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ABSTRACT

Background: Osteosarcoma is a highly malignant bone tumor that exhibits rapid growth and early metastasis.
Hypoxia plays a pivotal role in promoting the proliferation and metastasis of osteosarcoma through a series of
molecular events, which are partially mediated and regulated by HIF-1a. However, the regulatory network
associated with HIF-1a in osteosarcoma remains limited. Therefore, the objective of this study was to identify
critical hypoxia-associated genes and investigate their effects and molecular mechanisms in osteosarcoma cells.
Methods: Through bioinformatics analysis, matrilin-4 (MATN4) was identified as a crucial gene associated with
hypoxia. The expression of MATN4 and HIF-la was assessed using immunohistochemistry, RT-qPCR, and
western blotting. The proliferative capacity of osteosarcoma cells was assessed through the utilization of CCK-8,
EDU staining, and colony formation assays. The effects of MATN4 on the mobility of OS cells were evaluated
using wound-healing assays and transwell assays. The interaction between MATN4 and HIF-1a was detected
through chromatin immunoprecipitation.

Results: MATN4 is overexpressed in osteosarcoma tissue and cells, particularly in osteosarcoma cells with high
metastatic potential. Knockdown of MATN4 inhibits the proliferation, migration, and invasion abilities of
osteosarcoma cells and reverses the promoting effects of hypoxia on these functions. Additionally, HIF-1a binds
to MATN4 and upregulates its expression. Interestingly, knockdown of HIF-1a reduces the stimulatory effects of
MATN4 overexpression on the proliferation, migration, and invasion of osteosarcoma cells under hypoxic conditions.
Conclusions: Taken together, our results suggest that MATN4 is regulated by HIF-la and confers a more
aggressive phenotype on OS cells. This evidence suggests that MATN4 may act as a potential target for OS
diagnosis and treatment.
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INTRODUCTION

Osteosarcoma (OS), the most common primary
malignant bone tumor, represents 3-6% of childhood
cancers and less than 1% of adult cancers [1, 2]. It is
also the third most common type of tumor affecting
children and adolescents after lymphomas and brain
tumors, accounting for 10% of solid tumors developing
in 15-19-year-old individuals [3]. The peak incidence
of OS has a typical bimodal age distribution, during
young growing adolescents and then between the sixth
and seventh decade of life [4]. The 5-year survival rate
has been improved dramatically by introduction of
multiagent chemotherapy several decades ago, but is
only 20% among patients presenting with metastases
or recurrent disease. Metastasis to the lungs is observed
in around 15% of patients with newly diagnosed
osteosarcoma [5]. Furthermore, it is estimated that 60%
of patients without obvious metastasis at the time of
initial examination present micro-metastasis. Whereas,
the prognosis of osteosarcoma patients is determined
by metastasis, especially status of metastasis to the
lungs [6].

Hypoxia is an inherent factor in the microenvironment
of most solid tumors, including OS and is responsible
for copious amounts of tumor adaptive responses.
Hypoxia-related molecular events are mediated primarily
by hypoxia-inducible factor 1 (HIF-1), a heterodimeric
transcription factor composed of a constitutive [3-
subunit (HIF-1B) and an oxygen-dependent a-subunit
(HIF-1a) [7, 8]. The protein level of HIF-1a is regulated
by oxygen concentrations. Under normoxia, HIF-1a is
hydroxylated by oxygen-dependent proline hydroxylase,
and then binds to Von Hippel Lindau (VHL) protein for
ubiquitination and degradation. Hypoxia prevents HIF-
la hydroxylation and subsequent ubiquitination by
inhibition of prolyl hydroxylase activity, thus stabilizing
HIF-1a [9, 10]. HIF-la, as the most typical gene
transcription induced by hypoxia, is overexpressed in
various types of human cancers. There is compelling
evidence supporting its role in tumor progression,
angiogenesis and metastasis, which are often associated
with negative overall survival rates and poor prognosis
[11, 12]. For example, Guan et al. showed that the
hypoxia-induced HIF-10/CXCR4 pathway plays a
promoting role in the proliferation and metastasis of
osteosarcoma [13]. Yang et al. have found that elevation
of HIF-1a correlates significantly with metastasis
[14]. Unfortunately, the specific mechanism of HIF-1a
regulatory network remains completely unclear.

The matrilins are a family of extracellular matrix
proteins composed of four members, each with a
multi-subunit structure containing von Willebrand
factor type A-like domains, EGF-like domains, and an

a-helical coiled-coil domain [15]. They can interact
with various extracellular matrix (ECM) components,
such as proteoglycans and collagens, and participate in
assembly of filamentous networks within the ECMs of
various tissues [16]. Studies have shown that matrilin-
3 induces the expression of the pro-inflammatory
cytokines, such as TNFa, IL-1, IL-6, and nitric oxide
synthase (iNOS), which contribute to this matrix-specific
feed-forward mechanism of cartilage degradation in
osteoarthritis [17]. Recently, there has been growing
interest in the relationship between matrilins and
tumors. For example, Expression of matrilin-2 was up-
regulated in hepatocellular carcinoma and Sporadic
pilocytic astrocytoma [18]. However, up to date, the
role of MATN 4 in OS has been poorly studied.

Herein, MATN 4 was identified as a key hypoxia-
associated and metastasis-associated gene using bio-
informatics analysis. Further, our studies demonstrated
that MATN4 is a target gene of HIF-1a and promotes
the proliferation, migration and invasion of OS cells
under normoxia and hypoxia. These findings reveal a
previously unknown link between MATN4 and HIF-1a
in OS, and suggest that the MATN4 protein could serve
as a novel biomarker and therapeutic target for OS.

RESULTS

MATN4 expression is associated with metastasis
in OS

DEGs related to hypoxia and metastasis were identified
using gene expression profiles from Target database.
We found 358 DEGs related to metastasis and 47 DEGs
related to hypoxia in OS samples (Figure 1A), with
an intersection of 3 DEGs—TP53, CA9, and MATN4
(Figure 1B). Subsequently, we validated our results by
detecting the mRNA expression of TP53, CA9 and
MATN4 using RT-gPCR. Our findings showed that the
mRNA expression of TP53, CA9 and MATN4 was
significantly up-regulated under hypoxic conditions in
both 143B and HOS cells (Figure 1C). Previous
research has extensively examined the involvement of
TP53 and CA9 in OA. Consequently, the present study
aims to investigate the role of MATN4 [19-21]. We
then performed IHC to detect the protein expression of
MATN4 in OS tissue and adjacent non-cancerous bone
tissue. Results showed that the protein expression of
MATN4 was significantly upregulated in OS tissue
compared to non-cancerous bone tissue (Figure 1D).
In order to assess the potential correlation between
hypoxic conditions and the expression of MATN4
mRNA and protein, we conducted an investigation into
the impact of varying durations of hypoxia on MATN4
expression in 143b and HOS osteosarcoma cell lines.
Our findings indicate a progressive elevation in both
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MRNA and protein levels of MATN4 in response
to prolonged exposure to hypoxia, with a more
pronounced increase observed at approximately 24 and
48 hours of hypoxic conditions (Figure 1E, 1F). In
addition, it was observed that the protein and mRNA
level of MATN4 exhibited a gradual increase in both
low-metastatic OS cells (MG63, U20S, Saos2, HOS)
and high-metastatic OS cells (MNNG/HOS, SJSA-1,
143B), when compared to normal cells (hFOB1.19
and BMSC), as illustrated in Figure 1G, 1H. The
findings indicate a correlation between the expression

of MATN4 and the metastatic behavior of OS cells,
potentially mediated through a mechanism involving
hypoxia.

Knockdown of MATN4 inhibits OS cells
proliferation, migration and invasion abilities under
normoxia

To investigate the relationship between expression of
MATN4 and proliferation and migration of OS cells, we
used two targeted ShRNAs to suppress the expression of
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Figure 1. MATN4 was involved in OS cell metastasis. (A) Volcano plots were used to exhibit the differentially expressed genes (DEGs)
related to metastasis and hypoxia, based on gene expression profiles obtained from the Target database. (B) An intersection of DEGs: TP53,
CA9, and MATN4. (C) Expression levels of TP53, CA9 and MATN4 in 143B and HOS cells were measured by RT-qPCR under normoxia or
hypoxia. (D) IHC was used to exhibit protein expression level of MATN4 in OS tissue and non-cancerous bone tissue. (E, F) Western blotting
and RT-qPCR to measure MATN4 mRNA and protein expression under varying hypoxic conditions. (G, H) Western blotting and RT-qPCR to
measure the MATN4 protein levels in normal cells (hFOB1.19 and BMSC), in OS cells with low-metastatic ability (MG63, U20S, Saos2, HOS),
and OS cells with strong metastatic ability (MNNG/HOS, SISA-1, 143B). *, p <.05; **, p <.01.
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MATN4 in 143B and HOS cells. The efficiency of
knockdown of MATN4 was confirmed by RT-qPCR
and western blotting, both of which showed obvious
inhibition of the MRNA and protein levels of MATN4
under normoxia (Figure 2A, 2B). The CCK-8 assay
results demonstrated that the suppression of MATN4
expression significantly impeded the proliferation of
143B and HOS cells after 24 and 48 hours, respectively,
in a normoxic environment (Figure 2C). Furthermore,
EDU assay showed knockdown of MATN4 had a
lower EDU positive rate, indicating lower proliferation
compared to normal cells under normoxia (Figure 2D).
The reduction of MATN4 expression resulted in a
notable decline in the formation of colonies in both
143B and HOS cells, as depicted in Figure 2E. These
findings imply that the suppression of MATN4 could
potentially impede the proliferation of osteosarcoma
cells. Following this, we conducted transwell and wound
healing assays, which revealed a notable decrease in the
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invasion and migration capacity of OS cells under
normoxia upon knockdown of MATN4 (Figure 2F, 2G).
These results indicate that the suppression of MATN4
leads to a reduction in the proliferation, migration,
and invasion capabilities of OS cells under normoxic
conditions.

Inhibition of MATN4 significantly reverses the
promoting effects of hypoxia on the proliferation,
migration and invasion of osteosarcoma cells

To elucidate the role of MATN4 inhibition in the impact
of hypoxia on proliferation and migration, we conducted
transfection of 143B and HOS OS cells with sh-scramble
and SH-MATN4, followed by culturing under both
normoxic and hypoxic conditions. We found that
MATN4 mRNA and protein expression was up-regulated
under hypoxia, and SH-MATN4 significantly inhibited
hypoxia-induced MATN4 expression (Figure 3A, 3B).
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Figure 2. MATN4 knockdown significantly inhibited proliferation, migration and invasion abilities of OS cells under normoxia.
(A, B) Confirmation of MATN4 knockdown by RT-qPCR and western blotting in 143B and HOS cells. (C, D) CCK-8 and EDU staining assays were
performed to detect the proliferation ability of sh-scramble and SH-MATN4 OS cells at 24h and 48h. (E) Colony formation assays were
performed in sh-scramble and SH-MATN4 OS cells. (F) Transwell assays were performed to detect invasion ability of OS cells after MATN4
knockdown. (G) Wound healing assays were used to detect migration ability of OS cells after MATN4 knockdown. *, p <.05; **, p <.01.
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CCK-8 and EDU assays showed that hypoxia promoted
the proliferation of 143B and HOS cells compared
with normoxia, while MATN4 inhibition reversed the
promoting effects of hypoxia (Figure 3C, 3D). Similarly,
inhibition of MATN4 decreased the stimulatory effects of
hypoxia on colony formation (Figure 3E). Additionally,
we performed transwell and wound healing assays
which suggested that hypoxia enhanced the ability of
invasion and migration of OS cells, and knockdown
MATN4 reversed the promoting effects of hypoxia
on mobility (Figure 4A, 4B). These findings indicate
that the inhibition of MATN4 effectively counteracts
the stimulatory impact of hypoxia on the proliferation,
migration, and invasion of osteosarcoma cells.

MATN4 is co-expressed with HIF-1a and regulated
as a target gene of HIF-1a

HIF-1a is a key gene that is often induced by hypoxia
and plays a central role in regulating complex gene
network, so we speculated that MATN4 was directly
regulated by HIF-1o. HIF-1a motif (Figure 5A) and the
sequence of hypoxia-responsive element (HRE) in the
promoter of MATN4 were obtained from JASPAR.
By comparing the HIF-1a motif to sequence of HRE,
a potential binding site (558 to 567) in the MATN4
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promoter area was predicted to be bound by HIF-1a
(Figure 5B). In order to verify this, we used a pair of
specific primers for RT-gPCR to amplify this sequence
from the ChIP products using anti-lgG and anti-
HIF1a. The results showed that the HIF-lo binding
sequence in the MATN4 promoter area was significantly
amplified in the ChIP products obtained with anti-HIF 1 o..
In contrast, no amplification was observed in the
ChIP products obtained with anti-lgG. This phenomenon
was more pronounced under hypoxic conditions
(Figure 5C). Additionally, we conducted chromatin
immunoprecipitation (CHIP) experiments on HEK293
cells subjected to hypoxic conditions. The obtained
experimental findings indicated that the regulatory
association between MATN4 and HIF-1a was not limited
to a specific cell type (Supplementary Figure 1A). Next,
we knocked down and overexpressed HIF-1o with sh-
HIF1la and Lv-HIFla respectively. The results showed
that HIF-la knockdown significantly decreased the
expression of MATN4 mRNA and protein in 143B and
HOS cells under hypoxia, whereas overexpression of
HIF-1a increased the expression of MATN4 mRNA and
protein (Figure 5D, 5E). Then, Pearson relation analysis
was used to demonstrate co-expression of HIF-1a and
MATN4 in 20 OS samples and the coefficient of
correlation (r-value) was 0.59 (Figure 5F). Furthermore,
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Figure 3. Inhibition of MATNA4 significantly reversed the promoting effects of hypoxia on the proliferation ability of OS cells.
(A, B) RT-qPCR and western blotting were used to detect mRNA and protein expression of MATN4 in OS cells transfected with sh-scramble or
SH-MATN4 under normoxia and hypoxia. (C, D) CCK-8 and EDU assays were used to detect the proliferation ability of OS cells transfected with
sh-scramble or SH-MATN4 at 24h and 48h under normoxia and hypoxia. (E) Colony formation assays were used to detect the colony
formation ability of OS cells transfected with sh-scramble or SH-MATN4 at 24h and 48h under normoxia and hypoxia. *, p <.05; **, p <.01.
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IHC assays were conducted to show similar results
that MATN4 was co-expressed with HIF-1o in OS
tissue samples (Figure 5G). Collectively, these findings
suggest that MATN4 is a target gene of HIF-1a.

Knockdown of HIF-1a reduces the stimulatory effects
of MATN4 overexpression on the proliferation,
migration and invasion of osteosarcoma cells under
hypoxia

To determine whether HIF-lo participates in the
MATN4 regulatory network, we transfected 143B
and HOS cells with both sh-HIF 1o or sh-scramble
and Lv-MATN4 or Vector. Subsequently, the protein
expression of MATN4 and HIF-1o was measured by
western blotting, as the results showed that knockdown
of HIF-1o reduced the expression of MATN4-
overexpressing OS cells under hypoxia and that
overexpression of MATN4 had little effect on HIF-
lo expression (Figure 6A). The results of CCK-8 and
EDU assays showed that overexpression of MATN4
had a significantly promoting effect on proliferation
of OS cells under hypoxia, and this effect was
reduced by HIF-la knockdown (Figure 6B, 6C).
Similarly, knockdown of HIF-1a reduced stimulatory
effects of MATN4 overexpression on colony formation
(Figure 6D). The wound-healing and transwell assays
demonstrated that knockdown of HIF-1a alleviated

the promoting effects on migration and invasion of
OS cells induced by MATN4 overexpression under
hypoxia (Figure 7A, 7B). This evidence indicates
that knockdown of HIF-1a reduces the promoting
effects induced by MATN4 overexpression on the
proliferation, migration and invasion of osteosarcoma
cells under hypoxia.

DISCUSSION

Osteosarcoma (OS) is the most common malignant
bone-related cancer in adolescents and has a complex
heterogeneity [22]. The 5-year overall survival rate
for patients with metastases remains very low, below
30%, which suggests that metastasis is a strong
predictor of the survival of patients with osteosarcoma
[23]. Despite the diligent endeavors of researchers,
the implementation of chemotherapy yielded a notable
enhancement in the 5-year survival rate, yet it failed
to elicit any substantial alteration in overall survival
(OS) subsequently [24]. This suggests that we require a
deeper understanding of the mechanisms underlying the
metastasis of OS. The previous studies have shown that
hypoxia confers a more aggressive phenotype on OS
cells, including higher abilities of proliferation and
metastasis, by activating a cascade of molecular events
partly mediated and regulated by HIF-1a [25, 26].
Although the HIF-1a related regulatory network and its
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effects under hypoxia have been partially revealed, the
network in OS is still limited. Herein, we enriched the
downstream of regulatory network in HIF-1a induced by
hypoxia.

Matrilins, as a member of non-collagenous extracellular
matrix proteins, are believed to act as adaptors in the ECM
assembly, and the interactions between matrilins and ECM
have been extensively investigated. Previous research has
shown that matrilin-1 and matrilin-3 are mainly expressed
in skeletal tissue, whereas matrilin-2 and matrilin-4
have a more widespread expression pattern [15]. These
findings imply the biological functions of matrilin-family
has obvious tissue specificity. For example, Malin et al.
observed wild type mice up-regulated the expression
of matrilin-2 after peripheral nerve injury and matrilin-
2-deficient mice had an inferior recovery after injury,
suggesting a role for matrilin-2 in axonal growth [27].
Uckelmann et al. demonstrated that matrilin-4 regulates
HSC proliferation and expansion in response to inflam-
matory stress, chemotherapy, and transplantation via
CXCR4 signaling [28]. In recent years, there has been a
growing body of research focused on elucidating the role
of matrilins in tumorigenesis. According to Wang and
Zhang et al.’s bioinformatics analysis, the expression of
matrilin-3 was found to be markedly elevated in Gastric
cancer which suggested that matrilin-3 was related to
cancer development and inferior prognostic results [29,
30]. Vincourt et al. found that matrilin-3 is dramatically
increased and improperly localized in cartilaginous tumors,
which downregulates transcription factors SOX9 through
epidermal growth factor domain 1-dependent signaling
[31]. However, the effect of MATN4 on tumors, especially
osteosarcoma, has rarely been studied.
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In our study, we found that MATN4 was related to
both metastasis and hypoxia through bioinformatics
analysis. Subsequently, we proceeded to authenticate
its expression in both osteosarcoma cells and tissues,
thereby implying a potential correlation between the
expression magnitude of MATN4 and the metastatic
potential of osteosarcoma. Notably, MATN4 exhibited a
substantial increase in osteosarcoma cells with a
pronounced ability to metastasize, indicating its potential
contribution to the proliferation and metastasis of osteo-
sarcoma. Consequently, the downregulation of MATN4
resulted in a significant inhibition of proliferation,
migration, and invasion in OS cells under normoxic
conditions. Then we investigated the association between
MATN4 and hypoxia by comparing the alterations in
MATNA4 expression, proliferation, and mobility between
MATN4 knockdown OS cells and normal OS cells
under both normoxic and hypoxic conditions. The
findings from this analysis demonstrated that hypoxia
upregulated the expression of MATN4 and induced
a more aggressive phenotype in OS cells, which was
effectively counteracted by the knockdown of MATN4.
By comparing HIF-1a motif to the sequence of HRE in
the promoter of MATN4, we speculated that HIF-1a
might mediate hypoxia-induced expression of MATN4.
Indeed, we found HIF-1a bound to promoter area and
regulated the expression of MATN4 in OS cells via
RT-gPCR, western blotting and CHIP assays. Similarly,
IHC assays showed that MATN4 was co-expressed with
HIF-1a in OS tissue. Furthermore, to determine whether
MATN4 is involved in the biological function of OS
cells induced by HIF-1a under hypoxia, we performed
knockdown of HIF-1a and overexpression of MATN4
using different combinations. These results indicated
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that knockdown of HIF-1a reduces the stimulatory effects
of MATN4 overexpression on the proliferation, migration
and invasion of osteosarcoma cells under hypoxia.

Previous studies have provided limited understanding of
the signaling pathways involving matrilins, which does
not support further investigation into the molecular
mechanism of MATN4 on OS cells. There are only
a few relevant research studies as follows: Fullar
et al. indicated that lack of matrilin-2 contributes to
development of hepatocellular carcinoma via Erk1/2
and GSK-3p pathways in vivo [32]. Mann et al. showed
that matrilins, with the exception of MATN4, bind
to integrins. The interaction between matrilins and
integrins is relatively weak, and it is unclear whether
this interaction can activate signal transduction and
induce gene expression [33]. Klatt et al. proposed
that matrilin-3, like collagen I, may activate the
mitogen activated protein kinase (MAPK) cascade and
NF-kB signaling via the discoidin domain receptor 2
[34]. Therefore, more subsequent studies should be
performed to reveal the regulatory network associated
with MATN4.

In summary, we have uncovered a novel link between
MATN4 and HIF-1a whereby MATN4 is regulated by
HIF-10 and confers a more aggressive phenotype on OS
cells. Thus, MATN4 may contribute to be a potential
target for OS diagnosis and treatment.

MATERIALS AND METHODS
Cell lines and cell culture

Human normal osteoblasts (hFOB1.19), human bone
marrow-derived mesenchymal stem cells (BMSC),
human osteosarcoma cell lines MG63, U20S, Saos2,
HOS, MNNG/HOS, SJSA-1, 143B were obtained
from American Type Culture Collection (Manassas,
VA., USA). All cells were cultured in Dulbecco’s
Modified Eagle’s Medium (DMEM; Gibco, NY,
USA), supplemented with 10% fetal bovine serum
(FBS; Gibco, NY, USA) and incubated in a humidified
atmosphere at 37° C, under 5% CO;. The normoxic
condition was set at 21% oxygen, while the hypoxic
condition was set at 1% oxygen [35, 36].

Clinical sample collection and tissue ethics

All patients had not received chemotherapy and
radiotherapy before tissue collection. Out of 20 OS
patients, 10 patients had been diagnosed with stage
I-11 (Enneking staging system) and the remaining 10
were had been diagnosed with stage I1-1V (Enneking
staging system). All samples were stored at -80° C
until used for experiments.

Bioinformatics analysis

Gene expression profiles, including 88 OS samples,
were obtained from the TARGET database. Differentially
expressed genes (DEGs) related to hypoxia and
metastasis were identified via the “limma” package
of R software [37, 38]. |logFC| > 1 and adjusted P-
value < 0.05 were considered significant. DEGs were
visualized using a volcano plot, and the overlapping
DEGs between the two sets were compared for further
analysis. Moreover, the HIF-lo. motif was obtained
from JASPAR (http://jaspar.genereg.net/) and statistical
significance was set at P-value < 0.05.

Quantitative real-time PCR (RT-qPCR)

Total RNA was extracted from cultured cells using
TRIzol reagent (Yeasen, Shanghai, China), and the
concentration of total mMRNA was determined by a
nanodrop spectrophotometer. First-strand cDNA was
synthesized with the PrimeScript™ RT Reagent (Thermo
Fisher Scientific, Waltham, MA, USA) according to
the manufacturer’s protocol. Quantitative RT-PCR
amplification of target genes was performed using
SYBR Green Abstract One Step RT-PCR Mix (Sangon
Biotech, Wuhan, China) and using the StepOnePlus
Real-Time PCR system (Applied Biosystems, Waltham,
MA, USA) according to the manufacturer’s protocol,
with B-actin as the reference gene. The primers used
for RT-gPCR were as follows:

CA9 forward: 5'-CTCCTGGGCTAGAGATGGCT-3",
CA9 reverse: 5'-CCAAGGCCTCGTCAACTCTG-3';
Tp53 forward: 5-TCATACTGCTGAGCACTCCAA-3',
Tp53 reverse: 5S-TCAGAACCGAGTGCATGTGAA-3,
MATN4 forward: 5'-GTCCCCCAAATCAGTGGAGG-
3

MATN4 reverse: 5-GGTGTGGGGTAAGTGACTCG-

3"

HIFloa forward: 5'-GAACGTCGAAAAGAAAAGTCT
CG-3;

HIFla reverse: 5-CCTTATCAAGATGCGAACTCAC
A-3';

B-actin forward: 5'-CATGTACGTTGCTATCCAGGC-
3
B-actin reverse: 5'-CATGTACGTTGCTATCCAGGC-3'.

Immunohistochemistry (IHC)

The expression of MATN4 and HIF-1a was detected
by immunohistochemistry in OS tissue. Briefly, OS
tissue slices that had been fixed with formaldehyde
polymer and embedded in paraffin were successively
deparaffinized in xylene and rehydrated in a gradient
of ethanol. Antigen retrieval was performed by citrate
salts (pH 6.0). Slices were incubated with 3% H.0;
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in order to inactivate endogenous peroxidase activity
and then blocked by 5% bovine serum albumin.
Primary antibodies to HIF-1a (1:100; Cat No: 20960-
1-AP, Proteintech, China) and MATN 4 (1:50; Cat
No: BS71761, Bioworld, China) were incubated with
sections at 4° C overnight. After washed by phosphate-
buffered saline (PBS), the sections were incubated with
corresponding secondary antibodies for 1 hour, and then
stained with DAB.

Western blotting

The cell lysates were prepared using RIPA lysis buffer
(Nanjing Jiancheng Bioengineering Institute, Nanjing,
China) supplemented with 1/100 phenylmethanesulfonyl
fluoride (Nanjing Jiancheng Bioengineering Institute)
as protease inhibitors. Protein concentration was then
quantified using a BCA Protein Assay Kit (Thermo
Fisher Scientific, Waltham, MA, USA). Protein
samples were separated by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) using
a 5% concentrated gel and a 12% separation gel,
and then transferred onto a polyvinylidene fluoride
membrane (Millipore, St Louis, MO, USA). Membranes
were blocked in a TBST solution containing 5% skim
milk at room temperature for 2 hours, and subsequently
incubated overnight at 4° C with the appropriate primary
antibodies: anti-MATN4 antibody (1:2000; Cat No:
BS7176, Bioworld), anti-HIF-1a antibody (1:1000; Cat
No: 20960-1-AP, Proteintech) and B-actin (1:10,000;
Cat No: AC026, ABclonal, Wuhan, China). After
washing with TBST for three times, the membranes
were incubated with horseradish peroxidase-conjugated
secondary antibodies at room temperature for 2 hours.
Finally, protein bands were detected using chemi-
luminescence and analyzed with ImageJ. The detection
of B-actin on the same membrane was used as a loading
control.

Cell transfection

Human MATN4-targeting short  hairpin - RNA
oligonucleotide sequences (SH-MATN4), HIF-1o-
targeting short hairpin RNA oligonucleotide sequences
(sh-HIF1a), and corresponding scramble shRNA (sh-
scramble) as negative control were designed and
synthesized by GeneChem (Shanghai, China). The
sequence of SH1-MATN4 and SH2-MATN4 were
5'-GAGGAUUUAUGUUCUUCUA-3', 5-GAGCAA
GACUCUAUCUAAA-3', respectively. The sequence
of sh-HIFla and the corresponding sh-scramble
were 5-GGUCAGGAGUUCAAGACAA-3' and 5'-
UUCUCCGAACGUGUCACGU-3', respectively. The
MATN4-overexpression lentivirus (Lv-MATN4) and
HIF 1a-overexpression lentivirus (Lv-HIF1la) were
obtained from GeneCopoeia (Rockville, MD, USA),

and the empty vector (Vector) was used as a negative
control. Polybrene (Thermo Fisher Scientific) and
Lipo2000 (Thermo Fisher Scientific) were used
for lentiviral transduction and shRNA transfection,
respectively. Overexpression cell lines were selected
for 2 weeks with 1.0 pug/ml puromycin after 72 h of
transduction.

Cell counting kit-8 assay

Cell counting kit-8 (Dojindo Laboratories, Kumamoto,
Japan) was used to detect cell proliferation behavior of
143B and HOS. In brief, cells were seeded at a density
of 3x1073 cells per well in a 96-well plate and cultured
at 37° C in 5% CO; under normoxia or hypoxia. After
24 and 48 hours, medium was removed and 100 pl of
fresh culture medium containing 10 pl of CCK8 reagent
was added to each well, then incubated for 2 h at 37° C.
Finally, OD value was detected at 450 nm wavelength
in each well.

5-Ethynyl-2’-deoxyuridine (EDU) assay

The EDU assay was performed using a BeyoClick EdU-
488 Proliferation Detection Kit (Beyotime, Shanghai,
China). Briefly, while the OS cells were adhering to the
6-well plate, the primary medium was removed. Then
an equal volume of fresh medium and 2X EDU working
solution were added to each well and cells were
cultured at 37° C for 2 hours. Fixation was performed
at room temperature with 4% paraformaldehyde for 15
minutes, followed by incubation with PBS containing
0.3% Triton X-100 (Boster, Wuhan, China) at room
temperature for 10 minutes. After adding 500 pl of
Click Additive Solution to each well, the OS cells were
incubated in a dark place for 30 minutes and then
stained with DAPI for 10 minutes. The proportion of
EDU-positive cells was subsequently determined using
fluorescence microscopy.

Colony formation assay

OS cells were seeded into six-well plates (1x103 cells/
well) and cultured under normoxia or hypoxia. After
two weeks, cells were fixed with 4% paraformaldehyde
at room temperature for 30 minutes, and subsequently
stained with 0.1% crystal violet dye. Colonies with an
area >10 mm? were counted.

Transwell assay

Transwell assay was performed using transwell
chambers (8 pum pores, BD Biosciences, Franklin
Lakes, NJ, USA), which were pre-coated with
Matrigel (BD Biosciences, San Jose, CA, USA). Cells
undergoing logarithmic growth were digested with
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trypsin, and then resuspended in serum-free culture
medium. Next, 200 ul of cell suspension containing
10,000 OS cells was placed into the upper chambers
and added 700 pl DMEM medium containing 20%
FBS to the lower chamber. Transwell plates were
incubated at 37° C for 24 hours. Then, upper surface
cells of chamber were wiped out, and fixed with 4%
paraformaldehyde at room temperature for 20 minutes,
subsequently stained with 0.1% crystal violet dye,
and counted under a microscope. Three independent
experiments were performed.

Wound healing assay

OS cells were harvested and planted into 6-well plates
until confluency reached 90%. Prior to scratching,
cells were pretreated with 10 pg/ml mitomycin C for
30 min. Then, a 200 pL sterilized tip was used to
create a wound. After washing the floating cells 3
times with PBS, FBS-free medium was added to each
well. The scratches were photographed at 0 and 24 h.
The percentage of the wound healing was measured
using Image Pro Plus software [39].

Chromatin immunoprecipitation (ChlIP)

The ChIP assay was performed using the MAGnify™
Chromatin  Immunoprecipitation System (Thermo
Fisher Scientific) according to the manufacturer’s
instructions. In brief, 143B and HOS cells were
cultured under normoxia and hypoxia. The OS cells
were crosslinked with formaldehyde to preserve the
chromatin structure, incubated with Lysis Buffer
containing protease inhibitors, and then disrupted by
sonicator. Notably, samples should be kept cool on
ice throughout the entire process to prevent protein
degradation or reversal of crosslinks. After the samples
were centrifuged, the supernatant was collected and
then incubated with anti-HIF1a or anti-lgG overnight
at 4° C. Next, the samples were immunoprecipitated
using Dynabeads. After washing and reversing the
crosslinking, the immunoprecipitated products were
detected by RT-qPCR.

Statistical analysis

Prism v 7.0 (GraphPad Inc., La Jolla, CA, USA) was
utilized for statistical analysis. The statistical method
of Pearson correlation was employed to determine the
correlation between relative expression of MATN4
and HIF-1a, and significance was defined as r > 0.4
and p < 0.05. The difference within two groups was
carried out using unpaired t-test. And the difference
within multiple groups using one-way ANOVA,
followed by a post-hoc Tukey’s test. p < 0.05 was
considered statistically significant.

AUTHOR CONTRIBUTIONS

Zhirui Zeng, Houping Chen and Xiacobin Tian designed
the experiments. Lu Zhang, Yujie Pan, Feng Pan and
Songsong Huang performed the experiments. Lu Zhang
and Fengyan Wang analyzed and deduced the results.
All the authors read the manuscript and agreed to it.

CONFLICTS OF INTEREST

The authors declare that they have no conflicts of
interest.

ETHICAL STATEMENT AND CONSENT

A total of 20 pairs of clinical OS tissue and adjacent
non-cancerous bone tissue recruited in the present study
were collected from Qian Xi Nan People’s Hospital
from March 2022 to May 2023, authorized by the
Human Ethics Committee of Qian Xi Nan People’s
Hospital (approval number: 2022-1-S-001). The use of
OS samples was performed according to the tenets of
the Declaration of Helsinki and all donor patients signed
written informed consent forms.

FUNDING

The present study was funded by the Guizhou Provincial
Health Commission (gzwkj2023-170, gzwkj2024-397)
and the Department of Science and Technology of
Guizhou ([2022]232).

REFERENCES

1. Mirabello L, Troisi RJ, Savage SA. Osteosarcoma
incidence and survival rates from 1973 to 2004: data
from the Surveillance, Epidemiology, and End Results
Program. Cancer. 2009; 115:1531-43.
https://doi.org/10.1002/cncr.24121 PMID:19197972

2. ZhengZ, Wei X, LinY, TaoS, Li H, Ji Z, Wei H, Jin J, Zhao
F, Lang C, Liu J, Chen J. In vivo therapy of osteosarcoma
using anion transporters-based supramolecular drugs. J
Nanobiotechnology. 2024; 22:29.
https://doi.org/10.1186/s12951-023-02270-x
PMID:38216937

3. Luetke A, Meyers PA, Lewis |, Juergens H.
Osteosarcoma treatment - where do we stand? A state
of the art review. Cancer Treat Rev. 2014; 40:523-32.
https://doi.org/10.1016/j.ctrv.2013.11.006
PMID:24345772

4. Mirabello L, Troisi RJ, Savage SA. International
osteosarcoma incidence patterns in children and
adolescents, middle ages and elderly persons. Int J
Cancer. 2009; 125:229-34.

WWW.aging-us.com

AGING


https://doi.org/10.1002/cncr.24121
https://pubmed.ncbi.nlm.nih.gov/19197972
https://doi.org/10.1186/s12951-023-02270-x
https://pubmed.ncbi.nlm.nih.gov/38216937
https://doi.org/10.1016/j.ctrv.2013.11.006
https://pubmed.ncbi.nlm.nih.gov/24345772

10.

11.

12.

13.

https://doi.org/10.1002/ijc.24320
PMID:19330840

Gorlick R, Janeway K, Lessnick S, Randall RL, Marina N,
and COG Bone Tumor Committee. Children’s Oncology
Group’s 2013 blueprint for research: bone tumors.
Pediatr Blood Cancer. 2013; 60:1009-15.
https://doi.org/10.1002/pbc.24429 PMID:23255238

Kayton ML, Huvos AG, Casher J, Abramson SJ, Rosen
NS, Wexler LH, Meyers P, LaQuaglia MP. Computed
tomographic scan of the chest underestimates the
number of metastatic lesions in osteosarcoma. J
Pediatr Surg. 2006; 41:200-6.
https://doi.org/10.1016/j.jpedsurg.2005.10.024
PMID:16410133

Span PN, Bussink J. Biology of hypoxia. Semin Nucl
Med. 2015; 45:101-9.
https://doi.org/10.1053/j.semnuclmed.2014.10.002
PMID:25704383

Wang D, Zhao C, Xu F, Zhang A, Jin M, Zhang K, Liu L,
Hua Q, Zhao J, Liu J, Yang H, Huang G. Cisplatin-
resistant NSCLC cells induced by hypoxia transmit
resistance to sensitive cells through exosomal PKM2.
Theranostics. 2021; 11:2860-75.
https://doi.org/10.7150/thno.51797 PMID:33456577

Ke Q, Costa M. Hypoxia-inducible factor-1 (HIF-1). Mol
Pharmacol. 2006; 70:1469-80.
https://doi.org/10.1124/mol.106.027029
PMID:16887934

Nepal M, Choi HJ, Choi BY, Kim SL, Ryu JH, Kim DH, Lee
YH, Soh Y. Anti-angiogenic and anti-tumor activity of
Bavachinin by targeting hypoxia-inducible factor-la.
Eur J Pharmacol. 2012; 691:28-37.
https://doi.org/10.1016/j.ejphar.2012.06.028
PMID:22760073

Bristow RG, Hill RP. Hypoxia and metabolism. Hypoxia,
DNA repair and genetic instability. Nat Rev Cancer.
2008; 8:180-92.

https://doi.org/10.1038/nrc2344

PMID:18273037

Ouyang Y, Li H, Bu J, Li X, Chen Z, Xiao T. Hypoxia-
inducible factor-1 expression predicts osteosarcoma
patients’ survival: a meta-analysis. Int J Biol Markers.
2016; 31:e229-34.
https://doi.org/10.5301/jbm.5000216
PMID:27312586

Guan G, Zhang Y, Lu Y, Liu L, Shi D, Wen Y, Yang L, Ma
Q, Liu T, Zhu X, Qiu X, Zhou Y. The HIF-10/CXCR4
pathway supports hypoxia-induced metastasis of

14.

15.

16.

17.

18.

19.

20.

21.

Yang QC, Zeng BF, Dong Y, Shi ZM, Jiang ZM, Huang J.
Overexpression of hypoxia-inducible factor-lalpha in
human osteosarcoma: correlation with
clinicopathological parameters and survival outcome.
JpnJ Clin Oncol. 2007; 37:127-34.
https://doi.org/10.1093/jjco/hyl137 PMID:17237146

Klatt AR, Becker AK, Neacsu CD, Paulsson M, Wagener
R. The matrilins: modulators of extracellular matrix
assembly. Int J Biochem Cell Biol. 2011; 43:320-30.
https://doi.org/10.1016/j.biocel.2010.12.010
PMID:21163365

Wagener R, Ehlen HW, Ko YP, Kobbe B, Mann HH,
Sengle G, Paulsson M. The matrilins--adaptor proteins
in the extracellular matrix. FEBS Lett. 2005; 579:3323—
9.

https://doi.org/10.1016/].febslet.2005.03.018
PMID:15943978

Klatt AR, Klinger G, Paul-Klausch B, Kiihn G, Renno JH,
Wagener R, Paulsson M, Schmidt J, Malchau G,
Wielckens K. Matrilin-3 activates the expression of
osteoarthritis-associated genes in primary human
chondrocytes. FEBS Lett. 2009; 583:3611-7.
https://doi.org/10.1016/j.febslet.2009.10.035
PMID:19840795

Sharma MK, Watson MA, Lyman M, Perry A, Aldape
KD, Deak F, Gutmann DH. Matrilin-2 expression
distinguishes clinically relevant subsets of pilocytic
astrocytoma. Neurology. 2006; 66:127-30.
https://doi.org/10.1212/01.wnl.0000188667.66646.1c
PMID:16401863

Czarnecka AM, Synoradzki K, Firlej W, Bartnik E,
Sobczuk P, Fiedorowicz M, Grieb P, Rutkowski P.
Molecular Biology of Osteosarcoma. Cancers (Basel).
2020; 12:2130.
https://doi.org/10.3390/cancers12082130
PMID:32751922

Okuno K, Matsubara T, Nakamura T, lino T, Kakimoto T,
Asanuma K, Matsumine A, Sudo A. Carbonic anhydrase
IX enhances tumor cell proliferation and tumor
progression in osteosarcoma. Onco Targets Ther. 2018;
11:6879-86.

https://doi.org/10.2147/0TT1.5177605 PMID:30349321

Perut F, Carta F, Bonuccelli G, Grisendi G, Di Pompo G,
Avnet S, Sbrana FV, Hosogi S, Dominici M, Kusuzaki K,
Supuran CT, Baldini N. Carbonic anhydrase IX inhibition
is an effective strategy for osteosarcoma treatment.
Expert Opin Ther Targets. 2015; 19:1593-605.
https://doi.org/10.1517/14728222.2016.1086339
PMID:26357839

human osteosarcoma cells. Cancer Lett. 2015;

357:254-64. 22. Liu W, Zhao Y, Wang G, Feng S, Ge X, Ye W, Wang Z,

https://doi.org/10.1016/j.canlet.2014.11.034 Zhu Y, Cai W, Bai J, Zhou X. TRIM22 inhibits

PMID:25444927 osteosarcoma progression through destabilizing NRF2
Www.aging-us.com 12 AGING


https://doi.org/10.1002/ijc.24320
https://pubmed.ncbi.nlm.nih.gov/19330840
https://doi.org/10.1002/pbc.24429
https://pubmed.ncbi.nlm.nih.gov/23255238
https://doi.org/10.1016/j.jpedsurg.2005.10.024
https://pubmed.ncbi.nlm.nih.gov/16410133
https://doi.org/10.1053/j.semnuclmed.2014.10.002
https://pubmed.ncbi.nlm.nih.gov/25704383
https://doi.org/10.7150/thno.51797
https://pubmed.ncbi.nlm.nih.gov/33456577
https://doi.org/10.1124/mol.106.027029
https://pubmed.ncbi.nlm.nih.gov/16887934
https://doi.org/10.1016/j.ejphar.2012.06.028
https://pubmed.ncbi.nlm.nih.gov/22760073
https://doi.org/10.1038/nrc2344
https://pubmed.ncbi.nlm.nih.gov/18273037
https://doi.org/10.5301/jbm.5000216
https://pubmed.ncbi.nlm.nih.gov/27312586
https://doi.org/10.1016/j.canlet.2014.11.034
https://pubmed.ncbi.nlm.nih.gov/25444927
https://doi.org/10.1093/jjco/hyl137
https://pubmed.ncbi.nlm.nih.gov/17237146
https://doi.org/10.1016/j.biocel.2010.12.010
https://pubmed.ncbi.nlm.nih.gov/21163365
https://doi.org/10.1016/j.febslet.2005.03.018
https://pubmed.ncbi.nlm.nih.gov/15943978
https://doi.org/10.1016/j.febslet.2009.10.035
https://pubmed.ncbi.nlm.nih.gov/19840795
https://doi.org/10.1212/01.wnl.0000188667.66646.1c
https://pubmed.ncbi.nlm.nih.gov/16401863
https://doi.org/10.3390/cancers12082130
https://pubmed.ncbi.nlm.nih.gov/32751922
https://doi.org/10.2147/OTT.S177605
https://pubmed.ncbi.nlm.nih.gov/30349321
https://doi.org/10.1517/14728222.2016.1086339
https://pubmed.ncbi.nlm.nih.gov/26357839

23.

24,

25.

26.

27.

28.

29.

and thus activation of ROS/AMPK/mTOR/autophagy
signaling. Redox Biol. 2022; 53:102344.
https://doi.org/10.1016/j.redox.2022.102344
PMID:35636015

Bielack SS, Kempf-Bielack B, Delling G, Exner GU,
Flege S, Helmke K, Kotz R, Salzer-Kuntschik M,
Werner M, Winkelmann W, Zoubek A, Jirgens H,
Winkler K. Prognostic factors in high-grade
osteosarcoma of the extremities or trunk: an analysis
of 1,702 patients treated on neoadjuvant cooperative
osteosarcoma study group protocols. J Clin Oncol.
2002; 20:776-90.
https://doi.org/10.1200/JC0.2002.20.3.776
PMID:11821461

Zhu T, Han J, Yang L, Cai Z, Sun W, Hua Y, Xu J. Immune
Microenvironment in Osteosarcoma: Components,
Therapeutic Strategies and Clinical Applications. Front
Immunol. 2022; 13:907550.
https://doi.org/10.3389/fimmu.2022.907550
PMID:35720360

Li Y, Zhang W, Li S, Tu C. Prognosis value of Hypoxia-
inducible factor-la expression in patients with bone
and soft tissue sarcoma: a meta-analysis. Springerplus.
2016; 5:1370.
https://doi.org/10.1186/s40064-016-3064-x
PMID:27606158

Zhang B, Li YL, Zhao JL, Zhen O, Yu C, Yang BH, Yu XR.
Hypoxia-inducible factor-1 promotes cancer
progression through activating AKT/Cyclin D1 signaling
pathway in osteosarcoma. Biomed Pharmacother.
2018; 105:1-9.
https://doi.org/10.1016/j.biopha.2018.03.165
PMID:29807229

Malin D, Sonnenberg-Riethmacher E, Guseva D,
Wagener R, Aszddi A, Irintchev A, Riethmacher D. The
extracellular-matrix protein matrilin 2 participates in
peripheral nerve regeneration. J Cell Sci. 2009;
122:995-1004.

https://doi.org/10.1242/jcs.040378 PMID:19295126

Uckelmann H, Blaszkiewicz S, Nicolae C, Haas S, Schnell
A, Wurzer S, Wagener R, Aszodi A, Essers MA.
Extracellular matrix protein Matrilin-4 regulates stress-
induced HSC proliferation via CXCR4. J Exp Med. 2016;
213:1961-71.

https://doi.org/10.1084/jem.20151713
PMID:27573814

Wang P, Xiao WS, Li YH, Wu XP, Zhu HB, Tan YR.
Identification of MATN3 as a Novel Prognostic
Biomarker for Gastric Cancer through Comprehensive
TCGA and GEO Data Mining. Dis Markers. 2021;
2021:1769635.
https://doi.org/10.1155/2021/1769635
PMID:34900024

30.

3L

32.

33.

34,

35.

36.

37.

Zhang C, Liang Y, Ma MH, Wu KZ, Dai DQ. KRT15,
INHBA, MATN3, and AGT are aberrantly methylated
and differentially expressed in gastric cancer and
associated with prognosis. Pathol Res Pract. 2019;
215:893-9.

https://doi.org/10.1016/j.prp.2019.01.034
PMID:30718100

Vincourt JB, Vignaud JM, Lionneton F, Sirveaux F,
Kawaki H, Marchal S, Lomazzi S, Plénat F, Guillemin F,
Netter P, Takigawa M, Mainard D, Magdalou J.
Increased expression of matrilin-3 not only in
osteoarthritic articular cartilage but also in cartilage-
forming tumors, and down-regulation of SOX9 via
epidermal growth factor domain 1-dependent
signaling. Arthritis Rheum. 2008; 58:2798-808.
https://doi.org/10.1002/art.23761 PMID:18759284

Fullar A, Baghy K, Dedk F, Péterfia B, Zsak Y, Tatrai P,
Schaff Z, Dudas J, Kiss |, Kovalszky I. Lack of Matrilin-2
favors liver tumor development via Erk1/2 and GSK-33
pathways in vivo. PLoS One. 2014; 9:e93469.
https://doi.org/10.1371/journal.pone.0093469
PMID:24691449

Mann HH, Sengle G, Gebauer JM, Eble JA, Paulsson M,
Wagener R. Matrilins mediate weak cell attachment
without promoting focal adhesion formation. Matrix
Biol. 2007; 26:167-74.
https://doi.org/10.1016/j.matbio.2006.10.010
PMID:17156989

Klatt AR, Zech D, Kihn G, Paul-Klausch B, Klinger G,
Renno JH, Schmidt J, Malchau G, Wielckens K. Discoidin
domain receptor 2 mediates the collagen ll-dependent
release of interleukin-6 in  primary human
chondrocytes. J Pathol. 2009; 218:241-7.
https://doi.org/10.1002/path.2529 PMID:19267386

Yang R, Chen H, Xing L, Wang B, Hu M, Ou X, Chen H,
Deng Y, Liu D, lJiang R, Chen J. Hypoxia-induced
circWSB1 promotes breast cancer progression through
destabilizing p53 by interacting with USP10. Mol
Cancer. 2022; 21:88.
https://doi.org/10.1186/s12943-022-01567-z
PMID:35351136

Zhang H, Zhao X, Guo Y, Chen R, He J, Li L, Qiang Z,
Yang Q, Liu X, Huang C, Lu R, Fang J, Cao Y, et al.
Hypoxia regulates overall mRNA homeostasis by
inducing Met1-linked linear ubiquitination of AGO2 in
cancer cells. Nat Commun. 2021; 12:5416.
https://doi.org/10.1038/s41467-021-25739-5
PMID:34518544

Chen X, Jiang X, Wang H, Wang C, Wang C, Pan C, Zhou
F, Tian J, Niu X, Nie Z, Chen W, Huang X, Pu J, Li C. DNA
methylation-regulated SNX20 overexpression
correlates with poor prognosis, immune cell
infiltration, and low-grade glioma progression. Aging

WWwWw.aging-us.com

13

AGING


https://doi.org/10.1016/j.redox.2022.102344
https://pubmed.ncbi.nlm.nih.gov/35636015
https://doi.org/10.1200/JCO.2002.20.3.776
https://pubmed.ncbi.nlm.nih.gov/11821461/
https://doi.org/10.3389/fimmu.2022.907550
https://pubmed.ncbi.nlm.nih.gov/35720360
https://doi.org/10.1186/s40064-016-3064-x
https://pubmed.ncbi.nlm.nih.gov/27606158
https://doi.org/10.1016/j.biopha.2018.03.165
https://pubmed.ncbi.nlm.nih.gov/29807229
https://doi.org/10.1242/jcs.040378
https://pubmed.ncbi.nlm.nih.gov/19295126
https://doi.org/10.1084/jem.20151713
https://pubmed.ncbi.nlm.nih.gov/27573814
https://doi.org/10.1155/2021/1769635
https://pubmed.ncbi.nlm.nih.gov/34900024
https://doi.org/10.1016/j.prp.2019.01.034
https://pubmed.ncbi.nlm.nih.gov/30718100
https://doi.org/10.1002/art.23761
https://pubmed.ncbi.nlm.nih.gov/18759284
https://doi.org/10.1371/journal.pone.0093469
https://pubmed.ncbi.nlm.nih.gov/24691449
https://doi.org/10.1016/j.matbio.2006.10.010
https://pubmed.ncbi.nlm.nih.gov/17156989
https://doi.org/10.1002/path.2529
https://pubmed.ncbi.nlm.nih.gov/19267386
https://doi.org/10.1186/s12943-022-01567-z
https://pubmed.ncbi.nlm.nih.gov/35351136
https://doi.org/10.1038/s41467-021-25739-5
https://pubmed.ncbi.nlm.nih.gov/34518544/

38.

(Albany NY). 2022; 14:5211-22.
https://doi.org/10.18632/aging.204144
PMID:35771139

Xu W, Li H, Hameed Y, Abdel-Maksoud MA, Almutairi
SM, Mubarak A, Aufy M, Alturaiki W, Alshalani AJ,
Mahmoud AM, Li C. Elucidating the clinical and
immunological value of m6A regulator-mediated
methylation modification patterns in adrenocortical
carcinoma. Oncol Res. 2023; 31:819-31.

39.

https://doi.org/10.32604/0r.2023.029414

PMID:37547754

Wang J, Yuan Y, Tang L, Zhai H, Zhang D, Duan L, Jiang
X, Li C. Long Non-Coding RNA-TMPO-AS1 as ceRNA
Binding to let-7c-5p Upregulates STRIP2 Expression and
Predicts Poor Prognosis in Lung Adenocarcinoma.
Front Oncol. 2022; 12:921200.
https://doi.org/10.3389/fonc.2022.921200

PMID:35774125

WWwWw.aging-us.com

14

AGING


https://doi.org/10.18632/aging.204144
https://pubmed.ncbi.nlm.nih.gov/35771139
https://doi.org/10.32604/or.2023.029414
https://pubmed.ncbi.nlm.nih.gov/37547754
https://doi.org/10.3389/fonc.2022.921200
https://pubmed.ncbi.nlm.nih.gov/35774125

SUPPLEMENTARY MATERIALS
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Supplementary Figure 1. (A) ChIP was conducted in HEK293 cells to confirm the regulatory interaction between MATN4 and HIF-1a is not
exclusive to osteosarcoma cells. (B) Following the downregulation of MATN4, the expression levels of PCNA and Ki67 in 143B and HOS cells
were quantified using RT-qPCR.
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