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Abstract 

Objective: The main aim of this study was to study swith of the ovarian cancer cell to a calcifying 
phenotype in the formation of calcification in ovarian cancer, and to offer some help for ovarian 
cancer’s diagnosis and differentiation therapy. 
Methods: The mineralization of ovarian cancer cell lines SKOV3 was induced via calcification 
medium for 21 d in vitro. Alizarin red staining, von kossa staining, calcein fluorescence staining and 
ALP activity detection were used to identify mineralization in calcification model of ovarian cancer. 
Also, the changes of ultrastructure and the mineralization biomarkers after the induction of 
calcification medium were investigated by transmission electron microscopy and western blot, 
respectively. The SKOV3 cells migration behavior after the induction of calcification medium was 
evaluated by using transwell assay and scratch wound. Finally, mineralization biomarkers were 
verified in 40 cases of calcified ovarian cancer specimens and matched 40 non-calcified ovarian 
cancer tissues.  
Results: Classical calcium salt detection methods confirmed that the culture of SKOV3 cells in 
calcification medium was an appropriate ovarian cancer calcification model in vitro. Transmission 
electron microscopy and western blot revealed respectively the presence of cells with 
morphological characteristics of osteoblasts and the upregulation of mineralization biomarkers 
expression in treatment group. Transwell assay and scratch wound showed the decreased SKOV3 
cell migration in treatment group. In specimens, the calcification occurred predominantly in 
well-differentiated carcinomas and the expression of the BMP2 and OPN elevated in calcified group.  
Conclusion: Our study showed that the switch of the ovarian cancer cell to a calcifying phenotype in 
the formation of calcification in ovarian cancer. The calcified phenotypic transformation may inform 
the new prospective in ovarian cancer therapy. 
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Introduction 
Calcification represents one of the common 

imaging features of ovarian cancer. It occurs in 8% 
ovarian cancer, mainly in serous ovarian cancer[3]. 
For serous ovarian cancer, calcification mainly exists 

as psammoma body, which is arranged as concentric 
circles[4]. As a specific pathologic sign, psammoma 
body has been used as one of the pathologic evidences 
to diagnose ovarian serous papillary carcinoma[4]. 
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Although calcification in ovarian cancer has an 
important clinical significance, it remains largely 
unexplored and poorly understood. 

Currently, one of the unclear things about 
calcification in ovarian cancer is the mechanism by 
which calcification forms. The formation of 
calcification in ovarian cancer might be similar to the 
ectopic calcification. Ectopic calcification refers to 
calcium deposition which happens outside osseous 
tissue and defers from normal calcification. Ectopic 
calcification is divided into dystrophic calcification 
and metastatic calcification. Dystrophic calcification is 
caused by tissue necrosis while metastatic 
calcification is induced by the metabolic disorder of 
calcium and phosphorus. Supporters of the former 
opinion consider that calcification in ovarian cancer is 
caused by the calcium deposition on necrotic tissue[5]. 
However, supporters of the latter opinion believe the 
formation of calcification is not related to necrosis[6]. 
They believe that the formation of calcifications in 
ovarian cancer is similar to the metastatic calcification, 
as the result of the disorder of the local calcium 
metabolism. The disorder may be caused by the 
increased secretion of ovarian cancer cells. Das and 
colleagues believe that the formation of calcifications 
may be linked to the secretion of collagen from the 
papillary serous ovarian cancer[4]. Silva and 
colleagues find that calcification is predominant in the 
matrix and can be induced by multiple hormones, 
which suggested that calcification may be secondary 
to the secretion of the cancer cells, but not to 
necrosis[7]. So why ovarian cancer cells have a high 
level of secretion? It may be related to the cell 
phenotype transformation according to the recent 
studies. In vascular calcification, vascular smooth 
muscle cells switch from a contractile phenotype to a 
calcifying phenotype and express bone-related 
transcription factors and bone matrix proteins to play 
an essential role in the process of vascular calcification 
[8]. In dysplasia progressive osteitis, local inflamma-
tory signals and changes in the microenvironment of 
the tissue can mediate the differentiation of the 
mesenchymal stem cells to cartilage cells and 
osteoblasts. Similar findings also have been found in 
the tumor. Manuel Scimeca found that in breast 
cancer, the deposition of local calcification is due to 
the secretion of some calcifying cells[9].  

According to the findings above, we can 
hypothesize that ovarian cancer cells switch to 
calcifying cells in certain conditions and lead to the 
local calcium deposition. Therefore, the main aim of 
this study was to investigate the formation of 
calcification in ovarian cancer, and to offer some help 
for ovarian cancer’s diagnosis and therapy.  

Material and Methods 
Cell culture  

Human ovarian cancer cells SKOV3 and human 
ovarian epithelial cells HOSEpiC were obtained from 
Nanjing KeyGen Biotech.Inc. Cells were cultured in 
Alfa modified Eagle’s medium (α-MEM, Hyclone, 
USA) supplemented with 10% fetal bovine serum 
(FBS, Israel) and 1% penicillin-streptomycin (Hyclone, 
USA) at 37 °C with 5% CO2 saturation, and the 
medium was changed every 3days. The cells used for 
experiments were after four passages. 

Assessment of mineralization in vitro 
SKOV3 or HOSEpiC cells were seeded into 

six-well culture plates (day 0) at 1.5×103 cells per 
well. Then the cells were treated in culture medium or 
calcification medium. Culture medium was a-MEM 
supplemented with 10% fetal bovine serum, 50 U/ml 
penicillin, 50 mg/ml streptomyocin. Calcification 
medium was culture medium supplemented with an 
osteogenic cocktail (50 μg/ml vitamin C, 10mM beta 
glycerin sodium phosphate + 10-7 M dexamethasone). 
Cells were cultured for up to 21 days in a humidified 
incubator at 37°C and 5% CO2. The SKOV3 cells 
cultured with calcification medium for 21d were used 
as treatment group, and the SKOV3 cells cultured 
with culture medium for 21d were used as control 
group. 

Mineralization was assessed using alizarin red S 
staining (Shanghai Chemical Reagent Factory), von 
Kossa staining (Beijing Leagene Biotechnology Co., 
Ltd.), calcein fluorescence staining (Shanghai Shifeng 
Biotechnology Co., Ltd.) and ALP activity detection 
(Nanjing Institute Biological Engineering) at the 21 
day, as described below.  

Alizarin red staining 
After the medium was removed, cells were 

rinsed with PBS and fixed with 95% ethanol for 15 
min. Then, the cells were rinsed twice with PBS and 
stained with alizarin red S (2%, pH 4.4) for 5 min. 
Finally, the cells were washed with PBS three times, 
and images were collected.  

Von Kossa staining 
After the medium was removed, cells were 

rinsed with PBS and fixed with 95% ethanol for 15 
min. Then, the cells were rinsed twice with PBS and 
stained with silver nitrate (5%) for 1h under an electric 
lamp. Next, sodium thiosulphate (5%) was applied for 
2 min. Finally, the cells were washed with PBS, and 
images were collected.  

Calcein fluorescence staining 
Cells was cultured in medium containing 5 
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ug/ml calcein (day 18) for 3d. After the medium was 
removed, SKOV3 cells were rinsed with PBS and fixed 
with 95% ethanol for 15 min. Then fluorescent images 
were collected by using an inverted epifluorescence 
microscope (IX70; Olympus.Co., Tokyo, Japan) 

ALP activity detection 
Cell culture medium was used for the ALP 

assay. Samples (50 ml) and p-nitrophenyl phosphate 
(100 ml) were incubated at 37°C for 30 min and 
absorbance was measured at 520 nm.  

Transmission electron microscopy (TEM) 
After the medium was removed, SKOV3 cells 

were rinsed with PBS and fixed with 3% 
glutaraldehyde precooling 4 ℃ overnight. Then, the 
cells were rinsed twice with PBS and fixed with 1% 
osmic acid 4 ℃ for 1h. After SKOV3 cells were rinsed 
again, the cells were dehydrated in ascending graded 
alcohols (30% ethanol, 50% ethanol, 70% ethanol, 80% 
ethanol, 90% ethanol, 95% ethanol and 100% ethanol) 
for two × ten minute each. Then the cells were 
immersed in 70%, 80%, 90%, 95%, 100% acetonitrile 
solution fifteen minutes each. Then vacuum drying, 
spray coating of gold were performed. Finally, images 
were collected by scanning electron microscopy. 

Scratch wound 
At the 21d, the cells were synchronized at 

serum-free conditions overnight. Then a uniform 
scratch was performed using a plastic cell scrapper 
and the plates were rinsed with PBS and replenished 
with fresh serum-free medium. Images of the wounds 
were randomly chosen at 0h and photographed 
consecutively at 12h and 24h. Also, the scratch area 
and the wound healing percentage was analysed 
consecutively at 0h, 12h and 24h. Three parallel 
experiments were done and data were presented as 
Mean±SD. 

Transwell assay 
 After cultured for 21d, the SKOV3 cells with 

density of 2×106 cell/cm2 were cultured in Transwell 
chamber (8μm pore size; BD FalconTM, USA) for 24h 
at 37°C and 5% CO2. After culturing, the inner 
chamber was cleaned, and the migrated cells on the 
bottom of the chamber was fixed and stained with 
0.1% crystal violet. Each step was followed by 
washing with PBS for 5min three times. The migrated 
cells were photographed at different fields of view 
using an inverted phase contrast microscope (CK2, 
Olympus, Japan). Also, the cell numbers of each 
group were calculated from images in triplicates.  

Western blot 
 Cells cultured with calcification medium were 

rinsed twice times with PBS and disintegrated by 100
μl PIPA buffer (Beyotime, China) containing protease 
inhibitors and sodium orthovanadate (Beyotime, 
China). After 30 minutes, the samples were 
centrifuged with 10,000rpm at 4°C for 10min, and 
quantified by enhanced bicinchoninic acid (BCA) 
assay kit (Beyotime, China). Equal amounts of protein 
were electrophoresed in 10% SDS-PAGE gels and 
transferred to polyvinylidene difluoride membranes 
(PVDF, GE Healthcare). Then the membranes were 
blocked with 5% milk in Tris-buffered saline with 
Tween 20 (TBST) at room temperature for 2 hours and 
incubated with anti-GAPDH (1:1000 dilution, sc-322 
33, santa, USA), anti-Collagen I (1:1000 dilution, ab90 
395, abcam, UK), anti-Osterix (1:1000 dilution, ab225 
52, abcam, UK), anti-OPN (1:1000 dilution, sc-21742, 
santa, USA), anti-BMP-2 (1:1000 dilution, sc-137087, 
santa, USA), anti-β2-microglobulin (1:1000 dilution, 
D8P1H,CST, USA) and anti-Runx2(1:1000 dilution, 
D1L7F, CST, USA) overnight at 4 ℃. Next, the 
membranes were washed three times for 5min each 
and incubated with horseradish peroxidase (HRP) 
conjugating goat anti-mouse or goat-anti rabbit IgG 
(1:5000 dilution, Biosynthesis Biotechnology Co., 
LTD., China) for 2h at 37°C. Finally, the membranes 
were washed with TBST buffer for three times and 
visualized in Molecular Image® ChemiDocTM XRS+ 
system (Bio-Rad Inc., USA) with Image LabTM 
Software using enhanced chemiluminescence. The 
tests were performed three times and quantification 
was done and analyzed by Image J 1.44p software 
(National Institutes of Health, USA).  

Patients and tissue specimens 
All calcified ovarian cancer specimens (n = 40) 

and matched non-calcified ovarian cancer tissues 
(n = 40) were obtained from patients who underwent 
surgical treatment at the department of gynecology, 
Sichuan Provincial Cancer Hospital (Chengdu, 
China). Patients were diagnosed as serous ovarian 
cancer pathologically, and none of them received any 
other treatments prior to the harvest of the specimens. 
Written informed consents were obtained from all 
patients, and the study was approved by Sichuan 
University ethics committee.  

Ovarian cancer histology 
The ovarian cancer were sectioned, and the 

portions were fixed in 10% neutral buffered formalin, 
dehydrated, embedded in paraffin, sectioned at 5μm, 
and stained with hematoxylin-eosin (H&E).  

Immunohistochemistry 
The expression of Collagen I, Runx2, beta2- 

microglobulin, BMP2, Osterix and OPN was 
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investigated using immunohistochemisty (IHC) on 
formalin fixed, paraffin embedded sections by using 
the DAB kit (ZSGB-bIO, China). After pretreatment, 
sections were incubated with anti-Collagen I (ab903 
95, abcam, UK) , anti-Osterix (ab22552, abcam, UK), 
anti-OPN (sc-21742, santa, USA), anti-BMP-2/4 (sc-13 
7087, santa, USA), anti-β2-microglobulin (D8P1H, 
CST, USA)and anti-Runx2(D1L7F, CST, USA) .All the 
primary antibodies were at the 1:200 dilutions. Tissue 
sections were deparaffinized and rehydrated by 
passing the slides through xylene (3 washes, 10 
minutes per wash) and graded alcohols (2 washes at 
99.5% ethanol, 2 washes at 95% ethanol, 1 wash at 75% 
ethanol and 1 wash at 70% ethanol) for five minute 
each then placed and rinsed in water. The slides were 
incubated for 15 min with 0.6% hydrogen peroxide 
solution to block endogenous peroxidase activity. 
Slides were rinsed again and then underwent antigen 
retrieval. For heat-mediated antigen retrieval, slides 
were immersed in 0.1 M citrate buffer pH 6.0 and 
heated for 20 min at 95°C -99°C. Slides naturally 
cooled to room temperature and then rinsed in 
phosphate buffered solution (PBS). Then attached one 
hundred microlitres of Protein Block was added to 
each slide for 30 min to prevent non-specific binding 
to any other reactive sites within the tissue. Then the 
slides were incubated with 40 μL of the primary 
antibody at 4ºC overnight. Following overnight 
incubation, slides were washed with 0.05% PBS 3 
times per 5 min. Then the slides were incubated with 
40 μL of the second antibody. After another wash, the 
slides were developed with the addition of 40 μL 
1:20-diaminobenzidine (DAB) solution followed by 
counterstaining by haematoxylin. Slides were then 
dehydrated in ascending graded alcohols (1 wash at 
70% ethanol, 1 wash at 75% ethanol, 2 washes at 95% 
ethanol and 2 washes at 99.5%; ethanol) for five 
minute each and cleared in 3 changes of xylene for 
three minute each. Finally, the sections were mounted 
using neutral gum and covered with a glass coverslip. 
Sections of appendix tissue with acute appendicitis 
were used as a positive control in each run of staining. 
For negative controls, slides were incubated with 40 
μL antibody diluent instead of primary antibody. 

Assessment of expression 
The stained slides were then examined by light 

microscope to assess the expression of Collagen I, 
Runx2, beta2-microglobulin, BMP2, Osterix and OPN. 
The overall intensity of expression of Collagen I, 
Runx2, beta 2 - microglobulin, BMP2, Osterix and 
OPN in the serous tumor cells was scored as absent 
(0), weak (1) and strong (2). Score 0: Percentage of 
positive cells <10%; Score 1: Percentage of positive 
cells >10%, ≤50%; Score 2: Percentage of positive cells 

>50%. 

Statistical analysis 
In vitro, Statistical analysis was performed using 

GraphPad Prism 5 Software (La Jolla, CA, USA). P < 
0.05 versus control group based on independent- 
samples t-test was considered significantly. In 
specimens, Statistical analysis was performed using 
the Chi-square test through SPSS (version 16.0, 
Chicago, IL, USA). Significant correlation was 
considered with p<0.05. 

Results 
In vitro calcification of SKOV3 ovarian cancer 
cells 

 In order to study the molecular mechanisms of 
ovarian cancer calcification, it was necessary to firstly 
establish ovarian cancer calcification in vitro model 
and to determine whether the calcification of SKOV3 
cells could be induced when cultured with the 
calcification medium. At 21 days, Alizarin Red 
staining (Figure 1A), von Kossa staining (Figure 1B) 
and calcein fluorescence staining (Figure 1C) 
confirmed the deposition of calcium in SKOV3 cells 
cultured with calcification medium respectively. In 
Alizarin Red staining, the strongest staining was 
observed in the SKOV3 cells cultured with 
calcification medium, rather than SKOV3 cells 
cultured with culture medium or HOSEpiC cells. In 
von kossa staining, positive staining was detected in 
the SKOV3 cells cultured with calcification medium. 
In calcein fluorescence staining, increased intensity 
and density of fluorescence staining were observed in 
the SKOV3 cells cultured with calcification medium. 
Additionally, the activity of ALP, a key indicator of 
calcification, was also significantly elevated (P<0.001; 
Figure 1D). These results suggest that the culture of 
SKOV3 cells in calcification medium was an approp-
riate ovarian cancer calcification model in vitro. 

Ultrastructure characteristics of calcifying 
SKOV3 cells 

Transmission electron microscopy study 
revealed the presence of cells with ultrastructure 
characteristics of osteoblasts in treatment group 
(Figure 2). For SKOV3 cells cultured with calcification 
medium, compared with the control group, glycogen 
and fat particles loss seriously, metabolism slowed 
and intercellular junction was sparse (Figure 2B). The 
cytoplasm of calcifying SKOV3 cells were rich in 
vesicles containing electron-dense granules similar to 
the intracellular vesicle of the osteoblasts and these 
intracellular vesicles were secreted outside cells 
(Figure 2C). 
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Figure 1. Detection of mineralization in vitro. (A) Alizarin Red staining, bar=100μm (B) Calcein fluorescence staining, bar=200μm (C) von Kossa staining, 
bar=100μm and (D) ALP activity detection, the experiments were repeated three times (the values represent the means ± Q). 

 

 
Figure 2. Electron micrograph obtained by TEM on control group and treatment group. (A) TEM on non-calcified SKOV3 cells in vitro. (B) (C) TEM on 
calcified SKOV3 cells in vitro. ☆, glycogen、fat particles.△, secretion of cell degranulation,↑, calcified vesicle, bar=2 μm. 

 
Upregulation of mineralization biomarkers 
expression in calcifying SKOV3 cells 

In order to verify whether SKOV3 cells 
maintained a calcifying phenotype throughout the 

culture period, the expression of the mineralization 
biomarkers Collagen I, Runx2, β2-microglobulin, BM 
P2, Osterix and OPN were confirmed by western blot 
(Figure 3A). Compared to control group, mineralizat-



 Journal of Cancer 2018, Vol. 9 

 
http://www.jcancer.org 

1011 

ion biomarkers Collagen I, Runx2, β2-microglobulin, 
BMP2, Osterix and OPN upregulated in treatment 
group. Quantitative analysis revealed significant incr-
ease (P<0.05; Figure 3 B,C,D,E,F,G) in the expression 
of Collagen I, Runx2, β2-microglobulin, BMP2, 
Osterix in SKOV3 cells cultured with calcification 
medium.  

SKOV3 cell migration decreased after 
cultured with calcification medium for 21d 

The SKOV3 cell migration behavior was 
evaluated by using Transwell assay. It could be found 
that efficient SKOV3 cells migration through the filter 
of Transwell occurred in treatment group. By contrast, 

few SKOV3 cells across the Transwell membrane filter 
could be found in control groups (Figure 4A). 
Compared with the control groups, an increasing 
number of cells migrated in treatment groups (Figure 
4B). Additionally, scratch wounds were made in 
monolayers of SKOV3 cells after cultured for 21d and 
a consistent conclusion with Transwell assay was 
revealed (Figure 4C). At any time point, the results 
were found to be statistically significant by 
quantitative analysis of wound healing rate between 
control group and treatment group (Figure 4D). 
Collectively, the results suggest a decreased migration 
of calcifying SKOV3 cells. 

 

 
Figure 3. Expression of Collagen I, Runx2, β2-microglobulin, BMP2, Osterix and OPN in control group and treatment group. (A) Western 
blotting analyses of Collagen I, Runx2, β2-microglobulin, BMP2, Osterix and OPN protein levels in control group and treatment group. GAPDH served as a loading 
control. Statistical results for Collagen I, Runx2, β2-microglobulin, BMP2, Osterix and OPN protein levels in control group and treatment group are illustrated in (B), 
(C), (D), (E), (F) and (G), respectively. The experiments were repeated three times (the values represent the means ± SD, ∗P < 0.05 versus control group based 
on independent-samples t-test). 

 

 
Figure 4. SKOV3 cell migration decreased after cultured with calcification medium for 21d. (A) Typical optical images of SKOV3 which crossed 
through the pores of Transwell chamber and stained by crystal violet, illustrating cell migration at 24h, bar=100μm. (B) Quantitative analysis of the migrated cell 
number by Transwell assay. **, indicated significant difference at P< 0.01. (C) Typical optical images illustrating cell migration at 0, 12 and 24h by scratch injury wound, 
bar=200μm. (D) Quantitative analysis of the wound healing percentage at 12 and 24h using scratch injury wound. *, indicated significant difference at P< 0.05. 
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Calcification of serous ovarian carcinomas 
 We also verified our hypothesis on specimens. 

Laminated calcifications (psammoma body) in 
hematoxylin and eosin stain were seen in all the 40 
biopsy specimens of calcified group, but not in the 
matched ovarian cancer specimens (Figure 5), which 
verified the diagnosis of the pathologist. Additionally, 
characteristics of patients were shown in the Table 1. 
Among the 40 calcified specimens, 9 cases were grade 
I, 16 cases were grade II, and 15 cases were grade III. 
Among the 40 non-calcified specimens, 7 cases were 
grade I, 7 cases were grade II, and 26 cases were grade 
III. There was statistically significant difference of the 
histological grade between calcified group and 
non-calcified group (P < 0.05). 

 

Table 1. Characteristic of the specimens.  

Characteristic non-calcification group calcification group P value 
Age    
mean 53.25±10.72 49.08±12.21 0.476a 
＜35 3 5 0.886b 
35-59 26 25 0.886b 
＞59 11 10 0.886b 
Pathological grade    
Low 7 9 0.035c 
Medium 7 16 0.035c 
High 26 15 0.035c 
TNM stage    
I 6 3 0.239b 
II 4 11 0.239b 
III 18 17 0.239b 
IV 10 9 0.239b 
Lymph node 
metastasis 

   

Yes 8 6 0.556c 
No 32 34 0.556c 
a Two independent sample t test. 
b Fisher's Exact Test. 
c Pearson Chi-Square. 

 

Expression of mineralization biomarkers in 
serous ovarian carcinomas  

 Expression of Collagen I, Runx2, β2-micro-
globulin, BMP2, Osterix and OPN in serous ovarian 
carcinomas were shown in Figure 6 and scores of 
these mineralization biomarkers were present in 
Table 2. For the expression of the BMP2 and OPN, 
there was a statistically significant difference between 
calcified group and non-calcified group (P < 0.05). But 
for the expression of the Collagen I, β2-microglobulin, 
Runx2 and Osterix, there was no statistically 
significant difference. Although there was no 
statistically significant difference, the positive rate of 
Runx2 and Osterix in calcified group was higher than 
the non-calcified group. 

 
 

Table 2. Expression of Collagen I, Runx2, β2-microglobulin, 
BMP2, Osterix and OPN with serous ovarian carcinomas 

 Non-calcified group Calcified group P value 
Collagen I score    
0 1 (2.5%) 3 (7.5%) 0.227a 
1 12 (30%) 6 (15%) 0.227a 
2 27 (70%) 31 (77.5%) 0.227a 
Runx2 score    
0 29 (72.5%) 22 (55%) 0.144a 
1 11 (27.5%) 16 (40%) 0.144a 
2 0 (0%) 2 (5%) 0.144a 
β2-microglobulin score    
0 0 (0%) 2 (5%) 0.159a 
1 6 (15%) 2 (5%) 0.159a 
2 34 (85%) 36 (90%) 0.159a 
BMP2 score    
0 26 (65%) 15 (37.5%) 0.042a 
1 11 (27.5%) 22 (55%) 0.042a 
2 3 (7.5%) 3 (7.5%) 0.042a 
Osterix score    
0 19 (47.5%) 16 (40%) 0.652a 
1 21 (52.5%) 24 (60%) 0.652a 
2 0 (0%) 0 (0%) 0.652a 
OPN score    
0 15 (37.5%) 3 (7.5%) <0.0001b 
1 20 (50%) 16 (40%) <0.0001b 
2 5 (12.5%) 21 (52.5%) <0.0001b 
a Fisher's Exact Test. 
b Pearson Chi-Square. 

 

Discussion 
Calcification has a crucial role in ovarian cancer 

diagnosis and treatment. However, despite its value 
for the diagnosis of ovarian cancer and potential 
prognostic importance, the formation of calcification 
in ovarian cancer is unclear now. It remains uncertain 
whether it is caused by an active cellular process or it 
is caused by cellular degeneration. In this paper, we 
investigated ovarian calcification and hypothesized 
that the calcification could result from a mineraliz-
ation process similar to that of osteogenesis. In this 
process, ovarian cancer cells switch to calcifying cells 
when induced by microenvironmental stimulatory 
factors. 

First, calcification medium (50 μg/ml vitamin C, 
10mM beta glycerin sodium phosphate + 10-7 M 
dexamethasone+10%FBS) was used to establish an in 
vitro model of ovarian cancer calcification. Among 
them, the addition of exogenous phosphate is routine 
in mineralization studies of many pathologies, 
including osteoblasts, vascular smooth muscle cells 
and tumor cells in vitro[10], because the phosphate can 
participate in the formation of calcification such as 
hydroxyapatite. Dexamethasone, a synthetic glucoco-
rticoid, can enhance the mineralization of certain 
bone-like cells[11]. Vitamin C, an essential co-factor 
for extracellular matrix synthesis in culture, since it is 
required for collagen synthesis, it has a marked effect 
on mineralization in vitro[12].  
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Figure 5. Calcification of serous ovarian carcinomas. △, concentric, laminated calcifications (psammoma body) located in the stroma. The background 
contains ovarian tumor cells with rich, bright cytoplasm and vesicular nuclear chromatin (hematoxylin and eosin stain), bar=200μm. 

 

 
Figure 6. Expression of (A) Collagen I, (B) β2-microglobulin, (C) BMP2, (D) OPN, (E) Osterix, and (F) Runx2 (molecular markers of calcification) in serous 
ovarian carcinomas. △, psammoma body, bar=150μm. 

 
To examine whether mineralizing of ovarian 

cancer cell can be induced by calcification medium, 
we used several classical calcium salt detection 
methods (Alizarin red staining, von kossa staining, 
calcein fluorescence staining, ALP activity detection) 
to analyze the in vitro models of ovarian cancer 
calcification. Our results revealed that there were 
calcium deposits in the SKOV3 cells cultured with 
calcification medium compared with the SKOV3 cells 
cultured with culture medium or HOSEpiC cells, 

which suggested that SKOV3 cells had certain 
differentiation potential compared with the ovarian 
epithelial cells and could be induced differentiation 
by calcification medium. Thus, we have demonstrated 
here for the first time that ovarian cancer cell line 
SKOV3 is capable of mineralising in vitro and it can be 
induced mineralizing by calcification medium.  

Second, we used the established in vitro model of 
ovarian cancer calcification to investigate the changes 
of ultrastructure and the mineralization biomarkers 
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after the induction of calcification medium. Under 
transmission electron microscope (TEM), terminal 
differentiation occurred in SKOV3 cells cultured with 
calcification medium, which was similar to the 
osteoblast phenotype. What’s more, the expression of 
mineralization biomarkers (CollagenⅠ, Runx2, 
β2-microglobulin, BMP2, Osterix and OPN) was 
elevated in calcifying SKOV3 cells, which suggested 
that calcifying SKOV3 cells may maintain an 
calcifying phenotype. From above, the in vitro study 
fully demonstrated that after cultured under 
calcification medium, ovarian cancer cells already 
obtained osteoblast-like characteristics.  

Our study of specimens also demonstrated that 
mineralization biomarkers BMP2, OPN, Runx2 and 
Osterix were present more in the calcified serous 
ovarian carcinomas, and there was statistically 
significant difference of the expression of the BMP2 
and OPN between calcified group and non-calcified 
group (P < 0.05). These results imply a possible link 
between BMP2, OPN, Runx2, Osterix and calcified 
serous ovarian carcinomas. As a typical member of 
the BMP family, BMP2 has obvious osteoinductive 
activities, such as directly enhancing cell calcification 
and inducing new bone formation[13]. BMP2 
modulates osteogenesis via the BMP2 pathway. 
Through the BMP/Smad pathways[14], signals from 
the pathways are transmitted to regulate the synthesis 
of osteogenic factors including OPN. The 
transcription factors such as Runx2 and Osterix can 
control downstream target genes including OPN to 
play an important role in the differentiation and 
maturation of osteoblasts and to regulate the 
osteoblast proliferation[15]. Osterix is generally 
thought to exist downstream of Runx2, and Runx2 
plays a role in early osteogenic differentiation, and 
Osterix plays a role in the late stage of osteogenic 
differentiation[16]. The predominant occurrence of 
these mineralization biomarkers in the calcified 
serous ovarian carcinomas demonstrates an 
osteogenesis process in the calcified serous ovarian 
carcinomas. However, regarding the small amount of 
our study of specimens, the results should be 
explained with great caution, and more large-scale 
studies are needed. 

When the SKOV3 cell switched its phenotype to 
osteoblast-like phenotype, they became well- 
differentiated. Scratch wound assays and Transwell 
assay found that SKOV3 cell migration decreased 
after being cultured with calcification medium, which 
implied a well-differentiated phenotype. In our study 
of specimens, the psammoma bodies occurred 
predominantly in well-differentiated carcinomas, 
which is consistent with many other studies and 
suggested that the presence of calcification was 

correlated with a lower histologic grade. In the study 
by Burkill and colleagues, 78/107 (73%) patients with 
calcification had stage I-II disease, whereas 511/1055 
(48%) patients without calcification had stage I-II 
disease[3]. Likewise, Silva revealed the same result[7]. 
The main presence of calcification in cases of 
low-grade carcinomas supports the theory that 
calcification in ovary cancer is rarely due to cellular 
degeneration, because calcification will occur more 
frequently in high-grade carcinomas if it is mainly 
caused by cellular degeneration. In light of our 
observation on the locations of calcification, we found 
that the calcification mainly located in the stroma 
rather than in the epithelium. The locations of 
calcification in the stroma also suggests that 
calcification is not associated with cellular 
degeneration. If calcification is mainly caused by 
cellular degeneration, then the epithelial cells with a 
higher proliferation rate will be more prone to 
degenerative changes and the locations of calcification 
will mainly be in the epithelium.  

So how does the cancer cell switch its phenotype 
to osteoblast-like phenotype? Some studies reported 
that this phenomenon might related with 
EMT(epithelial mesenchymal transition). In breast 
cancer, the process of dedifferentiation of breast 
cancer cells could related to the EMT markers[17]. 
After the dedifferentiation mediated by the EMT, 
breast cancer cells may acquire mesenchymal 
characteristics and transform themselves into cells 
with an osteoblast-like phenotype[18]. In this 
transformation, the BMP2/RUNX2 signaling pathway 
were activated and the bone-related genes were 
ectopically co-expressed in breast cancer cells[19]. 
Another pathway that needs to pay attention to is 
RANK/RANKL signaling. Bone metastases in breast 
cancer are most often osteolytic and the generation of 
osteolytic metastases is the activation of 
osteoclasts[20]. Osteoblasts secrete RANKL, which 
results in the activation and finally maturation of 
osteoclasts[21]. It is interesting to note that RANKL 
also involved in breast cancer cells and seem to play a 
role in bone metastasis[20]. A process opposite to the 
EMT, MET(mesenchymal to epithelial transition), is 
an evolving and relatively under-investigated 
mechanism that is considered to contribute 
substantially to the colonisation of breast cancer cells 
into metastatic site[22]. When the breast cancer cells 
acquire the osteoblast-like phenotype, they also 
acquire the high affinity for bone environment, which 
may explain the high frequency in which breast 
cancer metastasize into bone[23]. These evidences 
highlight the role of EMT and MET in breast cancer 
osteoblast-like cells occurrence and cancer bone 
metastasis.  
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As mentioned previously, the breast cancer cells 
obtaining an osteoblast-like feature via EMT may 
associated with the initiation of the metastatic 
cascade. And its reverse process, known as the MET, 
is necessary for efficient bone colonization. The 
ovarian cancer cells switch its phenotype to 
osteoblast-like phenotype may experience a similar 
process as the breast cancer do. However, considering 
the less incidence of bone metastases in ovarian 
cancer and the decreased migration after the 
osteogenic phenotype transformation, the EMT and 
MET process in the ovarian osteogenic phenotype 
transformation may have some difference from the 
breast osteogenic phenotype transformation. Further 
study on the EMT and MET process in the ovarian 
osteogenic phenotype transformation is needed. 

 It is important to note that EMT and MET is a 
balance process. EMT and MET may determine active 
or dormant states of the tumor, respectively, and 
allow for an indeterminate number of cycles of 
invasion and metastases formation[22]. MET, 
reverting the mesenchymal cells back to epithelial 
cells, may reduce the EMT-associated malignancy 
[24]. Additionally, although MET is the driving force 
of metastatic colonization, tumors that have 
undergone a MET at a secondary site may be less 

invasive and more susceptible to chemotherapeutic 
drugs [25]. If we could interfere the EMT and MET 
process in the ovarian osteogenic phenotype 
transformation to reduce EMT and promote MET, we 
can promote the terminal differentiation of tumor 
cells in the primary site and inhibit the spread of 
ovarian cancer cells. Thus, experimental studies will 
be needed to settle the key question whether inducing 
or inhibiting MET would be beneficial in the 
treatment of ovarian cancer. Further, making clear the 
pathways that contribute the MET in the ovarian 
osteogenic phenotype transformation is also 
important. Understanding the precise mechanisms of 
EMT and MET in the ovarian osteogenic phenotype 
transformation can inform the new prospective in 
ovarian cancer therapy. 

Based on the results discussed in this paper, we 
propose a mechanism for the calcification in ovarian 
cancer (Figure 7). We suggest that ovarian cancer cells 
switch to a calcifying phenotype and express bone 
related transcription factors and bone matrix proteins 
to cause the calcification deposition. Additionally, 
understanding the formation of calcifications in 
ovarian cancer might have a positive influence on the 
development of new diagnostic and therapeutic 
modalities for the ovarian cancer. 

 

 
Figure 7. A proposed mechanism of ovarian cancer cell calcification. According to our results, ovarian cancer cells switch to a calcifying phenotype and 
express bone related transcription factors and bone matrix proteins to cause the calcification deposition. 
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