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Osteosarcoma is the most common primary malignant
bone tumour in children and teenagers, and it is
characterised by drug resistance and high metastatic
potential. Increasing studies have highlighted the critical
roles of long noncoding RNAs (IncRNAs) as oncogenes

or tumour suppressors as well as new biomarkers and
therapeutic targets in osteosarcoma. The growth arrest-
specific 5 (GAS5) IncRNA can function as a tumour
suppressor in several cancers. The present study

aimed to validate GAS5 and other chemoresistance-
associated IncRNAs as biomarkers in a cohort of primary
osteosarcoma samples, to obtain predictive information
on resistance or sensitivity to treatment. The GAS5 and

a panel of IncRNAs related to chemoresistance [SNGH1,
FOXD2-AS1, deleted in lymphocytic leukemia (DLEU2) and
LINC00963] were evaluated in a cohort of osteosarcoma
patients enrolled at the Careggi University Hospital. Total
RNA was extracted from formalin-fixed paraffin-embedded
(FFPE) tissue sections and the expression levels of the
IncRNAs were quantified by qPCR. A bioinformatic analysis
on deposited RNA-seq data was performed to validate

the gPCR results. Clustering analysis shows that GAS5
could be linked to the expression of isoforms 02 and 04

of the IncRNA DLEU2, whereas the DLEU2 isoform 08 is

Introduction

Osteosarcoma is the most common bone tumour and it
is more frequent in children and young adults affecting
mostly the metaphysis of the long bones [1]. Its incidence
rate is approximately one to three cases per million each
year [2] and more than 20% of patients with osteosar-
coma develop metastases, frequently to the lung [3]. For
patients with nonmetastatic osteosarcoma, the survival
rate has improved, reaching 60% at the fifth year after
the introduction of neoadjuvant chemotherapy and the
combination of surgery and chemotherapy (C'T); unfortu-
nately, overall survival (OS) is only 20% when metastases
occur [4]. Doxorubicin, cisplatin and methotrexate are
commonly used C'T drugs in osteosarcoma treatment with
mixed results; indeed, patients treated with these drugs
often undergo local recurrence and metastatic dissemina-
tion caused by the onset of drug resistant-tumour cells.
Consequently, the development of novel therapies is
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linked to the IncRNA LINC00963. We found that GASS5 is
significantly increased in patients with a good prognosis
and is expressed differently between chemosensitive

and chemoresistant osteosarcoma patients. However,

the results obtained are not concordant with the in-silico
analysis performed on the TARGET osteosarcoma dataset.
In the future, we would enlarge the case series, including
different disease settings. Anti-Cancer Drugs 33: 278-285
Copyright © 2022 Wolters Kluwer Health, Inc. All rights
reserved.
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one of the main goals of ostcosarcoma oncology research;
this aim could be achieved with a better understanding
of the molecular basis of osteosarcoma development and
acquisition of chemoresistance, that unfortunately are
still largely unknown [5]. Long noncoding RNAs (IncR-
NAs) are defined as nonprotein-coding RNAs longer than
200 nucleotides [6]; they can regulate gene expression
through diverse mechanisms, including epigenetic silenc-
ing, mRNA splicing, IncRNA-mRNA, IncRNA-miRNA
and IncRNA-protein interaction [7]. Emerging evidence
shows that IncRNAs may play complex and extensive
roles in tumour development acting either as oncogenes
or tumour suppressors [1]. Similar to what occurs in many
other tumours, IncRNAs might be implicated in osteosar-
coma chemoresistance mechanisms [8-10].

The well-characterised tumour suppressor growth
arrest-specific 5 (GASS5) has been documented in a wide
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variety of human malignancies and loss of GASS5 expres-
sion is linked to tumorigenesis and disease progression,
as well as to patients’ prognosis. The general consensus
is that low GASS5 expression may predict poor survival
and therapy resistance in many types of cancer [11-16].
The potential role of GAS5 in osteosarcoma is largely
unknown. Recently is emerging a role of GASS5 as a com-
peting endogenous RNA, sponging several mi-RNA
such as (1) miR-23a-3p, to promote phosphatase and
tensin homolog expression and suppressing cell growth
and invasion by regulating the phosphoinositide 3-kinase
(PI3K)/AK'T pathway [17], (2) miR-203a, sequestering
away from tissue inhibitor of metalloproteinase 2 [18],
(3) miR-663a that promotes osteosarcoma development
through targeting MYL9, ras homolog family member B
axis [19,20] or ZBTB7A under endoplasmic reticulum
stress [21] and (4) miR-221 suppressing cell growth and
epithelial-mesenchymal transition (EM'T) [22].

In the present study, for the first time, we have eval-
uated the clinical value of GAS5 tumour-suppressor
IncRNA in improving patients’ prognosis and prediction
of response to chemotherapy in a pilot cohort of primary
osteosarcoma.

Materials and methods

Primary osteosarcoma

A total of 10 osteosarcomas formalin-fixed paraffin-em-
bedded (FFPE) samples were obtained from patients
enrolled at the Orthopaedic Oncology Unit of Careggi
University Hospital and enrolled in this study after
informed written consent. The main clinical and patho-
logic characteristics of the patients are summarised in
Table 1. FFPE sections (10-20pm thickness) of the
tumours have been set up by the Histopathology and
Molecular Diagnostic Unit, Careggi University Hospital,
and were used for total RNA extraction.

RNA extraction and quantitative real-time reverse
transcription PCR

Total RNA was extracted from FFPE sections using
the Tri Reagent (Millipore, Milan, Italy) solution. The
quantity and the quality of RNA were evaluated using
a Nanodrop spectrophotometer. Whenever possible,
500ng of RNA from each sample was retro-transcribed
with the ‘High Capacity ¢cDNA Reverse Transcription
Kit’ (Thermofisher, Milan, Italy); the resulting cDNA was
then used for quantitative real-time reverse transcription
PCR (qPCR) analysis with ‘Go’Taq Sybr’ (Promega, Milan,
Italy) on a Rotor-Gene Q (Qiagen). The relative quanti-
fication was performed using LinRegPCR software and
the data were normalised to glyceraldehyde-3-phosphate
dehydrogenase. The primers used are listed in Table 2.

Statistical analysis
Statistical analysis was performed using Jamovi and R
on log2 transformed data. The hierarchical clustering

heatmaps were created with the pheatmap library [23]
using the Euclidean distance. 7~ Test was used to evaluate
statistical differences of qPCR data.

In silico gene expression analysis

Open access RNA-seq raw-counts data and survival
data from 92 OS patients have been downloaded from
TARGET (https://ocg.cancer.gov/programs/target/
data-matrix). Raw counts (produced with Kallisto [24])
have been analyzed via Deseq2 [25] and normalised
using the ‘vst’ algorithm from the Deseq2 R package.

Vst normalised values have been used for survival analy-
sis performed via coxph R package with default settings.

Results

Clinicopathologic features of osteosarcoma patients

A total of 10 osteosarcoma FFPE samples were obtained
from patients enrolled at the Orthopaedic Oncology
Unit of Careggi University Hospital and used in this
study after informed written consent. The clinicopatho-
logic features of the 10 enrolled patients (five male and
five female) are reported in Table 1. The mean age of
the patients is 12.3 years (range 7-15), two patients had
tumour localised in the proximal tibia, two in the prox-
imal humerus and six in the distal femur; eight patients
had osteoblastic osteosarcoma whereas two were telan-
giectatic osteosarcoma; the mean value of follow-up was
99.5 months (range 7-166).

Expression analysis of growth arrest-specific 5 and
other long noncoding RNAs in osteosarcoma patients
by quantitative real-time reverse transcription PCR

The tumour suppressor IncRNA GASS is linked to the
chemoresistance of several cancers [9] whereas data on
osteosarcoma are limited (e.g. its association to the resist-
ance to therapy is to date unreported) so we evaluated
its expression in our cohort of osteosarcoma patients. As
reported in Table 3 and summarised in Fig. 1 the IncRNA
GASS is expressed in all osteosarcoma samples analysed
with a mean expression value of -3.62 (range -5.52;
-1.90).

We next evaluated the expression of a panel of IncRNAs
[SNGH1, FOXD2-AS1, deleted in lymphocytic leukemia
(DLEU2) and LINCO00963] that have been reported in
the literature to be involved in chemoresistance mech-
anisms (Fig. 2a and Table 3). For the DLEU2 gene, we
evaluated the expression of two isoforms (DLEU2 02-04
and DLEU2 08). We have decided to study two isoforms
to this because it was not possible to design a primer suit-
able for the DLEU2 isoforms that emerged from bioin-
formatics analysis and because DLLUE2 has at least seven
linear transcript variants, generated by alternative splicing
[26], and their roles might be cancer specific.

Whereas GASS is detectable in allamplifiable samples, the
other IncRNAs are often poorly expressed in the cohort.

Copyright © 2022 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.


https://ocg.cancer.gov/programs/target/data-matrix
https://ocg.cancer.gov/programs/target/data-matrix

INSTGHIRA+ZMN8RAAAAVO/OAEIOVIHSALLIAIPO0AEIEAHIOI/AO AUMY TXOMADUOIN

XYOHISABZIY TN +_yNIOITWNOIZTARHISSHNAUE A SBnipisouea-nuR/Woo° MM sfeulnol/:dny woly papeojumod

¥20¢/2¢/L0 uo

280 Anti-Cancer Drugs 2022, Vol 33 No 3

Table 1 Clinicopathologic features of the patients enrolled with overall survival

Patient ID Sex Age (years) Histology Location Follow-up (months) Response
1 Female 15 T PH 112 DOD
3 Female 9 T DF 19 DOD
4 Male 15 (0] DF 7 DOD
5 Male 13 (e} PT 64 DOD
6 Female 13 (6] PH 99 CDF
7 Female 7 (6] DF 166 CDF
8 Male 12 (0] DF 135 CDF
9 Female 12 (6] DF 135 CDF
10 Male 14 (0] DF 143 CDF
11 Male 13 (0] PT 115 CDF
CDF, continuously disease free; DF, distal femur; DOD, died of disease; O, osteoblastic; PH, proximal humerus; PT, proximal tibia; T, telangiectatic.

Table 2 Sequences of qPCR primers

Gene name Primer forward Primer reverse Lenght (bp)
FOXD2-AS1 AAGCGATCAGCTCCCTTAGC CAGACGCGTGGTGGTTATCT 184
SNHG1 TTGCTGCCTTTCTTACATGATCC AGACACGAAGTGGAGTTATGGGAA 132
GAS5 CTTGCCTGGACCAGCTTAAT CAAGCCGACTCTCCATACCT 122
LINC00963 GGTAAATCGAGGCCCAGAGAT ACGTGGATGACAGCGTGTGA 100
DLEU2 02-04 GTCCGAGAGTATAGCGCCAC ATTAAACCGACTGCGCCAGC 120
DLEU2 08 AAAGATGGTCCCTGTCAGCA TCCTTCAAGCTTCTACCACAC 130
GAPDH AGCCACATCGCTCAGACAC GCCCAATACGACCAAATCC 66

DLEU, deleted in lymphocytic leukemia; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; SNHG, small nucleolar RNA host gene.

Table 3 Expression levels [as log_(RQ)] of IncRNAs (FOXD2-AS1, SNHG1, GAS5, LINC00963 DLEU2 02-04 and DLEU2 08) for osteosar-
coma patients. Data are representzed as arbitrary fluorescence units normalised to GADPH

Patient ID FOXD2-AS1 SNHG1 GAS5 LINC00963 DLEU2 02-04 DLEU2 08
1 —7.22 —7.96 —5.562 —5.12 —5.80 —5.43
3 —2.16 —6.57 —4.43 —2.63 —4.14 —2.78
4 NA NA —3.92 NA NA —11.30
5 —8.62 —21.81 —3.59 —6.78 NA NA

6 NA —9.45 —3.21 NA NA 2.15

7 —5.13 —13.93 —1.90 NA —1.52 NA

8 —15.11 —11.561 —3.60 —2.42 —6.07 NA

10 NA NA —2.81 NA —5.96 —12.61
Mean —7.65 —11.87 —3.62 —4.24 —4.70 —6.00
Median —7.22 —10.48 —3.60 —3.87 —5.80 —5.43
SD 4.83 5.52 1.08 2.09 1.94 6.10
Minimum —15.11 —21.81 —5.52 —6.78 —6.07 —12.61
Maximum —2.16 —6.57 —1.90 —2.42 —1.52 2.15

DLEU, deleted in lymphocytic leukemia; SNHG, small nucleolar RNA host gene.

Specifically, the IncRNA FOXD2-AS1 is expressed in
most of the samples (six out of eight) analysed with a
mean expression value of -7.65 (range -15.11;-2.16);
IncRNA SNHG1 has a mean expression value of —11.87
(range -21.81;-6.57), (six out of eight samples); the
IncRNA LINCO00963 is detectable at meaningful levels
in half of the samples (mean expression value of -4.24
with a range -6.78;-2.42). Finally, the two isoforms of
IncRNA DLEU2Z have a similar, although in a different
scale, expression; specifically, the DLEU2 02-04 has a
mean expression value of -4.70 (range -6.07;-1.52) and
DLEU?Z 08 has a mean expression value of —6.00 (range
-12.61;2.15), both were detectable in 60% of the samples.

With the R-studio software, using the Euclidean distance,
we built a heatmap that clustered patients according to
the gene expression values [logZ(RQ)] found through the
gPCR. As shown in Fig. 2b, we found a clear separation

of patients according to gender and histology and a clus-
ter association of GAS5 with the 02-04 isoforms of the
IncRNA DLEU2, whose 08 isoform is instead associated
to LINC00963. The results obtained showed how genes
that are reported in the literature as oncosuppressors
(GASS5, DLEU2 02-04) cluster together.

Association between long noncodingRNAs expression
level and chemoresistance

Given the importance of chemoresistance in the progres-
sion of osteosarcoma, we evaluated the relation of these
IncRNAs to the outcome in the patients. Given that all
patients underwent the same therapeutic treatment, the
population was divided into the two subgroups ‘poor
responders’ and ‘good responders’ (‘Table 4). We observed
a statistically significant difference only for GASS, whose

expression is increased in the ‘therapy-sensitive’ group
(P=0.038) (Fig. 3a).
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Hierarchical clustering of IncRNA in ‘therapy-sensitive’

and ‘therapy-resistant’ groups shows the association of
GASS5 to LINC00963 (Fig. 3b).

In-silico analysis

Subsequently, we retrieved RNA-seq data from 92 oste-
osarcoma patients from the TARGE'T repository, with
the aim of extending our analysis to larger datasets.
Unfortunately, GAS5 over-expression is weakly associ-
ated with poorer progression-free survival (PFS, haz-
ard ratio=1.6; P=0.00065) and OS (hazard ratio=1.57;
P=0.00261), in discordance with our previous obser-
vations on primary samples of our cohort (Table 5).
Considering the high heterogeneity of osteosarcoma,
we stratified the patients based on the recruitment
protocol reported by the uploaders, with the aim of
obtaining cleaner subsets of patients. We separately
evaluated PFS and OS in four protocols with at least
10 patients: AOST0331, AOST06B1, IHRT and P9851.
Among these, GASS is significantly associated with
poor survival only in AOST0331. Notably, AOST0331
and AOSTO06B1 show very large hazard ratio values
compared to IHRT and P9851 (Table 5). Such differ-
ences among protocols suggest that GAS5 might play
different roles in different disease settings, which could
explain the disagreement between our wet-lab results
and in-silico analysis.

Discussion
Chemoresistance is associated with poor outcomes of
osteosarcoma patients and remains a major challenge in

Fig. 1
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Expression boxplot showing trends of long noncoding RNA (IncRNA)
GAS?S levels of expression in osteosarcoma (OST) samples; the
expression values are reported as Iog2(RO); gray dots represent
outlier values.

treatment. Many studies have shown the role of IncRNA
in processes that confer resistance to treatment. After
a literature analysis on the role of IncRNAs in can-
cer we identified GASS5 and other IncRNAs (SNGHI1,
FOXD2-AS1, DLEU2 and LINCO00963) as possible
IncRNAs that were associated with osteosarcoma sur-
vival and chemoresistance; hoping to find out novel
biomarkers, their expression and association to clinical
and pathologic data were evaluated in primary ostco-
sarcoma. The analysis was carried out on a pilot cohort
of 10 patients suffering from osteosarcoma and enrolled
at Careggi University Hospital. The limited number of
patients is due to the rarity of the neoplasm studied and
to the need of a homogeneous cohort characterised by
patients who had followed the same therapeutic sched-
ule. Literature analysis on the role of IncRNAs in cancer
identified GASS5 as a possible IncRNA associated with
osteosarcoma survival. GASS plays the role of tumour
suppressor gene in many types of cancer and is found
underexpressed in breast [11], prostate [12], pancreatic
[13], colorectal [14], cervical [15] and gastric cancers [16].
It plays a role as tumor suppressor gene by disadvantag-
ing processes such as cell migration and cell proliferation
and promoting cell death by apoptosis [27]. In particu-
lar, it acts on cell proliferation by raising P21 levels and
lowering CDK6, Cyclin D1 and E2F1 levels [28] as well
as on apoptotic processes by lowering clIAP2 levels and
raising P53 levels. The expression of GASS5 can be reg-
ulated by the interaction between mammalian target of
rapamycin and nonsense-mediated decay [29]. In addi-
tion, in the literature there are data on the possible role
of GASS in osteosarcoma; also in this case, it plays the
role of oncosuppressor interacting with some miRNA
[17-22]. In addition, recently it has been described that
a downregulation of GAS5 in osteosarcoma cell lines
enhances migration and invasion, along with an upregu-
lation of EM'T and increased expression of miR-21 [30].
Moreover, a genetic variant in the promoter region of
GASS (rs145204276) is functionally associated with the
susceptibility of osteosarcoma [31]. Furthermore, other
IncRNAs with a possible role in cancer chemoresistance
(SNGH1, FOXD2-AS1, DLEU2 and LINCO00963) have
been selected from the literature analysis. FOXD2-AS1
has been reported to play the role of an oncogene in
many types of cancers, as it has been found to be abnor-
mally expressed in gastric, lung, bladder, colon rectum,
nasopharyngeal, oesophagus, liver, thyroid and skin
cancers [32]. Its role is related to cell proliferation that
promotes through its involvement in both the Wnt/p
catenin and Notch signaling pathway; moreover, in blad-
der cancer, FOXD2-AS1 plays a role in gemcitabine
chemoresistance [32]. Regarding the role of this gene
in osteosarcoma, it has been reported that FOXD2-AS1,
following the activation by transcription factor hypox-
ia-inducible factor 1-alpha, acts as an oncogene in the
osteosarcoma tumorigenesis and interacts with enhancer
of zeste homolog 2 to silence p21 protein [33].
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Graphical representation of expression values of a panel of selected IncRNA. (a) Expression boxplots showing trends of individual long non-
coding RNAs (IncRNAs) in osteosarcoma (OST) samples; the expression values are reported as log,_(RQ); gray dots represent the outliers. (b)
Expression heatmap of INcRNA among the patients, this heatmap was built using the Pheatmap function in R-studio software; the clustering
between genes and between patients was created using the Euclidean distance; the color scale represents the expression values [Iog (RQ)],

normalised in the columns.

Table 4 Descriptive statistic of IncRNA expression in the study population grouped according to response to therapy

Response FOXD2-AS1 SNHG1 GAS5 LINC00963 DLEU2 02-04 DLEU2 08
N Resistant 4 4 4 4 4 4
Sensitive 4 4 4 4 4 4
Mean Resistant —6.00 —12.1 —4.37 —4.84 —4.97 —6.51
Sensitive —1-1 —11.6 —2.88 —2.42 —4.52 —5.23
Median Resistant —7.22 —7.96 —4.17 —-5.12 —4.97 —5.43
Sensitive —10.1 —11.5 —3.01 —2.42 —5.96 —5.23
SD Resistant 3.40 8.43 0.845 2.09 1.17 4.36
Sensitive 7.06 2.24 0.729 NaN 2.60 10.4
Range Resistant 6.46 15.2 1.93 4.15 1.65 8.52
Sensitive 9.98 4.48 1.70 0.00 455 14.8

DLEU, deleted in lymphocytic leukemia; GAS5, growth arrest-specific 5; SNHG, small nucleolar RNA host gene.

Small nucleolar RNA host gene (SNHG1) is over-
expressed in oesophageal squamous cells [34], lung
squamous cells [35], hepatocellular carcinomas [36],
colorectal [37], gastric [38] and liver cancers where it acts
as a tumour promoting factor. In the liver, it promotes
the development of tumour mass by inhibiting the
expression of P53 [39] and the resistance to sorafenib
and doxorubicin [40]. Regarding osteosarcoma, it pro-
motes cell proliferation, metastases and invasiveness
while its silencing promotes cell death by apoptosis and
the GO/G1 cell cycle arrest. In osteosarcoma, it plays its
role of oncogene by inhibiting the expression of miR-
NA-101-3p and this favours the expression of rho associ-
ated coiled-coil containing protein kinase 1 [41].

LINCO00963 has been reported as an oncogene in differ-
ent types of cancer such as prostate cancer and hepato-
carcinoma. In prostate cancer, it has been shown that its
overexpression is linked to the malignant development by
acting on EGFR [42]. In hepatocarcinoma, this IncRNA

acts on the PI3K/AK'T signalling pathway, favouring the
tumour progression [43]. There is little data in the liter-
ature on the role of LINCO00963 in osteosarcoma but the
available data suggest that its overexpression is linked to
an unfavourable prognosis and that it facilitates prolifer-
ation and invasiveness by suppressing the miR-204-3P/
FN1 axis [44].

DLEU?2 is a tumour suppressor gene because its down-
regulation is linked to malignant processes such as
angiogenesis, metastasis and invasiveness. Its role as an
onco-suppressant in laryngeal, oesophageal and pancre-
atic carcinoma has been verified, but above all, it plays
a fundamental role in many types of leukaemia [45].
One of the isoforms of DLEU2 is an indicator of poor
prognosis in patients with oesophageal adenocarcinoma
[26]. In the literature, data on the correlation between
DLEU2 and osteosarcoma are limited and are related
to the phenomenon of hypoxia. LLow oxygen levels sup-
press the transcription of DLEU2 and miR-15a and this

Copyright © 2022 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.
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Table 5 Progression-free survival and overall survival results based on GAS5 expression in the TARGET dataset patient cohort

Patients Hazard ratio PFS P value PFS Hazard ratio survival P value survival
TOT 92 1.60 0.0006 1.57 0.003
AOST0331 24 2.06 0.01 4.33 0.001
AOST06B1 15 1.85 0.24 3.96 0.07
IHRT 20 1.22 0.67 2.06 0.21
P9851 17 0.92 0.85 0.77 0.58

PFS, progression-free survival.

favours the proliferation and invasion of cancer cells [46].
Noteworthy the studies reported in the literature were
carried out on cell lines while our study is the first on
primary samples of osteosarcoma.

Observing the clinicopathologic features of the enrolled
patients, we have decided to focus on chemoresistance.
Some data on the correlation between some IncRNAs and
chemoresistance in osteosarcoma are reported in the lit-
erature [8]. Recent studies demonstrated that a distinctly
higher expression of IncRNA FOXC2-AS1 (FOXC?2 anti-
sense RNA 1, FOXC2-AS1) was associated with a poor
prognosis for osteosarcoma patients. [t was also revealed
that FOXC2-AS1 may have contributed to doxorubicin
resistance by increasing the expression of some classical
MDR (multidrug resistance) associated genes, includ-
ing ABCB1 and HIF1A [47]. Overexpression of IncRNA
ODRUL (OS doxorubicin resistance-related upregu-
lated IncRNA, ODRUL) was shown in tumour tissues
of osteosarcoma patients with lung metastasis and a
low chemoresponse. It was reported that ODRUL may
reduce sensitivity to doxorubicin in OS cells by inducing

the expression of ABCB1 [48]. LncRNA LINCO00161
(long intergenic noncoding RNA 161, LINC00161) was
revealed to play an essential role in cisplatin-induced
apoptosis, and attenuate osteosarcoma chemoresistance
by targeting the miR-645-IFI'T2 (interferon-induced
with tetratricopeptide repeats 2, IFI'T2) signaling axis
[49]. LncRNA HOTTIP participated in osteosarcoma
cellular resistance to cisplatin by the activation of the
Wnt/B-catenin signaling pathway, which indicates a
potential therapeutic approach to targeting the Wnt/f-
catenin signaling pathway to reverse the resistance [50].

We compared therapy-sensitive and therapy-resistant
patients and we found that the IncRNAs FOXD2-AS1,
SNHG1 and LINCO00963 tend to be more expressed in
the group of therapy-resistant patients than in the group
of sensitive patients; the IncRNA GAS5 and the iso-
forms of the IncRNA DLEU?2 analyzed (DLEU2 02-04
and DLEU2 08) have a tendency to be more expressed
in patients sensitive to therapies. The trends we found
and observed are in accordance with the oncologic roles
of the studied IncRNA in the literature; genes of which

Copyright © 2022 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



INSTGHIRA+ZMN8RAAAAVO/OAEIOVIHSALLIAIPO0AEIEAHIOI/AO AUMY TXOMADUOIN

XYOHISABZIY TN +_yNIOITWNOIZTARHISSHNAUE A SBnipisouea-nuR/Woo° MM sfeulnol/:dny woly papeojumod

¥20¢/2¢/L0 uo

284 Anti-Cancer Drugs 2022, Vol 33 No 3

a possible role of oncogene is reported tend to be more
expressed in patients with osteosarcoma resistant to
therapies and genes of which a possible role of tumour
suppressor gene is reported tend to be more expressed
in patients with osteosarcoma sensitive to therapies.
However, our data on GASS5 expression were not con-
firmed by bioinformatics analysis.

In conclusion, we found a panel of IncRNAs expressed
in primary osteosarcoma tissues, their expression is dif-
ferent between chemosensitive and chemoresistant
patients and the IncRNA GASS5 has a significantly differ-
ent expression into the two groups. In the future we have
hypothesised its use as a biomarker in osteosarcoma and
evaluate the expression of GASS5 could give predictive
information on resistance or sensitivity to treatment of
osteosarcoma patients.
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