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— Abstract

Background : Survivin is a novel member of the inhibitors of apoptosis proteins (IAP) gene family. Although survivin
expression has been reported in colon cancer, the results are still controversial and its clinical significanceincluding
chemoprevention remains unclear. Some reports described thegene as a potential target in anticancer or chemopreventive
therapy. To facilitate understanding of survivin in the colon cancer, the clinicopathological significance was investigated
with the expression of survivin.

Methods : Surgical specimen were obtained from a total 37 cases of consecutive patients with various stages of
colorectal carcinoma who had undergone a resection. To determine survivin mRNA in colorectal carcinomas and
adjacent normal colorectal tissue samples, total RNA was isolated from each of the samples after lysis in quanidinium
isothiocyanate and phenol extraction and reverse-transcription polymerase chain reaction was done. The PCR products
were confirmed by DNA sequencing after subcloning.

Results : The positive rate of survivin in cancer tissue was 94.6%(35/37) and that of non-neoplastic colorectal tissue
was 51.4%(19/37). Survivin expression tended to increase in cancer tissue, but has statistically marginal
significance(0.05<p=0.065< 0.1). The correlation of survivin expressions to age, gender, invasion depth, lymph node
metastasis, vessel and perineural invasions, and liver metastasis was not found.

Conclusions : The expression of survivin appears not to be eligible to differentiate malignant from benign lesions in
colon, even though it has marginal significance(0.05<p=0.065< 0.1). The role of survivin-associated apoptosis may be
unnoticeable, in the light of insignificant correlation of gene expression to the other prognostic factors in colon cancer.
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Introduction and correlation with the biological aggressiveness of cancer

remain unclear. There are some reports that survivin

Survivin located in chromosome 17g25 is a new member expression correlated with poor survival among patients
of the inhibitor of apoptosis (JAP) family and is expressed with  various  tumors, including  neuroblastoma”,
predominantly in fetal tissue but is also found in many nonsmall-cell lung cancer”, breast carcinoma”, esophageal
common human cancers.” Survivin inhibits the processing cancer@, gastric carcinoma.” Therefore, survivin expression
of caspase-3 and caspase-7, terminal effectors of apoptosis, is thought to be an important prognostic marker in cancers.
and also inhibits the induction of apoptosis by Fas, Bax and In addition to that, there was a report that survivin can be
caspa%eS.Z)The clinical significance of survivin expression a good candidate for transcription targeting of cancer gene

therapy in a wide variety of tumors.” Recently, Gianani”

reported the opposite data to previous study of which
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immunohistochemistry and concluded the expression of
survivin is not specific marker of adenocarcinoma of colon.
However, the survivin expression in colorectal cancer are
still controversial and its clinical significance remains
unclear.

To clarify their clinical implication and relationship to
apoptosis in colorectal cancer, survivin expression in normal
and cancer tissues from patients with colorectal cancers
were evaluated with analysis of correlation to clinical and

pathological characteristics of the patients.

Materials and Methods

Patients and clinical samples

Surgical specimen were obtained from a total 37 cases of
consecutive patients with various stages of colorectal
carcinoma who had undergone a resection(Table 1).
Fresh-frozen primary colorectal carcinoma samples and
non-neoplastic normally looking colorectal mucosal tissues
more than 2cm from the tumor mass were subjected to
mRNA extraction. Their pathologies were confirmed by

frozen section, before mRNA extraction.

Table 1. Clinicopathological parameters of 37 patients with
colorectal cancers

Characteristics No. of patients(n=37)
Mean Age(yrs+SD) 59.22 (+18.635)
Gender

Male 19 (55.9%)
Female 18 (48.6%)
Depth of tumor invasion(pT)

1 1 (2.7%)
2 6 (16.2%)
3 14 (37.8%)
4 16 (43.2%)
Lymph node metastasis

Negative 23(62.2%)
Positive 14(37.8%)
Vessel invasion

Negative 26(70.3%)
Positive 11(29.7%)
Perineural invasion

Negative 28(75.7%)
Positive 9(24.3%)
Liver metastasis

Negative 33(89.2%)
Positive 4(10.8%)

—

thAe Skxtell A Survivin mRNAS] W&z} 7+ Ho)eke] AxkAg

RNA isolation

Fresh-frozen colorectal cancer and corresponding
non-neoplastic colorectal tissue blocks were cut into 4um
sections using cryostat microtome at —20°C. The first and
last sections were immediately stained with methylene blue
and examined under a microscope to confirm histologically
normal tissues without tumor cell infiltration and tumor
tissue consisting at least 80% of tumor cells. Total RNA was
isolated from each of the 38 samples after lysis in
quanidinium isothiocyanate and phenol extraction using the
commercial kit(Trizol, Invitrogen Laboratories, San Diego,

US.A).

Reverse-Transcription Polymerase Chain Reaction
(RT-PCR)

c-DNA was synthesized from 4 pg of total RNA in a
25-ulL reaction mixture containing 6 plL of 5X reverse
transcriptase reaction buffer, oligo(dT)(100pmole/ul.) 1uL,
10mM  dNTP  4ul, 40 unit/uL. of RNAsin,
0.5uwL(200units/LL) of Moloney leukemia virus reverse
transcriptase(MMLV RTase). The mixture was incubated at
4 °C for 60 min., heated to 94 °C for 3 min., and then
chilled on ice. To test the cDNA integrity, GADPH was

amplified in each samples.

Nested PCR for detection of Survivin mRNA

To ensure that RNA was not degraded, a PCR assay with
primers specific for beta-actin cDNA was carried out in
each cases under the following cycling conditions: 25
cycles, 30 sec. at 94 °C, 30 sec. at 60 °C, and 30 sec. at
72 °C with pre-denaturation for 2 min at 94 °C and
post-extension at 72 °C. A 10 pL, aliquot of each reaction
mixture was size-fractionated on 1% agarose gel and
visualized with ethium bromide staining. c¢c-DNA was
synthesized by random priming using less than 1 pg total
RNA as template. The primer pairs used for survivin gene
amplification was forward primer 5'-GCA TGG GTG CCC
CGA CGT TG-3' (corresponding to position 48-67 of the
survivin mRNA [Genbank accession NM 001168]) and
reverse primer 5'-GCT CCG GCC AGA GGC CTC AA-3'
(position 475-494) which produced a PCR product of 431
bp. As an internal standard, a fragment of human G3PDH

,2’77



A

£

o e skex] A23d 13, 2008

was amplified by PCR using forward primer 5'-ACC ACA
GTC CAT GCC ATC AC-3' and reverse primer 5'-TCC
ACC ACC CTG TTG CTG TA-3' which gave a PCR
product of 450bp. The PCR amplification was performed in
a final volume of 20 L which comprised 1 L of the
reverse transcriptase reaction mix, 3 pmol each of 5' and
3" primers for the survivin or G3PDH genes, 160 uM of
deoxynucleotide triphosphate, 1 mM MgSO4 and 0.3 units
of Tag DNA polymerase in reaction buffer. PCR was
performed with an initial denaturation step at 94°C for 2
min. followed by 30 cycles of 20 seconds at 94°C for
denaturation, 30 sec. at 68°C for annealing and 45 sec. at
72°C for extension. The final extension step was prolonged
to 5 min. at 72°C. PCR products were separated on 2%

agarose gels by electrophoresis.

Direct DNA Sequencing of PCR products

Wizard plus SV minipreps kit was used for the template
DNA preparation for sequencing after subcloning of
RT-PCR  products. Automatic DNA

sequencer 3700, Macrozen, Seoul, Korea) was used for

sequencer(ABI
sequencing. The sequence data were analyzed by the
NCBI(NIH,USA) Blast search program.

The statistical analysis was preformed using SPSS(version
11, Stanford, USA). The significance level was set at
2<0.05.

Results

The expected survivin product of 450 bp was
amplified(Fig.1).
(94.6%) and 19 out of 37 normal control tissues (51.4%)

had detectable levels of survivin mRNA. Survivin

Thirty-five out of 37 cancer samples

expression tended to increase in cancer tissue, but it has
statistically marginal significance(0.05<p=0.065< 0.1).The
each correlation of survivin expressions to age, gender,
invasion depth, lymph node metastasis, vessel and
perineural invasions, and liver metastasis was not

demonstrated(Table 2).

Table 2. The relationship of positively detected cases by PCR
with Survivin primers with clinicopathologic
parameters in 37 cases of colorectal carcinomas

Characteristics  No. of patients Numbers of cases

(n=37) Survivin© in tumor in non-tumor
Positive  Negative  Positive Negative

Gene expressions 35(94.6%) 2(54%)  19(51.4%) 18(48.6%)
Age(ym)
Mean 59.22 59.37 56.50 59.10 56.21
Gender
Male 19 18 1 9 8
Female 18 17 1 10 10
Depth of tumor invasion(pT)
I 1 1 0 0 1
I 6 5 1 2 4
1 14 13 0 7 6
v 16 15 0 10 6
Lymph node metastasis
Negative 23 21 2 10 13
Positive 14 14 0 9 5
Vessel invasion
Negative 26 24 2 12 14
Positive 11 11 0 7 4
Perineural invasion
Negative 28 26 2 14 14
Positive 9 9 0 5 4
Liver metastasis
Negative 33 31 2 17 16
Positive 4 4 0 2 2
P = 0.065
Cse No. 13 14 15 16 17

Fig. 1. Electrophoretic analysis of nested RT-PCR amplification
products with survivin from non-neoplastic(N)
colorectal mucosa and cancer tissues(T). The expected
survivin product of 431 bp was amplified. The product
of GAPDH of 450bp was amplified.

Discussion

Apoptosis and various apoptosis regulatory molecules
have an important role in the accumulation of cells.'”
Survivin, a new member of the IAP family, is expressed in
many cancers and inhibits apoptosis. It has been reported
that survivin blocks downstream part of both apoptotic

pathways by directly inhibiting the terminal effector
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caspase-3 and caspase-7, and interfering with caspase-9
activity/processing.m In addition, survivin counteracts
pro-apoptotic stimuli induced by interleukin-3, Fas, Bax,
tumor  necrosis  factor, anticancer  drugs  and
X-irradiation.""” As previously described survivin expression
is inversely correlated with apoptosis during tumorigenesis,
and positively correlated with proliferation and angiogenesis
with the inhibition of apoptosis by survivin, predicting poor
prognosis and shorter survival in human cancers.VIn this
study mRNA expression of survivin in normal and cancer
tissues of the colon was studied. It was found that 94.6%
of cancer samples and 51.4% of normal colon tissue had
detectable levels of survivin mRNA on RT-PCR. Recent
publications have demonstrated survivin expression in all
the most common human cancers.'"” However, it has been
reported that survivin expression is not detected in normal
adult tissues with immunohistochemical survivin expression
being absent in normal tissues.s’mOtherwiase, Gianani
reported survivin expressed in all normal, hyperplastic
polyps, adenomatous polyps, and adenocarcinoma cases by
immunohistochemistry and concluded the expression of
survivin is not a specific marker of adenocarcinoma of

colon.”

In this study 51.4% of normal colon tissues
exhibited detectable survivin expression by RT-PCR. Using
the more sensitive RT-PCR method, survivin expression has
been detected in many kinds of normal tissues although the
levels of survivin expression in normal tissues were lower
than paired malignant tissues in every report.A’G’mThough
the role of survivin in cancer tissues is being steadily
elucidated, some reports demonstrate that survivin has a
crucial role during malignant transformation.'”’ Ultimately
the significance of survivin expression in normal tissues,
particularly the correlation with malignant potential,
remains unclear. Some previous works have suggested that
survivin expression may have a role in cell proliferation to
be useful for chemoprevention of colon
Cancer.n'm"[herefore, further studies are required to
address the role of survivin in normal tissue such as
whether survivin in normal tissue relates to tumorigenesis

and whether patients with positive survivin expression in

some normal tissues have an increased potential risk for the
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development of cancer. The further studies for anti-tumor

or chemopreventive therapy using survivin will be needed.

Conclusions

Although survivin expression showed in about 50% of
non-neoplastic mucosal tissues, this study demonstrates an
increased level of survivin expression in almost of all colon
cancers.

The facts that the survivin-positive non-neoplastic colon
mucosa show inflammatory and regenerative changesshow
us the possibility which recurrent chronic inflammation can
be the precancerous lesion. Therefore, these results suggest
that as many previous reports have described, survivin
might have an important role in tumor development and
progression. Further study about the relationship of
survivin with other cancer gene expressions in view point
of prognostic insight including liver metastasis in patients

with colon cancer will be needed.
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