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Abstract: Objectives: CCCTC-binding factor (CTCF) is a candidate tumor regulatory gene that encodes multifunc-
tional transcription factors. While its role in various cancers has been studied, its function and mechanism in
osteosarcoma were uncertain. Previous studies have identified splicing factor proline and glutamine-rich (SFPQ)
as an oncogene in osteosarcoma. Bioinformatic analysis suggested that CTCF may regulate SFPQ transcriptionally.
This study aimed to elucidate the role of CTCF in osteosarcoma and explore its possible regulatory relationship with
SFPQ. Methods: Potential transcription factors of SFPQ were identified using an online transcription factor analysis
database. The expression levels of CTCF in osteosarcoma cells were assessed using quantitative real-time PCR
(qRT-PCR) and western blotting (WB). The effect of CTCF and SFPQ on osteosarcoma cell behavior was evaluated
through cell function assays, dual-luciferase reporter assays, and rescue experiments. Results: Database analy-
ses (hTFtarget and GEPIA2) indicated a moderate correlation between CTCF and SFPQ. gRT-PCR and WB results
confirmed significant CTCF expression in osteosarcoma cells. Overexpression of CTCF enhanced cell proliferation,
migration, and invasion. Furthermore, CTCF was found to bind to the promoter region of SFPQ, leading to its up-
regulation. Rescue experiments demonstrated that SFPQ knockdown attenuated the oncogenic effects of CTCF
overexpression. Conclusions: CTCF functions as an oncogene in osteosarcoma by positively regulating SFPQ expres-
sion, thereby promoting the malignant properties of osteosarcoma cells. These findings suggest that targeting the
CTCF-SFPQ axis may be a therapeutic strategy for osteosarcoma.
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Introduction early metastasis, making it a leading cause of

cancer-related mortality among teenagers [4].

Osteosarcoma (0S) is the most common pri-
mary malignant bone tumor, followed by
Ewing’'s sarcoma and chondrosarcoma. It pri-
marily arises in the metaphysis of long bones
[1]. The incidence of OS peaks at two distinct
age periods: the first during adolescence, the
primary age group affected, and the second in
individuals over 65 years old [2, 3]. OS is highly
aggressive, rapidly progressive, and prone to

The gold standard for diagnosing osteosar-
coma remains tissue biopsy [5]. Common sero-
logical markers, such as alkaline phosphatase
and lactate dehydrogenase, are frequently
used; however, their clinical utility is limited due
to poor sensitivity and specificity [6]. Advanc-
es in medical technology have significantly
improved the 5-year survival rate for non-meta-
static OS, increasing it from 20% to 70% [2].
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However, the prognosis for patients with meta-
static, recurrent, or chemotherapy-resistant 0S
remains poor, with the 5-year survival rate still
critically low. Given these challenges, under-
standing the biological mechanisms underly-
ing osteosarcoma progression is essential.
Identifying effective therapeutic targets and
biomarkers for early detection could significant-
ly improve clinical outcome and allow targeted
treatment.

Splicing factor proline and glutamine rich
(SFPQ) is primarily localized in the nucleus and
plays a crucial role in various nuclear functions,
including RNA transport, DNA repair, splicing,
and transcriptional regulation [7]. Previous
studies have shown that SFPQ’s structural
domains can bind to the promoters of multiple
genes and regulate transcription, demonstrat-
ing the ability to interact with both DNA and
RNA [8, 9]. Proteomic research has identified
SFPQ as being highly abundant in sarcoma
cells, suggesting a role in tumorigenesis when
compared to non-malignant mesenchymal
cells [10]. Our recent findings indicate that
SFPQ is highly expressed in osteosarcoma
cells and tissues. Functional experiments
revealed that SFPQ knockdown significantly
reduced osteosarcoma cell migration, invasion,
and proliferation, whereas SFPQ overexpres-
sion enhanced these oncogenic properties,
reinforcing its role in osteosarcoma progres-
sion [11]. However, the precise mechanisms
underlying SFPQ regulation in osteosarcoma,
particularly its upstream regulatory factors,
remain to be fully elucidated.

The CCCTC-binding factor (CTCF) plays a diver-
se range of regulatory roles in physiologic pro-
cesses, including genome organization, en-
hancer blocking, DNA methylation, imprinting,
and transcriptional control. It is a highly con-
served transcription factor characterized by 11
zinc fingers [12]. The Encyclopedia of DNA
Elements (ENCODE) project has identified
widely distributed CTCF binding sites across
different cell types and revealed distinct differ-
ences in CTCF binding patterns between nor-
mal and tumor cells [13]. Additionally, CTCF is a
key component of chromatin’s three-dimen-
sional structure, contributing to the formation
of chromatin loops and topologically associat-
ed domains (TADs) [12, 14, 15]. By regulating
chromosome architecture, CTCF plays a crucial
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role in gene expression and protein translation,
significantly influencing tumor development
and progression [16].

Studies have shown that mutations in CTCF can
disrupt its ability to bind DNA, impairing its
genomic recognition and leading to malignant
tumor development [17]. Indeed, CTCF muta-
tions have been identified in various cancers,
including liver, breast, lung, and prostate can-
cer, where they influence the growth and prolif-
eration of malignant cells by altering transcrip-
tional regulation [18-21]. Interestingly, high lev-
els of CTCF expression have been detected in
the exosomes of drug-resistant osteosarcoma
cells. Research suggests that CTCF can acti-
vate autophagy-dependent pathways, thereby
enhancing cisplatin resistance in osteosarco-
ma cells [22]. However, the specific role of CTCF
in osteosarcoma progression remains largely
unexplored. In this study, we aim to investiga-
te the transcriptional regulation of SFPQ by
CTCF in osteosarcoma through in vitro experi-
ments. Additionally, we seek to determine how
CTCF-mediated regulation of SFPQ influences
osteosarcoma cell invasion, migration, and
proliferation.

Materials and methods
Relevance analysis

To analyze the relevance of CTCF and SFPQ,
we used the hTFtarget (Database of Human
Transcription Factor Targets). By accessing the
database (https://guolab.wchscu.cn), we en-
tered “SFPQ” in the “Target” search page and
selected “Details” in the CTCF column. This
provided the binding site of SFPQ within the
CTCF sequence. For correlation analysis, we
used the GEPIA (Gene Expression Profiling
Interactive Analysis) database (http://gepia.
cancer-pku.cn). By selecting the “Correlation
Analysis” tool, we input “CTCF” and “SFPQ”,
then chose “SARC tumor”, obtaining the corre-
lation analysis between CTCF and SFPQ.

Additionally, in the GEPIA2 database (http://
gepia2.cancer-pku.cn), we searched for “CTCF”
to assess its pan-cancer expression profile.

Cells and cell culture

The osteosarcoma cell lines used in this ex-
periment included HOS, 143B, U20S, and
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Table 1. Primers used for qRT-PCR analysis

Gene Sequence (5’ to 3’)

CTCF-F 5-CAGTGGAGAATTGGTTCGGCA-3’
CTCF-R 5’-CTGGCGTAATCFCACATGGA-3’
SFPQ-F 5’-TCCACACCAACAGCAGCAACAG-3’
SFPQ-R 5’-GCAACGACGGGCTTGGAAGAG-3’

GAPDH-F 5’-CAGGAGGCATTGCTGATGAT-3’
GAPDH-R 5’-GAAGGCTGGGGCTCATTT-3’

Table 2. All siRNAs used for cell transfection

siRNA Sequence (5’ to 37)

NC sense 5’-UUCUCCGAACGUGGUCACGUTT-3’
NC antisense 5’-ACGUGACACGUUCGGAGAATT-3’
si-1 sense 5-GGUCUGCUAUCAGAGGUUATT-3’
si-1 antisense 5’-UAACCUCUGAUAGCAGACCTT-3’
si-2 sense 5’-GUGCAAUUGAGAACAUUAUTT-3’
si-2 antisense 5’-AUAAUGUUCUCAAUUGCACTT-3’
si-3 sense 5-GGUGGAGACACUAGAACAATT-3’
si-3 antisense 5-UUGUUCUAGUGUCUCCACCTT-3’

MG63, along with normal human osteoblasts
(hFOB1.19). All cell lines were purchased from
the Shanghai Cell Bank of the Chinese Acade-
my of Sciences.

Cell culture media were prepared using fetal
bovine serum (FBS) and complete medium,
with specific conditions for each cell line. For
hFOB1.19 (human osteoblast cell line), we cul-
tured in D-MEM/F-12 medium supplemented
with 12% FBS. For HOS and MG63 (osteosar-
coma cell lines) , we cultured in DMEM medium
supplemented with 10% FBS. For U20S
cell line, we cultured in McCoy’s 5A medium
supplemented with 10% FBS. For143B cell
line, we cultured in RPMI 1640 medium supple-
mented with 10% FBS. All cell lines were vali-
dated using short tandem repeat (STR) profiling
and tested negative for mycoplasma contami-
nation. hFOB1.19 osteoblasts were maintained
at 33.5°C with 5% CO,, while osteosarcoma
cells were kept at 37°C with 5% CO.,,.

Quantitative real-time PCR

Total RNA was extracted from cells cultured in
Petri dishes using RNA-easy reagent (Vazyme,
China). cDNA synthesis was performed using
the PrimeScriptt™ RT Master Mix (TaKaRa,
Japan), following the manufacturer’s instruc-
tions.
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Quantitative real-time PCR (gRT-PCR) was con-
ducted to analyze target gene expression levels
using the UltraSYBR Mixture (CWBIO, China).
The primer sequences used in this study are
listed in Table 1 below.

Protein extraction and western blot analysis

Total cellular protein was extracted using RIPA
buffer (Millipore, USA) supplemented with pro-
tease inhibitors. Protein samples were sepa-
rated via 10% SDS-PAGE electrophoresis and
transferred onto a polyvinylidene fluoride
(PVDF) membrane. The membrane was block-
ed with TBST containing 5% skim milk powder
for 1 hour at room temperature, followed by
overnight incubation at 4°C with primary anti-
bodies against GAPDH (Danvers, MA, USA) or
CTCF (Abcam, USA).

The next day, the membrane was incubated
with a goat anti-rabbit secondary antibody for 1
hour, then washed three times with TBST.
Protein bands were visualized using a bioimag-
ing system (Bio-Rad, USA) with an enzyme-
linked chemiluminescence (ECL) detection kit.

Cell transfection

Cells were seeded into 6-well plates and cul-
tured until reaching 30-40% confluency the fol-
lowing day. Transfection was performed using
three siRNAs targeting CTCF, a negative control
(NC) siRNA, a CTCF overexpression plasmid,
or a pcDNA3.1 vector as a negative control
(RiboBio, China). The transfection mixture was
prepared following the Lipofectamine 3000
transfection protocol (Invitrogen, USA). The
transfection mixture was thoroughly mixed
with the culture medium, and cells were incu-
bated for 6 hours before replacing the medium.
After an additional 48-hour incubation, cells
were collected for further experiments.

The knockdown efficiency was confirmed by
qRT-PCR, which indicated that si-2 (si-CTCF)
exhibited the most significant knockdown
effect. Therefore, all subsequent experiments
were conducted using si-2. All siRNA sequenc-
es used in this study are listed in Table 2.

Cell scratching assay

Before the experiment, using a straightedge
and a marker, horizontal lines were drawn on
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the back of the 6-well plate in equal intervals,
with lines 0.8 cm apart across the wells, ensur-
ing at least five lines per well. Cells were trans-
fected according to the standard protocol and
continuously cultured for 48 hours. When the
cell growth density reached approximately
95%, a cell scratching experiment was per-
formed. Using a 100 microliter pipette tip and
a straightedge as a guide, horizontal lines were
scratched at the bottom of the wells, ensuring
the pipette tip was held perpendicular to the
well bottom and not tilted. After O, 24, and 48
hours of incubation, the cells were examined
under a 10x microscope, and photographs
were taken to document the findings. The imag-
es were saved for analysis.

Cell plate colony assay

Cells in the logarithmic growth phase that had
been transfected were collected and counted.
A total of 1,000 cells per well were seeded into
6-well plates according to different experimen-
tal groups. The cells were continuously cultured
for 12 to 14 days until individual scattered cells
formed visible colonies.

Once colonies had formed, the cells were
washed with PBS and fixed with 600 pL of 4%
paraformaldehyde for 30 minutes. After re-
moving the paraformaldehyde, 600 uL of 0.1%
crystal violet solution was added for 30 to 60
minutes to stain the colonies. Following three
washes with PBS, the plates were air-dried at
room temperature, and the results were photo-
graphed for documentation.

Cell counting Kit-8 (CCK-8) assay

Experimental and control group cells were set
up according to the cell transfection method.
In a 96-well plate, 100 uL of cell suspension
was added to each well to ensure each well
contained 5,000 cells. Each experimental and
control group was set up in 4 columns, with 6
sub-wells in each column. After 24 hours, the
CCK-8 reagent and cell culture medium were
mixed at a 1:9 ratio to prepare the CCK-8
working solution. 100 pL of this working solu-
tion was added to the first column of wells to
be tested. The cells were then incubated in a
cell culture incubator for 1 hour, and the OD
values of each well in the first column were
recorded using a microplate reader (with the
wavelength set to 450 nm). The following day,
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OD values were measured for each well in the
second column of each group. This process
was repeated for 4 consecutive days, recording
OD values daily.

Transwell migration and invasion assay

Cells from different treatment groups were
transfected and cultured until reaching the log-
arithmic growth phase. The cell density was
adjusted to 80,000 cells/mL. After carefully
inserting the chambers into the wells of a
24-well cell culture plate, 600 pL of cell cul-
ture medium was added to each well, and 200
uL of cell suspension was added to each cham-
ber corresponding to the experimental groups.
The cells were cultured for an additional 24
hours. After 24 hours, the Transwell chambers
were removed, fixed in 4% paraformaldehyde,
stained with crystal violet, and dried at room
temperature. The cells were observed under a
10x microscope, and appropriate fields of
view were selected for photography to docu-
ment the results. For the invasion experiments,
a matrix gel was pre-arranged in the upper lay-
er of the chambers. To do this, 70 yL of matrix
gel dilution was added to each chamber, spread
evenly over the bottom, and placed in an incu-
bator for 4 hours to allow the gel to solidify.
Once the matrix gel was solidified, the proce-
dures for the Transwell migration experiments
were followed. The cell inoculation density for
the invasion experiment was 2 x 1075 cells/
mL, and the cell culture time was extended to
48 hours. The cells were then fixed, stained,
and photographed using the same method as
described above.

The 5-ethynyl-20-deoxyuridine (EDU assay)

Cells that had been transfected and cultured to
the logarithmic growth phase were taken for
cell counting, and 1 x 10° cells per well were
inoculated into the wells of a 96-well plate
and cultured for 24 hours to reach the logarith-
mic growth phase. The cells were then cultured
for another 24 hours using the EdU Cell
Proliferation Detection Kit (Rui Bo, China)
according to the manufacturer’s instructions.
The cells were sequentially subjected to para-
formaldehyde fixation, glycine incubation, and
TritonX-100 shaker incubation. Each well was
filled with 100 pl of 1x Apollo staining reac-
tion solution and allowed to sit at room temper-
ature for 30 minutes for decolorization. This
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was followed by decolorization and washing
with 100 pl of the osmotic agent shaker 2-3
times, each for 10 minutes. Following the addi-
tion of 100 pl of 1x Hoechst 33342 reaction
solution to each well, the plates were allowed
to sit at room temperature on a shaker for 30
minutes in the dark. Afterward, the wells were
washed with 100 ul of PBS on a shaker for
decolorization. Finally, 100 ul of PBS was add-
ed to each well for storage. The results were
observed under a fluorescence inverted micro-
scope within 3 days and photographed.

Dual-luciferase reporter assay

The dual-luciferase plasmid was constructed
by Guangzhou RuiBo Company. The reporter
gene plasmid was incorporated with a 2000 bp
nucleotide sequence upstream of SFPQ (SFPQ
promoter sequence). 293T cells were cultured
in 24-well plates at a density of 5 x 10* cells/
well and left to incubate for 24 hours. Cells
were then transfected with co-transfection mix-
tures, prepared according to the kit instruc-
tions (Promega, USA), and incubated for an
additional 48 hours. Cell lysates were prepar-
ed using Cell Lysis Buffer, and the supernatant
was collected for subsequent assays. A
Luciferase Substrate solution was added to an
assay tube, followed by the addition of the
cell lysate supernatant. The mixture was thor-
oughly mixed and placed in a fluorescence
detector to measure Firefly luciferase reporter
gene activity. Subsequently, a Renilla substrate
working solution was added to the same tube,
and the tube was immediately placed in the
fluorescence detector to measure Renilla lucif-
erase reporter gene activity.

The luciferase activity of fireflies was normal-
ized to that of Renilla for comparison. The activ-
ity ratios were calculated, and bar graphs were
plotted and analyzed using GraphPad Prism
8.0 software.

Statistical analysis

The experimental data were processed using
SPSS software for statistical analysis. Graphs
of the experimental results were created and
plotted using GraphPad Prism 8.0 software.
The experimental data were expressed as the
mean * standard deviation. Statistical signifi-
cance was determined with P < 0.05 consid-
ered significant.
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Results

CTCF is a potential transcriptional regulator for
SFPQ and is highly expressed in osteosarcoma
cells

Using the hTFtarget website, we identified CTCF
as a potential transcriptional regulator of SFPQ
(Figure 1A). Further analysis using the GEPIA2
database validated this finding, establishing a
moderate correlation between CTCF and SFPQ
expression (R = 0.54). Additionally, pan-cancer
expression level analysis revealed high expres-
sion of CTCF in sarcoma tissues (Figure 1B,
10C).

According to the analysis of the Clustered
Regularly Interspaced Short Palindromic Re-
peats (CRISPR) screen dataset from the
Dependency Map portal (DepMap) database
(https://depmap.org/portal/), the gene effect
score of CTCF in osteosarcoma cells is sig-
nificantly less than -1 (indicating that knock-
down of CTCF inhibits osteosarcoma cell prolif-
eration). This also showed that CTCF is highly
expressed in all osteosarcoma cells (Supple-

mentary Figure 1A, 1B).

RT-PCR and western blot (WB) analyses were
conducted to determine the expression levels
of CTCF in osteoblasts and osteosarcoma
cells. The qRT-PCR results demonstrated that
osteosarcoma cells exhibited higher CTCF
MRNA expression levels compared to osteo-
blasts. Similarly, the WB data showed that the
protein expression level of CTCF was consistent
with the qRT-PCR results, with the differences
being significant (Figure 1D, 1E).

Knockdown of CTCF inhibits the proliferation,
migration and invasion of osteosarcoma cells

WB and qRT-PCR data revealed that after
transfection of HOS and 143B cells with si-
CTCF, CTCF levels were significantly reduced in
both cell lines (Figure 2A, 2B). Plate colony
formation experiments showed a significant
reduction in the clonal colony formation of
HOS and 143B cells, indicating that CTCF
knockdown markedly inhibited cell proliferation
(Figure 2C). According to the EdU and CCK-8
assays, cells from the knockdown group exhib-
ited much lower OD values and fewer proliferat-
ing cells compared to the control group (Figure
2D, 2E).
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Figure 1. The CCCTC-binding factor (CTCF) is a potential transcription factor for splicing factor proline and glutamine-
rich (SFPQ) and is highly expressed in osteosarcoma cells. The hTFtarget (Database of Human Transcription Factor
Targets) website (https://guolab.wchscu.cn) indicates that CTCF may be a transcription factor for SFPQ (A). The GE-
PIA (Gene Expression Profiling Interactive Analysis) database (http://gepia.cancer-pku.cn) showed a moderate cor-
relation between SFPQ and CTCF expression (B), and the GEPIA2 database (http://gepia2.cancer-pku.cn) revealed
that CTCF is highly expressed in sarcoma tissues (C). Expression levels of CTCF mRNA and protein in osteosarcoma
cells and osteoblasts are shown (D, E). The molecular weight of CTCF is 140 kDa, and GAPDH is 36 kDa. (Results
are displayed as the mean + SD; **P < 0.01, *P < 0.05; n = 3).

The cell scratch assays demonstrated that
both cell types in the knockdown group migrat-
ed more slowly and at a significantly lower rate
compared to the control group (Figure 2F).
Results from Transwell migration and invasion
assays showed that there were significantly
fewer migrating and invading cells in the knock-
down group, and both HOS and 143B cells
exhibited dramatically reduced migration and
invasion capacities (Figure 2G, 2H).

Overexpression of CTCF enhances the prolifer-
ation, migration and invasion of osteosarcoma
cells

gRT-PCR and WB results indicated that after
transfection with the CTCF overexpression plas-
mid in HOS and 143B cells, CTCF levels in both
cell lines were significantly increased (Figure
3A, 3B). In the cell plate colony formation
assays, the overexpression group exhibited
significantly higher clonal colony formation in
HOS and 143B cells compared to the control
group, with a notable increase in cell prolifera-
tion ability (Figure 3C). CCK-8 and EdU assay
results showed that the OD value and the
number of cells in the proliferative state were
significantly higher in the overexpression group
compared to the control group (Figure 3D, 3E).
Cell scratch assays demonstrated that the
migration speed of cells was increased, and the
migration rate was significantly enhanced in
the overexpression group (Figure 3F).

Transwell assays revealed that both the migra-
tion and invasion capacities of the cells were
significantly higher when CTCF was overex-
pressed (Figure 3G, 3H).

CTCF affects the biological behavior of osteo-
sarcoma cells by regulating SFPQ

To verify whether a targeted regulatory relation-
ship exists between CTCF and SFPQ, we per-
formed a dual-luciferase reporter assay. The
assay revealed that relative luciferase activity
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was enhanced when the CTCF overexpression
plasmid was co-transfected with the reporter
gene vector, compared to the negative control
(Figure 4A). These findings suggest a specific
regulatory connection between CTCF and SFPQ.

To elucidate the mechanism by which CTCF
regulates SFPQ expression, qRT-PCR and WB
were conducted in HOS cells. The results
showed that SFPQ expression was markedly
increased at both the mRNA and protein levels
upon CTCF overexpression (Figure 4B, 4C),
indicating that CTCF directly targets and regu-
lates SFPQ expression.

Rescue experiments were then performed in
HOS cells. In cell plate colony formation as-
says, cells overexpressing CTCF displayed a
significantly higher capacity to form colonies.
However, when cells were transfected with si-
SFPQ, this colony-forming ability decreased.
Notably, co-transfection of the CTCF plasmid
and si-SFPQ resulted in a weakened colony-
forming capacity compared to cells with CTCF
overexpression alone (Figure 4D).

Similarly, CCK-8 and EdU assays showed
trends consistent with the colony formation
assay results (Figure 4E, 4F), indicating that
the increased proliferative ability induced by
CTCF overexpression was partially offset by
SFPQ knockdown.

Furthermore, the cell scratch assay demon-
strated that the enhanced migration of HOS
cells due to CTCF overexpression could be
partially reversed by SFPQ knockdown (Figure
4G). In the Transwell migration and invasion
assays, fewer cells were observed in the co-
transfection group (CTCF overexpression + si-
SFPQ) compared to the CTCF overexpression
group alone, suggesting that SFPQ knockdown
partially counteracted the enhanced migration
and invasion induced by CTCF (Figure 4H).

Collectively, these findings suggest that the
enhancement of osteosarcoma cell prolifera-
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Figure 2. Knockdown of CTCF inhibits the proliferation, migration, and invasion of osteosarcoma cells. Detection
of CTCF knockdown efficiency in HOS (A) and 143B (B) cells by quantitative real-time PCR (qRT-PCR) and western
blot (WB). Effects of CTCF knockdown on the proliferative ability of osteosarcoma cells were assessed by cell plate
cloning assay, Cell Counting Kit-8 (CCK-8) experiment, and 5-ethynyl-20-deoxyuridine (EdU) assay. Scale bar = 100
um (C-E). Effects of CTCF knockdown on migration and invasion abilities of osteosarcoma cells were detected by cell
scratch test (F), and Transwell migration and invasion assay (G, H). The scale bar in the cell scratch test is 100 pym,
and the scale bar in Transwell migration and invasion assay is 50 or 100 um. (Results are displayed as the mean +

SD, ***P < 0.001, **P < 0.01, *P < 0.05; n = 3).

tion, migration, and invasion induced by CTCF
overexpression is partially abrogated by co-
transfection with si-SFPQ. This supports the
conclusion that CTCF promotes osteosarcoma
cell proliferation, motility, and invasion through
the regulation of SFPQ.

Discussion

Osteosarcoma is the most common and
aggressive primary malignant tumor in adoles-
cents. It primarily arises from mesenchymal
cells and is characterized by the formation of
bone-like tissue [23]. Osteosarcoma usually
develops in the metaphysis of long bones, par-
ticularly in the proximal tibia and distal femur
[24]. The pathogenesis of osteosarcoma is
complex, with exposure to radiation and al-
kylating agents serving as significant risk fac-
tors [25, 26]. The tumor is marked by rapid
growth, early metastasis, and a high degree of
malignancy, making the selection of appropri-
ate treatment options a major clinical challenge
[23, 27].

Currently, the standard treatment for osteosar-
coma involves surgical intervention, including
amputation and limb-sparing surgery; however,
the exact extent of resection remains contro-
versial [28]. Metastatic, recurrent, and drug-
resistant osteosarcomas respond poorly to
treatment, resulting in a 5-year survival rate of
only 20% [29]. Aberrant gene expression and
gene mutations are closely linked to the onset
and spread of osteosarcoma [30, 31]. Since
osteosarcoma does not present with precan-
cerous lesions or carcinoma in situ, it is often
diagnosed at an advanced stage, leading to a
very poor prognosis [32]. Therefore, investigat-
ing the molecular mechanisms underlying
osteosarcoma onset and progression, as well
as identifying biomarkers for early detection
and diagnosis, is of paramount importance
[33].

In addition to its essential role in stem cell
development, SFPQ is crucial for cancer devel-
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opment and progression [34-37]. SFPQ plays a
complex, tissue-specific regulatory role in
malignant tumors. For instance, in breast and
prostate cancers, SFPQ drives oncogenic pro-
gression by post-transcriptionally regulating
key genes [38, 39]. Conversely, in lung and kid-
ney cancers, SFPQ functions as a transcription-
al repressor by suppressing proto-oncogene
expression [40, 41]. A related investigation
found that SFPQ is nearly undetectable in non-
malignant cells but is substantially expressed
in various malignant tumor cells, with particu-
larly high levels in sarcoma cells-consistent
with our observations [10]. These results sug-
gest that in osteosarcoma, SFPQ acts as an
oncogene. However, the specific mechanisms
by which SFPQ influences osteosarcoma cells
remain to be determined.

It is well-established that abnormal expression
of transcription factors significantly affects cel-
lular metabolism and signaling in cancer, and
approximately 294 cancer-related transcrip-
tion factors have been identified and cataloged
in various databases [42]. Therefore, identify-
ing and targeting tumor-specific transcription
factors and their regulators may open new
avenues for cancer treatment [43]. In this
study, we investigated the molecular mecha-
nism by which SFPQ functions as an oncogene
in osteosarcoma. Candidate transcription fac-
tors targeting SFPQ were screened using
multiple transcription factor databases, lead-
ing to the identification of CTCF as a candidate
regulator for subsequent experiments.

There is growing evidence that CTCF is critical
for nuclear spatial organization and is involv-
ed in various genetic and epigenetic mecha-
nisms through transcriptional regulation [44].
CTCF regulates a wide array of genes associat-
ed with tumor development, particularly those
involved in growth, proliferation, differentiation,
and apoptosis [45-47]. Moreover, CTCF func-
tion is influenced by interactions with protein
chaperones and by post-translational modifica-
tions [48]. Previous research has identified

Am J Transl Res 2025;17(2):1495-1509
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Figure 3. Overexpression of CTCF enhances the proliferation, migration, and invasion of osteosarcoma cells. Overex-
pression efficiency of CTCF in HOS (A) and 143B (B) cells detected by qRT-PCR and WB. The effect of CTCF overex-
pression on the proliferative ability of osteosarcoma cells was detected by cell plate cloning, CCK-8 assay, and EdU
assay. Scale bar = 100 um (C-E). The effect of CTCF overexpression on migration and invasion abilities of osteosar-
coma cells was detected by cell scratch assay (F) and Transwell migration and invasion assay (G, H). The scale bar
in the cell scratch test is 100 um. The scale bar in the Transwell migration and invasion assay is 50 and 100 pym.
(Results are displayed as the mean + SD, ***P < 0.001, **P < 0.01, *P < 0.05, n = 3).
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Figure 4. CTCF affects the biological behavior of osteosarcoma cells by regulating SFPQ. Dual luciferase activity de-
tection (A). Expression levels of SFPQ were detected by qRT-PCR and WB in HOS cells after overexpression of CTCF.
The band size of SFPQ is 100 kDa (B, C). Changes in the proliferative ability of HOS cells detected by rescue assay,
cell plate assay, CCK-8 assay, and EdU assay. Scale bar = 100 um (D-F). Changes in HOS cell migration and invasion
ability detected by rescue assay, cell scratch assay, and Transwell assay (G, H). The scale bar in the cell scratch test
is 100 ym. The scale bar in the Transwell assay is 50 um. (Results are displayed as the mean + SD, ***P < 0.001,

**pP < 0.01, *P < 0.05, n=3).

CTCF as an oncogene in gastric and prostate
tumors [49, 50] and reported its role as a tran-
scriptional activator of genes [47, 51, 52].
However, its expression level and functional
impact on osteosarcoma remained unclear.

In this study, we provided substantial experi-
mental evidence that CTCF regulates the tran-
scription of SFPQ in osteosarcoma cells. First,
bioinformatic screening identified CTCF as a
potential transcription factor for SFPQ.
Subsequent qRT-PCR and western blot (WB)
analyses confirmed that CTCF is highly ex-
pressed in osteosarcoma cells. To further
investigate the functional role of CTCF, we
conducted both knockdown experiments us-
ing specific CTCF siRNA and overexpression
experiments using a CTCF plasmid. The re-
sults revealed that overexpression of CTCF
enhanced, while knockdown reduced, the inva-
sion, migration, and proliferation capacities of
osteosarcoma cells, indicating that CTCF pro-
motes the malignant behavior of these cells.

Furthermore, using a dual-luciferase reporter
assay, we demonstrated that transfection with
a CTCF overexpression plasmid significantly
increased the relative luciferase activity of
cells transfected with a reporter gene vector.
This finding confirms the presence of a CTCF
binding site within the SFPQ promoter sequen-
ce and establishes a regulatory relationship
between CTCF and SFPQ. Finally, rescue ex-
periments showed that the enhancement of
osteosarcoma cell proliferation, motility, and
invasion induced by CTCF overexpression could
be reversed by SFPQ knockdown.

Overall, our study elucidates the link between
CTCF and SFPQ, demonstrating that CTCF
transcriptionally activates SFPQ in osteosarco-
ma cells, thereby enhancing their proliferative,
migratory, and invasive capacities.

Although these results provide significant
insight into the CTCF-SFPQ axis, they are based
on in vitro experiments. Further investigation
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is required to verify the malignant regulatory
function of the CTCF-SFPQ axis in vivo. Addi-
tionally, it is necessary to collect clinical blood
specimens and tumor tissues from osteosar-
coma patients to assess the efficacy of target-
ing the CTCF-SFPQ axis for clinical diagnosis
and treatment.

Conclusion

CTCF expression was elevated in osteosarco-
ma. In vitro, increased CTCF expression mark-
edly enhanced the proliferation, migration,
and invasion of osteosarcoma cells. Mechani-
stically, CTCF appears to act as an oncogene,
possibly through the transcriptional activation
of SFPQ. This finding provides a novel strategy
for targeting the CTCF/SFPQ axis in both aca-
demic research and clinical therapy for osteo-
sarcoma.
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Supplementary Figure 1. Gene effect score of CTCF in osteosarcoma cells is significantly less than -1 (A). CTCF is in a high expression state in all osteosarcoma
cells (B).



