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DERLEME REVIEW

Cancer Treatment With Peptide Therapeutics

Emel SAVUL!', Berrin ERDAG?

Abstract

Peptide therapeutics are gaining increasing attention in healthcare because of their many advantages
over traditional small-molecule drugs. Peptides have advantages such as being naturally present
in the body, being specific at a level that traditional drugs cannot reach, and increasing their
half-life in the body. These advantages make peptide therapeutics a promising area of research
for developing new treatments. According to a report on the global Peptide Therapeutics market,
with a growth rate of 6.6%, the industry is expected to reach $69.3 billion by 2030. As research
in this area continues to advance, peptide therapeutics will have the potential to greatly improve
healthcare and patient outcomes. The versatility of therapeutic peptides enables multiple
approaches to cancer treatment, and research is focused on the development of innovative peptide-
based therapies. In this review, the applications of peptide therapeutics in cancer are discussed.
The review also highlights the peptides used in this field, emerging opportunities in their design
and development, and the future of peptide therapeutics in cancer.
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Peptit Terapotikleri ile Kanser Tedavisi

Ozet

Peptit terapotikleri, geleneksel kiiciik molekiillii ilaglara gore pek ¢ok avantaji bulunmasindan
dolay1 saglik alaninda giderek artan bir ilgi gormektedir. Peptitler, viicutta dogal olarak
bulunmalari, geleneksel ilaglarin ulasamayacagi bir diizeyde oOzgiilliikleri, viicuttaki yar
Omirlerinin arttirilabilmesi gibi avantajlara sahiptir. Bu avantajlar, peptit terapotiklerini yeni
tedaviler gelistirmek i¢in umut verici bir arastirma alani haline getirmektedir. Kiiresel Peptit
Terapotikleri pazarina iliskin bir rapora gore, %6,6’lik biiyime oraniyla sektoriin 2030 yilina
kadar 69,3 milyar dolara ulagmasi bekleniyor. Bu alandaki arastirmalar ilerlemeye devam ettikce,
peptit terapdtikleri saglik hizmetlerinde ve hasta sonuglarinda biiyiik iyilestirme potansiyeline
sahip olacaktir. Terapotik peptitlerin ¢ok yonliiliigli, kanser tedavisinde birden fazla yaklagima
olanak tanir ve arastirmalar, yenilik¢i peptit bazli tedavilerin gelistirilmesine odaklanmaktadir.
Bu derlemede, peptit terapétiklerinin kanserde uygulamalari tartigilmaktadir. Inceleme ayrica bu
alanda kullanilan peptitleri, tasarim1 ve gelistirilmesinde ortaya ¢ikan yeni firsatlar1 ve kanserde
peptit terapotiklerinin gelecegini ortaya koyuyor.

Anahtar Kelimeler: Kanser, Muc 4, Peptit terapotikleri
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Introduction

Peptide therapeutics are a class of drugs that
use peptides or polypeptides to treat diseases
[2]. Peptides are naturally occurring molecules
and play important roles in various physiologi-
cal processes such as cell signaling and hor-
mone regulation [3]. Peptide therapeutics are
designed to modify or mimic the natural pep-
tides for specific therapeutic outcomes. Peptide
therapeutics can be synthesized with biological
or chemical methods and their design can be
optimized to achieve specific pharmacological
characteristics [4].

Peptide therapeutics have advantages over tra-
ditional small-molecule drugs. Firstly, they are
highly specific, which means they can target
specific proteins or receptors with a high deg-
ree of selectivity [5]. This specificity leads to a
lower risk of side effects and fewer off-target
effects when compared to conventional drugs
[6]. Secondly, peptides are generally well to-
lerated by the body with low immunogenicity
and toxicity [7]. Thirdly, they can be modified
to improve their pharmacokinetic characteris-
tics (e.g., the addition of polyethylene glycol
(PEGylation)) [2]. Such modifications can inc-
rease the effectiveness of the peptides in the
body, decrease dosing frequency, and extend
their half-life [4].

The development of peptide therapeutics invol-
ves several steps, which include target identifi-
cation, design of the peptide, synthesis and mo-
dification step, preclinical testing, and clinical
trials [4]. They can be designed to target many
types of disease markers (e.g., cancer, autoim-
mune disorders, and diabetes) [8]. Preclinical
testing involves evaluating the effectiveness
and safety of the peptide in animal models, and
clinical trials involve testing the drug in human
subjects [9]. The development of peptide the-
rapeutics can be challenging because of their
potential for degradation in the body and the-
ir complex structure [10]. However, develop-
ments in modification techniques and peptide
synthesis accompanied by technological deve-
lopments have led to the development of many
successful peptide therapeutics, which include
insulin and GLP-1 receptor agonists [11].
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The production of peptide drugs has increased
significantly recently, with more than 60 pepti-
de drugs approved for clinical use on a global
scale [12, 13, 14, 15]. The number is predic-
ted to continue to grow as researchers discover
novel applications for therapeutic peptides and
improve methods for their delivery and synthe-
sis [2, 3]. An important area of study is the use
of peptides in cancer therapy, with several pep-
tide-based drugs that are currently in develop-
ment [4]. Peptide-based drugs target specific
cancer cells and show their effects by inhibiting
the growth and proliferation of these cells as
a promising alternative to traditional radiation
therapy and chemotherapy [5] (Fig.1.). Also,
these drugs offer several advantages over tra-
ditional cancer treatments. For example, incre-
ased selectivity for cancer cells, decreased toxi-
city to healthy cells and tissues, and improved
drug delivery and pharmacokinetics. The use of
peptide-based drugs is still an emerging field
in cancer treatment. The results obtained in the
early steps are promising, and ongoing studies
strengthen the emergence of more effective and
targeted treatments in the future. According to
2020 data, 19.3 million people had cancer on
a global scale and this number is expected to
increase to 30.2 million in 2040. Among other
advantages, with their ability to participate in
multiple biochemical pathways and bind to va-
rious receptors, therapeutic peptides are poten-
tial candidates. According to the FDA report, a
total of 37 new peptide drug units were appro-
ved for cancer treatment in 2022, and 23 of the
37 drugs were first in their classes.
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Figure 1. Some cancer treatment options using pep-
tides
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Peptide Design and Synthesis

Typically, the design and synthesis of peptides
begin with the selection of the target structure
and target sequence [16], which involves iden-
tifying the specific amino acid sequence to give
the desired functionality or characteristics to
the peptide. Peptides can be designed based on
peptide sequences that are derived from natu-
ral proteins or depending on the desired imp-
lementation. The amino acid composition and
length of a sequence will influence whether sta-
bility and correct folding can be achieved [17].
Molecular dynamics simulations or computati-
onal modeling can be employed to predict the
stability and structure of the target peptide.

After the target sequence is determined, the
next step is to select the appropriate synthesis
method [18]. Various methods exist for pepti-
de synthesis (e.g., Natural Chemical Ligation
(NCL), Solid-Step Peptide Synthesis (SPPS),
and Liquid-Step Peptide Synthesis (LPPS)).
The most widely used method is SPPS becau-
se of its efficient, simple, and versatile features
[19]. The choice of synthesis method depends
on several factors (e.g., complexity and length
of the target peptide, desired purity, equipment,
yield, and availability of reagents).

The peptide must be characterized and purified
following the synthesis to ensure its consisten-
cy and quality [], which involves using Mass
Spectrometry (MS), High-Performance Liquid
Chromatography (HPLC), and Nuclear Magne-
tic Resonance (NMR) spectroscopy techniqu-
es to confirm its purity, identity, and structure
[21,22]. The purification process can be dif-
ficult because of the presence of by-products
and impurities and may involve a multitude of
chromatography and other separation techniqu-
es [16]. After it is purified and characterized,
the peptide can be used for a wide variety of
purposes such as diagnostics, drug discovery,
and biotechnology [23].

Applications of Peptide Therapeutics in Cancer

Peptide drugs consist of short chains of amino
acids and can effectively inhibit the growth and
proliferation of cancer cells by targeting their
specific receptors or proteins [24]. Peptide dru-
gs have shown potential in the treatment of va-
rious cancers (e.g., lung cancer, breast cancer,
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and pancreatic cancer) [24, 25]. Although more
studies are needed to understand the potential
of peptide drugs in cancer treatment fully, these
discoveries are promising for the development
of novel and effective treatments.

These drugs work by targeting specific cancer
pathways or cells and provide a more effecti-
ve and targeted approach to cancer treatment
compared to chemotherapy. Peptide therapeu-
tics can also decrease side effects that are com-
monly associated with cancer treatment and
minimize toxicity to healthy cells [26]. This
targeted approach offers patients personalized
and effective treatments with the potential to
revolutionize cancer treatment.

Cancer is a global healthcare concern with
many new cases diagnosed every year [27].
The use of peptide therapeutics is increasing in
cancer treatment, and the peptide drug market
is predicted to grow significantly in the future
[27]. Despite the effects of COVID-19 on the
growth of the peptide therapeutics market, the
therapeutic effect of peptide drugs has allowed
this demand to continue [28].

Peptides show their anti-cancer effects over va-
rious mechanisms of action. One of the most
common mechanisms is programmed cell de-
ath or apoptosis triggered by peptides in can-
cer cells [29]. Peptides also target specific
signaling pathways involved in cell survival
or growth, inhibiting cancer cell proliferation
[30]. Also, peptides can stimulate the immune
system to recognize and attack cancer cells and
result in increased tumor cell killing and positi-
ve outcomes [31]. These mechanisms of action
have made peptide therapy a promising means
of cancer treatment, with the potential for use
in combination with other cancer treatments to
improve patient outcomes [32, 33].

Peptide receptors

Peptide receptors are a type of membra-
ne-bound receptors activated by extracellular
proteins or peptide ligands [34] as a large group
of G Protein-Coupled Receptors (GPCRs) in-
volved in diverse physiological processes and
are expressed in various tissues throughout
the body. These receptors are characterized
by their ability to bind and respond to specific
peptide ligands, initiating a signaling cascade



across the cell membrane [35]. In particular,
the Neuropeptide Y-Receptor plays roles in the
initiation and maintenance of feeding behavior
eliciting hunger or satiety [36].

Peptide receptors activate various signaling
pathways upon ligand binding (e.g., the Cyclic
Adenosine Monophosphate (cAMP) pathway,
Mitogen-Activated Protein Kinase (MAPK)
pathway, and Inositol Triphosphate (IP3) pat-
hway) [35]. These signaling pathways also
enable the activation of the downstream effe-
ctors resulting in changes in cellular function
and behavior. The specific signaling pathway
activated by a peptide receptor depends on the
subtype of the receptor and the specific ligand
[37]. For example, the formyl peptide receptor
family is associated with complement peptide
receptors, and these receptors are more distant-
ly associated with chemokine receptors [38].
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Peptide receptors play important roles in vari-
ous physiological processes (e.g., metabolism,
immune function, and cardiovascular regulati-
on) [39]. The dysregulation of peptide recep-
tors has been associated with cancer, diabetes,
and many other diseases (Figure 2) [40]. For
example, RXFP2 peptide receptor activation
increases the intracellular cAMP, initiating
signaling over B-catenin, which is involved in
various processes [41]. Understanding peptide
receptors has led to the development of several
drugs that target these peptide receptors [38].
In brief, peptide receptors are important com-
ponents of cellular signaling pathways, playing
vital roles in maintaining physiological home-
ostasis and holding promise for drug interven-
tion in various diseases.
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Figure 2: Some cancer peptide receptors used
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Cancer-protective peptides and their poten-
tial benefits

Cancer-protective peptides have been identi-
fied with potential benefits in the prevention
and treatment of cancer [42]. These peptides
occur naturally in various sources (e.g., ani-
mals, plants, and microorganisms) [43] and
are considered to exert their effects by inhi-
biting tumor growth, increasing the ability of
the immune system to fight cancer cells, and
promoting cell death [44]. These peptides have
recently attracted attention because of their po-
tential to provide a non-toxic alternative to tra-
ditional cancer treatment modalities. The sour-
ces of peptides are diverse and include both
animal and plant-based ingredients [45]. For
example, some vegetables such as soybeans,
and some animal products such as milk and
eggs contain cancer-protective peptides [42,
46]. Microorganisms such as fungi and bacte-
ria were also found to produce cancer-protecti-
ve peptides [47]. The broad spectrum of these
peptide sources provides an opportunity for the
development of cancer treatment and preventi-
ve measures.

In the treatment and prevention of cancer, the
potential benefits of cancer-protective peptides
are extensive [48]. Studies show that these pep-
tides can induce apoptosis (programmed cell
death) in cancer cells, inhibit tumor growth,
improve the immune system’s ability to fight
cancer cells, increase the effectiveness of che-
motherapy and decrease side effects, decrease
inflammation, [43] Considering the benefits of
these peptides, the potential for cancer treat-
ment is an exciting possibility [49].

The role of Artificial Intelligence in peptide
research

With its high efficiency and accuracy, Artificial
Intelligence (Al) demonstrated great potential
in the field of peptide studies by enabling the
identification of peptide sequences [50]. The
identification of peptides that have specific
characteristics has been an important step in
the development of peptide-based therapeuti-
cs. In this context, peptides also showed gre-
at potential in the treatment of many diseases,
including cancer, autoimmune disorders, and
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diabetes [51]. Artificial Intelligence algorithms
analyze large datasets and can identify patter-
ns that are not easily understood by humans,
and result in the identification of novel pepti-
de sequences harboring desired characteristics.
For example, Machine Learning Methods were
used to predict the activity of antimicrobial
peptides that can be used to develop new anti-
biotics [52].

Al can also be applied to predict peptide fun-
ctions and structures. Understanding the func-
tion of a peptide and predicting its structure is
important for new peptide designs with specific
characteristics [53]. Artificial Intelligence al-
gorithms predict peptide structures with high
speed and accuracy and allow researchers to
discover peptides that have desired characteris-
tics quickly. For example, Deep Learning was
used to predict peptide-protein interactions,
which can be employed to develop peptide-ba-
sed therapeutics [54]. Al can also be used to
optimize the therapeutic safety and efficacy of
peptides by predicting their pharmacodynamic
and pharmacokinetic characteristics [53].

Al can also be used to design novel peptides
that have the desired characteristics. Al Algo-
rithms analyze large datasets of peptide sequ-
ences and identify relationships between amino
acid sequences and peptide characteristics and
in this way, novel specific peptides can be de-
signed with increased bioactivity or stability or
improved pharmacokinetics [54]. Al can also
be employed to optimize peptide sequences for
use and improve their therapeutic safety [54]
and to predict the potential toxicity of novel
peptides, reducing the risk of adverse effects in
clinical trials [55]. In general, Al will accelerate
the development of peptide-based therapeutics.

Artificial Intelligence (Al) has the potential to
transform the field of drug discovery, including
the optimization and design of peptide-based
drugs. Al algorithms can learn patterns from
large amounts of data, and allow researchers
to identify promising peptides for drug deve-
lopment more quickly [56]. Rapid Novor, the
first Al-enabled drug discovery company that
has a commercially validated platform, has al-
ready demonstrated the power of Al in pepti-
de discovery [57]. Researchers can accelerate
the drug discovery process by leveraging Al



and enabling the development of more targeted
peptide-based therapeutics.

Peptide-based therapeutics have a promising
future for the treatment of several diseases such
as cardiovascular diseases, cancer, immune di-
sorders, and gastrointestinal dysfunctions [58].
Artificial Intelligence can help develop thera-
peutics by identifying novel peptides with spe-
cific characteristics such as high selectivity and
potency. Researchers can also develop more
effective treatments for various diseases by
engineering these peptides. The same could be
achieved for a wide range of drugs (e.g., Pepti-
logics) by using Al to explore unused chemical
space and treat some of the most challenging
diseases [59]. The potential of peptide thera-
peutics is huge, and Artificial Intelligence will
help uncover new possibilities in this field.

Artificial Intelligence can be used in drug dis-
covery and peptide-based therapeutics, as well
as biomedical imaging and diagnostics. The
algorithms of Artificial Intelligence can help
detect diseases such as cancer and Alzheimer’s
by analyzing medical images. In this way, more
accurate diagnostic tools can be developed and
diseases can be detected at earlier steps. Artifi-
cial Intelligence can also help develop persona-
lized medicine, in which treatments are tailored
to genetic structure and disease characteristics
[60].

In conclusion, peptide therapeutics are a promi-
sing treatment option for cancer as an advanta-
geous factor because of their low toxicity, abi-
lity to target specific cancer cells, and their high
specificity. The development of peptide thera-
peutics has led to the synthesis and design of
various cancer peptide therapeutics (including
Nivolumab, Ipilimumab, and Pembrolizumab).
Previous applications of peptide therapeutics
in cancer showed promising outcomes with the
global use of cancer therapeutic drugs. The fu-
ture of peptide therapeutics seems bright. Stu-
dies underway and developments in the field
will lead to the discovery of improved and no-
vel peptide therapeutics for cancer treatment,
and peptide therapeutics and cancer treatment
options will continue to be one of the areas att-
racting attention.
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