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Vitamin D deﬁciency is identiﬁed as a risk factor for the occurrence and recurrence of ovarian cancer.
Galectin-3 (Gal-3) participates in many physiological and pathological processes. In present study, serum
vitamin D level was detected using chemiluminescence enzyme immunoassay. Gal-3 expression was
examined using real-time polymerase chain reaction (PCR), Western blot and immunocytochemistry analysis. SKOV3 cells viability was assessed by the water-soluble tetrazolium salt (WST-1) assay, the migration
of SKOV3 cells was detected using transwell assay, and the proliferation of SKOV3 cells was measured by
3
H-thymidine incorporation (3H-TdR). Our study demonstrated that vitamin D levels were lower in 40
ovarian cancer patients: vitamin D deﬁciency is closely related to the pathogenesis of ovarian cancer.
Treatment with vitamin D reduced the migration and proliferation of ovarian cancer cells. Gal-3 was
overexpressed in ovarian cancer, which could induce the viability, migration and proliferation ability of
ovarian cancer cells, and these effects were abrogated by vitamin D downregulating the expression of Gal-3
gene. Therefore, our results support that vitamin D may suppress Gal-3-induced viability, migration and
proliferation ability of ovarian cancer cells, which suggests that the use of vitamin D may have beneﬁcial
effects in preventing and treating ovarian cancer.
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1. Introduction
Ovarian cancer is one of the common malignant tumors
that seriously threaten women’s health. Due to the lack
of effective early screening methods, 70% of patients
were diagnosed at an advanced stage, and ovarian
cancer had moved to the uterus, peritoneum or other
organs, losing the best time for treatment (Zhang et al.
2019a, b). After tumor reduction surgery and drug
treatment, the 5-year survival rate of advanced patients
is still less than 30%, and so, early diagnosis and
prevention of metastasis of ovarian cancer is essential
for improving prognosis (Ceran et al. 2019; May et al.
2017). Therefore, it is necessary to clarify the mechanism of chemotherapeutic drug resistance of ovarian
cancer and develop a novel strategy for treatment of
ovarian cancer.

Vitamin D was ﬁrst recognized for its important role
in regulating the balance of calcium and phosphorus in
human body, and 1, 25-(OH) D3 is the most important
active form of vitamin D (Bi et al. 2018; Posa et al.
2016). More and more studies have conﬁrmed that the
lack of active vitamin D is closely related to the proliferation, invasion, differentiation and metastasis of
breast, liver and colorectal cancer (Ahmed et al. 2019;
Cai et al. 2018; Zhang et al. 2019a, b). In recent years,
the relationship between active vitamin D and ovarian
cancer has attracted the attention of scientists. Ovarian
cancer is one of the most sensitive tumors to vitamin D,
and active vitamin D can affect the occurrence and
development of ovarian cancer by inhibiting proliferation, affecting invasion, promoting apoptosis and
changing tumor microenvironment (Bull et al. 2016;
Liu et al. 2016). The lack of active vitamin D is closely
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related to the occurrence and recurrence of ovarian
cancer. It has been pointed out that the incidence of
ovarian cancer is negatively correlated with the intensity of light, suggesting a close relationship between
vitamin D deﬁciency and ovarian cancer (Bakhru et al.
2010). According to the current research results, the
effect of vitamin D on ovarian cancer is multifaceted.
Galectin-3 (Gal-3), a beta-galactoside-binding lectin,
is a multifunctional oncogenic protein which participates
in many physiological and pathological processes, such
as including cell growth and development, immunity,
apoptosis, tumor metastasis, but also involved in progression of a number of types of cancer, such as melanoma, lung cancer, breast cancer, colorectal cancer, head
and neck cancer and non-Hodgkin’s lymphoma (Bustos
et al. 2018; Dos Santos et al. 2017; Topcu et al. 2018;
Wang and Wang 2015; Cho et al. 2018; Clark et al. 2012;
Stiasny et al. 2017). Investigators showed that nuclear
export of phosphorylated Gal-3 exerts its antiapoptotic
activity in response to chemotherapeutic drug (Takenaka
et al. 2004). A few studies also reported that Gal-3 was
found in perinuclear mitochondrial membrane and the
cytoplasm, and involved in the regulation of apoptosis
through an interaction with the bcl-2 protein (Huang
et al. 2014). The high expression of Gal-3 in the cytoplasm is considered to be a negative prognostic factor,
because it is closely related to the short progression-free
survival of ovarian cancer (Schulz et al. 2017). Therefore, whether the effect of vitamin D on inhibiting the
proliferation and migration of ovarian cancer cells is
involved with Gal-3 is worth further discussion.
Here, the present study demonstrated that the
capacities of migration and proliferation of ovarian
cancer cells were inhibited by active vitamin D, and the
role of Gal-3 expression in ovarian cancer cells; we
explored the possible mechanism of Gal-3 function
when vitamin D inhibited the migration and proliferation of ovarian cancer cells, and provided a theoretical
basis for treatment of ovarian cancer.

From January 2014 to December 2018, participants were
selected from 40 patients with ovarian cancer (mean age
of 50.8 years, age 34–65 years) and 40 normal women
(mean age of 49.9 years, age 33–63 years), with no statistically signiﬁcant differences between the groups in
general conditions. Diagnosis of ovarian cancer were
conﬁrmed by pathology and cytology, twenty-nine cases
were serous cystadenocarcinoma, 7 cases were mucinous cystadenocarcinoma and 4 cases were endometrioid carcinoma. The tissue research specimens were
divided into two groups: (1) there were 40 cases of
ovarian cancer; (2) there were 40 cases in the paracancerous tissue group (normal control group, no tumor
cell inﬁltration). The blood research specimens were
divided into two groups: (1) there were 40 cases of
ovarian cancer; (2) there were 40 cases normal women
with the same age (normal control, normal ovarian tissue
is obtained by hysterectomy and ovariectomy in patients
with hysteromyoma). These blood and tissue specimens
were stored at -79°C. Venous blood was collected,
serum 25 (OH) D3 level was detected by chemiluminescence enzyme immunoassay (IDS, Boldon, UK), and
quality control was carried out at the same time.

2.2 Cell culture
The ovarian epithelial carcinoma SKOV3 cell lines
were obtained from the American Type Culture Collection (Manassas, VA, USA). Cells were incubated in
Dulbecco’s modiﬁed Eagle’s medium (DMEM,
Hyclone, Logan, UT, USA) supplemented with 10%
fetal bovine serum, 1% penicillin-streptomycin, 2 mM
of glutamine, 1% nonessential amino acids, and cultured at 37°C in a 5% CO2 incubator. SKOV3 cells
were maintained to approximately 70–80% conﬂuence,
then treated with 10-7 M 1, 25-(OH) D3 (Calcitriol,
D1530, Sigma) for 72 h, cell culture media alone was
considered as the mock group.

2. Materials and methods
2.1 Human subjects and sample collection

2.3 Cloning and transfection of the Gal-3
plasmids

The study was approved by the Ethical Committee of the
Chinese Academy of Sciences and the Nanjing Maternity and Child Health Care Hospital in Nanjing.
Screening research subjects and obtaining informed
consent for the collection of blood samples and tissue
samples, and designing questionnaires and investigating
the general situation, and the clinical data was integrity.

Using the EcoRI and BamHI restriction sites, the fulllength of Gal-3 gene was constructed into pcDNA 3.1
expression plasmid (Invitrogen, Carlsbad, CA) by PCR
ampliﬁcation. Targeting Gal-3 gene, Primer-F (50 -ATA
GGA TCC ATG GCA GAC GGC TTC TCA CTT-30 ),
Primer-R (50 -ATC GAA GAC TTA GAT CAT GGC
GTG GGA AG-30 ) were cloned and inserted into pcDNA

Vitamin D regulates cell proliferation

3.1 expression plasmid to construct the overexpression
vector pcDNA 3.1-Gal-3. SKOV3 cells were cultured
until cells reached 70-80% conﬂuence, and then were
transfected with 1000 ng/well pcDNA 3.1-Gal-3
expression plasmids using Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientiﬁc, Inc.) according to
manufacturer’s protocol. The transfection efﬁciency of
plasmids was evaluated by the expression of enhance
green ﬂuorescent protein (eGFP) in pcDNA3.1 vector.
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0.5% Tween-20) overnight at 4°C. Then the membranes were incubated with horseradish peroxidase
(HRP)-conjugated secondary antibody (dilution, 1:
500) for 30 min at room temperature. The protein band
was visualized by enhanced chemiluminescence from
Cell Signaling Technology (Beverly, MA, USA), and
quantiﬁed using Image J software (National Institutes
of Health, Bethesda, MD, USA).
2.6 Immunohistochemistry

2.4 Real-time quantitative polymerase chain
reaction (real-time qPCR)
Total cellular RNA was extracted from cultured
SKOV3 cells using TRIzol reagent (Omega Bio-Tek,
Inc., Norcross, GA, USA). The total RNA was reversetranscribed into cDNA, and cDNA ampliﬁcation was
conducted using a SYBR Green PCR Kit (Takara Bio,
Inc., Dalian, Japan) on an ABI PRISM 7300 sequence
detection system. The following sequences were used
to detect Gal-3 level: Primer-F (50 -CCC CGC TTC
AAT GAG A-30 ) and Primer-R (50 -GAA TGG TTT
GCC GCT C-30 ) and GAPDH: Primer-F (50 -CGA TGC
GGC GGC GTT ATT C -30 ) and Primer-R (50 -TCT
GTC AAT CCT GTC CGT GTC C-30 ). Cycling
parameters of real-time qPCR was as following: predenaturation at 95°C for 30 s, then denaturation at
95°C for 5 s, annealing at 56–60°C for 20 s, elongation
at 72°C for 20 s, total 40 cycles.
2.5 Western blot analysis
SKOV3 cells were treated with different treatments,
RIPA lysate was added (containing 1 mM of EDTA,
0.5% NP-40, 10% glycerol, 50 mM of NaF, 150 mM of
NaCl, 1 mM of Na3VO4, 50 mM of Tris-HCl (pH 7.4),
1 mM of PMSF, 1% Triton X-100, and 1% protease
inhibitor cocktail.) to obtain total protein samples. The
suspension was then centrifuged at 4°C for 15 min at
14,000g, the total protein concentration was determined by BCA protein quantitative kit (Pierce; Thermo
Fisher Scientiﬁc, Inc.). The proteins (20 lg) were
separated using 10% sodium dodecyl sulfate- polyacrylamide gel electrophoresis (SDS - PAGE) at 80 V
for 2 h, and transferred onto a polyvinylidene ﬂuoride
(PVDF) membrane at 300 mA for 90 min. The membranes were incubated with following primary antibodies speciﬁc to Gal-3 (cat. no. ab2785; dilution 1:
1000) and actin (1: 2000; ab8227, Abcam) in blocking
solution (5% non-fat milk in Tris-buffered saline with

SKOV3 cells were cultured overnight with anti-human
Gal-3 monoclonal primary antibody (1: 500, Santa Cruz
Biotechnology, USA) diluted in 1% BSA. Cells were
washed and incubated with the HRP-linked secondary
antibody (1: 100) at 22°C for 2 h. Immunohistochemical
staining was detected using a peroxidase-conjugated
streptavidin complex, and color was identiﬁed using
DAB substrate (Invitrogen). Photomicrographs were
analyzed under Axioskop 2-Mot Plus Zeiss microscope (Carl Zeiss). To quantify positive cells stained with
gal-3, the percentage of cells stained at different sites was
calculated. The immunohistochemical score was counted by staining intensity 0 (no staining), 1 (weak dyeing),
2 (moderate dyeing) and 3 (strong dyeing), and the
percentage of staining area 0 (no staining).
2.7 Assessment of cell viability
The effect of different treatments on SKOV3 cells
viability was assessed by the water-soluble tetrazolium
salt (WST-1) assay (Roche Diagnostics, Mannheim,
Germany), which is a colorimetric method, and the dye
intensity is proportional to the number of viable
SKOV3 cells. SKOV3 cells were seeded into 96-well
microtiter plates at the concentration of approximately
4 9 105 cells/well and treated with various treatments
for indicated time. The cells were then incubated with
WST-1 for another 4 h at 37°C. The sample absorbance
at 450 nm was analyzed with a bichromatic ELISA
reader to calculate the viability of SKOV3 cells.
Experiments were repeated three to ﬁve times.
2.8 Cell migration analysis
The migration of SKOV3 cells was detected using 24 mm
diameter chambers with 8 lm pore ﬁlters (Transwell,
6-well cell culture). SKOV3 cells were harvested and
resuspended in serum-free media at the concentration of
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Figure 1. Serum vitamin D level in ovarian cancer patients and normal control group. (a) Serum vitamin D level was
measured using chemiluminescence immunoassay from 40 patients with ovarian cancer patients and 40 normal women with
the same age (Normal control). Error bars represent the standard deviation. The unit of Y-axis is nmol/L. P \ 0.001. (b) Gal3 mRNA expression was detected using qRT-PCR analysis; (c) western blot analysis was used to check the expression of Gal3 protein. The band intensity was quantiﬁed by Image J software. The values used for the histogram were normalized to actin.
**P \ 0.01. (d) Immunocytochemistry analysis was performed to examine the localization expression of Gal-3 protein. The
intensity was quantiﬁed by Image J software. **P \ 0.01.

approximately 6 9 106 cells/well and plated into the
upper chambers (0.2 mL) and treatment media (0.5 mL)
was placed into the lower chambers. After 48 h incubation at 37°C, the membrane was ﬁxed in 95% ethanol and
stained with H&E, the migrated cells were counted under
an inverted microscope (Olympus, Tokyo, Japan) at
magniﬁcation of 9400 in ﬁve different ﬁelds per ﬁlter.
2.9 Cell proliferation assay
SKOV3 cells were seeded into 96-well plates and
serum starved for 24 h. The proliferation of SKOV3
cells was measured by 3H-thymidine incorporation
(3H-TdR). The SKOV3 cells were treated with different
factors for indicated time, 3H-TdR (18.5 9 104 Bq/L)
was added to culture for 16–24 h. After digestion by
trypsin, the cells were collected on glass ﬁlters with a
Tomtech cell harvester (LKB Wallac, San Francisco,
CA), cut off the ﬁlter paper and place it in a liquid
scintillation bottle containing 5 ml scintillation liquid
(with cell facing up). Measure the number of

radioactivity pulses per minute (cpm) with a TopCount
NxT scintillation counter (LKB Wallac), and repeat the
measurement three times.

2.10 Statistical analysis
The results are presented as the mean ± standard
deviation (SD). Differences between the various data
sets were assessed for signiﬁcance using Student’s ttest, and P-values less than 0.05 were considered signiﬁcant (*P \ 0.05; **P \ 0.01; #P [ 0.05).

3. Results
3.1 Level of vitamin D and expression of Gal-3
in ovarian cancer patients
To evaluate the potential association between vitamin
D intake and ovarian cancer risk, the venous blood
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25-(OH) D3 level was measured in 40 cases of patients
with ovarian cancer patients and 40 cases of normal
women with the same age (Normal control). The data
indicated that vitamin D level was signiﬁcantly lower
in ovarian cancer patients when compared with normal
control group (ﬁgure 1a), serum 25-(OH) D3 levels
were lower than 50 nmol/L in most ovarian cancer
patients, whereas in most healthy women, serum
25-(OH) D3 levels range from 50 to 150 nmol/L.
According to the clinical guidelines of the American
Academy of Obstetricians and Gynecologists (ACOG),
vitamin D concentration was divided into: 25 (OH) D3
normal refers to serum 25-(OH) D3 level between 75
and 100 nmol/L; vitamin D insufﬁciency refers to
serum 25-(OH) D3 level between 50 and 75 nmol/L;
Vitamin D deﬁciency refers to serum 25-(OH) D3 \ 50
nmol/L; therefore, vitamin D deﬁciency is closely
related to the pathogenesis of ovarian cancer.
At the same time, we detected the expression of Gal3 gene in ovarian cancer tissues, aim to exploring the
potential relationship between Gal-3 gene and the
occurrence and development of ovarian cancer. The
Gal-3 level was checked in 40 cases of human ovarian
cancer tissue and 40 cases of surrounding non-neoplastic ovarian tissues (Normal control). Real time PCR
results indicated that the expression of Gal-3 mRNA
increased in 31cases (77.5%) of ovarian cancer tissues
and 3 cases (7.5%) surrounding non-neoplastic ovarian
tissues (ﬁgure 1b). Western blot results showed that the
Gal-3 protein expression (82.5%) showed up-regulation in ovarian cancer tissues (ﬁgure 1c). Immunohistochemistry was used to localize the Gal-3 protein
expression, ﬁgure 1d showed that Gal-3 protein is
predominantly expressed in the cytoplasm. These
above ﬁndings indicated that the expression of Gal-3
gene in ovarian cancer tissues was signiﬁcantly higher
than that in its surrounding non-neoplastic ovarian
tissues, and the difference was signiﬁcant (P \ 0.01).

3.2 Effect of active vitamin D on proliferation,
migration and the expression of Gal-3 gene
of SKOV3 cells
In order to assess the effect of active vitamin D on
SKOV3 cells antiproliferation functions, 10-9 M, 10-8
M, and 10-7 M 1, 25(OH)2D3 were treated for 12 h, 24
h, 36 h, 48 h, 60 h, 72 h. In conclusion, 10-7 M 1,
25(OH)2D3 could apparently induce anti-proliferation
effect at 72 h (supplementary ﬁgure 1). Then the proliferation number of SKOV3 cells was further

Page 5 of 10

69

Figure 2. The effect of vitamin D treatment on the SKOV3
cell proliferation, migration and the expression of Gal-3
gene. SKOV3 cells were treated with active vitamin D (10-7
M) for 72 h: (a) The cell proliferation was measured by 3HTdR incorporation assay, the value of CPM indicated the
proliferation number of SKOV3 cells. **P \ 0.01, compared with plain medium group. (b) The SKOV3 cells
migration was detected using a transwell invasion assay.
**P \ 0.01, compared with plain medium group. (c) qRTPCR analysis, and (d) Western blot analysis was tested to
check the expression of Gal-3. **P \ 0.01, compared with
plain medium group.

quantiﬁed by 3H-TdR incorporation assay, the value of
CPM indicated that 10-7 M active vitamin D could
effectively inhibit the proliferation of SKOV3 cells
(ﬁgure 2a), and a further detection of SKOV3 cells
migration, the data showed that 10-7 M active vitamin
D was able to signiﬁcantly inhibit the migration of
SKOV3 cells (ﬁgure 2b and supplementary ﬁgure 3).
It has been established that Gal-3 is overexpressed in
ovarian cancer tissues, to assess whether vitamin D could
regulate the expression of Gal-3, SKOV3 cells were
treated with active vitamin D (10-7 M) for 72 h, real time
PCR (ﬁgure 2c) and western blot results (ﬁgure 2d and
supplementary ﬁgure 2) showed that vitamin D downregulated the expression of the Gal-3 gene.
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3.3 Effects of Gal-3 gene on the biological
function of SKOV3 cell
To investigate the inﬂuence of Gal-3 gene on the biological function of SKOV3 cell, cells were transfected
with pcDNA3.1-Gal-3 vector and pcDNA3.1 null carrier vector for 24 h respectively. SKOV3 cells viability
were evaluated by WST-1 analysis, and results showed
that transfection with pcDNA3.1-Gal-3 vector could
signiﬁcantly enhance the viability of SKOV3 cells
when compared with mock group (ﬁgure 3a). SKOV3
cells migration was detected by transwell assay, the
results indicated that after transfection of pcDNA3.1Gal-3 vector 24 h, the number of migrating cells was
2.38 times higher than that in mock group, the difference has statistical signiﬁcance (P \ 0.01), the
pcDNA3.1 null vector showed no signiﬁcant difference
when compared with the mock group (P [ 0.05, ﬁgure 3b), meanwhile, silencing Gal-3 gene could signiﬁcantly reduce the SKOV3 cells migration
(supplementary ﬁgure 4). The proliferation of SKOV3
cells was evaluated by 3H-TdR incorporation assay.
The data revealed that compared with the mock group,
transfection of pcDNA3.1-Gal-3 vector 24 h, SKOV3
cell proliferation increased by 59.2% (silencing Gal-3
gene could signiﬁcantly reduce the SKOV3 cells proliferation (supplementary ﬁgure 5), signiﬁcant statistical difference (P \ 0.01), the proliferation capacity of
pcDNA3.1 null vector and mock group was not statistically signiﬁcant (P [ 0.05, ﬁgure 3c).
3.4 Effect of overexpression of Gal-3 and vitamin
D treatment on the biological function of SKOV3
cell
It has been established that Gal-3 gene plays an
important role in the viability, migration and proliferation of ovarian cancer cells, in this experiment, to
evaluate whether vitamin D affects the Gal-3-induced
biological function, SKOV3 cells were transfected with
pcDNA3.1-Gal-3 vector for 24 h, then treated with
active vitamin D (10-7 M) for 72 h. The results of
SKOV3 cells viability indicated that vitamin D (-) and
Gal-3 (?) group could signiﬁcantly enhance the viability of SKOV3 cells, but vitamin D (?) and Gal-3
(?) group could alleviate the Gal-3-induced cell viability, the vitamin D (?) and Gal-3 (-) group showed
no signiﬁcant difference when compared with the
vitamin D (-) and Gal-3 (-) group (P [ 0.05, ﬁgure 4a). The data of SKOV3 cells migration showed
that compared with the vitamin D (-) and Gal-3 (?)

Figure 3. The effect of Gal-3 gene on the biological
function of SKOV3 cell. pcDNA3.1-Gal-3 vector and
pcDNA3.1 null carrier vector were transfected into SKOV3
cells for 24 h: (a) SKOV3 cells viability was checked by
WST-1 analysis. **P \ 0.01, #P [ 0.05, compared with
mock group. (b) The migration ability of SKOV3 cells was
detected using a transwell invasion assay. **P \ 0.01,
#
P [ 0.05, compared with mock group. (c) The proliferation
ability of SKOV3 cells was measured by 3H-TdR incorporation assay, the value of cpm/106 cells represents the ability
of SKOV3 cells proliferation. **P \ 0.01, #P [ 0.05,
compared with mock group.
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group, treatment of vitamin D (?) and Gal-3 (?)
group, SKOV3 cells migration decreased by 34.2%,
signiﬁcant statistical difference (P \ 0.01), SKOV3
cells migration between vitamin D (?) and Gal-3 (-)
group and vitamin D (-) and Gal-3 (-) group was not
statistically signiﬁcant (P [ 0.05, ﬁgure 4b). The
results of SKOV3 cells proliferation indicated that the
number of proliferation cells decreased by 35.8 % in
vitamin D (?) and Gal-3 (?) group when compared
with vitamin D (-) and Gal-3 (?) group, the difference
has statistical signiﬁcance (P \ 0.01), the vitamin D
(?) and Gal-3 (-) group showed no signiﬁcant difference when compared with the vitamin D (-) and
Gal-3 (-) group (P [ 0.05, ﬁgure 4c).
4. Discussion

Figure 4. The effect of overexpression of Gal-3 and
vitamin D treatment on the biological function of SKOV3
cell. pcDNA3.1-Gal-3 vector was transfected into SKOV3
cells for 24 h, then treated with active vitamin D (10-7 M)
for 72 h: (a) SKOV3 cells viability was checked using a
WST-1 analysis. **P \ 0.01, compared with Gal-3(?) and
vitamin D (-) group; #P [ 0.05, compared with Gal-3 (-)
and vitamin D (-) group. (b) The SKOV3 cells migration
ability was measured using a transwell invasion assay.
**P \ 0.01, compared with Gal-3 (?) and vitamin D (-)
group; #P [ 0.05, compared with Gal-3 (-) and vitamin D
(-) group. (c) The SKOV3 cells proliferation ability was
detected via 3H-TdR incorporation assay, the value of cpm/
106 cells represents the ability of SKOV3 cells proliferation.
**P \ 0.01, compared with Gal-3 (?) and vitamin D (-)
group; #P [ 0.05, compared with Gal-3 (-) and vitamin D
(-) group.

The classic function of vitamin D is to maintain the
balance of calcium and phosphorus metabolism in the
human body, thereby regulating the health of the
skeletal system (Chang and Lee 2019). Vitamin D in
human body mainly depends on diet and skin synthesis, and the two main forms of vitamin D in the
body include vitamin D2 and vitamin D3. 1, 25-(OH)
D3 is the most important active form of vitamin D in
the human body, its function is mainly mediated by
the vitamin D receptor (Lin et al. 2019). Previous
studies have shown that active vitamin D can regulate
various life activities of cancer cells, such as proliferation, invasion, differentiation and malignant transformation, in different types of tumors such as breast
cancer, endometrial cancer, liver cancer and colorectal
cancer (Altundag 2019; Kuittinen et al. 2017; Gomes
et al. 2019; Vaughan-Shaw et al. 2019;). In recent
years, increasing attention has been paid to the lack of
active vitamin D and the relationship between ovarian
cancer and vitamin D deﬁciency. Granato et al. (2016)
showed that serum vitamin D levels in patients with
ovarian cancer were signiﬁcantly lower than those in
healthy people and patients with benign ovarian
tumors. It was also found that the decrease of vitamin
D could contribute to the early diagnosis of ovarian
cancer. In the present study, our data also indicated
that vitamin D level was signiﬁcantly lower in ovarian
cancer patients when compared with normal control
group, and therefore, vitamin D deﬁciency is closely
related to the pathogenesis of ovarian cancer. It has
been reported that active vitamin D can prevent the
progression of ovarian cancer by inhibiting the
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proliferation of ovarian cancer cells, promoting the
apoptosis of ovarian cancer cells, and changing the
tumor microenvironment of ovarian cancer (Li et al.
2013). Further, our study found that the effect of
active vitamin D on ovarian cancer cells in vitro can
signiﬁcantly inhibit the proliferation and migration of
ovarian cancer cells, and this study is devoted to
exploring this scientiﬁc issue.
Ovarian cancer is difﬁcult to diagnose, easy to recur
and easy to metastasize, which is a difﬁcult problem
for obstetricians and gynecologists. How vitamin D
slows down cell proliferation, induces cell differentiation and apoptosis in cancer tissues, thus restricting
the development of cancer, deserves in-depth exploration. Gal-3 is widely expressed in normal tissues
and cancer cells, which is synthesized in cells. Gal-3
can shuttle in the cytoplasm and nucleus, and can also
be transported to the cell membrane to regulate the
proliferation, migration, apoptosis, adhesion and
angiogenesis of cancer cells (Coppin et al. 2017).
Gal-3 is highly expressed in most tumors, and its
expression level is closely related to the malignant
degree of tumors (Rago et al. 2017). Recent studies
have shown that the serum concentration of Gal-3 in
most cancer patients is signiﬁcantly higher than that
in normal people, mainly in breast cancer, lung cancer, oral cancer, gastric cancer, membranous adenocarcinoma and colon cancer. Studies have shown that
the expression of Gal-3 in serum of cancer patients is
signiﬁcantly higher, especially in patients with
metastasis, the concentration of Gal-3 in serum is
signiﬁcantly higher than that in patients without
metastasis (Nakajima et al. 2016). Therefore, it is
suggested that the expression of Gal-3 is closely
related to the invasion and metastasis of tumors. Our
current experimental data show that overexpression of
Gal-3 gene in vitro can signiﬁcantly induce the viability, migration and proliferation of ovarian cancer
cells. At present, many studies have conﬁrmed that
Gal-3 gene is closely related to apoptosis of cancer
cells, Gal-3 can inhibit apoptosis under various
stresses. For example, comparing with control cells,
cell lines transfected with Gal-3 were more insensitive
to apoptosis induced by Fas antibodies and Astragalus
(Abu-Elsaad and Elkashef 2016). In prostate cancer
and breast cancer, Gal-3 can inhibit platinum-induced
apoptosis, leading to cell resistance. This inhibitory
effect of Gal-3 is generally believed to be related to
the binding of Bcl-2 and the stabilization of mitochondrial membrane structure. In our experiment, the
expression level of Gal-3 in SKOV3 cells was
downregulated by active vitamin D at mRNA and

protein level. It is speculated that vitamin D may
inhibit the viability, migration and proliferation of
ovarian cancer cells through downregulating the
expression of Gal-3.
In conclusion, vitamin D deﬁciency is closely related
to the pathogenesis of ovarian cancer. The present
study proved that the treatment of vitamin D reduced
the migration and proliferation of ovarian cancer cells.
Gal-3 was overexpressed in ovarian cancer, which
could induce the viability, migration and proliferation
ability of ovarian cancer cells, and these effects were
abrogated by vitamin D downregulating the expression
of Gal-3 gene. Therefore, the use of vitamin D should
be considered as a potential novel therapy for ovarian
cancer.
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complete blood count inﬂammatory parameters in epithelial ovarian cancer contribute to prognosis? - a survival
analysis. J. Ovarian Res. 12 16
Chang SW and Lee HC 2019 Vitamin D and health—The
missing vitamin in humans. Pediatr. Neonatol. 60 237–244
Cho H, Kim JY and Oh YL 2018 Diagnostic value of
HBME-1, CK19, Galectin 3, and CD56 in the subtypes of
follicular variant of papillary thyroid carcinoma. Pathol.
Int. 68 605–613
Clark MC, Pang M, Hsu DK, Liu FT, de Vos S, Gascoyne
RD, Said J and Baum LG 2012 Galectin-3 binds to CD45
on diffuse large B-cell lymphoma cells to regulate
susceptibility to cell death. Blood 120 4635–4644
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