escherichia coli,
Saccharomyces cerevisiae and Nicotiana benthamiana, which seem
to be reasonably promising alternatives (Dinday and Ghosh 2023).

There are numerous articles supporting triterpenoids are
produced solely via squalene precursor. The most recent study has
provided sufficient evidence to challenge a long-established idea. It
is now known that triterpenoids are not synthesized solely via
squalene (Tao et al, 2022).
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Figure 3. Biosynthesis pathways of terpenoid compounds in natural
sources
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Recently, non-squalene triterpenes have been discovered and
two fungal chimeric class | triterpene synthases, Talaromyces
verruculosus talaropentaene synthase and Macrophomina
phaseolina macrophomene synthase were characterized by Tao and
colleagues (2022).

Both enzymes were found to accept dimethylallyl diphosphate
and isopentenyl diphosphate or hexaprenyl diphosphate as
substrates, representing the first examples of non-squalene-
dependent triterpene biosynthesis. Although the classical pathway
for triterpenes proceeds through squalene, non-squalene triterpenes
are generated by bifunctional terpene synthases which convert
dimethylallyl diphosphate and isopentenyl diphosphate through
hexaprenyl diphosphate into the triterpenes.

After oxidation to (S)-2,3-epoxysqualene, lanosterol synthase
catalyses the biosynthesis of lanosterol, the precursor to steroids and
saponins. These enzymes are classified as class 1l terpene synthases
with a conserved DXDD motif for substrate activation through
protonation.
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Conclusion

The synthesis of the same compound through different
biochemical pathways shows that there may be shunt mechanisms
between the pathways. However, the structure and enzyme activity
of enzymes that play an active role in the synthesis pathway are
important in the development of new approaches for the production
of relevant compounds.

Undoubtedly, this new discovery regarding triterpenoid
biosynthesis will profoundly affect the overview of triterpenoid
synthesis. There is now strong evidence to consider new approaches
for the synthesis of terpene compounds used in industrial practices.
The extraordinary pharmacological and biological activities of
triterpenoid compounds will highly motivate researchers to test the
effectiveness of these newly discovered pathways and uncover their
advantages.

--33--



REFERENCES

Abe, 1. (2007) Enzymatic synthesis of cyclic triterpenes. Nat.
Prod. Rep. 24, 1311-1331.

Arslan, 1. (2023) Natural PAK1 inhibitors: potent anti-
inflammatory effectors for prevention of pulmonary fibrosis in
COVID-19 therapy. Natural Product Research 10:1-13. doi:
10.1080/14786419.2023.2254454.

Cornforth, J. W. (1968) Terpenoid biosynthesis, Chem Br, 4
(3), 102-1086,

Deng, J, Xiao, J. & H. Yang, H. (2020) Handbook of Dietary
Phytochemicals, Springer Singapore, Singapore, 2020, pp. 1-53.

Dinday S, Ghosh S. (2023). Recent advances in triterpenoid
pathway elucidation and engineering. Biotechnol Adv. 68:108214.

Nguyen VT, Tung NT, Cuong TD et al (2015) Cytotoxic and
antiangiogenic effects of lanostane triterpenoids from Ganoderma
lucidum. Phytochem Lett 12:69-74.

Tao H, Lauterbach L, Bian G, Chen R, Hou A, Mori T, Cheng
S, Hu B, Lu L, Mu X, Li M, Adachi N, Kawasaki M, Moriya T,
Senda T, Wang X, Deng Z, Abe |, Dickschat JS, Liu T. Discovery
of non-squalene triterpenes. Nature. 2022 Jun;606(7913):414-419.

Shi L, Ren A, Mu D, Zhao M (2010) Current progress in the
study on biosynthesis and regulation of ganoderic acids. Appl
Microbiol Biotechnol 88:1243-1251.

Tholl D (2015) Biosynthesis and biological functions of
terpenoids in plants. 63-106. 10.1007/10-2014_295.

Zhang X, Zhang S, Zhao S, Wang X, Liu B, Xu H (2021) Click
chemistry in natural product modification. Frontiers in Chemistry.
9:774977.

--34--



CHAPTER 111

Therapeutic Effects of Flavonoids on Alzheimer's
Disease
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Introduction

It is known that many different factors such as inflammation
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accumulation and tau protein hyperphosphorylation, play a role in
the development and progression of Alzheimer's Disease (AD). This
situation is considered to be the reason why today's strategies in the
fight against AD fail. Therefore, therapeutics and new strategies with
multifaceted prevention properties against the disease are needed.
Many different in vitro and in vivo studies conducted in recent years
have shown that flavonoids with phytochemical properties are
versatile alternative and natural compounds that have the potential
to be effective in combating AD. This review aims to guide the use
of flavonoids, which are thought to have significant potential, in AD
therapy based on the existing literature.

Alzheimer’s Disease

Alzheimer's disease (AD) is an age-related neurodegenerative
disease characterized by progressive memory impairment and loss
of cognitive functions caused by neuronal cell death [1].
Alzheimer's, a type of dementia, accounts for about two-thirds of
dementia patients over the age of 65. It is one of the biggest health
problems of the 21% century and has been recognized as a global
health problem by the World Health Organization [2]. The fact that
the disease lasts a lifetime, reduces cognitive ability, interferes with
daily activities, and causes people to forget even their own identity,
imposes an emotional and financial burden on society. It is known
that head trauma, depression, high parental age, family history of
dementia, cardiovascular activity, cerebrovascular disease, and
smoking increase the risk of AD, especially with advancing age [3].
Depending on the degree of the disease, these symptoms begin with
impairment in functions such as memory, comprehension, and
speech, and in later stages, language disorder, psychosis, dyspraxia,
sleep disorder, anxiety, and finally dependence on the caregiver
occur [4].
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Epidemiology of AD

AD is the most common neurodegenerative disorder
worldwide, accounting for approximately 70% of all dementia cases.
The incidence of AD increases with age, doubling every five to ten
years [5]. The World Health Organization predicts that the number
of patients, which is over 55 million today, will increase four times
by 2050. Considering that advanced age is the most important risk
factor for AD and that the average life expectancy is increasing while
the birth rate is decreasing worldwide, it seems that this increase in
the prevalence of the disease is inevitable [6, 7]. In addition to the
human burden of the disease, its financial burden is also becoming a
major problem. AD cost $604 billion worldwide in 2010 alone, with
the annual total cost per person estimated at $590 for mild dementia
and $25,510 for severe dementia. With AD being accompanied by
other diseases, the annual cost per person increases considerably [7].

Risk Factors for AD

In addition to the age factor, various risk factors for AD have
been identified. The presence of a family history of dementia
increases the risk of AD by 1% to 30% [8]. In addition, factors such
as nutrition, diabetes, obesity, genetic factors, gender, head trauma,
depression, high parental age, physical and mental inactivity, low
education level, environmental factors, and cardiovascular diseases
play a role in dementia. It is thought that 30% of dementia can be
prevented by eliminating these risk factors [9]. Genetic risk factors
for AD include inherited mutations in APP, PSEN1, and PSEN2, and
more common genetic variations such as APOE (knopman).
However, genetic predispositions pose a lower risk for AD than
other factors [10].

Stages of AD

AD consists of three stages: mild cognitive impairment
(MLD), moderate-stage dementia, and advanced-stage dementia.
MCI is the name given to the transition period between aging and
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dementia, and patients in this stage have impairments in memory or
non-memory areas such as speech [11]. It is known that cases
without dementia or with very mild cognitive difficulties have a 10%
probability of progressing to higher dementia severity [12].

In the middle stage, the symptoms of the disease become
clearer. Patients cannot go out of the house alone and have difficulty
meeting their daily needs, such as eating, dressing, toileting, and
bathroom use [13]. In the more advanced stage of dementia,
symptoms such as severe memory impairment, language use
difficulties, psychosis, dyspraxia, dystonia, olfactory disorder, sleep
disorder, urinary incontinence, hallucinations, skepticism, and
anxiety, which require the patient's complete dependence on the
caregiver, can occur [2, 14].

Pathology, Symptoms and Diagnosis of AD

The most common and distinctive lesions found in the
Alzheimer's brain are extracellular amyloid plaques composed of A
protein and intracellular neurofibrillary tangles formed by tau
proteins [15]. Although synaptic degeneration, hippocampal
neuronal loss, and aneuploidy are some of the later described
pathological features, only plaques and tangles are currently
considered for Alzheimer's pathological criteria [16]. The most
important evidence that AP and tau are the main causes of the disease
comes from studies of cases with APP, PSEN1, and PSEN2
mutations [17]. APP is the precursor to AP peptides, and APP
mutations also affect AP cleavage and aggregation. In particular,
neurotic plaques are important as the main criterion for the diagnosis
of AD at autopsy. Because there is a proven link between neuronal
loss and disease severity in AD and senile plaques [18, 19].

The most important symptoms defined for AD are memory
disorders in the MCI stage, speech disorders, and abnormalities in
the dementia stage, such as advanced memory impairment,
dyspraxia, psychosis, and anxiety. Apart from these, common
symptoms include headache, gait abnormalities, paralysis, major

--38--



psychosis symptoms seen in the final stages of the disease, and being
confined to bed [20, 21].

The best-identified imaging techniques for AD are magnetic
resonance imaging (MRI) and amyloid positron emission
tomography (amyloid PET). Amyloid PET imaging is particularly
useful in the differential diagnosis of early-onset AD, as it enables
the diagnosis of moderate amyloid deposition and brain synaptic
density [22]. There are also techniques other than MRI and amyloid
PET. Techniques such as PET, fMRI, and single-photon emission
computed tomography (SPECT) to map dysfunctions of smaller
portions of the medial, temporal, and perietal lobes, Computed
Tomography (CT) and Magnetic Resonance imaging (MRI) for
analysis of cerebrospinal fluid (CSF) AP and tau are used to identify
behavioral changes [22]. MRI is also recommended by experts as the
first step after clinical evaluation [23]. AD is difficult to diagnose at
an early stage because some patients show symptoms that are too
severe to affect daily activities and do not meet the criteria for
dementia. The most effective tests that can be used to identify MCls
in the early stages of the disease are neuropsychological tests [24].

Treatment of AD

No effective treatment has yet been found to stop the
progression of AD or prevent the disease, but there are two
categories of drugs approved for the treatment of Alzheimer's. These
are acetylcholinesterase inhibitors (AChEIls) and N-methyl D-
aspartate (NMDA) antagonists [25].

Acetylcholine (ACh) is a very important chemical for memory
and cognitive functions. Loss of cholinergic function has been found
to be closely associated with cognitive dysfunction. The activity of
AChE must be limited in order to maintain the amount of ACh. The
best treatment strategy developed for this purpose is
acetylcholinesterase inhibitors, and there are three drugs in this
category. These drugs are Dopenzil, rivastigmine, and Galantamine.
Of these, dopenzil is used in all stages of Alzheimer's. Rivastigmine
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and Galantamine are used for treatments in MCI and dementia [26-
28]. Additionally, tacrine was the first drug approved for the
treatment of Alzheimer's and was banned due to safety concerns
[29]. A drug called memantine is used to block NMDA receptors.
Memantine is used for the treatment of moderate Alzheimer's and
can be taken with cholinesterase inhibitors [30]. These drugs, all
approved by the FDA, are known to stabilize cognitive decline for
up to 3-6 months. Although these drugs are used for the treatment
of Alzheimer's, their efficacy is quite limited, and they have side
effects such as nausea, vomiting, diarrhea, dizziness, sleep
disturbances, body aches, and constipation [31]. For these reasons,
plants are especially used in the treatment of psychiatric and
neurological diseases [32].

Many medicinal plants contain various phytochemicals that
inhibit the development of neurodegenerative diseases [33].
Flavonoids are very common phytochemicals in nature and are
found in almost every plant. Foods rich in flavonoids are known to
have protective and therapeutic effects for various diseases,
including AD [34]. Certain flavonoids have also been directly
associated with the progression of AD. Herbal flavonoids are
thought to be potential therapeutics for various neurodegenerative
diseases due to their lower cost, easy availability, and fewer side
effects [35].

Flavonoids

Flavonoids are secondary metabolites found in nearly all plant
cells [36, 37]. These bioactive phytochemical components, which
are found in almost all of the plant, are the source of the medicinal
value of the plant [38]. It is known that more than 10,000 species of
flavonoids have been isolated and described since their discovery
[39]. Flavonoids are generally used as natural therapeutic agents
[40]. They use the phenylpropanoid pathway and are naturally
synthesized due to their ability to be absorbed [41].
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Flavonoids can be used in general non-synthetic dyes [42, 43],
the basis of cosmetic products [44], and anti-wrinkle skin agents, and
many more [45]. In addition, additives that strengthen the
preservation and quality of foods used as antioxidants, coloring and
flavoring can be obtained through flavonoids [46]. Recently, intense
interest and curiosity about medicinal plants with known therapeutic
potential is due to flavonoids [47]. Flavonoids have been used for
many years, with the belief in their benefits being passed down from
generation to generation. They have valuable biological properties
that support health by helping to eliminate symptoms, which can be
used in the early diagnosis of various diseases.

Biological Roles and Effects of Flavonoids

It is known that the absorption of flavonoids varies depending
on many physicochemical properties in dietary intake. The
absorption of flavonoids from the small intestine depends on
whether they are glycosides or aglycones. The absorption of
flavonoids in aglycon form is easily accomplished by the cells of the
small intestine. However, glycosides must be converted to
flavonoids in aglycon form for absorption [48]. According to one
study, an alternative mechanism is thought to be through the
breakdown of flavonoids in the form of glycosides by the enzyme
lactase fluoroidzin hydrolase (LPH), a group of B-glucosidases
found in the membrane structure of the small intestine. Thus, the
absorption of these flavonoids, which are converted to aglycone
form, occurs more easily in the small intestine [49]. The presence of
specific substrate expected in the LPH enzyme may vary depending
on the glycoside type of flavonoids (glucosides, galactosides,
arabinosides, xylosides and rhamnocytes) [50]. Flavonoids, which
do not have LPH-specific substrate and exist in glycoside form, are
transported to the colon. Here, the hydrolysis process is carried out
by bacteria. In addition, released aglycones are also degraded in this
column [51]. Considering that the absorption power of the small
intestine cells is higher than the colon, glycosides are expected to be
absorbed in lesser amounts in the colon.
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Following absorption, events of glucuronidation, sulfation, or
methylation are expected for flavonoids to be conjugated in the liver.
If these events do not occur, they are metabolized to yield smaller
phenolic compounds [52]. The conjugation reactions that take place
prevent the free presence of aglycon-formed flavonoids other than
catechins in the urine or plasma [53]. Flavonoid molecules that
cannot be absorbed are transferred to the large intestine, where they
are broken down with the help of microorganisms, and the ring
structure of flavonoids is destroyed. At the beginning of digestion,
flavonoids can be broken down into monomer and dimer structures
in the stomach, an organ with a high acidic pH. Molecules in
polymeric structure are transmitted to the colon and degradation is
carried out by bacteria. The sugar molecule in the structure of
flavonoids is a preferred determinant in terms of bioavailability. In
addition, studies have shown that the dimerization process greatly
reduces the bioavailability. Absorbed flavonoids exhibit a variety of
therapeutic effects in the body, including antioxidant,
anticarcinogenic, antidiabetic, antimicrobial, and antiviral.

Antioxidant Activity

The arrangement of functional subgroups in the structure of
flavonoids according to the nuclear structure is effective in shaping
their antioxidant activities. For example, the presence of hydroxyl
groups in flavonoids, their configuration, the total number of these
groups, radical scavenging ability, and metal ion chelation are
greatly influenced by various mechanisms of antioxidant activity
[54]. The hydroxyl configuration of the B-ring structure is one of the
most important determinants of the reduction of reactive nitrogen
species (RNS) and reactive oxygen species (ROS). Thanks to this
configuration, a relatively stable flavonoid radical is formed by
donating hydrogen and an electron to peroxyl, hydroxyl and
peroxynitrite radical molecules [55, 56].

Antioxidant action mechanisms have been observed in 3
different ways: disruption of ROS formation mechanism by
inhibiting chelating elements or enzymes involved in free radical
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formation, removal of ROS, up-regulation or protection of
antioxidant defenses [57]. Finally, flavonoids are known to inhibit
some microsomal enzymes involved in ROS generation. These
enzymes include mitochondrial succinoxidase, monooxygenase,
nicotinamide adenine dinucleotide oxidase, and glutathione S-
transferase [58].

Anticarcinogenic Activity

It is known that fruits and vegetables with intense flavonoids
are chemopreventive agents. From the beginning to the end of the
carcinogenicity process, flavonoids have been observed to act
through a variety of mechanisms, including developmental and
hormonal activities [59]. To explain the basic working principle of
flavonoids at the molecular level, we can mention the inhibition of
tyrosine kinase, cell cycle arrest, estrogen receptor binding capacity,
downregulation of mutant p53 protein, inhibition of the expression
of Ras proteins and inhibition of heat shock proteins [60].

P53 mutations are among the most common genetic
abnormalities in all types of cancer. Inhibition of p53 expression in
cancer cells can cause cycle arrest in the G2-M phase during the cell
cycle [61]. In some studies in cell lines derived from breast cancer
patients, flavonoids have been observed to reduce the measured
expression for the mutant p53 protein to almost undetectable levels
[62]. Tyrosine kinase enzymes are a family of proteins found among
membrane proteins in the cell, and their task is to capture growth
factor signals and direct them to the cell nucleus. According to
studies, it is thought that these enzymes disrupt growth control and
take part in oncogenesis in this way. It is known that drugs used to
reduce tyrosine kinase activity have antitumor effects, but do not
cause many of the side effects observed in chemotherapy. Quercetin
is known to be the first tyrosine kinase inhibitor examined during
phase | studies [63, 64]. It forms a complex with the interaction
between heat shock proteins and mutant p53 molecule, allowing
tumor cells to inhibit cell cycle arrest mechanisms. They also allow
advanced, proliferating and disseminated cancer cells to survive
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even under different challenging conditions. Flavonoids restrict the
production of heat shock proteins in different cells in tissues of
different cancer types [65].

Antidiabetic Activity

Various flavonoid types such as quercetin, rutin, apigenin,
catechin, venoruton, and naringenin have been observed to have
strong hepatoprotective effects in studies [66]. During common
chronic diseases such as diabetes, the likelihood of hepatic clinical
manifestations increases. In the liver of a person with diabetes, there
is a significant decrease in the amount of ROS, the expression levels
of glutathione and glutamate-cysteine ligase. Anthocyanidins are
gaining increasing attention for their preventive effects on various
diseases [67]. Anthocyanidin 3-O-B-glucoside (C3G) increases
CAMP levels, then activates protein kinase A (PKA) and increases
hepatic Gclc expression. As a result of this biochemical process,
phosphorylation of cAMP response element binding protein (CREB)
is regulated, promoting CREB DNA binding and increasing Gclc
transcription. In addition, increasing Gclc expression results in
decreased hepatic ROS levels and proapoptotic signaling. In
addition, C3G therapy suppresses the release of proinflammatory
cytokines and protects against adipose tissue formation by reducing
lipid peroxidation in the liver [68, 69].

Various clinical studies have demonstrated the advantages of
flavonoids in the treatment of digestive-related problems such as
anorexia, nausea, abdominal pain and hepatobiliary dysfunction. It
has been reported that the flavonoids hirustrin and avicularin, as well
as Equisetum arvense flavonoids isolated from many other sources,
may be countermeasures against hepatotoxicity induced by chemical
processes in HepG2 cells [70, 71].

Antimicrobial Activity

It is known that plants synthesize flavonoids in response to
infections of microbial origin. Therefore, they are considered

suitable as antimicrobial agents effective against various
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microorganisms in vitro. Studies have shown that plant extracts
containing flavonoids have antibacterial properties [72-74].
Flavonoids with antibacterial properties can show activity in more
than one cellular target after consumption. These interact with
proteins to form complexes through hydrophobic effects and non-
specific forces such as hydrogen bonding. They are also known to
form covalent bonds. Therefore, the antimicrobial properties of
flavonoids can be affected by their ability to inactivate cell
membrane transport proteins, enzymes, and microbial adhesins. In
addition, lipophilic flavonoids can damage the microbial membrane
structure and cause disruption [75, 76]. Catechins, one of the
subgroups of flavonoids and a kind of secondary metabolite, is a
compound whose antimicrobial activities have been extensively
investigated and it has been found to have intense protective activity.
These compounds have been proven to show antibacterial activity in
vitro against many bacteria such as Vibrio cholerae, Streptococcus
mutans, Shigella dysenteriae [77, 78].

Antiviral Activity

Flavonoids are an important resource for the discovery and
over time development of new antiviral drugs, due to their
abundance in nature and the known low probability of side effects
[79]. Most research on antiviral compounds focuses on inhibiting
various enzymes possessed by viral organisms. Viruses are
organisms with a DNA or RNA genome model. They rely on the
metabolism of the host organism and its environment to continue to
reproduce and maintain their vitality. Once they have taken over the
host's cellular machinery, they multiply and spread [80].

There are various mechanisms by which viruses are inhibited
by flavonoids. By preventing viruses from contacting cells and
penetrating the cell membrane, they can interrupt different stages of
viral DNA's replication, translation and protein processing
processes. They can also prevent the spread of viruses to other
healthy host cells [81]. In a study, it was observed that flavonoids
can attach themselves to the surface proteins of viruses and prevent
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the virus from entering the host cells. According to this study, some
flavonoids affect the replication process by acting as inhibitor
molecules during the transcription stage. Others inhibit the late
stages of microviral assembly, packaging and release processes.
Flavonoids can also regulate the immune system and reduce viral
load [82].

Chemistry of Flavonoids

Flavonoids were first discovered in orange cells in 1930. When
it was first isolated, it was thought to belong to a new vitamin class
and was called vitamin P. Later, it was understood that this substance
was a flavonoid and it is known that there are over 4000 isolated
flavonoid species today [83].

Flavonoid characterization is usually achieved using nuclear
magnetic resonance (NMR) and mass spectrometry (MS)
technologies. Chemically, flavonoids have a fifteen-carbon
backbone consisting of a heterocyclic pyran ring and two benzene
ring structures attached to it. These carbon atoms are arranged in 3
rings (A, B and C) in the literature. The flavonoid classes differ from
each other in the saturation level of the C ring. Each compound
within a class differs in the configuration pattern of the A and B
rings, which affects the antioxidant properties and phenoxy radical
stability of the substances [84]. According to these differences,
flavonoids can be in glycoside form, aglycone form and methylated
derivative form [85]. The six-membered ring attached to the benzene
ring forming the backbone in the flavonoid structure may be an a-
pyron or its dihydro derivative [86]. The flavonoid class is divided
into flavanones (2-position) and isoflavonoids (3-position)
depending on the location of the benzenoid subgroups. The free
radical scavenging potential of flavonoids, which are natural
polyphenolic compounds, varies depending on the presence and
location of free —OH groups on the skeleton. Flavonoids are usually
hydroxylated at 2, 3, 3, 4, 5, 5, 7 positions [87]. In addition,
flavonoids containing more than one hydroxyl group are more
effective antioxidants than those with a single hydroxyl group [88].
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Bioavailability of Flavonoids

Bioavailability is defined as "the rate at which a drug or active
substance enters the circulation systemically or the degree to which
it becomes fully usable at biological targets”. Although significant
progress has been made in understanding the bioavailability
mechanism of flavonoids, their efficacy is still the subject of
research [89, 90]. Therefore, flavonoids, an alternative therapeutic
target with cost-effective, safe and less toxic effects, are often
recommended in the treatment of many diseases [91]. Current
therapies are often inadequate for chronic and non-chronic diseases
such as cardiovascular, autoimmune, neurodegenerative, diabetes
and cancer [92]. The complex structures and high molecular weights
of flavonoids cause poor bioavailability [93]. Poor bioavailability, a
major limitation, is seen as a major barrier to the efficacy of
flavonoids [92, 94]. Accordingly, the focus should be on finding
factors that inhibit the in vivo bioavailability of dietary flavonoids.
It has been shown that the bioavailability mechanism of flavonoids
depends on their biological activities, functional groups,
metabolism, composition and number of hydroxyl groups [93].
Flavonoids generally have low plasma concentrations [95].
Therefore, plant flavonoids are considered as combined therapy in
both in vitro and in vivo models. [94]. The bioavailability levels of
flavonoids vary according to dietary sources, and these compounds
interact with other nutrients and may reduce glucose absorption in
the body [96]. Consumption of oil together with flavonoids increases
the absorption of these compounds in the gut and, in direct
proportion, their bioavailability. [97]. However, the data obtained
shows that flavonoids' bioavailability decreases when consumed
with proteins [98]. In addition, the microbiome population present in
the gut is of great importance for the absorption and metabolism of
flavonoids. [99]. Immediately after consumption, it is hydrolyzed in
the intestine and subsequently absorbed by intestinal epithelial cells.
After absorption, flavonoids are metabolized in the small intestine,
liver, and kidney, respectively. The flavonoids that then enter the
circulation go through a series of biochemical processes before
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reaching the tissues. This series of biochemical events includes
processes such as glucuronidation, methylation and sulfation, which
are factors that affect the biological activities of flavonoids [100]. It
appears that flavonoids reach high concentrations in the blood
plasma approximately two hours after consuming foods rich in
flavonoids. However, their concentrations differ according to the
type of flavonoids. In studies, it was found that anthocyanins showed
low concentrations in plasma, while quercetin, gallic acid, catechin,
glucosides and isoflavones showed high concentrations. [101].

Classification of Flavonoids

Flavonoids generally accumulate as glycosides in organelles
called vacuoles in plant cells [102]. Differences in the structure of
flavonoid compounds are the main factor in their classification
[103]. Flavonoids are classified into six main groups: flavanones,
flavonols, anthocyanins, flavones, isoflavones, and flavanols [103,
104].

Flavonones are found in all parts of the plant, especially
depending on the type [48]. Hesperetin and naringenin, which are
important flavanone compounds that attract attention with their high
amounts in foods, are found in lemon, orange, grapefruit and citrus
[105]. It has been proven that flavanones exhibit various
pharmacological activities, including anti-inflammatory, anticancer,
and antiviral [106, 107]. In addition, it has been found that the
compound naringenin can reduce the production of nitrates and
nitrites, which are indicators of intestinal edema formation during
intestinal inflammation [108].

Flavonols (epicatechin, catechin, myricetin, quercetin,
kaempferol gallocatechin) are known as the condensed form of
tannins and have a very complex structure [109]. Flavanols are
abundant in a wide variety of plant derivatives such as tea, onions,
broccoli, cocoa, kiwi, apples, lentils and broad beans. It is commonly
known to be found in plant seeds or in the skins of fruits and
vegetables [110]. In many studies, it has been determined that
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flavonols play an important role in defense against pathogens [111,
112]. Catechins have been found to be able to modulate cell
proliferation and apoptosis as well as have anti-carcinogenic activity
[113].

Anthocyanins are a group of phytochemicals that include red,
purple, blue and orange pigments present in many fruits and
vegetables [109]. It contains malvidin, delphinidin, cyanidin and
pelargonidin anthocyanidins, commonly found in tea, honey, cocoa,
hazelnuts, olive oil and grains [103]. Anthocyanins have been shown
to play an important role in cardiovascular diseases, cholesterol,
antioxidant activity and cytotoxic conditions [114]. In addition, this
group of flavonoids has been found to preserve DNA integrity and
antioxidant levels in tissues [115].

Flavones are one of the largest classes of flavonoids and are
glycosides abundant in celery, capsicum, orange and tea. One of the
two main flavones that can be consumed is apigenin and the other is
luteolin. It has been determined that apigenin protects cells against
free radicals. In a study, it was determined that this compound plays
a role as a regulator of the antioxidant defense system in pancreatic
cells [116]. It has also been found that apigenin effectively reduces
inflammation and neuroinflammation and prevents the loss of
antioxidant enzyme activity in cells [92, 117].

Isoflavones are an important subclass of flavonoids. It has
been found that it is found in fruits, vegetables and nuts as well as in
legumes in general. Soybeans contain isoflavones such as genistein
and daidzein [118]. It has been determined that isoflavones have
effective antioxidant properties and as a result, they reduce the risk
of cancer by preventing DNA damage [103]. Isoflavone compounds
are known to have positive effects on heart health and menopause
[119]. Isoflavones have an important place among natural products
that can support cardiovascular health in the postmenopausal period
[120]. A diet rich in isoflavones and containing soy protein has been
proven to have a powerful effect on regulating hormonal status and
the menstrual cycle [121]. Epidemiological studies have also shown
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that consuming high amounts of soy isoflavones reduces the risk of
breast cancer [122].

Unlike other flavonoid groups, flavanols, also called
dihydroflavones, are obtained from a limited number of plants [123].
Long-term consumption of foods rich in flavanols is thought to have
powerful effects on improving endothelial function and preventing
cardiovascular diseases [103]. The basic building block of tannins,
catechin, is one of the most important compounds of the flavanol
group. In addition, it has been determined that catechins play an
effective role in cell proliferation, apoptosis mechanism, and
Nuclear Factor kappa B (NFKB) pathway [113].

Flavonoids in Diet

Flavonoids represent the most common group of natural
polyphenolic compounds [124]. The potential relationship between
dietary flavonoids and health is a popular area of study. These
bioactive compounds make up about 70% of the diet [95]. In
epidemiological studies, it has been shown that consumption of
foods rich in flavonoids such as fruits, vegetables, grains, cocoa, and
tea, reduces the risk of developing certain diseases [125]. In addition
to the various pharmacological effects of flavonoids, it has been
found that they act as free radical scavengers, metal chelators, and
antioxidant agents [126]. It has been determined that flavonoid-
based diets play an important protective role in life-threatening
diseases such as coronary heart disease and cancer [127]. Fruits and
vegetables are seen as the main sources of dietary antioxidants. The
daily intake of flavonoids has been found to range from
approximately 25 mg to 1 g [128, 129]. In vitro studies on the
antioxidant activities of plant flavonoids in foods and their protective
effects on biological systems have revealed the potential effects of
flavonoids in the diet [39, 130]. Dietary studies using foods rich in
flavonoid compounds have shown that these compounds positively
affect memory and learning in animal models of disease [131, 132].
In addition, it has been established that flavonoids inhibit the
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activities of microglial cells, are involved in inflammatory processes
in the nervous system, and have strong antidepressant effects [133].

Neuroprotective Effects of Flavonoids in AD

It is known that favonoids are able to cross the blood-brain
barrier (BBB) and are therefore potentially useful agents in the
prevention of neurodegenerative disorders [134]. The biological
activities, potential mechanisms of action, and targets of natural
flavonoids in AD have been the subject of many studies. In
particular, data has been obtained indicating that certain flavonoid-
rich foods have a definite protective effect on Alzheimer's.

Cocoa, tea, and wine are flavonoid-containing and widely
consumed food items. One study examined the relationship between
the intake of these foods and cognitive performance [135]. At the
end of the study, it was determined that the subjects who consumed
chocolate, tea, and wine had better cognitive performance than the
others. Although the best effect was observed with wine
consumption, excessive alcohol intake was identified as the cause of
Alzheimer's. This is because the relationship between these
foodstuffs and cognitive performance is dose-dependent [136].

A high soy diet has also been found to improve memory and
frontal lobe function. In a study of 33 postmenopausal female
subjects, the subjects were supplemented with soy extract for 12
weeks, and it was found that subjects who took isoflavone
supplements showed better improvement in memory and attention
experiments [137].

Tannic acid is a flavonoid found in various legumes, most
commonly green tea, bananas, dates, raspberries, and wine. It has
antioxidant, antiviral, antibacterial, anticarcinogenic, and anti-
inflammatory effects [138]. In addition to all these, tannic acid has
also been found to have neuroprotective effects against AD. Tannic
acid has been shown to be a natural inhibitor of -secretase (BACE1)
activity, which is responsible for Ap production. In addition, it is
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known that tannic acid inhibits the in vitro aggregation of tau
peptide, which is the main component of NFTs.

Catechin and epicatechin are also pharmaceuticals used in the
prevention of AD. These flavonoids have been found to reduce
amyloid deposits and neurofibrillary tangles by reducing AP
accumulation and tau pathology. In addition, it was observed that
these compounds showed neuroprotective effects in aged mice with
cognitive problems by reducing oxidative stress. Therefore, catechin
and epicatechin are recognized as flavonoids that increase cognition
and alleviate AD [139].

Quercetin is one of the plant-derived flavonoids with the
strongest antioxidant activity [140]. It is abundant in fruits and
vegetables that are widely used in daily diets. Quercetin has been
found to have neuroprotective effects, improving learning, cognitive
functions, and memory in AD [141]. It is known that it protects
neurons from oxidative damage by reducing lipid peroxidation, and
amyloid beta proteins prevent fibril formation and cell
fragmentation. It increases the level of acetylcholine by inhibiting
AChE, thereby improving the cognitive symptoms of AD [142].
Despite all these results, there is a lack of knowledge about the
precise mechanism by which flavonoids improve cognitive function,
which reduces the risk of AD.

Conclusion

Flavonoids are commonly found in natural foods. It is
considered an alternative way of treating AD with natural
compounds taken through diet or supplementation. In vivo and in
vitro studies using flavonoids have proven to have healing properties
in the mechanisms of AD. However, new flavonoid-based dietary
practices to reduce the risk of AD are thought to require further
study, including the specific mechanisms by which flavonoids exert
potential neuroprotective effects. Understanding the mechanisms
underlying flavonoid-protein interactions in AD may be a promising
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step in developing new neuroprotective strategies for
neurodegenerative diseases.
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CHAPTER IV

Autoimmune Skin Disorder: Psoriasis
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Abstract

Psoriasis, which is suffering from approximately 125 million
people worldwide, is known as a common inflammatory skin disease
caused by the interaction between genetic and environmental risk
factors. It is mostly seen in joint areas and skin, as well as associated
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with cardiovascular diseases, mental problems and inflammatory
arthritis. Topical treatments (retinoids and immunomodulatory
agents) are recommended for mild psoriasis, and the use of
biological products (tumor necrosis factor a (TNF-a) and IL-17, IL-
12 and IL-13 inhibitors) for moderate and severe diseases. Psoriasis
vulgaris, also known as plaque psoriasis, is the most common type
of psoriasis with various dermatological symptoms.

What is Psoriasis?

Psoriasis is portrayed as a chronic inflammatory skin disease
that includes environmental factors and disease-causing
environmental factors, that is, innate and adaptive immune
processes. This disease occurs as a result of abnormal differentiation
of keratinocytes, epidermal proliferation and infiltration of effective
leukocytes in the epidermis-dermis (Albanesi et al., 2007; Romanelli
etal., 2018). It affects approximately 2-3% of the world's population,
varying by region (Michalek et al., 2017).

Epidemiology

The prevalence of psoriasis, which has approximately 125
million people worldwide, varies in different regions. This change
was equally distributed among men and women (Parisi et al., 2013).
While genetic factors have a very important place in the formation
and progression of psoriasis, environmental factors may be a factor
in increasing the severity of this disease (Nair et al., 2006).

Classification

The clinical and dermatological symptoms of psoriasis vary
according to the type of psoriasis. Among the most common variants
are Guttate psoriasis, Erythrodermic psoriasis, Pustular psoriasis and
Inverse psoriasis, especially Plaque psoriasis.
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1. Plaque psoriasis (Psoriasis vulgaris)

It contains about 80-90% of all the factors that cause psoriasis
to occur. This disease manifests itself as scaly patches with clear
borders, erythema or plaque. These plates coalesce to cover the large
skin surface. It is most commonly seen on the outer surfaces of the
limbs, trunk and scalp. Developing moderate to severe plaque
psoriasis can cause strong itching (Armstrong & Read, 2020).
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Figure 1. Locations of Plague psoriasis in the body (Bachelez et
al., 2022).

Histologically, the most prominent features are thickened
epidermis, hyperproliferation/abnormal keratinocyte differentiation
and parakeratosis. Diseases accompanying plaque psoriasis are
Psoriatic arthritis, Inflammatory bowel disease, Diabetes and

Cardiovascular disease (Bachelez et al., 2022).
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Figure 2. Dermatological appearance of Plaque psoriasis,
characterized by the presence of scaly plaques (Bachelez et al.,
2022).

Figure 3. Appearance of Plaque psoriasis on the left elbow
(Ardeleanu et al., 2020).
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2. Guttate psoriasis

It manifests as a red scaly lesion about 3-5 mm in diameter. It
spreads in a population of 2%, mostly children and adolescents. It is
triggered by group A streptococcal infections in the tonsils. Plaque
psoriasis is likely to occur in 33% of patients with guttate psoriasis
(Cotton et al., 2011; Rendon & Schikel, 2019).

Guttate psoriasis, which is clinically described as a subclass of
cutaneous psoriasis, has a droplet-like appearance that usually
spreads to the trunk and limbs. It is characterized as the onset of
monomorphic, erythematous and squamous macules or papules
(Maruani et al., 2019).

Figure 4. Appearance of guttate psoriasis on the trunk (Maruani et
al., 2019)

3. Erythrodermic psoriasis

Erythrodermic psoriasis is a variant that covers most of the
cutaneous surface (%80-90), triggering scaling or developing
exfoliation. Although it is rare, it is a life-threatening dermatological
emergency, causing fever and shock due to temperature control and
fluid loss (Armstrong & Read, 2020; Cotton et al., 2011). Compared
to patients with plaque psoriasis, the Th2 immune response is
characterized by high serum immunoglobulin E level, serum level of
IL-13, IL-4 and IL-10 levels, and low Th1/Th2 ratio. The most
distinctive features of Erythrodermic psoriasis are that it appears as
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lesions that are thinner, resemble a dusty surface, vary in size, and
do not have sharp borders (Shao et al., 2020).

Figure 5. Appearance of erythrodermic psoriasis on the cutaneous
surface (Shao et al., 2020).

4. Pustular psoriasis

Pustular psoriasis can be affected by factors such as infection,
sudden decrease in steroids, pregnancy, and a decrease in calcium
below 8.5 mg. In addition, interleukin 36 receptor antagonist
(IL36RN) interacts with sequence variation. Its scope is limited to
the hands (palms) and feet (fingertips and nail apparatus). Two
phenotypes have been described: Hallopeau acrodermatitis

continuum and psoriasis pustulosa palmoplantaris (Tsoi et al., 2017;
Navarini et al., 2017).
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Figure 6. Locations of Pustular psoriasis in the body (Bachelez et
al., 2022).

Pustular psoriasis presents with a histology characterized by
spongy pustules, subcorneal pustules and neutrophil infiltrates.
Extracutaneous symptoms (cholestasis, cholangitis, interstitial
pneumonia, acute renal failure) have been associated with diseases
such as obesity, hypertension, hyperlipidemia and diabetes
(Bachelez et al., 2022).
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Figure 7. Dermatological presentation of pustular psoriasis,
dominated by numerous confluent white/yellowish pustules.

5. Inverse psoriasis

Inverse psoriasis, also known as flexural psoriasis, is manifested
by red, sharp-edged and thinner patches in the intertriginous,
underarm and inguinal regions (Armstrong & Read, 2020; Rendon
& Schikel, 2019).

The prevalence of inverse psoriasis varies between 3% and 36%.
It shows typical features in children, mostly in young babies. Sudden
occurrence in adults has been considered as a marker of HIV
infection. Although it remains in a limited area on the body surface,
it greatly affects the quality of life (Micali et al., 2019).
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Figure 8. Appearance of inverse psoriasis in different areas of the
body (A): 38 years old, female, under breast, (B): 54 years old,
female, perianal region, (C): Baby, right armpit, (D): 5 years old,
child, right popliteal fossa, (E) : 46 years old, male, right groin
(Micali et al., 2019).

Pathogenesis

Although the pathogenesis of psoriasis has not been fully
explained, it is known to have a complex structure. In the middle of
this structure, there is an increase in the activation of the members
of the adaptive immune system. In other words, various cells,
including plasmacytoid dendritic cells, T cells, macrophages,
neutrophils and keratinocytes, increase the release of cytokines and
activate myeloid dendritic cells (Rendon & Schikel, 2019). DNA-
LL37 stimulates plasmacytoid dendritic cells to secrete interferon
alpha (IFN-a), and myeloid dendritic cells become active.
Accordingly, IL-12 and IL-23 release occurs. While IL-12 ensures
the differentiation of T cells into TH1 cells, 1L-23 ensures the
survival and proliferation of TH17 and TH22 cells.
Interferongamma(lFN-y) and TNF-a are secreted by TH-1, IL-17,
IL-22 and TNF-a by TH17, and IL-22 by TH22. These secreted
cytokines cause the downregulation of keratinocytes and the entry of
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immune cells into the lesioned skin. The most striking feature of this
disease is the irregular proliferation of keratinocytes and unwanted
differentiation due to inflammation (Fig 9) (Frank et al., 2009;
Alwan & Nestle, 2015).
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Figure 9. Pathophysiology of Psoriasis.

Autoimmunity

It is thought that psoriasis has an autoimmune pathogenesis.
Because psoriasis is defined as a common inflammatory skin disease
that occurs through T cells that are specific to autoantigen and
contribute to the development, general structure and chronic state of
the disease (Rendon & Schikel, 2019; Arakawa et al., 2015). The
human leukocyte antigen (HLA) class I allele, HLA-C*06:02, is an
important risk gene in psoriasis. LL37 is the well-known T cell
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autoantigen in this disease. LL37-specific epidermal CD4+ and
CD8+ T cells are found in moderate to severe plaque psoriasis. In
addition, T cells specific for LL37 produce IFN-y, while CD4+T
cells are responsible for producing IL-17, IL-21 and IL-22 (Lande et
al., 2014). LL37-specific T cells contribute to the development of
psoriasis by being found especially in the skin and blood where
lesions occur. CD8+T cells mediate epidermotropism, autoantigen
recognition, and increased secretion of Thl7 cytokines.
ADAMTSLY5, defined as a melanocytic autoantigen, is limited to
HLA-C*06:02, which is recognized by the CD8+T cell TCR (T cell
receptor). In other words, in psoriasis lesions, CD8+T cells that are
activated against ADAMTSLS expressed by melanocytes are
abundant. This shows that melanocytes are clear autoimmune target
cells. It has become clear that CD8+T is a psoriatic autoantigen by
inducing IL-17A in CD8+T cells as a result of stimulation of
ADAMTSL5 (Arakawa et al., 2015).

Treatment

Since psoriasis recurs chronically, it requires a long-term
treatment process (Rendon & Schikel, 2019). In order to determine
the treatment conditions, first of all, it is very important to define the
degree of the disease and the diseases it triggers (Mrowietz et al.,
2011). Inflammatory, infectious and neoplastic conditions such as
atopic dermatitis, seborrheic dermatitis, pityriasis rosea, syphilis and
cutaneous T-cell lymphoma are important distinguishing features for
the definition of psoriasis. Such conditions cause itching and
characteristic morphologies. However, in cases that cannot be
evaluated, a skin biopsy may be required (Singh et al., 2018).
Psoriasis-related diseases are generally examined under three groups
as mild, moderate and severe psoriasis. This grouping; It is formed
according to the percentage of surface area affected, the
measurement of quality of life, and the clinical severity of the lesions
that ocur (Mrowietz et al., 2011).

Topical corticosteroids, vitamin D analogues, calcineurin
inhibitors, Kkeratolytics, and targeted phototherapy or their
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combinations are considered as treatment options in mild to
moderate psoriasis covering 3-5% of the body surface (Rendon &
Schikel, 2019; Diluvio et al., 2006). In moderate and severe
psoriasis, which covers 3-10% of the body surface, systemic
treatment (biological drugs, oral agents and phototherapy) is often
used. The use of biological drugs is used more effectively in
treatment than others. In addition to these, topical treatments can also
be preferred as adjunctive treatment, not alone (Armstrong et al.,
2020). Drugs used in the treatment of psoriasis are shown in Table 1
(Rendon & Schékel, 2019).

Tablel. Drugs considered suitable for use in the treatment of

psoriasis
Drug Mechanism Application
Dihydrofolate reductase inhibition blocks purine
Methotrexate . o . . s.c./oral
biosynthesis; induction of lymphocyte apoptosis
Cyclosporin Calcineurin inhibition leading to reduced IL-2 oral
Acitretin Normalization of keratipoc_yte prolifera?ior}/differentiation oral
through retinoid receptor binding
ntracellular glutathione, modulation of Nrf2, NF-kB, and
Fumarate HIF-1a; promoting a shift frqm a pro-inflammatory oral
Th1/Th17 response to an anti-inflammatory/regulatory
Th2 response.
DE4 inhibitor increases in tracellular cAMP levels in
Apremilast immune and non-immune cell types modulating oral
inflammation
Etanercept Dimeric human fusion protein mimicking TNF-aR S.C
- Chimeric IgG1x monoclonal antibody that binds to soluble .
Infliximab iv.
and transmembrane forms of TNF-a

Adalimumab Human monoclonal antibody against TNF-a s.C

Certolizumab

Fab portion of humanized monoclonal antibody against

TNF-a conjugated to polyethylene glycol se

Ustekinumab

uman lgG1k monoclonal antibody that binds with
specificity to the p40 protein subunit used by both the s.C
interleukin (IL)-12 and IL-23 cytokines IL-12/IL-23 p40

umanized IgGlx, which selectively blocks IL-23 by

Tildrakizumab binding to its p19 subunit €
Human immunoglobulin G1 lambda (IgG1L) monoclonal
Guselkumab antibody that selectively blocks IL-23 by binding to its s.C
p19 subunit
. . umanized 1gG1 monoclonal antibody that inhibits
Risankizumab s.C

interleukin-23 by specifically targeting the p19 subunit

Secukinumab

Human IgG1k monoclonal antibody against IL-17A S.C

Ixekizumab

Humanized, immunoglobulin G4k monoclonal antibody

selectively binds and neutralizes IL-17A s

Brodalumab

Human monoclonal 1gG2 antibody directed at the IL-

17RA s€
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Comorbidities

Although psoriasis is known to affect the skin area, studies
have shown that it affects joints and different organ locations and
causes the development of some diseases. In the light of these data,
it is thought that psoriasis is not only a dermatological disease, but
also a unique condition (Sommer et al., 2006; Gerdes et al., 2016).
About 33% of psoriasis patients develop psoriatic arthritis during
their lifetime (Mease & Goffe, 2005). However, diseases such as
hyperlipidemia, Cardiometabolic diseases (myocardial infarction,
stroke, and peripheral vascular disease), Type 2 diabetes,
Psychological diseases (depression, anxiety), Inflammatory bowel
diseases (Crohn disease, ulcerative colitis), and hypertension, such
as psoriasis in a normal individual It has been supported by studies
that it is seen twice as often in individuals with the disease (Sommer
et al., 2006; Gerdes et al., 2016; Elmets et al., 2019).

Risk Factors

Behavioral and environmental factors, especially genetic
factors, contribute greatly to the development of psoriasis (Tsoi et
al., 2017). Loci (PSORS1-9, PSORSASI) and alleles (HLA Cwe6,
HLADQ*02:01, CCHCR1, and CYP1A1) are indicated as genetic
risk factors for the development of psoriasis (Tsoi et al., 2017; Liu
et al., 2008). In individuals with high sensitivity, environmental
factors such as skin trauma due to Streptococcal infections,
consumption of addictive substances, drugs (such as lithium and
interferon) and stress factors trigger psoriasis (Armstrong, 2014). In
other words, risk factors affecting psoriasis can be grouped as
internal and external factors. Its schematized form is shown in Figure
10 (Kamiya et al., 2019).
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Figure 10. Internal and external risk factors that initiate and
exacerbate psoriasis.

Stress

According to the data obtained from studies on the relationship
between stress and psoriasis, it has been observed that 26-88% of
individuals suffering from psoriasis have stress-related complaints
(Rousset & Halioua, 2018). The secretion of glucocorticoids (Arnetz
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et al., 1985) begins to decrease with the development of psoriasis
and there is a concomitant increase in catecholamines (Buske-
Kirschbaum et al., 2006). This affects the hypothalamic—pituitary
axis and stimulates the secretion of corticotropin-releasing hormone.
When stress physiology is examined, it has been reported that
degranulation of mast cells is stimulated and proinflammatory
cytokines are released due to stress due to these oscillations. This
interaction is also thought to cause an increase in the degree of
psoriasis (Rousset & Halioua, 2018). Because, it has been shown that
the expression of Corticotropin-releasing hormone receptor 1
increases in psoriasis plaques, and cytokines such as TNF-alpha,
interferon-alpha, interleukin 1 and 6 are secreted during psoriasis
and increase CRH secretion by causing inhibition of serotonin
secretion. In this case, the tendency to stress causes an increase in
the rate or an increase in stress (Cevirgen et al., 2012).

In psoriasis patients due to stress factors; It has been observed
that evening cortisol is directly proportional to the PASI score
(Brunoni et al., 2014), the permeability of the epidermal barrier
changes, the healing process of wounds on the skin is prolonged, the
inhibition of epidermal lipid synthesis, which is effective in
keratinocyte proliferation (Garg et al., 2001), and the production of
substance P (Fortune et al., 2005), which plays an active role in the
increase of inflammation, accelerates. The mechanism between
stress and psoriasis is clearly illustrated in Figure 11. (Rousset &
Halioua, 2018).
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Figure 11. The physiology of the link between stress and psoriasis.

Conclusions

Psoriasis is a common inflammatory skin disease associated
with numerous diseases: medical, psychological and social. It can
often be determined genetically. It causes a serious decrease in the
quality of life of patients. However, a clear understanding of its
pathophysiology and effective immune mechanism can be seen as an
important step to improve this condition. Because it will help
increase the diversity in the treatment methods to be applied.
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CHAPTER V

Otoimmiin Cilt Hastahgi: Alopesi Areata

Handan UGUZ!

Esra PALABIYIK?2

Ayse Nurseli SULUMER3
Bahri AVCI3

Hakan ASKIN*

Alopesi areata (AA), kafa derisinde ve/veya viicutta iz
birakmayan, otoimmuiin, inflamatuar ~ sac¢ dokilmesidir
(Satyaprakash, 2014). Bu hastaligin bilinen alt gruplar1 arasinda
terminal kafa derisi killarinin tamamen yok oldugu (alopesi totalis
veya AT) ve terminal kafa derisiyle birlikte (alopesi universalis veya
AU) yer almaktadir (Sehgal, 2003; Lee et al., 2018). AA ile ilgili
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insidans ve prevalans ile ilgili az sayida ¢alisma olmasin ragmen,
AA’nin insidansinin %0,1-0,2 oldugu ve yasam boyu riskinin %1,7
oldugu, erkek ve kadinlarin esit olarak etkilendigi bildirilmistir
(Naik et al., 2021).

Epidemiyolojisi

AA en yaygin goriilen inflamatuvar sa¢ dokiilmesi ve Amerika
Birlesik Devletleri'nde yaklasik 4,5 milyon kisiyi etkilemektedir
(Wang, 2014). Etnik kokene ve bireyin yasadigi bolgeye bagh
kalmaksizin, AA prevalansi %0,1 ila %0,2 arasindadir ve yasam
boyu risk %2 olarak hesaplanmistir (Naik et al. 2021). Bozukluk 3
yasin altindaki ¢ocuklari nadiren etkilese de hastalarin ¢ogu nispeten
gengtir: %66's1 30 yasin altinda ve sadece %20'si 40 yasin
iizerindedir. Hastalik her iki cinsiyeti de esit diizeyde etkilemekte ve
cinsiyet ayrimi yoktur, ancak 21 ila 30 yas arasindaki bir grup insan
iizerinde yapilan bir ¢alismada daha fazla erkegin etkilendigi
bulunmustur (Kyriakis, 2009).

Normal Sa¢ Biiyiimesi

Alopesi areata'nin klinik 6zellikleri ve teshis siirecini daha iyi
anlamak i¢in, bu durumun neden oldugu degisiklikleri ve sag
folikiiliiniin normal immiinobiyolojik mekanizmalarin1 daha iyi
anlamak gerekmektedir. Sag folikiilleri, insan viicudunda kapsamli
bir sekilde bulunan, 6miir boyu siiren, dongiisel doniisiim gegiren tek
organdir (Oh et al., 2016). Cok hizl1 bir biiylime, pigmentasyon ve
sac teli iiretimi doneminden (anajen, aktif biiyiime fazi, evre I'den
Vl'ya kadar degisen siniflandirma ile) kisa, apoptoza dayali bir organ
involiisyonu evresine (katajen) gecerler. Katajen evresinden sonra,
sa¢ folikiilleri anajen evresine yeniden girmeden Once telojen
(goreceli bir durgunluk) donemine girer (Sekil 1). Bu rejeneratif
dongii (Sekil 2), cogunlukla siskinlik olarak adlandirilan bolgede
bulunan keratinosit ve melanosit kok hiicrelerinin sayisindaki artig
ile miimkiin olmaktadir (Gilhar et al., 2012). Sa¢ folikiilii dongiisii
ve rejenerasyonu kok hiicreye bagl olsa da sag¢ teli iiretimi ve
pigmentasyonu bu kok hiicrelerin farklilagsmalariyla gergeklestirilir.
Hizla ¢ogalan bu keratinositler ve pigment lireten melanositler
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anajen sa¢ matriksinde (Sekil 1) bulunurlar. Bu da AA inflamatuar
saldirinin ana hedefidir (Rajabi et al., 2018).

/

Katajen

‘o’ A Telojen

s o.e.\z /‘0“
L .QS:'J «
Erken katajen, indiiksiyonu

Anajen faza déniis

Sekil 2: Alopesi areata sag siklusu (Gilhar et al., 2012)

Sa¢ Folikiilii Immiinobiyolojisi

Sac folikiilii, immiinolojik bir 6zellige sahiptir. Genellikle
intrafolikiiler olarak ifade edilen otoantijenlere (viicudun kendi
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hiicrelerine kars1 tepki veren molekiiller) karst otoimmiin bir
saldirty1 engelleyen bir tiir immiin ayricalik ortami olusturmaktadir.
Bu bagisiklik, viicudun kendi hiicrelerine kars1 bagisiklik sisteminin
asir1 tepki vermesini 6nleyen bir mekanizmadir (Paus et al., 2018).
Immun ayricalik, sac¢ foliikiiliindeki hiicrelere karst otoimmiin
reaksiyonlarin inhibe edilmesini saglayan birtakim mekanizmalar
(MHC smif Ia stabilize edici B2 mikroglobulin ile major
histokompatibilite kompleksi [MHC] sinif Ia antijenler) igerir. Bu
mekanizmalar, CD8" T lenfositlerinin sag folikiilii hiicrelerine asir1
reaksiyon vermesini inhibe eder (Ito et al., 2004; Paus et al., 2018).
Sa¢ folikiillerine iliskin immiin ayricaligin fizyolojik islevi tam
olarak bilinmese pigment iiretimiyle iliskili birkag (vitiligo ve halo
neviisler vb) otoantijenin yiiksek oranda immiinojenik oldugunu
bilinmektedir. Bu nedenle, aktif sa¢ teli pigmentasyonu sirasinda
iretilen melanogenez ile iliskili otoantijenlerin ve belki de diger
anajen ile iliskili sa¢ folikiilii otoantijenlerinin, halihazirda mevcut
olan otoreaktif CD8" T hiicrelerini ¢ekme konusunda yapisal bir risk
olusturdugudur (Gilhar et al., 2012). Klasik bagisiklik ayricaligi ile
korunan diger dokularda oldugu gibi (6rnegin, goziin 6n odasi,
merkezi sinir sistemi ve fetal trofoblast), MHC simif I molekiillerinin
asag1 regiilasyonu, folikiille iligkili otoantijenlerin CD8+ T
hiicrelerine sunulma riskini azaltmaya yardimec1 olabilir (Christoph
et al., 2000; Paus e al., 2005; Carson et al., 2006).
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Saghkh sac siklusu Alopesi areata sac siklusu
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Sekil 3: Saghkli ve AA sag siklusu immiinolojisi (Pratt et al. 2017)

Bununla birlikte, MHC smif 1 molekiillerinin bu asag:
regililasyonu, sag¢ folikiiliinlin dogal oldiirticii (NK) hiicreler
tarafindan saldirtya ugramast riskini beraberinde getirir, NK
hiicreleri tanima i¢in hazirlandigindan ve MHC smif I-negatif
hiicreleri ortadan kaldirir (Hoglund and Brodin et al., 2010). Bu riski
azaltmak icin, saglikli sa¢ folikiillerinin NK-hiicre reseptorlerinin
(NKG2D) aktivasyonunu uyaran ligandlarin ekspresyonunu azalttigi
ve doniistiirticli biiyiime faktorleri f1 (TGF- B1) ve B2, o melanosit
uyarict hormon ve makrofaj gociinii engelleyici faktorii gibi NK-
hiicre ve T-hiicre islevlerini engelleyen molekiilleri salgiladig
goriilmektedir (Gilhar et al., 2012).
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Alopesi Areata Mekanizmasi
1. Genetik

AA genetik temeli icin yapilan c¢alismalarda, aday gen
iliskilendirme, transkripsiyonel profil analizi ve Genom c¢apinda
bilesik analizler (GWAS) gibi c¢esitli teknikler kullanildu.
Baslangicta, otoimmiin hastaliklarda rol oynayan genlere
odaklanildi ve bu genlerin AA yani sira baska hastaliklarda da
(iltihabi bagirsak hastaligi, sedef, tip 1 diyabet, multpli skleroz gibi)
rol oynadigi bulundu (Petukhova and Christiano et al., 2013).
Ozellikle, Insan Lokosit Antijeni (HLA) bélgesi, AA fenotipine
onemli bir katki saglayan bir bolge olarak belirlendi. Son GWAS
analizlerinde HLA sinyalinin genellikle HLA-DRB1 bdlgesine
odaklanilmistir, bu bolgedeki varyasyonlarin AA duyarlilig:
artirabilecegini  gOstermistir.  Genetik calismalar, AA ile
iliskilendirilen genler arasindaki karmasik bir yapiya sahip oldugunu
vurgulamaktadir (Colombe et al.,, 1999; Kavak et al., 2000;
Hordinsky 2013).

Daha sonraki biiylik 6lgekli genetik ¢alismalar, AA ile iliskili
belirlenmis ve HLA boélgesi genlerinin roliinii daha da dogrulamistir.
Bu genler Tablo 1’de gosterilmistir (Pratt et al., 2017).
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Tablo 1. Alopesi Areata Patogenezinde Rol Oynayan Genler
COXL, ATXN2, BCL2L11 (BIM olarak da

bilinir), BTNL2, Cé6orfl0, CD28, CIITA,
CLECI16A (KIAA0350 olarak da bilinir),),
CTLA4, EMSY (Cllorf30 olarak da bilinir),
ERBB3, ICOS, IKZF4, IL2, IL2RA, IL4,
calismalar (GWAS) ile 773 [L15R4, IL21, LRRC32 (GARP olarak
belirlenen genler da bilinir), MICA, NOTCH4, NR4A3,
PRDXS5, PTPN22, RAETIL (ULBP6 olarak
da bilinir), SH2B3 (LNK olarak da bilinir),
SOCS1, SPATAS, STX17 ve ULBP3.
Kantitatif 6zellik dokusu A4DAMTS20, CASP3, CD3E, CRISPI,
(QTL) ile belirlenen CRTAM, HLA kompleksi, IL2RB, IL10RA,
ILI2RBI, IL15, JAK3, LTA, LTB, LY6D,

Genom ile iliskili

genler
NCAMI, PLEC, SOX10, THY1, TNF, TRHR
ve TRPS1

QTL ve GWAS ile HLA-DOAI, HLA-DQA2, HLA-DQOB2 ve
HLA-DRA

belirlenen genler
Kopya sayis1 varyasyon MCHR2ve MCHR2-AS1
analiziyle belirlenen

genler

Transkriptom ifadesine CXCL9, CXCL10, CXCLII and CXCR3

gore belirlenen genler

Yapilan caligmalara bakildiginda, cesitli GWAS analizle
sonucunda AA ile iligkili 14 genetik lokus belirlemistir. Bunlarin
¢ogunun immiin sistemde gorev aldig1 bilinmektedir (Petukhova et
al., 2010; Hordisky 2013; Petukhova and Christiano, 2016).
Ozellikle, dogal 6ldiiriicii (NK) hiicre reseptdrii D (NKG2D;
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KLRK1 tarafindan kodlanir) ligandlar1 NKG2DL3 (ULBP3
tarafindan kodlanir) ve retinoik asit erken transkript 1L proteinini
(RAETIL tarafindan kodlanir; ULBP6 olarak da bilinir) kodlayan
genleri barindiran bir lokus, diger otoimmiin hastaliklarda degil, AA
da benzersiz bir sekilde rol alir. Bu da patogenezde 6nemli bir rolii
oldugunun gostergesidir. Aslinda bu durum, CD8+NKG2D+ T
hiicrelerinin AA patogenezinin ana efektorleri oldugunu gosteren
fonksiyonel = immiinolojik  ¢alismalardan  kaynaklanmustir.
CD8+NKG2D+ T hiicrelerinin hayatta kalmalar1 i¢in IL-15
sinyaline bagli olmalari, yeni terapotik ilaglarin gelistirilmesinde
Januz kinaz (JAK) inhibitorlerinin kullanilmasinin 6niinii agmustir.

Ayrica, genetik c¢alismalart dogrulamak ve etkilenen
bolgelerdeki gen ifadesi degisikliklerini degerlendirmek i¢in gen
ekspresyonu calismalar1 kullanilmistir. Bu ¢alismalarda hastaligin
ilerlemesinde gen ekspresyon diizeyi degisen daha fazla geni
tanimlamigtir (Carroll et al., 2002; Sundberg et al., 2003; Sundberg
et al., 2004; McPhee et al., 2012). Gen ifadesi profilleme ¢alismalari,
interferon-y (IFNy) yolaginin ve ilgili sitokinlerin baskin ifadelerinin
yan1 sira, her ikisine de JAK (Janus kinaz) tarafindan aracilik edilen
sitotoksik T hiicreleri i¢in baskin bir profil ortaya koymustur. Bu
profillerin tespiti, JAK inhibitorleri kullanilarak odaklanmay1 daha
da rafine etmistir. Son donemde, AA ile iligskilendirilen genetik
kopya sayisi varyasyonlar1 (Tab 1), genom ¢apinda yapilan
taramalar sonucunda belirlenmistir (Fischer et al. 2016).

Hem hayvanlarda hem de insanlarda yapilan genetik
calismalarin  ¢ogu AA otoimmiin yoOnlerine daha fazla
odaklanilmasina ragmen sa¢ dokiilmesi biiylik 6lgiide sag¢ telinin
kirilganlig1 ve kopmasindan kaynaklanmaktadir. AA fare modelinde
sisteince zengin salgi proteini 1 (Crispl), QTL, shotgun proteomik
ve in suti hibridizasyon kombinasyonu kullanilarak Alaal geni aday
gen olarak tanimlanmistir (Rice et al., 2009; Rice et al., 2012;
Sundberg et al., 2014). Otoimmiin temelli inflamasyon kil
govdesinin gelisimini ve biiylimesini diizensizlestirebilse de spontan
AA en ciddi sekilde etkilenen soy olan C3H/Hel farelerinde
CRISPI'in bulunmamasi, CRISPIl'in fare kilimin kil goévdesini
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hastaliklara yatkin hale getiren Onemli bir yapisal bileseni
olabilecegini diisiindiirmiistiir. Ancak bu proteinin insanlardaki AA
bir roliiniin olup olmadigi heniiz belirlenmemistir. Bu ¢alismalar
dogrultusunda, genetik faktorlerin sadece hastalifin baslangicinda
etkili olmadig1 ayni1 zamanda, hastaligin klinik belirtilerinin ¢ok
cesitli ve degisken (pleomorfik klinik sunum) olmasina da neden
olur.

2. Sac dokiilmesinin patodinamigi

AA bireylerde sa¢ biiylimesinin yapisi ve mekanizmasi
degismis hatta bozulmustur (sekil 1 ve 2). Sa¢ dokiilmesinin
baslangi¢ evresiyle ilgili yapilan calismalarda telojen saglarin ve
anormal sa¢ saftlarinin oraninda biiyiik bir artis oldugu ve saglikli
bireylerdeki saga kiyasla saftin kirllganliginin artmasina (distrofik
sa¢) neden oldugu bulunmustur (Eckert et al., 1968). Normalde ¢ogu
kil anajen fazdadir ve bu faz alti asamaya (anajen I-VI) ayrilir,
distrofik killar kilin bir agamas1 degildir. Aslinda AA bireylerdeki
ilk olay, sa¢ folikiiliinlin anajen fazdan, katajen ve telojen fazlara
hizl1 bir sekilde ilerlemesi olarak goriinmektedir. Daha az etkilenmis
olan sa¢ folikiilleri anajen fazda kalir ancak hastaligin seyrine ve
siddetine bagli olarak sonunda telojen faza gegerek distrofik sag
telleri tiretmistir (Messenger et al., 1986). Etkilenen sa¢ folikiilleri
yeniden anajen faza girer. Yamal1 alopesi goriilen bir ¢aligmada sag
folikiillerinin neredeyse yarisindan fazlas1 anajen fazdadir (Pratt et
al., 2017).

Unlem isareti killar1 (bir tiir distrofik kil) AA nin temel bir
ozelligidir ve normalde saglikli kontrollerde goriilmez (Messenger
et al., 1986). Unlem isaretli saclar normal telojen fazindaki saglar
gibi iyi sekillendirilmis bir gomak koke sahip olsa da kok genellikle
daralir ve ¢omak saclar normalden daha kolay dokiiliir. Sag
folikiiliindeki bu degisiklikler, sagin folikiil i¢inde hatali bir sekilde
tutundugunu gostermektedir.

Peribulber inflamasyon, genellikle fokal lezyona komsu olan
anajen evresinde bulunan folikiillerin ¢evresinde bulunur
(Messenger et al., 1986). Erken lezyonlar, yag bezinin iistiindeki

--99--



boliimiin ve bezin kendisinin korunmasiyla birlikte, yag bezi
seviyesinin altindaki folikiil boyutunda bir azalma gosterir. Uzun
stire devam eden hastalik siirecinde folikiiliin tamami1 daha kiictiktiir.
Kiictik olan anajen folikiil mitotik olarak aktiftir ve normal bir i¢ kok
kilifi tiretir. Ancak kil govdesi korteksi tam olarak keratinize
olmamigtir. Bu anomaliler sa¢ folikiilii gelisiminin anajen IV fazinda
durdugunu gosterir (Chase et al., 1951).

AT ve AU hastalarinin kel bolgelerinin merkezinden alinan
yatay biyopsilerde, anajen III/IV fazina gegememis anajen folikiiller
bulunmustur. Bu asamada i¢ kok kilifi konik seklinde keratinize bir
yapidir, sa¢ korteksi bunun altinda farklilasmaya baslamistir. Sag
folikiilleri, anajen III/IV fazindan telejon fazla kisa siirede gegerler.
Bu da tekrarlanmis kisaltilmig dongiilerden geciyor gibi
goriinmektedir. AA hastaliginda, hastaligin seyri azaldikca, sag
folikiilleri anajen faza gecer.

3.  Bagisikhik sistemi tepkisi
3. a. Hedef hiicre

AA’nin histopatolojik  6zelligi, anajen fazindaki kil
folikiillerinin  bulber bolgesinde ve c¢evresinde yogunlagan
inflamatuar  hiicre infiltratidir. Erken kortikal farklilagsma
stirecindeki sa¢ folikiilii matriks epiteli, AA ile yapilan ¢aligmalar
dogrultusunda sag¢ folikiillerine yonelik immiin saldirinin birincil
hedefi olarak goriinmektedir. Ilk olarak, etkilenen anajen
folikiillerde matriks hiicreleri vakuolar dejenerasyon (kiigiik,
sitoplazmik vakuollerle karakterize edilen 6liimciil olmayan bir
hiicre hasar1 tiirli) gosterir ve bu da ilinlem isareti sa¢ gdvdesinin
olusumunun sebebini agiklar (Messenger and Bleehen, 1984; Thies,
1966). Sac folikiiliindeki bu dejeneratif degisiklikler, sa¢ telinde
lokalize zayiflamaya sebep olur, bu da sag telinin deri ylizeyindeki
ostiumdan ¢ikarken kirilmasiyla sonuglanir. ikinci olarak, etkilenen
sag¢ folikiilleri kortikal farklilasmanin ger¢ceklesmedigi telojen faza
geri doner. Folikiiller anajen faza normal olarak yeniden girer ancak
kortikal farklilasmanin basladigi nokta olan anajen III/IV fazinin
Otesine gegcemez. Son olarak, inflamatuar hiicre infiltratlarinin
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lokalize oldugu pre-kortikal bolgede anormal MHC sinif I ve simif 11
ekspresyonu meydana gelir (Paus et al., 1993).

3. b. Immiin sistemin bozulmasi

Sag folikiilii, sag¢ folikiiliinde ifade edilen otoantijenlere karsi
otoimmiin tepkileri inhibe eden bagisiklik agisindan ayricalikli bir
bolgedir (Tharumanathan 2015). Normal fizyolojik kosullar altinda,
sag folikiilii i¢inde ve ¢evresinde, CD8+ T lenfositleri de dahil olmak
iizere NK hiicrelerine otoantijenlerin sunulmasi i¢in gerekli yiizey
molekiillerini baskilayan lokal bir immiinoinhibitor sinyal ortami
olusur. Sac¢ folikiillerinin bu bagisiklik ayricaliginin islevi (veya
islevleri) kanitlanmamis olsa da melanositlerde pigment iiretimi ile
ilgili yapilan ¢esitli ¢alismalar dogrultusunda bazi otoantijenlerin
immiinojenik olduguna ve uygun kosullar altinda immiin ayricaligin
kaybina neden olabilecegi gosterilmistir (Paus et al., 2005; Meyer et
al., 2008; Ito et al., 2008; Trautman et al., 2009; Paus and Bertolini,
2013).

Sac folikiiliiniin bagisiklik ayricaliginin  bozulmasi, AA
baslica nedenlerinden biri olarak diistiniilmektedir. MHC smif I ve
sinif II molekiillerinin diisiik ekspresyonu ve bir NK hiicre inhibitori
olan makrofaj migrasyon inhibitér faktoriiniin (MIF) yiiksek
ekspresyonu, saglikli bireylerin sa¢ folikiiliinden bir T lenfosit alt
kiimesinin- CD56+NKG2D+ NK hiicreleri- infiltrasyonunu 6nler,
ancak CD56+ NKG2D+ NK hiicreleri AA hastalarinin sag folikiilleri
etrafinda bulunur. NK hiicre aktive edici reseptorleri (NKG2D ve
NKG2C gibi) ifade eden CD56+ NK hiicrelerinin sayisi, AA
hastalarin periferik kan hiicrelerinde saglikli kontrollere gore daha
yuksekken, 6ldiirticii hiicre immiinoglobulin benzeri reseptorler 2D2
veya 2D3 daha diistiktir (Ito et al., 2008). GWAS ile yapilan
calismalar dogrultusunda onceki ¢aligmalar dogrulanmis ve ULBP
gen kiimesindeki (NKG2D ligandlarin1 kodlayan) polimorfizmleri
AA yatkinlikla iliskilendirmis ve fonksiyonel calismalar AA
hastalarin lezyonlu kil folikiillerinde bu genlerin asir1 ekspresyonunu
gostermistir (Petukhova et al., 2010; Betz et al., 2015). Son olarak,
sac folikiilii epitelinde bulunan vazoaktif intestinal peptid (VIPR1 ve
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VIPR2) reseptorlerinin ifadesi, alopesi areata hastalarinin sag
soganlarinda kontrollere kiyasla asagi dogru diizenlenmistir, ancak
sinir liflerinde VIP ligand ifadesi normaldir, bu da hastalarin VIPR
aracili sinyallemede kusurlar1 oldugunu diisiindiirmektedir (Bertoni
et al., 2016).

3. c. Otoantijen epitoplar

Otoantijenin katilim1 alopesi areata baglangicindaki epitoplar
varsayilmistir. Melanin, melaninle iliskili proteinler ve keratinosit
kaynakli antijenlerin alopesi areata baglaminda, 6zellikle alopesi
areata doneminde beyaz saglarin yeniden ¢ikmasinin ve sonraki
niiksetmelerde genellikle korunmasimin bir iliski 6nerdigine dair
gozlemlere isaret ediyor (Messenger and Bleehen, 1985; Paus et al.,
1993; Gilhar et al., 2001; Fin et al., 2011; Erb et al., 2013).
Trikohyalin (yapisal bir protein) ve tirozinaz ile iliskili protein 2'den
(glinimiizde pigmentasyonda rol oynayan dopakrom tautomeraz
olarak bilinmektedir) tiiretilen sentetik epitoplarin uygulanmast,
alopesi areata hastalarinda normal kontrol hastalarindan alinan
benzer sekilde uyarilmis periferik kan mononiikleer hiicrelerine
kiyasla 6nemli dl¢iide daha yiiksek sitotoksik T lenfosit yanitlarina
neden olmustur (Wang et al., 2016).

4. Diger faktorler
4.a. Oksidatif stres

Oksidatif stresin AA ve diger cilt hastaliklarinda rolii vardir
(Alzoliban, 2014; Kalkan et al., 2015). AA hastalarinin kaninda
saglikli  kontrollere kiyasla o©nemli 0Ol¢lide daha yiiksek
malondialdehit (MDA) seviyeleri ve siiperoksit dismutazin (SOD)
antioksidan aktivitesi bulunmustur (Fattah et al., 2011). Diger bir
caligmada, AA bireylerin %32’sinde Reaktif oksijen tiirlerinin
(ROS) hasar verdigi SOD’a kars1 antikorlar bulunurken, saglikli
bireylerde anlamli antikor degerleri bulunmamistir (Alzolibani,
2014). Yapilan g¢alismalar sonucunda, oksidatif stresin ve SOD
hasarinin AA indiiksiyonunda rol oynadigi goriilmiistiir (Acharya
and Marthur, 2020). Ancak yapilan smirli genetik caligmalar
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dogrultusunda, AA ile SOD2 veya GPXl1’deki polimorfizmler
arasinda bir iliski bulunamamistir (Kalkan et al. 2015).

4. b. Cevresel etmenler

Vakalarin ¢ocugunda AA ataginin baslangici i¢in belirgin bir
aciklama bulunamaz, ancak yas, yaralanma sonrasi duygusal veya
fiziksel stres gibi etmenler ileri siiriilmektedir (Caro, 2022). Aym
zamanda agilar, atesli hastaliklar ve ila¢ gibi etmenler sebep
olmaktadir. Japon ensefalit viriisii (Chu et al. 2016), hepatit B viriisii
(Richardson et al., 2018), Clostridium tetani (Chen, 2022), herpes
zoster virlisli (El Haydari et al., 2013) ve papillomaviriis (Geier and
Geier, 2015 dahil olmak {iizere cesitli insan patojenlerine karsi
yapilan asilardan kisa bir siire sonra diisiik siklikta bireylerde AA
ortaya ¢iktig1 bildirilmistir.
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CHAPTER VI

The Integration of RNA Sequencing and Proteomics
in Early Detection and Personalized Treatment in
Cancer Research

Duygu KIRKIK!
Sevgi KALKANLI TAS?

Introduction

The completion of the Human Genome Project marked the
beginning of a new era in genetic research. During this period, RNA
sequencing studies, especially on yeast, mice, and Arabidopsis,
presented remarkable findings in the scientific community (Lister et
al., 2008; Nagalakshmi et al., 2008; Mortazavi et al., 2008). The
results of the project led scientists to investigate the non-coding
regions of the genome and to develop RNA sequencing techniques,
due to the realization that the number of genes in the human genome
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is fewer than anticipated and a large portion of DNA does not encode
proteins. Today, studies like the ENCODE project, conducted across
the entire genome, emphasize the significance of RNA in cellular
functions and organism development (The ENCODE Project
Consortium, 2012; Akkaya & Dinger, 2013).

Once, the analysis of gene expression was possible only through
limited methodologies such as real-time PCR and microarrays, but
this situation has undergone a radical change in the last decade
(Wolf, 2013). Next-generation sequencing (NGS) technologies have
provided extensive information about intracellular biomolecules,
enabling the low-cost, rapid, and efficient analysis of structures such
as DNA, RNA, miRNA, and Piwi RNA. The rapid development of
these technologies and bioinformatics tools has expanded the
boundaries of genetic studies and brought RNA sequencing to the
forefront of genetic research (Wolf, 2013).

Globally, the risk of developing cancer and cancer-related
mortality rates are on the rise. According to global cancer statistics
in 2023, approximately 1,958,310 new cancer cases and about
609,820 cancer-related deaths were estimated (Siegel et al., 2023).
These figures indicate that cancer is one of the most serious health
problems today, emphasizing that one in four people who die each
day loses their life to cancer. The importance of early detection and
diagnosis of cancer is increasingly recognized for reducing cancer-
related mortality rates and prolonging patients' survival times. To
develop specific treatment strategies for cancer cells and diagnose
early-stage cancer, it is crucial to precisely identify changes in the
protein mechanisms resulting from the metastasis of the relevant
cancer and detect protein biomarkers. Understanding the
pathophysiology of cancer at the protein level is of great significance
for early diagnosis and detection, monitoring disease prognosis,
administering effective treatment, and improving post-treatment
survival rates. In this context, diagnosing cancer using specific
markers in biological samples has become a common practice today.
The detection of changes in the concentrations of these markers is
used for screening high-risk individuals prone to cancer
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development, early diagnosis, prognosis prediction, and monitoring
treatment response (Levitsky & Dembitsky, 2015; Tagne et al.,
2014).

This review aims to explore the pivotal role of RNA sequencing
in advancing our understanding of cancer biology, with a focus on
the identification and characterization of protein biomarkers for
early cancer detection, diagnosis, and treatment monitoring.

Omics Technologies

The term proteome refers to the entire set of proteins produced
by the genetic code of an organism (Wasinger et al., 1995). While an
organism's genetic makeup remains constant, the proteome is
dynamic and subject to various changes. The proteome arises as a
result of gene expression and includes the diversity of different
protein variants encoded by the same gene and post-translational
modifications (PTMs). Fields, in 2001, described the field of
proteomics as “not limited to the identification and quantification of
proteins but also encompassing the determination of their locations,
modifications, interactions with other proteins and macromolecules,
activities, and ultimately their functions” (Fields, 2001). Proteomics
involves both qualitative and quantitative analyses of the protein and
protein diversity resulting from biological processes in cells or
tissues. Proteomic technology includes principles based on the
separation, identification, and analysis of proteins from samples.
Proteomic technologies are interrelated and interconnected, divided
into three main categories: comparative proteomics, structural
proteomics, and functional proteomics. Comparative proteomics is
the qualitative and quantitative analysis of protein expression under
different conditions, examining proteins that change under disease
states, drug effects, or various stimuli. For example, comparative
proteomics can be used to compare protein expressions in samples
from healthy and diseased individuals. Proteins specific to a disease
or absent in normal cells can be identified and analyzed. In
personalized medicine, comparative proteomics is a vital tool for
determining the effectiveness of specific drug treatments. Structural
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proteomics focuses on the three-dimensional structures of proteins,
investigating their functions and interactions with other proteins.
This field facilitates understanding of proteins' primary, secondary,
tertiary, and quaternary structures and provides information about
critical interactions, such as enzyme-substrate interactions. With
advancing technology, computer-aided drug design is also evolving,
and structural proteomics plays a significant role in the discovery
and design of new drugs (Jung & Lee, 2004; Renfrey &
Featherstone, 2002). Functional proteomics examines the functions
of a protein, either alone or in conjunction with other proteins.
Protein-protein interactions and the locations of modified proteins
are determined through protein network maps. The effects of
environmental factors, drugs, and endogenous chemicals on protein
modifications are studied with functional proteomics (Monti et al.,
2009; Bilikova et al., 2009). The qualitative and quantitative analysis
of protein mixtures is a popular research topic in many advanced
laboratories today. Proteomic research includes various strategies
such as 'top-down’, 'bottom-up’, and the recently developed 'middle-
down' approaches. These strategies are fundamentally based on
analyzing proteins in samples either with or without breaking them
down into amino acids.

Non-Coding RNAs in the Human Genome: Roles and
Implications in Cancer

The majority of the human genome (over 75%) is actively
transcribed, but only a small portion of these transcripts eventually
become proteins (Djebali et al., 2012). The RNA molecules that are
copied from the genome but do not code for proteins are known as
non-coding RNA (ncRNA). These ncRNAs are divided into two
main categories based on their size: Small non-coding RNAs
(sncRNA), which are shorter than 200 nucleotides and typically
include microRNAs (miRNA) and small nucleolar RNAs (snRNA);
and long non-coding RNAs (IncRNA), which are longer than 200
nucleotides and comprise various RNA molecules. Recent studies
have revealed that the human genome encodes approximately 15,000
different IncRNAs (Deniz & Erman, 2016). Like mRNAS, InCRNAs
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are transcribed by RNA polymerase Il and are usually subjected to
the same processes as MRNAs (cap addition, splicing,
polyadenylation). The first discovered mammalian IncRNA was
H19, followed by the discovery of Xist INCRNA, which plays a role
in X chromosome inactivation (Katayama et al., 2005; Cabili et al.,
2011).

The classification of these non-coding RNAs has evolved over
time, with some sources referring to them as "lincRNA" (long
intergenic non-coding RNA), while others simply use the term
"IncRNA" (long non-coding RNA). The term "intergenic" indicates
that these RNAs are derived from genomic regions that do not code
for proteins. These regions, once termed "junk DNA," overlap with
areas now understood to code for RNA transcripts (Groux et al.,
1989; Brown & Ballabio, 1991; Briggs & Pera, 2014; Laurent et al.,
2015).

LncRNAs can be divided into five groups based on their genetic
structures and locations: Intergenic INcRNAs (lincRNA), Intronic
IncRNAs, Overlapping IncRNAs, Antisense IncRNAs, and
Processed IncRNAs. Evolutionarily, IncRNA exons are more
conserved than repetitive sequences but less so than exons of
protein-coding genes. The different regions of IncRNA genes,
especially the promoter and exon regions, are considered the most
conserved parts of the gene (Derrien et al., 2012).

The significant connection between cancer and IncRNAs
emerged from studies investigating the role of IncRNAs in
development and cellular differentiation (Cogill & Wang, 2014).
Numerous IncRNAs involved in cancer-related biological processes
have been identified in the human genome. Consequently, it is
believed that mutations, dysregulation, or abnormal expression of
InNcRNAs can contribute to cancer development. Genome-wide
studies have revealed that many single nucleotide polymorphisms
(SNPs) in the human genome are located in intergenic or intronic
regions, potentially impacting IncRNA function (Hindorff et al.,
2009). Similar to protein-coding genes, INcCRNAs can function as
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oncogenes or tumor suppressor genes, influencing tumorigenesis. To
investigate the relationship between a specific INcRNA and a certain
type of cancer, it is necessary to compare the expression levels of
IncRNA in normal and cancerous cell lines, as well as in adjacent
normal tissues and cancer tissues, using reverse transcription-
quantitative polymerase chain reaction (RT-gPCR) (Zhang et al.,
2016). A well-studied IncRNA associated with cancer is HOX
antisense intergenic RNA (HOTAIR). In breast cancer cells,
deregulation of HOTAIR results in the re-targeting of PRC2 gene
expression, leading to a new pattern of gene expression similar to
embryonic fibroblasts (Gupta et al., 2010). This redirection can
exacerbate breast cancer progression, invasion, and metastasis

Advancements in Tissue Microarray Technology for Proteomic
Analysis in Cancer Research

Tissue microarrays, also known as tissue microarray
technology, are a proteomic method that enables the rapid
identification of thousands of proteins. This technique involves
using microarrays created by transferring ‘donor' tissue cores to a
‘recipient’ block and is especially used in cancer research to identify
cancer-specific proteins as prognostic or predictive biological
markers. However, there are some limitations of this technology in
accurately selecting and validating candidate protein biomarkers
from various tumor samples (Wu, Hu, & Kavanagh, 2002). With
today's advanced technology, these microarrays can be used not only
to identify cancer-specific biomarkers, but also to create cancer-
specific tissue array blocks for various situations, such as detecting
individual cancer cases, preneoplastic and metastatic lesions,
concurrent or time-varying cancer cases, and familial factors (Kim,
2001).

Conclusion

Despite researchers having made significant strides in
understanding the molecular foundations of cancer, there are still
gaps in both comprehending the mechanisms of the disease and in
developing effective methods for early diagnosis and treatment.
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Understanding the pathophysiology of the disease in its advanced
stages is a critical element for the success of patient treatment.
Today, diagnosing through markers via molecular analyses in
biological samples is a common method. Changes in the
concentrations of these markers are important for identifying
individuals at risk, early diagnosis, prognosis assessment, and
monitoring the response to treatment. The primary purpose of these
markers used in the clinic is to reduce death and disease risks
Biomarkers are usually protein molecules detected or measured with
monoclonal antibodies, but many molecules used or evaluated as
potential markers are not ideal on their own. Theoretically, every
disease can be identified and characterized by a unique biomarker.
These markers could be either a single molecule or a panel of
proteins that undergo changes in post-translational modifications in
the disease state. The potential of proteins as diagnostic tools and
advances in proteomic technologies have increased interest in
biomarker research. Proteomics is used in cancer research,
particularly in studies related to tumor development and progression.
A significant portion of these studies focuses on the disruption of
apoptotic mechanisms thought to play a key role in tumor growth
and development.
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CHAPTER VII

Effects of Amifostine Against Gamma-radiation on
HelLa Cells and Apoptotic Genes Expression
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Introduction

Cancer is a group of disorders which are characterized by
uncontrolled cell proliferation and continue to live of cells that
normally to die (Baloglu, 2001; Wang, Wang & Soong, 2000;
Cardoso et al., 2017).
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The primary objective of cancer chemotherapy is to eradicate
cancerous cells to the greatest extent possible while minimizing
harm to healthy cells and preventing the formation of metastases.
The use of chemotherapeutic agents conjunction with radiotherapy
revive progress in the treatment of cancer (Montoro et. al., 2023;
Ullah et. al., 2022; Gurka et al., 2017; Vici et al., 2014). Currently
laboratory and clinical trials showed that Amifostine (AMI) is
capable of protecting normal tissues against the toxic effects of
radiotherapy and chemotherapy (Grochova & Smardova, 2007,
Arican Ozcan, 2005). In recent years research on the life and death
of the cell attract attention on the molecular mechanisms of apoptosis
(Arican Ozcan et al., 2012).

Apoptosis or programmed cell death play an important role in
many developmental and physiological processes and in keeping the
cell number under control (Maino, 2017; loannidis & Psillos, 2017;
Elmore, 2007; Hu & Kavanagh, 2003).

All cytotoxic drugs and radiotherapy programs initiate
apoptosis in tumor cells and the resistance to apoptosis brings
treatment failure (Tatar et. al., 2023; Arican Ozcan et al., 2012;
Elmore, 2007; Hu & Kavanagh, 2003). Moreover, these treatments
initiate apoptosis in normal cells and also show negative side effects
on the bone marrow. However, new therapeutic aproaches like AMI
treatment are promising about protecting normal cells from side
effects but not the cancer cells (Arican Ozcan, 2005).

This study aimed to explore the antiproliferative and apoptotic
effects following treatment with various radiation doses in HelLa
cells. Additionally, it aims to ascertain the extent to which the
cytoprotective effect of AMI diminishes and to identify any
differences in comparison with the apoptotic effect. This study seeks
to serve as an introductory exploration, fostering a more profound
understanding and facilitating the development of innovative
treatment methods grounded in the molecular mechanisms of
cytoprotective agents.
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Materials and Methods

Cell line

In our experiments, we used HeLa (CCL-2) cells, which are
derived from cervical carcinoma. These cells were cultured in
Minimum Essential Medium (MEM, Gibco) supplemented with
10% Fetal Bovine Serum (FBS, Gibco Lab.), 100 1U/ml penicillin
(Pronapen, Pfizer), and 100 pg/ml streptomycin (streptomycin
sulfate, I.E. Ulagay). This standard cell culture medium was used to
maintain the cells. The cells were passaged twice a week to ensure
their growth and viability.

Passage process of cells

The passage process in our experiments started by growing the
cells in culture dishes until they reached a sufficient density. Cells
that did not adhere to the surface were collected in a centrifuge tube,
while the cells that relatively adhered to the surface were washed
with Hank's balanced salt solution (HBSS) and pipetted. The
detached cells were then transferred to the same centrifuge tube and
suspended. After centrifugation at 1500 rpm for 3 minutes, the
supernatant was discarded, and the pellet was diluted with a culture
medium specific to the cell type being used.

Determination of drug and radiation doses

The dose of AMI and radiation used in our experiments were
determined based on dose levels in clinic. AMI injectable sterile
stock solution of 1 mg/1 ml was kept at +4°C. 1 pg/ml dose of this
stock solution reconstituted with culture medium that is specific to
cells was applied to cells for 1 hour both alone and combination with
1 Gy, 2 Gy, 4 Gy and 8 Gy radiation doses. Experimental groups
were established in this way.
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Gamma irradiation unit

Cs-137 source in blood irradiation unit in Faculty of Medicine
at Istanbul University, Foundation for Children with Leukemia was
used irradiation of cells for all the experiments.

Mitochondrial Dehydrogenase Enzyme Activity

In our experiments MTT (3-(4,5-dimetiltiyazol-2-il)-2,5-
difenil tetrazolyum bromid) method which determine cell viability
was used as cytotoxicity test. MTT solution which dissolved in PBS
were added as 40 pl/well. Cells were incubated in a 37°C incubator
for 4 hours. Formazan crystals were dissolved in 160 ul DMSO for
1 hour at 37°C. After this period absorbance values of the
experimental groups were measured at 570 nm against 690 nm
reference wavelength using a Elisa reader (uQuant, Bio-Tek
Instruments Inc). Cytotoxicity assessment was performed in this way
(Denizot & Lang 1986; Mosmann, 1983).

Apoptotic index

At the end of the test application, a 1 ml cell suspension from
the experimental group was collected in Eppendorf tubes and
centrifuged at 4 °C, 1500 rpm for 5 minutes. The supernatant was
discarded, and 200 pl of methanol: PBS (1:1) solution was added.
The mixture was centrifuged again for 5 minutes at 1500 rpm, and
the supernatant was discarded. The pellet was resuspended in 200 pl
of pure methanol and kept at +4 °C. Slides were cleaned using an
ethanol: HCI (1:1) mixture. After soaking the slides in this mixture
for 24 hours, they were rinsed under flowing water for another 24
hours. The slides were then washed with distilled water at +4 °C and
prepared for use. For sample preparation, the cells stored in
Eppendorf tubes at +4 °C were centrifuged again at 1500 rpm for 5
minutes. The cells were suspended in methanol, dropped onto clean
slides, and allowed to dry. The prepared slides were then stained with
DAPI and placed in a light-tight container at 37 °C for 20 minutes
on a shaker. After rinsing in PBS for 20 minutes, a coverslip was
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placed on the slides, and they were examined using a fluorescence
microscope. The apoptotic index values were determined by scoring
the normal and apoptotic nuclei in the prepared slides according to
the experimental groups.

Total RNA Isolation

In order to identify the effect at the molecular level, at first
isolation of total RNA from cells in the control and experimental
groups was performed using RNA isolation kit (Total RNA Kit,
invitrogen).

RT-PCR of Bcl-2 gene family

In this study, the highest values of the apoptotic index
expression levels of Bcl-2 genes involved in the molecular
mechanism of apoptosis were investigated in both the control and
experimental groups. To accomplish this, 7 genes (mcl-1, bfl-1, bax-
a, bcl-2, bak, bik, and bcl-x) belonging to the Bcl-2 gene family were
reproduced using the Bcl-2 kit (ApoPrimer Set Bcl-2 family,
TAKARA) and RT-PCR (RT-PCR Kit, Promega) with isolated total
RNAs. This allowed for the determination of gene expressions that
play a role in apoptosis at the molecular level.

Statistical Analysis

ANOVA and Dunnett's test was applied to all experimental
groups. Statistically p<0.05 significance level was based on
evaluation of the results.

Results

According to the cytotoxicity results presented in Table 1,
there were statistically significant decreases in the proliferation rates
of the cells when treated with AMI alone and in combination with 1
Gy, 2 Gy, 4 Gy, and 8 Gy radiation doses compared to the control
group (p<0.05). These findings indicate that the applied radiation
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doses led to a significant reduction in cell proliferation, both in the
presence of AMI and when used alone.

Table 1: Measured Absorbance values of HelLa cells treated with
AMI alone and combination with various radiation doses (£SD)

(AMI:Amifostine, 1Gy:1Gray, 1Gy+AMI:1Gray+Amifostine,

8Gy:8Gray, 8Gy+AMI:8Gray+Amifostine). p<0,05:1 (significance

according to control), 2 (significance according to the group

applied AMI alone).

Groups Absorbance Values (570 — 690 nm) +SD
Control 813,5 x10° 0,017
AMI 854,5x107 0;013
1Gy 618,1x107 @ 0,009
1 Gy+AMI 605,7x10 0,006
2 Gy 533,2x10°% M@ 0,008
2 Gy+AMI 655,0x10% O 0,008
4Gy 462.4x107° M 0,009
4 Gy+AMI 583,6 x10% M 0.011
8 Gy 442 3x10% O 0;009
8 Gy+AMI 539,2x10°% 3 0,007

Figure 1 in the study displays the viability values obtained
from the experimental series where four different radiation doses
were applied to HeL a cells, either alone or in combination with AMI.
The figure shows a significant decrease in cell proliferation rate in a
dose-dependent manner for the experimental groups treated with
radiation alone and the combination of AMI and radiation, compared
to the control and the experimental group treated with AMI alone
(p<0.05). This indicates that the application of radiation, either alone
or in combination with AMI, resulted in a notable reduction in cell

viability.
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Figure 1. Measured cytotoxic activity values of HeLa cells treated
with AMI alone and combination with various radiation doses
(£SD) (AMI:Amifostine, 1Gy.1Gray, 1Gy+AMI:1Gray+Amifostine,
8Gy:8Gray, 8Gy+AMI:8Gray+Amifostine).

In our experiments, the viability percentages were determined
and compared to the control group, which was considered 100%.
These results were presented in Figure 2. It can be observed from the
figure that the cytotoxicity caused by the radiation doses increased
in a dose-dependent manner. The viability percentages for the
radiation doses were determined as follows: 76%, 65%, 56%, and
54%. In the groups that were combined with AMI, the viability
percentages were 74%, 80%, 72%, and 66%. To assess the extent of
cytotoxicity caused by apoptosis, apoptotic index values were
determined and presented in Figure 3.

A0 0N A 0™ A ™ A N
R R R

\

b %

Ny X X Ny
KO NC RS @

DOSE

~128-



120

100 —1oO—0—0—0—0—9o
>
= 80
E 60 —&— CONTROL
40 —8— AMI+DOSE
®
0
N 3 2 Y S Ky 2 2 D
N g"“ "G \fv’s‘\ © *‘s‘ ®© ‘\,vl‘&\
RS KO RS o
DOSE

Figure 2. Determined vitality values % of HeLa cells treated with
AMI alone and combination with various radiation doses (£SD)
(AMI:Amifostine, 1Gy:1Gray, 1Gy+AMI:1Gray+Amifostine,
8Gy:8Gray, 8Gy+AMI:8Gray+Amifostine).
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Figure 3. Determined Apoptotic Index (Al) values of HelLa cells
treated with AMI alone and combination with various radiation
doses (£SD) (AMI:Amifostine, 1Gy:1Gray,
1Gy+AMI:1Gray+Amifostine, 8Gy:8Gray,
8Gy+AMI:8Gray+Amifostine).
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In our experiments, significant cytotoxic effects were observed
in all experimental groups where AMI was administered, either
alone or in combination with radiation, compared to the control
group (p < 0.05). The apoptotic index values, as shown in the figure,
were 2.4% in the control group, and 10.3%, 17.5%, 29.5%, and 30%
in the groups treated with radiation doses of 1, 2, 4, and 8 Gy,
respectively. After administering AMI for 1 hour, the apoptotic
index values were 7.4% in the group treated with AMI alone, and
13.1%, 10.3%, 6.6%, and 14.3% in the groups treated with a
combination of AMI and radiation. In the experimental groups where
the maximum apoptotic index values were observed (1 Gy and 8 Gy
radiation doses alone and in combination with AMI), the expression
of 7 genes belonging to the Bcl-2 gene family was represented using
RT-PCR, as shown in Figure 4.

Figure 4. Image of Agarose gel electrophoresis of A: Mcl-1, Bfl-1,
Bax, Bcl-2, Bak genes and B:Bik, Bcl-x, p-aktin genes which are
bcl-2 gene family members expression of HelLa cells treated with
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AMI alone and combination with various radiation doses M:1,5 kb
Marker, C:Control, AMI:Amifostine, 1Gy:1Gray,
1Gy+AMI:1Gray+Amifostine, 8Gy:8Gray, 8Gy+AMI:
8Gray+Amifostine.

Both of the control and experimental groups, the presence of
Mcl-1, Bfl-1, and Bcl-2 genes was identified. In the experimental
group subjected to a radiation dose of 8 Gy and combined with AMI,
it was observed that the expression of bax, a proapoptotic gene,
exceeded that of bak. Furthermore, the experimental group subjected
only to a radiation dose of 8 Gy displayed the highest level of
expression for bik, another proapoptotic gene. Conversely, aside
from the control group and the group solely treated with AMI, no
significant expression level of the antiapoptotic Bcl-x gene was
detected.
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Discussion and Conclusion

Chemotherapy, a potent anti-cancer treatment, has been widely
recognized as the most impactful method for combatting malignant
neoplasms (Sawada et al., 2003). A crucial aspect of effective
therapeutic intervention and discovering new drugs lies in
understanding the apoptotic process. By developing innovative
strategies for cancer therapy, the goal is to restore the ability of tumor
cells to undergo apoptosis, which they have lost (ElImore, 2007).

The molecular process of programmed cell death is not fully
understood, but it is acknowledged that a self-destruct program,
embedded in the cellular genetic memory, is triggered and initiated
by various signals, pathophysiological conditions, and events like
oxidative stress (Dorn, 2013; Elmore, 2007). Additionally, the
mechanism of apoptosis differs depending on the specific cell type
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and the stimuli it encounters. Intracellular signals that impact
apoptosis generally fall into three categories: growth factors,
oncogenes, and tumor suppressor genes (Kontomanolis et al., 2020;
Fernandes et al., 2018). Furthermore, factors that induce necrosis,
such as high temperature, radiation, cytotoxic anticancer drugs, and
oxygen deprivation, result in a limited dosage of apoptotic response
(Topcul & Cetin, 2013).

Insufficient understanding of the molecular alterations that
contribute to the progression and spread of cancer hinders our ability
to determine the exact treatment approach. To address this challenge,
the agent known as amifostine offers potential by protecting against
the adverse effects of anticancer agents and radiation (Ji et al., 2023;
Arican Ozcan, 2005). This study aims to assess the cytoprotective
properties of amifostine on cellular death due to radiation exposure
across different cell lines, employing diverse cell kinetics and
molecular biology techniques.

The role of the Bcl-2 gene is crucial in regulating apoptosis,
which is the programmed cell death process. This gene produces an
integral membrane protein called Bcl-2, which actively prevents
apoptosis from occurring (Czabotar et al., 2023; Adams & Cory,
2018; Arican Ozcan et al., 2012). When the bcl-2 gene becomes
active and starts to be overexpressed, the increased amount of Bcl-2
protein hinders apoptosis and promotes cell proliferation. Numerous
studies have investigated the expression of bcl-2 in both normal and
tumor tissues (Czabotar et al., 2023; Opferman & Kothari, 2018;
Sawada et al., 2003).

The findings of this study revealed that the levels of
expression of 7 genes play crucial roles in regulating apoptosis. It
was observed that the expression of the proapoptotic gene, bak, was
higher in the group exposed to a radiation dose of 1 Gy. Similarly,
the expression of another proapoptotic gene, Bik, was higher in the
group exposed to a radiation dose of 8 Gy.

Thus, according to the results determined by our experiments
apoptosis is induced by low doses of radiation through bak gene and
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by high doses of radiation through Bik gene in HeLa cells exposed
to different radiation doses.

Cellular cycle cessation and cellular demise are crucial
elements in the treatment of cancer (Wang, Bode & Zhang, 2023;
Bodoor et al., 2014; Akman 2013), as well as in the induction of
programmed cell death caused by radiation therapy. This study aims
to explore the molecular mechanism underlying the cytoprotective
effect of AMI. By examining the intersection of the cytoprotective
effect and the mechanism of radiation-induced apoptosis, we can
potentially uncover groundbreaking advancements in cancer
chemotherapy, leading to the development of novel therapeutic
approaches.

In our experiments increasing expression of proapoptotic Bax
gene in the groups applied AMI combination with both 1 Gy and 8
Gy radiation dose according to the groups applied radiation alone
will make important contributions the literature. To elucidate the
molecular mechanism of radiation-induced apoptosis fully, analysis
of a large number of genes and enzymes belong to internal and
external pathways needs to research further.
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