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Abstract. - OBJECTIVE: The purpose of this
study was to explore the correlation between
circRNA-100876 and the clinicopathological pa-
rameters of patients with colorectal cancer (Cc).

PATIENTS AND METHODS: Quantitative re-
al-time polymerase chain reaction (RT-qPCR)
was applied to detect the circRNA-100876 ex-
pression in Cc tissues and cell lines. Overall sur-
vival analysis was carried out to explore the cor-
relation between circRNA-100876 and the prog-
nosis of Cc patients by Kaplan-Meier method and
Log-rank method. Subsequently, Chi-square test
was used to investigate the clinical significance
of circRNA-100876 in the clinicopathological pa-
rameters of Cc patients. Moreover, the expres-
sion of circRNA-100876 was inhibited by small in-
terfering RNAs (siRNAs) in loss-of-function as-
say. Finally, the invasion ability of Cc cells was
determined by transwell assay.

RESULTS: The results of this study manifest-
ed that circRNA-100876 was abnormally over-
expressed in Cc tissues and cell lines, and the
high expression of circRNA-100876 was clearly
associated with the Clinical stage, T classifica-
tion and Lymph node metastasis of Cc patients.
Besides, Cc patients with high expression wors-
ened overall survival. In addition, it was demon-
strated that the inhibition of circRNA-100876 re-
duced the invasion ability of Cc cells.

CONCLUSIONS: Acting as a tumor promot-
er, circRNA-100876 might be regarded as a new
potential biomarker for the diagnosis and ther-
apy of Cc.
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Introduction

Colorectal cancer (Cc) is one of the ubiquitous
malignant tumors of the digestive system that
seriously threatens human health, and its preva-
lence is rising constantly with the improvement
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of people’s living standards and changes in eating
habits'?. Radiotherapy, chemotherapy and surgi-
cal treatment are the commonly used therapies
for Cc at present™*, but the majority of Cc patients
have been in the intermediate and advanced stage
when definitely diagnosed as the incidence of Cc
is an accumulative process involving multiple
steps as well as mutation and deletion of many
genes’, in combination with its characteristics,
such as insidious onset and inconspicuous early
clinical symptoms®. Moreover, Cc is prone to
metastasis, relapse and poor prognosis’, so inves-
tigating the pathogenesis of Cc and seeking for
efficacious therapeutic methods are the research
hotspots at present.

As a novel category of non-coding ribonu-
cleic acids (RNAs), circular RNAs (circRNAs)
widely exist in the cytoplasm of eukaryocytes
and have extremely favorable stability®. In fact,
circRNAs possess various functions, including
mediating splicing and transcription, binding to
proteins and transporting RNAs*!°. According
to the latest studies, circRNAs are well known
for their critical determinants in diverse cancers
biobehavior''2, and certain circRNAs may act as
biomarkers for cancer diagnosis and prognosis
and are tightly associated with the procession of
cancers. Yao et al'? revealed that circRNA-100876
played important role in the non-small cell lung
cancer development and was clearly related with
the prognosis of patients with non-small cell lung
cancer. Jin et al”® demonstrated that the inhibi-
tion of circRNA-100876 induced apoptosis and
suppressed proliferation ability of osteosarcoma
cancer cells. However, currently, no literature has
illustrated the role of circRNA-100876 in regulat-
ing the Cc progression.

Therefore, the present study was carried out to
investigate the potential role of circRNA-100876
in Cc development and to clarify the connections
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between circRNA-100876 and clinicopathologi-
cal characteristics of Cc patients.

Patients and Methods

Patients and Tissues

A total of 124 fresh specimens of colorectal
cancer tissues and their corresponding adjacent
cancer tissue specimens were collected from pa-
tients definitely diagnosed with Cc by clinical
pathologists for quantitative Real Time-PCR de-
tection. Inclusion criteria were in accordance
with the guideline proposed by the Union for
International Cancer Control (UICC). The spec-
imens used were from Putuo People’s Hospital
of Tongji University. All patients did not receive
radiation or chemotherapy before surgery. This
study was approved by the Putuo People’s Hos-
pital of Tongji University Ethics Committee and
agreed by the patient.

Culture of Cells

Human Cc cell lines (HCT116, SW480, HT29
and SW620) and a human colon epithelial cell
line (HCM460) were obtained from the American
Type Culture Collection (ATCC; Manassas, VA,
USA), and were cultured in Dulbecco’s Modi-
fied Eagle’s Medium (DMEM; Gibco, Rockville,
MD, USA) containing 10% fetal bovine serum
(FBS; Gibco, Rockville, MD, USA) and 1% dual
antibodies at 37°C under 5% CO,. When the cell
density reached about 90%, the cells were tryp-
sinized and passaged at 1:3.

Cell Transfection

The cells were digested and seeded into a
6-well plate, followed by transfection when the
density was 50-70%. Firstly, the siRNA and
Lipofectamine 2000 (Invitrogen, Carlsbad, CA,
USA) were separately added into Eppendorf (EP,
Hamburg, Germany) tubes containing serum-free
DMEM and incubated at room temperature for 5
min. Then, siRNA and Lipofectamine 2000 were
mixed gently and placed at room temperature for
15 min. Subsequently, the mixture was added into
the medium for cell culture for 6 h. Finally, the
medium was replaced with complete medium for
further experiments.

Transwell Assay

After transfection for 48 h, the cells were
digested, centrifuged, and resuspended in se-
rum-free DMEM, followed by cell counting and
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adjustment of cell density to 1x10° cells/mL. Lat-
er, the transwell chambers were put into a 24-well
plate, and 200 pL of cell suspension was added
into the upper chamber while 500 pL of com-
plete medium was added into the lower chamber.
Next, the chambers were normally cultured in
the incubator for 42 h, then, taken out and gently
washed with phosphate-buffered saline (PBS)
for three times. After the cells in the chambers
were wiped out using cotton swabs, the chambers
were fixed with 4% paraformaldehyde at room
temperature for 15 min, air dried and stained with
crystal violet for 5 min, followed by cleaning with
PBS for three times. Finally, the transmembrane
cells were observed under a microscope, photo-
graphed, and counted using software.

Quantitative Real Time-Polymerase
Chain Reaction (gRT-PCR) Assay

When the density reached 80-90%, the cells
in the growth phase were collected and washed
with PBS for 2-3 times after discarding the me-
dium, and then, the waste liquid was absorbed.
Later, 1 mL of TRIzol reagent (Invitrogen,
Carlsbad, CA, USA) was added into each culture
dish and placed on ice for 5 min. The concentra-
tion and purity of RNAs in each group of sam-
ples were determined using a NanoDrop 2000
nucleic acid detector. Subsequently, the RNAs
were reversely transcribed into complementary
deoxyribonucleic acids (cDNAs) by reference
to the instructions of SYBR Premix Ex Taq™
II kit (TaKaRa, Otsu, Shiga, Japan), and proper
quantities of cDNAs were taken for qRT-PCR
under the following conditions: 95°C for 5 min,
95°C for 10 s, 59°C for 30 s and 72°C for 30 s,
40 cycles in total. The average value of 3 repli-
cate wells was regarded as the Ct value for each
group, with Actin as an internal reference. The
primers used in this study were listed as follows:
circRNA-100876, forward 5-CTGGTGCAGT-
GGAAGCAGAG-3'" and reverse 5-CGAC-
CCTCCATTGCTCTTCT-3". pB-actin, forward
5'-CCACCATGTACCCAGGCATT-3" and re-
verse 5-ACTCCTGCTTGCTGATCCAC-3". Fi-
nally, experimental results were subjected to
data processing, histogram plotting, and result
analysis and statistics by 24t method.

Statistical Analysis

All the data were analyzed by Statistical
Product and Service Solutions (SPSS) 22.0 soft-
ware (IBM, Armonk, NY, USA). The differenc-
es between the two groups were analyzed using
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the Student’s #-test. The comparison among mul-
tiple groups was done using One-way ANOVA
test followed by post-hoc test (Least Significant
Difference). Kaplan-Meier method and Log rank
analysis was used to analyze the overall sur-
vival of Cc patients. The association between
circRNA-100876 and clinicopathological char-
acteristics of Cc patients was performed by Chi-
square test. The duplicated data were measured
via repeated measures analysis of variance, and
p<0.05 suggested statistically significant differ-
ences.

Results

CircRNA-100876 Was Upregulated
In Cc Tissues and Cells

To demonstrate the effect of circRNA-100876
on Cc, qRT-PCR was firstly performed to analyze
its expression status in collected tumor tissues
and related adjacent normal tissues of Cc patients.
The results in Figure 1A clearly showed that
circRNA-100876 was notably upregulated in Cc
tissues when compared to the adjacent non-can-
cerous tissues. Meanwhile, the circRNA-100876
expression was compared in four Cc cell lines
(HCT116, HT29, SW480, and SW620) and a nor-
mal human colon epithelial cell line (HCM460).
CircRNA-100876 was also observed to be highly
expressed in Cc cells lines compared with that
in the normal cell line (Figure 1B). Hence, the

verified enhanced expression of circRNA-100876
both in Cc tissues and cell lines suggested that
circRNA-100876 might be closely associated with
the Cc progression.

CircRNA-100876 Was Closely Associated
With Clinicopathological Characteristics
of Cc Patients

The association between circRNA-100876 ex-
pression and the clinicopathological parameters
of patients with Cc was further analyzed by the
Chi-square test. As shown in Table I, evident as-
sociations of highly expressed circRNA-100876
with Clinical stage (p=0.013), T classification (p
=0.031) and Lymph node metastasis (p =0.029)
were detected, whereas no relationships with
clinicopathological characteristics including age,
gender, venous invasion and histological type
were found.

High Expression of CircRNA-100876
Predicted Poor Overall Survive In
Cc Patients

In addition, Kaplan-Meier method and Log
rank analysis were performed to explore wheth-
er a connection exists between the altered ex-
pression of circRNA-100876 expression and the
prognosis of Cc patients. As shown in Fig-
ure 2, Cc patients with high circRNA-100876
expression exhibited shorter overall survival
compared with patients with low expression of
circRNA-100876.
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Figure 1. Expression of circRNA-100876 in Cc tissues and cells. A, CircRNA-100876 was significantly highly expressed
in Cc tissues compared with that in adjacent normal tissues. B, CircRNA-100876 was significantly upregulated in HCT116,
HT29, SW480 and SW620 cell lines in contrast to that in HCM460 cell line. (**p<0.01, ***p<0.001).
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Table I. Correlations between circRNA-100876 expression and clinic-pathological characteristics of patients with colorectal

cancer.

Characteristics No. Low expres-sion High expres-sion p-value
Age (years)
<50 48 26 22 0.265
>50 76 49 27
Gender
Female 52 30 22 0.069
Male 72 29 43
Clinical stage
I-IT 40 14 26 0.013*
1I-1v 84 50 34
T classification
T1-T2 60 24 36 0.031*
T3-T4 64 39 25
Lymph node metasta-sis
Negative 74 32 42 0.029*
Positive 50 32 18
Venous invasion
Negative 51 27 24 0.857
Positive 73 40 33
Histological type
Differentiated 76 29 47 0.141
Undifferentiated 48 25 23

Transfection of SiRNA Inhibited
CircRNA-100876 Expression In Cc Cells
To better illustrate the roles of cir-
cRNA-100876 in mediating the Cc development,
circRNA-100876 siRNA was transfected into
HT29 and SW620 cell lines due to the abnormal
upregulated expression of circRNA-100876 for
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Figure 2. Association between the circRNA-100876 and
survival of Cc patients. Patients with high expression of
circRNA-100876 showed a poor overall survival than those
with low expression of circRNA-100876.

loss-of-function assay. qRT-PCR results in Figure
3 showed that siRNA transfection successfully
suppressed the circRNA-100876 expression both
in HT29 and SW620 cell lines compared with that
in untreated cells.

Suppression of CircRNA-100876
Expression Impaired the Invasion
Ability of Cc Cells

Considering the above significant correlation
of circRNA-100876 upregulation with the Clini-
cal stage, T classification, and lymph node metas-
tasis of Cc patients, transwell assay was conduct-
ed to explore whether circRNA-100876 impacted
the invasion ability of Cc cells. Results in Figure
4 revealed that number of migrated cells in siR-
NA group was notably decreased in contrast to
NC group, suggesting that suppression of cir-
cRNA-100876 expression remarkably impaired
their invasion ability.

Discussion

In spite of certain progress in the diagnosis and
treatment of tumors so far, the fatality rate of Cc
is on the rise since it can be easily ignored in the
early stage'*!>. Nowadays, the treatments with Cc
mainly rely on surgery and chemotherapy', but
the subsequent recurrence and metastasis still
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Figure 3. SiRNA inhibited the expression of circRNA-100876. The expression of circRNA-100876 was inhibited both in HT29
cell line (A) and SW620 cell line (B) after transfection of circRNA-100876 detected by RT-qPCR, respectively. (**p<0.01).

result in poor prognosis of the patients'’. Pres-
ently, molecularly targeted therapy has stronger
specificity and fewer side effects relative to tradi-
tional chemotherapy drugs, while there is a lack
of effective molecular targeted drugs for Cc'3",
Therefore, it is essential to find new molecular
targets to provide directions for the diagnosis and
therapy strategies for Cc.

Defined as new non-coding RNAs, circRNAs
are extensively distributed in eukaryotes and
highly evolutionarily conserved, whose loop
structures are stable and can be hardly decom-
posed®. Studies®?? have revealed that circRNAs
have multiple potential biological functions, in-
cluding miRNA sponging, transcription factor
function and gene expression regulation, which
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Figure 4. Inhibition of circRNA-100876 impaired the invasion ability of Cc cells. A, B, Down regulation of circRNA-100876
decreased the invasion ability of HT29 cells (magnification: 4x). C, D, The invasion ability of SW620 was reduced remarkably
when the circRNA-100876 expression was inhibited (magnification: 4x). (*p<0.05, **p<0.01).
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are important regulatory factors for the occur-
rence and development of tumors. Currently,
large quantities of studies have demonstrated
that circRNAs are critical players in the occur-
rence and progression of various cancers. Rong
et al*® demonstrated that circ-0066444 was sig-
nificantly upregulated in gastric cancer tissues
and could largely affect the proliferation ability
and migration capability of gastric cancer cells.
In addition, Yang et al** found that circ-ITCH
was downregulated both in bladder cancer tis-
sues and cell lines, respectively, and patients
with low circ-ITCH expression had shorter over-
all survival. Besides, Pan et al*® showed that
circ-0006948 enhanced cancer progression and
EMT in esophageal squamous cell carcinoma,
as well as positively associated with lymphatic
metastasis and poor prognosis in patients. Col-
lectively, these data revealed the important role
of circRNAs in regulating the progression of
various tumors.

CircRNA-100876 is involved in the progres-
sion of breast cancer, non-small cell lung cancer
and osteosarcoma cancer. In this article, to our
current knowledge, it was the first time that an
internal association between circRNA-100876
and colorectal cancer has been reported. Spe-
cifically, it was found that the expression level
of circRNA-100876 was higher both in Cc tis-
sues and cell lines, respectively. In addition, it
was found that the abnormally high expression
of circRNA-100876 was related to the Clinical
stage, T classification and Lymph node metas-
tasis of patients with Cc. Moreover, the overall
survival in Cc patients with high expression
of circRNA-100876 was even worse than those
with lower expression of circRNA-100876. Col-
lectively, these results implied a non-negligible
effect of circRNA-100876 on colorectal cancer
progression.

Combining the above results, in order to fur-
ther verify the effect of circRNA-100876 on Cc
cells, the loss-of-function assay was performed
by siRNA transfection. After verifying the in-
hibitory effect by qRT-PCR, transwell assay was
then conducted, and the results showed that the
invasion ability of Cc cells with circRNA-100876
downregulation was significantly decreased com-
pared with that of normal Cc cells, which better
complemented the molecular role played by cir-
cRNA-100876 in the Cc development.

To the best of our knowledge, there is no
literature that specifically studies the role of
circRNA-100876 in the development of Cc. This
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paper first revealed that circRNA-100876 was
not only associated with the pathological char-
acteristics and prognosis of colorectal cancer
patients, but also closely related to the invasion
ability of Cc cells, which is of great significance
for improving the systematic research of Cc pro-
gression.

Conclusions

Taken together, the data of this study indicated
that circRNA-100876 was highly expressed in
Cc tissues and cell lines, and was clearly cor-
related with the clinical stage, T classification
and Lymph node metastasis of patients with Cc.
In addition, it was demonstrated that high ex-
pression level of circRNA-100876 predicted poor
overall survival of patients with Cc. Hence, this
paper provided a strong foundation for applica-
tion of circRNA-100876 as a new target for the
diagnosis and therapy of Cc.
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