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Abstract. S100 calcium binding protein A14 (S100A14) is a 
member of the S100 protein family that plays an important 
role in the progression of several types of cancer. In the present 
study, the expression and clinical effect of S100A14  was 
evaluated in serous ovarian carcinoma (SOC). SOC tissue 
specimens and a panel of normal ovarian and fallopian tubal 
tissue specimens were obtained between November 2008 and 
August 2012 from the Affiliated Hospital of Qingdao Univer-
sity. Immunohistochemistry (IHC) was used to detect the 
expression of S100A14 in the SOC and normal control tissues. 
In addition, ELISA was performed to assess S100A14 expres-
sion in a subset of serum samples. The association between 
the expression of S100A14  in SOC and the corresponding 
clinical and pathological data was analyzed. The IHC results 
revealed that S100A14 was mainly located in the cytoplasm 
of the majority of SOC cells, and the expression levels of 
S100A14 in the tumor tissues were significantly increased 
compared with the levels identified in normal ovarian speci-
mens (P<0.001). Consistently, the serum levels of S100A14 in 
patients with SOC were also increased compared with the 
levels in healthy individuals (P<0.001). S100A14 expression 
was similar in the epithelium of SOC lesions and the fallo-
pian tube, which supported the dualistic model for ovarian 
serous carcinogenesis. Additional analysis of the expression 
of S100A14 and corresponding clinical and pathological data 
revealed the correlation between the elevated expression of 
S100A14 and resistance to platinum‑based chemotherapy. 
However, the protein level of S100A14 was not associated with 
the pathological stage, differentiation or metastasis of SOC. 
Overall, the present results demonstrate that S100A14 is likely 
to be involved in the resistance of SOC to platinum‑based 
chemotherapy.

Introduction

Ovarian cancer is one of the most frequent malignancies of the 
female reproductive system, with an incidence rate of ~3% (1), 
and is the sixth most common type of cancer in women (2). 
However, the mortality rate associated with ovarian cancer is 
the highest of the gynecological malignancies. In 2014, the 
most recent statistics of the American Cancer Society reported 
that there were ~21,980 novel cases of ovarian cancer and 
14,270 patients that succumbed to ovarian cancer in the USA (3). 
The latest cancer statistics in China reported the incidence rate 
of ovarian cancer to be 7.95 cases per 100,000 individuals, and 
the yearly increase in incidence was higher in urban regions 
compared with rural regions (4,5). As the ovaries are anatomi-
cally located deep within the pelvis, the majority of patients 
with early‑stage ovarian cancer exhibit few specific clinical 
symptoms, and ovarian cancer continues to lack sensitive and 
specific biomarkers for early diagnosis in the clinic (6). As a 
result, the early detection of ovarian cancer is challenging. It 
has been estimated that 75% of ovarian cancers are diagnosed 
at an advanced stage of disease (7). However, tumor resistance 
to chemotherapy increased the risk of recurrence in patients 
subsequent to surgery, resulting in a high mortality rate (8). 
Epithelial ovarian cancer (EOC) is a highly malignant ovarian 
tumor, the most common type of which is serous ovarian 
carcinoma (SOC) (9). The dualistic model for ovarian serous 
carcinogenesis, which states that there are two distinguished 
types of epithelial carcinoma with different carcinogeneses, 
was proposed by Singer et al (10) and created a marked impact 
on the studies investigating SOC, and the clinical treatment 
of SOC. The origin of ovarian high‑grade serous carcinoma 
(HGSC) has previously been considered to be the fimbria 
portion of the fallopian tube (11).

The S100 protein family is one of the largest subfami-
lies of EF‑hand calcium‑binding proteins, with a molecular 
weight of 10‑12  kDa  (12). Currently, the family consists 
of 25 members  (12), of which 16 members are located on 
chromosome 1q21. Numerous studies have revealed that 
this chromosomal region is strongly associated with tumori-
genesis  (13‑15). S100 proteins are differentially expressed 
in a variety of tumors, including breast, esophageal, lung, 
thyroid, prostate and kidney cancers and oral squamous 
cell carcinoma  (16). In addition, it has been revealed that 
the S100 proteins play critical roles in tumorigenesis and 
the development, invasion and metastasis of tumors (17‑21). 
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Several members of the S100 family are secreted into the 
serum, and certain members, including S100 calcium binding 
protein A4 (S100A4), S100A8 and S100A9, were reported as 
serum biomarkers for the diagnosis and prognosis of malig-
nant tumors (22,23).

The S100A14 protein, which was identified as a novel 
member of the S100 protein family in 2002, is also located 
on chromosome 1q21 and exhibits a typical EF‑hand struc-
ture (24). The expression of S100A14 is significantly different 
in various normal and tumor tissues  (24). Overexpression 
of S100A14 has been identified in lung, endometrial, breast 
and cervical cancers, while decreased expression has been 
observed in lymphoma, and prostate, colorectal and kidney 
cancers (24,25). S100A14 has been found to be secreted into 
the culture medium of EC9706 cells, and serum S100A14 has 
been detected in patients with breast cancer and healthy indi-
viduals (26). Currently, the majority of studies investigating 
S100A14 have focused on the mechanism of tumorigenesis, 
invasion and metastasis in cancer. S100A14 was expected to 
become a novel biomarker for metastatic breast cancer (26,27). 
However, the low expression of S100A14 combined with the 
overexpression of S100A4  may be a predictive molecular 
marker for lymph node metastasis in colorectal cancer (28). In 
addition, S100A14 controls cell invasion through the regula-
tion of matrix metalloproteinase‑2 (MMP2), and the regulation 
of MMP2 by S100A14 is dependent on p53 (29). It has been 
reported that SOC demonstrates the highest frequency of 
p53 mutation in any solid cancer (30), and a previous study 
confirmed that TP53 was mutated in 303 out of 316 ovarian 
cancer samples (31). At present, the role and mechanism of 
S100A14 in the invasion and metastasis of epithelial ovarian 
cancer remains unclear.

In the present study, immunohistochemistry (IHC) was 
used to determine the expression of S100A14 in SOC and the 
normal epithelium of the ovary and fallopian tube. In addition, 
ELISA was performed to test the level of S100A14 in serum 
specimens. 

Materials and methods

Patient samples. Formalin‑fixed paraffin‑embedded blocks 
and peripheral blood were collected from 125 patients with 
SOC (mean age, 55 years) at the Department of Gynecology, 
Affiliated Hospital of Qingdao University (Qingdao, Shan-
dong, China), between November 2008  and August  2012. 
Of these 125 samples, 103 were HGSC. In total, 52 normal 
ovarian tissue samples and 10 fallopian tubal tissue samples 
were obtained from patients that underwent double adnexec-
tomy for the treatment of uterine myoma, and these tissues 
acted as the normal control tissue samples. The normal control 
patients were aged between 41 and 69 years, with an average 
age of 52 years. Furthermore, the pathological diagnoses of 
all SOC patients were confirmed by two veteran pathologists. 
No patients had undergone radiotherapy or immunotherapy, 
and 70 patients had not received pre‑operative chemotherapy, 
but 55 patients had undergone 1 or 2 cycles of platinum‑based 
(cisplatin or carboplatin) and paclitaxel‑based pre‑operative 
chemotherapy. In total, 22  sera samples were obtained 
from patients with SOC prior to surgery, and the remaining 
sera samples were collected post‑operatively. In addition, 

the control peripheral blood samples were collected from 
60 healthy volunteers. The blood samples were frozen at ‑80˚C. 
These tissue samples were characterized according to several 
clinical and pathological parameters: Patient age; Interna-
tional Federation of Gynecology and Obstetrics (FIGO) stage; 
differentiation grade; presence of lymph node metastasis; and 
response to chemotherapy (Table I). The present study was 
approved by the Ethics Committee of the Affiliated Hospital 
of Qingdao University. Written informed consent was obtained 
from all participants.

IHC. The experimental formalin‑fixed paraffin‑embedded 
tissue wax blocks were put on ice for 30  min and then 
continuously sliced into 5‑µm sections. The tissue sections 
were incubated at 70˚C in water and were picked up using 
3‑aminopropyltriethoxysilane slides (Citoglas, Changzhou, 
China) and roasted at 75˚C for 30 min. Prior to staining, the 
slides were heated in an electric blast oven (DHG‑9055A; 
Shanghai Yiheng Technology Co., Ltd, Shanghai, China) at 
60˚C overnight. The slides were placed in xylene (Beijing 
Chemical Works, Beijing, China) for deparaffinization and 
ethyl alcohol (Beijing Chemical Works) for rehydration. The 
specific steps of deparaffinization and rehydration were as 
follows: Xylene I and II for 30 min; 100% ethanol I and II 
for 10 min; 95% ethanol for 10 min; 90% ethanol for 10 min; 
80% ethanol for 10 min; and 70% ethanol for 10 min. The 
slides were incubated in 3% hydrogen peroxide solution 
(ZSGB‑Bio, Beijing, China) for 30 min at room temperature 
to eliminate endogenous peroxidase activity. The slides were 
then heated in citrate buffer (0.01 M; pH 6.0; ZSGB‑Bio) 
for 20  min at 95˚C for antigen retrieval, and cooled for 
120  min at room temperature. The slides were blocked 
with 10% goat serum (ZSGB‑Bio) for 30 min, which was 
then incubated with rabbit anti‑human polyclonal antibody 
against S100A14 [dilution, 1:100; provided by Dr I. Petersen 
(Institute of Pathology, University Hospital Charité, Berlin, 
Germany)] overnight at 4˚C. The slides were washed with 
phosphate‑buffered saline (PBS; ZSGB‑Bio) and immersed 
in Polymer Helper (ZSGB‑Bio) for 30  min, and horse-
radish peroxidase (HRP)‑conjugated secondary antibody 
working solution (ZSGB‑Bio) was added to each slide. The 
slides were incubated for 60 min at room temperature and 
3,3'‑diaminobenzidine solution (ZSGB‑Bio) was added to 
the slides prior to observation under the microscope (BH‑2 
U‑PMTVC; Olympus, Tokyo, Japan). As soon as the reac-
tion products were visualized, after ~2 min, the reaction was 
immediately terminated using PBS. Each slide was stained 
using hematoxylin (ZSGB‑Bio) for 25 sec and dehydrated, 
and the sections were sealed using neutral resin.

All slides were scanned using the Aperio scanning system 
(Aperio, San Diego, USA), and Aperio Image Scope software 
(Aperio) was used for the quantitative analysis of the expres-
sion of the S100A14 protein  (26). The number of positive 
cells at x200 magnification was quantified and the staining 
intensity was assayed. A total of 6‑10 fields of the epithelium 
were randomly selected, counted and the mean was calculated. 
Finally, the expression score, determined by staining intensity 
and immunoreactive cell percentage, was output by the afore-
mentioned software (no staining, 0; weak positive staining, 1; 
positive staining, 2; strong positive staining, 3).
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ELISA. A S100A14 ELISA kit (Qisong Biological, Beijing, 
China) was used to quantitatively detect the levels of soluble 
S100A14 in the serum of patients and healthy individuals, 

according to the manufacturer's instructions. The standard 
curve was plotted according to Qisong Biological. Simul-
taneously, serum samples from ovarian cancer patients and 
healthy controls were diluted with dilution buffer (dilu-
tion, 1:10; Qisong Biological). All standards and samples were 
added in duplicate to the microELISA strip plate (Qisong 
Biological). The samples were incubated for 60 min at 37˚C 
with HRP‑conjugate reagent. Chromogens A and B were 
added to each well, and the reaction was stopped subsequent 
to incubation for 15 min. The optical density of the wells at 
450 nm was read by a microtiter plate reader (ELx800; BioTek 
Instruments, Inc., Winooski, VT, USA) within 15 min of the 
termination of the reaction.

Statistical analysis. All statistical analyses were performed 
using SPSS 17.0 software (SPSS, Inc., Chicago, IL, USA). The 
difference between the expression of S100A14 in patients with 
SOC and healthy individuals was analyzed using Student's 
t‑test and expressed as the mean ± standard deviation. The 
association between S100A14  expression and the clinico-
pathological parameters was also analyzed using Student's 
t‑test or one‑way analysis of variance followed by Bonferroni's 
adjustment, accordingly. P<0.05 was considered to indicate a 
statistically significant difference.

Results

S100A14 expression is upregulated in SOC tissues compared 
with normal ovarian epithelial tissues. Firstly, the expres-
sion of S100A14 was determined in the normal ovarian and 
SOC tissues using IHC. The present data revealed that, while 
there was no expression of S100A14 in normal ovarian tissue 
slides (Fig. 1A), S100A14 was significantly overexpressed in 
ovarian cancer tissues. The expression was mainly located in the 
cytoplasm of cancer cells, and weak expression was observed 
in the cell membrane and nucleus  (Fig. 1B). This finding 
was further supported by quantitative analysis performed by 
Aperio Image scope software, which revealed that the score of 
S100A14 expression in SOC tissues (1.96±1.07) was markedly 
increased compared with the score of normal ovarian tissues 
(0.28±0.22) (P<0.001; Fig. 2).

S100A14 expression in SOC tissues was in accordance with 
the expression in normal fallopian tube epithelial tissues. The 
expression of S100A14 in the normal fallopian tube epithelium 
was also mainly located in the cytoplasm (Fig. 1C). The score 
of S100A14 expression in the normal fallopian tubal epithe-
lium was 1.93±0.84, which was not significantly different 
from the scores in the HGSC (P=0.8709) and SOC (P=0.9000) 
tissues (Fig. 3)

Overexpression of S100A14 is associated with resistance to 
platinum‑based chemotherapy. The IHC results were analyzed 
to investigate the association between S100A14 expression and 
the clinicopathological parameters of patients, including patient 
age, FIGO stage, differentiation grade, metastasis and chemo-
therapeutic efficacy. No significant association was found 
between S100A14 expression and patient age, tumor size, cancer 
family history, ascites, pathological stage, tumor differentia-
tion, lymph node metastasis and greater omentum metastasis. 

Figure 1. Representative immunohistochemical staining results for S100 cal-
cium binding protein A14  in (A) normal ovarian epithelium, (B) serous 
ovarian carcinoma and (C) normal tubal epithelium tissues (magnification, 
x200).

Figure 2. Analysis of the expression of S100A14 in serous ovarian carcinoma 
and normal ovarian epithelium by immunohistochemistry. The percentage of 
cells expressing S100A14 and the intensity of the staining was determined 
using image scope software. S100A14, S100 calcium binding protein A14.
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Notably, the expression of S100A14 was significantly different 
between the platinum‑based chemotherapy‑resistant group 
(1.82±0.96) and the platinum‑based chemotherapy‑sensitive 
group (1.33±0.87) (Table I). The data revealed that overexpres-
sion of S100A14 may be associated with platinum‑associated 
chemoresistance.

Serum S100A14 level is significantly increased in patients with 
SOC compared with the healthy control individuals. To verify 
the difference between S100A14  expression in the serous 
ovarian cancer and the normal control, the serum concentra-
tion of soluble S100A14 in the two groups was determined by 
ELISA. The results revealed that the soluble S100A14 levels in 

patients with serous ovarian adenocarcinoma were markedly 
increased compared with those of healthy individuals (Fig. 4). 
This finding indicated that the serum soluble S100A14 concen-
tration may be used as a potential marker for detecting SOC.

Discussion

The mortality rate of ovarian cancer is the highest of the 
gynecological cancers, and the overall 5‑year survival rate of 
ovarian cancer is ~45% (32). Since there are no evident early 
symptoms of ovarian cancer and there is a lack of sensitive and 
specific clinical indicators of early diagnosis, 75% of patients 
with ovarian cancer are diagnosed at an advanced stage of 

Table I. Correlation between S100 calcium binding protein A14 expression and clinicopathological features in serous ovarian 
carcinomas.

Clinical and pathological features	 Total, n (%)	 Expression score	 P‑value

Age			   0.66
  ≤50 years	   43 (34.4)	 1.92±1.13	
  >50 years	   82 (65.6)	 2.01±0.99	
Tumor family history			   0.84
  Yes	   38 (30.4)	 2.01±1.10	
  No	   87 (69.6)	 1.96±1.01	
Tumor size			   0.13
  ≤5 cm	   58 (46.4)	 2.13±1.03	
  >5 cm	   67 (53.6)	 1.85±1.03	
Neoadjuvant chemotherapy			   0.69
  Yes	   55 (44.0)	 2.02±0.97	
  No	   70 (56.0)	 1.94±1.09	
Ascites			   0.59
  Yes	 105 (80.4)	 1.95±1.04	
  No	   20 (16.0)	 2.09±1.03	
FIGO stage			   0.62
  Ⅰ‑Ⅱ	   22 (17.6)	 2.09±1.25	
  Ⅲ‑Ⅳ	 103 (82.4)	 1.95±0.99	
Tumor grade			   0.76
  1‑2	   18 (14.4)	 1.91±1.16	
  3	 107 (85.6)	 1.99±1.02	
Lymphatic metastasis			   0.39
  Yes	   39 (31.2)	 2.05±0.98	
  No	   55 (44.0)	 1.86±1.05	
  Unknown	   31 (24.8)		
Omentum metastasis			   0.30
  Yes	   75 (60.0)	 2.06±1.01	
  No	   43 (34.4)	 1.85±1.01	
  Unknown	   7 (5.6)		
Chemotherapy response			   0.02
  Resistant	   23 (18.4)	 1.82±0.96	
  Sensitive	   96 (76.8)	 1.33±0.87	
  Uncertain	   6 (4.8)		

FIGO, International Federation of Gynecology and Obstetrics.
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disease (7,33,34). Therefore, the identification and develop-
ment of biomarkers for ovarian cancer is urgently required.

The expression of the EF‑hand calcium‑binding protein 
S100A14 was examined in ovarian cancer and normal ovarian 
tissue samples in the present study using an immunohistochem-
istry assay. Firstly, the present results clearly demonstrated 
that S100A14  is markedly upregulated in ovarian cancers 
compared with normal ovarian tissues. Next, the correla-
tion between S100A14 and the clinicopathological features 
of ovarian cancers was analyzed. However, no significant 
correlation was identified between S100A14 expression and 
clinicopathological parameters, including tumor size, FIGO 
grade, presence of lymph node metastasis, family history of 
cancer and pre‑operative chemotherapy.

The expression of S100A14  is considerably different 
in various tumors, as it is markedly upregulated in several 
tumors, including breast cancer (26), but expression is down-
regulated in kidney, colorectal and esophageal cancer (24). 
In addition, there is a correlation between the upregulation 
of S100A14 expression and metastasis of breast cancer (27), 
while low expression is associated with lymph node metas-
tasis in colorectal cancer (28). The present study found that 
there was no correlation between S100A14 expression and 

metastasis in ovarian cancer. This may mainly be due to the 
dominant method of ovarian cancer metastasis being implan-
tation metastasis, not lymphatic metastasis or hematogenous 
metastasis. By contrast, the present results may be due to 
the inadequate number of specimens. In future studies, an 
increased sample size is required to investigate the associa-
tion between S100A14 expression and the clinicopathological 
features of ovarian cancer. 

The early detection of tumors is critical for improving treat-
ment strategies and patient outcomes. At present, the widely 
used tumor markers in ovarian cancer, including cancer antigen 
(CA)125 and CA19‑9, demonstrate an unsatisfactory specificity 
and sensitivity and lack of early diagnostic value. The develop-
ment of additional molecular markers is strongly required. A 
simple non‑invasive blood test for the early identification of 
high‑risk cancer patients is therefore of particular interest.

S100 proteins play an extracellular function similar to 
cytokines. The family members of S100A8/S100A9 (35,36), 
S100A12  (37), S100A13  (38) and S100B  (39,40) may be 
released out of cells actively or passively and bind to the 
corresponding receptors on the membranes of target cells. 
In addition, several members of the S100 family have been 
considered as serum biomarkers in multiple cancers. For 
example, S100A7  may act as a potential marker in lung 
cancer (41), serum S100A9 may act as a marker for prostate 
cancer (42), and S100B is an independent diagnostic and prog-
nostic marker in melanoma (43). Previous studies have also 
clearly revealed that S100A14 may be secreted by cancer cells 
and exert extracellular functions (44). Therefore, the serum 
levels of S100A14 were detected in ovarian cancer patients and 
healthy individuals in the present study. A significant increase 
in the S100A14 serum levels was identified in ovarian cancer 
patients compared with healthy individuals. These results 
demonstrated that S100A14 may act as a potential marker 
in ovarian cancer. Future studies may detect changes in the 
S100A14 serum levels in ovarian cancer patients prior to or 
following surgery or chemotherapy, to further evaluate the 
diagnosis and prognosis value of S100A14 in ovarian cancers.

Currently, the main options for the treatment of ovarian cancer 
are cytoreductive surgery and platinum‑ and paclitaxel‑based 
chemotherapy. Chemotherapy resistance is a major cause of 
metastasis and recurrence. EOC accounts for 85‑90% of clinical 
ovarian malignancies, and SOC is the main type of EOC (45). 
At present, excision repair cross‑complementing rodent repair 
deficiency, complementation group 1 (ERCC1) is a key topic 
of studies attempting to predict chemotherapy resistance in 
ovarian cancer  (46,47). The current criteria for evaluating 
chemoresistance against platinum are based on unchanged 
tumor size responding to the first-line therapy strategy, tumor 
progression during chemotherapy, and recurrence within six 
months post-chemothrapy (48). There is no biomarker to predict 
the chemotherapeutic response prior to chemotherapy. In addi-
tion, the first‑line chemotherapy is based on platinum (49). 
Therefore, platinum‑based chemotherapy resistance can only 
be evaluated subsequent to a period of chemotherapy termi-
nation. Previously, the identification of sensitive and specific 
predictive biomarkers prior to chemotherapy has become 
a key and challenging topic of studies  (48). S100A14  may 
therefore become a predictive marker for platinum‑based 
chemotherapy response. However, the mechanisms of resistance 

Figure 3. Comparison of the expression of S100A14 in ovarian HGSC, SOC 
and normal tubal epithelium. HGSC, high‑grade serous carcinoma; SOC, 
serous ovarian carcinoma; S100A14, S100 calcium binding protein A14.

Figure 4. ELISA analysis of S100A14 protein levels in the serum of patients 
with serous ovarian carcinoma and healthy individuals. S100A14, S100 cal-
cium binding protein A14.
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to platinum‑based chemotherapy are complex and unclear. The 
specific mechanism of S100A14 involvement in the resistance of 
chemotherapy continues to require additional investigation. The 
S100A14 protein may become a novel molecule for predicting 
the response to chemotherapy, and a novel target for reversing 
the resistance to platinum.

In summary, the present study indicates that the expression 
of S100A14 is significantly upregulated in ovarian serous carci-
noma, and the soluble S100A14 levels in the serum of patients 
with serous ovarian cancer is much higher compared with the 
level in healthy volunteers. In future studies investigating the 
biological function of S100A14 in ovarian cancer and veri-
fying the possibility that over‑expression of S100A14 may lead 
to primary drug‑resistance to platinum‑based chemotherapy, 
additional experimental testimonies are required.
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