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Abstract. – OBJECTIVE: Endoplasmic retic-
ulum (ER) stress has an effect on cancer cell 
proliferation and survival. TMTC1 has been re-
ported to be involved in cell proliferation and 
inflammation, and development of ER. Hsa_
circRNA_101036 is an exon circRNA formed 
by splicing of TMTC1 mRNA precursor. This 
study intends to explore the effect of hsa_cir-
cRNA_101036 on the malignant behavior of oral 
squamous cell carcinoma through endoplasmic 
reticulum stress.

MATERIALS AND METHODS: We firstly eval-
uated the levels of Hsa_circRNA_101036 in hu-
man oral mucous fibroblasts (hOMF), and in sev-
eral OSCC cell lines, including FaDu, OECM1, 
SAS, HSC3. Then, we studied the effects of 
overexpression of Hsa_circRNA_101036 on the 
cell proliferation, apoptosis, invasion, migra-
tion, and cytokine release in OSCC cells. Finally, 
we evaluated the levels of CHOP that are critical 
in ER and the ROS levels in OSCC cells.

RESULTS: We found that compared with 
hOMF, a significantly lower mRNA expression 
of Hsa_circRNA_101036 was found in OECM1 
and HSC3 cells. In OECM1 and HSC3 cells, with 
overexpression of Hsa_circRNA_101036, a sig-
nificant decrease in cell proliferation, apoptosis, 
invasion, migration, and cytokine release was 
found. A significantly increased ROS, as well as 
increased protein level of CHOP, P38 and Bcl-
2, was found in cells with Hsa_circRNA_101036 
overexpression.

CONCLUSIONS: This study indicated that 
Hsa_circRNA_101036 may acts as a tumor sup-
pressor in OSCC via regulating the ER in can-
cer cells.
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ma, TMTC1, Endoplasmic reticulum stress.

Introduction

Oral cancer is one of the ten most common 
human malignant cancers, in which over 90% of 
oral cancer is diagnosed as squamous cell carci-
noma1,2. Oral squamous cell carcinoma (OSCC) 
is the most prevalent stemmatological tumor in 
Asia, and advanced OSCC is of a 5-year surviv-
al rate to 20%3. Surgery, radiotherapy and che-
motherapy is the first-line therapy for OSCC, 
however, the prognosis of OCSS is still poor4,5. 
Thus, new therapy for OSCC is of great value. 
However, the etiology of OCSS is not fully un-
derstood, studies on the molecule mechanism 
of OSCC would benefit the discovery of new 
treatment.

Cell-death pathways can be trigged by various 
stress, and endoplasmic reticulum (ER) stress is 
one of the stress responses that may trigger cell 
apoptosis and autophagy6,7. ER stress would hap-
pen when accumulation of unfolded and misfold-
ed proteins, glucose deprivation, accumulation 
of free cholesterol, and viral infection8. Along 
with these factors, calcium depletion is reported 
to play an important role in the development of 
ER. Prolonged ER stress disturbs the protective 
mechanisms and ultimately leads to organelle 
dysfunction and apoptotic cell death9. 

Molecules involved in ER stress, such as 
transcription factor C/EBP homologous protein 
(CHOP), modulate the mitogen-activated protein 
kinase (MAPK) signaling pathway, particularly 
p38 MAPK and JNK, which are important me-
diators promoting cell death10,11. Activated p38 is 
involved in apoptosis and/or autophagy in various 
cancer cell lines12,13.
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TMTC1 is closely related to cell proliferation 
and inflammation14. According Sunryd et al15, 
TMTC1 was found to be associated with the sta-
tus of ER dependent on calcium homeostasis. The 
imbalance of calcium in the ER will cause ER 
stress16, triggering a series of changes in microen-
vironment, such as free reactive oxygen species 
(ROS) and inflammation17. Hsa_circRNA_101036 
is an exon circRNA formed by splicing of the 
TMTC1 mRNA precursor. CircRNA has been re-
ported to involve in the various diseases via regu-
late gene expression. Specially, in the pathological 
processes of tumor cells, circRNAs participate in 
cell proliferation, apoptosis, invasion, and migra-
tion18. CircRNA could eliminate the miRNA via 
binding to the miRNA, and circRNAs can also 
regulate gene expression with transcriptional and 
post-transcriptional mechanisms19. CircRNAs are 
found to be significantly different in the expres-
sions among a variety of tumor tissues and pa-
ra-carcinoma normal tissues20. These circRNAs 
may potentially serve as new targets or biomark-
ers for tumor treatment. According to the results 
from our previous microarray, the expression of 
hsa_circRNA_101036 is lower in tumors tissues 
than that in normal samples. 

Therefore, this study intends to explore the 
effect of hsa_circRNA_101036 on the malig-
nant behavior of oral squamous cell carcinoma 
through endoplasmic reticulum stress.

Materials and Methods

Cell Culture 
The human oral mucous fibroblasts (hOMF), 

FADU, OECM1, SAS, HSC3 cell lines were 
purchased from the Cellcook (Guangzhou, Chi-
na) and cultured in Eagle’s Minimum Essen-
tial Medium (Cat. No. M2279; Sigma-Aldrich, 
St. Louis, MO, USA) supplemented with 10% 
fetal bovine serum (FBS; Cat. No. F4135; Sig-
ma-Aldrich, St. Louis, MO, USA), 100 IU/mL 
penicillin (Cat. No. 10378016; Gibco; Rockville, 
MD, USA), 100 mg/mL streptomycin (Cat. No. 
15140-122; Gibco; Rockville, MD, USA), 1% 
non-essential amino acids (Cat. No. 11140-050; 
Invitrogen; Carlsbad, CA, USA) and 1% glu-
tamine (Cat. No. 11090-081; Gibco; Rockville, 
MD, USA) at 37°C with 5% CO2. OECM1 
and HSC3 cells were treated with Hsa_cir-
cRNA_101036 overexpression vector, scrabble 
sequence vector or empty vectors.

Quantitative Real Time-Polymerase 
Chain Reaction (qRT-PCR)

Total RNA from the cells was extracted us-
ing TRIzol reagent (Cat. No. 15596-018; Invi-
trogen; Carlsbad, CA, USA), complementary 
deoxyribose nucleic acid (cDNA) was synthe-
sized using 1 µg total RNA, and then, reverse 
transcribed to cDNA using an RT assay (DBI 
Bioscience, Newark, DE, USA). Subsequently, 
the relative expression of Hsa_circRNA_101036 
was evaluated by using SYBR-Green PCR Mas-
ter Mix kit (Cat. No. RR420A; TaKaRa Bio, 
Inc., Otsu, Shiga, Japan) in ABI 7500 Real 
Time-PCR system (Applied Biosystems; Fos-
ter City, CA, USA). The primer sequences of 
Hsa_circRNA_101036 is: 5’-GTGGCCAGGTG-
GAAGTAAAA-3′ (forward) and 5′-TGGAAGA-
CA CATTGCTGAGG-3’ (reverse). The primer 
sequences of GAPDH is: 5’-TGTTCGTCATGG 
GTGTGAAC-3′ (forward) and 5′-ATGGCATG-
GACTGTGGTCAT-3’ (reverse). Cycling condi-
tions included denaturation at 95°C for 2 min 
followed by annealing at 94°C for 20 s for 40 
cycles, and extension at 58°C for 20 sec. On the 
basis of exponential amplification of the target 
gene, as well as a calibrator, the quantity of 
amplified molecules at the quantification cycle 
was given by 2-ΔΔCq. The data were assayed with 
the comparative 2-ΔΔCq method21 to determine the 
expression levels of Hsa_circRNA_101036.

Enzyme-Linked Immunosorbent Assay 
(ELISA)

The level of TNF-α was determined in the 
supernatants from cell culture collected after 
24 h using ELISA assay. Briefly, the level of 
TNF-α was determined using a commercially 
equine-specific antigen-capture sandwich ELI-
SA kit (Genorise Scientific Inc., Glen Mills, PA, 
USA) according to the manufacturer’s instruc-
tions.

Western Blotting
Total proteins from the cells were lysed in ra-

dio-immunoprecipitation assay buffer (Beyotime 
Institute of Biotechnology, Shanghai, China) con-
taining protease inhibitors (BIOSS, Beijing, Chi-
na), and the protein concentration was determined 
using a bicinchoninic acid (BCA) Protein Assay 
kit (Thermo Fisher Scientific, Inc., Waltham, 
MA, USA). 10% sodium dodecyl sulphate-poly-
acrylamide gel electrophoresis (SDS-PAGE) was 
used to separate the total proteins, and then the 
proteins were transferred onto a polyvinylidene 
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difluoride membrane (Cat. No. PK-NEF1002; 
PerkinElmer, Inc., Boston, MA, USA). Next, the 
membranes were blocked by fat-free milk (5%) 
for 2 h at room temperature. Following block-
ing, the membranes were incubated with prima-
ry antibodies overnight at 4°C. The blots were 
subsequently incubated with horseradish perox-
idase-conjugated secondary antibodies (1:4,000) 
at room temperature for 1 h (Wuhan Boster Bio-
logical Technology, Ltd., Wuhan, China; cat. no. 
BA1054), and then, developed using an enhanced 
chemiluminescence detection kit (Thermo Fisher 
Scientific, Inc., Waltham, MA, USA) according 
to the manufacturer’s protocol. The primary an-
tibodies used included anti-GAPDH (dilution, 
1:2,000; Cat. Lot.: ab8245), anti-p38 (dilution, 
1:1,000; Cat. Lot.: ab195049), anti-CHOP (di-
lution, 1:1,000; Cat. Lot.: ab63392), anti-BAX 
(dilution, 1:1,500; Cat. Lot.: ab32503) and an-
ti-Bcl-2 (dilution 1:1,500; Cat. Lot.: ab32124; all 
purchased from Abcam, Cambridge, MA, USA) 
antibodies.

Transmission Electron Microscope
Cells were fixed in 2.5% glutaraldehyde in 0.1 

M cacodylate buffer, with pH 7.4, postfixed in 1% 
osmium tetroxide, pH 7.2, and then, treated with 
0.5% tannic acid, 1% sodium sulfate, cleared in 
2-hydroxypropyl methacrylate. After fixation, the 
cells were embedded in Ultracut (Leica, Wetzlar, 
Germany), and then, sliced into 60-nm section. 
The sections were stained with uranyl acetate and 
lead citrate. All the slides were observed under 
a JEM-1230 transmission electron microscope 
(JEOL, Tokyo, Japan).

Cell Migration and Invasion
Transwell assay kit was used for detection of 

cell migration (Cat Lot.: 353097, BD, Franklin 
Lakes, NJ, USA) and invasion (Cat Lot.: 354480, 
BD, Franklin Lakes, NJ, USA). Briefly, the lower 
compartments were filled with RPMI-1640, and 
then, pre-coated with 10 mg/mL collagen for 1 h 
at 37°C. In each group, cells (with a density of 5 
× 104 cell/well) were resuspended in 500 µL of 
serum-free medium, and then, the cells were add-
ed to the upper chamber. The cells that migrated 
to the lower layer and attached to the membrane 
were stained with crystal violet. The OLYMPUS 
(Tokyo, Japan) CX41 upright microscope was 
used to observe and photograph the stained cells. 
6 fields of view in each group were calculated and 
recorded. The cell count was performed using 
IPP software.

Reactive Oxygen Stress Assay
3.5 mg of DCFH-DA powder (Sigma-Aldrich, 

St. Louis, MO, USA, Cat. Lot.: D6883) was dis-
solved in 721 µL of 100% ethanol (at a concen-
tration of 10.0 mM), and then, the solution was 
diluted 10 times with DMEM medium to prepare 
a 1.0 mM stock solution and kept at -20°С pro-
tected from light. Cells were plated at a density 
of 5×104 and allowed to attach for 24 h. We added 
DCFH-DA at a final concentration of 10 μM into 
the cells, and cultured for 0.5 h in 37°C, with 5% 
CO2 incubator. We washed the cells three times 
with serum-free medium or warm PBS to remove 
DCFH-DA that did not entere the cells. We har-
vested the cells of each group and measured the 
ROS by draining the Flow cytometry (FACSAr-
ia™ Fusion, Becton Dickinson, Franklin Lakes, 
NJ, USA) with excitation light at 488 nm and 
emission light at 525 nm.

Cell Apoptosis
Flow cytometry was used to analyze cell cycle 

phases and apoptosis in this study. Cells were 
pre-labelled with PI and annexin V-FITC. Apop-
tosis was detected by using an apoptosis detection 
kit (MultiSciences, CCS012, Hangzhou, China) 
according to the manufacturer’s instructions. 
The samples were analyzed by flow cytometry, 
and the results were calculated and recorded 
using matched CellQuest software (FACSAria™ 
Fusion, Becton Dickinson, Franklin Lakes, NJ, 
USA).

Hoechst Assay
Hoechst 33342 (Sigma-Aldrich, St. Louis, MO, 

USA; Cat. No. H1399) was used. The 96-well 
black microplates. Hoechst dye stock (1 mg/
mL in distilled H2O) was previously prepared 
and sterilized and stored at 4°C in a light tight 
container. Working solution was prepared fresh 
before each assay, which contained final Hoechst 
dye concentrations of 0.1 µg/mL and 0.01 µg/
mL. To each well (105 cells/well) 200 mL aliquots 
was added. Fluorescence was determined using 
OLYMPUS CX41 upright microscope with a 360 
nm excitation filter and a 460 nm emission filter. 

Cell Counting Kit-8 (CCK-8) Assay
Three independent experiments were 

performed to assess the effects of Hsa_cir-
cRNA_101036 on cell proliferation using CCK-8 
assay (Dojindo Molecular Technologies, Kuma-
moto, Japan) according to the manufacturer’s in-
structions. Briefly, the cells were seeded onto a 
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96-well plate at a density of 3,000 cells per well 
and incubated for 24 h at 37°C. CCK-8 reagent 
(10 μL) was added to each well, and, 4 h later, 
each sample was measured at 450 nm using a 
BioTek microplate reader.

Statistical Analysis
The data were analyzed by the Student’s t-test 

and analysis of variance (ANOVA) using IBM 
Statistical Product and Service Solutions (SPSS) 
software (version 19.0; IBM Corp., Armonk, NY, 
USA). Comparison between multiple groups was 
done using One-way ANOVA test followed by 
Post-Hoc Test (Least Significant Difference). 
Paired t-test was used to analyze comparisons 
between the groups and paired data. Each cell 
experiment was repeated three times. Data are 
presented as the means ± standard deviation. A 
statistically significant difference was considered 
to be denoted by p<0.05.

Results

Decreased Expression of 
Hsa_circRNA_101036 In 
Oral Squamous Cell 
Carcinoma Cell Lines 

The expression level of Hsa_circRNA_101036 
in oral squamous cell carcinoma (SQC) cell 
lines FADU, OECM1, SAS, HSC3 and human 
oral mucous fibroblasts (hOMF) was evaluated 
by RT-PCR. As shown in Figure 1A, compared 
with hOMF, a significantly decreased Hsa_cir-
cRNA_101036 was found in SQC cell lines of 
FADU, OECM1, SAS, HSC3 (p<0.05). Among 
these SQC cell lines, OECM1 and HSC3 
showed the lowest Hsa_circRNA_101036. 
Thus, OECM1 and HSC3 were used in subse-
quent experiments.

To investigate the function of Hsa_cir-
cRNA_101036 in OECM1 and HSC3 cells, a hsa_
circRNA_101036 overexpression vector (over 

Figure 1. Decreased expression of Hsa_circRNA_101036 in oral squamous cell carcinoma cell lines. A, Relative Hsa_
circRNA_101036 expression in hOMF, FADU, OECM1, SAS, and HSC3. B, Relative Hsa_circRNA_101036 expression in 
Blank, EV and OE group. C, Concentration of TNF-α in cell culture supernatant of OECM1 and HSC3 cells with overexpression 
of Hsa_circRNA_101036 or scrabble sequence. D, Representative strip of BCL-2, P53, CHOP, and BAX in Western blotting 
assay. Mean ± SD, One-way analysis of variance (ANOVA) followed by Tukey’s post hoc test; *p<0.05, **p<0.01 vs. Control 
group. EV, empty vector, OE, overexpression.
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hsa_circRNA_101036), and scrabble sequence 
that is used as control (Control) were construct-
ed. Overexpression vector (OE) or empty vector 
(EV; Negative control, NC) were transduced into 
the OECM1 and HSC3 cells to validate the avail-
ability of overexpression vector. As shown in 
Figure 1B, a significantly increased expression 
of hsa_circRNA_101036 was detected by PCR in 
OECM1 and HSC3 cells.

The effects of hsa_circRNA_101036 overex-
pression in OECM1 and HSC3 cells on down-
stream molecules was detected by Western blot-
ting assay or ELISA. Elevated TNF-α was found 
after hsa_circRNA_101036 overexpression in 
both OECM1 and HSC3 cells (Figure 1C), and a 
higher TNF-α was detected in OECM1 cells than 
that in HSC3 cells. The protein levels of C/EBP 
homologous protein (CHOP), Bax and P38 were 
also increased after hsa_circRNA_101036 over-
expression, while the level of BCL-2 decreased 
(Figure 1D).

To determine the localization of hsa_
circ_101036, we performed quantitative RT-PCR 
and fluorescence in situ hybridization (FISH). 
Circ_101036 was validated by Agarose electro-
phoresis based on amplification products using 
divergent and convergent primers (Figure 2A). 
The results demonstrate that the circular form of 
hsa_circ_101036 localized in the cytoplasm and 
nucleus. (Figure 2B).

Increased Endoplasmic Reticulum Stress 
Reversed by Overexpression of Hsa_
circRNA_101036 in OECM1 and HSC3

Western blotting assay showed that the over-
expression of Hsa_circRNA_101036 could in-
duce the increased expression of ER stress-re-
lated protein CHOP and p38, to further confirm 
the findings, the morphology of ER was observed 
and imaged by using transmission electron mi-
croscopy. As expected, compared with Blank or 
Control group, the ER morphology in OECM1 

Figure 2. A, The circRNA_101036 was analyzed by agarose gel electrophoresis assay. B, RNA fluorescence in situ 
hybridization for circRNA-101036. Nuclei were stained with 4,6-diamidino-2-phenylindole (DAPI) (magnification: 200×). 
Scale bar,50 μm.
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cells (Figure 3A) and HSC3 cells (Figure 3B) 
with hsa_circRNA_101036 overexpression, a sig-
nificant dilation off ER, and apoptosis occurred. 
Similarly, the same changes occurred in HSC3 
cells.

ROS levels were detected by DCFH-DA 
staining, a significant increase of ROS was 
found in OECM1 and HSC3 cells treated with 
hsa_circRNA_101036 overexpression vector 
compared with those in the cells with no treat-
ment (Blank group) and scrabble sequence 
(Control group) (Figure 3C-3D). These results 
indicated that the overexpression of hsa_cir-
cRNA_101036 could induce ROS in OECM1 
and HSC3 cells.

Cell Apoptosis in OECM1 and HSC3
Cells Is Promoted by Overexpression 
of Hsa_circRNA_10103

PI/FITC staining and Hoechst staining assay 
were used to evaluate cell apoptosis of OECM1 
and HSC3 cells after Hsa_circRNA_101036 
overexpression. As shown in Figure 4A-4B, the 
results showed that the overexpression of Hsa_
circRNA_101036 induced increased apoptotic 
rates of OECM1 cells (24.1%) and HSC3 cells 
(23.2%) compared with Blank group (OECM1, 
9.4%; HSC3, 7.5%) and Control (OECM1, 12.3%; 
HSC3, 7.4%) groups.

In Hoechst staining assay, in Hsa_cir-
cRNA_101036 overexpression group in both 

Figure 3. Increased endoplasmic reticulum stress reversed by overexpression of Hsa_circRNA_101036 in OECM1 and HSC3. 
A, B, ROS levels in untreated HSC3 OECM1 cell, ACC3, OECM1 cell with Hsa_circRNA_101036 or scrabble sequence. Scale 
bar, 500 nm.
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Figure 4. Cell apoptosis in OECM1 and HSC3 cells is promoted by overexpression of Hsa_circRNA_101036 (magnification: 200×). 
A-F, Mean ± SD, One-way analysis of variance (ANOVA) followed by Tukey’s post-hoc test; *p<0.05, **p<0.01. Scale bar, 50 μm.
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OECM1 and HSC3 cells, increased apoptotic 
cells were observed, in which the nucleus was 
densely stained due to chromatin condensation or 
fragmentation (Figure 4C-4D).

We also evaluated the cell proliferation in 
OECM1 and HSC3 cells with different treatment 
by CCK-8 assay, and we found that the overex-
pression of Hsa_circRNA_101036 significantly 
inhibited proliferation of OECM1 and HSC3 cells 
(Figure 4E and 4F).

In short, these results suggested that Hsa_cir-
cRNA_101036 was involved in regulation of cell 
proliferation and apoptosis in OECM1 and HSC3 
cells. 

Overexpression of Hsa_circRNA_101036 
Inhibits Cell Migration and Invasion of 
OECM1 and HSC3 Cells

To further determine the role of Hsa_cir-
cRNA_101036 on cell functions, we conducted 
transwell assays to investigate cell migration 
and invasion. In Figure 5A, overexpression of 
Hsa_circRNA_101036 significantly decreased 
cell migration in OECM1 and HSC3 cells. In line 

with this finding, cell invasion ability was inhib-
ited after transfected with Hsa_circRNA_101036 
vector (Figure 5B, p<0.05, vs. Blank or Control 
group). Together, these results suggested that 
Hsa_circRNA_101036 was involved in suppres-
sion of cell migration and invasion in OECM1 
and HSC3 cells.

Discussion 

Endoplasmic reticulum stress, in which pro-
tein mis-folding happens, has an effect on cancer 
cell proliferation and survival. In this study, we 
examined the evidence implicating endoplasmic 
reticulum dysfunction in the pathology of oral 
squamous cell carcinoma, to help identifying 
novel therapeutic target of Hsa_circRNA_101036.

In this study, we investigated the role of Hsa_
circRNA_101036 in the OCSS cells. We first-
ly evaluated the levels of Hsa_circRNA_101036 
in human oral mucous fibroblasts (hOMF), and 
in several OSCC cell lines, including FADU, 
OECM1, SAS, HSC3. We found that compared 

Figure 5. Overexpression of Hsa_circRNA_101036 inhibits cell migration and invasion of OECM1 and HSC3 cells. A, 
Hsa_circRNA_101036 inhibits cell migration in OECM1 and HSC3 cells invasion. Representative images of OECM1 (lower) 
and HSC3 (upper) cells are shown (magnification: 200×). B, Hsa_circRNA_101036 inhibits cell invasion in OECM1 and HSC3 
cells invasion. Representative images of OECM1 (lower) and HSC3 (upper) cells are shown (magnification: 200×). Mean ± SD, 
One-way analysis of variance (ANOVA) followed by Tukey’s post-hoc test; *p<0.05, **p<0.01. Scale bar, 100 μm.
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with hOMF, a significantly decreased mRNA 
expression of Hsa_circRNA_101036 was found 
in OECM1 and HSC3 cells. We overexpressed 
Hsa_circRNA_101036 by using constructed over-
expression vectors and studied the effects of 
overexpression of Hsa_circRNA_101036 on the 
cell proliferation, apoptosis, invasion, migration, 
and cytokine release. We found that, compared 
with control or empty vector groups, OECM1 
and HSC3 cells with overexpression of Hsa_cir-
cRNA_101036 exhibited significantly decrease in 
cell proliferation, apoptosis, invasion, migration, 
and cytokine release. Hsa_circRNA_101036 is an 
exon circRNA formed by splicing of the TMTC1 
mRNA precursor. TMTC1 has been reported to 
involve cell proliferation and inflammation, and 
development of ER14,15. To further study the un-
derlying mechanism of Hsa_circRNA_101036 in 
regulating OECM1 and HSC3 cells behaviors, we 
evaluated the levels of CHOP that is critical in ER 
and the ROS levels in OECM1 and HSC3 cells. 
As we detected, a significantly increased ROS, as 
well as protein level of CHOP, was found in cells 
with Hsa_circRNA_101036 overexpression. The 
protein levels of p38 and Bcl-2 were also found to 
be elevated. Taking together, our study indicated 
that Hsa_circRNA_101036 may acts as a tumor 
suppressor in OSCC via regulating the ER in 
cancer cells.

ER stress is found to be critical in cancer de-
velopment, which the unfolded protein response 
can promote cell survival or cell death depend-
ing on its intensity and duration. Rosati et al21 
reported that ER stress could cause spontaneous 
tumor cell apoptosis in B cell chronic lympho-
cytic lymphoma. ER stress was activated af-
ter overexpression of Hsa_circRNA_101036 in 
OECM1 and HSC3 as shown by the increased 
levels of ROS and CHOP which are considered 
as markers of ER stress, as well as endoplasmic 
reticulum dilation in our study. ER stress is 
triggered by accumulation of unfolded proteins 
within the ER, which would initiate cell apop-
tosis with the deterioration or prolongation ER 
stress6. CHOP (GADD153) is a member of C/
EBP family of bZIP transcription factors, of 
which an increased expression in ER stress is 
induced22. The chop gene transcription could be 
induced by the major inducers of the unfolded 
proteins response, including ATF4, ATF6, and 
XBP-123. P38 also could increases transcriptional 
and apoptotic activity of CHOP by phosphorylat-
ing the CHOP protein on its serine 78 and serine 
81 by MAPKs24. CHOP could induce apoptosis 

via Bcl-2 signal pathway25,26. Expression of Bcl-2 
can be suppressed by CHOP, and elevated CHOP 
expression results in the downregulation of Bcl-2 
expression, the depletion of cellular glutathione, 
and the exaggerated production of ROS26. 

The initiation of cell apoptosis by ER stress in-
volves several signal pathways, but evidence im-
plicates PERK/CHOP is a major effector27. CHOP 
was believed to regulate cell death program 
as loss of CHOP renders cells resistant to ER 
stress28. Reduced expression of CHOP was found 
in mammary carcinoma, in which CHOP pro-
motes tumor cell survival29. Inhibition of PERK/
CHOP signaling enables tumor progression un-
der nutrient limitation30. In this study, we found 
a significantly increased expression of CHOP, 
as well as elevated level of p38, in cells with 
Hsa_circRNA_101036 overexpression, while the 
expression of Bcl-2 significantly inhibited by the 
overexpression of Hsa_circRNA_101036. These 
results indicated that in OSCC cells, decreased 
expression of Hsa_circRNA_101036 results in a 
low level of ROS and ER, while the overexpres-
sion of Hsa_circRNA_101036 could trigger ER 
stress via regulating expression of CHOP.

CircRNAs are a small group of competing en-
dogenous RNAs, which belong to large family of 
non-coding RNAs. CircRNAs play an important 
role in controlling gene expression, of which the 
dysfunction may contribute to abnormal gene ex-
pression and biological behavior in tumor cells31. 
CircRNAs are found to serve to diminish microR-
NA via binding to microRNA32. CircRNAs also 
can bind to RNA-binding proteins (RBPs), which 
results in the formation of large RNA-protein com-
plexes and regulate gene expression. CircRNAs 
have been revealed to be involved in oncogenesis. 
Jeck and Sharpless33 suggest that circRNAs may 
regulate p53-dependent pluripotent stem cell sub-
division that is critical in cancer development. A 
circular RNA Hsa_circ_002059 has been found 
to be significantly downregulated in gastric can-
cer31,34. In addition, circRNAs are considered to 
regulate malignant biological behavior of cancer 
cells. Thus, further understanding of role of cir-
cRNAs in the malignant biological behavior of 
cancer cells would benefit in improving the diag-
nosis and prevention of oncogenesis.

Hsa_circRNA_101036 is an exon circRNA 
formed by splicing of the TMTC1 mRNA pre-
cursor. Sunryd et al15 reported that TMTC1 is 
an ER resident integral membrane protein, and 
overexpression of TMTC1 caused a reduction of 
calcium released from the ER following stimu-
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lation, whereas the knockdown of TMTC1 in-
creased the stimulated calcium release. These 
results indicated that TMTC1 was involved in 
ER calcium homeostasis. Aberrant Ca2+ regu-
lation in the ER causes protein unfolding which 
may trigger ER stress35. It is also reported36,37 
that Ca2+ Release of Ca2+ from the ER plays 
critical roles in cellular signaling. Hypoxia, oxi-
dants, stimulators of IP3 production could cause 
the ER to dump Ca2+ precipitate cell death. As 
shown in this study, in OECM1 and HSC3 cells, 
along with the increased ROS and ER stress after 
Hsa_circRNA_101036 overexpression, elevated 
cell apoptosis was found. Considering the role 
of TMTC1 in regulating ER calcium homeosta-
sis, our study indicated that decreased Hsa_cir-
cRNA_101036 may contribute to the inhibition of 
ER stresses in OSCC cells, while overexpression 
of Hsa_circRNA_101036 could control induce 
cell apoptosis via promoting ER stress.

Conclusions

Based on the results of our study in OS-
CC cells, we detected that level of Hsa_cir-
cRNA_101036 was downregulated in OECM1 
and HSC3 cell, while the overexpression of Hsa_
circRNA_101036 increased CHOP protein and 
ROS levels, which in turn induces cell apoptosis 
of OECM1 and HSC3 cells. In summary, this 
study revealed that Hsa_circRNA_101036 may 
acts as a tumor suppressor in the development 
of OCSS, while the overexpression of Hsa_cir-
cRNA_101036 induced increased ER stress 
and apoptosis of tumor cells and the Hsa_cir-
cRNA_101036 may be a novel therapy target for 
OSCC patients. Our study showed that in OSCC, 
circRNA_101031 was verified as a tumor sup-
pressor gene, and the tumor suppressor effect was 
mediated by activating endoplasmic reticulum 
stress in cells. This discovery provides a new 
potential therapeutic target for the treatment of 
OSCC.
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