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ABSTRACT 

Siva-1, as a p53-inducible gene, has been shown to 
induce extensive apoptosis in a number of different cell 
lines. Recent evidence suggests that Siva-1 functions 
as a part of the auto-regulatory feedback loop that re-
strains p53 through facilitating Mdm2-mediated p53 
degradation. Also, Siva-1 plays an important role in 
suppressing tumor metastasis. Here we review the 
current understanding of Siva-1-mediated apoptotic 
signaling pathway. We also add comments on the 
p53-Siva-1 feedback loop, the novel function of Siva-1 
in suppressing tumor metastasis, and their potential 
implications. 
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INTRODUCTION 

Apoptosis is a cell suicide program that plays a central role in 
the normal development and maintenance of homeostasis. 
Dysregulation of apoptosis has been implicated in various 
human diseases, including cancer, auto-immune diseases, 
and neurodegenerative disorders (Thompson, 1995; Vaux 
and Korsmeyer, 1999). Apoptosis mainly occurs through two 
pathways: the death receptor (extrinsic) pathway and the 
mitochondrial (intrinsic) pathway (Elmore, 2007). In the death 
receptor pathway, upon engagement with corresponding 
ligands outside a cell, death receptors of the tumor necrosis 
factor (TNF) receptor superfamily are activated, promoting a 
cascade of events that eventually lead to the cell demise. The 
mitochondrial pathway, on the other hand, is evoked by the 
“intracellular” cues such as DNA damage, oncogene activa-

tion, and nutrient deprivation. These intrinsic apoptotic sig-
nals converge on the mitochondria, causing mitochondrial 
release of death inducing factors that carry out the cell death 
cascade. 

Siva-1 (named after the Hindu God of Destruction Shiva) 
was originally cloned and identified as a protein that associ-
ates with the cytoplasmic tail of CD27, a member of the TNF 
receptor superfamily (Fig. 1) (Prasad et al., 1997). As indi-
cated by its name, Siva-1 has the ability to induce extensive 
apoptosis through both extrinsic and intrinsic apoptotic 
pathways in a number of different cell lines. Siva-1 is a rela-
tive small protein with a unique amphipathic helical region 
(SAH) at its N terminus, a death domain homology region 
(DDHR) in the central part, and a C-terminal cysteine-rich 
B-box- or Zinc finger-like structure (Prasad et al., 1997). An 
alternative splicing variant of Siva-1, Siva-2, which lacks most 
of the DDHR, is less apoptotic (Prasad et al., 1997; Yoon et 
al., 1999; Xue et al., 2002), which supports an idea that 
DDHR is essential for Siva-1’s pro-apoptotic function. How-
ever, a recent study shows that overexpression of Siva-2 
similarly induces apoptosis in T lymphocytes (Py et al., 2004). 
These suggest the functional complexity of Siva-1 in apop-
tosis regulation. In addition to binding to CD27, Siva-1 also 
interacts with other cell surface membrane receptors such as 
GITR (glucocorticoid-induced tumor necrosis factor receptor) 
and CD4 and mediates their apoptotic signaling upon respective 
ligand engagement (Py et al., 2007; Spinicelli et al., 2002). 
Siva-1 is also shown to associate with lysophosphatidic acid 
receptor-2 (LPA2 receptor) (Lin et al., 2007; E et al., 2009). This 
association promotes ubiquitination and subsequent degradation 
of Siva-1 upon LPA treatment. In addition to ubiquitination, 
Siva-1 is subjected to the phosphorylation by c-Abl-related tyro-
sine kinase ARG, thereafter promoting ARG-mediated apop-
tosis during oxidative stress (Cao et al., 2001). Moreover,  
tyrosine kinase 2 is reported to phosphorylate Siva-1 and  
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Figure 1.  The schematic representation of Siva-1 and Siva-2. 
 

enhance its apoptotic properties (Shimoda et al., 2010). 
Several studies have shown that Siva-1 is overexpressed 

in various pathological situations, such as acute ischemic 
injury and coxsachievirus infection (Padanilam et al., 1998; 
Henke et al., 2000, 2001). Moreover, Siva-1 gene expression 
is also upregulated in response to DNA damage signals and 
hypoxia conditions (Daoud et al., 2003; Walmsley et al., 
2011). Ectopic expression of a metastasis suppressor 
Tip30/CC3 activates Siva-1 transcription in small cell lung 
carcinoma (Xiao et al., 2000). The transcription factors, in-
cluding p53 and E2F1, are reported to directly bind to the 
promoter of Siva-1 and transcriptionally activate Siva-1 ex-
pression (Fortin et al., 2004). As a result, Siva-1 enhances 
DNA damage-induced apoptosis (Chu et al., 2005; Barkinge 
et al., 2009). Also, Siva-1 is essential for p53-dependent 
apoptosis in cerebella granule neurons (Jacobs et al., 2007). 
In addition to inducing apoptosis of T cell lines through a 
caspase-dependent mitochondrial apoptotic pathway (Py et 
al., 2004), Siva-1 may also be involved in inhibition of NFκB 
activation during T cell receptor-mediated activation-induced 
cell death (Gudi et al., 2006; Resch et al., 2009). Siva-1 is 
shown to interact with Bcl-2/Bcl-xL and abrogate their 
anti-apoptotic activity, therefore sensitizing cells to UV radia-
tion-induced apoptosis (Xue et al., 2002). Furthermore, the 
SAH region of Siva-1 alone appears to be both necessary 
and sufficient to interact with Bcl-2/Bcl-xL and enhance UV- 
or cisplatin-induced apoptosis (Xue et al., 2002; Chu et al., 
2005). 

AN AUTO-REGULATORY FEEDBACK LOOP OF 
p53-Siva-1 

As above-mentioned, Siva-1 is induced by p53. The tumor 
suppressor p53 maintains the normal cell growth and ge-
nomic stability by either imposing a cell cycle arrest or induc-
ing apoptosis in response to DNA damage or other types of 
cell stress (Vogelstein et al., 2000; Vousden and Lu, 2002). In 
unstressed cells, the levels of p53 are strictly restrained by its 
major E3 ligase Mdm2 (Haupt et al., 1997; Kubbutat et al., 
1997). Following DNA damage, ATM (ataxia-telangiectasia 
mutated)-mediated phosphorylation leads to destabilization of 
Mdm2, therefore triggering p53 stabilization and activation 
(Maya et al., 2001). Once activated, p53 induces expression 
of a large number of genes including Siva-1 and Mdm2 that 
regulates apoptosis and cell cycle progression (Beckerman 
and Prives, 2010). 

Intriguingly, our recent data reveals an important role of 
Siva-1 as an adaptor for Mdm2 to inhibit p53 (Du et al., 
2009). In unstressed cells, Siva-1 promotes the p53–Mdm2 
interaction and enhances Mdm2-mediated p53 ubiquitina-
tion and degradation without affecting the stability of Mdm2. 
Although Siva-1 is well documented for its pro-apoptotic 
function, we have shown the compelling evidences that 
Siva-1 exerts a potent inhibitory effect on p53 activity. When 
expressed ectopically, Siva-1 strongly inhibits p53-mediated 
gene expression, apoptosis, and cell growth inhibition, 
whereas downregulation of Siva-1 shows the opposite effect. 
In xenograft mouse tumor models, Siva-1 knockdown leads 
to a dramatic decrease in tumor formation correlating with 
p53 upregulation in those tumors (Du et al., 2009). These 
suggest, as a p53-inducible gene, Siva-1 may be part of the 
auto-regulatory feedback loop that inhibits p53 activity after 
a non-lethal stress response. Interestingly, RAP80 (receptor 
associated protein 80), another p53-responsive gene, is 
also shown to negatively regulate p53 activity via promoting 
Mdm2-mediated p53 degradation, reinforcing the impor-
tance of the auto-inhibitory regulation of p53 (Yan et al., 
2009). The discrepancy between our recent findings and 
previous reports may reflect the intrinsic ability of Siva-1 to 
regulate multiple signaling pathways and indicate the com-
plexity of Siva-1 function. Therefore, how Siva-1 functions in 
regulating apoptosis, particularly when cells are exposed to 
the different levels of cellular stress, e.g. non-lethal or lethal 
stress signals, deserves further careful investigation. 
Nonetheless, taken all the evidence together, we present a 
model for the role of Siva-1 in regulating p53 stability shown 
in Fig. 2. It is not unconceivable that in response to 
non-lethal cellular stress, Siva-1 is upregulated by p53, 
which in turn functions together with Mdm2 and inhibits p53 
activity, establishing a fail-safe mechanism to keep cells 
alive. However, the lethal stress may trigger the signal 
strong enough to induce apoptosis. In this case, the 
p53-Siva-1-Mdm2 complex is disrupted and Siva-1 may 
lose its ability to inhibit p53 via Mdm2. 

A NEW ROLE OF Siva-1 IN TUMOR METASTASIS 

Tumor metastasis is depicted as a process in which cancer 
cells spread from a primary tumor of origin to colonize distant 
organs (Chambers et al., 2002). Epithelial-mesenchymal 
transition (EMT), a process by which epithelial cells undergo 
a phenotypic conversion that gives rise to mesenchymal cells, 
is now believed to play a pivotal role in regulating tumor me-
tastasis (Polyak and Weinberg, 2009; Thiery et al., 2009). We 
have recently revealed an important function of Siva-1 in the 
regulation of EMT and metastasis of tumor cells (Fig. 3) (Li 
et al., 2011). Upregulation of Siva-1 suppresses, while 
knockdown of Siva-1 enhances, both EMT and tumor me-
tastasis. Siva-1 is shown to interact with stathmin, a micro-
tubule-destabilizing phosphoprotein. Stathmin depoly- 
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Figure 2.  A model for the role of Siva-1 in regulating p53 stability. In unstressed cells, Siva-1 promotes the p53–Mdm2 in-
teraction and enhances Mdm2-mediated p53 ubiquitination and degradation. However, genomic stress signals promote the disrup-
tion of Mdm2-Siva-1-p53 ternary complex, thus leading to the stabilization of p53. 

 

 
 

Figure 3.  A model for the role of Siva-1 in suppressing EMT and tumor metastasis. Via forming a ternary complex with 
stathmin and CaMKII, Siva-1 inhibits the microtubules-destabilizing activity of stathmin, directly through binding, as well as indirectly 
through promoting phosphorylation of stathmin by CaMKII. This leads to the stabilization of microtubule and the suppression of EMT 
and tumor metastasis. EMT, epithelial mesenchymal transition. 

 
merizes microtubules by either sequestering free α/β-tubulin 
heterodimers or directly inducing microtubule catastrophe. It 
has been shown that phosphorylation of its N-terminal region, 
particularly at Ser16 and Ser63, strongly decreases the ability 
of stathmin to bind to and sequester soluble tubulin and its 
ability to act as a catastrophe factor by directly binding to the 
microtubules (Manna et al., 2009). Therefore, the activity of 
stathmin appears to be regulated primarily at two levels: its 
association with the tubulin dimmers and its phosphorylation 
status. Siva-1 is shown to inhibit the microtubules-destabil-
izing activity of stathmin, directly through binding, as well as 
indirectly through promoting phosphorylation of stathmin at 
Ser16 by Ca2+/Calmodulin-dependent protein kinase II 
(CaMKII). Via inhibition of stathmin, Siva-1 stabilizes micro-
tubule, and suppresses focal adhesion assembly, cell migra-

tion, and EMT (Li et al., 2011). These observations suggest 
that Siva-1 is a novel suppressor in regulating EMT and tu-
mor metastasis. In accordance with this, low levels of Siva-1 
are linked to the progression and metastasis of human breast 
tumors (Li et al., 2011). Since current anti-cancer drug dis-
covery and development has been highly relying on the iden-
tification of key players in controlling tumor metastasis and 
understanding of their involved pathways, these findings also 
raise an intriguing possibility that Siva-1 may be a promising 
therapeutic target for novel anti-tumor and anti-metastatic 
therapies. 

Stathmin has been shown to be highly expressed in a va-
riety of human cancers, including acute leukemia, lymphoma, 
Wilm’s tumor, and non-small cell lung cancers (Rana et al., 
2008). Although no noticeable difference in stathmin level 
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was found between metastatic and non-cancerous breast 
tumor, metastatic breast tumors, however, indeed express 
much lower levels of both Siva-1 and pS16-stathmin than 
normal or low metastatic breast tumors. This suggests that 
Siva-1 and pS16-stathmin may be biomarkers and therapeu-
tic targets for breast cancer (Li et al., 2011). Therefore it 
would be particularly interesting to know whether Siva-1 and 
pS16-stathmin are also downregulated in the other human 
cancers, by knowing that, Siva-1 and pS16-stathmin may 
represent a more general phenomenon in cancers. 

CONCLUDING REMARKS 

Siva-1, since identified as a CD27-binding protein, has been 
almost exclusively studied in the context of apoptosis regula-
tion. When expressed ectopically, Siva-1 is capable of in-
ducing extensive apoptosis through multiple mechanisms 
dependent on the cellular context. Intriguingly, as a p53-in-
ducible gene, Siva-1 also functions as a part of the auto- 
regulatory feedback loop that suppresses p53 by promoting 
Mdm2-mediated p53 degradation. A recent study also dem-
onstrates a previously unexpected role of Siva-1 in negatively 
regulating tumor metastasis through inhibition of stathmin 
activity. These findings indicate that the function of Siva-1 is 
much more complex than previously thought, which would 
prompt a more in-depth investigation of Siva-1 function and 
its involved signaling pathways. Given the crucial role of 
Siva-1 in the regulation of apoptosis and tumor metastasis, 
Siva-1 may represent as a potential valuable target for 
therapeutic intervention of cancer. 

FUTURE PERSPECTIVES 

The human Siva gene is located to chromosome 14 (q32-33, 
negative strand) (Xue et al., 2002). Interestingly, this region is 
often targeted for chromosomal translocation t (14:18) 
(q32:q21) seen in different types of human lymphoid malig-
nancies (Korsmeyer, 1999). The potential role of Siva-1 in 
these cancers remains to be determined. As an important 
regulator of apoptosis and metastasis, Siva-1 has been found 
to be downregulated in colorectal cancer and breast cancers 
(Okuno et al., 2001; Li et al., 2011), indicating a tumor sup-
pressor function of Siva-1. However, whether the levels of 
Siva-1 are also lower in other types of cancer remains un-
answered. 

The Siva gene generates the predominant full-length 
Siva-1 and the minor alternative splice form Siva-2. Siva-2 
lacks the exon 2 coding for SAH region of Siva-1, because of 
which Siva-2 appears to be less apoptotic. It would be inter-
esting to know whether Siva-2 behaves as a dominant nega-
tive inhibitor of Siva-1. More importantly, whether the levels of 
Siva-2 are dysregulated in human cancers and whether the 
ratio of Siva-1/Siva-2 acts as one of the determinants for 
tumor development requires further examination. 

As mentioned earlier, Siva-1 was initially identified as a 
CD27-interacting protein and was considered to be a cytoso-
lic protein. Subsequent studies indicate that the cytosolic 
localization of Siva-1 seems to be essential for its function in 
regulating apoptosis and tumor metastasis (Spinicelli et al., 
2002; Xue et al., 2002; Jacobs et al., 2007). However, our 
findings, as well as previous reports, support an idea that 
Siva-1 localizes mainly in nucleus (Py et al., 2004; Du et al., 
2009; Li et al., 2011). Therefore, further exploration of nuclear 
Siva-1 function would be of great importance to advance our 
understanding of basic biology of Siva-1. 

Although Siva-1 has been clearly implicated in the regula-
tion of tumor metastasis, the underlying molecular mecha-
nism still needs to be further investigated. Increasing evi-
dence suggests that wide-type p53 opposes EMT and cell 
migration to prevent metastasis. However, mutant p53 ap-
pears to acquire additional functions to drive cell migration, 
invasion, and metastasis (Muller et al., 2011). Therefore the 
p53-Siva-1 feedback loop makes it particularly interesting to 
investigate whether Siva-1 mediates the inhibitory effect of 
p53 on tumor metastasis and whether the status of p53 af-
fects the function of Siva-1 in regulating tumor metastasis. 
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