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Abstract 

The development of biosensors for cancer biomarkers has recently been expanding rapidly, 

offering promising biomedical applications of these sensors as highly sensitive, selective, and 

inexpensive bioanalytical tools that can provide alternative methodology to that afforded by the 

advanced hyphenated-instrumental techniques. In this review, we focus particularly on the 

detection of a member of the inhibitor of apoptosis proteins (IAP) family, protein survivin (Sur), 

a ubiquitous re-organizer of the cell life cycle with the ability to inhibit the apoptosis and induce 

an enhanced proliferation leading to the unimpeded cancer growth and metastasis. Herein, we 

critically evaluate the progress in the development of novel biosensing systems and biosensors 

for the detection of two survivin (Sur) biomarkers: the Sur protein and its messenger RNA (Sur 

mRNA), including immunosensors, electrochemical piezo- and impedance-sensors, 

electrochemi-luminescence biosensors, genosensors based on oligonucleotide molecular beacons 

(MBs) with fluorescent or electrochemical transduction, as well as the microfluidic and related 

analytical platforms based on solution chemistry. The in-situ applications of survivin biomarkers' 

detection technologies to equip nanocarriers of the controlled drug delivery systems with MB-

based fluorescence imaging capability, apoptosis control, and mitigation of the acquired drug 

resistance are also presented and critically evaluated. Finally, we turn the attention to the 

application of biosensors for the analysis of Sur biomarkers in exosomes and circulating tumor 

cells for a non-invasive liquid biopsy. The prospect of a widespread screening for early cancers, 

based on inexpensive point-of-care testing using biosensors and multiplex biosensor arrays, as a 

means of reducing the high cancer fatality rate, is discussed.   
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1. Introduction  

In the battle with ever expanding and largely incurable cancer growth and metastasis, plaguing 

the human population today, early detection of carcinogenesis is vital and brings hope of survival 

to patients. Since the early cancer detection needs to be carried out in a widespread testing at the 

points-of-care and doctor offices, the traditional diagnostic procedures involving advanced 

instrumentation should be augmented with inexpensive and widely available testing platforms. 

Hence, the development of biosensors capable of detecting cancer biomarkers is highly desirable. 

Many biomarkers specific to various cancers have been discovered and can be used in cancer 

diagnostics. Some of the most common to all types of cancers are the markers of the inhibitor of 

apoptosis proteins (IAP) family and, in particular, survivin which became a forefront cancer 

biomarker (Altieri 2001, 2008b; Fan and Chen 2017; He et al. 2018; Nguyen et al. 2019; Wang 

et al. 2017; Xu et al. 2018).  

 Survivin (Sur) is the smallest member of the IAP family which includes eight members 

(Altieri 2008b; Ebrahimiyan et al. 2018; Schimmer 2004):  cIAP1, cIAP2, NIAP, IAP-like 

protein 2 (ILP2), X-linked inhibitor of apoptosis (XIAP), survivin, livin, and BRUCE. The wild 

type survivin splice WT S (16.5 kDa) consists of four exons and three introns (Fig.1) and forms a 

chain of 142 amino acids (Ambrosini et al. 1997). In solution, it forms a bow tie-shaped 

homodimer (Altieri 2008a; Chantalat et al. 2000; Muchmore et al. 2000; Verdecia et al. 2000), as 

illustrated in Figure 1A. The role of Sur in cancer biology and the methods of Sur gene detection 

have recently been evaluated in a series of excellent reviews (Andersen et al. 2007; Chen et al. 
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2016; Chiou et al. 2003; Dallaglio et al. 2012; Fangusaro et al. 2006; Johnson and Howerth 

2004; Li et al. 2018; Sah et al. 2006; Wheatley and Altieri 2019). Sur plays a crucial role in 

regulation of cell division, proliferation and the cell cycle control (Altieri 2003; Khan et al. 2009; 

Mita et al. 2008; Wolanin and Piwocka 2007). It is strongly expressed in embryos and malignant 

tumors but very weakly in the normal differentiated cells, evidently showing that Sur is involved 

in the rapid growth and proliferation of cells. The inhibition of apoptosis and enhancement of 

cell proliferation distinguish cancer cells from normal cells. Due to its active role in tumor 

growth and metastasis, Sur became a prime cancer biomarker (Gleichenhagen et al. 2018; Khan 

et al. 2012; Konopka et al. 2009; Rödel et al. 2012; Su 2016). In Figure 1C, the basic effects of 

survivin on cell life are characterized. It has been demonstrated that knocking Sur out of cells 

would cause an apoptosis process (Olie et al. 2000). Hence, the Sur protein and Sur mRNA have 

become extensively investigated in view of their potential utilization as selective targets for 

cancer therapy (Blanc-Brude et al. 2003; Ferrario et al. 2007; Frassanito et al. 2019; Garg et al. 

2016; Ghadimi et al. 2012 ; Kanwar et al. 2011; Mazur et al. 2018; Mobahat et al. 2014; Pennati 

et al. 2008; Ryan et al. 2009; Smolewski and Robak 2011).  
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Figure 1. (A) Structure of survivin dimer. Reprinted with permission from (Chantalat et al. 2000); (B) 
Five splice variants of survivin; (C) Schematic exhibition of survivin roles in apoptosis and cellular 
proliferation. Reprinted with permission from (Ebrahimiyan et al. 2018). 

 

 This review summarizes the achievements of the scientists and clinicians in the field of 

optical and electrochemical biosensing systems and biosensors utilized for the detection of Sur 

protein and Sur mRNA biomarkers for most common human cancers based on antigen-antibody 

interactions and DNA hybridization processes. Particular attention has been paid to the methods 

of detection and the design of molecular beacon probes, genosensors based on solid electrodes 

and nanoparticles, nanogravimetric and chemiluminescence survivin immunosensors, as well as 

the microfluidic systems. The reports published on the development of biosensors and biosensing 
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systems for the detection of Sur biomarkers are highly advanced but non-frequent, likely because 

the number of research groups involved in developing the biosensors for Sur protein and Sur 

mRNA is now only beginning to increase. Hence, more developments will likely be published 

soon. The assessment of the prospective biosensors and biosensing systems, proposed until now, 

indicates that the biosensor technology for the detection and monitoring of Sur biomarkers is 

ready to enter the stage of expansion and may be able to offer new solutions for a widespread, 

non-invasive, early cancer detection initiatives which are one of the key elements of a successful 

treatment of neoplasia. This new technology may also be able to help in diagnosing and therapy 

of pre-metastatic cancers utilizing non-invasive procedures based on exosomes. 

2. Prospective biosensing platforms 

 The anti-apoptotic IAP proteins, and especially Sur, are overexpressed in all types of 

malignant tumors. In Table 1, recent studies reporting the expression of Sur in different cancer 

cell lines are listed and the methodology utilized in the detection process, together with 

conditions of the detection, are presented. The listing includes also the limit of detection (LOD) 

achieved. As can be seen, most of the methods used for survivin detection are based on 

molecular biology techniques, including reverse transcription polymerase chain reaction (RT-

PCR) (Chu et al. 2012; Fu et al. 2008; Han et al. 2012; Jin et al. 2019), enzyme-linked 

immunosorbent assay (ELISA) (Chen et al. 2018; Gleichenhagen et al. 2018; Kappler et al. 

2003), Western blot (WB) (Yang et al. 2003), and immunohistochemical (IHC) (Jakubowska et 

al. 2016; Li et al. 2019; Lorenzettia et al. 2019) methods.  
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Table 1. Expression of survivin in various cancer cell types and published methods of Sur 

protein and Sur mRNA detection. 

No. Types of cancer Cell lines 
Sur 

target 
Method of 
detectionb-h 

Quantification/LO
D* ,a Ref. 

1 
Oral squamous 

carcinoma 

H376 protein ELISA 
70±28 nM 

(5.8±2.3 ng/mg 
protein in lysate) 

(Konopka et al. 
2009) 

HSC-3 protein ELISA 
146±35 nM 

(12.0±2.9 ng/mg 
protein in lysate) 

H413 protein ELISA 
153±11 nM 

(12.6±0.9 ng/mg 
protein in lysate) 

2 Astrocytoma U87 MG protein 
Nanogravimetric 
immunosensor 

 

1.87±0.7 nM 
in cell lysate (Stobiecka et al. 

2016) 
1.7±0.8 nM 

in 10 mM PBS 

3 
Nasopharyngeal 

carcinoma 
CNE-2 mRNA RT-PCR 

2.48x10-3 relative 
expression level 

(Fu et al. 2008) 

4 Prostate cancer PC-3 protein ELISA 
4.44 pM 

(73.3 pg/mL) 
(Khan et al. 

2009) 

5 Ovarian cancer n.s. protein IHC n.s. 
(Turan et al. 

2014) 

6 
Breast cancer 

 
MCF-7 

 

cDNA MB-GN 3 nM (Piao et al. 2012) 

protein ELISA 
3.8 pM 

(63 pg/mL) 
(Khan et al. 

2009) 

7 Pancreatic cancer 

MIAPaCa-2, 
BXPC-3, 

Panc1 
protein WB n.s. 

(Yang et al. 
2003) 

CapanI protein ELISA 
15.0 pM  

(246.9 pg/mL) (Khan et al. 
2009) 

Panc1 protein ELISA 
1.24 pM  

(20.4 pg/mL) 

8 Colorectal cancer 

LoVo, 
SW480, 

Colo 320, 
HT-29 

mRNA, 
protein 

RT-PCR 
WB 

n.s. (Chu et al. 2012) 

SW480 mRNA RT-PCR n.s. 
(Sarela et al. 

2000) 

SW480 tDNA MB 16 nM in buffer 
(Ratajczak et al. 

2018) 
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* Quantification/LOD is provided in molar concentration and it is recalculated from other units assuming that the average 

content of proteins in mammalian cells is 0.2 g/mL of cell volume (concentrations in original units are also provided); 
a Detection limit: n.s. – not specified; 
b ELISA - enzyme-linked immunosorbent assay; 
c MB-GN - molecular beacon with spherical graphite nanoparticle; 
d MB - molecular beacon; 
e RT-PCR – reverse transcription polymerase chain reaction; 
f WB - Western blot;  
g NB - Northern blot; 
h IHC - immunohistochemical method. 

 

 

9 Neuroblastoma 

CHP134, 
IMR32, 

SH-SY5Y, 
SK-N-AS 

mRNA NB n.s. 
(Islam et al. 

2000) 

10 Bladder cancer 

5637 protein ELISA 
395 nM 

(32.6 ng/mg of 
protein) 

(Kappler et al. 
2003) 

SW1710 protein ELISA 
73 nM 

(6.0 ng/mg of 
protein) 

HT1197 protein ELISA 
108 nM 

(8.9 ng/mg of 
protein) 

11 
Rhabdomyo-

sarcoma 
A-204 protein ELISA 

34 nM 
(2.8 ng/mg of 

protein) 

(Kappler et al. 
2003) 

12 
Hepatocellular 

carcinoma 
n.s. protein IHC n.s. (Jin et al. 2014) 

13 
Malignant 
melanoma 

A375 mRNA RT-PCR n.s. 
(Carpi et al. 

2014) 

14 Cervical cancer 

SiHa, HeLa mRNA MB n.s. (Xue et al. 2011) 

HeLa protein ELISA 
295±35 nM 

(24.3±2.9 ng/mg 
protein) 

(Konopka et al. 
2009) 

15 Gastric cancer 
n.s. protein IHC n.s. 

(Dizdar et al. 
2017) 

SGC 7901 
protein 
mRNA 

WB 
RT-PCR 

n.s. 
(Yang et al. 

2004) 
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 The early cancer detection requires testing of many high-risk patients, including those 

exposed to carcinogens or radiation, patients carrying genetic inheritance, having lowered 

immune defenses or otherwise of a high risk due to the lifestyle or vulnerable phenotype. 

Therefore, a range of prospective biosensing platforms must be considered to narrow down the 

choices to the most effective, low cost, and robust platforms which are simple to operate in the 

environment of highly accessible points-of-care and doctor offices. Here, we describe and 

evaluate different approaches based on the detection of Sur protein and Sur mRNA biomarkers 

which are by far the most common signature of the malignant tumors. In comparison with the 

current molecular biology techniques and methods based on sophisticated instrumental 

techniques, such as mass spectrometry, the prospective biosensor-based methodologies, 

discussed in this section, provide alternative, lower cost, more robust, faster, competitively 

sensitive, and more scalable devices which are easier to handle by untrained personnel and are 

suitable to detect Sur protein and Sur mRNA biomarkers in widespread early cancer screening 

framework. 

2.1. Solid electrodes and nanoparticles-based biosensors for the detection of Sur mRNA  

 One of the most effective methods of detection of the overproduction of Sur protein in the 

framework of in vivo or in vitro measurements is based on an indirect testing involving the 

expression of Sur mRNA. The massive expression of Sur mRNA results in overproduction of 

Sur protein in the intracellular process of mRNA translation into a protein. Thus, the high level 

of Sur mRNA is indicative of overproduction of Sur protein. The detection of Sur mRNA is 

performed using Sur mRNA genosensors (or: Sur genosensors, in brief). These genosensors 

consist of oligonucleotide probes with antisense sequences encoding a fragment of Sur mRNA. 
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The probes are immobilized in the active recognition layer of the biosensors. The most common 

sequences of the oligonucleotide survivin probes and targets are presented in Table 2. 

Table 2. Sequences of oligonucleotide probes and targets used for survivin mRNA recognition in 

biosensors and fluorescence essays in solution. 

No. Oligonucleotide sequence for targeting survivin Method LOD Ref. 

1 MB 5'-
(ATTO647N)CGACGGAGAAAGGGCTGCCACGXC
G(BBQ)-3' X=C6-dT Thio  
Target 5'-
CCCCTGCCTGGCAGCCCTTTCTCAAGGACC-3'  
Random sequence 5'-ATCGGTGCGCTTGTCG-3'  
Linear probe 5'-
(ATTO647N)GAGAAAGGGCTGCCA(Thiol)-3' 

Optical fiber 
sensor 

 
0.57 nM 

(Giannetti 
et al. 
2015) 
 

2 Sur MB 5′-Joe-CCTGGC CCA GCC TTC CAG CTC 
CTT GCCAGG-Dabcyl-3’ 
Complementary target 5’-CAA GGA GCT GGA AGG 
CTG GG-3’ 

Fluorescence 
MB 

16 nM (Ratajczak 
et al. 
2018b) 

3 MB1 5 -́FITC-AGACAGTTGAGAAAGGGCTGCTG 
TCTAAAAAA- (CH2)3-SH -3 
DNA target 1 (MB1 perfectly matched) 5´-
CAGCCCTTTCTCAA -3´ 
DNA target 2 (MB1 single-base mismatched) 5´-
CAGCCCTGTCTCAA -3´ 

Fluorescence 
MB 

n.s. (Qiao et al. 
2011) 

4 Probe 
 5’-6-FAM-CCT GGC CCA GCC TTC CAG CTC CTT 
GCC AGG-Dabcyl-3’ 
Target 
5’-CAA GGA GCT GGA AGG CTG GG-3’ 

Fluorescence 
MB 

2 nM (Stobiecka 
and 
Chalupa 
2016) 

5 Probe DNA 
5’-Ferrocene-C6-CCGGCACAAGG 
AGCTGGAACCATGCCGG-C6-HS-3’ 
Antisense  oligonucleotide 
5’-6-FAM-CCCAGCCTTCCAGCTCCTTG-3’ (5 
phosphatic bases from both endings were modified by 
thiosulfates) 
Target in human SMMC-7721 
CAAGGAGCTGGAAGGCTGGG. 
Target in mouse MEF 
TAAGGAATTGGAAGGCTGGG 

DPV n.s. (Liu et al. 
2012) 
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6 forward 5’- CCACTGCCCCACTGAGAAC-3’ 
reverse 5’-TGGCTCCCAGCCTTCCA-3’ 

RT-PCR n.s. (Peng et 
al. 2005) 

7 Target 
Survivin cDNA from 27 to 43 nucleotide  
Survivin cDNA from 33 to 50 nucleotide  
 
probe 
5'-Cy3-CTGAGAAAGGGCTGCCAGTC TCAG-
Dabcyl-3' 
5'-FITC-TGGTCCTTGAGAAAGGGCGA CCA-
Dabcyl-3' 

Fluorescence 
MB 

n.s. (Yang et 
al. 2005) 

8 Donor MB:  
5’-/Cy3/GAGAAAGGGCTGCCATTCTC/BHQ-2/-3’ 
Acceptor MB:  
5’-/BHQ-3/ACCACGTAGAGATGCGGTGGT/Cy5/-3’ 
 
Target: 
5’-ATGGGTGCCCCGACGTTGCCCCCTGCC 
TGGCAGCCCTTTCTC aagg 
ACCACCGCATCTCTAC ATTCAAGAACTGGCCC-
3’ 

Dual FRET 
MB 

n.s. (Santangel
o et al. 
2004) 

9 Target:  
5′-ATGGGTGCCCCGACGTTG CCCCCTGCC 
TGGCAGCCCTTTCTC aagg 
ACCACCGCATCTCTAC ATTCA AGAACTGGCCC-
3′ 
Donor MB:  
5′-/Cy3/GAGAAAGGGCTGC CATTCTC/BHQ-2/-3′ 
Acceptor MB:  
5′-/BHQ-3/ACCACGTAGAGATGCGGTGGT/Cy5/-3′ 
Donor MB:  
5′-/FAM/GAGAAAGGGCTG CCATTCTC/BHQ-2/-3′ 
Acceptor MB:  
5′-/BHQ-3/ACCACGTAGAGATGCGGTGGT/Cy3/-3′ 

Dual FRET 
MB 

n.s. (Wang et 
al. 2011) 

10 antisense oligonucleotide for cell viability and apoptosis 
detection (S1) 5’CCCAGCCTTCCAGCTCCTTG3’ 
antisense oligonucleotide labeled with FITC (F-S1) 
5’FITC –CCCAGCCTTCCAGCTCCTTG3’ 
chemical synthesized target survivin strand (S2) 
5’CAAGGAGCTGGAAGGCTGGG3' 
random oligonucleotide labeled with FITC (F-S3) 
5’FITC –TCTCCCCAGGACGCTCTCCT3’ 

Microfluidic 
system with 
fluorescence 
assay 

(4.8±1.8) 
×106 
copies 
2.1-6.5 
µM 

(Li et al. 
2013) 

11 Probes 
5’-GTT CTT GGA TGT AGA GAT GC-3’  
5’-GCT TCT TGA CAG AAA GGA A-3’  

Flow 
cytometry 

n.s. (Yang et 
al. 2004) 
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5’-CAA CGT CGG GGC ACC CAT-3’ 

12 Probe 
5’-Cy3-CGACGGAGAAAGGGCTGCCACG/thiol-
dT/CG-BHQ2-3’ 

Peptide-
linked 
molecular 
beacons 

n.s. (Nitin et 
al. 2004) 

13 Probe Recognition sequence:  
5’-CTT GAG AAA GGG CTG CCA AAA AA-SH-3’ 
Reporter sequence: 3’-CCC GAC GGT T-Cy5-5’ 
Target: 3’-GAA CTC TTT CCC GAC GGT-5’ 
 

Fluorescent 
nano-flares 

n.s (Seferos et 
al. 2007) 

14 SurMB-Joe 5′-Joe-CCTGGC CCA GCC TTC CAG 
CTC CTT GCCAGG-Dabcyl-3′ 
St 5′-CAA GGA GCT GGA AGG CTG GG-3′ 
St‑1 5′-CAA GGA GCT GCA AGG CTG GG-3′ 
St‑2 5′-CAA GGA GCT CCA AGG CTG GG-3′ 
St‑nc 5′-CCC AGC CTT CCA GCT CCT TG-3′ 

Fluorescence 
MB 

26 nM (Ratajczak 
et al. 
2018a) 

15 SurMB 5’-FAM - CCT GGC CCA GCC TTC CAG 
CTC CTT GCC AGG - Dabcyl-3’ 
St 5’-CAA GGA GCT GGA AGG CTG GG-3’ 
St-1 5’-CAA GGA GCT GCA AGG CTG GG-3’ 
St-2 5’-CAA GGA GCT CCA AGG CTG GG-3’ 

Fluorescence 
MB 

24 nM (Stobiecka 
et al. 
2016b) 

 

Sur mRNA in cells has recently been analyzed by the Xu’s group (Liu et al. 2012) using an 

“on-off-on” switchable electrochemical biosensor based on labeled stem-loop DNA probes 

attached via thiolate groups to a gold electrode. The Authors have shown that ferrocene (Fc) 

tagged DNA probes can be used for survivin mRNA detection inside human hepatoma cells line 

SMMC-7721 using electrochemical techniques. Upon DNA duplex formation the ferrocene 

moiety was moved to a distal location from the surface of the electrode resulting in a decrease of 

the electrochemical signal. In the presence of calcium ions, the interaction of the duplex with 

cells caused further decreasing of the signal.  After the lysis of cells with Triton X-100 lysing 

buffer, only the Fc tagged DNA probes remained on the electrode. The advantage of this method 

is that two opposing signals, electrochemical and fluorescence, are generated, thereby increasing 
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the method reliability. However, the requirement of cell capture on the sensor surface may lead 

to a higher noise due to the varying number of cells attached. On the other hand, different kinds 

of cells could also be distinguished using these biosensors (Figure 2).  

 

Figure 2. (A) A circular ‘ON-OFF-ON’ Fc-DNA-based electrochemical switch for mRNA sensing. (B) 
DPVs obtained in 10 mM PBS (pH 7.4) with (1) Fc-DNA, (2) DNA duplex, (3) after reaction with 
SMMC-7721 cells in the presence of Ca2+, (4) after treatment with lysis buffer. Adopted with permission 
from (Liu et al. 2012).  

 
 

Liu and coworkers have developed an electrochemical DNA biosensor for the detection of Sur 

mRNA (Liu et al. 2013a). The biosensor was based on a sulfhydryl modified capture probe, self-

assembled on a three-dimensional nanostructure of a graphene-gold nanocomposite which was 

deposited on the surface of a glassy carbon electrode. Upon capture, the target was flanked by 

the capture and biotinylated reporter probes creating the “sandwich-type” detection strategy. The 

electrochemical current signal was enhanced by horseradish peroxidase (HRP) enzyme 

conjugated with streptavidin attached to the biotinylated reporter when target was captured on 

the electrode. This highly amplified DNA biosensor has shown excellent sensitivity and 

selectivity with LOD = 3.4 fM. However, the disadvantage of the amplifying strategy based on 
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electrochemical enzymatic currents is the limitation of this genosensor usage to the cell lysates. 

The genosensor was successfully applied for the analysis of PCR samples.  

High signal amplification in the detection of Sur mRNA was also investigated by Li et al. (Li 

et al. 2015). The Authors have utilized the ability of the duplex-specific nuclease (DSN) enzyme 

to cleave a double-stranded DNA or a DNA in DNA:RNA heteroduplexes causing the bio-bar-

code probe with cadmium sulfide nanoparticles (CdS-NPs) to release the NPs to the solution. 

The electrochemical signal was measured using anodic stripping voltammetry technique. This 

doubly-amplified genosensor has shown an ultra-high sensitivity and selectivity with LOD of 

0.48 fM (Figure 3). The use of DSN nuclease poses, however, certain problems when attempting 

to utilize the method in vivo since the presence of intracellular nucleases and double-stranded 

DNA may interfere in cleaving the duplexes of the mRNA with capture probes. Also, the up-

regulated glutathione in cancer cells may interfere or even block the electrode surface in ASV 

transduction process. Due to the high sensitivity of this genosensor, an extra effort for the sample 

pretreatment, for instance in a microfluidic framework may be worth trying.   

 

Figure 3.  (A) Schematic representation of the sensing interface for the label-free electrochemical 
detection of mRNA with dual-amplification of duplex-specific nuclease and bio-bar-code. Anodic 
stripping voltammetry response of (a) baseline, (b) DNA and (c) mRNA. Reprinted with permission from 
(Li et al. 2015). 
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Recently, an optical biosensor for Sur mRNA detection based on a fiber nanotip coupled with 

molecular beacons was developed by Giannetti et al. (Giannetti et al. 2015). The Authors have 

reached the limit of detection of 0.57 nM for a complementary target. This genosensor offers an 

advantage of a high sensitivity and design simplicity. It is simple to operate and therefore may be 

utilized without highly trained personnel. 

2.2. Microfluidic and gated systems based on biosensors for the detection of Sur protein 

and Sur mRNA  

Microfluidic lab-on-a-chip biosensing devices integrate and miniaturize multiple stages of 

analytical procedures, thereby enabling high throughput and highly reproducible and inexpensive 

testing. Furthermore, lateral flow paper-based microfluidic biosensors offer versatility and 

simplicity, making them very useful in points-of-care and doctor offices.  

Li et al. (Li et al. 2013) have described the detection of intracellular Sur mRNA biomarker 

using antibody-based microfluidic microchannel devices. The microchannel was first modified 

with prostate stem cell antigen (PSCA) monoclonal antibody for prostate cancer cells detection. 

Then, using a graphene-oxide-poly(ethylene glycol) bis(amine) as the nanocarrier of fluorescein 

isothiocyanate-labeled oligonucleotide, encoded for recognition of Sur mRNA, the biomarker 

detection was carried out. Here, the advantage of microfluidic detection platform clearly lies in 

the ability to selectively capture cancer cells in a microfluidic channel for further internalization 

of genosensor nanoprobes in the collected cells. The Authors have estimated the survivin mRNA 

content in a single cell as (4.8±1.8)×106 copies (Figure 4).  
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Figure 4. (A) Schematic illustration the capture of target cells in an anti-PSCA modified microchannel 
device (step 1) and the fluorescence assay of survivin mRNA (step 2). (B) Fluorescence intensity of 
survivin target S2 detection from (1) 0 to (9) 2 x 10-10 M; INSET: Dependence of IF vs. CS2; (C) 
Microscope images of mixed cell samples of flow at rates (a) 0, (b) 10 and (c) 20 µL/ min. Adopted with 
permission from (Li et al. 2013). 

 
A comprehensive method for the isolation of distinct cancer cell populations from body fluids 

using a microfluidic device has been developed by Abreu (Abreu 2016a; Abreu 2016b). The in 

situ immunocytochemical evaluation using an optimized panel of five biomarkers, including 

DAPI, pan-CK, vimentin, survivin, and CD45, was performed. The cell capture efficiency of the 

microfluidic platform was determined by counting the number of the entrapped fluorescent cells, 

followed by staining with the cell-permeable dye Calcein AM. This work demonstrates that an 

inexpensive microfluidic detection platform employing multiple biomarkers can serve as the 

efficient cancer screening method based only on non-invasive body fluids testing. 

Wang et al. (Wang et al. 2015) have shown that the target Sur mRNA after hybridization with 

ssDNA probe can trigger the release of luminophore Ru(bpy)3
2+ encapsulated in the positively 

charged mesoporous silica nanoparticles functionalized with 3-aminopropyltriethoxysilane and 

the negatively charged ssDNA. The reaction of luminophore with the coreactant tripropylamine 
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in the solution has given an electrochemiluminescence (ECL) signal proportional to the 

concentration of Sur mRNA. The Authors have found Sur mRNA level to be in the range 0.5-50 

fM with a limit of detection of 0.1 fM. The ECL biosensor based on DNA bio-gate with the 

mesoporous silica nanoparticles system provided high signal amplification owing to the duplex-

specific nuclease used in the investigations for specific digestion of the ssDNA in the DNA-RNA 

heteroduplexes. The proposed assay offers the advantage of a very high sensitivity to Sur mRNA 

due to the applied amplification paradigm. The complexity introduced with the amplification 

scheme may however lead to some interference from the biological matrix. 

Another kind of the gate system, the gated plasmon-enhanced resonance energy transfer 

(gRET) for the detection of survivin protein was developed by Stobiecka and Chalupa (Stobiecka 

and Chalupa 2015). The Authors have demonstrated that the resonance energy transfer occurring 

between a fluorescent dye and gold nanoparticles can be modulated by the width of gates 

(channels) in the shell of protein surrounding the nanoparticle core. In the experiments, citrate–

capped gold nanoparticles were used in conjunction with a fluorescein isothiocyanate dye and 

Sur protein forming sub-monolayer films on AuNPs. Despite of the electrostatic repulsive forces 

between these components, the method was ultra-sensitive to survivin with LOD = 240 pM 

(Figure 5).  
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Figure 5.  (A) Principle of gated fluorescence resonance energy transfer (gRET); (B) Dependence of the 
gRET efficiency on survivin concentration; (C) Nanogravimetric transients of citrate (Cit) adsorption on 
Au piezoelectrode followed by a survivin (Sur) film formation. Adopted with permission from (Stobiecka 
and Chalupa 2015). 

 

A logic-controlled “AND” mode biosensor for detection of two different cancer biomarkers:  

prostate-specific antigen and Sur mRNA was designed by Liu et al. (Liu et al. 2013b). The 

biosensor was based on the immobilization of primary capture antibody Ab1 and secondary 

detection antibody Ab2 - DNA complexes onto the mercaptopropionic acid-functionalized gold 

nanostructured film formed on the Au electrode surface. The electrochemical signal obtained 

after intercalation of Co(phen)3
3+ ions into DNA duplex, formed upon hybridization of the Sur 

antisense oligonucleotides with Sur mRNA strands, was measured using differential pulse 

voltammetry technique. The Authors have demonstrated that faradaic current generated by the 

intercalation agent increases only when both biomarkers are detected in the sample (Figure 6), 

thus resembling a logic AND gate operation principle. The advantage of the logic gate system is 
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in the simple YES/NO answer to the diagnosis of cancer. However, when the input signals are 

close to the threshold values, any change in background level or noise in the electrochemical 

output reading may lead to false positive or false negative results. In the former case, further 

testing using methods with analog output may solve the problem. 

 

Figure 6. (A) The schematic presentation of the logic-controlled “AND” system; (B) Differential pulse 
voltammograms upon different input signals: (a) (0,0), (b) (0,1), (c) (1,0), (d) (1,1); (C) Bar diagrams for 
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Co(phen)3 
3+ peak current changes; (D) Table for the AND logic gate; (E) Circuit for the AND logic gate. 

Reprinted with permission from (Liu et al. 2013b). 
 

2.3. Nanogravimetric and chemiluminescence based biosensors for the detection of 

Sur protein  

Recently, Stobiecka et al. (Stobiecka et al. 2016a) have developed a piezoimmunosensor for 

direct detection of Sur protein using electrochemical quartz crystal nanobalance. The gold 

piezoelectrode was modified with a self-assembled monolayer of aminohexanethiol molecules 

and covalently bound monoclonal anti-survivin antibodies. The proposed sensor was constructed 

layer-by-layer with monitoring of the resonance frequency of the piezoresonator and cyclic 

voltammetry characteristics for each layer. The Authors were able to detect Sur protein with 

LOD = 1.7 nM. The assessment of piezoimmunosensor applicability for the analysis of U87 MG 

cell line lysate was also presented (Figure 7). The advantage of the combined piezometric and 

electrochemical testing is the assurance of the sensor responses which is equivalent to 

embedding of an internal control to the sensory system. 
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Figure 7. (A) Schematic illustration of the construction of immunosensors; (B) Frequency shift 
transients: (1) aminohexanethiol (AHT), (2) anti-survivin antibody (Ab), (3) survivin; (C) Cyclic 
voltammograms: (1) bare gold piezoelectrode and (2–5) after immobilization of successive layers, v=100 
mV/s; electrolyte: 3.33 mM K3Fe(CN)6 + 66 mM PBS. (D) Determination of Sur in a lysate solution from 
U-87MG cell line. Reprinted with permission from (Stobiecka et al. 2016a). 

 

Yang et al. (Yang et al. 2018) have used magnetic particles-based chemiluminescence enzyme 

immunoassay for the detection of Sur protein and evaluation of the diagnostic value of urinary 

Sur for bladder cancer and renal cell carcinoma. The method was based on a double-antibody 

sandwich immunoreaction and luminol-H2O2 chemiluminescence system. One kind of 

monoclonal antibodies against Sur was coupled to magnetic beads and the second one was 

labeled with horseradish peroxidase (HRP). After interaction with Sur, the luminescence signal 

was measured. The achieved limit of detection for Sur was LOD = 57 pM (0.949 ng/mL), 

competing well with ELISA, as tested with 90 clinical urine samples. Thus, this highly sensitive 

amplified method has a potential for non-invasive cancer screening. 
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2.4. Molecular beacon (MB) probes-based fluorescence biosensing systems for the 

detection of Sur mRNA  

Recently, extensive studies have been performed with molecular beacon (MB) probes 

consisting of an oligonucleotide strand labeled with a fluorophore and a quencher. The sequence 

of this loop-stem structured probe is complementary to a part of the Sur mRNA sequence. The 

use of oligonucleotide molecular beacons encoded for recognition of Sur mRNA is becoming 

one of the leading cancer diagnostic tools. The different kinds of molecular beacon probes are 

described in this and the next sections. The advantage of these biosensing systems is that they 

enable direct monitoring of the expression of Sur mRNA in situ. 

Wang and coworkers (Wang et al. 2011) have detected survivin mRNA in bladder cancer 

(BCa) cell lines 5637, 253J, and T2, as well as in exfoliated cells in urine samples from patients 

with BCa using survivin-targeting dual fluorescence resonance energy transfer molecular 

beacon. The Authors have used a pair of molecular beacons with sequences complementary to 

survivin mRNA. One MB with FAM or Cy3 fluorophore and BHQ-2 quencher was acting as the 

donor and second MB with BHQ-3 quencher and Cy3 or Cy5 fluorophore was acting as the 

acceptor. After hybridization with target oligonucleotide, the fluorescence resonance energy 

transfer (FRET) between the donor and acceptor fluorophores has occurred upon the donor 

excitation, showing clearly the fluorescence signal. The Authors used also the human dermal 

fibroblasts-adult cells as a negative control which has shown almost no fluorescence signal in 

contrast to BCa cells (Figure 8). 
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Figure 8. (A) Scheme of mechanism of a dual FRET MB. Hybridization of donor and acceptor MBs to 
mRNA target upon donor excitation (490 nm); (B) Laser scanning confocal fluorescence microscopy 
images of 5637 and HDF-a cells incubated with MBs for survivin mRNA detection. Reprinted with 
permission from (Wang et al. 2011). 

 
 
Molecular beacons with different fluorophores (FITC and Texas Red) and Dabcyl quencher 

have been designed for simultaneous detection of mRNA of survivin and cyclin D1 tumor 
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markers in breast cancer cell lines: SKBr-3, MDA-MB-231, MCF-7 and MDA-MB-435 by Peng 

et al. (Peng et al. 2005). The expression of these genes was also confirmed by real-time RT-PCR 

and survivin protein by Western Blot analysis. The Authors have also studied the Sur gene 

expression in situ in frozen breast cancer tissue sections, as well as in viable cells and in cells 

treated with EGF, docetaxel, and p53. The fluorescent signal was very low for both molecular 

beacons in a normal immortalized human mammary epithelial cell line.  

The survivin mRNA was also detected in colorectal cancer cells SW480 using molecular 

beacon probe modified with Joe fluorescence dye and Dabcyl quencher by Ratajczak et al. 

(Ratajczak et al. 2018a). The Authors have proposed a new model of interactions of MB with 

complementary oligonucleotides based on the hairpin−hairpin interactions of oligonucleotides. 

They have shown an efficient transfection of malignant SW480 cells with molecular beacon 

probes using liposomal nanocarriers, which resulted in a strong green emission from internalized 

Sur mRNA corroborating the overexpression of survivin mRNA. Similar experiments with 

healthy human-colon epithelial cells CCD 841 CoN have shown only negligible expression of 

survivin mRNA. A single nucleotide polymorphism sensitivity and a low detection limit of 26 

nM for complementary targets have been achieved (Figure 9). 
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Figure 9. (A) Fluorescence emission spectra of SurMB-Joe recorded with complementary tDNA; (B) 
Dependence of IFL,max vs CtDNA. Conditions: CSurMB‑Joe = 100 nM, buffer: 10 mM PBS, pH 7.4; λex = 520 
nm. CtDNA (nM): from 0 to 100; (C) Optical (left) and fluorescence (right) microscopic images of SW480 
cells (top panel) and CCD 841 CoN cells (bottom panel) transfected with SurMB-Joe; (D) Mechanism of 
hairpin−hairpin interactions for SurMB-Joe with target. Reprinted with permission from (Ratajczak et al. 
2018a). 

 

Recently, Xue et al. (Xue et al. 2011) have used MBs that target a wild-type survivin mRNA 

for the diagnosis of cervical cancer. The molecular beacon probes were covalently linked with 

FITC or Cy3 fluorescence dyes and Dabcyl quencher. The Authors have shown, that both MB 

probes were able to detect the expression of survivin and generated strong fluorescent signals 

corresponding to the survivin mRNA in cytoplasm and nucleus of the cervical cancer cell lines 

HeLa and SiHa.  They have also found that the expression of Sur mRNA in the normal human 

dermatological fibroblast cells was negligible. The fluorescent signal generated by MB was 

consistent with results obtained using Western blotting, RT-PCR, and immunocytochemical 

staining method. Survivin expression was also detected in clinical smear samples obtained from 
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patients with cervical cancer using MB with 61.4% (27/44) sensitivity and 72.7% specificity 

(34/44).  

Carpi et al. (Carpi et al. 2014) have found that treatment of human malignant melanoma A375 

cell line and human metastatic melanoma 501 Mel cell line with MBs encoded for recognition of 

Sur mRNA, have induced apoptosis of these cells.  This process was investigated by measuring 

the dissipation of mitochondrial membrane potential, internucleosomal DNA fragmentation, and 

changes in nuclear morphology, revealed by DAPI staining. The effect of MB on survivin gene 

expression and protein expression was investigated using real-time PCR and Western blot 

experiments.  

According to Piao et al. (Piao et al. 2012), the MB with graphite nanoparticles is a robust 

molecular probe for the detection of survivin mRNA in human breast cancer MCF-7 cells. It can 

also be utilized for real-time monitoring of gene expression and survivin mRNA level 

quantification. The Authors have shown that the intensity of fluorescence signal of MB was 

increased after the addition of docetaxel which can up-regulate the survivin gene expression.  

2.5. Probes attached to membrane-penetrable nanocarriers of graphene oxide, 

polymers and plasmonic nanoparticles based biosensing system for the detection of 

Sur mRNA  

Recently, the Stobiecka’s group has shown that a graphene oxide nanosheet (GON) can be 

used as the nanocarrier of MB (GON@MB) for survivin mRNA detection in human malignant 

glioma cell 87 MG (Stobiecka et al. 2016b) and colorectal cancer cell line SW480 (Ratajczak et 

al. 2018b). The Authors have achieved the limits of detection of 24 nM and 16 nM, for these cell 

lines, respectively. The GONs were characterized using resonance elastic light scattering, Raman 

spectroscopy, SEM and TEM, and their efficacy was evaluated by MTT cell viability testing 

(Figure 10).  
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Figure 10. (A) Schematic view of formation and delivery of GONS@SurMB to the astrocyte cells to 
detect survivin mRNA. (B) GONS quenching and target binding characteristics; (C) Isothermal 
fluorescence emission transients: (1) St perfect complement to SurMB loop, (2) St-1 strand with a single 
mismatch, (3) St-2 strand with a double mismatch; (4) Sn non-complementary strand; CtDNA[nM]: from 0 to 
100; Adopted with permission from (Stobiecka et al. 2016b). 

 

Adinolfi et al. (Adinolfi et al. 2014; Adinolfi et al. 2017) have used the 

polymethylmethacrylate nanoparticles (PMMA-NPs) with adsorbed molecular beacons for the 

detection of Sur mRNA in A549 human lung adenocarcinoma epithelial cells. A molecular 

beacon equipped with an ATTO 647N fluorescence dye and a Blackberry Quencher was utilized 

for Sur mRNA monitoring. Authors have shown that the MB loaded onto PMMA-NP carriers 
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were effectively internalized into A549 cells generating fluorescent signal in the presence of 

survivin mRNA expression.  

 Recently, Klymchenko’s group (Melnychuk and Klymchenko 2018) proposed a highly 

sensitive nanoantenna nanoprobes for the detection of Sur mRNA. The nanoprobe 

consists of a rhodamine-loaded poly(methylmethacrylate-co-methacrylic acid) 

nanoparticle functionalized with Cys5 dye-modified short oligonucleotides. The Authors 

have shown, that the rhodamine dyes donate the energy to Cy5 acceptors via FRET 

process resulting in the strong red-light emission at 670 nm. Upon hybridization with a 

target nucleic acid, the FRET process is blocked and restoration of the green emission 

signal from the nanoantenna is observed. The Authors have achieved an excellent LOD = 

5 and 0.25 pM, for the operation in solution and on the surface of a single particle, 

respectively.    

The group of Tang has assembled the gold nanoparticles (AuNPs) with a bi-molecular beacon 

molecules (bi-MBs) for mRNA detection in breast cancer cells (Qiao et al. 2011). The molecular 

beacons for identification of Sur mRNA and cyclin D1 mRNA were labeled with FITC and Cy5, 

respectively. The tests have shown that the AuNP/bi-MB probes can be used for simultaneous 

detection of the expression of cancer genes in SK-BR-3 cells. 

2.6. Detection of Sur in exosomes and circulating tumor cells (CTCs) 

Survivin localizes in cytoplasm, mitochondria and the nucleus. Recently, the Wall’s group has 

shown that survivin is released from cancer cells, such as HeLa (Khan et al. 2011) and prostate 

cancer patient plasma (Khan et al. 2012) via exosomes. Kreger et al. have demonstrated that the 

treatment of highly aggressive MDAMB231 breast cancer cells with paclitaxel induced the 

formation of exosomes enriched with survivin (Kreger et al. 2016). Also, the flow cytometry 

images indicate that the serum-derived exosomes from patients with malignant gliomas contain 

Sur protein on their surface (Galbo Jr et al. 2017) (Figure 11).  
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Figure 11. (A) Immunohistochemical stains for survivin; (B) Electron microscopic image of 
exosomes isolated from the baseline serum sample; (C) Imaging flow cytometry plots of 
CD9+/GFAP+/Sur+ exosomes in patient with late tumor progression after the doses of survivin vaccine. 
Adopted with permission from (Galbo Jr et al. 2017). 

 

In addition to exosomes, survivin was also detected in circulating tumor cells (CTCs). 

Therefore, the analysis of CTCs can provide valuable information for the prediction of metastasis 

and recurrence of cancers, such as the gastric and colorectal cancer (Yie et al. 2008), non-small 

cell lung cancer (Yie et al. 2009) and breast cancer (Yie et al. 2006). These results confirm that 

the exosomes and CTCs offer a great potential for clinical diagnostics and therapy by 

investigations of cancer biomarkers without invasive biopsies.  

3. Conclusions 

 A remarkable progress in the development of various types of biosensors and biosensing 

systems for the detection of survivin protein and survivin mRNA observed recently has become 
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the basis for a new potential approach for advancing our ability to a widespread early cancer 

screening. Since the Sur biomarkers are so ubiquitous and are expressed in all types of cancers, 

the ability to inexpensively perform an early cancer screening is a promising direction enabling 

the selection of an appropriate therapeutic intervention for the increased survivability rate and 

reduced overall mortality. Since the expressed survivin has also been found in CTCs and 

exosomes, the biosensing platforms may become, in not too distant future, the leading 

technology for the non-invasive early cancer detection. The importance of detecting Sur 

biomarkers in exosomes and circulating tumor cells is associated with metastasis of tumors 

which is the key challenge to be dealt with and the main cause of the high mortality rate. 

In the development of future biosensing platforms for the detection of Sur protein and Sur 

mRNA, special attention has to be paid to the high sensitivity, robustness, and biocompatibility. 

Among these, the sensitivity can further be increased by employing some of the recently 

developed amplifying multi-tier paradigms in which the basic detection process generates a 

product that is then detected by a higher-tier amplifying analytical detection process which 

generates in turn a new product with concentration related to the original analyte, and so on. In 

case of in vivo analysis, the biocompatibility of sensing process is of utmost importance, as the 

immunoresponse may be detrimental to the analysis, especially when longer term monitoring of 

analytes is required. Finally, the robustness is necessary due to the analysis of complex 

biological samples and in the absence of extensive separation procedures (which is usually the 

case in biosensor technologies), the minimized impact of the matrix is required. Novel detection 

modalities aiming at the enhancement of sensitivity and rapid response, such as those employing 

bio-gates, sub-monolayer protein gates, or logic gates, as well as the microfluidic-based and 

multi-sensor array-based detection systems offer an expanded field of biosensor technology for 

further development and utilization in early cancer screening.  

In summary, the biosensors and biosensor arrays, self-standing or in form of microfluidic for 

the detection of survivin and other cancer markers are becoming a promising platform capable to 

advance our ability to diagnose cancer and help in selecting appropriate types of therapy. With 

early cancer screening, the survivin detection technology should see in near future a decrease in 

mortality rates for a range of cancer types.       



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

31 
 

ACKNOWLEDGMENTS  

This research was supported by funding provided by the Program OPUS of the National 

Science Centre, Poland, Grant No. 2017/25/B/ST4/01362   

  

References 

Abreu, C.F.M., 2016a. Microfluidic isolation and characterisation of bladder cancer cells from urine for 
early and non-invasive diagnosis of bladder cancer. Conference Preceeding, 1-10. 

Abreu, C.F.M., 2016b. Microfluidic isolation and characterisation of bladder cancer cells from urine for 
early and non-invasive diagnosis of bladder cancer. Biological Engineering. Instituto Superior 
Técnico, Portugal. 

Adinolfi, B., Carpi, S., Giannetti, A., Nieri, P., Pellegrino, M., Sotgiu, G., Tombelli, S., Trono, C., Varchi, 
G., Baldini, F., 2014. Complex nanostructures based on oligonucleotide optical switches and 
nanoparticles for intracellular mRNA sensing and silencing. Procedia Engineering 87, 751 – 754. 

Adinolfi, B., Pellegrino, M., Giannetti, A., Tombelli, S., Trono, C., Sotgiu, G., Varchi, G., Ballestri, M., 
Posati, T., Carpi, S., Nieri, P., Baldini, F., 2017. Molecular beacon-decorated 
polymethylmethacrylatecore-shell fluorescent nanoparticles for the detection of survivin mRNA in 
human cancer cells. Biosens Bioelectron 88, 15–24. 

Altieri, D., 2008a. New wirings in the survivin networks. Oncogene 27, 6276–6284. 

Altieri, D.C., 2001. The molecular basis and potential role of survivin in cancer diagnosis and therapy. 
Trends  in Molecular Medicine 7, 542-547. 

Altieri, D.C., 2003. Survivin, versatile modulation of cell division and apoptosis in cancer. Oncogene 
22(53), 8581-8589. 

Altieri, D.C., 2008b. Survivin, Cancer Networks and Pathway-Directed Drug Discovery. Nat. Rev. 
Cancer 8, 61-70. 

Ambrosini, G., Adida, C., Altieri, D.C., 1997. A Novel Anti-Apoptosis Gene, Survivin, Expressed in 
Cancer and Lymphoma. Nat. Med. 3, 917–921. 

Andersen, M.H., Svane, I.M., Becker, J.C., Straten, P.T., 2007. The Universal Character of the Tumor-
Associated Antigen Survivin. Clin. Cancer Res. 13(20), 5991-5994. 

Blanc-Brude, O.P., Mesri, M., Wall, N.R., Plescia, J., Dohi, T., Altieri, D.C., 2003. Therapeutic Targeting 
of the Survivin Pathway in Cancer: Initiation of Mitochondrial Apoptosis and Suppression of Tumor-
associated Angiogenesis1. Clinical Cancer Research 9, 2683–2692. 

Carpi, S., Fogli, S., Giannetti, A., Adinolfi, B., Tombelli, S., Pozzo, E.D., Vanni, A., Martinotti, E., 
Martini, C., Breschi, M.C., Pellegrino, M., Nieri, P., Baldini, F., 2014. Theranostic Properties of a 
Survivin-Directed Molecular Beacon in Human Melanoma Cells. PLoS One 9(12), e114588. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

32 
 

Chantalat, L., Skoufias, D., Kleman, J., Jung, B., Dideberg, O., Margolis, R., 2000. Crystal structure of 
human survivin reveals a bow tie-shaped dimer with two unusual alpha-helical extensions. Mol Cell. 6, 
183-189. 

Chen, D., Xu, J., Zhang, Q., 2018. Detection of survivin expression in bladder cancer and renal cell 
carcinoma using specific monoclonal antibodies. Oncol Rep. 39, 2817-2828. 

Chen, X., Duan, N., Zhang, C., Zhang, W., 2016. Survivin and Tumorigenesis: Molecular Mechanisms 
and Therapeutic Strategies. Journal of Cancer 7, 314-323. 

Chiou, S.K., Jones, M.K., Tarnawski, A.S., 2003. Survivin - an anti-apoptosis protein: its biological roles 
and implications for cancer and beyond. Med Sci Monit. 9, PI43-47. 

Chu, X.-Y., Chen, L.-B., Wang, J.-H., Su, Q.-S., Yang, J.-R., Lin, Y., Xue, L.-j., Liu, X.-B., Mo, X.-B., 
2012. Overexpression of Survivin is Correlated With Increased Invasion and Metastasis of Colorectal 
Cancer. J. Surg. Oncol. 105, 520–528. 

Dallaglio, K., Marconi, A., Pincelli, C., 2012. Survivin: a dual player in healthy and diseased skin. J 
Invest Dermatol. 132, 18-27. 

Dizdar, L., Tomczak, M., Werner, T.A., Safi, S.A., Riemer, J.C., Verde, P.E., Stoecklein, N.H., Knoefel, 
W.T., Krieg, A., 2017. Survivin and XIAP Expression in Distinct Tumor Compartments of Surgically 
Resected Gastric Cancer: XIAP as a Prognostic Marker in Diffuse and Mixed Type Adenocarcinomas. 
Oncol. Lett. 14(6), 6847-6856. 

Ebrahimiyan, H., Aslani, S., Rezaei, N., Jamshidi, A., Mahmoudi, M., 2018. Survivin and autoimmunity; 
the ins and outs. Immunology Letters 193, 14–24. 

Fan, Y., Chen, J., 2017. Clinicopathological significance of survivin expression in patients with cervical 
cancer: A systematic meta-analysis. Bioengineered 8, 511-523. 

Fangusaro, J.R., Caldas, H., Jiang, Y., Altura, R.A., 2006. Survivin: an Inhibitor of Apoptosis in Pediatric 
Cancer. Pediatr. Blood Cancer 47(1), 4-13. 

Ferrario, A., Rucker, N., Wong, S., Luna, M., Gomer, C.J., 2007. Survivin, a Member of the Inhibitor of 
Apoptosis Family, Is Induced by Photodynamic Therapy and Is a Target for Improving Treatment 
Response. Cancer Res 67, 4989-4995. 

Frassanito, M.A., Saltarella, I., Vinella, A., Muzio, L.L., Pannone, G., Fumarulo, R., Vacca, A., Mariggiò, 
M.A., 2019. Survivin overexpression in head and neck squamous cell carcinomas as a new therapeutic 
target (Review). Oncol Rep. 41, 2615-2624. 

Fu, S., Cai, J., Tu, Z., Wang, Y., Deng, L., Liang, Z., Lin, Z., Gong, X., 2008. Detection of Survivin 
mRNA in nasopharyngeal carcinoma by real-time fluorescence quantitative RT-PCR*. Chinese-
German Journal of Clinical Oncology 7, P523–P526. 

Galbo Jr, P.M., Ciesielski, M.J., Figel, S., Maguire, O., Qiu, J., Wiltsie, L., Minderman, H., Fenstermaker, 
R.A., 2017. Circulating CD9+/GFAP+/survivin+ exosomes in malignant glioma patients following 
survivin vaccination. Oncotarget. 8, 114722-114735. 

Garg, H., Suri, P., Gupta, J.C., Talwar, G.P., Dubey, S., 2016. Survivin: a unique target for tumor therapy. 
Cancer Cell Int 16:49, 1-14. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

33 
 

Ghadimi, M.P., Young, E.D., Belousov, R., Zhang, Y., Lopez, G., Lusby, K., Kivlin, C., Demicco, E.G., 
Creighton, C.J., Lazar, A.J., Pollock, R.E., Lev, D., 2012 Survivin is a Viable Target for the Treatment 
of Malignant Peripheral Nerve Sheath Tumors. Clin. Cancer Res. 18, 2545-2557. 

Giannetti, A., Barucci, A., Cosi, F., Pelli, S., Tombelli, S., Trono, C., Baldini, F., 2015. Optical Fiber 
Nanotips Coated with Molecular Beacons for DNA Detection. Sensors 15, 9666-9680. 

Gleichenhagen, J., Arndt, C., Casjens, S., Meinig, C., Gerullis, H., Raiko, I., Brüning, T., Ecke, T., 
Johnen, G., 2018. Evaluation of a New Survivin ELISA and UBC® Rapid for the Detection of Bladder 
Cancer in Urine. Int. J. Mol. Sci. 19, 226. 

Han, S., Li, L., Jia, X., Ou, W., Ma, J., Wang, H., Zhao, J., Zhu, Q., 2012. A molecular beacon-based 
method for screening cervical cancer. J. Nanosci. Nanotechnol. 12(11), 8282-8286. 

He, X., Yang, K., Wang, H., Chen, X., Wu, H., Yao, L., Ma, S., 2018. Expression and clinical 
significance of survivin in ovarian cancer: A meta-analysis. PLoS ONE 13, e0194463. 

Islam, A., Kageyama, H., Takada, N., Kawamoto, T., Takayasu, H., Isogai, E., Ohira, M., Hashizume, K., 
Kobayashi, H., Kaneko, Y., Nakagawara, A., 2000. High expression of Survivin, mapped to 17q25, is 
significantly associated with poor prognostic factors and promotes cell survival in human 
neuroblastoma. Oncogene 19, 617-623. 

Jakubowska, K., Pryczynicz, A., Dymicka-Piekarska, V., Famulski, W., Guzińska-Ustymowicz, K., 2016. 
Immunohistochemical Expression and Serum Level of Survivin Protein in Colorectal Cancer Patients. 
Oncol. Lett. 12(5), 3591-3597. 

Jin, P.Y., Zheng, Z.H., Lu, H.J., Yan, J., Zheng, G.H., Zheng, Y.L., Wu, D.M., Lu, J., 2019. Roles of β-
catenin, TCF-4, and survivin in nasopharyngeal carcinoma: correlation with clinicopathological 
features and prognostic significance. Cancer Cell Int. 19, 48. 

Jin, Y., Chen, J., Feng, Z., Fan, W., Wang, Y., Li, J., Tong, D., 2014. The expression of Survivin and NF-
κB associated with prognostically worse clinicopathologic variables in hepatocellular carcinoma. 
Tumor Biol. 35, 9905–9910. 

Johnson, M.E., Howerth, E.W., 2004. Survivin: a bifunctional inhibitor of apoptosis protein. Vet. Pathol. 
41(6), 599-607. 

Kanwar, J.R., Kamalapuram, S.K., Kanwar, R.K., 2011. Targeting Survivin in Cancer: The Cell-
Signalling Perspective. Drug Discov. Today 16, 485-494. 

Kappler, M., Kotzsch, M., Bartel, F., Fussel, S., Lautenschlager, C., Schmidt, U., Wurl, P., Bache, M., 
Schmidt, H., Taubert, H., Meye, A., 2003. Elevated Expression Level of Survivin Protein in Soft-
Tissue Sarcomas Is a Strong Independent Predictor of Survival1. Clinical Cancer Research 9, 1098–
1104. 

Khan, S., Aspe, J.R., Asumen, M.G., Almaguel, F., Odumosu, O., Acevedo-Martinez, S., Leon, M.D., 
Langridge, W.H.R., Wall, N.R., 2009. Extracellular, cell-permeable survivin inhibits apoptosis while 
promoting proliferative and metastatic potential. Brit. J. Cancer 100, 1073-1086. 

Khan, S., Jutzy, J.M., Aspe, J.R., McGregor, D.W., Neidigh, J.W., Wall, N.R., 2011. Survivin is released 
from cancer cells via exosomes. Apoptosis 16, 1-12. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

34 
 

Khan, S., Jutzy, J.M.S., Valenzuela, M.M.A., Turay, D., Aspe, J.R., Ashok, A., Mirshahidi, S., Mercola, 
D., Lilly, M.B., Wall, N.R., 2012. Plasma-Derived Exosomal Survivin, a Plausible Biomarker for 
Early Detection of Prostate Cancer. PLOS ONE 7, e46737. 

Konopka, K., Spain, C., Yen, A., Overlid, N., Gebremedhin, S., Duzgunes, N., 2009. Correlation between 
the level of survivin and survivin promoter-driven gene expression in cancer and non-cancer cells. 
Cellular and Molecular Biology Letters 14, 70-89. 

Kreger, B.T., Johansen, E.R., Cerione, R.A., Antonyak, M.A., 2016. The Enrichment of Survivin in 
Exosomes from Breast Cancer Cells Treated with Paclitaxel Promotes Cell Survival and 
Chemoresistance. Cancers 8, 111. 

Li, D., Hu, C., Li, H., 2018. Survivin as a novel target protein for reducing the proliferation of cancer 
cells. Biomed Rep. 8, 399-406. 

Li, W., Luo, S., Ma, G., Wang, L., 2019. Impact of liver kinase B1 on p53 and survivin and its correlation 
with prognosis in gastric cancer. Onco Targets Ther. 12, 1439-1445. 

Li, X.-M., Wang, L.-L., Luo, J., Wei, Q.-L., 2015. A dual-amplified electrochemical detection of mRNA 
based on duplex-specific nuclease and bio-bar-code conjugates. Biosens Bioelectron 65, 245–250. 

Li, X.L., Shan, S., Xiong, M., Xia, X.H., Xu, J.J., Chen, H.Y., 2013. On-chip selective capture of cancer 
cells and ultrasensitive fluorescence detection of survivin mRNA in a single living cell. Lab Chip 13, 
3868-3875. 

Liu, A.-L., Zhong, G.-X., Chen, J.-Y., Weng, S.-H., Huang, H.-N., Chen, W., Lin, L.-Q., Lei, Y., Fu, F.-
H., Sun, Z.-l., Lin, X.-H., Lin, J.-H., Yang, S.-Y., 2013a. A sandwich-type DNA biosensor based on 
electrochemical co-reduction synthesis of graphene-three dimensional nanostructure gold 
nanocomposite films. Anal Chim Acta 767, 50– 58. 

Liu, J., Zhou, H., Xu, J.-J., Chen, H.-Y., 2013b. Dual-biomarker-based logic-controlled electrochemical 
diagnosis for prostate cancers. Electrochem Comm 32, 27–30. 

Liu, J., Zhou, H., Xu, J.J., Chen, H.Y., 2012. Switchable 'On-Off-On' Electrochemical Technique for 
Direct Detection of Survivin mRNA in Living Cells. Analyst 137, 3940-3945. 

Lorenzettia, M.A., Mosna, M.J., Matteo, E.N.D., Lombardi, M.G., Colli, S.L., Preciado, M.V., 2019. 
Overexpression of survivin in pediatric Hodgkin lymphoma tumor cells: Characterization of protein 
expression and splice-variants transcription profile. Experimental and Molecular Pathology 108, 24-
31. 

Mazur, J., Roy, K., Kanwar, J.R., 2018. Recent Advances in Nanomedicine and Survivin Targeting in 
Brain Cancers. Nanomedicine (Lond.) 13(1), 105-137. 

Melnychuk, N., Klymchenko, A.S., 2018. DNA-Functionalized Dye-Loaded Polymeric Nanoparticles: 
Ultrabright FRET Platform for Amplified Detection of Nucleic Acids. J. Am. Chem. Soc. 140, 10856–
10865. 

Mita, A.C., Mita, M.M., Nawrocki, S.T., Giles, F.J., 2008. Survivin: Key Regulator of Mitosis and 
Apoptosis and Novel Target for Cancer Therapeutics. Clin. Cancer Res. 14(16), 5000-5005. 

Mobahat, M., Narendran, A., Riabowol, K., 2014. Survivin as a Preferential Target for Cancer Therapy. 
Int. J. Mol. Sci. 15, 2494-2516. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

35 
 

Muchmore, S., Chen, J., Jakob, C., Zakula, D., Matayoshi, E., Wu, W., Zhang, H., Li, F., Ng, S., Altieri, 
D., 2000. Crystal structure and mutagenic analysis of the inhibitor-of-apoptosis protein survivin. Mol 
Cell. 6, 173-182. 

Nguyen, H.M., Dao, M.Q., La, H.T., 2019. Performance of survivin mRNA as a biomarker for breast 
cancer among Vietnamese women. Breast Dis. pre-press, 1-6. 

Nitin, N., Santangelo, P.J., Kim, G., Nie, S., Bao, G., 2004. Peptide-Linked Molecular Beacons for 
Efficient Delivery and Rapid mRNA Detection in Living Cells. Nucleic Acids Research 32, e58. 

Olie, R., Simões-Wüst, A., Baumann, B., Leech, S., Fabbro, D., Stahel, R., Zangemeister-Wittke, U., 
2000. A Novel Antisense Oligonucleotide Targeting Survivin Expression Induces Apoptosis and 
Sensitizes Lung Cancer Cells to Chemotherapy. Cancer Res. 60, 2805-2809. 

Peng, X.-H., Cao, Z.-H., Xia, J.-T., Carlson, G.W., Lewis, M.M., Wood, W.C., Yang, L., 2005. Real-time 
Detection of Gene Expression in Cancer Cells Using Molecular Beacon Imaging: New Strategies for 
Cancer Research. Cancer Res 65, 1909-1917. 

Pennati, M., Folini, M., Zaffaroni, N., 2008. Targeting survivin in cancer therapy. Expert Opin. Ther. 
Targets 12, 463-476. 

Piao, Y., Liu, F., Seo, T.S., 2012. A Novel Molecular Beacon Bearing a Graphite Nanoparticle as a 
Nanoquencher for In situ mRNA Detection in Cancer Cells. ACS Appl. Mater. Interfaces 4, 
6785−6789. 

Qiao, G., Gao, Y., Li, N., Yu, Z., Zhuo, L., Tang, B., 2011. Simultaneous Detection of Intracellular 
Tumor mRNA with Bi-Color Imaging Based on a Gold Nanoparticle/Molecular Beacon. Chem. Eur. J. 
17, 11210 – 11215. 

Ratajczak, K., Krazinski, B.E., Kowalczyk, A.E., Dworakowska, B., Jakiela, S., Stobiecka, M., 2018a. 
Hairpin–Hairpin Molecular Beacon Interactions for Detection of Survivin mRNA in Malignant SW480 
Cells. ACS Appl. Mater. Interfaces 10, 17028−17039. 

Ratajczak, K., Krazinski, B.E., Kowalczyk, A.E., Dworakowska, B., Jakiela, S., Stobiecka, M., 2018b. 
Optical Biosensing System for the Detection of Survivin mRNA in Colorectal Cancer Cells Using a 
Graphene Oxide Carrier-Bound Oligonucleotide Molecular Beacon. Nanomaterials 8, 510. 

Ryan, B.M., O’Donovan, N., Duffy, M.J., 2009. Survivin: A New Target for Anti-Cancer Therapy. 
Cancer Treat. Rev. 35, 553–562. 

Rödel, F., Sprenger, T., Kaina, B., Liersch, T., Rödel, C., Fulda, S., Hehlgans, S., 2012. Survivin as a 
Prognostic/Predictive Marker and Molecular Target in Cancer Therapy. Curr. Med. Chem. 19(22), 
3679-3688. 

Sah, N.K., Khan, Z., Khan, G.J., Bisen, P.S., 2006. Structural, functional and therapeutic biology of 
survivin. Cancer Letters 244, 164-171. 

Santangelo, P.J., Nix, B., Tsourkas, A., Bao, G., 2004. Dual FRET Molecular Beacons for mRNA 
Detection in Living Cells. Nucleic Acids Research 32, e57. 

Sarela, A.I., Macadam, R.C.A., Farmery, S.M., Markham, A.F., Guilloua, P.J., 2000. Expression of the 
Antiapoptosis Gene, Survivin, Predicts Death From Recurrent Colorectal Carcinoma. Gut 46, 645-650. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

36 
 

Schimmer, A.D., 2004. Inhibitor of apoptosis proteins: translating basic knowledge into clinical practice. 
Cancer Res. 64, 7183-7190. 

Seferos, D.S., Giljohann, D.A., Hill, H.D., Prigodich, A.E., Mirkin, C.A., 2007. Nano-Flares: Probes for 
Transfection and mRNA Detection in Living Cells. J. Am. Chem. Soc. 129, 15477-15479. 

Smolewski, P., Robak, T., 2011. Inhibitors of Apoptosis Proteins (IAPs) as Potential Molecular Targets 
for Therapy of Hematological Malignancies. Curr. Mol. Med. 11(8), 633-649. 

Stobiecka, M., Chalupa, A., 2015. Modulation of Plasmon-Enhanced Resonance Energy Transfer to Gold 
Nanoparticles by Protein Survivin Channeled-Shell Gating. J. Phys. Chem. B 119(41), 13227–13235. 

Stobiecka, M., Chalupa, A., 2016. DNA Strand Replacement Mechanism in Molecular Beacons Encoded 
for the Detection of Cancer Biomarkers. J. Phys. Chem. B 120, 4782-4790. 

Stobiecka, M., Chalupa, A., Dworakowska, B., 2016a. Piezometric Biosensors for Anti-Apoptotic Protein 
Survivin Based on Buried Positive-Potential Barrier and Immobilized Monoclonal Antibodies. 
Biosens. Bioelectron. 84, 37-43. 

Stobiecka, M., Dworakowska, B., Jakiela, S., Lukasiak, A., Chalupa, A., Zembrzycki, K., 2016b. Sensing 
of Survivin mRNA in Malignant Astrocytes Using Graphene Oxide Nanocarrier-Supported 
Oligonucleotide Molecular Beacons. Sens. Actuat. B 235, 136-145. 

Su, C., 2016. Survivin in survival of hepatocellular carcinoma. Cancer Lett. 379, 184-190. 

Turan, G., Usta, C.S., Usta, A., Kanter, M., Tavli, L., Karacan, M., Celik, C., Eser, M., 2014. The 
expression of HER-2/neu (c-erbB2), survivin and cycline D1 in serous ovarian neoplasms: their 
correlation with clinicopathological variables. J Mol Hist 45, 679–687. 

Verdecia, M., Huang, H., Dutil, E., Kaiser, D., Hunter, T., Noel, J., 2000. Structure of the human anti-
apoptotic protein survivin reveals a dimeric arrangement. Nat Struct Biol. 7, 602-608. 

Wang, J., Li, X.-L., Zhang, J.-D., Hao, N., Xu, J.-J., Chen, H.-Y., 2015. Integration of DNA bio-gates and 
duplex-specific nuclease signal amplification: towards electrochemiluminescence detection of survivin 
mRNA Chem. Commun. 51, 11673-11676  

Wang, T., Z. Liu, Z. Zhang, S. Tang, Yue, M., S. Feng, M. Hu, L. Xuan, Y. Chen, 2017. Evaluation of 
Antitumor Activity of Survivin Short Interfering RNA Delivered by Lipid Nanoparticles in Colon 
Cancer in vitro and in vivo. Oncol. Lett. 14(2), 2001-2008. 

Wang, Z.-q., Zhao, J., Zeng, J., Wu, K.-j., Chen, Y.-l., Wang, X.-y., Chang, L.S., He, D.-l., 2011. Specific 
survivin dual fluorescence resonance energy transfer molecular beacons for detection of human 
bladder cancer cells. Acta Pharmacologica Sinica 32, 1522–1528. 

Wheatley, S.P., Altieri, D.C., 2019. Survivin at a glance. J Cell Sci. 132, jcs223826. 

Wolanin, K., Piwocka, K., 2007. Role of survivin in mitosis. Postepy Biochem. 53(1), 10-18. 

Xu, X., Li, P., Fu, D., Wei, Z., Xu, S., Xu, F., Tian, F., Ge, J., Zhang, Z., Cheng, W., 2018. Combined use 
of urinary Survivin detection and liquid-based cytology for the early diagnosis of bladder urothelial 
carcinoma. Oncol Lett. 15, 7739–7743. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

37 
 

Xue, Y., An, R., Zhang, D., Zhao, J., Wang, X., Yang, L., He, D., 2011. Detection of Survivin Expression 
in Cervical Cancer Cells Using Molecular Beacon Imaging: New Strategy for the Diagnosis of 
Cervical Cancer. Eur. J. Obstet. Gynecol. Reprod. Biol. 159, 204–208. 

Yang, J.H., Y-C. Zhang, Qian, H.Q., 2004. Survivin Antisense Oligodeoxynucleotide Inhibits Growth of 
Gastric Cancer Cells. World J Gastroenterol 10, 1121-1124. 

Yang, L., Cao, Z., Lin, Y., Wood, W.C., Staley, C.A., 2005. Molecular Beacon Imaging of Tumor Marker 
Gene Expression in Pancreatic Cancer Cells. Cancer Biol Ther. 4, 561–570. 

Yang, L., Cao, Z., Yan, H., Wood, W., 2003. Coexistence of high levels of apoptotic signaling and 
inhibitor of apoptosis proteins in human tumor cells: implication for cancer specific therapy. Cancer 
Res. 63, 6815-6824. 

Yang, Y., Xu, J., Zhang, Q., 2018. Detection of urinary survivin using a magnetic particles-based 
chemiluminescence immunoassay for the preliminary diagnosis of bladder cancer and renal cell 
carcinoma combined with LAPTM4B. Oncol Lett. 15, 7923-7933. 

Yie, S.M., Lou, B., Ye, S.R., Cao, M., He, X., Li, P., Hu, K., Rao, L., Wu, S.M., Xiao, H.B., Gao, E., 
2008. Detection of Survivin-Expressing Circulating Cancer Cells (CCCs) in Peripheral Blood of 
Patients with Gastric and Colorectal Cancer Reveals High Risks of Relapse. Annals of Surgical 
Oncology 15, 3073–3082. 

Yie, S.M., Lou, B., Yeb, S.R., He, X., Cao, M., Xie, K., Ye, N.Y., Lin, R., Wu, S.M., Xiao, H.B., Gao, E., 
2009. Clinical significance of detecting survivin-expressing circulating cancer cells in patients with 
non-small cell lung cancer. Lung Cancer 63, 284–290. 

Yie, S.M., Luo, B., Ye, N.Y., Xie, K., Ye, S.R., 2006. Detection of Survivin-expressing circulating cancer 
cells in the peripheral blood of breast cancer patients by a RT-PCR ELISA. Clin Exp Metastasis 23, 
279–289. 

 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

Highlights 

• Progress in the development of biosensors for cancer biomarker survivin (Sur) is reviewed 

• The use of biosensors for Sur protein and Sur mRNA for early cancer screening is discussed 

• A range of immunosensor and genosensor designs in microfluidic, electrochemical, 

chemiluminescence, piezometric and plasmon-enhanced gating arrangements is presented 

• Due to the strong expression of Sur in all cancer types, biosensors for the Sur biomarkers can 

serve for cancer diagnostics and grading 

• The use of biosensors for the detection of Sur in exosomes and circulating tumor cells is a 

promising alternative for non-invasive cancer screening in points-of-care 
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