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Abstract: Though some markers were raised up as candidate ovarian cancer stem cells (CSCs) marker in some stud-
ies, it still remains challenging to identify one single marker or several combined markers to specifically identify the 
CSCs in ovarian tumor. However, most of the published papers were focused on all of the epithelia ovarian carcino-
ma (EOC) rather than one histophenotype, and only malignant tumors were studied previously. Thus we focused on 
the expression and potential roles of candidate CSCs markers (CD133, CD117, EpCAM, ALDH1, CD44, CD24 ) and 
some normal stem cell markers (Nanog, Sox2, Oct4) in serous ovarian tumors (serous cystadenoma (SCA), serous 
borderline tumor (SBT), low-grade serous carcinoma (LGSC), high-grade serous carcinomas (HGSC)) in our study. 
The relative expression level and protein expression of candidate CSCs makers were measured using RT-qPCR and 
immunohistochemistry (IHC), and then analyzed with clinicopatholgical and prognosis data. The results showed that 
CD117 was high expression in HGSC of ovarian, and was associated with positive expression of mutant P53, recur-
rence and poor prognosis. CD117 may be more specific CSCs marker of HGSC than the other phenotypes of ovarian 
carcinoma and an appropriate target therapy marker focused on CSCs of HGSC. 
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Introduction

Ovarian cancer is the fifth most common cause 
of cancer death in women and is the most com-
mon cause of death by a gynecological tumor 
[1], where the recurrence and drug resistance 
are the focus and difficulty of the treatment. 
Theory of cancer stem cells (CSCs) believes 
that CSCs account for 0.01%~0.1% of the total 
number of tumor cells with the properties of 
self-renewal and tumorigenicity, and thus may 
play a key role in cancer metastasis, chemore-
sistance and relapse [2, 3].

The concept of ovarian cancer as a stem-cell 
disease is logical for many reasons. The most 
compelling argument is the most important-the 
clinical course. Most cells in a presenting ad- 
vanced tumor are chemosensitive, but almost 
all patients will recur after growth of a resistant 
population. The fact that most patients at first 

recurrence will respond to secondary therapy 
implies that this recurrent tumor is again com-
posed of a heterogeneous population of che-
mosensitive and chemoresistant cells, sugg- 
esting a differentiating capacity in the initial 
surviving population [2]. The verification of 
tumor heterogeneity further enhances the 
hypothesis of CSCs.

Therapeutic modalities targeting CSCs are 
becoming a hot topic in recent years to prevent 
cancer relapse and vastly improve cancer sur-
vival probability [4]. Targeting CSC specific 
markers is one of the most important and easily 
achievable way to identify putative CSCs. The 
candidates raised up to characterize ovarian 
CSCs include CD44, epithelial cell adhesion 
molecule (EpCAM), CD133, CD117, CD90 (Thy-
1), CD24, ABCG2, LY6A, AGR5 and ALDH1, etc 
[5, 6]. However, it still remains challenging to 
identify one single marker or several combined 
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markers to specifically identify all the CSCs in 
ovarian tumor.

As we all known, ovarian cancer is one of the 
more heterogenic tumors with multiple histo-
phenotypes, growth patterns as well as differ-
ential response to treatment. Rather than ex- 
isting as a single entity, epithelia ovarian carci-
noma (EOC) appears to be a group of distinct 
diseases that can be further classified into  
the following 5 histological subtypes: serous, 
endometrioid, mucinous, clear cell, and undif-
ferentiated carcinomas [7, 8]. However, most of 
studies about the candidate ovarian CSCs 
markers previously are disregard the histoph- 
enotypes. 

Because of high-grade serous carcinoma 
(HGSC) usually represents the archetypical EOC 
and is responsible for the highest fatality rate, 
we focused on ovarian serous tumors, espe-
cially HGSC in this study. Theoretically a high 
proportion of CSCs in tumor should be corre-
lated with poor prognosis [9], the relative 
expression level of candidate CSCs makers 
(CD133, CD117, EpCAM, ALDH1, CD44, CD24) 
and some normal stem cell markers (Nanog, 
Sox2, Oct4) were measured using RT-qPCR in 
serous ovarian tumors (serous cystadenoma 
(SCA), serous borderline tumor (SBT),  low-
grade serous carcinoma (LGSC), high-grade 
serous carcinomas (HGSC)) in this study. Then 
the protein expression was detected using 
immunohistochemistry (IHC) and analyzed with 
clinicopatholgical and prognosis data. 

Materials and methods

Patients and clinical data 

Tissue samples were obtained from patients 
who underwent surgery between 2010 to 2013 
at Tianjin Central Hospital of Gynecology Ob- 
stetrics (TCHGO), China. All patients gave con-
sent for the use of their tissue samples and 
clinical data. The ethic review board at the 
TCHGO approved the study.

Fresh nonfixed serous ovarian tumors (n = 32; 
2 cases of SCA, 5 cases of SBT, 5 cases of 
LGSC, 20 cases of HGSC) were obtained at the 
time of surgery at TCHGO, China. Formalin-fixed 
paraffin-embedded surgical specimens were 
retrieved from the archives of the Department 
of Pathology (n = 95; 18 cases of SCA, 21 cases 
of SBT, 19 cases of LGSC, 32 cases of HGSC, 5 

cases of recurrence-HGSC). The ages of the 
patients at diagnosis range from 18 to 72 
years, with a median of 58 years. Of all cases, 
51 cases of LGSC and HGSC patients were fol-
lowed up until September 2015, the follow-up 
time from 6 to 63 months, median 42.96± 
15.423. The primary tumors were histologically 
carried out according to the WHO classificati- 
on of serous tumor in epithelial ovarian tumors 
[7]. Patients with borderline tumor or carcino-
ma were clinically staged by the criteria of 
International Federation of Gynecology and Ob- 
stetrics (FIGO) stage [10]. 

Quantitative real-time PCR (RT-qPCR)

Total RNA from tumor tissues were isolated by 
using RNeasy Kit (QIAGEN, Germany). One μg of 
total RNA was then reversing transcribed using 
SuperScriptH II Reverse Transcriptase kit 
(Invitrogen, USA). RT-qPCR was performed with 
LightCycler 480 SYBR Green I Master (Roche, 
Germany) according to manufacturer’s instruc-
tions. Signals were detected with Light Cycler 
480 II (Roche, Germany). Amounts of target 
gene mRNA were normalized to a reference 
gene GAPDH. Primer sequences are described 
in Table S1.

Immunohistochemistry (IHC)

For immunohistochemistry, formalin fixed-par-
affin embedded 4 μm sections of tumor tissues 
were stained using streptavidin-perosidase 
(SP) method. Briefly, tumor sections were depa-
raffinized and antigen retrieval was performed 
by steaming the sections in citrate buffer (pH 
6.0) for 25 minutes. Endogenous peroxidase 
activity was blocked using 3% hydrogen perox-
ide for 15 minutes. Slides were incubated with 
primary antibodies CD117 (c-Kit) (RMA-0632, 
Maixin-Bio, China), for 1 h at 37°C, and visual-
ized using 3, 3’-diaminobenzidene (DAB). Then, 
the sections were counter stained with hema-
toxylin solution.

IHC scoring system

CD117 protein expression was scored accord-
ing to the percentage of cells of interest (value 
of 0 for absent, 1 for positive cells < 10%, 2 for 
positive cells > 10%) and intensity (value of 0 
for absent, 1 for low, 2 for high) of staining [11]. 
The slide was regarded as CD117 negative, low 
expression and high expression when the total 
score is 0, 2 to 3 and 4, respectively. The mor-
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phology and immunostaining judgment were 
confirmed by two pathologists. In case of differ-
ences between the two scorings, the core was 
reevaluated to reach a consensus.

Statistical analyses

GraphPad Prism 5 and SPSS software (version 
19.0) was used for statistical analyses. Multiple 
variance analysis was assessed by One way 

CD117 was high expression in HGSC

Ninety-five cases of formalin-fixed paraffin-em- 
bedded surgical specimens were used for IHC 
detecting, including 18 cases of SCA, 21 cases 
of SBT, 19 cases of LGSC, 32 cases of HGSC, 5 
cases of recurrence-HGSC. CD117 protein ex- 
pression was showed in Table 1 and Figure 2. 
Of all 12 cases CD117 high expression level, 5 

Figure 1. The relative mRNA expression levels of the candidate cancer stem 
cell markers. A. The relative mRNA expression level of CD117. There was 
significant difference between the four types of serous tumors (serous cyst-
adenoma n = 2, serous borderline tumor n = 5, low-grade serous carcinoma 
n = 5, high-grade serous carcinomas n = 20, P < 0.05), and the relative ex-
pression level was increase gradually from benign tumor, borderline tumor, 
low grade malignant tumor to high grade malignant tumor (serous border-
line tumor vs. low-grade serous carcinoma, P = 0.0146, indicated with *; 
low-grade serous carcinoma vs. high-grade serous carcinomas, P = 0.0421, 
indicated with **). B. The relative mRNA expression level of CD133, CD44, 
ALDH, CD24, Nanog, EpCAM, Sox2. No significant difference was found be-
tween four types of tumor.

Table 1. CD117 expression in ovarian serous tumors

Histopathology type Cases
CD117 expression (Score)

Negative (0) Positive (2-3) Positive (4)
SCA 18 18 0 0
SBT 21 21 0 0
LGSC 19 15 3 1
HGSC 32 13 13 6
R-HGSC 5 0 0 5
Note: SCA, serous cystadenoma; SBT, serous borderline tumor, LGSC, low-grade 
serous carcinoma, HGSC, high-grade serous carcinomas, R-HGSC, recurrence high-
grade serous carcinoma.

ANOVA. Associations betwe- 
en categorical variables were 
assessed by Chi-square tests 
(Pearson). Survival analyses 
of PFS and OS were executed 
using the Kaplan-Meier meth-
od and log-rank test. For all 
the analyses, P value below 
0.05 was considered as sta-
tistically significant.

Results

CD117 mRNA was high ex-
pression in HGSC

mRNA expression of candida- 
te CSCs makers (CD133, CD- 
117, EpCAM, ALDH1, CD44, 
CD24) and some normal stem 
cell markers (Nanog, Sox2, 
Oct4) were detected using 
RT-qPCR in serous ovarian tu- 
mors, including 2 cases of 
SCA, 5 cases of SBT, 5 cases 
of LGSC and 20 cases of 
HGSC. The relative mRNA ex- 
pression levels of these genes 
were analyzed using Graph- 
Pad Prism 5 (Figure 1). The 
results showed that the rela-
tive mRNA expression level of 
CD117 was significant differ-
ence between the four grade 
serous tumors (P < 0.05), and 
the expression level was incr- 
ease gradually from benign 
tumor, borderline tumor, low 
grade malignant tumor to high 
grade malignant tumor (Figu- 
re 1A). Whereas, the other 
genes were not showed sig-
nificant difference between 
four group tumors (P > 0.05, 
Figure 1B).
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cases was recurrence-HGSC (5/5, 100%), 6 
cases was HGSC (6/32, 18.75%), and only one 
case was LGSC (1/19, 5.26%). This result 
showed that CD117 was higher expression in 
HGSC than the other serous tumors (P = 0.000).

Square test, Table 2). In addition, no significant 
association in CD117 expression and the tumor 
serum antigen (CA125, CA199, CEA, AFP, and 
HE4) was discovered (P > 0.05, One way ANOVA, 
data not shown). 

Figure 2. CD117 expression in ovarian serous tumors. A. CD117 protein was not detected in serous cystadenoma 
epithelia cell. B. CD117 protein was not detected in serous borderline tumor, only a few stoma cells were positive. C. 
CD117 showed low expression in a case of low-grade serous carcinoma with weak positive of the tumor cell mem-
brane and positive cells < 10%. D. CD117 showed high expression in a case of low-grade serous carcinoma with 
strong positive of the tumor cell membrane and positive cells > 10%. E. CD117 showed high expression in a case 
of high-grade serous carcinoma with strong positive of the tumor cell membrane and positive cells > 10%. F. CD117 
showed high expression in a case of recurrence high-grade serous carcinoma with strong positive of the tumor cell 
membrane and positive cells > 10%. (IHC × 200).

Table 2. Association of CD117 expression levels in ovarian serous 
carcinoma and the clinical and pathologic characteristics
Clinic and 
Pathologic data Total

CD117 expression (Score)
P value

Negative (0) Positive (2-3) Positive (4)
P53 expression 0.031
    Positive 26 10 7 9
    Negative 30 18 9 3
Lymph node 0.613
    Positive 11 5 3 3
    Negative 25 11 11 3
Recurrence 0.002
    Positive 13 4 1 8
    Negative 33 24 15 4
FIGO stage 0.814
    I 11 7 3 1
    II 12 5 5 2
    III 28 16 8 4

CD117 high expression level 
was associated with the posi-
tive expression of mutant P53 
expression and recurrence in 
ovarian serous carcinoma

The CD117 expression was 
then analyzed with clinic and 
pathologic characteristics usi- 
ng SPSS software and Graph- 
Pad Prism 5. High expression 
of CD117 in ovarian serous car-
cinoma was significantly asso-
ciated with the positive expres-
sion of mutant P53 expression 
and recurrence (P < 0.05, Pe- 
arson Chi-Square test, Table 2), 
but not associated with lymph 
node metastasis and FIGO 
stage (P > 0.05, Pearson Chi-
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CD117 high expression level was associated 
with poor survival in ovarian serous carcinoma 

Progression free survival (PFS) and overall sur-
vival (OS) were used to analyze survival in our 
study (Table 3). The patient group with CD117 
high expression level in ovarian serous carci-
noma had a significantly shorter PFS (Figure 
3A) than the patient group with low expression 
level or no expressing of CD117 (P = 0.001). 
And we did find a trend for the CD117 high 
expression group to have a worse OS (Figure 
3B) probability, but no statistical significance 
was achieved (P = 0.062).

Discussion

Ovarian carcinoma is actually one of the most 
chemosensitive solid malignancies [2], but it is 
still the most lethal gynecologic malignancy 
worldwide. Although most ovarian carcinoma 
cells are initially sensitive to chemotherapy, 
there is always a small population cells, named 
as cancer stem cells (CSCs) that always sur-
vives and initiates new tumors which causes 
recurrence [2]. 

Currently, though some markers were raised up 
as candidate ovarian CSCs marker in some 
studies, include CD44, epithelial cell adhesion 
molecule (EpCAM), CD133, CD117, CD24, AB- 
CG2, and ALDH1, etc [6, 12]. However, it still 
remains challenging to identify one single 
marker or several combined markers to specifi-
cally identify all the CSCs in ovarian tumor, and 
the exact roles of these ‘stemness’ related 
markers, are still poorly understood due to 
either a current lack of understanding of the 
biological functions of the markers, or frequent-
ly the lack of information correlating the varied 

ovarian tumors (SCA, SBT, LGSC, HGSC) in our 
study.

The result showed that the relative mRNA 
expression level of CD117 was significant dif-
ference between the four types of serous 
tumors (P < 0.05), and the expression amount 
was increase gradually from benign tumor, bor-
derline tumor, low grade malignant tumor to 
high grade malignant tumor. However no signifi-
cant difference was discovered in the other 
markers. This result was consistent with the 
finding of CD117 protein expression, that is, 
CD117 was higher expression in HGSC than 
LGSC, but no expression in SBT and SCA were 
detected. In our study, the percentage of CD117 
high expression level in recurrence-HGSC, 
HGSC and LGSC were 100% (5/5), 18.75% 
(6/32), and 5.26% (1/19), respectively. In 
Huang’s study, 9% of EOC cases expressed 
CD117 in carcinoma cells [11], and Schmandt 
et al found CD117 was 15% positivity in ovarian 
serous carcinoma [13]. These results demon-
strated that CD117 was associated with serous 
ovarian carcinoma, especially HGSC. Moreover, 
it is maybe an appropriate target therapy mark-
er focused on CSCs of serous ovarian carcino-
ma, because of CD117 was almost not detect-
ed in normal ovarian tissue and benign serous 
tumor.

When analyzing CD117 expression and clinico-
pathological data, we found high expression of 
CD117 in ovarian serous carcinoma was signifi-
cantly associated with the positive expression 
of mutant P53 (P < 0.05). In addition, CD117 
expression was also found in benign fallopian 
tube (located in both secretory and ciliated 
cells), and there appeared to be an increase in 
the serous tubal intraepithelial carcinomas 

Table 3. CD117 expression and survival (month)

CD117 expression Cases
Mean

P value
Estimate 95% CI

OS: 
    CD117 negative (0) 28 55.453 49.336-61.570
    CD117 positive (2-3) 15 59.000 53.644-64.356 0.062
    CD117 positive (4) 7 27.571 16.400-38.742
PFS:
    CD117 negative (0) 28 53.875 47.615-60.135
    CD117 positive (2-3) 15 55.517 49.360-61.674 0.001
    CD117 positive (4) 7 26.286 15.819-36.753

isoforms, splicing variants or sub-
strates to stem cell function [5, 6]. 
However, most of the published 
papers were focused on EOC rather 
than one histophenotype. In fact 
EOC is not a single entity, the differ-
ent histological subtype may have 
different origin and pathogenesis. In 
addition, only malignant tumors 
were studied in previous, benign 
and borderline tumors were dis-
missed. Thus we focused on the 
expression and potential roles of 
candidate CSCs markers in serous 
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(STICs) [14]. Mounting evidence has shown that 
a significant proportion of pelvic high grade 
serous carcinomas (HGSC) arise from a non-
invasive occult carcinoma in the distal fallopian 
tube, designated “serous tubal intraepithelial 
carcinoma (STIC)”, which is considered as the 
precursor lesion of HGSC [15, 16]. Thus, mutant 
P53 positive has a very important diagnostic 
value for HGSC. Meanwhile, Huang et al also 
found CD117 expression level in serous carci-
noma, MUC+END+CLE (MUC, Mucinous carci-
noma; END, Endometrioid carcinoma; CLE, 
Clear cell carcinoma) and UND+MIX (UND, 
Undifferentiated carcinoma; MIX, Mixed carci-
noma) were 19.6% (32/163), 2.1% (1/48), and 
14.8% (4/27), respectively [11]. This may be 
further demonstrating that CD117 was more 
specific CSCs marker of serous tumor, espe-
cially HGSC, than the other phenotypes of ovar-
ian carcinoma.

More and more researchers considered that a 
high proportion of CSCs in tumor should be cor-
related with the aggressive of malignant tumor 
and poor prognosis [9, 17, 18]. Conic et al found 
residual tumors were more frequently present 
in the patients with positive CD117 expression 
(18.1% vs. 8.0%; P <  0.05) in epithelial ovarian 
cancer [19]. Zeng et al found comparing to pri-
mary or metastatic cancers, recurrent cancers 
showed higher expression of CD133, CD117, 
and Bmi1 [20]. Our study also showed high 

expression of CD117 in ovarian serous carci-
noma was significantly associated with recur-
rence (P < 0.05). In survival analysis, CD117 
high expression level in ovarian serous carci-
noma had a significantly shorter PFS (P = 
0.001) and worse OS (P = 0.062). Which is 
almost consistent with Huang’s report that the 
CD117-positive group to have a worse OS and 
PFS probability [11].

In conclusion, it is verified in our study that 
CD117 was high expression in HGSC of ovarian. 
And its high expression was associated with 
the positive expression of mutant P53, recur-
rence and poor prognosis. CD117 may be more 
specific CSCs marker of HGSC than the other 
phenotypes of ovarian carcinoma. In addition, 
because of CD117 was specific located in can-
cer cells rather than normal ovarian tissue and 
benign serous tumor, it is maybe an appropri-
ate target therapy marker focused on CSCs of 
HGSC. Thus, it is worthy of further study for 
CD117 in HGSC in order to explore their poten-
tial application in prognostic prediction and tar-
geting therapy.
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Table S1. The sequence of primer
NO Gene Forward Primer (Seq 5’ to 3’) Reverse Primer (Seq 5’ to 3’)
1 CD133 CAT CCA CAG ATG CTC CTA AGG C GCT TTA TGG GAG TCT TGG GTC
2 CD117 TGC TTC ACA GAA GAC CAT GC GTG ACC AAC ATG GAG TCG TG
3 CD44 GGT GAA CAA GGA GTC GTC TTC CAA GAT AAT GGT GTA GGT G
4 ALDH TCA CAG GAT CAA CAG AG GTA GAA TAC CCA TGG TGT GC
5 CD24 AGG ATG GGA TTG TGG AAT ATT AGT GCC GTC GAA ACA
6 Nanog GAT TTG TGG GCC TGA AGA AA TTG GGA CTG GTG GAA GAA TC
7 SOX2 ATG TAC AAC ATG ATG GAG ACG GCG CTT GCT GAT CTC CGA GT
8 EpCAM GCT GGT GTG TGA ACA CTG CT CCA GGA TCC AGA TCC AGT TG
9 GAPDH CCC TTC ATT GACCTC AAC TAC CCA CCT TCT TGATGT CAT CAT


