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Abstract. It has been reported that knockdown of circular 
RNA (circ) ATPase class II type 9B (Atp9b) can reduce lipo‑
polysaccharide (LPS)‑induced inflammation, which plays a 
notable role in ulcerative colitis (UC). The present study aimed 
to explore the role of circAtp9b in UC. The expression levels 
of Atp9b and PTEN in the plasma of patients with UC (n=60) 
and healthy controls (n=60) were determined via reverse 
transcription‑quantitative PCR. Overexpression of circAtp9b 
and PTEN were achieved in human colonic epithelial cells 
(HCnEpCs) to explore the relationship between circAtp9b 
and PTEN. The role of circAtp9b and PTEN in regulating 
the apoptosis of HCnEpCs under LPS treatment was evalu‑
ated using flow cytometry. The present study revealed that 
circAtp9b was upregulated in UC and that it was positively 
correlated with PTEN. In HCnEpCs, LPS treatment resulted 
in upregulation of circAtp9b in a dose‑dependent manner. 
Moreover, overexpression of circAtp9b mediated the upregu‑
lation of PTEN in HCnEpCs, while silencing of circAtp9b 
decreased the expression levels of PTEN. Apoptosis analysis 
demonstrated that overexpression of circAtp9b and PTEN 
promoted the apoptosis of HCnEpCs. In addition, silencing of 

circAtp9b suppressed apoptosis. Moreover, overexpression of 
PTEN reduced the effects of silencing of circAtp9b. In conclu‑
sion, overexpression of circAtp9b in UC was induced by LPS 
and it positively upregulated PTEN to promote the apoptosis 
of HCnEpCs induced by LPS.

Introduction

As a type of inflammatory bowel disease that is associated with 
the formation of ulcers and chronic inflammation in digestive 
tract, ulcerative colitis (UC) mainly affects the rectum and large 
intestines (1). In the majority of cases, UC is caused by severe 
infections, colon wall invasion with lymphocytic white blood 
cells or collagen, and reduced blood supply to the colon (2,3). 
Currently, the treatment of UC mainly focuses on the relief of 
inflammation and improvement of the immune system; however, 
there is no cure for UC and recurrence is common (3,4). Without 
timely recovery, long‑term existence of UC significantly increases 
the risk of colorectal cancer, which has a high mortality (5,6). 
Therefore, more effective treatments for UC are needed.

It has been well established that the development and 
progression of UC involves the regulation of various molecular 
pathways, such as the inflammatory pathways and NFKBIZ 
pathway (7,8). Increased understanding of the molecular 
mechanisms of UC would facilitate the development of novel 
therapies, such as targeted therapy that can be used to treat UC 
by regulating gene expression (9,10). However, to the best of our 
knowledge, effective targets for UC remain lacking. Circular 
RNAs (circRNAs/circ) are covalently closed RNA transcripts 
(single‑stranded) that encode no proteins but regulate gene 
expression to participate in human diseases, suggesting that 
circRNAs are promising targets for UC targeted therapy (11,12). 
circ‑ATPase class II type 9B (Atp9b) is a newly identified 
circRNA with enhancing effects on LPS‑induced inflamma‑
tion (13), which contributes to the development of UC (14). Our 
preliminary deep sequencing analysis results (Li et al, unpub‑
lished data) revealed altered expression of circAtp9b and its 
inverse association with PTEN, which is also a major regulator 
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in UC. The present study was therefore carried out to study the 
potential interaction between circAtp9b and PTEN in UC.

Materials and methods

Blood sample acquisition. Blood (3 ml) was drawn from 60 
patients with UC (34 males and 26 females) and 60 healthy 
controls (34 males and 26 females) under fasting conditions prior 
to medical or surgical therapy. All patients and healthy controls 
were admitted at The Affiliated Changzhou No.2 People's 
Hospital of Nanjing Medical University (Changzhou, China) 
from March 2019 to May 2020. The age range of the 60 patients 
with UC was 26‑57 years, with a median age of 42. The age 
range of the 60 healthy controls was 26‑57 years, with a median 
age of 42.5. Patients with other severe clinical disorders, 
including severe infections, diabetes, heart diseases and cancer) 
or initiated therapy, were excluded from the present study. All 
of the 60 healthy controls passed systemic physiological exam 
at the aforementioned hospital. The current study was approved 
by The Ethics Committee of The Affiliated Changzhou 
No.2 People's Hospital of Nanjing Medical University (approval 
no. NMU‑2019‑13), and was performed in accordance with the 
ethical standards formulated in the Helsinki Declaration of 
1964. All participants signed written informed consent forms.

Plasma preparation and human colonic epithelial cells 
(HCnEpCs). To isolate plasma from the blood samples, blood 
samples were transferred to centrifuge tubes containing citrate 
(1:10 volume ratio). Afterwards, the mixture was centrifuged 
at 200 x g for 15 min at 4˚C to collect the supernatant. A 
total of ~1 ml plasma was obtained from each blood sample. 
HCnEpCs (Cell Applications, Inc.) were used as the cell model 
of UC. Cells were cultivated in colonic epithelial cell medium 
(ScienCell Research Laboratories, Inc.) with 5% CO2 and 95% 
humidity in an incubator at 37˚C. For lipopolysaccharide (LPS) 
treatment, HCnEpCs were cultivated in medium containing 0, 
10, 20, 50 and 100 ng/ml LPS (Sigma‑Aldrich; Merck KGaA) 
for 48 h before use in subsequent experiments.

Transient transfections. Vectors expressing circAtp9b or PTEN 
were constructed using pcDNA3.1 as the backbone vector 
(Invitrogen; Thermo Fisher Scientific, Inc.). Scrambled negative 
control (NC; 5'‑GGGAAATTTAAATTACGCCGG‑3') and 
circAtp9b small interfering (si)RNA (5'‑GTTCAATGTA 
GGAACGAGCAT‑3') were purchased from Invitrogen (Thermo 
Fisher Scientific, Inc.). HCnEpCs were transfected with 1 µg 
expression vector or 40 nM siRNA using Lipofectamine® 2000 
(Invitrogen; Thermo Fisher Scientific, Inc.). To perform NC 
experiments, empty vector or NC siRNA was transfected into 
HCnEpCs. HCnEpCs without transfections were cultivated in 
fresh medium until the end of transfections and used as the 
control. Cell transfection was performed at 37˚C for 6 h. Cells 
were then transferred to fresh medium for further culture. 
Subsequent experiments were performed at 48 h after cell trans‑
fection.

RNA preparation and reverse transcription‑quantitative PCR 
(RT‑qPCR). Total RNA was extracted from plasma samples 
and the transfected and control HCnEpCs using TRIzol® 
(Invitrogen; Thermo Fisher Scientific, Inc.). RNA samples 

were digested with DNase I (Invitrogen; Thermo Fisher 
Scientific, Inc.) at 37˚C for 80 min to remove genomic DNA. 
Electrophoresis was carried out using 5% urea‑PAGE gel to 
analyze RNA integrity. OD260/280 ratios were checked to 
determine RNA purity. RNA samples were reverse transcribed 
into cDNA samples using a SuperScript™ III RT system 
(Invitrogen; Thermo Fisher Scientific, Inc.). The thermocycling 
conditions were as follows: 37˚C for 60 min; 85˚C for 5 min; 
4˚C for 5 min. With cDNA samples as template, qPCR reac‑
tions were prepared using a QuantiTect SYBR®‑Green PCR kit 
(Qiagen, Inc.). The thermocycling conditions were as follows: 
Initial denaturation at 95˚C for 2 min, followed by 40 cycles of 
denaturation at 95˚C for 15 sec and annealing at 60˚C for 45 sec, 
with a final extension at 72˚C for 10 min. The expression levels 
of circAtp9b and PTEN were determined with GAPDH as an 
internal control. Three technical replicates were performed 
and the 2‑ΔΔCq method was used for the normalization of Cq 
values (15). The primer sequences were listed in Table I.

Western blotting. Total proteins were isolated from the 
transfected and control HCnEpCs using RIPA lysis 
buffer(Invitrogen; Thermo Fisher Scientific, Inc.). Protein 
quantification was performed using a BCA assay (Invitrogen; 
Thermo Fisher Scientific, Inc.). Protein samples (10 µg/lane) 
were separated via SDS‑PAGE on 8% gels and then transferred 
onto PVDF membranes. The membranes were blocked in PBS 
containing 5% non‑fat milk at room temperature for 2 h. After 
that, the membranes were incubated with rabbit PTEN (1:500; 
cat. no. ab31392; Abcam) and mouse GAPDH (1:2,000; cat. 
no. ab8245; Abcam) primary antibodies at 4˚C for 18 h, followed 
by incubation with a goat anti‑rabbit IgG‑HRP secondary 
antibody (1:1,000; cat. no. MBS435036; MyBioSource, Inc.) 
or a goat anti‑mouse IgG‑HRP secondary antibody (1:10,000; 
cat. no. ab6789; Abcam) at room temperature for 3 h. Signals 
were produced using the Western Lightning Plus‑ECL kit 
(PerkinElmer, Inc.). Data quantification was performed using 
ImageJ v1.44 software (National Institutes of Health).

Apoptosis assay. Transfected HCnEpCs were transferred to 
six‑well cell culture plates with 2 ml fresh medium per well. LPS 
(100 ng/ml) was added to each well, followed by cell culture at 
37˚C for 48 h. After that, cells were collected and resuspended 
in binding buffer followed by staining with FITC‑Annexin V 
and propidium iodide (Abcam) for 15 min in the dark at room 
temperature. Apoptotic cells were detected using a FACSCalibur 
flow cytometer (BD Biosciences) and its supplied software 
(BD CellQuest software). The apoptotic rate was considered to 
be equal to the percentage of early and late apoptotic cells.

Statistical analysis. Statistical analysis was performed using 
SPSS v22.0 software (IBM Corp.). Gene expression levels in 
the plasma samples from patients with UC (n=60) and controls 
(n=60) were expressed as the mean values of 3 technical repli‑
cates, and an unpaired t‑test was used for data comparison. 
Mean ± standard deviation values were used to express the 
data of 3 biological replicates of cell transfection experiments, 
and ANOVA with Tukey's post hoc test was used for data 
comparisons among the groups. Correlations were analyzed 
by Pearson's correlation coefficient. P<0.05 was considered to 
indicate a statistically significant difference.
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Results

Expression of circAtp9b and PTEN is positively correlated 
in patients with UC. The expression levels of circAtp9b and 
PTEN in the plasma samples collected from patients with 
UC (n=60) and healthy controls (n=60) were determined 
using RT‑qPCR. It was observed that the expression levels of 
circAtp9b (Fig. 1A) and PTEN (Fig. 1B) were significantly 
upregulated in patients with UC compared with those in the 
controls (both P<0.01). Correlation analysis revealed that the 
expression levels of circAtp9b and PTEN were significantly 
positively correlated with each other across both UC (Fig. 1C) 
and control (Fig. 1D) plasma samples. Therefore, circAtp9b 
and PTEN may interact with each other under both physi‑
ological and pathological conditions.

LPS treatment increases the expression levels of circAtp9b 
and PTEN in HCnEpCs. HCnEpCs were cultivated in medium 
containing 0, 10, 20, 50 and 100 ng/ml LPS for 48 h, followed 
by measuring the expression levels of circAtp9b and PTEN via 
RT‑qPCR. It was observed that LPS treatment significantly 
increased the expression levels of circAtp9b (P<0.05; Fig. 2A) 
and PTEN (P<0.05; Fig. 2B) in a dose‑dependent manner. These 
results indicated that circAtp9b and PTEN were LPS‑inducible.

circAtp9b positively regulates the mRNA and protein expres‑
sion levels of PTEN in HCnEpCs. Overexpression vectors for 
circAtp9b or PTEN, or circAtp9b siRNA were transfected 
into HCnEpCs to explore the relationship between PTEN 
and circAtp9b. Transfections were confirmed via RT‑qPCR 
at 48 h post‑transfection (P<0.05; Fig. 3A). Overexpression 

Figure 1. Expression of circAtp9b and PTEN is positively correlated in patients with UC. Expression levels of (A) circAtp9b and (B) PTEN mRNA in plasma 
samples collected from patients with UC (n=60) and healthy controls (n=60) were analyzed by performing reverse transcription‑quantitative PCR. Pearson's 
correlation coefficient analysis was performed to analyze the correlation between circAtp9b and PTEN mRNA in both (C) UC and (D) control plasma samples. 
**P<0.01. UC, ulcerative colitis; circ, circular RNA; Atp9b, ATPase class II type 9B.

Table I. Primers for reverse transcription‑quantitative PCR.

Gene Forward primers, 5'‑3' Reverse primers, 5'‑3'

PTEN AAGACCATAACCCACCACAGC CACCAGTTCGTCCCTTTCCA
circAtp9b AGGCCTTTCTGTCTTGTGGT AATGGGCAGACTCATCCTCC
GAPDH CTTCGGCATTGTGGAGGG GGAGGCAGGGATGATGTTCT

circ, circular RNA; Atp9b, ATPase class II type 9B. 
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Figure 2. LPS treatment increased the expression of both circAtp9b and PTEN mRNA in HCnEpCs. HCnEpCs were cultivated in medium containing 0, 10, 20, 
50 or 100 ng/ml LPS for 48 h, followed by the measurement of the expression levels of (A) circAtp9b and (B) PTEN mRNA by reverse transcription‑quantitative 
PCR. *P<0.05. LPS, lipopolysaccharides; circ, circular RNA; Atp9b, ATPase class II type 9B; HCnEpCs, human colonic epithelial cells.

Figure 3. circAtp9b positively regulates the expression levels of PTEN in HCnEpCs at both mRNA and protein levels. Expression vectors of circAtp9b or 
PTEN, or circAtp9b siRNA were transfected into HCnEpCs to analyze the relationship between PTEN and circAtp9b. (A) Transfections were confirmed 
by RT‑qPCR at 48 h post‑transfection. (B) RT‑qPCR was performed to analyze the effects of PTEN overexpression on the expression of circAtp9b. Effects 
of (C) circAtp9b overexpression and (D) siRNA‑mediated silencing on the expression of PTEN were analyzed by RT‑qPCR and western blotting. *P<0.05. 
RT‑qPCR, reverse transcription‑quantitative PCR; circ, circular RNA; Atp9b, ATPase class II type 9B; siRNA, small interfering RNA; HCnEpCs, human 
colonic epithelial cells; NC, negative control; C, control.
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of PTEN did not significantly affect the expression of 
circAtp9b (Fig. 3B). The expression levels of PTEN in cells 
transfected with circAtp9b expression vector or circAtp9b 
siRNA were determined by RT‑qPCR and western blotting. 
It was observed that overexpression of circAtp9b significantly 
mediated the upregulation of PTEN in HCnEpCs compared 
with the control (P<0.05; Fig. 3C), whereas silencing circAtp9b 
decreased the expression levels of PTEN (P<0.05; Fig. 3D). 
Therefore, circAtp9b was likely an upstream activator of 
PTEN in HCnEpCs.

circAtp9b promotes the LPS‑induced apoptosis of HCnEpCs 
via PTEN. The role of circAtp9b and PTEN in regulating 
HCnEpC apoptosis induced by LPS treatment (100 ng/ml for 
48 h) was assessed via flow cytometry. As presented in Fig. 4, 
overexpression of circAtp9b and PTEN significantly promoted 
the apoptosis of HCnEpCs compared with the empty vector 
control (P<0.05), while knockdown of circAtp9b significantly 
inhibited the apoptosis of HCnEpCs compared with the NC 
siRNA (P<0.05). However, the effects of knocking down 
circAtp9b on apoptosis were significantly attenuated by over‑
expression of PTEN (P<0.05). These results suggested that 
circAtp9b promoted LPS‑induced apoptosis of HCnEpCs by 
regulating PTEN.

Discussion

The present study mainly explored the involvement of 
circAtp9b in UC and its potential interactions with PTEN. It 
was revealed that circAtp9b was significantly upregulated in 
UC and it may positively regulate the expression of PTEN to 
promote the apoptosis of HCnEpCs induced by LPS.

circRNAs have been demonstrated to have notable roles 
in numerous types of disease, but their roles in UC remain 
largely unknown (11). In a recent study, it was reported 
that the expression of circ‑superoxide dismutase 2 (SOD2) 
was altered in UC and regulated the intestinal epithelial 
barrier (12). In another study, circRNA hsa_circ_0007919 
was indicated to be significantly upregulated in UC and is 
likely associated with the pathogenesis of UC (16). However, 
the role of circRNAs circ‑SOD2 and hsa_circ_0007919 in 
UC remains unclear (11,16). It was reported that circAtp9b 
has an enhancing effect on LPS‑induced inflammation (13). 
It has been well established that LPS‑induced inflammation 
contributes to the development of UC (14), suggesting the 
involvement of circAtp9b in UC. The present study demon‑
strated that circAtp9b is upregulated in UC. In addition, 
LPS treatment increased the expression levels of circAtp9b 
in HCnEpCs in a dose‑dependent manner, and circAtp9b 
positively regulated the apoptosis of HCnEpCs induced 
by LPS. Therefore, circAtp9b may promote UC through 
LPS‑dependent pathways.

PTEN promotes apoptosis (17), which contributes to the 
aggregation of UC (18). The present study observed the upregu‑
lation of PTEN in UC, and that it had an enhancing effect on 
the apoptosis of HCnEpCs induced by LPS. LPS may indirectly 
regulate the expression of PTEN through microRNAs (19). 
Consistently, the present study demonstrated increased expres‑
sion levels of PTEN in LPS‑treated HCnEpCs. circRNAs mainly 
participate in biological processes by regulating gene expression 
at both transcriptional and translational levels (11). The present 
study revealed that circAtp9b positively regulated the expression 
of PTEN in HCnEpCs, while overexpression of PTEN did not 
affect the expression of circAtp9b. Therefore, circAtp9b is likely 

Figure 4. circAtp9b promotes the LPS‑induced apoptosis of HCnEpCs via PTEN. LPS‑induced HCnEpCs were treated with a circAtp9b overexpression 
vector, PTEN overexpression vector or circAtp9b siRNA. Apoptosis was detected using FITC‑Annexin V. *P<0.05. circ, circular RNA; Atp9b, ATPase class II 
type 9B; HCnEpCs; LPS, lipopolysaccharides; siRNA, small interfering RNA; C, control; NC, negative control.
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an upstream activator of PTEN. Crohn's disease and UC are two 
forms of inflammatory bowel diseases. The PI3K/AKT/PTEN 
pathway acts as a pivotal determinant of cell fate regarding 
senescence and apoptosis, which is mediated by intracellular 
reactive oxygen species (ROS) generation in Crohn's disease (20). 
Therefore, the mechanism of HCnEpCs apoptosis may be associ‑
ated with the upregulation of the PI3K/AKT/PTEN pathway and 
the generation of intracellular ROS.

However, the present study has certain limitations. Firstly, the 
sample size of patients with UC was limited. Future studies should 
include more samples to strengthen the findings. In addition, the 
current study did not uncover the molecular mechanisms via 
which circAtp9b regulates the expression of PTEN, and further 
studies are required to investigate the implicated mechanisms.

In conclusion, circAtp9b and PTEN were both upregulated 
in UC. In addition, circAtp9b could positively regulate the 
expression of PTEN to promote the apoptosis of HCnEpCs 
induced by LPS.
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