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Abstract

LncRNA DLX6-AS1 takes part in the progression of various cancers. However, it is not elaborated
clearly in osteosarcoma (OS) development. Therefore, we aimed to explore the impacts and specific
mechanisms of DLX6-AS1 on the progression of OS. We estimated the pattern of DLX6-ASI1 expres-
sion in Ost tissues and cells via quantitative reverse transcription polymerase chain reaction. A number
of biochemical assays were carried out to assess the effects of DLX6-AS1. Target genes were predicted
by bioinformatics methods. Then we used the transfection of si-RNA, miRNA inhibitor, and miRNA
mimics to explore the underlying mechanisms and built tumor xenograft models for the in vivo experi-
ments. A higher expression of DLX6-AS1 was found in OS tissues and cell lines, while knockdown of
DXL6-ASI suppressed OS cell metastasis and proliferation in vitro and in vivo. Mechanistically, it was
revealed that DXL6-AS1 sponged miR-200a-3p, thus positively regulating the downstream GPM6B. In
summary, DLX6-AS1 knockdown would inhibit OS cell migration, cell invasion, and cell proliferation,
in which the DXL6-AS1/ miR-200a-3p/ GPM6B axis played a critical role.
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nfortunately, despite various treatments (e.g. sur-
l | gical resection and systemic chemo-radiother-
apy), the 5-year survival rate of osteosarcoma
(OS) is still not optimistic (1, 2). There are many studies
investigating the mechanisms underlying OS progression,
including studies on long non-coding RNAs (IncRNAs)
(3). An increasing number of reports reveal that IncRNAs
affect the progression of multiple cancers functionally
(4-7). For example, as an oncogenic IncRNA, distal-less
homeobox 6 antisense 1 (DLX6-AS1) is located in chro-
mosomal region 7q21.3. It was reported functioning in
various types of cancers, including liver (8), gastric (9),
lung (10), pancreatic 11), and ovarian cancers (12). How-
ever, DLX6-AS1 in OS development has not been elabo-
rated clearly.

TThese authors contributed equally to this work.

Non-coding RNAs of 22 nt in length are named mi-
croRNAs (miRNAs). The most common process of its
function is to bind with the 3’-UTR of target mRNAs,
thus downregulating the target gene expression (13). Mean-
while, IncRNAs could play the role of competing endog-
enous RNAs (ceRNAs) to sponge miRNAs to modulate
their downstream target genes. Xie et al. reported that
DLX6-AS1 sponged miR-16-5p and upregulated ARPP19
to accelerate the progression of cervical cancer (14).
Furthermore, Zhao et al. revealed that DLX6-AS1 regu-
lated the miR-505-3p/RUNX?2 axis and promoted breast
cancer cell proliferation (15). It also showed laryngeal can-
cer development driven by DLX6-ASI via targeting miR-
26a and TRPC3. However, whether DLLX6-AS1 interacts
with miRNAs in OS has not been elaborated clearly.
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Materials and methods

Clinical specimens

There were 40 pairs of OS tissues and adjacent normal tis-
sues gathered from OS patients in our hospital from 2017
to 2019. Table 1 presents the detailed clinicopathological
characteristics of OS patients. The current protocols were
reviewed and approved by Shanghai Jiao Tong University
Affiliated Sixth People’s Hospital. Informed written con-
sent was obtained from every patient whose tissues and
information were involved in this study.

Table 1. Relationship of IncRNA DLX6-AS1 expression and clini-
cal variables among 40 OS patients

Characteristics Number DLX6-AS| expression P
(Total n = 40)
High (n =28) Low (n=12)
Age (years)
> 50 24 17 7 0.789
<50 16 I
Gender
Male 22 12 10 0.701
Female 18 10
Tumor node metastasis stage
-l 22 13 9 0.019%*
I-v 18 15
Lymph-node metastasis
Negative 17 8 9 0.025%*
Positive 23 20
Tumor size (cm)
>3 24 20 4 0.022*
<3 16 8 8
Tumor differentiation
WVell 6 4 2 0.018*
Moderate 15 10
Poor 18 14

*P < 0.05, the difference is significant.

Table 2. Primers of qRT-PCR

Gene Primers

DLX6-AS| Forward 5-CCAAATGCTACCATCCAGCC-3’
Reverse 5-TCTGGCTTCCCTTAACCAA-3’

miR-200a-3p Stem-loop  5-GTCGTATCCAGTGCAGGGTC
primer CGAGGTATTCGCACTGGATACGA

CACATCG-3’

Forward 5-TAACACTGTCTGGTAA-3’
Reverse 5-GTGCAGGGTCCGAGGT-3’

GPMéB Forward 5-ATGGCCTTAGCTTAGGCT -3’
Reverse 5-TTGGCAATGCCGTATTAGC-3’

B-Actin Forward 5-CTCCATCCTGGCCTCGCTGT-3’
Reverse 5-GCTGTCACCTTCACCGTTCC-3
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Cell culture

We purchased all cell lines from the Cell Bank of Chinese
Academy of Science (Shanghai, China). The cells were
maintained in the DMEM medium (Invitrogen) contain-
ing 10% fetal bovine serum (FBS, GiOSo) at 37°C with
5% CO.,.

Quantitative PCR

Total RNA was isolated from tissue or cells using Trizol
(Invitrogen). cDNA was synthesized from RNA by Pri-
meScript RT reagent (TaKaRa, Japan). Quantitative PCR
(qPCR) was performed by SYBR Premix ExTaq reagent
(TaKaRa, Japan) with cDNA as templates. The internal
primers for miRNAs and mRNAs were U6 and GAPDH,
respectively. The relative expression was analyzed by the
2-AACt method. Table 2 displays the information of all
the primers.

Cell transfection

Si-RNA against DLX6A-ASI (si-DLX6A-AS1), miR-
200a-3p inhibitor and mimics, and also the negative con-
trols were obtained from RiboBio (Nanjing, China). In
addition, Lipo2000 (Invitrogen, USA) was used for trans-
fection, according to the protocol.

CCK-8 assay

CCK-8 assay (Dojindo Molecular Technologies) deter-
mined cell viability following the protocols. In brief, we
seeded transfected cells in 96-well plates (1 X 103/well),
and then added CCK-8 solution every 24 h. A microplate
reader detected the absorbance at 450 nm.

Colony assay

First, we seeded transfected cells in 12-well plates at 0.8 X
103/well. Two weeks later, we replaced the medium every
3 days. Then, cells were fixed and stained with methanol
and 0.1% Crystal Violet (Promega, Nanjing, China), re-
spectively. Finally, colonies were estimated using a micro-
scope (Olympus, Japan).

Wound healing assay

The wound healing assay could help us to observe cell mi-
gration. A new peptide was used to create a scratch across
the surface after transfected cells reached 90% confluence.
After 24 h, the migration state was observed and graphed
by an inverted microscope.

Transwell assay

The ability of cell invasion was determined by transwell
chambers (BD Biosciences, USA). First, we placed cells in
the upper Matrigel-covered chamber and filled the bottom
chamber with medium containing 10% FBS. Then, after
transfection, the cells on the upper chamber were washed
away 24 h later. Next, cells were fixed and stained with
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methanol and 0.1% Crystal Violet, respectively. Finally,
invasion cells were counted under a microscope in five
randomly chosen visual fields.

Western blot

Total proteins were extracted with radioimmunoprecip-
itation buffer (Beyotime). Proteins were separated by
SDS-PAGE (10%), and then transferred onto the PVDF
membranes (Millipore) and blocked with 5% skim milk.
After that, primary antibodies against GPM6B (1:1,000,
CST, Beijing) and B-actin (1:3,000, Sangon) were used to
incubate with the membranes at 4°C. Ten hours later, the
membranes were incubated in HRP-conjugated secondary
antibodies at room temperature for 60 min. Electroche-
miluminescence detection system (Beyotime, Shanghai,
China) was used to visualize the protein signals.

Luciferase activity assay

Wt and mut sequences of target RNA were inserted into
pGL3 empty vectors (Sangon, Shanghai, China). Using
Lipo2000 (Invitrogen, USA), miR-200a-3p mimics were
transfected with pGL3-mut or pGL3-wt into HEK-293T
cells. After 48 h incubation, the relative luciferase activity
was measured.

Immunohistochemistry assay

After being fixed with 10% formaldehyde, xenograft tumor
tissues were sectioned into S-um thick slides. Then the
samples had an incubation overnight at 4°C with primary
antibody against GPM6B (1:1,100, Abcam) and Ki67
(1:1,100, Abcam), followed by another incubation with an
HRP-conjugated antibody at room temperature for 2 h.
The Pierce DAB substrate kit (Thermo Fisher Scientific)
was used to illuminate the signals, and photographs from
five randomly chosen fields were taken by microscopy.

RNA in situ hybridization (RNA ISH)

RNAscope® 2.0 HD detection kit (BROWN ACDBIO,
Shanghai, China) and anti- DLX6A-AS/miR-200a-3p
probe sets (BROWN ACDBIO, Shanghai, China) were
used for RNA ISH experiments, according to their man-
ufacturer’s instruments. Photographs were captured by
microscopy from five randomly chosen fields.

Animals

BALB/C nude mice (female, 4 weeks old) were purchased
from the Shanghai Experimental Animal Center of Chi-
nese Academy of Sciences (Shanghai, China). Mice were
injected with normal HOS cells (control group) or HOS
cells transfected sh-DLX6A-ASI stably. After that, tumor
size was measured each week, and tumor weight was es-
timated 5 weeks later. The procedure of experiments was
approved by Shanghai Jiao Tong University Affiliated
Sixth People’s Hospital.
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Statistics

Data were analyzed using SPSS software and were ex-
pressed as mean * SD. The Student’s 7-test between two
groups or one-way analysis of variance (ANOVA) fol-
lowing a Tukey’s post hoc test among multiple groups
was used to perform significant differences. The survival
rate was calculated using the Kaplan—Meier method.
Pearson correlation coefficient was used for statistical
correlation. The P-value of < 0.05 was considered to be
statistically significant. All experiments were repeated at
least in triplicate.

Result

LncRNA DLX6-AS| is highly expressed

To indicate the effect of DLX6-ASI in OS, we first de-
tected the expression pattern of DLX6-ASI in OS tissues
and adjacent normal tissues from 40 paired specimens. It
showed that DLX6-AS1 was distinctly upregulated in OS
tissues compared to normal tissues (Fig. la, b). Moreover,
the expression levels of DLX6-AS1 in the OS cell lines
(MG63, HOS, U20S and Saos2) were higher than that
in the normal human osteoblasts cell line (hFOB 1.19)
(Fig. 1c). Furthermore, OS patients with higher DLX6-AS1
had a correlation with shorter overall survival (Fig. 1d).

Effects of knockdown of DLX6-AS |

Wondering how DLX6-AS1 functioned during OS pro-
gression, we silenced the DLX6-AS]1 expression in SW780
and T24 cell lines. As a result, the knockdown efficiency
of si-DLX6-AS1 was remarkable (Fig. 2a). Subsequently,
we investigated the impacts of DLX6-ASI on cell prolifer-
ation and metastasis. It was predicted that knockdown of
DLX6-AS1 inhibited OS cell viability and colony-form-
ing ability (Fig. 2b, ¢). Moreover, OS cell invasion num-
ber and migration rate were attenuated upon DLX6-AS1
knockdown (Fig. 2d, e). Therefore, the results revealed
that DLX6-AS1 might act as an oncogenic biomarker in
OS development.

miR-200a-3p was a direct target of DLX6-AS|

As IncRNAs usually function as ceRNAs of miRNAs,
miR-200a-3p was predicted as a target of DLX6-AS1
using StarBase v.2.0 bioinformatics software. The top 15
predicted target miRNAs are presented in Supplementary
Table 1. The predicted binding sites are shown in Fig. 3a.
Then, a luciferase reporter assay was used to confirm the
prediction (Fig. 3b). The expression of miR-200a-3p was
also upregulated significantly upon si-DLX6-ASI trans-
fection (Fig. 3c). Furthermore, the expression profile
of miR-200a-3p in tissues was measured. miR-200a-3p
had a lower expression level in OS tissues (Fig. 3d). Fur-
thermore, miR-200a-3p had a negative correlation with
DLX6-AS1 in OS tissues (Fig. 3e).
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Fig. 1. Overexpression of LncRNA DLX6-ASI in OS cell and tissue lines. (a) RT-qPCR measured DLX6-AS1 expression in
OS tissues and adjacent normal tissues. (b) ISH detected DLX6-AS1 expression in OS tissue and adjacent normal tissue. (c)
DLX6-AS1 expression in the normal human osteoblasts cell line (hFOB 1.19) and other OS cell lines (HOS, MG63, U20S
and Saos2) were measured by RT-qPCR. (d) High expression levels of DLX6-AS1 in OS patients predicted poor prognosis.

**P < (.01, versus normal tissue or SV-HUC-1.

DLX6-AS | regulated OS development through miR-200a-3p
Furthermore, we investigated whether miR-200a-3p was
involved in DIX6-AS1-regulated OS progression. The
miR-200a-3p inhibitor was transfected into OS cells
with or without DLX6-AS1 knockdown. As a result, the
miR-200a-3p inhibitor exerted a significant knockdown
effect on miR-200a-3p (Fig. 4a). Subsequently, it was
observed that miR-200a-3p inhibitor partially withdrawn
the inhibition of cell proliferation (Fig. 4b, ¢), migration
(Fig. 4d) and invasion (Fig. 4e) induced by si-DLX6-AS].
The quantitative analysis is shown in Fig. 4f.

GPMé6B was a direct target of miR-200a-3p

As miRNAs often function via downregulating target
mRNAs, we predicted GPM6B to be the target gene of
miR-200a-3p via TargetScan bioinformatics software.
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The top 30 target genes that are predicted are presented in
Supplementary Table S2. Figure 5a shows the predicted
binding sites. Then, we verified our prediction via a lu-
ciferase reporter assay (Fig. 5b). Moreover, the protein
expression of GPM6B was downregulated upon miR-
200a-3p mimics transfection (Fig. 5c¢). Furthermore, we
detected the expression profile of GPM6B in tissues. The
results revealed that GPM6B had much higher expression
in OS tissues than in normal tissues (Fig. 5d). It revealed
that GPM6B had a negative correlation with miR-200a-3p
in OS tissues (Fig. Se).

DLX6-AS| positively regulated GPM6B via sponging
miR-200a-3p

Next, we investigated the relationship among miR-
200a-3p, DLX-AS1, and GPM6B. Western blot assays
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Fig. 2. Knockdown of DLX6-ASI inhibited OS cells’ proliferation, migration and invasion. (a) Knockdown efficiency was ver-
ified after si-DLX6-ASI transfection by qPCR. (b, ¢) CCK-8 assay and colony formation assay was used to verify cell prolifera-
tion. (d) The cell migration ability was determined via wound healing assay. (¢) Transwell assay was performed to detect the cell

invasion ability. NC, negative control. **P < 0.01, versus si-NC group.

and qPCR revealed that DLX6-AS1 knockdown sup- Knockdown of DLX6-AS| suppressed OS progression in vivo

pressed the expression of GPM6B in both mRNA and Xenograft models were built by injecting DLX6-AS1-de-
protein, which were reversed partially by a miR-200a-3p pleted T24 cells or negative control T24 cells into the flank
inhibitor (Fig. 6a—c). In addition, a positive correlation of the nude mice. We detected the tumor size each week and
exists between DLX6-AS1 and GPM6B (Fig. 6d). the tumor weight 5 weeks later. DLX6-AS1 knockdown
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normal tissues. (¢) DLX6-AS1 was negatively correlated with miR-200a-3p. NC, negative control. **P < 0.01, versus miR-NC,

si-NC or normal tissues.

attenuated the size and weight of tumors (Fig. 7a, b). In
addition, the expression of GPM6B and Ki67 (a cell pro-
liferation marker) was detected by ICH, showing that the
expression levels of GPM6B and Ki67 were both downreg-
ulated in DLX6-AS1-depleted mice (Fig. 7c).

Discussion

LncRNAs attract increasing attention for their regula-
tory roles in multiple biological and pathological pro-
cesses, including cancer development (16-19). On this
basis, we paid attention to IncRNA-associated cancer
therapy. LncRNA DLX6-AS1 is involved in the DLX
gene family. It was observed that DLX genes have an ab-
normal expression in human solid tumor tissues, show-
ing biological effects of DLX on cancer progression (20,
21). Previous reports also revealed the oncogenic role of
DLX6-AS1 in various diseases. For example, DLX6-AS1
aggravated the development of ovarian (12, colorectal
(22), pancreatic (4) and cervical cancers (23) by promot-
ing cell proliferation and metastasis. However, the role
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of DLX6-AS1 during OS is still not clear. This research
study revealed that DLX6-AS1 overexpressed in OS cells
and tissues, which led us to suppose that DLX6-AS1
might have an oncogenic effect on OS progression. Sub-
sequently, we found that DLX6-AS1 knockdown could
inhibit OS cell migration, cell invasion and cell prolifera-
tion in vitro and inhibit tumor growth in vivo, confirming
our supposition.

Furthermore, we investigated the possible mecha-
nisms in DLX6-ASI-regulated OS development. It is
well known that IncRNAs could serve as ceRNAs via
competitive binding to target miRNAs in different cancer
types. For example, IncRNA UCA1 was revealed to ag-
gravate bladder cancer by targeting miR-195 (24). Zhou
et al. demonstrated that DLX6-AS1 aggravated colorec-
tal cancer by functioning as ceRNA for miR-577 (25).
Furthermore, it was reported that DLX6-AS1 played a
role of ceRNA of miR-181 in promoting pancreatic can-
cer (11). Yang et al. showed that DLX6-AS1 regulated
the Wnt/B-catenin pathway via sponging miR-497-5p in
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pancreatic cancer (26). Thus, we predicted the targets of
DLX6-AS1 and focused on miR-200a-3p as a potential
target by bioinformatics analysis. MiR-200a-3p is known
as a member of miR-200 having anti-tumor property. It
played the role as a tumor inhibitor in different cancer
types, such as esophageal (27), lung (28) and colorectal
cancers (22). Of note, it was reported to act as the target
of IncRNAs in the progression of multiple cancers. For
example, Wu et al. showed that SNGH15 sponged miR-
200a-3p to drive papillary thyroid carcinoma (29). Li et
al. found that HULC targeted miR-200a-3p and pro-
moted hepatocellular carcinoma (30). Wei et al. demon-
strated that MALATI regulated miR-200a-3p, and then
contributed to the progression of non-small-cell lung
cancer (28). Whereas the mechanism of miR-200a-3p in
OS and whether it is involved in the DLX6-AS1-regulated

Citation: STEMedicine 2022, 3(1):el | | - http://dx.doi.org/10.37175/stemedicine.v3il.1 1 |

OS progression remains to be unknown. This study con-
firmed that DLX6-ASI1 targeted miR-200a-3p by lucif-
erase reporter assay and demonstrated that DLX6-AS1
sponged miR-200a-3p and modulated OS cell prolifera-
tion, cell invasion, and cell migration.

In addition, miRNAs were reported to modulate gene
expression via binding to the target mRNAs 3-UTR
(31). To investigate the downstream mechanism of miR-
200a-3p, we predicted glycoprotein M6B (GPMG6B) as
the potential target gene of miR-200a-3p. GPM6B func-
tioned in several types of cancers. Cyndia et al. found that
GPMO6B was upregulated in human lymphoid leukemia
tissues and exerted oncogenic roles in the progression of
lymphoid leukemia (32). It also revealed that GPM6B
promoted breast cancer progression by inhibiting cell
apoptosis (33). This study identified GPM6B as the direct
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Fig 6. DLX6-ASI1 positively regulated GPM6B via sponging miR-200a. (a) Under si-DLX6-AS1 transfection with miR-200a-3p
inhibitor or NC inhibitor, the mRNA expression of GPM6B was detected by qPCR. (b, ¢) Under si-DLX6-AS1 transfection with
miR-200a-3p inhibitor or NC inhibitor, GPM6B protein expression was detected by qPCR. (d) DLX6-AS1 had a positive correla-
tion with GPM6B. NC, negative control. ** P < (.01, versus si-NC+NC inhibitor; ##<0.01, versus si-DLX6-AS1+NC inhibitor.
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Fig. 7. DLX6-AS1 knockdown suppressed OS tumorigenesis in vivo. Mice were injected with DLX6-AS1-depleted or normal
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**P < 0.01, versus sh-NC group.
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target of miR-200a-3p. Furthermore, it was revealed that
DLX6-AS1 positively regulated GPM6B via sponging
miR-200a-3p, indicating that DLX6-AS1 regulated OS
progression through the miR-200a-3p/GPM6B axis.

Conclusions

Taken together, we discovered that DLX6-ASI is highly
expressed in OS tissues and cell lines, and accelerated cell
migration, cell proliferation, and cell invasion via regulat-
ing the miR-200a-3p/GPM6B axis. It also suggested that
DLX6-AS1 is a candidate target for OS diagnosis and
treatment.
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