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Abstract

The largest cause of death and a
serious global public health issue, according
to research, is cancer. Cancer is characterized
by unrestricted tumor cell growth. The
growth and metastasis (penetration and
proliferation) of malignant tumors depend on
angiogenesis, the sprouting of new blood
vessels from pre-existing ones. Endothelial
cells move and develop during this process as
angiogenic factors interact with receptors to
release enzymes that break down the
endothelial cell matrix. As a result,
angiogenic elements continue to create new
blood vessel networks. It is found that
Kallikrein related peptidases KLK-12, KLK-
14 and KLK-15 proteins are considered as
novel targets against tumor angiogenesis.
They act through cleavage of Extra Cellular
Matrix (ECM) proteins directly or indirectly
through Matrix Metallo Proteinases (MMPS)
activation via the Urokinase Plasminogen
Activator/ uPA Receptor (uPA/ UuPAR)
signaling pathway. Angiogenesis is the
primary driver of malignant development. In
an effort to develop a cancer treatment,
researchers from all around the world are
currently focused on tumor angiogenesis.
Thus kallikrein related peptidases are
considered as the angiogenic targets against
various cancers.
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I. INTRODUCTION

Angiogenesis, a biological process in which new blood vessels are created from pre-
existing ones, has been connected to the growth and development of tumors [1, 2].
Researchers are investigating at innovative routes to stop tumor angiogenesis because blood
circulation is a requirement for nutrition supply and tumor development. A number of
mechanisms that initiate and maintain the growth of tumors have been connected to abnormal
blood vessel development [3-5]. Numerous disorders, including tumor growth and cancer, are
linked to aberrant angiogenesis. Cancer, rheumatoid arthritis, diabetic retinopathy, psoriasis,
and AIDS complications are caused by excessive angiogenesis. Stroke, heart disease, ulcers,
scleroderma, and infertility are caused by insufficient angiogenesis [6-13].

Cancer metastasis requires angiogenesis. In malignant tumors, angiogenesis is crucial
to the spread of cancer [14]. A series of signaling processes involving biomolecules including
vascular endothelial growth factors (VEGFs), kallikreins (KLKs), and several other
angiogenesis factors are crucial in the development of tumor angiogenesis [15, 16].

The angiogenic signaling molecules activate the endothelial cells in the vicinity,
encouraging the development of new capillaries and speeding up the growth of vascular
endothelial cells, which helps supply the tumor with nutrients and oxygen [17, 18]. During
the tumor angiogenesis process, the tissues basement membrane is breached, hypoxia results.
Endothelial cells are then activated, which causes them to proliferate through the over
expression of angiogenesis factors [19-21]. Thus angiogenesis plays a significant role in
tumor formation, and makes for an intriguing approach to the development of new cancer
drugs [22].In the US, 1.9 million additional cases and 609,360 cancer-related deaths are
anticipated by 2022, or over 1,670 fatalities every day [23].

Cancer therapy refers to the use of surgery, radiation, drugs, and other therapies to
treat or slow the spread of cancer. There are several cancer treatment options at hand. One
treatment or a combination of treatments may be given to a patient, depending on their unique
circumstances. Chemotherapy, surgery, radiation, and targeted therapy are only a few of the
procedures used today to treat cancer [24].

Chemotherapy is a process in which chemical substances are utilized to destroy all
dividing cells. It is not intended to replace any particular medication. It can cause exhaustion,
vomiting, diarrhea, nausea, anemia, infections, loss of taste, and a breakdown in the immune
system [25-27]. It continues to be a well-liked therapeutic choice for cancer patients. The
purpose of surgery is to remove a tumor or an entire organ [28]. Surgery's drawback is that
the patient must be in good physical and mental health, able to endure the procedure and
anesthesia despite minor health issues, and not allowed to use certain medications. Radiation
therapy uses a higher-energy proton beam to destroy tumor cells. Both malignant and healthy
cells are harmed by radiation [29-31].

Despite advances in anticancer drugs for a range of cancers, resistance to both
conventional chemotherapy and targeted therapies continues to be a major worry. Drug
resistance, which can be innate or acquired, is what leads to treatment failure and tumor
progression. Drug resistance may develop as a result of actions taken by specific cancer cells
or by tumor microenvironment-related mechanisms [32]. Drugs that inhibit angiogenesis can
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promote the tumor vasculature's restoration to normal operation. At the moment, scientists all
around the world are focusing on tumor angiogenesis in the hopes of finding a cure for cancer
[33]. In order to increase the efficacy of cancer therapy, new potent, target-specific cancer
drugs are urgently required [34]. Finding lead compounds that target cancer yet have few
negative effects on the body's healthy cells is essential.

Drugs were discovered the conventional method after years of research, either by
discovering the active site in conventional medicines or by chance, and the creation of new
drugs is based on a blind screening process [35]. Because of the limitations of conventional
drug discovery techniques, rational approaches to drug identification have been developed.
The area of medicinal chemistry depends heavily on the discovery of novel drugs and
therapeutic molecules. It is necessary to identify and target novel therapeutic targets, such as
cancer-causing proteins, and to explore novel biochemical pathways. Computer-aided drug
design (CADD) has become increasingly popular in pharmaceutical research and
development, to design and develop innovative drugs for varying medical conditions [36-42].

Based on the abnormal biological activity compared to that of a normal cell,
angiogenesis-targeted treatments have been identified focusing on certain receptors [43]. Two
potential benefits of anti-angiogenic therapy over conventional chemotherapy include the
absence of drug resistance and negligible adverse effects on normal tissues. People
nevertheless experience the symptoms of the sickness despite certain promising
chemotherapeutic medications, prompting to the development of modern remedies.

Current cancer treatments either fail to stop the growth of tumors or are extremely
harmful to both healthy and cancerous cells. Since anti-angiogenic drugs are not intended to
kill cells but rather to prevent the growth of blood vessels, they have advantages over
conventional chemotherapeutics [44].

Il. KALLIKREIN RELATED PEPTIDASES (KLK’s) AS THE ANGIOGENIC
ACTIVATORS FOR CANCER

Angiogenesis, the sprouting of new blood vessels from pre-existing surrounding
blood vessels, is essential for the growth and metastasis of cancerous tumors [45, 46]. As a
result of inputs from the tumor cells and their surrounds, activator molecules control
angiogenesis. This is essential because the development of cancer depends on an adequate
supply of nutrients and oxygen, which is made possible by newly created blood vessels [47].

For the purpose of developing medications to treat cancer, the process underlying the
growth of tumors must be understood. By forming new blood vessels through a number of
different mechanisms, angiogenic activator proteins play a significant role in a number of
malignancies. Kallikrein Related peptidases (KLK’s) are acting as the angiogenic activator
proteins [48]. KLK proteins play a key role in various cancers by the formation of new blood
vessels involving various pathways. The drug design method using KLK protein as drug
targets is a novel strategy in cancer research.
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The two forms of kallikrein proteins found in the human body are tissue and plasma
kallikreins. The pathological angiogenesis is aided by the tissue kallikreins (KLKS). Genetic
material located on chromosome 19913.4 encodes KLKs. It's interesting to note that the
genetic region (known as KLKB1) that codes for the plasma kallikrein enzyme is found on
chromosome 4g34-35. Despite not being a member of the KLK family, this enzyme is still
referred to as plasma kallikrein [49].

The symbols for the kallikrein gene and protein are KLK (italicized) and KLK
(standard font), respectively [50]. There are 15 different proteases that can be found in tissue
kallikreins (KLK-1 TO KLK-15). The 15 KLKs are single proteins with 244-282 amino acid
residues that are said to share 40% of their amino acid sequences with other KLKs. The first
tissue kallikrein to be fully understood was designated as KLK-1; the remaining kallikrein-
related proteases are represented as KLK-2 to KLK-15 [51, 52]. The 15 human KLKSs are
pre-pro enzymes that are conserved serine peptidases. An amino-terminal signal as Pre
sequence; Pro indicates a pro-peptide as an inactive zymogen; and a serine-peptidase domain,
which is responsible for its biological activity [53, 54].

The human tissue kallikreins KLK-12, KLK-14, and KLK-15 proteins are regarded as
novel proteins in the current study against tumor angiogenesis. These serine proteases are
known to express in numerous cancer forms. Kallikrein proteins promote angiogenesis and
tumor growth through direct or indirect biological pathways. Through direct cleavage of
Extra Cellular Matrix (ECM) proteins, KLKs cause tumor angiogenesis. Or by activating
Matrix Metallo Proteinases (MMPs) through the Urokinase Plasminogen Activator/ uPA
Receptor (UPA/ UPAR) signaling pathway, they can also indirectly stimulate tumor growth
[55, 56].

Therefore, inhibiting angiogenesis through the KLK cascade may offer a potential
clinical diagnosis to increase cancer patient survival. Figure 1 depicts the general biochemical
route used by KLK proteins.

1. KLK-12 Protein: Kallikrein related peptidase -12 (KLK-12), is a protein that resembles
kallikrein, was found to be highly expressed in breast cancer tissues [57]. It is a trypsin-
like serine peptidase. By cleaving signaling proteins linked to the Extra Cellular Matrix,
angiogenesis is initiated. Figure 2 shows that the Cysteine Rich Angiogenic Inducer 61
(CYR61) protein, a component of the ECM, is destroyed through the action of the KLK-
12 protein. CYR61 then causes angiogenesis by releasing Vascular Endothelia Growth
Factor (VEGF), Fibroblast Growth Factor -2 (FGF-2), and Transforming Growth Factor
beta(TGF-B) intact from its complex [58]. Experimentally, it was discovered that
blocking KLK-12's biological function reduced the production of new blood vessels by
microvascular endothelial cells [59, 60]. Because of this, the study identified the KLK-12
protein as an unique target for finding new, tiny molecules that may be a lead in the fight
against angiogenesis [61].

2. KLK-14 Protein: Kallikrein related peptidase -14 (KLK-14) protein is one of 15 KLK
homologues, is discovered to be expressed in the breast, ovarian and prostate cancer
tissues [62]. By degrading Fibronectin, a sizable multidomain ECM glycoprotein, KLK-
14 promotes angiogenesis [63, 64]. As illustrated in Figure 3, this results in a drop in
fibronectin expression or an increase in fibronectin degradation, which activates VEGF
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and stimulates angiogenesis. In order to interrupt the process of angiogenesis, the study
focused on finding inhibitors that prevent KLK-14 from interacting with the fibronectin
substrate [65].

3. KLK-15 Protein: Prostate cancer tissues have been discovered to express the Kallikrein-
like peptidase-15 (KLK-15) protein [66]. Pro-uPA is affected by KLK-15, which makes
inactive pro-uPA into active uPA (Urokinase-type Plasminogen Activator). Plasminogen
is transformed into plasmin, an active proteolytic enzyme, through the activation of uPA
and its receptor, UPAR (Urokinase-type Plasminogen Activator Receptor). This plasmin
release by KLK-15 is mainly responsible for supporting ECM degradation through the
MMP pathway and playing a role in cancer angiogenesis [67, 68]. Figure 4 depicts the
metabolic route of KLK-15protein.

[ e

Directly orindirectly

Figure 1: The role of the KLK family of proteins in the development of tumors: The KLK
proteins either directly or indirectly hydrolyze the ECM components, releasing a variety of
growth factors that, when activated, cause tumor angiogenesis. A promising approach to
cancer medication discovery is the inhibition of growth factor secretion and function.

Copyright © 2024 Authors Page | 435



Futuristic Trends in Chemical, Material Sciences & Nano Technology
e-ISBN: 978-93-5747-867-0

1P Series, Volume 3, Book 1, Chapter 30

KALLIKREIN RELATED PEPTIDASES AS ANGIOGENIC
TARGETS FOR BREAST AND PROSTATE CANCER

like VEGF, TGFB, FGF2

ANGJOGENESIS ’\.‘

Figure 2: KLK-12 protein's biochemical route: VEGF, TGFp, and FGF2 are released and
activated as a result of the proteolytic activity of the KLK-12 protein on CCN1 (CYR61).
Tumor angiogenesis is caused by the activation of these growth factors. vVWC: von
Willebrand type C domain, TSP: Thrombospondin domain, CT: Cysteine knot domain,
FGF2: Fibroblast Growth Factor2, VEGF: Vascular Endothelial Growth Factor, ECM:
Extracellular Matrix, and TGF: Transforming Growth Factor Beta are the abbreviations used
in this acronym.
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Figure 3: KLK-14 protein's biochemical route: The KLK-14 protein breaks down
fibronectin, which activates VEGF and VEGFR and encourages angiogenesis.
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Figure 4: The biochemical pathway of the KLK-15 protein: Plasmin is activated by KLK-15
via UPA and uPAR activation, which causes MMPs to degrade ECM components to control
tumor angiogenesis.

I11. CONCLUSIONS

The peptidases KLK-12, KLK-14, and KLK-15, which are related to kallikrein, are
connected to tumor angiogenesis. The prevention of cancer begins with the inhibition of
angiogenesis. The extracellular matrix (ECM) components are directly degraded by the
kallikreins. Additionally, they are indirectly stimulating angiogenesis through the MMP
activation route or the uPA/UPAR pathway.

The study's objective is to develop KLK protein competitive inhibitors against ECM
breakdown to stop angiogenesis and halt cell cycle progression and tumor development. By
using computer assisted drug design techniques, the KLK proteins KLK-12 [61], KLK-
14[65], and KLK-15 are considered as novel targets to find new compounds. It is possible to
assess the biological activity when the indicated compounds are produced. These lead
compounds should exhibit potent anti-cancer properties.
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