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Abstract

Background: Escaping from ER stress-induced apoptosis plays an important role in the progression of many
tumours. However, its molecular mechanism in osteosarcoma remains incompletely understood.

Methods: The molecular mechanism was investigated using RNA sequencing, gRT-PCR and Western blot assays.
The relationship between LINC00629 and KLF4 was investigated using RNA pulldown and ubiquitylation assays. The
transcriptional regulation of laminin subunit alpha 4 (LAMA4) by KLF4 was identified using bioinformatic analysis, a

luciferase assay, and a chromatin immunoprecipitation assay.

Results: Here, we demonstrated that LINC00629 was increased under ER stress treatment. Elevated LINC00629 inhib-
ited ER stress-induced osteosarcoma cell apoptosis and promoted clonogenicity and migration in vitro and in vivo.
Further mechanistic studies indicated that LINC00629 interacted with KLF4 and suppressed its degradation, which led
to a KLF4 increase in osteosarcoma. In addition, we also found that KLF4 upregulated LAMA4 expression by directly
binding to its promoter and that LINC00629 inhibited ER stress-induced apoptosis and facilitated osteosarcoma cell
clonogenicity and metastasis by activating the KLF4-LAMA4 pathway.

Conclusion: Collectively, our data indicate that LINC00629 is a critical long noncoding RNA (IncRNA) induced by ER
stress and plays an oncogenic role in osteosarcoma cell by activating the KLF4-LAMA4 axis.
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Introduction

Osteosarcoma is one of the most common bone malig-
nancies that often occurs in adolescents. In recent years,
the 5-year survival rates of patients with localized oste-
osarcoma have remained at 60-70% due to surgery
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together with multiagent chemotherapy [1]. However,
after metastases development, the 5-year survival rate
is still less than 20% [2—4]. Thus, metastasis remains a
major obstacle to the treatment of osteosarcoma.
Tumour metastasis is a multistep process that releases
cancer cells from the primary organ to colonize distant
organs, where they can form another tumour [5]. When
tumours metastasise, the cells undergo diverse microen-
vironments, including nutrient deprivation and hypoxia,
resulting in endoplasmic reticulum (ER) stress [6, 7].
Previous studies indicated that tumour cells can develop
an adaptive mechanism to ER stress and escape from
ER stress-induced apoptosis, which later contributes to
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tumorigenesis and metastasis [8—10]. Therefore, uncov-
ering the molecular mechanisms by which cells escape
ER stress-induced apoptosis is important for developing
new strategies for preventing osteosarcoma metastasis.

Long noncoding RNAs (IncRNAs) are a class of non-
protein coding transcripts longer than 200 nucleotides
and are poorly conserved [11]. Based on their genomic
location, LncRNAs can be grouped into different classes
of transcripts, including intergenic IncRNAs (lincRNAs),
intronic IncRNAs and antisense IncRNAs [12]. Accumu-
lating evidence indicates that IncRNAs play an important
role in osteosarcoma [13]. For example, IncRNA KCN-
Q1O0T1 promoted osteosarcoma growth by enhancing
aerobic glycolysis [14]. IncRNA CCAT?2 promoted osteo-
sarcoma cell proliferation and invasion [15]. LINC00161
increased chemosensitivity by regulating the miR-645-
IFIT2 axis in osteosarcoma cells [16]. Our previous
studies suggested that ZBTB7A suppressed LINC00473
expression and inhibited cisplatin-induced apoptosis [17]
and ZBTB7A could impair ER stress-induced apoptosis
by downregulating GAS5 expression [18]. However, the
IncRNAs that facilitate osteosarcoma escape from ER
stress-induced apoptosis are still not well understood.

In this study, we found that LINC00629 was upreg-
ulated in response to ER stress treatment. Elevated
LINCO00629 suppressed osteosarcoma cell apoptosis and
facilitated tumorigenesis and metastasis in vitro and
in vivo. Subsequently, we found that LINC00629 inter-
acted with KLF4 and suppressed its degradation, which
led to an increase in KLF4 in 143B and MNNG/HOS
cells. In addition, we also found that KLF4 upregulated
LAMAA4 expression by directly binding to its promoter.
LINCO00629 inhibited ER stress-induced apoptosis and
facilitated osteosarcoma cell tumorigenesis and metasta-
sis by activating the KLF4-LAMAA4 pathway. Collectively,
our data indicate that LINC00629 is a critical IncRNA
induced by ER stress and plays an oncogenic role in oste-
osarcoma cell.

Methods

Cell culture and reagents

Human osteosarcoma cell 143B, MG63 and U20S
were maintained in Dulbecco’s modified Eagle medium
(DMEM). MNNG/HOS cells were cultured in Minimum
Essential Medium (MEM). These media were supple-
mented with 10% foetal bovine serum (FBS), 2mM L-glu-
tamine, penicillin (100 U/ml), and streptomycin (100 pg/
ml) in a humidified atmosphere of 5% CO2 maintained at
37°C. SJSA-1 cells were cultured in Roswell Park Memo-
rial Institute (RPMI) 1640 with 10% foetal bovine serum
(FBS), 2mML-glutamine, penicillin (100U/ml), and
streptomycin (100 ug/ml) in a humidified atmosphere of
5% CO2 maintained at 37°C. All the cells were cultured
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in the cell culture dishes/plates which were obtained
from NEST Biotechnology Co. Ltd. (Wuxi, China). The
following antibodies were used in this study: antibodies
against GAPDH (Santa Cruz Biotechnology, Dallas, TX,
USA; SC-25778, 1:1000), PARP (Santa Cruz Biotechnol-
ogy, SC-8007, 1:1000), GRP78 (Santa Cruz Biotechnol-
ogy, SC-13968, 1:1000 for WB), KLF4 (Cell Signaling
Technology, #12173S, 1:500), and LAMA4 (R&D Sys-
tems, AF7340, 1:200), LINC00629 SMARTPool (hori-
zon), Tunicamycin (TM, Lot:T7765) and thapsigargin
(TG, Lot:T9033) were purchased from Sigma Chemi-
cal Co. They were dissolved in DMSO and developed in
stock solutions of 3mmol/L and 1 mmol/L for TG. Cells
were treated with 3 pumol/L TM or 1pmol/L at the indi-
cated times.

Lentivirus packaging and infection

To generate the lentiviral shRNA constructs against
human LINC00629, KLF4 and LAMA4, the tar-
get sequences were cloned into pLKO.l-puro vector.
The shRNA sequences were listed in Supplementary
Table 1. To generate the lentiviral expression vector for
LINCO00629, it was constructed into a pCDH vector. To
establish a stable cell line, the pLKO.1 vector, pVSVG,
pREV and pGAG or pCDH vector, psPax2, and pMD2G
were contransfected into HEK293T cells. Six hours after
transfection, we changed the media to 8 ml DMEM/20%
FBS per 10cm plate and incubated additional 48 hours
to generate lentivirus. 48hrs after post-media change,
we harvested the viral supernatant and spun down
at1500rpm for 10min and collected the supernatant.
Then, we added the supernatant into the osteosarcoma
cells as indicated. Twenty-four hours after infection,
osteosarcoma cells were cultured in medium containing
2.5mg/ml puromycin for the selection of stable clones.
The knockdown or overexpression efficiency was evalu-
ated by Western blot and qRT-PCR.

Quantitative reverse transcription PCR (qRT-PCR)

Total RNA was isolated using Trizol (Invitrogen). One
microgram of total RNA was used to synthesize cDNA
using the PrimeScriptTM RT reagent kit (Takara,
RR047A) according to the manufacturer’s instructions.
The primers were listed in Supplementary Table 2. The
expression levels of these genes were normalized to those
of B-actin. Changes in gene expression were determined
using the 2724¢T method.

Cell viability and colony formation assays

The cell viabilities of osteosarcoma cells were determined
by CCKS8 assay. In brief, 143B and MNNG/HOS cells as
indicated were seeded at a density of 3000 cells/well in
96-well plates and incubated overnight. The next day, the
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cells were treated with TM or TG at the indicated con-
centrations for 36 or 48 h. The absorbance was measured
with a spectrometer.

For the colony formation assay, the indicated 143B and
MNNG/HOS cells were seeded into a 6-well plate (3000
cell per well) and cultured at 37°C in a 5% CO, incuba-
tor for 1weeks. Growth media were replenished every
48h during a 1-week period. Then, Cell colonies were
fixed with methanol for 15min. Following PBS washes,
cells were stained with 0.1% crystal violet for 15min.
Images of cell colonies were captured using the Bio-Rad
ChemiDoc XRS+ system and quantified with the Image]
programme.

Chromatin immunoprecipitation (ChIP) assay
MNNG/HOS Cells were crosslinked with 1% formalde-
hyde for 10min at room temperature. The ChIP assay
was performed according to the manufacturer’s instruc-
tions using the anti-KLF4 antibody and a kit (EZ-ChIP,
17-371 Millipore, Merck KGaA, Darmstadt Germany).
Anti-rabbit IgG was used as the control. The bound DNA
fragments were eluted and amplified by PCR. PCR prod-
ucts were separated by gel electrophoresis.

RNA sequencing analysis and label-free quantitative
proteomics

MNNG/HOS cells were treated with 3uM TM for 36 h.
Then the cells were collected and transported to Bio-
Maker. RNA extraction, library construction, sequencing
and data analysis were performed by BioMaker, Beijing,
China.

For label-free quantitative proteomics, 10° MNNG/
HOS cells with or without LINC00629 knockdown were
collected and transported to Jingjie PTM Biolab, Hong-
zhou, China.

Protein half-life assay and in vivo KLF4 ubiquitylation assay
For the KLF4 half-life assay, MNNG/HOS and 143B cells
with or without LINC00629 depletion or overexpression
were treated with cycloheximide (CHX, Sigma, 10mg/
ml) for the indicated durations before collection and
Western blot analysis.

For the KLF4 ubiquitylation assay, HA-ubiquitin was
transfected into osteosarcoma cells with or without
LINCO00629 depletion and overexpression. The cells were
then treated with 20uM MG132 (Calbiochem) for 8h.
These cells were lysed with NP40 lysis buffer and incu-
bated with the indicated primary antibodies. After wash-
ing with PBS three times, proteins were released from the
beads by boiling in SDS—-PAGE sample buffer and ana-
lyzed using the anti-Ub antibody.
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RNA pulldown assay
RNA pulldown assays were performed as previously
described [19].

Promoter reporters and dual-luciferase assay

The promoter of LAMA4 and the matching mutant
were constructed into a pGL3-basic vector. Luciferase
activity was measured in a 1.5-ml Eppendorf tube with
a Promega Dual-Luciferases Reporter Assay kit (Pro-
mega E1980) according to the manufacturer’s protocol
after transfection. Relative Renilla luciferase activity
was normalized to firefly luciferase activity. The assay
was performed as previously described [19].

Cell migration assay

Osteosarcoma cell migration assay was conducted and
10,000 cells were seeded in a 24-well Transwell plate
with 8-mm polyethylene terephthalate membrane fil-
ters (Corning, 3422). The cells resuspended in 200 pL
serum-free media were seeded into the upper chamber,
and a total of 650 uL. complete medium supplemented
with 10% FBS was added into the lower chamber. After
incubation at 37°C with 5% CO,, the cells that passed
through the membrane were fixed with 4% formalde-
hyde for 30 min and stained with 0.1% crystal violet
for 20 min. After wiping off the upper layer of non-
migrated or non-invasive cells with a cotton swab, cells
were counted by light microscopy.

Sphere formation assay

Spheres were enriched from osteosarcoma cells with
or without LINC00629 knockdown by culturing 1000
cells/mL in serum-free DMEM-F12 medium (Gibco)
supplemented with B27 (1:50, Invitrogen) and 20ng/
mL EGF and bFGF. Nontreated tissue culture flasks
were used to reduce cell adherence and support growth
as undifferentiated tumor spheres. Cells were cultured
for 2 weeks, and the number of spheres with a diameter
more than 100 pm in each well was counted.

In vivo tumorigenesis and metastasis assays

Animal research was carried out according to the
National Institute of Health Guide for the Care and Use
of Laboratory Animals under the approval of the Ani-
mal Research Committee of Dalian Medical University.
Male nude mice (4—6 weeks old, 18—20g) were obtained
from the SPF Laboratory Animal Center of Dalian
Medical University (Dalian, China) and were randomly
divided into the indicated groups. The indicated osteo-
sarcoma cells (1 x 10° per mouse) resuspended in 100 pul
Phosphate Buffer Saline (PBS) were subcutaneously
injected into nude mice. After 10days, the size of the
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tumour was measured by Vernier callipers every 2 days
and converted to TV according to the following for-
mula: TV (mm?®) = (a x b*2)/2, where a and b are the
maximum and minimum diameters, respectively. All
animals were euthanized 18days after the injection,
and the transplanted tumours were removed, weighed
and divided into two for further study.

For the in vivo metastasis assay: The indicated osteosar-
coma cells (1 x 10° per mouse) resuspended in 100 ul PBS
were injected into nude mice through the lateral tail vein.
All animals were euthanized 30days after the injection.
The lungs were fixed with 4% formalin and embedded in
paraffin blocks. The metastatic lesions were confirmed by
histological analysis.

Bioinformatics analysis

In this study, we used the TNMplot (https://tnmplot.
com) database to analyze the RNA expression of LAMA4
in normal(n=564) and osteosarcoma(n=388) tissues
[20]. We used the Kaplan—Meier plotter (KM plotter,
http://kmplot.com) database to analyze the relationship
between LINC00629 or LAMA4 expression and progno-
ses in the patient with sarcoma.

Statistics and data analyses

The data were expressed as the mean=+SD, and were
statistically evaluated using GraphPad Prism 5. Multi-
ple comparisons between treatment groups and control
groups were performed using Dunnett’s least significant
difference (LSD) test. Values of p<0.05 were considered
statistically significant.

Results

LINC00629 is increased by ER stress and suppresses cell
apoptosis in osteosarcoma cell

To investigate the IncRNAs altered upon ER stress, the
human osteosarcoma cell line MNNG/HOS was treated
with 3 pM tunicamycin (TM) to induce pharmacological
ER stress, and the cells were then subjected to IncRNA
sequencing analysis. As shown in Fig. 1A-B, 567 upregu-
lated and 570 downregulated IncRNAs were obtained
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(Supplementary Table 3). Among these altered IncR-
NAs, five significantly changed IncRNAs, LINC00629,
LINC02591, LINC02604, LINC01733 and LINCO00632,
were selected (Fig. 1C). These IncRNAs were then con-
firmed by qRT-PCR. The result showed that LINC00629
was the most increased among the other significantly
upregulated IncRNAs upon TM treatment in MNNG/
HOS and 143B cells (Fig. 1D) and was gradually upreg-
ulated with increasing TM treatment time (Fig. 1E and
Supplementary Fig. 1A).

To further verify that LINC00629 was a ER stress-
induced IncRNA, we then treated MNNG/HOS cells
with 1 uM thapsigargin (TG), a Ca*"-ATPase inhibitor, to
induce ER stress, and the expression levels of LINC00629
were analysed by qRT-PCR. We found that LINC00629
was also remarkably increased in response to TG treat-
ment (Fig. 1F). In addition, our subsequent data indicated
that sarcoma patients with high LINC00629 expression
had short survival times (Supplementary Fig. 1B).

To further investigate the role of LINC00629 in ER
stress-induced apoptosis, we first stably knocked down
LINCO00629 in MNNG/HOS and 143B cells. Compared
with those of control group, the expression of LINC00629
in shRNA LINCO00629 groups were observably reduced
(Supplementary Fig. 1C). These cells were then treated
with 3uM TM or 1puM TG for 36h. Western blot and
CCKS8 assays were performed to investigate the effects
of LINC00629 on cell apoptosis and cell viability. Our
data indicated that depletion of LINC00629 enhanced ER
stress-induced cell apoptosis and promoted a decrease
in cell viability (Fig. 1G-J and Supplementary Fig. 1D-E).
Whereas, overexpression of LINC00629 decreased cell
apoptosis and impaired ER stress-induced cell viability
downregulation (Fig. 1K-N and Supplementary Fig. 1F).
After that, to exclude off-target effects, the siRNA pool
containing four different targeting sequences was used
to knock down LINC00629 in MNNG/HOS cells, lead-
ing to significant inhibition of LINC00629 (Supplemen-
tary Fig. 1G). Consistently, inhibition of LINC00629
promoted ER stress-induced cell apoptosis and decreased
cell viability (Supplementary Fig. 1H-I). Subsequently,

(See figure on next page.)

Fig. 1 LINC00629 was increased by ER stress and suppressed cell apoptosis (A-B) MNNG/HOS cells were treated with 3 uM TM for 36 h. The altered
LncRNAs were investigated by RNA sequencing analysis. C The significantly altered LncRNAs are listed. D MNNG/HOS and 143B cells were treated
with 3uM TM for 36 h. The expression levels of the LncRNAs were measured by gRT-PCR in MNNG/HOS (up) and 143B cells (down). E MNNG/

HOS cells were treated with 3 uM TM for the indicated times. The expression levels of LINC00629 were measured by gRT-PCR. F MNNG/HOS cells
were treated with 1uM TG for the indicated times. The expression levels of LINCO0629 were measured by gRT-PCR. G-H MNNG/HOS cells with or
without LINC00629 knockdown were treated with or without 3 uM TM for 36 h. Cell apoptosis was detected by Western blot (G), and cell viability
was analysed by CCK8 assay (H). GRP78 was used as the ER stress marker, and GAPDH was used as the loading control. I-FJ MNNG/HOS cells with or
without LINC00629 knockdown were treated with or without 1 uM TG for 36 h. Cell apoptosis was detected by Western blot (1), and cell viability was
analysed by CCK8 assay (J). (K-L) LINC00629 was overexpressed in 143B cells using lentivirus expressing the pCDH vector, and then the cells were
treated with or without 3 uM TM for 48 h. Cell apoptosis was detected by Western blot (K), and cell viability was analysed by CCK8 assay (L). M-N
143B cells with or without LINCO0629 overexpression were treated with 1 uM TG for 48 h. Cell apoptosis and cell viability were detected by Western
blot (M) and CCK8 assays (N). Data in D, E, F, H, J, L, N were analysed by Student’s t test, *p <0.05, **p <0.01, ***p <0.001
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we further detected the expression of LINC00629 in
human osteosarcoma cell lines SJSA-1, U20S, 143B,
MNNG/HOS and MG63. We found that the expression
levels of LINC00629 in SJSA-1 cells were lower than
the other cells and SJSA-1 cells were sensitive to TM-
induced apoptosis (Supplementary Fig. 1]J-K). Elevated
LINCO00629 inhibited TM-induced SJSA-1cell apoptosis
(Supplementary Fig. 1L).

Taken together, our data suggest that LINC00629 is an
ER stress-induced IncRNA and contributes to the adapta-
tion of osteosarcoma cell to ER stress.

LINC00629 promotes osteosarcoma cell tumorigenesis

and metastasis in vitro and in vivo

To further explore the role of LINC00629 in osteosar-
coma, colony formation and Transwell assays were per-
formed to measure the effects of LINC00629 on cell
clonogenicity and migration. As shown in Fig. 2A-F
depletion of LINC00629 markedly inhibited cell clono-
genic potential and migration in MNNG/HOS and 143B
cells. In contrast, forced expression of LINC00629 pro-
moted cell clonogenicity and migration (Supplementary
Fig. 2A-D). The subsequent sphere formation results sug-
gested that inhibition of LINC00629 impaired the sphere
formation capacity of MNNG/HOS and 143B cells
(Fig. 2G-I).

To better understand the function of LINC00629
in osteosarcoma cell, we then determined the effects
of LINC00629 on tumour growth and metastasis
in vivo. To this end, MNNG/HOS cells with or with-
out LINC00629 knockdown were implanted into nude
mice. Compared with the control group, knockdown of
LINCO00629 significantly suppressed tumour formation,
as indicated by reduced tumour weights and tumour
sizes (Fig. 2J-L). Similarly, LINC00629-depleted cells
exhibited significantly decreased lung metastasis abili-
ties at approximately 3 weeks, as indicated by a notable
decrease in the number of metastatic lesions and the
average surface areas produced by LINC00629-depleted
cells (Fig. 2M-0O). Collectively, these data indicate that
LINCO00629 is an important oncogene in MNNG/HOS
and 143B cells.
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LINC00629 interacts with KLF4 and enhances its expression
in MNNG/HOS and 143B cells

To elucidate the molecular mechanism whereby
LINCO00629 inhibited ER stress-induced apoptosis and
promoted tumorigenesis in osteosarcoma, we used label-
free quantitative proteomics to identify the differentially
expressed proteins in MNNG/HOS cells with or without
LINC00629 knockdown. Sixty-four downregulated and
56 upregulated genes were observed (Fig. 3A-B). Among
these altered genes, we found that KLF4 was significantly
downregulated in LINC00629-depleted cells (Fig. 3C).
To further verify it, the expression levels of KLF4 were
detected in MNNG/HOS and 143B cells with or with-
out LINC00629 knockdown. Consistently, LINC00629
knockdown markedly decreased KLF4 protein levels
but did not affect KLF4 mRNA levels (Fig. 3D and Sup-
plementary Fig. 3A-B). Otherwise, elevated LINC00629
increased KLF4 expression (Fig. 3E).

Based the data that LINC00629 was increased in
response to ER stress, we thus wanted to know whether
LINCO00629 contributed to KLF4 increase under ER
stress. To this end, we detected the KLF4 expression in
MNNG/HOS and 143B cells with or without LINC00629
knockdown under ER stress treatment and observed
that KLF4 was significantly increased in response to
TM treatment. However, the upregulation of KLF4 was
impaired by LINC00629 knockdown (Fig. 3F and Supple-
mentary Fig. 3C).

Considering that LINC00629 facilitated KLF4 pro-
tein expression, we wanted to determine whether
LINCO00629 interacts with KLF4. To test this hypothesis,
we carried out an RNA pulldown assay in which biotin-
labelled LINC00629 and antisense RNA were synthe-
sized in vitro and incubated with whole-cell lysates of
MNNG/HOS and 143B cells. As expected, KLF4 was
precipitated by LINC00629 (Fig. 3G). In addition, an
RNA immunoprecipitation (RIP) assay was performed
and the results indicated that LINC00629 was enriched
by the anti-KLF4 antibody relative to IgG, and the
enrichment of LINC00629 in the KLF4 immunoprecipi-
tate was increased under ER stress treatment (Fig. 3H-1
and Supplementary Fig. 3D-E).

(See figure on next page.)

Student’s t test, *p <0.05, **p <0.01, ***p <0.001

Fig. 2 LINC00629 promotes osteosarcoma tumorigenesis and metastasis in vitro and in vivo (A-C) Osteosarcoma cells (3000 cells/well) with or
without LINC00629 depletion were tested for cell growth in the colony formation assay. After 1 week, viable colonies were counted and are shown
(A). Data are depicted as bar graphs (B-C). D-F The migration of the indicated cells was detected by Transwell assays. Representative images of
crystal violet-stained culture plates are shown (D). Data are depicted as bar graphs (E, F). G- The sphere formation abilities were detected in MNNG/
HOS and 143B cells with or without LINC00629 knockdown. Representative images of the spheres are shown (G). Data are depicted as bar graphs
(H-1). J-L MNNG/HOS cells (10° cells per mouse) with or without LINC00629 knockdown were injected subcutaneously into nude mice (n=4).
Representative images of xenograft tumours (J). The volume (K) and weight (L) of the tumours were calculated and analysed. M-O MNNG/HOS cells
(10° cells per mouse) with or without LINC00629 knockdown were injected intravenously into nude mice (n =5 per group). Representative images
of lung (M) and HE (N) staining are displayed. Each group of metastatic nodules was assessed (0). Data in B, C, E, F, H, I, K, L and O were analysed by
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LINC00629 were detected by RT-PCR, and KLF4 protein levels were analysed by Western blot using a KLF4 antibody

LINC00629 maintains KLF4 stability and inhibits its
degradation

To investigate whether LINC00629 enhanced KLF4
expression in a proteasome-dependent manner, MNNG/
HOS and 143B cells were first treated with the protea-
some inhibitor MG132, and the expression of KLF4
was analysed by Western blot. As shown in Fig. 4A-B,
MG132 reversed the downregulation of KLF4 induced
by LINCO00629 knockdown. Subsequently, we treated

these cells with the protein synthesis inhibitor CHX to
assess the alteration of KLF4 half-life in LINC00629-
depleted cells and found that inhibition of LINC00629
decreased the stability of endogenous KLF4 protein
(Fig. 4E-F and Supplementary Fig. 4A-B). Conversely,
overexpression of LINC00629 elevated the stability of
KLF4 (Fig. 4E-F). Similarly, our further data indicated
that elevated LINC000629 decreased the ubiquitination
of KLF4 (Fig. 4G). Conversely, knockdown of LINC00629
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increased the ubiquitination of KLF4 (Fig. 4H and Sup-  ubiquitination of KLF4 was detected by Western blot.
plementary Fig. 4C). As shown in Fig. 41, ER stress decreased the ubiquit-

To further investigate whether LINC00629 decreased  ination of KLF4. However, the decrease was abolished
the polyubiquitination of KLF4 under ER stress, by LINCO00629 knockdown. Taken together, these
MNNG/HOS cells with or without LINC00629 knock-  results indicate that LINC00629 elevates the stability
down were treated with 3uM TM as indicated, and the  of KLF4 and inhibits its degradation.
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KLF4 transcriptionally upregulates LAMA4 expression
To identify the downstream genes of LINC00629 and
KLF4, we used RNA sequencing to search for over-
mapping genes in MNNG/HOS cells with LINC00629
or KLF4 knockdown. We found 689 (277 upregulated
and 412 downregulated) and 258 (106 upregulated
and 152 downregulated) differentially expressed genes
for LINCO00629 and KLF4 knockdown, respectively
(Fig. 5A-C and Supplementary Table 4 and 5). Not sur-
prisingly, fifty genes exhibited overlapping expres-
sion (Supplementary Fig. 2A). Among these genes, we
found that LAMA4 was significantly downregulated
in LINC00629- and KLF4-depleted cells (Fig. 5D). To
confirm this, the expression levels of LAMA4 were
detected in LINC00629- or KLF4-depleted MNNG/
HOS cells. Compared with the control cells, knockdown
of LINC00629 and KLF4 notably suppressed LAMA4
expression (Fig. 5E-F). Similar results were obtained in
143B cells (Supplementary Fig. 5B-C). Additionally, we
also found that inhibition of LINC00629 or KLF4 abol-
ished ER stress-induced LAMA4 upregulation (Fig. 5G).
To investigate whether LINCO00629 upregulated
LAMA4 in a KLF4-dependent manner, we knocked
down KLF4 in MNNG/HOS and 143B cells with or with-
out LINCO00629 overexpression. Then, the expression
levels of LAMA4 were detected by Western blot and
qRT-PCR. These results showed that depletion of KLF4
abolished the increase in LAMA4 by LINC00629 overex-
pression (Fig. 5H-I and Supplementary Fig. 5D-E). Col-
lectively, our data indicate that LAMAA4 is a downstream
gene of the LINC00629-KLF4 pathway.

KLF4 directly binds to the promoter of LAMA4

To further confirm that KLF4 transcriptionally upregu-
lated LAMA4, we assessed the effect of KLF4 on the
promoter activity of LAMA4. The upstream sequence
of LAMA4 and the truncations were cloned into pGL3-
based luciferase reporter plasmids (named P1, P2, and
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P3), which were then transfected into 293 T cells with
or without KLF4 overexpression (Fig. 6A). As shown in
Fig. 6B, the luciferase activities of P1 and P2 but not P3
were increased in KLF4-overexpressing cells, suggest-
ing that the region (—800 to —400bp) was essential for
KLF4-upregulated LAMA4 expression. Subsequently,
we transfected P2 into MNNG/HOS and 143B cells with
or without KLF4 or LINC00629 knockdown, and the
luciferase activities of P2 were measured. As shown in
Fig. 6C-E, depletion of KLF4 or LINC00629 decreased
the luciferase activities of LAMA4 promoter (P2).
Consistently, inhibition of KLF4 or LINCO00629 abol-
ished the ER stress-induced increase in the luciferase
activities of LAMA4 promoter (Fig. 6F). To investigate
whether LINC00629 affected the luciferase activity of
P2 by upregulating KLF4, we then transfected P2 into
LINCO00629-overexpressing MNNG/HOS cells with or
without KLF4 knockdown, and luciferase activity was
measured. As expected, depletion of KLF4 eliminated
the LAMA4 promoter luciferase activities increase by
LINC00629 (Fig. 6G).

To further identify the potential binding sites of
KLF4 on the LAMA4 promoter, we inspected the
sequence of P2 using JASPAR software (https://jaspar.
genereg.net), and one positive binding site was iden-
tified. To verify this hypothesis, we constructed two
pGL3-based luciferase reporter plasmids containing a
wild-type binding site (BS WT) and a mutant binding
site (BS Mut) (Fig. 6H). These plasmids were individu-
ally transfected into 293 T cells with or without KLF4
overexpression, and the luciferase activity was meas-
ured. We found that the activity of BS WT but not BS
Mut was significantly increased in response to KLF4
overexpression (Fig. 6I). Conversely, depletion of KLF4
decreased the luciferase activity of BS WT but not BS
Mut (Fig. 6]).

Furthermore, the following chromatin immunopre-
cipitation (ChIP) assays showed that the chromatin

(See figure on next page.)

Fig. 6 KLF4 binds to the promoter of LAMA4. A Schematic illustration of pGL3-based reporter constructs used in luciferase assays to examine the
transcriptional activity of LAMA4 named P1, P2 and P3. B P1, P2 and P3 together with the Renilla luciferase plasmid were transfected into 293T cells
with or without KLF4 expression. The Renilla luciferase construct was used to control for transfection efficiency, and dual luciferase activity was
measured. C-D P2 together with the Renilla luciferase plasmid was transfected into MNNG/HOS and 1438 cells with or without KLF4 knockdown
for 24 h. Dual luciferase activity was measured. E P2 together with the Renilla luciferase plasmid was transfected into MNNG/HOS and 143B cells
with or without LINC00629 knockdown for 24 h, and the cells were collected. Dual luciferase activity was measured. F P2 together with the Renilla
luciferase plasmid was transfected into MNNG/HOS cells with or without KLF4 or LINC00629 knockdown for 12 h, and the cells were then treated
with 3uM TM for another 24 h. Dual luciferase activity was measured. G LINC00629 was overexpressed in MNNG/HOS cells with or without KLF4
knockdown, and P2 together with the Renilla luciferase plasmid was transfected into the cells for 24 h. Dual luciferase activity was measured. H
Schematic illustration of the KLF4 wild-type binding site (BS) and the matching mutant (BSM) that was used in luciferase assays. I The wild-type

promoter (BS) or the matching mutant (BSM) together with the Renilla luciferase plasmid was individually transfected into MNNG/HOS cells with

or without KLF4 overexpression. Dual luciferase activity was measured. J The wild-type promoter (BS) or the matching mutant (BSM) together

with the Renilla luciferase plasmid was individually transfected into MNNG/HOS cells with or without KLF4 knockdown. Dual luciferase activity was
measured. K-L ChIP analysis showed the binding of KLF4 to the promoter of LAMA4 in MNNG/HOS cells with or without LINCO0629 overexpression.
Isotype-matched IgG was used as a negative control. Data in B, C, D, E, F, G, I, J were analysed by Student’s t test, *p < 0.05, **p < 0.01, ***p <0.001
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fragment containing BS1 was specifically present in
anti-KLF4 immunoprecipitation (Fig. 6K). The bind-
ing capacity of KLF4 to the LAMA4 promoter was
enhanced in LINC00629-overexpressing MNNG/HOS

cells (Fig. 6L). Taken together, these findings indicate
that the BS region is of great significance for KLF4
to elevate LAMA4 expression and that LINC00629
upregulates LAMA4 in a KLF4-dependent manner.



Wang et al. J Exp Clin Cancer Res (2022) 41:354 Page 13 of 19
A Cc
o B LAMA4
6 S| P=5.66e-51 LAVA4 shRNA  CTR # #2
? o ShRNA CTR #1  #2 ®
9_) w . @) o
o . T | LAVMAG | s s I
[OR=] [0)
0o Q o
s Z|GAPDH z
g £ — — — < |
ig
o [ LAMA4 -—
58 g 8
GAPDH | . s -
Normal Osteosarcoma
E F
[ shRNACTR
[ shRNACTR
Q S:Em t:‘m: Z; ShRNA 3 ShRNALAMA4 #1
8 400 Qs 8 150 - 1 shRNALAMA4 #2
S s £
S 300 > 2
Qe Z 5100
\6 e zZ 8
Q 200 n R ew = “(-v'
£ 100 o 2501| | ae
g Q = ﬁ I*;I FhE dkk
z 0 i
MNNG/HOS  143B VMNNG/HOS 1'1":3?1
G H [ shRNACTR | LAMA4
LAMAG 3 shRNALAMA4 #1 SshRNA CTR  # #2
shRNA CTR #1 #2 1‘5GShRNALAMA4 # TG(1uM)_ -+ -+ - T
TM@UM) =+ T ¥ T %
- > xk PARP -
PARP - . -~ " -" 10 Cleaved- o -
Cleaved- - e -—— © PARP
PARP Z
8 0.5 GAPDH | i i . s i o |
GAPDH | e
L 2 1 I Fﬁ I_ﬁ VNNG/HOS
MNNG/HOS 0
TM@BuM)- + - + - +
J OshrnacTR K L Tumor ftissue
3] ShRNALAMA4 #2 < 03 . PARP-
> ** ShRNACTR =1 Cloaved-
2Nmm ! m o b 4 ' g R LAMAS [l #%
© 3 A =
=05 & il B g 01
(She shRNALAMA4 5
o 2 F oo - GAPDH
0 shRNA CTR LAMA4
TG(1uM)- + - + - +
Fig. 7 Knockdown of LAMA4 suppresses the malignant behaviour of osteosarcoma and accelerates ER stress-induced apoptosis. A The expression
levels of LAMA4 in osteosarcoma (n=88) and normal tissues (n = 564) were analysed from the TNMplot database. B LAMA4 was knocked down in
MNNG/HOS and 143B cells. The expression of LAMA4 was detected by Western blot. GAPDH was used as the loading control. C-D The cells (3000
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and are shown (C). Data are depicted as bar graphs (D). E-F The migration of the indicated cells was detected by Transwell assays. Representative
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Knockdown of LAMAA4 suppresses the malignant behaviour
of osteosarcoma cell and accelerates ER stress-induced
apoptosis

LAMAA4 belongs to the laminin family and plays an impor-
tant role in many cancers [21]. However, its function in
osteosarcoma is still unknown. To investigate this pos-
sibility, we first analysed the expression of LAMA4 from
the TNMplot database and found that LAMA4 was sig-
nificantly upregulated in osteosarcoma compared with
normal tissues (Fig. 7A). To further evaluate the role of
LAMAA4 in osteosarcoma, we then knocked down LAMA4
in MNNG/HOS and 143B cells. As shown in Fig. 7B, com-
pared with the control groups, the expression of LAMA4
in shRNA LAMA4 groups were substantially decreased.
Then, Colony formation and Transwell assays were per-
formed to measure the effects of LAMA4 on clonogenic
potential and migration. As shown in Fig. 7C-FE, depletion
of LAMA4 markedly inhibited cell clonogenic potential
and migration in MNNG/HOS and 143B cells, which was
consistent with the role of KLF4 (Supplementary Fig. 6A-
D). In addition, we also investigated the effects of LAMA4
on the cell adaptation to ER stress and found that knock-
down of LAMA4 enhanced ER stress-induced apoptosis
and promoted cell viability downregulation MNNG/HOS
and 143B cells (Fig. 7G-] and Supplementary Fig. 6E-F).

To better understand the role of LAMA4 in osteosar-
coma, a xenograft tumour formation assay was performed.
MNNG/HOS cells with or without LAMA4 knockdown
were injected into 4- to 6-week-old BALB/c (nu/nu) male
nude mice. As shown in Fig. 7K-M, compared to the control
group, inhibition of LAM A4 suppressed tumour growth, as
indicated by a decrease in tumour weight, and accelerated
cell apoptosis, as indicated by an increase in cleaved PARP.
Taken together, our data indicate that LAMA4 plays an
oncogenic role in MNNG/HOS and 143B cells.

LINC00629 elevates the osteosarcoma cell adaption

to ER stress and facilitates tumorigenesis by activating

the KLF4-LAMAA4 axis

To determine whether LINC00629 elevates the oste-
osarcoma cell adaption to ER stress and facilitates
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tumorigenesis by regulating the KLF4-LAMA4 axis, we
first overexpressed LINC00629 in KLF4- or LAMAA4-
depleted MNNG/HOS cells and these cells were treated
with 3uM TM for 36h. Cell apoptosis was detected
by Western blot. The result showed that elevated
LINCO00629 suppressed ER stress-induced cell apopto-
sis, as indicated by the cleaved PARP increase. However,
the inhibitory effect of LINC00629 on cell apoptosis was
abolished when KLF4 or LAMA4 was knocked down
(Fig. 8A). Similarly, we also observed that inhibition of
KLF4 or LAMA4 eliminated the increase in clonogenic-
ity and migration induced by LINC00629 overexpression
(Fig. 8B-E).

To further confirm this hypothesis, xenograft tumour
formation and metastasis assays were performed. We
found that the promoting effects of LINC00629 on
tumour development and lung metastasis were abolished
by KLF4 or LAMA4 depletion in nude mice (Fig. 8F-
I). Collectively, these results suggest that LINC00629
depends on the KLF4-LAMAA4 axis to elevate the adap-
tion to ER stress and promote tumour growth and metas-
tasis in MNNG/HOS and 143B cells.

Discussion
Metastatic osteosarcoma cells usually survive in nutri-
tionally deprived and hypoxic environments, accompa-
nied by prolonged ER stress. However, how osteosarcoma
cells evade ER stress-induced apoptosis and survive
under harsh conditions remains unclear. Here, we found
that LINC00629 was increased in response to ER stress.
Elevated LINCO00629 promoted cell survival and facili-
tated tumorigenesis and metastasis by activating the
KLF4-LAMAA4 axis in MNNG/HOS and 143B cells.
LINC00629 is a long intergenic noncoding RNA
mapped to chromosome X (Xq26). At present, only
two studies reported the tumour suppressive role of
LINCO00629. One study indicated that LINC00629 sup-
pressed the migration and invasion of JEG-3 cells [22].
Another study reported that LINCO00629 suppressed
tumour progression by upregulating AQP4 and com-
petitively binding to miR-196b-5p in gastric cancer

(See figure on next page.)

Fig. 8 LINC00629 suppresses ER stress-induced apoptosis and facilitates osteosarcoma progression by activating the KLF4-LAMA4 axis. A KLF4

or LAMA4 was knocked down in 143B cells with or without LINC00629 overexpression. These cells were treated with 3uM TM for 48 h, and cell
apoptosis was detected by Western blot. GAPDH was used as a loading control. B-C KLF4 or LAMA4 was knocked down in MNNG/HOS and 1438
cells with or without LINC00629 overexpression. The cells (3000 cells/well) were then tested for cell growth in the colony formation assay. Viable
colonies after 1T week were counted and are shown (B). Data are depicted as bar graphs (C). D-E The migration of the indicated cells was detected
by Transwell assays. Representative images of crystal violet-stained culture plates are shown (D). Data are depicted as bar graphs (E). F-G The shRNA
KLF4 (KLF4 KD) or shRNA LAMA4 (LAMA4 KD) was used to knocked down in MNNG/HOS cells with or without LINC00629 overexpression. These
cells (10° cells per mouse) were injected subcutaneously into nude mice (n=5). The volume (F) and weight (G) of the tumours were calculated
and analysed. H-1The shRNA KLF4 (KLF4 KD) or shRNA LAMA4 (LAMA4 KD) was used to knocked down in MNNG/HOS cells with or without
LINC00629 overexpression. These cells (10° cells per mouse) were injected intravenously into nude mice (n=5 per group). Representative images
of HE staining are displayed (I). Each group of metastatic nodules was assessed (H). Data in C, E, F, G, H were analysed by Student’s t test, *p < 0.05,
#2001, **p <0001
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[23]. Interestingly, we showed that LINC00629 plays an
oncogenic role in MNNG/HOS and 143B cells based
on the following evidence. First, the ER stress pro-
moted LINC00629 expression in MNNG/HOS and 143B
cells. Furthermore, sarcoma patients with high levels of
LINCO00629 showed shorter overall survival than those
with low levels of LINC00629. Second, knockdown of
LINC00629 promoted ER stress-induced apoptosis and
inhibited tumorigenesis and metastasis in vitro and
in vivo. Whereas, overexpression of LINC00629 inhibited
cell apoptosis and facilitated cell growth and metastasis.
Except that, our further data indicated that LINC00629
upregulated KLF4 expression in MNNG/HOS and 143B
cells.

KLF4 is a member of the KLF-like factor subfamily of
zinc finger proteins, which play an ambivalent role in
tumorigenesis as either a tumour suppressor or an onco-
gene in a number of cancers [24]. For example, KLF4 was
reported to suppress hepatocellular carcinoma progres-
sion and inhibit gastric cancer cell proliferation by down-
regulating [-catenin expression [25, 26]. However, in
breast cancer, melanoma, and glioma, KLF4 was shown
to promote cell growth and inhibit cell apoptosis [27-29].
In osteosarcoma, KLF4 also enhanced tumorigenesis and
promoted cell metastasis [30]. Previous studies indicated
that the genetic context plays a decisive role in switch-
ing KLF4 between a tumour suppressor and a tumour
promoter. For example, coexpression with an oncogenic
RAS"?? allele or the downstream target gene cyclin D1 is
sufficient to neutralize the cytostatic effects of KLF4 [31].
In osteosarcoma, some key oncogenes and key tumour
suppressors, such as Kras or p53, usually exhibit muta-
tions [32]. The information obtained from the Cellosaurs

website (https://web.expasy.org/cellosaurus) indicated
that MNNG/HOS and 143B also owned these mutation
of the key genes which may determine the role of KLF4 in
osteosarcoma and then leads to the switch of LINC00629
function in osteosarcoma cells.

KLF4 was also reported to be unstable and regulated
by ubiquitination [33, 34]. The E3 ligases pvVHL, FBXO32,
Mule, and TRAF7 and the deubiquitinase USP10 are
reported to promote KLF4 ubiquitination and degra-
dation [35-39]. Similarly, our results suggested that
LINCO00629 was a novel IncRNA that interacted with
KLF4 and inhibited its degradation in a proteasome-
dependent manner.

Ultimately, our data showed that LAMA4 was a
downstream gene of KLF4 and that deficiency of KLF4
or LINCO00629 downregulated LAMA4 expression in
MNNG/HOS and 143B cells. LAMA4 belongs to the
laminin family and is primarily distributed in endothe-
lial basement membranes and other tissues of mesoder-
mal origin [40, 41]. Several reports have indicated that
LAMA4 is regulated at different levels. For instance, miR-
200b downregulated LAMA4 expression and suppressed
renal cell carcinoma metastasis [42]. Androgen receptor
(AR) or FOXM1 activated LAMA4 expression by directly
binding to the promoter region [43, 44]. Consistently, we
found that KLF4 also bound to the promoter region of
LAMA4 and upregulated its expression in MNNG/HOS
and 143B cells.

Increasing evidence indicates that LAMA4 plays a
significant role in promoting survival, proliferation and
migration in several cancers. For example, LAMA4 was
highly expressed in breast cancer and promoted cell inva-
sion [45]. Elevated LAMA4 promoted pancreatic cancer
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cell liver metastasis. In gastric cancer, LAMAA4 is acti-
vated by the androgen receptor and enhances cell cispl-
atin resistance [44]. In osteosarcoma, we first reported
that LAMA4 was upregulated in osteosarcoma and
promoted proliferation and migration in MNNG/HOS
and 143B cells. Subsequently, the correlation between
LAMA4 expression and overall survival in sarcoma
patients was obtained from the Kaplan—Meier plotter
(KM plotter, http://kmplot.com) database. Unexpectedly,
the data indicated that the patients with low LAMA4
mRNA expression had shorter overall survival, which
was not consistent with the role of LAMA4 in MNNG/
HOS and 143B cells. Thus, further studies are needed
to investigate this possibility. Meanwhile, the poten-
tial mechanism whereby ER stress induced LINC00629
increase in osteosarcoma cells is still unknown and needs
to be investigated in the future.

Collectively, our study suggests that ER stress induced
LINCO00629 expression, which in turn protected MNNG/
HOS and 143B cells from ER stress-induced apoptosis by
increasing KLF4 stability and inhibiting its degradation
which then led to LAMA4 increase (Fig. 9).

Conclusion

These findings demonstrate that LINC00629 is a key reg-
ulator of KLF4 and that the LINC00629-KLF4-LAMA4
axis plays an important role in the regulation of tumori-
genesis and metastasis in MNNG/HOS and 143B cells.
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Additional file 1: Figure S1. (A) 143B cells were treated with 3uM T™M

for 0,24 and 36 h. The expression levels of LINCO0629 were detected by
gRT-PCR. (B) Kaplan-Meier plot of the overall survival rate of 259 patients
with sarcoma. The data were obtained from the Kaplan-Meier Plotter.

(C) LINC00629 was knocked down in MNNG/HOS and143B cells using
lentivirus expressing shRNAs. The expression of LINC00629 was detected
by gRT-PCR. (D-E) 143B cells with or without LINC00629 knockdown were
treated with or without 3 UM TM for 36 h. Cell apoptosis were detected by
Western blot (D) and cell viability was analyzed by CCK8 assay (E). GRP78
was used as the ER stress marker and GAPDH was used as loading control.
(F) LINC00629 was overexpressed in 143B cells using lentivirus express-
ing pCDH vector. The expression of LINC00629 was detected by gRT-PCR.
(G) The siRNAPool for LINC00629 was transfected into MNNG/HOS cells.
After 36 h, the cells were collected and the expression of LINC00629 was
analyzed by gRT-PCR. (H-) MNNG/HOS cells with or without LINC00629
knockdown using siRNAPool were treated with or without 3 uM TM for
36h. Cell apoptosis were detected by Western blot (H) and cell viability
was analyzed by CCK8 assay (). GRP78 was used as the ER stress marker
and GAPDH was used as loading control. (J) The relative expression of
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LINC00629 was detected in SISA-1, U20S, 143B, MNNG/HOS and MG63
cells. (K) SJSA-1 cells were treated with 3uM TM for 0, 12 and 24 h. Cell
apoptosis were detected by Western blot. (L) SISA-1 cells with or without
LINC00629 overexpression were treated with 3 uM TM for 24 h. Cell
apoptosis were detected by Western blot. Data in A, C, E, F, G and | were
analysed by Student’s t-test, *p <0.05, **p <0.01, ***p <0.001.

Additional file 2: Figure S2. (A-B) The osteosarcoma cells (3000 cell/well)
with or without LINC00629 overexpression were tested for the cell growth
in the colony formation assay. Viable colonies after 1 week were counted
and were shown(A). Data are depicted as bar graphs (B). (C-D) The migra-
tion of the indicated cells was detected by Transwell assays. Represented
images of crystal violet-stained culture plates were shown (C). Data are
depicted as bar graphs (D). Data in B and D were analysed by Student’s
t-test, p <0.05, **p<0.01, ***p <0.001.

Additional file 3: Figure S3. (A-B) The mRNA levels of KLF4 were
detected by gRT-PCR in MNNG/HOS and 143B cells with or without
LINC00629 knockdown. (C) 143B cells with or without LINC00629 knock-
down were treated with 3uM TM for 36 h. The expression levels of KLF4
were detected by Western blot. Numbers represent the relative intensities
of western blot bands of KLF4 to GAPDH. (D) KLF4 antibody (2 ug) was
used to coprecipitate with LINC00629 in whole —cell lysates of 143B cells.
The levels of LINC00629 were detected by RT-PCR and KLF4 protein levels
were analyzed by Western blot using KLF4 antibody. (E) KLF4 antibody
was used to coprecipitate with LINC00629 in whole —cell lysates of 143B
cells with or without 3 uM TM treatment. The levels of LINC00629 were
detected by RT-PCR and KLF4 protein levels were analyzed by Western
blot using KLF4 antibody.

Additional file 4: Figure S4. (A-B) 143B cells with or without LINC00629
knockdown were treated with 10 mg/ml cycloheximide (CHX) for the
indicated times. The expression levels of KLF4 were detected by Western
blot (A) and quantification of KLF4 levels relative to GAPDH is shown

(B). Results are shown as mean £ s.d. n=3 independent experiments.
P=0.003. (C) The 143B cells with or without LINC00629 knockdown were
transfected with the indicated constructs. After 24 h, the cells were treated
with 20 uM MG132 for 8 h before collection. The whole-cell lysates were
subjected to immunoprecipitation with KLF4 antibody and Western blot
with anti-Ub antibody to detect ubiquitylated KLF4.

Additional file 5: Figure S5. (A) Overlaps indicating numbers of the
differentially expressed mRNAs between KLF4 Knockdown and LINC00629
knockdown conditions. (B-C) The protein and mRNA levels of LAMA4
were detected by Western blot (B) and qRT-PCR (C) in 143B cells with or
without LINC00629 or KLF4 knockdown. Numbers represent the relative
intensities of western blot bands of LAMA4 to GAPDH. (D-E) LINC00629
was overexpressed in 143B cells with or without KLF4 knockdown. The
protein and mRNA levels of LAMA4 were detected by Western blot (D)
and gRT-PCR (E). Numbers represent the relative intensities of western blot
bands of LAMA4 to GAPDH. Data in C, and E were analyzed by Student’s
t-test, *p <0.05, **p<0.01, ***p <0.001.

Additional file 6: Figure S6. (A-B) The osteosarcoma cells (3000 cell/well)
with or without KLF4 knockdown were tested for the cell growth in the
colony formation assay. Viable colonies after 1 week were counted and
were shown (A). Data are depicted as bar graphs (B). (C-D) The migra-

tion of the indicated cells was detected by transwell assays. Represented
images of crystal violet-stained culture plates were shown (C). Data are
depicted as bar graphs (D). (E-F) 143B cells with or without LAMA4 knock-
down were treated with 3 uM TM for 36 h. Cell apoptosis and cell viability
was analysed by Western blot (E) and CCK8 assays (F). GAPDH was used as
the loading control. (G-H) 143B cells with or without LAMA4 knockdown
were treated with 1uM TG for 36 h. Cell apoptosis and cell viability was
analysed by Western blot (G) and CCK8 assays (H). GAPDH was used as the
loading control. (I) Kaplan—Meier plot of the overall survival rate of 269
patients with sarcoma. The data were obtained from the Kaplan-Meier
Plotter. Data in B, D, and F were analyzed by Student’s t-test, *p <0.05,
**p<0.01,***p<0.001.

Additional file 7: Supplementary Table 1. The shRNAs used in the
article.
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Additional file 9: Supplementary Table 3. The altered LncRNAs under
3uM TM treatment.

Additional file 10: Supplementary Table 4. The altered genes in
LINC00629-depleted cells.

Additional file 11: Supplementary Table 5. The altered genes in KLF4-
depleted cells.
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