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1 | INTRODUCTION

| Qiang Yan | XinhuiDu | Jingyu Hou

Abstract

Mounting research papers have suggested that long non-coding RNAs (IncRNAs)
elicit important functions in the progression of osteosarcoma (OS). This study fo-
cused on the role of TNK2-AS1 in OS. TNK2-AS1 was powerfully expressed in OS
tissues and cell lines. In addition, TNK2-AS1 downregulation inhibited proliferative,
migratory, and invasive capacities while promoting apoptosis in OS cells. miR-4319
was removed by TNK2-AS1 and therefore TNK2-AS1 elevated WDR1 expression in
OS cells. miR-4319 had an inhibitory influence on OS progression, while WDR1 was a
contributor to OS progression. Rescue assays certified that TNK2-AS1 promoted ma-
lignant phenotypes in vitro and the growth in vivo of OS cells by upregulating WDR1.
In depth, we found that YY1 accelerated the transcription of TNK2-AS1 in OS cells,
and that its role in OS also depended on TNK2-AS1-regulated WDR1. In conclusion,
TNK2-AS1 was positively modulated by YY1 and aggravated the development of OS
by ‘sponging’ miR-4319 to elevate WDR1. The findings highlighted that TNK2-AS1
might be a promising target for the treatment of OS.
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multiple biological behaviors such as cell proliferation, apoptosis,
and motility.*® IncRNA SOX2-OT is linked to poor prognosis for pa-

Osteosarcoma (OS) manifests in bone and exhibits high levels of ma-
lignancy world-wide.> OS is commonly found and diagnosed among
children and teenagers, for whom there is a low overall 5-y survival
rate and dismal postoperative recovery rate.? The poor prognosis
for patients with OS is partly attributed to its difficult identifica-
tion in the early stages of disease, followed by rapid progression.3
Currently, no effective drugs for treating OS are available and ac-
quired chemoresistance is the main hindrance for chemotherapy.
Therefore, to improve the results of therapy, it is imperative to find
mechanisms underlying OS development and identify biomarkers.
Increasing research efforts have identified and illustrated that
long non-coding RNAs (IncRNAs) have crucial roles in modulating

tients with OS and promotes OS cell proliferation and motility by
regulating SOX2.6 XIST is upregulated in OS cells and contributes to
05 cell proliferation and metastasis.” TNK2-AS1 is reported to have
key functions in non-small-cell lung cancer (NSCLC).2 This novel In-
cRNA has not been studied previously in relation to OS.

Competing endogenous RNA (ceRNA) regulatory systems have
been applied to analyze the role of INcRNAs or circRNAs in regulating
biological processes.” In such systems, IncRNAs serve as the ceRNA
of mRNAs by competitively binding to miRNAs so that mRNAs are
released from binding to miRNAs.2® DANCR has been reported to
accelerate OS progression by enhancing AXL receptor tyrosine ki-
nase by ‘sponging’ miR-33a-5p and!* SNHG15 boosted cell invasion,
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autophagy, and proliferation in OS by absorbing miR-141."2 IncRNA
MALAT1 acted as a ceRNA against CDK9 to promote OS progression
by absorbing miR-206.1 In this study, we analyzed the possible ceRNA
role of TNK2-AS1 in OS, as well as downstream molecules. The main
task of this study was to analyze the function and probable regulation
mode of TNK2-AS1 in OS. YY1 was found to induce TNK2-AS1 tran-
scription to activate the TNK2-AS1/miR-4319/WDR1 axis in OS cells.

2 | MATERIALS AND METHODS
2.1 | Specimen collection

OS tissues and paired non-tumor tissues were acquired from 60
patients with OS at the Affiliated Cancer Hospital of Zhengzhou
University, Henan Cancer Hospital, China. All specimens were fro-
zen in liquid nitrogen and maintained at -80°C. This study was ap-

proved by the Ethics Committee of the Affiliated Cancer Hospital

of Zhengzhou University, Henan Cancer Hospital, and each patient
gave informed consent before the study.

2.2 | Celllines

Human OS cell lines (U20S, HOS, Saos-2 and 143B) and a human
osteoblast cell line (RFOB1.19) were acquired commercially from
the ATCC Cell Bank. DMEM purchased from Invitrogen was used
for cell culture after the addition of 1% penicillin-streptomycin and
10% FBS.

2.3 | RNA extraction and RT-qPCR

Total RNAs from cultured cells or tissues were extracted using
TRIzol reagent (Invitrogen) and then used for cDNA synthesis as

detailed by the manufacturer (TaKaRa). Quantitative analyses were

TABLE 1 Primer sequences

Genes Forward primer (5'—>3’) Reverse primer (5'—>3’)
TNK2-AS1 TAACAGGACTGGGCTTCCTTAC GGGGACGCAGGATGTAGG
GAPDH GGAGCGAGATCCCTCCAAAAT GGCTGTTGTCATACTTCTCATGG
ué CTCGCTTCGGCAGCACA AACGCTTCACGAATTTGCGT
miR-4761-3p CCGAGTAGTACTGTGCATATC CTCAACTGGTGTCGTGGA
miR-4712-5p CGAGGAAATGAGAGACCTGT CTCAACTGGTGTCGTGGA
miR-770-5p TAGAGTCCAGTACCACGTGT CTCAACTGGTGTCGTGGA
miR-1913 TCGAGTCTGCCCCCTCCGCTG CTCAACTGGTGTCGTGGA
miR-324-3p TAATATCCCACTGCCCCAGGT CTCAACTGGTGTCGTGGA
miR-3918 TATATACAGGGCCGCAGATG CTCAACTGGTGTCGTGGA
miR-129-1-3p TAGAGAAGCCCTTACCCCAAA CTCAACTGGTGTCGTGGA
miR-129-2-3p ATGAGAAGCCCTTACCCCAAA CTCAACTGGTGTCGTGGA
miR-125a-5p TCGAGTCCCTGAGACCCTTTA CTCAACTGGTGTCGTGGA
miR-125b-5p TCGAGTCCCTGAGACCCTA CTCAACTGGTGTCGTGGA
miR-4319 CCGAGTCCCTGAGC CTCAACTGGTGTCGTGGA
miR-328-3p TAGATCTGGCCCTCTCTGC CTCAACTGGTGTCGTGGA
miR-802 TCGGCAGGCAGTAACAAAGATTC CTCAACTGGTGTCGTGGA
miR-3126-5p TCGAGTGAGGGACAGATGC CTCAACTGGTGTCGTGGA
miR-6875-5p TAGAGTGAGGGACCCAGG CTCAACTGGTGTCGTGGA
miR-452-5p CCGAGAACTGTTTGCAGAG CTCAACTGGTGTCGTGGA
miR-4676-3p CCGAGCACTGTTTCACCAC CTCAACTGGTGTCGTGGA
miR-892c-3p CCGAGCACTGTTTCCTTTC CTCAACTGGTGTCGTGGA
SMG5 CCGAAGCAAAAGTCCTCCAC CAGCTCCTCAGCCTTTCTCC
TYSND1 GCACTTCCATGAAGGCGAGG GGAGCACCGTGATGGGAATG
WDR1 GGGATACCACGCAGAAGGAG GCTTGATGTCCACGCTGTTG
NCKAP5L TTGCATTTCCTAGCAAGGTGAC CTGGGAACAAGGAAGAGAAGC
GUCD1 TTTTGCCCACAGCACATGAC GGGGCTACCACCATTTTGCAG
AIFM1 GCACGCTCTAACATCTGGGT TTGGGGTTGTCTTGTGCAGT
YY1 CCCAAGGGATCAGTGTGGTG GGGGACTGGGTGATAACGTG
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carried out using SYBR Premix Ex Taq |l reagents (TaKaRa), with U6
or GAPDH as the internal reference as needed. Relative expression
was calculated based on the 222t method. Primer sequences are
listed in Table 1.

2.4 | Plasmid transfection

shRNAs targeting specifically TNK2-AS1, WDR1, and YY1, as well
as the corresponding non-cancer (NC) shRNAs, were procured from
GeneChem. miR-4319 mimics/inhibitor and NC mimics/inhibitor
were procured from Gene Pharma Company. pcDNA3.1 vectors
were purchased from Invitrogen and used to construct pcDNA3.1/
WDR1 and pcDNA3.1/YY1 vectors, with the empty vector as the
NC. Plasmid transfection into U20S and Saos-2 cells was con-
ducted for 48 h in 24-well plates using lipofectamine 2000 reagent

(Invitrogen). All sequences are provided in Table S1.

2.5 | Colony formation assay

In total, 500 U20S and Saos-2 cells were plated into each well of
6-well plates and cultured for 14 d. Colonies were fixed in 4% para-

formaldehyde, stained with 0.1% crystal violet and then counted.

2.6 | EdU staining assay

Here, 5 x 10% U20S and Saos-2 cells were fixed then permeabilized
in 0.5% Triton X-100, and then incubated with 100 pL EAU medium
for 3 h. Cell proliferation was monitored by EdU staining reagent
(RiboBio) following the user guide. Nuclear detection was achieved
using DAPI staining. After that, cells were observed using fluores-

cence microscopy (Olympus).

2.7 | Transwell assay

Cell migration was detected using transwell chambers (Corning Co.),
with Matrigel-precoating for cell invasion examination. Here, 5 x 10°
U20S and Saos-2 cells in serum-free medium were added to the
upper chambers, and the lower chambers were filled with complete
culture medium. Cells on the bottom were fixed 24 h later, followed
by staining in crystal violet and counted under a light microscope.

2.8 | TUNEL assay

U20S and Saos-2 cells were fixated on coverslips with 4% paraform-
aldehyde, washed in PBS and permeabilized in 0.1% Triton X-100.
Cell apoptosis was estimated using the One-Step TUNEL Apoptosis
Assay Kit (Beyotime). After DAPI staining, apoptotic cells were de-

tected by fluorescence microscopy.
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2.9 | Bioinformatics analysis

miRNAs interacting with TNK2-AS1 and that of target mRNAs for
selected miRNA were identified using the starBase v.2.0 database
(http://starbase.sysu.edu.cn/) in accordance with the suggested
method.*

2.10 | Western blot

Total cell protein extracts were obtained for protein separation
using 12% SDS-PAGE, followed by protein transfer onto PVDF
membranes. After treatment with 5% nonfat milk, membranes were
probed with diluted primary antibodies (1:2000) against GAPDH
(loading control; ab9485) and Bcl-2 (ab32124), Bax (ab32503) and
WDR1 (ab173574) overnight at 4°C. Membranes were then washed
in TBST, followed by incubation with diluted HRP-labeled second-
ary antibody (1:5000; ab205718) for 2 h at room temperature.
Signals were examined using the ECL detection system (Bio-Rad).

2.11 | Subcellular fractionation

Here, 1 x 10° U20S and Saos-2 cells in precooled PBS were sub-
jected to cell fractionation buffer and then centrifuged to separate
the cell nucleus and cell cytoplasm based on the methodology in the
PARIS™ kit (Invitrogen). Expression levels of GAPDH, TNK2-AS1,
and U6 were monitored using RT-qPCR.

2.12 | Fluorescence in situ hybridization (FISH)

U20S and Saos-2 cells were dehydrated and then air dried for in-
cubation with the TNK2-AS1-FISH probes (RiboBio) in hybridization
buffer. Cells were washed and stained in Hoechst solution for nuclei

staining. Cells were observed by fluorescence microscopy.

2.13 | RNA immunoprecipitation

RNA immunoprecipitation (RIP) assay was performed for U20S
and Saos-2 cells as instructed by the supplier for the Magna RIP™
RNA binding protein immunoprecipitation kit (Millipore). Cell lysates
were treated with magnetic beads conjugated to human Ago2 anti-
body (#2897, Cell Signaling Technology) or to control IgG antibody
(ab172730, Abcam) in RIP buffer. After digestion, RNA immunopre-

cipitates were acquired for RT-gPCR analysis.

2.14 | RNA pull-down assay

RNA pull-down assay was performed on U20S and Saos-2 cells using the
Pierce Magnetic RNA-Protein Pull-Down Kit (Thermo Fisher Scientific).
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Sequences of miR-4319 with wild-type or mutated seed regions were
synthesized and biotinylated into Bio-miR-4319-WT/Mut probes, with
a nonsense sequence biotinylated as NC (Bio-NC). Cell extracts were
treated with the above probes and streptavidin-conjugated magnetic

beads. Finally, RNAs pulled down by beads were analyzed by RT-qPCR.

2.15 | Luciferase reporter assay

Full-length fragments of TNK2-AS1 or WDR1 3'UTR covering wild-
type or mutated miR-4319 target sites were inserted into pmirGLO
reporter vectors (Promega), named TNK2-AS1-WT/Mut (full length:
4103 nucleotides) and WDR1-WT/Mut (full length: 1039 nucleo-
tides). After co-transfecting the above recombinant reporters with
miR-4319 mimics or NC mimics for 48 h using lipofectamine 2000,
U20S and Saos-2 cells were subjected to the Luciferase Reporter
Assay System (Promega) to detect luciferase activity. For transcrip-
tion analysis, cells were co-transfected with pGL3 reporter vector
(Promega) covering the indicated TNK2-AS1 promoter sequences
(wild-type, site 1- or site 2-mutated, or site 1/2-mutated) and
pcDNA3.1/YY1 or NC-pcDNAS3.1 vectors. Luciferase activity was

also tested using the Luciferase Reporter Assay System 48 h later.

2.16 | Invivo animal experiments

Here, 1 x 10° U20S cells were transfected with sh-NC, sh-TNK2-
AS1#1, or sh-TNK2-AS1#1 + pcDNA3.1/WDR1 for 48 h, and the
3 types of U20S cells were then injected subcutaneously into male
BALB/c nude mice (6 wk old; National Laboratory Animal Center,
Beijing, China). Tumor volume was monitored every 4 d, and mice
were killed by cervical decapitation at 28 d after injection. Tumors
were excised carefully from mice for weight assessment and the fol-
lowing analyses. Animal-related experiments were approved by the

Animal Research Ethics Committee of Zhengzhou University.

2.17 | Chromatin immunoprecipitation (ChIP)

Based on the specified protocol, ChlIP assay was conducted in U20S
and Saos-2 cells using the EZ ChIP™ Chromatin Immunoprecipitation
Kit (Millipore). Crosslinked chromatin DNA was collected and soni-
cated into 200-bp to 1000-bp fragments, and then immunoprecipi-
tated with YY1 antibody (#63227, Cell Signaling Technology) or control
IgG antibody (#3900, Cell Signaling Technology). Quantification of
DNA fragments in precipitates was accomplished using RT-qPCR.

2.18 | Statistical analyses

Bio-triple repeats were applied for all assays, and experimental re-
sults are given as means + standard deviation (SD) after process-
ing using PRISM 6 software (GraphPad, San Diego, CA, USA). Group

difference was estimated by t test or one-way ANOVA, with a
P < .05 threshold of statistical significance.

3 | RESULTS

3.1 | TNK2-AS1 is upregulated in OS and facilitates
malignancy in OS cells

To explore the function of TNK2-AS1 in OS, we 1st used RT-qPCR to
detect its expression under different conditions. TNK2-AS1 was up-
regulated in OS cell lines (U20S, HOS, Saos-2 and 143B) compared
with human osteoblasts (hFOB1.19) (Figure 1A), but not upregulated
in chondrosarcoma or Ewing sarcoma cell lines when compared with
the corresponding normal controls (Figure S1A). TNK2-AS1 expres-
sion was elevated in 60 OS samples relative to matched non-tumor
samples (Figure S1B). U20S and Saos-2 cells were utilized for fur-
ther functional assays due to their higher TNK2-AS1 expression
levels in all tested OS cell lines. TNK2-AS1 expression in U20S and
Saos-2 cells was lower after transfection with sh-TNK2-AS1#1/2
(Figure 1B), and this reduction seemed dose dependent (Figure S1C).
The results of colony formation and EdU assays demonstrated
that TNK2-AS1 downregulation markedly hampered OS cell pro-
liferation (Figure 1C,D). Similarly, the migration and invasion of OS
cells were also dramatically blocked by downregulated TNK2-AS1
(Figure 1E,F). Conversely, in the absence of TNK2-AS1, cell apop-
tosis rate was greatly increased (Figure 1G), accompanied by a de-
crease in Bcl-2 protein levels and an increase in Bax protein levels
(Figure 1H). Overall, TNK2-AS1 expression levels were high and con-
tributed to OS malignancy.

3.2 | miR-4319 is expressed at low levels
in OS cells and inhibits OS cell proliferation,
migration, and invasion

Analysis of TNK2-AS1 regulation in OS started by determining its
subcellular localization in OS cells. Data from nuclear-cytoplasmic
fractionation and FISH assays showed that TNK2-AS1 accumulated
mainly in the cytoplasm (Figure 2A,B). Results of RIP assays dem-
onstrated that Ago2 and IgG could be precipitated specifically by
their corresponding antibodies (Figure S1D), while TNK2-AS1 was
found in abundance after precipitation of anti-Ago2 (Figure 2C),
highlighting the ceRNA potential of TNK2-AS1 in OS cells. miRNAs
were then analyzed to access possible interactions with TNK2-AS1.
The starBase v.2.0 database (http://starbase.sysu.edu.cn/) pre-
dicted that, in total, 19 miRNAs could bind to TNK2-AS1 (Table S2).
RT-qPCR data demonstrated that only miR-4319 had poor expres-
sion in OS cell lines compared with in hFOB1.19 cells (Figure 2D).
Downregulation of miR-4319 in 60 OS tissues was identified
when compared with paired non-cancerous controls (Figure S1E).
Binding sequences between TNK2-AS1 and miR-4319 are shown
in Figure 2E. Outcomes of RNA pull-down assays showed that the
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FIGURE 1 TNK2-AS1 was upregulated and facilitated the oncogenic phenotypes of OS cells. A, TNK2-AS1 expression was examined by

RT-gPCR in OS cell lines (U20S, HOS, Saos-2 and 143B) and a human osteoblast line (hFOB1.19). B, Expression of TNK2-AS1 in cells transfected
with sh-TNK2-AS1#1/2 was tested by RT-gPCR. C, D, Colony formation and EdU assays assessed the proliferation of U20S and Saos-2 cells with
or without TNK2-AS1 silence. D: scale bars = 120 um. E, F, Cell migration and invasion were evaluated by transwell assays. G, H, TUNEL assays
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Bio-miR-4319-WT combination could pull down TNK2-AS1 but
that Bio-miR-4319-Mut could not (Figure 2F). miR-4319 expression

was elevated in 2 OS cells after transfection with miR-4319 mimics

(Figure 2G), and this elevation seemed dose dependent (Figure S1F).
Luciferase activity of TNK2-AS1-WT was clearly decreased follow-
ing miR-4319 upregulation, but that of TNK2-AS1-Mut remained
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FIGURE 2 miR-4319 was expressed at low levels in OS cells and hampered cell proliferation, migration, and invasion. A, B, Nuclear
cytoplasm fractionation and FISH assays identified the place of TNK2-AS1 in OS cells. B: scale bars = 10 pm. C, RIP assays demonstrated
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unchanged (Figure 2H). Effects of miR-4319 on OS cell functions
were analyzed. Results demonstrated that overexpression of miR-
4319 could inhibit cell proliferation (Figure 21,J), and retard cell
migration and invasion (Figure 2K,L), but facilitate cell apoptosis
(Figure 2M,N). Therefore, miR-4319 was a tumor suppressing fac-
tor that could bind to TNK2-AS1 in OS cells.

3.3 | WDR1 binds to miR-4319 in OS cells

The downstream target of miR-4319 in OS was investigated. The star-
Base database predicted that 6 mRNAs had the possibility to bind to
miR-4319 based on the following criteria: CLIP Data: strict stringency
(25), Degradome Data: high stringency (23), with results shown in
Table S3. Only WDR1 expression, however, decreased following miR-
4319 upregulation (Figure 3A). WDR1 expression was also reduced
in response to TNK2-AS1 downregulation (Figures 3B and S2A). RT-
PCR data showed high levels of WDR1 expression in OS cell lines
and tissues (Figures 3C and S2B,C). RIP assays demonstrated that
both Ago2 and IgG were precipitated by their respective antibodies
(Figure S2D), whereas TNK2-AS1, WDR1 and miR-4319 were precipi-
tated in abundance only by the Ago2 antibody (Figure 3D). Binding
sites between WDR1 and miR-4319 were forecast by bioinformatics
analysis (Figure 3E). RNA pull-down data verified that miR-4319 could
bind to WDR1 only in its wild-type state (Figure 3F). Furthermore, lu-
ciferase reporter assay results demonstrated that the luciferase activ-
ity of WRD1-WT decreased following miR-4319 overexpression, but
no change was seen in the WDR1-Mut (Figure 3G). To achieve miR-
4319 inhibition in U20S and Saos-2 cells, a miR-4319 inhibitor was
transfected into 2 cell lines (Figure 3H). Reduced WDR1 expression
levels found due to TNK2-AS1 depletion were recovered following
miR-4319 inhibition (Figures 31 and S2E). In summary, WDR1 targeted
by miR-4319 was positively regulated by TNK2-AS1 in OS cells.

3.4 | WDR1 is a malignancy-facilitator in OS and is
required for TNK2-AS1-contributed OS progression

Next, we analyzed the influence of WDR1 on OS progression. Loss-
of-function experiments were performed after confirming reduced
WDR1 expression due to sh-WDR1#1/2 in U20S and Saos-2 cells
(Figures 4A and S2F). The proliferative ability of OS cells was reduced
following WDR1 silencing based on colony formation data and EdU
assays (Figure 4B,C). Similarly, migration and invasion of OS cells were
reduced following WDR1 downregulation (Figure 4D,E). In contrast,
cell apoptosis increased after downregulation of WDR1 (Figure 4F,G).
Rescue assays were used to determine whether WDR1 was important
in TNK2-AS1-affected OS development. Increased WDR1 expression
in U20S cells was found following transfection with pcDNA3.1/WDR1
(Figures 4H and S2G). Rescue assays demonstrated that TNK2-AS1
depletion-hindered cell proliferation was restored following upregula-
tion of WDR1 (Figure 4l,J). Reduction in cell migration and invasion

due to silenced TNK2-AS1 was reversed by WDR1 overexpression

Cancer Science Nulia e

(Figure 4K,L). Increase in apoptosis induced by TNK2-AS1 silencing
was counteracted by upregulation of WDR1 (Figure 4M,N). In con-
clusion, WDR1 accelerated the oncogenic characteristics of OS cells;
TNK2-AS1 expediated OS progression by upregulating WDR1.

3.5 | TNK2-AS1 depends on WDR1 to enhance OS
tumorigenesis in vivo

To further confirm the effects of TNK2-AS1 on OS progression, we
carried out in vivo experiments. TNK2-AS1 expression decreased in
tumors derived from sh-TNK2-AS1#1-transfected U20S cells, but
co-transfection of pcDNA3.1/WDR1 had no effect on TNK2-AS1
levels in the above tumors (Figure 5A). Reduced WDR1 expression
was also detected in tumors from TNK2-AS1-depleted cells, how-
ever this reduction could be reversed in tumors co-transfected with
sh-TNK2-AS1#1 and pcDNA3.1/WDR1 (Figure 5B). Therefore, the
growth rate of tumors with TNK2-AS1 inhibited decreased, but
recovery of WDR1 induced by pcDNA3.1/WDR1 offset this de-
crease (Figure 5C). A similar outcome was also seen when accessing
tumor weight (Figure 5D). Decrease in cell proliferation in tumors
with TNK2-AS1 downregulated was also detected, but recovered
by WDR1 overexpression (Figure 5E). Conversely, increased cell ap-
optosis in these tumors following TNK2-AS1 silencing was counter-
acted by WDR1 upregulation (Figure 5F,G). In summary, TNK2-AS1
facilitated the growth of OS cells in vivo by targeting WDR1.

3.6 | YY1 accelerates transcription of TNK2-AS1 in
OS cells

Lastly, we explored the region upstream of TNK2-AS1 in OS cells. As pre-
dicted by the UCSC database (http://genome.ucsc.edu/), YY1 might be a
potential transcription factor for TNK2-AS1 (Appendix S1). Furthermore,
the JASPAR database (http://jaspar.genereg.net/) predicted the DNA-
binding motif in YY1 and the binding sites for YY1 in the TNK2-AS1
promoter (Figure 6A,B). To assess the effect of YY1 on TNK2-AS1 ex-
pression in OS cells, we reduced YY1 expression using sh-YY1#1/2 and
augmented its expression using pcDNA3.1/YY1 (Figure 6C). TNK2-AS1
expression was reduced in the absence of YY1 and increased on YY1
overexpression (Figure 6D). In addition, YY1 expression in OS tissues
and cell lines was similar to that of TNK2-AS1 (Figure S3A,B). Data from
ChlP assay verified that the TNK2-AS1 promoter was pulled down by
the YY1 antibody (Figure 6E). Outcomes of luciferase reporter assays
revealed that, along with YY1 upregulation, the luciferase activity of
the TNK2-AS1 promoter-WT had increased to c. 4-fold and that of the
TNK2-AS1 promoter with a site 1 or site 2 mutation was increased al-
most 2-3-fold, but there was no change in expression for the TNK2-AS1
promoter with mutations in sites 1/2 (Figure 6F). Upregulation of YY1 led
to OS cell proliferation, migration, and invasion, however these effects
could be offset by WDR1 deficiency (Figure S3C-F), proving that WDR1
was indispensable for YY1-regulated OS progression. Taken together,
YY1 facilitates the transcription of TNK2-AS1 to boost WDR1 in OS.
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FIGURE 5 TNK2-AS1 downregulation repressed OS tumor growth in vivo. A, TNK2-AS1 expression was tested by RT-qPCR in tumors
from nude mice injected with indicated U20S cells. B, Expression of WDR1 in above tumors was analyzed by RT-qPCR and western blot.
C, D Tumor volume and weight were examined. E-G, Proliferation and apoptosis of cells in these tumors were assessed by EdU and TUNEL
assays, as well as western blot analysis. E: scale bars = 120 um, F: scale bars = 120 pm. “P<.01

4 | DISCUSSION

Osteosarcoma usually occurs in teenagers and has a rapid devel-
opment. Targeted therapy has achieved increasing attention based
on identification of non-coding RNAs that function in various
diseases. Mounting studies have reported that dysregulation of
IncRNAs could lead to the initiation of or hasten the development
of diseases including OS. For example, DLX6-AS1 contributed

to the stemness of OS cells by regulating miR-129-5p/DLK1 and
Whnt signaling,15 ODRUL accelerated OS progression by absorbing
miR-3182 to enhance MMP2.1 TNK2-AS1 was recently identified
to boost the proliferation and migration of human aortic smooth
muscle cells by regulating VEGFA and FGF1 through absorbing
miR—15O—5p.17 Wang, Y., et al found that TNK2-AS1 strengthened
the viability and migration of NSCLC cells by targeting STAT3.2 In

this study, we 1st identified that TNK2-AS1 was upregulated in
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OS cell lines and tissues. Furthermore, data from loss-of-function
assays revealed that TNK2-AS1 could decrease cell prolifera-
tion, migration, and invasion and accelerate cell apoptosis in OS.
Increasingly, studies have highlighted the key role of cytoplasmic
IncRNAs in ceRNA regulatory systems in diseases including OS.
For example, GAS5 had inhibitory effects on cell growth and ep-
ithelial-mesenchymal transition (EMT) in OS by modulating miR-
221/ARH1 axis.*® LINCO0858 exerted an oncogenic function in
0OS by modulating CDK14 and inhibiting miR-139.? SNHG12 acted
as a ceRNA against Notch2 by absorbing miR-195-5p to accelerate
metastasis in 05.%° In this study, we 1st illustrated that TNK2-AS1
mainly accumulated in the cytoplasm of OS cells. Then, we vali-
dated miR-4319 as downstream absorbed by TNK2-AS1 in OS
cells. miR-4319 was downregulated in OS cells and played a role

as a progression-inhibitor in OS. This finding was consistent with

those of several previous studies on colorectal cancer ?* and es-
ophageal squamous cell carcinoma.??

WDR1, an oncogene discovered in diverse cancers such as
NSCLC?® and breast cancer,?* was identified as the target of miR-
4319 in OS cells. In the current research, we found that WDR1
was upregulated in OS cells and tissues, and that it worked as a tu-
mor-promoter in OS. Previous reports have elucidated that WDR1
could facilitate cytoskeletal reorganization in its dephosphorylated
state,?® which defines it as a key modulator of many biological pro-
cesses such as cell proliferation and migration.?® A recent work
recognized WDR1 as an activator of the Wnt/f-catenin pathway
in pancreatic cancer.?’ If WDR1 functions in OS in the above way
remains to be explored in the future. Here we demonstrated that
overexpression of WDR1 could counteract the effects induced by

TNK2-AS1 downregulation in OS cells in vitro and in vivo, suggesting
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that TNK2-AS1 protects WDR1 from miR-4319-induced silencing to
inhibit OS development.

Upregulation of TNK2-AS1 in OS cells was attributed to its
transcriptional activation induced by YY1. YY1 has been shown to
be a transcription factor in multiple cancers.?® For instance, YY1
activated PVT1 to regulate lung cancer progression.29 One report
indicated the enhanced expression of YY1 as a transcription factor
in OS cells;*° the significance of YY1 in OS has been reported previ-
ously. De Nigris et al suggested that enhanced YY1 expression was
highly related to an unfavorable prognosis in patients with 0S.3!
YY1 depletion resulted in a large decrease in OS cell invasiveness
and metastasis.®? In this study, we found that YY1 could bind to
the TNK2-AS1 promoter to accelerate TNK2-AS1 transcription in
OS cells.

In summary, the present work demonstrated that TNK2-AS1
activated by YY1 elicited oncogenic functions in OS by enhancing
WDR1 and sequestering miR-4319. Our study is the 1st to show the
important role of TNK2-AS1 in OS, and provided the 1st support
for TNK2-AS1 as a promising target for treating patients with OS.
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