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Abstract

Osteosarcoma (0S) is the most frequent primary malignant bone tumour, whose heterogeneity represents a major
challenge for common antitumour therapies. Inflammatory cytokines are known to be necessary for OS progression.
Therefore, to optimise therapy, it is important to discover reliable biomarkers by identifying the mechanism generat-
ing OS and investigating the inflammatory pathways that support the undifferentiated state. In this work, we high-
light the differences of epigenetic activities of IL-13 and TNFa, and the susceptibility of TET-1 enzymatic inhibition,

in tumour progression of three different OS cell lines. Investigating DNA methylation of IL-6 promoter and determin-
ing its expression, we found that TET enzymatic inhibition influences proliferation induced by inflammatory cytokines
in OS cell lines. Moreover, Bobcat 339 treatment blocks IL-1(3 epigenetic action on IL-6 promoter, while only partially
those of TNFa as well as inhibits IL-13-dependent epithelial-mesenchymal transition (EMT) process, but only partially
those of TNFa. In conclusion, this work highlights that IL-13 and TNFa have different effects on DNA demethylation

in OS cell lines, making DNA methylation a potential biomarker of disease. Specifically, in IL-1(3 treatment, TET-1 inhibi-
tion completely blocks tumour progression, while in TNFa actions, it is only partially effective. Given that these two
inflammatory pathways can be therapeutic targets for treating these tumours, knowledge of their distinct epigenetic
behaviours can be useful for developing precise and specific therapeutic strategies for this disease.
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Introduction
Osteosarcoma (OS) is the most common primary malig-
nant tumour of bone, despite its low incidence, which has
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In recent years, several studies have explored the rela-
tionship between the complex biological system of the
bone microenvironment and tumour progression, with
the aim of identifying potential targets for intervention
and specific therapies [5]. Several studies have demon-
strated the pivotal role of inflammatory cytokines in the
progression of osteosarcoma by maintaining an undif-
ferentiated state [6]. It is known in the literature that
pro-inflammatory cytokines IL-1p and TNFa are able to
activate IL-6 expression and release, recently correlated
with metastatic process [7] in several tumoural cells,
such as breast cancer [8—11], prostate cancer [12-14]
and colorectal cancer [15-17], including OS cells [18,
19]. Furthermore, IL-13 and TNFa, being responsible
of maintaining the undifferentiated state in OS cells,
are necessary for tumour progression. In fact, pharma-
cological inhibition of TNFa has been shown to inhibit
tumour growth and promote osteoblastic differentiation.
Similarly, IL-1p treatment can abrogate osteogenesis
and stimulate OS tumour development, while its inhibi-
tion can block this phenomenon [2]. Our previous study
has shown that IL-1p plays a role in tumour progression
and bone metastasis of breast cancer through epigenetic
activities. Inhibition of ten-eleven translocation methyl
cytosine dioxygenase-1 (TET-1) activities, implicated in
the first step of methyl cytosine demethylation [20], has
been found to block IL-1B-dependent proliferation, IL-6
expression, EMT process and bone homing in Mcf-7 cell
line. This work has also highlighted how the other TET,
TET-2, implicated in DNA demethylation is no related to
IL-1p activities [8].

This work highlights the differences in epigenetic
activities between IL-1p and TNFa, as well as the suscep-
tibility of TET-1 enzymatic inhibition in the tumour pro-
gression of various OS cell lines.

Materials and methods

Reagents

Dulbecco’s modified Eagle’s high-glucose medium
(DMEM), fetal bovine serum (FBS), L-glutamine and
penicillin/streptomycin were bought from Lonza, while
Bobcat339 hydrochloride (BC) was purchased from Med-
ChemExpress (MCE, Monmouth Junction, NJ, USA).

Cell cultures

The OS cell lines KHOS (KHOS/NP, R-970-
5, ATCC®CRL-1544"), MG63 (MG-63,
ATCC®CRL-1427") and Saos-2 (Saos-2,

™

ATCC®HTB-85 ), obtained from ATCC® (Manassas,
VA, USA), were cultured at 37 °C, 5% CO, in DMEM
high glucose (Euroclone S.p.A., Pero, Milan, Italy) in the
presence of 10% FBS (heat-inactivated) (Lonza, Verviers,
Belgium), 1 mM sodium pyruvate (Euroclone), 2 mM
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glutamine, 100 U/mL penicillin and 100 mg/mL strepto-
mycin (Gibco, Invitrogen Corp., Carlsbad, CA, USA) as
described elsewhere [21].

Viability assay (MTT assay)

Methyl thiazole tetrazolium (MTT) was used to evaluate
cell viability of OS cell lines as well described elsewhere
[22]. Briefly, each OS cell line was seeded with a density
of 1x10° on 96-well plate and treated with 12.5 ng/mL
and 25 ng/mL of IL-1p or TNF« for 24 and 48 h. Simi-
larly, we evaluated the viability of the cells exposed to
the final concentration of 33 or 75 uM of BC, and cells
treated both with both BC and IL-1p or TNFa (25 ng/
mL), at the same experimental time. The absorbance at
540 nm was measured by Bio-Rad microplate Reader
(Bio-Rad Laboratories, Hercules, CA, USA). Viability is
expressed in percentage respect to controls.

Genomic DNA (gDNA) isolation

Genomic DNAs of OS cell lines, under different treat-
ments, were extracted using the PureLink Genomic DNA
mini-kit (Invitrogenm, Waltham, MA, USA). gDNA was
evaluated quantitatively with the Nanodrop 2000 spec-
trophotometer (Thermo Fisher Scientific, Waltham,
MA, USA), qualitatively evaluated through electropho-
retic analyses using 0.8% agarose gel stained with Gel
Red staining (Biotium, Hayward, CA, USA) and photo-
graphed with a Chemi-Doc apparatus (Bio-Rad Labora-
tories, Hercules, CA, USA) as described elsewhere [23].

Methylation analysis of IL-6 promoter by MSRE-PCR

The methylation-sensitive restriction endonuclease—PCR
(MSRE-PCR) analysis was carried out to evaluate the
methylation status of six CpG-rich sites on the promoter
of interleukin-6 (IL-6). Experiments were performed as
described elsewhere [8, 24—26]. Amplicons analysed in
2% agarose gel electrophoresis were stained with Gel Red
staining (Biotium, Hayward, CA, USA) and visualised
using the Chemi-Doc instrument (Bio-Rad Laboratories,
Hercules, CA, USA). Densitometric measurements of
captured bands were carried out using the “Image Lab”
application (version 5.2.1) of Bio-Rad Laboratories (Her-
cules, CA, USA).

ELISA assay

About 2x10* OS cells were seeded in the 96-well plate
which were treated with IL-1p (25 ng/mL), TNFa (25 ng/
mL) or BC (33 uM), or co-treatment with IL-13 (25 ng/
mL) or TNFa (25 ng/mL) in the presence of BC (33 uM)
for 48 h. Secreted IL-6, IL-1p and TNFa levels were
measured in culture supernatants with the enzyme-
linked immunosorbent assay (ELISA) kit (R&D Systems
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Fig. 1 Percentages of viability of KHOS (A, D), MG63 (B, E) and Saos-2 (C, F) cell lines after 24 and 48 h submitted to the following treatments: (1)
untreated (CNTR); treated with two concentrations of IL-1(3 (12.5 ng/ml and 25 ng/ml); BC 33 uM and co-treatment BC+IL-1f3, 25 ng/ml (A-C); or (2)
untreated (CNTRY); treated with two concentrations of TNFa (12.5 ng/ml and 25 ng/ml); BC 33 uM and co-treatment BC+TNFa, 25 ng/ml (D-F)
(Mean +SD, n=3). Pairwise comparisons among all tested treatments versus untreated controls (¥), and co-treatments with BC versus the 25 ng/

ml IL-1B or TNFa treatments (°) within each experimental time are reported in the graphs: 1 symbol, p <0.05; 2 symbols, p <0.005 and 3 symbols,

p<0.0005

Europe, Ltd., Abingdon Science Park, Abingdon, UK)
according to the instructions of manufacturers.

Western blot analysis

The cells were lysed for 1 h in NP40 Cell lysis buffer con-
taining 50 mM Tris, pH 7.4, 250 mM NaCl, 5 mM EDTA,
50 mM NaF, 1 mM Na,VO,, 1% Nonidet P40 (NP40)
and 0.02% NaN, (Invitrogen'", Thermo Fisher Scien-
tific, Waltham, MA, USA). To the cell lisates were added
1 mM PMSF (1 M, Sigma-Aldrich, St. Louis, MO, USA)
and Protease Inhibitor Cocktail (100X, Sigma-Aldrich,
St. Louis, MO, USA) to avoid protein degradation. For
SDS-PAGE electrophoresis, the 4-12% Novex Bis—Tris
SDS-acrylamide gels (Invitrogen'", Thermo Fisher Sci-
entific, Waltham, MA, USA) was used to separate the
cell lysates (30 pg per lane). Protein electrophoresis was
transferred on Nitrocellulose membranes (Invitrogen',
Thermo Fisher Scientific, Waltham, MA, USA) through
the iBlot 2 Dry Blotting System (Invitrogen", Thermo
Fisher Scientific, Waltham, MA, USA) and immunob-
lotted with the primary antibodies. The following anti-
bodies were used for Western blot: GAPDH (1:1000,

sc-47724, Santa Cruz Biotechnology, Inc., Dallas, TX,
USA), Vimentin and Snail (1:500, Epithelial-Mesenchy-
mal Transition (EMT) Antibody Sampler Kit, #9782, Cell
Signaling Technology, Danvers, MA, USA), the second-
ary anti-mouse IgG HRP-linked antibody (1:2000, #7076,
Cell Signaling Technology, Danvers, MA, USA) and anti-
rabbit IgG HRP-linked antibody (1:2000, #7074, Cell
Signaling Technology, Danvers, MA, USA).

Chemi-Doc apparatus (Bio-Rad Laboratories, Hercu-
les, CA, USA) was used to capture chemo-luminescent
bands, and the images were analysed using the “Image
Lab” application (version 5.2.1) of Bio-Rad Laboratories
(Hercules, CA, USA) [27].

Statistical analysis

The statistical analysis was conducted using R software
v.4.3.3 [28] and specific packages. After checking for
normal distribution of the data (Shapiro—Wilk test) and
homogeneity of variance (Levene’s test), one-way or two-
way ANOVA tests were used to assess significant effects
and/or factorial interactions, with “treatment” as a factor
for one-way and two-way tests, and “experimental time”
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Fig. 2 Methylation analysis of IL-6 promoter and relative releases. Percentage of methylation of six methyl-sensible restriction sites

through MSRE-PCR analyses of IL-6 promoter of KHOS (A), MG63 (C) and Saos-2 (E) cell lines, after 48 h submitted to the following treatments:
untreated (CNTRY); IL-1( 25 ng/ml; BC 33 uM and BC 33 uM+IL-1(3 25 ng/ml (Mean +SD, n=3, duplicates). ELISA of released IL-6 of KHOS (B),

MG63 (D) and Saos-2 (F) cell lines after 48 h under the same treatments (Mean +SD, n=3, duplicates). Dunn'’s test among tested treatments
versus untreated controls (¥) and co-treatments with BC versus IL-1(3 treatment (°) is reported in the graphs: 1 symbol, p <0.05; 2 symbols, p <0.005

and 3 symbols, p <0.0005)

as a factor for two-way tests, followed by a pairwise com-
parison test (tested treatments versus untreated controls,
and co-treatments with BC versus tested treatment). For
data with non-normal distribution and heterogeneity of
variance, we used the Kruskal-Wallis test followed by
Dunn’s test for comparisons. In both cases, we adjusted
the p-values according to the Sidak—Holm method.

Results

TET-1 enzymatic inhibition influences proliferation
induced by inflammatory cytokines in OS cell lines

We have initially investigated how inflammation sig-
nals, mimicked by inflammatory cytokine IL-1f or
TNFa treatments, can induce an increased prolifera-
tion of different OS cell lines, and if these signals are
influenced by TET-1 enzymatic inhibition, obtained
by BC treatment. Figure 1 shows that the proliferation
of MG63, Saos-2 and KHOS cell lines is significantly
enhanced when cells are treated with IL-1p or TNFa, in
dose- and time-dependent manner (p <0.0005). More-
over, while the treatment with BC alone has no effect
in cell proliferation, the co-treatment of BC with pro-
inflammatory cytokines, IL-1 and TNFa, inhibited cell
proliferation induction in all OS cell lines (p <0.0005,

Fig. 1). Since the use of TET inhibitor to 75 puM, able
to inhibit both TET-1 and TET-2, has been lethal for all
OS cell line (see supplemental material), this dose was
excluded from the study.

BC treatment block epigenetic action of IL-1f3 on IL-6
promoter, while only partially those of TNFa
To evaluate if IL-1p treatment induce a switch in meth-
ylation level of IL-6 proximal promoter in the three OS
cell lines, we have carried out MSRE-PCR analyses of
the six sites present in IL-6 promoter, containing CpG
islands. As shown in Fig. 2, IL-1p treatment reduces the
percentage of methylation of all analysed sites (p<0.05)
and consequently enhances the expression and release
of IL-6 in conditioned medium in all cell lines compared
to untreated cells (p<0.0005). Furthermore, it was also
highlighted how BC in co-treatment with IL-1p is able to
block IL-6 promoter demethylation (p<0.05, Fig. 2A, C
and E) with relative alterations of IL-6 release in all cell
lines (» <0.0005, Fig. 2B, D and F).

In parallel, the effects of TNFa and IL-1f in the meth-
ylation status of IL-6 promoter were investigated. The
reduction of CpG islands was observed (p <0.05, Fig. 3A,
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Fig. 3 Methylation analysis of IL-6 promoter and relative releases. Percentage of methylation of six methyl-sensible restriction sites

through MSRE-PCR analyses of IL.-6 promoter of KHOS (A), MG63 (C) and Saos-2 (E) cell lines, after 48 h submitted to the following treatments:
untreated (CNTR); TNFa 25 ng/ml; BC 33 uM and BC 33 uM+TNFa 25 ng/ml (Mean + SD, n=3, duplicates). ELISA of released IL-6 of KHOS (B),
MG63 (D) and Saos-2 (F) cell lines after 48 h under the same treatments (Mean +SD, n=3, duplicates). Dunn'’s test among tested treatments
versus untreated controls (¥) and co-treatments with BC versus the TNFa treatment (°) is reported in the graphs: 1 symbol, p <0.05; 2 symbols,

p<0.005 and 3 symbols, p < 0.0005

C and E), and an increase in the inflammatory cytokine
IL-6 (p<0.0005, Fig. 3B, D and F) relative release was
revealed. Regarding the actions of BC, the co-treatment
of TNFa with BC was able to block only partially the
demethylation process induced by TNFa. In fact, BC
treatment blocked only the sites 3 and 4 of IL-6 promoter
in the demethylation; in the sites 1 and 2, the methyla-
tion levels were between TNFa treatment condition and
untreated control, indicating a partially arrest of demeth-
ylation; while in sites 5 and 6, BC was not able to revert
TNFa action (p<0.05, Fig. 3A, C and E). The ELISA
assay showed as TNFa treatment was able to induce the
expression and secretion of IL-6 (p<0.0005, Fig. 3B, D
and F), while BC was able to block TNFa-dependent IL-6
secretion only partially (p <0.005, Fig. 3B, D and F).

BC treatment block IL-1B-dependent EMT process,

but only partially those of TNFa

It has been described in the literature that IL-6 expres-
sion and release represents, in several tumoural systems
including OS, the first step of metastasis inducing EMT
process [7—14]. Western blot analyses confirm that co-
treatment of IL-1p may block EMT process as indicated

by the expression of Vimentin and Snail protein, in all OS
cell lines (Fig. 4).

Subsequently, same analyses conducted in TNFa treat-
ments showed that BC is able to reduce but not block the
expression of markers of EMT process, as indicated in
Fig. 5.

Positive feedback blocked by BC in IL-1f3 treatment
but only partially in those of TNFa
In the progression of inflammation, the first signal is
often followed by the expression and release of other
pro-inflammatory factors that amplify the initial signal.
For this reason, it was carried out the analysis of TNFa
release in tumour cells treated with IL-1f, and the pro-
duction of IL-1f in tumour cells treated with TNFa, and
their behaviour in the presence of the TET inhibitor, BC.
Regarding the expression and release of TNFa in
IL-1P treated tumoural cells, after 48 h of IL-1p treat-
ment, TNFa secreted levels were increased about 250,
500 and 82 times in KHOS, MG63 and Saos-2 cell lines,
respectively, compared to the control condition. The co-
treatment of IL-1p with BC, where it is blocked the dem-
ethylation activities of the TET, we observe a complete
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downregulation of TNFa release (p<0.0005, Fig. 6A, B
and C). The lack of release of TNFa determines the loss
of signal enhancement carried out by this factor.

Regarding the release of IL-1P in these cell lines, we
observe a basal release, both in untreated cells and
BC treatment, indicating that BC has no effect in basal
expression. In TNFa treatment, we observe an increase
in IL-1P release of about 4, 3.5 and 4.5 times in KHOS,
MG63 and Saos-2 cell lines, respectively. In the co-
treatment BC/TNFa, we observe only a reduction of
IL-1p release induced by TNFa treatment, leading to an
increase in release relative to untreated cells of about 2.7,
3 and 2.7 times in KHOS, MG63 and Saos-2 cell lines,
respectively (p<0.005, Fig. 6D, E and F), leading to an
enhancement of these signals.

Discussion

This study aimed at evaluating how primary inflamma-
tory signals, represented by treatments with IL-1p and
TNFaq, are able to induce tumour progression in OS, and

how these signals are linked to the regulation of DNA
methylation. Current results demonstrated that these
signals are influenced, albeit differently, by inhibitor of
the enzymatic activity of TETs, BC [29]. These enzymes
are responsible for multiple consecutive hydroxyla-
tions of methyl cytosine, which is reduced to uracil,
with subsequent involvement of DNA repair system and
replacement of uracil with a cytosine, resulting in a DNA
demethylation in this position [20]. We had previously
demonstrated that IL-1p inflammatory signal is able to
induce tumour progression in a primary breast cancer
cell line, MCF-7, modulating EMT process and inducing
bone homing factor, leading to bone metastasis forma-
tion [8]. It was also pointed out sensitivity of IL-1f sig-
nal to the enzymatic inhibition of TET-1, implicated in
metastasizing of MCF-7 cell line. BC treatment, despite
not inducing to programmed cell death, is able to revert
proliferation induction and block expression of EMT and
bone homing factors, avoiding bone metastasis forma-
tion induced by IL-1f treatment [8].
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Similarly, we evidenced that inflammation signals, rep-
resented by IL-1p or TNFa, induce the proliferation and
activation of EMT process, determining tumour pro-
gression in three different OS cell lines. Furthermore,
we investigated the influence of BC at 33 uM, determin-
ing the enzymatic inhibition only of TET-1, on these
inflammatory signals. In particular, it was observed that
BC treatment is able to block IL-1B-dependent prolif-
eration, IL-6 expression and release, as well as EMT
marker expression, showing a regulation of IL-1p tightly
related to TET-1 activity and then to DNA methylation
regulation.

Regarding TNFa signal, the same behaviour as IL-1f
was not found. In fact, although BC treatment is able to
revert proliferation induction, it cannot completely block
the TNFa-dependent demethylation of IL-6 promoter,

and consequently its release, as well as the induction of
EMT process in almost all analysed experimental times.
In the progression of inflammation, the first sig-
nal, often represented by IL-1p or TNFq, is joined by
other signals due to the expression of other factors (e.g.
IL-6), which led to the amplification of the initial signal,
through a positive feedback system. These factors are also
known to be implicated in several processes leading to
tumour progression, such as tumour proliferation, EMT
process and inhibition of apoptosis [7-19, 30]. For this
reason, we studied the expression and relative release of
TNFa in IL-1P treated tumoural cells, as well as those of
IL-1B in TNFa treated tumoural cells, and how these cells
react to TET-1 enzymatic inhibition activities of BC. We
observed that BC is able to block also the TNFa expres-
sion in IL-1B/BC co-treatment, indicating a tight rela-
tion with DNA methylation in IL-1p actions. Contrary,
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in TNFa/BC treatment, BC is unable to entirely prevent
IL-1P expression and release, indicating that the block of
TET-1 actions in DNA demethylation is partially ineffec-
tive, as indicated by the expression and release of IL-1f.
The regulation of DNA methylation is extremely
important in the activation of several pathways enforcing
IL-1P actions. It is described as several factors are acti-
vated by DNA demethylation, responsible of transduc-
tion signal of IL-1P. For example, interleukin-1 receptor
associated kinase 1 (IRAK1) is regulated epigenetically,

and its overexpression was found significantly associ-
ated with poor survival in several cancers [31-35]. Sev-
eral molecules implicated in reduction of oxidative status
such as plant flavonoids (e.g. resveratrol), or other metab-
olites as melatonin, could influence DNA methylation
status, reducing inflammation status and then tumour
progression and metastasis formation [26, 36—38]. Fig-
ure 7 reports a schematic draw in which is evidenced
how IL-1P signal, acting through almost exclusively in
epigenetic manner, is blocked by TET-1 inhibition by BC
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treatment (Fig. 7A), while TNFa acts through both epi-
genetic and non-epigenetic manners, where the block of
TET-1 action by BC is able only to inhibit proliferation,
but not the pro-inflammatory cytokines expression and
releases, determining positive feedback in inflammation
and in metastasis formation (Fig. 7B).

In conclusion, this work highlights the different behav-
iours of the two inflammatory signals, IL-1p and TNFa,
which both could sustain OS tumour growth. BC co-
treatment indicates that TET-1-dependent DNA dem-
ethylation is of great importance in IL-1B treatment,
resulting in a complete block of tumour progression,
while it is only partially effective in TNFa action, indicat-
ing an involvement of other molecular mechanism. Given
that these two inflammatory pathways can be therapeutic
targets for the treatment of these tumours, knowledge of
their distinct epigenetic behaviours can be valuable for
developing precise and specific curative strategies for
these diseases.
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