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Abstract Members of the inhibitor of apoptosis protein
(IAP) family including survivin, are expressed in many
tumors. However, age-related changes in their expres-
sion in cancer have not been clarified. Thus, we inves-
tigated the expression of mRNA-coding for IAP family
proteins in colon cancer samples from young (<70 years
of age) and elderly (>70 years) patients by real-time
quantitative RT-PCR. Samples were collected from
cases with well-differentiated adenocarcinoma or mod-
erately differentiated adenocarcinoma and their adjacent
normal epithelial tissue. Well-differentiated adenocarci-
noma tended to express higher levels of survivin than
normal mucosa, and expression in moderately differen-
tiated adenocarcinoma was significantly greater than in
normal mucosa in samples from both groups of patients
(p<0.05, respectively). When samples were compared
between the different age groups, the normal mucosa
exhibited similar levels of survivin expression. However,
samples from older patients showed a significantly
higher level of expression than those from younger pa-
tients in well and moderately differentiated adenocarci-
nomas (p<0.05, respectively). In contrast, the levels of
expression of cIAP1, cIAP2, and NAIP in the cancerous
tissues were lower than those found in normal mucosa
regardless of age. As for age-related changes, the ex-
pression of cIAP2 in normal mucosa and moderately
differentiated adenocarcinoma was stronger in the

elderly group than the young group (p<0.05, respec-
tively), and NAIP expression in well-differentiated ade-
nocarcinoma was higher in the young group than the
elderly group (p<0.05). XIAP expression was similar in
normal and cancerous tissues in both the young and
elderly groups. These results suggest that the expression
of IAP family proteins, especially survivin, is associated
with the age-related biological characteristics of colon
cancer.
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Introduction

The regulation of apoptotic cell death has a profound
effect on the pathogenesis and progression of colorectal
malignancies. The inhibitor of apoptosis protein (IAP)
family, including survivin, blocks apoptosis induced by a
variety of triggers [1, 2], although the exact biochemical
mechanism by which members of the IAP family sup-
press apoptosis is under debate. Survivin directly binds
to and inhibits caspase-3 and caspase-7, which act as
terminal effectors in apoptotic protease cascades [2, 3].
The expression of survivin is ubiquitous in fetal tissues,
but is restricted during development, and is negligible in
the majority of terminally differentiated adult tissues [4,
5]. However, analysis of the differences in gene expres-
sion between normal and tumor cells revealed that sur-
vivin was one of the proteins most consistently
overexpressed in tumor cells relative to normal tissue [6].
In fact, survivin is prominently expressed in transformed
cell lines and in many human cancers including colo-
rectal cancer [7].

Survivin is usually found in the cytoplasm of tumor
cells and is therefore widely regarded as a cytoplasmic
protein [5, 8]. However, several studies showed a nuclear
accumulation of survivin in gastric cancer cells [9] and
lung cancer cells [10]. In colon cancer, Kawasaki et al. [7]
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revealed the cytoplasmic expression of survivin using
immunohistochemistry. We recently reported that ALL
cells principally exhibit nuclear localization of survivin,
while CLL cells exhibit cytoplasmic distribution [11]. We
suggested that the splice patterns of this molecule might
affect its subcellular localization, although the mecha-
nisms controlling the splicing process remained unre-
solved. Thus, the significance of its nuclear-cytoplasmic
localization in tumor cells remains controversial.

In the present study, we collected colon cancer tissues
from young and elderly patients to focus on the contri-
bution of IAPs to the progression of colon cancer in
association with aging. The expression of survivin was
higher in cancerous tissue compared with adjacent nor-
mal mucosa. Immunostaining revealed that survivin was
primarily localized in the cytoplasm. The expression of
other IAPs, including cIAP1, cIAP2, NAIP and XIAP,
all of which suppressed apoptosis by inhibiting caspase
and procaspase [12–15], was also demonstrated in these
samples. The IAPs are characterized by one or more 70–
80 amino acid baculoviral IAP repeat (BIR) domains.
They function as an endogenous caspase inhibitor, as
well as participate in cell cycle regulation and in the
modulation of receptor-mediated signal transduction
[16]. The significances of IAP family proteins with re-
gard to the aging effect as well as the biological char-
acteristics of colon cancer are discussed.

Materials and methods

Patients

Fresh frozen samples from 32 patients with adenocar-
cinoma of the ascending, transverse, and descending
colon were collected and prepared for mRNA analysis.
Central portions of tumors that dominantly consisted of
carcinoma cells were collected for analysis just after
operation. At the same time, adjacent tissue samples
from normal colonic mucosa were also collected. To
eliminate the effects of factors other than the aging effect
as much as possible, we collected well-differentiated or
moderately differentiated adenocarcinoma with the same
tumor histology from younger (<70 years old) and el-
derly (>70 years old) patients. The age distribution and
gender of the patients were as follows: for well-differ-
entiated adenocarcinoma from younger patients, the
median of age was 58 years, the minimum was 38, and
the maximum was 65, among six male and two female
patients; for well-differentiated adenocarcinoma from
elderly patients, the median of age was 81 years, the
minimum was 75, and the maximum was 89, among five
male and three female patients; for moderately differ-
entiated adenocarcinoma from younger patients, the
median of age was 56, the minimum was 45, and the
maximum was 63, among six male and two female pa-
tients; and for moderately differentiated adenocarci-
noma from elderly patients, the median of age was 81,
the minimum was 77, and the maximum was 91, among

three male and five female patients. Table 1 summarizes
the Dukes’ classification of cases indicating that the
stages of tumors were not significantly different between
young and old patients. All patients did not receive
radiotherapy or chemotherapy prior to operation. The
procedures followed were in accordance with the ethical
standards established by the ethics committee of Tokyo
Medical and Dental University.

Preparation of RNA and quantitative assay for IAP
family proteins using TaqMan RT-PCR

RNA was extracted from frozen colonic samples of nor-
mal mucosa and cancer tissue using an RNeasy Mini Kit
(Qiagen, Valencia, CA, USA) according to the manufac-
turer’s directions. For quantitative RT-PCR, fluorescent
hybridization probes and a TaqMan PCRCore Reagents
Kit with AmpliTaq Gold (PerkinElmer Cetus, Norwalk,
CT, USA) were used with an ABI Prism 7,900HT Se-
quence Detection System (PerkinElmer, Foster City, CA,
USA). Oligonucleotides as specific primers and TaqMan
probes for the IAP family and glutaraldehyde-3-phos-
phate dehydrogenase (GAPDH)mRNAwere synthesized
at a commercial laboratory (PerkinElmer Cetus). The
primers and TaqMan probes were as follows. The
sequence of the forward primer for survivin mRNA was
5¢-TGCCTGGCAGCCCTTTC-3¢ and that of the reverse
primer was 5¢-CCTCCAAGAAGGGCCAGTTC-3¢; the
TaqMan probe was 5¢-CAAGGACCACCGCATCTC-
TACATTC-3¢. For cIAP1 mRNA, the forward primer
was 5¢-CAGCCTGAGCAGCTTGCAA-3¢ and the
reverseprimerwas5¢-CAAGCCACCATCACAACAAA-
A-3¢; the TaqMan probe was 5¢-TTTATTATGTGGG-
TCGCAATGATGATGTCAAA-3¢. For cIAP2 mRNA,
the forward primer was 5¢-TCCGTCAAGTTCAAGC-
CAGTT-3¢and the reverse primerwas 5¢-TCTCCTGGG-
CTGTCTGATGTG-3¢; the TaqMan probe was
5¢-CCCTCATCTACTTGAACAGCTGCTAT-3¢. The
forward primer forNAIPmRNAwas 5¢-GCTTCACAG-
CGCATCGAA-3¢ and the reverse primer was
5¢-GCTGGGCGGATGCTTTC-3¢; the TaqMan probe
was 5¢-CCATTTAAACCACAGCAGAGGCTTTAT-
3¢. The forward primer for XIAP mRNA was 5¢-AG-
TGGTAGTCCTGTTTCAGCATCA-3¢ and the reverse
primer was 5¢-CCGCACGGTATCTCCTTCA-3¢; the

Table 1 Dukes’ classification of cases. Number of cases (percent-
age)

Cases Dukes’ classification

A B C

Well-differentiated adenocarcinoma
Young 3 (38%) 2 (25%) 3 (38%)
Old 1 (13%) 3 (38%) 5 (63%)
Moderately differentiated adenocarcinoma
Young 1 (13%) 2 (25%) 5 (63%)
Old 0 (0%) 3 (38%) 5 (63%)
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TaqMan probe was 5¢-CACTGGCACGAGCAGGG-
TTTCTTTATACTG-3¢. Finally the forward primer for
GAPDH mRNA was 5¢-GAAGGTGAAGGTCGGA-
GT-3¢ and the reverse primer was 5¢-GAAGATGGT-
GATGGGATTTC-3¢; the TaqMan probe was
5¢-CAAGCTTCCCGTTCTCAGCC-3¢. The conditions
for the one-step RT-PCR were as follows: 30 min at
48�C (stage 1, reverse transcription), 10 minutes at 95�C
(stage 2, RT inactivation and AmpliTaq Gold activa-
tion), and then 40 cycles of amplification for 15 s at
95�C and 1 min at 60�C (stage 3, PCR). The expression
of survivin and other IAP family proteins was quantified
according to a method described elsewhere [11]. Briefly,
the intensity of the reaction was evaluated from the
quantity of total RNA in Raji cells (ng) corresponding
to the initial number of PCR cycles to reveal the linear
increase in reaction intensity (threshold cycle) for each
sample on a logarithmic standard curve. Data on the
quantity of RNA (ng) for the IAP family were normal-
ized using data for the GAPDH in each sample.

Immunohistochemistry for survivin

Tissue sections (4-lm thick) of formalin-fixed, paraffin-
embedded samples from the same cases used in the RT-
PCR study were sectioned and placed on slides covered
with adhesive. Sections were deparaffinized, and
endogenous peroxidase was quenched with 1.5%
hydrogen peroxide in methanol for 10 min. Primary
antibody was applied to identify survivin using poly-
clonal rabbit antibody against human survivin (SURV
11-A; Alpha Diagnostic International, San Antonio,
TX, USA). All sections were developed using biotin-
conjugated secondary antibodies against rabbit IgG or
mouse IgG followed by a sensitive peroxidase-conju-
gated streptavidin system (DAKO) with DAB as the
chromogen. Negative control staining was performed
using rabbit or mouse immunoglobulin of irrelevant
specificity, which was substituted for the primary anti-
body.

Statistical analysis

Statistically significant differences for the quantitative
analysis were determined using the Mann–Whitney U-
test.

Results

Age-related changes in the expression of IAP family
protein mRNA in normal colonic mucosa

To quantitate age-related changes in mRNA expression
of the IAP family in normal colonic mucosa, real-time
quantitative RT-PCR was performed using samples
from the normal mucosa of different age groups. As

shown in Fig. 1A, B, D, and E, the expression levels of
survivin, cIAP1, NAIP, and XIAP were similar in young
and elderly individuals. However, cIAP2 expression of
the normal mucosa was significantly higher in elderly
individuals than young individuals (Fig. 1C; p<0.05).

Age-related changes in the expression of IAP family
protein mRNA in well-differentiated adenarcinomas
of the colon

To determine age-related changes in the expression of
IAP family proteins in colon cancer, samples were col-
lected from different age groups with similar histological
features. First, well-differentiated adenocarcinomas
from young and elderly patients were compared. As
shown in Fig. 1A, the expression of survivin was sig-
nificantly higher in elderly patients than in young pa-
tients (p<0.05). Conversely, NAIP expression was
significantly higher in younger patients than in elderly
patients (Fig. 1D; p<0.05). Expression levels of other
IAPs including cIAP1, cIAP2, and XIAP were almost
similar between young and elderly patients.

Age-related changes in the expression of IAP family
protein mRNA in moderately differentiated adenocar-
cinomas of the colon

Next, the expression levels of IAP family proteins in
moderately differentiated adenocarcnomas were com-
pared. As shown in Fig. 1A, the expression of survivin
was significantly higher in elderly patients than young
patients (p<0.05). Similarly, cIAP2 expression was sig-

Fig. 1A–E Real-time quantitative RT-PCR analysis of IAP family
proteins, A survivin, B cIAP1, C cIAP2, D NAIP, and E XIAP,
using colonic samples from normal mucosa (Normal), well-
differentiated adenocarcinoma (Well), and moderately differenti-
ated adenocarcinoma (Mod.) of young and elderly patients. The
relative intensity was calculated as [intensity of reaction of the IAP
family (total Raji RNA, ng)] / [intensity of reaction of GAPDH
(total Raji RNA, ng)]. Differences were significant between the
expression of survivin (A) in samples from well-differentiated
adenocarcinoma of young and elderly patients (*p<0.05 by the
Wilcoxon’s test) and samples from moderately differentiated
adenocarcinoma of young and elderly patients (*p<0.05). The
expression of survivin was also significantly different between
normal mucosa and well-differentiated adenocarcinoma (ap<0.05),
normal mucosa and moderately differentiated adenocarcinoma
(bp<0.05), and well and moderately differentiated adenocarcino-
mas (cp<0.05) in the elderly group. Between young and elderly
groups, differences were significant in the expression of cIAP2 in
normal mucosa (*p<0.05) and moderately differentiated adeno-
carcinoma (*p<0.05), and the expression of NAIP in well-
differentiated adenocarcinoma (*p<0.05). The expression of
cIAP1, cIAP2, and NAIP in cancerous tissues tended to show a
lower degree of expression compared with normal mucosa.
Differences were significant for comparisons of the indicated
groups (B cIAP1, dp<0.05, ep<0.01, fp<0.05, gp<0.05; C cIAP2,
hp<0.01, ip<0.01, jp<0.05; D NAIP, kp<0.05, lp<0.05,
mp<0.05)

c
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nificantly higher in elderly patients than younger pa-
tients (Fig. 1C; p<0.05). Other IAPs including cIAP1,
NAIP, and XIAP did not exhibit significant difference
between young and elderly patients.

Comparison of the expression of IAP family protein
mRNA in normal and cancerous tissues in young
and elderly patients

As shown in Fig. 1A, the cancer tissues tended to express
higher levels of survivin than that found in normal
mucosa. Significant differences were observed between
normal mucosa and well-differentiated adenocarcinoma
(p<0.05), normal mucosa and moderately differentiated
adenocarcinoma (p<0.01), and well and moderately
differentiated adenocarcinoma (p<0.05) in the elderly
group. By contrast, the expression of cIAP1, cIAP2, and
NAIP in cancerous tissues was lower than that found in

normal mucosa. For cIAP1 expression (Fig. 1B), differ-
ences were significant between the normal mucosa and
the well-differentiated adenocarcinoma (young group,
p<0.05; elderly group, p<0.05) and normal mucosa and
moderately differentiated adenocarcinoma (young
group, p<0.01; elderly group, p<0.05). For the expres-
sion of cIAP2 (Fig. 1C), significant differences were
observed between normal mucosa and well-differentiated
adenocarcinoma (elderly group, p<0.01) and normal
mucosa and moderately differentiated adenocarcinoma
(young group, p<0.01; elderly group, p<0.05). The
difference in the expression of NAIP (Fig. 1D was sig-
nificant between normal mucosa and well-differentiated
adenocarcinoma (young group, p<0.05; elderly group,
p<0.05) and normal mucosa and moderately differ-
entiated adenocarcinoma (young group, p<0.05). The
expression of XIAP did not exhibit any specific tendency
between normal and cancerous tissues, as well as between
the young and elderly groups (Fig. 1E).
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Immunohistochemical localization of survivin in colon
cancers

To investigate the distribution of survivin, immunohis-
tochemical staining was performed using normal colonic
mucosa and cancerous tissues. As shown in Fig. 2A
(young) and C (elderly), survivin was mainly detected in
the bottom of the glands of normal mucosa, and sub-
cellular localization was mainly cytoplasmic. The stain-
ing intensity of positive cells in normal mucosa varied
between different samples. In contrast, the majority of
samples from colon cancer showed a diffuse localization
of survivin, although the staining intensity varied from
case to case. At the cellular level, survivin signals in
colon cancer cells were predominantly localized in the
cytoplasm. The distribution of survivin was similar in
well-differentiated and moderately differentiated adeno-
carcinomas as well as in cancers from young and elderly
patients (Fig. 2B, D). Tissue sections that reacted with
preimmune rabbit antibody with irrelevant specificity
showed no significant staining for any of samples (not
shown).

Discussion

For the expression of survivin in colon cancer, a pre-
vious study revealed its overexpression in cancer tissue
while normal colonic epithelia exhibited weak signals

[7]. However, little is known about the potential roles
of IAPs in the homeostasis of normal epithelia as well
as the pathogenesis of colon cancers among different
age groups. In the colon cancer samples in the present
study, cancerous tissues had a tendency to exhibit
higher levels of survivin but lower levels of cIAP1,
cIAP2, and NAIP than the normal mucosa. Immu-
nohistochemical staining revealed a high degree of
survivin expression in many cancer cells in the
majority of cases, although in normal mucosa, the
number of positive cells was small. Thus, differences in
the positive cell ratio influenced the intensity and
overall expression of survivin mRNA. Kawasaki et al.
[7] reported that the expression of survivin correlated
with apoptosis, proliferation, and angiogenesis during
human colorectal tumorigenesis. We also confirmed
the progression-related overexpression of survivin by
our findings that moderately differentiated adenocar-
cinomas expressed higher levels of survivin than well-
differentiated adenocarcinomas. Well and moderately
differentiated adenocarcinomas, cancerous tissues from
elderly patients, demonstrated a significantly higher
degree of survivin expression than those from young
patients. It would be possible that chances for genetic
mutations might increase associated with progression
of cancer as well as aging and might result in dysre-
gulation in controlling survivin expression. However,
further studies are necessary to determine whether
age-related overexpression and differentiation-related

Fig. 2A–D Immunohis-
tochemical localization of
survivin in the colon from
normal mucosa (A) (·100),
well-differentiated
adenocarcinoma of a young
patient (B) (·200), and normal
mucosa (C) (·100), well-
differentiated adenocarcinoma
of a elderly patient (D) (·200).
The expression of survivin was
observed in a few scattered cells
of the normal colonic epithelia,
mainly at the bottom of the
glands (A, C). The subcellular
distribution was dominantly
cytoplasmic. In contrast,
survivin-positive cells were
diffusely distributed in
cancerous tissues, and staining
was cytoplasmic at the cellular
level (B, D)
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overexpression of survivin in colon cancers occurs
through the same mechanisms.

In addition to its antiapoptotic function, survivin also
plays a role in the regulation of cell cycle progression
during mitosis [8]. The highly proliferative activity and
low frequency of apoptosis in colon cancer cells is
associated with the significant expression of survivin [7].
We recently reported that the proliferative activity and
apoptotic frequency of cancer cells from colorectal
cancers exhibited a positive correlation with age [17].
However, in the present study, survivin expression in
colon cancers was significantly higher in elderly patients
than in young patients. Thus, increased apoptosis in
cancers of elderly patients is not attributable to a lack of
antiapoptotic regulatory mechanisms by survivin. The
manner of age-related changes in the expression of sur-
vivin might be associated with the proliferative activities
of colon cancers rather than apoptosis. We can also
postulate the other possibility that increased apoptosis
in cancers of the elderly might be controlled by the
caspase-independent mechanisms and, thus, survivin
would be overexpressed as the feedback mechanisms of
the cells.

Wild-type p53, and not mutant p53, represses survi-
vin expression at the mRNA and protein level [18].
Modification of chromatin within the survivin promoter
would explain the silencing of survivin gene transcrip-
tion by p53 [19]. On the other hand, the overexpression
of exogenous survivin protein rescues cells from
p53-induced apoptosis in a dose-dependent manner,
suggesting that the loss of survivin in part mediates the
p53-dependent apoptotic pathway [19]. As there is a
high frequency of p53 mutations in many solid cancers,
p53 mutation may play a role in controlling the over-
expression of survivin in colon cancer. Regarding the
age-dependent changes in expression of tumor tissues, a
microarray experiment revealed an activation of p53
and some of the genes controlled by p53 at more ad-
vanced age [20]. Thus, higher expression of survivin
might be induced in response to the increased p53-
dependent apoptosis in cancers of the elderly group.
However, mutations/loss of p53 gene may occur more
frequently with aging in certain settings [21] and,
therefore, the p53-associated mechanisms controlling
aging and carcinogenesis are complicated.

Using an in vitro cell culture system of colon carci-
noma cell lines, Wang et al. [22] reported that the
expression of cIAP2 was induced by PKC/NF-jB-
dependent pathways. However, the present study re-
vealed that cIAP2 expression was not elevated in colon
cancers in vivo. Instead, cIAP1, cIAP2, and NAIP
exhibited lower expression in cancerous tissues than in
normal mucosa. Further studies are necessary to clarify
the function of these molecules in the colonic mucosa as
well as in carcinogenesis of the colon.

Signaling pathways involved in survival responses
may attenuate the apoptosis response to the cytotoxic
tumor necrosis factor–related apoptosis-inducing ligand
(TRAIL) in colon carcinoma cell lines. Some lines are

sensitive, while others are resistant to TRAIL-induced
apoptosis [23, 24]. The mechanisms of this resistance
include blocking caspase processing by XIAP. However,
in the present study, changes in XIAP expression were
not notable among normal/cancerous tissues, well/
moderately differentiated adenocarcinomas, and cancers
of young/elderly patients. Thus, XIAP function in in
vivo colon cancer might not be essential for the survival
of cancer cells.

In conclusion, we demonstrated the differentiation-
related and age-related overexpression of survivin in
colon cancer samples. Further studies are warranted to
clarify the regulatory mechanisms of IAP expression in
colon cancer in association with the apoptotic/prolifer-
ative signaling pathways.
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