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Background: To investigate the effect of 17B-estradiol on the migration ability of human osteosarcoma
U208 cells.

Methods: Six concentrations of 17B-estradiol were tested in the U20S cells, and the minimum
concentration that could significantly affect the cells’ migration ability was determined by CCK-8 growth
assay and cell scratch test. Furthermore, five concentrations of 17B-estradiol were used to detect the cells’
proliferation and migration ability by CCK-8 growth test, cell scratch test, transwell invasion assay, and
crystal violet staining.

Results: Cell viability decreased with increasing concentrations of 17B-estradiol at 24 h, and also exhibited
significant changes at the treatment concentration of 1/25x10™° M in the CCK-8 test. The cell scratch test
and crystal violet staining showed that 17p-estradiol (10™ M) can significantly inhibit the migration ability
of U20S cells; the transwell invasion assay showed that with increasing concentrations of 17f-estradiol, the
number of invading cells began to decrease significantly at the concentration of 1/25x107° M.
Conclusions: 17p-estradiol can inhibit the migration of U20S cells, starting at a concentration of 107" M,

and in a concentration-dependent manner.
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Introduction of related receptors. Currently, molecular mechanisms of
. . . the effect of estrogen and estrogen receptors on tumor
Osteosarcoma is the most common bone malignancy in ) o dinb Accordi
. ; . metastasis are mainly reported in breast cancer. According to
children and adolescents. Moreover, 74% of patients with v rep &

pulmonary metastasis exhibit poor response to chemotherapy previous studies, estrogen plays a dual role in the occurrence

and poor prognosis (1). Therefore, it is vital to explore new
treatiment options to improve the prognosis of osteosarcoma
patients with lung metastasis. Osteosarcoma is a disease
exhibiting hyperactivity and abnormal proliferation of the
osteo blasts and occurs in children and adults between ages
10 and 20 years old, during which period sex hormones are
the most active, suggesting that this disease could be related
to the in vivo estrogen levels and the abnormal expression
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and development of breast cancer; it promotes the growth
of breast cancer cells at low concentrations but its long-
term deficiency mediates apoptosis of breast cancer cells (2).
Studies have reported that through interaction with ERa-
Spl, estradiol (E2) can increase the expression of integrinas,
thereby reducing cell viability and invasiveness (3).
Similarly, in special cases, E2 can activate the adenosine
5'-monophosphate (AMP)-activated protein kinase (AMPK)
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pathway and c-Jun N-terminal kinase (JNK) pathway or
inhibit the nuclear factor (NF-kB) pathway, thus regulating
the proliferation and invasion of tumor cells (4,5). Certain
studies have also confirmed that the occurrence and
development of osteosarcoma is closely related to estrogen
and ER subtypes. There have been other reports on
estrogen promoting the growth of osteosarcoma cells (6-9);
it has been recently found that high concentrations of
estrogen can inhibit the proliferation of osteosarcoma
cells (10). However, there is no research on its effect on the
migration ability of osteosarcoma cells. Estrogen and its
receptors are closely related to the growth of osteosarcoma
cells (11,12). Therefore, investigating the mechanisms of
estrogen, through estrogen receptors, in regulating the growth
and metastasis of osteosarcoma cells is of great significance, and
this can lay the basis for endocrine therapies of osteosarcoma.
We investigated the effect of high-concentration 17p-estradiol
on the migration ability of U20S cells, hoping to unveil the
effect of different concentrations of estrogen on the migration
ability of osteosarcoma cells and lay a theoretical foundation
for the treatment of metastatic osteosarcoma.

Methods
Growth test (CCK-8)

The cell counting kit-8 (CCK-8) test was conducted to
show surviving cells is widely used in the determination
of the activity bioactive factors, antitumor drug screening,
cell proliferation test, cytotoxicity test and drug sensitivity
test (13). U20S cells (AT'CC cell library, purchased from
"Tongpaibio, Shanghai, China) at a good growth stage were
plated at a density of 1x10* cells per well in 96-well plates.
17B-estradiol [Cayman (No.50-28-2) was added at
six concentrations: 0, 107, 107°, 107, 107, 107" M]. After
incubation for 72 h at 37 °C and 5% CO,, the plate was
stained with CCK-8 and absorbance was measured at
A =450 nm. Meanwhile, the cell proliferation rate of each
group was measured according to the following equation:
cell proliferation rate (%) = (absorbance of experiment
group - absorbance of blank group)/(absorbance of control
group - absorbance of blank group) x 100%.

Based on results from the above experiment, five different
concentrations of 17B-estradiol were further established
together with one blank control group (solvent control): 0,
1/125x10™, 1/25x10™, 1/5x10™, and 10™° M. Absorbance
values were determined by the same method so as to
calculate the cell proliferation in each group.
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Cell scratch test

Cells were treated with different concentrations of
17B-estradiol: 0, 1/125x10™°, 1/25x107°, 1/5x107°, 107" M.
A line crossing the well behind the 6-well plates was drawn
and 500 pL of the cell suspension was cultured in 6-well
plates. Next day, another line perpendicular to the line in
the wells was drawn. The cells were washed with phosphate-
buffered saline (PBS) thrice, the medium was changed, and
cells were cultured in an incubator at 37 °C and 5% CO,.
Samples were prepared for observation at 0 and 24 h.

According to the above results, five different concentrations
of 17B-estradiol were further established together with
one blank control group (solvent control): 0, 1/125x107",
1/25x107, 1/5x10™"°, and 10™"° M. The cells were sampled and
photographed at 0 and 24hby the same method.

Transwell invasion assay

Cells were treated with different concentrations of
17B-estradiol: 0, 1/125x107°, 1/25x10™°, 1/5x107°, 10™° M.
Eighty microliters of diluted Matrigel was added in the
Transwell room (4 pg/pL), and Matrigel gel was formed at
37 °C for 30 min; 200 pL 1x10° cells/mL suspension was
added in transwell (corning). After incubation for 24 h, the
medium was discarded, eliminating the layer of cells that
did not cross the membrane. Cells were washed with PBS
twice, fixed with methanol for 10 min and stained with
0.1% crystal violet. The cells were dehydrated with 0.1 mL
33% acetic acid, and absorbance values were measured at
570 nm, which could reflect the number of cells.

Morphological observation

Cells were treated with different concentrations of
17p-estradiol: 0, 1/125x107™"°, 1/25x107™°, 1/5 x 107", 107" M.
The supernatant was discarded after the treatment period,
and cells washed with PBS twice. Next, the cells were
fixed with 4% paraformaldehyde at room temperature for
20 min, and washed with PBS three times. Crystal violet
staining was performed at room temperature for 3—5 min
followed by removal of the supernatant and the cells were
then washed with PBS twice.

Statistical analysis

All the data were analyzed for normality and those that
were normally distributed were subjected to an independent
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Figure 1 Comparison of U20S cell survival rates under different

concentrations of 17B-estradiol at different time points.
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Figure 2 Comparison of U20S cell survival rates under different
concentrations of 17B-estradiol at 24 h. *P<0.05, **P<0.01,
***P<0.001 vs. 0 M. NS, no significance.

sample 7-test, with P<0.05 considered to indicate statistically
significant differences. All statistical analyses were

performed using Prism5.

Results
Growth detection (CCK-8)

It can be seen from Figures 1,2 that with increase in time,
the survival rate of the cells exhibited an initial increasing
trend and stabilized or slightly decreased after a period of
24 h at a concentration. The results (Figures 3,4) showed
that under the same concentration of 107" M, the survival

rate of the cells exhibited a similar trend in a concentration-
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Figure 3 Comparison of U20S cell survival rates under different

concentrations of 17B-estradiol at different time points.
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Figure 4 Comparison of U20S cell survival rates under different
concentrations of 17B-estradiol at 24 h. *P<0.05, **P<0.01,
***P<0.001 vs. 0 M. NS, no significance.

dependent manner. At 24 h, the cell viability decreased with
the increase in 17B-estradiol concentration, and exhibited
significant changes at 1/25x107"" M (P<0.05).

Cell scratch test

It can be seen from Figures 5,6 that compared to that at O h,
the cell migration distance at 24 h decreased gradually with
the increase in17B-estradiol concentration.

It can be seen from Figures 7,8 that compared to that at
0 h, the cell migration distance at 24 h decreased gradually
with the increase in 17B-estradiol concentration; the
changes at the concentration of 1/125x10™" to 107" M17-
estradiol were not obvious.
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Figure 5 Comparison of U20S cell migration distance at 0 and
24 h under different concentrations of 17B-estradiol (x200).
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Figure 6 The relative migration distance of streak plate results
with different concentrations of 17f-estradiolat 0 and 24 h
before incubation. *P<0.05, **P<0.01 vs. 0 h.
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Figure 8 The relative migration distance of streak plate results
with different concentrations of 17p-estradiol at 0 and 24 h after
incubation. **P<0.01 vs. 0 h.
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Figure 9 Microscopic results of cell invasion (crystal violet

staining, x200).
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Figure 10 Statistics of invasive cells after treated with different
concentrations of 17B-estradiol. *P<0.05, **P<0.01, ***P<0.001 vs.
0 M. NS, no significance.

Transwell invasion assay

As can be seen from Figures 9,10 (x200), after treatment with
17B-estradiol (0, 1/125x107°, 1/25x10™, 1/5x10™, and 10™
M), the number of invasive cells significantly decreased with
the increase in 17p-estradiol concentration, starting from the
concentration of 1/25x10™° M, indicating that 17B-estradiol
can inhibit U20S cell invasion, and this inhibition effect was
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Figure 11 Morphological observation (crystal violet staining, x200).

positively correlated with its concentration.

Morphological observation

As can be seen from Figure 11, after treatment with
17B-estradiol (0, 1/125x107"°, 1/25x107"°, 1/5x107"°,
and 10" M), the number of spindle cells decreased with increase
in 17p-estradiol concentration; the changes at the concentration
of 1/125x10™" to 1/5x10™"" M were not conspicuous. The results
showed that 17B-estradiol can inhibit the EMT transformation
of U20S cells, decreasing the number of spindle-shaped cells
while increasing the number of round cells.

Discussion

Osteosarcoma is the most common primary bone
malignancy in children and adolescents, and pulmonary
metastasis of the tumors is associated with poor prognosis.
Chemotherapy is the most important critical method to
control lung metastasis, and high-dose methotrexate,
doxorubicin, cisplatin, and ifosfamide are considered
the most effective chemotherapy drug combination for
the treatment of osteosarcoma (14). However, there
exist many side effects of chemotherapy, such as bone
marrow suppression, gastrointestinal reactions, and liver
and kidney dysfunction. These have become important
factors that can affect treatment processes and treatment
doses (15). Particularly, 74% of patients with lung
metastasis respond poorly to chemotherapy, but enhanced
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chemotherapy is more likely to induce side effects,
and even threaten the lives of patients (1). At present,
treatment protocols targeting patients with pulmonary
metastasis of osteosarcoma have been positively explored,
such as monoclonal antibody immunotherapy of tumor-
associated antigens (16) or anti-angiogenesis therapy (17),
but none have achieved satisfactory results. Therefore,
exploring new treatment options to improve the prognosis
of patients with lung metastasis of osteosarcoma has
become urgent. Since osteosarcoma is a disease with
hyperactivity and abnormal proliferation of osteoblasts,
which affects age groups of 10-20 years, and this period is
also the period when sex hormones are in the most active
state, suggesting that this disease is related to the in vivo
estrogen level and abnormal expression of corresponding
receptors. Currently, the molecular mechanisms of the
impact of estrogen and estrogen receptors on tumor
metastasis are mainly reported in breast cancer, and
according to previous studies, estrogen plays a dual role
in the occurrence and development of breast cancer,
wherein it promotes the growth of breast cancer cells at
low concentrations but its long-term deficiency mediates
apoptosis of breast cancer cells (2). Endocrine therapy for
osteosarcoma is worthy of further studies and discussions.
There have been many reports on the promotive effects
of estrogen toward the growth of osteosarcoma cells (6-9),
and it has been reported recently that high-concentration
estrogen can inhibit the proliferation osteosarcoma
cells (10). However, no related research has been focused
on the migration ability of osteosarcoma cells. This study
explored the impact of high concentrations of estrogen on
the migration ability of osteosarcoma U20S cells.

It can be seen from the results of this study that cell
survival was decreased with increase in 17B-estradiol
concentration at 24 h, and exhibited significant changes
at 1/25x107"" M (P<0.05). The results of cell scratch test
and crystal violet staining also showed that 17p-estradiol
(107" M) can significantly inhibited the migration ability of
U20S cells. The transwell test proved that with increase in
17p-estradiol concentration, the number of invasive cells began
to decrease at 1/25x10"° M, indicating that 17B-estradiol has
a significant inhibitory effect on the migration of U20S cells,
and the degree of inhibition was positively correlated with its
concentration. In short, high concentrations of 17B-estradiol
can significantly inhibit the migration ability of U20OS cells, the
concentration of 107" M can significantly inhibit this ability, and
this concentration is the lowest for inhibiting the proliferation
of U20S cells. This shows that the inhibitory ability of
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estrogen toward the migration of osteosarcoma cells is through
inhibiting the migration rather than the proliferation of U20S
cells. Furthermore, the inhibition was positively correlated
with the concentration of 17f-estradiol. This study has laid the
foundation for further exploring estrogen receptor-mediated
migration ability of osteosarcoma cells. Currently it has been
found that the occurrence and development of osteosarcoma
is closely related to estrogen and its ER subtypes. Solakidi
et al. (18) reported that ERa is mainly located in the nuclei
of osteosarcoma U20S cells, but ERp is abundantly
expressed in the mitochondria, and its actions are related
to the receptors. Dohi ez al. (19) found that in MG-63
cells, ERB accounts for the main part. Monroe et al. (20)
reported that the ratio of ERo and ERp in human osteosarcoma
U20S cells is 1:4. By in vitro experiments of osteosarcoma
U20S cell lines, estradiol-mediated anti-osteoblast apoptosis
effects are mainly mediated by ERa and ERB (21). Our study
found that high concentrations of estrogen can inhibit the
migration ability of osteosarcoma cells, so it can be speculated
that estrogen is also most likely to exhibit its effects through
estrogen receptors. The roles of classic estrogen receptor
pathways (ERa and ERP) are the worthiest of investigation. In
future, we will further research the roles of estrogen receptors
in the inhibitory effects of high concentrations of estrogen
toward the migration ability of osteosarcoma cells.

Conclusions

In summary, high concentrations of 17-estradiol can
inhibit the migration ability of osteosarcoma U20S cells in
a concentration-dependent manner beginning from 107"
M. We will further explore the related mechanisms and
relationships of estrogen and the expressions of corresponding
receptors with the migration ability of osteosarcoma cells.
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