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Abstract
Serine proteases, the largest human protease family, are found in many key 
developmental and physiological processes in the biological system. Protease 
signalling pathways are stringently controlled, and deregulation of proteolytic 
activity results in the degradation of extracellular matrix which plays a major 
role in cancer progression. The Type II transmembrane serine protease, hepsin, 
matriptase-2 and TMPRSS4, and secreted serine protease, urokinase plasmino-
gen activator (uPA), kallikreins and HtrA, are closely related to cancer-associated 
proteases and also involved in perturbation of uPA plasminogen system, matrix 
metalloproteases (MMPs), upregulation of adhesion molecules like integrin fam-
ily, activation of intracellular signalling cascade, inhibition of apoptosis pathway 
in various types of cancers which causes cell proliferation, invasion and metasta-
sis. Serpin, an endogenous serine protease inhibitor, regulates the homeostasis by 
maintaining a delicate balance with the serine protease and prevents the process 
of invasion and metastasis of cancer cells thus inhibiting tumour growth. This 
chapter focuses on the role of serine proteases and their inhibitors in different 
types of tumours associated with cancer prognostication and therapy.
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12.1	 �Introduction

Proteases occupy a pivotal position among biological molecules required for the 
physiological roles in living systems and commercial biotechnology markets and 
medical fields. They are called proteolytic enzymes or systemic enzymes, and their 
catalytic function is to hydrolyse the peptide bond that links amino acids together in 
a polypeptide chain. These are also called peptidase or proteinase (Fig. 12.1).

A large variety of proteases are found in intracellular or extracellular space in all 
eukaryotic and prokaryotic cells. They are mainly located in different organelles of 
eukaryotic cells such as the cytosol, mitochondria, vacuoles, lysosomes and endo-
plasmic reticulum. These intracellular proteases are involved in many important 
functions such as regulating synthesis, activation and proteolysis of proteins. The 
extracellular proteases are mostly secreted in the gastrointestinal tract of animals or 
involve in the blood coagulation and complement cascade events. Consequently, 
different organisms or different tissues have different sets of proteases.

12.1.1	 �Cellular and Physiological Functions of Protease and Their 
Industrial Applications

Proteases exhibit many important cascades such as homeostasis and inflammation 
which control the dynamics of protein turnover in various hierarchical levels of 

Fig. 12.1  Hydrolysis of peptide bond of protein by protease in the presence of water
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biological organisation. In thermodynamics, the hydrolysis of peptide bond is ener-
getically favourable, for example, the equilibrium constant, Keq = 105, which indi-
cates that proteolysis is irreversible and biological switches must be strictly 
controlled.

Proteases involve in different biological roles such as signal transduction through 
proteolysis of IkB-α: it is an inhibitory protein to release nuclear factor (NF-kB, a 
transcription factor) that enters from cytoplasm to nucleus [1], has defensive role in 
blood coagulation [2], displays the hydrolysed foreign proteins through major his-
tocompatibility complex (MHC class I) in immune system [3], acts as a develop-
ment process such as fertilisation [4] and, last but not the least, is useful for the 
proliferation programme in cell system with the help of cyclin degradation and pro-
grammed cell death and controls the homeostasis of biological system [5, 6].

Proteases have also been utilised in the field of food processing such as manufac-
turing of sauces, aroma formation for the milk products, tenderisation of meat and 
cold stabilisation of beer. These proteases are commonly used as a hypoallergenic 
food for digesting milk proteins into small peptides to protect the babies from devel-
oping milk allergies.

12.1.2	 �Classification of Protease

A well-known database, MEROPS (http://merops.sanger.ac.uk), was first developed 
by Barret et al. for the classification of proteases, their substrates and inhibitors on 
the basis of their homologies of their significant sequences and structures [7]. This 
database has hierarchical classification in which proteases are grouped into families 
and clans.

Furthermore, proteases can also be broadly categorised into two major types, 
exopeptidase and endopeptidases, characterised by their site of action of the peptide 
bond. Usually, exopeptidases break the peptide bond nearer to the amino- or 
carboxyl-termini of the substrate, while endopeptidases break peptide bonds distant 
from to the amino- or carboxyl-termini of the substrate (within a protein 
molecule).

On the basis of functional group/conserved amino acids found in the active site, 
proteases are also categorised into four major groups as shown in Table 12.1.

12.2	 �Serine Proteases

According to the MEROPS database, about 33% are serine proteases which are 
categorised into 40 families and 13 clans in both eukaryotes and prokaryotes [7, 8].

Usually, the family name is derived from the nucleophilic Ser present in the 
active site of the enzyme. The Ser amino acid of the active site cleaves the carbonyl 
terminus of the peptide bond to form an acyl-enzyme intermediate [9].

Thus, serine proteases (or serine endopeptidases) prefers serine at the active site 
for the hydrolysis of the peptide bond in proteins.

12  Role of Serine Proteases and Inhibitors in Cancer
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Usually, they are found in the form of zymogens (digestive enzymes are released 
in inactive forms) to regulate the enzyme activities by controlling the specific acti-
vation of proteolysis.

The main division of serine proteases is based on the site of cleavage of specific 
amino acids of the peptide bonds:

	1.	 Trypsin such as serine peptidases prefers to cleave the peptide bonds which have 
lysine and arginine at the cleavage sites.

	2.	 Chymotrypsin such as serine peptidases prefers aromatic amino acids (phenyl-
alanine, tyrosine or tryptophan) at the cleavage site for the digestion of the pep-
tide bond.

	3.	 Elastase such as serine peptidases prefers to cleave amino acids with short side 
chain groups such as alanine in their cleavage site.

12.2.1	 �The Catalytic Mechanism

The prime contributors of amino acids for the catalytic mechanism of serine prote-
ase classes such as chymotrypsin (in eukaryote) and subtilisin (in prokaryote) 
enzymes are their catalytic triad (Fig. 12.2). This triad is found in the active site of 
enzyme and conserved in all serine proteases. The triad comprises of three amino 
acids, namely, His57, Ser195 and Asp102, bonded in a network fashion (Fig. 12.2). 
The position of each amino acid of the triad is far from one another in the primary 
structure of the protein, but once folded, they will be in close proximity to the 

Table 12.1.  Classification of proteases

Class Mechanism Location Examples
Serine/threonine Endopeptidases have 

active centres of serine/
threonine in the catalytic 
core

Soluble Trypsin, chymotrypsin, 
subtilisin, elastase, 
coagulation factor X, 
proteasome, g-glutamyl 
transpeptidase, 
proteasome

Membrane Rhomboid family
Aspartic type The active site of an 

enzyme contains two 
highly conserved aspartate 
residues bonded with 
activated water in network 
fashion

Soluble Pepsin, cathepsin, renin, 
HIV protease

Membrane Presenilins, signal peptide 
peptidase

Cysteine type Carboxypeptidase use a 
cysteine in the catalytic 
core

Soluble Bromelain, papain, 
cathepsins, caspases, 
calpain

Membrane –
Metallo type Carboxypeptidase use a 

metal ion in the catalytic 
core

Soluble Thermolysin, angiotensin-
converting enzyme

Membrane Matrix metalloproteases
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enzyme. This explicit tertiary structure of the triad members is vital for the specific 
catalysis of the enzyme.

Serine proteases follow ping-pong catalysis mechanism, and this involves forma-
tion of unstable enzyme-peptide intermediate by covalent catalysis mechanism, and 
finally the intermediate is stabilised, and consequently the peptide fragment is 
released [10].

The serine protease mechanism can be summarised in the following two steps: 
acylation followed by de-acylation process in which a nucleophilic attack takes 
place on the intermediate by water, which leads to the hydrolysis of the protein 
(Fig. 12.3). The overall process of the reaction mechanism utilises the catalytic triad 
(Asp-102-His-57-Ser-195) of serine protease. In this process, the serine-OH acts as 
a nucleophile, while histidine-NH acts as a base catalyst to activate the serine but 
later on it acts as an acid catalyst, whereas aspartate plays a supportive role by sta-
bilising the histidine in the whole reactions.

The detailed process is given in the following steps:

	1.	 The peptide binds to the active site of the enzyme, in such a way that the sessile 
bond of the protein (indicated by –N - C-) is placed into the active site (catalytic 

Fig. 12.2  Catalytic triad of serine protease consists of aspartic acid (Asp-102), histidine (His-57) 
and serine (Ser-195)
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triad) of the enzyme and the carbonyl-C part of peptide is present close to the 
nucleophilic serine [Fig. 12.3a].

	2.	 First, the electron-rich –N atom of the histidine activates the serine residue of the 
catalytic triad by extracting the –H atom from serine-OH and make it more 
nucleophilic, and thus the serine-OH is more likely to attack the electron sink of 
the carbonyl-C of the peptide. Consequently, a tetrahedral intermediate is gener-
ated in which a newly covalent bond is formed between the carbonyl-C of the 
peptide and –O atom of serine, whereas the hydrogen part of serine is covalently 
bond to –N atom of histidine as well as a pair of electrons from the double bond 
of the –C = O moves to the –O atom of carbonyl part of peptide, creating a nega-
tive charge on the –O atom, and this causes an unstable carbonyl anion of the 
peptide [Fig. 12.3b]. Moreover, the histidine residue carries a positive charge due 
to the newly covalent bond with the serine-OH which is stabilised by the hydro-
gen bond of aspartic acid of the catalytic triad.

Fig. 12.3  Mechanism of a serine protease. In the acylation step, (a) substrate binds to active site 
of enzyme. (b) Tetrahedral intermediate is formed due to nucleophilic attack of serine on carbonyl 
part of peptide. (c) Acyl-enzyme intermediate is formed by breakage of peptide bond of the sub-
strate. In the de-acylation step, (d–e) water acting as a nucleophile stabilises the cleavage peptide 
of carbonyl carbon and gives rise to a new tetrahedral intermediate with the nitrogen of the histi-
dine. (f) Regeneration of the active site by releasing the product (Redrawn based on figure by Pratt 
CW, Cornely K (2012) Essential Biochemistry, 3rd edn. Wiley, New York, p 170)
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	3.	 Because of the positive charge in the histidine, the histidine donate the –H atom 
to the –N atom of scissile bond of the peptide which results in the breaking of the 
sessile bond in which the sessile bond is now covalently bond with the –H atom 
of histidine. The negative charge on the oxygen atom that formed previously on 
the –C = O moves back to recreate a double bond. Thus, the peptide bond break 
results in the release of N-terminus part of the peptide, and C-terminus part of 
the peptide is covalently attached to serine residue, generating an acyl-enzyme 
intermediate. Now, the histidine residue of catalytic triad is back into the original 
form as an acid catalyst [Fig. 12.3c].

	4.	 After that, water comes to play an active role in this catalysis reaction. The 
electron-rich nitrogen atom of histidine residue acts as a nucleophile and extracts 
the proton of water, and this allows the –OH part of water to act as a nucleophile, 
and because of this, it attacks the electron sink of –C = O part of the peptide. This 
is exactly the same step as in 1. Now, the new -N-H bond is formed, and histidine 
again carries a positive charge which is stabilised by the hydrogen bond of aspar-
tic acid of the catalytic triad. Once again, the electron pairs from the –C = O of 
the substrate move back to the oxygen making it negative charge, as the bond 
between the –OH of water and the carbonyl-C of the substrate is formed. Overall, 
this generates other tetrahedral intermediate results in an unstable carbonyl anion 
of peptide [Fig. 12.3d, e].

	5.	 Finally, in order to neutralise the positive charge of histidine, the covalent bond 
of -N-H of histidine residue is now breaking, and new covalent bond is formed 
between -H atom of -N-H bond of histidine and –O atom of serine residue by 
breaking the bond between the carbonyl-C of the peptide and oxygen atom of 
serine. Now, the electron-deficient carbonyl carbon of the peptide regains the 
previous double bond with the oxygen. Consequently the C-terminus of the pep-
tide is now released along the formation of new –OH group of water [Fig. 12.3f]. 
In a nutshell, the peptide is hydrolysed with the help of protease by adding –H 
atom to N-terminus, and –OH atom is attached to C-terminus of the peptide bond 
of the substrate.

In mammals, serine proteases take part in multiple functions of living organisms 
such as protein digestion, blood coagulation, complement system, differentiation 
and development [11, 12]. Serine protease can be broadly classified into the follow-
ing two broad classes based on their localisation within the extracellular space:

	1.	 Secreted type
	2.	 Membrane-anchored type

The secreted serine proteases are the well-characterised members of S1 family of 
serine proteases which are produced from secretory vesicles into the extracellular 
environment. Chymotrypsin, trypsin and thrombin are the prototype members of the 
S1 family (Fig. 12.4). Other examples of secreted serine proteases such as uPA and 

12  Role of Serine Proteases and Inhibitors in Cancer



264

kallikrein involve in pericellular proteolysis by either activating zymogen forms of 
other substrates or binding with the co-receptors (Fig. 12.4). These secreted serine 
proteases exhibit various biological events such as tissue repair, immunity and nutri-
ent uptake [11].

In a recent decade, a structurally and functionally unique subgroup of S1 serine 
proteases, termed broadly as the membrane-anchored serine proteases, has been 
reported which are found to be directly anchored to the plasma membrane through 
its amino- or carboxy-terminal domains [13] (Fig. 12.4). In compare with secreted 
serine proteases, the membrane-anchored serine proteases are involved in a diverse 
array of physiological functions such as epithelial barrier, fertilisation, cell signal-
ling, embryo development and tissue morphogenesis [11].

Fig. 12.4  Classification of serine proteases: (1) secreted serine protease type ((i) chymotrypsin 
type, (ii) role of uPA enzyme in pericellular proteolysis by binding to specific cell-surface recep-
tors uPAR (GPI-anchored type)) and (2) membrane-anchored type: (i) The human GPI-anchored 
serine proteases, prostasin and testisin, (ii) Type 1 transmembrane serine protease, Tryptase γ1, 
(iii) The Type II transmembrane serine proteases (TTSPs): (a) the human airway trypsin-like 
protease expressed in squamous cell carcinoma (HAT/DESC) subfamily; (b) hepsin/TMPRSS 
subfamily which consists of SR, SEA and LDLA domains; (c) Matriptase subfamily, particu-
larly, Matriptase-2, which consists of SEA, two CUB and three LDLA domains; and (d) the 
corin subfamily which consists of two FD domains, eight LDRA domains and one SR domain 
(abbreviations: SR scavenger receptor domain (group A), SPD serine protease domain consist of 
three catalytic residues histidine, aspartate and serine, FD Frizzled domain, LDLA LDL receptor 
class A)
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On the basis of their structural features, they can be divided into subgroups and 
are anchored to the membrane by three ways: (1) a carboxyl-terminal transmem-
brane domain through a GPI (glycosyl phosphatidylinositol) linkage which is added 
post-translationally, (2) a carboxy-terminal transmembrane domain (Type I) and (3) 
an amino-terminal transmembrane domain with a cytoplasmic extension (Type II 
transmembrane serine proteases – TTSPs) [13, 14]. Type I serine proteases, Tryptase 
γ1 and the GPI-anchored serine proteases, prostasin and testisin contain a carboxy-
terminal hydrophobic extension that serves as a transmembrane domain (ranging 
from 310 to 370 amino acids). GPI anchors have been known to modify C-terminal 
domain of prostatin and testisin post-transcriptionally [15–17] (Fig. 12.4).

TTSPs are the group of membrane-anchored serine proteases with 17 members 
and 19 members of humans and mice, respectively. TTSPs are trypsin-like (family 
S1) proteases and have the potential to be linked to cellular membranes via a hydro-
phobic stretch at their amino terminus. These proteases have two parts, one with a 
cytoplasmic amino-terminal signal anchor of variable length (20 to 160 amino 
acids) and the other with a catalytic serine protease domain at the carboxyl-terminus. 
All the membrane-anchored serine proteases are structurally conserved catalytic 
domains and belong to S1 peptidase family. These serine proteases usually exist as 
zymogens (inactive form); and their autoactivation cleavage occurs after a basic 
amino acid residues present in a highly conserved activation motif producing a two-
chain form with their chains bonded by a disulphide bridge, eventually, separating 
the pro- and catalytic domains with the catalytic domain remaining membrane 
bound. Some examples of TTSPs are TMPRSS2, matriptase, hepsin and TMPRSS4 
[18]. Therefore, they represent enzymes whose peptide bond cleaving activities are 
specifically targeted to cellular membranes. They have been phylogenetically cate-
gorised into four subfamilies on the basis of C-terminal transmembrane domain: (1) 
the human airway trypsin-like (HAT)/differentially expressed in squamous cell car-
cinoma gene (DESC) subfamily, (2) the hepsin/transmembrane protease serine 
(TMPRSS) subfamily, (3) the matriptase subfamily, and (4) the corin subfamily 
(Fig. 12.4). In compare with the GPI-anchored and Type I serine proteases, which 
consist of SPD (serine protease domain) and membrane anchor, the TTSPs possess 
a stem region which is C-terminal to SPD having a variety of modular structural 
accessory domains (SEA, CUB, FD, SR) that are involved in protease activation, 
localisation and substrate recognition to maintain the homeostasis of pericellular 
microenvironment (Fig. 12.4).

Dysregulation of pericellular and extracellular proteolysis that involve the 
membrane-anchored and secreted serine proteases, respectively, are the hallmarks 
in various clinical disorders. Reports have shown that proteolytic breakdown of the 
extracellular matrix (ECM) is the key step in spreading tumour cell [19, 20]. The 
series of activities of proteases involved in tumour progression is collectively called 
as the cancer ‘degredom’. A positive cooperativity between the aggressiveness of 
tumour and the overexpression of many proteases has been detected [20]. In the 
series of events in cancer progression, serine proteases may be involved in any of 
the fundamental processes of tumorigenesis with unique specifications [13]. In nor-
mal physiological conditions, an endogenous anti-serine protease system known as 
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serpins regulate the serine protease activity and maintain the balance between pro-
teases and their inhibitors in the organism. An imbalance between the proteolytic 
and antiproteolytic may be of major significance in the cancer development. For 
example, hepsin, a cell surface serine protease, and maspin, a serine protease inhibi-
tor, are both showing highly upregulated and downregulated, respectively, in pros-
tate cancer, and this causes an imbalance in cellular homeostasis which are believed 
to promote tumour growth, invasion and metastasis. This shows that the improper 
function of serine protease leads to cancer which will suggest the need of therapeu-
tic agents against the serine protease to prevent tumour progression and metastasis. 
As a tumour biomarker, serine proteases are important in detecting certain cancers 
at an earlier stage. For example, determination of coagulation factor levels and 
serum prostate-specific antigen can be used for detecting thrombotic and prostate 
cancer patients. Furthermore, targeting and modulation of overexpressed proteases 
are the efficient selective approaches for the development of antitumour therapies 
[21]. Due to the ever-increasing, newly found roles of serine proteases in cancer, 
there has been increasing attention in the specific roles of members of serine prote-
ases and their inhibitors in array of diverse cancer progression. In this chapter, a 
review of the role of these members of serine proteases (secreted type and mem-
brane anchored of TTSPs family) and their inhibitors in tumour progression has 
been discussed in order to understand their therapeutic applications.

12.2.2	 �Secreted Serine Proteases and Its Role in Cancer

There are about 175 predicted serine proteases in humans. Most of them are found 
to be secretory in nature that has major roles in a multiple metabolic functions in 
maintaining the tissues homeostasis. For example, the uPA (urokinase plasminogen 
activator) and kallikrein system participate in a range of physiological function 
from cell growth, cell signalling to tissue remodelling process. However, dysregula-
tion expression of serine proteases leads to tumour invasion and cancer. In this sec-
tion, the main focus is on particular secreted serine proteases, which are reported to 
be the vital causes of cancer progression and metastasis.

12.2.2.1	 �Urokinase Plasminogen Activator
At physiological condition, the uPA system is linked with various tissues remodel-
ling processes, immune system and inflammation, fibrinolysis, embryogenesis, 
angiogenesis, cell migration and activation and differentiation of white blood cells. 
The active form of uPA is mostly synthesised by cells, in tissues and extracellular 
fluids with mild intrinsic activity [22].

The uPA system belongs to a serine protease family, playing an important func-
tion in tumour invasion and metastasis in cancer. The plasminogen activator (PA) 
system comprises the two serine proteases, uPA and tissue plasminogen activator 
(tPA), the two serpin inhibitors, plasminogen activator inhibitor-1 (PAI-1) and plas-
minogen activator inhibitor-2 (PAI-2) and the glycolipid-anchored uPA receptor 
(uPAR). Both uPA and tPA catalyse the formation of active protease plasmin from 
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the inactive zymogen, plasminogen, which can break down most extracellular pro-
teins. However, tPA mainly acts as a fibrin-dependent pathway for blood clot dis-
solution process [23]. While uPA performs through fibrin-independent pathway and 
largely acts on the cell surface receptor-bound plasminogen activator like uPAR 
which controls the pericellular proteolysis of the system, this involves in the degra-
dation of ECM and causes invasion and cancer metastasis [24] (Fig. 12.4). uPA and 
uPAR are observed to be highly expressed in various human cancers in contrast to 
the corresponding normal tissue. In this regard, uPAR is a highly glycosylated cell 
surface protein which do not contain transmembrane and intracellular domains but 
are attached to the cell membrane by a GPI anchor (Fig. 12.4).

uPA is a small trypsin-like protease having molecular weight of 53 kDa. It per-
forms the catalysis of zymogen, plasminogen, into its active form plasmin that facil-
itates the degradation of various ECM proteins such as fibronectin (FN), vitronectin 
(VN) and fibrin which results in the loss of interactions between cells, leading to the 
invasion of cancer cells [25]. In addition, it is also able to activate the inactivated 
forms of various metalloproteases (MMPs) [26]. In this regard, uPA in combination 
with uPAR plays a pivotal role in inducing the proteolytic cascade reactions that 
promote tumour growth through the process of metastasis of cancer cells [27]. The 
effect of uPAR on cancer cell migration is characterised on the basis of whether it is 
protease dependent or not. The protease-dependent function is catalysed by uPAR-
bound uPA. Since uPAR has no transmembrane structure, its non-protease function 
depends on the interaction with VN, integrin family, G-protein-coupled receptors 
and growth factor receptors to relay its downstream signals [28]. Signalling through 
uPAR activates Tyr kinases, Src, the serine kinase Raf, FAK and extracellular signal-
regulated kinase (ERK)/mitogen-activated protein kinase (MAPK) pathway which 
results in the broad modulation of cell proliferation, metastasis and cell-cell interac-
tions [29]. The universal functions of uPAR are proteolytic extracellular matrix deg-
radation for the progression of cancer, angiogenesis, modulation of cAMP levels for 
downstream signalling and cell interaction with integrins, tyrosine kinases and ser-
ine/threonine kinases [30].

uPA, uPAR and also PAI-1 are constitutively expressed in human breast cancer. 
In most of the cancers especially breast cancer, high levels of uPA and uPAR are 
overexpressed, proposing the enhanced role in ECM degradation, migration and 
adhesion and cancer invasion [31]. PAI-1 and uPA are the first novel tumour bio-
logical predictive factors found, in evidence with their clinical utility for breast 
cancer [32]. uPA has also been observed to be a predictive marker in many types of 
organ cancers such as cancers of the lung [33], bladder [34], stomach [35], etc.

Several studies suggest that uPA binds with uPAR that facilitate the cell migra-
tion process through diverse cell signalling pathways. In this regard, integrins are 
crucial uPAR signalling co-receptors, and activation of integrin stimulates the focal 
adhesion kinase (FAK) and, thereby also, activates Src/MEK/ERK-dependent sig-
nalling pathways, resulting in transcriptional activation of the uPA promoter, which 
promotes tumour cell proliferation and tumour invasion (Fig. 12.5). Similarly, the 
p38 MAPK and myosin light-chain kinase (MLCK) pathways are involved in 
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uPA-promoted cell migration through MEK/ERK, PI3K/AKT and Ras/ERK signal-
ling pathways, respectively [36] (Fig. 12.5).

12.2.2.2	 �Kallikreins
In 1930, Kraut and colleagues coined the term kallikrein (kallikreas is the Greek 
word for pancreas) from an identified substance (human kallikrein 1) that was pres-
ent at significant concentration in the pancreas. Human tissue kallikreins (hKs) are 
secreted serine proteases that convert high molecular weight proteins into biologi-
cally active peptides known as kinins. There are two families of kallikreins, the tis-
sue and plasma kallikreins. Human plasma kallikrein cleaves high molecular weight 
kininogen into a bradykinin which is a potent vasodilator nonapeptide (Fig. 12.6). 
The only enzyme which has been found with appreciable kallikrein activity is kal-
likrein I (hK1, pancreatic-renal kallikrein) in human tissue kallikreins. There are a 

Fig. 12.5  uPA system in cancer malignancy. In the plasma membrane, uPA binds to uPAR which 
promotes uPA activation resulting in the catalysis of plasminogen into active form, plasmin. 
Plasmin can subsequently activate MMPs in the pericellular environment that results in invasion 
and metastasis via ECM degradation. Intracellular activation of uPA/uPAR along with integrins 
activates FAK, PI3/AKT and p38-MAPK signalling pathways, which finally leads to pathophysi-
ological events, such as metastasis and inhibition of apoptosis pathway
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total of 15 tissue kallikreins genes named as KLK1 to KLK15 encoding hK1 to 
hK15 which are mostly regulated by steroid hormones [37]. Most of the kallikreins 
are expressed in endocrine-related organs, such as the breast, ovary, prostrate and 
testis. These are secreted by extracellular matrix. It has been known for decades that 
the ECM degradation performs a crucial function in tumour metastasis through 
extracellular proteolytic activity. The ECM maintains its own structural integrity 
which involves various growth factors and signalling molecules. Therefore, imbal-
ances created by the activity of extracellular proteases modify the microenviron-
ment of the ECM which either directly or indirectly poses an impact on the number 
of cell activity processes such as apoptosis, angiogenesis and metastasis via the 
breakdown of ECM and non-ECM components [38]. This breakdown of ECM 
results in the alteration of cell-cell and cell-ECM interactions which in turn perturb 
the activity of growth factors and growth factor receptors and finally leading to 
either tumour promoting or tumour-suppressive effects. This shows that it is a very 
complex process and contains many factors. For example, the proteolytic activity of 
kallikrein is found to be deregulated in tumours such as adenocarcinomas, and it is 
also used in patient prognosis [38]. Similarly, several studies reported the overex-
pression of 12 KLK genes in ovarian carcinoma associated with steroid-hormone-
regulated cancer [39]. Interestingly, kallikreins are normally found to be 
downregulated in breast, prostate and testicular tumours. Apart from steroid-
hormone-regulated cancers, kallikreins are deregulated in various tumour types 
such as lung adenocarcinomas, pancreatic cancer and acute lymphoblastic leukae-
mia [38].

The current perception is that pericellular cascade is not only regulated by the 
serine protease system of uPA, uPAR and plasminogen, but it has adverse impacts 
on activation of MMPs, which is associated with the extracellular proteolysis in 
tumorigenesis. Despite it, the activation of the uPA-uPAR-MMP proteolytic 

Fig. 12.6  Kallikrein’s signalling pathway system. Kallikreins activate the uPA system resulting in 
the catalysis of plasminogen into active plasmin which in turn activates the pro-KLK proteins lead-
ing to the breakdown of various downstream targets, such as latent MMPs. Kallikreins take part in 
ECM remodelling directly and/or indirectly via activation of pro-MMPs. Active kallikrein is 
involved in the conversion of kininogen into kinin fragment which induces angiogenesis and other 
pathological processes via activation of the cAMP, Akt/PKB and VEGF pathway
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cascade by various hK-family members further widens their various routes in can-
cer progression. Thus, many members of proteolytic network especially kallikrein 
family is involved in cascading reactions of tumour progression [38].

Angiogenesis is a process of differentiation of new capillary blood vessels from 
pre-existing vessels. Angiogenesis is mainly controlled by the ratio of pro- and anti-
angiogenic growth factors exist in the blood. The increased ratio of pro-angiogenic 
stimuli and inhibitory regulators activates or switches on the angiogenic process.

Human tissue kallikrein possesses potent angiogenic effects by processing many 
elements of the extracellular matrix. It has been classified as a pleiotropic angio-
genic agent which catalyses the inactive form of kininogen into active form of kinin 
peptides which in turn activate cAMP, Akt/PKB and VEGF (vascular endothelial 
growth factor) pathways, and this promotes the process of angiogenesis [40] 
(Fig. 12.6). KLKs may also participate in remodelling of ECM indirectly through 
the MMPs, uPA and kinin signalling pathways [41–43]. The kallikrein family such 
as KLK2, KLK4 and KLK12 activates the uPA system, resulting in plasmin forma-
tion, and this activated plasmin causes the breakdown of a number of ECM proteins, 
for example, fibronectin, proteoglycans and fibrin [28, 44–46] (Fig. 12.6). Similarly, 
KLK1 and KLK12 catalyse the conversion of kininogen to active kinin peptides and 
bradykinin, and this promotes angiogenesis and metastasis through the activation of 
downstream signalling pathways, for example, basic fibroblast growth factor 
(bFGF) cAMP, Akt/PKB and VEGF pathways [45, 47, 48] (Fig. 12.6).

12.2.2.3	 �PSA/hK3 (Prostate-Specific Antigen)
PSA consists of a 240-amino acids long glycoprotein, and it comes under the cate-
gory of human glandular kallikrein family (hK3, a 33 kDa serine protease) [49]. 
PSA is mainly synthesised in prostrate ductal and acinal epithelium and is secreted 
into seminal plasma. PSA plays an important role in semen liquefaction by hydro-
lysing semenogelin I and II in the seminal coagulum [50]. It has chymotrypsin-like 
activity, does not hydrolyse synthetic substrates for plasmin and displays a weak 
interaction with aprotinin, a plasmin inhibitor [51]. This suggests that PSA primar-
ily acts independently as a protease in protein degradation, and not via plasmin, like 
uPA. PSA is organ-specific and is characteristically expressed in prostatic epithelial 
cells, and its expression is regulated by androgens [52]. It has been observed that 
proteolytic cascade pathways may also exist in the absence of MMPs but through 
plasmin-dependent pathway which involves the degradation of type IV collagen, an 
essential part of a basement membrane [53]. In this regard, urokinase performs a 
pivotal role in the proteolytic cascade pathway in prostate cancer invasion. 
Furthermore, kallikreins such as PSA can activate pro-urokinase to its active form, 
and subsequently, uPA activates plasmin and, which in turn, can recruit collage-
nases from pro-collagenases which can cause massive degradation of ECM [54]. It 
has been shown that the dissolution of ECM involve direct degradation of fibronec-
tin by uPA and degradation of fibronectin and laminin by plasmin before the degra-
dation of collagen matrix [54].
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12.2.2.4	 �HtrA1 (Prss11 or IGFBP-5)
HtrA1 (also known as Prss11 or IGFBP-5 or DegP) belongs to a family of high-
temperature requirement factor A (HtrA) of oxidative stress-response proteases. It 
is a heat shock-induced envelope-associated serine protease and performs as a chap-
erone which is crucial for the survival of bacteria at elevated temperature [55, 56]. 
They are widely distributed from prokaryotes to eukaryotes. Evolutionarily, these 
serine proteases have independent ATP conserved sequences and are believed to act 
as a defence mechanism against cellular stresses including the proteolysis of the 
misfolded proteins to maintain the homeostasis of the cell [57]. There are four 
human HtrAs: HtrA1 [58], HtrA2 [59], HtrA3 (pregnancy-related serine protease, 
PRSP) [60] and HtrA4 [61]. They carry out a number of biological functions such 
as mitochondrial homeostasis, apoptosis and cell signalling, and their improper 
functions lead to various clinical disorders [62, 63].

HtrA1 is the first reported member of the human HtrA protein family isolated 
from a normal fibroblast cell [64]. HtrA1 is downregulated in a variety of cancers 
such as melanoma [65], glioma [66], ovarian tumours [67, 68], endometrial cancer 
[68, 69], lung cancers [70], etc. Interestingly, studies have reported that overexpres-
sion of HtrA1 functions as a tumour suppressor either by inhibiting the cancer cells 
or through the apoptosis of cancer cells [65]. Despite it, the mechanism of HtrA1 
involved in cancer is still unexplored [71]. In cancer development, it was also proven 
that HtrA1 and HtrA3 are the inhibitors of growth factor systems such as transform-
ing growth factor β (Tgfβ) family members which are the key regulators for cell 
growth and differentiation in different tissues [72].

One of the most promising approaches in the discovery of drug cancer is to ratio-
nally identify such type of therapeutic agent which regulates the apoptotic process 
[73]. The biochemical events in apoptosis is regulated by pro-apoptotic and anti-
apoptotic proteins which come under the category of Bcl-2 family anti-apoptotic 
survival proteins such as inhibitors of apoptosis protein (IAP) family and caspases. 
It was found that HtrA2/Omi functions as a promoter in apoptotic cell death [74]. 
The mature HtrA2/Omi is capable of inducing apoptosis in human cells and func-
tions as a caspase-independent system through its proteolytic activity and in a 
caspase-dependent manner through the degradation of IAPs [75]. The function of 
HtrA2 in tumorigenesis is not yet fully understood; however, its increased levels in 
the cell upon apoptotic stimuli might prevent the cells from apoptosis which act as 
a defence mechanism to malignancy. This suggested that HtrA proteins can be used 
as a novel approach in cancer therapy.

12.2.3	 �Membrane-Anchored Serine Proteases

The membrane-anchored Type II serine proteases are identified as essential part of 
the human degradome, and they function in the conversion of precursor molecules 
into active molecules in the pericellular microenvironment, playing absolute func-
tions in tissues homeostasis and cancer [76]. The TTSP family is the recently known 
protease family, and much is still to be explored. TTSPs have diverse roles in 
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mammalian system, and their structural homology does not linked to a common 
biochemical function. They are mostly participating in either hormone or growth 
factor activation or in the initiation of proteolytic cascades. This suggests that they 
are maintaining basic homeostasis by activating or deactivating the signalling mol-
ecules involve in the biochemical reactions.

Recently, great attention has been paid to the members of TTSP family such as 
hepsin, matriptase-2 and TMPRSS4 for their vital physiological roles, role in 
tumourigenic activity and distinctive regulatory mechanisms. These TTSPs are 
being increasingly documented for their important roles in regulating the pericel-
lular microenvironment and thus providing new insights of their mechanisms of 
mammalian health and diseases.

12.2.3.1	 �Membrane-Anchored Type II Serine Proteases (TTSP) 
and Its Role in Cancer

Hepsin
In the United States, about 2 lakhs of new cases of prostate cancer of adult men and 
40,000 deaths were observed in 1995. The occurrence of prostate cancer is more 
prevalent in the later age of 60 years and above, and about 80% of prostate cancers 
are diagnosed of this age group [77].

Hepsin (TMPRSS1) is one of the members of Type II transmembrane serine 
proteases and is expressed in prostate cancer [78]. Hepsin is mostly present in the 
liver but is also found at trace amount in tissues of the stomach, kidney, prostate, 
thyroid and inner ear. This subfamily is composed of seven members in human and 
mice. It possesses only one additional domain in its stem region, a group A scaven-
ger receptor domain (SR) in addition to serine protease domain (SPD) (Fig. 12.4).

It can cleave and activate pro-uPA, pro-HGF, Laminin332 and pro-MSP [78]. It 
activates pro-hepatocyte growth factor and is inhibited by hepatocyte growth factor 
activator inhibitor-1B (HAI-1B) and hepatocyte growth factor activator inhibitor-2 
(HAI-2) [79]. It is involved in the activation of various proteolytic cascades espe-
cially the activation of non-active proteases which leads to breakdown of the extra-
cellular matrix proteins. Moreover, this membrane-associated serine protease helps 
in the blood coagulation pathway by converting factor VII to VIIa resulting in the 
formation of thrombin, deposition of pericellular fibrin as well as the activation of 
PAR-1 (protease activated receptor) [80]. Hepsin was also to be highly expressed in 
ovarian cancers [81–83].

The TMPRSS2 and TMPRSS4 are the Type II serine proteases that are highly 
expressed in prostate and pancreatic cancers, respectively, and activate proteolytic 
cascades which lead to metastasis events [84].

TMPRSS4
TMPRSS4 is a member of Type II transmembrane serine protease and is found to be 
overexpressed mostly in the pancreas, the thyroid and cancer tissues. As compared 
to hepsin, it possesses an additional low-density lipoprotein receptor class A 
(LDLA) domain which is N-terminal to the SR and SPD domains (Fig. 12.4). The 
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molecular mechanism of TMPRSS4 for metastasis of cancer cells is still unclear. 
However, it promotes the cancer progression by activating the loss of E-cadherin-
mediated cell-cell adhesion and facilitating the epithelial-mesenchymal transition 
(EMT). The EMT is a process of conversion of epithelial cells into motile mesen-
chymal cells characterised by the change in the polarity of epithelial cells, cell-cell 
adhesion, enhanced proteolytic activity, migratory capacity and invasiveness result-
ing in increased production of ECM components [85].

One of the factors that contribute to metastasis is the downregulation of 
E-cadherin through E-cadherin transcriptional repressors/EMT-inducing transcrip-
tion factors, including the snail superfamily consisting snail and slug factors, and 
this leads to EMT events in human epithelial cancer cells. In colon cancer, 
TMPRSS4 significantly promoted FAK signalling pathway activation that includes 
FAK, ERK1/2, Akt, Src and Rac1 activation which in turn stimulate the transcrip-
tion factors SIP1/ZEB2, resulting in E-cadherin loss, a major event found in EMT 
(Fig.  12.7) [86–88]. Furthermore, interestingly, TMPRSS4 downregulates the 
expression of RECK, an inhibitor of tumour angiogenesis, via the activation of 
ERK1/2 pathway [89–91]. The overexpression of TMPRSS4 is the major event in 
hepatocellular carcinoma (HCC) progression and can be used as a good predictive 
biomarker for HCC.

Fig. 12.7  Effect of overexpression of TMPRSS4 in cancer malignancy. It helps in the activation 
of the intracellular pathways through phosphorylation of ERK, JNK, Akt, Src, FAK and Rac1 
which in turn upregulates integrin (ITG-α5) and transcription factors such as Sip1/Zeb2 (a repres-
sor of E-cadherin) resulting in invasiveness and EMT. In the cell membrane, TMPRSS4 converts 
the precursor of uPA (pro-uPA) to its active form which accelerate the invasiveness
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TMPRSS4 activates uPA by two ways, one through increased gene expression 
(JNK and transcription factors Sp1 and Sp3 and AP-1 pathway) and another by 
activating pro-uPA, and this leads to enhanced invasion [92] (Fig. 12.7).

Matriptase-2
Matriptase-2 or TMPRSS6 (80–90-kDa cell surface glycoprotein) belongs to a Type 
II transmembrane serine protease family [93, 94]. Matriptase-2 comprises of a short 
N-terminal cytoplasmic tail, a transmembrane domain, an extracellular stem region 
containing a SEA domain (a single sea urchin sperm protein), two CUB domains 
(urchin embryonic growth factor), three LDLA repeats and a C-terminal trypsin-
like SPD domain [93, 94] (Fig. 12.4). It was mostly found in breast and prostate 
cancers [95, 96].

Matriptase-2 is a hepatic membrane serine protease and is expressed as zymogen 
on the cell surface, and this inactive proenzyme undergoes shedding to a single 
chain form followed by autoactivation by cleavage at conserved site represented as 
RIVGG between the pro-domain and the catalytic domain, and the activated prote-
ase domain fragment remains on the membrane via a single disulphide bond linking 
the pro- and catalytic domains [97, 98]. Matriptase-2 shows high homology in terms 
of structure as well as its function with matriptase-1 [99], which is found to be over-
expressed in epithelial cells, and in various cancers [100]. Matriptase-2 is primarily 
found to be expressed in human liver that shows connection with the dissolving of 
extracellular matrix proteins including laminin and fibronectin [94]. It was estab-
lished that the degradome components such as hepsin, MTSP1, MMP26, plasmino-
gen activator inhibitor-1 (PAI-1), uPAR, MMP15, TIMP3, TIMP4, maspin and 
RECK are associated with cancer progression in human prostatic tissues [101].

The protease activity can be controlled by its pericellular environment in various 
ways. In our living system, it was found that several proteases can be activated in an 
acidic environment such as cathepsins in lysosomes and pepsinogen in the stomach 
[102–104]. It was also observed that the activity of matriptase is firmly controlled 
by the chemical environment of the cell [105]. Like other secreted or lysosomal 
proteases which are activated by an acidic pH, matriptase is also activated in the 
same way but is unique in the sense that it is attached onto the surface of cells [106]. 
Matriptase is released as a zymogen and its autoactivation activity depends on 
intrinsic activity of matriptase zymogen, non-catalytic domains of the enzyme and 
post-translational modifications [107, 108].

This protease is mainly co-expressed with hepatocyte growth factor activator 
inhibitor-1 (HAI-1) in the normal epithelial components of tissues, suggesting that 
the protease activity of matriptase is tightly regulated [100, 109, 110].

Reports suggested that an imbalance of matriptase and HAI-1 ratio is the key 
factor for the indication of a cancer-related proteolytic events. It is being shown that 
the ratio of matriptase and HAI-1 has been increased in many cancers such as in 
breast and prostate [111, 112]. Although the proper mechanism of the dysregulation 
of matriptase activity is still not known, it may directly affect the cellular microen-
vironment via the activation or inactivation of downstream signalling molecules 
leading to the breakdown of ECM components and cell-cell adhesion [113].
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12.3	 �Serpins for Diagnosis and Therapy in Cancer

The significance of regulated membrane-anchored and secreted serine proteases to 
maintain homeostasis and its relation with these enzymes and cancer reflects that 
these enzymes must be strictly controlled in normal physiological conditions. 
Therefore, enzymatic breakdown of serine proteases is considered to be one of the 
important regulators for maintaining cellular homeostasis. However, excessive 
enzymatic activity is often an adverse effect on the cellular processes, and this can 
also be associated with cancer. In conjunction with evolutionary development of 
proteases, regulators for proteases have also been developed. These anti-regulators 
of cellular serine protease are known as serpin. Selective serpins which are thought 
to be correlated with progression or remission of selected cancers have been selected 
for the critical reviews so that they can be used for diagnosis and therapy in 
cancer.

12.3.1	 �Serpin

SERPIN (an acronym of SERine Protease INhibitors) is a protein superfamily rep-
resenting a core structure of 370–390 conserved amino acids residues with three β 
sheets (A, B, C) and seven to nine α-helixes. In humans, plasma serpins comprise 
2%–10% of all proteins in the blood circulation and perform a crucial role in regula-
tion of a various types of biological functions.

In the serpin, a reactive centre loop (RCL) is found to be involved in the inhibi-
tion of proteases target. This RCL is about 20–24 residues long and is present in the 
extended conformation above the body of the serpin scaffold. Serpins use S 
(stressed) which are in the native to R (relaxed) transition forms for inhibition of 
serine proteases. During this transition, the long, flexible RCL of serpin interacts 
with target protease by inserting itself into the centre of β-sheet A to form an extra 
strand that locks it into a canonical (key-like) conformation via a non-covalent, 
reversible mechanism [114]. This results into the distortion of the active site of pro-
tease which causes an irreversible covalent serpin-enzyme complex formation. This 
mechanism is also known as suicide substrate mechanism.

The serpin suicide inhibitors such as α-antitrypsin, α-antichymotrypsin, anti-
thrombin and PAI-1 regulate coagulation pathway, neurotrophic factors, hormone 
transport, inflammation, angiogenesis, hormone transport, blood pressure and vari-
ous biological processes. Surprisingly, not all the serpins are acting as protease 
inhibitors but few of them are found to inhibit other types of proteases whereas 
others are found to be non-inhibitors. For example, antigen-1 (SCCA-1) inhibits 
cysteinyl proteases of the papain family. Non-inhibitory serpins exhibit various 
important functions, including roles as chaperones, for example, the 47-kD heat 
shock protein (HSP47) and hormone transportation like cortisol-binding globulin 
[115]. Serpins such as PAI-1, maspin, neuroserpin, PEDF and SPINK1 have been 
selected to understand further of their antitumour mechanisms in various type of 
cancers.

12  Role of Serine Proteases and Inhibitors in Cancer



276

12.3.1.1	 �Plasminogen Activator Inhibitor-1
PAI-1 consists of 400 amino acid residues long glycoprotein, with molecular weight 
varying from 38 to 70 kDa, on the basis of their degree of glycosylation and func-
tions in a wide variety of clinical and non-clinical conditions [116].

PAI-1 has a dual role in biological system. It inhibits uPA and tPA to prevent 
plasminogen cleavage into active plasmin, and this results in the inhibition of the 
process of carcinogenesis [117]. PAI-1 binding to the uPA/uPAR complex triggers 
the internalisation of uPA/uPAR through low-density receptor-related protein-1 
(LRP-1) via endocytosis, and this results in de-adhesion of plasma membrane 
matrix which facilitate tumour growth and dissemination [118]. All forms of PAI 
(activated, latent and cleaved) interact directly with LRP1 and enhance cell motility 
via activation of the JAK/Stat 1 pathway. Studies have shown that in many cancer 
patients, there were contradictory reports of having positive association between 
high levels of PAI-1 in tumours and blood with poor clinical outcome. This contra-
dictory effect of PAI-1 has been elucidated by its pro-angiogenic activity (angio-
genic activity at low concentration and anti-angiogenic activity at high concentration) 
and its anti-apoptotic of cells. The pro-angiogenesis activity of PAI-1 is postulated 
to be associated with PAI-1 inhibition of plasmin-mediated cleavage of FAS-ligand 
preventing the apoptosis of the endothelial cells [119]. Similarly, reports have 
shown that a PAI-1 deficiency in mice and cancer cells has the ability to promote the 
apoptosis process and also inhibit angiogenesis [120]. Nishioka et al. reported that 
the deletion of PAI-1  in gastric cancer cells decreased down the tumourigenicity 
[121]. These results revealed that PAI-1 can be used as a good therapeutic agent for 
cancer.

12.3.1.2	 �Maspin (SERPINB5)
Maspin, a 42 kDa mammary serpin, was first reported as a class II tumour suppres-
sor in human breast cancer. It comes under the category of non-inhibitory serpin that 
promotes the tumour cell towards apoptosis and inhibits invasion and metastasis, 
and thus, maspin plays a vital role against tumour growth [122]. It is located in the 
cytoplasm but is also secreted to the cell surface, where it has been postulated to 
prevent angiogenesis and reduce the migration of many cell types in different exper-
imental models [123, 124]. Maspin in contrast to PAI-1 consists of a relatively short, 
non-conserved, hydrophobic RCL, and therefore it is incapable of conversion of 
stressed to relaxed transition form for inhibition. Furthermore, it is incapable to 
inhibit either tPA or uPA as their postulated targets [125]. Because of these proper-
ties, maspin is considered as non-inhibitory category of serpin superfamily. 
However, recently, it was shown that maspin has inhibitory effect against plasmino-
gen activators uPA and tPA, but they work only when these proteases are bound to 
macromolecular cofactors, that is, tPA bound to fibrin and uPA on the cell surface 
[126–128]. The expression of maspin gene is controlled at the transcription level 
and is found downregulated with the degree of malignancy. For example, the con-
centration levels of maspin are relatively very low in breast and prostate cancer cells 
as compared to normal cells [129]. Many cancer studies have shown that the involve-
ment of cytosine methylation and chromatin condensation are associated with the 
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deregulation of maspin expression during cancer progression [130]. This suggested 
that an epigenetic mechanism which is involved in cytosine methylation, histone, 
deacetylation and chromatin condensation inhibits and thus regulating the expres-
sion of maspin. Since, maspin is an inhibitor of angiogenesis, it regulates adhesion-
mediated cell signalling pathway through extracellular and cell-cell contact adhesion 
molecules. For example, Maspin enhances the endothelial cell adhesion to FN, lam-
inin, collagen and vitronectin, leading to the activation of integrin family and FAK 
signal transduction pathway. These cause the modulation of focal adhesion and 
cytoskeleton reorganisation which finally prevent the degradation of EC compo-
nents and migration of tumorigenic cells [131, 132].

Numerous studies have reported that maspin suppresses tumour cells through 
induction of apoptosis pathway. For example, mammary carcinoma cells transfected 
with maspin gene provide the evidence of inhibition of invasion and metastasis in 
nude mice [133]. Maspin was hypothesised to induce tumour cell apoptosis by mod-
ulating mitochondrial permeability transition and initiating apoptotic death [134]. 
Thus, such discoveries of molecular mechanisms regarding maspin-mediated apop-
tosis paved a new pathway for the treatment of cancer.

Reports have shown that maspin expression and ubiquitin-proteasome pathway 
are inversely correlated with each other, where expression of maspin reduces with 
the increase in chymotrypsin-like activity of the proteasome [135]. As the ubiquitin-
proteasome pathway modulates several biochemical events through protein regula-
tion, it is postulated that deregulation of proteasome function is an important factor 
responsible for the malignancy of tumours [136]. Thus, the establishment of a new 
distinct relationship between maspin and the ubiquitin-proteasome pathway also 
provides an important clue for the suppression of a multitude of processes of tumour 
and metastasis.

Recently, the use of maspin alone or in association with mammaglobin B (a sec-
retoglobin) is exploited as two biomarkers at different stages (cell proliferation and 
pathological stage) of the detection of the breast cancer [137]. In context with the 
epigenetic regulation of maspin, it was observed that in a pregnant woman, the 
maspin gene promoter was unmethylated in foetus with respect to maternal blood 
cell, and this opened a new avenue for developing further biomarkers for prenatal 
diagnosis [138]. The established anti-tumorigenic/anti-metastatic characteristic of 
maspin in cancer provides useful information regarding the development of thera-
peutic agents [139, 140]. In a nutshell, maspin can be exploited as an antitumour 
agent in different cellular events such as actin cytoskeleton, apoptosis, proteasome 
function, oxidative stress for the inhibition of cell invasion and angiogenesis.

12.3.1.3	 �Neuroserpin (SERPINI1)
Neuroserpin (NSP), a protease inhibitor of 46–55 kDa glycoprotein, was first recog-
nised as a secreted protein from cultured chicken neuronal axons and is predomi-
nantly present in both central and peripheral nervous systems [141, 142]. Neuroserpin 
is a trypsin-type protease, preferentially inhibits tPA and to a minor extent uPA 
plasmin, but shows no inhibition towards thrombin [143].
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Ischemic stroke is a single largest cause of stroke and accounts to be the second 
largest contributor to mortality in the world [144]. It is due to the obstruction of a 
certain cerebral artery resulting in an absence of blood flow to artery and brain tis-
sue, and this could induce an energy metabolism disorder which in turn perturbs the 
ion gradients and an excessive release of excitotoxic neurotransmitters such as 
dopamine and glutamate which ultimately leads to neuronal death [78, 145]. The 
effective treatment for acute ischemic stroke is the administration of tPA within 
3  hours on the onset of stroke. Meanwhile, tPA is capable of activating matrix 
MMPs and converting plasminogen to plasmin which results in the blood brain 
degradation [145, 146]. This extra administration of extravascular tPA beyond its 
therapeutic window (hours) causes a more deleterious effect on the brain. However, 
the adjuvant treatment with neuroserpin along with tPA is found to increase the 
therapeutic window, and this could have better treatment for cerebral ischemia. 
Thus, the neuroprotective effect of neuroserpin for the treatment of cerebral isch-
emia is dependent on the balanced expression of tPA which in turn regulates the 
recanalisation of the occluded vessel [147]. It was observed that neuroserpin gene 
is a cancer-associated gene and acts as a tissue-specific tumour suppressor gene in 
the brain [148]. Like other members of serpin family such as maspin and pancpin, 
this tissue-specific tumour-suppressive gene is found to be downregulated in brain 
tumour and even absent in brain cancer cells. As mentioned before, tPA converts 
inactive plasminogen into active plasmin which results in the breakdown of the 
extracellular matrix that facilitates the invasion of cancer cells and enables tumour 
migration. It was observed that neuroserpin functions in the inhibitory process of 
tPA, and its absence in the CNS causes brain tumorigenesis. Based on this finding, 
it may be suggested that neuroserpin may represent a new approach for cancer ther-
apy. Additionally, neuroserpin is a tPA-independent mediator of neurite such as out-
growth, cell-cell adhesion and N-cadherin and NFκB expression. The 
tPA-independent regulatory effect of neuroserpin participates in tumorigenesis as 
well as emotional and cognitive processes. These new finding of the multifaceted 
roles of neuroserpin and its polymers will be helpful in designing better methods for 
treating cancer-like diseases.

12.3.1.4	 �PEDF (SERPINF1)
Pigment epithelium-derived factor (PEDF) is a 50 kDa secreted glycoprotein con-
sist of 418 amino acids, and this was first described and purified from cultured 
human foetal retinal pigment epithelium cells. It comes under the category of a non-
inhibitory member of the superfamily of serpin [149]. PEDF is a multifunctional 
member and is widely present in foetal and adult tissues. It is a well-known protein 
and plays important functions in many physiological and pathological processes 
[150, 151]. PEDF exhibits a protective mechanism against tumour and represents as 
a biomarker for prostate cancer patients. For example, it was recently found that the 
PEDF level in the venous blood patients was significantly high. PEDF can decrease 
tumour growth either indirectly through the inhibition of angiogenesis or directly 
through the activation of cell apoptosis and/or differentiation process which inhibits 
the process of invasion and metastasis. PEDF also works as a protective factor for 
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neuronal components of the eye as well as an important inhibitor of the growth of 
ocular blood vessels. It is a very selective inhibitor of angiogenesis, and it works 
only on new blood-forming vessels, while the old cells have no such inhibitory 
effect. It is also found to be a reversible process [152]. Dawson et al. were the first 
who proposed that PEDF can regulate the blood vessel growth for angiogenesis at 
hypoxia condition as it was found in tumours [153]. PEDF mediate the anti-
angiogenesis activity by effectively blocking the VEGF-driven vascular permeabil-
ity through internalisation and degradation of VEGF receptors, VEGFR-1 or 
VEGFR-2, in VEGF-stimulated endothelial cells [154]. This shows that PEDF pre-
vents the angiogenesis process by nullifying the VEGF activity and inhibits the 
tumour growth from becoming more malignant.

The PEDF acts as a regulation of cell proliferation, and invasion is gradually lost 
with the aggressiveness of metastatic melanoma. It has been found that the expres-
sion of PEDF is reduced in many tumour grade of various forms of cancers such as 
prostate adenocarcinoma, pancreatic adenocarcinoma and hepatocellular carcinoma 
[155]. The molecular mechanism of PEDF to regulate the metastasis of cancer is yet 
not fully understood, but few studies suggest that the VEGF/PEDF ratio and regula-
tion of MMPs function by PEDF are the key events that prevent cell invasion and 
tumour dissemination.

Recent studies have shown that PEDF can also manifest its anti-angiogenesis 
activity by selectively inducing the apoptosis of endothelial cell. In this regard, 
Guan et al. observed that apoptotic cells are much higher in overexpressed PEDF in 
prostate cancer cells as referenced to control [156]. PEDF induces apoptosis of 
endothelial and tumour cells mainly by extrinsic and intrinsic pathways. The extrin-
sic pathway which is a cell surface death receptor-mediated pathway depends on the 
activation of Fas/FasL death pathway, whereas in the intrinsic pathway, also called 
as mitochondrial pathway, the apoptosis of cells is governed by mitochondrial per-
meability, manifested by Bcl-2 family proteins and caspases.

Another facet of PEDF is that it may exhibit antitumour activity by its ability to 
promote tumour cell differentiation. Crawford et al. showed that the intratumoural 
injection of rPEDF in primitive neuroblastomas which were grown in athymic mice 
results in tumour cell differentiation, evidenced by less malignant appearing cells his-
tologically and immunohistochemical staining for neurofilament [157]. Filleur et al. 
suggested that PEDF functions in prostate neuroendocrine differentiation through 
feedforward mechanism [158]. Although very few studies have been done on this 
aspect, this added ability to prevent tumour cell growth by differentiation of malignant 
cells into normal phenotype is indeed promising and warrants further investigation.

Nowadays, PEDF has gained wide attention for the approach of making a poten-
tial endogenous agent for treating cancers. Therefore, drug delivery systems system 
such as gene therapy route in the form of a viral vector, systemic administration of 
naked PEDF (free, unmodified) or using nanoparticles for controlled release of 
drugs are needed for the smart delivery of PEDF, to neoplastic sites which not only 
results in tumour regression but also protects from any side effect [159]. For exam-
ple, a new approach was used in enhancing PEDF expression through specific plat-
inum-based chemotherapeutic phosphaplatin drugs [160].
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12.3.1.5	 �SPINK1 (Kazal Type 1)
The serine protease inhibitor Kazal type 1 (SPINK1) was first purified from bovine 
pancreas as a pancreatic secretory trypsin inhibitor (PSTI) in 1948 by Kazal and 
colleagues [161]. Similarly, Stenman et al. (1982) also isolated SPINK1 from the 
urine of patients which were diagnosed with ovarian cancer, but they described it as 
a trypsin inhibitor (TATI) which is known to be associated with tumour [162]. This 
inhibitor consists of 56 amino acid residues containing three disulphide bonds and 
a trypsin-specific binding site formed by Lys-Ile. The primary function of SPINK1 
is to inhibit pancreatic and small intestinal serine proteases. SPINK1 is produced in 
the acinal cells of pancreas where it prevents from autophagy of pancreas cells by 
inhibiting the trypsin activity in acinar cells. This is because trypsinogen, a precur-
sor of trypsin, is also produced in the same cells and packed together with SPINK1 in 
zymogen granule [163]. Under normal physiological condition, the conversion of 
trypsinogen to trypsin is under strict control, and a balanced level of trypsinogen 
and trypsin is needed in acinar cells. So, it serves as a significant role in preventing 
the onset of pancreatitis [164].

SPINK1 is overexpressed in various human organ cancers found in the colon, 
breast, liver and urinary bladder [165, 166]. It has been reported that SPINK1 is 
found to be overexpressed in the prostrate, and its expression is directly propor-
tional to the tumour grade [162]. The mechanism of SPINK1 involved in prostate 
cancer and tumour progression is not yet clear. It was observed that tumours produc-
ing SPINK1 also produce trypsin, and this trypsin can activate MMPs of the matrix 
leading metastasis of cancer. This shows that the imbalance secretion of SPINK1 
and trypsin is linked with the adverse prognosis in cancer [167]. Thus, SPINK1 can 
be used as a good target for prostate cancer treatment.

It was proposed that SPINK1 can act as a growth factor because there are a lot of 
structural similarities, and 50% amino acid homology was found in between 
SPINK1 and epidermal growth factor (EGF). Thus, SPINK1 is also thought to be 
involved as a growth factor for tissue repair in inflammatory sites, and if it was pro-
longed, then it acts as a booster for cancerous cell [168]. Recently, it was reported 
that SPINK1 induces EMT through activating epidermal growth factor receptor 
(EGFR), causing proliferation of pancreatic and breast cancer cells [169].

For the specific therapy of cancer patients, it is necessary that specific or acti-
vated pathway, for that specific tumour should be targeted. Accordingly, small-
molecule inhibitors should be discovered which interfere with specific signalling 
networks inside the cells. In this way, SPINK1 can be an excellent ‘druggable’ tar-
get [167, 170].
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