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ARTICLE INFO ABSTRACT

Keywords: This work aims to explore the roles and mechanisms of long non coding RNA (IncRNA) THOR in regulating the
LncRNA stemness of gastric cancer cells. RNA-sequencing combined with quantitative real-time PCR (qQRT-PCR) indicated
THOR that IncRNA THOR level was significantly upregulated in gastric cancer tissues compared with that in normal
SOX9 3'UTR adjacent tissues. Knockdown of THOR attenuated the stemnness of gastric cancer cells, evident by the decrease
zt:;ntr?:s:ancer of stemness markers expression and capacity of cells spheroid formation. Further RNA-sequencing combined
with qRT-PCR and western blot analysis demonstrated that expression of transcriptional factor SOX9 was re-
markably decreased in gastric cancer cells with THOR stable knockdown. Additionally, RNA im-
munoprecipitation (RIP) combined with luciferase reporter assay revealed that THOR directly bound to SOX9 3’
untranslated region (3’UTR), but not its 5’'UTR or coding area. Notably, overexpression of SOX9 rescued THOR
knockdown-mediated inhibition on the stemness of gastric cancer cells. Thus, our results suggest that THOR

could potentiate the stemness of gastric cancer cells via directly binding to SOX9 3’UTR.

1. Introduction

Gastric cancer has high incidence and mortality, and due to the
early atypical clinical symptoms and screening early gastric cancer is
seriously insufficient, the majority of patients are diagnosed with end-
stage disease [1]. Traditional chemotherapy has been the main treat-
ment of advanced gastric cancer, however, single chemotherapy is still
very limited and has reached the bottleneck [2]. With the research
development of tumor molecular biology, molecular targeted therapy
provides new clues for gastric cancer. Therefore, it is very important to
find novel targets and dig the mechanisms for gastric cancer progres-
sion.

Cancer stem cells (CSCs) are a small group of cells within the tumor
bulk with the capacity of self-renewal and infinite proliferation, this
characteristic maintains the vitality of tumor cell population. And the
migration ability of CSCs contributes to the metastasis of tumor cells.
Additionally, CSCs can be dormant for a long time, and hold high ex-
pression level off drug-resistant molecules and thus are resistant to the
chemotherapy. These traits of CSCs lead to tumor progression, recur-
rence or chemoresistance [3]. Thus, targeting CSCs has been shown as

an effective method to inhibit cancer progression [4]. Transcriptional
factor SOX9 has been identified to enhance the stemness of glioma cells
and temozolomide resistance [5], and maintain cells pluripotency [6].
Additionally, SOX9 regulates cancer stem-like properties and metastatic
potential of single-walled carbon nanotube-exposed cells [7]. Notably,
recent studies have revealed SOX9 as a potential target for suppressing
CSCs progression, like melatonin inhibits osteosarcoma stem cells by
suppressing SOX9-mediated signaling [8]. KDM6A promotes chondro-
genic differentiation of periodontal ligament stem cells by demethyla-
tion of SOX9 [9]. And KLF15 regulates in vitro chondrogenic differ-
entiation of human mesenchymal stem cells by targeting SOX9 [10].
Nevertheless, it remains a mystery whether there are additional vital
regulators of SOX9 during CSCs progression, such as long non-coding
RNAs (IncRNAs).

LncRNAs are a kind of non-coding RNA with 200nt — 1 x 10° bp
length and no obvious reading framework [11]. LncRNAs have been
previously regarded as “junk DNA” for their no functions, however,
recent studies have shown the ectopic expression of IncRNAs in cancers,
such as in liver cancer [12], neuroblastoma [13], lung cancer [14] and
breast cancer [15]. Importantly, the critical roles of IncRNAs have been
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Fig. 1. Expression of IncRNA THOR is significantly increased in gastric cancer tissues and cells. (A) Expression of represented IncRNAs in gastric cancer tissues and
normal adjacent tissues via RNA-sequencing assay, shown as heatmap. (B) THOR level was examined in gastric cancer tissues and normal tissues via qRT-PCR. (C)
RNA-FISH was performed to analyze the expression of THOR in paraffin-embedded gastric cancer and normal adjacent tissues. THOR expression was higher in gastric
cancer tissues compared to adjacent normal tissues. (D) THOR level was determined in gastric cancer cells and normal gastric epithelial cells. (E) Knockdown
efficiency of Lenti-THOR-shRNA was confirmed in MKN45 and BGC-823 cells. Data were presented as mean * s.d ; *P < 0.05, **P < 0.01 vs. normal adjacent

tissues or GES-1 or control.

demonstrated in cancers. Such as Chou. et al indicated that IncRNA
MALAT1 promotes breast cancer cells metastasis via regulating CDC24
expression [16], and IncRNA uc.134 represses hepatocellular carcinoma
progression by inhibiting CUL4 A-mediated ubiquitination of LATS1
[17]. Importantly, IncRNAs could exert its functions via acting as gui-
dance or co-activators or co-repressors, like Wu et al. showed that
IncRNA HOTAIR promotes tumor cell invasion and metastasis by re-
cruiting EZH2 and repressing E-cadherin in oral squamous cell carci-
noma [18]. Additionally, IncRNA LncSHGL recruits hnRNPA1 to sup-
press hepatic gluconeogenesis and lipogenesis [11]. LncRNA THOR was
firstly identified by Hosono, Y. et al in 2017, and shown as a conserved
cancer/testis IncRNA [19]. Further study has shown that IncRNA THOR
could promote human osteosarcoma cell growth in vitro and in vivo
[20]. Recent study has indicated that IncRNA THOR promotes human
renal cell carcinoma cell growth [21], and attenuates cisplatin sensi-
tivity of nasopharyngeal carcinoma cells via enhancing cells stemness
[22]. However, the roles and mechanisms of THOR in gastric cancer
progression are still unclear.

In the present study, we tried to identify IncRNAs with ectopic ex-
pression in gastric cancer, and found that IncRNA THOR was sig-
nificantly increased in gastric cancer tissues. Further in vitro experi-
ments showed that knockdown of THOR attenuated the stemness of
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gastric cancer cells. Mechanistically, we revealed that THOR directly
bound to the 3’ untranslated region (3’'UTR) of stemness marker SOX9,
which was necessary for THOR-mediated effects. Our results firstly
identified THOR/SOX9 regulatory axis in regulating the stemness of
gastric cancer cells, this could be a novel target for gastric cancer.

2. Material and methods
2.1. Clinical samples and cells culture

Thirty-six pairs of gastric cancer and normal adjacent tissue samples
were collected from the Affiliated Hospital of Xuzhou Medical
University. Written informed consent from all patients and approval of
the Hospital Ethic Review Committees were obtained. Gastric cancer
cell lines AGS, BGC-823, MKN-45, MGC-803, SCG-7901 and normal
gastric epithelial cell line GES-1 were purchased from the Chinese
Academy of Sciences Cell Bank. SCG7901-DDP (SCG7901 cisplatin re-
sistant cells) were purchased from (KeyGEN BioTECH, Nanjing, China).
All of the cell lines were cultured at 37 °C under humidified atmosphere
with 5% CO,, and cultured in 1640 medium (Gibco, USA) supple-
mented with 10% FBS (Fetal Bovine Serum) (Gibco), 80 U/ml penicillin
and 0.08 mg/ml streptomycin.
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