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Purpose: Ovarian cancer is the most lethal malignancy of the female reproductive system, and 

the prevention and treatment of ovarian carcinoma are still far from optimal. Epidemiological 

studies reported that ovarian cancer risk was inversely associated with low level of 25-hydroxy 

vitamin D [25(OH)]. Therefore, this study focuses on exploring the chemoprevention of vitamin D 

on epithelial ovarian cancer induced by 7, 12-dimethylbenz [a] anthracene (DMBA).

Methods: The mouse ovarian surface epithelial cells were isolated from estrus mice by mild 

trypsinization and maintained in completed culture medium by repeated passaging. The malig-

nant transformation of mouse ovarian surface epithelial cells was induced by DMBA in vitro. 

DMBA was directly injected into the bursa of mouse ovary to produce optimized in vivo ovar-

ian cancer model.

Results: The results indicate that 1α,25 dihydroxyvitamin D3 may delay malignant transforma-

tion of mouse ovarian surface epithelial cells induced by DMBA and significantly decreased the 

colony formation rate from 18.4% to 3.2% (P,0.05). There was a negative correlation between 

incidence of DMBA-induced tumor and 25-hydroxy vitamin D level (R2=0.978, P,0.05). Vita-

min D3 can delay the progression of ovarian cancer induced by DMBA, and the administration 

of vitamin D3 during the whole process worked more effectively than the administration only 

during tumor initiation or promotion. Moreover, we found the vitamin D3 increased the expres-

sion of E-cadherin and vitamin D receptor while it decreased the expression of β-catenin.

Conclusion: We succeeded in establishment of epithelial ovarian cancer models both in vitro 

and in vivo. The DMBA-implanted model in mice yields high incidence and specificity of epi-

thelial derived tumors. We also found that vitamin D delays the progression of ovarian cancer. 

However, spontaneous epithelial ovarian carcinoma models are still to be explored for testing 

the preventive effects of vitamin D on epithelial ovarian cancer.

Keywords: vitamin D, epithelial ovarian cancer, DMBA, experimental animal model, chemo-

prevention, vitamin D receptor

Introduction
GLIBOCAN 2012 reports that the estimated incidence of ovarian cancer is 6.1/100,000, 

and mortality is 3.8/100,000.1 Although it does not have the highest morbidity, ovar-

ian cancer is the most lethal malignancy of the female reproductive system. A high 

mortality rate of ovarian cancer is ascribed to its aggressiveness and the fact that the 

majority of patients are diagnosed in the advanced stages of the disease. Moreover, 

there has been little change to the 5-year cumulative survival rate for epithelial ovar-

ian carcinoma (EOC) since platinum-based treatment was universally introduced 

more than 30 years ago.2 As a result of chemosensitivity in the treatment of patients 
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suffering from ovarian cancer in the last decade, there is a 

constant need for new precaution and treatment strategies. 

The benefit of such an approach is the possibility of enhanc-

ing the therapeutic effects of a drug, which is the basis of 

a standard therapy. A promising candidate for this strategy 

is vitamin D.

The active form of vitamin D acts as a protective role 

in several cancers.3–6 Epidemiological and clinical data sug-

gest that the low level of circulating 25-hydroxy vitamin D 

[25(OH)], a widely accepted biomarker of vitamin D status, 

leads to an increased risk of ovarian cancer.7–11 Women with a 

serum 25(OH)D level of .30 ng/mL12 had a significantly better 

survival rate than those with level of 20–29.9 ng/mL. And there 

was a 7% reduction in risk of death per 4 ng/mL increment in 

serum 25(OH)D. Research13 suggests that an active metabolite 

of vitamin D, 1α,25 dihydroxyvitamin D3 [1α,25(OH)
2
D

3
], 

also known as calcitriol, or vitamin D analogues might have 

potential as anticancer agents because their administration 

inhibits proliferation, activates apoptotic pathways, and inhibits 

angiogenesis, via binding to the vitamin D receptor (VDR).

Ovarian cancer continues to be a poorly understood 

disease with an extremely poor prognosis. Ninety percent of 

human ovarian malignancies are thought to derive from epi-

thelial tissue, but the etiology of EOC is poorly understood. 

One reason for the slow progress made in understanding the 

biology of ovarian cancer and translating that knowledge 

into substantial clinical benefits has been a lack of clinically 

representative model systems that mimic the progression of 

the human disease. A good animal model is urgently needed 

for representing human ovarian cancer and understanding 

the pathogenesis of the disease in order to test new treatment 

strategies. Some efforts have been put into animal models14–16 

designed for ovarian cancer for decades. These models have 

included whole-body irradiation, chemical induction, genetic 

manipulation, and xenograph development. A powerful 

organ-specific laboratory carcinogen, 7, 12-dimethylbenz [a]  

anthracene (DMBA), is always used to induce various 

kinds of cancer, such as breast, ovarian, lung, and skin.17 

However, in the mouse model for ovarian cancer, there is 

only one DMBA-induced malignancy mouse model, and the 

model was used by menopause mice.15 Therefore, this study 

focuses on establishing both the mouse model of ovarian 

cancer and malignant transformation of mouse ovarian sur-

face epithelial (MOSE) cells induced by DMBA. Meanwhile, 

vitamin D was administered into mice in different phases 

of ovarian cancer (initiation and propagation). The aim of 

our study was to test the chemoprevention of vitamin D on 

DMBA-induced ovarian cancer.

Materials and methods
reagent and mice
Vitamin D3 and 1,25(OH)

2
D

3
 were purchased from Shanghai 

General Pharmaceutical Company (Shanghai, People’s 

Republic of China) and Sigma-Aldrich Co. (St Louis, 

MO, USA), respectively. Dulbecco’s Modified Eagle’s 

Medium/Nutrient Mixture F-12 (DMEM/F12) medium and 

supplementaries were purchased from Thermo Fischer Sci-

entific, (Waltham, MA, USA). The antibodies to pan-keratin, 

E-adhesion, and β-catenin were purchased from Cell Signal-

ing Technology, Inc. (Danvers, MA, USA), VDR from Novus 

Biologicals (Littleton, CO, USA), and second antibody from 

Thermo Fischer Scientific, C57BL/6 female mice were 

obtained from the Experimental Animal Center (Soochow 

University, Suzhou, People’s Republic of China). Care and 

treatment of mice were performed in strict accordance with 

the Guide for the Care and Use of Laboratory Animals of the 

National Science and Technology Committee. All protocols 

were approved by the Medical Research Ethics Committee 

of Jiangsu Province, People’s Republic of China.

isolation and culture of ovarian 
epithelial cells
Primary MOSE cells were isolated and modified as described 

by Roby et al.18 Briefly, ovaries from estrus female C57BL/6J 

mice were resected and rinsed with 100 mg/mL of penicillin and 

streptomycin three times. The ovaries were placed in 1.5 mL EP 

tube and incubated with the trypsin solution at 37°C in an incu-

bator of 5% CO
2
 for 15 minutes, and then put into another tube 

for second trypsinization. Single cells and clumps of MOSE 

were collected by mild centrifugation, and resuspended in a 

completed DMEM/F12 medium supplemented with 5% fetal 

bovine serum, 1% penicillin–streptomycin, 10 ng/mL mouse 

Epithelial Growth Factor, 1% insulin–transferrin–selenium, and 

0.5 mg/mL hydrocortisone. Cells were routinely subcultured at 

1:3 to 1:6 ratios, depending on their growth rates.

experimental animal model and 
histopathology
Two-month-old female C57BL/6J mice were random-

ized into six groups of 12 animals each. The mice with 

surgically exposed ovaries were injected under the ovary 

bursa at a dose of 4 mg/mL of 0.05 mL DMBA (Sigma 

Chemical Co.). To investigate the effects of vitamin D on 

ovarian cancer directly implanted with DMBA, experi-

ment design was conducted as shown in Figure 1 and the  

groups included: 1) a model, only treated by DMBA; 2) a 

20-week vitamin D3 (VD) group (initiation + promotion), 
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vitamin D3 was administered at a dose of 20,000 IU/kg every 

week for a duration of 20 weeks; 3) a 4-week VD group 

(initiation), vitamin D3 was treated every week from day 0 

until the day prior to DMBA implanted; 4) a 8-week VD group 

(promotion), vitamin D3 was administered every week for 

8 weeks till the end of the study after the DMBA implanted 

for 12 weeks; and 5) and 6) two additional negative control 

groups, corn oil and vitamin D3 were administered every week, 

respectively. Animals were weighed weekly and monitored for 

the development of ascites or palpable tumor formation for up 

to 90 days. At the time of sacrifice, organs were harvested and 

fixed in 10% buffered formalin. Routine paraffin embedding 

of tissues and hematoxylin and eosin staining of tissue sec-

tions were performed by the laboratory at Medical College of 

Soochow University (Suzhou, People’s Republic of China).

soft agar assay
Two thousand cells were mixed with 1 mL of 0.35% agarose 

and plated into 35 mm dishes with a bottom layer of 0.75% 

agarose. Cells were fed every 3 days with 1 mL culture 

medium. The colonies were counted 2 weeks after initial 

plating. Data are presented as ratios of the number of colonies 

to the number of plated cells. Data points in figures represent 

three independent experiments.

Immunofluorescence
Tumor samples were harvested from mice, trimmed 

into ~5 mm3 pieces, and immediately coated with Cryo 

tissue-embedding compound (OCT, Leica Microsystems, 

Wetzlar, Germany). Frozen sections for immunofluorescence 

were selected, washed in phosphate-buffered saline, and fixed 

in 4% phosphate-buffered paraformaldehyde for 30 minutes. 

The goat blocking serum was applied for 10 minutes at room 

temperature. The sections were incubated with primary anti-

body at 4°C overnight. After washing in phosphate-buffered 

saline, secondary antibody was applied for 10 minutes 

followed by Cy5 for E-cadherin and fluorescein isothiocya-

nate for β-catenin and VDR. The nuclei were stained with 

4′,6-diamidino-2-phenylindole. Fluorescence signals were 

detected using a confocal laser scanning microscope (Leica 

Microsystems). Ten visual fields were randomly selected 

and the fluorescent intensity of cells from a total of 500 cells 

stained with Cy5 or fluorescein isothiocyanate were quantified 

using the software Leica TCS SP2. The average fluorescent 

intensity was taken as the relative expression level.

elisa
The level of CA125 (HCB, Vancouver, BC, Canada) and 

25(OH)D (IBL International GmbH, Hamburg, Germany) 

in serum and ascites was detected by enzyme linked immu-

nosorbent assay (ELISA) kit according to the manufac-

turer’s instruction. Briefly, 100 µL of each standard and 

samples were added into appropriate wells, and incubated 

for 2.5 hours at room temperature. After washing with wash 

buffer for four times, 100 µL of prepared biotinylated anti-

body was applied to incubate for 1 hour at room temperature. 

After washing, 100 µL of prepared streptavidin solution was 

incubated for 45 minutes. Ninety microliters of one-step 

substrate reagent was used to incubate for 30 minutes. The 

unwashed biotin-labeled CA125 or 25(OH)D that bound 

to the plate was detected by the addition of 50 µL of stop 

solution which resulted in a colored product measured at 

Figure 1 experimental design used to evaluate the effects of vitamin D on DMBa-induced ovarian cancer in c57Bl/6 mice.
Notes: 1) negative control group, corn oil was administered every week; 2) Vitamin D control group, vitamin D3 was administered ever week; 3) DMBa model, only treated 
by DMBa; 4) a 4-week VD group (initiation), vitamin D3 was administered every week from day 0 until a day prior to DMBa implanted; 5) an 8-week VD group (promotion), 
vitamin D3 was administered every week for 8 weeks following the DMBa implanted till the end of the study; and 6) a 20-week VD group (initiation + promotion), vitamin D3 
was administered at a dose of 20,000 iU/kg every week for a duration of 20 weeks.
Abbreviations: DMBa, 7, 12-dimethylbenz [a] anthracene; ip, intraperitoneal; wk, week; VD, vitamin D3.
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450 nm in a microplate reader (Molecular Devices Inc. San 

Francisco, CA, USA).

statistical analysis
Statistical analysis was performed using SPSS, version 13.0 

for Windows (SPSS Inc., Chicago, IL, USA). Data are pre-

sented as the mean ± standard deviation. The comparison of 

distribution of variables between each group was made using 

the Student’s t-test and variance analysis, with significance 

set at a P-value of less than 0.05.

Results
characterization of MOse cells
 As shown in Figure 2A, more than 90% of surface epithelia 

cells expressed a pan-keratin, an epithelial marker, which was 

identified as MOSE cells. The MOSE cells exhibited cobble-

stone morphology and contact inhibition of growth, which 

are typical characteristics of epithelial cells (Figure 2B). The 

early passage cells had a very slow growth rate. After cells 

were treated with DMBA, cobblestone morphology was no 

longer apparent and contact inhibition of growth was lost as 

evidenced by the growth of multiple layers of cells in 12th 

passage (Figure 2C). The malignant phenotype is defined by 

the ability to form colonies in soft agar in vitro (Figure 2D).

active vitamin D delays malignant 
transformation of Mose cells induced by 
DMBa in vitro
1α,25(OH)

2
D

3
 has been found to be a potential tumor pre-

ventive and therapeutic agent.12 We further tested whether 

Figure 2 The effects of vitamin D on DMBa-induced malignant transformation of MOse cells in vitro.
Notes: (A) MOse cells expressed pan-keratin, an epithelial cell marker. A1: green pan-keratin; A2: blue nuclei; and A3: merge of A1 and A2; (B) early MOse cells exhibited 
cobblestone morphology (×200); (C) Malignant transformation of MOse cells showed the growth of multiple layers (×200); (D) 1,25(Oh)2D3 significantly decreased the 
colony formation rate of MOse cells. D1, representative image of DMBa group (×100). D2, representative image of 20-week VD group (×100).
Abbreviations: DMBa, 7, 12-dimethylbenz [a] anthracene; MOse, mouse ovarian surface epithelial; VD, vitamin D3.
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1α,25(OH)
2
D

3
 was able to inhibit malignant transformation 

of MOSE cells induced by DMBA. Compared with MOSE 

cells induced by DMBA only, MOSE cells administered 

together with 1α,25(OH)
2
D

3
 appeared as the same malignant 

transformation in 15th passage. The rate of colony forma-

tion was also significantly decreased from 18.4% to 3.2% 

(P,0.05, Figure 2D). The results indicate that 1α,25(OH)
2
D

3
 

may delay malignant transformation of ovarian surface epi-

thelial cells induced by DMBA.

establishment of ovarian cancer model of 
mouse-implanted DMBa
We then tested whether vitamin D inhibited the development 

of ovarian cancer in vivo. For optimizing mouse model of 

ovarian cancer, DMBA was directly injected into the bursa 

of ovary in this study (Figure 3A). Twenty weeks post-

treatment, no mice of negative control grew tumor, with an 

average ovary weight of 0.0126 g. In contrast, 77.8% of mice 

implanted by DMBA showed signs of tumor growth, some 

with ascites. There were no tumors found in other places 

of mouse. The average weight of ovary including tumor 

was significantly increased to 0.301±0.0121 g (Table 1, 

P,0.05). The CA125, a diagnostic indicator for ovarian 

cancer, was also aggressively increased to 4.75 U/mL, com-

pared to negative control (0.75 U/mL) (Table 1, P,0.05). 

Pathological examination in DMBA-induced group showed 

that the nucleus displayed obvious pleomorphism and the 

nuclear:cytoplasmic ratio was high. New vascularization was 

also found in tissue (Figure 3B). These results indicated that a 

mouse model of ovarian cancer was successfully established 

by directly implanting DMBA in the bursa of ovaries.

Vitamin D suppresses ovarian tumor 
growth in vivo
To test the role of vitamin D as a potential chemopreventive 

agent against the development of ovarian cancer, experimental 

design was used as shown in Figure 1. The incidence rate was 

reduced when DMBA-implanted mice were treated with vita-

min D3 during initiation (55.6%), promotion (50%), and entire 

period (27.3%), respectively (Table 1, P,0.05). The weight 

of ovary including tumor was also significantly decreased 

(Figure 3C, P,0.05), and the general condition of the mice 

Figure 3 Vitamin D suppresses the growth of ovarian tumor directly implanted by DMBa in vivo.
Notes: (A) representative picture of DMBa-induced neoplastic masses and ascites in abdominal cavity of mouse A1, neoplastic masses (red arrow) and A2, ascites (red 
arrow); (B) histopathology of ovarian tumors induced by DMBa. B1, the nucleus displayed obvious pleomorphism (black arrow) and B2, new vascularization was also found 
in tissue (black arrow) (h&e stain ×400); (C) The weight of ovary including tumor was significantly decreased by vitamin D treatment. Compared to DMBA group, *P,0.05; 
(D) The 25(Oh)D level of 20-week VD group was the highest among all vitamin D-treated groups. compared to negative control group, #P,0.05; compared to DMBa 
model, *P,0.05; compared to DMBa group; (E) a negative correlation between incidence of DMBa-induced tumor and 25(Oh)D level in mice.
Abbreviations: DMBa, 7, 12-dimethylbenz [a] anthracene; h&e, hematoxylin and eosin; VD, vitamin D3.
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was improved, compared with DMBA-induced group. The 

CA125 level of both serum and ascites in vitamin D-treated 

groups, especially the 20-week VD group (initiation + pro-

motion), was significantly decreased compared with DMBA-

induced groups (Table 1, P,0.05).

We also tested the circulating 25(OH)D level in mice, a 

widely accepted biomarker of vitamin D status. Compared with 

negative control group, the 25(OH)D level of serum in DMBA 

model was significantly decreased, while that in VD control and 

20-week VD group were significantly increased (Table S1). The 

25(OH)D level in mice of 20-week VD group was the highest 

among all vitamin D-treated groups (Figure 3D, P,0.05). As 

showed in Figure 3E, there was a negative correlation between 

incidence of DMBA-induced tumor and 25(OH)D level 

(R2=0.978, P,0.05). These data collectively indicate that vita-

min D3 plays a chemopreventive role in DMBA-induced ovarian 

cancer, and supplementation during the full phase (including 

initiation and promotion) is the most effective way.

Vitamin D regulates expression of 
e-cadherin and β-catenin both in vitro 
and in vivo
The morphological change from epithelial to mesenchymal 

was observed during the transformation of MOSE cells. 

So, we further assessed the expression of epithelial and 

mesenchymal markers in tumor tissue and MOSE cells by 

immunofluorescence staining (Figure 4). Contrary to nega-

tive controls, lower expression of VDR and E-cadherin, as 

well as higher expression of β-catenin, was found in DMBA 

model. However, the administration of vitamin D3 sig-

nificantly increased the expression of VDR and E-cadherin 

(Figure 4A and B), and decreased the expression of β-catenin 

(Figure 4C). Similarly, we also found that 1α,25(OH)
2
D

3
 

increased the expression of E-cadherin, and decreased the 

expression of β-catenin in MOSE cells in vitro (Figure S1). 

These results show that vitamin D increases the expression 

of E-cadherin and decreases the expression of β-catenin, 

indicating vitamin D increased the expression of epithelial 

marker by increasing VDR level.

Discussion
Since ovarian cancer is the most lethal malignancy of the 

female reproductive system and the prevention and treat-

ment of ovarian carcinoma are still far from optimal, animal 

models are still reasonably needed to be a helpful addition 

to understand the development and progression of ovarian 

carcinoma. In this study, we successfully established both 

in vitro and in vivo models for the development of epithelial 

ovarian cancer by DMBA. We also found that vitamin D not 

only delayed malignant transformation of ovarian surface 

epithelial cells induced by DMBA but also played a chemo-

preventive role in animal models directly implanted with 

DMBA. To our knowledge, this is the first report that the 

DMBA implantation in mice yields high incidence of ovarian 

cancer, specifically epithelial derived ovarian cancer.

The antineoplastic actions of 1α,25(OH)
2
D

3
 and its analogs 

have been shown both in vitro and in vivo, in various malig-

nancies, including ovarian cancer. For example, in EOC cells, 

1α,25(OH)
2
D

3
 caused cell cycle arrest at the G2/M transition 

and G1/S checkpoint, and decreased human telomerase reverse 

transcriptase mRNA stability through microRNA, the mecha-

nism underlying 1α,25(OH)
2
D

3
-induced cell death.19 Our pre-

vious study also demonstrated that 1α,25(OH)
2
D

3
 suppressed 

SKOV-3 cell growth, and enhanced the antiproliferative effect 

of carboplatin by increasing apoptosis and reactive oxygen spe-

cies production and reducing mitochondrial membrane poten-

tial.6 In the present study, 1α,25(OH)
2
D

3
 postponed malignant 

transformation of MOSE cells by increasing E-cadherin and 

decreasing β-catenin expression. Thus, these results give 

strong evidence supporting the use of 1α,25(OH)
2
D

3
 as an 

antiproliferation agent for ovarian cancer cells in vitro.

The chemopreventive actions of vitamin D have been 

conducted in experimental lung, mammary and colon car-

cinogenesis, and neuroblastoma.20,21 These studies supported 

Table 1 Vitamin D suppresses the growth of ovarian tumor implanted by DMBa in vivo

Group N Deaths Incidence (%) Weight of ovary 
 including tumor (g)

CA125 (U/mL)

Serum Ascites

negative control 12 0 0/24 (0) 0.0126±0.0014 0.750±0.013 none
VD control 12 0 0/24 (0) 0.0121±0.0009 0.915±0.021 none
DMBa-induced model 12 3 14/18 (77.8) 0.301±0.0121* 4.751±0.075* 5.87±0.091*
4-week VD (initiation) 12 3 10/18 (55.6) 0.216±0.0045* 3.326±0.063* 4.75±0.073*
8-week VD (promotion) 12 2 10/20 (50.0) 0.237±0.0076* 3.014±0.087* 4.26±0.069*
20-week VD (initiation + promotion) 12 1 6/22 (27.3) 0.127±0.0018* 2.160±0.045* 3.49±0.058*

Note: *compared with DMBa-induced model group, P,0.05. n = number of mice. The incidence of ovarian cancer is ovaries with tumors/ovaries with DMBa.
Abbreviations: DMBa, 7, 12-dimethylbenz [a] anthracene; VD, vitamin D3.
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that vitamin D or its analogs suppressed development of 

chemical-induced tumor. In the present study, vitamin D3 was 

administrated during initiation, promotion, and the full phase 

of ovarian tumor, respectively. Our results show that the effi-

cacy of vitamin D on inhibiting tumor growth has been dem-

onstrated to be dependent on the timing of administration, and 

supplementation during the full phase (including initiation and 

promotion) is the most effective way. Moreover, vitamin D3 

also reduced the content of CA125 in both serum and ascites, 

especially in the 20-week vitamin D3 group. Furthermore, the 

incidence of ovarian cancer was negatively correlated with 

the level of 25(OH)D in mice. In addition, the level of serum 

calcium was not obviously changed among groups (Table S2), 

which indicated that a high dose of vitamin D (with a dose 

of 20,000 IU/kg per week for duration of 20 weeks) did not 

trigger side effects of elevated serum calcium. These results 

indicate that vitamin D may delay the progression of ovarian 

tumors, and it is more effective to supplement with vitamin D  

at the entire stage than only at initiation or promotion of 

tumor development. Therefore, the results from in vivo 

antitumor activity suggest that vitamin D is a promising agent 

for cancer intervention.

The biological actions of vitamin D are mediated by VDR, 

mostly via genomic actions. The lower level of 25(OH)D 

and VDR is tightly associated with ovarian cancer.19,22–24 It is 

reported25 that 1α,25(OH)
2
D

3
 targeted the wnt/β-catenin path-

way by upregulating E-cadherin, but this is only possible when 

VDR presents. It is well known that E-cadherin is a key protein 

existing in normal epithelial cells and is involved in the adhe-

sion properties.25 The downregulation of E-cadherin is regarded 

to be closely associated with the invasive metastasis, and poor 

prognoses of tumor.26 Our study not only figured lower expres-

sion of E-cadherin in ovarian tumor compared to the negative 

control and vitamin D-treated group but also confirmed that 

1α,25(OH)
2
D

3
 suppresses the development of ovarian tumor 

by upregulating the expression of VDR and E-cadherin and 

decreasing the expression of β-catenin. These data suggest that 

downregulation of E-cadherin might play a role in the develop-

ment of ovarian tumor, and vitamin D treatment strategies can 

be targeted to increase E-cadherin and VDR expression to play 

a protective role in ovarian tumor progression.

One potential limitation of current study is the poor 

understanding of the etiology of spontaneous epithelial ovar-

ian cancer. The development of chemical-induced model 

might be hampered by the presence of carcinogen, as many 

other specific promoters for the ovaries might be missed. 

A mechanistic understanding of ovarian cancer initiation, 

progression, and early stages of metastasis is hindered by 

the complexity of genetic and/or environmental initiating 

events and lack of clarity regarding the cell(s) or tissue(s) of 

origin. It is still important that investigators seek to develop 

a model that would effectively represent spontaneous human 

epithelial ovarian cancer.

Conclusion
In conclusion, vitamin D not only delayed malignant trans-

formation of ovarian surface epithelial cells induced by 

DMBA but also played a chemopreventive role in animal 

models directly implanted with DMBA. Vitamin D delays 

the development progress of ovarian cancer by upregulat-

ing E-cadherin and VDR and downregulating β-catenin. 

However, spontaneous EOC models are still to be explored 

for testing preventive or therapeutic agents for epithelial 

ovarian cancer.
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Table S1 The 25(Oh)D level in serum of mice

Group Mean (ng/mL) Standard 
deviation

negative control 15.769 2.564
VD control 22.385# 2.429
DMBa model 13.692* 1.289
4-week VD (initiation) 15.769 2.564
8-week VD (promotion) 16.076 2.311
20-week VD (initiation + promotion) 16.769#,∆ 1.918

Notes: compared with negative control group, the 25(Oh)D level of serum in 
DMBA model was significantly decreased (*P,0.05), while that in VD control and 
20-week VD significantly increased (#P,0.05). compared with DMBa model, the 
25(Oh)D level in 20-week VD was dramatically increased (∆P,0.01).
Abbreviations: DMBa, 7, 12-dimethylbenz [a] anthracene; VD, vitamin D3.

Table S2 The concentration of serum calcium in mice

Group Calcium (mmol/L)

negative control 2.73±0.317
VD control 2.95±0.289
DMBa-induced model 2.57±0.265
4-week VD (initiation) 2.79±0.183
8-week VD (promotion) 2.83±0.324
20-week VD (initiation + promotion) 2.98±0.207

Abbreviations: DMBa, 7, 12-dimethylbenz [a] anthracene; VD, vitamin D3.
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