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 Background: The purpose of this study was to investigate whether Orai1 plays a role in the metastasis of osteosarcoma.
 Material/Methods: The expression of Orai1 was silenced by small interfering RNAs against Orai1 (Orai1 siRNA) in osteosarcoma 

MG-63 cells. Various experiments were carried out to detect the changes in migration, invasion, and adhe-
sion ability of these osteosarcoma cells. Furthermore, the activity of Rac1, Wave2, and Ras was detected us-
ing Western blot analysis. Moreover, the Rac1 and Ras inhibitors were used to confirm whether the Ras-Rac1-
WAVE2 signaling pathway was involved in osteosarcoma metastasis promoted by Orai1.

 Results: We found that the migration, invasion, and adhesion ability of MG-63 cells were significantly reduced after si-
lencing Orai1 expression (p<0.05). Moreover, the activity of the Rac1-WAVE2 signaling pathway was significantly 
inhibited after silencing of Orai1 expression (p<0.05). After the Rac1 inhibitor was added, Orai1 siRNA could not 
further inhibit migration, invasion, and adhesion of the osteosarcoma cells. Further experiments showed that 
Ras activity was significantly inhibited after silencing Orai1 expression (p<0.05). Moreover, Orai1 siRNA did not 
further inhibit the activity of the Rac1-WAVE2 signaling pathway nor did it further inhibit the migration, inva-
sion, and adhesion ability of osteosarcoma cells following the addition of Ras inhibitors.

 Conclusions: Orai1 activates the Ras-Rac1-WAVE2 signaling pathway to promote metastasis of osteosarcoma. Abnormal ex-
pression or function of Orai1 may be an important cause of osteosarcoma metastasis.
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Background

Osteosarcoma is a highly malignant bone cancer that mainly 
occurs in children and adolescents. Currently, the survival rate 
of patients with metastatic osteosarcoma is very low, with an 
overall 5-year survival rate of just 11–20% [1–4]. Therefore, 
it is necessary to find an effective method to inhibit the me-
tastasis of osteosarcoma. Metastasis is an important marker 
for tumor progression to the final stage. Although metastasis 
accounts for about 90% of cancer-related mortality, the mo-
lecular mechanism of tumor metastasis is still poorly under-
stood. Migration, invasion, and adhesion of tumor cells are cru-
cial steps in the process of tumor metastasis [5–7]. Clarifying 
the regulatory mechanism of cell migration, invasion, and ad-
hesion, and taking comparable therapeutic measures to in-
hibit metastasis could potentially be new ideas for the treat-
ment of osteosarcoma.

Calcium ions are multifunctional, second messengers that 
regulate many physiological and pathological processes in 
cells. Calcium ions regulate intracellular enzyme activity and 
protein–protein interactions through calmodulin or other cal-
cium-binding proteins [8,9]. The cell membrane is a semi-per-
meable membrane; calcium ions cannot freely diffuse along 
the concentration gradient, and rely on calcium ion carriers 
(proteins) for transport through the cell membrane. The main 
means of calcium ion influx into the cytoplasmic space is store-
operated calcium entry (SOCE). Recently, a calcium channel 
Orai1 protein, located on the cell membrane, was found to 
play an important role in regulating the SOCE in mammalian 
cells. When calcium storage in the endoplasmic reticulum is 
exhausted, a stromal interaction molecule (STIM) protein ap-
proaches the cell membrane and activates the Orai protein, 
allowing rapid and transient calcium ion influx into the cyto-
plasm, which is known as SOCE [10,11]. Recent studies have 
shown that SOCE plays an important role in the progression of 
various cancers. Some studies have shown that blocking SOCE 
can inhibit the migration, invasion, and cell movement of can-
cer cells [12–14]. The Orai1 protein is a multiple transmem-
brane protein. As an important part of SOCE, Orai1 is overex-
pressed in a variety of tumor cells. Studies have shown that 
promotion of Orai1 expression increases tumor progression 
and tumor cell metastasis [15–17]. However, the involvement 
of Orai1 in the regulation of osteosarcoma metastasis has not 
been reported to date. The purpose of this study was to ex-
plore whether Orai1 is involved in regulating the metastasis of 
osteosarcoma, in order to provide new avenues for the treat-
ment of osteosarcoma metastasis.

Material and Methods

Western blot analysis

The total protein was quantified after cell lysis. The same 
quantity of cell lysis samples was taken for sodium dodecyl 
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) for 
90 min, and then transferred to a PVDF membrane for 45 min. 
The membrane was incubated with the designated Orai1 and 
another corresponding antibody at room temperature for 
90 min. Thereafter, the corresponding horseradish peroxi-
dase (HRP)-labeled secondary antibody was added. Thereafter, 
an appropriate amount of chemiluminescence solution was 
added to the PVDF film, which was then placed in the film box. 
After the appropriate exposure time, the membranes were pho-
tographed and quantified.

Real-time PCR analysis

Total RNA was reverse-transcribed into cDNA (Invitrogen, 
Carlsbad, CA, USA). The PCR reaction system contained the 
following: 2 μL of template RNA solution, 1 μL Oligo dT primer 
solution, 2 μL dNTP mixture solution, 1 μL Ace antiretroviral 
enzyme solution, 1 μL RNase inhibitor solution, 4 μL RT buf-
fer solution, and 10 μL RNase-free water in a microcentrifuge 
tube. The reaction conditions were as follows: the first step was 
37°C for 30 min and the second step was 84°C for 30 s. The re-
action products were preserved at 4°C. Thereafter, real-time 
quantitative PCR was performed. Reaction conditions were as 
follows: 12.5 μL RealMasterMix solution, 2 μL template cDNA 
solution, 1 μL forward primer solution, 1 μL reverse primer so-
lution, and 8.5 μL RNase-free water. Reaction conditions were 
as follows: the first step was 94°C for 5 min; the second step 
was 94°C for 60 s, 57°C for 30 s, and 72°C for 30 s, for a to-
tal of 30 cycles; the third step was 72°C for 5 min; finally, the 
reaction ended at 4°C.

Cell migration experiment

The cells were cultured until about 90% adherence was ob-
served. A straight line was scraped at the bottom of the plate 
with the tip of a pipette, rinsed 4 times, and subsequently 
observed and photographed. Thereafter, medium containing 
0.5% FBS was added to the culture plate. Incubation plates 
were placed in a humidified atmosphere at 37°C containing 
5% CO2. After 24 h, the culture plate was removed and washed, 
and then observed and photographed. The results were sta-
tistically analyzed.

Cell invasion experiment

Transwell cells with an 8-mm aperture were inserted into 
24-orifice plates. Medium (600 mL) containing 0.5% FBS was 
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added to the lower chamber of each Transwell chamber, and 
0.5% bovine serum albumin (BSA) was added to the other 
well as a negative control. The upper portion of the Transwell 
chamber was coated with matrix gel (5 mg/mL). Before add-
ing the cell suspension, the dry matrix layer was wet again 
for 2 h with serum-free medium. The preincubated cells were 
suspended in 0.1 mL RPMI 1640 medium. The preincubated 
cells were then added to the upper chamber. Incubation plates 
were placed in a humidified atmosphere at 37°C containing 
5% CO2. After 24 h, the remaining cells in the upper chamber 
were wiped gently with a swab. The cells were stained with 
crystal violet and counted under a microscope. The results 
were statistically analyzed.

Cell adhesion experiment

A matrix gel (BD, NY) was coated on a 96-well culture plate and 
incubated overnight at 4°C. Phosphate-buffered saline (PBS) 
containing 2% FBS was sealed. The cells were immersed in me-
dium and incubated at 37°C with 5% CO2 for 30–60 min. After 
removal of the non-adherent cells, crystal violet was added. 
After 10 min, the 5% SDS was added. Finally, the plate was 
read at 540 nm. The results were statistically analyzed.

Statistical analysis

The SPSS 16.0 statistical software was used for statistical anal-
ysis. The results are expressed as mean±SD (c±s). The t test 
or one-way ANOVA was used to evaluate the statistical sig-
nificance among the groups. A p-value <0.05 was considered 
statistically significant.

Results

The expression of Orai1 was silenced by small interfering 
RNAs against Orai1 in MG-63 cells

Recent studies have shown that SOCE plays an important role 
in the progression of various cancers [12–14]. Some studies 
have shown that blocking SOCE can inhibit the migration, 
invasion, and movement of cancer cells. The Orai1 protein is 
a multiple transmembrane protein. As an important part of the 
SOCE, Orai1 is overexpressed in a variety of tumor cells. Studies 
have shown that promotion of Orai1 expression increases tu-
mor progression and tumor cell metastasis [15–17]. However, 
it has not been reported that Orai1 is involved in the regula-
tion of osteosarcoma metastasis. To investigate whether Orai1 
is involved in regulating the metastasis of osteosarcoma, we 
transfected Orai1 siRNA into the osteosarcoma cell line MG-63 
to silence the expression of Orai1. Control siRNA was trans-
fected as a negative control. Thereafter, we used Western blot 
analysis and real-time PCR to detect Orai1 expression and tran-
scription after transfection. Western blot results showed that 
the protein expression of Orai1 was significantly reduced af-
ter transfection with Orai1 siRNA (Figure 1A, p<0.05). Similarly, 
real-time PCR results showed that the mRNA transcription lev-
els of Orai1 were significantly reduced after transfection with 
Orai1 siRNA (Figure 1B, p<0.05). These results suggest that we 
can successfully silence Orai1 expression in MG-63 osteosar-
coma cells with Orai1 siRNA.

Silencing Orai1 expression inhibited the migration, 
invasion, and adhesion of osteosarcoma cells

Metastasis is an important marker of tumor progression to 
the final stage. Although metastasis accounts for about 90% 
of cancer-related mortality, the molecular mechanism of tu-
mor metastasis is still poorly understood [1–4]. Migration, 
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Figure 1.  The expression of Orai1 was silenced by small interfering RNAs against Orai1 in MG-63 cells. (A) The Orai1 protein levels 
was examined by Western blot analysis in MG-63 cells silenced by small interfering RNAs against Orai1. (B) The Orai1 mRNA 
levels was examined by Real-time PCR in MG-63 cells silenced by small interfering RNAs against Orai1.
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invasion, and adhesion of tumor cells are important steps 
in the process of tumor metastasis [5–7]. In order to investi-
gate whether Orai1 can be involved in regulating the metas-
tasis of osteosarcoma cells, we used Orai1 siRNAs to success-
fully silence the expression of Orai1 in MG-63 osteosarcoma 
cells. The migration, invasion, and adhesion abilities of osteo-
sarcoma cells were detected through cell migration, invasion, 
and adhesion experiments. We found that the amount of cell 
migration evidently decreased after silencing Orai1 expres-
sion in MG-63 cells (p<0.05, Figure 2A). In addition, we found 
that cell invasion ability was significantly decreased after si-
lencing Orai1 expression in MG-63 cells (p<0.05, Figure 2B). 
Furthermore, we found that the extent of cell adhesion evi-
dently decreased after silencing Orai1 expression in MG-63 

cells (p<0.05, Figure 2C). To further confirm that these ef-
fects thought to be caused by silencing Orai1 were not actu-
ally caused by off-target effects, we used 2-APB, which blocks 
store-operated Ca2+ entry. Then, the invasion and adhesion 
abilities of osteosarcoma cells were detected. We found that 
the amount of cell migration evidently decreased in MG-63 cells 
treated with 2-APB (p<0.05, Figure 3A). In addition, we found 
that cell invasion ability was significantly decreased in MG-63 
cells treated with 2-APB (p<0.05, Figure 3B). Furthermore, we 
found that the extent of cell adhesion evidently decreased in 
MG-63 cells treated with 2-APB (p<0.05, Figure 3C). The results 
confirmed that the effects thought to be caused by silencing 
Orai1 were not actually caused by off-target effects. The re-
sults confirmed that the expression of Orai1 can promote the 
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Figure 2.  Silencing Orai1 expression inhibited the migration, invasion, and adhesion in osteosarcoma cells. (A) The amount of cell 
migration was detected in MG-63 cells silenced by small interfering RNAs against Orai1. (B) The amount of cell invasion was 
detected in MG-63 cells which were silenced by small interfering RNAs against Orai1. (C) The amounts of cell adhesion were 
detected in MG-63 cells silenced by small interfering RNAs against Orai1. Scale=100 μm.
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migration, invasion, and adhesion of osteosarcoma cells, lead-
ing to metastasis of osteosarcoma.

Orai1 promotes the metastasis of osteosarcoma cells by 
activating the Rac1-WAVE2 signaling pathway.

Rac1 is an important member of the Rho family and is a key 
factor regulating the assembly of actin in cells, regulating 
the formation of filamentous pseudopodia, lamellar pseudo-
podia, and stress fibers [18,19]. WAVE2 is an important effec-
tor molecule downstream of Rac1. Rac1 induces the forma-
tion and secretion of matrix metalloproteinase by activating 
WAVE2 [20]. Studies have found that the Rac1- WAVE2 signal-
ing pathway plays an important role in the process of tumor 
metastasis [21,22]. To identify whether Orai1 participates in 

regulation of the Rac1-WAVE2 signaling pathway in osteosar-
coma cells, we successfully silenced Orai1 expression in MG-63 
osteosarcoma cells with Orai1-targeted siRNA, and then detect-
ed the expression and activity of Rac1 and WAVE2 in the cells 
by Western blot analysis. We found that after silencing Orai1 
expression using siRNA, p-Rac1 and p-WAVE2 (the activated 
forms of Rac1 and WAVE2) were significantly reduced com-
pared to their levels in the control group (Figure 4A, p<0.05). 
These results confirmed that silencing Orai1 expression in 
osteosarcoma cells significantly inhibits the activity of Rac1-
WAVE2 signaling pathways, suggesting that Orai1 promotes 
the metastasis of osteosarcoma cells by activating the Rac1-
WAVE2 signaling pathway. To further confirm the hypothe-
sis, NSC33788 (a Rac1 function-blocking antibody) was used. 
We found that Orai1 siRNA significantly reduced the extent 
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Figure 3.  The addition of 2-APB inhibited the migration, invasion, and adhesion in osteosarcoma cells. (A) The amount of cell migration 
was detected in MG-63 cells treated with 2-APB. (B) The amount of cell invasion was detected in MG-63 cells treated with 
2-APB. (C) The amounts of cell adhesion were detected in MG-63 cells which were treated with 2-APB. Scale=100 μm.
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of cell migration, invasion, and adhesion in the control group 
(p<0.05, Figure 4B–4D). However, the addition of NSC33788 
reduced the extent of cell migration, invasion, and adhesion 
in the control siRNA-transfected groups to levels comparable 
to those of Orai1 siRNA-transfected groups. The Orai1 siRNA 

did not further reduce the cell migration, invasion, and ad-
hesion after blocking Rac1 (p>0.05, Figure 4B–4D). These re-
sults indicated that the Rac1-WAVE2 signaling pathway was 
required for Orai1-promoted cell migration, invasion, and ad-
hesion in osteosarcoma cells.
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Figure 4.  Orai1 promotes the metastasis of osteosarcoma cells by activating the Rac1-WAVE2 signaling pathway. (A) The expression 
levels of phosphorylated Rac1 (p-Rac1), Rac1, phosphorylated WAVE2 (p-WAVE2) and WAVE2 were detected in MG-63 
cells which were silenced by small interfering RNAs against Orai1. (B) After incubation with NSC33788, the amount of cell 
migration was detected in MG-63 cells that were silenced by small interfering RNAs against Orai1. (C) After incubated with 
NSC33788, the amount of cell invasion was detected in MG-63 cells which were silenced by small interfering RNAs against 
Orai1. (D) After incubation with NSC33788, the amount of cell adhesion was detected in MG-63 cells that were silenced by 
small interfering RNAs against Orai1. Scale=100 μm.
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Figure 5.  Orai1 promotes the metastasis of osteosarcoma cells by activating the Ras-Rac1-WAVE2 signaling pathway. (A) The expression 
levels of Ras-GRF and Ras were detected in MG-63 cells silenced by small interfering RNAs against Orai1. (B) After being 
incubated with ARS-853, the expression levels of phosphorylated Rac1 (p-Rac1) and Rac1 were detected in MG-63 cells 
silenced by small interfering RNAs against Orai1. (C) After being incubated with ARS-853, the amounts of cell migration were 
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Orai1 promotes the metastasis of osteosarcoma cells by 
activating the Ras-Rac1-WAVE2 signaling pathway.

The mechanism by which Orai1 activates Rac1 is unclear. 
Studies have shown that activated Ras can stimulate Rac1 
methylation and induce Rac1 activation [23]. The Ras-specific 
guanine-nucleotide exchange factor (Ras-GRF) is an activator 
of Ras and reflects Ras activity. As a second messenger, cal-
cium ions can directly bind to the Ras-GRF and significantly 
increase Ras activity [24]. To further clarify the mechanism by 
which Orai1 promotes the metastasis of osteosarcoma cells, 
we silenced the expression of Orai1 and detected the changes 
of Ras and Ras-GRF in osteosarcoma cells. The results showed 
that there was no obvious abnormality in the expression of 
Ras after silencing Orai1 expression. However, Ras-GRF was 
significantly inhibited (p<0.05, Figure 5A). The results sug-
gest that Orai1 expression can promote the activation of Ras 
in osteosarcoma cells. Therefore, it is speculated that Orai1 
can activate the Rac1 signaling pathway by activating Ras. 
To further confirm this hypothesis, ARS-853 (a Ras function-
blocking antibody) was used. We found that Orai1 siRNA sig-
nificantly reduced Rac1 activity (p<0.05, Figure 5B). However, 
the addition of ARS-853 reduced the amount of Rac1 activ-
ity in the control siRNA-transfected groups to levels compa-
rable to that of Orai1 siRNA-transfected groups. Orai1 siRNA 
did not further reduce Rac1 activity after blocking Ras (p>0.05, 
Figure 5B). The result indicated that Ras activity is needed in 
the Orai1-promoted Rac1-WAVE2 signaling pathway in osteo-
sarcoma cells. Furthermore, we found that Orai1 siRNA signifi-
cantly reduced the extent of cell migration, invasion, and ad-
hesion in the control group (p<0.05, Figure 5C–5E). However, 
the addition of ARS-853 reduced the extent of cell migration, 
invasion, and adhesion in control siRNA-transfected groups to 
levels comparable to those of Orai1 siRNA-transfected groups. 
Orai1 siRNA did not further reduce the cell migration, inva-
sion, and adhesion after blocking Ras (p>0.05, Figure 5C–5E). 
These results indicated that Ras activity is required for Orai1 
to promote cell migration, invasion, and adhesion of osteo-
sarcoma cells. These results suggest that Orai1 promotes the 
metastasis of osteosarcoma cells by activating the Ras-Rac1-
WAVE2 signaling pathway.

Discussion

Osteosarcoma is a highly malignant bone tumor, mainly occur-
ring in children and adolescents. The treatment of osteosar-
coma has improved significantly over the past 30 years and 
multi-drug chemotherapy has improved the 5-year survival rate 
of patients with osteosarcoma to 60~78%; however, the sur-
vival rate of patients with osteosarcoma remains low, with an 
overall 5-year survival rate of just 11–20% [1–4]. Therefore, 
it is necessary to find a new method to effectively inhibit the 

metastasis of osteosarcoma. Metastasis is an important mark-
er of tumor progression to the final stage. Tumor cell metasta-
sis includes invasion into surrounding tissues, infiltration into 
circulation, migration, and survival in distant organs. Although 
metastasis accounts for about 90% of cancer-related mor-
tality, the molecular mechanism of tumor metastasis is still 
poorly understood [5–7]. Migration, invasion, and adhesion of 
tumor cells run through the whole process of tumor metas-
tasis. Clarifying the regulatory mechanism of cell migration, 
invasion, and adhesion, and taking corresponding therapeu-
tic measures to inhibit metastasis, can become new concepts 
and methods for treatment of osteosarcoma.

Although the understanding of tumor metastasis has made 
great progress in recent decades, the role of calcium ions in 
tumor metastasis is still not well understood. Calcium ion is a 
multifunctional second messenger that regulates many physio-
logical and pathological processes of cells. Calcium ions regulate 
intracellular enzyme activity and protein–protein interactions 
through calmodulin or other calcium-binding proteins. The cell 
membrane is a semi-permeable membrane, and calcium ions 
cannot freely diffuse along the concentration gradient; rather, 
they rely on being carried by calcium ions on the cell mem-
brane. The main means of calcium ions influx into cytoplasm 
space is store-operated calcium entry (SOCE). Recently, a cal-
cium channel Orai protein, which is located on the cell mem-
brane, has been found to play an important role in regulating 
SOCE in mammalian cells. When the calcium storage in the en-
doplasmic reticulum is exhausted, STIM protein approaches the 
cell membrane and activates the Orai protein, allowing rapid 
and transient calcium ions influx into the cytoplasm, which is 
SOCE. Recent studies have shown that SOCE plays an impor-
tant role in the progression of various cancers [8–11]. Some 
studies have shown that blocking SOCE can inhibit the migra-
tion, invasion, and cell movement of cancer cells. Orai1 pro-
tein is a transmembrane protein. As an important part SOCE, 
Orai1 is overexpressed in a variety of tumor cells. Studies have 
shown that promotion of Orai1 expression increases tumor 
progression and tumor cell metastasis [12–14]. Many studies 
have reported that the calcium channel protein Orai1 is over-
expressed in a variety of tumor cells and plays a very impor-
tant role in maintaining malignant phenotypes such as tumor 
cell adhesion, invasion, and migration [15–17]. Studies have 
found that in melanoma cells, the Orai1-mediated calcium sig-
naling pathway can promote the degradation of extracellu-
lar matrix by melanoma cells, thus promoting the invasion of 
melanoma and distant organ metastasis. Other studies have 
found that after knocking out the Orai1 gene in melanoma cells, 
the activity of the CamkII-Raf-ERK1/2 signaling pathway me-
diated by the calcium ion signaling pathway was significantly 
reduced, and the proliferation of melanoma cells was signifi-
cantly inhibited. Some studies reported that Orail expression 
was significantly increased in glioma [25–28]. Inhibiting Orai1 
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in glioma can significantly reduce receptor-dependent calci-
um ion influx and inhibit Pyke activity, thereby inhibiting gli-
oma cell invasion and metastasis [29,30]. However, it has not 
been reported whether Orai1 is involved in osteosarcoma me-
tastasis. In the present study, we transfected small interfering 
RNAs against Orai1 (Orai1 siRNA) into the osteosarcoma cell 
line MG-63 to silence the expression of Orai1. We found that 
the migration, invasion, and adhesion of osteosarcoma cells 
were significantly decreased after silencing Orai1 expression, 
which reflected the ability of tumor metastasis. The above re-
sults confirmed that the expression of Orai1 can promote the 
migration, invasion, and adhesion of osteosarcoma cells, lead-
ing to the metastasis of osteosarcoma.

Tumor metastasis is a complex process involving multiple links 
and steps, and the ability of tumor cells to adhere, migrate, 
and invade is closely related to tumor metastasis [1–4]. In the 
process of tumor cell metastasis, the front end of the cell is ex-
tended forward, and adhesive plaque is synthesized to provide 
anchors for the front part of the cell, thus pulling the cell for-
ward. At the same time, the assembly of the adhesive plaque 
in the tail of the cell makes the tail retract and complete the 
metastatic process [5–7]. Rac1 is an important member of the 
Rho family and a key factor regulating the assembly of actin 
in cells, regulating the formation of filamentous pseudopodia, 
lamellar pseudopodia, and stress fibers. It has been reported 
that tumor cell metastasis first requires cell polarization. The cy-
toskeletal components are distributed at the cell poles under 
the action of directional induction signals. Rac1 activation pro-
motes actin aggregation at the cell front, leading to the forma-
tion of lamellar and filamentous pseudopodia. The formation 
of cellular pseudopodia creates a driving force for the cells to 
move forward, and causes the cells to polarize and elongate, 
forming a spindle shape [18,19]. WAVE2 is an important effec-
tor molecule downstream of Rac1. To further determine wheth-
er Orai1 can promote osteosarcoma metastasis by activating 
the Rac1-WAVE2 signaling pathway, we silenced the expres-
sion of Orai1 and detected the changes of Rac1 and WAVE2 
in osteosarcoma cells. The results showed that after silenc-
ing Orai1 expression, the expression of Rac1 and WAVE2 cells 
showed no obvious abnormality, while the active forms of Rac1 
and WAVE2 were significantly inhibited. These results suggest 
that Orai1 expression can activate the Rac1-WAVE2 signaling 
pathway in osteosarcoma cells and promote the metastasis 
of osteosarcoma. To further confirm this hypothesis, we used 
NSC33788 (a Rac1 function-blocking antibody). We observed 
that Orai1 siRNA significantly reduced the cell migration, inva-
sion, and adhesion in the control group. However, the addition 
of NSC33788 reduced the migration, invasion, and adhesion 
in the control siRNA-transfected groups to levels comparable 
to those of Orai1 siRNA-transfected groups. Orai1 siRNA did 
not further reduce cell migration, invasion, and adhesion af-
ter blocking Rac1, indicating that the Rac1-WAVE2 signaling 

pathway is required for Orai1-promoted cell migration, inva-
sion, and adhesion of osteosarcoma cells.

The mechanism by which Orai1 activates Rac1 is unclear. 
Studies have shown that activated Ras can stimulate Rac1 
methylation and induce Rac1 activation [23]. Ras plays an im-
portant role in tumor cell growth, metastasis, and apoptosis; 
it a guanosine triphosphate (GTP)-binding protein (an infor-
mation transfer coupling factor of cells). Ras can be activated 
by complex networks. First, phosphorylated receptors, such 
as epidermal growth factor receptor (EGFR), bind directly to 
growth factor receptor binding proteins (Grb2). These recep-
tors can also indirectly bind to phosphorylated proteins (such 
as Shc and Syp) containing SRC homologous domain 2 (SH2), 
and then activate Grb2. Next, the SRC homologous region 3 
(SH3) domain of Grb2 is bound to target proteins such as 
mSos1, mSos2, C3G, and dynamin. Ras is activated by cou-
pling tyrosine phosphorylation after C3G binds to the SH3 
domain of connexin Crk. Crk can also activate Ras in combi-
nation with mSos1. Grb2 binds to the activated receptor and 
promotes the localization of the guanosine exchange factor 
(Sos) protein on the membrane adjacent to Ras. In this way, 
Sos forms a complex with RAS, and RAS is activated after the 
combination of GTP and GDP [31,32]. Ras binds to GTP and 
regulates cell growth, metastasis, and apoptosis by interact-
ing with various effector molecules; these molecules include 
MAPK (mitotic protein kinase), STAT (signal transduction and 
activation transcription) and PI3K (phosphoinositol 3 kinase) 
signaling cascades [33,34].

The Ras-specific guanine-nucleotide exchange factor (Ras-GRF) 
is an activator of Ras and reflects Ras activity. As a second 
messenger, calcium ions can directly bind to the Ras-GRF and 
significantly increase Ras activity [24]. To further clarify the 
mechanism by which Orai1 promotes the metastasis of os-
teosarcoma cells, we silenced the expression of Orai1 and de-
tected the changes of Ras and Ras-GRF in osteosarcoma cells. 
The results showed that Orai1 expression can promote the ac-
tivation of Ras in osteosarcoma cells. Therefore, it is speculat-
ed that Orai1 can activate the Rac1 signaling pathway by acti-
vating Ras. To further confirm this hypothesis, ARS-853 (a Ras 
function-blocking antibody) was used. We found that the ac-
tivity of Ras is required for Orai1-promoted Rac1-WAVE2 sig-
naling pathway and cell migration, invasion, and adhesion of 
osteosarcoma cells. The above results suggest that Orai1 pro-
motes the metastasis of osteosarcoma cells by activating the 
Ras-Rac1-WAVE2 signaling pathway.

Conclusions

Our study found that silencing Orai1 expression in osteosar-
coma cells decreased migration, invasion, and adhesion abilities 
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and inhibited activity of the Ras-Rac1-WAVE2 signaling path-
way in osteosarcoma. These results suggest that Orai1 acti-
vates the Ras-Rac1-WAVE2 signaling pathway to promote the 
metastasis of osteosarcoma. Abnormal expression or function 
of Orai1 may be an important cause of osteosarcoma metas-
tasis. Therefore, an in-depth study of the role of Orai1 in the 
metastasis of osteosarcoma has the potential to provide new 
ideas for the biological treatment of osteosarcoma metastasis.
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