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Abstract The aim of this study was to investigate the
clinical significances of the mRNA expression of survivin
gene and its four splice variants in the pathogenesis of
colorectal cancer (CRC). CRC samples, matched adjacent
tissues, and normal tissues were collected from surgical
resections of 39 patients with histologically confirmed
diagnosis. The mRNA expression of survivin and its four
splice variants, that is, survivin-AEx3, survivin-2B, sur-
vivin-3B, and survivin-2o, was detected using semiquan-
titative PCR and RT-PCR. Carcinoembryonic antigen
(CEA) CAMS5 was determined as control. The mRNA
expression rates of survivin, survivin-AEx3, survivin-2B,
survivin-3B, surviving-2o, and CEA CAMS in CRC sam-
ples were significantly higher than those in adjacent tissues
(P < 0.01) and those in normal tissues (P < 0.01). The
mRNA levels of the above variants in CRC samples were
also significantly higher than those in adjacent tissues
(P <0.01) and those in normal tissues (P < 0.01). The
mRNA levels of survivin, survivin-2B, and survivin-2o
were not associated with any clinical variable of patients,
while the levels of survivin-AEx3 and survivin-3B were
associated with lymphoid metastasis and Dukes grade
(P < 0.05), and survivin-AEx3 was associated with inva-
siveness. We concluded that mRNA expression rates and
levels of survivin and its four splice variants elevated
in CRC tissues, and expression levels of survivin-AEx3
and survivin-3B were positively associated with tumor
aggression.
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Introduction

Colorectal cancer (CRC) is the third most common cancer
worldwide and the second most common cause of cancer
mortality [1]. Currently, surgical resection remains a
curative option for CRC treatment. However, most patients
with CRC are not candidate for surgical operations because
of the advanced stage of the lesions when diagnosed.
Chemotherapy is commonly used for patients who are not
suitable for operation and those at risk for disease recur-
rence after operation. As the uncertainty of outcomes after
surgery and chemotherapy, there is a need to look for
biomarkers evaluating the severity of the disease, predict-
ing the prognosis of patients, and targeting the pathogenic
genes. Recently, the concept of molecular medicine has
been introduced. A number of molecular markers are rec-
ommended, but the results remained inconclusive [2, 3].
Among those markers, survivin has been studied for dec-
ades. Survivin is involved in the regulation of cell division
and survival, two key processes in cancer development. Its
roles in carcinogenesis at the molecular level have been
defined in the literature. The differential expression of
survivin in CRC versus normal tissues makes it a promis-
ing biomarker in diagnosis and treatment [4-6]. The
majority of studies have focused on wild-type survivin (or
termed survivin), but less is known about the function of
survivin splicing variants, that is, survivin-AEx3, survivin-
2B, survivin-3B, and survivin-2a in CRC [4, 5]. Studies
about their clinical significances in CRC patients have not
been fully documented. In the present study, we simulta-
neously investigated the mRNA expression of survivin and
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its four transcript variants in CRC, adjacent, and normal
colorectal tissues from surgical resections in order to
explore the clinical significances of them in the develop-
ment of CRC.

Materials and methods
Patients and specimens

Thirty-nine consecutive patients (males 21 and females 18,
age range 36-82 years) undergoing surgical resections for
CRC at the Department of General Surgery of this hospital
between November 2008 and November 2009 were
recruited. The diagnosis of colorectal adenocarcinoma was
confirmed by histology. The patients who received che-
motherapy or radiation therapy either before or after sur-
gery were excluded from the study. Matched samples from
CRC, adjacent tissues (2.5 cm beyond cancer margins),
and normal tissues (10 cm beyond cancer margins) were
obtained at the time of operations, immediately preserved
in liquid nitrogen and then stored at —80 °C until total
RNA extraction. Standard tissues were taken, fixed in 10 %
formalin, and embedded in paraffin wax. Histological
samples were cut from paraffin-embedded blocks and
stained with hematoxylin and eosin for light microscopic
examination. Clinicopathological data were prospectively
collected from each patient. The stages of CRC were
assigned according to TNM and Dukes grades [7, 8]. The
study protocols were approved by the ethics committee of
this hospital affiliated to Guangzhou Medical College.
Written consent was obtained from each patient.

Total RNA extraction and cDNA synthesis

Total RNA was extracted by chloroform—isopropanol—eth-
anol method using Trizol kit (Invitrogen. USA) according to
the manufacturer’s instructions. The A260/A280 ratio of
RNA was determined with colorimeter between 1.85 and
2.00. RNA integrity was qualified with formaldehyde
degeneration gel electrophoresis at 80 V for 15 min. Three
electrophoresis bands (5S, 18S, 28S) were visualized.
Complementary DNA (cDNA) was synthesized following
the instructions on M-MLYV reverse transcriptase kit (Pro-
mega Co. USA). Briefly, 2 g of total RNA, 0.5 pg Oligo-
dT15 primers, and 12 pl DEPC-treated H,O in a final 15 pl
reaction volume were incubated at 70 °C for 5 min and
subsequently on ice for 5 min to synthesize RNA primer
compound. Then, 5 ul M-MLV buffers, 1.25 ul dNTP,
0.625 pl RNasin, 1 pl M-MLV reverse transcriptase, and
2.125 pl DEPC-treated H,O constituted RT reaction mix-
ture. Afterward, 15 pl RNA primer compound and 10 pl RT
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reaction mixture were blended, incubated at 37 °C for
60 min and then at 70 °C for 15 min to synthesize cDNA.

Quantitative PCR

The mRNA of survivin-2B, survivin-3B, survivin-2o, and
carcinoembryonic antigen (CEA) CAMS5 (as positive con-
trol) was quantified by real-time quantitative PCR with
SYBR Greenlon DNA Engine OpticonTM2 System (MJ
Research Inc. Canada), while mRNA of survivin and sur-
vivin-AEx3 was quantified with semiquantitative PCR
(Bio-Rad Co. USA). The expression of housekeeping gene
glyceraldehyde 3-phosphate dehydrogenase (GAPDH), as
an internal control, and CEA CAMS5 mRNA, as a positive
control, was evaluated at the same time. Forward and
reverse primer pairs for survivin, survivin-2B, survivin-
AEX3, survivin-3B, survivin-2o,, GAPDH, and CEA CAMS5
mRNA (provided by Invitrogen Inc., Shanghai, China)
were referred from the literature [9, 10] (Table 1). cDNA
was subjected to amplification in a final volume of 25 pl
reaction mixtures, which contained 1 pl cDNA, 12.5 pl Go
Taq colorless master mixes, 1 pl forward primer, 1 pl
reverse primer, and 9.5 ul DEPC-treated H,O. Initial
denaturation at 95 °C for 10 min was followed by different
PCR conditions. Survivin: 31 cycles of denaturation at
95 °C for 30 s, annealing at 53 °C for 30 s, and elongation
at 72 °C for 45 s; survivin-2B: 40 cycles of denaturation at
95 °C for 10 s, annealing at 57 °C for 30 s, and elongation
at 72 °C for 45 s; survivin-AEx3: 33 cycles of denatur-
ation at 95 °C for 30 s, annealing at 55 °C for 30 s, and
elongation at 72 °C for 45 s; survivin-3B and survivin 20
40 cycles of denaturation at 95 °C for 10 s, annealing at
51 °C for 30 s, and elongation at 72 °C for 45 s; CEA:
40 cycles of denaturation at 95 °C for 10 s, annealing at
53 °C for 30 s, and elongation at 72 °C for 45 s. The
PCR conditions for GAPDH were as follows: initial dena-
turation at 95 °C for 10 min, then 40 cycles of denaturation
at 95 °C for 30 s, annealing at 56 °C for 30 s, and elon-
gation at 72 °C for 30 s, and again elongation at 72 °C
for 5 min. PCR standard curves for real-time quantitative
were generated from 6 serials tenfold dilution of specific
purified cDNA from an initial concentration of 100 ng
substrates.

Statistical analysis

All statistical analyses were performed by the SPSS 13.0
software package for Windows (SPSS Inc. Chicago, IL,
USA). Continuous data were expressed as mean =+ stan-
dard deviation (SD) and examined by Student’s ? test.
Wilcoxon rank sum test was applied for paired samples.
Categorical variables were analyzed with y* test and
McNemar test. Bonferroni corrections were applied for
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Table 1 Forward (F) and reverse (R) primers

Genes Sequences (5" — 3') Amplicon size (bp) Positions

Survivin F: CTTTCTCAAGGACCACCGCA 87 157-243
R: GCCTCGGCCATCCGCT

Survivin-AEx3 F: GATGACGACCCCATGCAAA 109 329-437
R: AGG CCTCAATCCATGGCAG

Survivin-2B F: GCACGGTGGCTTACGCCTG 90 351-440
R: AACCGGACGAATGCTTTTTATGTTCC

Survivin-3B F: CAGATTCAGGGA GGGACTGG 60 377-436
R: CAAACATCAGGCTCTTCCTCG

Survivin 2o F: GCTTTGTTTTGAACTGAGTTGTCAA 81 293-373
R: GCAATGAGGGTGGAAAGCA

CEA CAM5 F: AACTTCTCCTGGTCTCTCAGCT 145 2,155-2,279
R: GCAAATGCTTTAAGGAAGAAG

GAPDH F: TGGTCTCCTCTGACTTCAAC 222
R: GTGAGGGTCTCTCTCTTCCT

- - 58

---—.-.--Hn-- 18S
a-—o--- - - Ll 28S

* CRC: colorectal cancer

Fig. 1 Agarose gel electrophoresis of total RNA isolated from CRC.
*CRC colorectal cancer

multiple comparisons. A p value <0.05 (two tails) was
considered statistically significant.

Results
Qualification of PCR products

Electrophoresis bands of total RNA (58S, 188S, 28S) visualized
under ultraviolet transillumination suggested RNA integrity
(Fig. 1). The electrophoresis bands of PCR products of sur-
vivin, survivin-AEx3, survivin-2B, survivin-3B, survivin-2a,
CEA CAMS5, and GAPDH were shown at 87, 109, 90, 60, 81,
145, and 222 bp, respectively, which were consistent with the
theoretical length (Figs. 2, 3). Melting curves of GAPDH,
survivin-2B, survivin-3B, survivin-2a, and CEA CAMS5
suggested unique and specific PCR products. The regression
coefficients (+%) of the internal control gene (GAPDH) and the
target genes in standard curves were 0.999. All parameters
mentioned above supported the reliability of the results.

Expression rates of survivin and its splice variants
(Table 2)

The expression rates of survivin, survivin-AEx3, survivin-
2B, survivin-3B, survivin-2a, and CEA CAMS in CRC
samples were significantly higher than those in adjacent
tissues (P < 0.001) and those in normal tissues (P < 0.001).
The expression rates of survivin-AEx3 and survivin-2B in
adjacent tissues were also significantly higher than those in
normal tissues (P < 0.05).

Expression levels of survivin and its splice variants
(Table 3)

The mRNA levels of survivin, survivin-AEx3, survivin-
2B, survivin-3B, survivin-2a, and CEA CAMS5 in CRC
samples were significantly higher than those of adjacent
tissues (P < 0.001) and normal tissues (P < 0.001). The
mRNA levels of survivin, survivin-AEx3, and survivin-2B
in adjacent tissues were also significantly higher than those
in normal tissues (P < 0.05).

Survivin expression levels and clinicopathologic
valuables of CRC patients

Gender, age, and tumor location were not associated with
mRNA levels of survivin, any splice variant, and CEA
CAMS. The mRNA levels of survivin, survivin-2B, and
survivin-2a were not associated with any clinicopathologic
valuable of CRC patients. However, elevated levels of
survivin-AEx3, survivin-3B, and CEA CAMS5 were asso-
ciated with lymphoid metastasis and advanced Dukes
stages (P < 0.05). In addition, the elevated level of
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Marker 1 2 3
* CRC: colorectal cancer
Lanes 1, 3, 5: Total survivin: Lane 1: CRC; Lane 3: adjacent; Lane 5: normal
Lanes 2, 4, 6:GAPDH: Lane 2: CRC; Lane 4: adjacent; Lane 6: normal
Lane 7: Blank
Fig. 2 Expression of survivin mRNA in CRC, adjacent, and normal
tissues. *CRC colorectal cancer. Lanes 1, 3, 5 total survivin, Lane I

CRC, Lane 3 adjacent, Lane 5 normal, Lanes 2, 4, 6 GAPDH, Lane 2
CRC, Lane 4 adjacent, Lane 6 normal, Lane 7 blank

Marker 1

ta
w
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* CRC: colorectal cancer

Lane 1: survivin-AEx3, 2: survivin-2B, 3: survivin-3B, 4: survivin 2¢, 5: CEA, 6: GAPDH, 7: Blank

Fig. 3 mRNA expression of survivin and its splice variants in CRC.
*CRC colorectal cancer, Lane 1 survivin-AEx3, 2 survivin-2B, 3
survivin-3B, 4 survivin 2o, 5 CEA, 6 GAPDH, 7 blank

survivin-AEx3 was associated with invasiveness and CEA
CAMS was associated with histological subtypes (Table 4).

Discussion

Apoptosis plays an important role in the progression and
homeostasis of tissues. Deregulation of apoptosis is
involved in carcinogenesis by abnormally prolonging cell
survival, facilitating the accumulation of transforming
mutations and promoting resistance to immunosurveil-
lance. Survivin is a member in the inhibitors of apoptosis
(IAP) family regulating cell cycles and controlling pro-
grammed cell death (apoptosis) [4, 5]. The over-expression
of survivin may obliterate this apoptotic checkpoint and
allow aberrant progression of transformed cells through
mitosis. Human survivin gene has four dominants and two
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hidden exons. In addition to wild-type survivin (or termed
survivin), alternative splicing of survivin pre-mRNA
results in four different mRNAs, which encode four distinct
proteins, that is, survivin-AEx3, survivin-2B, survivin-3B,
and survivin-2a [4, 5]. Each splice variant may modulate
survivin function by interacting with survivin during
mitosis [11]. Although the roles of survivin in carcino-
genesis have been reported profusely in the literature, the
effect of its splice variants on cancer development has not
been fully documented especially in the field of CRC.

In normal adult tissues, survivin and its isoforms are
undetectable, or expressed at a very low level, which can
only be detected by very sensitive quantitative real-time
PCR. Over-expression of survivin has been fully reported in
a broad spectrum of malignancies including CRC [12, 13].
The significances of survivin over-expression with clinico-
pathological features of CRC patients have been investi-
gated, but the results are not conclusive. Most papers
supported a positive association of survivin expression in
CRC samples with some clinicopathological characteristics
of patients. Elevated survivin expression was correlated
significantly with decrease in patient survival [14—16], high
rate of recurrence [14], advanced TNM stage [17, 18], lymph
node involvement [19, 20], liver metastasis [17], poor
response to chemoradiotherapy [21, 22]. The apoptotic index
was significantly lower and proliferating cell nuclear antigen
(PCNA) labeling index was significantly higher in survivin-
positive CRC cases than in survivin-negative ones [23, 24].
The immunoreactivity of survivin gradually increased in the
transition from low to high dysplasia colorectal adenoma and
eventually carcinoma [25]. In different studies mentioned
above, survivin over-expression might present correlation
with different clinicopathological parameters. Still, some
studies found no significant difference of survivin expression
in different tumor size and site, morphologic subtype, tumor
grade, and clinical stage of CRC patients [26]. In the
peripheral blood, circulating cancer cells expressing survivin
mRNA were detected in 44.0 % CRC patients [27]. Survivin
has been suggested to be a useful molecular marker for the
diagnosis and prognosis [19], as well as a therapeutic target
for CRC [6, 28].

Roles of survivin-AEx3 and survivin-2B discovered in
1990s in carcinogenesis have been reported more profusely
than those of survivin-3B and survivin-2a discovered in
middle of the 2000s [29-31]. Over-expression of survivin-
AEXx3 has been reported in a variety of cancers including
acute and chronic lymphocytic leukemia [32], gastric
cancers [33]. However, the roles of survivin-2B in carci-
nogenesis are still controversial. Some papers showed that
both survivin-2B and survivin-AEx3 played a role similar
to that of survivin, whereas others indicated survivin-2B
might act differently from survivin and survivin-AEx3.
When survivin-AEx3 preserved its anti-apoptotic potential,
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Table 2 Expression rates of survivin and its splice variants in CRC and control (N = 39)

Number of positive samples (%)

Survivin AEX3 2B 3B 20 CEA
CRC 39 (100.0) 36 (92.3) 36 (92.3) 31 (79.5) 34 (87.2) 38 (97.4)
Adjacent 15 (38.5) 10 (25.6) 11 (28.2) 3(7.7) 5 (12.8) 5(12.8)
Normal 7 (17.9) 2 (5.1) 3(7.7) 0 (0.0) 1(2.6) 4 (10.3)
Pl <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
P2 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
P3 >0.05 <0.05 <0.05 >0.05 >0.05 >0.05

P1 CRC versus adjacent tissues; P2 CRC versus normal tissues; P3 adjacent tissues versus normal tissues

CRC colorectal cancer

survivin-2B might lose this potential and even play an
opposing role to survivin in CRC patients [26]. Low survi-
vin-2B expression or low survivin-2B/survivin ratio was
found in patients with many malignancies including neuro-
blastoma [34], renal cell carcinoma [35], brain cancer [36],
and gastric cancers [33, 37]. The different subcellular
localization of survivin-AEXx3 (in the nucleus) and survivin-
2B (in cytoplasm) may provide evidence for the functional
diversity [38]. Other studies disagreed with these findings.
Significantly, elevated expression of survivin, survivin-
AEx3, and survivin-2B was reported in astrocytoma [39],
which were associated with a poorer prognosis [40].

In the field of CRC, Suga [26] found no significant differ-
ence in the expression levels of survivin and its splice variants
in patients in different stages, but the expression ratio of sur-
vivin-2B/survivin was lower in late stage than that in early
stage, which suggested a high survivin-2B/survivin ratio
predicting good prognosis. Antonacopoulou reveled that the
expression of all five survivin splice variants was elevated in
CRC compared to that in normal tissue [41]. Pavlidou [13]
reported that the mRNA expression of survivin was correlated
with the expression of survivin-2B, survivin-AEx3, and
the ratio of survivin-2B/survivin, survivin-AEx3/survivin.
Associations were also found between the expression of sur-
vivin, survivin-AEx3 and tumor size, invasiveness; between
survivin-2B and morphologic cancer type; between the ratio

of survivin-AEx3/survivin and prognosis. No association was
observed between the expression of these three isoforms and
TNM grade, metastasis, Dukes stage. Noton [11] demon-
strated neither of survivin-2B nor survivin-AEx3 acted as
competitor of survivin during mitosis. Studies in cancer cell
lines also found no significant change of survivin-2B
expression [11, 34]. On the whole, while some observations
suggested that Survivin-2B might act as a natural antagonist
against survivin, other studies, especially those regarding to
CRC, disagreed with this finding. It is still difficult to integrate
all of the information mentioned above, because the results
have been contradictory.

So far, there have been only a few data regarding to sur-
vivin-2ot and survivin-3B in this field. They were high
expressed in several primary tumors and malignant cell lines
[4]. Functional assays showed that survivin-2o. might
attenuate the anti-apoptotic activity of survivin. Subcellular
localization and immunoprecipitation suggested a physical
interaction between survivin-2a and survivin [31]. De Maria
[42] reported that while the expression of survivin, survivin-
AEx3, and survivin-2B was significantly increased in oral
squamous cell carcinoma, survivin-3B had only minor (not
significant) increase. Knauer [43] found that only survivin-
3B, but none of the other splice isoforms was cytoprotective.
Sawai [44] found that survivin-3B decreased the invasion
inhibition of colon cancer cells with 5-fluorouracil.

Table 3 Expression levels of survivin and its splice variants in CRC and control (N = 39)

Survivin AEx3 2B 3B 20 CEA
CRC 2.36 £ 1.41 0.76 £ 0.35 0.49 £+ 0.27 0.08 + 0.03 0.07 £ 0.03 23.72 £+ 10.38
Adjacent 0.88 £ 0.54 0.32 + 0.17 0.09 + 0.05 0.02 £ 0.01 0.01 £ 0.01 1.05 £+ 0.67
Normal 0.57 £ 0.11 0 0.05 + 0.02 0 0 0.77 £ 0.45
Pl <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
P2 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
P3 <0.01 <0.05 <0.01 >0.05 >0.05 >0.05

P1 CRC versus adjacent tissues; P2 CRC versus normal tissues; P3 adjacent tissues versus normal tissues

CRC colorectal cancer
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Table 4 Survivin expression levels and clinicopathological characteristics in CRC patients (N = 39)

Variables n Survivin AExX3 2B 3B 200 CEA
Gender
Male 21 247 + 145 0.77 + 0.36 0.51 £ 0.29 0.08 £+ 0.03 0.08 + 0.03 25.12 £ 10.41
Female 18 223 + 141 0.74 + 0.34 0.47 £ 0.25 0.08 £ 0.03 0.07 £+ 0.03 21.87 £ 10.35
Age
<65 19 2.08 + 1.23 0.73 £ 0.32 0.48 £ 0.26 0.09 £ 0.03 0.07 + 0.03 20.93 £ 10.32
>65 20 2.53 + 1.62 0.79 £ 0.38 0.50 £ 0.24 0.07 £ 0.03 0.08 + 0.03 26.36 £ 10.43
Location
Colon 24 2.54 + 1.63 0.79 £ 0.30 0.51 £ 0.28 0.08 £+ 0.03 0.07 + 0.03 25.12 £ 10.39
Rectum 15 1.93 + 1.10 0.71 £ 0.29 0.45 £+ 0.23 0.07 £ 0.03 0.06 + 0.03 20.38 £+ 10.20
Differentiation
Moderate 29 2.15 + 1.26 0.73 £ 0.30 0.44 £+ 0.22 0.07 £ 0.03 0.06 + 0.03 21.53 £ 10.29
Low 10 2.67 + 1.60 0.86 + 0.40 0.57 £ 0.31 0.10 £ 0.04 0.09 + 0.04 30.34 £+ 10.80
Infiltration
T1 + T2 8 1.91 £ 1.10 0.61 + 0.26" 0.40 £ 0.20 0.05 £ 0.02 0.05 + 0.02 18.75 £ 9.68
T3 + T4 31 247 £ 1.46 0.82 + 0.32 0.52 £ 0.30 0.08 £ 0.03 0.07 + 0.03 25.64 £+ 10.40
Lymphoid metastasis
NO 20 1.96 + 1.13 0.65 + 0.28" 0.43 £ 0.22 0.06 + 0.03* 0.06 + 0.03 20.17 £ 10.10
NI + N2 19 2.53 + 1.61 0.87 + 0.41 0.54 £+ 0.26 0.09 £ 0.03 0.08 + 0.03 27.59 £ 10.60
Dukes stage
A 6 1.74 £ 1.08 0.47 £ 0.20 0.41 £ 0.20 0.04 £ 0.02* 0.05 £ 0.02 15.87 + 9.56"
B 13 2.06 + 1.20 0.65 + 0.25 0.44 £ 0.23 0.06 £ 0.03 0.06 + 0.03 21.26 £ 10.25
C 16 2.73 £ 1.63 0.86 + 0.41 0.51 £ 0.29 0.08 £ 0.03 0.08 + 0.03 25.15 £ 10.34
D 4 2.85 + 1.72 1.02 + 0.47 0.52 £ 0.31 0.11 £ 0.04 0.07 + 0.03 27.54 £ 10.58

CRC colorectal cancer
# P <005

To our knowledge, this is the first study to simulta-
neously investigate the pathogenetic function of survivin
and its four splice variants in CRC patients. Our study
demonstrated that the mRNA expression rates and levels of
survivin and its four splice variants were increased in CRC,
which was consistent with most previous reports. Our
findings that the increased expression rates and levels of
survivin-AEx3 and survivin-3B, but not those of survivin-
2B and survivin-2a, were related to CRC aggression and
progression agreed with the results in most literature. Our
results did not support the natural antagonistic function of
survivin-2B to survivin, which was similar to most recent
reports in CRC. The present study showed over-expression
of survivin-2a in CRC, which has not been documented
before.

There are some limitations in this study. Firstly, the
sample size of the study may not be big enough to support a
powerful conclusion. Although we found survivin over-
expression in CRC, the difference did not reach significance.
Secondly, we did not perform a study on the protein level to
confirm our findings on gene (mRNA) level. On the whole,
this study added new data to the knowledge already existed
on survivin and its entire splice variants in CRC. Our findings
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may lead to better understanding of survivin as a biomarker
for CRC diagnosis as well as a target for genetic therapy.
Further larger studies are required in order to examine these
findings.
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