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Abstract 

Survivin is the smallest member of the inhibitor of apoptosis protein family, which has key roles in 
regulating cell division and inhibiting apoptosis by blocking caspase activation. Survivin is highly 
expressed in most human cancers, such as lung, pancreatic and breast cancers, relative to normal 
tissues. Aberrant survivin expression is associated with tumor cell proliferation, progression, an-
giogenesis, therapeutic resistance, and poor prognosis. Studies on the underlying molecular 
mechanisms indicate that survivin is involved in the regulation of cytokinesis and cell cycle pro-
gression, as well as participates in a variety of signaling pathways such as the p53, Wnt, hypoxia, 
transforming growth factor, and Notch signaling pathways. In this review, recent progress in 
understanding the molecular basis of survivin is discussed. Therapeutic strategies targeting survivin 
in preclinical studies are also briefly summarized. 
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Introduction: overview of inhibitor of 
apoptosis proteins and cancer 

Apoptosis is a physiological cell death process 
that contributes to the development and maintenance 
of healthy cells and tissues [1-3]. Dysregulation of 
apoptosis pathways leads to a number of diseases 
such as cancer, autoimmune and immunodeficiency 
diseases, and neurodegenerative disorders [1]. Or-
ganisms have evolved two signaling pathways, 
namely, intrinsic and extrinsic pathways, to trigger 
apoptosis through the activation of caspases [4, 5]. At 
present, two types of apoptotic caspases including 
initiator caspases (caspase-2, 8, 9, and 10) and effector 
caspases (caspase-3, 6, and 7), have been widely iden-
tified in mammals [6]. Of them, initiator caspases 
mainly process and activate pro-forms of effector 
caspases in response to different signals [7]. Effector 
caspases, also known as death effector caspases, 
cleave protein substrates in the cell to trigger the 
apoptotic process [7]. Interestingly, the apoptosis 
process can be blocked by a family proteins termed as 

inhibitor of apoptosis proteins (IAPs) through direct 
binding to caspases [8]. All of these IAP family pro-
teins contain a domain of approximately 70 amino 
acids known as baculoviral IAP repeat (BIR) [8]. The 
mammalian genome encodes eight IAP family mem-
bers including BIRC1 (also known as neuronal apop-
tosis inhibitory protein, NAIP), BIRC2 (also known as 
cellular inhibitor of apoptosis protein 1, cIAP1), 
BIRC3 (also known as cIAP2), BIRC4 (also known as 
X-linked inhibitor of apoptosis, XIAP), BIRC5 (also 
known as survivin), BIRC6 (also known as BRUCE), 
BIRC7 (also known as livin), and BIRC8 (also known 
as IAP-like Protein 2, ILP2) (Figure 1) [9, 10]. BIRC1, 2, 
3, 4, 7, and 8 have been shown to bind to caspase-3, 7, 
and 9, thereby inhibiting activation of these caspases; 
BIRC5 and BIRC6 directly interact with caspase-3 and 
7, and they also regulate cytokinin to inhibit apoptosis 
[10, 11]. BIRC5/survivin, the focus of this review, only 
contains one BIR domain for the suppression of 
apoptosis, and it is structurally organized as a stable 
dimer (Figure 1) [11, 12].  
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Figure 1. Structures of IAP proteins in mammals. The mammalian IAP proteins consist of eight members, including NAIP/BIRC1, cAIP1/BIRC2, cAIP2/BIRC3, 
XAIP/BIRC4, survivin/BIRC5, BRUCE/BIRC6, livin/BIRC7, and ILP2/BIRC8 [10]. The main domains of these proteins are indicated in different colors. 

 
A number of studies have indicated IAP genes 

are highly expressed in different cancer cells and 
primary tumor biopsy samples [13-18]. Among these 
IAPs, survivin exhibits the most dramatic overex-
pression in many tumors and fetal tissues [19], but it is 
present at low levels or is completely absent in 
healthy cells and tissues. The National Cancer Insti-
tute's (NCI) cancer drug-screening program found 
that survivin is expressed in all 60 human tumor lines, 
with the highest levels in breast and lung cancer cells 
and the lowest levels in renal cancer [20, 21]. This ab-
errant expression of survivin in tumor cells is regu-
lated by numerous factors including microRNAs 
(miRNAs) [9] and receptor tyrosine kinases (RTKs), as 
well as in its downstream signaling cascades, such as 
phosphatidylinositol 3-kinase/protein kinase B 
(PI3K/Akt) [22, 23], mitogen-activated protein kinase 
kinase/mitogen-activated protein kinase 
(MEK/MAPK) [24], mammalian target of rapamycin 
(mTOR) [25], and signal transducer and activator of 
transcription 3 (STAT3) pathways [26]. In addition, 
survivin is also involved in tumorigenesis through 
diverse mechanisms, including interaction with 
caspase-3 and 7 [27], inhibition of Bax- and 
Fas-induced apoptosis [28], regulation of cytokinesis 
and cell cycle progression [29], and participation in a 
variety of signaling pathways such as the p53 [30], 
Wnt [31], hypoxia [32], transforming growth factor 
(TGF), and Notch signaling pathways [33-36]. 

Regulation of survivin expression  
The expression of survivin can be regulated at the 

transcriptional and post-translational levels with pre-
cise mechanisms (Figure 2). Moreover, survivin ex-
pression is also identified to associate with aberrant 
activation of a number of RTKs, such as the epidermal 
growth factor receptor (EGFR) [37], epidermal growth 
factor receptor 2 (erbB2, also known as Her2) [38], 

insulin-like growth factor-1 (IGF-1) [39], and various 
cell survival signaling cascades, including PI3K/Akt 
[22, 23], MEK/MAPK [24], mTOR [25], STAT3, and 
hypoxia-inducible factor-1 (HIF-1) [26, 40]. 

Transcriptional regulation 
Cell cycle-dependent genes usually contain 

unique elements such as the cell cycle-dependent el-
ement (CDE) and the cell cycle genes homology re-
gion (CHR) to control gene transcription [41]. Inter-
estingly, the survivin genome sequence contains a 
CDE/CHR element within its promoter region, sug-
gesting that survivin may be a cell cycle-regulated 
gene (Figure 2A) [42].  

In recent years, a variety of miRNAs have also 
been identified to regulate survivin expression via 
binding to the 3'-untranslated region (UTR) of survivin 
mRNA, thereby resulting in alteration of survivin 
protein translation or leading to its mRNA degrada-
tion (Figure 2A) [9]. Multiple survivin-targeting 
miRNAs, such as miR-16, miR-34a, miR-143, miR-150, 
miR-203, miR-218, miR-320a, miR-494, miR542-3p, 
and miR-708, have been identified [9]. The underlying 
molecular mechanisms of miR-34a and miR-203 have 
been extensively studied. miR-34a has been shown to 
reduce survivin expression through various mecha-
nisms in different types of cancer [9, 43]. miR-34a 
regulation of survivin includes direct regulation and 
indirect regulation. For direct regulation, the 3'-UTR 
of survivin contains a unique sequence (position 
1940–1946) for miR-34a binding [9]. For indirect reg-
ulation, elevated expression of miR-34a in cancer cells 
can repress the upstream activators or transcriptional 
factors of survivin, thereby leading to decreased sur-
vivin expression [9]. miR-203 is also able to directly 
target survivin mRNA, which significantly contributes 
to prostate cancer progression and metastasis [9]. 
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Figure 2. Regulation of survivin expression. (A) Transcriptional mechanisms that control survivin expression involve CDE/CHR G1 repressor elements in the 
survivin promoter and binding of miRNAs to 3'-UTR region of the survivin gene [41]. (B) Post-transcriptional mechanisms that control survivin expression involve 
increased protein stability by phosphorylation at Thr34 [41]. (C) Survivin expression is associated with aberrant activation of several RTKs, such as EGFR, HER2 and 
HER3, and IGF-1. These kinases can trigger various cell survival signaling cascades such as PI3K/Akt-mTOR, thereby regulating survivin expression.  

 

Post-translational regulation 
Protein modifications such as phosphorylation 

and polyubiquitination are able to affect survivin lev-
els. Mitotic phosphorylation of survivin at Thr34 by 
cell division cycle protein 2 (CDC2, also known as 
cyclin-dependent kinase 1, CDK1), can promote its 
stability at metaphase (Figure 2B) [42, 44]. In addition, 
the ubiquitin-proteasome pathway has been identi-
fied to regulate survivin degradation in a cell cy-
cle-dependent manner, and the BIR domain of sur-
vivin is essential for maintaining its stability at G2/M 
phase [42, 45]. 

Receptor tyrosine kinase-associated regulation 
In breast cancer, the increased expression of sur-

vivin shows association with chemotherapeutic re-
sistance, poor diagnosis and prognosis [37]. Based on 
immunohistochemical staining in invasive breast 
cancer specimens, co-expression of epidermal growth 
factor receptor (EGFR) members (e.g., EGFR and 
erbB2) is able to regulate survivin protein level in 
clinical breast cancer samples (Figure 2C) [37], thereby 
resulting in increased resistance against etopo-
side-induced apoptosis [37]. Activation of EGFR can 

increase survivin protein levels, and this process is 
dependent on the PI3K pathway but not on the MAPK 
pathway [37, 46]. Survivin protein levels and apopto-
sis resistance dramatically decrease when cells are 
treated with herceptin, a monoclonal antibody against 
erbB2 [37]. Moreover, in prostate cancer cells, stimu-
lation with IGF-1 results in increased survivin expres-
sion through a mechanism dependent on the mTOR 
pathway [39]. Further studies indicate that forced 
expression of p70S6K1, an mTOR target gene, led to 
increased survivin expression [39]. Thus, the 
IGF-1/mTOR signaling pathway regulates survivin 
expression via rapid changes in mRNA translation to 
control prostate cancer cell growth and survival [39].  

The PI3K/Akt signaling-dependent transcrip-
tion has been identified to implicate in the expression 
of a number of cancer-related genes such as survivin 
and vascular endothelial growth factor (VEGF), a 
critical regulator of tumor angiogenesis [47]. Recently, 
it was shown that a positive feedback cycle exists 
between survivin expression and PI3K/Akt pathway, 
by which survivin can trigger VEGF-induced tumor 
angiogenesis [48]. In pancreatic β-cells, EGF can reg-
ulate survivin protein stability and prolong survivin 
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protein half-life through the Raf-1/MEK pathway [49, 
50]. In acute myelogenous leukemia cells, survivin 
expression is predominantly regulated through the 
MEK/MAPK pathway [50, 51]. In primary effusion 
lymphoma, activation of STAT3 leads to malignant 
progression through a mechanism involving elevated 
survivin expression; in contrast, inhibition of STAT3 
signaling induces apoptosis due to the decrease of 
survivin expression [52]. 

Molecular mechanisms of survivin in 
tumorigenesis 

Survivin is involved in tumorigenesis through 
diverse mechanisms, including inhibition of apoptosis 
pathways (Figure 3), regulation of cytokinesis and cell 
cycle progression, and participation in a variety of 
pathways such as the p53, Wnt, hypoxia, TGF, and 
Notch signaling pathways (Figure 4). 

Survivin and apoptosis pathways 
Apoptosis is an important process in both car-

cinogenesis and cancer therapy. Inhibition of apopto-
sis has been widely reported in a number of cancers 
such as breast, liver and lung cancers [53-55]. Cur-
rently, there are two known apoptotic mechanisms in 
mammals: the intrinsic and the extrinsic apoptotic 
pathway [51]. Both of these pathways are controlled 
by a number of caspase proteins, such as initiator 

caspases (caspase-8 and 9) and executioner caspases 
(caspase-3, 6, and 7) [55]. Briefly, apoptosis is initiated 
by cytochrome c, which is able to bind to cardiolipin 
in the inner mitochondrial membrane and activates 
caspase-9 (Figure 3) [56]. Caspase-9 further activates 
caspase-3 and caspase-7, which are responsible for 
destroying cells (Figure 3) [57]. Overexpression of 
survivin is associated with inhibition of cell death ini-
tiated via the extrinsic or intrinsic apoptotic pathways 
(Figure 4A) [58]. Interestingly, reports on the interac-
tion between survivin and caspases are contradictory. 
A few studies indicate that survivin binds and sup-
presses caspase-3, 7, and 9, whereas others failed to 
demonstrate a direct effect on these proteases [59]. 
Active caspase-3 and 7 co-immunoprecipitated with 
survivin, but their inactive pro-forms did not [60, 61]. 
The interaction disrupts the caspase cascade and 
cleavage mediated by caspases, thereby resulting in 
decreased apoptosis [28]. In a similar manner, sur-
vivin inhibits cytochrome c- and caspase-8-induced 
DEVD (Asp-Glu-Val-Asp)-cleavage activity [28]. An 
in vitro study indicates that phosphorylation of sur-
vivin at Thr34 by CDC2 is required for the interaction 
of survivin with caspase-3, 7, and 9 [62]. Further 
studies found that a mutation of survivin (T34A) can 
induce the release of cytochrome c from the mito-
chondria, leading to apoptosis [63].  

 

 
Figure 3. Functions of survivin in apoptosis pathways. Apoptosis can be initiated either by the extrinsic pathway that acts through caspase-8 or by intrinsic 
pathway that acts through caspase-9. These pathways converge to activate the effector caspases, which eventually leads to apoptosis. Survivin prevents processing of 
initiator caspase-9 and effector caspases, thereby leading to apoptosis inhibition. Second mitochondria-derived activator of caspase (SMAC) can relieve the caspa-
se-inhibitory function of survivin. FADD, FAS-associated death domain [41, 54].  
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Figure 4. Molecular mechanisms of survivin in tumorigenesis. (A) Survivin binds and suppresses effector caspases (caspase-3 and 7) and caspase-9, thereby 
resulting in decreased apoptosis in cancer cells. (B) CDC2 can directly phosphorylate survivin. Survivin also interacts with CDK4, which results in nuclear trans-
location, thereby leading to S phase shift. (C) Wild-type p53 represses survivin expression at the transcriptional level. (D) Activation of the Wnt signaling pathway 
leads to accumulation of β-catenin in the cytoplasm, which then translocates to the nucleus to form the β-catenin/TCF enhancer factor transcriptional machinery and 
upregulate survivin. (E) Both HIF-1α  and STAT3 can directly bind to the survivin promoter and function as transcriptional activators of the survivin gene. (F) TGF-β 
is a negative regulator of survivin. The TGF signaling pathway transcriptionally downregulates survivin expression through a mechanism dependent on Smads 2, 3, and 
4. 

 

Survivin and the cell cycle 
The cell cycle is very important for cell devel-

opment, and cell cycle dysfunction may eventually 
lead to malignant tumorigenesis [35]. As mentioned 
previously, sequence alignment indicates that survivin 
contains a CDE/CHR element, implying survivin may 
be involved in cell cycle process [59]. Experimental 
studies have consistently indicated that survivin ex-
pression is regulated by the cell cycle, and it peaks in 
the G2/M phase and rapidly declines in the G1 phase 
[45, 59]. Survivin is dynamically localized at different 
regions of chromosomes during the cell cycle. During 
mitosis, survivin localizes to the mitotic spindle, 
where it interacts with tubulin and plays an important 
role in regulating mitosis [64]. Survivin accumulates 
in the centromeres in G2 phase, then it starts to diffuse 
to the chromosome arms and is abundant at the inner 
centromeres in prophase and metaphase of mitosis 
[65]. In anaphase, survivin relocalizes to the central 
spindle because it fails to associate with the centro-
meres [66]. During cytokinesis, survivin is concen-
trated at the midbodies [66]. The cell cycle-specific 
regulation of survivin implies that it may play im-

portant roles in cancer cell proliferation [59]. Moreo-
ver, survivin is able to be phosphorylated by CDK1 
(Figure 4B), a key kinase for cell cycle regulation [59]. 
Based on results from co-immunoprecipitation stud-
ies, CDK1 can interact with survivin during mitosis 
[59]. In addition, overexpression of survivin in human 
hepatoma cells can accelerate S phase shift through a 
mechanism involving interaction with CDK4, coun-
teract G1 arrest, and result in phosphorylation of ret-
inoblastoma protein (Rb), a tumor suppressor protein 
[67].  

Survivin and p53 
It is clear that the tumor suppressor p53 can 

block cell cycle progression and/or induce apoptosis 
through specific transactivation of a number of target 
genes such as p21Cip1, the growth arrest and DNA 
damage-inducible 45 (GADD45), cyclin G, and 
Bcl-2-associated X protein (Bax) [68-70]. Given that 
aberrant expression of survivin and disruption of 
wild-type p53 are commonly associated with tumor-
igenesis [71], there exists a high possibility that sur-
vivin is functionally linked with p53. A variety of 
studies have indicated that wild-type p53, but not 
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mutated p53, can repress survivin expression at the 
transcriptional level [72] and that survivin loss of 
function partially mediates the p53-dependent apop-
totic pathway [73]. Two putative p53-binding sites 
have been identified within the survivin promoter 
[74]. However, functional analyses suggest that nei-
ther site can repress survivin expression [74]. Further 
analyses via chromatin deacetylation of the survivin 
promoter suggest that modification of chromatin may 
contribute to survivin expression silencing by p53 [74, 
75]. 

On the other hand, survivin can also regulate 
p53 expression. Overexpression of survivin in human 
lung cancer cells blocked p53-dependent apoptosis 
through a dose-dependent manner [73, 75], suggest-
ing that survivin regulates (at least in part) the 
p53-dependent apoptotic pathway. In addition, sur-
vivin regulates p53 expression and modifies p53 
degradation through the caspase-3/mouse double 
minute 2 homolog (MDM2) complex (Figure 4C) [30]. 
In adriamycin-treated MCF7 human breast cancer 
cells, aberrant expression of survivin decreased both 
p53 and MDM2 mRNA levels [30]. Further studies 
have demonstrated that inhibition of MDM2 cleavage 
mediated by survivin leads to increased degradation 
of p53, and thus eventually results in decreased p53 
protein level in cells overexpressing survivin [30]. 

Survivin and Wnt/β-catenin 
Wnt/-catenin signaling is implicated in the 

development of multiple cancers such as breast, col-
orectal, lung, prostate cancers and melanoma [76]. 
During tumorigenesis, accumulation of β-catenin in 
the cytoplasm is recognized as the hallmark of the 
Wnt signaling pathway [77]. Subsequently, Wnt sig-
naling induces β-catenin translocation to the nucleus 
to form the β-catenin/T-cell factor (TCF) transcrip-
tional activator which up-regulates a number of target 
genes such as survivin, c-Myc and VEGF [78]. The el-
evated expression of survivin then protects cells from 
apoptosis and enhances cell proliferation (Figure 4D) 
[9]. In breast cancer cells, it was found that herceptin, 
a widely used agent for erbB2-targeting therapy, in-
duced degradation of β-catenin, disrupting the 
β-catenin/TCF complex and thus eventually leading 
to repression of survivin expression [38].  

Survivin and hypoxia signaling 
Hypoxic conditions are very common in most 

tumors [79]. Experimental studies and clinical trials 
have shown that hypoxia can contribute to multiple 
biological processes such as tumor angiogenesis, in-
vasiveness, metastasis, and therapeutic resistance 
[79]. In response to hypoxia, cells undergo gene ex-
pression changes initiated by the HIF-1 transcription 

factor, which is a dimeric protein complex consisting 
of HIF-1α and HIF-1β [80]. Generally, the expression 
of HIF-1 increases under hypoxic conditions, which 
can activate transcription of numerous genes critical 
for cellular function under hypoxic conditions [81]. 
HIF-1α regulates survivin expression in a variety of 
cancer types such as breast, lung, and pancreatic 
cancer cells [40, 82]. For example, down-regulation of 
HIF-1α by RNA interference significantly decreased 
survivin levels in pancreatic and breast cancer cells 
[83]. Further studies indicate that HIF-1α directly 
binds to the promoter of survivin to activate expres-
sion (Figure 4E) [83]. In malignant lymphoma cells, 
NF-κB has been identified to mediate aberrant activa-
tion of HIF-1 through a mechanism dependent on 
survivin, which is one of the downstream targets of 
the NF-κB/HIF-1 signaling [84].  

Survivin and STAT3 
STAT3, an oncogene, is persistently activated by 

cytokines or growth factors in multiple cancer types, 
and it plays important roles in tumor cell proliferation, 
differentiation and survival [85]. STAT3 can translo-
cate to the nucleus and regulate transcription of spe-
cific target genes such as survivin [86]. In primary 
lymphoma cells, inhibition of STAT3 signaling has 
been found to trigger apoptosis through a mechanism 
involving transcriptional repression of survivin [52]. 
Further studies found that STAT3 directly binds to the 
survivin promoter and regulates its expression (Figure 
4E) [52]. 

The survivin protein sequence has a lysine-rich 
region at the C-terminal, which forms a basic platform 
for protein-protein interactions and modifications at 
the post-translational level [49, 87]. Interestingly, sur-
vivin shares structural similarities with STAT3, and, 
following lysine acetylation of survivin, it binds to the 
N-terminal domain of STAT3 [49, 87], thereby inhib-
iting STAT3 transactivation [49, 87]. 

Survivin and the Notch signaling pathway 
Notch signaling is critical for cell development, 

differentiation and survival, as well as tissue mor-
phogenesis [88]. The dysregulation of Notch signaling 
is implicated in a number of human cancers such as 
breast, prostate, liver, ovarian, renal, lung and colon 
cancers [88]. Notch can act as an oncogene in hema-
tological malignancies and solid tumors through 
multiple mechanisms involved in influencing tumor 
initiation, regulating the critical events in tumor pro-
gression (such as angiogenesis, chemotherapeutic 
resistance and metastasis), and maintenance of cancer 
stem cells [88, 89].  

Growing evidence also indicates that Notch 
signaling can regulate survivin expression. For exam-
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ple, Notch-1 signaling activated by hypoxia regulated 
survivin expression in human non-small cell lung 
cancer (NSCLC) cells [90]. Further studies have 
shown that Notch-1 signaling activation is associated 
with elevated HIF-1α, which functions as a 
co-activator through its interaction with an activated 
form of Notch-1 (N1ICD, Notch 1 intracellular do-
main), facilitating the association of RBP-Jκ (recom-
bination signal binding protein for immunoglobulin 
kappa J region) to the survivin promoter, ultimately 
leading to the transcriptional activation of survivin 
[90]. In addition, up-regulation of survivin by Notch-1 
signaling has also been found in estrogen receptor 
(ER)-negative breast cancer cells, which results in in-
hibition of apoptosis and acceleration of mitotic tran-
sitions [91].  

Survivin and TGF-β signaling 
TGF-β and its signaling effectors such as Smad2 

(mothers against decapentaplegic homolog 2) and 
Smad3 are considered as key factors in controlling 
tumor cell proliferation and differentiation [92]. 
TGF-β is a tumor suppressor due to its ability to in-
hibit cell growth through induction of cell apoptosis 
[93]. In recent years, TGF-β has been identified as an 
important negative regulator of survivin [94]. Gener-

ally, TGF-β signaling pathway represses survivin ex-
pression at the transcriptional level through a mecha-
nism dependent on Smad2 and 3 and survivin 
CDE/CHR elements (Figure 4F), which are essential 
for TGF-β repression [94]. Further studies indicate 
that the recruitment of the Rb/E2F4 repressive com-
plex to the CDE/CHR elements of the survivin pro-
moter by TGF-β leads to hypophosphorylation of Rb 
through a Smad3-dependent mechanism [95].  

Therapeutic strategies 
In recent years, considerable efforts have been 

made to validate survivin as a preferential target and 
an important prognostic marker in cancer therapy. 
Collectively, four types of strategies based on target-
ing survivin to enhance tumor cell response to apop-
tosis and inhibit tumor growth have been developed. 
These promising approaches are: (1) inhibitors of sur-
vivin transcription, including antisense oligonucleo-
tides, ribozymes and siRNAs; (2) inhibitors of sur-
vivin at the post-translational level; (3) survivin-based 
vaccines; and (4) gene therapy approaches with sur-
vivin suppressor mutants (Figure 5).  

 

 

 
Figure 5. Different strategies targeting survivin in cancer therapy. (A) Antisense oligonucleotides, ribozymes, and siRNAs can target survivin mRNA and 
suppress its expression [10, 41]. (B) Small molecule antagonists can inhibit survivin phosphorylation at Thr34 residue (CDK inhibitors) or counteract survivin–Hsp90 
interaction (Hsp90 inhibitors), thereby leading to dysfunction of survivin [97]. (C) Survivin-based vaccines or epitopes have strong immunodominant and im-
munoprevalent T-cell reactions against survivin, thereby resulting in survivin decrease after treatment. 
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Inhibitors of survivin transcription  
Antisense oligonucleotides (AOs) of survivin are 

designed to specifically target survivin mRNA to 
suppress its expression [10]. A variety of survivin an-
tisense oligonucleotides have been designed and 
successfully delivered to cells as chemically synthe-
sized molecules or through vectors, which signifi-
cantly inhibit survivin expression (Figure 5A) and 
eventually trigger apoptosis and decrease cell prolif-
eration in different cancer types such as lung and 
head and neck cancer cells [10]. Importantly, the first 
antisense oligonucleotide drug, LY2181308, has en-
tered phase II clinical trials in patients with advanced 
cancers [97-99]. Ribozymes are a class of small RNA 
molecules that are capable of cleaving target RNA 
through endonucleolytic activity [10, 99]. Several ri-
bozymes such as CUA110 (RZ7) and GUC294 (RZ1) 
have been successfully transfected into human mela-
noma cell lines, resulting in to decreased survivin 
protein levels and increased caspase-9-dependent 
apoptosis [99], indicating their potential anticancer 
activities. However, none of the ribozymes have en-
tered clinical trials because of their limitations (e.g., 
easy degradation and aberrant cell trafficking). In 
addition, siRNAs, a class of short (20-25 base pairs in 
length), double-stranded RNAs that inhibit gene ex-
pression from complementary nucleotide sequences, 
are also utilized in preclinical studies. siRNAs are 
considered to be more effective than other antisense 
strategies, and preclinical studies indicate that cancer 
cells transfected with survivin-specific siRNAs have 
increased apoptosis and reduced cell proliferation 
and growth [10, 99].  

Inhibitors of survivin transcription at the 
post-translational level 

Agents involved in survivin inhibition at the 
post-translational level include CDK inhibitors and 
Hsp90 inhibitors (Figure 5B) [10, 99]. A number of 
CDK inhibitors such as flavopiridol and purvalanol A 
have the ability to counteract mitotic phosphorylation 
of survivin at Thr34, thereby accelerating survivin 
degradation [10, 99]. Interestingly, administration of 
CDK inhibitors results in the decrease of survivin ex-
pression and induction of apoptosis in an in vivo study 
[10, 99]. 

Inhibitors of molecular chaperones have been 
used in preclinical studies because they can counter-
act the Hsp90-survivin interaction. Shepherdin is a 
cell-permeable antagonist of the Hsp90-survivin 
complex, and it also inhibits the Hsp90 function by 
competing with ATP binding [10, 99]. Moreover, 
shepherdin is able to destabilize the interactions be-
tween Hsp90 and its associated proteins such as Akt, 
telomerase and CDK6 [10, 99]. Functional analyses 

indicate that shepherdin induces apoptosis through 
mechanisms dependent on or independent of caspa-
ses in various cancer cells [10, 99]. Importantly, 
shepherdin is highly selective in its anticancer activity 
because treatment with shepherdin only had a weak 
toxicity on normal fibroblasts following increase in 
drug dose and no other serious side effects on normal 
cells [10, 99]. This suggests that shepherdin has sig-
nificant potential for future therapeutic use in treating 
cancer.  

Vaccines and immunotherapy 
Immunotherapy for targeting survivin in tumor 

cells is based on the specific recognition of specific 
tumor-associated antigens by T lymphocytes (Figure 
5C) [100, 101]. Earlier studies have revealed that a 
survivin-based vaccine had significant cytotoxic ac-
tivity against liver cancer cells [10, 100, 101]. Thereaf-
ter, recent efforts have been made to develop sur-
vivin-based anticancer vaccines. These vaccines have 
been shown to result in tumor suppression in multiple 
cancer types such as lymphomas, neuroblastomas, 
pancreatic cancer, and lung cancer [10, 100], without 
inducing significant toxicity. Due to the promising 
capabilities survivin-based immunotherapeutic 
strategies, a variety of studies focused on identifying 
epitopes have developed powerful vaccines against 
survivin [10, 100], and some of these vaccines have 
already moved on to phase II clinical trials [10, 100]. 

Therapy based on gene editing 
Gene therapy approaches that target survivin 

were one of the most promising strategies used to 
inhibit survivin, and two main approaches have been 
successfully developed [10, 97]. One is based on the 
activation of apoptosis in tumor cells transfected with 
survivin-containing vectors [94, 96]. The other ap-
proach involves the expression of cytotoxic genes 
driven by the promoter of survivin in tumor cells [10, 
97]. Interestingly, in recent years, with the advancing 
development of “genome editing” techniques such as 
zinc-finger nucleases (ZFNs), transcription activa-
tor-like effector nucleases (TALENs), or clustered 
regularly interspaced short palindromic repeat 
(CRISPR/Cas-based) RNA-guided DNA endonucle-
ases, researchers have proposed to use these ap-
proaches to target the survivin gene in different cancer 
cells [10]. These strategies would specifically trigger 
cell death in targeted cancer cells while having mini-
mal or nontoxic effects on healthy cells.  

Conclusion 
Survivin is involved in tumorigenesis through 

complicated mechanisms. Survivin is considered to be 
a tumor marker due to aberrant survivin expression in 
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tumor tissues and its causal role in cancer progres-
sion. Many studies have demonstrated that survivin is 
involved in multiple cancer survival-related signaling 
pathways and that survivin expression is highly cor-
related with tumor progression, therapeutic resistance 
and poor prognosis. Elucidation of the various 
mechanisms of survivin regulation has helped in the 
development of suitable therapeutic strategies in pre-
clinical studies; some drugs based on these strategies 
are currently in phase I or phase II clinical trials. 
However, the fact that survivin is not an enzyme or a 
cell-surface molecule has led to limited therapeutic 
benefits. Thus, suitable survivin carrier molecules 
should be developed to overcome these limits. 
Moreover, strategies based on immunotherapy and 
gene therapy have exhibited significant advantages in 
targeting survivin with more efficiency and specificity 
for tumor cells, but less cytotoxicity against healthy 
tissues and cells. These strategies should receive more 
attention to develop promising agents that target 
survivin for cancer treatment.  
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