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CircFAT1 is Overexpressed in Colorectal Cancer 
and Suppresses Cancer Cell Proliferation, Invasion 
and Migration by Increasing the Maturation of 
miR-10a
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Purpose: It has been reported that circFAT1 plays opposite roles in gastric cancer and 
osteosarcoma. This study aimed to explore the involvement of circFAT1 in colorectal cancer 
(CRC).
Patients and Methods: Paired CRC and non-tumor tissues from 64 CRC patients were 
subjected to RNA preparations and RT-qPCRs to determine the expression of circFAT1, 
premature miR-10a, and mature miR-10a. In CRC cells, the effects of circFAT1 overexpres
sion on miR-10a maturation were analyzed by determining the expression of both premature 
miR-10a and mature miR-10a using RT-qPCRs. The role of circFAT1 and miR-10a in 
regulating the proliferation, invasion, and migration of CRC cells was analyzed by BrdU 
and Transwell assays, respectively.
Results: We found that circFAT1 was upregulated in CRC. Mature miR-10a, but not 
premature miR-10a, was overexpressed in CRC and positively correlated with circFAT1. 
CircFAT1 overexpression increased the expression of mature miR-10a, but not premature 
miR-10a. Overexpression of circFAT1 and miR-10a increased cell proliferation, invasion and 
migration, and miR-10a inhibitor suppressed cell behaviors and reversed the effects of 
circFAT1 overexpression.
Conclusion: circFAT1 is overexpressed in CRC and may suppress CRC cell proliferation, 
invasion and migration by increasing miR-10a maturation.
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Introduction
Colorectal cancer (CRC) is among the most common types of cancers for both 
mortality and incidence in many countries, such as the United States and China.1,2 

It is estimated that CRC affects about 1 out of 21 males and 1 out of 23 females 
during their lifetime.3 CRC patients only with localized tumors in the bowel are 
usually treatable with surgical resections in combination with chemotherapy and 
radiotherapy before and after treatment.4 However, a considerable portion of CRC 
patients are diagnosed with tumor metastasizing to distant sites, which is not 
curable in most cases.5,6 Therefore, novel therapeutic approaches are needed.

Molecular target therapies are novel anti-cancer approaches that can be per
formed to suppress cancers by regulating related gene expression.7–9 The increased 
elucidation of the molecular mechanism of CRC has shown that some molecular 
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players, such as IL-6, BRAF, PIK3CA, KRAS, and PTEN, 
have been characterized as potential targets for targeted 
anti-CRC therapy.8,9 However, more effective and safe 
targets are needed to further improve the efficiency and 
safety of targeted therapy before clinical applications.10 

Even without protein-coding ability, circular RNAs 
(circRNAs) regulate gene expression to participate in can
cer biology.11,12 Therefore, circRNAs may be targeted to 
treat cancers.13 However, the functionality of most 
circRNAs in cancer biology remains to be further charac
terized. Previous studies have shown that circRNA 
circFAT1 plays opposite roles in gastric cancer and 
osteosarcoma.14,15 This study aimed to explore the role 
of circFAT1 in CRC.

Patients and Methods
Tissue Acquisition from CRC Patients
A total of 64 CRC patients (38 males and 26 females; 
57.3±6.9 years) diagnosed as CRC through histopatholo
gical tests at China-Japan Friendship Hospital were 
enrolled. This hospital Ethics Committee approved this 
study. This study excluded patients diagnosed with multi
ple clinical disorders, initiated therapy, or history of any 
types of malignancies and recurrent CRC to eliminate 
other factors that may affect gene expression and only 
included newly diagnosed cases. The 64 CRC patients 
were divided into AJCC stage I or II (n=29) and III or IV 
(n=35). Paired CRC and adjacent (within an area of 3 cm 
around tumors) non-tumor tissue samples were collected 
from each patient. All tissue samples were proven correct 
by histopathological exams and kept in liquid nitrogen 
prior to the subsequent assays. All patients signed 
informed consent.

CRC Cells and Transient Transfections
Three human CRC cell lines, HT-29, WiDr, and SW480 
from ATCC (USA), were used in this study. They were 
cultured in McCoy’s 5a medium supplemented with FBS 
(10%) at 37°C in an incubator with 95% humidity and 5% 
CO2 and subjected to subsequent assays at about 80% 
confluency.

WiDr and HT-29 cells were transfected with circFAT1 
expression vector or mimic of miR-10a to overexpress 
both circFAT1 and miR-10a. These cells were also trans
fected with miR-10a inhibitor to silence miR-10a. 
CircFAT1 expression vector was established with back
bone vector pcDNA3.1 (Invitrogen). Mimic of miR-10a 

and negative control (NC) miRNA as well as miR-10a 
inhibitor and NC inhibitor were designed and prepared 
by Sangon Biotech (Shanghai, China). All transfections 
were performed using lipofectamine 2000 (Invitrogen). 
Untransfected cells were control (C) cells in all transfec
tions. NC experiments were performed by transfecting the 
cells with empty vector, NC inhibitor, or NC miRNA. The 
transfected cells were cultured in a fresh medium for 48h 
prior to the subsequent assays.

RNA Preparations
WiDr and HT-29 cells and the tissues from all 64 CRC 
patients were used to isolate total RNA using Ribozol 
(Invitrogen). All RNA samples were digested with 
DNase I (Invitrogen) until the OD 260/280 ratio reached 
about 2.0, indicating pure RNA samples. RNA integrity 
was analyzed using urea-PAGE gels.

RT-qPCRs
The preparation of cDNA samples was performed 
through reverse transcriptions (RTs) using RNA samples 
of high quality. All RTs were performed using RT-PCR 
Quick Master Mix (Toyobo). To analyze circFAT1 
expression, qPCRs were performed using SYBR Green 
Master Mix (Bio-Rad) with 18S rRNA as the internal 
control.

The expression of both premature and mature miR-10a 
was determined using an All-in-One™ miRNA qRT-PCR 
reagent kit (GeneCopoeia). Sequence-specific primers 
were used to perform RTs and qPCRs to analyze prema
ture miR-10a expression. Prior to the analysis of mature 
miR-10a expression, poly (A) was added, followed by 
using poly (T) to perform RTs and qPCRs. The 2−ΔΔCt 

method was used to normalize Ct values to endogenous 
controls.

BrdU Assay
Cells with transfections were cultured in a 96-well cell 
culture plate (0.1 mL cell suspension containing 3000 cells 
per well) for 48h. After that, 10 mM BrdU was added, and 
cells were incubated for 2h. After cell fixation for 2h, 
peroxidase-coupled anti-BrdU-antibody (Sigma–Aldrich) 
was applied, and cells were further incubated for 48h. 
After that, cells were washed and incubated with perox
idase substrate for 2h. Finally, OD values at 450 nm were 
determined to analyze cell proliferation.
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Transwell Assays
Corning Transwell Inserts (8.0 μm) were used to analyze 
the invasion and migration of CRC cells with transfec
tions. Briefly, cells transfected with circFAT1 or mature 
miR-10a for 24 h were used to prepare serum-free cell 
suspensions. The upper chamber was filled with cell sus
pension (5000 cells per well), and the lower chamber was 
filled with medium (20% FBS). It is worth noting that 
Matrigel (Corning) was used to coat membranes for 12h 
at 37°C prior to invasion assays. Cells were cultured for 
24h, and the upper surface of the membranes was cleaned 
with a cotton swab. After that, the lower surface of the 
membranes was stained with 1% crystal violet (Sigma- 
Aldrich) for 30 minutes in the dark. Finally, a light micro
scope was used to count cells.

Statistical Analysis
Heatmaps plotted using Heml 1.0 were used to express 
differential gene expression in paired tissues. ANOVA 

Tukey’s test was used to compare multiple independent 
groups. Correlations were analyzed using Spearman 
correlation coefficient. P<0.05 was statistically 
significant.

Results
CRC Tissues Exhibited Altered 
Expression of circFAT1 and Mature 
miR-10a
Tissue samples from a total of 64 CRC patients were 
subjected to total RNA extractions and RT-qPCRs to 
analyze the expression of circFAT1, mature miR-10a, 
and premature miR-10a in CRC. Heatmap analysis 
showed that circFAT1 was upregulated in CRC (Figure 
1A). Mature miR-10a (Figure 1B), but not premature 
miR-10a (Figure 1C), was overexpressed in CRC. 
Therefore, circFAT1 overexpression and miR-10a 
maturation may participate in CRC.

Figure 1 CRC tissues exhibited altered expression of circFAT1 and mature miR-10a. Tissue samples from a total of 64 CRC patients were subjected to total RNA 
extractions and RT-qPCRs to analyze the expression of circFAT1 (A), mature miR-10a (B) and premature miR-10a (C) in CRC. Heatmaps plotted using Heml 1.0 were used 
to express differential gene expression in paired tissues.
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MiR-10a Was Positively and Significantly 
Correlated with circFAT1
The correlations between circFAT1 and mature miR-10a or 
premature miR-10a across CRC tissues were analyzed by 
Pearson’s correlation coefficient. A significant and positive 
correlation between circFAT1 and mature miR-10a was 
observed across CRC tissues (Figure 2A). In contrast, the 
correlation between circFAT1 and miR-10a across CRC 
tissues was not significant (Figure 2B).

CircFAT1 Overexpression Decreased 
miR-10a Maturation in Both WiDr and 
HT-29 Cells
The close correlation between circFAT1 and mature 
miR-10a across CRC tissues indicated the possible role 
of circFAT1 in regulating miR-10a maturation in CRC. 
To explore this possibility, WiDr and HT-29 cells were 
transfected with either circFAT1 expression vector or 
miR-10a mimic, followed by the confirmation of 

Figure 2 MiR-10a was positively and significantly correlated with circFAT1. The correlations between circFAT1 and mature miR-10a (A) or premature miR-10a (B) across 
both CRC tissues were analyzed by Pearson’s correlation coefficient.

Figure 3 CircFAT1 overexpression decreased miR-10a maturation in both WiDr and HT-29 cells. The close correlation between circFAT1 and mature miR-10a across CRC 
tissues indicated the possible role of circFAT1 in regulating miR-10a maturation in CRC. To explore this possibility, WiDr and HT-29 cells were transfected with either 
circFAT1 expression vector or miR-10a mimic, followed by the confirmation of the overexpression of circFAT1 and mature miR-10a every 24h until 144h (A). The effects of 
circFAT1 overexpression on the expression of mature miR-10a (B) and premature miR-10a (C), and the effects of mature miR-10a overexpression on circFAT1 expression 
(D) were also analyzed by RT-qPCR. *p<0.05.
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circFAT1 and mature miR-10a overexpression every 24h 
until 144h. It was observed that circFAT1 and mature 
miR-10a were significantly overexpressed in both cell 
lines from 24h to 144h (Figure 3A, p<0.05). We also 
found that mature miR-10a was significantly overex
pressed in SW480 cells (Supplementary Figure S1A). 
In addition, circFAT1 overexpression increased mature 
miR-10a expression (Figure 3B, p<0.05), but failed to 
significantly affect premature miR-10a expression 
(Figure 3C). In addition, mature miR-10a overexpres
sion also failed to significantly affect circFAT1 expres
sion (Figure 3D). Therefore, circFAT1 may increase 
miR-10a maturation in CRC cells.

CircFAT1 Overexpression Increased 
CRC Cell Proliferation, Invasion and 
Migration via miR-10a
The roles of circFAT1 and miR-10a in regulating the pro
liferation, invasion and migration of CRC cells were ana
lyzed using the BrdU assay (Figure 4A) and Transwell 
invasion (Figure 4B) and migration (Figure 4C) assays, 
respectively. Our data showed that overexpression of 
circFAT1 and miR-10a increased cell proliferation, invasion, 
and migration, and miR-10a inhibitor suppressed cell beha
viors and reversed the effects of circFAT1 overexpression 
(p<0.05). Moreover, miR-10a overexpression facilitated 
SW480 cell proliferation, invasion, and migration, while 

Figure 4 CircFAT1 overexpression of increased CRC cell proliferation, invasion, and migration through miR-10a. The role of circFAT1 and miR-10a in regulating CRC cell 
proliferation, invasion, and migration were analyzed by BrdU assay (A) and Transwell invasion (B) and migration (C) assays, respectively. *p<0.05.
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miR-10a inhibition attenuated SW480 cell proliferation, 
invasion, and migration (Supplementary Figure S2A-C).

Discussion
The involvement of circFAT1 in CRC and the crosstalk 
between circFAT1 and miR-10a were explored in this 
study. We found that circFAT1 was overexpressed in 
CRC and it may increase the maturation of miR-10a, 
a critical player in cancer biology,16 to increase CRC cell 
proliferation, invasion and migration.

Interestingly, two previous studies have reported the 
opposite roles of circFAT1 in gastric cancer and 
osteosarcoma.14,15 In osteosarcoma, circFAT1 is signifi
cantly overexpressed, and its overexpression increases 
HK2 expression by serving as an endogenous competing 
RNA of miR-181b, which in turn promotes cancer cell 
proliferation and migration.15 In contrast, significantly 
under-expressed circFAT1 is observed in gastric cancer, 
and circFAT1 overexpression suppresses cancer cell pro
liferation, invasion, and migration of gastric cancer cells 
by sponging miR-548a to upregulate YBX1.14 In this 
study, we reported circFAT1 upregulation in CRC and its 
enhancing effects on cancer cell proliferation, invasion, 
and migration. Therefore, circFAT1 plays oncogenic roles 
in CRC.

MiR-10a also plays different roles in different types of 
cancers.16,17 MiR-10a is overexpressed in cervical cancer and 
targets CHL1 to increase cancer cell invasion, proliferation, 
and migration.17 However, a previous study showed that miR- 
10a suppresses CRC metastasis to play tumor suppressive 
roles.16 In contrast, our study reported the overexpression of 
mature miR-10a, but not premature miR-10a, in CRC and the 
enhancing effects of miR-10a on cell proliferation, invasion, 
and migration. This is possible due to the different patients and 
cell lines included in this study. However, future studies are 
needed to further analyze the expression pattern and function 
of miR-10a in CRC.

It is known that circFAT1 participates in cancer biology 
mainly by sponging miRNAs.14,15 Interestingly, we 
showed that circFAT1 increases miR-10a maturation to 
promote CRC. Considering that miR-10a maturation 
requires the transportation of premature miRNA from the 
nucleus to the cytoplasm, circFAT1 may increase miR-10a 
maturation by promoting premature miR-10a movement.

In conclusion, circFAT1 is overexpressed in CRC. 
CircFAT1 increases cancer cell proliferation, invasion, 
and migration mainly by increasing miR-10a maturation.
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