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Abstract: There is increasing evidence suggesting that S100P has a significant role in cancer, and is associated 
with poor clinical outcomes. The expression of S100P mRNA and protein in endometrial cancer and normal endo-
metrium tissues was detected by real-time quantitative RT-PCR and immunohistochemistry. Moreover, we reduced 
the expression of S100P in HEC-1A and Ishikawa endometrial cancer cell lines by siRNA transfection. Based on the 
reduced S100P mRNA expression, we measured the effects of S100P on cellular proliferation by the cell-counting 
kit-8. Nuclear β-catenin protein level was detected by western blotting. Cyclin D1 and c-myc mRNA expression regu-
lated by β-catenin was detected by real-time quantitative RT-PCR. We found that the expression of S100P mRNA and 
protein increased in endometrial cancer tissues compared with the normal endometrium. Local S100P expression 
progressively increased from pathologic differenciation grade 1 to 3. After reducing the S100P expression, the cel-
lular proliferation ability, nuclear β-catenin protein level, cyclin D1 and c-myc mRNA levels reduced. It indicated that 
S100P could promote cell proliferation by increasing nuclear translocation of β-catenin. The expression of S100P 
mRNA and protein in endometrial cancer significantly increased and is associated with pathologic differenciation 
grade. S100P may promote endometrial cell proliferation by increasing nuclear translocation of β-catenin.
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Introduction

Endometrial cancer is the most common gyne-
cologic malignancy. Although the majority of 
endometrial cancers are diagnosed at an early 
stage of disease, conferring a favorable prog-
nosis, women who are diagnosed with adva- 
nced or recurrent disease have far worse sur-
vival rates and limited adjuvant treatment 
options. At present, endometrial cancer re- 
mains poorly understood at the molecular level.

S100P is a 95-amino acid member of the large 
family of S100 calcium-binding proteins which 
possess consecutive EF hands, where the loop 
between two a-helices provides the Ca2+-
binding site [1]. S100s can act as both intracel-
lular and extracellular signaling molecules. 
S100P was purified first from placenta. There is 
increasing evidence suggesting that S100P 
has a significant role in cancer. This gene has 

been found to be expressed in several forms of 
the disease, including pancreas, breast, colon, 
prostate, and lung cancer, and has been shown 
to be associated with poor clinical outcomes 
[2-5]. Overproduction of S100P appears to 
stimulate tumor malignancy through both intra-
cellular and extracellular mechanisms [6]. The 
primary mechanism of action of S100P, at least 
in the case of pancreatic and colon cancer, is 
through activation of the cell surface receptor 
RAGE [7]. Furthermore, S100P was also sug-
gested to function in cells through its binding to 
ezrin and Casy/SIP [8, 9]. S100 proteins inter-
act with some target proteins in calcium-depen-
dent or calcium independent manner and fur-
ther regulate function of these targets [10, 11]. 
Calcyclin-binding protein (CacyBP/SIP) is a new 
target protein that can interact with S100 pro-
teins, including S100A6, S100A1, S100B, and 
S100P, but not to S100A4, calbindin D, parval-
bumin or calmodulin [12, 13]. Matsuzawa and 
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Reed reported that CacyBP/SIP, a component 
of a novel ubiquitinylation pathway leading to 
β-catenin degradation [14]. S100P may regu-
late the β-catenin degradation by interacting 
with CacyBP/SIP indirectly.

β-catenin is a key regulatory protein involved in 
cell adhesion and signal transduction through 
the Wnt pathway, and plays important roles in 
cellular proliferation and differentiation [15]. 
There are a number of reports implicating an 
important role for Wnt/β-catenin signaling in 
regulating endometrial proliferation and differ-
entiation [16]. And Wnt/β-catenin signaling is 
often found activated in endometrial cancer 
[17]. This study was undertaken to determine 
whether S100P promote endometrial cancer 
cell proliferation by increasing nuclear translo-
cation of β-catenin. And we discussed if the 
S100P expression was associated with patho-
logic grade and FIGO stage in endometrial 
cancer.

Material and methods

Ethics statement

This study was initiated after being approved by 
the Medical Ethics Committee of the first affili-
ated hospital of San Yat-sen University. The col-
lection of all the human samples was approved 
by the Medical Ethics Committee of the first 
affiliated hospital of San Yat-sen University and 
written informed consent was obtained from all 
the participants in this study.

Sample and clinicopathologic features collec-
tion

Fresh cancer tissues (n=60) were collected and 
archived from patients undergoing surgery at 
the Department of Gynecology, the first affiliat-
ed hospital of San Yat-sen university, between 
August 2011 and October 2012. All samples 
were collected from patients undergoing pri-
mary surgeries. Furthermore, normal endome-
trium tissues (n=20) were collected from age-
matched patients undergoing surgery for 
benign pathologies. All pathology specimens 
were reviewed by the same pathologist to deter-
mine histological subtype and differentiation 
grade. Moreover, from each fresh tumor block 
that was used for mRNA extraction and paraffin 
embedding, a corresponding H & E-stained fro-
zen section was prepared to evaluate the per-
centage of tumor tissue in the particular sam-

ple. Only samples consisting of >70% tumor 
tissue were included. None of the patients had 
received radiotherapy, chemotherapy or steroid 
hormone medications prior to surgery. The clini-
cal stage of the disease was defined according 
to the FIGO criteria. Histological grade was 
based on the degree of glandular differentia-
tion, and tumours were graded as: G1 (percent-
age of solid growth in the tumour mass up to 
5%); G2 (percentage of solid growth between 
6% and 50%); G3 (percentage of solid growth 
above 50%). The depth of myometrial invasion 
was defined as the percentage of the myome-
trium invaded by the tumour.

Quantitative real-time RT-PCR analysis

Quantitative real-time RT-PCR (qPCR) analysis 
was used to measure changes of S100P, cyclin 
D1 and c-myc mRNA abundance in endometrial 
cancer. Total RNA was extracted using TRIzol 
reagent (Takara, Japan) according to the manu-
facturer’s instructions, and the integrity of puri-
fied RNA samples was confirmed by electropho-
resis on 1% agarose gels. Total RNA (2 μg) was 
used in a 25 μl first strand cDNA synthesis 
using a reverse transcription system (Promega, 
USA). The cDNA (2 μl) was used for qPCR with 
specific primers for S100P, cyclin D1, c-myc 
and β-actin: S100P, 5’-GATATTCGGGCAGCGAGG 
G-3’ (forward) and 5’-GCATCCTTGTCTT TTC- 
CACTCTGC-3’ (reverse); cyclin D1, 5’-TATTGC- 
GCTGCTACCGTTGA-3’ (forward) and 5’-CCAATA- 
GCAGCAAACAATGTGAAA-3’; c-myc, 5’-CGTCTCC 
ACACATCAGCACAA-3’ (forward) and 5’-TCTTGG- 
CAGCAGGATAGTCCTT-3’; and β-actin, 5’-GCA- 
AAGACCTGTACGCCAA-3’ (forward) and 5’-GGA- 
GGAGCA ATGATCTTGATCTTC-3’ (reverse). The 
qPCR condition was 95°C for 10 min, followed 
by 40 cycles of 95°C for 15 s, 56-60°C for 30 
s, and 72°C for 30 s for S100P, cyclinD1, c-myc 
and β-actin.

Immunohistochemistry

Formalin-fixed, paraffin-embedded specimens 
were sliced into 4 μm sections. After deparaf-
finization and dehydration, specimen sections 
were brought to a boil in 10 mM sodium citrate 
buffer (PH 6.0) for antigen unmasking. 
Specimens were then blocked by 3% hydrogen 
peroxide and goat serum, and incubated with 
rabbit monoclonal antibody against human 
S100P (diluted 1:200, Epitomics, CA, USA,) 
overnight at 4°C. Specific biotinylated goat anti-
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rabbit secondary antibody was then added and 
incubated. After incubation, slides were again 
washed and incubated with horseradish peroxi-
dase (HRP) labeled streptavidin. Diamino- 
benzidine substrate was then added for devel-
oping. All sections were counterstained with 
hematoxylin and were dehydrated and  
mounted. Negative controls were also run 
simultaneously.

Ten randomly selected discontinuous fields 
(200 x) per specimen section were acquired by 
a Leica DM 2500B microscope. The positive 
area was yellowly stained and Image-Pro Plus 
software was used to quantify the integrated 
optical density.

Cell cultures

The HEC-1A and Ishikawa human endometrial 
cancer cell line was purchased from American 
Type Culture Collection(ATCC), and cultured in 
Dulbecco’s Modified Eagle Medium (DMEM)/
F12 supplemented with 10% fetal bovine serum 
(FBS) (Life Technologies Gibco, Grand Island, 
USA), 2 mM glutamine, 100 U/ml penicillin and 

100 μg/ml streptomycin at 37°C in a 5% CO2 
humidified incubator.

RNA interference (RNAi)

To down-regulate S100P expression, the spe-
cific siRNA duplexes targeting human S100P 
(sense: 5’-CCGUGGAUAAAUUGCUCAATT-3’; an- 
tisense: 5’-UUGAGCA AUUUAUCCACGGTT-3’) 
were synthesized and purchased from 
GenePharma Co. Ltd (Shanghai, China), and 
siRNA duplexes with non-specific sequences 
were used as negative control (NC). SiRNA 
transfection was carried out with HiPerFect 
Transfection Reagent (Qiagen, Hilden, Germany) 
with a concentration of 50 nM. Transfection 
efficiency was tested by qRT-PCR. These experi-
ments were repeated 6 times.

Cell proliferation assay

Effects of S100P on cell proliferation ability 
were evaluated using the cell-counting kit-8 
(CCK-8, Dojindo, Japan) colorimetric assay. 
Briefly, cells (3×103 cells/well) were seeded 
into a 96-well culture plate. After adherence, 
the cells were treated with siRNA targeting 
S100P (50 nM), negative control siRNA (50 nM) 
and media control. Cell viability was assessed 
using the CCK-8 after culture for 24 h. The 
absorbance at 450 nm was measured with a 
microplate reader (Imark, Bio-rad, USA).

Nuclear protein extraction and western blotting 
for β-catenin

HEC-1A and Ishikawa cells were seeded at a 
density of 8×104 cells/well in a 12-well culture 
plate. After adherence, the cells were treated 
with siRNA targeting S100P (50 nM), negative 
control siRNA (50 nM) and media control for 24 
h.

Cells are gently scraped with 1 ml 1×PBS into a 
microcentrifuge tube and centrifuged at 
1000×g for 10 min at 4°C to obtain a cell pellet. 
The pellet is lysed by rapid freezing and thawing 
and then resuspended into 70 μl of hypotonic 
Buffer A (10 mM Hepes PH 7.9, 10 mM KCl, 1.5 
mM MgCl2 and 1 mM Dithiothreitol), incubated 
for 10 min at 4°C, and then vortexed for 10 s. 
The mixture was centrifuged at 4500×g for 10 
min, and the pellet (representing nuclei) was 
resuspended in 15 μl of hypertonic Buffer C (20 
mM Hepes pH 7.9, 0.4 M NaCl, 1.5 mM MgCl2, 
25% (v/v) Glycerol, 0.2 mM EDTA, 1 mM 

Table 1. Clinicopathologic features of endo-
metrial cancer patients included in the study 
for local expression of S100P
Clinicopathologic features N %
Total number of patients 60
Age (years)
    Mean 52
    Range 29-73
Histological subtype
    Endometrioid 60 100.0
Depth of myometrium invasion
    <½ 23 38.3
    ≥½ 37 61.7
Lymph node metastasis
    Absence 57 95.0
    Presence 3 5.0
FIGO stage (2009)
    I 42 70.0
    II 10 16.7
    III/IV 8 13.3
Differentiation grade
    High (grade 1) 19 31.7
    Intermediate (grade 2) 32 53.3
    Low (grade 3) 9 15.0
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Dithiothreitol, 0.5 mM PMSF), placed on a 
shaker for 30 min at 4°C, and then centrifuged 
at 14,000×g for 20 min. The supernatant is 
diluted with 30 μl of Diluting Buffer D (20 mM 
Hepes, 50 mM KCl, 20% (v/v) Glycerol, 0.2 mM 
EDTA, 1 mM Dithiothreitol, 0.5 mM PMSF) and 
stored at -80°C.

Protein concentration was measured using a 
BCA protein assay kit (Thermo Fisher Scientific, 
Waltham, MA, USA). Each protein sample (20 
μg) was separated in a 10% SDS-PAGE gel. 
Following electrophoresis, the separated pro-
teins were electrotransferred to polyvinylidene 
difluoride membranes (PVDF) and blocked in 

of less than 0.05 was considered statistically 
significant.

Results

The expression of S100P mRNA and protein 
increased and was significantly associated 
with pathologic differenciation grade in endo-
metrial cancer

The clinicopathologic features of endometrial 
cancer patients are listed in Table 1. Our results 
showed that the expression of S100P mRNA in 
endometrial cancer was significantly up-regu-
lated compared with normal endometrium 

Figure 1. S100P mRNA expression in normal endometrium and endometrial 
cancer. A: The mean S100P mRNA expression in all of normal endometrium 
and endometrial cancer; B: The mean S100P mRNA expression according to 
different pathologic differenciation grades. *, p<0.05 vs. normal endometrium.

5% non-fat dried milk/Tris-
buffered saline-Tween 20 
(TBST) for 2 h at room tem-
perature. The membranes 
were incubated with primary 
antibodies (1:1,000 diluted 
rabbit anti-human β-catenin 
from Epitomics, CA, USA, 
and 1:1,000 diluted rabbit 
anti-human GAPDH from 
Cell Signaling Technology, 
Boston, MA, USA) overnight 
at 4°C. After washing 3 
times with TBST, the blots 
were incubated with a goat 
anti-rabbit IgG antibody 
(1:5,000 dilution, Earthoxs, 
San Francisco, CA, USA) at 
room temperature for 30 
min, and the immunoblots 
were detected using an ECL 
kit (Millipore, Billerica, MA, 
USA). Quantity One software 
(Bio-Rad, Hercules, CA, USA) 
was employed to quantify 
the immunoreactive bands. 
The ratio of β-catenin versus 
GAPDH was then deter- 
mined.

Statistics

All data were normally dis-
tributed and presented as 
the mean ± standard devia-
tion (mean ± SD). In cases of 
multiple comparisons, data 
were analyzed using a one-
way analysis of variance 
(one-way ANOVA). A p value 
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(p<0.05). The mean mRNA level in the endome-
trial cancer was 50.8±43.7 times as high as 
that in the normal endometrium (Figure 1A). 
The expression of S100P mRNA progressively 
increased from grade 1 to grade 3 (2.8±3.3, 
73.1±18.8, 92.6±15.7 times in grade 1, grade 
2 and grade 3, respectively, Figure 1B). No sig-
nificant difference of S100P mRNA level was 
observed between grade 1 endometrial cancer 
and normal endometrium tissue (p>0.05). 
Compared to normal endometrium, the expres-
sion of S100P mRNA in grade 2 and 3 endome-
trial cancer increased significantly (p<0.05). 
This indicated that the expression of S100P 
mRNA in endometrial cancer was significantly 
associated with pathologic differenciation 
grade. But no significant differences of S100P 
mRNA levels were observed between FIGO I, II 
and III/IV endometrial cancer. S100P mRNA 
level in endometrial cancer was not significant-
ly associated with FIGO stage (p>0.05). S100P 
mRNA level was also not significantly associat-
ed with the depth of tumor invasion in the myo-
metrium (p>0.05).

Our immunohistochemical results showed that 
there was weak expression of S100P protein in 
normal endometrium and high differentiation 
endometrial cancer. No significant difference of 
S100P expression was observed between 
grade 1 endometrial cancer and normal endo-
metrium tissue (p>0.05). However, the expres-
sion of S100P protein in moderate and low  
differentiation endometrial cancer was signifi-
cantly up-regulated compared with normal 
endometrium and high differentiation endome-
trial cancer (p<0.05). There were strong cyto-
plasm S100P expression, and stronger expres-
sion in the patients with poorer pathological 
differentiation grade (Table 2 and Figure 2). 
The results are consistent with the analysis of 

SiRNA targeting S100P gene transfection re-
duced the expression of S100P, cyclinD1 and 
c-myc mRNA

We found that 50 nM siRNA targeting S100P 
gene reduced the S100P mRNA level to 
38.8±4.8% and 48.6±4.9% in HEC-1A and 
Ishikawa cells respectively, when compared to 
the medium control (p<0.05, Figure 3A and 
3B). The S100P mRNA level in negative control 
siRNA group was 99.1±2.8% and 104.2±5% 
relative to the medium control in HEC-1A and 
Ishikawa cells, respectively (p>0.05, Figure 3A 
and 3B). The difference of S100P mRNA levels 
was significant between the siRNA targeting 
S100P gene group and the negative control 
siRNA group. This indicated that we reduced 
the S100P mRNA expression in HEC-1A and 
Ishikawa cells successfully.

To investigate the effects of S100P on Wnt/β-
catenin activity of endometrial cancer, we par-
ticularly examined the expression levels of 
cyclinD1 and c-myc mRNA regulated by 
β-catenin. Compared to the medium control, 
the cyclinD1 mRNA levels reduced to  30.6± 
4.5% and 35.1±4.2% in siRNA targeting S100P 
transfection group of HEC-1A and Ishikawa 
cells, respectively (p<0.05, Figure 3C and 3D). 
The cyclinD1 mRNA levels in negative control 
siRNA group were 99.5±3.8% and 102.3±3.9% 
in HEC-1A and Ishikawa cells respectively, when 
compared to the medium control (p>0.05, 
Figure 3C and 3D). Compared to the medium 
control, the c-myc mRNA levels reduced to 
29.3±3.5% and 30.2±3.8% in siRNA targeting 
S100P transfection group of HEC-1A and 
Ishikawa cells, respectively (p<0.05, Figure 3E 
and 3F). The c-myc mRNA levels in negative 
control siRNA group were 98.9±5.2% and 
101.9±4.1% in HEC-1A and Ishikawa cells 
respectively, when compared to the medium 

Table 2. The integrated optical density and relative level of S100P ex-
pression in normal endometrium and endometriod cancer tissue with 
different pathological grades

Group N IOD of S100P % of normal
endometrium group

Normal endometrium group 20 16280.4±3123.2 100.0±19.2
G1 endometriod cancer group 19 18352.9±3276.8 112.7±20.1
G2 endometriod cancer group 32 66929.2±2850.3*,# 411.1±17.5*,#

G3 endometriod cancer group 9 93547.0±2542.1*,#,※ 574.6±15.6*,#,※

IOD: integrated optical density; *: p<0.05, vs normal endometrium group; #: p<0.05, vs 
G1 endometriod cancer group; ※: p<0.05, vs G2 endometriod cancer group.

S100P mRNA expression. 
The expression of S100P 
protein in endometrial can-
cer was significantly associ-
ated with pathologic differ-
enciation grade. But no 
significant differences of 
S100P protein levels were 
observed between differ-
ent FIGO stage and the 
depth of tumor invasion in 
the myometrium (p>0.05).
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control (p>0.05, Figure 3E and 3F). The differ-
ences of cyclinD1 and c-myc mRNA levels were 
significant between the siRNA targeting S100P 
gene group and the negative control siRNA 
group. The results showed that S100P could 
affect cell cycle associated cyclinD1 and c-myc 
expressions.

The reduction of S100P mRNA level inhibited 
the cell proliferation

We used CCK-8 assay to assess the effects of 
S100P mRNA reduction on cell proliferation. 
The cells transfected with siRNA targeting 
S100P showed a dramatic reduction in prolif-
eration. Compared to the medium control, the 
survival rate was 70.8±4.0% and 80.0±1.5% in 
HEC-1A and Ishikawa cells, respectively 
(p<0.05, Figure 4A and 4B). The cells transfect-
ed with negative control siRNA had no signifi-
cant change in proliferation ability. Relative to 
the medium control, the survival rate was 

98.7±4.1% and 100.7±1.8% in HEC-1A and 
Ishikawa cells, respectively (p>0.05, Figure 4A 
and 4B). Compared to negative control group, 
the cells transfected with siRNA targeting 
S100P had a significant reduction in prolifera-
tion (p<0.05, Figure 4A and 4B). The result indi-
cated that the reduction of S100P mRNA level 
inhibited the cell proliferation. The expression 
of S100P mRNA was associated with cell pro-
lifetion, it may promote cell proliferation.

The nuclear β-catenin protein level declined 
after transfecting siRNA targeting S100P gene

There are a number of reports implicating an 
important role for Wnt/β-catenin signaling in 
regulating endometrial proliferation and differ-
entiation. We investigated whether the reduc-
tion of S100P mRNA affected cell proliferation 
through the Wnt/β-catenin pathway. Compared 
with the medium control, transfection with 
siRNA targeting S100P significantly reduced 

Figure 2. Representative pictures of immunohistochemical stains in normal endometrium and endometrial cancer 
(200×). A: Normal endometrium; B: High differentiation endometrial cancer (G1); C: Moderate differentiation endo-
metrial cancer (G2); D: Low differentiation endometrial cancer (G3). Bar: 50 μm.
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the nuclear β-catenin protein expression to 
26.2±3.5% and 47.7±3.1% in HEC-1A and 
Ishikawa cells, respectively (p<0.05, Figure 5A 
and 5B), whereas the relative β-catenin protein 
level in negative control siRNA group was 
98.6±5.1% and 104.7±6.5% (p>0.05, Figure 
5A and 5B). Compared to negative control 

group, the cells transfected with siRNA target-
ing S100P had a significant reduction in the 
nuclear β-catenin protein level (p<0.05, Figure 
5). Based on the effects of S100P on cell prolif-
eration above, we inferred that S100P may pro-
mote cell proliferation through increasing 
nuclear translocation of β-catenin.

Figure 3. SiRNA targeting S100P gene transfection reduced the expression of S100P, cyclinD1 and c-myc mRNA in 
HEC-1A and Ishikawa cells. HEC-1A and Ishikawa cells were treated with siRNA targeting S100P (50 nM), negative 
control siRNA (50 nM) and media control for 24 h. Cells were then subjected to RNA extraction for measuring 
S100P, cyclinD1 and c-myc mRNA expression using a qPCR assay. All values are expressed relative to the expres-
sion levels in medium control. A and B: S100P mRNA expression; C and D: CyclinD1 mRNA expression; E and F: 
C-myc mRNA expression. *, p<0.05 vs. medium control, n=6; #, p<0.05 vs. negative control siRNA, n=6.
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Discussion

S100P has received increasing attention due to 
accumulating evidence of its significant role 
during the development and progression of dif-
ferent cancers. Altered levels of S100P expres-
sion have been described in different stages 
and types of cancer. In breast cancer, survival 
of patients with S100P positive carcinomas is 

significantly worse [18]. Significantly overex-
pressed S100P is detected in pancreatic can-
cer. And its up-regulation is found to represent 
an early event in pancreatic carcinogenesis and 
is correlated with an increasing grade of pan-
creatic intraepithelial lesions [19]. S100P is 
also reported to be expressed in ovarian tumor, 
and its expression correlates with un-favorable 
prognostic outcome [20]. In gastric cancer, 

Figure 4. The reduction of S100P mRNA level inhibited the HEC-1A and Ishikawa cell proliferation. HEC-1A and 
Ishikawa cells were treated with siRNA targeting S100P (50 nM), negative control siRNA (50 nM) and media control 
for 24 h. Cells were subjected to the CCK-8 assay for viability analysis. *, p<0.05 vs. medium control, n=6; #, p<0.05 
vs. negative control siRNA, n=6.

Figure 5. The nuclear β-catenin protein level in HEC-1A and Ishikawa cells declined after transfecting siRNA target-
ing S100P gene. HEC-1A and Ishikawa cells were treated with siRNA targeting S100P (50 nM), negative control 
siRNA (50 nM) and media control for 24 h. β-catenin protein level of cells was determined by western blotting 
analysis. Each bar shows % of β-catenin level vs medium control. *, p<0.05 vs. medium control, n=6; #, p<0.05 
vs. negative control siRNA, n=6.
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S100P is also expressed and appears to func-
tion to increase the growth and invasion of the 
cancer cells [21]. All these studies propose 
possible development of S100P into a cancer 
biomarker and prognostic indicator for certain 
tumor types. In our study, we found that the 
expression of S100P mRNA and protein in the 
endometrial cancer significantly increased 
compared with the normal endometrium 
(Figures 1, 2 and Table 2). And its expression 
was significantly associated with pathologic dif-
ferenciation grade of endometrial cancer. The 
results are consistent with the associated liter-
atures. It indicated that S100P had an impor-
tant role in the pathogenesis of endometrial 
cancer. S100P may be a new therapeutic target 
for endometrial cancer.

Experimental data have shown that S100P can 
promote cancer progression via its specific 
roles in cell proliferation, survival, angiogenesis 
and metastasis. Overexpression of S100P in 
PC3 prostate carcinoma cells promotes prolif-
eration and reduces apoptosis in vitro [22]. 
Moreover, tumor formation from S100P overex-
pressing cells is dramatically increased when 
compared to controls. In contrast, silencing of 
S100P results in prominent cytostatic effects 
[22]. Similar results were obtained by S100P 
overexpression and silencing, respectively, in 
two model pancreatic carcinoma cells, where 
S100P levels correlated with the rates of in 
vitro cell proliferation, survival, migration, inva-
sion and in vivo growth of both subcutaneous 
and orthotopic tumors [23]. S100P has been 
shown to function as an autocrine growth and 
survival factor, acting via RAGE, enhancing cell 
proliferation and survival [7]. At present, the 
function of S100P remains unclear in endome-
trial cancer. To study the effects of S100P on 
cell proliferation in endometrial cancer, we 
silenced the S100P gene by siRNA transfec-
tion. After the cells were transfected with siRNA 
targeting S100P, the survival rate of cells 
reduced when compared to the medium control 
(p<0.05, Figure 4). And compared to negative 
control group, the cells transfected with siRNA 
targeting S100P also had a significant reduc-
tion in proliferation (p<0.05, Figure 4). This indi-
cated that S100P may take part in the regula-
tion of cell proliferation. Based on the increased 
expression of S100P in endometrial cancer, we 
inferred that S100P may promote cell 
proliferation.

S100P contributes to increased cell prolifera-
tion and survival via both intracellular and 
extracellular actions. Besides RAGE, S100P 
interacting proteins include S100P binding pro-
tein Riken (S100PBPR) [24] and CacyBP/SIP, a 
calcyclin and Siah-1-interacting protein [11]. 
Noteworthy, CacyBP/SIP has been identified as 
a regulatory component of a novel ubiquitinyl-
ation complex involved in β-catenin degrada-
tion [14]. The accumulated cytosolic β-catenin 
can translocate into the nucleus where it inter-
acts with T-cell factor/lymphoid enhancing fac-
tor (TCF/LEF) to induce the expression of down-
stream target genes that regulate cell cycle, 
growth, and progression [25]. CyclinD1 and 
c-myc are critical genes involved in cell prolif-
eration and differentiation. As two target genes 
of β-catenin, the amplification and/or overex-
pression of cyclinD1 and c-myc in tumor cells 
are extremely common, indicating that their 
activation may be essential during carcinogen-
esis [26]. CyclinD1 and c-myc expressions have 
been correlated with the intracellular ß-catenin 
level. C-myc and cyclinD1 promote cell-cycle 
progression through G1 to S phase transition 
acceleration. In our research, we found that 
changing the expression of S100P affected cell 
proliferation ability. After reducing the S100P 
mRNA level by siRNA transfection, we detected 
the nuclear β-catenin protein level. Compared 
to negative control group, the cells transfected 
with siRNA targeting S100P had a significant 
reduction in the nuclear β-catenin protein level 
(p<0.05, Figure 5). Wnt/β-catenin is an impor-
tant pathway regulating cell proliferation. When 
we reduced the expression of S100P, we 
inferred that the intracellular interaction 
between S100P and CacyBP/SIP weakened, 
which released the inhibition of S100P on the 
CacyBP/SIP protein. Then CacyBP/SIP degrad-
ed β-catenin protein by ubiquitination. The 
cytosolic β-catenin level reduced and failed to 
translocate into the nucleus. β-catenin couldn’t 
interact with TCF/LEF to enhance the expres-
sion of cell cycle associated genes. We found 
that after the S100P mRNA expression reduced, 
the cell cycle associated cyclinD1 and c-myc 
mRNA levels also reduced (Figure 3). The abili-
ties of cyclinD1 and c-myc that regulated the 
cell-cycle progression from G1 to S phase 
reduced. So, the cell proliferation ability weak-
ened. We think that S100P regulates the cell 
proliferation by increasing nuclear transloca-
tion of β-catenin.
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In conclusion, the expression of S100P mRNA 
and protein in endometrial cancer significantly 
increased and is associated with pathologic dif-
ferenciation grade. S100P may promote endo-
metrial cell proliferation by increasing nuclear 
translocation of β-catenin. S100P could be a 
new therapeutic target for endometrial cancer.
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