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NTRODUCTION: 
Apoptosis, or programmed cell death, 
is a controlled process of cellular 

disassembly that occurs in response to 
internal or external apoptotic signals. It is a 
greatly synchronized process which is 
essential for normal development and has 
numerous functional roles in 
embryogenesis, tissue homeostasis, and 
tumorigenesis in multicellular organisms.1 
Apoptosis is regulated by a cascade of 
cysteine proteases called caspases, which 
are formed in cells as inactive zymogens 
and transform to active proteases after 
proteolysis.2 The modulation of caspase 
cascade begins with the activation of an 
initiator caspase (such as caspases 8 and 9) 
followed by the activation of an effector 
caspase (such as caspases 3, 6, and 7).3 The 
inhibitors of apoptosis (IAP) are a family of 
proteins  that  act   as     intrinsic     negative  

 
regulators of the above-mentioned caspase 
cascade and are the only identified 
endogenous proteins that interfere with the 
activity of both initiator and effector 
caspases.4 To date 8 human IAP family 
members have been reported: neuronal 
apoptosis inhibitory protein (NAIP), X-
linked inhibitors of apoptosis protein 
(XIAP), cellular inhibitors of apoptosis 
protein 1 (cIAP1), cellular inhibitors of 
apoptosis protein 2 (cIAP2), survivin, 
baculoviral IAP repeat-containing ubiquitin-
conjugating enzyme, apollon, livin (ML-
IAP, KIAP), and IAP-like protein 2.4 These 
IAPs are characterized by the presence of 
one or more 70 to 80 amino acid N-terminal 
domains, designated as the baculovirus IAP 
repeat; some bind and suppress activated 
caspases, including effector caspases 3 and 
7 and initiator caspase 9.5 

I

Review Article 

Abstract: 
Apoptosis is a physiological cell suicide program that is critical for the development and 
maintenance of healthy tissues. Dysregulation of apoptosis is known to occur in cancer and 
various other diseases. The inhibitors of apoptosis (IAPs) constitute a family of proteins 
involved in the regulation of various cellular processes, including cell death, immune and 
inflammatory responses, cell proliferation, cell differentiation, and cell motility. Because of its 
upregulation in malignancy, it has become of great interest as both a tumor diagnostic and 
prognostic marker, as well as a new substantial biologic target for future anti-cancer therapies. 
Abundant literature is available on the structural aspect as well as the possible role of IAPs in 
various cancers and only few studies have been done in oral cancer. Hence, this review focuses 
on the role of IAPs in oral cancer. 
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NEURONAL APOPTOSIS 
INHIBITORY PROTEIN (NAIP): 
Neuronal apoptosis inhibitory protein, also 
called Baculoviral IAP repeat-containing 
protein 1 is a protein that in humans is 
encoded by the NAIP gene.6 This gene is 
part of a 500 kb inverted duplication on 
chromosome 5q13. This duplicated region 
contains at least four genes and repetitive 
elements which make it prone to 
rearrangements and deletions. The protein 
encoded by this gene contains regions of 
homology to two baculovirus inhibitor of 
apoptosis proteins, and it is able to suppress 
apoptosis induced by various signals. 
Alternatively spliced transcript variants 
encoding distinct isoforms have been found 
for this gene.6,7       

 

CELLULAR INHIBITORS OF 
APOPTOSIS PROTEIN: 
There are two proteins which fall under this 
category: 

1. Cellular inhibitors of apoptosis protein 
1 (cIAP1) also known as Baculoviral 
IAP repeat-containing protein 2 
encoded by the BIRC2 gene. 

2. Cellular inhibitors of apoptosis protein 
2 (cIAP2) also known as Baculoviral 
IAP repeat-containing protein 3 
encoded by the BIRC3 gene. 
 

cIAP1 and cIAP2 inhibit apoptosis by 
interfering with the activation of caspases. 
The encoded protein inhibits apoptosis 
induced by serum deprivation but does not 
affect apoptosis resulting from exposure to 
menadione, a potent inducer of free 
radicals.8  

 

X-LINKED INHIBITORS OF 
APOPTOSIS PROTEIN (XIAP): 
X-linked inhibitor of apoptosis protein 
(XIAP), also known as inhibitor of 
apoptosis protein 3 (IAP3) and baculoviral 
IAP repeat-containing protein 4 (BIRC), is a 
protein that stops apoptosis. In humans, this 
protein (XIAP) is produced by a gene 
named XIAP gene located on the X 
chromosome.9,10 IAPs were initially 
identified in baculoviruses, but XIAP is one 

of the homologous proteins found in 
mammals.11 It is so called because it was 
first discovered by a 273 base pair site on 
the X chromosome.9 XIAP is the most 
potent human IAP protein currently 
identified.12,13 XIAP consists of three major 
types of structural elements. Firstly, there is 
the baculoviral IAP repeat (BIR) domain 
consisting of approximately 70 amino acids, 
which characterizes all IAP.13 Secondly, 
there is a UBA domain, which allows XIAP 
to bind to ubiquitin. Thirdly, there is a zinc-
binding domain, or a “carboxy-terminal 
RING Finger”.12 XIAP has been 
characterized with three amino-terminal 
BIR domains followed by one UBA domain 
and finally one RING domain.14 Between 
the BIR-1 and BIR-2 domains, there is a 
linker-BIR-2 region that is thought to 
contain the only element that comes into 
contact with the caspase molecule to form 
the XIAP/Caspase-7 complex.15 

 

SURVIVIN: 
Survivin is a protein that inhibits apoptosis 
and regulates cell division. Survivin is a 15 
kb gene and is located on chromosome 17 at 
band q25.1 It is classified as a member of 
the inhibitor of apoptosis protein (IAP) 
family. Survivin inhibits apoptosis, via its 
BIR domain, by either directly or indirectly 
interfering with the function of caspases.16 

Survivin is also a chromosomal passenger 
protein that is required for cell division.16,17 
Survivin is expressed in embryonic tissues 
as well as in the majority of human cancers, 
but is not expressed in most normal adult 
tissues with the exception of the thymus, 
basal colonic epithelium, endothelial cells, 
and neural stem cells.18,19 Survivin contains 
a single baculovirus IAP repeat and with 
142 amino acids, it is the smallest IAP 
member.20,21 Survivin has been reported to 
bind to several caspases but its structure 
fails to reveal a caspase-binding pocket that 
is found in other IAP family members. 
Survivin was also shown to bind to Smac 
and this binding appears essential for 
regulating its antiapoptotic activity.22,23 
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APOLLON: 
Apollon also known as Baculoviral IAP 
repeat-containing protein 6 is a protein that 
in humans is encoded by the BIRC6 gene.24 
This gene encodes a protein with a BIR 
(baculoviral inhibition of apoptosis protein 
repeat) domain and a UBCc (ubiquitin-
conjugating enzyme E2, catalytic) domain. 
This protein inhibits apoptosis by 
facilitating the degradation of apoptotic 
proteins by ubiquitination.24 
 

LIVIN: 
Livin also called Baculoviral IAP repeat-
containing protein 7 is a protein that in 
humans is encoded by the BIRC7 gene.25-27 
The protein encoded by this gene is a 
member of the family of inhibitor of 
apoptosis proteins (IAP) and contains a 
single copy of a baculovirus IAP repeat 
(BIR) as well as a RING-type zinc finger 
domain. The BIR domain is essential for 
inhibitory activity and interacts with 
caspases, while the RING finger domain 
sometimes enhances antiapoptotic activity 
but does not inhibit apoptosis alone.27 
 

IAP LIKE PROTEIN 2: 
IAP like protein 2 (ILP2) is the most 
recently identified member of the human 
IAP family.28 The coding sequence of ILP2 
is very similar to the C-terminal half of 
XIAP, the region containing the BIR3 and 
RING domains, with 81% identity at the 
protein level. Over-expression of ILP2 had 
no protective effect on death mediated by 
Fas or tumour necrosis factor, but prevented 
death induced by Bax or caspase 9 in vitro 
leading to the conclusion that ILP2 blocks 
the intrinsic apoptotic pathway by directly 
inhibiting caspase 9.29ILP2 was identified 
during genome analysis of XIAP. The most 
significant difference between ILP2 and 
XIAP is that ILP2 lacks the first two N-
terminal BIR domains present in XIAP.28,29 
 

INHIBITORS OF APOPTOSIS AND 
ORAL CANCER: 
Carcinogenesis is a multistage process 
involving the activation of oncogenes and 
the inactivation of tumour suppressor genes. 

Most human tumours are characterised by 
an imbalance of regulatory mechanisms 
controlling cell cycle progression, cell 
death/viability balance, and apoptosis.30 
Apoptosis has become a basic tool in 
developing cancer research and establishing 
new cancer strategies. Aberrations of this 
process leading to aberrantly reduced cell 
death are thought to participate in cancer by 
promoting increased resistance to therapy 
and favouring the insurgence of 
transforming mutations.31 Considerable 
interest has recently focused on the 
identification of regulators of apoptosis, 
which may potentially influence the cell 
death/cell viability balance in cancer. In 
addition to pro- and antiapoptotic bcl-2 
molecules, a second gene family of inhibitor 
of apoptosis (IAP) has been recently 
identified. However, there are very few 
studies which have focussed on the role of 
apoptotic inhibitors in oral squamous cell 
carcinoma.            
 

X-LINKED INHIBITORS OF 
APOPTOSIS PROTEIN (XIAP) IN 
ORAL CANCER: 
X-linked inhibitor of apoptosis (XIAP) is a 
member of the inhibitor of apoptosis protein 
family, which is associated with cell 
survival by blocking caspase-mediated 
apoptosis. XIAP is expressed in various 
malignant tumors. The overexpression of 
XIAP has been reported to be a poorer 
prognostic factor in various malignancies. 
However, the prognostic value of XIAP 
expression in patients with oral cancer is not 
still clear.32                 Tamatani T et al 
evaluated the expression of XIAP protein in 
oral squamous cell carcinoma (OSCC) to 
elucidate the relationships among the XIAP 
expression, clinical stages, histological 
differentiation and classification of invasion 
mode. The expression of XIAP was 
detected in all cancer cells, but not in 
normal cells. Immunohistochemical analysis 
of 85 cases of OSCC showed that 73 (86%) 
cases expressed XIAP. There was no 
relationship between XIAP expression and 
clinical stages, or classification of invasion 
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mode. They found significant differences 
between XIAP expression and histological 
differentiation. Most of non-staining and 
weakly staining of cancer was well 
differentiated. In contrast, intense and 
extensive staining was frequently found in 
poorly differentiated cancer. The results of 
this study suggested that the expression of 
XIAP in OSCC could be related to 
histological differentiation.33 In a study by 
J.F Wang, XIAP expression was detected by 
immunohistochemistry in 28 cases OSCC 
tissues and 10 cases of normal oral mucosa 
tissues: XIAP expression in 23 of 28 
(82.14%) of OSCC, and 3 of 10 (30.0%) of 
the normal oral mucosa tissues. The positive 
rate and expression level of XIAP protein in 
OSCC were higher than the normal oral 
mucosa tissues and XIAP expression was 
significant difference between pathological 
grades.34 In another study by Yang XH et al, 
expression of XIAP was examined both 
before and after chemotherapy and was 
correlated with chemotherapy response, 
clinicopathology parameters and clinical 
outcomes of the patients. They found that 
XIAP was expressed in 17 (20.83%) of the 
60 advanced HNSCC samples and the 
expression was significantly associated with 
cisplatin resistance and poor clinical 
outcome. Cisplatin-based chemotherapy 
induced XIAP expression in those post-
chemotherapy samples was further 
associated with poorer clinical outcome. 
Multivariate analysis demonstrated that only 
alcohol consumption, lymph node 
metastasis and XIAP level were 
independently associated with the prognosis 
of advanced HNSCC patients. Inhibiting 
XIAP expression with siRNA in XIAP 
overexpressed HNSCC cells remarkably 
increased their sensitivity to cisplatin 
treatment to nearly a 3 fold difference. 
These results of this study demonstrate that 
XIAP overexpression plays an important 
role in the disease course and cisplatin-
resistance of advanced HNSCC. XIAP is a 
valuable predictor of cisplatin-response and 
prognosis for patients with advanced head 
and neck cancer. Down-regulation of XIAP 

might be a promising adjuvant therapy for 
those patients of advanced HNSCC.35 

 

CELLULAR INHIBITORS OF 
APOPTOSIS (CIAP) IN ORAL 
CANCER: 
cIAP-1, an apoptosis inhibiting protein, has 
been suggested to play important roles in 
the development of cervical and esophageal 
squamous cell carcinomas (SCCs). In order 
to clarify the subcellular localization of 
cIAP-1 and to investigate its 
clinicopathological significance in head and 
neck SCCs (HNSCCs), Tanimoto T et al 
examined cIAP-1 expression in four oral 
SCC cell lines by immunocytochemistry 
and Western blot. Expressions of nuclear 
and cytoplasmic cIAP-1, caspase-3, and 
Smac/DIABLO were also examined 
immunohistochemically in 57 cases of the 
HNSCCs. cIAP-1 expression was detected 
in HSC-2, HSC-3, and HSC-4 cells by 
immunohistochemistry and Western blot. In 
HSC-2 and HSC-4 cells, cIAP-1 was 
detected in both the nuclear and cytoplasmic 
fractions. Nuclear cIAP-1 expression was 
positive in 17 (30%) of HNSCCs, was 
correlated with lymph node metastasis and 
advanced disease stage, and tended to be 
correlated with poor patient prognosis. 
Cytoplasmic cIAP-1 expression showed 
similar but weaker clinicopathological 
correlations. Nuclear cIAP-1 expression 
was inversely correlated with caspase-3 
expression, but was correlated with 
Smac/DIABLO expression. Nuclear cIAP-1 
expression appears to be a useful marker for 
predicting poor patient prognosis in 
HNSCCs, and may play roles in HNSCCs 
through the signaling pathway mediated by 
Smac/DIABLO and caspase-3.36 
The possible significance of cIAP-1 
expression in cervical lymph node 
metastasis of tongue squamous cell 
carcinoma (SCC) was investigated by Qi S 
et al. Seventy-five tongue SCCs were 
analyzed by immunohistochemistry. cIAP-1 
immunoreactivity patterns were nuclear in 
38 (51%), cytoplasmic in 47 (63%), and 
concurrent in 37 (49%) cases. Nuclear, 
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cytoplasmic and concurrent cIAP-1 
immunoreactions were significantly 
correlated with lymph node metastasis in 
tongue SCCs. The cleaved caspase-3, which 
is a marker of tumor apoptosis, and Ki-67 
index, which is a marker of tumor 
proliferation, were immunohistochemically 
examined in 21 tongue SCCs with 
concurrent nuclear and cytoplasmic cIAP-1 
expression and with metastasis, and in 23 
tongue SCCs without concurrent nuclear 
and cytoplasmic cIAP-1 expression and 
without metastasis. Concurrent cIAP-1 
expression was inversely correlated with 
caspase-3, but was positively correlated 
with Ki-67 expression. The mode of 
invasion was associated with lymph node 
metastasis and differentiation, but was not 
correlated with cIAP-1 expression. There 
was no statistically significant correlation 
between nuclear or cytoplasmic cIAP-1 
expression and the clinicopathological 
factors of gender, age, clinical stage or 
differentiation. These results suggest that 
both patterns of cIAP-1 are useful markers 
for predicting cervical lymph node 
metastasis in tongue SCC.37 
The effects of cIAP2 downregulation on 5-
FU sensitivity and apoptosis were evaluated 
by Nagata M et al. An 
immunohistochemical analysis of cIAP2 
and related proteins, cIAP1 and X-linked 
IAP, was performed in 54 OSCC patients 
who were treated with 5-FU-based 
chemoradiotherapy and surgery. The 
downregulation of cIAP2 significantly 
enhanced the sensitivity of the 5-FU-
resistant cells to 5-FU, with a significant 
increase in apoptosis. The 
immunohistochemical analysis 
demonstrated a high cIAP2 tumour 
expression to significantly correlate with the 
pathological response to 
chemoradiotherapy. Furthermore, a Cox 
regression analysis revealed the cIAP2 
expression status and the pathological 
response to chemoradiotherapy to be 
significant prognostic factors for OSCC 
patients. These novel findings demonstrate 
that cIAP2 may represent a potentially 

useful therapeutic target for improving the 
treatment and survival of OSCC patients, 
particularly in the setting of 5-FU 
resistance.38 

 

SURVIVIN IN ORAL CANCER: 
Survivin is a new and structurally unique 
member of the inhibitor of apoptosis (IAP) 
family. Unlike other IAP proteins, survivin 
is found during embryonic and fetal 
development. However, survivin is 
completely down-regulated and 
undetectable in normal adult tissues and 
becomes prominently re-expressed in all of 
the most common human cancers.39 It’s 
overexpression has been correlated with 
poor prognosis, cancer progression and drug 
resistance.40 O’Connor DS et al showed in 
their in vitro and in vivo studies that 
surviving is over-expressed in cancer which 
is physically associated with the cyclin 
dependent kinase p34cdc2 on the mitotic 
apparatus, and is phosphorylated on Thr34 
by p34cdc2-cyclin B1.41 A series of 135 
cases of squamous cell carcinoma including 
46 oral squamous cell carcinomas and 89 
cutaneous squamous cell carcinomas were 
studied by Lo Muzio et al for survivin 
expression by immunohistochemistry. 
Survivin was found in 57 cases (64%) of 
skin squamous cell carcinoma and 26 cases 
(56%) of oral squamous cell carcinomas. In 
contrast, normal oral epithelium, normal 
skin epithelium, and skin adnexa did not 
express survivin. Survivin expression 
significantly segregated with high-grade and 
undifferentiated tumours with size >1.5 cm 
and invariably associated with lymph node 
metastasis.42 
In another study conducted by Lo Muzio L 
et al, 110 cases of oral squamous cell 
carcinoma (SCC) together with six lymph 
nodes and one distant metastatic lesion were 
evaluated for expression of surviving by 
immunohistochemistry. In total, 91 cases 
(82.7%) of carcinoma and all metastasis 
(seven cases, 100%) were positive for 
survivin expression. In contrast, normal oral 
epithelium did not express survivin. There 
was no significant correlation between 
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survivin expression and age, sex, tumour 
size, the presence of lymph node and distant 
metastases. Survivin expression was 
increased in poorly differentiated tumours, 
even if differences were not statistically 
significant.31 Lin CY et al studied the 
expression of surviving in 62 cases of oral 
epithelial dysplasia and 96 cases of oral 
squamous cell carcinoma 
immunohistochemically. Cytoplasmic 
survivin staining was detected in 60 of the 
62 (97%) oral epithelial dysplasia 
specimens and 94 of the 96 (98%) oral 
squamous cell carcinoma specimens but not 
in adjacent normal oral mucosal tissues.43 
Jane C et al evaluated the expression of 
survivin in 38 patients with primary oral 
squamous cell carcinoma and 17 patients 
with leukoplakia by using 
immunohistochemical staining method. In 
oral leukoplakia, survivin expression was 
found to be localized mainly in the 
parakeratin/keratin layer and the prickle cell 
layer. Survivin expression was found to 
increase with increased grade of 
malignancy. Increase in survivin expression 
was statistically most significant.30 A series 
of oral biopsy specimens of 19 cases (12 
men and 7 women) of oral cancer was 
studied by Jinbu Y et al for survivin 
expression and its relation with the 
clinicopathologic characteristics. The 
overall survivin positivity was 58%. The 
percentage of survivin-positive specimens 
in the T1+T2 group was significantly higher 
than that in the T3+T4 group and the 
percentage of survivin-positive specimens 
in the N0 group was also significantly 
higher than that in the N+ group. A slightly 
higher percentage of survivin-positive 
specimens were observed in the gingival 
cancer group compared with the tongue 
cancer group.39 In another study, Kim YH et 
al did the assessment of the diagnostic and 
prognostic significance of survivin in a 
series of 38 primary oral squamous cell 
carcinomas through immunohistochemistry. 
Survivin expression was detected in all oral 
squamous cell carcinomas at a varying level 
but not observed in normal gingival 

keratinocyte cells. Clinicopathological 
analysis revealed a significant correlation 
between survivin expression and lymph 
node metastasis and proliferation.44 Preuss 
SF et al conducted a multicentre 
retrospective study on 106 consecutive 
oropharyngeal cancer patients. Human 
papillomavirus sequences were detected by 
nested PCR protocols. Survivin expression 
as a surrogate marker for HPV status were 
analysed by immunohistochemistry. 
Sequences of high-risk HPV were detected 
in 29% of cases. Prominent cytoplasmatic 
expression of survivin was found in 58% of 
cases and nuclear expression of survivin 
was found in 19% of the survivin-positive 
tumours. Nuclear expression of survivin 
was significantly correlated with HPV-
negative tumours and with a poor disease 
free survival rate.40 

 

LIVIN IN ORAL CANCER:  
Zong ZH et al investigated the expression of 
the newly found inhibitor of apoptosis 
protein Livinalpha and Livinbeta and their 
gene expression in human oral squamous 
cell carcinoma. Twenty specimens of 
human squamous cell carcinoma(SCC), 15 
cases of benign cysts, 10 cases of normal 
oral mucosal tissues adjacent to the 
cancerous lesions were examined. 
Polymerase chain reaction with reverse 
transcription (RT-PCR) and Western blot 
analysed were used to detect mRNA and 
protein expression of Livin respectively. 
Livin protein and mRNA expression was 
detected in 19 SCC tissues,14 benign cysts 
and 10 normal oral mucosal tissues adjacent 
to the cancerous lesions.But the expressions 
were significantly  higher in oral SCC than 
in benign cysts and normal oral mucosal 
tissues. These results suggested that Livin 
may play an important role in the 
tumorigenesis and development of human 
oral squamous cell carcinoma.4 Jiang L et al 
studied the expression of livin at the 
invasive tumor front (ITF) of oral squamous 
cell carcinoma. Forty-eight samples of oral 
squamous cell carcinoma were graded 
according to invasive front grading (IFG). 
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The expression of livin was evaluated at the 
ITF and other parts of the same tumor using 
immunohistochemistry. Significant 
difference in the pathological grades was 
found between the ITF and the other parts 
of oral squamous cell carcinoma. The 
expression of livin at the ITF was 
significantly stronger than that in the other 
regions. A significant positive correlation 
was noted between livin expression and the 
IFG score.46 
 

CONCLUSION: 
IAPs are much more than just “inhibitors of 
apoptosis”. An involvement with signal 
transduction cascades regulating apoptosis, 
proliferation, cell survival and migration 
suggests that IAPs are strong supporters of 
cancer progression. 
 

REFERENCES: 
1. Gupta S. A decision between life and 

death during TNF-alpha induced 
signaling. J Clin Immunol 2002;22:185–
194 

2. Nicholson DW. Caspase structure, 
proteolytic substrates, and function 
during apoptotic cell death. Cell Death 
Differ 1999;6:1028–1042. 

3. Cohen GM. Caspases: the executioners 
of apoptosis. Biochem J 1997;326(Pt 
1):1–16. 

4. Liston P, Fong WG, Kelly NL, et al. 
Identification of XAF1 as an antagonist 
of XIAP anti-caspase activity. Nat Cell 
Biol 2001;3:128–133. 

5. Deveraux QL, Reed JC. IAP family 
proteins — suppressors of apoptosis. 
Genes Dev 1999;13:239–252. 

6. Roy N, Mahadevan MS, McLean M, 
Shutler G, Yaraghi Z, Farahani R, Baird 
S, Besner-Johnston A, Lefebvre C, Kang 
X, et al. "The gene for neuronal 
apoptosis inhibitory protein is partially 
deleted in individuals with spinal 
muscular atrophy". Cell 1995;80 (1): 
167–78 

7. van der Steege G, Draaijers TG, 
Grootscholten PM, et al. "A provisional 
transcript map of the spinal muscular 

atrophy (SMA) critical region.". Eur. J. 
Hum. Genet. 1995;3(2): 87–95. 

8. Tanimoto T, Tsuda H, Imazeki N, Ohno 
Y, Imoto I, Inazawa J, Matsubara O. 
Nuclear expression of cIAP-1, an 
apoptosis inhibiting protein, predicts 
lymph node metastasis and poor patient 
prognosis in head and neck squamous 
cell carcinomas. Cancer Lett. 
2005;224(1):141-51. 

9. Liston P, Roy N, Tamai K, Lefebvre C, 
Baird S, Cherton-Horvat G, Farahani R, 
McLean M, Ikeda JE, MacKenzie A, 
Korneluk RG. "Suppression of apoptosis 
in mammalian cells by NAIP and a 
related family of IAP genes". Nature 
1996;379 (6563): 349–53.  

10. Duckett CS, Nava VE, Gedrich RW, 
Clem RJ, Van Dongen JL, Gilfillan MC, 
Shiels H, Hardwick JM, Thompson CB. 
"A conserved family of cellular genes 
related to the baculovirus iap gene and 
encoding apoptosis inhibitors". EMBO J. 
1996;15 (11): 2685–94.  

11. Holcik M, Korneluk RG. "Functional 
Characterization of the X-Linked 
Inhibitor of Apoptosis (XIAP) Internal 
Ribosome Entry Site Element: Role of 
La Autoantigen in XIAP Translation". 
Mol. Cell. Biol. 2000;20 (13): 4648–57.  

12. Duckett CS, Li F, Wang Y, Tomaselli 
KJ, Thompson CB, Armstrong RC. 
"Human IAP-Like Protein Regulates 
Programmed Cell Death Downstream of 
Bcl-xL and Cytochrome c". Mol. Cell. 
Biol. 1998;18 (1):608–15.  

13. Deveraux QL, Reed JC. IAP family 
proteins – suppressors of apoptosis. 
Genes Dev. 1999;13 (3): 239–52.  

14. Wilkinson JC, Cepero E, Boise LH, 
Duckett CS. "Upstream Regulatory Role 
for XIAP in Receptor-Mediated 
Apoptosis". Mol. Cell. Biol. 2004;24 
(16): 7003–14.  

15. Huang Y, Park YC, Rich RL, Segal D, 
Myszka DG, Wu H. "Structural basis of 
caspase inhibition by XIAP: differential 
roles of the linker versus the BIR 
domain". Cell 2001;104 (5): 781–90.  



Javagal V et al. Inhibitors of apoptosis. 

128 

 

                  Journal of Advanced Medical and Dental Sciences Research |Vol. 3|Issue 1| January-March 2015 

16. Chiou SK, Jones MK, Tarnawski AS. 
Survivin- an anti-apoptosis protein: its 
biological roles and implications for 
cancer and beyond. Med Sci Monit, 
2003; 9(4): PI43-47. 

17. Fukuda S, Pelus LM. Survivin, a cancer 
target with an emerging role in normal 
adult tissues.  Mol Cancer Ther 
2006;5(5):1087–98. 

18. Olie RA, Simoes Wust AP, Baumann B, 
Leech SH, Fabbro D, Stahel RA et al. A 
Novel Antisense Oligonucleotide 
Targeting Survivin Expression Induces 
Apoptosis and Sensitizes Lung Cancer 
Cells to Chemotherapy. Cancer research 
2000;60:2805–2809. 

19. Grossman G, Kim PJ, Schechner JS, 
Altieri DC. Inhibition of melanoma 
tumor growth in vivo by survivin 
targeting. PNAS, 2001;98:635–640 

20. Xing Z, Conway EM, Kang C, Winoto 
A. Essential Role of Survivin, an 
Inhibitor of Apoptosis Protein, in T Cell 
Development, Maturation, and 
Homeostasis. J. Exp. Med. 2004;199:69-
80. 

21. Mita AC, Mita MM, Nawrocki ST, Giles 
FJ. Survivin: Key Regulator of Mitosis 
and Apoptosis and Novel Target for 
Cancer Therapeutics. Clin Cancer Res 
2008;14:5000-5005. 

22. Temme A, Rieger M, Reber F, 
Lindemann D, Weigle B, Bachert PD et 
al.Localization, Dynamics, and Function 
of Survivin Revealed by Expression of 
Functional SurvivinDsRed Fusion 
Proteins in the Living Cell.Molecular 
Biology of the Cell 2003; 14:78–92. 

23. Johnson ME, Howerth EW. Survivin: A 
Bifunctional Inhibitor of Apoptosis 
Protein. Vet Pathol 2004;41:599–607. 

24. Chen Z, Naito M, Hori S, Mashima T, 
Yamori T, Tsuruo T. A human IAP-
family gene, apollon, expressed in 
human brain cancer cells. Biochem 
Biophys Res Commun 1999; 264 (3): 
847–54. 

25. Kasof GM, Gomes BC. "Livin, a novel 
inhibitor of apoptosis protein family 

member". J Biol Chem 2001; 276 (5): 
3238–46.  

26. Lin JH, Deng G, Huang Q, Morser J. 
"KIAP, a novel member of the inhibitor 
of apoptosis protein family". Biochem 
Biophys Res Commun 2001;279 (3): 
820–31.  

27. Dynek JN, Chan SM, Liu J et al. 
"Microphthalmia-associated transcription 
factor is a critical transcriptional 
regulator of melanoma inhibitor of 
apoptosis in melanomas". Cancer Res. 
2008;68 (9): 3124–32.  

28. Richter B. W., Mir S. S., Eiben L. J., 
Lewis J., Reffey S. B., Frattini A., Tian 
L., Frank S., Youle R. J., Nelson D. L., et 
al. Molecular cloning of ILP-2, a novel 
member of the inhibitor of apoptosis 
protein family. Mol. Cell. Biol. 
2001;21:4292–4301. 

29. Lagace M., Xuan JY., Young SS., 
McRoberts C., Maier J., Rajcan-
Separovic E., Korneluk RG. Genomic 
organization of the X-linked inhibitor of 
apoptosis and identification of a novel 
testis-specific transcript. Genomics. 
2001;77:181–188. 

30. Jane C, Nerurkar AV, Shirsat NV, 
Deshpande AD, Amrapurkar, Karjodkar 
FR. Increased survivin expression in 
high-graded oral squamous cell 
carcinoma: a study in Indian tobacco 
chewers. J Oral Pathol Med 2006; 
35:595-601. 

31. Lo Muzio L, Pannone G, Staibano S, 
Mignogna MD, Rubini C, Mariggio MA 
et al. Survivin expression in oral 
squamous cell carcinoma. Br J Cancer 
2003; 89:2244-2248 

32. Wilkinson JC, Cepero E, Boise LH, 
Duckett CS. "Upstream Regulatory Role 
for XIAP in Receptor-Mediated 
Apoptosis". Mol. Cell. Biol. 2004; 
24(16): 7003–14.  

33. Huang Y, Park YC, Rich RL, Segal D, 
Myszka DG, Wu H. "Structural basis of 
caspase inhibition by XIAP: differential 
roles of the linker versus the BIR 
domain". Cell 2001;104 (5): 781–90. 



Javagal V et al. Inhibitors of apoptosis. 

129 

 

                  Journal of Advanced Medical and Dental Sciences Research |Vol. 3|Issue 1| January-March 2015 

34. Tamatani T, Takamaru N, Uchida D, 
Nagai H, Fujisawa K, Miyamoto Y. 
Cancer Research 2012;72(8). 

35. Yang X-H, Feng Z-E, Yan M, Hanada S, 
Zuo H, et al. XIAP Is a Predictor of 
Cisplatin-Based Chemotherapy Response 
and Prognosis for Patients with 
Advanced Head and Neck Cancer PLoS 
ONE  2012; 7(3): e31601 

36. Tanimoto T, Tsuda H, Imazeki N, Ohno 
Y, Imoto I, Inazawa J, Matsubara O. 
Nuclear expression of cIAP-1, an 
apoptosis inhibiting protein, predicts 
lymph node metastasis and poor patient 
prognosis in head and neck squamous 
cell carcinomas. Cancer Lett. 
2005;224(1):141-51. 

37. Qi S1, Mogi S, Tsuda H, Tanaka Y, 
Kozaki K, Imoto I, Inazawa J, Hasegawa 
S, Omura K. Expression of cIAP-1 
correlates with nodal metastasis in 
squamous cell carcinoma of the tongue. 
Int J Oral Maxillofac Surg. 
2008;37(11):1047-53.  

38. M Nagata1, H Nakayama1, T Tanaka1, 
R Yoshida1, Y Yoshitake1, D Fukuma1, 
K Kawahara1, Y Nakagawa1, K Ota1, A 
Hiraki1 and M Shinohara1. 
Overexpression of cIAP2 contributes to 
5-FU resistance and a poor prognosis in 
oral squamous cell carcinoma. British J 
Cancer 2011;105:1322–1330. 

39. Jinbu Y, Tsukinoki K, Miyagi N, Senna 
T, Obi Y, Matsumoto K, Noguchi T and 
Kusama M. Expression of survivin in 
oral squamous cell carcinoma. Oral Med 
Pathol 2006; 11: 41-44. 

 
 
 
 
 
 
 
 
 
 
 
 
 

40. Preuss SF, Weinell A, Molitor M, 
Stenner M, Remrau R, Drebber U et al. 
Nuclear survivin expression is associated 
with HPV-independent carcinogenesis 
and is an indicator of poor prognosis in 
oropharyngeal cancer. Br J Cancer 2008; 
98:627-632 

41. Ko HY, Roh SY, Won HS, Jeon EK, 
Hong SH, Lee MA et al. Prognostic 
significance of nuclear survivin in 
resected adenoid cystic carcinoma of the 
head and neck. Head Neck Oncol 2010; 
2:30 

42. Kim YH, Kim SM, Kim YK, Hong SP, 
Kim MJ, Myoung H. Evaluation of 
survivin as a prognostic marker in oral 
squamous cell carcinoma. J Oral Pathol 
Med. 2010;39(5):368-75  

43. Lo Muzio L, Staibano S, Pannone G, 
Mignogna MD, Mariggiò A, Salvatore G 
et al. Expression of the apoptosis 
inhibitor survivin in aggressive 
squamous cell carcinoma. Exp Mol 
Pathol 2001;70(3):249-54 

44.  Lin CY, Hung HC, Kuo RC, Chiang CP, 
Kuo MY. Survivin expression predicts 
poorer prognosis in patients with areca 
quid chewing-related oral squamous cell 
carcinoma in Taiwan. Oral Oncol 
2005;41(6):645-54 

45. Zong ZH1, Shang DH, Sun CF. 
Expression of Livin mRNA and protein 
in human oral squamous cell carcinoma. 
Shanghai Kou Qiang Yi Xue. 
2007;16(3):315-8. 

46. Jiang L1, Li X, Bai L, Zhang LJ, Zhang 
C. Expression of livin at the invasive 
tumor front of oral squamous cell 
carcinoma. Nan Fang Yi Ke Da Xue Xue 
Bao. 2010;30(6):1398-400. 

 
 

 

 Source of funding: Nil                                       Conflict of interest: None declared  


