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Background: Long-chain non-coding RNA (lncRNA) small nucleolar RNA host gene 3 
(SNHG3) is reportedly overexpressed in malignant tumors, but its regulatory role in human 
ovarian cancer (OC) is not fully understood.
Methods: A qRT-PCR assay was carried out to detect the level of SNHG3 in OC tissues, 
serum and cells, a CCK-8 assay to measure the proliferation of OC cells, a transwell assay to 
measure the invasion and migration of OC cells, and a flow cytometry to detect the cell cycle 
distribution and apoptosis rate of OC cells. In addition, in vivo experiment was also 
conducted to determine the effect of SNHG3 on the growth of OC cells.
Results: SNHG3 was overexpressed in OC tissues, serum, and cells, and the overexpression 
in serum indicated a poor prognosis of patients. It was also found that knockdown of SNHG3 
could inhibit the malignant phenotypes of OC cells, cause G1/G0 cell cycle arrest, and 
intensify apoptosis. Furthermore, in in vitro experiments, the growth ability of OC cells was 
inhibited under knockdown of SNHG3. Assays for relationship verification showed that 
SNHG3 regulated the expression of miR-339-5p and the canonical transient receptor poten-
tial 3 (TRPC3), and the rescue experiment revealed that co-transfection of si-SNHG3+miR- 
339-5p-inhibitor or si-SNHG3+pcDNA3.1-TRPC3 could reverse the effects of knockdown 
of SNHG3 on the biological behavior of OC cells.
Conclusion: SNHG3 can be adopted as a marker for diagnosis and prognosis evaluation of 
OC and it plays a role in the progression of OC by enabling the miR-339-5p sponge to 
regulate TRPC3 expression.
Keywords: long-chain non-coding RNA, small nucleolar RNA host gene 3, miR-339-5p, 
ovarian cancer, biological behavior

Introduction
Ovarian cancer (OC) is a prevalent malignant tumor of female genital organs in 
gynecology, with a high incidence.1 It usually occurs in the deep pelvic cavity with 
a small tumor focus and lacks clinical symptoms at early stage. At this point, there 
is no reliable test to diagnose ovarian cancer before patients have symptoms, so 
nearly 70% of the patients are already at the advanced stage at the time of 
diagnosis, and the 5-year survival rate of patients with ovarian cancer is lower 
than 30%.2 Clinically, ovarian neoplasms are identified by testing markers in blood 
or by ultrasound images, but these tests are usually used too late for patients, and 
sometimes they will produce “false positive” results, which may cause unnecessary 
surgery for women without cancer.3 Despite the upgrading of surgical treatment and 
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chemotherapy, the prognosis of patients with OC is still 
not optimistic.4 Therefore, understanding the mechanism 
of OC may provide insights for early diagnosis and perso-
nalized treatment of OC.

There are evidences that the onset of OC is a highly 
complicated process involving changes in epigenetic 
mechanisms.5 Long-chain non-coding RNA (lncRNA) is 
a regulator of gene expression involving the development 
of various diseases, and its imbalance can often be found in 
the serum or tissues of malignant tumors.6,7 The imbalance 
of lncRNA expression is linked to the progress of malignant 
tumors, including OC, and it can mediate the malignant 
behavior of cancer cells, thus regulating the process of 
cancer metastasis and differentiation.8 The role of lncRNA 
in OC has long captured extensive attention.9,10 Small 
nucleolar RNA host gene 3 (SNHG3), an lncRNA, acts as 
a carcinogen in various tumors.11,12 For example, it is over-
expressed in hepatic carcinoma and is strongly linked to 
malignant recurrence and prognosis of patients.13 There is 
also a report from Li et al14 that SNHG3 is not only related 
to the prognosis of patients with OC, but also related to the 
energy metabolism of patients. Although there are many 
reports on SNHG3 in various malignant tumors including 
OC, there is little research on the clinical effect and mole-
cular mechanism of it in OC. One previous study has found 
that SNHG3, up-regulated in osteosarcoma, has potential in 
the diagnosis and prognosis of patients with osteosarcoma, 
and can regulate cell invasion and migration by mediating 
RAB22A via miR-151a-3p.15 We found through an online 
biological database that miR-339-5p is linked to SNHG3, 
but the role of the two in OC has not been studied.

In this study, we explored the role and molecular 
mechanism of SNHG3 in OC through experiments.

Materials and Methods
Sample Collection
Peripheral blood, tumor tissues, and corresponding tumor- 
adjacent tissues were sampled from 96 patients with OC 
from March 2011 to April 2014. The patients were con-
firmed with OC according to histopathology.16 The 
patients had not received any anti-tumor treatment before 
surgery, and each of them had an expected survival time 
longer than 1 month. In addition, they were not compli-
cated with other malignant tumors. Peripheral blood was 
also sampled from 96 healthy individuals in physical 
examination during the same period. Elbow venous blood 
(5 mL) was sampled and centrifuged at 4°C and 800g for 

10 min, and then the supernatant was transferred to test 
tubes, and stored for later analysis. Each subject signed an 
informed consent form after understanding this study, and 
the study was carried out with the permission of the Ethics 
Committee of Tangshan Gongren Hospital Affiliated to 
Hebei Medical University.

Cell Culture
Human ovarian cancer cell strains (SKOV3, HeyA8, and 
A2780) and immortalized human non-malignant ovarian 
surface epithelium (IOSE) cells purchased from Shun Ran 
Biological Technology Co., Ltd. (Shanghai, China) were 
cultured in RPMI-1640 medium (Haoran Bio Technologies 
Co., Ltd., Shanghai, China) supplemented with 10% fetal 
bovine serum (FBS) + 100 U/mL penicillin/streptomycin 
at 37 °C under 5% CO2.

qRT-PCR Assay
Total RNA was extracted using a TRIzol Kit (Invitrogen) 
under the kit instructions, and the RNA was quantified and 
purified using a UV ultraviolet photometer (Aoyi 
Instruments Co., Ltd., Shanghai, China). Total RNA reac-
tant was reversely transcribed into cDNA with PrimeScript 
reagent (Applied Biosystems), and PCR quantification was 
carried out to it on an AIB 7500 real-time PCR system 
(Thermo Fisher Scientific., Shanghai, China) through 
a PrimeScript RT Master Mix Kit three times. GADPH 
was taken as an internal reference for mRNA, and U6 for 
miR in the experiment, and the relative expression of 
mRNA and miR was calculated through 2-ΔΔCT.17 The 
sequences were designed by Thermo Fisher Scientific 
(Shanghai, China), and they are as follows: for SNHG3, 
forward: 5ʹ-TTCAAGCGATTCTCGTGCC-3ʹ, reverse: 5ʹ- 
AAGATTGTCAAACCCTCCCTGT-3ʹ; for miR-339-5p, 
forward: 5ʹ-GGGTCCCTGTCCTCCA-3ʹ, reverse: 5ʹ-TGC 
GTGTCGTGGAGTC-3ʹ; for GAPDH: forward: 5ʹ-TATG 
ATGATATCAAGAGGGTAGT-3ʹ, reverse: 5ʹ-TGTATCC 
AAACTCATTGTCATAC-3ʹ; for U6, forward: 5ʹ-GCTT 
CGGCAGCACATATACTAAAAT-3ʹ, reverse: 5ʹ-CGCTT 
CACGAATTTGCGTGTCAT-3ʹ.

Cell Transfection
The sequence of full-length SNHG3 or the canonical tran-
sient receptor potential 3 (TRPC3) was imported into 
pcDNA3.1 vectors (Bei Nuo Biotechnology Co., Ltd., 
Shanghai, China) to realize overexpression of SNHG3 
(pcDNA3.1-SNHG3) and TRPC3 (pcDNA3.1-TRPC3), 
and blank vectors were used as controls. Small interfering 
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SNHG3 (si-SNHG3), miR-339-5p mimics, and miR-339- 
5p inhibitor were purchased from Thermo Fisher Scientific 
(Shanghai, China). Plasmids or siRNA oligonucleotide 
were transfected into SKOV3 and HeyA8 cells by 
Lipofectamine 2000 reagent (Bei Nuo Biotechnology 
Co., Ltd., Shanghai, China) after the cells were cultured 
overnight at 5× 104 cells/well.

Cell Proliferation Assay
CCK8 was adopted to measure cell proliferation. The cells 
were transferred to a 96-well plate at 1×103 cells per well, 
and then incubated in a 5% CO2 cell incubator at 37°C. 
CCK-8 solution (10 μL) was added into the cells at 
a specific time, and the cells were cultured continually 
for 2 h after addition of the solution each time. After the 
culturing, the optical density (OD) of each well at 450 nm 
was determined with a microplate reader (Molecular 
Devices, Shanghai, China).

Transwell Assay
A transwell assay was carried out to detect cell invasion 
and migration. In the cell migration assay, the cells were 
added into the upper compartment at 5×104 cells per well, 
while in the cell invasion assay, the cells were added into 
the upper compartment at 1× 105 cells per well. The 
matrix gelatin was laid, and 200 μL cell suspension was 
transferred to the upper compartment, and 600 μL medium 
with 10% FBS was transferred to the lower compartment. 
The whole chamber was incubated in an incubator. After 
24 hours, the cells or matrix gelatin that did not penetrate 
the membrane in the upper compartment were wiped off 
using cotton swabs, and the remaining cells were immo-
bilized with 1% formaldehyde, followed by 0.1% crystal 
violet dyeing for 15min. Finally, the number of cells that 
had penetrated the membrane in five randomly selected 
fields under a microscope was calculated.

Apoptosis and Protein Cycle
Cells were collected after transfection, and their apoptosis 
was detected with an Annexin V-FITC Apoptosis 
Detection Kit (Bei Nuo Biotechnology Co., Ltd., 
Shanghai, China) under kit instructions. The collected 
cells were stained with propidium iodide (100 μg/mL), 
ribonuclease A (10 μg/mL), and phosphate buffer saline 
(PBS) (290 μL) in the dark for 30 min, followed by 
a filtering by a 300 mesh screen. Afterwards, apoptosis 
and cell cycle of the cells were evaluated using a flow 
cytometer (IMAGE Trading Co., Ltd., Beijing, China).

Luciferase Reporter Gene Assay
The potential targets of SNHG3 and miR-339-5p were 
predicted by TargetScan online database or starBase 
v3.0.18 Wild-type (WT) SNHG3, TRPC3 3ʹ-UTR, and 
mutant-type (MUT) SNHG3, TRPC3 3ʹ-UTR sequences 
were imported into psiCHEK2.0 vectors (Thermo Fisher 
Scientific, Shanghai, China) to construct TRPC3-WT, 
SNHG3-WT, TRPC3-MUT and SNHG3-MUT plasmids. 
WT or MUT SNHG3 3ʹ-UTR, TRPC3 3ʹ-UTR, and miR- 
339-5p-mimics were co-transfected into HeyA8 cells by 
Lipofectamine 2000 reagent. After 24 h, the cells were 
obtained, and their luciferase activity was detected with 
a Dual-Luciferase Reporter Gene Assay Kit (Qunji 
Biotech Co., Ltd., Shanghai, China).

RNA Immunoprecipitation (RIP)
RIP analysis was carried out according to the Magna 
RIP™ RNA Immunoprecipitation Kit (Thermo Fisher 
Scientific, Shanghai, China) instructions. When the con-
fluency of cells reached 80%-90%, the cells were lysed in 
RIP lysis buffer, and the whole-cell extract was cultured 
with magnetic beads coupled with mouse immunoglobulin 
G (IgG), human anti-Ago2 antibody (XinYu Biological 
Technology Co., Ltd., Shanghai, China), and controls. 
The co-precipitated RNA was determined using a qRT- 
PCR assay.

RNA Pull-Down Assay
Biotinylated miR-339-5p-WT, miR-339-5p-MUT, and bio-
tinylated NC (Thermo Fisher Scientific, Shanghai, China) 
were transfected into HeyA8 cells by Lipofectamine 2000 
reagent, respectively. The concentration of each biotiny-
lated miRNA was 20 nM. After 48 hours of transfection, 
cell lysates were harvested and cultured with dynabeads 
M-280 streptavidin (Invitrogen, USA), and the RNA sepa-
rated by TRIzol reagent was determined using a qRT-PCR 
assay.

Nude Mouse Tumorigenesis Test
With five-week-old female BALB/c nude mice (n=14) 
under pathogen-free conditions, the experiment was car-
ried out according to the regulations of the Animal 
Committee of our hospital with the permission of the 
Ethical Committee of Tangshan Gongren Hospital 
Affiliated to Hebei Medical University. HeyA8 cells stably 
transfected with si-NC and si-SNHG3 were obtained, and 
2×107 cells were suspended into PBS solution. Suspended 
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cells (0.1 mL) were transfected into any posterior side of 
each nude mouse, and when the implant became larger, the 
tumor volume and weight were metered once every 7 days. 
After 7 weeks, the mice were killed to take their tumor 
tissues for mass measurement. All the experiments invol-
ving animals in the study were approved by the Animal 
Ethics Committee of Tangshan Gongren Hospital 
Affiliated to Hebei Medical University and carried out 
under the guidance of the Animal Ethics Committee and 
in line with the institutional ethics guidelines for animal 
experiments.

Western Blotting
The cells (about 1×107 cells) were lysed using RIPA lysis 
buffer (Invitrogen, USA) to extract protein, and the 
extracted protein was quantified using a Bicinchoninic 
Acid (BCA) kit, and then separated using 10% sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS- 
PAGE). The separated protein was sealed with 5% 
skimmed milk for 2 h, and washed three times with tris- 
buffered saline with tween 20 (TBST) buffer, 5 min each 
time, and the membrane was then cultured with primary 
anti-TRPC3 (1:1000) and internal reference of β-actin 
(1: 1000) at 4°C for one night. Afterwards, the membrane 
was washed again three times with TBST buffer, 5 min 
each time, and cultured with goat anti-mouse/rabbit IgG 
(1:1000; Invitrogen, USA) secondary antibody coupled 
with horseradish peroxidase at room temperature for 
2 h. Finally, the membrane was washed three times with 
TBST buffer, 5 min each time, and developed with elec-
trochemiluminescence (ECL) solution. The bands were 
analyzed using ECL (Invitrogen, USA). The assay was 
repeated three times.

Statistical Analysis
The data are expressed as the mean ± standard deviation 
(Mean±SD), and comparison of statistical values was car-
ried out using the Student’s t test. Enumeration data are 
expressed as a percentage (%) and the chi-square test is 
expressed as χ2. Receiver operating characteristic (ROC) 
curves were drawn to analyze the diagnostic ability of 
SNHG3, and the area under the curve (AUC) of it was 
calculated. In addition, Kaplan–Meier curves were also 
drawn to analyze the overall survival rate, and Log rank 
test was adopted to evaluate the difference of overall 
survival. Pearson correlation analysis was carried out to 
analyze correlation. P<0.05 implies a significant 
difference.

Results
SNHG3 is Overexpressed in OC and the 
Overexpression is Related to a Poor 
Prognosis of Patients with OC
The qRT-PCR assay revealed that the SNHG3 expression in 
OC tissues was higher than that in corresponding tumor- 
adjacent tissues (Figure 1A), and it also revealed that the 
serum SNHG3 expression in patients with OC was signifi-
cantly higher than that in healthy individuals, and the AUC 
of it for diagnosis of OC was 0.863 (Figure 1B). 
Additionally, the expression of serum SNHG3 in patients 
with OC was positively correlated with that in the tissues of 
them (Figure 1C), and the high expression of serum SNHG3 
was related to lymph node metastasis and histological grad-
ing of patients with OC (Table 1 and Figure 1D–F). It is 
noteworthy that patients with OC with high expression of 
SNHG3 had a poorer prognosis than those with low expres-
sion of it (Figure 1G). The Cox proportional hazards ana-
lysis revealed that high SNHG3 expression, lymph node 
metastasis, and histological grade were prognostic factors 
for patients with OC (Table 2). The results suggested that 
the up-regulating SNHG3 may be linked to the occurrence, 
development and prognosis of patients with OC.

Inhibition of SNHG3 Can Inhibit OC Cell 
Growth
For the purpose of studying the function of SNHG3 in OC, 
we quantified SNHG3 in SKOV3, HeyA8, A2780, and 
IOSE cells. It came out that the expression of SNHG3 in 
OC cells was generally higher than that in IOSE cells 
(Figure 2A). We selected SKOV3 and HeyA8 cells for 
follow-up experiments. The qRT-PCR assay revealed that 
SKOV3 and HeyA8 cells transfected with si-SNHG3 
showed significantly lower SNHG3 expression than those 
transfected with si-NC (Figure 2B), and the CCK-8 assay 
showed that inhibition of SNHG3 significantly hindered 
the proliferation of SKOV3 and HeyA8 cells (Figure 2C). 
Additionally, the transwell assay revealed that knockdown 
of SNHG3 could inhibit cell invasion (Figure 2D) and 
migration (Figure 2E), and the flow cytometry analysis 
showed that compared with si-NC (Figure 2F), inhibition 
of SNHG3 could give rise to G1/G0 phase arrest of 
SKOV3 and HeyA8 cells and increase the apoptosis rate 
of them (Figure 2G). We carried out an in vivo experiment 
in nude mice to further analyze whether SNHG3 can affect 
the development of OC. It came out that after knock-down 
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of SKOV3, the tumor growth (Figure 2H) and average 
tumor weight decreased significantly (Figure 2I), which 
implied that inhibition of SNHG3 expression can inhibit 
the growth of OC cells.

MiR-339-5p is the Inhibitory Target of 
SNHG3
For the purpose of understanding the mechanism of SNHG3 
in OC, we predicted miRNA target sites (Figure 3A) 
through the online database starBase3.0. The results 
showed that SNHG3 may be the functional target of miR- 
339-5p (Figure 3A). The dual-luciferase reporter assay 
showed that co-transfection of miR-339-5p-mimics and 
SNHG3-WT significantly lowered the luciferase activity 

of cells, while co-transfection of miR-339-5p-mimics and 
SNHG3-MUT exerted no effect on that of cells (Figure 3B). 
In addition, we carried out RIP and RNA pull-down assays 
to explore the interaction between SNHG3 and miR-339- 
5p. It was turned out that miR-339-5p and SNHG3 could be 
precipitated by Ago2 antibody and their expression was 
higher than that of IgG antibody (Figure 3C), and the 
RNA pull-down assay revealed that SNHG3 could pull 
down miR-339-5p (Figure 3D). Afterwards, we quantified 
miR-339-5p in SKOV3 and HeyA8 cells transfected with 
pcDNA3.1-SNHG3, si-SNHG3, and si-NC, respectively. 
The qRT-PCR assay revealed that compared with SKOV3 
and HeyA8 cells transfected with si-NC, those transfected 
with pcDNA3.1-SNHG3 showed inhibited miR-339-5p 
expression, and those transfected with si-SNHG3 showed 

Figure 1 SNHG3 is highly expressed in OC and the high expression is related to a poor prognosis of patients with OC. (A) The expression of SNHG3 in OC tissues in the 
qRT-PCR assay. (B) The expression of serum SNHG3 in patients with OC in the qRT-PCR assay, and its ROC curve. (C) Positive correlation between the SNHG3 expression 
in tissues of patients with OC and that in serum of them. (D) The expression of serum SNHG3 in patients with different FIGO stages. (E) The expression of serum SNHG3 
in patients with different histological grades. (F) The expression of serum SNHG3 in patients with different lymph node metastases. (G) The relationship between the 
expression of serum SNHG3 and the overall survival rate of patients. 
Notes: *P<0.05 and ***P<0.001. 
Abbreviations: SNHG3, small nucleolar RNA host gene 3; FIGO, International Federation of Gynecology and Obstetrics.
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up-regulated expression of it (Figure 3E). MiR-339-5p was 
underexpressed in OC tissues (Figure 3F) and negatively 
correlated with SNHG3 (Figure 3G). Moreover, we also 
quantified miR-339-5p in SKOV3, HeyA8, A2780, and 
IOSE cells, finding that the miR-339-5p expression in OC 
cells was significantly lower than that in IOSE cells 
(Figure 3H).

MiR-339-5p Regulates OC Cell Growth
The effect of miR-339-5p on the biological behavior of 
OC cells has not been reported before. Therefore, with the 
aim of studying the biological function of miR-339-5p in 
OC, we transfected miR-NC, miR-339-5p-mimics, and 
miR-339-5p-inhibitor into SKOV3 and HeyA8 cells. As 
shown in Figure 4A, the transfection efficiency was 

Table 1 Relationship Between SNHG3 Expression and Clinicopathological Features of Patients with OC (n=96)

Clinicopathological Parameters n SNHG3 χ2 P-value

Low Expression High Expression

Age (years) 0.677 0.410

<50 42 23 (47.92) 19 (39.58)
≥50 54 25 (52.08) 29 (60.42)

FIGO staging 6.042 0.014
I–II 44 28 (58.33) 16 (33.33)

III–IV 52 19 (41.67) 32 (66.67)

Histological grading 10.691 0.001

G1/G2 46 31 (64.58) 15 (31.25)

G3 50 17 (35.42) 33 (68.75)

Lymph node metastasis 4.356 0.037

No 38 24 (50.00) 14 (29.17)
Yes 58 24 (50.00) 34 (70.83)

CA125 (U/mL) 0.123 0.726
<35 9 4 (8.33) 5 (10.42)

≥35 87 44 (91.67) 43 (89.58)

Histological type 0.801 0.371

Serous 83 43 (89.58) 40 (83.33)
Others 13 5 (10.42) 8 (16.67)

Residual tumor after operation 2.421 0.120
No 67 37 (77.08) 30 (62.50)

Yes 29 10 (22.92) 19 (37.50)

Abbreviations: SNHG3, small nucleolar RNA host gene 3; OC, ovarian cancer; FIGO, International Federation of Gynecology and Obstetrics; CA125, carbohydrate 
antigen 125.

Table 2 Univariate and Multivariate Regression Analyses of Relevant Prognostic Parameters of Patients with OC

Factor Univariate Multivariate

HR (95CI%) P-value HR (95CI%) P-value

Age (years) 1.446 (0.788–2.656) 0.234

FIGO staging 2.174 (1.163–4.066) 0.015 2.484 (1.301–4.745) 0.006
Histological grading 2.087 (1.119–3.895) 0.021 2.063 (1.078–3.946) 0.029

Lymph node metastasis 3.164 (1.517–6.599) 0.002 2.418 (1.145–5.108) 0.021

CA125 (U/mL) 2.530 (0.612–10.454) 0.200
Histological type 1.005 (0.425–2.379) 0.991

Residual tumor after operation 1.545 (0.827–2.886) 0.172

SNHG3 2.113 (1.142–3.910) 0.017 2.231 (1.200–4.149) 0.011

Abbreviations: OC, ovarian cancer; FIGO, International Federation of Gynecology and Obstetrics; CA125, carbohydrate antigen 125; SNHG3, small nucleolar RNA host gene 3.
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satisfactory. The CCK-8 assay showed that the prolifera-
tion of SKOV3 and HeyA8 cells was weakened under 
overexpression of miR-339-5p, while it was enhanced 
under knockout of miR-339-5p (Figure 4B). Additionally, 
the transwell assay showed that overexpressing miR-339- 
5p inhibited the invasion and migration of SKOV3 and 
HeyA8 cells, while knocking down it enhanced the abil-
ities of cells (Figure 4C and D), and the flow cytometry 
analysis revealed that overexpression of miR-339-5p 
induced apoptosis of SKOV3 and HeyA8 cells, while 
knock-down of miR-339-5p caused opposite results 
(Figure 4E).

TRPC3 is the Target Gene of miR-339-5p
With the aim of exploring the potential target gene of miR- 
339-5p, we predicted that TRPC3 was the target gene of 
miR-339-5p through bioinformatics database software ana-
lysis (Figure 5A), and carried out a dual-luciferase reporter 
gene assay. It came out that overexpressing miR-339-5p 
suppressed the luciferase activity of TRPC3-WT in HeyA8 
cells, while knocking down miR-339-5p enhanced it, but 
exerted no effect on that of TRPC3-MUT (Figure 5B). We 
determined the expression of TRPC3 in SKOV3 and HeyA8 
cells, finding that the expression of TRPC3 was inhibited 
under overexpression of miR-339-5p, while it was 

Figure 2 Inhibition of SNHG3 can inhibit OC cell growth. (A) The expression of SNHG3 in SKOV3, HeyA8, A2780, and IOSE cells in the qRT-PCR assay. (B) The 
expression of SNHG3 in cells transfected with si-NC and those transfected with si-SNHG3. (C) Proliferation ability of cells transfected with si-NC and those transfected 
with si-SNHG3 in the CCK-8 assay. (D) Invasion ability of cells transfected with si-NC and those transfected with si-SNHG3 in the transwell assay. (E) Migration ability of 
cells transfected with si-NC and those transfected with si-SNHG3 in the transwell assay. (F) Cell cycle of cells transfected with si-NC and those transfected with si-SNHG3 
in the flow cytometry, and cell cycle map. (G) Apoptosis rate of cells transfected with si-NC and those transfected with si-SNHG3 in the transwell assay in flow cytometry, 
and apoptosis map. (H) Xenotransplantation tumor growth curve. (I) Weight of tumor mass removed. *P<0.05, **P<0.01, and ***P<0.001. 
Abbreviations: SNHG3, small nucleolar RNA host gene 3; OD, optical density.
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significantly up-regulated under knock-down of miR-339-5p 
(Figure 5C). Subsequently, we detected the expression of 
TRPC3 in OC tissues by qRT-PCR. It was found that 
TRPC3 was overexpressed in OC tissues (Figure 5D), and 
negatively linked to miR-339-5p (Figure 5E), but positively 
correlated with SNHG3 (Figure 5F), and it was also found 
that TRPC3 was highly expressed in OC cells (Figure 5G).

SNHG3 Can Regulate the Target Gene of 
miR-339-5p, TRPC3, in OC Cells
We carried out a rescue experiment to understand the role of 
SNHG3/miR-339-5p/TRPC3 in the growth of OC cells, and 
co-transfected miR-339-5p-inhibitor and pcDNA3.1-TRPC3 

with si-SNHG3 into cells, respectively. Detection of the 
biological behavior of SKOV3 and HeyA8 cells revealed 
that co-transfection of si-SNHG3+miR-339-5p-inhibitor or 
si-SNHG3+pcDNA3.1-TRPC3 could rescue the effect of 
transfected si-SNHG3 on the biological behavior of 
SKOV3 and HeyA8 cells (Figure 6A–D). The Western 
blotting assay revealed that the TRPC3 protein expression 
could be rescued by co-transfection of si-SNHG3+miR-339- 
5p-inhibitor or si-SNHG3+pcDNA3.1-TRPC3 (Figure 6E).

Discussion
OC is a common malignant tumor. Despite a great pro-
gress in the diagnosis and therapy of it, the survival of 
patients with OC is still not optimistic.19 In our study, we 

Figure 3 MiR-339-5p is the inhibitory target of SNHG3. (A) Binding sites between SNHG3 and miR-339-5p. (B) Interaction between SNHG3 and miR-339-5p according to 
the dual-luciferase reporter assay. (C) Interaction between SNHG3 and miR-339-5p in the RIP assay. (D) Interaction between SNHG3 and miR-339-5p in the RNA pull- 
down assay. (E) The expression of miR-339-5p in cells transfected with si-NC, those transfected with si-SNHG3, and those transfected with pcDNA3.1-SNHG3 in the qRT- 
PCR assay. (F) The expression of miR-339-5p in tissues in the qRT-PCR assay. (G) The expression of miR-339-5p in tissues of patients with OC and its negative correlation 
with the expression of SNHG3 in them. (H) The expression of miR-339-5p in SKOV3, HeyA8, A2780, and IOSE cells in the qRT-PCR assay. 
Notes: in comparison with the control group, **P<0.01 and ***P<0.001. 
Abbreviations: SNHG3, small nucleolar RNA host gene 3; WT, wild-type; MUT, mutant-type; miR, microRNA.
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verified that SNHG3, overexpressed in OC, can be adopted 
for diagnosis of OC, and the high expression of it indi-
cated a poor prognosis of patients. We found that knock-
down of SNHG3 could inhibit the growth of OC cells and 
affect the biological function of OC cells through the miR- 
339-5p/TRPC3 axis, which confirmed that SNHG3 is 
expected to be a potential marker for diagnosis, treatment 
and prognosis evaluation of OC.

Dysregulated lncRNA is involved in the prognosis of 
patients with cancers, such as gastric cancer, lung cancer, 
bladder cancer, and OC.20–22 Understanding the molecular 
mechanism of lncRNA contributes to the exploration of 
effective therapeutic targets for OC. For example, one 

study by Huang et al23 has pointed out that up-regulation 
of SNHG3 indicates poor prognosis of patients with color-
ectal cancer, and the study has also concluded that SNHG3 
can act as ceRNA in colorectal cancer and promote the 
development of malignant tumors via the miR-182-5p/ 
Myc pathway. One other study by Liu et al24 has pointed 
out that the up-regulation of SNHG3 expression in lung 
adenocarcinoma can accelerate the cycle, proliferation and 
apoptosis of lung adenocarcinoma cells, and plays a role of 
oncogene in tumors.

However, the role of SNHG3 in OC and its related 
mechanisms are still unclear. In our study, we acquired 
that the SNHG3 expression in tissues of patients with OC 

Figure 4 MiR-339-5p regulates the growth of OC cells. (A) Transfection efficiency verified in the qRT-PCR assay. (B) Proliferation of cells transfected with miR-NC, miR- 
339-5p-mimics, and miR-339-5p-inhibitor in the CCK-8 assay. (C) Invasion of cells transfected with miR-NC, miR-339-5p-mimics, and miR-339-5p-inhibitor in the transwell 
assay. (D) Migration of cells transfected with miR-NC, miR-339-5p-mimics, and miR-339-5p-inhibitor in the transwell assay. (E) Apoptosis of cells transfected with miR-NC, 
miR-339-5p-mimics, and miR-339-5p-inhibitor in the flow cytometry, and apoptosis map. *P<0.05, **P<0.01, and ***P<0.001. 
Abbreviations: miR, microRNA; OD, optical density.
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was greatly higher than that in corresponding tumor- 
adjacent tissues, and SNHG3 was consistently highly 
expressed in the serum of patients with OC, with AUC 
for diagnosis of OC of 0.863. In addition, we also found 
that high expression of SNHG3 was linked to lymph node 
metastasis and high histological grade of the patient, and 
indicated a poor prognosis of the patient, which suggests 
that SNHG3 participates in the development and progres-
sion of OC. Afterwards, we conducted in vitro and in vivo 
experiments. The in vitro experiment showed that inhibi-
tion of SNHG3 suppressed the cell viability and malignant 
phenotypes of the cells and accelerated apoptosis of them, 
and the in vivo experiment showed that inhibition of 
SNHG3 slowed down the growth ability of OC cells. 
These results imply that SNHG3 is crucial in controlling 

the development and progression of OC and is expected to 
become a potential diagnostic and therapeutic marker for 
OC. However, we are still not clear about its specific 
mechanism.

Previous studies have verified that lncRNA extensively 
participates in the network regulated by ceRNA and it can 
act as ceRNA and further play a role in miRNA sponge to 
regulate the transcription level of miRNA.25,26 In laryn-
geal carcinoma tissues and cells, SNHG3 is also signifi-
cantly up-regulated, the loss of its function will reduce cell 
vitality, migration and invasion, and it can regulate the 
malignant behavior of laryngeal carcinoma cells via miR- 
384/WEE1 axis.27 In osteosarcoma, the up-regulation of 
SNHG3 indicates that the survival of patients with osteo-
sarcoma is very poor and the up-regulation of it can cause 

Figure 5 TRPC3 is the target gene of miR-339-5p. (A) Binding sites between TRPC3 and miR-339-5p. (B) Targeted binding between miR-339-5p and TRPC3 in the dual- 
luciferase reporter assay. (C) Determination of TRPC3 protein expression in cells transfected with miR-NC, miR-339-5p-mimics, and miR-339-5p-inhibitor, and protein 
bands. (D) The expression of TRPC3 in OC tissues by the qRT-PCR assay. (E) The expression of TRPC3 in the tissues of patients with OC, and its negative correlation with 
the expression of miR-339-5p in the tissues. (F) The expression of TRPC3 in the tissues of patients with OC and its positive correlation with the expression of SNHG3 in 
the tissues. (G) The expression of TRPC3 in SKOV3, HeyA8, A2780, and IOSE cells in the qRT-PCR assay. **P<0.01, and ***P<0.001. 
Abbreviations: TRPC3, the canonical transient receptor potential 3; miR, microRNA; WT, wild-type; MUT, mutant-type; SNHG3, small nucleolar RNA host gene 3.

Liu et al                                                                                                                                                               Dovepress

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                                           

OncoTargets and Therapy 2020:13 10968

http://www.dovepress.com
http://www.dovepress.com


miR-196a-5p spongization to promote malignant growth 
of osteosarcoma cells.28 In our study, we analyzed whether 
SNHG3 can interact with miRNA to act as ceRNA, and 
found that miR-339-5p can bind to the 3ʹUTR of SNHG3. 
We carried out dual-luciferase reporter gene, RIP and 
RNA pull-down assays, finding the interaction between 
SNHG3 and miR-339-5p. One previous study by Zhang 
et al29 has identified miRNA common in OC cells through 
microarray data, confirming that miR-339-5p is under- 
expressed in OC cells and can suppress tumor.29 

Consistently, we detected a significant down-regulation 
of miR-339-5p in OC tissues and cells and found 
a negative relation between miR-339-5p and SNHG3. 
Subsequently, we further verified the biological behavior 

of miR-339-5p in OC cells, finding that knockout of miR- 
339-5p could suppress the malignant phenotypes of OC 
cells or promote cell growth. These results indicate that 
SNHG3 may be related to miR-339-5p and participate in 
the development of OC.

There are a large number of studies indicating that miR 
can regulate tumor growth by binding to downstream 
target genes.30 We further studied the relevant mechanisms 
of miR-339-5p in OC, and confirmed it through database. 
It was verified that TRPC3 was the target gene of miR- 
339-5p. It is consistent with the finding that there is 
a relation between TRPC3 and miR-339-5p in oral leuko-
plakia based on the analysis of miRNA expression 
profiles.31 TRPC3 is one of the members of transient 

Figure 6 SNHG3 can regulate the target gene of miR-339-5p, TRPC3, in OC cells. (A) The proliferation ability of SKOV3 and HeyA8 cells in the CCK-8 assay. (B) The 
invasion ability of SKOV3 and HeyA8 cells in the transwell assay. (C) The migration ability of SKOV3 and HeyA8 cells in the transwell assay. (D) The apoptosis rate of SKOV3 
and HeyA8 cells in the flow cytometry and apoptosis rate map. (E) The expression of TRPC3 protein in SKOV3 and HeyA8 cells in the Western blotting assay, and protein 
bands. *P<0.05, **P<0.01, and ***P<0.001. 
Abbreviations: OD, optical density; SNHG3, small nucleolar RNA host gene 3; miR, microRNA; TRPC3, the canonical transient receptor potential 3.
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receptor potential ion channel superfamily, and partici-
pates in the progression of cancers.32 For example, in 
triple-negative breast cancer, TRPC3 can regulate cell 
proliferation and apoptosis resistance via RASA4/MAPK 
signal cascade reaction.33 In melanoma, SNHG5 and 
TRPC3 are highly expressed, in which SNHG5 can make 
miR-26a-5p sponge target to TRPC3 and further promote 
melanoma cell growth. Inhibition of RPC3 or knockout of 
SNHG5 can suppress the development of tumors.34 In this 
study, we found that the expression of TRPC3 was inhib-
ited after up-regulation of miR-339-5p, and we also found 
up-regulation of TRPC3 expression in OC tissues and 
cells, negative correlation of the TRPC3 expression with 
miR-339-5p, and positive correlation of it with SNHG5 in 
OC tissues. Similarly, one study by Yang et al35 has con-
firmed that the expression of TRPC3 in human OC tissues 
and cells significantly increased, and inhibition of TRPC3 
in cells can suppress cell proliferation and tumor growth. 
We further found through rescue experiments that co- 
transfection of si-SNHG3+miR-339-5p-inhibitor or si- 
SNHG3+pcDNA3.1-TRPC3 can rescue the effect of 
knock-down of transfected SNHG3 on the biological beha-
vior of OC cells and the expression of TRPC3 protein. It 
implies that SNHG3 can sponge miR-339-5p and partici-
pate in the biological behavior of OC cells by regulating 
TRPC3. Studies have shown that TRPC channel and its 
splice variants are important in the growth of OC cells.36 

We need to further analyze the influence of TRPC3 on the 
activity of OC cell channel in future studies. In addition, 
our research has not carried out subcellular localization of 
SNGH3, and has not explored other interacting molecules 
of SNGH3, so it is still necessary to further explore the 
biological function and potential mechanism of SNGH3 in 
the future.

To sum up, SNHG3 can be adopted as a marker for 
diagnosis and prognosis evaluation of OC, and it can 
participate in the development of OC by enabling the 
miR-339-5p sponge to affect the TRPC3 expression. 
Therefore, targeting the SNHG3/miR-339-5p/TRPC3 axis 
is expected to be a promising therapeutic strategy for OC.
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