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. INTRODUCTION

Proteolysis constitutes one of the most essenitiddical processes. Proteases are a
class of enzymes known for their proteolytic actibhese enzymes are widely distributed
and carry out important biological functions(1,2%cording to new studies, proteases, which
have been related to tumor formation and proliferain both primary and metastatic sites
(3). There is a direct link between tumor aggremsdss and the release of different
proteases. Proteases are in normal cells servenpartant role in critical physiological
processes, but influenced malignant cells causenits impact. The production of several
particular proteases by tumor cells further congtés the prognosis(4-6). Proteolytic
enzymes are often expressed by tumor cells in geadmneoplastic cells, where their
activity is then hijacked to support tumor growffhe recent release of the genomic
sequences of many species has made it easierrttifyddeir whole protease repertoire, or
degradome, which has been dubbed(7,8).

In total, approximately 569 protease and homologslable, which is categorized
into 5 catalytic groups: Metalloprotease, seringstioe, and threonine and aspartic proteases
(9). However, those enzymes have not been fullytified in the progression of cancer.
After many generations and several mutations, themal cell transforms, causing a
localized tumor before having the capacity to ihfadjacent tissues and metastasis(10). In
reality, the process of forming a tumor is quitenplicated and includes several variations in
the normal cell. Genetic drift and subsequent cyabd mutation are vital in tumor
growth(11). Cancer cells slowly evolve from minihgadbnormal cells. Tumor development
and proliferation are brought on by alterationshs@epigenetic modifications that affect
normal epithelial cells (NEC). In the tumor celpithelial mesenchymal transitions may take
place sometimes. The disruption of cellular connest and acceleration of cell mobility
during epithelial-mesenchymal transition indicatest cells are being liberated from the so-
called epithelial tissue(12). The subsequent médsene-like morphology could migrate,
allowing tumor invasion and dissemination and fetihg metastatic progression. In order
for a tumor to continue to grow unchecked, the tuoedls also need to promote the growth
of blood vessels that will transport nutrition aogygen. Endothelial cells multiply and
infiltrate in the direction of the tumor site, stitating the development of neo vessels(13).
Tumor vasculature expands through a number of agpes:

 The complexity of vascular networks grows througie tcreation of bridges or
endothelial sprouts.

e Tumor arteries change and grow by introducing stital tissue columns into the
lumen of previously present vasculature.

* Endothelial cell progenitors called angioblastgtdhom the peripheral blood or bone
marrow, which develop into tumors and contributettte endothelial coating of
cancer arteries (14).

In order to initiate distant metastasis, the turlls are required to undergo a series
of sequential steps, including intravasation irite bloodstream, arrest at a secondary site,
extravasation into the surrounding tissue, and esylesnt colonization of the local
microenvironment. (Figure 1). The interactions kesw tumor cells (TC), endothelial cells
(EC), fibroblasts, and infiltrating inflammatoryllse(IC), such as macrophages, as well as
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the extracellular matrix, result in these metastgdiases. Miophages contribute to bc
tumar angiogenesis and proliferati

Instead of producing immune responses against theng-associted macrophages
secrete growth factors thaid in the development of turrs. They aid in the development
the tumor by influencing endothelial cells and emeging neovascularizati(15).The
traditional understandingf tumor growth and progression has been signifigaaitered by
studies that have revealed that these enzymes targariety of substrates and regulat
number of processes that are crucial for cell difel death in all organisms. These findi
also show that these enzymes promote tumor evol
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Figure 1: The Schematic View of Mechanism of Tumor Cells Dispagsand Colonizing

II. PROTEASES. ROLE AND FUNCTION IN TUMOR GROWTH AND
METASTASIS

The term "cancedegradom” refers to the action of group of peptides (protease
implicated in the development of cancer. At firajasion and metastasis were thought t
late stages of the cancer growth process, involpirtgease(16). Yet, investigations hav
shown that invasion and metastasis not just latestage occurrences but may also hag
early on. Moreover, other processes involved indtieancement of cancer, such as the
proliferation, the apoptosis, the participationvafite blood cells, angiogenesis, and
formation of multidrug resistance, are also protease depe(17). Proteases are involved
many aspects of cancer development, including thdral of cell growth and death, tl
recruitment of immune system cells, the promoticf blood vessel growth, and tl
generation of treatment resistar(18). In vitro and animal models suggested that prote
play a critical role in a number of pathways ungied the development of canc

1. Cysteine Proteases. A cysteineresidue in the active site distinguishes the vagealip
of proteolytic enzymes known as mammalian cystenaease(19). In pathological
circumstances, they are released by various cpkstyand may bdocalized in the
lysosome or the cytoplay20). Cysteine proteases mediate both broad proceksethé
catabolism of intracellular proteins aspecializedorocesses like the selective activa
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of signaling molecules or the destruction of extldar proteins(21). Several
investigations have revealed an association inmghlysosomal cysteine protein protease
activity and the growth of tumors. Both internablaaxtracellular matrix (ECM) proteins
may be broken down by the cathepsin family of dpsteroteases(22). The balance
between endogenous inhibitors of cathepsins anglation of their inactive versions
controls how they work(23). Cathepsins stand oaoinfra majority of proteases in that
they have been demonstrated to function both ialitdarly and extracellularly. Cancer
cells may assault neighboring tissues, blood a&aterand lymph nodes thanks to
cathepsins' extracellular activity and spread &iadit areas. As a result, cathepsins are
thought to represent viable targets for cancertrireat(24). Progressive breast cancer
tumor tissue samples release the protease anddsvéired in the blood of individuals
with Vaginal intraepithelial neoplasia, accordimgearly findings linking cathepsin B to
cancer(25).

Cathepsin B was previously established to havela irothe remodeling and
disintegration of connective tissue and basemenniongne during the development,
invasion, and metastasis of tumors via the degi@dadf extracellular matrix by
podosomes and invasion by secreted lysosomes(26heHcathepsin B and L levels
have been linked to longer disease-free and oveualival times and may thus be used
to predict a patient's prognosis for cancer. Moeepgathepsins are helpful indicators for
detecting people with tongue cancer, pancreaticararbreast cancer, and colorectal
cancer(27). According to Kawasaki et al. (2002a| @quamous cell carcinoma invasion
and progression were highly linked with cathepsiramal B expression(28). In chronic
atrophic gastritis with dysplasia, the overexpm@ssof cathepsins B and L is more
common. Laryngeal cancer typically overexpresses#thepsin B protein as well.

The function of cathepsin in the regulation of aggnesis suggests another
distinct role in tumor formation. In healthy tissugnd cells, the natural cysteine protease
inhibitor known as cystatin may control the acyvidf cathepsins(29). Cystatins are a
particular kind of reversible, competitive inhibitthat interacts highly with cysteine
peptidases notably cathepsins B, H, L, and S. @ystarotease inhibitors may have an
impact on cancer, which has been linked to changethe proteolytic system. In
experimental settings, recent research have shaatrcystatins may prevent the invasion
or metastasis of several malignancies(30). Cyst&irhas been connected to the
regulation of cell differentiation and suppressaadr cell motility and in vitro invasion.

Cystatin C, when present in free form in the blamdvarious body fluids,
suppresses cysteine peptidases, diminishing tdaoage under inflammatory or tissue-
degrading conditions. While cystatin activity anshcentration seem to vary in various
cancer tissues, research on its interactions vathepsin B is extensive(31). The lack of
similarity in concentrations between cathepsin Bl @s natural inhibitors raises the
possibility that it may play a role in the unchedk®oteolysis and subsequent malignant
development of tongue cancer(32).

2. SerineProteases: Serine proteases are frequently found in the fdraymogens, which
are activated by restricted and selective protémlya process that effect regulates
enzyme activity(33). Furthermore, physiologicalibitors that control cellular activity
are present. Serine protease activities must begegsoregulated for the cell to function
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normally, and improper control of these activitiesight result in pathological
diseases(34). One class of serine proteases tlsabden thoroughly studied for its
connection to tumor invasion and metastasis is inage-type plasminogen activators.
Several studies have shown a strong correlationdsat their expression and the control
of enzyme activity and the malignancies(35). Maase,type Il transmembrane serine
protease, has a role in the development of sewpmitihelial malignancies as well as
angiogenesis and the breakdown of extracellularimatet, hepatocyte growth factor
activator inhibitor-1 inhibits it in healthy cel(81Al-1)(36).

Matriptase is expressed when human prostate cg@e€) progresses, and HAI-1
is lost, which may be a significant developmente Tatio of these two gene products has
been proposed to be a potential indicator for Cafgrpssion and a possible diagnostic
for determining the success rate of therapeuticchiedno preventive medicines (37). One
of the most well studied serine proteases is tryp3¥hese proteases are crucial for
numerous biological procedures, including metabgli€oagulation, regulation, as well
as a variety of significant pathological processeduding atherosclerosis, inflammation,
and cancer. Trypsin was formerly thought to begestive enzyme produced exclusively
by pancreatic acinar cells(38). However, the figdaf the enzyme in patients who had
undergone pancreatectomy stimulated investigatio trypsin production in other
regions of the human body.

Trypsinogen-1, Trypsinogen-2, Trypsinogen-3 (présan diverse epithelial
tissues), and Trypsinogen-4 are the four distingbsinogen isoforms that have been
described in humans (found in the brain)(39). Thanyntrypsinogens exhibit high
nucleotide and protein homology (>90%). Argininedalysine contributes carboxyl
groups to the linear structure formation in proteinlecules, which trypsin specifically
targets(40). Second, an enterpeptidase presenbuhedal enterocytes has the potential to
convert trypsinogen into active trypsin. It's imt&ing to note that trypsin-activating
enteropeptidase is present in the adenocarcinolsaot¢éhe duodenum and other tissues
that produce trypsin(41). Moreover, the pancreséicretory trypsin inhibitor (PSTI), an
antiprotease mediator, guards against prematuireton.

An imbalance in the "protease-antiprotease-systgrstem seems to enhance the
risk of developing pancreatic adenocarcinoma and ha misconception in the
development of pancreatitis(42). The mucosa otypeal gastrointestinal tract excretes
pancreatic secretory trypsin inhibitor (PSTI), whigorks to shield cells from proteolytic
degradation. The same peptide, also known as "tasswciated trypsin inhibitor”
(TATI), which is the same as PSTI, is released umdr cells(43). Trypsin promotes
growth, invasion, and metastasis and is implicatedhe development of colorectal
cancer. Moreover, trypsin-expressed colorectal msniave a worse prognosis and a
shorter disease-free survival time(44). Trypsimk rin the development of cancer is
becoming more understood biologically. By a "preteantiprotease-system” and the
activation of other protease cascades, it seentpéoate both directly and indirectly.
Trypsin digestion of type | collagen may directiyceurage cancer cell invasion of the
basal membrane(39).

MMPs, which are known to promote migration and elismation and are co-
expressed, get triggered by trypsin. Trypsin and®4R) 7 and 9 co-express and seem to

Copyright © 2024 Authors Page | 187



Futuristic Trends in Biotechnolo
e41SBN: 978-93-6252-440-9
[IP Series, Volume 3, Bo« 20, Part 4, Chapter 2
CANCERTHERAPEUTIC TARGETS: AN OVERVIEW OF DIFFERENT TYPESF PROTEASE

have a special role in invasion, progression, aotiferatior(45). MMPs may contribut
to invasion and metastasis as well as the transfttm adenoma to cancer. Trypsi
detrimental impact on the prognosis of coloreciancer may be explained by t
cosegregation of trypsin and MMPs within ttumor milieu, which is critical for the
activation of MMPs(46)Prostaglandin production is a key method throwgkch trypsin
and proteasactivated receptor 2 (P/2) collaborate in an autocrine loop to prom
proliferation, invasion, and metastasis (Figur(47).

In the analysis of breast can, researchers have also looked at how the am
body rate ofproteases (including trypsin and tryf-like ones) and antiproteases, wh
results in a "certain" degree of proteolytic adyivinfluences PAI-2 compared to tumc
cells(48) Both MMP and PAI2 may actiate the mitogenic MAP-ERK pathway by
stimulating the epidermal growth factor receptorewtrypsin is present. Due to
widespread distribution, trypsin is unlikely to éesiable target for therapeutic treatme
Experimental trypsin suppression is sible but not particularly effecti(49). Yet, as
trypsin and coactivated protein cascadesome wellunderstood, biological knowled
of colorectal carcinogenesis may be improved. Thigght open the door t
prognosticators, predictors, and new therapeutipeta. Potential cancer therapies r
be developed by doing research on the biologicgnificance of trypsin and how
functions.
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Figure 2: An lllustration of the Interactions of Trypsinith Matrix Metalloproteinase
(Mmps) and Proteinas-Activated Receptor 2 (PAR-2).

3. Aspartate Proteases.A group of recognized enzymes knovas aspart proteases has
two lobes separated by a cleft that houses thdytiataite, which is made up of tw
aspartate residues. An aspartic e-protease known as cathep&in(Catt-D) is widely
distributed in lysosomes. For a very long timey#s believed th catr-primary D's job
was to break down proteins in lysosomes at an@pig(50). Recent studies have sho
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a wide variety of roles for cathepsins outside o tysosome, in the cytosol and the
extracellular space. But pathological situationgnsgicantly upregulate extracellular
cathepsins, and these enzymes have been linkedroad variety of illnesses, notably
cancer and cardiovascular disorders(51). Howevmughout the last three decades,
cathepsin D has been researched primarily in oglat its function in the formation of
cancer and as a potential independent tumor m&Xer{The definition of Cath-D's
physiological function has also been influencedtiy study, which also assisted in the
identification of additional Cath-D functions. Humaepithelial breast cancer cells
overexpress and produce large quantities of tharasgrotease cathepsin D (cath-D), a
hallmark of poor prognosis in breast cancer(53).

Cath-D promotes angiogenesis, metastasis, fibrobbgsansion, and cancer cell
proliferation. The first evidence for cath-directsOinvolvement in cancer metastasis
came from rat tumor cells, where transfection-iretlicath-D overexpression improved
the cells' capacity for in vivo metastasis(54). Tteth-D pathway that stimulates
metastasis seemed to have a favourable impact lbproéferation in that rat tumor
model, favouring the creation of micro-metastasgbar than boosting the capacity for
invasion(55). Many studies have shown the indepangesdictive value of pCD/CD
level in a wide range of malignancies, and as altigsis being considered as a possible
target of anti-cancer treatment(56). Research am ribles of cathepsin D were
confounded by the presence of many forms of CD aelaat the same time, including
mature heavy and light chain CD, intermediate eratically active CD, and pCD. So, it
became clear that these shapes may control thenaémtioned processes in many ways.
Several other research have shown that pCD reldasedncer cells influences different
phases of tumor formation and that pCD secretidnbition from cancer cells may
reduce the growth of cancer cells in vitro and iWoyraising the prospect of employing
inhibition of pCD in clinical contexts (57).

4. Threonine Proteases. Threonine proteases, also known as proteasomesgesgensible
for removing cellular proteins that have been fldydor breakdown via a complicated
process called polyubiquitination(58). It is thegess of adding a number of ubiquitin
molecules to a protein that is intended to be dbmtaA multicatalytic threonine protease
with three unique catalytic activity, the 26S pageme(59). In eukaryotic cells, it is in
charge of the processing and degradation of shemtd some long-lived proteins
necessary for the control of many cellular actgti It was proposed that
pharmacological suppression of proteasome actmiy be effective as a new class of
anticancer medicines since abnormal proteasomendepe proteolysis seems to be
linked with the pathogenesis of various cancers(88)a result, numerous organizations
have been doing extensive research into how tetaecific aspects of protein function
that are crucial for the development and spreamanter.

The first proteasome inhibitor authorized by the BISA for the treatment of
mantle cell lymphoma, relapsed/refractory multipleyeloma, and newly diagnosed
multiple myeloma was bortezomib(61). Proteasomeibitibn may encourage the
breakdown of anti-apoptotic proteins while inhibgithe degradation of pro-apoptotic
proteins, which causes malignant cells to underggnammed cell death(62).
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5. Metalloproteasesin the Matrix: The family of Zn 2+ endopeptidases known as mi
metalloproteases (MMPs) consists of nine or mogélirisimilar enzymes that cleave 1
majority, if not all, of the extracellular mex's components(63)Protease and MM
activity levels are closely regulated. This makessge since excessive proteolysis wc
not be an effective means of preserving homeos

Yet, in disease settingsoth the number of distinct expressed proteasesttar
degree of individual protease expression rise. bmyndifferent tumor forms, MM
expression is increased, and the rise often coeselavith reduced surviv(64).
Extracellular matrix proteins are subject to tureiloand modification by MMPs. Tf
activity of MMPs is tightly regulated, as one wouwdticipate for enzymes with suct
propensity for degradati(65). In addition to being controlled through the regian of
gene expression, matrix metalloproteases are secastlatent proenzymes that need
KDa amino terminal domaito be modified or removed in order to exhibit eng)
activity(66). In physiological processes like morphogenesisvound healing, wher
significant extracellularemodeling must follow a wellprogrammed path, this preci
control of enzyme activity is cruci

The discovery that the human genome contains more 5@8ngenes producir
proteases or proteins that are similar to protegsesides evidence of the amazi
complexity of the proteolytic systems that functionhuman tissuq67). Due to their
capacity to break den all significant protein components of the exéladar matrix
(ECM) and basement membranes, these enzymes westelifiked to the invasiv
characteristics of tumor ce(68). Further research has shown the role of MMPs &
development of tumors early on, including the prédoro of cell proliferalon and the
control of angiogenedi89). MMPs enable the invasion of blood arteries amdplgatics
by metastatic cells, allowing local developmenttioé tumor mass by disruption
normal tissue sticture. The release and activation of matrix mepatitease seems to
the outcome of a particular interaction betweenduand stromal cells (Figure

ECM Degradation Tumor Cell-

Invasion Metastasis .b
Pro- MMP (
-1,-9,-13 \ % o
Plasmin

m_ )
UPA

Figure 3: An lllustration for Matrix Metalloproteinases Plays imet Degradatioand
Invasion of Extracellular Matrix.
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The activity of matrix metalloproteases also seetos promote invasive
development in these secondary locations. Depenaimthe properties of the various
cells' capacity to manufacture these enzymes, MiRdtion processes seem to vary.
Several substances, including as cytokines, grdwitimones, and oncogene products,
affect MMP expression differently in space and {ii®. Nevertheless, MMP gene
activation in many tumors is often linked to TNH-u(mor necrosis factor-) and IL-1
(Interleukin-1), while TGF- (Transforming growthctar-) or retinoids typically suppress
MMP transcription(71). There are a few exceptianthis rule, however, since in specific
cell types, these factors may stimulate rather tiegamess certain family members like
Mmpll or Mmpl3(72). Moreover, attempts have beemant compare the signal
transduction routes used to induce various MMPstriklanetalloprotease inhibitors
(MMPI1) may halt tumor development and metastasid &mit the breakdown of
extracellular matrix in the regions of proteoly$¥any studies showing how TIMPs may
reduce tumor development in transgenic mice mookgnally supported the idea that
they might be used to suppress MMP activity in eaf3). Technical challenges exist
when employing TIMPs in cancer treatment, as theywith other macromolecules,
which emphasizes the necessity for creating syiotidMPIs that specifically target
certain MMPs(74). Pseudopeptides that mimickedcthavage sites of MMP substrates
made up the first batch of synthetic inhibitors.

As a result, the first MMPI to be studied in humamas the broad-spectrum
hydroxamate-based inhibitor Batimastat (BB-94).ilBastat was replaced by Marimastat
(BB-2516), another peptido-mimetic MMPI that is essible orally, after clinical studies
with the drug delivered intraperitoneally failed demonstrate any appreciable effects.
Several MMPs, including MMP-1, -2, -3, -7, -9, -1and -13, are inhibited by
marimastat(75). The musculoskeletal discomfort sgerpatients after a continuous
therapy with Marimastat may be explained by theeggrof different enzymes that this
MMPI can target. Despite this drawback, Marimassajust as successful in treating
patients with pancreatic cancer as standard the(gemcitabine)(76). Moreover, this
inhibitor and temozolomide together increased saidvin glioblastoma multiforme
patients. Last but not least, Marimastat improwedisal and delayed the onset of illness
in individuals with advanced gastric cancer. New-peptidomimetic MMPI series have
recently been created, and they are based on tretr@€iure of MMP zinc-binding sites
and have enhanced selectivity and oral bioavaitg{il7).

Because to its absence of musculoskeletal sideteffBMS-275291 stands out
among the group since it has been studied for adhlung cancer, prostate cancer, and
Kaposi's sarcoma linked to AIDS(78). Clinical sesliare also being conducted on non-
peptidic compounds, such as bisphosphonates aratyeline derivatives, that have
inhibitory effects on MMPs. Notwithstanding somerlgaissues with MMPIs,
Marimastat's encouraging findings on matrix metaibbeases in cancer serve as a proof-
of-concept for the therapeutic potential of thesegd in the treatment of cancer(79).

[I1. CONCLUSION
Now, we are aware that the evolution of tumorsimkdd to changed location,

increased expression, and activity of numerouseps#s from all five classes. Even the
release of certain particular proteases by tumlks ogakes prognosis very challenging. As a
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tumor grows, invades, and metastasizes, cystewtegses like cathepsin B contribute to the
destruction and remodeling of connective tissue basement membrane. The enhanced
production of cathepsin B in tumor cells that alese to the extracellular matrix and the
redistribution of cathepsin B inside tumor cellowhthat proteases may be transported to
sites of tumor cell invasion. Aspartate proteas¢heg@sin D also contributes to the
development of cancer. The MMP family members, harestand out among all of these
proteolytic processes because they may cleave alamyspart of the basement membrane
and ECM, enabling cancer cells to invade and mat#t the stromal cells nearby. As a result,
the role of proteases in cancer proposes the ugetd#ase inhibitors (PIs), which may lessen
the ability of tumor cells to invade and spreadt@ase inhibitors may have a direct impact
on tumor invasion by preventing the breakdown & éxtracellular matrix or an indirect
impact by preventing the initiation of a proteotytascade. Tumor cells represent just one
component of the tumor environment. In order toatetarget-specific Pl medicines for
therapeutic application, a thorough understandingrateases and their Pls is thus urgently
required. For certain types of cancer, specifictgase inhibitors may be useful in
conjunction with standard anticancer agents.
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