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A B S T R A C T

Cancer is the second cause of death in 2015, and it has been estimated to surpass heart diseases as the
leading cause of death in the next few years. Several mechanisms are involved in cancer pathogenesis.
Studies have indicated that proteases are also implicated in tumor growth and progression which is
highly dependent on nutrient and oxygen supply. On the other hand, protease inhibitors could be
considered as a potent strategy in cancer therapy. On the basis of the type of the key amino acid in the
active site of the protease and the mechanism of peptide bond cleavage, proteases can be classified into
six groups: cysteine, serine, threonine, glutamic acid, aspartate proteases, as well as matrix
metalloproteases. In this review, we focus on the role of different types of proteases and protease
inhibitors in cancer pathogenesis.

© 2016 Elsevier Masson SAS. All rights reserved.
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1. Proteases

One of the most important biological catalytic reactions is
proteolysis and this is known as proteolytic activity, which has
been attributed to a class of enzymes called proteases. Proteolysis
is the hydrolysis of peptide bond by attacking the carbonyl group of
the peptide. Proteases are of broad enzymes distribution. In
human, there are about 990 known protease genes. In addition,
about 1605 known protease inhibitor genes have been reported in
human [1].

On the basis of the nature of the key amino acid in the active site
of the protease and the mechanism of peptide bond cleavage,
proteases can be classified into six groups: cysteine, serine,
threonine, glutamic acid,aspartate proteases, as well as matrix
metalloproteases [2–4].

The cleaving mechanism of a peptide bond with a protease
usually occur in the presence of water molecule (in aspartate,
metallo- and glutamic acid proteases) or a cysteine, serine, or
threonine residue (typically a histidine residue activation) as the
nucleophile in the active site [5] (Fig. 1).
Fig. 1. General cascade of protease inhibito

Fig. 2. Epithelial to mesenchym
The association between stromal and tumor cells modulates
two protease systems that are involve in proteolysis outside the
cell, these are the MMPs and urokinase plasminogen activator
(uPA)/uPA receptor (uPAR)/plasminogen network. Stromal MMP-2
and uPA are synthesized as inactive precursors and then
stimulated on the tumor cells surface (Fig. 1), thereby causing
malignant cells to rupture the basement membranes. These
enzymes also promotes blood vessels sprouting to feed the
growing cancer. Antitumor therapies targeting these stromal
contributions to metastasis, invasion, and angiogenesis, attack a
genetically constant cell population, so they may not attack the
resistance related to the use of traditional chemotherapeutic
drugs.

2. The role of protease in cancer development

Proteases in normal cells are very essential in carrying out
imperative biological processes, and can regulate a diversity of
different cellular processes such as gene expression, differentia-
tion, and cell death [6]. However, recent studies have indicated that
r mechanism of action on tumor cells.

al transition in metastasis.
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proteases are also implicated in tumor growth and progression,
both at primary and metastatic sites [3].

It has been shown, that tumor cells stimulate the expression of
proteolytic enzymes in non-neoplastic neighboring cells, hijacking
their activity to favor tumor expansion [7,8].

Metastases and tumor progression are highly dependent on
nutrient and oxygen supply, which are motivated by various
proteases in the tumor and/or surrounding tissues and organs [3].
Several tumors have been indicated to have increased the levels of
proteases at an early stage and these proteases are now indicated
to be involved in many aspects of cancer, such as proliferation,
immune responses, inflammatory cell recruitment, tumor inva-
sion, angiogenesis, metastasis, apoptosis, epithelial to mesenchy-
mal transition (EMT) as depicted in Fig. 2, the mobilization of
normal cells from their tissue compartments to assist in metastasis
(Fig. 3), as well as response to therapy such as chemoresistance to
drugs [9,10]. In the subsequent section of this review, we have
gathered evidence emphasizing on the role of each protease classes
on different types of cancers. Table 1 shows different proteases and
types of cancer cell where their function is elucidated.

2.1. Cysteine proteases

Cysteine proteases (calpains) are localized in the cytosol, or the
lysosome (cathepsins B, L, H and S) and are secreted in some cell
Fig. 3. Principal stages in the
types under pathological conditions. This class of protease mediate
general functions such as catabolism of intracellular protein and
specialized functions such as selective activation of extracellular
protein degradation, macrophage function, bone resorption or
signaling molecules (e.g. interleukin, protein kinase C, encephalin)
[8]. The family of cathepsin cysteine proteases can degrade both
intracellular and extracellular matrix (ECM) proteins [11,12].
Cathepsins have been shown to function extracellularly as well
as intracellularly. Cathepsins are predicted to be a potential targets
for anti-cancer therapy [12,13], as the extracellular activity of
cathepsins promotes cancer cells progression to nearby tissues,
blood and lymph vessels and metastasize to outlying tissues
[14,15]. Cathepsin B has been actually implicated in the remodeling
and dissolution of basement membrane and connective tissue in
the processes of tumor growth, invasion, and metastasis [16],
which may results in podosome-mediated ECM degradation and
invasion via secreted lysosomes [17]. Cathepsins are also consid-
ered as useful prognosis markers for recognizing patients who are
suffering from colorectal cancer [18], breast cancer [19], pancreatic
cancer [20] and tongue carcinoma [21]. Increased levels of other
lysosomal proteases, such as cathepsins D, H, or L, have also been
reported in several cancer types [22]. Cathepsin L2 (CTSL2) has
been shown to be upregulated in a different malignancies like lung,
breast, gastric, colon, head and neck carcinomas, gliomas,
melanomas [23] as well as endometrial cancer [24].
 formation of metastasis.



Table 1
All classes of protease and types of cancer where they are localize.

Family Protease Location Cancer Ref.

Cysteine
Cathepsins

General Intracellular, lysosome Most [1,2]
Cathepsin
K

Extracellular, bone Breast [3]

Cathepsin
B

Extracellular and pericellular under
pathological conditions

Breast, cervix, colon, colorectal, gastric, head and neck, liver, lung, melanoma,
ovarian, pancreatic, prostate, thyroid

[4–6]

Cathepsin
L

Breast, colorectal [7]

Aspartatic
Cathepsins

Cathepsin
E

Endosomal structures, ER, Golgi Cervical, gastric, lung, pancreas adenocarcinomas [8]

Cathepsin
D

Lysosome Breast, colorectal, ovarian [8]

Kallikreins (hK) General Intracellular, secreted Most [9,10]
Hk1 Tissue Lungs adenocarcinoma [11]
PSA (Hk3) Prostate, ovarian [2]
Hk10 Colon, ovarian, pancreatic, head and neck [12]
Hk15 Ovarian, prostate [13]

Serine
Proteases

Upa, uPAR Membrane, pericellular Cervical, colorectal, gastric, prostate [14]

Caspases Intracellular

MMPs General Extracellular Most [15]
MMP-1,
�8,�13

Breast [15]

MMP-2, �9 Breast, Colorectal, lung, malignant gliomas, ovarian [16,17]
MMP �14 Membrane Breast [18]

ADAM Extracellular
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2.2. Serine proteases

Normal regulation of serine proteases activity is critical for
physiological activities of the cell and tissue. But abnormal
regulation of these proteases activity can lead to pathological
conditions such as cancer [25]. Just about one third of all proteases
can be classified as serine proteases, which are known for the
existence of the nucleophilic Ser residue at the active site [26].
Serine proteases was initially well-known by the existence of the
Asp-His-Ser “charge relay” system or “catalytic triad” [27]. The
Asp-His-Ser triad can be establish in at least four diverse structural
contexts; subtilisin, chymotrypsin, carboxypeptidase Y, and Clp
protease (MEROPS) nomenclature [28]; signifying that this
catalytic machinery have developed on at least four separate
occasions [27].

There are another serine proteases with different catalytic
triads and dyads, comprising Ser-His-Glu, Ser-Lys/His, His-Ser-His,
and N-terminal Ser [27].

One of the well characterized serine proteases is trypsin.
These proteases play a critical roles in a wide spectrum of
pathological processes like, inflammation, atherosclerosis and
cancer [25].

2.3. Aspartate proteases

Cathepsin-D (Cath-D) is an aspartic endo-protease that is
universally found in lysosomes [29]. Cath-D had two main roles:
precursor’s activation of biologically active proteins in pre-
lysosomal compartments of specialized cells, and as a major
protein-degrading enzyme in lysosomes and phagosomes [30]. The
aspartic protease Cath-D is overexpressed and secreted at high
levels by human epithelial breast cancer cells [31–34], thus, it is a
marker of poor prognosis in breast cancer [35]. Cath-D motivates
fibroblast outgrowth, cancer cell proliferation, angiogenesis and
metastasis [36–38]. Cath-D, like other aspartate proteases such as
renin, pepsinogen, chymosin, has a bilobed structure [39].

2.4. Threonine proteases

Threonine proteases or proteasomes partake in removing
cellular proteins, which is tagged for degradation through a
complex modification known as poly-ubiquitination; a procedure
of adding a series of ubiquitin molecules to another protein,
targeted for degradation [40]. The expression of the majority
proteins is controlled by the proximal activity of the ubiquitin
proteasome system through the activity of specific proteins and
enzyme complexes, including the 76-amino-acid protein upstream
ubiquitin, the E1, E2, and E3 ubiquitin ligase machinery, and
deubiquitinating enzymes [41]. Aberrant proteasome-dependent
proteolysis appears to be associated with the pathophysiology of
some malignancies such as cancer [42].

2.5. Matrix metalloproteases

Matrix metalloproteases (MMPs) are class of nine or more
highly homologous Zn2+ endopeptidase that together cleaves most
of the constituents of the ECM. Increased level of MMPs expression
has been reported in multiple tumor types [43,44]. MMPs are
responsible for the remodeling and turnover of ECM proteins [7]
and the increased expression associated with the pathophysiology
of cancer

3. Role of protease inhibitors in cancer treatment

While protease are involve in pathogenesis of cancer, protease
inhibitors have been noted for their role in cancer therapy.
However, protease inhibitor therapy design is complicated since



Table 2
Selected cysteine cancer protease inhibitors.

Inhibitors Cancer type Description Ref(s)

Stefin A breast cancer Inhibits distant metastasis [59]
Stefin A human prostate

cancer
Ratio of cathepsin B to stefin A identifies heterogeneity within Gleason histologic scores [60]

Stefin A in laryngeal cancer Expression and clinical significance of cathepsin B [61]
Stefin A breast cancer Co-expression of cathepsin B and its inhibitor Stefin A in breast cancer metastasis to lung and bone [62]
Stefin B breast cancer model Stefin B deficiency reduces tumor growth via sensitization of tumor cells to oxidative stress [57]
Stefin B Meningiomas Lower protein and message levels [63]
Stefin B Melanoma down-regulated gene [64]
Stefin B in human esophageal

carcinoma
downregulated and this change was related to
lymph node-metastasis

[65]

Cystatin C glioma tumor levels were decreased in high grade glioma tumor masses [14]
Cathepsin-
cystatin C

colorectal cancers decrease in cathepsin-cystatin C complexes with an
increase in stage of colorectal cancers

[40]

Cystatin F or
leukocystatin
or CMAP

certain lymphoid cell
types

shows a rather restricted expression pattern,
being confined to certain lymphoid cell types

[43]

Cystatin F or
leukocystatin
or CMAP

several murine cancer
types

This gene encodes a glycosylated cysteine protease inhibitor with a putative role in immune regulation through
inhibition of a unique target in the hematopoietic system

[44]

Cystatin F or
leukocystatin
or CMAP

the primary tumor Little or no expression of cystatin F was
found in the primary tumor

[45]

Cystatin E/M breast
cancers

expressed in normal tissues, but expression is lost in most late stage/metastatic breast cancers [46]

Cystatin M endothelial cells increased cystatin M expression was shown to decrease tumor cell proliferation, invasion, and adhesion to endothelial
cells

[47]

Cystatin D human colon cancer
cells

Tumor suppressor gene induced by vitamin D [66]

Cystatin SN colorectal cancer Tumor marker [67]
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different types of cancers use different proteases at the fluctuating
stages of cancer development and no single inhibitor can be used
on all classes of proteases [45,46].

3.1. Cysteine cancer protease inhibitors

Cathepsins (lysosomal cysteine proteases) can be controlled by
the endogenous cysteine protease inhibitor, known as cystatin, in
normal tissues and cells. The cystatin superfamily are a group of
reversible, tight-binding competitive inhibitors for cysteine
peptidases such as cathepsins B, H, and L that inhibits the
proteolytic activity of cysteine proteases [46].

It was proposed that cysteine cancer protease inhibitors plays
an important role in cancer, which are related with alterations of
the proteolytic system [47]. Recent studies have showed cystatins
to block metastasis or invasion of diverse cancers in experimental
systems [48].

The prime role of cystatins as protease inhibitors is to limit extra
cysteine protease activity released from lysosomes or generated
during inflammation. As cysteine proteases play important roles in
tumor growth, development, and metastasis, the cystatins should
mediate the control these processes.

There are 3 types of cystatin; type I and II cystatins being the
most studied in cancer. Main species of type I cystatins are
cystatins A and B, which are commonly referred to as Stefins A and
B. Type 2 includes cystatins C, D, E/M, F, G (CRES), S, SN and SA
[48,49].

Decreased level of Stefin A expression have been found in some
epithelial-type cancers which correlates with lower patient
survival [50]. Furthermore, evidence shows that Stefin A levels
could be reduced at the protein and transcriptional levels during
tumor progression [51]. Studies have also show a decreases in
Stefins A and B in breast cancer cell lines in increasing invasiveness
[52]. Immunostaining Stefin A existing in benign but not malignant
meningiomas have been shown [53,54].
In glioblastoma, the invasive capability of tumors can be
confirmed by cystatin markers [55]. Immunologic staining of Stefin
A was also markedly decreased in pituitary adenomas while
cathepsin levels were amplified [54]. Poor patient survival in head
and neck cancer can be correlated with low Stefin A levels [56].

Altogether, lower expression of stefins A and B has been shown
in aggressive tumor types and increase in primary tumor Stefin
levels appear to correlate with a more favorable prognosis
[48,49,57]. Patients with small cell lung cancer (SCLC) demon-
strated a higher levels of Stefin A and B in tumor than in normal
tissue [58]. Some of cysteine cancer protease inhibitors are
summarized in Table 2. Fig. 4 depict the 3-D structure of several
protease inhibitors discussed in Tables 2 and 3.

3.2. Serine cancer protease inhibitors

A type II transmembrane serine protease known as matriptase,
is involved in the degradation of ECM, angiogenesis, and in the
development of some epithelial cancers [68]. But in normal cells
and tissues, it is repressed by hepatocyte growth factor activator
inhibitor-1(HAI-1). For the period of the development of human
prostate cancer (CaP), there is loss of HAI-1 and expression of
matriptase. It has been proposed that the ratio of these two
proteins may serve as a favorable biomarker for human prostate
cancer progression and a probable marker for establishing the
efficacy of chemopreventive and therapeutic interventions [69].

Serpins (serine protease inhibitors) are a group of proteins with
similar structures that were first recognized as a set of proteins
able to inhibit serine proteases [70,71]. Important serpins in cancer
are summarized in Table 3.

3.3. Aspartate cancer protease inhibitors

There has been several studies in the improvement of aspartic
proteinase inhibitors as therapeutic agents for the treatment of



Fig. 4. Collections of several protease inhibitors, showing their 3-D structure (Adapted from PDB).
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AIDS, hypertension, gastric diseases, parasitic infections, amyloid
diseases, and cancer. The cathepsin D (an aspartic proteinase) is
hyper secreted and overexpressed by cells of epithelial breast
cancer [39]. Augmented levels of the aspartic proteinase cathepsin
D were first reported in several human neoplastic, and cancer
tissues in the mid-1980s [94]. These results generated focus on a
promising role for cathepsin D in cancer and neoplastic processes.
The findings showed a strong risk factor for measurement of



Table 3
Selected serine cancer protease inhibitors.

Serpin
types

Commonly name Cancer type Description Ref(s)

SERPINA1 Alpha1 antitrypsin Lung cancer, colorectal cancer Serum biomarkers for the diagnosis of lung cancer and colorectal
cancer

[72,73]

SERPINA3 Alpha1 antichymotrypsin prostate cancer As an indicator of prostate cancer, predicting bone metastases of
prostate cancer,

[74,75]

SERPINA4 Kallistatin Lung cancer Inhibits angiogenesis and tumor growth, [76]
SERPINA5 Protein C inhibitor prostate cancer As a biomarker for prostate cancer [77]
SERPINA8 Angiotensinogen Lung Cancer Polymorphisms in Lung Cancer [78]
SERPINA9 Centerin (Gcet1) B-cell lymphomas Extracellular; inhibitory, maintenance of naive B cells [79,80]
SERPINA12 Vaspin endometrial cancer Low vaspin are associated with an increased risk of developing

endometrial cancer
[81,82]

SERPINB2 Plasminogen activator inhibitor-2 head and neck cancer Down-regulation contributes to chemoresistance in head and
neck cancer

[83]

SERPINB3 Squamous cell carcinoma antigen-
1 (SCCA-1)

breast cancer, cervical cancer treatment,
tongue cancer,

Prognostic tool [84–
87]

SERPINB4 Squamous cell carcinoma antigen-
2 (SCCA-2)

cervical cancer Prognostic tool [87]

SERPINB5 Maspin Human mammary epithelial cells, lung
cancer

Proposed to function as a tumor suppressor, Biomarker in lung
cancer

[88,89]

SERPINI2 Pancpin pancreatic cancer inhibition of pancreatic cancer metastasis has been suggested [93]
SERPINB13 Hurpin/Headpin Brain and ovarian cancer Single nucleotide polymorphisms and treatment of cancer [90–

92]
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cathepsin D concentrations in breast cancer as well as many other
tumor types. Level of cathepsin D is correlated with the frequency
of clinical metastasis and is therefore a promising marker of poor
prognosis in breast cancer and other cancers. Cathepsin D is a
functional factor in a varieties of tissues during their regression or
remodeling, and overexpression of the enzyme promotes metas-
tasis and tumorigenesis. The enzyme has also been implicated in
apoptosis and aids tumor angiogenesis [39]. In the mammary
gland, cathepsin D function appears to be related to the processing
of the prolactin (a peptide hormone). The cathepsin D synthesis is
regulated by steroid hormones. As an example, in breast cancer cell
lines, expression of cathepsin D is controlled by estrogen
hormones. Studies has shown the amplified levels of cathepsin
D (both at the mRNA and protein levels) in several human
neoplastic tissues [95]. The design of antagonists to block the
interaction of the protein with its receptor may be a promising tool
in the treatment of breast cancer and other neoplastic diseases
[39].

In contrast to other tissue proteases (e.g. metalloproteinases
and serine proteases), no endogeneous cath-D tissue proteases
inhibitor is known in mammals. Pepstatin, a natural aspartic
proteases inhibitor has been isolated from various species of
actinomycetes [96], and often used not only to study its function in
some in vitro systems, but also in affinity chromatography
purification of cath-D.

3.4. Glutamic acid cancer protease inhibitors

This is a new class of proteases derived from pepstatin-
insensitive carboxyl protease. Glutamic acid proteases have been
isolated from Aspergillus niger var. macrosporus and Stylidium
lignicola. The mechanism of action is based on the two enzymes
from the scytalidoglutamic and aspergilloglutamic proteases. The
active site of diad glutamic acid and glutamine is implicated in
catalysis and substrate binding. These amino acids association with
water molecules behaves as a nucleophiles to possess an acid-base
mechanism different from that of the aspartic proteases. The
glutamic acid behaves as a general acid in the catalysis first phase,
donating a proton to the carbonyl oxygen of the scissile peptide
bond of the substrate. Concurrently, an OH�� is donated by water
in the active site of the enzyme to the carbonyl oxygen of the
peptide bond substrate. In some cases, two water molecules plays a
role in the reaction. The substrate transition state is thought to be
maintained by hydrogen bonding with the two catalytic residues.
Thereafter, glutamic acid donates a proton to the amide nitrogen
atom of the scissile peptide bond stimulating the breakdown of the
tetrahedral intermediate, and thus leading to peptide bond
cleavage. The glutamine residue is then charged for reversing
the original state of the glutamic acid residue [19].

3.5. Threonine cancer protease inhibitors

Proteasome, a threonine protease unlike other proteases
contains an active site N-terminal threonine residue, residing in
the MB1 subunits of its b-rings that can be aimed by pharmaco-
phores linked to short peptides [97,98]. Proteasome Inhibitor (PSI)
is an inhibitor of chymotrypsin-like activity of 20S proteasome.
Recently, PSI has been demonstrated by Oyajobi and Mundy [99],
to be capable of reducing the tumor accumulation in mice injected
with murine 5TGM1 plasmacytoma cells and inhibits the growth of
osteolytic lesions. However, the good pharmacodynamics of PSI are
outweighed by its poor pharmaceutical properties.

Lactacystin being the first of such specific PSI is a Streptomyces
metabolite that inhibit the 20S subunit, and its peptidase enzyme
activities include trypsin, chymotrypsin and peptidylglutamyl-
peptide-like hydrolyzing activities, the first two bind irreversibly,
but they all bind at different rates to lactacystin [98]. In spite of the
selective effects of lactacystin in tumor cells, it stands as a tool for
proteasomal process studies only in in vitro systems, due to its poor
metabolic stability and binding irreversibly to proteasomal subunit
[100].

Several pharmaceutical inhibitors have been developed to this
end; Epoxomicin is an actinomycetes-derived PSI which binds
irreversibly and possesses in vivo and in vitro activities [101].
Epoxomicin like lactacystin binds solely to the proteasome 20S
catalytic subunits leading to the inhibition of the chymotrypsin-
like function. It acts more faster with greater specificity when
compared to lactacystin, unlike other reversible inhibitors [101].
Nevertheless, it use in human is restricted for similar reason raised
by lactacystin. Thus, PSI which binds irreversibly doesn’t have
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desirable pharmacological characteristics and are therefore
presently no longer investigated for cancer drug development.

Dipeptide boronic acid (BA) analogues, compared to peptide
aldehyde agents, are selective, potent and are PSI which bind
reversibly [101–103]. BA block the activity of threonine protease by
inhibiting chymotryptic activity of proteasome leading to the
weakening of the degradation of cell cycle regulatory proteins, e.g.,
p53 or p27, I-jB and cyclin E [102,104,105]. While affecting multiple
proteins, BA treatment leads to the inhibition of cancer cell growth
and initiation of apoptosis[102]. Bortezomib (Velcadee) being the
first in the BA group is generally active in tumor cells, possessing
little toxic effects on normal cells and demonstrated as a single
active agent in preclinical human cancer xenografts models and
also in primary cultures of hematological and solid tumor types
like prostate, neck and head cancers, multiple myeloma and
lymphoma [40,104].

Ritonavir; another PSI has been shown to reversibly interact
with the active site of the subunit responsible for chymotrypsin-
like activity in isolated 20S proteasomes [106]. Gaedicke et al. [107]
showed that ritonavir, like other PSIs’ has antitumor activities, it
strongly reduce the degree of proliferation of various tumor cell
lines and induced their apoptosis in vitro. Chymotrypsin-like
function of isolated 26S proteasomes is activated by ritonavir
compared to its action on isolated 20S proteasomes. The final
outcome of low micromolar concentrations of ritonavir on the
chymotrypsin-like activity in cells and cell lysates was a weak
inhibition, acid-soluble proteolytic peptide levels marginal alter-
ations, consistent marginal alterations of polyubiquitinated
proteins and a little accumulation of cancer suppressor protein
p53 in cells that are treated with ritonavir. Accumulation of p21 in
the presence of this PSI is associated with the hindrance of
proteolytic degradation and this shows selective proteasomes
inhibition in line with abnormal degradation of p21, which doesn’t
need to be ubiquitinated. This discovery proposed that the
selective perturbation of proteasomal protein degradation can
partake in ritonavir antitumor activity.

3.6. Matrix cancer protease inhibitors

Zinc dependent MMPs are the most abundant group of non-
serine proteases existing in invasive and metastatic cancer, it
breakdown structural proteins comprising the ECM, like elastin,
collagen, fibronectin, laminin, fibrinogen and vitronectin as an
important step in the complicated process of hematogenous
metastasis. MMPs have long been related with tumor-cell
metastasis and invasion, and this contributed to the rationale of
MMPs inhibitors for clinical trials [6,108,109]. The center of
attraction of cancer research is mutations in cancer cells, and this
result in either loss-of-function in tumor-suppressor genes or gain-
of-function in oncogenes [110].

Tissue inhibitors of metalloproteases (TIMPs) are groups of
small extracellular proteins inhibiting MMPs. Direct proof for the
role of MMPs in tumor progression comes from xenograft
experiments using cancer cells with decreased and increased
expression levels of TIMPs or MMPs, so also as carcinogenesis
experiments using mice lacking a specific TIMP-1 or MMP or those
having organ-specific TIMP-1 or MMP overexpression. There are
four members of the TIMP family, TIMP-1, �2, �3 and �4, each
inhibiting the activities of different MMPs with varying efficiency
[6,111]. TIMPs are crucial in determining the influence of the ECM
of cell adhesion molecules, chemokines, several cytokines and
growth factors on the phenotype of cells in various pathological
and physiological conditions [112].

MMPs pharmaceutical inhibitors such as batimastat and its
chemical analog, marimastat, have been synthesized and admin-
istered to decrease the cancer metastasis in patient, mimicking the
cleavage sites of MMP substrates, but, the clinical trials outcome
with these drugs failed [113]. Krüger et al. [108] mentioned that
batimastat treatment have been said to give rise to liver metastasis
of human breast carcinoma cells in nude mice and also a rise in
liver metastasis of murine T-cell lymphoma in syngeneic mice,
overexpression of liver specific MMP2, MMP9, mRNA angiogenesis
up-regulation and caspase1 even in cancer free animals have been
observed. They mentioned that in improving this drug further,
induction of organ-specific side effect should be controlled.
Batimastat can’t be administered orally and it’s no more tested
for tumor treatment in human [113].

Marimastat have gone through various Phase III clinical trials
[113], advanced pancreatic cancer trial was aimed at detecting
differences in survival comparing patients treated with several
doses of this drug and conventional chemotherapy. Although it was
unsuccessful to identify increased survival for groups treated with
marimastat, however, the highest dose of marimastat was as
effective as the conventional therapy [114]. Bramhall et al. [98]
administered marimastat to some patient in other to prolong
survival in patients suffering from gastro-oesophageal adenocar-
cinoma, this experiment is one of the first to show the therapeutic
use of MMP inhibitor in tumor patients, it was observed that
patient who have previously received a chemotherapy treatment
before this drug has a longer span than those who receive the
placebo after chemotherapy. Certainly, an achievement in both
academia and pharmaceutical industry previously aimed at the
inhibition of main class of proteases in tumor. The failure of MMP
inhibitors (MMPIs) during its clinical trial in the late 1990s led to
the abortion of several drug programs and miserably had a
negative effect on other protease inhibitor class development. In
analyzing why MMPIs reached phase III clinical trials only to be
unsuccessful, various points that might be important for consider-
ation of targeting other classes of proteases have been raised
[111,115,116].

4. Conclusion

In this review, we provided an insight into the role of the
protease and protease inhibitors in cancer. Proteases, are
functionally involved in many processes of cancer progression,
from benign to malignancy [4]. In cancer conditions, proteases
were initially considered to stimulate cancer cell escape through
tissue barriers. However, process of proteolysis is complicated in
many aspects of cancer involving inflammatory cell recruitment,
immune responses, proliferation, and apoptosis [10]. Activity of
proteases is regulated by interactions with endogenous inhibitors
of the protease (TIMPs) targeting metalloproteases, serpins being
effective against serine proteases, and cystatins predominantly
inhibiting cysteine proteases. The studies of the role of protease
and protease inhibitors in cancer progression extend the thera-
peutic window for cancer treatment. Collectively, further percep-
tive of the roles of proteases in tumor progression, metastasis and
cancer development will guide the development of novel
therapeutic strategies against cancer.
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