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Objective: To probe into the expression of FGD5-AS1 in osteosarcoma and its relationship
with miR-320b.

Methods: The tissue and serum samples of 97 patients with osteosarcoma were collected,
and the serum samples of 100 healthy subjects who concurrently underwent physical
examination were selected as the control. FGD5-AS1 expression in tissues and serum was
detected, and osteosarcoma cells were transfected to measure cell behaviors such as prolif-
eration, invasion and apoptosis.

Results: FGD5-AS1 was highly expressed in osteosarcoma, and its elevated expression
indicated poor survival of patients. Serum FGD5-AS1 was related to tumor size and clinical
stage and could be used for the diagnosis of osteosarcoma. The study of osteosarcoma cell
lines U20S and SaOS-2 showed that after inhibiting FGDS5-AS1, the viability and invasion
capacity of osteosarcoma cells decreased statistically compared with the control group (CG),
while the apoptosis ability could be improved by further regulating apoptotic proteins
(P<0.05). Detection of EMT-related proteins identified that E-cadherin increased while
N-cadherin decreased significantly after FGD5-AS1 inhibition (P<0.05). Correlation analysis
revealed a negative correlation between miR-320b and FGD5-AS1 (r = —0.410, P<0.001).
Overexpression of miR-320b significantly inhibited cell viability, invasion and EMT ability,
and increased the apoptosis rate, while inhibiting miR-320b expression produced the oppo-
site results. The targeting relationship between miR-320b and FGD5-AS1 was confirmed
through the biological prediction website, luciferase assay and RNA binding protein immu-
noprecipitation (RIP) assay. Inhibition of miR-320b could reverse the regulatory effect of
FGDS5-AS1 knockdown on osteosarcoma cells.

Conclusion: FGD5-AS1 is highly expressed in osteosarcoma and is involved in the
biological procession of osteosarcoma by targeting miR-320b.
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Introduction

Osteosarcoma occurs predominantly in adolescents and is a primary bone
malignancy.! Metastasis, especially in the lungs and bones, is present in approxi-
mately 15% to 20% of the patients when diagnosed, and develops rapidly.” Pain and
swelling of the affected bones are the main clinical manifestations of the disease.
Thanks to the continuous development of social medical technology and the
implementation of comprehensive treatment methods including chemotherapy and
limb salvage surgery, the survival rate of osteosarcoma patients has been increased
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in the past few decades.® It is reported that the 5-year
survival rate of patients with osteosarcoma is about
70%.* Although our understanding of osteosarcoma has
been improved with the deepening of research, there are
still many patients with chemotherapy resistance and lung
metastasis with a 5-year survival rate of less than 20% and
an unfavorable prognosis.”® And the molecular mechan-
isms underlying the development of carcinogenesis and
metastasis are still unknown. Numerous studies have
shown that microRNAs (miRNA) are involved in the
progression of osteosarcoma,’ and their abnormal expres-
sion profiles are related to the prognosis of patients.® It is
also widely acknowledged that miRNAs are indispensable
in regulating the self-renewal ability, invasion and migra-
tion of osteosarcoma cells.” Among them, miR-320 has
been pointed out by a number of studies as a potential
therapeutic target for cancer, and a prognostic indicator for
multiple tumors.'®!'" Moreover, in osteosarcoma, miR-320
is reduced in cell lines, and inhibits the heterologous
expression of cell proliferation and induces cell cycle
arrest.’ The study of Lv et al'* suggested that high levels
of XIST were negatively correlated with miR-320b, and
could promote osteosarcoma progression by regulating
miR-320b. All the preceding evidence suggests that miR-
320b participates in the Dbiological process of
osteosarcoma.

The critical role of long non-coding RNAs (IncRNAs)
in osteosarcoma has been already well established, but
the role of the key IncRNAs in the pathogenesis of
osteosarcoma has not been fully clarified. As a new
type of IncRNA, FGD5-AS1 has been shown to be effec-
tive in promoting non-small cell lung cancer' and color-
ectal cancer.'* Based on previous studies, we
hypothesized that FGD5-AS1 was vital in tumor progres-
sion. In this study, we detected FGD5-AS1 and explored
its effects on osteosarcoma cells by evaluating abnormal
biological behaviors such as cell viability, apoptosis, and
migration. In addition, as numerous studies indicated that
IncRNA played a competitive role in endogenous RNA
(ceRNA)
diseases, the regulatory relationship between FGDS5-
AS1 and miR-320b was detected in this study, and later
through luciferase reporter, we confirmed that FGD5-
AS1 targeted the regulation of miR-320b. Overall, the

purpose of our study is to demonstrate the role of FGD5-

and in various

15,16

regulation of miRNA

ASI1 in osteosarcoma and its regulatory mechanism with
miR-320b.

Materials and Methods

Sample Collection

A total of 97 patients with osteosarcoma treated in The
First Hospital of Ningbo were collected. The ratio of male
to female was 57:40, the age ranged from 12 to 28 years
old, and the average age was 18.87£5.18 years old.
Concurrently, 100 healthy subjects, aged 12-26 years,
with an average age of 18.57+4.98 years old and the male-
to-female ratio of 55:45, who underwent health examina-
tions were selected as the control group (CG). There was
no significant difference in general clinical data between
the two groups (P>0.05). The protocol of this study was
approved by the Clinical Research Ethics Committee of
The First Hospital of Ningbo, conducted in accordance
with the Declaration of Helsinki, and all the participants
had signed the informed consent. In this study, patients
were followed up in the form of telephone interview, out-
patient reexamination and medical record inquiry, and the
overall survival (OS) was from the end of the first treat-
ment to death or the end of follow-up.

Cell Culture

Osteosarcoma cell lines U20S, HOS, SaOS-2, SW1353
and human normal osteoblast cell line hFOB1.19 were all
purchased from Aolu Biotechnology Co., Ltd., Shanghai,
China. The cell lines were incubated in Dulbecco’s
Modified Medium  (DMEM:  Chundu
Biotechnology Co., Ltd., Wuhan, China) supplemented

Eagle’s

with 10% heat-inactivated fetal bovine serum in a 5%
CO, constant temperature incubator at 37°C.

Cell Transfection

Using  Lipofectamine  (Invitrogen, United  States,
Lipofectamine® 2000 Transfection Reagent), FGD5-AS1
inhibitor (si-FGD5-AS1), negative control (si-NC), miR-
320b overexpression/inhibitor (miR-320b mimics, miR-320b
inhibitor) and negative control (miR-NC) were transfected
into U20S and SaOS-2 cell lines, respectively, for observation
and research.

Quantitative PCR Detection

Total RNA was extracted from the collected cell, tissue
and serum samples using TRIZOL reagent (Invitrogen,
CA, United States). High capacity cDNA reverse tran-
scription kit (Applied Biosystems, CA, United States)
was used for reverse transcription of RNA samples, and
the specific operation was carried out according to the
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Table | Primer Sequences

Downstream

Upstream
FGD5-ASI 5-CGTGGAGAAGAATTGGGC-3
miR-320b 5-TCCGAAACGGGAGAGTTGG-3’
GAPDH 5-ACCTGACCTGCCGTCTAGAA-3’
ué 5-GCTTCGGCAGCACATATACTAAAAT-3’

5-CGTGGAGAAGAATTGGGC-3’
5-GTGCAGGGTCCGAGGT-3’
5-GTCAAAGGTGGAGGAGTGGG-3’
5-CGCTTCACGAATTTGCGTGTCAT-3’

instructions. Quantitative RT-PCR was performed by Fast
Start Universal SYBR Green Master (Roche, CA, United
States). Primers are shown in Table 1. The relative fold
change of candidate genes was analyzed using the 2-AACt
method (Table 1).

Western Blot Detection

The collected cells were lysed using RIPA buffer (Sigma-
Aldrich, MO, United States). Protein concentration was
determined by BCA (Beyotime Biotechnology, Shanghai,
China), and the protein samples were diluted with buffer
solution. The same amount of extracts were separated by
SDS-PAGE and then transferred to a polyvinylidene fluoride
(PVDF) membrane (Millipore, Shanghai, China) after ioni-
zation. Then, the membrane was blocked with 5% skimmed
milk for 2h, immersed in primary antibodies Bax, Caspase3,
Bcl-2, E-cadherin, N-cadherin, and B-Actin primary anti-
body (Invitrogen, CA, United States), and then blocked at
4 °C overnight. After that, the primary antibody was
removed by washing the membrane, and the horseradish
peroxidase-labeled goat anti-rabbit secondary antibody
(Invitrogen, CA, United States) was added for 1h of incuba-
tion at 37 °C. After rinsing the membrane three times with
TBST, the band was analyzed using ECL Luminescence
Reagent (Thermo Fisher, MA, United States).

CCK-8 Determination for Cell Viability

Osteosarcoma cells were inoculated into 96-well plates
(2x10%) with complete medium, and then transfected
with different cell lines. After transfection for 24h,
48h, 72h, and 96h, 10 pL. CCK-8 solution (Biosharp,
Shanghai, China) was added to each well for 2h of
culture at 37 °C. The optical density (wavelength
450nm) of each well was measured by enzyme-linked
immunosorbent assay (ELISA; Multiskan ™ FC micro-
plate reader, Thermo Fisher Scientific, MA, USA), and
the cell growth curve was plotted. The experiment was
repeated in triplicate.

Apoptosis Assay

AnnexinV-FITC apoptosis kit (Keygen, Nanjing, China) was
used to detect the apoptosis. After transfection, the cells were
digested with trypsin, washed with PBS, and then re-
suspended in 500 pL binding buffer. AnnexinV-FITC and
PI were then added to incubate in the dark for 15-20 minutes,
and FC500MCL flow cytometry system was utilized for
detection. The experiment was repeated 3 times.

Invasion Experiment

The invasive ability of the cells was evaluated by transwell
assay. The cells were inoculated into the upper chamber coated
with matrix glue (BD Biosciences, CA, United States), and the
medium with and without 10%FBS was added to the lower and
upper wells, respectively, and cultured at 37 °C for 24 h. After
wiping the stroma and cells of the upper chamber that did not
pass through the membrane surface, the cells were immobi-
lized and stained with crystal violet. The invasion of cells was
observed under a microscope.

Luciferase Reporter Gene Detection
Osteosarcoma cell line was seeded in 24-well plates. After
incubation, the pmirGLO reporter vectors with wild-type
(FGD5-AS1-WT) and mutant (FGD5-AS1-MUT) were
co-transfected into cells with miR-320b-mimics and miR-
NC. The luciferase intensity was detected using a dual-
luciferase reporter gene system (Solarbio, CA, China), and
the steps were carried out in strict accordance with the
instructions.

RNA Binding Protein

Immunoprecipitation (RIP Experiment)

The RIP kit (Millipore, MA, United States) was used for
detection, and the experimental procedures were carried
out in strict accordance with the kit instructions. The
whole cell protein extracts were incubated with RIP
wash buffer containing magnetic beads bound to human
anti-AgO2 antibody (Millipore, MA, USA) or mouse
immunoglobulin G (IgG) controls. Protein in the sample
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was digested with protease K, and immunoprecipitation
RNA was extracted. The purified RNA was subjected to
gqRT-PCR analysis to prove the presence of binding targets.

Statistical Analysis

All the experiments were carried out three times indepen-
dently. GraphPad 7 was adopted to analyze and visualize
the data. The counting data were expressed as percentage
(%) and verified by chi-square test and denoted as X°.
Student’s t-test was utilized for the analysis of the two
groups, one-way analysis of variance (ANOVA) was used
to confirm the differences among multiple groups, and
LSD-t-test was adopted for pairwise post hoc comparisons.
The diagnostic value was analyzed by receiver operator
characteristic (ROC) curve. The overall survival of
patients was plotted by K-M survival curve and analyzed
by Log-rank test. Correlation analysis of gene expression
was performed using Pearson correlation coefficients.
When P<0.05, there was a statistical difference.

Results

FGD5-AS| Expression in Osteosarcoma

Through the detection of patient samples, it was found that
the serum FGD5-AS1 of osteosarcoma patients was higher
than that of normal controls (P<0.05), and FGD5-AS1 was

higher in osteosarcoma tissues than in adjacent tissues
(Figure 1). Correlation coefficient analysis showed that
FGDS5-AS1 in osteosarcoma tissue and serum was posi-
tively correlated, and serum FGD5-AS1 could be used in
the diagnosis of osteosarcoma, with the AUC of 0.893.
From Table 2, we can see that serum FGDS5-AS1 was
correlated with tumor size and clinical stage. Then, with
the median value of FGD5-ASI as the boundary, we classi-
fied patients into high and low expression groups, with 49
cases in each group. By analyzing the 5-year survival rate, it
was found that the survival rate of patients with high FGD5-
AS1 expression was significantly lower than that of patients
with low expression (P<0.05). (Figure 1 and Table 2)

Effects of Inhibiting FGD5-AS| on Tumor
Cells

In this section, we conducted cytological experiments to
further explore the role of FGD5-AS1 in osteosarcoma
cells (Figure 2). It was found that FGD5-AS1 was higher
in osteosarcoma cell lines U20S, HOS, SaOS-2 and
SW1353 than in human normal osteoblast cell line
hFOB1.19 (P<0.05), so we selected U20S and SaOS-2
cell lines for follow-up study to construct anti-FGD5-AS1
cell lines. The results showed that compared with the CG,
FGDS5-AS1 inhibition remarkably decreased the viability
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Figure | FGD5-AS| expression in osteosarcoma. (A) Expression of FGD5-AS| in serum and tissue of osteosarcoma. (B) Serum FGD5-AS| level was used for the diagnosis
of patients with osteosarcoma. (C) Correlation of serum and tissue FGD5-AS| levels in osteosarcoma. (D) Correlation between FGD5-ASI and prognosis and survival of
patients with osteosarcoma.

Note: “Represented the comparison between the two groups, “P<0.001.
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Table 2 Relationship Between FGD5-AS| and Pathological Characteristics of Patients with Osteosarcoma n [%]
Pathological Cases FGD5-ASI X2 P
Data
High Expression Low Expression
Gender 0.548 0.460
Male 57 27 (55.10) 30 (62.50)
Female 40 22 (44.90) 18 (37.50)
Age 0.825 0.364
>20 years old Y} 19 (38.78) 23 (47.92)
<20 years old 55 30 (61.22) 25 (52.08)
Tumor size 18.580 <0.001
(cm)
>5 37 29 (59.18) 8 (16.67)
<5 60 20 (40.82) 40 (83.33)
Clinical stage 14.390 <0.001
I-I1 54 18 (36.73) 36 (75.00)
-V 43 31 (63.27) 12 (25.00)
Metastasis 0.657 0418
With 30 17 (14.29) 13 (27.08)
Without 67 32 (65.31) 35 (72.92)
Site 1.500 0.221
Tibia/femur 65 30 (61.22) 35 (72.92)
Others 32 19 (38.78) 13 (27.08)
and invasion of osteosarcoma cells (P<0.05), and showed that miR-320b was negatively associated with
enhanced the apoptosis ability of osteosarcoma cells by FGDS5-AS1 (r = —0.410, P<0.001). (Figure 3)
further regulating the apoptotic proteins (P<0.05).

Detection of EMT-related proteins revealed an increased
E-cadherin and a decreased N-cadherin after FGD5-AS1
inhibition (P<0.05). (Figure 2)

Target Relationship Verification

We searched for the target of FGD5-AS1 through starBase,
IncRNASNP2, and Diana prediction websites, and found
four common miRNA targets, among which, miR-320b
had a strong binding site with FGD5-AS1. Through the
starBase website, we found the binding site of miR-320b
and FGD5-AS1 (Figure 4). Luciferase assay identified that
the fluorescence activity of FGD5-AS1-WT was inhibited
after miR-320b overexpression. Through RIP assay, it was
observed that the miR-320b and FGD5-AS1 expression
bound to Ago2 was higher than that bound to immunoglo-
bulin (Ig) G. After transfection of osteosarcoma cells, it
was noticed that miR-320b increased after inhibiting
FGD5-AS1 (P<0.05). miR-320b presented low expression
in osteosarcoma tissues, and correlation analysis revealed

Effects of miR-320b Inhibition or

Overexpression on Osteosarcoma Cells
The miR-320b level of osteosarcoma cell lines U20S, HOS,
Sa0S-2 and SW1353 was found to be lower than that of
human normal osteoblast cell line hFOB1.19 (P<0.05). After
constructing miR-320b inhibition/overexpression cell lines,
it was found that compared with the CG, miR-320b over-
expression significantly reduced the viability and invasion
capacity of osteosarcoma cells (P<0.05), while increased the
apoptosis ability by regulating the apoptotic protein
(P<0.05). Detection of EMT-related proteins revealed that
E-cadherin increased while N-cadherin decreased after miR-
320b overexpression (P<0.05). However, the inhibition of
miR-320b expression showed the opposite effect as that of
overexpression (Figure 4).

Co-Transfection Experiment
To further explore the regulatory relationship between miR-
320b and FGD5-AS1, we co-transfected si-FGD5-AS1 and
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miR-320b-inhibitor into cells. The results showed that there
were no significant differences between si-FGD5-AS1 +
miR-320b-inhibitor and si-NC in cell viability, invasion,
apoptosis and EMT regulation (P>0.05). It can also be
seen that si-FGD5-AS1 + miR-320b-inhibitor could reverse

the effect of si-FGD5-AS1 on osteosarcoma cells
(Figure 5).
Discussion

LncRNA is a class of non-protein transcript that can regulate
various physiological and pathological functions.'” With the
property of regulating signal transduction and protein trans-
formation between protein complex tissues and cells, they
are often used as feasible biomarkers for tumors.'® In osteo-
sarcoma, IncRNAs participate in the occurrence of disease

through epigenetic inheritance, transcription and post-
transcription mechanisms.'® For example, Lu et al*® pro-
posed that CASC2 could be used as a potential tumor sup-
pressor IncRNA for osteosarcoma and participate in the
regulation of malignant behavior of tumor cells. Upon
review, it was found that the relationship between IncRNA
and osteosarcoma proliferation, prognosis, chemotherapy
resistance was introduced in detail, and it was pointed out
that the role and regulatory mechanism of IncRNA in human
osteosarcoma should be further studied.'

FGD5-AS1 is highly expressed in cancers and can func-
tion as a therapeutic target in oral squamous cell carcinoma.**
Since the current report on FGD5-AS1 in osteosarcoma has
not been elaborated, we quantitatively detected by PCR to find
that FGD5-AS1 was upregulated in osteosarcoma, which was
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Figure 3 Target relationship verification. (A) Wayne diagram. (B) Binding site and
luciferase reporter. (C) RIP experiment. (D) Effects of different transfections on the
expression of miR-320b. (E) Expression of miR-320b in cancer tissues. (F)
Correlation between miR-320b and FGD5-ASI.

Notes: *Represented *P<0.05 compared with NC; “Represented “P<0.001 com-
pared between two groups or with Anti-IgG.

consistent with the preceding research results, indicating its
role as an oncogene. Combined with related literature, > it is
not difficult to find that serum biomarkers are widely used in

the diagnosis of various diseases due to their easy access. For
example, serum IncRNA XIST and HIF1A-AS1 enjoy favor-
able diagnostic and predictive value in non-small cell lung
cancer.” In this study, we found a correlation between the
expression of serum and tissue through correlation coefficient
analysis, and serum FGD5-AS1 can be used for the diagnosis
of patients with osteosarcoma. In addition, the survival rate of
osteosarcoma patients with high FGD5-AS1 expression was
lower. These results suggest that FGD5-AS]1 is a prognostic
indicator for osteosarcoma, but the role of FGD5-AS1 in
osteosarcoma remains unknown.

The occurrence and development of tumors is a process
of gradual proliferation abnormality, while the spread
mechanism of cancer cells includes cell invasion, migra-
tion and EMT.>>?° Therefore, we further conducted
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Figure 5 Co-transfection experiment. (A) Proliferation diagram. (B) Cell invasion diagram. (C) Apoptosis diagram. (D) Apoptosis-related protein diagram. (E) EMT-related

protein diagram.
Note: *Represented *P<0.05 compared with si-NC.

cytology experiments. First, the selected osteosarcoma
cells were transfected. The results showed that the inhibi-
tion of FGD5-AS1 statistically reduced the viability and
invasion of osteosarcoma cells, and increased the apopto-
sis ability by regulating apoptotic proteins. Changes in the
biological traits of EMT will result in cells acquiring the
ability to migrate and invade, while maintaining stem cell
characteristics, tumor progression, and metastasis are all

related to EMT.?”*® By detecting EMT-related proteins,
we observed that FGD5-AS1 inhibition led to decreased
EMT behavior, increased E-cadherin, and decreased
N-cadherin (P<0.05), suggesting that FGD5-AS1 could
be used as a therapeutic target for osteosarcoma to regulate
the malignant behavior of tumor cells.

Increasing evidence has demonstrated that IncRNAs,
highly expressed in the cytoplasm, can act as molecular
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sponges, competitively bind or adsorb with other regula-
tory proteins and miRNAs, thus participating in the biolo-
gical processes of tumors.?”" In this study, we predicted
the IncRNA-miRNA binding sites through three biological
target prediction sites: starBase, IncRNASNP2, and Diana.
A total of 4 shared miRNAs were screened out, of which
miR-320b belonged to the miR-320 family, which showed
a correlation with osteosarcoma in previous reports.'>
Further, the specific binding between FGDS5-AS1 and
miR-320b was confirmed by double luciferase report and
RIP experiment, and there was a correlation between them.
Recently, research has pointed out that miR-320b is
involved in the regulation of the progression of a variety
of cancers,”' and the inhibition of miR-320b can promote
malignant behaviors such as cell proliferation in nasophar-
yngeal carcinoma®? and colorectal cancer.*® Therefore, we
applied cytology to verify the effect of miR-320b on the
biological behavior of osteosarcoma. The results showed
that after miR-320b overexpression, the viability, invasion
and EMT ability of osteosarcoma cells were decreased,
and the apoptosis was increased, while the inhibition of
miR-320b produced the opposite effects, further confirm-
ing the anti-tumor effect of miR-320b in osteosarcoma.
Finally, through co-transfection experiments, we found
that miR-320b inhibition could reverse the changes in
cell behavior caused by silencing FGD5-AS1, suggesting
that FGD5-AS1 could participate in the biological process
of osteosarcoma by targeting miR-320b.

This study demonstrated the expression of FGDS5-
AS1 in osteosarcoma and the targeting relationship
between miR-320b. However, as the experimental
study of nude mice was absent in this study, the effect
of FGD5-AS1 on the growth of solid tumors is not yet
clear, which is one of the limitations. In addition, there
are many network pathways involved in the regulation
of osteosarcoma, and more experiments are needed to
explore the involvement of FGD5-AS1 in mediating the
specific downstream regulatory genes of miR-320b.
What is more, the mechanism of drug resistance can
also be investigated in future studies to better solve
the limitations of clinical treatment. All in all, based
on the comprehensive study, we conclude that FGD5-
AS1 is involved in the biological process of osteosar-
coma by targeting miR-320b.

Conclusion
This study demonstrated the expression of FGD5-AS1 in osteo-
sarcoma and the targeting relationship between miR-320b.

However, as the experimental study of nude mice was absent
in this study, the effect of FGD5-AS1 on the growth of solid
tumors is not yet clear, which is one of the limitations. In addition,
there are many network pathways involved in the regulation of
osteosarcoma, while miRNA is completed by regulating the
downstream protein pathway, so the role of IncRNA/miRNA in
osteosarcoma related pathways remains to be further investi-
gated. What is more, the mechanism of drug resistance can
also be investigated in future studies to better solve the limitations
of clinical treatment. All in all, based on the comprehensive
study, we conclude that FGD5-ASI is involved in the biological
process of osteosarcoma by targeting miR-320b.
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