DOI: 10.7860/JCDR/2017/29896.11013

)

Oncology Section

[

ABSTRACT

Review Article

Role of X-linked Inhibitor of
Apoptosis Protein as Cancer

Biomarker

MANOJ PANDEY', MANISHA SHRIVASTAVA?, SHWETA MISHRA®, RASHMI BATHRI*

X-linked Inhibitor of Apoptosis Protein (XIAP), is one of the most important apoptotic inhibitors that plays a vital role in regulating various
aspects of cell functions including cell cycle progression, arrest, and apoptosis. It is one of the most potent and widely studied members
of the Inhibitors of Apoptosis Protein (IAP) family which promotes cell survival by inhibiting both extrinsic and intrinsic pathway of
apoptosis depending on its intracellular concentration. It blocks major molecules (caspases-3, 7 and 9) which leads to the apoptosome
formation responsible for cell death by neutralising caspases-3, 7 and caspase-9, through BIR3 and BIR2 domain respectively.

As XIAP has a dominant contribution in the suppression of apoptosis in cancer cells and promotes cell growth, it plays an important
role in development of various types of cancers. Overexpression of this protein is directly correlated with the prognosis of different
malignancies. The property of XIAP as an apoptosis inhibitor with overexpression in different cancers makes it a useful therapeutic
target for cancer therapy especially in resistant tumours and is a focus of molecular and clinical research both in vitro and in vivo.
This review summarizes current knowledge on differential roles of XIAP as a cancer biomarker in common malignancies, its role as
a predictive and prognostic tool and therapeutic target for cancer therapy.
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INTRODUCTION

Cellular homeostasis is characterized by the balance between cell
death and survival [1]. In our body normal cells follow a path of
growth, division and death thatis called apoptosis. The programmed
cell death also known as apoptosis is synchronized through genetic
control which is evolutionally controlled to disassemble cells. The
process of apoptosis occurs in diverse physiological settings such
as development, homeostasis of tissues, and maintenance of
integrity of the organisms [2,3] and is also helpful for prevention
of tumours or the spread of infectious diseases, as it enables
elimination of damaged or infected cells. An abnormal progression
of cells arising from malfunctions in the apoptotic pathways have
been implicated for occurrence of various human diseases and
has become one of the leading causes of cancers worldwide.
Amongst the regulators of apoptosis are caspases, type of
endoproteases, a few of which like caspases-1, 4, 5, 12 present in
humans also control inflammation. These enzymes are produced
as inactive zymogens which act through signalling events. They
aggregate into dimers or macromolecular complexes after gaining
catalytic activity. Caspases could be initiator caspases (caspase-8
and 9) or effector caspases (caspases-3, 6, and 7) depending on
the mode of action [4].

Overexpression of anti-apoptotic proteins such as IAPs leads
to defects in apoptosis (cell death) regulation and cancer
development, as a result of malfunction and interference with
apoptotic signalling via death receptors or intrinsic cell death
pathways. IAPs, bind caspases as they have one to three common
structures, the Baculovirus-IAP-Repeat (BIR)-domains [5]. Out of
the eight human IAPs, XIAP is the most potent and best-defined
anti-apoptotic IAP family member. XIAP selectively binds and
inhibits caspases 3, 7 and 9, but not caspase-8. Thus, XIAP is an
attractive target for novel therapeutic agents for the treatment of
malignancies like the antisense oligonucleotides directed against
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XIAP, which are being evaluated in clinical trials and small molecule
XIAP inhibitors, which are in preclinical development [6]. XIAP is
found to be over-expressed in many cancer tissues. Increased
XIAP levels have also been reported for ovarian carcinoma [7],
B-cell Non-Hodgkin and Hodgkin lymphoma [8], clear cell renal
cancer [9,10], oesophageal carcinoma [11], and non-small cell
lung cancer [12]. The fact that XIAP is a significant biomarker and
target for cancer therapy could not be generalized for all cancer
tissues and its expression may not be always correlated with
adverse clinical outcomes. This review is focussed on XIAP as
a cancer biomarker with an objective to present an update for
better understanding of current molecular and clinical aspects of
XIAP expression in various cancers. The possibilities and current
strategies of developing targeted drug therapy against XIAP or
gene for both prognostic and diagnostic approach to manage
cancer have also been presented.

Inhibitors of Apoptosis

Inhibitors of apoptosis were first identified in 1993 in the genome of
Baculoviruses after genetic screening [13,14]. XIAP (BIRC4) isamong
the eight human IAP family members identified other than Neuronal
Apoptosis Inhibitory Protein (NAIP) (BIRC1), ¢ IAP1 (BIRC2), ¢ IAP2
(BIRC3), survivin (BIRCY5), Apollon/Bruce (BIRC6), Melanomas (ML)
IAP (BIRC7 or livin) and Insulin-Like Peptide 2 (ILP 2) (BIRC8) [15].
|IAPs are characterised by the presence of one to three BIR domains
[16]. IAPs are responsible for negative regulation of programmed cell
death or apoptosis. Research has revealed that IAPs can act either
by directly inhibiting the caspases [17] or by preventing procaspase
activation or other proteins needed to activate procaspases due
to overexpression. Thus, the malfunctioning of the regulatory
mechanism of cell proliferation and overexpression of IAPs causing
cell resistance to apoptosis leads to transformation of normal cells
into cancerous cells [18].
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XIAP, a Novel Member of IAP Family

X-linked inhibitor of apoptosis protein also known as MIHA/hILP/
BIRC4 is a novel member of the IAP family located on chromosome
Xg25. XIAP is one of the most potent inhibitors of caspases -3, -7 and
-9 and inhibits both extrinsic and intrinsic pathways of apoptosis. It is
a 55 kDa, cytoplasmic protein, with three zinc-binding BIR domains
(BIR 1-3) and a Really Interesting New Gene (RING) finger [19]. The
BIR2 domain of XIAP inhibits caspases-3 and 7, while BIR3 binds
to caspase-9 and inhibits the function of caspases [20]. The RING
domain utilizes E3 ubiquitination ligase activity and enables IAPs to
catalyse self-ubiquitination, caspase-3, or caspase-7 by reduction
via proteasome activity [Table/Fig-1]. However, mutations affecting
the RING Finger do not significantly affect apoptosis, because the
BIR domain is sufficient for the protein’s function [21].

Intrinsic and Extrinsic Pathways-Signaling
Mechanisms Associated with XIAP and Caspases

Two major pathways leading to apoptosis have been delineated:
the extrinsic or receptor-mediated pathway and the intrinsic or
mitochondrial pathway. Both extrinsic and intrinsic pathways in
conjunction with caspases are responsible for the final cell death
program [22]. As evident from [Table/Fig-2], the procaspase-8 with
the help of Fas-Associated Protein with Death Domain (FADD)
receptor gets activated as caspase-8 in the extrinsic pathway. Thus,
both caspase 8 and caspase 9 through the apoptotic pathways
activates caspase-3 and caspase-7 respectively. Activated
caspase-3, 7 further executes the apoptosis process. XIAP binds
with caspase-3, 7 by their BIR domain and inhibits the normal
apoptosis process . Over expression of XIAP, member of IAP family
leads to tumour genesis [23].

XIAP Overexpression in Cancer
X-linked inhibitor of apoptosis protein overexpression has been linked

[Table/Fig-1]: Structure of XIAP.
XIAP is a 57 k Da protein with three zinc-binding BIR domains (BIR 1-3) and RING-finger, it functions
through binding to TRAF1 and TRAF2. The RING domain utilizes E3 ubiquitination ligase activity and

enables IAPs to catalyze self-ubiquitination by reduction via proteasome activity.

N: amino terminal of XIAP, C: carboxyl terminal of XIAP, BIR: baculovirus inhibitor of apoptosis
protein repeats, RING: Really interesting new gene, UB: Ubiquitin, TRF: Tumour necrosis factor
receptor-associated factors.
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to cellular resistance to chemotherapy leading to non- response
to drugs in many cancers. XIAP overexpression typically results in
aggressive malignant behaviour of tumour, disease progression and
poor prognosis [24,25,2]. This has led to research and development
in cancer treatment by targeting XIAP with chemotherapy. The role
of XIAP as a biomarker in cancer and various malignancies and
target therapies is as follows:

a) Lung cancer: X-linked inhibitor of apoptosis protein is highly
expressed in Non-Small Cell Lung Cancer (NSCLC) but not in normal
lung tissue, which makes it an attractive target for lung cancer
treatment [11,12]. It has been demonstrated through in vitro studies
that combination of plasmid XIAP-shRNA and celecoxib (CXB) offer
an effective therapeutic approach for NSCLC as compared to XIAP-
shRNA and CXB alone. The mode of action is by suppression of
proliferation, migration and invasion and induction of cell apoptosis.
The fact that the combination suppressed the tumour growth was
confirmed through studies in vivo mouse models. In another studly,
targeting the Bone Morphagenetic Protein (BMP) and Transforming
Growth Factor-beta (TGFB) type | and type Il receptors caused a
down regulation of XIAP, Transforming Growth Factor-beta Activated
Kinase (TAK1), and Id1 leading to apoptosis of lung cancer cells [26].
Also, the prospective beneficial role of Antisense oligonucleotides
targeting the XIAP gene product and the enhancement of the
therapeutic efficacy of a cytotoxic agent vinorelbine (VNB) in a
human NSCLC xenograft model has also been shown [27]. In the
cytoplasm mSmac increases apoptosis, and XIAP inhibitsmSmac
induced apoptosis by degradation of mSmac. Additionally, Second
Mitochondrial Activator of Caspase (SMAC) Mimetics show their
anticancer effectiveness in phase | and Il clinical trials. The drug
shows promise in the field of apoptosis-related drug development
[28]. The studies suggest that suppression of XIAP, TAK1, and Id
proteins may be required for a BMP inhibitor like DMH2 to induce
significant death of cancer cells [29].

b) Pancreatic cancer: Pancreatic carcinoma is a leading cause
of cancer deaths due to resistance to therapy. As compared to
normal pancreatic ducts expression of XIAP is higher in pancreatic
adenocarcinoma samples. Inhibitors of XIAP act in synergy with
TRAIL by inducing apoptosis and inhibiting long-term clonogenic
survival of pancreatic carcinoma cells [30]. One of the studies
demonstrated that the simultaneous inhibition of XIAP and survivin
expression considerably inhibited proliferation and increased
apoptosis in pancreatic-1 cells. Also, stopping the expression
of XIAP and survivin in pancreatic-1 cells reversed the Epithelial-
Mesenchymal Transition (EMT) and subsequently increased
chemosensitivity as well as decreased cell invasion and migration
[31]. The therapeutic benefit of XIAP silencing with definite siRNA
molecules or chemical compounds blocking XIAP is a ray of hope in
this disease causing high mortality [32]. Use of SMAC mimetics, SW
IV-134 and sensitising effect of XIAP interference toward gemcitabine
on pancreatic cancer cell lines has also been studied [33].

c) Breast cancer: Breast cancer is ranked second leading cause
of cancer related deaths all over the world in females after lung
cancer. A study from Middle Eastern region explored prognostic and
therapeutic role of XIAP in breast cancer and it was found that XIAP
expression was significantly associated with tumour size, extranodal
extensions and poorly differentiated breast cancer. Embelin and
PI3-kinase inhibitor; LY294002 (IAP) were used to induce apoptosis
and it was concluded that XIAP could be therapeutically targeted
in treating breast cancers [34]. XIAP has been shown as an
important biomarker of breast cancer and XIAP negative breast
cancer patients have better prognosis. XIAP expression correlates
significantly with hormone receptor expression [35]. It also acts as
a potential therapeutic target for miR 200c which suppresses the
tumour formation in breast cancer patients [36]. Overexpression
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of XIAP has been reported in varying extents in breast cancer cell
lines or tumours and siRNA-based therapy targeted to XIAP is used
for treatment [37]. A more recent study revealed that, though XIAP
expression is higher in cancer tissue than normal tissue in breast
cancer patients but the correlation between the survival, both
disease-free and overall could not be established. More importantly
in certain patient subgroups XIAP was a determinant of poor
relapse-free survival and higher level of XIAP was a predictor of
higher tumour recurrence [38].

d) Bladder cancer-XIAP and target therapies: Expression
of XIAP increases in bladder cancer and causes resistance to
chemotherapeutic drugs. When compared, well differentiated
tumours expressed more XIAP than poorly differentiated ones.
Considering the fact that XIAP inhibits caspase 9, the high expression
of XIAP explains low caspase in these tumours [19,39]. Urinary
XIAP has been studied as a marker for non-invasive diagnosis of
Transitional Cell Carcinoma (TCC) of urinary bladder and increased
expression of XIAP mRNA has been shown to be associated with
stage and grade of cancer as well as higher expression was reported
in tumour group as compared to controls [40]. Anti IAP therapy has
been reported to be closely related to Epidermal Growth Factor
Receptor (EGFR) expression. EGFR/XIAP overexpression has been
used as therapeutic targets to improve clinical outcomes of bladder
cancer patients. Anti-cancer activity of Embelin, an XIAP inhibitor
has been studied and it has been recommended to develop Embelin
as a chemotherapeutic agent to treat bladder cancer [41]. XIAP BIR
domain has been also shown to strong positive regulator of EGFR
expression in human bladder cancers by promoting EGFR protein
translation [42].

e) Prostate cancer: X-linked inhibitor of apoptosis protein
expression is an important therapeutic target and prognostic
indicator in prostate cancer owing to its higher levels in cancerous
cells as compared to normal tissue of prostate. The chances of
tumour recurrence are much lower in patients with high levels of XIAP
even when the tumour is high grade [43]. Being the most, common
malignancy in males with androgen ablation established treatment
approach; prostate cancer has gained attention for research to
develop target therapy for aggressive drug resistant tumour cells
which survive ablation. Combination therapy of new anti-androgen
(CBDIV17) and embelin, and XIAP inhibitor have been found to be
effective in terms of slowing of tumour growth and treating prostate
cancers [44]. In order to identify patients of prostate cancer who
could progress after radical prostectomy, XIAP, procaspase-3 and
cleaved caspase-3 may help as biochemical markers and malignant
behaviour of prostatic tumours could be predicted through XIAP and
caspase expression [45]. Anoikis resistance in prostate cancer cells
has been depicted to be result of an increased expression of XIAP
[46]. Research on multidrug-resistance in prostate cancer showed
that altered expression of IAP-2, XIAP, and survivin correlated with
increased extent of cisplatin-resistance, making IAPs important in
such clinical situations [47].

f) Renal cell carcinoma (RCC): Renal cell carcinoma is known
to be resistant to chemotherapy and radiotherapy due to a high
apoptotic threshold and XIAP expression has been designated as
an independent prognostic marker in RCC. XIAP expression has
been found to be high and significantly associated with tumour
stages and the progression of clear cell RCCs . It has been seen
to have an inverse relation with the tumour aggressiveness when
survival was studied [6,10]. Relation of overexpression of XIAP
and prognosis has been shown and it has been suggested that its
down regulation may be helpful in dealing with immune resistance
of tumours [48]. Molecular targeted therapy with Smac-N7 peptide
has been suggested as a newer way to treat resistant RCC to
therapeutic strategies triggering apoptosis [49].
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g) Ovarian cancer: A study was conducted to evaluate the
impact of XIAP expression on ovarian Clear Cell Carcinoma (CCC)
that has a platinum-resistant phenotype. It was observed that XIAP
expression further correlated with chemoresistance of primary
chemotherapy [50]. XIAP associated factor 1 (XAF1) is known to be
closely associated with anti-apoptosis and over growth of cancer
cells. In ovarian cancer cells, there is role of XAF1 in suppressing
XIAP expression and promoting cell death and thus, preventing
invasion and leading to cisplatin sensitivity [51]. Research has
shown the mechanism of dysregulation of XIAP in ovarian cancer by
microRNAs (miRNAs). This has been seen as beneficial in terms of
combating drug resistance in ovarian cancer and cisplatin-induced
apoptosis and target the XIAP Three Prime Untranslated Reigon
(8'UTR). MicroRNA-137 (miR-137) can sensitise ovarian cancer
cells to have regulatory roles in various cellular processes, including
apoptosis. In both, ovarian cancer cell lines and ovarian cancer
tissues, there is an inverse relationship between miR-137 expression
with the level of XIAP protein evident from the fact XIAP in SKOV3
cells can rescue the effect of miR-137 on apoptosis [52].

h) Oral cancer: The limited studies done, based on
immunohistochemical analysis to assess the expression of XIAP in
oral cancer, concluded that, the XIAP expression was spotted in
cancer cells and was higher than that in normal cells and the relation
could be with histological differentiation or pathological grades
[53]. Earlier studies have explored the impact and expression of
surviving a recently discovered IAP and found that in about 80%
of oral Squamous Cell Cancers (SCC) the expression of surviving
correlates with aggressive tumour phenotype while the normal oral
mucosa did not express survivin [54]. A study on the expression
of XIAP (anti-apoptotic marker) and its correlation with Ki-67
expression (proliferative marker) in benign and malignant salivary
gland tumours concluded that one of the promising treatment
options for metastatic, drug resistant salivary gland malignancies
could be through reversal of XIAP actions. It has been suggested
that continuing studies for other tumours also for evaluation of XIAP
expression with larger sample size could throw light on breakthrough
in combating the cancers through targeted therapy [55]. There is a
paucity of studies in oral cancer patients in terms of XIAP expression
and clinical stages, histological differentiation and classification of
invasion mode of tumour cells and development of target therapies
for the resistant and aggressive tumours needs to be studied.

i) Miscellaneous cancer: X-linked inhibitor of apoptosis protein
expression and SMAC protein balance has been correlated with
chemoresistant rectal cancers and it has been suggested that
alternative neoadjuvant chemotherapy and radiotherapy could
be the answers to management of resistant rectal cancers where
XIAP is highly expressed [56]. XIAP downregulation in oesophageal
cancers by RNAI in conjunction with chemotherapeutic drugs has
been shown to sensitise cancer cell lines [57]. Clinical significance
of XIAP and Nuclear Factor-BB (NF-BB) expression in oesophageal
cancer patients and response to post-radical surgery, radiotherapy
has been evaluated and positive correlations to progression/
prognosis have been found [58]. In papillary thyroid cancers, XIAP
overexpression has been therapeutically targeted with embelin and
tumour extent size, age and poor outcomes are variables found to
be significantly associated with XIAP expression signifying apoptotic
value of XIAP as a cancer biomarker [59]. XIAP expression and its
clinical significance has also been studied widely in liver cancers
[60], cervical cancers [61] and B cell Non-Hodgkin and Hodgkin
lymphoma [8]. The role of XIAP and targeted therapies in different
cancers has been summarized in [Table/Fig-3].

CONCLUSION
X-linked inhibitor of apoptosis protein has become an important
biomarker and therapeutic target as it is found to be overexpressed
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Type of
S.No. Cancer Role of XIAP Targeted Therapy | Reference
XIAP has been shown to
be highly expressed in lung ShRNA combined
Lung cancer, but not in normal . .
1. : . . with celecoxib , [11,28]
Cancer lung tissue, which makes it o
) SMAC mimetics
an attractive target for lung
cancer treatment.
Pancreatic XIAPis h!ghly expressed n SMAC mimetic
2. pancreatic carcinoma and [33]
Cancer X ! o SW IV-134
interfere with gemcitabine.
Comparatively highly
expressed in breast cancer Embelin and Pla-
Breast instead of normal tissue. . R
3. ) ; kinase inhibitor, [34,36]
Cancer (Considered a prognostic )
: . miR 200c
biomarker for basal-like
breast cancer patients.)
Overexpression of XIAP EGFR and
4 Bladder has been shown in tumour XIAP acts as [40]
* | Cancer group and inhibit the chemotherapeutic
chemotherapeutic drugs. target for embelin.
Embelin combined
Prostate High level expression of XIAP | with anti-androgen
5. c in prostate cancer tissue is (CBDIV17) is used [43]
ancer
reported. for treatment by
targeting XIAP.
XIAP expression is miR-137 via
Ovarian directly correlated with CRISPR/
6. c chemotherapeutic resistance | Cas9 inhibited [51]
ancer . o .
and cisplatin induced apoptosis and
apoptosis in ovarian cancer. upregulated XIAP.
Overexpression of XIAP miR-7 mediated
. f ) growth
Cervical directly correlated with .
7. : . suppression [60]
Cancer progression of cervical )
apoptosis
cancer. ) :
induction.
Embelin and
Paplllgw Significant correlation was LY294OO.2 !nduced
Thyroid ) . a synergistic
8. ; found with overexpression of ’ (58]
Carcinoma XIAP with tumour size in PTC apoptotic
[PTC] " | response in PTC
cells.

[Table/Fig-3]: Role of XIAP and targeted therapy in different cancers.

in many cancerous tissues but not in normal tissues. However, the
expression and clinical outcomes, prognosis and predictive factors
vary from cancer to cancer. There is aneed for more molecular research

and

clinical studies to develop target chemotherapy for common

cancers and patient subgroups that could be benefited so as to
reduce the occurrence as well as mortality due to cancers worldwide.
The fact that the expression of XIAP is not always associated with
poor clinical outcomes poses challenge and creates the need for
understanding the role and developing target drugs in personalized
treatment of cancers. Thus, XIAP has the potential to serve as an
attractive therapeutic target for treating a variety of malignancies by
development of molecular and chemical XIAP inhibitors in conjunction
with newer chemotherapies for resistant cancers.
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