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Introduction

 Oral squamous cell carcinoma (OSCC) is one of the 
commonest malignant tumors in human, the development 
of which includes a number of malfunctions in gene 
regulation such as activation of oncogenes and inhibition 
of cancer suppressor genes. In recent years, it has been 
known that a serial changes in the process of apoptosis 
is also an essential feature of cancer cells (Gibson and 
Shillitoe, 2006). Apoptotic process involves an intricate 
cascade of events which is highly regulated (Malaguarnera 
et al., 2012; Ko et al., 2012). Currently it is believed there 
are two major pathways in apoptosis both in which caspase 
3 are involved (Yu et al., 2012). One is extrinsic that relies 
on a cell surface stimulus and the other is intrinsic that 
occurs as a consequence of cellular stress and is mediated 
by cytochrome c in mitochondrion. Usually caspase 3 
exists as an inactive 32kD zymogen in cytoplasma, also 
known as pro-caspase 3. After activated in early apoptotic 
process, it leads to limited proteolysis events and then the 
destruction of the cell (Grutter 2000; Bursch 2008). It has 
been found that caspase 3 can be regulated by several 
inhibitor of apoptosis proteins (IAPs), in which survivin 
is the smallest yet strongest anti-apoptotic member 
(Kanwar et al., 2012; McKenzie and Grossman, 2012; 
Zhang et al., 2012). Survivin is a 16.5kD intracellular 
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Abstract

 This study was conducted to investigate the expression of survivin and caspase 3 in oral squamous cell 
carcinoma and peritumoral tissue, and possible pathogenesis mechanisms. We used ELISA and western blotting 
to detect the protein expression levels of survivin and caspase 3 in tissue. In situ hybridization and real-time 
PCR were applied to assess mRNA expression levels. In this study, 13 tumor samples and 13 peritumoral tissue 
samples were collected from oral squamous cell carcinoma patients and 10 normal tissue samples obtained from 
patients without tumor. The result showed that the protein and mRNA expression of survivin in carcinoma 
was the highest among three types of tissue; following was that in peritumoral tissue. No difference in caspase 
3 zymogen between peritumoral tissue and normal tissue could be found, while it was evidently decreased in 
carcinoma tissue. Activated caspase 3 was detected in normal tissue but could not be identified in peritumoral 
or carcinoma tissue. Our results indicate that the expression of survivin is apparently elevated in tumoral and 
peritumoral tissue. Expression of activated caspase 3 was not detected in tumoral tissue and the expression 
of  caspase 3 zymogen was decreased in tumoral tissue. Our findings suggest that survivin may inhibit both 
synthesis and activation of caspase 3, hence inhibiting cell apoptosis and facililitating eventual development of 
oral squamous cell carcinoma. 
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protein containing a single Cys/His baculovirus IAP repeat 
(BIR) and lacking a carboxyl-terminal RING finger. It 
has the effect of protecting cells and keeping the integrity 
of microtubule framework. The feather of this protein is 
expressed considerably in the tissue of embryo and not 
expressed in the normal tissue well differentiated, but 
this protein is reexpressed largely in many kinds of tumor 
tissue. It can inhibit caspase 3 directly and indirectly so 
that preventing apoptosis. Then the tumor cell should 
escape from apoptosis and encourage formation of the 
multiploid. 
 The tumor has the feather of infiltration and transfusion. 
The infiltrating tumor cells have the spurious that can 
invade the adjacent tissue so that the tissue in the distance 
under 2cm to the tumor is different with the normal tissue 
and this kind tissue named peritumoral tissue (Mangiola et 
al., 2007; Sica et al., 2011; Loncarević et al., 2012). Now 
many studies have found that the expression of surviving 
evidently upgrade and the caspase 3 downgrade in the 
tumor, but how about that in the peritumoral tissue? What 
is the potential mechanism of the expression of caspase 
3? This should be investigated penetratly. To investigate 
the function of survivin and caspase 3 in the development 
of OSCC, 13 tumor and 13 peritumoral tissue samples 
from patients with OSCC and 10 normal tissue samples 
from patients without cancer were collected in this 
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study. Protein and mRNA expression levels of survivin 
and caspase 3 in different tissue were identified through 
ELISA, western blot, in situ hybridization (ISH) and 
quantitative real-time PCR (qRT-PCR).

Materials and Methods

Sample selection 
    Subjects were recruited from inpatients diagnosed 
with or without OSCC (no history of receiving chemo- 
or radio therapy) in the Oral Maxillofacial Surgery Unit, 
School of Stomatology, Peking University, between May 
to October 2008. Content forms were obtained from all 
patients before taking specimens. Thirteen tumor and 13 
peritumoral tissue were obtained from patients with OSCC 
and another 10 normal tissue samples were obtained from 
patients without tumor. All samples were diagnosed and 
categorized by two experienced pathologists according to 
1996 WHO diagnostic criteria for oral mucosa carcinoma 
and premalignant lesions. Table 1 showed the profile of 
the patients and their diagnosis.  
 Three pieces of tumor tissue and peritumoral tissue 
within 3×3×3 mm3 were obtained from each patient 
during the surgical process. One piece was frozen in 
liquid nitrogen immediately then stored in -70℃ before 
ELISA and Western blot; one piece was put into buffer 
RNAlater® (Applied Biosystems, Foster City, CA, USA) 
at room temperature for 24 hours then stored in -70℃ 
before qRT-PCR; the other piece was fixed in formalin, 
and then embedded in paraffin before ISH.
 
Assays 
 tissue, peritumoral tissue and normal tissue specimen. 
CelLyticTM MT Mammalian Tissue lysis/extraction 
Reagent (Sigma-Aldrich, St.Louis, MO, USA) was used 
to extract total protein from each sample. Then Human 
survivin ELISA kit (R&D Systemes, Minneapolis, MN, 
USA) was used to detect survivin levels.
 Western blot was used to identify both pro-caspase 
3 and caspase 3 protein levels in different tissue 
specimens. Total protein was extracted from each sample 
by CelLyticTM MT Mammalian Tissue lysis/extraction 
Reagent (Sigma-Aldrich, St.Louis, MO, USA). Protein 
concentration was measured with Protein Assay Dye 
Reagent Concentrate (Bio-Rad, Hercules, CA, USA) and 
Bovine Serum Albumin, BSA (Sigma-Aldrich, St.Louis, 
MO, USA). Aliquoted protein samples were subjected 
to SDS-PAGE, and then transferred to PVDF membrane 
(Qiagen, Hilden, Germany). After incubated with anti-β 
Actin (Abcam, Cambridge, MA, USA), pro-caspase 3 
antibody (Neomarkers, Fremont, CA, USA) and caspase 
3 activated fragment antibody (Cell signaling Technology, 
Danvers, MA, USA), WesternBreeze Chromogenic 
Western Blot Immunodetection Kit (Qiagen, Hilden, 
Germany) was used for immunodectection.
 qRT-PCR was used to detect mRNA expression levels 
of survivin and caspase 3 in different tissue. RNeasy 
Mini - RNA Purification Kit (Qiagen, Hilden, Germany) 
was used to extract total RNA from each sample. cDNA 
was then reverse transcribed from total RNA following 
SuperScriptTM First-Strand Systhesis System for RT-PCR 

(Invitrogen, Carlsbad, CA, USA). StepOne Real Time 
PCR System (Applied Biosystems, Foster City, CA, USA) 
was used for qRT-PCR. Survivin PCR primer sequences: 
Forward- 5’GTC AGC CCA ACC TTC ACAT; Reverse- 
5’GGC GAA TCA AAT CCA TCAT. Caspase 3 primers: 
Forward- 5’CAG AAC TGG ACT GTG GCA TTG; 
Reverse- 5’GCT TGT CGG CAT ACT GTT TCA. β-Actin 
primers: Forward-5’ AGTTGCGTTACACCCTTTCTTG; 
Reverse-5’ TGCTGTCACCTTCA CCGTTC. Normal 
tissue sample was used as normal control. β-Actin was 
used as internal control. Each well was duplicated. Each 
experiment was repeated twice. Therefore for each sample, 
there were 4 reads of survivin, caspase 3 and β Actin as 
well. After minus mean Ct of β Actin, the mean Ct of 
survivin and caspase 3 were compared.                   
 ISH was used to detect and localize survivin mRNA 
expression levels in different tissue specimens. After 
dewaxing and rehydration, tissue slides were immersed 
in proteinase K solution (Sigma-Aldrich, St.Louis, 
MO, USA) at 37℃ for 30mins. Then tissue slides were 
incubated with hybridization buffer (Denhardt’s solution 
(Sigma-Aldrich, St.Louis, MO, USA), 50% methanamide 
(Sigma-Aldrich, St.Louis, MO, USA), 0.3M NaCl, 0.02M 
Tris, 0.005M EDTA, 10% dextran sulfate, 0.1M DTT, 500 
ug/ml yeast tRNA (Roche, Basel, Switzerland) and 500 
ug/ml denatured salmon sperm DNA (Sigma-Aldrich, 
St.Louis, MO, USA) at 46℃ for 2 hrs. Then samples 
were incubated with probes and hybridization buffer 
at 46℃overnight. After post-hybridization wash, they 
were incubated with blocking solution (Roche, Basel, 
Switzerland) for 30mins. And then were incubated 
with AP-conjugated anti-digoxigenin Fab fragment 
(Roche, Basel, Switzerland) at 37℃ for 3hrs. Finally 
were incubated with NBT/BCIP solution (Roche, Basel, 
Switzerland) overnight. Probe was designed by the 
authors and synthesized by Sigma. Probe sequence was 
CATGGGTGCC CCGACGTTGC CCCCTGCCTG 
GCAGCCCTTT CTCAAGGACC ACCGCATCTC 
TACATTCAAG AACTGGCCCT TCTTGGAGGG 
CTGCGCCTGC ACCCCGGAGC GGATGGCCGA 
GGCTGGCTTC ATCCACTGCC CCACTGAGAA 
CGAGCCAGAC TTGGCCCAGT GTTTCTTCTG 
CTTCAAGGAG CTGGAAGGCT GGGAGCCAGA 
TGACGACCCC AT. Positive signal was identified 
as blue-purple while negative was no stained under 
microscopy.
 
Statistical analysis
    SPSS for Windows 11.5 software package was used 
for statistical analysis. Paired t test was used to compare 
expression levels of tumor and peritumoral tissue. One-
way ANOVA was used to compare expression levels 
between three groups. Spearman’s rank correlation 
coefficient was used to describe to correlation between 
pathological grade and stain intensity in ISH. p < 0.05 
was considered as significant difference.

Results 

Expression of survivin in OSCC tissue
 Survivin protein expression levels detected by ELISA 
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Table 1. Survivin Protein Levels in Different Tissues
Tissue             Survivin level (pg/ml)*

Carcinoma tissue 3637.56±784.65
Peritumoral tisuue 494.12±72.38
Normal tissue 19.35±4.89  
*p<0.01 between any two group comparisons 

Table 2. Patients Profile and Survivin mRNA Expression Level Detected by ISHa

No.        Age Sex           Site       Pathological diagnosis        Normal tissue   Dysplasia    Carcinoma

1 60 F Gingiva OSCCb Grade I-II - NA +
2 71 M Lower lip OSCC Grade I - ++ ++
3 82 M Maxilla OSCC Grade I-II - NA ++
4 75 M Lower incisors OSCC Grade I - + ++
5 73 F Tongue OSCC Grade I - - +++
6 64 F Bucca OSCC Grade I-II with metastasis + ++ +++
7 68 F Gingiva OSCC Grade I - NA -
8 48 M Tongue, dorsal OSCC Grade II + NA +
9 50 F Tongue root OSCC Grade I-II + ++ ++
10 60 F Tongue OSCC Grade I-II - - +++
11 41 M Gingival OSCC Grade I - NA -
12 47 M Tongue root OSCC Grade II - + ++
13 82 M Maxilla OSCC Grade I-II with metastasis - ++ +++
aIn situ hybridization; bOral squamous cell carcinoma; NA, no available tissue; -, negative; ±, uncertain; +, weak positive; ++, 
moderate positive; +++, highly positive       

Figure 1. Survivin mRNA Expression by ISH. A. 
Survivin mRNA expression in carcinoma tissue were moderate 
to highly positive; B. Survivin mRNA expression in dysplasic 
peritumoral tissue was weak to moderate positive; C. Survivin 
mRNA expression in normal tissue

Figure 2. Survivin and Caspase 3 mRNA Expression 
Level by qRT-PCR. A. Survivin mRNA expression level. The 
difference between three groups was statistically significant (p < 
0.001, df = 13). B. Caspase 3 mRNA expression level. Caspase 
3 mRNA expression level in tumor tissue was significantly 
lower than in peritumoral and normal tissue (p = 0.004, df = 
13). There was no difference of caspase 3 mRNA expression 
between peritumoral tissue and in normal tissue

Figure 3. Caspase 3 Zymogen and Activated Caspase 
3 Detected by Western Blot. A. Expression of caspase 3 
zymogen and activated caspase 3 in different tissue. Band 1 was 
normal tissue, 2 was peritumoral tissue and 3 was carcinoma 
tissue. B. showed band intensity of caspase 3 zymogen compared 
with β-Actin. The intensity of carcinoma was significantly lower 
than of peritumoral and normal tissue (p < 0.05)

in tumor tissue, peritumoral tissue and normal tissue were 
3637.56 ± 784.65 pg/ml, 494.12 ± 72.38 pg/ml and 19.35 
± 4.89 pg/ml, respectively. Survivin in tumor tissue was 
significantly higher than in peritumoral tissue, while 
survivin in normal tissue from tumor-free patients was 
significantly lower than tumor and peritumoral tissue (p 
< 0.01) (Table 1). 
 In ISH, the standard positive stain of survivin mRNA 
in tissue was purple-blue in cytoplasma and nucleolus. 
According to the standard color, the intensity of cell stain 
was categorized into “-“ as negative, “±” as uncertain, “+” 
as weak positive, “++” as moderate positive and “+++” 
as highly positive. In the 13 specimens from OSCC, the 
survivin mRNA expression in tumor cells were apparent, 
most of which were moderate to highly positive (Table 
2, Figure 1A). In paraplastic peritumoral tissue, the 
expression was weak to moderate positive (Figure 1B), 
while in normal tissue, only 3 samples appeared positive 
and one sample weak positive (Figure 1C). There was a 
significant correlation between histological feature and 
stain intensity (p < 0.001, r2 = 0.665). In OSCC cells and 
paraplastic cells, survivin was found in both cytoplasma 
and nuclei, however in normal tissue cells, it was only 
detected in nuclei.
 When qRT-PCR was used to detect the mRNA 

expression levels of survivin, in tumor tissue it was 5.55 ± 
2.92, in peritumoral tissue was 2.00 ± 1.29, and the normal 
tissue expression was set as 1. The difference between 
three groups was statistically significant (p < 0.001, df = 
13) (Figure 2A).
 
Expression of caspase 3 in OSCC tissue
 Western blot was used to detect protein expression 
levels of both procaspase 3 and activated caspase 3. Figure 
3A showed the bands of procaspase 3 with molecular 
mass about 32KD. After analysis of band intensity, the 
expression of procaspase 3 was found significantly lower 
in tumor tissue comparing to peritumoral tissue and normal 
tissue from patients without tumor (p < 0.05), while there 
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was no difference between peritumoral tissue and normal 
tissue (Figure 3B). The activated caspase 3 fragments were 
shown as bands with 19KD in Western blot. No activated 
caspase 3 fragment was found in tumor or peritumoral 
tissue. It could be only detected in normal tissue from 
patients without tumor (Figure 3A).
 There was no difference of caspase 3 mRNA expression 
between peritumoral tissue and in normal tissue. Caspase 
3 mRNA expression level in tumor tissue was 0.65 ± 0.36, 
which was significantly lower than in peritumoral and 
normal tissue (p = 0.004, df = 13). Expression level in 
normal tissue was considered as 1 (Figure 2B). 
 In a whole, survivin expression was higher in tumor 
and peritumoral tissue than in normal group while in tumor 
tissue, its expression level was higher than in peritumoral 
tissue; caspase 3 expression in normal and peritumoral 
tissue was higher than in tumor tissue group, and there 
was no difference between it in normal and peritumoral 
tissue.
 
Discussion

Survivin is a mammal inhibitor of apoptosis protein 
(IAP) found recently. It is mainly expressed during 
embryogenesis and in tumor cells but not or low expressed 
in normal adult tissue, indicating apoptosis inhibition plays 
a role in tumor development. Tamm et al. investigated 
60 human tumor cell lines and found survivin expression 
in all the 60 cell lines including such as breast, lung, 
colon, ovarian, prostate, renal, melanoma, leukemia and 
lymphoma as well (Tamm et al., 2000). Even some reports 
showed the elevated survivin in the bronchial aspirates 
could be the marker of lung cancer (Li et al., 2012). It 
has been reported that survivin can bind to caspase 3 and 
caspase 7 specifically, hence inhibits apoptosis mediated 
by caspase 3 and caspase 7. Moreover survivin can inhibit 
apoptosis mediated by Fas, Bax and chemotherapeutics 
(Suzuki et al., 2000). Another apoptosis inhibition 
mechanism of survivin is it interacts with cell cycle 
suppressors Cdk4 and p21, stops the signaling pathway 
of apoptosis, and hence inhibits apoptosis (Suzuki et al., 
2000).

In our study, we found survivin expression in different 
levels was significantly increased in OSCC tissue, which 
was consistent to previous studies (Preuss et al., 2008; 
De Maria et al., 2009; Khan et al., 2009; Halasova et al., 
2012). In peritumoral tissue that appeared normal with 
naked eye, we found both survivin mRNA and protein 
expression level increased comparing to normal controls 

when detected by qRT-PCR and ELISA respectively. 
But when detected by ISH, survivin mRNA expression 
decreased in peritumoral normal tissue that determined 
histologically. This inconsistency may be because that 
epithelial paraplasia could not be detected by naked 
eye sometimes hence survivin expression could still be 
detected by qRT-PCR or ELISA. Therefore it should be 
noticed to surgeons that to excise enough tissue to avoid 
possible paraplasia epithelium remnant during the surgical 
removal.

Pathologically, the two specimens that showed 
the highest survivin protein expression in tumor and 
peritumoral tissue were ulcerative carcinoma. Two of the 
four specimens from patients with metastasis showed 
higher survivin expression in tumor and peritumoral 
tissue, yet another two showed lower survivin expression 
in tumor and peritumoral tissue than average. Recently 
many had showed survivin could be a biomarker of tumor 
(Waligórska-Stachura et al., 2012; Fraunholz et al., 2012). 
Ryan et al. have found that increased survivin in breast 
cancer tissue indicating worse treatment response and 
prognosis (Ryan et al., 2006). Another report showed the 
elevated survivin in the bronchial aspirates could be the 
marker of lung cancer (Li et al., 2012). Another study has 
reported that high levels of survivin are mainly related 
with a poor response to endocrine therapy in breast cancer 
patients, but a good response to chemotherapy. Therefore 
survivin expression level can be one of indications for 
clinical treatment selection (Span et al., 2006; Zheng et 
al., 2012). In our study, we found that survivin expression 
level was correlated with pathological characteristic of 
OSCC but not associated with tumor TMN grade.

Caspase 3 is member of a family of cysteine proteases 
and is a key enzyme for execution of apoptosis in many 
instances (Blanc et al., 2000; Kim et al., 2000; Seol et 
al., 2001). Previous study has shown that both activated 
caspase 3 and zymogen can be detected in normal tissue 
from gastric cancer patients but only zymogen can be 
identified in tumor tissue from the same patient group 
(Gomes et al., 2011). In our study, caspase 3 expression 
was significantly lower in tumor tissue than in peritumoral 
tissue and normal tissue; there was no activated caspase 
3 found in tumor tissue, and only weak expression in 5 
of 13 samples of peritumoral tissue in western blot. All 
of which was consistent to the findings in gastric cancer.

In our study, we have investigated survivin and 
caspase 3 in normal oral mucosa, dysplasic epithelium 
and OSCC tissue and measured the apoptosis status of 
those samples. We have found that with the transition 
from normal mucosa to paraplasia to carcinoma, both the 
number of cells express survivin and survivin intensity 
are increasing. The opposite tendency has been found in 
caspase 3 in the same study. Previous animal model of 
lingual carcinoma also have found the increasing survivin 
expression is correlated to the development of oral 
carcinoma. Our current study showed consistent results. 
All these findings indicate that the increasing of survivin 
expression is the early event of oral mucosa oncogenesis, 
and the intensity of survivin expression is continuous 
increasing with the development of the disease. Therefore 
survivin can be regarded as a biomarker for monitoring 

Figure 4. The Expression of Caspase 3 Zymogen and 
Activated Caspase 3
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oral premalignant lesions. Caspase 3 has been shown to 
decrease in tumor tissue, indicating there is a negative 
correlation between survivin and caspase 3.  Caspase 3 
mRNA expression decreasing in tumor tissue indicates 
low activated caspase 3 in tissue. Therefore survivin can 
possibly inhibit the synthesis of caspase 3, hence blocks 
the apoptosis mediated by caspase 3, and finally leads to 
the development of OSCC.
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