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1. ABSTRACT 
 

Cell proliferation and cell death pathways meet at 
a pivotal crossroad, crucial to maintain normal homeostasis 
and to eliminate dangerous cells before they start dividing. 
Survivin (SVV) is an intriguing and fascinating protein at 
this crossroad that interfaces life and death, through its dual 
role in facilitating cell division and encountering apoptosis. 
SVV’s prominent expression in essentially all human 
malignancies, and low or no expression in most normal 
tissues, suggests that it would be an ideal target for cancer-
directed therapy. However, SVV has been recently 
described as a target for fine tuning by alternative splicing 
mechanism generating five defined splice variants and a 
number of other uncharacterized/bizarre isoforms. This 
diversity indicates that SVV, in addition to its known 
functions in tumorogenesis, angiogenesis and 
cardiovascular diseases, might be associated with other 
unknown functions. Intriguingly, new accumulating

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

evidence from our own work and others, suggest a novel 
role for SVV in the mechanisms of tumor invasion and 
metastasis. The SVV pathway has now provided tangible 
opportunities for targeted, rational cancer therapy. It is 
therefore an attractive and promising therapeutic target not 
only for cancer but also for other diseases. Although a 
number of studies utilizing SVV as an anti-cancer strategy 
are well underway, further investigation into the exact 
molecular interactions underpinning its functions is critical 
for the success of such trials. Impeding development of safe 
and effective SVV antagonists for clinical use is due to a 
lack of understanding the molecular mechanisms by which 
SVV differentially affects apoptosis and cell division in 
both normal and malignant cells. In this report, in addition 
to reviewing the SVV known functions, we discuss the 
newly proposed mechanisms by which SVV might serve as 
a survival tool for invading tumor cells.  
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Figure 1. Survivin (SVV) gene/pre-mRNA and its mature mRNA structures. E1, E2, E3, and E4 are the four dominant exons; 2 
alpha, 2B, and 3B are the three hidden exons. Alternative splicing of the pre-mRNA generates five known SVV variant mRNA 
(SVV, SVV- ∆Ex3, SVV-2B and SVV-3B). 
 
2. INTRODUCTION 
 

A delicate balance between cell proliferation and 
cell death is required to maintain cell and tissue 

homeostasis and thereby preventing the development of a 
variety of pathologic outcomes, including cancer and 
vascular diseases. Deregulation of apoptosis during 
homeostasis is considered as a critical step for cancer 
development and progression, although the underlying 
mechanisms are not yet fully understood. In addition to 
anti-apoptotic and pro-apoptotic factors including Bcl-2 
protein family, the inhibitor of apoptosis proteins (IAP) are 
a family of recently discovered proteins. Eight human IAP 
family members have been identified so far, characterized 
by a molecular signature consisting of one to three copies 
of a 70-amino acid zinc finger fold designated 
Baculovirus IAP repeat (BIR), which is conserved from 
yeast to humans (reviewed in ref. 1). Survivin (SVV) is a 
prototype molecule, countering cell death and facilitating 
various aspects of cell division. It has been studied 
extensively and forms the basis of the current knowledge 
and characterization of IAP family (1-2). It was identified 
in 1997 by hybridization screening of a human P1 genomic 
library with the cDNA of factor Xa receptor EPR-1 (3).  It 
is a centromere binding passenger protein (4), which is 
onco-foetally expressed and is required for the successful 
completion of the cell cycle. Compared to other IAP 
members, SVV is unique with three distinctive features:  1) 
its structure contains a single baculovirus IAP repeat (BIR) 
domain combined with a COOH-terminal alpha-helix 
coiled-coil domain (observed to inhibit caspases); 2) it is 
the only IAP tightly regulated during cell cycle program 
and 3) it is virtually undetectable in most normal adult 
tissues, but dramatically over expressed in many human 
tumors, suggesting that reactivation of the SVV gene 
frequently occurs in cancers (5-6).    
 

The dual role of SVV, in countering apoptosis 
and facilitating cell division mechanisms, has been

 
extensively explored in cancer cells (reviewed in Ref. 1). In 
fact, the BIR motif of IAPs is cysteine and histidine rich 
and is thought to directly bind certain caspases (7) and 
consequently inactivate the intrinsic apoptosis pathway.   
However, this may not be its only function, as other BIR 
containing proteins are not implicated in apoptosis control 
such as Ac-IAP (7).  Some IAPs also rely on a caspase 
recruitment domain (CARD) and a carboxy-terminal RING 
finger motif, neither of which when removed are essential 
for apoptosis inhibition (7-8).  Evidence from the deletion 
of the RING domain in c-IAP2 suggests its crucial role in 
TNF-α-induced apoptosis mediated by NFκB activation 
(9). In addition to its role in cancer development (5, 9) and 
cardiovascular diseases (reviewed in 1), accumulating 
evidence from our laboratory and others suggests a role for 
SVV and its variants in the process of cell 
invasion/metastasis (10-14).  This review will discuss these 
mechanisms and provide an update of our current 
understanding of the multifunction facets of SVV. As our 
knowledge of SVV’s action develops, its remarkable 
properties are being exploited as already trials have been 
undertaken. These experiments target specific mutations in 
the SVV gene that theoretically will result in the 
preferential demise of transformed cells whilst having 
minimal toxic effect on normal cells.   
 
3. SURVIVIN: STRUCTURE AND LOCALIZATION 
 

The human SVV gene, spanning 14.7 kb on 
chromosome 17q25, codes for a 16.5-kDa protein of 142 
amino acids (2). SVV gene has been recently identified to 
undergo alternative splicing mechanism that generates a 
number of different SVV splice variant transcripts 
encoding proteins (Figure 1), which have unique sub-
cellular localizations, suggesting a fine tuning of SVV 
actions (1-2). To date, five SVV splice variants have been 
described (2). Intriguingly, new and yet to be characterized 
SVV variants have been identified from EST databases (2). 
The presence of these SVV splice variants indicates that 
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SVV gene is strictly regulated and might be involved in a 
number of other functions. The five known SVV variants 
are as follow: 1) SVV: described above; 2) SVV-∆Ex3: 
generated from the removal of exon 3, a frame shift and 
translation of part of the 3'UTR resulting in a unique 
carboxy-terminus, which might interfere with degradation 
of SVV- Ex3 protein by ubiquitin tagging. SVV-∆Ex3 
functions as an anti-apoptotic protein and is up-regulated in 
malignancies (15). Interestingly, a viral homolog of SVV-
delatEx3, located in the mitochondria, has been found to 
inhibit apoptosis via its association with Bcl-2 and BIR-
dependent suppression of caspase-3 activity (16); 3) SVV-
2B: generated by the insertion of exon 2B encoding the 
insertion of 23 additional amino acids into the BIR domain 
at essentially the same position where the BIR domain of 
SVV- Ex3 is truncated. It has been shown that SVV-2B is 
a pro-apoptotic protein (17), suggesting that it might be a 
naturally occurring antagonist of anti-apoptotic SVV and 
SVV- Ex3, possibly by competitive binding to common 
interaction partners, as reported for SVV and SVV-2B 
interactions with polymerized tubulin (18); 4) SVV-3B: 
results from the introduction of exon 3B resulting in a 
frame shift and premature termination of the protein. No 
function has yet been described for SVV-3B; and 5) SVV-
2α: is a SVV recently identified and characterized. The 
transcript consists of exon 1, exon 2, and a 3' 197 bp region 
of intron 2 (Figure 1). Acquisition of a new in-frame stop 
codon within intron 2 results in an open reading frame of 
225 nucleotides, predicting a truncated 74 amino acid 
protein. SVV 2α, expressed at high levels in many 
malignant cell lines and primary tumors. It can physically 
interact with SVV and disrupt its anti-apoptotic functions in 
malignant cells, suggesting its importance as a therapeutic 
tool in sensitizing chemo-resistant tumor cells to 
chemotherapy.  

 
SVV is usually located in the cytoplasm and is 

associated with poor prognosis (19). However, nuclear 
localization of SVV has been described in 80% of patients 
with esophageal squamous cell carcinoma (20-21). 
Grabowski et al (2003), were the first to show a 
translocation of SVV during carcinogenesis, indicating that 
localization of SVV may constitute an important regulatory 
mechanism for its role in carcinogenesis and tumor 
progression (20). The ratio of cytosolic vs. nuclear SVV is 
6:1 (22). On the subcellular level, it was shown that SVV 
binds to microtubules of the mitotic spindle and the 
midzone (23), to centrosomes (3, 24) or to kinetochores 
(25). The diversity of subcellular localization might be 
related to the analysis of different SVV fusion proteins or 
use of SVV antibodies recognizing distinct epitopes (22, 
24) but also from differences in Thr34 phosphorylation (22) 
or cell culture conditions.  
 

The cytoplasmic co-localization of anti-apoptotic 
SVV and pro-apoptotic SVV-2B might regulate SVV 
actions in precise manner. In contrast, the anti-apoptotic 
SVV- Ex3 exhibited a preferential localization in the 
nuclear compartment from late G1 to G2 phase, suggesting 
a regulatory role for SVV- Ex3 during cell cycle 
progression. SVV-2B and Ex3 may have functions and 
molecular interaction partners different from SVV in 

distinct phases of the cell cycle. Further studies using 
specific antibodies for each isoform are necessary to 
elucidate the regulatory interactions of different SVV 
variants under physiological conditions and subsequently 
their differential functions. 
 
4. REGULATION OF SURVIVIN EXPRESSION  
 

SVV has been described as an oncofetal protein 
(26).  Northern blot analysis and in situ hybridization 
evidence have demonstrated selective high expression of 
SVV transcripts in fetal tissues in comparison to an almost 
ubiquitous absence in normal differentiated adult tissues, 
and a dramatic return to fetal levels in tumor tissues as well 
as in some premalignant conditions such as actinic 
keratoses (27). These specific expression patterns suggest 
that SVV plays a distinct role in development, 
tumorigenesis and tumor cell viability.   
 

To date, little is known about the mechanisms 
regulating SVV gene expression. Zhang et al. have reported 
that wild type APC gene can down-regulate SVV gene 
expression via APC/ß-catenin/TCF-4 signaling pathway 
(28). The tumor suppressor p53 gene has been found to 
bind the SVV promoter and cause a strict reduction in its 
expression, while several p53 mutants had no effect, 
suggesting an interference with the E2-F mediated 
transactivator and/or histone acetylation of the promoter 
(29). Conversely, SVV over expression inhibits p53 
dependent apoptosis (30). Together these observations 
imply a p53/SVV antagonistic relationship. Members of the 
Rb/E2F pathway can also regulate SVV gene expression 
(31). On the other hand, It has been found that both pRB 
and p130 can interact with the SVV promoter and repress 
SVV transcription. Also E2F activators such as E2F1, 
E2F2, and E2F3 can bind the SVV promoter and induce 
SVV transcription (31).  In a recent study, SVV was 
identified as a direct downstream target gene of Stat3 in 
human breast cancer cells that is critical for their survival in 
culture (32). Recently, Xia et al, using genetic and 
pharmacologic approaches to block ErbB2 signaling, have 
showed that ErbB2 regulates SVV protein expression in 
ErbB2-overexpressing breast cancer cells (33) 
 
5. DUAL ACTION OF SURVIVIN 
 

At subcellular level, SVV is localized in the 
cytoplasm and the nucleus (19-21). This is consistent with 
its dual regulation of cell viability and cell division. The 
nuclear SVV might be involved in promoting cell 
proliferation in most (if not all) cases whereas the 
cytoplasmic SVV may participate in controlling cell 
survival but not cell proliferation. In addition, SVV has a 
number of splicing variants, which may differ in their 
subcellular localization and functions with respect to cell 
survival and cell division (13). 
 
5.1. Survivin and apoptosis 

Apoptosis or programmed cell death is an 
essential process within the body that regulates cellular 
numbers and protects the body of potentially hazardous 
cells.  Apoptosis mechanisms have been a target area for a 
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number of studies due to the fact that loss of homeostasis 
between cell proliferation and cell death can result in a 
number of pathologies.  This is often the case in cancer 
where imbalance in this process results in increased 
transformed cell viability and possible immortalization. 
Accumulating evidence indicate that SVV controls both 
apoptosis and cell division during mitosis (1). SVV’s anti-
apoptotic effect was initially identified when over-
expression of SVV in a mouse IL-3-dependent pre-B cell 
line, BaF3 inhibited apoptosis induced by deprivation of 
interleukin-3 (34). It must be emphasized that the majority 
of the current studies indicated that inhibition of apoptosis 
by SVV is during mitosis and appears to be involved in a 
novel mitotic spindle assembly checkpoint.  
 

Apoptosis can be explained basically through two 
main interconnecting caspase cascades in mammalian cells 
(extrinsic and intrinsic), although these are not mutually 
exclusive. The extrinsic pathway is activated following 
ligation of death receptors at the cell surface to activate 
caspase 8. For example, this pathway is important in the 
control of inflammation through stimulation by tumor 
necrosis factor-α (TNF-α). However, the intrinsic pathway 
is affected following exposure to a variety of death stimuli 
resulting in the breakdown of the mitochondrial membrane 
and the release of cytochrome c and SMAC/ DIABLO 
protein (35), leading to activation of caspase-9. This 
pathway is triggered through intracellular and 
environmental DNA damaging agents, most notably 
targeting the dysfunction of the p53 gene (36).  The major 
interaction between these two pathways occurs in the initial 
stages as a consequence of decreased caspase-8 cleavage.  
A Bcl-2 family member counteracts the depletion by 
initiating the intrinsic pathway through direct action on the 
mitochondria membrane (35).  Activation of terminal 
effectors during apoptosis, caspases-1 and 3 in particular, 
links the two pathways and is responsible for the cleavage 
of critical cellular substrates (i.e. ADP-ribose and lamins) 
resulting in dramatic morphological changes of apoptosis, 
including cytoplasmic shrinkage and formation of apoptotic 
bodies.   
 

Although the contribution of SVV to apoptosis 
inhibition has in the past been controversial, accumulating 
data from several studies indicate a role for SVV in cell 
survival.  Observations of SVV expression provide 
evidence that it promotes cell viability by interfering with 
the initiation and/or amplification of the intrinsic caspase 
cascade.  This occurs through SVV binding and inhibiting 
procaspase-9 action if associated with the cytochrome 
C/Apaf-1 (apoptosis activating factor-1) complex and 
inhibiting caspace-3 and 7, respectively (23).  SVV may 
also indirectly inhibit the extrinsic pathway through its 
action on caspase-3 and 7, however it has not been found to 
have an effect on caspase-8 (8).  Another theory of SVV’s 
indirect action on caspases is the association of SVV with 
cdk4 resulting in a release of p21Cip1/Waf1 that in turn 
interacts with procaspase-3 to suppress Fas mediated cell 
death (37). 
 

The study of mutant forms of SVV provides 
further evidence of SVV’s role as an apoptosis inhibitor.  

The BIR/ zinc binding mutation Cys84-Ala (C84A) in SVV 
resulted in apoptosis (38) but retained SVV’s ability to 
associate with microtubules.  Over expression of the mutant 
increased caspase activity predominately occurring at 
G2/M, which suggests that both a viable BIR motif and 
microtubule binding are essential for SVV’s anti-apoptotic 
functions, and that the lack of apoptosis is triggered by a 
breakdown in a yet unknown G2/M checkpoint (8).  
Another carefully studied SVV mutation is Thr34Ala 
(T34A) that abolishes a phosphorylation site for p34cdc2 
cyclin B1, which thought to be essential for caspase-9 
inhibition (39-40).  Adenoviral transduction of cells with 
T34A SVV mutant advocates that phosphorylation on 
Thr34 may regulate apoptosis at cell division via an 
interaction with caspase-9 (40).   
 
 
5.2. Survivin and cell cycle regulation 

SVV is a mitotic gene, whose expression at cell 
division is tightly regulated at both RNA and protein levels, 
in both normal and tumor cell lines (1, 21, 23, 41-42). After 
its expression at mitosis, SVV localizes to various 
components of the mitotic apparatus (22-23, 25), to 
potentially recruit and regulate the function of other 
proteins like Aurora B kinase involved in central spindle 
formation and cytokinesis (24). The maximal level of 
expression has been detected in the G2/M phase of mitosis 
in normal proliferating cells (41) and a significant reduction 
in activity seen in G1 phase after cell cycle arrest (41). The 
G1 transcriptional repressor elements CDE (downstream of 
the transcriptional start site) and proximal CHR have been 
demonstrated to control cell-cycle progression (23).  SVV 
localizes to the mitotic spindles and remains present with 
the mid-body until just before cytokinesis (36). SVV’s over 
expression results in acceleration of S phase shift, 
resistance to G1 arrest, and cdk-2/cyclin E activation and 
retinoblastoma (Rb) phosphorylation (37).   
 

SVV exhibits a cycle-regulated pattern of 
expression during the G2/M phase of the cell cycle (23) and 
behaves as a typical chromosome passenger protein that 
associates to centromeres from late prophase to metaphase 

(3). Using human cells depleted of SVV, Lens et al. have 
demonstrated that SVV is essential for chromosome 
alignment, sister chromatid segregation and cytokinesis 
(44). They have provided evidence that SVV is required for 
a sustained checkpoint arrest in response to lack of tension 

at the kinetochore in a SVV-dependent mechanism 
recruiting Aurora B protein to the inner centromere, while a 
SVV-independent mechanism involving Mad2-BubR1 
complex is recruited to the kinetochore. It has been 
reported that disruption of SVV–microtubule interactions 
resulted in loss of SVV's anti-apoptosis function and 
increased caspase-3 activity, suggesting that SVV may 
counteract a default induction of apoptosis and favors 
aberrant progression of transformed cells through G2/M 
phase (23). SVV has been proven to be an important 
regulator of the cell cycle as anti-sense targeting and 
dominant negative mutations in this gene resulted in 
terminal stage defects in cell division (8, 22) such as 
incomplete cytokinesis, polyploidy and multinucleated cells 
(36).  Antibody targeting of SVV in vitro caused similar 
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dysfunctional phenotype (45).  Further evidence states 
intracellular antibody targeting of SVV does not affect 
cytokinesis but causes multipolar mitotic spindle formation 
(22).  An in vivo demonstration of SVV’s role in the cell 
cycle has been observed in mice embryos, where mortality 
ensued by embryonic day 4.5 when both SVV alleles were 
functionally damaged (3).   
 
6. SURVIVIN AND CARCINOGENESIS 
 

Deregulation of apoptosis and cell cycle 
mechanisms are key processes involved in carcinogenesis 
by abnormally prolonging cell survival, facilitating the 
accumulation of transforming mutations and promoting 
resistance to immune surveillance. As already discussed 
(1), the expression of SVV is elevated in tumors, and it 
is now considered as the fourth major transcriptome 
demonstrated in human tumors.  SVV is over expressed 
in tumors and correlates with more aggressive cancers, 
poor prognosis, more frequent recurrence rates, and 
increased resistance to therapies (4-5, 27, 35, 45). SVV 
has been found in at least 60 cancer cell lines, including 
those derived from colorectal cancers (46), 
neuroblastomas (47), and breast carcinomas (33, 48). 
Nuclear SVV expression, considered as a favorable 
prognostic factor, was detected in 82% gastric cancer 
cases, 70% cases of hepatocellular carcinoma, 80% 
cases of esophageal squamous cell carcinoma (3), 74% 
cases of ovarian carcinoma (8), 67% cases of non-small 
cell lung cancer (83% in the cytoplasmic and 44% in 
both), and in 45% cases of cholangiocarcinoma (54% 
cases had cytoplasmic SVV).  
 

Originally, SVV was proposed to be over 
expressed in cancer because the increased levels simply 
correlated with tumor cellular proliferation, however 
further studies dismiss this opinion as SVV expression 
remains almost constant regardless of the tumor mitotic 
index (49). More recent studies suggest that demethylation 
of the SVV gene may be an important regulator of SVV 
expression in ovarian tumors (50). SVV expression is 
silenced in normal ovarian tissue through methylation of 
CpG sites in exon 1 (sites that are associated with the 
facilitation of structural changes in chromosomes), 
however SVV was observed to be transcriptionally active 
following demethylation of the gene (4).  The action of 
dMTase is highly tumor specific and present in both initial 
and progressive tumor grades suggesting that this event 
occurs early in the transition (50); if SVV expression is 
regulated by this enzyme it may explain why SVV is over 
expressed early in cancers.   
 

SVV may also be linked to mutations in the 
adenomatous polyposis coli (APC) gene, an initiating event 
in the progression of colon cancer model that was 
developed by Vogelstein in 1988. Results from recent study 
suggest that the wild type APC may limit population size of 
stem and other proliferative cells in the normal human 
colonic epithelium by decreasing SVV expression and 
increasing apoptosis rate, but inactivation of APC may 
allow expansion of these populations, thereby initiating 
tumorigenesis (28).  

7.  ROLE OF SURVIVIN IN TUMOUR INVASION & 
METASTASIS 
 

SVV is over expressed in high grade, invasive 
tumors as discussed above, suggesting that it may play a 
role in metastasis (Figure 2).  SVV has been particularly 
linked with an invasive phenotype in gastric (51), 
esophageal (52), and ovarian (11) cancers as well as 
endometriosis (53).  SVV may provide invading cells with 
an enhanced survival capability through which they can 
evade the body’s immune responses and physical barriers 
presented during the process of tumor invasion. This 
process involves at least three major components including 
cytokines/growth factors, adhesion molecules and 
proteinases.  Matrix metalloproteinases (MMP) are 
proteolytic enzymes capable of degrading the components 
of the extracellular matrix (ECM) and evidence suggests 
that they play a significant role in tumor invasion.  
Observations from recent studies imply that up regulation 
of SVV and MMPs may cooperate and contribute to tumor 
cell survival and invasion in endometriotic tissues (53).  
Yoshida et al (2001) have progressed this relationship 
further and proposed an association between SVV over 
expression and MMP-2 resulting in the breakdown of 
essential components of the ECM (11).  Preliminary work 
from our laboratory suggests another possibility for this 
emerging hypothesis where we propose the involvement of 
the phosphatidylinositol 3-kinase/Akt/protein kinase B 
(PI3-K/Akt/PKB) signaling pathway (Figure 2).  This 
pathway is considered to play an essential role in the 
survival response induced by a variety of growth factors, 
hyaluronan (HA)-CD44 adhesion receptor interaction and 
oncogenic transformation (54). Results from our laboratory 
suggest that increased CD44 expression in response to EGF 
stimulation plays a significant role in the process of tumor 
invasion (55). Ghatak et al (56) have found that 
perturbation of HA-CD44 binding leads to suppression of 
the PI3-K/Akt cell survival pathway and consequently to 
inhibition of anchorage-independent growth in culture and 
tumor growth in vivo. Also, it has been reported that upon 
binding to the CD44 receptor, the wild-type osteopontin but 
not the inactive mutant induces activation of PI3-K/Akt 
pathway (54). Findings from previous study support the 
hypothesis that APC suppresses SVV expression via TCF-
4/ß-catenin signaling modulating the transcription of 
several genes including CD44 (53). Interestingly, RasPI3-K 
and RasRaf MEKMAPK can up regulate SVV, since 
chemical inhibition of both signaling cascades abolished 
SVV expression (57). Also, both angiopoietin-1 (58) and 
vascular endothelial growth factor (VEGF) (59) can 
stimulate SVV expression via the PI3-K/Akt/PKB pathway 
(Figure 2).  SVV expression mediated by VEGF also 
preserves microtubule structural integrity.  More 
interestingly, our ongoing work suggests that SVV is a key 
component of the HA-CD44 pathway mediating tumor cell 
invasion/metastasis (data not shown).  
 
8. POTENTIAL THERAPIES AND FUTURE 
CONSIDERATIONS 
 

Despite its relatively recent discovery in 1997, 
SVV has attracted considerable interest of the scientific
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Figure 2. Proposed model for survivin involvement in the process of tumor invasion/metastasis. 
 
community from several viewpoints of biomedical 
sciences. Its dual implication in cell death regulation and 
mitotic progression, its deep wiring with fundamental 
checkpoints of genomic fidelity and its transcriptional 
regulation by a plethora of signaling pathways have 
positioned SVV at the crossroad of several fields of 
investigation in biology. More interestingly, the recent 
knowledge of its diverse splice variants and multi-functions 
distinguishes SVV as an attractive target and promising 
lead, not only for cancer but also for therapy of 
cardiovascular diseases. A number of cancer therapies have 
been designed based on the following strategies (reviewed 
in references 1 and 2): (i) inhibition of SVV expression 
using SVV antisense oligonucleotides, SVV antisense 
expression vectors, RNA interference (RNAi: siRNA or 
shRNA), ribozymes, triplex DNA formation, and anti-
cancer agents (e.g. vincristine, flavopiridol…), individually 
or in combination; (ii) suppression of SVV function using 
SVV-dominant negative mutants (e.g. T34A or C85A 
mutants of SVV), pharmacological inhibitors, or SVV 
peptidomimetic, individually or in combination; (iii) 
immunotherapy using SVV cDNA, RNA, protein or 
peptides; and (iv) applications of the SVV promoter as a 
vehicle for cancer-specific expression of cytotoxic genes. 
 

Survivin is also implicated in angiogenesis and 
cardiovascular diseases. While, its level is barely detectable 
in endothelial cells (EC), SVV expression can be induced 
(10 to 20 fold) by vascular endothelial growth factor 
(VEGF) and basic fibroblast growth factor (bFGF) (60). In 
addition, excessive apoptosis in EC was shown to be 
involved in many EC-associated diseases including 
atherosclerosis (61). Since SVV is up-regulated in cancer, 
the cancer therapies targeting SVV may, not only have 
advantages over other therapeutic targets in inducing tumor 
cell death and regression of tumor vascular network 
simultaneously, but might also be useful in the treatment of 
cardiovascular diseases. More efforts appear to be required 

for the delineation of molecular mechanisms of the role of 
SVV in cancer development and progression. Nevertheless, 
there is ample data indicating that SVV and its variants 
may have a differential role in tumorigenesis and cancer 
development. Understanding the molecular mechanisms 
that underpin the complexity of SVV network pathway 
including its diverse splice variants is the key to the design 
of appropriate and precise therapies for cancer and 
cardiovascular diseases. 
 
9. CONCLUSION  
 

Even though a vast array of information on SVV 
has been revealed since its discovery, further research is 
required to elucidate unexplained or controversial aspects 
of SVV.  For example, SVV is more highly expressed in 
tumors than any of the other IAP family members but is not 
considered to be the most potent IAP.  This suggests that 
SVV may play a more elusive role in cancer progression 
than is known at present.  Whether the explanation lies in 
SVV’s cell cycle regulated expression or through its 
potential involvement in the process of tumor 
dissemination is unknown.  More interestingly, it is of no 
surprise that SVV is involved in both cancer and 
cardiovascular diseases, as they share many similarities 
(62). Impeding development of safe and effective SVV 
antagonists for clinical use is a lack of understanding of the 
molecular mechanisms by which SVV differentially affects 
apoptosis and cell division, in normal and malignant cells. 
Enhanced understanding of SVV’s regulatory functions 
may facilitate the design of appropriate and effective 
therapeutic strategies that can be applied not only to cancer 
but also in the treatment of vascular diseases.  
 
10. ACKNOWLEDGMENTS 
 

We would like to thank Prof. Alain Sarasin from 
Institut Gustave Rousset in Paris for his critical review of 



Novel mechanism for survivin mediating tumor invasion and metastasis   

1266 
 

the review. This work was supported by the Stanley S. 
Scott Cancer Center  
 
11. REFERENCES 
 
1. Li F: Survivin study: what is the next wave? J Cell 
Physiol 197, 8-29 (2003) PMID: 12942537: 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrie
ve&db=pubmed&dopt=Abstract&list_uids=12942537&qu
ery_hl=3 
 
2. Li F, Ling X.Survivin study: An update of “What is the 
next wave?” J Cell Physiol. (2006) PMID: 16557517 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrie
ve&db=pubmed&dopt=Abstract&list_uids=16557517&que
ry_hl=11&itool=pubmed_docsum 
 
3. Ambrosini G, Adida C, Altieri DC: A novel anti-
apoptosis gene, survivin, expressed in cancer and 
lymphoma.  Nat Med 3, 917-921 (1997) PMID: 9256286 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrie
ve&db=pubmed&dopt=Abstract&list_uids=9256286&que
ry_hl=5 
 
4. Uren AG, Wong L, Pakusch M, Fowler KJ, Burrows FJ, 
Vaux DL, Choo KH. Survivin and the inner centromere 
protein INCENP show similar cell-cycle localization and 
gene knockout phenotype. Curr Biol 10, 1319-28 (2000) 
PMID: 11084331 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrie
ve&db=pubmed&dopt=Abstract&list_uids=11084331&qu
ery_hl=7 
 
5. Altieri DC.  The molecular basis and potential role of 
survivin in cancer diagnosis and therapy.  Trends Mol Med 
2001; 7: 542-547. PMID: 11733216 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrie
ve&db=pubmed&dopt=Abstract&list_uids=11733216&qu
ery_hl=8&itool=pubmed_docsum 
 
6. F Li. Role of survivin and its splice variants in 
tumorigenesis: British Journal of Cancer 92, 212-216 
(2005) PMID: 15611788 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrie
ve&db=pubmed&dopt=Abstract&list_uids=15611788&qu
ery_hl=3 
 
7. Shin S, Sung BJ, Cho YS, Kim HJ, Ha NC, Hwang JI, 
Chung CW, Jung YK, Oh BH: An anti-apoptotic protein 
human survivin is a direct inhibitor of caspase –3 and –7. 
Biochemistry 40, 1117-1123 (2001) PMID: 11170436 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrie
ve&db=pubmed&dopt=Abstract&list_uids=11170436&qu
ery_hl=1 
 
8. Deveraux QL, Reed JC: IAP family proteins: suppressors 
of apoptosis.  Genes Dev; 12, 239-252 (1999) PMID: 
9990849 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrie
ve&db=pubmed&dopt=Abstract&list_uids=9990849&que
ry_hl=16 

9. Chu ZL, McKinsey TA, Liu L, Gentry JJ, Malim MH, 
Ballard DW: Suppression of tumor necrosis factor-induced 
cell death by inhibitor of apoptosis c-IAP2 is under NF-
kappaB control. Proc Natl Acad Sci U S A 94, 10057-62 
(1997) PMID: 9294162 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrie
ve&db=pubmed&dopt=Abstract&list_uids=9294162&que
ry_hl=3 
 
10. Zhu DE, Hoti N, Song Z, Jin L, Wu Z, Wu Q, Wu M: 
Suppression of tumor growth using a recombinant 
adenoviral vector carrying the dominant-negative mutant 
gene Survivin-D53A in a nude mice model. Cancer Gene 
Ther 13, 1-9 (2006) PMID: 16543917 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrie
ve&db=pubmed&dopt=Abstract&list_uids=16543917&qu
ery_hl=21&itool=pubmed_docsum 
 
11. Yoshida H, Ishiko O, Sumi T, Matsumoto Y, Ogita S. 
Survivin, bcl-2 and matrix metalloproteinase-2 enhance 
progression of clear cell- and serous-type ovarian 
carcinomas.  Int  J Oncol 19, 537-542 (2001) PMID: 
11494033 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrie
ve&db=pubmed&dopt=Abstract&list_uids=11494033&qu
ery_hl=24&itool=pubmed_docsum 
 
12. Katoh M, Wilmotte R, Belkouch MC, de Tribolet N, 
Pizzolato G & Dietrich PY. Survivin in brain tumors: an 
attractive target for immunotherapy. J Neurooncol 64, 
71−76 (2003). PMID: 12952288 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrie
ve&db=pubmed&dopt=Abstract&list_uids=12952288&qu
ery_hl=4&itool=pubmed_docsum 
 
13. Fangusaro JR, Jiang Y, Holloway MP, Caldas H, Singh 
V, Boue DR, Hayes J, Altura RA. Survivin, Survivin-2B, 
and Survivin-deItaEx3 expression in medulloblastoma: 
biologic markers of tumor morphology and clinical 
outcome. Br J Cancer 92, 359-65 (2005)PMID:15655550 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrie
ve&db=pubmed&dopt=Abstract&list_uids=15655550&qu
ery_hl=2&itool=pubmed_docsum 
 
14. Krieg A, Mahotka C, Krieg T, Grabsch H, Muller W, 
Takeno S, Suschek CV, Heydthausen M, Gabbert HE, 
Gerharz CD. Expression of different survivin variants in 
gastric carcinomas: first clues to a role of survivin-2B in 
tumor progression. Br J Cancer 86, 737-43 (2002) PMID: 
11875736 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrie
ve&db=pubmed&dopt=Abstract&list_uids=11875736&qu
ery_hl=64&itool=pubmed_docsum 
 
15. Mahotka C, Wenzel M, Springer E, Gabbert HE, 
Gerharz CD: Survivin-DEx3 and survivin-2B: two novel 
splice variants of the apoptosis inhibitor survivin with 
different anti-apoptotic properties. Cancer Res 59, 6097-
6102 (1999) PMID: 10626797 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrie
ve&db=pubmed&dopt=Abstract&list_uids=10626797&qu
ery_hl=87&itool=pubmed_docsum 



Novel mechanism for survivin mediating tumor invasion and metastasis   

1267 
 

16. Wang HW, Sharp TV, Koumi A, Koentges G, Boshoff 
C. Characterization of an anti-apoptotic glycoprotein 
encoded by Kaposi's sarcoma-associated herpesvirus which 
resembles a spliced variant of human survivin. EMBOJ 21, 
2602-15 (2002) PMID: 12032073 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrie
ve&db=pubmed&dopt=Abstract&list_uids=12032073&qu
ery_hl=6&itool=pubmed_docsum 
 
17. Caldas H, Honsey LE, Altura RA. Survivin 2alpha: a 
novel Survivin splice variant expressed in human 
malignancies. Mol Cancer 4, 11-19 (2005). PMID: 
15743529 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrie
ve&db=pubmed&dopt=Abstract&list_uids=15743529&qu
ery_hl=1&itool=pubmed_docsum 
 
18. Mahotka C, Liebmann J, Wenzel M, Suschek CV, 
Schmitt M, Gabbert HE, Gerharz CD. Differential 
subcellular localization of functionally divergent survivin 
splice variants. Cell death differ 12, 1334-42. (2002). 
PMID: 12478470 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrie
ve&db=pubmed&dopt=Abstract&list_uids=12478470&qu
ery_hl=7&itool=pubmed_docsum 
 
19. Yamamoto T, Tanigawa N. The role of survivin as a 
new target in diagnosis and treatment in human cancer.  
Clin Elect Microscopy Soc Japan 34, 207-212 (2001)  
PMID: 11956993 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrie
ve&db=pubmed&dopt=Abstract&list_uids=11956993&qu
ery_hl=24&itool=pubmed_docsum 
 
20. Grabowski P, Kuhnel T, Muhr-Wilkenshoff F, Heine B, 
Stein H, Hopfner M, Germer CT, Scherubl H. Prognostic 
value of nuclear survivin expression in oesophageal 
squamous cell carcinoma. Br J Cancer  88, 115-9 (2003) 
PMID: 12556969 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrie
ve&db=pubmed&dopt=Abstract&list_uids=12556969&qu
ery_hl=37&itool=pubmed_docsum 
 
21. Li F, Yang J, Ramnath N, Javle MM, Tan D Nuclear or 
cytoplasmic expression of survivin: what is the 
significance? Int J Cancer, 114:509-12. (2005). PMID: 
15578717 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrie
ve&db=pubmed&dopt=Abstract&list_uids=15578717&qu
ery_hl=12&itool=pubmed_docsum 
 
22. Fortugno P, Wall NR, Giodini A, O’Connor DS, Plescia 
J, Adgett KM, Tognin S, Marchisio PC, Altieri DC. 
Survivin exists in immunochemically distinct subcellular 
pools and is involved in spindle microtubule function. J 
Cell Sci 115, 575-585 (2002) PMID: 11861764 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrie
ve&db=pubmed&dopt=Abstract&list_uids=11861764&que
ry_hl=77&itool=pubmed_docsum 
 
23. Li F, Ambrosini G, Chu EY, Plescia J, Tognin S, 
Marchisio PC, Altieri DC. Control of apoptosis and mitotic 

spindle checkpoint by survivin. Nature 396, 580-584 
(1998) PMID: 9859993 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search
&db=PubMed&doptcmdl=citation&term=NATURE%5Bta
%5D+AND+396%5Bvi%5D+AND+580%5Bpg%5D 
 
24. Wheatley SP, Carvalho A, Vagnarelli P, Earnshaw WC. 
INCENP is required for proper targeting of Survivin to the 
centromeres and the anaphase spindle during mitosis. Curr 
Biol 11: 886-890. (2001). PMID: 11516652 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search
&db=PubMed&doptcmdl=citation&term=CURR+BIOL%
5Bta%5D+AND+11%5Bvi%5D+AND+886%5Bpg%5D 
 
25. Skoufias DA, Mollinari C, Lacroix FB, Margolis RL. 
Human survivin is a kinetochore-associated passenger 
protein. J Cell Biol 151, 1575-1582 (2000) PMID: 
11134084 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search
&db=PubMed&doptcmdl=citation&term=J+CELL+BIOL
%5Bta%5D+AND+151%5Bvi%5D+AND+1575%5Bpg%5
D 
 
26. Adida C, Crotty PL, McGrath J, Berrebi D, Diebold J, 
Altieri DC. Developmentally regulated expression of the 
novel cancer anti-apoptosis gene survivin in human and 
mouse differentiation. Am J Pathol. 152, 43-9 (1998) 
PMID: 9422522 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrie
ve&db=pubmed&dopt=Abstract&list_uids=9422522&que
ry_hl=42&itool=pubmed_docsum 
 
27. Allen SM, Florell SR, Hanks AN, Alexander A, 
Diedrich MJ, Altieri DC, Grossman D.  Survivin 
expression in mouse skin prevents papilloma regression 
and promotes chemical-induced tumor progression.  
Cancer Res  63, 567-572 (2003) PMID: 12566297 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrie
ve&db=pubmed&dopt=Abstract&list_uids=12566297&qu
ery_hl=45&itool=pubmed_docsum 
 
28. Zhang T, Otevrel T, Gao Z, Ehrlich SM, Fields JZ, 
Boman BM. Evidence that APC regulates survivin 
expression: a possible mechanism contributing to the stem 
cell origin of colon cancer. Cancer Res 61, 8664–7 (2001) 
PMID: 11751382 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrie
ve&db=pubmed&dopt=Abstract&list_uids=11751382&qu
ery_hl=8&itool=pubmed_docsum 
 
29. Hoffman WH, Blade S, Zilfon JT, Chan J, Murphy M. 
Transcriptional repression of the anti-apoptotic survivin 
gene by wild-type p53.  J Biol  Chem 277, 3247-3257 
(2002) PMID: 11714700 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrie
ve&db=pubmed&dopt=Abstract&list_uids=11714700&qu
ery_hl=48&itool=pubmed_docsum 
 
30. Mirza A, McGuirk M, Hockenberry TN, Wu Q, Ashar 
H, Black S, Wen SF, Wang L, Kirschmeier P, Bishop WR, 
Nielsen LL, Pickett CB, Liu S. Human survivin is 
negatively regulated by wild-type p53 and participates in 



Novel mechanism for survivin mediating tumor invasion and metastasis   

1268 
 

p53-dependent apoptotic pathway.  Oncogene 21, 2613-
2622 (2002) PMID: 11965534 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrie
ve&db=pubmed&dopt=Abstract&list_uids=11965534&qu
ery_hl=51&itool=pubmed_docsum 
 
31. Jiang Y, Saavedra HI, Holloway MP, Leone G, Altura 
RA. Aberrant regulation of survivin by the RB/E2F family 
of proteins. J Biol Chem 279, 40511–20 (2004) PMID: 
15271987 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrie
ve&db=pubmed&dopt=Abstract&list_uids=15271987&qu
ery_hl=5&itool=pubmed_docsum 
 
32. Gritsko T, Williams A, Turkson J, Kaneko S, Bowman 
T, Huang M, Nam S, Eweis I, Diaz N, Sullivan D, Yoder S, 
Enkemann S, Eschrich S, Lee JH, Beam CA, Cheng J, 
Minton S, Muro-Cacho CA, Jove R. Persistent activation of 
stat3 signaling induces survivin gene expression and 
confers resistance to apoptosis in human breast cancer 
cells. Clin Cancer Res 12, 11-9 (2006) PMID: 16397018 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrie
ve&db=pubmed&dopt=Abstract&list_uids=16397018&qu
ery_hl=6&itool=pubmed_docsum 
 
33. Xia W, Bisi J, Strum J, Liu L, Carrick K, Graham KM, 
Treece AL, Hardwicke MA, Dush M, Liao Q, Westlund 
RE, Zhao S, Bacus S, Spector NL. Regulation of survivin 
by ErbB2 signaling: therapeutic implications for ErbB2-
overexpressing breast cancers.  Cancer Res. 66, 1640-7 
(2006) PMID: 16452223 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrie
ve&db=pubmed&dopt=Abstract&list_uids=16452223&qu
ery_hl=6&itool=pubmed_docsum 
 
34. Ambrosini G, Adida C, Altieri DC. A novel anti-
apoptosis gene, survivin, expressed in cancer and 
lymphoma.  Nat Med 3, 917-921 (1997) PMID: 9256286 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrie
ve&db=pubmed&dopt=Abstract&list_uids=9256286&que
ry_hl=2&itool=pubmed_docsum 
 
35. Huang P, Oliff A. Signaling pathways in apoptosis as 
potential targets for cancer therapy.  Trends Cell Biol 11, 
343-348 (2001) PMID: 11489640 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrie
ve&db=pubmed&dopt=Abstract&list_uids=11489640&qu
ery_hl=57&itool=pubmed_docsum 
 
36. Reed JC. Survivin saga goes in vivo. J Clin Invest 108, 
965-969 (2001) PMID: 11581297 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrie
ve&db=pubmed&dopt=Abstract&list_uids=11581297&qu
ery_hl=19&itool=pubmed_docsum 
 
37. Suzuki A, Ito T, Kawano H, Hayashida M, Hayasaki Y, 
Tsutomi Y, Akahane K, Nakano T, Miura M, Shiraki K. 
Survivin initiates procaspase 3/p21 complex formation as a 
result of interaction with Cdk4 to resist Fas-mediated cell 
death. Oncogene 19, 1346-53 (2000) PMID: 10713676 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrie
ve&db=pubmed&dopt=Abstract&list_uids=10713676&qu
ery_hl=67&itool=pubmed_docsum 
 
38. Fornaro M, Plescia J, Chheang S, Tallini G, Zhu YM, 
King M, Altieri DC, Languino LR. Fibronectin protects 
prostate cancer cells from tumor necrosis factor-alpha-
induced apoptosis via the AKT/survivin pathway. J Biol 
Chem  278:50402-11 (2003) PMID:14523021 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrie
ve&db=pubmed&dopt=Abstract&list_uids=14523021&qu
ery_hl=44&itool=pubmed_docsum 
 
39. Wall NR, O'Connor DS, Plescia J, Pommier Y, Altieri 
DC. Suppression of survivin phosphorylation on Thr34 by 
flavopiridol enhances tumor cell apoptosis. Cancer Res 
63:230-5 (2003) PMID: 12517802 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrie
ve&db=pubmed&dopt=Abstract&list_uids=12517802&qu
ery_hl=50&itool=pubmed_docsum 
 
40. O’Connor DS, Grossman D, Plescia J, Li F, Zhang H, 
Villa A, Tognin S, Marchisio PC, Altieri DC. Regulation of 
apoptosis at cell division by p34 cdc2 phosphorylation of 
survivin. PNAS  97, 13103-13107 (2000) PMID: 11069302 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrie
ve&db=pubmed&dopt=Abstract&list_uids=11069302&qu
ery_hl=69&itool=pubmed_docsum 
 
41. Li F, Altieri DC. Transcriptional analysis of human 
survivin gene expression. Biochem J 344, 305-311 (1999) 
PMID: 10567210 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search
&db=PubMed&doptcmdl=citation&term=BIOCHEM+J%
5Bta%5D+AND+344%5Bvi%5D+AND+305%5Bpg%5D 
 
42. Zhao J, Tenev T, Martins LM, Downward J, Lemoine 
NR. The ubiquitin-proteasome pathway regulates survivin 
degradation in a cell cycle-dependent manner. J Cell Sci 
113, 4363-4371 (2000) PMID: 11069780 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrie
ve&db=pubmed&dopt=Abstract&list_uids=11069780&qu
ery_hl=1&itool=pubmed_docsum 
 
43. Zhou M, Gu L, Li F, Zhu Y, Woods WG, Findley HW. 
DNA damage induces a novel p53-survivin signaling 
pathway regulating cell cycle and apoptosis in acute 
lymphoblastic leukemia cells. J Pharmacol Exp Ther 303, 
124-131 (2002) PMID: 12235242 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search
&db=PubMed&doptcmdl=citation&term=J+PHARMACO
L+EXP+THER%5Bta%5D+AND+303%5Bvi%5D+AND+
124%5Bpg%5D 
 
44. Lens SM, Wolthuis RM, Klompmaker R, Kauw J, 
Agami R, Brummelkamp T, Kops G, Medema RH. 
Survivin is required for a sustained spindle checkpoint 
arrest in response to lack of tension. EMBO J 22, 2934-
2947 (2003) PMID: 12805209 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrie
ve&db=pubmed&dopt=Abstract&list_uids=12805209&qu
ery_hl=74&itool=pubmed_docsum 



Novel mechanism for survivin mediating tumor invasion and metastasis   

1269 
 

45. Altieri DC. Validating survivin as a cancer therapeutic 
target. Nat Rev Cancer 3, 46-54 (2003)  PMID: 12509766 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrie
ve&db=pubmed&dopt=Abstract&list_uids=12509766&qu
ery_hl=17&itool=pubmed_docsum 
 
46. Kawasaki H, Altieri DC, Lu CD, Toyoda M, Tenjo T, 
Tanigawa N. Inhibition of apoptosis by survivin predicts 
shorter survival rates in colorectal cancer. Cancer Res 58, 
5071-4 (1998)  PMID: 9823313 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrie
ve&db=pubmed&dopt=Abstract&list_uids=9823313&que
ry_hl=80&itool=pubmed_docsum 
 
47. Islam A, Kageyama H, Takada N, Kawamoto T, 
Takayasu H, Isogai E, Ohira M, Hashizume K, Kobayashi 
H, Kaneko Y, Nakagawara A. A High expression of 
survivin, mapped to 17q25, is significantly associated with 
poor prognostic factors and promotes cell survival in 
human neuroblastoma. Oncogene 19, 617-623 (2000) 
PMID: 10698506 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrie
ve&db=pubmed&dopt=Abstract&list_uids=10698506&qu
ery_hl=82&itool=pubmed_DocSum 
 
48. Span PN, Tjan-Heijnen VC, Manders P, van Tienoven 
D, Lehr J, Sweep FC. High survivin predicts a poor 
response to endocrine therapy, but a good response to 
chemotherapy in advanced breast cancer. Breast Cancer 
Res Treat. 2006 Mar 16;  
PMID: 16541327 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrie
ve&db=pubmed&dopt=Abstract&list_uids=16541327&qu
ery_hl=30&itool=pubmed_docsum 
 
49. Grossman D, McNiff JM, Li F, Altieri DC. Expression 
and targeting of the apoptosis inhibitor, survivin, in human 
melanoma.  J Invest Dermatol 113, 1076-1081 (1999) 
PMID: 10594755 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrie
ve&db=pubmed&dopt=Abstract&list_uids=10594755&qu
ery_hl=13&itool=pubmed_docsum 
 
50. Hattori M, Sakamoto H, Satoh K, Yamamoto T. DNA 
demethylase is expressed in ovarian cancers and the 
expression correlates with demethylation of CpG sites in 
the promoter region of c-erbB-2 and survivin genes. 
Cancer Lett 169, 155-164 (2001) PMID: 11431104 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrie
ve&db=pubmed&dopt=Abstract&list_uids=11431104&qu
ery_hl=33&itool=pubmed_docsum 
 
51. Deng H, Wu RL, Zhou HY, Huang X, Chen Y, Liu LJ. 
Significance of Survivin and PTEN expression in full 
lymph node-examined gastric cancer. World J 
Gastroenterol 12, 1013-7 (2006) PMID: 16534839 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrie
ve&db=pubmed&dopt=Abstract&list_uids=16534839&qu
ery_hl=34&itool=pubmed_docsum 
 
 52. Kato J, Kuwabara Y, Mitani M et al. Expression of 
Survivin in esophageal cancer: correlation with the 

prognosis and response to chemotherapy. Int J Cancer 95, 
92–5 (2001) PMID: 11241318 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrie
ve&db=pubmed&dopt=Abstract&list_uids=11241318&qu
ery_hl=39&itool=pubmed_docsum 
 
53. Ueda M, Yamashita Y, Takehara M, Terai Y, Kumagai 
K, Ueki K, Kanda K, Yamaguchi H, Akise D et al.  
Survivin gene expression in endometriosis. J Clin 
Endocrinol Met 2002; 87: 3452-3459. PMID: 12107265 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrie
ve&db=pubmed&dopt=Abstract&list_uids=12107265&qu
ery_hl=93&itool=pubmed_docsum 
 
54. Lin YH, Yang-Yen HF. The Osteopontin-CD44 
survival signal involves activation of the 
phosphatidylinpsitil 3-kinase/Akt signaling pathway. J Biol 
Chem 276, 46024-46030 (2001) PMID: 11590166 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrie
ve&db=pubmed&dopt=Abstract&list_uids=11590166&qu
ery_hl=47&itool=pubmed_docsum 
 
55. Monaghan M, Mulligan KA, Gillespie H, Trimble A, 
Winter P, Johnston PG, McCormick D. Epidermal growth 
factor up-regulates CD44-dependent astrocytoma invasion 
in vitro. J Pathol 192, 519-25 (2000) PMID: 11113870 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrie
ve&db=pubmed&dopt=Abstract&list_uids=11113870&qu
ery_hl=98&itool=pubmed_docsum 
 
56. Ghatak S, Misra S, Toole BP. Hyaluronan 
oligosaccharides inhibit anchorage-independent growth of 
tumor cells by suppressing the phosphoinositide 3-
kinase/Akt cell survival pathway. J Biol Chem 277, 38013-
38020 (2002)  PMID: 12145277 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrie
ve&db=pubmed&dopt=Abstract&list_uids=12145277&qu
ery_hl=100&itool=pubmed_docsum 
 
57. Sommer KW, Schamberger CJ, Schmidt GE, Sasgary 
S, Cerni C. Inhibitor of apoptosis protein (IAP) survivin is 
upregulated by oncogenic c-H-Ras. Oncogene 22, 4266-80. 
(2003) PMID: 12833149 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrie
ve&db=pubmed&dopt=Abstract&list_uids=12833149&qu
ery_hl=1&itool=pubmed_docsum 
 
58. Papapetropoulos A, Fulton D, Mahboubi K, Kalb RG, 
O’Connor DS, Li F, Altieri DC, Sessa WC. Angiopoietin-1 
inhibits endothelial cell apoptosis via the Akt/survivin 
pathway. J Biol Chem 275, 9102-9105 (2000)  PMID: 
10734041 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrie
ve&db=pubmed&dopt=Abstract&list_uids=10734041&qu
ery_hl=102&itool=pubmed_docsum 
 
59. Tran J, Master Z, Yu JL, Rak J, Dumont DJ, Kerbel RS. 
The role for survivin in chemoresistance of endothelial 
cells mediated by VEGF. Proc Natl Acad Sci U S A 99, 
4349-4354 (2002) PMID: 11917134 



Novel mechanism for survivin mediating tumor invasion and metastasis   

1270 
 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrie
ve&db=pubmed&dopt=Abstract&list_uids=11917134&qu
ery_hl=105&itool=pubmed_docsum 
 
60. Tran J, Rak J, Sheehan C, Saibil SD, LaCasse E, 
Korneluk RG, Kerbel RS.Marked induction of the IAP 
family anti-apoptotic proteins survivin and XIAP by VEGF 
in vascular endothelial cells. Biochem Biophys Res 
Commun  264, 781-8 (1999) PMID: 10544009 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrie
ve&db=pubmed&dopt=Abstract&list_uids=10544009&qu
ery_hl=11&itool=pubmed_docsum 
 
61. Choy JC, Granville DJ, Hunt DW, McManus BM. 
Endothelial cell apoptosis: biochemical characteristics and 
potential implications for atherosclerosis. J Mol Cell 
Cardiol 33, 1673-90 (2001) PMID: 11549346 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrie
ve&db=pubmed&dopt=Abstract&list_uids=11549346&qu
ery_hl=18&itool=pubmed_docsum 
 
62. Ross JS, Stagliano NE, Donovan MJ, Breitbart RE, 
Ginsburg GS. 2001. Atherosclerosis and cancer: Common 
molecular pathways of disease development and 
progression. Ann NY Acad Sci 947, 271-292; discussion 
292-273 PMID: 11795276 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrie
ve&db=pubmed&dopt=Abstract&list_uids=11795276&qu
ery_hl=21&itool=pubmed_docsum 
 
Key Words: SVV, Apoptosis, Cell cycle, Carcinogenesis, 
Angiogenesis, Tumor Invasion, Therapeutic strategies, 
Review 
 
Send correspondence to: Dr. Allal Ouhtit, Department of 
Pathology, Stanley S. Scott Cancer Center, Louisiana State 
University Health Science Center, New Orleans, LA 70112, 
USA, Tel: 504-568-2896, Fax: 504-568-2932, E-mail: 
aouhti@lsuhsc.edu 
 
http://www.bioscience.org/current/vol12.htm 
 


