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Introduction

 Cancer is one of the most life-threatening diseases 
worldwide. Cancer is a multiple genetic disease which 
occurs due to the up- and/or down-regulation of oncogenes 
and tumor-suppressor genes as well as deregulation of 
apoptosis pathways. In most cases, conventional anticancer 
therapies fail (or could not be effective due to the lack of 
specificity and cytotoxicity), therefore, novel improved 
therapies are urgently needed (Roche and Vahdat, 2010). 
On the other hand, cancer cells are illustrated as derailed 
cells due to a large variety of genetic mutations (Pecorino, 
2012) resulting in an unbalance between cell survival and 
apoptosis. 
 As a consequence of cell cycle machinery deregulation, 
cancer cells proliferate in abnormal and uncontrolled 
format which results in tumor progression and invasiveness 
(Roberti et al., 2009). Today, considerable efforts have 
developed strategies to target apoptosis in cancer cells and 
other human diseases. Apoptosis or programmed cell death 
is an essential phenomenon in eliminating derailed cells, 
which occurs either in development and aging processes 

1Faculty of Medicine, Semnan University of Medical Sciences, 2Semnan Biotechnology Research Center, Semnan University of Medical 
Sciences, Semnan, 3Influenza research lab, Virology Department, Pasture Institute, Tehran, iran 4Biological Sciences Building, 
University of Manitoba, Winnipeg, Manitoba R3T 2N2 Canada 5Faculty of Veterinary Medicine, Universiti Putra Malaysia, 43400 
Serdang, Selangor, Malaysia  6Gorgan University of Agricultural Sciences and Natural Resources, Golestan, 7Golestan University 
of Medical Sciences, 8AryaTinaGene Bio Pharmaceutical Company, Gorgan, Golestan  *For correspondence: shahbazimajid@
yahoo.co.uk, mrakbari201177@yahoo.com

Abstract

 Drawbacks of conventional cancer treatments, with lack of specificity and cytotoxicity using current 
approaches, underlies the necessity for development of a novel approach, gene-directed cancer therapy.  This has 
provided novel technological opportunities in vitro and in vivo. This review focuses on a member of an apoptosis 
inhibitor family, survivin, as a valuable target. Not only the gene but also its promoter are applicable in this 
context. This article is based on a literature survey, with especial attention to RNA interference as well as tumor-
specific promoter action. The search engine and databases utilized were Science direct, PubMed, MEDLINE 
and Google. In addition to cell-cycle modulation, apoptosis inhibition, interaction in cell-signaling pathways, 
cancer-selective expression, survivin also may be considered as specific target through its promoter as a novel 
treatment for cancer. Our purpose in writing this article was to create awareness in researchers, emphasizing 
relation of survivin gene expression to potential cancer treatment. The principal result and major conclusion of 
this manuscript are that survivin structure, biological functions and applications of RNA interference systems 
as well as tumor-specific promoter activity are of major interest for cancer gene therapy. 
Keywords: Survivin - gene therapy - RNA interference - tumor-specific promoter
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or as a defense mechanism (i.e., immune reactions) or 
when the cells are damaged by disease or noxious agents 
(Fan and Bergmann, 2008). The inactivation of apoptosis 
is fundamental to the cancer development.
 The significance of genetic alterations in the control 
of cellular proliferation/apoptosis pathways in cancer 
development has been well established. For instance, over-
expression of the anti-apoptotic protein (e.g. Bcl-2) due to 
chromosomal translocations results in e.g. breast cancer 
and B-cell lymphoma (Thomas et al., 2013). Presence 
of abnormal forms tumor suppressor p53 protein or its 
absence has also been linked to the development of various 
tumors (Stegh, 2012; Tokino et al., 2015). In addition, 
up-regulated expression of apoptosis inhibitors family 
prevents cancer cells in undergoing apoptosis (Fulda and 
Vucic, 2012). The inhibitor of apoptosis (IAP) proteins 
family is the most important regulators of apoptosis due to 
their function in both the intrinsic and extrinsic pathways, 
while their significant roles revealed in the survival of 
cancer cells and the progression of malignancies (Wong, 
2011). IAP proteins exert a variety of biological activities 
that promote cancer cell survival and proliferation. The 
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expression of IAP protein family including XIAP, cIAP1, 
cIAP2 and survivin in human cancer cells has been 
investigated as a potential factor for chemo-resistance, 
based on their ability to inhibit the caspases as key 
molecules of the apoptotic machinery (Pop and Salvesen, 
2009; Kaufmann et al., 2012). On the other hand, X 
chromosome-linked IAP is a direct caspase inhibitor, 
whereas cellular IAP proteins prevent the assembly of pro-
apoptotic protein signaling complexes and the expression 
of anti-apoptotic molecules is mediated. Furthermore, 
mutations, amplifications and chromosomal translocations 
of IAP genes are coordinated with various malignancies 
(Fulda and Vucic, 2012; Kaufmann et al., 2012). 
 Recognition of the aberrant molecular processes 
underlying tumor formation has unraveled partially 
the generation of potential novel anticancer therapies. 
Survivin has well been characterized in both survival and 
apoptosis networks (Altieri, 2008). Survivin is indicated as 
a superior candidate in cancer gene therapy due to many 
reasons including high expression of survivin in tumor 
cells which has prognostic value (Duffy et al., 2007), 
its involvement in multiple cellular signaling pathways 
(i.e., promotes cell proliferation that causes cell death 
resistance) which contributes to the cancer growth and 
progression (Kanwar et al., 2011), promotes angiogenesis 
(Eberlein et al., 2013) and its responsibility for resistance 
to cytotoxic drugs (Wu et al., 2007; Faversani et al., 
2014) and radiation (Yang et al., 2010b). Therefore, 
targeting survivin has been attracted as a possible point 
of therapeutic in halting cancer progression and cancer 
gene therapy.

Survivin Structure and Sequence

Survivin as a smallest member of the IAP family 
is composed of 142 amino acids and does not indicate 
significant sequence homology with known cellular 
proteins. The protein of survivin with homodimeric 
structure contains phosphorylation sites at Thr34 (cyclin-
dependent kinase 1 (CDK1)); Thr117 (Aurora kinase B); 
Ser20 (protein kinase A (PKA)). The N-terminal end of 
survivin contains a bipartite dimer interface hydrophobic 
pocket, borealin and INCENP: which span residues Leu6-
Trp10, Phe93-Leu102. In addition, survivin contains a 
putative nuclear export sequence (NES) at residues Val89–
Leu98 (Figure 1), which results in driving the shuttling of 
survivin in and out of the nucleus. A single baculovirus 
IAP repeat (BIR) motif is a unique structural feature of 
survivin which was separated from the other members as 
well as α-helical coiled-coil portion extended in carboxyl 
terminus (Altieri, 2008). The protein sequence of survivin 
was evaluated by the online bioinformatics database and 
highlighted the NES as well as target kinases in green 
and yellow colors. 

Survivin also harbors stretches of SMAC (Leu64, 
Leu87); X-linked IAP (XIAP) (Lys15–Met38); heat 
shock protein 90 (HSP90, Lys79–Lys90); Aurora kinase 
B (Asp70, Asp71); mitochondrial-targeting sequence 
(survivin-∆Ex-3 C terminus) that is required for binding 
of other interaction partners (Altieri, 2008).

As a structural characteristic of survivin like other 

members is the presence of baculovirus IAP repeat 
(BIR) domain that stretches from amino acid residues 
15 to 87 at the N-terminus region. The domain has a 
conserved fragment as a ring finger motif at the carboxyl 
terminus containing cysteine/histidine residues which 
is incorporated with Zn2+ ion. The BIR motif is crucial 
for dimer formation and interacts with caspases (Ryan 
et al., 2009) which results in interference of apoptosis 
process, and thus promote tumor progression (Salvesen 
and Duckett, 2002). 

The human survivin gene is located on chromosome 
17q25 produce five different variants through the 
alternative splicing of its pre-mRNA which results in five 
distinct proteins including survivin (142 aa), survivin 2B 
(165 aa), survivin ΔEx3 (120 aa), survivin 3B (137 aa) and 
survivin 2α (74 aa) (Ryan et al., 2009). The X-ray crystal 
structure of the human survivin protein was provided by 
online protein data bank (PDB) which indicated a three-
stranded anti-parallel β sheet that is surrounded by four 
α helices (Figure 2). 

From the viewpoints of oncologist, survivin as a nodal 
protein is an attractive potential target in cancer treating 
due to its significant features such as over-expression in 
majority of cancer cells, a prognostic biomarker in cancer 

Figure 2. X-ray Crystal Structure of the Human Anti-
Apoptotic Protein Survivin, a 16.5 kDa Protein

	

Figure 1. Primary Structure and Sequence of Survivin. 
The key domains and important sequences are indicated. The 
survivin protein sequence indicated in lower panel. Amino 
acids marked in blue represent the cysteine/histidine residues 
(Cx2Cx6Wx3Dx5Hx6C, where x is any amino acid) in BIR 
domain (Altieri, 2008). The nuclear export sequence (NES) is 
highlighted in green. The target kinases are highlighted in yellow. 
The residues are underlined represent the dimer interference 
fragments
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(Cai et al., 2014), as well as its involvement in multiple 
signaling pathways contributing to tumor maintenance.  
Survivin Functions in Molecular Biology 
Networks 

Survivin is known as multi-functional protein which 
participates in at least three homeostatic networks 
including mitosis regulation, apoptosis inhibition (Mita 
et al., 2008; Altieri, 2013) and cellular stress response 
(Altieri et al., 2015). The survivin obligation was briefly 
demonstrated in the following context.

Survivin as cell-cycle modulator:
The function of survivin in regulating cell division is 

attributed to the chromosomal passenger complex which 
interacts with other proteins such as Aurora B kinase, 
INCENP and Borealin (van der Horst and Lens, 2014). 
Indeed, in this complex, survivin supports proliferation 
through spindle stability (Altieri, 2008) and accurate sister 
chromatid segregation. In addition, it promotes mitosis 
during the spindle assembly checkpoint by controlling 
chromatin-associated spindle formation and kinetochore-
microtubule attachment (Raab et al., 2015). It is interesting 
to note that transcription of survivin gene is strictly 
regulated by a cell cycle-dependent manner and cell cycle 
homology inside the promoter region, which leads to 
greatest expression in the G2/M phase of the cell cycle. 
Likewise, survivin anti-apoptotic action is due to loss of 
control over defects in the structure of mitotic spindle or 
in chromosome configuration during cell division (Li et 
al., 1998). 

Survivin as inhibitor of apoptosis: 
Deregulation of apoptosis is known as a major function 

of survivin which is demonstrated in several in vitro and in 
vivo experiments. Survivin counteracts with both intrinsic 
(e.g., Bcl-2, Bcl-xl, Mcl-1, BAX, caspase 9) and extrinsic 
(e.g., FAS, TRAIL, caspase-8, FLIP, caspase 3) apoptosis 
pathways and other mediators including p53, methotrexate 
and IL-3 (Ryan et al., 2009; Liu et al., 2011). 

Survivin is unable to directly attach to caspases due to 
the lack of linker sequence in upstream of the BIR domain 
and the ‘‘hook and sinker’’ domain which mediates the 
binding of IAPs family to caspases except XIAP. Hence, 
the survivin-XIAP complex enhances XIAP stability, 
activates NFκB signaling pathway which results in the 
inhibition of caspase-3 and -9, suppresses apoptosis 
and accelerates tumor progression, in vivo. A further 
cytoprotective mechanism of survivin is associated with 
SMAC mitochondrial pro-apoptotic protein. As a result of 
the binding of survivin to SMAC, the SMAC antagonism 
for XIAP will reduced. The free IAP, therefore, can 
interact with caspases and inhibit apoptosis (Fulda and 
Vucic, 2012).

Survivin in cellular stress response:
The responsibility of survivin in the cellular stress is 

well demonstrated. Survivin involves with a variety of 
chaperone molecules such as Hsp90 (Altieri et al., 2015) 
and Hsp60 (Ghosh et al., 2008; Kelly et al., 2011) which 
provides adaptation under cellular stress conditions by 

maintaining survivin stability, folding and subcellular 
trafficking, in vivo. 

Interestingly, there is a correlation between survivin 
and the Fas ligand (FasL) expression in cancer cells 
through up-regulation of specific protein-1-mediated gene 
transcription. On the other hand, survivin enhances the 
DNA binding of the transcription factor SP1 to the FASL 
promoter and up-regulated SP1 through phosphorylation 
at Ser and Thr residues. Moreover, survivin facilitates 
suppression of immune system in cancer cells by inhibiting 
FAS-mediated apoptosis, and also attack immune cells via 
FASL induction (Asanuma et al., 2004).

Notably, survivin protein possess the nuclear-
cytoplasmic shuttling function which is associated with 
nuclear localization signal. Indeed, survivin exported 
from the nucleus by directly interaction with the nuclear 
export receptor CRM1 and Ran-guanosine 5’-triphosphate 
(RanGTP) (Chan et al., 2010). As a result of this function, 
survivin eliminates its cytoprotective effect toward the 
apoptotic mediators and thus commits a cell to apoptosis. 
The cytoplasmic localization of survivin is essential for 
its apoptosis inhibition activity, while survivin interaction 
with CRM1 is essential for centromer localization (Knauer 
et al., 2007). Moreover, variants of survivin localization 
are differentially regulated; for instance, survivin-2B as 
a shuttling protein is mainly localized in the cytoplasm, 
whereas, survivin-ΔEx3 by a bipartite nuclear localization 
signals shows strong nuclear localization (Chan et al., 
2010). 

The most recent review was indicated the association of 
survivin molecule in different cell-signaling mechanisms 
such as therapeutic modulation of survivin which is 
critically regulated by interaction with prominent cell-
signaling pathways [HIF-1α, HSP90, PI3K/AKT, mTOR, 
ERK, tumor suppressor genes (p53, PTEN), oncogenes 
(Bcl-2, Ras)] and a wide range of growth factors (EGFR, 
VEGF, among others) (Kanwar et al., 2011). The current 
review demonstrated the main survivin interactions 
with molecules which are contributed to cell-cycle and 
apoptosis processes, based on the STRING tool of Expasy 
website (Table 1).

What we know about survivin is largely based 
upon empirical studies that investigate how its precise 
function in mitotic regulation through AURKB, CDCA8, 
INCENP, CDK1, AURKA, FOXM1, SGOL2 molecules. 
Moreover, CDK4 and XIAP molecules are found to be 
influencing apoptosis inhibitor activity of survivin which 
have been explored in several studies. On the other hand, 
according to this table, the importance of survivin gene 
and its association in regulation as well as controlling cell 
proliferation was demonstrated, which from the other point 
of view, each of these molecules could be considered in 
cancer gene therapy.

Application of Survivin in Gene Therapy

Due to the drawbacks of cancer conventional therapies, 
i.e., cytotoxicity, lack of selectivity and resistance to 
chemotherapeutic drugs, an efficient tool for treating 
cancer is required. Based on the impacts of genes in cancer 
biology, gene therapy approach is developed. Compared 
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to the conventional methods, gene therapy helps to treat 
the cause of the disease. 

Existing research recognizes the critical challenge in 
targeting of survivin for therapeutic purposes owing to not 
a cell surface protein, does not have an intrinsic enzymatic 
activity as well as few potential drugable sites on survivin 
protein. Therefore, therapeutic strategies were developed 
to target survivin expression and/or function based on 
the inhibiting of survivin promoter such as YM155, 
inhibition of protein translation and interfering with 

survivin function. In general, these approaches are divided 
into transcriptional (e.g., antisense oligonucleotides, 
ribozymes and siRNA) and post-translational (e.g., 
dominant-negative mutants, small molecule antagonists 
and immunotherapy) stages (Ryan et al., 2009; Mobahat 
et al., 2014). More details for each mechanisms were 
described and reviewed in (Soleimanpour and Babaei, 
2014).

Survivin and RNA interference

Table 1. Survivin-Interacting Molecules

Molecules Symbol Biological effects Ref.
Aurora kinase B (344 aa) AURKB Survivin promotes mitosis through direct interaction with 

AURKB as a mitotic regulator and enhances its activity 
which contributes to the aberrant growth of cancer cells. 
The chromosome passenger complex containing survivin 
and AURKB regulate chromosome segregation from the 
centromeres.

(Baratchi et al., 2010)

Cell division cycle associated 
8 (280 aa)

CDCA8 As a component of a chromosomal passenger complex 
interacts with INCENP, Survivin and Aurora B kinase 
which is required for the chromatin-induced microtubule 
stabilization and spindle formation.

(Altieri, 2008)

Inner centromer protein (918 
aa)

INCENP Survivin has a key regulatory role in the organization of 
chromosomal passenger complex through its interacting 
subunits INCENP and Borealin/Dasra B that leads to the 
spindle apparatus formation during anaphase. Indeed, it 
facilitates the localization of the Aurora B kinase-INCENP 
complex to the inner chromosomal region of centromeres at 
the early stages of mitosis.

(van der Horst and 
Lens, 2014)

Cyclin-dependent kinase 1 
(297 aa)

CDK1 Cdk1 stabilizes survivin by phosphorylation on Thr34 from 
proteasomal degradation by Cdc25B in pro-metaphase and 
metaphase.

(Unruhe et al., 2015)

Cyclin-dependent kinase 4 
(303 aa)

CDK4 Survivin initiates pro-caspase 3/p21 complex formation as 
a result of interaction with Cdk4 to resist Fas-mediated cell 
death.

(Tarasewicz et al., 
2014)

Polo-like kinase 1 (603 aa) PLK1 PLK1 phosphorylation is required for progression 
through the G2/M transition. It is a critical for centrosome 
duplication, and both PLK1 and AURKB are involved in 
bipolar microtubule spindle attachment to the centromeric 
kinetochores. PLK1 depletion is associated with decreased 
survivin protein expression and increased level of active 
caspase-3 in hepatocellular carcinoma tissue.

(Raab et al., 2015)

Aurora kinase A (403 aa) AURKA As a mitotic serine/threonine kinase contributes to the regula-
tion of cell cycle during anaphase and/or telophase.

(Fu et al., 2007)

Cell division cycle 20 
homolog (499 aa)

CDC20 It is essential cell division regulator which initiates chromatid 
separation through anaphase promoting complex activation. 
CDC20 inhibition repressed several genes that are critical to 
tumor growth and survival including survivin, CDC25C and 
c-Myc.

(Xie et al., 2015)

Forkhead box M1 (801 aa) FOXM1 FoxM1 acts as a transcriptional activator factor which is es-
sential for transcription of the mitotic regulatory genes such 
as Cdc25B, Aurora B kinase, survivin, PLK1, centromere 
protein A (CENPA), and CENPB.

(Wang et al., 2005)

X-linked inhibitor of apopto-
sis (497 aa)

XIAP Anti-apoptotic function of survivin relies on the interaction 
with XIAP. The E3 ubiquitin ligase activity of XIAP 
increases XIAP stability, activates NFκB pathway, 
synergistically inhibits caspase-3 and -9, suppresses 
apoptosis, and accelerates tumor progression in vivo.

(Moraes et al., 2013)

Shugoshin-like 2 (1265 aa) SGOL2 It regulates the stability of survivin-INCENP interaction. 
Lack of Sgo2 has a more penetrant effect on the localization 
of survivin than on the two other Passenger proteins INCENP 
and Aurora B. 
Sgo2 colocalizes with the passenger proteins in early mitosis 
and promotes their efficient recruitment onto centromeres and 
telomeres.

(Vanoosthuyse et al., 
2007)
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Survivin is well distributed by inhibiting apoptosis and 
enhancing cell viability functions. Likewise, its selective-
overexpression is demonstrated in the majority of cancer 
cells which correlates with tumor grade, recurrence risk 
and survival. The knockdown of genes that contribute 
to tumor development and progression shows great 
potential as an anticancer strategy (Ramachandran and 
Ignacimuthu, 2012; Felipe et al., 2013).

Gene-directed cancer therapy by RNA interference 
(RNAi) is a major area of interest in the field of cancer 
gene therapy as widely provided novel technological 
opportunities in vitro and in vivo. Moreover, gene 
targeting by means of this technique is introduced as a 
strategy to explore gene function because of its prominent 
efficacy and specificity (Uchida et al., 2004; Karami et al., 
2014). Based on the encouraging findings, most survivin 
preclinical investigations according to RNA interference 
are summarized in Table 2.

According to these researches, knockdown of survivin 
using multiple approaches of RNAi technique displayed 
remarkably reduced cell proliferation as a result of 
susceptibility to apoptosis in different cancer cell lines 
(Cheng et al., 2005; Croci et al., 2008; Shen et al., 2009; 
Yang et al., 2010b) as well as lower tumor formation in 
vivo experiments (Kanwar et al., 2001; Uchida et al., 2004; 
Liu et al., 2009; Shen et al., 2009).

The association between survivin expression and 
radiosensitivity has been described in lung  (Lu et al., 
2004), sarcoma (Kappler et al., 2005) and non-small cell 
lung (Yang et al., 2010a) cancer cell lines. It was reported 

that irradiation of human umbilical vein endothelial 
cells suppressed the survivin promoter which resulted 
in the reduction of survivin expression in independently 
cell-cycle manner (Lu et al., 2004). In addition, they 
demonstrated that p53 over-expression is associated with 
decrease of survivin expression in the same cell line, 
whiles siRNA-mediated down-regulation of survivin 
caused to cell viability reduction in irradiated H460 lung 
cancer cells. By drawing on the concept of p53 association 
in radiosensitization, Kappler and co-workers have been 
able to demonstrate that survivin knockdown induced 
radiosensitivity in wt-p53 cell line (A-204), but not in 
a mt-p53 sarcoma cell line (Kappler et al., 2005). These 
findings indicated the impact and association of p53 
pathway on the mechanism of radiosensitization induced 
by targeting survivin.

The cell-cycle modulator function of survivin is well 
distributed. Following the down-regulation of survivin 
expression, cell-cycle analysis showed contradictory 
results. Some studies have shown that suppressing survivin 
resulted in a specific G2/M arrest in bladder and Hela 
cancer cells (Ning et al., 2004; Li et al., 2015a), while 
a large proportion of lung cancer cells were blocked in 
the G1 phase, leading to the decrease of cells in the S 
phase (Chen et al., 2012). This finding do not support the 
previous research, but they are broadly consistent with the 
effect of survivin down-regulation on the inhibition of cell 
proliferation through the increase of apoptosis as well as 
decrease in the mitotic activity of the cells  .

Subsequent silencing of survivin leading to blockage 
of the apoptosis inhibitory activity of survivin, which is 
attributed to the activation of caspase-3, -7 and -9 (Kappler 
et al., 2005; Yang et al., 2010b; Chen et al., 2012). On the 
other hand, survivin suppression in cancer cells increases 
the susceptibility of the cells to apoptotic factors.

Obviously, resistance to chemotherapy is associated 
with reduced susceptibility to apoptosis. Evidence shows 
a relationship between cytotoxic drugs as chemotherapy 
agents and expression of survivin in most malignancies. 
Therefore, the combination of target-specific molecular-
based treatments with chemotherapy or radiotherapy 
could increase the efficacy of the conventional therapies 
and reverse acquired treatment resistances (Kunze et al., 
2013). On the other hand, cancer cells could be sensitized 
to chemotherapy through siRNA and/or shRNA-mediated 
knockdown of target genes. For instance, simultaneous 
suppression of survivin with chemotherapy drugs such 
as adrymycin, sorafenib, mitomycin C and cisplatin 
(platinol) were demonstrated the synergistic effects in 
inhibiting cancer cell proliferation as well as enhancing the 
sensitization of breast (Yang et al., 2011), hepatocellular 
(Shen et al., 2014), bladder (Yang et al., 2010b; Kunze 
et al., 2013) and prostate (Shen et al., 2009) cancer 
cells, respectively. In fact, these results imply that co-
administration of survivin RNA interference strategies 
with chemo- or radio-therapy could be efficient and 
valuable as a potent multi-targeted gene therapy for 
different type of cancers.

At the moment, abundant gene therapy trials are in 
progress, majority of them (approximately 70%) being in 
the field of cancer. Today, several gene therapy approaches 

Table 2. Preclinical RNA Interference Studies on the 
Therapeutic Potential Of Survivin

Tumor Preclinical models Ref.
Thymic lymphoma In vitro/in vivo (Kanwar et al., 

2001)
Gastric In vitro/in vivo (Tu et al., 2003; Li 

et al., 2015b)
Bladder In vitro (Ning et al., 2004; 

Yang et al., 2010b; 
Kunze et al., 2013)

Sarcoma In vitro (Kappler et al., 
2004; Kappler et 
al., 2005)

HeLa In vitro/in vivo (Trabulo et al., 
2011; Li et al., 
2015a)

Breast In vitro/in vivo (Uchida et al., 
2004; Croci et al., 
2008; Yang et al., 
2011)

Prostate In vitro/in vivo (Shen et al., 2009; 
Liu et al., 2010; 
Cavalieri et al., 
2015)

Lung In vitro/in vivo (Lu et al., 2004; 
Liu et al., 2009; 
Yang et al., 2010a; 
Chen et al., 2012)

Hepatocellular In vitro/in vivo (Cheng et al., 
2005; He et al., 
2007; Shen et al., 
2014)
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targeting survivin were indicated which some of them 
passed proof-of-principle in preclinical studies. Among 
the mentioned approaches, antisense oligonucleotide (e.g., 
LY2181308) by interfering transcriptional process was 
applied in phase II clinical trial of leukemia and prostate 
cancers. Similarly, trials of small molecule with inhibition 
function such as YM155 and EM-1421 (Terameprocol) are 
going in patients with lymphoma, prostate and leukemia, 
respectively. Besides, administration of survivin based on 
immunotherapies have been started phase I and II clinical 
trials in melanoma, colon, breast and cervical cancers 
(Ryan et al., 2009).

Since the preferential expression of survivin in a 
variety of cancer cells but not in normal tissues, these 
findings may lead to new directions for the targeting 
the survivin pathway alone through its suppression by 
different RNAi approaches (e.g., shRNA and siRNA), or 
with other cytotoxic drugs may have an impact on future 
gene therapies.

Survivin Promoter

Over the years, cancer biology researches recognized 
various genes that are typically silent in normal tissues 
but are highly up-regulated in various cancers. Exploiting 
these tumor-specific abnormalities might represent a 
powerful way to improve the targeting achieved by 
tumor-directed vectors. On the other hand, application 
of tumor specific/or selective promoter for enhancing 
the specificity of treatment is another advantages of 
gene therapy approach. These days, RNA interference 
(RNAi) as a post-transcriptional gene therapy approach 
is emphasized in cancer gene therapy. Amongst RNAi 
methods, DNA vector-based short hairpin RNA technique 
is recently highlighted for several features especially its 
more extended gene knockdown effect, as well as definite 
silencing via specific promoter (Wang et al., 2013).

Over-expression of survivin was demonstrated in 
various human cancers (Church and Talbot, 2012) such 
as breast (Jha et al., 2012), small-cell lung (Chen et al., 
2014b), esophagus (Xia et al., 2015), colon (Hernandez 
et al., 2011), gastric (Chen et al., 2014a) as well as its 
association with poor patient survival (Jha et al., 2012; 
Park et al., 2012). Since, the expression of survivin is 
transcriptionally activated; consequently, its promoter 
might be a cancer-specific promoter with utility in gene 
therapy or oncolytic viral replication (Bao et al., 2002). 

The human survivin promoter has been investigated 
in extensive detail. Analysis of the 5’ flanking region 
of the survivin gene revealed the presence of a TATA-
independent promoter containing a CpG island of 
approximately 250 nucleotides, three cell cycle dependent 
elements (CDE) (GGCGG at - 6,-12,-171), one cell 
cycle homology region (CHR) (ATTTGAA at -42) and 
numerous Spl sites (Li and Altieri, 1999). In addition, two 
transcription sites at positions -72 and between -57 and -61 
from the start codon were established by primer extension 
and SI nuclease mapping experiments. The truncated 
examination of minimal promoter region revealed the 
presence of enhancer as well as repressor sequences 
along the proximal 230 nucleotide of the survivin gene 
(Li and Altieri, 1999; Zhu et al., 2004). Notably, the basal 
transcriptional activity of the promoter is associated with 
the Spl sequences at positions -171 and -151, as mutations 
of these sites abolished the activity by 63-80% (Chen et al., 
2011). There is a high degree of conservation of proximal 
promoter regions, including the CpG Island, between the 
mouse and the human promoters. 

In the earliest experiment in survivin promoter 
targeting, a 1092 nucleotide fragment of the human 
survivin promoter was applied to express the secreted 
alkaline phosphatase (SEAP) gene in ovarian cancer. The 
survivin promoter was capable to target gene expression 
specifically to cancer cells sparing the normal tissues in 
in vivo (Bao et al., 2002). The significance of survivin 
promoter for transcriptional targeting of cancer gene 
therapy was subsequently verified by employing a 260bp 
survivin promoter targeted in adenovirus vector which 
demonstrated the desirable “tumor on” and “liver off” 
profile (Zhu et al., 2004). Later, the strong cancer specific 
activity, 200-fold more than the CMV promoter, was 
proved by a 977bp promoter fragment in animal model 
of lung cancer (Chen et al., 2004). The survivin promoter 
was further engrossed due to the putative binding sites 
for transcription factor such as hypoxia-inducible factor-
1α (HIF-1α; GTGC at -136 and GTGCGC at -21), E2F 
(GCGC at -151 and +4) as well as p53 (CATG at -9) (Chen 
et al., 2009), which is another reason for considering the 
promoter in cancer gene therapy applications.

Till date several researches verified the ability of the 
human survivin promoter to specifically target different 
type of cancers from tumor cells to small animal models 
(Zhu et al., 2005; Li et al., 2006; Van Houdt et al., 2006). 
In the recent past, survivin promoter regulated oncolytic 

Table 3. Overview of Applied Survivin Promoter in Cancer Gene Therapy Research

Expression
Promoter length Target gene Cancer cell Ref.

269-nt Reverse caspase 3 Breast, pancreatic (Yang et al., 2004)
260-nt E1 Glioma (Van Houdt et al., 2006)
260-nt E1, E4 Biliary tract cholangio (Zhu et al., 2006a)
980-nt PUMA Breast (Wang et al., 2009)
260-nt Luciferase reporter gene Ovarian, breast, pancreatic, melanoma (Zhu et al., 2004)
270-nt VEGF receptor, sFlt-1 Kidney (Namgung et al., 2010)
Silencing
983-nt Stathmin Cervical, osteosarcoma (Zhang et al., 2006)
980-nt hTERT Cervical (Wang et al., 2007)
980-nt UHRF1 Breast (Fang et al., 2012)
980-nt Notch3 Leukemia (Xiang et al., 2012)
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viruses have shown tremendous potential as therapeutic 
agents for different forms of carcinomas (Li et al., 2006; 
Zhu et al., 2006a; Zhu et al., 2006b; Ulasov et al., 2007). 
Moreover, the promoter was also highly effective in 
shRNA based gene therapy approaches. For instance, 
a survivin promoter-driven siRNA expression vector 
silenced the human Telomerase Reverse Transcriptase 
(TERT) gene in cervical carcinomas followed by 
enhancing radio-sensitivity in vitro (Wang et al., 2007). 
In another experience, assessment of both hTERT and 
survivin promoters showed a comparable expression in 
cancer cells but a higher degree of specificity.

High cancer specific activity of survivin promoter 
was demonstrated in vitro and in vivo (Bao et al., 2002; 
Chen et al., 2004; Altieri, 2013). Moreover, the promoter 
was applied for expressing as well as silencing of target 
genes through vector-based shRNA. An overview of these 
researches was presented in Table 3.

The promoter of the human survivin gene has emerged 
as a favorable promoter of choice for gene therapy 
applications. In the latest laboratory experiment, our 
research group already designed a bi-directional survivin-
tumor specific promoter which could be applied for the 
concurrent silencing, over-expression as well as up/down-
regulate strategies that target two genes at the same time.

Conclusions

The last two decades have seen a growing trend 
towards gene therapy in several diseases. Among the 
novel drugs, survivin is broadly explored in cancer gene 
therapy due to the importance of survivin in tumorigenesis, 
tumor progression and poor prognosis, as well as tumor 
resistance to various apoptotic stimuli. This review 
described survivin structure and its interaction by other 
cellular proteins as well as a growing panel of preclinical 
studies that target survivin as a novel anti-cancer gene 
therapy. The tumor-selective promoter activity of survivin 
was also depicted and explained. In fact, survivin is known 
as a potential candidate in cancer gene therapy due to its 
application as tumor biomarker, combination therapy by 
its inhibition targeting and tumor-selective activity of its 
promoter. 

The proteins which induce apoptosis inhibition 
in tumor cells will sense specific pathways for tumor 
formation which can redirect them into cell survival. 
Disclosing the synergy between transformation and the 
factors inducing tumor-selective apoptosis will provide a 
better understanding of the processes underlying cancer 
in developing novel anticancer agents. The clinical trials, 
phases I and II, have provided the hope that the current 
research field will become critical in the development of 
novel improved anticancer strategies.
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