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Summary Apoptosis (programmed cell death) is regulated by a number of inhibitory or stim-
ulatory factors. One such family of antiapoptotic proteins is the inhibitors of apoptosis proteins
(IAPs), of which survivin and X chromosome-linked IAP (XIAP) are members. The expression of
survivin and XIAP, as well as their association with p53, in chemically-induced experimental oral
carcinogenesis is not completely understood. The objective of the present study was, there-
fore, to investigate the protein expression of these two IAP family members and their relation-
ship with p53 status, in 7,12-dimethylbenz[a]anthracene (DMBA)-induced hamster buccal pouch
squamous cell carcinogenesis. Immunohistochemical analysis of survivin, XIAP and p53 protein
expression was performed in DMBA-induced pouch squamous cell carcinogenesis. Fifty outbred,
young (6 weeks), male Syrian golden hamsters (Mesocricatus auratus) were randomly divided
into three experimental groups (each group consisting of 10 animals treated with DMBA for
3-, 7- or 14-weeks), and two control groups (with 10 animals in each). The pouches of the three
experimental groups were painted bilaterally with a 0.5% DMBA solution three times a week.
The treatment protocol for animals in one of the control groups was identical with only mineral
oil applied, while the other control group remained untreated throughout the experiment. Sur-
vivin staining could not be detected by immunohistochemistry in any of the untreated or min-
eral oil treated hamster pouch-tissue specimens. Cytoplasmic staining of survivin proteins was
apparent in the entire epithelial layer (excluding the keratinized layer) in all 3-week DMBA trea-
ted pouch-tissue analyzed. In addition, cytoplasmic survivin staining was observed in all spec-
imens of 7- and 14-week DMBA treated pouch-tissue. XIAP positivity was confined to the
outermost keratinized layer of the pouch-tissue from control animals and those treated with
DMBA for 3-weeks. However, XIAP staining was detected in the whole epithelial layer (except
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the basal layer) in 7- and 14-week DMBA treated pouch-tissue. p53 was not detected in any
untreated and mineral oil treated pouch-tissue, whereas nuclear p53 staining was observed
for all 3-, 7- and 14-week DMBA treated pouch-tissue. The results of this study demonstrate
the association between survivin/XIAP and p53 expression in this experimental model system
for oral carcinogenesis, although their exact interactions remain to be clarified. Moreover,
our findings suggest that the DMBA-induced hamster buccal pouch mucosa may serve as an
appropriate experimental model for investigation of potential novel therapeutic tools for oral
squamous-cell carcinomas.

�c 2006 Elsevier Ltd. All rights reserved.

Introduction

Apoptosis, also termed programmed cell death, plays di-
verse roles in embryogenesis and normal homeostasis, as
well as in tumorigenesis.1–3 Apoptotic processes are exe-
cuted by a number of factors, which have inhibitory or stim-
ulatory effects.2–4 Besides the pro- and anti-apoptotic Bcl-2
family proteins,5,6 there is another family of inhibitors of
apoptosis proteins (IAPs). IAPs, first described in baculovirus
are characterized by a novel domain of approximately 70
amino acids, known as the baculoviral IAP repeat (BIR). This
domain is able to inhibit caspases and, thus, suppress apop-
tosis.7–9 Proteins containing BIR domains have been found in
a wide variety of eukaryotic species, and eight IAP members
have been identified in humans.9

Survivin protein (MW: 16.5 kDa) is the smallest of the
known IAP family proteins. The gene is situated on chromo-
some 17q25, approximately 3% of the distance from the
telomere, and comprises three introns and four exons.10 It
is a unique bifunctional protein that inhibits apoptosis by
suppressing caspase-3 and caspase-7 and modulates the
G2/M phase of the cell cycle through association with mito-
tic spindle microtubules.11 Interestingly, survivin contains a
single BIR domain and can bind caspases, preventing cas-
pase-induced apoptosis.12 It is the least-expressed IAP fam-
ily candidate in adult tissues (it is almost absent in normal
tissue), but can be recognized in developing fetal tissues,
with the exceptions of placenta and thymus.13–16

X chromosome-linked IAP (XIAP: MW: 57 kDa), whose
gene is located at chromosome Xq25, is another IAP family
member and inhibits apoptosis by binding distinct caspases
(caspases-3, -7 and -9).17–19 Expression of XIAP mRNA has
been observed in most fetal and adult tissues with the
exception of peripheral blood lymphocytes.19 Mice deficient
in XIAP have shown upregulation of other IAP members.20

Furthermore, XIAP expression has also been investigated
in the ovary, where apoptosis is regarded to be importance
in ovulation. In granulosa cells from pre-antral and early an-
tral follicles, extensive apoptosis was associated with de-
creased XIAP protein level.21

The p53 tumor-suppressor gene is involved in cell cycle
checkpoint mechanisms, preventing cell cycle progression
and inducing apoptosis in response to DNA damage.22 Given
that p53 expression has been previously reported in hamster
buccal pouch cancerous tissue,23–25 the relationship be-
tween IAP and p53 remains an interesting area for study.

The hamster buccal pouch mucosa constitutes one of the
most widely accepted experimental models for oral carcino-
genesis.26 Despite anatomic and histologic variations be-

tween hamster pouch mucosa and human buccal tissue,
experimental carcinogenesis protocols for the former induce
premalignant changes and carcinomas that resemble those
that take place during analogous development in human oral
mucosa.27 As the expression of survivin and XIAP, as well as
their association with p53, in experimental oral carcinogen-
esis is not completely understood, this study was designed to
investigate the protein expression of these two IAP members
in 7,12-dimethylbenz[a]anthracene (DMBA)-induced ham-
ster buccal pouch squamous cell carcinogenesis. In addition,
the relationship between the survivin and XIAP expression
and p53 status in DMBA-induced hamster buccal pouch squa-
mous cell carcinogenesis was also examined.

Materials and methods

Animals

Outbred, young (6 weeks), male, Syrian golden hamsters
(Mesocricatus auratus; 50 animals, purchased from the Na-
tional Science Council Animal Breeding Center, Taipei,
ROC), weighing approximately 100 g at the beginning of
the experiment, were randomly divided into three experi-
mental and two control groups (10 animals per group).
The animals were housed under constant conditions
(22 �C, and a 12 h light/dark cycle) and supplied with tap
water and standard Purina laboratory chow ad libitum.
Appropriate animal care and an approved experimental pro-
tocol ensured humane treatment, and all procedures were
conducted in accordance with the NIH Guide for the Care
and Use of Animals. After allowing the animals one week
of acclimatization to their new surroundings, both pouches
from all animals in the experimental groups were painted
with a 0.5% DMBA solution at 9 AM on Monday, Wednesday
and Friday of each week, using a No. 4 sable-hair brush.
Bilateral pouches from each animal of one control group
were similarly treated with mineral oil. Approximately
0.2 ml of the appropriate solution was applied topically to
the medial walls of both pouches at each painting. The sec-
ond control group of animals remained untreated through-
out the experiment. At the end of 3 weeks (3 days after
the last treatment), all animals from one of the experimen-
tal groups were simultaneously killed by administration of a
lethal dose of diethyl ether at 9 AM, to avoid any influence
of diurnal variation.28 Their pouches were exposed by dis-
section and examined grossly. Both pouches were then ex-
cised and placed on cardboard to prevent distortion of the
pouch tissues. After 7 weeks of treatment, the animals from
one of the two remaining experimental groups were killed in
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a similar manner. Then, at 14 weeks, the animals from the
last experimental group and those from the two control
groups were killed, using the same procedure. The pouch-
mucosa specimens were routinely processed for light
microscopy by fixation in 10% neutral-buffered formalin
solution, with dehydration in increasing concentrations of
alcohol solution, clearing in xylene, and paraffin embed-
ding. Serial sections of each specimen were prepared, at a
thickness of 4 lm, for immunohistochemical analysis as well
as for hematoxylin–eosin staining.

Immunohistochemistry

Staining was performed using a standard avidin–biotin per-
oxidase complex (ABC) method.29 Rabbit polyclonal anti-
bodies against human, rat and mouse survivin and XIAP
(Cat. Nos. ab469 and ab21278, Abchem Corporation, Cam-
bridge, UK) were used and their specificity has been estab-
lished in previous studies.30,31 Monoclonal antibody NCL-
p53-D07 (mAb DO7; Novocastra, Newcastle, UK) was used
for the identification of p53 protein. The mAb DO7 antibody
detects both wild-type and mutant forms of p53.32

Tissue sections were mounted on gelatin-chrome alum-
coated slides. Following deparaffinization in xylene (twice)
and rehydration in a decreasing-concentration ethanol ser-
ies (absolute, 95%, 70% and 30% ethanol, and then water),
tissue sections were microwave treated three times (5 min
each) in citrate buffer (10 mM; pH 6.0) in order to retrieve
antigenicity. Endogenous peroxidase activity was blocked
with 3% H2O2 in methanol for 60 min. Prior to staining for
survivin and XIAP, a 10% solution of normal rabbit serum
was applied for 60 min to tissue sections in order to inhibit
non-specific staining. These sections were subsequently
incubated with antibodies against survivin and XIAP
(1:100, each for survivin and XIAP) overnight at 4 �C. A
blocking solution of 2% low-fat milk powder in TBS (with
0.02% sodium azide) was applied to those sections to be
stained for p53 protein. These sections were then treated
with mAb DO7 at a dilution of 1:200 for 2 h at room tem-
perature. Following subsequent rinsing with Tris-buffered
saline (TBS, 3 times, 10 min each), tissue sections stained
for survivin and XIAP were then incubated for 60 min at
room temperature with biotin-conjugated goat anti-rabbit
IgG (Vector, Burlingame, CA, USA; 1:100). By contrast,
the sections stained for p53 were treated with biotinylated
anti-mouse IgG antibody (Vector; 1:100) for 30 min. Follow-
ing this, all the sections (those stained for survivin, XIAP
and p53) were again washed with TBS (3 times, 10 min
each) and then incubated with avidin-biotin complex con-
jugated to horseradish peroxidase (Dako, Santa Barbara,
CA, USA) for a further 60 min. After washing with PBS (3
times, 10 min each), peroxidase binding was visualized as
brown reaction products via a benzidine reaction. The sec-
tions were then counterstained with Mayer’s hematoxylin.
Each set of experiments included a human buccal squa-
mous-cell carcinoma specimen known to express survivin,
XIAP and p53, which served as a positive control and en-
sured the reproducibility of the staining process. Immuno-
histochemical staining was classified as negative if
staining was apparent in 10% of cells or less, and positive
where over 10% were stained. A negative control, in which

the primary antibody step was omitted, was also included
in each set of experiments.

Results

Gross observation and histopathology

Upon gross examination, there were no apparent changes
for any of the mineral oil-treated or untreated pouches.
Thickened mucosa, with a rough surface and of whitish
granular appearance, were noted in the 3- and 7-week
DMBA-treated pouches, with 100% tumor incidence appar-
ent in all samples after 14 weeks DMBA treatment.

No significant histologic changes were observed for any
of the mineral oil-treated or untreated pouches. However,
hyperkeratosis was noted in the 3-week DMBA-treated
pouches and areas of epithelial hyperplasia were observed
in the 7-week DMBA-treated pouches. Furthermore, infiltra-
tive squamous cell carcinomas were detected in the 14-
week DMBA-treated mucosa.

Immunochemistry

No survivin staining could be found in any of the untreated and
mineral oil treated hamster pouch-tissue specimens (Fig. 1A).
Cytoplasmic staining of survivin proteins was detected in the
entire epithelial layer (except the keratinized layer) in all
hamster pouch tissues treated with DMBA for 3 weeks
(Fig. 1B). In addition, cytoplasmic staining of survivin protein
was observed in all specimens of hamster buccal pouch tissue
treatedwithDMBA for 7weeks (Fig. 1C) and14weeks (Fig. 1D).

In contrast, XIAP staining was located in the outermost
keratinized layer of the untreated, mineral oil treated and
all 3 weeks DMBA treated pouch tissues (Fig. 2A and B).
Interestingly, cytoplasmic staining of XIAP proteins was
found to extend downwards and was detected in the whole
epithelial layer (with the exception of the basal layer) in all
specimens of hamster buccal-pouch tissue treated with
DMBA for 7 weeks (Fig. 2C). Similar cytoplasmic staining
of XIAP proteins was also observed for all specimens of
pouch tissue treated with DMBA for 14 weeks (Fig. 2D).

No p53 staining could be detected in any of the untreated
and mineral oil treated pouch-tissue specimens (Fig. 3A),
whereas, nuclear staining of p53 was noted for all pouch tis-
sues treated with DMBA for 3 weeks (Fig. 3B). In addition,
nuclear staining of p53 proteins was present in all specimens
of pouch tissue treated with DMBA for 7 weeks (Fig. 3C), and
for 14 weeks (Fig. 3D).

Discussion

Overexpression of some IAP family members has been noted
in cancers, implying that IAP-mediated inhibition of apopto-
sis may participate to tumorigenesis.33 The association of
some IAP family members, especially survivin, with human
oral squamous cell carcinomas has extensively been re-
ported;34–43 however, the relationship of the IAP family
with chemically-induced oral experimental carcinogenesis
has rarely been studied. Recently, our laboratory has re-
ported on the survivin expression in DMBA-induced hamster
buccal pouch tissue carcinoma.44 In the current study, we
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further demonstrate the expression of survivin protein dur-
ing DMBA-induced hamster buccal pouch carcinogenesis.
This is, to the best of our knowledge, the first study to doc-
ument the sequence of survivin expression in chemically-in-
duced oral experimentally carcinogenesis. Our results
indicate that survivin protein expression is an early event
in DMBA-induced pouch carcinogenesis, compatible with
the findings of human oral carcinogenesis.35,36 Therefore,
the present study further supports the hypothesis that IAPs
may be associated with oral carcinogenesis.

XIAP protein expression has rarely reported in human
oral carcinoma in English-language medical literature.45

Furthermore, its expression in chemically-induced oral
experimental carcinogenesis has not been studied previ-
ously. In the present study, we demonstrate the sequential
pattern of expression of XIAP protein during DMBA-induced
hamster buccal pouch tissue carcinogenesis. Furthermore,
we found that during DMBA treatment, XIAP expression
progresses downwards from location within the outermost
keratinized layer in untreated, mineral oil treated and 3
weeks DMBA treated pouch-tissue to expression throughout
the whole epithelial layer (except the basal layer) after 7
weeks treatment, as well as detection in the tumor islands
of the 14 weeks analog. This suggests that XIAP expression
increases during DMBA-induced pouch carcinogenesis and is
greater in less-differentiated cells than mature pouch
keratinocytes.

As both survivin and XIAP proteins have been found to be
overexpressed in this study, a synergistic effect between
these two IAP members and consequently a possible com-
mon regulatory mechanism might be presumed. To date,
the interaction amongst IAP family members remains un-
clear. A possible interaction between IAP family members
has been reported; survivin was demonstrated to bind sec-
ond mitochondria-derived activator of caspase (Smac),
relieving its suppression of XIAP, and subsequently permit-
ting XIAP to function.46 Further investigation into the syner-
gistic effect amongst IAP members during DMBA-induced
hamster buccal-pouch carcinogenesis is required to eluci-
date the relationship between coexpression of IAPs and oral
experimental carcinogenesis.

Mechanisms of IAP overexpression in cancer are largely
unknown. Amplification of the survivin locus on chromo-
some 17 and DNA demethylation of its promoter region
have been reported as possible mechanisms of survivin
upregulation in some cancers,47 including human oral can-
cer and chemically-induced hamster pouch carcinoma.35,44

Furthermore, loss of p53 or mutant p53 might result in the
upregulation of survivin expression48,49 but the relevance
of p53 regulation to other IAP family members such as XIAP
remains to be elucidated. In the present study, we demon-
strate that the expression of both survivin and XIAP is asso-
ciated with p53 accumulation during DMBA-induced pouch
carcinogenesis.

Figure 1 Survivin staining was not detected in untreated hamster pouch-tissue specimen (A, ABC stain ·200). Cytoplasmic staining
of survivin proteins was detected in the entire epithelial layer (except the keratinized layer) of a representative 3-week DMBA
treated pouch tissue sample (B, ABC stain ·100). Representative cytoplasmic survivin staining for specimens of hamster pouch-tissue
treated with DMBA for 7-weeks (C, ABC stain ·100) and 14-weeks (D, ABC stain ·40).

46 S.-S. Hsue et al.



Author's personal copy

Mirza et al.48 and Hoffman et al.49 demonstrated that
the cellular accumulation of wild-type p53 suppresses
p53 responsive promoter activity, resulting in the down-
regulation of survivin expression, thus suggesting a negative
feedback loop between survivin expression and wild-type
p53. Based on these findings, along with the appreciation
of a rather high p53 mutation frequency for hamster buccal
pouch carcinomas24–26 and the results of this present study,
the following mechanism may be associated with the corre-
lation between IAP and p53 expression for DMBA-induced
hamster pouch carcinogenesis: following DMBA treatment,
p53-mutation (induced by a high concentration DMBA) in
pouch keratinocytes, could be responsible for the failure
of the negative feedback loop that exists between IAP and
wild-type p53. As a result of this failure, IAP expression
would therefore remain unchecked and subsequently be-
come up-regulated, with the potential to progress to a can-
cerous state. Although the p53 primary antibody used in this
study was not able to differentiate between wild-type and
mutant p53, a previous study50 has suggested that p53
mutation could result in an accumulation of p53. Further-
more, based on the finding that all samples in the present
study revealed the overexpression of IAP (survivin and XIAP)
and p53 protein, we hypothesize that the aforementioned
mechanism is likely to predominate, although it is the sub-
ject of some conjecture. In future, further study on p53

gene expression should be performed in order to assess
really the presence of p53 gene mutation.

Understanding the mechanism of IAP function could
potentially enable the development of therapeutic strate-
gies for cancer. The almost cancer-specific expression of
survivin, coupled with its importance in suppressing cell
death and in regulating cell division, makes it a useful diag-
nostic marker of cancer and a potential target for the treat-
ment of oral cancer.

Emerging data implicate a pivotal role for IAP family
members in maintaining cancer cell survival and inhibiting
apoptosis induced by anticancer drugs.51–53 Our results
demonstrate that overexpression of both survivin and XIAP
occurs frequently in chemically-induced oral experimentally
carcinogenesis. These data provide further validation of IAP
family members as potential drug discovery targets for the
improved treatment of oral cancer. Furthermore, the obser-
vation that frequently more than one IAP family member is
expressed simultaneously in our study raises the possibility
that effective strategies will require IAP antagonists capa-
ble of inhibiting multiple members of this family of apopto-
sis-suppressing proteins.

In conclusion, we report what is, to the best of our
knowledge, the first identification of the association be-
tween survivin/XIAP and p53 expression in this experimental
model system for oral carcinogenesis, although their exact

Figure 2 XIAP staining was located in the keratinized layer of an untreated pouch-tissue specimen (A, ABC stain ·100), as well as a
representative 3-week DMBA treated pouch tissue (B, ABC stain ·100). Cytoplasmic staining was detected in the whole layer (except
for the basal layer) of a representative specimen of 7-week DMBA treated pouch-tissue (C, ABC stain ·100). Representative specimen
of pouch-tissue treated with DMBA for 14 weeks demonstrated cytoplasmic XIAP staining (D) (ABC stain ·100).
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interactions remain to be clarified. Taken together, our
findings indicate that the DMBA-induced hamster buccal
pouch mucosa may serve as a suitable experimental model
for investigation of the potential of targeting strategies as
novel therapeutic tools for oral squamous-cell carcinomas.
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