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Abstract
Background Survivin is involved in the regulation of cell
division and survival, two key processes in cancer. The
majority of studies on survivin in colorectal cancer (CRC)
have focused on protein expression and less is known about
the expression of survivin splicing variants or survivin gene
polymorphisms in CRC. In the present study, the mRNA
levels of the five known isoforms of survivin as well as
survivin protein were assessed in matched normal and
neoplastic colorectal tissue. Moreover, the 9386 C/T and -
31 G/C polymorphisms were investigated.
Methods Quantitative RT-PCR was used to assess mRNA
levels in fresh/frozen tissue samples. Protein levels were

immunohistochemically evaluated on formalin-fixed paraffin-
embedded tissue sections. Individuals were genotyped using
real time PCR
Results Expression of all 5 survivin splice variants as well as
survivin protein was elevated in colorectal carcinomas
compared to normal tissue. Specific splice variant expression
differentially correlated with clinicopathological parameters.
Furthermore, both snps correlated with splice variant levels or
their ratios in colorectal carcinomaswhile the -31 G/C snpmay
be related to CRC development and improved overall survival.
Conclusion Our results support a role of survivin in
colorectal carcinogenesis while the -31 G/C snp may
constitute a marker of survival.
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1 Introduction

Survivin is a unique member of the family of the Inhibitors
of Apoptosis Proteins (IAPs) as it carries a single
baculoviral IAP repeat (BIR) domain. Survivin has lately
drawn much attention due to its involvement in many
cellular processes. It functions as a central regulator of cell
division as it has been shown to promote mitotic progres-
sion and G1/S transition in cancer cells [1, 2]. Survivin also
exerts significant anti-apoptotic functions via caspase-
dependent and independent mechanisms [2]. Consistently,
it is not expressed or is present at low levels in normal
differentiated tissues, whereas it is highly expressed in
many tumors including breast, lung and colon [3–6].
Survivin has also been correlated with chemoresistance [7].

Five splice variants that give rise to distinct survivin
protein isoforms have been characterized (Fig. 1). Survivin-
2B has a 23 aminoacid insertion between exon 2 and 3
causing a markedly reduced anti apoptotic potential [8].
Survivin-ΔEx3 lacks exon 3 and has a different carboxy-
terminal tail due to a frameshift in exon 4 but retains an
anti-apoptotic activity [8]. In contrast, survivin-3B has an
extra exon 3, derived from part of intron 3, that causes a
frameshift resulting in a protein truncated by 22 amino
acids that exerts cytoprotective functions [9, 10]. The
recently characterized isoform, survivin-2α, contains the
coding sequences from exon 1 and exon 2 and one
additional amino acid before termination. This protein
isoform contains a truncated BIR domain and lacks the
carboxy-terminal coiled-coil domain. It is, therefore, as-
sumed that survivin-2α does not exert anti-apoptotic
activity [11]. Survivin is known to homodimerize in

solution. Since survivin isoforms exert dinstinct apoptosis-
related properties, heterodimer formation between survivin
and its isoforms may be important in the regulation of
survivin function with potential significant implications in
carcinogenesis [1].

A single nucleotide polymorphism (snp) was found in
the promoter of the survivin gene [12]. It is located at
position -31 within a cell cycle-dependent element (CDE)
and a cell cycle homology region (CHR) repressor binding
motif. Modification of this binding motif results in altered
cell cycle-dependent transcription that characterizes survi-
vin expression. The presence of -31 G/C snp may result in
higher levels of survivin expression and it has previously
been correlated with increased risk for lung cancer
development. However, there was no correlation with
cervical cancer suggesting that further investigation is
required to clarify the significance of this polymorphism
in human cancer [13, 14].

A second snp, 9386 C/T (rs2239680), located in the 3′
untranslated region (UTR) of the survivin gene was selected
from the National Center for Biotechnology Information
SNP database (http://www.ncbi.nlm.nih.gov/ snp). It is
known that many regulatory events occur at the 3′UTR
including mRNA stability and post-transcriptional regulation,
often through binding of microRNAs [15].

Colorectal cancer is a major cause of morbidity and
mortality worldwide. Alterations in pathways regulating
important biological processes including cell survival, cell
proliferation, epithelial to mesenchymal transition and
stroma production have been shown to contribute to
colorectal carcinogenesis and tumor progression [16, 17].
Several lines of evidence suggest that survivin is implicated
in the progression of dysplasia to neoplasia in the colon
[18]. A significant role of survivin in colorectal carcinoma
progression and recurrence of colon cancer liver metastases
has been previously demonstrated [19, 20]. However, most

Fig. 1 The exons of the 5 splice
variants of survivin.BIR:
baculoviral IAP repeat, BIR’:
truncated BIR. UTR:
Untranslated region. Horizontal
arrows indicate primer positions.
Perpendicular arrows indicated
the site of the stop codon
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studies have focused on protein expression, and the
significance of specific splice variant expression or of
survivin gene polymorphisms in CRC has not been fully
addressed. We, therefore, quantified the mRNA expression
of survivin, survivin-3B, survivin-2B, survivin-ΔEx3 and
survivin-2α in matched normal and neoplastic colorectal
tissue. We also assessed the presence of the snps 9386 C/T
and -31 G/C of the survivin gene in blood samples and
CRC tissues. Correlations between survivin splice variant
mRNA expression, presence of survivin snps, survivin
protein expression by immunohistochemistry and clinico-
pathological characteristics were evaluated. Moreover, the
relationship between the -31 G/C snp and the risk for CRC
development was assessed.

2 Materials and methods

2.1 Patients and samples

Peripheral blood and fresh-frozen colonic tissue were
prospectively obtained from 45 consecutive patients who
underwent therapeutic surgery at the University Hospital of
Patras, Greece. Table 1 lists the clinicopathological charac-
teristics of the patients for which fresh/frozen samples were
available for this study. Moreover, 116 formalin fixed
paraffin-embedded colorectal carcinoma samples were
retrieved from the archives of the Department of Pathology
at the University Hospital of Patras. In addition, blood
samples from 132 healthy donors were obtained. For 95
(58.3%) patients information regarding relapse and survival
was available. Of these, 53 (55.8 %) patients relapsed and

the remaining (44.2%) remained disease free. Ethical
approval for this study was obtained from the Institutional
Review Board.

2.2 Primer design

The sequence of each splice variant was obtained either
from the National Centre for Biotechnology Information
(NCBI: http://www.ncbi.nlm.nih.gov/) or from published
reports [9, 11]. Regarding the gene expression analysis,
primers and Taqman probes (Table 2) were designed at
areas that were unique for each variant (Fig. 1), using
Primer3 [21] and then subjected to a BLAST (NCBI)
analysis to ensure specificity. Similarly, for the -31 G/C snp
genotyping, primers and Taqman LNA probes were
designed, specific for each allele. The 9386 C/T snp was
genotyped using allele-specific primers resulting in differ-
entially sized products and thus allowing allele detection
using sybr green in real time polymerase chain reactions
(PCR) (Table 2). Primers were synthesized by the Founda-
tion for Research and Technology-Hellas (Crete, Greece) or
by Metabion International (Martinsried, Germany), Taqman
probes by DNATechnology A/S (Aarhus C., Denmark) and
LNA Taqman probes by Sigma-Proligo (The Woodlands,
TX, USA).

2.3 Splice variant expression quantification

Total RNA was extracted from the fresh-frozen tissue
samples using the Absolutely RNA ffpe kit (Stratagene,
La Jolla, USA) and then quantified and reverse transcribed
as previously described [22]. The expression of each splice
variant was quantified by quantitative PCR using the
variant-specific primers and Taqman probes (Table 1) as
previously described [23]. Expression levels were normal-
ized to Alu-Sq levels that were found to be stably expressed
in normal and tumor tissue of different grades and stages.

2.4 Snp genotyping

DNA was extracted from whole blood samples of 47
patients with CRC and 132 healthy controls using the
QIAamp DNA blood mini kit (QIAGEN, GmbH,
Germany). Moreover, DNA was extracted from 116
formalin-fixed paraffin embedded tissue samples using a
standard proteinase K, phenol/chloroform extraction proce-
dure. The -31 G/C snp was genotyped using the primers and
allele-specific Taqman LNA probes (Table 2) in real time
PCR reactions using the Brilliant Quantitative PCR Core
Reagents (Stratagene) and the MX3000p (Stratagene). The
9386 C/T snp was genotyped in 42 patients for which fresh-
frozen tissue was also available using allele specific primers.
A GC tail was added at the 5′ end of the C-specific primer so

Table 1 Patients’ clinicopathological characteristics

Characteristic Patients (%)

Age median (range) 68 (56–86) 45 (100)

Gender Male 29 (64.4)

Female 16 (35.5)

Primary site Right colon 13 (28.9)

Left colon & sigmoid 18 (40.0)

Rectum 14 (31.1)

Stage (Astler-Coller) In situ 2 (4.2)

A 1 (2.1)

B 24 (51.1)

C 15 (31.9)

D 3 (6.4)

Lymph nodes Positive 29 (64.4)

Negative 16 (35.6)

Differentiation Poorly 8 (17.0)

Moderately 25 (53.2)

Well 10 (21.3)
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that different product sizes were obtained thus allowing
genotyping using sybr green in real time PCR (sybr green
master mix, PrimerDesign, UK) (Table 2).

2.5 Immunohistochemistry

Representative 4 μm tissue sections were de-paraffinized in
xylene and rehydraded in graded ethanol solutions. Antigen
retrieval was enhanced by microwaving the slides in
0.01 M citrate buffer (pH=6). Endogenous peroxidase
activity was blocked by treatment with 1% hydrogen
peroxide for 15 min, followed by incubation with protein
blocking solution (3% BSA in TBS). Sections were
subsequently incubated with mouse monoclonal anti-
survivin antibody (71G4B7E, Cell Signaling, Beverly,
MA) in dilution 1:80 overnight at 4°C. Bound primary
antibody was detected with the Envision detection kit
(DAKO, Hamburg, Germany) following the manufacturer’s
instructions. Slides were counterstained with haematoxylin,
dehydraded and mounted. For negative controls, blocking
solution was added instead of the primary antibody.

2.6 Immunohistological evaluation

Nuclear and cytoplasmic immunostaining for survivin was
evaluated separately. Nuclear expression of survivin was
semi-quantitatively evaluated based on the percentage of
positive nuclei: 0: nuclear positivity in less than 10% of
tumor cells, 1: nuclear expression in 10–30% of tumor
cells, 2: nuclear expression in 30–80% of tumor cells and 3:
nuclear expression in >80% of tumor cells. Cytoplasmic
immunoreactivity was homogeneously distributed among
the tumor cells and scored as follows: 0: negative staining,
1: weak staining, 2: moderate staining and 3: strong
staining.

2.7 Statistical analysis

The data were analysed using SPSS (release 16, Chicago,
IL, USA). Kruskal-Wallis and Mann-Whitney nonparamet-
ric tests were performed for intergroup comparisons of the
expression levels of the survivin splice variants. Wilcoxon
paired samples test was used for comparisons between

Table 2 Sequences of primers and probes

Gene Expression

Splice Variant Reference Primer Sequence 5′-3′ Label

S NM_001168 Forward GACGACCCCATAGAAGGAA –

Reverse AATTCTTTCTTCTTATTGTTGGTTTC –

Probe AGCATTCGTCCGGTTGCGCT A

S-2B NM_001012271 Forward GATGACGACCCCATTGG –

Reverse TTATGTTCCTCTCTCGTGATCC –

Probe CACGGTGGCTTACGCCTGTAATACC B

S-3B [9] Forward GCCAAGAACAAAATTGAGAGAG –

Reverse TTGGTTTCCTTTGCCTTTC –

Probe CTGAAACTCCTGGAGGAAAGTCCA A

S-ΔEx3 NM_001012270 Forward GACGACCCCATGCAAAG –

Reverse GTGGCACCAGGGAATAAAC –

Probe TGCAGCCACTCTGGGACCA B

S-2α [11] Forward AACTGGCCCTTCTTGGAG –

Reverse ACTTACATGGGGTCGTCATC –

Probe CCAGCCTTCCAGCTCCTTGAAG A

SNP Genotyping

SNP Reference Primer Sequence 5′-3′ Label

-31 G/C rs9904341 Forward GCGCCATTAACCGCCAGA –

Reverse CTTGAGAAAGGGCTGCCAGG –

Probe G TTG+AA+TCG+C+G+GGAC+CCGT A

Probe C T+TGAATCG+C+C+GGA+CC+CGT B

9386 C/T rs2239680 Forward T AATTAGATGTTTCAACTGTGCTCT –

Forward C GCGGCGCGGCGGATATAGATGTTTCAACTGTGGTCC –

Reverse CAGGCAGAAGCACCTCTG –

S: Survivin, A: 5′ FAM, 3′ BHQ1, B: 5′ HEX, 3′ BHQ1, “+” before a base indicates a Locked Nucleic Acid base. Underlined are bases that are
altered to increase specificity of the primers.
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related groups. Chi-square analysis was performed to detect
associations between snps and clinicopathological data. The
Kaplan-Meier analysis was used to compare survival
curves. Logistic regression was used for cancer risk
assessment. The level of significance was set at p value
<0.05.

3 Results

3.1 Expression of survivin splice variants in normal
and neoplastic tissue

Positive mRNA expression of all survivin isoforms was
more frequently observed in neoplastic compared to normal
tissue. In normal tissue, survivin, survivin-ΔEx3, survivin-
2α, survivin-2B and survivin-3B were expressed in 80.8,
68.1, 100, 87.2 and 78.7 % of cases, respectively, whereas
in neoplastic tissue, positive mRNA expression of theses
variants was detected in 98.8, 89.4, 100, 97.8 and 95.7 % of
cases, respectively. In addition, expression levels of the five
survivin splice variants were significantly higher in neo-
plastic tissue compared to normal tissue (p≤0.001), as
shown in Tables 3 and 4 (Figs. 2 and 3).

No significant difference was observed in the expres-
sion levels between males and females and between
patients with positive or negative lymph nodes. mRNA
expression of survivin-2B significantly correlated with

tumor grade with levels being higher in well differenti-
ated compared to moderately and poorly differentiated
tumors (Tables 3 and 4). A similar trend of higher
expression in well differentiated tumors was also observed
for survivin, survivin-ΔEx3 and survivin-2α but the
differences failed to reach statistical significance (Tables 3
and 4).

Survivin splice variants were differentially expressed
among different stages of the disease (Tables 3 and 4).
Statistical analysis could safely be performed only for
stages B and C due to the small sample number of in situ
and stage A and D samples. Therefore, it should be noted
that only differences between stages B and C can be stated
with any confidence. Survivin, survivin-2B and -2α levels
were lower in stage A than in B. The mRNA expression
levels of all splice variants with the exception of survivin-
3B were also higher in stage B tumors compared to stage C
(statistical significance was reached only for survivin-
ΔEx3, -2B and -2α with p=0.008, 0.028 and 0.024,
respectively), and in stage D tumors compared to stage C
(p values for survivin, survivin-ΔEx3, -2B and -2α are
0.039, 0.010, 0.027 and 0.017, respectively).

3.2 Ratios of splice variant expression in normal
and neoplastic tissue

The ratios of the expression of the different splice variants
were then assessed. The expression ratio survivin to

S: Survivin, N: normal tissue, Ca: tumor tissue
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Table 3 Expression of survivin splice variants survivin, survivin-3B and survivin-ΔEx3

Characteristic Median Relative Expression (range)

S p S-3B p S-ΔEx3 p

Gender Male 0.45 (0.07–1.49) 0.111 0.61 (0–1.74) 0.219 0.53 (0–2.57) 0.298
Female 0.63 (0–1.33) 0.75 (0–2.07) 0.65 (0–1.32)

Primary site Right colon 0.58 (0–1.01) 0.456 0.75 (0–2.07) 0.652 0.57 (0–1.10) 0.367
Left colon
& sigmoid

0.76 (0.14–1.49) 0.73 (0.18–1.57) 0.68 (0–2.57)

Rectum 0.43 (0.07–1.22) 0.66 (0–0.65) 0.33 (0–1.12)

Tissue N 0.28 (0–0.89) <0.001 0.46 (0–1.91) 0.001 0.18 (0–0.84) <0.001
Ca 0.61 (0–1.49) 0.72 (0–2.07) 0.62 (0–2.57)

Stage
(Astler-Coller)

In situ 0.24 (0.14–0.32) 0.22 (0–0.66) 0.14 (0–0.31)
A 0.48 0.81 0.53

B 0.73 (0.15–1.33) 0.131 (B–C) 0.74 (0.18–1.74) 0.521 (B–C) 0.69 (0.14–1.32) 0.008 (B–C)
C 0.48 (0–1.22) 0.66 (0–2.07) 0.37 (0–0.97)

D 0.89 (0.79–1.49) 0.039 (C–D) 0.93 (0.82–1.32) 0.250 (C–D) 0.94 (0.78–2.57) 0.010 (C–D)

Lymph nodes Positive 0.53 (0–1.49) 0.403 0.72 (0–2.07) 0.902 0.46 (0–2.57) 0.115
Negative 0.73 (0.15–1.33) 0.75 (0.18–1.74) 0.66 (0.14–1.32)

Differentiation Well 0.76 (0.26–1.33) 0.577 0.79 (0.51–1.18) 0.482 0.69 (0.27–1.32) 0.269
Moderately 0.54 (0.07–1.49) 0.61 (0.12–1.74) 0.66 (0–2.57)

Poorly 0.53 (0–0.97) 0.77 (0–2.07) 0.55 (0–1.04)



survivin-3B was significantly higher (p=0.005) in neoplatic
(median: 0.95; 0.31–1.93) compared to normal tissue
(median: 0.72; 0–1.91) (Fig. 4a).

Moreover, the ratio of survivin to survivin-ΔEx3 was
significantly higher (p=0.043) in the rectum samples
(median: 1.48; 0.65–3.19) compared to left and right
colonic tissue samples (median: 1.03; 0.45–1.78) although
a similar difference was not noted for any other ratio. None

of the ratios differed between lymph node positive or
negative patients, or between different stages. However, the
ratio of survivin to survivin-2B expression was significantly
higher (p=0.038) in moderately (median: 0.65; 0.49–1.16)
compared to well differentiated tumors (median: 0.97;
0.44–2.31) (Fig. 4b).

3.3 Assessment of survivin snps 9386 C/T
and -31 G/C in CRC

Regarding the -31 G/G snp of the survivin gene, the G
allele was noted more frequently than the C allele. Notably,
63 (38.6%) patients were GG, 16 (9.8%) were CC and 84
(51.6%) were heterozygotes. Moreover, in the healthy
control group, 66 (50%) were GG, 16 (12.1%) were CC
and 50 (37.9%) were heterozygotes. Neither allele was
associated with the gender or the primary site. However, the
C allele appears to be associated with CRC. In fact, 101
(61.9%) CRC patients carried the C allele, whereas in
healthy controls, the percentage dropped to 50 (66
individuals) (p=0.04). However, a larger number of cases
is required to assess whether the C allele may predispose to
CRC. Currently, the CC homozygotes may have a higher
risk of developing cancer compared to GG individuals and
the heterozygotes (odds ratio 1.587, 95% C.I: 0.997–2.526,
p=0.051).

Regarding the 9386 C/T snp, which was genotyped in 42
cases for which fresh/frozen tissue was available, 2 cases
were CC (4.8%), 28 were CT (66.6%) and 12 were TT
(28.6%).

Fig. 2 Expression of survivin splice variants in normal and neoplastic
tissue. N: normal tissue, CA: neoplastic tissue, S: survivin

Table 4 Expression of survivin splice variants survivin-2B and survivin-2α

Characteristic Median Relative Expression (range)

S-2B p S-2α p

Gender Male 0.55 (0.08–2.71) 0.330 0.68 (0.08–2.56) 0.156
Female 0.88 (0–1.84) 1.08 (0.29–1.73)

Primary site Right colon 0.55 (0–1.38) 0.162 0.74 (0.32–1.39) 0.391
Left colon & sigmoid 0.88 (0.20–2.71) 1.13 (0.19–2.56)

Rectum 0.48 (0.09–1.84) 0.68 (0.08–1.73)

Tissue N 0.33 (0–1.15) <0.001 0.49 (0.03–1.09) <0.001
Ca 0.66 (0–2.71) 0.82 (0.08–2.56)

Stage (Astler-Coller) In situ 0.22 (0.08–0.32) 0.38 (0.29–0.51)
A 0.53 0.79

B 0.79 (0.19–1.84) 0.028 (B–C) 1.05 (0.19–1.73) 0.024 (B–C)
C 0.48 (0–1.41) 0.60 (0.07–1.34)

D 1.65 (0.83–2.71) 0.027 (C–D) 1.93 (0.89–2.56) 0.017 (C–D)

Lymph nodes Positive 0.55 (0–2.71) 0.247 0.68 (0.08–2.56) 0.192
Negative 0.77 (0.19–1.84) 1.03 (0.19–1.73)

Differentiation Well 1.14 (0.48–1.84) 0.070 1.19 (0.43–1.73) 0.261
Moderately 0.63 (0.09–2.71) 0.77 (0.08–2.56)0.038(well-mod), 0.043(well-poor)

Poorly 0.64 (0–0.96) 0.77 (0.43–1.32)

S: Survivin, N: normal tissue, Ca: tumor tissue
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3.4 Relationships between survivin snp genotypes
and splice variant expression

Patients carrying the C allele at -31 had higher mRNA
levels of the splice variants survivin, survivin-ΔEx3,
survivin-2B and survivin-2α in neoplastic tissue compared
to non-carriers (p=0.056, 0.003, 0.022, 0.022, respectively)
(Fig. 3). Interestingly, expression levels in normal tissue
were independent of the -31 genotype (Fig. 3).

No association emerged between splice variant ex-
pression and the 9386 C/T snp genotype with the
exception of the ratios survivin to survivin-2α and
survivin to survivin-2B in neoplastic tissue. Notably,
both of these ratios were lower in CC patients compared
to CT and TT patients (survivin/survivin2α: p=0.029,
median: 0.38 [0.33–0.44]; 0.85 [0.41–1.02]; 0.60 [0.41–
0.69], respectively and survivin/survivin-2B: p=0.017,
median: 0.48 [0.44–0.52]; 0.95 [0.54–1.26]; 0.65 [0.47–
0.94], respectively).

3.5 Relationship between the -31 G/C snp,
disease progression and patient survival

Since the C allele was more frequently observed in CRC
patients and associated with higher levels of survivin
expression in neoplastic tissue, the relationship between
the -31 G/C snp and relapse and survival was assessed.
Neither allele was associated with increased risk of
relapse or with the time to disease progression (data
not shown). Surprisingly, however, the C allele was
associated with improved overall survival (95% CI;
95.074–118.126; p=0.047) (Fig. 5).

3.6 Survivin protein expression and localization

In normal colorectal mucosa survivin protein expression
was nuclear and mainly confined to the crypt epithelium
(Fig. 6). A significantly higher survivin expression was
found in neoplastic tissue compared to normal tissue
(p<0.001). Moreover, while in normal tissue samples
protein expression was exclusively located in the nucleus,
in carcinomas cytoplasmic expression of survivin was also
noted in 7 of 43 cases (16.28%) (Table 5, Fig. 6). In
carcinomas, nuclear survivin expression correlated with
the primary site, with expression levels being higher in
tumors of the right colon compared to tumors located in
the left colon or the rectum (p=0.004) (Table 5). There
was no correlation between survivin mRNA and protein
levels. Furthermore, survivin protein expression did not
correlate either with the -31 G/C or the 9386 C/T snp
genotype or with any of the clinicopathological parameters
analyzed.

4 Discussion

Survivin has attracted much attention in cancer research due
to its involvement in the regulation of cell division and
survival. Most studies of survivin in CRC have focused on
protein expression and less is known about the expression
of survivin splicing variants or survivin gene polymor-
phisms in CRC. In the present study, the mRNA expression
levels of the five known isoforms of survivin were assessed
in matched normal and neoplastic colorectal tissue. Also
survivin protein levels and survivin 9386 C/T and -31 G/C

Fig. 3 Relationship between expression levels of survivin splice variants and -31 genotype. S: survivin. A: neoplastic tissue, B: normal tissue
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genetic polymorphisms were analysed. Our study provides
evidence on the distinct significance of survivin splice
variant expression and gene polymorphisms in human
colorectal carcinogenesis

In agreement with previous reports, we have shown that
mRNA expression of survivin splice variants was more
frequent and significantly higher in neoplastic compared to
normal tissue suggesting survivin involvement in colorectal
carcinogenesis [24, 25]. To the best of our knowledge this
is the first report of splice variants survivin-2α and
survivin-3B expression in human CRC. Similarly to the

findings of Suga et al, survivin expression did not correlate
with gender and lymph node metastasis. However, survivin-
2B mRNA levels were significantly higher in well
differentiated tumors and survivin-ΔEx3, -2B and -2α
mRNA expression was significantly higher in stage B than
in stage C patients indicating a correlation of specific splice
variant expression with a less aggressive CRC phenotype.
These findings are in agreement with the lack of an anti-
apoptotic activity that characterize survivin-2B and
survivin-2α isoforms but are unexpected for survivin-
ΔEx3 that is known to promote cell survival [8, 11]. It
would be of interest to assess the expression of the survivin
variants in the corresponding metastases and the circulating
blood cells. It has been shown that in both cases, expression
of molecules in key pathways including EGFR and TGFβ
are often different between the primary tumor, the metastases
and the circulating blood cells [16, 26].

To further address the significance of the specific
survivin splice variant expression in CRC we assessed
their ratio relative to survivin, since the relative abundance
of these isofoms may be more significant than the presence
of each isoform alone. In contrast to the mRNA levels,
survivin to survivin-ΔEx3 and survivin-2α ratios showed
no significant correlation with any of the clinicopatholog-
ical parameters analyzed. However, survivin-2B levels were
significantly higher relatively to survivin in well differen-
tiated tumors. The later finding is consistent with the
reduced anti-apoptotic activity of this isoform and also
indicates that among the different splice variants survivin-
2B is more likely to associate with favorable features of
CRC. Unfortunately, the cohort of patients for whom fresh/
frozen tissue was available for splice variant analysis had
no sufficient time of follow up to allow survival analysis so

Fig. 5 Improved survival in the presence of the -31 C allele.
Continuous and dotted lines represent the patients carrying the C
allele and the GG homozygotes, respectively

Fig. 4 The change of ratios of expression of the different variants in
normal and neoplastic tissue and according to degree of differentia-
tion. ** indicate differences significant to the 0.05 level
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as to assess the prognostic significance of the survivin
isoforms. However, in further agreement with our findings,
distinct significance of survivin specific splice variant
expression has been reported in several tumor types [27].
It has been shown that survivin isoforms dimerize and this
could partly constitute a control mechanism for the end
action of survivin. Given the differential expression of
splice variants, it appears to be more prudent to take into
account ratios of expression rather than each isoform alone.

Of interest is the finding that both snps of the survivin
gene correlated with survivin isoform mRNA expression
levels or ratios in neoplastic but not in normal tissue,

suggesting that these snps may influence the differential
expression of survivin splice variants in colorectal carcino-
genesis. Regarding the better studied -31 G/C snp, this
finding may suggest that repression through binding to the
CDE/CHR element gains importance as a control mecha-
nism of survivin expression in cancer, since other mecha-
nisms involved in the regulation of survivin expression
such as APC and P53 are often inactivated in neoplasia due
to mutations [28, 29]. In agreement with the findings of
Gazouli et al we also showed a significantly higher
frequency of the C allele in CRC patients compared to
healthy controls suggesting a role of the -31 G/C snp in

Fig. 6 Survivin protein expression by immunohistochemistry in colorec-
tal carcinomas. a. Significantly higher nuclear expression of survivin
in cancerous tissue (upper part) compared to adjacent normal colonic

crypts (lower part) (x20), b. Strong nuclear expression of survivin in a
case of colorectal carcinoma (x40) and c. A representative case showing
both cytoplasmic and nuclear localization of survivin (x40)

Table 5 Survivin protein expression in neoplastic tissue; Correlations with clinicopathological characteristics

Characteristic Ν Survivin Protein Expression

Cytoplasmic p Nuclear p

0 1 2 3 0 1 2 3
n(%) n(%) n(%) n(%) n(%) n(%) n(%) n(%)

Tissue Neoplastic 43 35 (81.4) 6 (14) 2 (4.7) 0 (0) 1 (2.3) 1 (2.3) 19 (44.2) 22 (51.2)

Gender Male 28 23 (82.1) 4 (14.3) 1 (3.5) 0 (0) 0.899 1 (3.5) 1 (3.5) 13 (46.4) 13 (46.4) 0.645
Female 15 12 (80) 2 (13.3) 1 (6.7) 0 (0) 0 (0) 0 (0) 6 (40) 9 (60)

Primary site Right
colon

12 6 (50) 5 (41.7) 1 (8.3) 0 (0) 0.012 1 (8.3) 0 (0) 5 (41.7) 6 (50) 0.251

Left
colon &
sigmoid

15 13 (86.7) 1 (6.7) 1 (6.7) 0 (0) 0 (0) 1 (6.7) 4 (26.7) 10 (66.7)

Rectum 16 16 (100) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 10 (62.5) 6 (37.5)

Stage
(Astler-
Coller)

In situ 4 3 (75) 0 (0) 1 (25) 0 (0) 0.625 1 (25) 0 (0) 2 (50) 1 (25) 0.170
A 1 1 (100) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (100) 0 (0)

B 21 16 (64) 4 (19) 1 (4.8) 0 (0) 0 (0) 1 (4.8) 8 (38.1) 12 (57.1)

C 14 12 (85.8) 2 (14.3) 0 (0) 0 (0) 0 (0) 0 (0) 8 (57.1) 6 (42.9)

D 3 3 (100) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 3 (100)

Lymph nodes Positive 17 15 (88.2) 2 (11.8) 0 (0) 0 (0) 0.457 0 (0) 0 (0) 8 (47.1) 9 (53) 0.838
Negative 26 20 (77) 4 (15.4) 2 (7.7) 0 (0) 1 (3.9) 1 (3.9) 11 (42.3) 13 (50)

Differentiation Well 8 8 (100) 0 (0) 0 (0) 0 (0) 0.593 0 (0) 1 (12.5) 3 (37.5) 4 (50) 0.505
Moderate 24 18 (75) 5 (20.8) 1 (14.3) 0 (0) 0 (0) 0 (0) 10 (41.7) 14 (58.3)

Poor 7 6 (85.8) 1 (4.2) 0 (0) 0 (0) 0 (0) 0 (0) 4 (57.1) 3 (42.9)
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colorectal carcinogenesis [30]. Nevertheless, it is possible
that the -31 G/C snp does not have a causative role but may
simply feature a marker.

Notably we provided evidence that the presence of the C
allele in -31 G/C snp was associated with improved overall
survival of CRC patients. Although an association of
survivin -31 G/C snp with increased risk of cancer
development has been suggested by other reports, its
prognostic significance in human CRC has not previously
been addressed. Considering that the -31 G/C snp correlat-
ed with splice variant expression in our tumor samples, this
finding agrees with the association we found between
isoform expression and favorable pathologic features,
further indicating a complex most likely favorable prog-
nostic role of survivin in human CRC. Although many
reports state that increased levels of survivin correlate with
colorectal cancer progression, liver metastasis [19, 20] and
decreased survival, contradictory observations are also
available [31]. In some studies different splice variants
appear to correlate differently to survival while in others
survivin levels were unrelated to survival in CRC cases [31,
32]. However, it is also likely that the -31 G/C snpmay simply
be a favorable prognostic marker in CRC irrespectively of its
possible effect on survivin expression.

Contrary to mRNA levels, protein levels were unrelated
to any of the clinicopathological parameters with the
exception of the primary site. This may reflect the genetic
differences noted in the different anatomical sites which
may be accounted for by their different embryological
origin [33]. The antibody used in the immunohistochemical
analysis was not able to differentiate between different
isoforms and, therefore, it is not clear whether the differ-
ences observed at the mRNA levels between stages and
grades are reflected on the protein level or not. However,
the contribution of post-transcriptional regulatory mecha-
nisms in the regulation of survivin expression may account
for the lack of correlation between protein and mRNA
expression and is in agreement with the findings of
Kannangai et al although contradictory reports have also
been published [1, 34, 35].

Protein expression was detected exclusively in the
nucleus in normal tissue, whereas both nuclear and
cytoplasmic expression, with the predominance of nuclear
staining, was noted in CRCs. A cytoplasmic expression of
survivin has previously been demonstrated for colorectal
carcinomas [6, 19]. The difference in localization patterns
between studies may be due to the different antibodies used
for the detection of survivin, targeting different areas of the
protein and therefore reacting with different isoforms. It is
known that survivin exists in two subcellular pools
consistent with its function in cell division (nucleus) and
cell viability (cytoplasm) as well as the presence of the
different isoforms which have distinct cellular localizations

[36]. The nuclear immunoreactivity has been associated
with significantly higher proliferating index in hepatocellu-
lar carcinomas suggesting a predominant role of survivin in
promoting cell division in these tumors [37, 38]. The
cellular localization pattern of survivin in our tumor
samples suggests that survivin probably exerts both cell
division-promoting and anti-apoptotic functions in colorectal
carcinogenesis.

In conclusion, mRNA expression of all 5 survivin splice
variants as well as survivin protein expression was elevated
in colorectal carcinomas compared to normal tissue
supporting a role of survivin in colorectal carcinogenesis.
Specific survivin splice variant expression differentially
correlated with pathologic tumor parameters. Furthermore,
both the -31 G/C snp and the 9386 C/T snp correlated with
splice variant levels or their ratios in colorectal carcinomas
while the -31 G/C snp may be related to CRC development
and overall survival.
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