CANCER THERAPEUTIC TARGETS: AN OVERVIEW OF DIFFERENT TYPES OF PROTEASES
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ABSTRACT
In healthy cells, proteases play an important part in the execution of biological processes. Proteases and associated anti-proteases coexist in equilibrium in biological systems, and disruption of this balance results in a variety of illnesses, including cancer. Serine, cysteine, aspartate, threonine, and matrix metalloproteases are five different types of proteases that contribute to the progression of a tumor from its early stages through growth, metastasis, and eventually invasion into a new place. The term "cancer degradome" refers to a group of peptides' roles in the course of the disease. Multiple studies have demonstrated a correlation between the enzymatic activity of lysosomal cysteine proteases and tumorigenesis. Trypsin, a well-known digestive serine protease that promotes invasion, proliferation, and metastasis, has also been linked to a number of malignancies. The prognosis and length of disease-free life are poor for colorectal cancers that express trypsin. Protease inhibitors' usage in the treatment of cancer is suggested by the role of proteases in cancer. Protease inhibitor-based therapies and their impact in different carcinogenesis processes will be the emphasis of this chapter.
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INTRODUCTION 
Proteolysis constitutes one of the most essential biological processes. Proteases are a class of enzymes known for their proteolytic action. These enzymes are widely distributed and carry out important biological functions (1,2). According to new studies, proteases, which have been related to tumor formation and proliferation in both primary and metastatic sites (3). There is a direct link between tumor aggressiveness and the release of different proteases. Proteases are in normal cells serve an important role in critical physiological processes, but influenced malignant cells cause the most impact. The production of several particular proteases by tumor cells further complicates the prognosis (4–6). Proteolytic enzymes are often expressed by tumor cells in nearby nonneoplastic cells, where their activity is then hijacked to support tumor growth. The recent release of the genomic sequences of many species has made it easier to identify their whole protease repertoire, or degradome, which has been dubbed (7,8). 
In total, approximately 569 protease and homologs available, which is categorized into 5 catalytic groups: Metalloprotease, serine, cystine, threonine and aspartic proteases. (9). However, those enzymes have not been fully identified in the progression of cancer.  After many generations and several mutations, the normal cell transforms, causing a localized tumor before having the capacity to infect adjacent tissues and metastasis (10). In reality, the process of forming a tumor is quite complicated and includes several variations in the normal cell. Genetic drift and subsequent cycles of mutation are vital in tumor growth (11). Cancer cells slowly evolve from minimally abnormal cells. Tumor development and proliferation are brought on by alterations such epigenetic modifications that affect normal epithelial cells (NEC). In the tumor cell, epithelial mesenchymal transitions may take place sometimes. The disruption of cellular connections and acceleration of cell mobility during epithelial-mesenchymal transition indicates that cells are being liberated from the so-called epithelial tissue (12). The subsequent mesenchyme-like morphology could migrate, allowing tumor invasion and dissemination and facilitating metastatic progression. In order for a tumor to continue to grow unchecked, the tumor cells also need to promote the growth of blood vessels that will transport nutrition and oxygen. Endothelial cells multiply and infiltrate in the direction of the tumor site, stimulating the development of neo vessels (13). Tumor vasculature expands through a number of approaches: 1. The complexity of vascular networks grows through the creation of bridges or endothelial sprouts. 2. Tumor arteries change and grow by introducing interstitial tissue columns into the lumen of previously present vasculature. 3. Endothelial cell progenitors called angioblasts shift from the peripheral blood or bone marrow, which develop into tumors and contribute to the endothelial coating of cancer arteries (14). In order to initiate distant metastasis, the tumor cells are required to undergo a series of sequential steps, including intravasation into the bloodstream, arrest at a secondary site, extravasation into the surrounding tissue, and subsequent colonization of the local microenvironment. (Figure 1). The interactions between tumor cells (TC), endothelial cells (EC), fibroblasts, and infiltrating inflammatory cells (IC), such as macrophages, as well as the extracellular matrix, result in these metastasis phases. Microphages contribute to both tumor angiogenesis and proliferation.
Instead of producing immune responses against them, tumor-associated macrophages secrete growth factors that aid in the development of tumors. They aid in the development of the tumor by influencing endothelial cells and encouraging neovascularization (15). The traditional understanding of tumor growth and progression has been significantly altered by studies that have revealed that these enzymes target a variety of substrates and regulate a number of processes that are crucial for cell life and death in all organisms. These findings also show that these enzymes promote tumor evolution.
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Figure 1. The schematic view of mechanism of tumor cells dispersing and colonizing.
PROTEASES: ROLE AND FUNCTION IN TUMOR GROWTH AND METASTASIS  
The term "cancer degradome" refers to the action of a group of peptides (proteases) implicated in the development of cancer. At first, invasion and metastasis were thought to be late stages of the cancer growth process, involving proteases (16). Yet, investigations have shown that invasion and metastasis are not just late-stage occurrences but may also happen early on. Moreover, other processes involved in the advancement of cancer, such as the cell proliferation, the  apoptosis, the participation of white blood cells, angiogenesis, and the formation of multi-drug resistance, are also protease dependent (17). Proteases are involved in many aspects of cancer development, including the control of cell growth and death, the recruitment of immune system cells, the promotion of blood vessel growth, and the generation of treatment resistance (18). In vitro and animal models suggested that proteases play a critical role in a number of pathways underlying the development of cancer.
Cysteine proteases 
A cysteine residue in the active site distinguishes the varied group of proteolytic enzymes known as mammalian cysteine proteases (19). In pathological circumstances, they are released by various cell types and may be localized in the lysosome or the cytoplasm (20). Cysteine proteases mediate both broad processes like the catabolism of intracellular proteins and specialized processes like the selective activation of signaling molecules or the destruction of extracellular proteins (21). Several investigations have revealed an association involving lysosomal cysteine protein protease activity and the growth of tumors. Both internal and extracellular matrix (ECM) proteins may be broken down by the cathepsin family of cysteine proteases (22). The balance between endogenous inhibitors of cathepsins and activation of their inactive versions controls how they work (23). Cathepsins stand out from a majority of proteases in that they have been demonstrated to function both intracellularly and extracellularly. Cancer cells may assault neighboring tissues, blood arteries, and lymph nodes thanks to cathepsins' extracellular activity and spread to distant areas. As a result, cathepsins are thought to represent viable targets for cancer treatment (24). Progressive breast cancer tumor tissue samples release the protease and is discovered in the blood of individuals with Vaginal intraepithelial neoplasia, according to early findings linking cathepsin B to cancer (25).
Cathepsin B was previously established to have a role in the remodeling and disintegration of connective tissue and basement membrane during the development, invasion, and metastasis of tumors via the degradation of extracellular matrix by podosomes and invasion by secreted lysosomes (26). Higher cathepsin B and L levels have been linked to longer disease-free and overall survival times and may thus be used to predict a patient's prognosis for cancer. Moreover, cathepsins are helpful indicators for detecting people with tongue cancer, pancreatic cancer, breast cancer, and colorectal cancer (27). According to Kawasaki et al. (2002), oral squamous cell carcinoma invasion and progression were highly linked with cathepsin D and B expression (28). In chronic atrophic gastritis with dysplasia, the overexpression of cathepsins B and L is more common. Laryngeal cancer typically overexpresses the cathepsin B protein as well.
The function of cathepsin in the regulation of angiogenesis suggests another distinct role in tumor formation. In healthy tissues and cells, the natural cysteine protease inhibitor known as cystatin may control the activity of cathepsins (29). Cystatins are a particular kind of reversible, competitive inhibitor that interacts highly with cysteine peptidases notably cathepsins B, H, L, and S. Cysteine protease inhibitors may have an impact on cancer, which has been linked to changes in the proteolytic system. In experimental settings, recent research have shown that cystatins may prevent the invasion or metastasis of several malignancies (30). Cystatin C has been connected to the regulation of cell differentiation and suppresses tumor cell motility and in vitro invasion.
Cystatin C, when present in free form in the blood or various body fluids, suppresses cysteine peptidases, diminishing tissue damage under inflammatory or tissue-degrading conditions. While cystatin activity and concentration seem to vary in various cancer tissues, research on its interactions with cathepsin B is extensive (31). The lack of similarity in concentrations between cathepsin B and its natural inhibitors raises the possibility that it may play a role in the unchecked proteolysis and subsequent malignant development of tongue cancer (32).
Serine proteases 
Serine proteases are frequently found in the form of zymogens, which are activated by restricted and selective proteolysis, a process that effect regulates enzyme activity (33). Furthermore, physiological inhibitors that control cellular activity are present. Serine protease activities must be properly regulated for the cell to function normally, and improper control of these activities might result in pathological diseases (34). One class of serine proteases that has been thoroughly studied for its connection to tumor invasion and metastasis is urokinase-type plasminogen activators. Several studies have shown a strong correlation between their expression and the control of enzyme activity and the malignancies (35). Matriptase, type II transmembrane serine protease, has a role in the development of several epithelial malignancies as well as angiogenesis and the breakdown of extracellular matrix. Yet, hepatocyte growth factor activator inhibitor-1 inhibits it in healthy cells (HAI-1) (36).
Matriptase is expressed when human prostate cancer (CaP) progresses, and HAI-1 is lost, which may be a significant development. The ratio of these two gene products has been proposed to be a a potential indicator for CaP progression and a possible diagnostic for determining the success rate of therapeutic and chemo preventive medicines (37). One of the most well studied serine proteases is trypsin. These proteases are crucial for numerous biological procedures, including metabolism, Coagulation, regulation, as well as a variety of significant pathological processes, including atherosclerosis, inflammation, and cancer. Trypsin was formerly thought to be a digestive enzyme produced exclusively by pancreatic acinar cells (38). However, the finding of the enzyme in patients who had undergone pancreatectomy stimulated investigation into trypsin production in other regions of the human body.
Trypsinogen-1, Trypsinogen-2, Trypsinogen-3 (present in diverse epithelial tissues), and Trypsinogen-4 are the four distinct trypsinogen isoforms that have been described in humans (found in the brain) (39). The many trypsinogens exhibit high nucleotide and protein homology (>90%). Arginine and lysine contributes carboxyl groups to the linear structure formation in protein molecules, which trypsin specifically targets(40). Second, an enteropeptidase present in duodenal enterocytes has the potential to convert trypsinogen into active trypsin. It's interesting to note that trypsin-activating enteropeptidase is present in the adenocarcinoma cells of the duodenum and other tissues that produce trypsin (41). Moreover, the pancreatic secretory trypsin inhibitor (PSTI), an antiprotease mediator, guards against premature activation.
An imbalance in the "protease-antiprotease-system" system seems to enhance the risk of developing pancreatic adenocarcinoma and has a misconception in the development of pancreatitis (42). The mucosa of the typical gastrointestinal tract excretes pancreatic secretory trypsin inhibitor (PSTI), which works to shield cells from proteolytic degradation. The same peptide, also known as "tumor-associated trypsin inhibitor" (TATI), which is the same as PSTI, is released by tumor cells (43). Trypsin promotes growth, invasion, and metastasis and is implicated in the development of colorectal cancer. Moreover, trypsin-expressed colorectal tumors have a worse prognosis and a shorter disease-free survival time (44). Trypsin's role in the development of cancer is becoming more understood biologically. By a "protease-antiprotease-system" and the activation of other protease cascades, it seems to operate both directly and indirectly. Trypsin digestion of type I collagen may directly encourage cancer cell invasion of the basal membrane (39).
MMPs, which are known to promote migration and dissemination and are co-expressed, get triggered by trypsin. Trypsin and MMP-2, 7 and 9 co-express and seem to have a special role in invasion, progression, and proliferation (45). MMPs may contribute to invasion and metastasis as well as the transition from adenoma to cancer. Trypsin's detrimental impact on the prognosis of colorectal cancer may be explained by the cosegregation of trypsin and MMPs within the tumor milieu, which is critical for the activation of MMPs (46). Prostaglandin production is a key method through which trypsin and protease-activated receptor 2 (PAR-2) collaborate in an autocrine loop to promote proliferation, invasion, and metastasis (Figure 2) (47).
In the analysis of breast cancer, researchers have also looked at how the ambient body rate of proteases (including trypsin and trypsin-like ones) and antiproteases, which results in a "certain" degree of proteolytic activity, influences PAR-2 compared to tumor cells (48). Both MMP and PAR-2 may activate the mitogenic MAPK-ERK pathway by stimulating the epidermal growth factor receptor when trypsin is present. Due to its widespread distribution, trypsin is unlikely to be a viable target for therapeutic treatment. Experimental trypsin suppression is possible but not particularly effective (49). Yet, as trypsin and coactivated protein cascades become more well-understood, biological knowledge of colorectal carcinogenesis may be improved. This might open the door to prognosticators, predictors, and new therapeutic targets. Potential cancer therapies may be developed by doing research on the biological significance of trypsin and how it functions.
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Figure 2. An illustration of the interactions of trypsin with matrix metalloproteinases (MMPs) and proteinase-activated receptor 2 (PAR-2).
Aspartate proteases 
A group of recognized enzymes known as aspartic proteases has two lobes separated by a cleft that houses the catalytic site, which is made up of two aspartate residues. An aspartic endo-protease known as cathepsin-D (Cath-D) is widely distributed in lysosomes. For a very long time, it was believed that cath-primary D's job was to break down proteins in lysosomes at an acidic pH (50). Recent studies have shown a wide variety of roles for cathepsins outside of the lysosome, in the cytosol and the extracellular space. But pathological situations significantly upregulate extracellular cathepsins, and these enzymes have been linked to a broad variety of illnesses, notably cancer and cardiovascular disorders (51). However throughout the last three decades, cathepsin D has been researched primarily in relation to its function in the formation of cancer and as a potential independent tumor marker (52). The definition of Cath-physiological D's function has also been influenced by this study, which also assisted in the identification of additional Cath-D functions. Human epithelial breast cancer cells overexpress and produce large quantities of the aspartic protease cathepsin D (cath-D), a hallmark of poor prognosis in breast cancer (53).
Cath-D promotes angiogenesis, metastasis, fibroblast expansion, and cancer cell proliferation. The first evidence for cath-direct D's involvement in cancer metastasis came from rat tumor cells, where transfection-induced cath-D overexpression improved the cells' capacity for in vivo metastasis (54). The cath-D pathway that stimulates metastasis seemed to have a favourable impact on cell proliferation in that rat tumor model, favouring the creation of micro-metastases rather than boosting the capacity for invasion (55). Many studies have shown the independent predictive value of pCD/CD level in a wide range of malignancies, and as a result, it is being considered as a possible target of anti-cancer treatment (56). Research on the roles of cathepsin D were confounded by the presence of many forms of CD in a cell at the same time, including mature heavy and light chain CD, intermediate enzymatically active CD, and pCD. So, it became clear that these shapes may control the aforementioned processes in many ways. Several other research have shown that pCD released by cancer cells influences different phases of tumor formation and that pCD secretion inhibition from cancer cells may reduce the growth of cancer cells in vitro and in vivo, raising the prospect of employing inhibition of pCD in clinical contexts (57).
Threonine proteases 
Threonine proteases, also known as proteasomes, are responsible for removing cellular proteins that have been flagged for breakdown via a complicated process called polyubiquitination (58). It is the process of adding a number of ubiquitin molecules to a protein that is intended to be degraded. A multicatalytic threonine protease with three unique catalytic activity, the 26S proteasome (59). In eukaryotic cells, it is in charge of the processing and degradation of short- and some long-lived proteins necessary for the control of many cellular activities. It was proposed that pharmacological suppression of proteasome activity may be effective as a new class of anticancer medicines since abnormal proteasome dependent proteolysis seems to be linked with the pathogenesis of various cancers (60). As a result, numerous organizations have been doing extensive research into how to target specific aspects of protein function that are crucial for the development and spread of cancer. 
The first proteasome inhibitor authorized by the US FDA for the treatment of mantle cell lymphoma, relapsed/refractory multiple myeloma, and newly diagnosed multiple myeloma was bortezomib (61). Proteasome inhibition may encourage the breakdown of anti-apoptotic proteins while inhibiting the degradation of pro-apoptotic proteins, which causes malignant cells to undergo programmed cell death (62). 
Metalloproteases in the matrix 
The family of Zn 2+ endopeptidases known as matrix metalloproteases (MMPs) consists of nine or more highly similar enzymes that cleave the majority, if not all, of the extracellular matrix's components (63). Protease and MMP activity levels are closely regulated. This makes sense since excessive proteolysis would not be an effective means of preserving homeostasis.
Yet, in disease settings, both the number of distinct expressed proteases and the degree of individual protease expression rise. In many different tumor forms, MMP expression is increased, and the rise often correlates with reduced survival (64). Extracellular matrix proteins are subject to turnover and modification by MMPs. The activity of MMPs is tightly regulated, as one would anticipate for enzymes with such a propensity for degradation (65). In addition to being controlled through the regulation of gene expression, matrix metalloproteases are secreted as latent proenzymes that need a 10 KDa amino terminal domain to be modified or removed in order to exhibit enzyme activity (66). In physiological processes like morphogenesis or wound healing, where significant extracellular remodelling must follow a well-programmed path, this precise control of enzyme activity is crucial.
The discovery that the human genome contains more than 500 genes producing proteases or proteins that are similar to proteases provides evidence of the amazing complexity of the proteolytic systems that function in human tissues (67). Due to their capacity to break down all significant protein components of the extracellular matrix (ECM) and basement membranes, these enzymes were first linked to the invasive characteristics of tumor cells(68). Further research has shown the role of MMPs in the development of tumors early on, including the promotion of cell proliferation and the control of angiogenesis (69). MMPs enable the invasion of blood arteries and lymphatics by metastatic cells, allowing local development of the tumor mass by disruption of normal tissue structure. The release and activation of matrix metalloprotease seems to be the outcome of a particular interaction between tumor and stromal cells (Figure 3).
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Figure 3. An illustration for matrix metalloproteinases plays in the degradation and invasion of extracellular matrix.
The activity of matrix metalloproteases also seems to promote invasive development in these secondary locations. Depending on the properties of the various cells' capacity to manufacture these enzymes, MMP induction processes seem to vary. Several substances, including as cytokines, growth hormones, and oncogene products, affect MMP expression differently in space and time (70). Nevertheless, MMP gene activation in many tumors is often linked to TNF- (Tumor necrosis factor-) and IL-1 (Interleukin-1), while TGF- (Transforming growth factor-) or retinoids typically suppress MMP transcription (71). There are a few exceptions to this rule, however, since in specific cell types, these factors may stimulate rather than repress certain family members like Mmp11 or Mmp13 (72). Moreover, attempts have been made to compare the signal transduction routes used to induce various MMPs. Matrix metalloprotease inhibitors (MMPI) may halt tumor development and metastasis and limit the breakdown of extracellular matrix in the regions of proteolysis. Many studies showing how TIMPs may reduce tumor development in transgenic mice models originally supported the idea that they might be used to suppress MMP activity in cancer (73). Technical challenges exist when employing TIMPs in cancer treatment, as they do with other macromolecules, which emphasizes the necessity for creating synthetic MMPIs that specifically target certain MMPs (74). Pseudopeptides that mimicked the cleavage sites of MMP substrates made up the first batch of synthetic inhibitors.
As a result, the first MMPI to be studied in humans was the broad-spectrum hydroxamate-based inhibitor Batimastat (BB-94). Batimastat was replaced by Marimastat (BB-2516), another peptido-mimetic MMPI that is accessible orally, after clinical studies with the drug delivered intraperitoneally failed to demonstrate any appreciable effects. Several MMPs, including MMP-1, -2, -3, -7, -9, -12, and -13, are inhibited by marimastat (75). The musculoskeletal discomfort seen in patients after a continuous therapy with Marimastat may be explained by the variety of different enzymes that this MMPI can target. Despite this drawback, Marimastat is just as successful in treating patients with pancreatic cancer as standard therapy (gemcitabine) (76). Moreover, this inhibitor and temozolomide together increased survival in glioblastoma multiforme patients. Last but not least, Marimastat improved survival and delayed the onset of illness in individuals with advanced gastric cancer. New non-peptidomimetic MMPI series have recently been created, and they are based on the 3D structure of MMP zinc-binding sites and have enhanced selectivity and oral bioavailability (77).
Because to its absence of musculoskeletal side effects, BMS-275291 stands out among the group since it has been studied for advanced lung cancer, prostate cancer, and Kaposi's sarcoma linked to AIDS (78). Clinical studies are also being conducted on non-peptidic compounds, such as bisphosphonates and tetracycline derivatives, that have inhibitory effects on MMPs. Notwithstanding some early issues with MMPIs, Marimastat's encouraging findings on matrix metalloproteases in cancer serve as a proof-of-concept for the therapeutic potential of these drugs in the treatment of cancer (79).
CONCLUSION 
Now, we are aware that the evolution of tumors is linked to changed location, increased expression, and activity of numerous proteases from all five classes. Even the release of certain particular proteases by tumor cells makes prognosis very challenging. As a tumor grows, invades, and metastasizes, cysteine proteases like cathepsin B contribute to the destruction and remodeling of connective tissue and basement membrane. The enhanced production of cathepsin B in tumor cells that are close to the extracellular matrix and the redistribution of cathepsin B inside tumor cells show that proteases may be transported to sites of tumor cell invasion. Aspartate protease cathepsin D also contributes to the development of cancer. The MMP family members, however, stand out among all of these proteolytic processes because they may cleave almost any part of the basement membrane and ECM, enabling cancer cells to invade and infiltrate the stromal cells nearby. As a result, the role of proteases in cancer proposes the use of protease inhibitors (PIs), which may lessen the ability of tumor cells to invade and spread. Protease inhibitors may have a direct impact on tumor invasion by preventing the breakdown of the extracellular matrix or an indirect impact by preventing the initiation of a proteolytic cascade. Tumor cells represent just one component of the tumor environment. In order to create target-specific PI medicines for therapeutic application, a thorough understanding of proteases and their PIs is thus urgently required. For certain types of cancer, specific protease inhibitors may be useful in conjunction with standard anticancer agents.
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