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ABSTRACT. The aim of this project was to investigate the expression 
and significance of S100P, CD147, and OCT4 in prostate cancer tissue at 
different TNM stages. We enrolled 54 patients with prostate cancer, 40 
with benign prostatic hyperplasia, and 20 subjects with normal prostates. 
S100P, CD147, and OCT4 were detected by immunohistochemistry. The 
positive rate of S100P detection was 18.52% in prostate cancer tissues, 
significantly lower than in normal and benign prostate hyperplasia tissues 
(P ˂ 0.05). The positive expression rate of CD147 and OCT4 were 100 
and 77.38% in prostate cancer tissue, respectively, both markedly higher 
than in normal and benign prostate hyperplasia tissue (P ˂ 0.05). The 
positive rate of S100P in stage V was 0, which was significantly lower 
than in stages I (37.50%) and II (35.71%) (P ˂  0.05). OCT4 expression in 
stages III (86.67%) and V (94.12%) was higher than in stage I (37.50%). 
The positive rate of S100P in patients with distant metastasis was 4%, 
which was significantly lower than that in patients without metastases 
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(P ˂ 0.05). In contrast, the positive rate of OCT4 in patients with distant 
metastasis was 92%. S100P, CD147, and OCT4 expression in prostate 
cancer patients with different degrees of differentiation had no significant 
difference (P > 0.05). Overall, our results demonstrated that S100P 
expression in prostate cancer tissue was significantly decreased, whereas 
CD147 and OCT4 expression was increased. Their expression levels 
were closely associated with TNM stage and distant metastasis, but were 
not related to the degree of differentiation.
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INTRODUCTION

Prostate cancer is one of the most common malignant tumors and its incidence has 
shown a trend of yearly increase following men’s eating and lifestyle changes. In recent years, 
with the rapid development of immunology and molecular biology techniques, tumor mark-
ers have played an important role in the differential diagnosis of malignant tumors, prognosis 
evaluation, and follow-up (Javanmard et al., 2014). The survival rate and treatment for pa-
tients with prostate cancer are closely related to tumor stage. Early detection and early treat-
ment can help improve patient prognosis (Vasiljevic et al., 2014). The present study analyzed 
the positive rate of the markers S100P, CD147, and OCT4 in prostate cancer tissues with dif-
ferent TNM staging to provide a reference for clinical diagnosis and treatment.

MATERIAL AND METHODS

General information

The protocol of this study was approved by The First Affiliated Hospital of Henan 
University of Science and Technology (Henan, China). Informed consents were obtained from 
all subjects. We enrolled 54 patients with prostate cancer, 40 patients with prostatic hyperpla-
sia, and 20 subjects with normal prostate tissue between April 2012 and January 2014 from 
the First Affiliated Hospital of Henan University of Science and Technology Department of 
Urology. All diagnoses were confirmed by pathology. Inclusion criteria were: 1) tissue was 
sampled prior to radiotherapy, chemotherapy, or hormone therapy; 2) cases contained com-
plete clinical staging, pathological grading, and other general information; and 3) diagnoses 
were confirmed by postoperative pathology. Exclusion criteria were: 1) cancer was combined 
with malignant tumors of other organs; or 2) case information was incomplete. The mean age 
of the 54 patients with prostate cancer was 58.1 ± 3.9 years, and ranged from 37-77 years. 
TNM staging according to the American Joint Committee on Cancer (Tong et al., 2014) was: 
8 patients in stage I, 14 in stage II, 15 in stage III, and 17 in stage V. Furthermore, 13 patients 
exhibited distant metastasis, and 41 had no metastasis. Degree of differentiation according to 
the Gleason score standard (Jones, 2014) was: 21 patients were poorly differentiated, 24 pa-
tients were moderately differentiated, and 9 patients had well differentiated tumors. The mean 
age of the 40 patients with prostate hyperplasia was 57.8 ± 4.3 years, and ranged from 35-79 
years. The average age of the 20 subjects with healthy physical examination was 56.9 ± 5.1 
years and ranged between 30-75 years.



6846Q. Wang et al.

©FUNPEC-RP www.funpecrp.com.brGenetics and Molecular Research 14 (2): 6844-6851 (2015)

Methods

Materials

The SP immunohistochemical kit and chromogenic reagent kit were purchased from 
GIBCO (Gaithersburg, MD, USA). Primary antibodies for CD147, S100P, and OCT4 were 
bought from Baygene Biotech, Beijing, China.

Detection method

The tissues were stained with routine H&E and relative immunohistochemistry was 
performed according to the kit manuals.

Positive judgment

A section positive for prostate cancer was used a positive control, while phosphate 
buffered saline instead of antibody was treated as a negative control. Five different visual 
fields were randomly selected from each section for counting. Dyeing result scores were taken 
from the positive cell percentage and staining intensity. Positive cell percentage was deter-
mined according to the proportion of positive cells among the normal cells and evaluated as 
follows: 0 points, positive staining cells less than 5%; 1 point, positive staining cells between 5 
and 25%; 2 points, positive staining cells between 26 and 50%; 3 points, positive staining cells 
more than 50%. Cell staining intensity criteria were: 0 points, no coloring; 1 point, moderate 
coloring; 2 points, high coloring. The total score was the product of the positive cell percent-
age and the staining intensity: negative, 0-1 points; weakly positive, 2-3 points; moderately 
positive, 3-4 points; and 5-6 points, strongly positive.

Statistical analysis

Different groups were tested by ANOVA, while the significant differences were ana-
lyzed by the Bonferroni test. Enumeration data were analyzed using the chi-square test. All 
statistical analyses were performed using the SPSS20.0 software (SPSS, Chicago, IL, USA). 
P values < 0.05 were considered to be statistically significant.

RESULTS

Comparison of S100P, CD147, and OCT4 among different tissues

The positive rate of S100P expression was 18.52% in prostate cancer tissues, which 
was significantly lower than that in normal and benign prostate hyperplasia tissues (P ˂ 0.05). 
The positive expression rate of CD147 and OCT4 were 100 and 77.38% in prostate cancer 
tissue, respectively, and they were both markedly higher than in normal and benign prostate 
hyperplasia tissues (P ˂ 0.05) (Table 1). Positive S100P presented claybank granules primarily 
concentrated in cancer cell cytoplasm with few expressed in the nucleus (Figure 1A); posi-
tive CD147 presented claybank granules that were primarily concentrated in the nucleus with 
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fewer expressed in the cytoplasm (Figure 1B); positive OCT4 presented brown granules and 
had similar distribution as CD147 (Figure 1C).

Group  Number                           S100P                          CD147                             OCT4

  Positive Negative   Positive Negative   Positive Negative

Normal 20 19 (95.00) 1 (5.00) 2 (10.00) 18 (90.00) 1 (5.00) 19 (95.00)
Benign prostatic hyperplasia 40 36 (90.00)   4 (10.00) 7 (17.50) 33 (82.50)   9 (22.50) 31 (77.50)
Prostate cancer 54   10 (18.52)* 44 (81.48)   54 (100.00)* 0   42 (77.38)* 12 (22.22)

*P < 0.05 compared with normal and benign prostatic hyperplasia.

Table 1. Comparison of S100P, CD147, and OCT4 expression status among different tissues [N (%)].

Figure 1. Positive expression of S100P, CD147, and OCT4 in prostate cancer by immunohistochemistry. A. Positive 
expression of S100P. B. Positive expression of CD147. C. Positive expression of OCT4.

Comparison of S100P, CD147, and OCT4 in prostate cancer among different TNM 
stages

The positive rate of S100P in stage V was 0, which was significantly lower than in 
stages I (37.50%) and II (35.71%) (P ˂  0.05). CD147 positive rates in all stages were 100.00%, 
with a strong positive rate of 57.41% that was significantly higher than the percentage of 
weakly and moderately CD147-positive staining (P < 0.05). OCT4 expression in stages III 
(86.67%) and V (94.12%) was higher than that in stage I (37.50%) (Table 2).

TNM stage Number                S100P                     CD147                       OCT4

  − + ++ +++ − + ++ +++ − + ++ +++

Stage I   8   5 3 0 0 0 2   3   3   5 1   1   1
Stage II 14   9 4 1 0 0 3   4   7   4 2   3   5
Stage III 15 13 2 0 0 0 2   3 10   2 3   4   6
Stage V 17 17 0 0 0 0 2   4 11   1 3   4   9
Total 54 44 9 1 0 0 9 14 31 12 9 12 21

TNM = tumor, node, metastasis.

Table 2. Comparison of S100P, CD147, and OCT4 expression status in prostate cancer among different TNM stages.
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Comparison of S100P, CD147, and OCT4 in prostate cancer with distant metastasis

The positive rate of S100P in patients with distant metastasis was 4%, which was 
significantly lower than that of patients without metastases (P ˂ 0.05). In contrast, the posi-
tive rate of OCT4 in patients with distant metastasis was 92%, demonstrating the opposite 
tendency to that of S100P (Table 3).

Distant metastasis Number                          S100P                           CD147                              OCT4

  Positive Negative Positive Negative Positive Negative

With 25 1 (4.00) 24 (96.00) 25 (100.00) 0 23 (92.00) 2 (8.00)
Without 29   9 (31.03) 20 (68.97) 29 (100.00) 0 19 (65.52) 10 (34.48)

Table 3. Comparison of S100P, CD147, and OCT4 expression status in prostate cancer with distant metastasis 
[N (%)].

Comparison of S100P, CD147, and OCT4 in prostate cancer with different 
differentiation

S100P, CD147, and OCT4 expression in prostate cancer patients with different de-
grees of differentiation had no significant difference (P > 0.05) (Table 4).

Differentiation Number                       S100P                           CD147                               OCT4

  Positive Negative Positive Negative Positive Negative

Poor 21 4 (19.05) 17 (80.95) 21 (100.00) 0 17 (80.95) 4 (19.05)
Moderate 24 4 (16.67) 20 (83.33) 24 (100.00) 0 19 (79.17) 5 (20.83)
Well   9 2 (22.22)   7 (77.78)   9 (100.00) 0   6 (66.67) 3 (33.33)

Table 4. Comparison of S100P, CD147, and OCT4 expression status in prostate cancer with different degrees 
of differentiation [N (%)].

DISCUSSION

The incidence of prostate cancer has been increasing year by year. Comprehensive 
treatment with radical prostatectomy and radioactive particle implantation has had significant 
effect, especially on improving the prognosis of early stage patients. However, clinical studies 
(Monma et al., 2013) have revealed that 17-51% of prostate cancer appeared as distant metasta-
sis, while local recurrence rates were 6-21%. Relapses usually appeared within three years after 
surgery, with a few patients showing postoperative recurrence after five years. The one-year 
survival rate of patients with metastasis and recurrence is quite low, and the treatment is more 
difficult. Clinical research has shown that molecular classification can aid in the treatment of 
patients with prostate cancer (Behrendt et al., 2014). At present, there are numerous molecular 
markers for the evaluation of the prognosis of prostate cancer, such as auxin, vascular endo-
thelial growth factor, and transforming growth factor beta 1, etc. These provide effective refer-
ences for the clinical treatment and prognosis of prostate cancer (Rachner et al., 2014).
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In the present study, we analyzed the expression of S100P, CD147, and OCT4 in pros-
tate cancer tissues with different TNM staging. Previous studies had confirmed that neither 
monoclonal nor polyclonal S100P antibodies resulted in detection of positive expression in 
prostate cancer (Nguyen et al., 2014). Xiang et al. (2014) also found no expression of S100P 
in prostate cancer by cDNA microarray. In our study, the positive rate for S100P expression in 
prostate cancer tissues was 18.52%, which was significantly lower than in tissues from normal 
individuals and from those with prostate hyperplasia, consistent with other research (Liu et al., 
2011). By analyzing different prostate cancer tissue TNM staging, we further demonstrated 
that S100P had a positive rate of 0 in stage V, significantly lower than that in stages I (37.50%) 
and II (35.71%). This result indicated there is a close relationship between prostate cancer 
stage and S100P expression. The S100P negative expression rate increased following stage 
increase, consistent with other published clinical research (Ricci et al., 2013). Previous studies 
showed that androgen receptor expression in cells overexpressing S100P increased signifi-
cantly, and that there is a close relationship between androgen receptors and cell proliferation 
(Lee et al., 2011). Accordingly, Jiao et al. (2012) found that S100P expression promoted pros-
tate cancer progression both in vitro and in vivo. Our study showed that the S100P expression 
positive rate in patients with distant metastasis was 4.00%, significantly lower than that of 
patients without metastasis. In addition, many studies have shown that S100P expression has 
no significant correlation with prostate cancer differentiation degree (Crea et al., 2012); our 
results were consistent with these studies (Ricci et al., 2013).

CD147 is a type of cell adhesion molecule that is generally expressed at low levels 
in healthy people. It is primarily expressed in malignant tumors such as thyroid, breast, la-
ryngeal squamous, and liver cancers and in cervical adenocarcinoma. It was initially used for 
the differential diagnosis of breast cancer. It was found that CD147 can also be expressed in 
prostate cancer and also had a certain value in evaluating the diagnosis and prognosis of pa-
tients with prostate cancer. In present study, we found that the CD147 expression positive rate 
in prostate cancer was 100.00%, significantly higher than in normal and hyperplastic tissues. 
These results are comparable to the result presented by Ugolkov et al (2011). Our study also 
found that the majority of prostate cancer tissues were strongly positive for CD147 expres-
sion, accounting for 57.14%. It has been shown that CD147 can enhance the synthesis and 
secretion of matrix metalloproteinases, which can promote cancer metastasis and invasion by 
damaging cell stromal elements and extracellular basement membrane (Li et al., 2010). In the 
present study, the CD147 positive expression rate in prostate cancer with distant metastasis 
was 100.00%, demonstrating that the high expression CD147 rate has a close relationship with 
prostate cancer distant metastasis. However, the CD147 positive expression rate was found to 
have no relationship with the degree of differentiation of the cancer, which is consistent with 
a number of previously published results (Jham et al., 2012).

OCT4 is a type of POU transcription factor that is overexpressed in undifferentiated 
embryonal carcinoma, reproductive stem cells, and embryonic stem cells. It has a very im-
portant role in maintaining the self-renewal and pluripotency ability of embryonic stem cells. 
Several studies have found that OCT4 expression in the healthy population is low, whereas 
OCT4 expression is high in gallbladder carcinoma, pancreatic cancer, and liver cancer (Wang 
et al., 2012). Specially, its expression level is upregulated following clinical upstaging. In 
pancreatic cancer, OCT4 sensitivity was higher, but no significant correlation was found with 
the differentiation state of pancreatic cancer. Our research showed that the positive rate of 
OCT4 expression in prostate cancer was 77.38%, markedly higher than that in normal and 
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hyperplastic tissues. The OCT4 positive rate in prostate cancer stages III and V was 86.67 and 
94.12%, respectively, significantly higher than in stage I. This demonstrated that OCT4 has a 
close relationship with TNM staging, consistent with previously published research (Kregel 
et al., 2013). In addition, in line with a report by Li et al. (2013), we also found that OCT4 
expression rates of tissues at different degrees of differentiation were similar, suggesting that 
OCT4 expression has no close relationship with prostate cancer differentiation.

In conclusion, S100P was significantly downregulated in prostate cancer, whereas 
CD147 and OCT4 expression showed the opposite pattern. All factors demonstrated a close 
relationship with TNM staging and with distant metastasis in prostate cancer, but were less 
correlated with degree of differentiation. We did not analyze the relationship of their expres-
sion level and prognosis; this will be analyzed using a larger sample size in subsequent studies.
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