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IncRNA HARIB has potential to be a predictive marker
for pazopanib therapy in patients with sarcoma
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Abstract. Bone and soft-tissue sarcomas are rare and are
highly heterogeneous mesenchymal malignancies. It is there-
fore challenging to acquire the clinical data of patients with
specific histological subtypes of sarcoma using large clinical
trials, and there is a need to further establish the diagnosis
and treatment of sarcomas. The results of the current study
revealed that long non-coding RNA (IncRNA) highly acceler-
ated region 1B (HARIB) may serve as a predictive biomarker
for pazopanib treatment in bone and soft-tissue sarcomas.
Using multiplex reverse transcription-quantitative PCR and
microarray analyses, the results demonstrated that HARIB and
HOX transcript antisense RNA (HOTAIR) were differentially
expressed in pazopanib-sensitive cells and responders. It was
further revealed that small interfering RNA-knockdown of
HARIB led to an increased resistance to pazopanib in sarcoma
cell lines. Gene expression profiles associated with pazopanib
sensitivity included cellular molecular pathways, such as
genes involved in von-Willebrand factor-related signaling. The
current study demonstrated that IncRNA HARIB expression in
sarcoma cell lines affected cellular sensitivity to pazopanib in
patients with sarcoma.
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Introduction

Bone and soft-tissue sarcomas are rare and highly hetero-
geneous mesenchymal malignancies, encompassing more
than 70 distinct histological subtypes with various clinical
features. They include liposarcoma, leiomyosarcoma, synovial
sarcoma, angiosarcoma, malignant peripheral nerve sheath
tumors, osteosarcoma, Ewing sarcoma, chondrosarcoma, and
many others (1,2). Soft-tissue sarcomas account for only 1% of
all malignancies (3), and bone sarcomas are even 8-10 times
less common than soft-tissue sarcomas (4).

Chemotherapy is the main treatment modality used in
unresectable sarcomas. This modality includes conventional
cytotoxic drugs, such as doxorubicin, ifosfamide, dacarbazine,
epirubicin, gemcitabine, temolozomide, docetaxel, trabect-
edin, and eribulin (5-7). Moreover, the multi-target tyrosine
kinase inhibitor pazopanib, which inhibits vascular endothelial
growth factor receptors (VEGFRSs), platelet-derived growth
factor receptors, KIT, and other receptor tyrosine kinases,
has recently been adopted in the treatment of soft-tissue
sarcomas (8). However, for many sarcomas, no standard
pathological or molecular biomarker exists that can predict the
clinical outcomes of patients on different drug therapies, and
these drugs have limited effects. Because sarcomas are rare, it
is challenging to collect clinical data from prospective clinical
trials with patients with specific histological subtypes of
sarcomas. Therefore, the diagnoses and treatment of sarcoma
needs to be further developed.

In recent years, long non-coding RNA (IncRNA) has
attracted great attention as a potential diagnostic, prognostic,
and predictive biomarkers in the treatment of various
cancers. IncRNAs are transcripts composed of more than 200
nucleotides that do not encode proteins (9). The number of
known human IncRNAs is gradually on the rise, with about
96,000 currently described, according to the NONCODEVS5
database (10). Accumulating evidence has demonstrated an
association between the altered expression of some IncRNAs
with various cancer types. These include GASS5, LINC-PINT,
MEG3, HOTAIR and MALATI, which are involved in various
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cellular functions such as proliferation, survival, metastasis,
and genomic stability (11). Moreover, some of these IncRNAs
may be used as prognostic biomarkers, such as HOTAIR in
breast cancer (12) and gastrointestinal cancers (13), and
MALATI in lung cancer (14). Likewise, in osteosarcoma, some
IncRNAs have been reported as prognostic biomarkers (15-17).
In addition to detecting IncRNA expression levels in tumor
tissues, detecting IncRNA in the plasma might be useful in
the diagnosis and to develop treatment strategies for patients
with cancer (18). Thus, the clinical application of IncRNAs as
biomarkers in the treatment of patients with cancer is currently
researched. However, few reports have identified the biolog-
ical roles of IncRNAs or their clinical utility in sarcomas,
particularly soft-tissue sarcomas.

In this study, we screened for IncRNAs that are specifically
dysregulated in bone and soft-tissue sarcoma cell lines and
patients, by using a multiplex polymerase chain reaction
(qPCR) assay and genome-wide RNA expression analysis.
Furthermore, using knockdown systems, we sought to clarify
whether IncRNAs play a role in drug sensitivity to pazopanib
in sarcoma cell lines. We identified a IncRNA highly acceler-
ated region 1B (HARIB), which is highly expressed in cell
lines sensitive to pazopanib and in patients with sarcoma
who benefited from pazopanib therapy, and found that its
suppression led to an increased resistance to pazopanib in
sarcoma cell lines.

Materials and methods

Cell lines. A total of 16 bone or soft-tissue sarcoma cell lines
were used in this study. These include SW872 (liposarcoma),
HT1080 (fibrosarcoma), SK-LMS-1 (leiomyosarcoma), A204
(rhabdomyosarcoma), RD (rhabdomyosarcoma), ISO-HAS-B
(angiosarcoma), HS-sch2 (malignant peripheral nerve sheath
tumor, MPNST), FMS-1 (MPNST), SFT8611 (MPNST),
SFT9817 (MPNST), YST-1 (MPNST), S462 (NF-1 associ-
ated MPNST), HS-SY-II (synovial sarcoma), Yamato-SS
(synovial sarcoma), SaOs2 (osteosarcoma), and MGG63
(osteosarcoma). SW872, HT1080, SK-LMS-1, A204, and RD
were purchased from the American Type Culture Collection.
HS-sch2, HS-SY-II and Yamato-SS were purchased from
the Riken Bioresource Center (Ibaraki, Japan). YST-I,
Sa0s2, and MG63 were purchased from Tohoku University
Cell Resource Center for Biomedical Research Cell Bank
(Miyagi, Japan). FMS-1 (19) was provided by Dr Michiyuki
Hakozaki from the First Department of Pathology, Fukushima
Medical University School of Medicine (Fukushima,
Japan). SFT8611 and SFT9817 (20) were kindly provided by
Dr Mikiko Aoki and Dr Kazuki Nabeshima at the Department
of Pathology, Fukuoka University School of Medicine
(Fukuoka, Japan). S462 (21) was provided by Dr Lan Kluwe
from the Department of Oral and Maxillofacial Surgery, the
University Medical Center Hamburg-Eppendorf (Hamburg,
Germany). ISO-HAS-B (22) was provided by Dr Mikio
Masuzawa from the School of Allied Health Science, Kitasato
University (Kanagawa, Japan). The cell lines were regularly
authentificated by short tandem repeat analysis. SW872,
SK-LMS-1, RD, ISO-HAS-B, HS-sch2, S462, HS-SY-II,
Yamato-SS, and MG63 were maintained in Dulbecco's modi-
fied Eagle's medium (DMEM) with high glucose. HT1080,

A204, FMS-1, YST-1 and SaOs2 were maintained in an
RPMI-1640 medium. SFT8611 and SFT 9817 were maintained
in a DMEM/F12 medium. These media included 10% fetal
bovine serum. The cells were grown at 37°C under 5% CO,.

MTT assay. Pazopanib was purchased from Adooq Bioscience
(GW-786034). Pazopanib was diluted in dimethyl sulfoxide
to 10 mM and the required concentrations were added to the
respective media.

Using a 96-well plate, the following cell numbers of each
sarcoma cell line were seeded in individuals wells: 2,500 of
SW872, 500 of HT1080, 3,000 of SK-LMS-1, 2,000 of A204,
2,500 of RD, 2,000 of ISO-HAS-B, 1,000 of S462, 2,000 of
FMS-1, 1,000 of SFT8611,2,500 of SFT9817,2,500 of HS-sch2,
3,000 of YST-1, 2,000 of HS-SY-II, 3,000 of Yamato-SS,
2,000 of SaOs2, and 1,000 of MG-63. To calculate the pazo-
panib inhibitory potency (ICs,) for the 16 sarcoma cell lines,
at least seven different doses of pazopanib were used. Cells
were treated with pazopanib and were seeded 24 h after onto
the plates. The cell viability was measured after 72 h using the
Cell Counting Kit-8 (Dojindo Laboratories), according to the
manufacturer's protocol. Cell viability (%) was calculated by
dividing the median value for each pazopanib dose (conducted
at least in triplicates) by the value of untreated cells. ICs, values
were calculated using the dosages from the two-cell viability
values surrounding 50%. From the results obtained from three
or more independent experiments, we calculated the ICs, data.

IncRNA expression profiles in sarcoma cell lines analyzed
by multiplex real-time RT-PCR. The total RNA obtained
from the 16 sarcoma cell lines was extracted using RNeasy
Mini kit (Qiagen) and quantified by NanoDrop-1000 v3.8.1
(Thermo Fisher Scientific, Inc.). The LncProfiler gPCR Array
Kit (System Bioscience) recognizes 90 cancer-related or stem
cell-related IncRNAs, and was used to analyze IncRNA expres-
sion profiles in the 16 sarcoma cell lines, according to the
manufacturer's protocol. In brief, cDNA was synthesized using
the GeneAmp PCR system 9700 (Thermo Fisher Scientific,
Inc.). The 90 cancer-related or stem cell-related IncRNAs and
5 control RNAs for normalization (composed of 78S rRNA,
RNU43, GAPDH, LAMIN A/C, and U6) were quantified by
real-time PCR using CFX96 (Bio-Rad). The thermal cycling
was programmed for 2 min at 50°C and 10 min at 95°C, followed
by 40 cycles of 15 sec at 95°C and 1 min at 60°C. The geometric
mean values for the expression of the four control RNAs, except
18S rRNA whose expressions was inconsistent among the cell
lines, were used to normalize the relative expression values of
each IncRNA. Expression data are expressed as mean values
from the results obtained from at least two independent experi-
ments in each cell line. When the fold change (FC) in mean
IncRNA expression levels of the sensitive cells versus those of
the resistant cells was >1.5 or <0.67, with P<0.10, the IncRNAs
were considered to be candidates for factors that affect cellular
sensitivity to pazopanib.

Patients. We recruited 39 patients with bone or soft-tissue
sarcoma who were on pazopanib therapy between December
2012 and June 2018 in the Tohoku University Hospital. Patients
were regarded eligible if they were aged 20 years or older; had
histologically confirmed unresectable, recurrent, or metastatic
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bone or soft-tissue sarcoma of extremity, trunk, retroperito-
neal, or any organs; formalin-fixed paraffin-embedded (FFPE)
tissues were available. Pathological diagnosis was performed
by a pathologist (M.M.). Tumor tissues were generally resected
with at least 5-mm margin from normal tissues. DNA and RNA
were extracted from the macro-dissected tumor cells. Written
informed consent was obtained from all patients. Their records
were retrospectively reviewed for information on the clinical
characteristics of the patients and tumors, changes in tumor
size, overall response rate, progression-free survival (PFS)
after the initiation of drug therapies, and overall survival (OS).
The change in tumor size of one or two measurable lesions,
overall response rate, and PFS were calculated based on
Response Evaluation Criteria in Solid Tumor verl.1 (23).

Global gene and IncRNA expression analyzed by microar-
rays. Total RNA from FFPE sarcoma tissues were extracted
using the RNeasy FFPE kit (Qiagen). The levels of RNA
degradation were analyzed with a Bioanalyzer-2100 (Agilent
Technologies), and the RNA quality was confirmed based
on the manufacturer's protocol (Agilent Technologies,
https://www.agilent.com/). The genome-wide gene and
IncRNA expression levels of the 23 bone or soft-tissue sarcoma
tissues were analyzed using SurePrint G3 Hyman Gene
Expression 8x60K ver. 3.0 microarray (Agilent Technologies),
which covers 58,341 probes including 26,083 coding genes
and 30,606 IncRNAs. To analyze the gene and IncRNA
expressions of the 16 sarcoma cell lines, we performed micro-
array analyses using SurePrint G3 Hyman Gene Expression
8x60K ver. 3.0, according to the manufacturer's protocol
(Agilent Technologies). The microarray data were extracted
and analyzed using the Feature Extraction ver. 10.7 (Agilent
Technologies; https://www.agilent.com/cs/library/user-
manuals/public/G4460-90026_FE_Reference.pdf) and the
GeneSpring ver. 14.5 (Agilent Technologies). We classified
the differentially expressed probes between responders and
non-responders, either with FC >1.5 or <0.67 (P<0.1), as the
IncRNAs that might be related to pazopanib sensitivity.

Knockdown of HARIB by siRNA and its influence on
cellular sensitivity to pazopanib. HS-SY-II and Yamato-SS
cells were used in the HARIB knockdown assay to deter-
mine whether alterations in HARIB expression affected
cellular sensitivity to pazopanib treatment. The cells were
transfected with si-HAR1B (Mission siRNA HARIB,
#SASI_Hs02_00378868_AS; Sigma-Aldrich; Merck KGaA)
or si-negative control (MISSION siRNA Universal Negative
Control#1, #SIC001) at a final concentration of 5.7 nM using
Lipofectamine 2000 (#11668019; Invitrogen; Thermo Fisher
Scientific, Inc.), according to the manufacturer's protocol.
Total RNA was extracted from the cells using the RNeasy
Mini kit (Qiagen). cDNA was prepared using the 5x PrimeScript
RT Master Mix (Takara), 48 and 72 h after transfection
in HS-SY-II and Yamato-SS cells, respectively. Real-time
PCR primers for HARIB (VC00026) were purchased from
Sigma-Aldrich; Merck KGaA. HARIB expression levels were
normalized by GAPDH expression detected by primers for
GAPDH (forward: ACCCAGAAGACTGTGGATGG, reverse:
CAGTGAGCTTCCCGTTCAG). The PowerUp SYBR-Green
Master Mix (Applied Biosystems) was used for real-time PCR.

The thermal cycling was programmed for 2 min at 50°C and
10 min at 95°C, followed by 40 cycles of 15 sec at 95°C and
1 min at 60°C. Each sample was amplified in triplicate and
the mean expression values were obtained from at least three
independent experiments.

Twenty-four hours after transfection, O, 1, 2, and 4 uM
of pazopanib for HS-SY-II cells, and 0, 1, 2, and 5 uM for
Yamato-SS cells, were respectively added to the medium, and
cell viability was measured by the MTT assay, as described
above, after 48 h for HS-SY-II cells, or 72 h for Yamato-SS
cells. Each sample was amplified in triplicate during each run,
and the mean viability values were obtained from at least four
independent experiments in each cell line.

Statistical analyses. Significance analyses of gene expression
and cell viability assays were conducted using unpaired or
paired t-tests. Hierarchical clustering and heat-map genera-
tion were performed using R (version 3.6.1, R Development
Core Team, http://www.R-project.org/) in multiplex IncRNA
real-time RT-PCR analysis, and GeneSpringGX 14.5
(Agilent Technologies, https://www.agilent.com/cs/library/
usermanuals/public/GeneSpring_manual.pdf) in microarray
analyses. Survival analyses was performed using JMP Pro
ver.14.2.0 (SAS Institute Inc.). Kaplan-Meier analyses were
used to estimate the distributions of PFS or OS, and a log-rank
test was used to analyze the statistical differences in survival.

Gene enrichment analysis and functional annotation clus-
tering were performed using the David analysis (24), according
to the instruction (ver. 6.8, https://david.ncicrf.gov). In brief, we
uploaded a list of each Entrez Gene ID of our 306 genes into the
DAVID webpage. The threshold for the number of genes was 2.
The gene enrichment was quantitatively measured by modified
Fisher's exact test. There were 65 annotation terms with P-value
<0.01. For functional annotation clustering, an enrichment score
of 1.30 or higher is considered statistically significant.

Results

Sensitivity to pazopanib in 16 sarcoma cell lines. To eluci-
date cellular sensitivity to pazopanib, we first performed
MTT assays and calculated the ICs, values of the 16 bone or
soft-tissue sarcoma cell lines. The most sensitive cell line was
A204 (ICy, value of 0.08 pM), and the most resistant cell line
was SFT8611 (ICs, value of 141 uM) (Fig. 1A). Preclinical
models showed that pazopanib activity depended on reaching
a steady-state concentration of >40 uM (25), and a phase I
clinical trial showed that in most patients, 800 mg pazopanib
once daily as a current standard clinical dose helped achieve
a plasma concentrations of >34 yM pazopanib after 24 h (26).
Based on these previous data, we categorized the cell lines
as ‘sensitive’ cell lines with regard to pazopanib (ICs, values
<20 uM: A204, HS-SY-II, Yamato-SS, and YST-1) and
‘resistant’ (the other 12 cell lines) (Fig. 1A).

Screening for candidate IncRNAs differentially expressed
between pazopanib-sensitive and pazopanib-resistant
cell lines. We then analyzed the expression profiles of 90
IncRNAs among the 16 cell lines using multiplex real-time
RT-PCR. As shown in Fig. 1B, each of the 16 cell lines had
distinct IncRNA expression profiles. The expression profiles
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Figure 1. Sensitivity to pazopanib and IncRNA expression in 16 bone or soft-tissue sarcoma cell lines. (A) ICy, values of 16 sarcoma cell lines treated with
pazopanib were analyzed by an MTT assay. Four sarcoma cell lines with ICs, values <20 M were classified as pazopanib-sensitive cell lines, while the other
12 cell lines were categorized as pazopanib-resistant cell lines. Data are presented as the logarithmic value of the mean + SEM. (B) Expression of 90 IncRNAs
in 16 sarcoma cell lines analyzed by multiplex qPCR analysis. Clustering analysis using the complete method revealed that clustering did not depend on the
histological subtype. Each IncRNA expression value was normalized to a geometric mean value of four normalization genes, RNU43, GAPDH, LAMIN A/C
and U6. Five IncRNAs were not detected in any of the 16 sarcoma cell lines. Data are shown as relative expression mean values. IncRNA, long non-coding
RNA; RS, rhabdomyosarcoma; MPNST, malignant peripheral nerve sheath tumor; AS, angiosarcoma; LPS, liposarcoma; OS, osteosarcoma; SS, synovial
sarcoma; FS, fibrosarcoma; LMS, leiomyosarcoma.

did not seem to depend solely on histological subtype, We next tried to identify IncRNAs differentially expressed
although the number of cell lines was too small to draw a  between the sensitive and resistant cell lines. The expression of
firm conclusion. each IncRNA expression was compared between the sensitive
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and resistant cells using unpaired t-tests (Table SI). When the FC
in mean IncRNA expression levels of the sensitive cells versus
those of the resistant cells was >1.5 or <0.67, with P<0.10, we
hypothesized that the IncRNAs were candidates for factors that
affect cellular sensitivity to pazopanib. A total of 12 IncRNAs
including BACEIAS, MERIIC, H19, GAS5-family, Dio3os, Y
RNA-1,AK023948, HARIB, Jpx, Gomafu, HULC, and HOTAIR,
fulfilled this criteria (Table SI). The expression of all IncRNAs
except MER1IC was upregulated in the sensitive cell lines.

Patients with bone or soft-tissue sarcomas were divided
into responders and non-responders. In a phase I1I study,
PALETTE, the median PFS of patients with soft-tissue
sarcomas was 4.6 months (8). Considering the PALETTE
data, we defined the 39 patients with at least 6 months of
PFS and/or with at most 0% of the maximum change in
tumor size as ‘responders’. The other patients were defined
as ‘non-responders’. The 39 patients with bone or soft-tissue
sarcoma who received pazopanib therapy were categorized
into 16 responders and 23 non-responders.

Microarray analyses to validate candidate IncRNAs that might
be related to pazopanib sensitivity. We tried to determine
whether there were also differentially expressed IncRNAs
between responders and non-responders who received pazopanib.
Among the 39 patients, samples from 23 patients with a sufficient
quantity and quality of RNA were analyzed using microarray
analyses (Table I). Seven patients showed tumor shrinkage, and
PR was observed in three patients among the 18 with measur-
able lesions (Fig. 2A). The median PFS of responders and
non-responders was 10.2 months [95% confidence interval (95%
CI), 5.6-21.0 months] and 1.9 months (95% CI 1.1-2.8 months),
as shown in Fig. 2B. The median OS of responders and
non-responders was 22.0 months (95% CI, 6.6-55.8 months) and
5.6 months (95% CI 1.3-11.0 months), as shown in Fig. 2C.

In microarray analyses using SurePrint G3 Hyman Gene
Expression 8x60K microarrays, we classified the differentially
expressed probes between responders and non-responders,
either with FC >1.5 or <0.67 (P<0.1), as the IncRNAs that
might be related to pazopanib sensitivity. Among 14,661
probes of the IncRNAs analyzed, 2,417 probes (2,417/14,661,
16%) fulfilled these criteria (Fig. 2D). The results showed that
some proportion of IncRNAs was differentially expressed
between responders and non-responders, and that at least
some IncRNAs might be involved in sensitivity to pazopanib
in patients with bone or soft-tissue sarcomas.

We next attempted to validate whether the IncRNAs
differentially expressed between the pazopanib-sensitive
and pazopanib-resistant cell lines were also differentially
expressed between responders and non-responders with bone
or soft-tissue sarcomas who received pazopanib. Among
90 IncRNAs analyzed by multiplex real-time RT-PCR, 32
IncRNAs were detected in the microarray analyses. Among
them, HARIB and HOTAIR fulfilled the criteria of FC >1.5 or
<0.67, with P<0.1 (Fig. 3, Table II). HARIB expression levels
in sensitive cells were higher than in resistant cells, with 279
of FC and P=0.08 (Fig. 3A), and higher in responders than
those in non-responders with 2.25 of FC and P=0.09 (Fig. 3B).
HOTAIR expression levels in sensitive cells were higher than
in resistant cells with 360 of FC and P=0.08 (Fig. 3C), and

higher in responders than those in non-responders with 1.74 of
FC and P=0.06 (Fig. 3D).

Knockdown of HARIB results in increased pazopanib
resistance in sarcoma cell lines. Based on the above results,
we hypothesized that the two IncRNAs, HARIB and HOTAIR,
might be related to pazopanib sensitivity in sarcomas. We
thus attempted to elucidate whether forced alteration of the
IncRNA expression levels would affect pazopanib sensitivity
in sarcoma cells. For this purpose, we decided to focus on
HARIB rather than HOTAIR, because the FC of HARIB
was slightly higher than that of HOTAIR in responders (FC
2.25 vs. 1.74), and the functional significance of HARIB in
tumorigenesis remains unclear.

Transfection of siRNA against HARIB led to a 42%
decrease in the expression level in pazopanib-sensitive
HS-SY-II cells (Fig. 4A). This level of HARIB knockdown
led to a modest but statistically significant increase in the
viability of cells treated with 2-uM pazopanib (69 vs. 59%,
P=0.003, Fig. 4B). In another sensitive cell line Yamato-SS,
knockdown of HARIB also led to a modest but statistically
significant increase in the viability of cells treated with 2-yM
pazopanib (68 vs. 62%, P=0.005, Fig. 4C and D). In contrast, in
the pazopanib-resistant cell line SW872, HARIB knockdown
did not affect pazopanib sensitivity (data not shown).

Gene enrichment and functional annotation clustering
analyses reveal that some functional pathways, including
a von-Willebrand factor-related pathway, correlate with
pazopanib-sensitivity-related expression profiles. Our find-
ings suggest that HARIB might be related, even partially,
to pazopanib sensitivity in sarcoma cells, and that a certain
threshold of HARIB expression might be required for pazo-
panib efficacy. However, the precise molecular mechanisms of
how HARIB is involved in pazopanib sensitivity remain to be
elucidated. To address this issue, we next attempted to eluci-
date how whole genome-wide gene and IncRNA expression
profiles including HAR B expression differ between sensitive
and resistant cells and between responders and non-responders.

In microarray analyses using SurePrint G3 Hyman Gene
Expression 8x60K microarrays of 16 bone or soft-tissue
sarcoma cell lines, 4,962 probes (4,538 genes/IncRNAs)
were upregulated in sensitive cells (FC >1.5 with P<0.1). In
microarray analyses including 23 bone or soft-tissue sarcoma
tissues, 3,733 probes (3,652 genes/IncRNAs) were upregu-
lated in responders (FC >1.5 with P<0.1); 351 genes and 109
IncRNAs, including HARIB, upregulated in both sensitive
cell lines and responders. Using the 306 genes/IncRNAs with
NCBI Entrez Gene IDs, we performed gene enrichment anal-
ysis, which revealed 65 significant annotation terms (P<0.01)
(Table SIT). Many of them included terms related to the ‘von
Willebrand factor’ (Table SII). The most statistically signifi-
cant term was ‘“VWC out,” which includes five genes-MUC2,
MUC5B, MUC6, NELLI, and VWCE. We next performed
functional annotation analysis using the result of the gene
enrichment analysis and detected seven statistically signifi-
cant clusters with enrichment scores >1.3 (Table III). The
functional clusters included von-Willebrand factor-related,
cell membrane-related, EGF-related, receptor-related, and
neurogenesis-related clusters.
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Table I. Summary of patient/tumor characteristics and treatment outcomes for 23 patients/tumors analyzed via microarray
analyses.

Factors Total, n (%) (n=23) Responder, n (%) (n=13) Non-Responder, n (%) (n=10)
Sex
Male 14 (61) 7 (54) 7 (70)
Female 9 (39) 6 (46) 3(30)
Age (years)
Median 65 65 62
Range 20-76 20-76 31-76
ECOG Performance Status
0 9 (39) 7 (54) 2 (20)
1 13 (57) 5 (38) 8 (80)
2 1(4) 1(8) 0
>2 0 (0) 0(0) 0 (0)
Treatment line
Ist line 1(4) 1(8) 0 (0)
2nd line 12 (52) 7 (54) 5(50)
3rd line 7 (30) 3(23) 4 (40)
4th line 3(13) 2(15) 1(10)
Pathology 5(22) 2(15) 3(30)
Myxoid LPS
LMS 3(13) 2 (15) 1(10)
UPS 3(13) 2(15) 1(10)
SFT 29 1(8) 1(10)
oS 29 1(8) 1(10)
ASPS 2(9) 2(15) 0 (0)
uUsS 1(4) 1(8) 0(0)
AS 1 4) 1(8) 0 (0)
ES 1(4) 1(8) 0 (0)
ESFT 29 0 (0) 2 (20)
CCS 1(4) 0 (0) 1(10)
Primary site 12 (52) 8 (62) 4 (40)
Extremity
Trunk 29 1(8) 1(10)
Retroperitneum 1(4) 1(8) 0 (0)
Thoracic cavity 14) 1(8) 0 (0)
Liver 1(4) 1(8) 0(0)
Pancreas 1(4) 1(8) 0(0)
Abdominal cavity 1(4) 0(0) 1(10)
Oral 1(4) 0 (0) 1(10)
Pelvis 1(4) 0 (0) 1(10)
Sternum 14) 0 (0) 1 (10)
Eye 1(4) 0 (0) 1 (10)

ECOG, Eastern Cooperative Oncology Group; LPS, liposarcoma; LMS, leiomyosarcoma; UPS, undifferentiated pleomorphic sarcoma;
SFT, solitary fibrous tumor; OS, osteosarcoma; ASPS, alveolar soft part sarcoma; US, undifferentiated sarcoma; AS, Angiosarcoma; ES, epithe-
lioid sarcoma; ESFT, Ewing sarcoma family tumor; CCS, clear cell sarcoma.

Discussion targeted therapy. We made the following observations:

(1) Multiplex qPCR analysis identified 12 IncRNAs that
This study is the first to demonstrate that IncRNAs may  were differentially expressed between pazopanib-sensitive
serve as molecular biomarkers to predict the clinical and pazopanib-resistant cells; (2) comprehensive gene
outcomes of patients with sarcomas who receive molecularly and IncRNA expression analyses revealed that HARIB
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Figure 2. Clinical outcomes in 23 responders and non-responders among patients with bone or soft-tissue sarcoma who received pazopanib treatment. The gene
and IncRNA expression profiles differed between responders and non-responders. (A) Change in tumor size (%) and tumor response by pazopanib treatment in
18 patients with measurable tumor lesions. A total of 9 patients were categorized as responders, with <0% change in tumor size and/or =6 months of PFS, while
the others were categorized as non-responders. (B) Progression-free survival and (C) overall survival of 23 patients for whom whole genome gene/IncRNA
expression profiles were analyzed by microarrays. (D) A total of 2,417 IncRNAs (probes) differentially expressed genes (fold change >1.5 or <0.67 with
P<0.1) between responders (n=13) and non-responders (n=10) were detected in the microarray analysis. Data are presented as normalized intensity values.
Hierarchical clustering analysis divided the patients into two groups, responders and non-responders, except for one non-responder. IncRNA, long non-coding
RNA; PD, progressive disease; SD, stable disease; PR, partial response; NR, non-responder; R, responder; CI, confidence interval.

and HOTAIR were also differentially expressed between
responders and non-responders who received pazopanib
therapy; (3) we clarified the functional role HARIB through
knockdown by siRNA, which led to an increased pazopanib
resistance in sarcoma cell lines; and (4) gene expression
profiles related to pazopanib sensitivity include various
cellular molecular pathways, including von-Willebrand
factor-related signaling. These results suggest that IncRNA
HARIB is involved, even partially, in sensitivity to pazopanib
through some mechanisms, which might be related to the
regulation of angiogenesis, and that HARIB may be effective

as a predictive biomarker for patients with bone or soft-tissue
sarcomas who received pazopanib therapy.

Growing evidence suggests that IncRNAs exert oncogenic
or tumor-suppressive effects in various cancers (11,27-30).
Some IncRNAs are also involved in drug sensitivity, exem-
plified by H19 for paclitaxel, NEATI for 5-FU, and ARA for
anthracycline in breast cancer (31). However, the biological
roles of IncRNAs and their clinical significance in sarcomas,
particularly in soft-tissue sarcomas, remains to be elucidated.

We have shown in our study that HARIB is upregulated in
pazopanib-sensitive cells and in responders, and the HAR1B
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Figure 3. HARIB and HOTAIR were upregulated in pazopanib-sensitive cells and in responders. HAR1B and HOTAIR were differently expressed and upregu-
lated long non-coding RNAs (fold change >1.5 or <0.67 with P<0.1) in pazopanib-sensitive cells compared with pazopanib-resistant cells and in the responders
compared with non-responders. HAR 1B expression in (A) sarcoma cell lines and (B) sarcoma tissues is presented. HOTAIR expression in (C) sarcoma cell lines
and (D) as a scatter plot of sarcoma tissues. Data are presented as relative expression levels normalized to four normalization genes in sarcoma cell lines, or
normalized intensity values for sarcoma tissues. P-values were calculated by unpaired t-tests. Black dots represent each sample data point. The horizontal line
in the scatter plot represents relative expression or normalized intensity values for each expression mean. HARIB, highly accelerated region 1B; HOTAIR, HOX

transcript antisense RNA.

knockdown confers resistance to pazopanib, but the exact
mechanisms underlying this altered expression are unknown.
HARIB is a 6,827-bp IncRNA, located in 20q13.33. HARIB
is a pair of HARIA, overlapping oppositely transcribed genes,
and has three exons (32). A ‘highly accelerated region” was
found as a specifically evolved region in humans, and HARIA

was found to be expressed specifically in the Cajal-Retzius
neurons in the developing human neocortex, suggesting
that HARIA, and possibly HARIB, plays a role in neurogen-
esis (32). However, details of the functions of HARIA and
HARIB, particularly their molecular functions and clinical
significance in tumorigenesis, have not been well studied.
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Table II. Differentially expressed IncRNAs between responders and non-responders.

Expression in sarcoma cell* Expression in sarcoma tissue®
Mean fold change Mean fold change

IncRNA (sensitive/resistant) P-value® (responders/non-responders) P-value®
HARIB 27941 0.08 2.25 0.09
NEATI1 0.00 0.16 201 0.01
NEATI 1.48 0.14
NEATI 141 0.06
UCAI 0.00 0.44 1.98 0.07
UCAI 1.70 0.13
TSIX 1.00 d 1.80 0.12
TSIX 1.12 0.39
TSIX 0.97 0.95
TSIX 0.79 0.18
HOTAIRM1 0.48 0.37 1.74 0.02
HOTAIRM 1 1.15 0.70
HOTAIRM 1 1.06 0.15
SNHG4 1.00 0.99 1.74 0.02
SNHG4 1.51 0.48
HOTAIR 360.69 0.08 1.74 0.06
HOTAIR 1.35 0.28
HOTAIR 1.30 0.12
HOTAIR 1.26 0.73
HOTAIR 1.08 0.94
JPX 301.29 0.08 1.60 0.83
JPX 0.75 0.22
JPX 0.38 <0.01
HARIA 1.15 0.82 1.49 0.17
HARIA 1.02 0.58
EMX20S 0.82 0.57 1.44 0.52
EMX20S 1.18 0.10
SOX2-0T 0.01 0.50 144 0.46
SOX2-0T 0.96 0.86
SOX2-0T 0.81 0.64
LINC-ROR 1.15 0.77 1.40 0.04
IGF2-AS 0.99 0.99 1.36 0.02
TUGI 0.39 0.55 1.31 0.60
TUGI 1.04 033
TUGI 0.85 0.24
TUGI 0.55 0.06
MEG3 1.23 0.87 1.26 0.27
MEG3 1.12 033
MEG3 0.88 0.55
MEG3 0.85 0.97
MEG3 0.82 0.69
MEG3 0.60 0.20
HOXAII-AS 1.28 0.42 1.25 0.01
PCGEM1 1.00 d 1.13 0.31
BACEI-AS 1.62 0.02 1.08 0.92
MALATI 0.40 0.40 1.06 0.98
MALATI 0.93 043
MALATI 0.92 0.56
MALATI 0.79 0.05
HOTTIP 1.29 0.80 1.05 0.65
WTI1-AS 6.07 0.16 0.92 0.80

GASS 1.84 0.04 0.90 0.63
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Table II. Continued.

Expression in sarcoma cell* Expression in sarcoma tissue®
Mean fold change Mean fold change
IncRNA (sensitive/resistant) P-value® (responders/non-responders) P-value®
GASS 048 0.17
SNHG5 0.68 0.52 0.87 0.64
SNHG5 0.77 0.39
SNHG5 0.53 0.02
SNHG5 0.38 0.03
SNHG6 0.86 0.76 0.83 0.54
SNHG6 0.63 0.14
SNHG3 0.83 0.54 0.77 0.16
HI9 32.79 0.04 0.75 0.43
HI9 0.61 0.25
IPW 0.00 0.58 0.73 0.30
DISC2 1.00 1.00 0.71 0.17
KCNQIOTI 0.03 0.58 0.67 0.13
KCNQIOTI 0.64 0.02
XIST 1.33 0.82 0.64 0.79
ZFASI 1.25 0.55 0.54 0.06
DIO30S 4.40 0.07 0.30 0.09

A total of 69 IncRNA probes (32 IncRNAs) were common in both the cell and tissue assays, and are listed above. Mean fold change was
calculated by dividing responder (or sensitive cell) expression data by that of non-responder (or resistant cell). “Expression data in multiplex
gPCR in cells. "Expression data in microarray in tissues. ‘Calculated by an unpaired t-test, “Not calculable.
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Figure 4. HARIB knockdown by siRNA confers resistance to pazopanib treatment in sarcoma cell lines. Pazopanib-sensitive HS-SY-II and Yamato-SS cells
with high HARIB expression were selected for the HARIB knockdown assay. The two cell lines were transiently transfected with siRNA for HARIB or NC.
(A) RT-qPCR analysis confirmed that siHARB transfection led to a decrease in HARB expression by ~58% when compared with siNC transfection in HS-SY-II
cells. (B) siHARIB transfection led to significantly higher cell viabilities compared with siNC transfection in HS-SY-II cells treated with 2 xM pazopanib.
(C) RT-qPCR analysis confirmed that siHAR1B transfection led to a decrease in HARB expression by ~49% compared to siNC transfection in Yamato-SS cells.
(D) siHARIB transfection led to significantly higher cellular viability than siNC transfection in Yamato-SS cells treated with 2 M pazopanib. Data are presented
as the mean + SEM of relative expression normalized by GAPDH expression in A and C, or cell viability (%) in B and D. The P-value was calculated by paired
t-tests. HARIB, highly accelerated region 1B; siRNA or si, small interfering RNA; NC, negative control; RT-qPCR, reverse transcription-quantitative PCR.
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Table III. Functional clusters identified by functional annotation clustering.

11

A, Cluster number 1, 6 annotation terms included, enrichment score of 1

Top 5 categorized annotation term of each cluster® P-value® Source database* Accession no.
VWC_out <0.01 SMART SM00215
VWEC domain <0.01 InterPro IPRO01007
domain:VWFC 1 <0.01 UniProt None
domain:VWEC 2 <0.01 UniProt None

VWC <0.01 SMART SM00214

B, Cluster number 1, 18 annotation terms included, enrichment score of 2.11

Top 5 categorized annotation term of each cluster® P-value® Source database® Accession no.
Cell membrane <0.01 UniProt KW-1003
Signal peptide <0.01 UniProt None

Signal <0.01 UniProt KW-0732
Glycoprotein <0.01 UniProt KW-0325
Disulfide bond <0.01 UniProt None

C, Cluster number 3, 19 annotation terms included, enrichment score of 1.89

Top 5 categorized annotation term of each cluster® P-value® Source database* Accession no.
EGF-like, conserved site <0.01 InterPro IPR013032
EGF-like calcium-binding domain <0.01 InterPro IPR0O01881
EGF-like domain <0.01 InterPro IPR000742
EGF_CA <0.01 SMART SM00179
domain:EGF-like 4 <0.01 UniProt None

D, Cluster number 4, 27 annotation terms included, enrichment score of 1.56

Top 5 categorized annotation term of each cluster® P-value® Source database® Accession no.
VWC_out <0.01 SMART SM00215
VWEC domain <0.01 INTERPRO IPR0O01007
domain:TIL <0.01 UniProt None
domain:VWFD 3 <0.01 UniProt None
domain:VWEFD 2 <0.01 UniProt None

E, Cluster number 5, 17 annotation terms included, enrichment score of 1.50

Top 5 categorized annotation term of each cluster® P-value® Source database* Accession no.
Signaling receptor activity <0.01 Gene Ontology G0:0038023
Molecular transducer activity <0.01 Gene Ontology G0:0060089
Glycoprotein <0.01 UniProt KW-0325
Topological domain: Extracellular <0.01 Gene Ontology None
Intrinsic component of plasma membrane <0.01 Gene Ontology GO0:0031226

F, Cluster number 6, 23 annotation terms included, enrichment score of 1.40

Top 5 categorized annotation term of each cluster® P-value® Source database* Accession no.
Neurogenesis <0.01 Gene Ontology G0:0022008
Neuron differentiation <0.01 Gene Ontology GO0:0030182
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Table III. Continued.

F, Cluster number 6, 23 annotation terms included, enrichment score of 1.40

Top 5 categorized annotation term of each cluster® P-value® Source database* Accession no.
Generation of neurons <0.01 Gene Ontology GO0:0048699
Cell projection organization <0.01 Gene Ontology G0:0030030
Axon development 0.02 Gene Ontology G0:0061564

G, Cluster number 7, 12 annotation terms included, enrichment score of 1.833

Top 5 categorized annotation term of each cluster* P-value® Source database* Accession no.
Inositol phosphate metabolic process <0.01 Gene Ontology GO0:0043647
Polyol metabolic process <0.01 Gene Ontology G0:0019751
Alcohol metabolic process <0.01 Gene Ontology GO0:0006066
Organic hydroxy compound metabolic process 0.01 Gene Ontology GO:1901615
Carbohydrate metabolic process 0.04 Gene Ontology G0:0005975

Seven functional annotation clusters with an enrichment score >1.3 are listed. “Among each cluster, 5 annotation terms are listed from
lower enrichment P-values with its accession no. and source database referred from DAVID (https://david.ncicrf.gov). *A modified Fisher
Exact P-value was generated from gene enrichment analysis. “Each database is available at the following URLs: SMART, http://smart.
embl-heidelberg.de; InterPro, https://www.ebi.ac.uk/interpro; UniProt, https://www.uniprot.org; Gene Ontology, http://geneontology.org.
vWE, von Willebrand factor; VWC, von Willebrand factor type C domain; VWEFC, von Willebrand factor type C; EGF, epidermal growth
factor; EGF_CA, Calcium-binding EGF-like domain; VWFD, von Willebrand factor type D.

Liu et al reported that HARIA is upregulated in about 3% of
breast cancers, and that the upregulation of nine IncRNAs,
including HARIA, correlated with an increased risk of
recurrence (33). In contrast, Ma et al reported that in thyroid
cancer, HARIA downregulation correlated with an increase
in risk of recurrence (34). Compared to HARIA, HARIB is
a less studied IncRNA, but Shi et al have recently shown that
the downregulation of HARIA and HARIB correlated with
worse OS in hepatocellular carcinoma (35). These findings
suggest that altered expressions of HARIA and HARIB are
somehow involved in the tumorigenesis of various cancers,
and that their clinical significance depends differentially on
cancer type.

In our gene enrichment and functional clustering analyses,
genes whose expression levels were related to pazopanib
sensitivity included cellular molecular pathways, such as
von-Willebrand factor-related, cell membrane-related,
EGF-related, receptor-related, and neurogenesis-related
pathways. Von-Willebrand factor, which is expressed in endo-
thelial cells, plays an essential role in hemostasis, and has also
been shown to regulate angiogenesis through the control of
VEGFR-2 signaling (36). Gel-forming mucin protein MUC2
shares N- and C-terminal domains with the von Willebrand
factor (37). MUCS5B and MUC6 are the other gel-forming mucin
proteins (37). NELL1 and, VWCE, or WWCl, also contain
von Willebrand factor type C domains (38,39). Our functional
clustering analysis revealed that their transcriptional upregu-
lation correlated well with pazopanib sensitivity, suggesting
that von Willebrand factor domain-containing proteins are
involved in pazopanib sensitivity in sarcomas. Our functional
clustering analysis also revealed that neurogenesis-related

pathways are linked to pazopanib sensitivity, which seems
consistent with the finding that HARB is possibly involved in
human neurogenesis (32).

This study has several limitations. First, the number of
patients with bone and soft-tissue sarcomas was limited. A
larger cohort of patients will be required to validate our results.
Second, although our findings suggest that HARIB affects
sensitivity to pazopanib in sarcoma cell lines and patients with
sarcoma, the precise molecular mechanisms by which this
occurs remain to be elucidated.

In conclusion, our study demonstrates that IncRNA
HARIB expression affects cellular sensitivity to pazopanib
in sarcoma cell lines and in patients with sarcoma. Further
studies are warranted to validate the clinical utility of HARIB
as a predictive biomarker for the treatment of patients with
sarcomas, and to clarify the molecular mechanisms by which
HARIB is involved in pazopanib sensitivity. Such studies
could lead to the development of more efficient molecular
diagnostics and molecularly targeted therapies in bone and
soft-tissue sarcomas.
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