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Abstract
AIM: To investigate three isoforms of survivin in colorec-
tal adenocarcinomas.

METHODS: We used the LightCycler Technology (Roche), 
along with a common forward primer and reverse prim-
ers specific for the splice variants and two common hy-
bridization probes labeled with fluorescein and LightCy-
cler-Red fluorophore (LC-Red 640). Real time quantita-
tive polymerase chain reaction (PCR) was performed on 
cDNAs from 52 tumor specimens from colorectal cancer 
patients and 10 unrelated normal colorectal tissues. In 
the patients group, carcinoembryonic antigen (CEA) and 
CA19-9 tumor markers were also measured immuno-
chemically.

RESULTS: Wild type survivin mRNA isoform was ex-
pressed in 48% of the 52 tumor samples, survivin-2b 
in 38% and survivin-ΔΕx3 in 29%, while no expression 
was found in normal tissues. The mRNA expression of 
wild type survivin presented a significant correlation with 
the expression of the ratio of survivin-2b, survivin-ΔΕx3, 
survivin-2b/wild type survivin and survivin-ΔΕx3/wild 
type survivin (P  < 0.001). The mRNA expression of wild-
survivin and survivin-ΔΕx3 was related with tumor size 
and invasion (P  = 0.006 and P  < 0.005, respectively). A 
significant difference was found between survivin-2b and 
morphologic cancer type. Also, the ratio of survivin-ΔEx3/
wild-survivin was significantly associated with prognosis. 
No association was observed between the three isoforms 
and grade, metastasis, Dukes stage and gender. The 
three isoforms were not correlated with CEA and CA19-9. 

CONCLUSION: Survivin isoforms may play a role in 
cell apoptosis and their quantification could provide 
information about clinical management of patients suf-
fering from colorectal cancer. 
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INTRODUCTION
Apoptosis is a tightly controlled procedure of  cellular 
death, which is crucial for tissue homeostasis[1]. Inhibi-
tion of  apoptosis results in tumorigenesis by cell survival 
allowing the accumulation of  genetic mutations that pro-
mote transformation of  normal tissues[2]. Among key reg-
ulators of  apoptosis are proteins of  the bcl-2 family and 
the inhibitors of  apoptosis (IAP) family of  proteins[3-5].

Survivin was originally identified by structural ho-
mology to IAPs in human B-cell lymphomas. It is a 
multifunctional protein implicated in the control of  cell 
proliferation, inhibition of  apoptosis and the promotion 
of  angiogenesis[6,7]. Survivin, as an inhibitor of  apoptosis 
directly inhibits caspase-3 and -7 activity and regulates the 
cell cycle in the G2/M phase[8]. 

Survivin is expressed during embryonic and fetal deve
lopment, is down regulated in normal adult tissues and is 
overexpressed in a variety of  human cancers[9,10]. A strong 
association between expression of  survivin mRNA and 
aggressive tumor behavior has been found in many types 
of  cancer such as colorectal, breast, non-small lung can-
cer, gliomas and B-cell lymphomas[11-15]. 

In addition to the wild type survivin full length tran-
script, five other splice variants have been identified: 
survivin-ΔΕx3 that arises from the removal of  exon 3, 
survivin-2b[16] that originates from the inclusion of  intron 
2, survivin-3b that stems from the inclusion of  intron 3[17] 
survivin-2a made from the insertions of  exon 1 and 2 at 
the 5’ end of  intron 2[18]

, and the recently described sur-
vivin-2b + 32 which combines intronic sequence 2b and 
an insertion of  32 additional nucleotides from intron 2[19]  

(Table 1).
Wild type survivin and survivin-ΔΕx3 have been shown 

to act as inhibitors of  apoptosis while survivin-2b presents 
pro-apoptotic functions by dimerizing with wild type sur-
vivin and reducing the anti-apoptotic effects of  wild type 
survivin[16,20,21]. The ratio survivin-2b/wild-survivin is higher 
in tumor samples compared to normal tissues. Survivin-2a 
is also expressed at high levels in malignant cells and attenu-
ates the antiapoptotic effect of  wild-survivin[22]. Inhibition 
of  apoptosis by survivin predicts a poor prognosis and a 
shorter survival in patients suffering from carcinomas[23-28].

Till now, there has only been one other study in the lit-
erature investigating the expression of  survivin’s isoforms in 
colorectal cancer using quantitative real time-PCR[24]. In this 
study, we obtained quantitative data for the distribution of  
the most described transcripts, which are wild type survivin, 
survivin-ΔΕx3 and survivin-2b in colorectal adenocarcino-
mas by using the accurate and sensitive real time-qPCR in 
the Lightcycler platform. Then, we investigated their cor-
relation with clinicopathological characteristics of  colorectal 
cancer, and evaluated their prognostic significance.

MATERIALS AND METHODS
Patients
Fifty-two tissues from patients with colorectal cancer and 
another 10 unrelated normal samples were obtained from 

the 4th Department of  Surgery, Attikon University Gen-
eral Hospital. Part of  the resected specimens at surgery 
was immediately stored in RNA Later (Ambion, USA) 
for at least 2 d at 4℃ and then stored at -80℃ until total 
RNA extraction. Our sample population included 21 
males and 31 females [mean age: 63 years, standard de-
viation (SD) ± S13, range: 36-93 years]. The histological 
type and grade were reviewed and classified according to 
the World Health Organization classification criteria, and 
the disease stage was determined according to the Dukes 
staging system. The clinical characteristics of  52 patients 
with colorectal cancer are shown in Table 2. No patients 
underwent chemotherapy or radiation therapy before 
surgery. 

Total RNA isolation
Total RNA was extracted by the Illustra RNAspin Mini 
RNA isolation kit (GE Healthcare, USA) according to 
the manufacturer’s instructions. DNA contamination 
was eliminated by the use of  RNAse-free DNAseⅠ(GE 
Healthcare). The extracted total RNA was dissolved in free 
diethylpyrocarbonate (DEPC) treated water and stored at 
-80℃ until further manipulations. RNA concentration was 
determined by the Quant-iT RNA Assay kit in Qubit fluo-
rometer (Invitrogen, USA).
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Table 1  cDNA structure of survivin splice variants

Transcript variants Exons or segments

Wild type survivin 1, 2, 3, 4
Survivin-2b 1, 2, 2b, 3, 4 
SurvivinΔΕx3 1, 2, 4
Survivin-2a 1, 2
Survivin-3b 1, 2, 3, 3b, 4 
Survivin-2b + 32 1, 2, 2b + 32nt, 3, 4

b: Sequence originated from intron.

Table 2  Clinical characteristics of 52 patients with colorectal 
cancer  n  (%)

Variables                    Values

Gender 
   Men   21 (40.4)
   Women   31 (59.6)
Tumor size 
  ≤ 5 cm   32 (65.3)
    > 5 cm   17 (34.7)
Grade 
   Ⅰ    3 (6.3)
   Ⅱ 36 (75)
   Ⅲ      7 (14.6)
   Ⅳ    2 (4.2)
Dukes stage 
   A      8 (16.3)
   B    11 (22.4)
   C    22 (44.9)
   D      8 (16.3)
Morphologic cancer type 
   Polypoid (ecblastetic)    28 (57.1)
   Ulcerous    21 (42.9)



Reverse transcription- quantitative real-time PCR analysis
For complementary DNA (cDNA) synthesis, the Tran-
scriptor First strand cDNA synthesis kit (Roche Applied 
Science, USA) was used according to the manufacturer’s 
instructions. In each reaction, 3 μg of  quantitated total 
RNA was included. The cDNAs were stored at -20℃ until 
real time quantitative PCR was performed in the Light-
Cycler 1.5 platform (Roche Applied Science). One μL of  
cDNA mixture was subjected to amplification in 10 μL 
total volume reaction mixtures in glass capillaries. Real 
time PCR was performed with the FastStart DNA Master 
Hybprobe kit (Roche Applied Science) and cycling condi-
tions were: initial denaturation at 95℃ for 10 min, followed 
by 45 cycles of  denaturation at 95℃ for 10 s, annealing 
for 10 s at 62℃, extension at 72℃ for 10 s, respectively. 
Standard curves for each of  the three transcripts were 
generated from purified and quantified amplicons in serial 
dilutions from total RNA extracted from MCF-7 cells, ac-
cording to previous experience[29]. Primer pairs and hybridi-
zation probes for the three transcripts of  survivin, survivin-
2B, survivin-ΔEx3 were described previously[24] and are 
shown in Table 3.

Real time PCR products were additionally checked 
for their proper size and purity by electrophoresis on 2% 
agarose gels containing ethidium bromide and visualized 
under UV transillumination.  Briefly 10 μL of  real-time 
PCR products were run along with 10 μL of  a 100 bp 
ladder MW marker (New England Biolabs, USA).

Normalization
Real time PCR is widely used to quantify biologically rel-
evant changes in mRNA levels but a number of  problems 
exist and are associated with its use due to the inherent vari-
ability of  RNA, variability of  extraction protocols, different 
reverse transcription and PCR efficiencies. It is important 
that an accurate method of  normalization is chosen to con-
trol for these errors. Unfortunately, normalization remains 
one of  real time PCR’s most difficult problems[30]. In our 
protocol, we ensured that our tissues had similar size (ap-
proximately 50 mg) and performed normalization against 
the same amount of  total RNA (3 μg), since when dealing 

with in vivo samples it is not possible to predict which of  
the housekeeping genes is stable and appropriate[31,32].

Determination of immunochemical parameters
The cancer antigens carcinoembryonic antigen (CEA) and 
carbohydrate antigen 19-9 (CA 19-9) were measured using 
Elecsys 2010 (Roche, USA) with electro-chemiluminescent 
immunoassays. The reproducibility of  controls 1 and 2 
(Roche) were for CEA, CV1 = 3.6% and CV2 = 3.0% and 
for CA19-9, CV1 = 4.8% and CV2 = 3.8%. The analytical 
sensitivity for CEA was 0.25 ng/mL and for CA19-9 <  
0.85 U/mL. The cut-off  values for CEA and CA19-9 
were 5.0 ng/mL and 37 U/mL, respectively. 

Statistical analysis
Statistical analysis of  the data was performed using SPSS®  
version 17 for Windows statistical software package. Ini-
tially data were assessed through simple cross-tabulations 
and by using χ2 test for categorical variables, t-test for 
normally distributed variables and Mann-Whitney U test 
for not normally distributed variables. Normality hypoth-
esis was tested by Kolmogorov-Smirnov test, measures 
of  asymmetry and Shapiro-Wilk test. In order to com-
pare means of  cases amongst different subgroups, one-
way ANOVA test for normally distributed variables or 
Kruskal-Wallis test for not normally distributed variables 
were conducted. Post hoc pairwise comparisons were 
performed using the Bonferroni method. The Pearson 
or Spearman correlation coefficients (r) were used as 
measurements of  correlation for continuous normally or 
not normally distributed variables respectively. In order 
to estimate survival functions, Kaplan-Meier curves were 
generated and subsequently compared using the log-rank 
test, the Breslow test or the Tarone-Ware test. For all tests 
performed, a two-sided P value of  less than 0.05 was con-
sidered as significant.

RESULTS
Εxpression of mRNA survivin transcripts variants in 
cancer and normal tissues
The specificity of  amplification products obtained by real 
time qPCR was confirmed by agarose gel electrophoresis, 
which revealed distinct bands for all PCR products. PCR 
for full length survivin mRNA produced a band of  185 
bp, while those of  survivin-2b and survivin-ΔΕx3 were 
214 and 184 bp, respectively (Figure 1). Among the 52 
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Table 3  Sequences of primers and hybridization probes
	

Name Oligonucleotide sequence, 5’-3’

Forward primer F1 CCACCGCATCTCTACATTCA

Reverse primers WT TATGTTCCTCTATGGGGTCG

Sur2B AGTGCTGGTATTACAGGCGT

SurΔΕx3 TTTCCTTTGCATGGGGTC

Hybridization probes CAAGTCTGGCTCGTTCTCAG
TGGG-FITC1

LCRed640-CAGTGGATGAAG
CCAGCCTCG-Ph2

1: 3’-end-labeled with fluorescein isothiocyanate (FITC); 2: 5’-end-labeled 
with LC Red 640; phosphorylated on the 3’ end to avoid extension of the 
probe.
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Figure 1  Electrophoresis of the survivin transcripts cDNA (wild survivin 
185 bp, survivin-ΔΕx3 184 bp, and survivin-2b 214 bp).
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tumor samples, wild type survivin expression was de-
tected in 25 samples (48%), survivin-2b expression was 
detected in 20 samples (38%) and survivin-ΔΕx3 was 
expressed in 15 samples (29%). Eighteen samples were 
positive for both the expression of  wild type survivin 
and survivin-2b (34.6%), 14 samples were positive for 
both the expression of  wild-survivin and survivin-ΔΕx3 
(26.9%) and 14 samples were positive for both the ex-
pression of  survivin-2b and survivin-ΔΕx3 (26.9%). All 3 
survivin isoforms were found in 13 samples (25%). None 
of  the 3 variants of  survivin mRNA were expressed in 
the 10 unrelated normal samples, indicating a significant 
difference in survivin expression between cancerous and 
healthy tissues (P < 0.001).

Relationship between the levels of expressed survivin 
transcripts and clinicopathological parameters
Wild type survivin was significantly more expressed than 
the other two splice variants in the 52 samples, as shown 
in Figure 2. Quantitative data from tissue mRNA and 
serum tumor markers from the 52 patients are shown 
in Table 4. The 3 survivin isoforms were not correlated 
with CEA and CA19-9 (Table 5). In general, no associa-
tion was found between the 3 isoforms and tumor size, 
survival, Dukes stage, grade and gender, although wild 
survivin was almost present in tumors more than 5 cm in 
diameter (P = 0.088), and the ratio survivin-ΔΕx3/wild-
survivin was almost significantly higher in tumors less 
than 5 cm (P = 0.097) and in advanced Dukes stage (P 
= 0.097) (Table 6). The mRNA expression of  wild type 

survivin presented a significant correlation with the ex-
pression of  survivin-2b and survivin-ΔΕx3 (P < 0.001) 
and the ratio of  survivin-2b/wild-survivin was strongly 
related to the ratio of  survivin-ΔΕx3/wild-survivin (P < 
0.001). Wild type survivin and survivin-ΔΕx3 expression 
levels presented an association with T (P = 0.006 and P = 
0.041 respectively, Table 5). Mean survivin-2b expression 
levels were significantly higher in ulcerous carcinomas 
than in polypoid (ecblastetic) ones (P = 0.030, Table 6). 

Association of survivin isoforms with prognosis
We examined the association of  survivin isoforms with 
prognosis in 52 patients using the Kaplan-Meier survival 
curve. The ratio of  survivin-ΔΕx3/wild-survivin pre-
sented a significant association with patient prognosis 
(P = 0.015, Figure 3). Specifically, when the ratio of  
survivinΔΕx3/wild-survivin was ≥ 0.24, patients sur-
vived a shorter time (mean survival 41 mo) compared 
to patients with a ratio of  survivin-ΔΕx3/wild-survivin 
< 0.24 (mean survival 62.2 mo). No other association 
was found between survivin isoforms and the ratio of  
survivin-2b/wild-survivin with overall patient survival.

DISCUSSION
Although survivin is cytoprotective, it is also an essential 
protein for cell division. In vitro survivin interacts directly 
with the chromosomal passenger proteins, aurora-B ki-
nase, borealin and INCENP. These proteins are mutu-
ally dependent upon each other, and together they form 
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Table 4  Quantitative measurements obtained from tissue 
mRNA and serum tumor markers from 52 patients with 
colorectal cancer (mean ± SD)

Variables Values

Wild-survivin (copies/μL)   842.5 ± 2380.3
Survivin-2b (copies/μL)   58.1 ± 192.3
Survivin-ΔΕx3 (copies/μL)   393.9 ± 1988.8 
Survivin-2b/wild-survivin (copies/μL) 0.12 ± 0.21
Survivin-ΔΕx3/wild-survivin (copies/μL) 0.36 ± 0.66
CEA (μg/L) 191.59 ± 934.62
CA 19-9 (μg/L)   892.48 ± 2991.78

 CEA: Carcinoembryonic antigen; CA 19-9: Carbohydrate antigen 19-9.

Table 5  Spearman correlation coefficients of laboratory variables in patients with colorectal cancer (n = 52)

Variables Sur2b SurΔEx3 Sur2b/wildsur SurΔEx3/wildsur CEA CA19-9 Age

Wildsur 0.694b 0.799b 0.408b 0.485b  0.136 0.102  0.051
Sur2b 0.623b 0.527b 0.471b  0.238 0.212  0.165
SurΔΕx3 0.409b 0.651b  0.208 0.063  0.229
Sur2b/wildsur 0.613b  0.021 0.203    0.0234
SurΔΕx3/wildsur       -0.054 0.084   0.320a

CEA   0.522b   0.395a

CA 19-9  0.247

aP  < 0.05, bP  < 0.001. CEA: Carcinoembryonic antigen; CA 19-9: Carbohydrate antigen 19-9.

Figure 2  Expression of mRNA wild type survivin, survivin-2b and survivin 
ΔΕx3 isoforms in cancerous tissues (n  = 52). 
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a complex during mitosis, the chromosomal passenger 
complex, which is required for chromosome movements, 
proper spindle checkpoint control, and cell division[33]. 
The overexpression of  survivin in cancer may obliterate 
this apoptotic checkpoint and allow aberrant progression 
of  transformed cells through mitosis. Survivin expression 
has been associated with increased aggressiveness and 
decreased patient survival in a number of  different malig-
nancies[34]. Despite their ability to interact with wild type 
survivin, survivin-2b and survivin-ΔEx3 don’t act as com-
petitors during mitosis or have an essential function[33]. 
They could be responsible for the fine tuning of  wild type 
survivin’s function. Survivin-ΔEx3 exhibits pronounced 
antiapoptotic properties, whereas survivin-2b has largely 
lost its antiapoptotic activity[24]. 

Real-time technology has significantly extended the 
use and scope of  Real time-PCR assays, with the potential 

for quantification of  mRNA targets being a particular ad-
vantage[35]. Our study is the first to examine the expression 
of  survivin and its splice variants by using quantitative 
Real time-PCR exclusively in colorectal adenocarcinomas. 
As far as the expression of  the mRNA of  survivin and 
its splice variants is concerned, previous researchers have 
performed mainly qualitative RT-PCR analysis or North-
ern blot analysis[10,36-38]. In some studies, TaqMan quantita-
tive real Time-PCR was used with only wild type survivin 
mRNA determination[39-41]. Only recently, Mahotka et al[2] 
made the first successful quantitative analysis of  survivin 
splice variants in renal cell carcinoma specimens. We 
investigated the expression of  survivin’s transcript vari-
ants mRNA in patients with colorectal adenocarcinomas, 
while until now there have been other studies concerning 
colorectal cancer that used western immunoblotting, Real 
time PCR with SYBR Green[42,43], microarray expression 
analysis and immunofluorescence[44]. 

In our experiments, the prevalence of  wild-survivin 
mRNA expression compared to the other splice variants is 
similar to the previous study that used specific hybridiza-
tion probes[24] raising the question if  those two isoforms 
might act as antagonists of  wild-survivin or play a role in 
tumor progression. The mean copy numbers of  quantita-
tive RT-PCR amplification of  wild survivin, survivin-2b 
and survivin-ΔΕx3 in tumor samples were respectively 
842.5 ± 2380.3, 58.1 ± 192.3 and 393.9 ± 1988.8, while 
Suga et al[24] found 3554.1 ± 3513.7, 1233.4 ± 1280.9 and 
482.0 ± 568.1. Suga et al[24] didn’t find any significant as-
sociation between the expression of  survivin and its splice 
variants with gender, location, size, age, macroscopic 
type, histologic type, lymphatic vessel invasion, blood ves-
sel invasion, lymph node metastasis and serosa invasion. 
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Table 6  Association of mRNA expression survivin splice variants with clinicopathological characteristics in 52 patients suffering 
from colorectal cancer (mean ± SD)

Clinical
characteristics

n Wild-sur 
(copies/μL)

P
value

wild-sur

Sur-2b 
(copies/μL)

P  
value
sur-2b

Sur-ΔEx3 
(copies/μL)

P
value

sur-ΔEx3

Sur-2b/
wildsur 

(copies/μL)

P
value

sur-2b/
wildsur

Sur-ΔEx3/
wildsur  

(copies/μL)

P
value

sur-ΔEx3/
wildsur

Gender 0.978 0.685 0.631 0.570       0.387
   Male 20  1216.1 ± 3438.6   98.0 ± 299.7    834.8 ± 3085.6 0.08 ± 0.09 0.47 ± 0.39
   Female 32    589.5 ± 1259.1 31.1 ± 33.2    85.3 ± 117.1 0.17 ± 0.24 0.36 ± 0,41
Tumor size 0.088 0.438 0.869 0.544       0.097
   ≤ 5 cm 32 308.4 ± 491.3 28.6 ± 34.6    96.2 ± 116.1 0.17 ± 0.24 0.48 ± 0.41

   > 5 cm 17  1949.4 ± 3956.2 119.3 ± 330.9  1055.8 ± 3531.9 0.09 ± 0.09 0.23 ± 0.24
Dukes stage 0.469 0.737 0.544 0.351        0.097
   A   8 212.4 ± 403.4 27.7 ± 27.7  51.7 ± 66.1 0.37 ± 0.40 0.44 ± 0.35
   B 11 476.9 ± 743.4 30.8 ± 45.8  137.7 ± 185.7 0.08 ± 0.12 0.37 ± 0.37
   C 22 1556.8 ± 3533.1   95.4 ± 292.5    782.6 ± 3019.7 0.09 ± 0.10 0.30 ± 0.39
   D   8 226.7 ± 146.7 35.6 ± 32.9 120.7 ± 66.5 0.15 ± 0.15 0.63 ± 0.35
T 0.006 0.125 0.041 0.103        0.492
   0-2   8 212.4 ± 403.4 27.7 ± 27.7  51.7 ± 66.1 0.37 ± 0.40  0.44 ± 0.35
   3 29 340.0 ± 521.1  26.5 ± 35.4    92.9 ± 127.2 0.10 ± 0.13 0.39 ± 0.37
   4 12 2620.8 ± 4579.4 162.9 ± 389.8  1413.2 ± 4056.1 0.10 ± 0.08 0.40 ± 0.44
Histologic type 0.584 0.030 0.731 0.061        0.892

Polypoid 
(ecblastetic)

28   520.1 ± 1006.4 45.7 ± 56.2  141.2 ± 313.7 0.19 ± 0.25 0.31 ± 0.25

Ulcerous 21 1354.5 ± 3550.4   79.3 ± 298.5    769.5 ± 3083.3 0.06 ± 0.06 0.54 ± 0.51

Figure 3  Kaplan-Meier survival curve for the ratio of survivinΔΕx3/wild-
survivin in 52 patients suffering colorectal adenocarcinomas.
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On the contrary, they observed a significant correlation 
of  survivin and its splice variants with histologic disease 
stages, a correlation not found in our study. The differ-
ences in the results of  our study with the results of  Suga 
et al[24] might be due to race difference, genetic alterations 
or method performance. 

The presence of  transcripts of  survivin isoforms 
has been associated with cancer. The expression of  sur-
vivin in normal and cancerous samples is controversial 
since in previous studies data have indicated that sur-
vivin is expressed during fetal development, but not in 
most normal adult tissues. Using reverse transcription 
PCR, Mahotka et al[2] found that wild type survivin and 
survivin-ΔEx3 were expressed in cell lines derived from 
renal carcinomas but not normal renal cells. The previ-
ous isoforms are elevated in a wide variety of  tumors 
but are not expressed to a significant extent in normal 
tissues[44]. Studies using sensitive quantitative Real time-
PCR revealed that survivin mRNA was expressed in nor-
mal fetal tissue panels and at a very low level in the nor-
mal adult brain template. In contrast, data from a recent 
study have demonstrated survivin expression in normal 
adult tissues, such as those of  skin, endometrium, endo-
thelial cells, normal blood lymphocytes, pancreas, spleen, 
colon, stomach, small intestine, large intestine, lung, 
kidney, prostate, pancreas, heart, and thymus[45]. By using 
sensitive quantitative Real time-PCR analysis, low levels 
of  total survivin mRNA were detectable in normal tissue 
adjacent to soft tissue sarcoma tumor cells (e.g. muscle) 
or in lymphocytes of  blood donors. Further studies are 
needed in order to find out whether expression of  sur-
vivin in normal tissue is due to mitotically active cells[7]. 
The expression of  survivin mRNA by semi-quantitative 
Real time PCR was detected in a significantly greater 
proportion of  colorectal carcinoma samples than in 
adjacent normal colorectal tissues (67.3% vs 25%, P < 
0.01)[25]. With the use of  tissue microarrays, survivin was 
detected in 147 of  230 cases of  colorectal adenocarcino-
ma (63.9%) and no expression of  survivin was observed 
in normal tissues[34]. Our study showed that the expres-
sion of  survivin’s transcript variants mRNA was detect-
ed only in colorectal cancer tissues while it was absent in 
normal samples. On the contrary, Suga et al[24] found out 
that 60% of  the normal tissues expressed survivin.  

In our study, there was no significant correlation be-
tween the expression of  the three isoforms and grade, 
Dukes stage, lymph metastasis, sex, N (TNM staging sys-
tem) as well as CEA and CA19-9, two serum tumor mark-
ers not examined in any other study. Suga et al[24]. found 
no correlation between survivin immunoreactivity and 
age, sex,  tumor size and site, morphologic subtype, tumor 
grade and clinical stage (P > 0.05). On the other hand, our 
study was the only one showing that the ratio of  survivin-
ΔEx3/wild-survivin was strongly related with age (P < 
0.05), while wild-survivin and survivin-ΔEx3 were associ-
ated with T (TNM staging system) and their mRNA ex-
pression was highly elevated in patients who belonged to 
the group T4 (P = 0.006 and P = 0.041 respectively). An-
other important finding of  our study is that survivin-2b 

was associated, for the first time in colorectal adenocarci-
nomas, with morphologic type, particularly overexpressed 
in ulcerous colorectal adenocarcinomas (P < 0.05). A 
differential expression of  survivin-2b was also reported in 
gastric carcinomas with a negative correlation with disease 
progression. Other reports have linked the expression of  
survivin isoforms with poor patient prognosis[33]. In our 
study, we examined the association of  survivin transcript 
variants with overall patient survival showing for the first 
time a significant correlation of  the ratio of  survivin-
ΔEx3/wild-survivin with prognosis. Therefore, the ratio 
survivin-ΔEx3/wild-survivin might be a novel prognostic 
marker for colorectal carcinomas.

Despite the relative rarity of  colon cancer in the Greek 
population and the application of  expensive molecular bi-
ology methodology, we implemented a sufficiently pow-
ered study, which albeit its modest size, was adequate 
to generate statistically significant associations with the 
above variables. We also examined tissues from patients 
with no cancerous diseases in order to investigate the 
expression of  survivin’s isoforms in healthy samples. 

Further larger studies are required in order to exam-
ine the three other isoforms of  survivin, for an overall 
view of  survivin’s function. Moreover, other methodol-
ogy could be used, such as Northern blot analysis, mi-
croarray expression analysis, nested PCR, etc to further 
validate the results of  our study.

Recent studies showed that the phenomena of  chemo-
radioresistance were prevalent in survivin positive tumors 
and indicated that survivin may play an important role 
in chemoresistance of  cancer cells. The survivin expres-
sion might guide chemotherapy and radiation therapy 
decisions. The clinical importance of  survivin expression 
remains unclear in patients with colorectal cancer, since 
there are few studies on the subject. Survivin might pro-
vide important predictive and prognostic perspectives, and 
could offer new therapeutic alternatives for cancer[25]. Our 
results suggest that survivin splice variants might be relat-
ed with the action of  survivin in colorectal carcinogenesis 
but further studies are required to identify the potential 
role and mechanism of  survivin’s isoforms in the develop-
ment of  colorectal cancer. 

COMMENTS
Background
Survivin may provide prognostic information, because of its relation with in-
creased tumor aggressiveness. The authors investigated three isoforms of sur-
vivin in colorectal adenocarcinomas (wild type survivin, survivin-2b and survivin-
ΔΕx3).
Research frontiers
Survivin expression has been associated with increased aggressiveness and 
decreased patient survival in a number of different malignancies but little has 
been done so far in colorectal cancer. In this study, the authors used for the first 
time quantitative real time-polymerase chain reaction (PCR) in order to detect 
three isoforms of survivin in colorectal adenocarcinomas. The authors found 
a significant correlation of the ratio survivin-ΔEx3/wild-survivin with prognosis. 
Therefore, the expression level of survivin-ΔEx3/wild-survivin might be a novel 
prognostic marker. Another important finding was that wild-survivin and survivin-
ΔEx3 were associated with TNM staging system, underscoring their association 
with increased tumour aggressiveness. 
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Innovations and breakthroughs
Till now, there is only one other study dealing with survivin’s isoforms in colorec-
tal carcinomas using the technology of real time-qPCR. Using the same tech-
nology in colorectal adenocarcinomas the authors obtained different results.
Applications 
The clinical importance of survivin expression remains unclear in patients with 
colorectal cancer, since there are few studies on the subject. Survivin might 
provide important predictive and prognostic perspectives and could offer new 
therapeutic alternatives for cancer. Further studies are required to identify 
and clarify the potential role and mechanism of survivin in the development of 
colorectal cancer.
Peer review
The authors have performed a nice study on the different forms of survivin and 
a lot of work has gone into producing the manuscript.
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