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    Abstract     Proteases play a fundamental role in multiple biological and pathological 
conditions including cancer. They contribute to cancer development and promotion by 
regulating the activities of growth factors/cytokines and signalling receptors, as well as 
the composition of the extracellular matrix, thereby suppressing cell death pathways 
and activating cell survival pathways. With strong evidence of protease involvement in 
cancer, proteases serve an important role in anticancer drug development. In this 
review we will fi rst introduce key proteases along with their function in tumorigenesis. 
Finally we will discuss the key proteases as viable therapeutic targets for anticancer 
drug development. Further elucidation of the role of proteases in cancer will allow us 
to design more effective inhibitors and novel protease-based drugs for clinical use.  
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1         Introduction 

 Proteases refer to a group of enzymes whose catalytic function is to hydrolyze 
peptide bonds of proteins. Till recent times, they were essentially considered to be 
protein degrading enzymes having nonspecifi c functions in protein catabolism. 
Recent developments in this fi eld indicate that proteases can cleave specifi c sub-
strates, thereby having an infl uence on the varied vital processes and pathological 
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conditions. An insight into the genome of human and other model organisms has 
revealed the impressive diversity existing in protease functions. There are at least 
569 proteases and homologues produced by human cells there by forming a human 
degradome. These proteases and their homologues are further classifi ed into fi ve 
classes: 194 metalloproteinases, 176 serine, 150 cysteine, 28 threonine, and 21 
aspartic proteases (Fig.  12.1 ) [ 1 ].

   The number as well as diversity of these proteases is indicative of their impor-
tance in the biological processes. Proteases have been found to regulate the fate, 
localization, and activity of many proteins, modulate protein–protein interactions, 
create new bioactive molecules thereby contributing to the processing of cellular 
information, and generate, transduce, and amplify molecular signals. A direct result 
of these multiple actions is that proteases infl uence DNA replication and transcrip-
tion, cell proliferation and differentiation, adhesion, tissue morphogenesis and 
remodelling, angiogenesis, stem cell mobilization, autophagy, senescence, necrosis, 
apoptosis, and evasion of immune system [ 2 ]. Therefore, proteases have an infl u-
ence on cell behavior, survival, and death of all organisms [ 3 ]. Alterations in proteo-
lytic systems can lead to multiple pathological conditions such as neurodegenerative 
disorders, infl ammatory and cardiovascular diseases, and cancer. 

 Given the role of proteases in protein degradation and tissue remodelling, they 
have been suggested to be involved in cancer invasion and metastasis, which accounts 
for a majority of lethal outcomes related to cancer [ 4 ]. This was fi rst proposed by 
Fisher in 1946. Following this, many individual proteases were identifi ed to have a 
role in cellular invasion. Intracellular proteases like cysteine and aspartyl proteases 
take part in removing damaged or undesirable products and degradation of endocy-
tosed proteins [ 5 ]. Other intracellular proteases like cysteine proteases (of caspase 
family of proteins) and autophagins regulate proteolytic activities which lead to 
apoptosis and autophagy, respectively [ 6 ,  7 ]. All the intracellular proteases, including 

  Fig. 12.1    Classifi cation of human degradome. On the basis of the mechanism of catalysis, the 
human proteases are classifi ed into 5 different classes: metallo, serine, cysteine, threonine, and 
aspartic proteases       
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the deubiquitinases, confer protection to the cell via proteolytic cascades, and loss of 
function mutations in these proteases leads to various human cancers [ 6 ,  8 ]. In con-
trast to the protective mechanism of intracellular proteases, extracellular proteases 
take part in facilitating tumorigenesis. Activation of oncogenic transcriptional path-
ways often leads to over expression of these enzymes in the tumor tissues [ 9 ]. 

 The ability of cancer cells to invade normal tissues and cross physiological barriers 
depends on proteolytic function of these proteins. In order to metastasize, tumor cells 
must cross the basement membrane which comprises a continuous and dense network 
of collagen, glycoproteins, and proteoglycans. Recent data suggest that the action of 
proteases present within and on the surface of cells results in local proteolysis which 
helps in the movement of the cells from their primary location to a distant location. 
Metastasis basically involves a sequence of events wherein a cell or group of cancer 
cells attach to the underlying basement membrane, intravasate into the vasculature, 
survive in the circulation, arrest at a distant vasculature bed, extravasate into surround-
ing tissues, and proliferate into a secondary tumor where proteases play a major role 
[ 10 ]. In the pages that follow, you will be introduced to some of the important proteases 
which have been shown to play key roles at different stages of cancer progression.  

2     Caspases 

 Caspases (cysteine-dependent aspartyl-specifi c protease) belong to a family of cysteine 
proteases that mediate proteolytic events indispensable for biological phenomena such 
as cell death and infl ammation. To date, a number of caspases have been identifi ed in 
various vertebrate and invertebrate species. In humans, 11 caspases including caspase 
1 to caspase 10 and caspase 14 have been identifi ed. Several additional caspases, 
including caspase 11, caspase 12, and caspase 13, have been detected in other mam-
mals such as rodents and the cow  Bos taurus . To date 14 mammalian caspases have 
been broadly categorized into initiators (caspases 2, 8, 9, and 10), effectors (caspases 3, 
6, and 7), and infl ammatory caspases (caspases 1, 4, 5, 11, 12 and 13). Caspase 14 is a 
unique caspase as it belongs to neither apoptotic caspases nor infl ammatory caspases 
[ 11 ]. Recently, caspases 15, 16, 17, and 18 have also been identifi ed as new members 
of the caspase family in vertebrates, although their function has not yet been identifi ed 
[ 12 – 14 ]. In addition, fi sh-specifi c caspases have been found: caspy, caspy2, and cas-
pase recruitment domain (CARD)-casp8 [ 15 ,  16 ]. Not limited to vertebrates, caspases 
have been identifi ed in a wide variety of animals such as sponge  Geodia cydonium , 
 Hydra vulgaris , sea anemone  Aiptasia pallida , nematode  Caenorhabditis elegans , fruit 
fl y  Drosophila melanogaster , sea urchin  Strongylocentrotus purpuratus , and ascidians 
 Ciona intestinalis  and  Ciona savignyi  [ 17 – 25 ]. 

 Since apoptosis is central to tumorigenesis, the role of caspases has been a sub-
ject of great interest. Literature reveals that caspase alterations are not rare in a 
variety of tumors which might result from mutations, promoter methylation, alter-
native splicing, and posttranslational modifi cations. Some of these defects lead to 
loss of function, but in other cases mutated caspases act as dominant negatives pre-
venting the activation of wild-type protein [ 26 ]. The importance of caspase 8 was 
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brought to light by showing that knockout of caspase 8 leads to embryonic lethality. 
In contrast, another study pointed out that the deletion or silencing of Caspase 8 
gene promotes cell survival and metastasis in neuroblastoma [ 6 ,  27 ]. Somatic muta-
tions leading to inactivation of Caspase 8 gene have also been seen in tumors of 
head and neck, lung, colorectal, and gastric tumors [ 28 ,  29 ]. Following this, genetic 
alterations in other caspases have also been observed, and it has been pointed out 
that Caspase 10 is also frequently mutated in tumors [ 30 ,  31 ]. Presence of mutation 
in Caspase 8, Caspase 10, and other caspase family members suggests their involve-
ment in progression of malignant tumors. 

 Literature further reveals that altered caspase function can also be a consequence 
of modifi ed expression of their specifi c inhibitors, for example, cFLIPs that com-
petes with caspase 8 for FADD binding, thereby preventing its activation. cFLIPs is 
often elevated in tumors, while its downregulation has been shown to sensitize 
tumor cells towards therapy [ 32 ]. Among caspase inhibitors an important role is 
played by inhibitors of apoptosis (IAPs). While initially described as caspase inhib-
itors, IAPs are now recognized to regulate a multitude of other cellular functions 
including regulation of the immune response, cell migration, mitosis, and prolifera-
tion [ 33 ]. Alterations of IAPs are found in a variety of human cancers and are asso-
ciated with poor prognosis and resistance to therapy. In some cases however, loss of 
IAPs correlates with tumor progression complicating the issue and suggesting that 
the role of IAPs has to be carefully evaluated based on cell context.  

3     Cysteine Cathepsins 

 Cathepsins were originally identifi ed as endopeptides that are located in the lyso-
somes, while recent reports have uncovered nontraditional roles for cathepsins in 
the extracellular space as well as in the cytosol and nucleus [ 34 ,  35 ]. Cysteine 
cathepsins specifi cally are capable of effi ciently cleaving a wide variety of sub-
strates and thought to participate in protein turnover. They comprise 11 proteases 
that show increased expression in tumors and are referred to as clan CA, family 
C1a: cathepsins B, C (also known as cathepsin J and dipeptidyl-peptidase 1), F, H, 
K (also known as cathepsin O2), L, O, S, W, V (also known as cathepsin L2), and Z 
(also known as cathepsin X and cathepsin P) in humans. 

 Cysteine cathepsins are highly upregulated in a wide variety of cancers by mech-
anism which includes gene amplifi cation, transcript variation (arises from the use of 
alternate promoters and alternative splicing), transcriptional regulation, posttran-
scriptional regulation, and epigenetic regulation to name a few [ 5 ]. Presence of 
diversity in the expression of specifi c cysteine cathepsins in tumor cells and tumor- 
associated cells at different times during neoplastic progression indicates that indi-
vidual enzymes have distinct roles during progression in the various cell types that 
comprise the tumor microenvironment and in the tumor cells. The pattern of expres-
sion often varies with tumor type and the cellular composition of the tumors. Increase 
in the expression of cysteine cathepsins occurs in premalignant or early lesions, for 
example, cathepsin B in Barrett’s esophagus and stage I esophageal tumors [ 36 ,  37 ], 
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cathepsin H in node-negative lung tumors [ 38 ], and cathepsin S and cathepsin X in 
high-grade prostatic intraepithelial neoplasias. In addition to these in ductal carci-
noma in situ of the breast, there is increased expression of the cysteine cathepsins F, 
K, and L [ 39 ]. Cathepsin S, which is increased in stage IV astrocytomas, is found in 
both tumor cells and tumor-associated macrophages [ 40 ], as has been reported for 
cathepsin B in colon carcinomas and observed for cathepsin B in transgenic mouse 
mammary tumors. Moreover, overexpression of Cathepsin B gene has also been 
found in esophageal carcinoma and transformed rat ovarian cells. Recent studies 
also show that increased expression of Cathepsin    B is associated with breast, lung, 
gastric, colorectal, and prostate carcinomas, melanomas, gliomas, and osteoclasto-
mas and with low survival rates in patients with colorectal cancer [ 10 ]. Cathepsin B 
can cleave a wide variety of substrates including extracellular matrix proteins, pro-
teinases, as well as proteinase inhibitors. Reports suggest that Cathepsin B is 
involved in detachment of migrating cancer cells, and inhibitors of cysteine cathep-
sins can reduce the proteolysis and migration of oral squamous cell carcinoma cells. 
Inhibitors against intracellular Cathepsin B have been shown to reduce the invasive-
ness of human melanoma and prostate carcinoma cells [ 5 ]. Cysteine cathepsins are 
also upregulated during HPV16-induced cervical carcinogenesis, further encourag-
ing consideration of this protease family as a therapeutic target in human cancers. In 
contrast to these studies, deletion of Cathepsin L in HPV16-induced skin carcino-
genesis mouse model leads to formation of early onset aggressive tumors. 
Keratinocytes with homozygous deletion of Cathepsin L show increased prolifera-
tion rates, suggesting a tumor suppressor function of Cathepsin L with respect to 
squamous cell skin carcinoma [ 41 ]. Table  12.1  shows the distribution of cysteine 
cathepsins in tumor and tumor-associated cells that express cysteine cathepsins.

4        Urokinase-Type Plasminogen Activator 

 Urokinase-type plasminogen activator (uPA) is an extracellular proteolytic enzyme 
belonging to serine protease family of enzymes. The uPA system comprises 
urokinase- type plasminogen activator, 2 inhibitors of plasminogen activators, 
namely, PAI-1 and PAI-2, and the urokinase receptor (uPAR) [ 42 ,  43 ]. The binding 
of uPA to the cell surface receptor uPAR leads to activation of uPA, and it further 
cleaves the surface-associated plasminogen into the serine protease called plasmin 

   Table 12.1    Tumor cells and tumor-associated cells that express cysteine cathepsins   

 Fibroblasts  Cat. B, Cat. C, Cat. K, and Cat. L 
 Osteoclasts  Cat. B and Cat. K 
 Neutrophils  Cat. B and Cat. C 
 Mast cells  Cat. C and Cat. S 
 Myoepithelial cells  Cat. F, Cat. K, and Cat. L 
 T-lymphocytes  Cat. C and Cat. W 
 Endothelial cells  Cat. B, Cat. L, and Cat. S 
 Tumor associated macrophages  Cat. B, Cat. C, Cat. K, Cat. L, Cat. S, Cat. V, and Cat. X 
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which in turn is involved in a number of pathophysiological processes requiring 
basement membrane (BM) or extracellular matrix (ECM) remodelling, including 
tumor progression and metastasis (Fig.  12.2 ) [ 44 ,  45 ]. Plasmin can also activate 
specifi c growth factors like FGF2, VEGF, IGF-2, and HGF that stimulate cell pro-
liferation/mitogenesis [ 46 – 48 ]. FGF-2 and VEGF the two well-known stimulators 
of endothelial cell growth have also been found to play a role in angiogenesis [ 49 ].

   Preliminary evidences support the role of uPA system in early stages of tumori-
genesis. The expression of both uPAR and uPA is signifi cantly upregulated during 
cancer progression and is primarily confi ned to the tumor-associated stromal com-
partment. uPA, plasminogen, and plasmin have also been shown to play roles in cell 
migration and adhesion [ 42 ]. Increased expression of uPAR in virtually all human 
cancers suggests possible clinical applications as diagnostic marker, predictive tool 
of survival or clinical response, and as a target for therapy and imaging. In fact, 
increased expression of uPA/uPAR and PAI-1 in tumors shows strong correlation 
with metastatic potential and lower rates of patient prognosis [ 50 ] and indicates poor 
survival. uPA/PAI-1 has been designated as a prognostic markers associated with 
poor disease outcome for early stage breast cancer and has been recommended by 
the American Society of Clinical Oncology for screening in routine clinical practice 
[ 51 ]. The cleaved forms of uPAR are also prognostic markers and a potential diag-
nostic, and predictive impact of the different uPAR forms has been reported [ 52 ,  53 ]. 

 Literature further reveals that in comparison to wild-type mice, uPA-defi cient 
mice which have been chemically induced with blue nevi failed to progress to mela-
nomas [ 54 ]. In vivo studies have shown that uPA and matrix-metalloproteases 
(MMPs) work together for the degradation of the ECM thereby facilitating metasta-
sis. Recent data have also provided new insights into the role of uPAR in gastric 
cancer progression, and in addition to mediating proteolysis, this receptor also 
appears to mediate cell signalling, proliferation, and survival, and these observations 
have revealed novel ways to target uPAR. Dual role has also been suggested for uPA 
in angiogenesis depending on the stage of angiogenesis. In the beginning, uPA helps 
by degrading the ECM and promoting the proliferation of endothelial cells, while 
later on it might activate angiostatin (inhibitor of angiogenesis) formation [ 55 ].  

  Fig. 12.2    Schematic representation of the PAS system. Given illustration represents the proteo-
lytic cascade which leads to generation of plasmin       
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5     Kallikreins 

 Kallikrein (Greek synonym for pancreas: kallikreas) was named by the three 
German scientists H. Kraut, E.K. Frey, and E. Werle, who in 1930 reported that the 
pancreas is a rich source of this endogenous hypotensive substance. The human kal-
likrein gene locus spans a region of 2, 61,558 bp on chromosome 19q13.4. It is 
formed of 15 tandemly localized kallikrein genes with no intervention from other 
genes and is the largest cluster of serine proteases within the human genome. 

 Kallikreins are basically serine proteases which are responsible for the coordi-
nation of various physiological functions including blood pressure, semen lique-
faction, and skin desquamation [ 56 ]. The expression of kallikreins has also been 
found to be altered in hormonally regulated human carcinomas, and there have 
been reports in the literature that suggest that kallikreins might function as tumor- 
promoting or tumor-suppressing enzymes on the basis of hormonal balances and 
tissue type. Prostate-specifi c antigen (PSA) kallikrein 3 is proposed to promote 
tumorigenesis by initiation of growth factors and proteolytic degradation of the 
ECM. Kallikrein 3, the most commonly known kallikrein, is a useful biomarker 
that aids in the diagnosis, staging, and follow-up of prostate cancer. Apart from 
KLK3 several other kallikreins, including kallikreins 2 (KLK2) and 11 (KLK11), 
are also emerging as complementary prostate cancer biomarkers [ 57 ,  58 ]. Kallikrein 
4 has also been found to be overexpressed in prostate cancer [ 59 ,  60 ]. Along with 
these kallikreins, several others have been implicated in the other cancers. For 
example, KLK5, KLK6, KLK7, KLK10, KLK11, and KLK14 are emerging bio-
markers for ovarian cancer [ 61 – 63 ], and kallikrein 1, also known as tissue kalli-
krein, cleaves kininogen to release the vasoactive kinin peptide, bradykinin, or lysyl 
bradykinin. Kallikrein 5 is widely expressed but found at high levels in skin, breast, 
brain, and testis, and its overexpression is an indicator of aggressive ovarian tumors 
which result in poor patient prognosis [ 64 ,  65 ]. Kallikrein 8 is expressed in the brain 
and is a novel marker of ovarian and cervical cancer. It is worth mentioning here 
that upregulation of 12 kallikrein genes has been found in ovarian cancer. KLK3, 
KLK8, and KLK10 have been shown to have tumor suppressive functions [ 66 ,  67 ]. 
Owing to their interaction with other serine proteases like uPA and its receptor 
uPAR, human kallikreins have been implicated in tissue invasion, angiogenesis, 
and metastasis. Furthermore, KLKs can activate MMPs like collagenase IV and 
thereby promote tumorigenesis. KLK2 and KLK4 can inactivate PAI-1 and in 
turn activate the uPA pathway [ 68 ]. Controversies still exist on the role of KLK2 
in angiogenesis. While KLK2 can activate tumor growth factor β (TGF-β) and 
promote angiogenesis, it is also known to block FGF 2 and hence inhibit angio-
genesis. Furthermore, KLKs can activate MMPs like collagenase IV and thereby 
promote tumorigenesis. Due to their role as biomarkers, KLKs are used for the 
screening, diagnosis, prognosis, and monitoring of various cancers, e.g., prostate, 
ovarian, breast, testicular, and lung; human tissue kallikreins (KLKs) are attracting 
increased attention these days.  
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6     Matrix Metalloproteinases 

 This family consists of 23 zinc-dependent endopeptidases which are expressed dur-
ing processes involving tissue remodelling like embryonic development, wound 
healing, uterine and mammary involution, cartilage to bone transition during ossifi -
cation, and trophoblast invasion into endometrial stoma during placenta develop-
ment [ 69 – 72 ]. This extracellular remodelling property of MMPs has implications in 
pathological processes like periodontitis and rheumatoid arthritis. Recent fi ndings 
further provide evidence that MMPs can modulate the different stages of tumor 
formation which include tumor growth, invasion, metastasis, and angiogenesis. 

 MMP-9 has also been found to enhance endothelial cell growth in vitro [ 73 ,  74 ], 
and MMP-8 when overexpressed in breast cancer cells reduces their metastatic 
potential. Literature also reveals that MMP-8-defi cient mice show increased inci-
dence of skin carcinomas [ 75 ]. Furthermore, MMP-12, which is mainly expressed 
in macrophages, has been shown to reduce tumor growth rates in mice [ 76 ]. 
However, the precise role of MMP-12 in human cancers is not yet clear. This stems 
from studies supporting its dual role: its expression in colon and hepatocellular car-
cinomas has been found to have favorable outcomes, while its expression in other 
tumors correlates with poor prognosis of patients [ 77 – 79 ]. Dual roles have been 
reported for other MMPs like MMP-3, MMP-9, and MMP-11 which have been 
associated with tumor progression and in some instances with antitumor effect [ 1 ]. 

 MMPs facilitate metastasis and angiogenesis by degrading the physical barriers and 
allowing increased signalling by signalling molecules like growth factors and cyto-
kines. MMPs mediate cleavage of the ectodomain of VE-cadherins which leads to loss 
of cell–cell adhesions. In vivo studies show that MMP-7 (matrilysin) is necessary for 
endothelial cell proliferation, and upregulation of other MMPs like MMP-1 and 
MMP-2 causes induction of angiogenesis [ 80 ]. In comparison to quiescent vessels, 
angiogenic and tumor blood vessels contain exposed cryptic binding sites for αvβ3 
which is brought by cleavage of type IV collagenase by MMPs. This also correlates 
with increased expression of MMP-2 which binds to αvβ3 and facilitates angiogenesis 
[ 81 ,  82 ]. Further studies on these enzymes showed that loss of MMP-8 causes abnor-
malities in infl ammatory response induced by carcinogens leading to sustained infl am-
mation thereby generation of a favorable environment for tumor development. 

 Another zinc-dependent metalloprotease family is the disintegrin and metallo-
proteinase which include two subgroups: the membrane-bound ADAM and a disin-
tegrin and metalloproteinase with thrombospondin motifs (ADAMTS) [ 83 ,  84 ]. 
This family of proteases bears structural relationships with other MMPs. ADAMs 
and ADAMTS have been implicated in different stages of cancer progression. 
ADAMs mediate the shedding of cytokines and growth factors and regulate the 
fusion of membranes and motility of cells as well as muscle development, fertiliza-
tion, and cell fate determination [ 85 ]. ADAM17 plays a major role in infl ammatory 
processes by facilitating the shedding of TNF-α [ 86 ]. ADAM10 and ADAM12 have 
been found to be overexpressed in a number of carcinoma tissues and cell lines 
consistent with their ability to regulate adhesion and motility of cells [ 87 ]. Reports 
show that ADAMTS1, the fi rst identifi ed member of ADAMTS family, inhibits 
angiogenesis and reduces growth of tumor and metastasis [ 88 – 90 ]. Table  12.2  
shows role of different MMPs and their implications in tumorigenesis.
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   Table 12.2    Role of different MMPs and their implications   

 Activity  Effect 

  Cancer cell invasion  
 Several MMPs such as 

MT1-MMP, MMP-2 
and MMP-9 

 Several members of the 
ADAM family 

 Proteolytic  Degrade physical barriers 

  Cancer cell proliferation  
 MMP-1, -2, -3, -7, -9, -11, 

-19, ADAM12 
 Cleavage of IGF-binding proteins  Proliferation 

 MMP-3, -7, ADAM17, 
ADAM10 

 Shedding of membrane-anchored 
ligands of EGFR (HB-EGF, 
TGF-α, and amphiregulin) 

 ADAM10  Shedding of E-cadherin 
 MMP-9, -2, -14  Activation of TGF-β 
 MMP-7 (anchored to CD44)  Shedding of HB-EGF 

  Cancer cell apoptosis  
 MMP-7, ADAM10  Cleavage of Fas ligand 

Anti-apoptotic 
 ADAM10  Shedding of tumor associated major 

histocompatibility proteins 
complex class-I 

 Several MMPs and ADAMs  Indirect activation of Akt through 
activation of EGFR and IGFR 

  Tumor angiogenesis and vasculogenesis  
 Several MMPs (including 

MMP-2, -9, MMP-3, -10, 
-11, MMP-1, -8, -13) 

 Degradation of COL-IV, perlecan; 
release of VEGF and bFGF, 
respectively 

 Up-regulation of 
angiogenesis 

 Degradation of COL-IV, COL-
XVIII, perlecan, generation of 
tumstatin, endostatin, angiostatin, 
and endorepellin, respectively 

 Down-regulation of 
angiogenesis 

  Cell adhesion, migration, and epithelial to mesenchymal transition  
 MMP-2  Degradation of COL-IV; generation 

of cryptic peptides 
 Promote migration 

 MT1-MMP  Degradation of laminin-5; generation 
of cryptic peptides 

 MMPs  Integrins as substrates 
 MMP-2,-3, -9, -13, -14  Over-expression; related to EMT  Induction of EMT; cell 

migration 
 ADAM10 
 MMP-1, -7 

 Shedding of E-cadherin 

 MMP-28  Proteolytic activation of TGF-β  Powerful inducer of EMT; 
cell migration 

  Immune surveillance  
 MMP-9  Shedding of interleukin-2 receptor-α 

by T-lymphocytes surface 
 Suppress T-lymphocyte 

proliferation 
 MMP-9, -2, -14  Release of active TGF-b  Suppress T-lymphocyte 

reaction against cancer 
cells 

 MMP-7, -11, -1, -8, -3  Release of a1-proteinase inhibitor  Decrease cancer cell 
sensitivity to NK cells 

 MMP-7, -8  Cleavage of a- and b-chemokines or 
regulation of their mobilization 

 Affect leukocyte infi ltration 
and migration 
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7        Proteases as Viable Therapeutic Targets for Anticancer 
Drug Development 

7.1     Caspases as Drug Targets 

 Cell death inhibition is a very successful strategy that cancer cells employ to combat 
the immune system and various anticancer therapies. An alteration in the apoptotic 
signalling pathway is one of the main reasons for tumorigenesis. Hence, components 
as well as triggers and regulators of this pathway are among the most promising 
targets for pharmacological interventions with respect to cancer. Currently chemo-
therapeutic treatments aim to promote cellular toxicity and damage which in turn 
induces apoptosis either directly or indirectly via caspases. Approaches are being 
developed that will activate death receptor pathways, synthetically activate caspases, 
restore the activity of tumor suppressor genes such as p53, and counteract the effects 
of antiapoptotic factors. Among these approaches, small molecules are in clinical 
trials against several antiapoptotic players, namely, IAP proteins and the Bcl-2 pro-
tein. Cellular IAP proteins regulate expression of antiapoptotic molecules and pre-
vent assembly of proapoptotic protein-signalling complexes. In addition, 
amplifi cations, mutations, and chromosomal translocations of IAP genes are associ-
ated with various malignancies. Several therapeutic strategies have been designed to 
target IAP proteins, including a small-molecule approach that is based on mimicking 
the IAP-binding motif of an endogenous IAP antagonist—the second mitochondrial 
activator of caspases (Smac). Other strategies involve antisense nucleotides and 
transcriptional repression. Inhibitors of IAPs like second mitochondria-derived acti-
vator of caspase/direct IAP-binding protein with low p I  (Smac/DIABLO) and heat-
inducible serine protease (A2HtrA2) have increased the interest of the pharmacological 
industry in them. Omi/HtrA2 is a mitochondrial serine protease that is released from 
mitochondria during apoptosis. It binds to IAP and antagonizes its binding to cas-
pase 9, thereby modulating the caspase activity. Another member of the IAP family 
is survivin, which plays a role in apoptosis as well as cell cycle regulation. Caspase 
3 and cyclin-dependent kinase inhibitor p21 have been found to colocalize with sur-
vivin. Regardless of its function as an inhibitor of caspase 3 or as a regulator of cell 
cycle, downregulation of survivin affects the growth of transformed cells. As many 
of these processes are often modifi ed in cancer, it is clear how alteration of IAPs can 
play a role in tumorigenesis. The most important pathway regulated by IAPs that 
contributes to cancer development is the NF-kB signalling pathway, and XIAP, 
cIAP1, and cIAP2 have been shown to regulate this pathway and in turn regulate 
infl ammation, immunity, and cell survival. Moreover evidence is there in the litera-
ture that IAPs protect from TNF-α killing. In addition, recent fi ndings show a role for 
IAPs in metastasis also as XIAP/survivin complex has been found to trigger the 
NF-kB pathway leading to activation of cell motility kinases [ 91 ]. This however is 
still a controversial issue, and other studies show a suppressive effect of IAPs on cell 
mobility, therefore raising the need for further investigations. Experiments with 
administration of antisense nucleotides and ribozymes against survivin have also 
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been shown to induce apoptosis in various cell lines. This fi nding has triggered the 
development of antisense-based strategies which target the expression of survivin. In 
any case due to their involvement in cancer progression and their ability to suppress 
apoptosis IAPs have become an attractive therapeutically target, leading to the devel-
opment of IAP inhibitors, some of which are based on natural inhibitors such as 
Smac/DIABLO [ 91 – 93 ]. These drugs appear to be able to directly kill cancer cells 
or at least sensitize them to other killing agents while sparing normal cells. A number 
of these compounds are currently entering clinical trials; Table  12.3  [ 94 ].

   Bcl-2 is an antiapoptotic molecule and overexpression of Bcl-2 protein has been 
reported in many types of cancers, including leukemia, lymphomas, and carcinomas. 
Bcl-2 has also been associated with chemotherapy resistance in various human can-
cers. Thus targeted inhibition of Bcl2 can be used as a tool for the treatment of dif-
ferent cancers. Several classes of drugs have been found to regulate gene expression 
of antiapoptotic Bcl-2 members, and several of these are in different phases of clini-
cal trials. Until recently, most research efforts aimed at developing anticancer tools 
were focusing on small molecules. Alternative compounds are now being increas-
ingly assessed for their potential anticancer properties, including peptides and their 
derivatives. Most anticancer peptidic compounds induce apoptosis of tumor cells by 
modulating the activity of Bcl-2 family members that control the release of death 
factors from the mitochondria. Some of these peptides have been shown to inhibit 
the growth of tumors in mouse models. Several agents targeting antiapoptotic Bcl-2 
family of proteins are also in preclinical/clinical trials (Table  12.4 ).

   Table 12.3    Non-infl ammatory compounds which are being tested as possible drugs targeting the 
caspases and their inhibitors   

 Targeted molecule  Principal compound  Sponsor  Name 

 Caspases  Peptide based irreversible inhibitors  INSERM 
 Caspases  Caspase inhibitors  Merck Frosst  M-920 

 (L-826, 920) 
 Caspases  Caspase inhibitors  Vertex Pharmaceuticals  VX-799 
 Survivin  Antisense oligodeoxy- nucleotides   Isis Pharmaceuticals/

Abbott Laboratories 
 Caspase-3  Highly selective inhibitor of 

caspase-3 
 Merck Frosst  MF-286, 

MF-867 

   Table 12.4    Drugs targeting Bcl2 family proteins   

 Agents  Target proteins  Sponsor  Stage 

 Apogossypol  Bcl-2, Bcl-Xl, Mcl-1  Burnham (NCI)  Preclinical 
 HA-14  Bcl-2  Maybridge Chem  Preclinical 
 Antimycin A  Bcl-2, Bcl-Xl  University of Washington  Preclinical 
 BH3Is  Bcl-Xl  Harvard University  Preclinical 
 Oblimersen sodium  Bcl-2  Genta  Phase III 
 Gossypol (AT-101)  Bcl-2, Bcl-Xl, Bcl-W, Mcl-1  Ascenta (NCI)  Phase I/Phase II 
 ABT-737 (ABT-263)  Bcl-2, Bcl-Xl, Bcl-W  Abbott  Phase I 
 GX15-070  Bcl-2, Bcl-Xl, Bcl-W, Mcl-1  Gemin X  Phase I 
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7.2        Cysteine Cathepsins as Drug Targets 

 An increased cell proliferation rate represents a key aspect of tumor biology, and 
cysteine cathepsins have been discovered to infl uence the regulation of cell prolif-
eration by several means. Upregulation of cysteine cathepsins has been reported in 
many human tumors, including breast, lung, brain, gastrointestinal, prostate, and 
melanoma. Knockout of specifi c cathepsins in mice has confi rmed that targeting of 
individual cysteine cathepsins can prove to be a benefi cial strategy for cancer treat-
ment. Avascular tumors are severely restricted in their growth potential because of 
the lack of blood supply, and it is well known that angiogenesis is required for inva-
sive tumor growth and metastasis and constitutes an important point in the control 
of cancer progression. Therefore, inhibition of angiogenesis is a valuable approach 
to cancer therapy. There is also increasing evidence that cysteine cathepsins pro-
mote invasion and metastasis by remodelling the extracellular matrix (ECM) in the 
tumor microenvironment. Active cathepsins have been shown to be able to degrade 
the protein components of basement membranes and the interstitial connective 
matrix including laminin, fi bronectin, elastin, tenascin, and various types of colla-
gen. Following the report by Szpaderska et al. that inhibitors of intracellular cathep-
sins can reduce the invasiveness of human melanoma and prostate carcinomas, they 
are being studied for anticancer therapies. Endogenous inhibitors of these enzymes, 
known as cystatins, are also being used to reduce tumor growth, invasion, metasta-
sis, and angiogenesis. Administration of small molecule inhibitors of cathepsins or 
increasing the expression of endogenous inhibitors is suggested to be of therapeutic 
benefi t. Presently, only one small molecule inhibitor has been successful which is a 
broad-spectrum inhibitor and targets the intracellular and extracellular pool of 
cathepsins. Therapeutic agents that can be activated by subsequent cleaving at the 
tumor cell surface by cathepsins have also proven to be effi cacious. Such therapeu-
tic agents generally contain a pore forming toxins conjugated to cathepsin B cleav-
able linkers. Prodrugs which can be cleaved by cathepsins are also being developed, 
for example, prodrugs of doxorubicin [ 5 ].  

7.3     uPA System as Drug Targets 

 Breast cancer is one of the most common malignancies and is responsible for 
many deaths. The plasminogen activation system (PAS) has been found to be fre-
quently upregulated in metastatic breast cancer and also correlates with poor 
prognosis of patients. Many antimetastatic prophylactic drugs are being devel-
oped which target the PAS. Inhibitors of uPA and the interaction of uPA with its 
cell surface receptor (uPAR) are promising molecules for drug development. 
Known inhibitors bind to the S1 subsite of uPA which forms a salt bridge with the 
negatively charged Asp 189  residue by incorporation of positive charges. Essentially 
all uPA inhibitors which are being used as antimetastatic drugs retain the crucial 
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interaction with improvisations in the pharmacokinetics of the positively charged 
molecules. An example is amiloride that is a potassium-sparring diuretic that has 
been reported to prevent lung metastasis in a rat adenocarcinoma model. It has 
also been found to signifi cantly reduce metastasis of MATB rat mammary cancer 
cells. Amiloride as well as B428, another uPA inhibitor, have showed the potential 
to reduce the invasive capacity of two breast cancer cell lines, namely, 
MDA-MB-231 and MDA-MB-436. Other small molecule inhibitors of uPA are 
tranexamic acid, aprotinin, and leupeptin. Arginine mimetics which bears either 
an  N -tri-isopropyl-phenylsulfonamide group or 4-amidinobenzylamine group are 
also being considered as potent inhibitors. Besides this cyclic peptide antagonists 
who have the potential to displace the uPA molecules bound to the surface recep-
tors and hence inhibit the tumor cell associated activation of plasminogen and 
fi brin degradation [ 50 ]. The interaction between uPA and its receptor uPAR has 
also been investigated to fi nd possible strategies of intervention. This has devised 
the development of linear peptide antagonists which compete with uPA for the 
binding site/epitope on its receptor.  

7.4     MMPs as Drug Targets 

 Given the positive correlation between tumor aggressiveness and the levels of pro-
teases, these enzymes have become a subject of interest for development of antican-
cer drugs. MMPs regulate the destruction of the extracellular matrix which facilitates 
malignant invasion making them a suitable target for drug development. One such 
strategy involves the use of tissue inhibitor of metalloproteinases (TIMPs) or TIMP 
fragments as direct inhibitors of MMP activation or activity. Another strategy 
involves using peptide inhibitors which mimic the amino terminal motif of the 
MMPs which contain the latent state enzyme. A third strategy involves using syn-
thetic compounds as competitive inhibitors of substrates which bind to the active 
site of the enzymes. In vivo studies have shown that TIMP-1, TIMP-2, and synthetic 
substrate inhibitors can be used to block angiogenesis. In vivo studies in animal 
models provide evidence that TIMP-1 inhibits invasion and metastasis. 
Simultaneously, TIMP-2 has also been shown to inhibit cell invasiveness in in vitro 
and in vivo studies. An example of synthetic inhibitors of MMPs is BB94 whose 
administration to athymic nude mice-bearing fragments of colon cancer inhibited 
the growth of primary tumor and a reduction in incidence of tumor invasion and 
spontaneous metastasis. In a separate study it has also been shown to delay growth 
of B16-BL6 transplanted primary melanoma. Chemically modifi ed tetracycline 
derivatives have also been shown to inhibit the enzyme activity as well as the syn-
thesis of MMPs by blocking its transcription. These compounds inhibit MMPs by 
chelating the metal ions like zinc and calcium. A few examples of these compounds 
are metastat, minocycline, and doxycycline. Doxycycline is currently the only 
approved drug which is being used against periodontitis, brain tumor, and Kaposi 
sarcoma [ 86 ].   
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8     Development of Protease-Activated Prodrugs 

 As mentioned above, proteases are molecules important for the development of antican-
cer drugs. Besides being target molecules for therapeutic drugs, proteases are also instru-
mental molecules for development of prodrugs. Prodrugs are derivatives of therapeutic 
agents which upon chemical or environmental stimuli release the parent drug. They are 
inactive molecules in their native state and are transition to active drugs upon being acted 
by a stimulus. Given that proteases lead to selective cleavage of their substrates, they have 
been considered for development of protease- activated prodrugs (PAP), ensuring an effi -
cient delivery and effi cacy of the drug with minimum toxic effects on healthy cells. They 
are made up of a parent drug conjugated to a polymer or peptide substrate via a cleavable 
linkage and/or a targeting moiety for specifi c delivery, which in the case of PAPs should 
be stable in blood stream till it reaches target protease [ 95 ]. Examples are prodrugs made 
by conjugating single amino acids or dipeptides to cancer drugs like doxorubicin and 
daunorubicin. For further information please go through reference [ 95 ].  

9     Conclusions 

 Proteases are involved in a wide variety of functions like immunological responses, 
degradation of the articular cartilage matrix, and other pathological processes, playing 
a major role in both intra- and extracellular protein turnover. Apart from their role in 
various physiological and pathological processes, proteases have also been found to be 
involved in tumor growth, invasion, and migration. A number of proteases have been 
associated with various stages of cancer and also serve as biomarkers which can predict 
the prognosis of patients. Given their role in tumorigenesis, proteases are being consid-
ered as highly relevant targets. Endogenous inhibitors of proteases have been found to 
be suitable molecules for drug development. Synthetic peptides mimicking the inhibi-
tors of pro-tumorigenic proteases are also being developed. Research is also going on 
to identify selective inhibitors of proteases rather than broad-spectrum inhibitors. In 
addition to this, RNA interference can also prove to be instrumental in silencing prote-
ase genes which show aberrant expression in tumors. Such therapies can prove to be 
useful not only in cancer but several pathological states, such as immune disorders, 
osteoporosis, rheumatoid, and osteoarthritis, where proteases are known to be involved. 
In addition to being target molecules for different anticancer drugs, proteases are now 
also being used for the development of protease-activated prodrugs which will ensure 
the effi cient delivery and action of conventional anticancer drugs.     
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