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Abstract: Siva-1 is a typical apoptotic protein commonly activated by the p53 tumor suppressor 

protein and should therefore participate in a barrier against the development of cancer. It has 

proapoptotic activities in various cell systems. Recent findings suggest that Siva-1 possesses 

several other apoptosis-independent functions and interacts with many other proteins not directly 

involved in apoptosis. It harbors the ARF E3 ubiquitin protein ligase activity, a property that 

is clearly prooncogenic and leads to p53 degradation through the upregulation of the Hdm2 

protein level. Surprisingly, recent evidence shows that Siva-1 absence prevents the development 

of non-small cell lung carcinomas in a mouse model and reveals the oncogenic roles in the same 

types of human cells, indicating its unique function as an oncogene in the cell context-dependent 

manner. Herein, we review reported activities of Siva-1 in various experimental settings and 

comment on its ambiguous function in tumor biology.
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Introduction
Siva-1 was originally identified as a CD27-interacting protein.1 Siva-1 was shown to 

associate with the cytoplasmic tail of CD27 and was cloned by the use of the yeast 

two-hybrid system through interaction with the CD27 cytoplasmic tail. This region is 

highly conserved between human and mouse2 and was used as a bait to screen the HeLa 

cell cDNA library. On further screening of HeLa cell and human thymocyte cDNA 

libraries, full-length Siva-1 cDNA containing an open reading frame with a predicted 

translation product comprising 189 amino acids, was identified. It has an amphipathic 

helical region (SAH) at the N-terminus, a death domain homology region (DDHR) 

in the central part, and box-B-like ring finger and two zinc finger-like cysteine-rich 

domains at the C-terminus.1,3 Siva-2 is an alternative splicing form, lacking exon 

2 (out of total four exons) that contains the DDHR. Siva-2 also binds to the CD27 

receptor protein but its apoptotic activity is greatly diminished,4 as observed in mouse 

cells. Intriguingly, it is able to induce apoptosis similarly as Siva-1 in T-lymphocytes.5 

Siva-1 is also capable of entering the nucleus, for which the first 33 N-terminal amino 

acids are required (probably amino acids 1–18 are the most important).6 Siva-1 is typi-

cally transcribed through the p53 tumor suppressor, similarly as other apoptotic genes. 

This occurs typically during the neuronal cell death in neurodegeneration or injury.7 

Siva-1 gene contains two E2F1 elements in the proximal promoter, which participate 

in inducing Siva-1 expression,8,9 whereas two p53 consensus sites are located in the 

first intron and their deletion abrogates the activity of the promoter. They bind strongly 

to the p53 consensus motif in gel-shift assays.8 In p53-lacking Caco2 cells, Nutlin-3- 

mediated degradation of Mdm2 caused the accumulation of p73, which contributed to the 
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transcription of Siva-1, a process accompanied with increased 

expression of the p53-upregulated modulator of apoptosis.9 Of 

note, in a specific cell context (ventricular cardiac fibroblasts), 

Siva-1 was also transcriptionally activated by the transcrip-

tion factor Egr-1, thus participating in apoptosis after Egr-1 

activation in these cells.10 In quite different cells, the variant 

type of small cell lung cancer (SCLC), the TIP protein TP30 

(also called CC3) acts as tumor suppressor and is capable of 

binding the HIV Tat protein. It is a serine/threonine kinase 

that phosphorylates, besides other substrates, the heptapeptide 

repeats of the C-terminal domain (CTD) of the largest RNA II 

polymerase subunit in cells, thus activating transcription, 

in a Tat-dependent manner. This activation resulted in an 

increased expression of proapoptotic genes Siva-1 and Bad 

and caused apoptosis in SCLC cells.11

Siva-1 is a proapoptotic protein 
with anticancer activity
Under normal physiological conditions, Siva-1 functions 

as a typical proapoptotic gene regulated by the p53 pro-

tein. Many cellular situations have been shown to lead to 

Siva-1-dependent apoptosis. Siva-1 interacts with several 

proteins that are involved in apoptosis (see above and Figure 1). 

These include some members of the TNFR (tumor necrosis 

factor receptor) super family of receptors and small proteins 

involved in apoptosis in mitochondria. It can therefore serve 

in both extrinsic and intrinsic apoptosis signaling pathways. 

Siva-1 interacts with the TNFR superfamily of receptors, 

including CD27,1 GITR (glucocorticoid-induced), OX40 

(CD134), 4-1BB (CD137) and CD40.12 A common motif in 

the cytoplasmic domain of these receptors required for Siva-1 

binding shares the sequence P(I/E)(Q/E)E (PEEE sequence 

in GITR and PIQE sequence in CD27 and OX40).12 Further, 

cotransfection of both tagged GITR and Siva-1 increased 

apoptosis in Cos7 cells, supporting the ability of Siva-1 to 

initiate apoptosis through the extrinsic, receptor pathway.12 

Siva-1 has been shown to induce apoptosis in a number of 

different experimental settings. Apoptotic signaling can be 

initiated either through extrinsic (via death receptors, see 

above) or intrinsic pathways,13 accompanied with Bax and 

caspase three upregulation and BCL2 decrease. Importantly, 

Siva-1 synergizes with cisplatin in inducing apoptosis in 

Figure 1 Siva-1-interacting proteins.
Note: Arrows show the Siva-1-interacting proteins connected to apoptosis or carcinogenesis (the abbreviation of each protein and the description of molecular mechanisms 
is described in the text).
Abbreviations: TNFR, tumor necrosis factor receptor; GiTR, glucocorticoid-induced tumor necrosis factor receptor; mitoch., mitochondria.
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breast cancer cells and the SAH in Siva-1 is necessary and 

sufficient for the augmentation of apoptosis.14 Cisplatin 

also induced Siva-1 expression in HCT116 (p53+/+) colorectal 

carcinoma cells. Siva-1 knockdown conferred significant 

resistance to cisplatin-induced apoptosis. Siva-1 also aug-

ments the cisplatin-mediated apoptosis via the thromboxane 

A2 receptor TP, which is accompanied with upregulation of 

Siva-1 protein levels, as well as levels of the antiapoptotic 

protein XIAP and translocation of Siva-1 from the nucleus 

to the cytoplasm.15 In the model whereby normal HCT 

116(p53+/+) colorectal carcinoma cells and p53 genetically-null 

HCT 116(p53-/-) cells were treated with topotecan, a known 

topoisomerase I inhibitor, the profile of genes induced by 

topotecan mediated DNA damage was assessed by microar-

ray was found induced (together with a set of TGFβ-related 

genes), thus showing the p53 activation dependency.16 This 

further indicates that Siva-1 can be a typical p53-dependent 

apoptotic protein. Intriguingly, although Siva-1 levels were 

found positively regulated by p53, Siva-1-induced apoptosis 

did not require p53. In this system, Siva-1 oligomerized with 

Bax followed by cytochrome c release from mitochondria.13 

In retinal pigment cells, where high expression levels of 

antiapoptotic proteins BCL2 and Bcl-xL were observed, 

chemical treatment (with camptothecin or TNF-α/cyclohex-

imide, CHX) failed to induce apoptosis. However, Nutlin-3, 

which maintains higher p53 levels by antagonizing Mdm2, 

sensitized cells to apoptosis by increasing the p53-dependent 

proteins Noxa, PUMA and Siva-1.17 Other studies have 

demonstrated phosphorylation of Siva-1 and its binding to 

protein kinase ARG, which is closely related to the c-Abl 

kinase. ARG phoshorylates Siva-1 on Y48, an event which 

may be important for apoptosis induced by oxidative stress.18 

The proapoptotic effects of Siva-1 are abrogated by mutation 

of the Tyr48 site.

His-Siva-1 recombinant protein inhibited invasion and 

migration of HCT116 cells.19 The C-terminal domain (aa 

residues 84-175) expressed in bacteria as a GST-fusion 

protein caused apoptosis in Jurkat leukemia cells and its 

biophysical properties were studied.20 The authors found 

monodispersion of the protein in solution with a predomi-

nant unfolded and elongated shape. Recombinant Siva-1 

protein was further demonstrated to induce apoptosis 

in cancer cells. Bacterially expressed Siva-1 displayed 

anticancer activities: inhibited invasion, migration and pro-

liferation and induced apoptosis. In vivo studies on tumors 

xenografted into nude mice with human nasopharyngeal 

carcinoma cell line CNE-2 showed that recombinant Siva-1 

inhibited tumor growth.21

Additionally, when Siva-1 was ectopically overexpressed 

in human ovarian cancer cells, it suppressed migration and 

invasion and induced apoptosis through facilitating both phos-

phorylation of stathmin and polymerization of α-tubulin.22 

Siva-1 was found to interact with ANKHD1 (ankyrin repeat 

and KH domain containing 1 protein), which is abundantly 

expressed in human acute leukemia cells. Further knockdown 

studies implicated contrasting roles of ANKHD1 and Siva-1 

in these cells. Silencing of ANKHD1 inhibited cell migration 

and stathmin-1 activity, whereas Siva-1 knockdown resulted 

in stathmin-1 activation, accompanied with the decrease in 

phosphorylation on S16. Thus, these findings corroborate 

the prooncogenic function of stathmin and situate Siva-1 as 

its inhibitor, while ANKHD1 is an oncogene in acute leuke-

mias.23 In addition, in U937 cells, downregulation of Siva-1 

resulted in decrease of JNK phosphorylation, Bax expression 

and upregulation of Bcl-xL expression, whereas the BCL2 

levels remained unchanged. Taken together, the three cancer 

cell systems revealed a similar role of stathmin-1 and Siva-1 

in promoting or restricting malignancy, respectively.

Siva-1 was shown to interact with the known anti-

apoptotic protein Bcl-xL.24 Both proteins directly bound 

in vitro (in pull-down assays) and in vivo (as demonstrated 

by immunoprecipitation). Through this association, Siva-1 

strongly inhibits the antiapoptotic potency of Bcl-xL to 

protect cells (T-lymphocytes and breast cancer cells) against 

UV-radiation induced apoptosis, for which a unique SAH 

present in Siva-1 is essential for its binding to BCL-xL.24,25 

Interestingly, increase of the proapoptotic factor Siva-1 and 

loss of its binding partner Bcl-xL have been also observed 

in neutrophils lacking the prolyl hydroxylase 3 (PHD3), one 

of the oxygen-sensitive PHD1-3 enzymes that participate 

with the hypoxia inducing factor in apoptosis under hypoxic 

conditions in these cells.26

Another important Siva-1-interacting protein is a 

potent apoptosis inhibitor X-chromosome-linked inhibi-

tor of apoptosis (XIAP). The RING domain of XIAP and 

the N-terminal SAH and DDHR domains of Siva-1 are 

required for their binding.27 XIAP, Siva-1 and the protein 

TAK1 (TGF-β-associated kinase 1) form a ternary complex 

in Jurkat T leukemia cells. It was further shown that Siva-1 

inhibited the XIAP-TAK1-mediated NFκB pathway activa-

tion, but favored the JNK signaling and caspase-3-dependent 

apoptosis.27 The negative effect of Siva-1 on the NFκB 

signaling pathway was described also by other authors.28–30 

The mechanism of inhibition of the prooncogenic NFκB 

pathway by Siva-1 has been described in more detail. Siva-1 

inhibited the activity of the prosurvival transcription factor 
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NF-κB as well as AP-1. The mediator of these routes is the 

protein TRAF2, containing the ring finger domain which is 

necessary for its E3 ubiquitin ligase activity and its ability 

to activate NF-κB.29 Siva-1 decreased XIAP-induced NFκB 

signaling, whereas AP1 and JNK activations were enhanced. 

Siva-1 increased the caspase 3-dependent apoptosis, which 

was compromised by lysine 48-ubiquitination by XIAP.27 

Siva-1 was also demonstrated to interact with the transcrip-

tion factor FOXP3 in T-cells where it inhibited, as did the 

FOXP3, the NFκB pathway.30

Siva-1-interacting proteins not 
directly involved in apoptosis
The carboxy-terminal tail of the lysophosphatidic acid two 

receptor (LPA2), but not LPA1 or LPA3 receptors, spe-

cifically associates with the carboxyl cysteine-rich region 

of Siva-1. The LPA stimulation promotes the association of 

Siva-1 with the LPA2 receptor and targets both proteins for 

ubiquitination and degradation.31 Notably, tyrosine kinase 2 

(TK2), a member of the Jak family of protein kinases, also 

associates with Siva-1 and promotes its apoptotic func-

tion, surprisingly independently of two TK2-mediated 

phosphorylations at tyrosines 53 and 162 of Siva-1 in a 

B-lymphocyte cell line Ba/F3. Expression of TK2 augmented 

Siva-1-induced apoptosis but this was sustained regardless 

of the phosphorylation of Siva-1, but was almost completely 

prevented by the abrogation of the TK2-Siva-1 association, 

indicating that the direct TK2-Siva-1 binding is essential 

for apoptosis.32

A paper published by Li et al33 uncovers a role of Siva-1 

that is not directly linked to its apoptotic function. Siva-1 

has been discovered (by using the yeast two-hybrid system) 

to interact with stathmin (see above), which is a microtu-

bule destabilizer and depolymerizes microtubules through 

the sequestration of α/β-tubulin heterodimers. Epithelial 

malignancies progress through the epithelial-mesenchymal 

transition (EMT), a process enabling epithelial cells to 

acquire a more malignant, mesenchymal phenotype34 that 

confers cells higher invasivity and propensity to metastasize. 

Siva-1 inhibits stathmin’s activity and thus stabilizes micro-

tubules and hinders EMT. Moreover, it is able to interact 

with calmodulin-dependent protein kinase II (CaMK II, 

which also interacts with stathmin) and thus inhibits stathmin 

indirectly by augmenting stathmin’s phosphorylation at S16 

by CaMK II. Siva-1 C-terminal domain and the stathmin 

N-terminal region mediate the association between these 

two proteins. Not surprisingly, C-terminus of Siva-1 was 

necessary to inhibit the stathmin´s activity and prevent 

microtubule destabilization. Thus, a ternary complex is 

formed comprising Siva-1, stathmin, and CaMK II. As a 

result, Siva-1 suppresses EMT and cell migration and inhibits 

breast cancer metastasis.33

Siva-1 is an ARF E3 ubiquitin 
protein ligase
Alternative reading frame protein (ARF, p14 in human and 

p19 in mouse) is a known tumor suppressor, acts by binding 

to and inhibits the oncogenic ubiquitin ligase Hdm2 (Mdm2 

in mouse) which specifically attaches ubiquitin to p53 and 

marks it for proteasome degradation.35 The protective effect 

of ARF toward p53 cell levels is frequently debilitated by 

ARF mutations found in tumors.36 ARF is also degraded by 

proteasome after ubiquitination by ubiquitin ligase ULF.32 

ULF interacts with ARF both in vitro and in vivo and 

promotes the ubiquitination and degradation of ARF. In 

contrast, ULF knockdown stabilizes ARF in normal human 

cells, allowing ARF-dependent, p53-mediated growth arrest. 

Surprisingly, Siva-1, which is a direct transcriptional target 

of p53, has been shown to augment the Mdm2-mediated 

p53 degradation.37 Siva-1 was shown to be an E3 ubiquitin 

ligase for ARF, thus representing a negative regulatory 

feedback loop in the regulation of p53 protein stability.38 

ARF was revealed to be a Siva-1-binding protein requir-

ing the N-terminal 20 amino acids for the interaction with 

Siva-1, whereas Siva-1 needed the C-terminus for binding 

to ARF. The ectopic Siva-1-ARF interaction proceeds in the 

nucleoplasm after the relocation of ARF from the nucleolus.38 

Interestingly, similar negative feedback has been observed 

with RAP80 (receptor-associated protein 80), a protein 

whose expression is induced by p53 after DNA damage.39 

RAP80 is capable of interacting with both Hdm2 and p53 

and enhances HDM2-dependent p53 poly-ubiquitination.32 

Thus, Siva-1 is an important modulator in the intricate p53 

degradation process. Additionally, a protective mechanism 

preserving p53 levels was demonstrated in acute myeloid 

leukemia: E3 ubiquitin ligase Cbl-b ubiquitinates Siva-1 

leading to its degradation and stabilization of p53 levels.40,41 

Further, Siva-1 has a specific p53-independent function in 

the monoubiquitination of PCNA (proliferating cell nuclear 

antigen). It binds E3 ubiquitin ligase RAD18 and promotes 

its E3 PCNA ligase activity.41

Siva-1 as an oncogene in NSCLC 
cells
The interplay of apoptotic and antiapoptotic signaling plays a 

crucial role during the development of tumors. Apoptosis is 
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a type of programmed cell death characterized by annexin V 

membrane externalization, membrane blebbing, chromatin 

condensation, DNA fragmentation and caspase activation 

in most cases. p53 tumor suppressor activates expression of 

many proapoptotic genes, including eg, Bax and Siva-1, thus 

restraining tumorigenesis. Apart from a typical proapoptotic 

function of Siva-1, it has been recognized as a member of a 

feedback loop in the regulation of p53 protein levels.38 As 

it is an ARF E3 ubiquitin ligase, it also plays a prosurvival 

role in some cancer types. Proliferation of HCT116(p53+/+) 

cells after Siva-1 knockdown has been found lower than in 

HCT116(p53-/-) cells, suggesting that Siva-1 still enhances cell 

proliferation in a p53-dependent manner. Possibly through 

the suppression of the p53 protein level, downregulation of 

Siva-1 by using the shRNA inhibited tumor formation in 

mice xenografted with the human osteosarcoma U2-OS cells 

(p16-null, Rb-wt and p53-wt).37

Importantly, Siva-1 has been clearly recognized as an 

oncogenic factor in a mutant KRAS-dependent mouse 

model of non-small-cell lung cancer (NSCLC) and in human 

NSCLC cells in culture.42,43 Siva-1 knockout mice were 

generated, in which the whole gene was deleted, flanked by 

a LoxP and a LoxP-Puro-LoxP cassette. Homozygous Siva-1- 

null animals revealed embryonic lethality after expressing 

Cre recombinase (Ad-Cre). The mice were crossed with a 

known KRASG12D model strain with activated KRASG12D 

that drives the development of lung adenocarcinomas. In 

these mice, an upstream floxed transcriptional stop cassette 

(Lox-Stop-Lox) silences KRASG12D expression until Cre 

recombinase is introduced. By analyzing various progeny 

genotypes after intratracheal Ad-Cre application, Siva-1 loss 

was found to impede NSCLC development, suggesting that 

Siva-1 is necessary to facilitate tumorigenesis in vivo. By 

using the cells derived from KRASG12DTrp53+/+ mice which 

express Siva-1, shRNA-mediated knockdown of Siva-1 

resulted in reduced proliferative capacity. Depletion of Siva-1 

by infecting fl/-mouse embryonic fibroblasts with Ad-Cre or 

knocking down Siva-1 in pancreatic cancer cell lines did not 

affect proliferation. This indicates cell context specific role 

of Siva-1.42 Further analysis showed that Siva-1 expression 

was not dependent on p53 in NSCLC cells. Low number of 

soft agar colonies after Siva-1 knockout was another result 

corroborating the essential function in NSCLC development. 

These results were recapitulated in human A549 NSCLC cells 

expressing oncogenic KRASG12S, wild-type p53 and high 

level of Siva-1. As the NFκB signaling pathway is strongly 

prooncogenic and is inhibited by Siva-1 (see above), its 

pharmacologic inhibition did not change the Siva-1 effects, 

indicating that NF-κB signaling does not account for the 

protumorigenic effects of Siva-1.

It was further demonstrated that Siva-1 knockdown 

increases autophagy and decreases metabolic activity. Impor-

tantly, it has been demonstrated that it enhances the mTOR 

pathway activity. The phospho-S1462-TSC2 levels were 

diminished upon Siva-1 knockdown. Although no change in 

RAPTOR phosphorylation was noted in Siva-1 downregu-

lated cells, however phosphorylated pS6K, p4EBP1 and pS6 

proteins were decreased.42 Despite the fact that the changes in 

mTOR pathway members phosphorylation were not dramatic, 

this mechanism may at least in part contribute to the oncogenic 

function of Siva-1. No relevant clinical data that would clarify 

the aggressiveness, the course of the disease (relapse, death 

of cancer) if Siva-1 protein level is increased in NSCLC is 

not yet available. Together, these findings reveal a role of 

Siva-1 in promoting mTOR and metabolic activity which may 

participate in enhancing proliferation of NSCLC cells.

Conclusion
Contradictory evidence suggests pro- and antiapoptotic roles 

for Siva-1. Apoptotic Siva-1 signaling can be accomplished 

through both extrinsic (through death receptors) or intrinsic 

(mitochondria-dependent) pathways, resulting in the acti-

vation of caspases. This apoptotic activity in various cell 

systems is dependent on the classical p53 pathway. Siva-1 

interacts with several proteins (Figure 1), and its various 

interactions have been revealed through the two-hybrid yeast 

system, though some of which are not directly associated with 

apoptosis. Siva-1 plays a role in restricting EMT by inhibiting 

the activity of stathmin-1 in tumor cells. Intriguingly, Siva-1 

has an E3 ARF ubiquitin ligase activity, through which it 

activates the Hdm2 activity, thus downmodulating the p53 

levels as a negative feedback loop. Interestingly, Siva-1 is 

also a context-dependent oncogenic protein. This activity has 

been observed so far in osteosarcoma U2-OS cells (dependent 

on p53 pathway regulation) when xenografted into nude 

mice and in NSCLC in vitro and in vivo (p53-independent). 

Especially its oncogenic function demonstrated in a mouse 

NSCLC KRAS model and in NSCLC human cells in culture 

is challenging and requires further research. Conclusively, 

Siva-1 serves different roles in various cells, and the mecha-

nism of its action relies on the specific cell type.
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