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ABSTRACT
Circular RNAs (circRNAs) are a novel class of noncoding RNAs (ncRNAs), which have been shown to
participate in intracellular RNA regulatory networks and play vital roles in many pathological processes.
Recently, circular RNA_PRKCI (circ-PRKCI) has been reported to regulate cell proliferation, migration and
invasion in several human cancers. Hirschsprung disease (HSCR) is a well-known congenital gut motility
disorder which roots in the aberrance of cranial-caudal neural crest cell migration. In this study, we
investigated whether circ-PRKCI may affect cell migration and proliferation in HSCR. Quantitative reverse
transcription PCR (qRT-PCR) was performed to detect the expression of circ-PRKCI in 48 HSCR aganglio-
nic tissues and 48 normal bowel tissues. Luciferase reporter assay and RNA immunoprecipitation (RIP)
assay verified the direct interaction between miR-1324 and PLCB1 or circ-PRKCI. Cell counting Kit-8 (CCK-
8) and Ethynyldeoxyuridine (EdU) assays were employed to appraise the effects of miR-1324 or circ-
PRKCI on cell proliferative potential, while transwell was performed to detect the migration in vitro. We
found that circ-PRKCI was significantly down-regulated in HSCR aganglionic tissues. Morever, knock-
down of circ-PRKCI suppressed cell proliferation and migration in vitro. Mechanistically, we confirmed
that circ-PRKCI functioned as a molecular sponge for miR-1324 to upregulate the expression of PLCB1. In
conclusion, our present study revealed the important role of circ-PRKCI-miR-1324-PLCB1 regulatory
network in HSCR, providing a novel insight for the pathogenesis of HSCR.
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Introduction

Hirschsprung disease (HSCR) is a common congenital digestive
tract malformation characterized by the disruption of ganglion
cells colonizing the distal gut, which causes bowel obstruction
and megacolon[1]. The prevalence of HSCR is approximately 1
in 5000 newborns and the incidence rate inmales is 4 timesmore
than females[2]. It has been confirmed that some protein coding
genes participate in the pathogenesis of HSCR, including RET,
EDNRB, PHOX2B, SOX10, etc [3,4]. To date, some noncoding
RNAs have also been proven to take part in the biological
processes of HSCR, such as microRNA-939, lncRNA HOTTIP
and LOC100507600 [5–7]. However, the underlying pathogen-
esis of HSCR occurrence still remains unclear.

Circular RNAs (circRNAs) are a naturally occurring family of
noncoding RNAs, which are characterized by covalent closed-
loop structures via joining 3ʹ and 5ʹterminals [8,9]. Therefore,
circRNAs have higher stability and conservation compared to
linear RNAs[10]. Recent studies have revealed that circRNAs
play essential roles in multiple pathological processes, such as
cardiovascular system disease, nervous system disorders, cancer
diseases, etc [11–14]. Concretely, circRNAs function as regula-
tors at the transcription or post-transcription level to affect the

gene expression. Moreover, emerging researches demonstrate
that natural endogenous circRNAs resist inherently to exonu-
cleolytic RNA decay and harbor multiple electively conserved
microRNA (miRNA) binding sites[15]. So, circRNAs can work
as efficient miRNA sponges to regulate gene expression[16]. For
example, Han D et al revealed that circMTO1 inhibited human
hepatocellular carcinoma (HCC) cell proliferation and invasion
via miR-9/p21 axis[17]. CircLARP4 could function as a sponge
for miR-424 to suppress proliferation and invasion of gastric
cancer cells[18].

Circular RNA PRKCI (ID: hsa_circ_0067934, www.cir
cbase.org/) is located at chr3:170,013,698–170,015,181.
Recent studies have indicated that circ_0067934 promoted
cell proliferation and migration capacity in esophageal squa-
mous cell carcinoma[19]. CircPRKCI could act as competing
endogenous RNAs to promote the progression of lung ade-
nocarcinoma (LAC) through increasing the expression of
both miR-545 and miR-589 target E2F7[20]. However,
whether circ-PRKCI exerts effect on cell migration and pro-
liferation in HSCR is still unknown.

In this study, we investigated the underlying regulation of
circ-PRKCI on cell proliferation and migration in HSCR via
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sponging miR-1324 via target PLCB1. Also, it may provide us
a new perspective to go deep into the diagnosis of HSCR.

Results

Clinical information analysis

A total of 48 HSCR cases and 48 normal controls without
HSCR and other congenital malformation were enrolled in
this study. The patients’ demographic and clinical character-
istics were listed in Table 1, ranging over age, weight and sex.
There were no statistically significant differences between the
HSCR patients and the control group, including age
(112.35 ± 5.39 and 105.79 ± 3.50 days), gender (Male/
Female) and body weight (5.7 5 ± 0.14 and 5.71 ± 0.11 kg).

Characteristics and expression of circ-PRKCI in HSCR

To validate the circular nature of circ-PRKCI, we treated total
RNA with RNaseR, which can deplete linear RNAs character-
ized by a free 3′terminus but have no effect on circRNAs. This

analysis showed that circular RNAs were resistant to RNaseR
digestion, whereas the linear ones were not (Figure 1(a)).
qRT-PCR analysis was then performed to confirm the expres-
sion of circ-PRKCI in HSCR samples and matched controls.
Circ-PRKCI was dramatically decreased in HSCR patients as
depicted in Figure 1(b), which suggested that circ-PRKCI may
be implicated in the appearance of HSCR.

Regarding high stability and tissue specificity of circRNAs,
they are taken as promising novel biomarkers in numerous
diseases[21]. To further identify whether circ-PRKCI can
serve as a biomarker in HSCR, the receiver operating char-
acteristic (ROC) curves analysis was then evaluated. The area
under the ROC curve (AUC) was 0.869 (Figure 1(c)); the
cutoff value, sensitivity, and specificity were 0.1506, 83%,
and 70%, respectively. These data showed the potential diag-
nostic value of circ-PRKCI in HSCR comparing with the
sensitivity (88%) and specificity (89%) of the anorectal mano-
metry, which is a common method for clinical auxiliary diag-
nosis of HSCR[22].

Circ-PRKCI and miR-1324 expressions were negatively
correlated in HSCR tissues

To further investigate the molecular mechanism of circ-PRKCI
involvement in HSCR progression, we identified the subcellular
location of circ-PRKCI. Semi-quantitative PCR of nuclear and
cytoplasmic fractions verified that circ-PRKCI was mostly loca-
lized in the cytoplasm of 293T and SH-SY5Y cells (Figure 2(a)).
In view of the fact that circRNAs can act as miRNAs sponges

Table 1. Clinical characteristics of study population.

Variable Control(n = 48) HSCR(n = 48) P

Age(days, mean, SE) 112.35(5.39) 105.79(3.50) 0.31a

Weight(kg, mean, SE) 5.75(0.14) 5.71(0.11) 0.82a

Sex(%)
Male 31(64.58) 34(70.83) 0.51b

Female 17(35.42) 14(29.17)
aStudent’s t-test.
bTwo-sided chi-squared test.

Figure 1. Characteristics and expression of circ-PRKCI in HSCR.
(a)Circular RNAs were resistant to RNaseR digestion in 293T cell lines and SH-SY5Y cell lines. (b) Circ-PRKCI expression was validated in 48 pairs of HSCR tissue and
matched samples using RT-PCR. Circ-PRKCI expression was significantly decreased in HSCR tissue compared to matched samples. (c) Receiver Operating Characteristic
(ROC) curve for the circ-PRKCI to distinguish HSCR cases from controls.
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[23], we then forecasted the potential targets of circ-PRKCI
(RegRNA, Circinteractome, miRDB), and miR-1324 might be
the most potentially complementary miRNA to bind with circ-
PRKCI. To explore the relationship between circ-PRKCI and the
predicted miRNA in tissues, the expression of miR-1324 in
HSCR and matched groups was examined. RT-PCR results
showed that miR-1324 was observably up-regulated in HSCR
aganglionic tissues compared to normal tissues (Figure 2(b)),
which indicated the inverse correlation between circ-PRKCI and
miR-1324 expression levels in HSCR.

Circ-PRKCI was targeted by miR-1324

Since bioinformatics analysis has shown that circ-PRKCI con-
tains mutual miRNA response elements (MREs) to miR-1324,
we then attempted to validate the hypothesis that miR-1324
directly targeted circ-PRKCI. First, we conducted RIP assay
for AGO2 on 293T cells and observed that endogenous circ-
PRKCI was specifically enriched in Ago2-containing beads by
qRT-PCR analysis compared to control immunoglobulin G
(IgG) immunoprecipitates (Figure 2(c)). We further con-
structed a fragment of the mutant or wild-type circ-PRKCI
sequence and the predicted miR-1324 recognition site
(Figure 2(d)), and then inserted them into the downstream
of the luciferase reporter gene (LUC+circ-PRKCI-Wild; LUC
+circ-PRKCI-Mut). Dual-Luciferase Reporter Assay System
was then adopted in 293T and SH-SY5Y cells. Relative luci-
ferase activity was significantly reduced in cells co-transfected
with the circ-PRKCI segment and miR-1324 mimics

compared to controls. By comparison, the luciferase activity
between the control group and cells co-transfected with miR-
1324 mimics and the circ-PRKCI-Mut was explored, which
showed no obvious difference (Figure 2(e)). Taken together,
these results indicated the direct binding of miR-1324 target-
ing circ-PRKCI.

Silencing of circ-PRKCI suppressed the proliferative and
migrative potential of cells in vitro

We observed that circ-PRKCI was downregulated in HSCR
tissues compared with matched normal tissues by previous
results, which prompted us to investigate the functional perfor-
mance of circ-PRKCI in vitro. We used siRNAs targeting circ-
PRKCI to silence its expression and designed the circ-PRKCI
overexpression by plasmid. After circ-PRKCI overexpression
and siRNA vector were respectively transfected into 293T and
SH-SY5Y cells, their transfection efficiency was calculated
(Supplementary Figure 1(a) and 1(b)). Succedent cell prolifera-
tion and migration assays clarified that silencing of circ-PRKCI
inhibited the proliferative and migrative potential of cells, while
overexpression of circ-PRKCI reversed these effects. CCK8 and
EdU assays demonstrated that the proliferation of cells was
significantly impaired by inhibition of circ-PRKCI and intensi-
fied by transfection with circ-PRKCI overexpression vector
(Figure 3(a)). Transwell assay revealed that the down-regulation
of circ-PRKCI exerted a repressive effect on cell migration.
Meanwhile cell migration rate was enhanced by circ-PRKCI
overexpression (Figure 3(b)). Collectively, these findings

Figure 2. Bioinformatics analysis and experiments results manifested that circ-PRKCI sponged miR-1324.
(a)The levels of circ-PRKCI were assessed by qRT-PCR in nuclear and cytoplasmic fractions. GAPDH and U6 were used as cytoplasmic and nuclear markers,
respectively. (b) The differential expression of miR-1324 between HSCR tissues and control tissues were examined by qRT-PCR analysis. MiR-1324 was significantly
over-expressed in patients’ tissues compared with control tissues. (c) RNA immunoprecipitation (RIP) experiments were performed using extracts of 293T cells. Ago2
and IgG antibody were used to immunoprecipitate and qRT-PCR was applied to detect relative RNA levels of circ-PRKCI and miR-1324. (d) The seed sequences of circ-
PRKCI, miR-1324 and circ-PRKCI mutant. (e) Dual-luciferase reporter assays were performed to detect the correlation between miR-1324 and circ-PRKCI in 293T and
SH-SY5Y cells.
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suggested that down-regulated circ-PRKCI suppressed cell
migration and proliferation. In addition, we further investigated
whether silencing of circ-PRKCI may affect cell cycle and apop-
tosis by flow cytometry analysis. The cell cycle and apoptosis
process showed not obvious statistical difference between cells
transfected with circ-PRKCI inhibitor and the negative control
(Supplementary Figure 1(c) and 1(d)).

Circ-PRKCI upregulated expression of the miR-1324 target
gene PLCB1 by sequestering mir-1324

The potential target gene of miR-1324 was searched by
bioinformatic analysis (DIANA, miRanda, targetscan), and

Phospholipase C,β1(PLCB1) was predicted. To further
determine the interaction between miR-1324 and PLCB1,
we constructed the putative binding site and mutant type
as exhibited in Figure 4(a). Then we utilized plasmid pGL3-
PLCB1-Wild and pGL3-PLCB1-Mut to transfect with 293T
and SH-SY5Y cells. The luciferase activity was obviously
reduced in cells co-transfected with the pGL3-PLCB1-Wild
and miR-1324 mimics, while there were no distinct differ-
ences in cells co-transfected with mutated vectors and miR-
1324 mimics or controls (Figure 4(b)). We then detected the
mRNA level of PLCB1 in HSCR tissues and matched groups.
PLCB1 was markedly down-regulated in HSCR cases com-
pared with control cases as shown in Figure 4(c).

Figure 3. Cytobiology change of human 293T and SH-SY5Y cell lines transfected with circ-PRKCI siRNA.
(a) Knockdown of circ-PRKCI suppressed cell proliferation, while overexpression of circ-PRKCI promoted the cell proliferation. Absorbance at 450 nm measured by
CCK8 was expressed as Mean ± SE (left panel). The EDU assay showed the representative images of proliferated cells (middle panel). Quantification of cell
proliferation were presented as percentage proliferated cell numbers (right panel). (b) Transwell assay was performed as described in materials and methods. The
quantifications of cell migration were presented as percentage migrated cell numbers, which indicated that down-regulation of circ-PRKCI inhibited cell migration
and overexpression of circ-PRKCI had the opposite effect.
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Analogously, the protein expression of PLCB1 showed lower
level in HSCR patients (Figure 4(d)). Furthermore, bivariate
correlation analysis was carried out to assess the correlation
between circ-PRKCI, miR-1324 and PLCB1 expression levels
in HSCR and control colon tissues (Figure 4(eg)). These
graphs and data indicated that PLCB1 was positively related
to the expression of circ-PRKCI, while the level of miR-1324
had negative correlation with that of circ-PRKCI and PLCB1
in HSCR samples and controls. Above all, these findings
corroborated that PLCB1 was targeted by miR-1324.

Having confirmed that PLCB1 was a direct target of
miR-1324, we were curious about whether circ-PRKCI
could mediate the expression of PLCB1 by combining
with miR-1324. The mRNA and protein levels of PLCB1
were detected in normal cells and other two cell groups
which were treated with miR-1324 inhibitor or silencing
circ-PRKCI. As was depicted in Figure 5(a,b), the mRNA
and protein level of PLCB1 were reduced in cells treated
with inhibiting circ-PRKCI. Nevertheless, the inhibition of
miR-1324 resulted in the elevation of PLCB1 in both
mRNA and protein levels. We then analyzed the expres-
sion of PLCB1 in control cells and cells transfected with

miR-1324 mimics, and the result showed that the mRNA
and protein level of PLCB1 was inhibited by miR-1324
mimics. Meanwhile, circ-PRKCI plasmid could neutralize
the inhibition function caused by miR-1324 mimics
(Figure 5(c,d)). Briefly, these data implied that circ-
PRKCI acted as a decoy by binding miR-1324 to mitigate
the inhibiting effect of miR-1324 during the expression of
PLCB1.

Circ-PRKCI exerted its regulatory effects on cell function
by targeting miR-1324/PLCB1 pathway

We next inspected the correlation between miR-1324 and
proliferation, migration function in cell lines. qRT-PCR
analysis was carried out to evaluate miR-1324 expression
levels in cells dealing with miRNA mimics or miRNA
inhibitor (Supplementary Figure 1(e) and 1(f)). Compared
to the normal control, proliferative and migrative potentials
of cells were restricted by miR-1324 mimics, which could
be partly redeemed by circ-PRKCI overexpression (Figures
5(eg)). Altogether, the above graphs and data further

Figure 4. Circ-PRKCI regulated PLCB1 by sequestering miR-1324.
(a)Putative miR-1324 binding sites in the 3′-UTR of PLCB1 mRNA was showed. The sequence in the PLCB1 3′-UTR at the complementary sites of miR-1324 was
mutated. (b) Dual luciferase reporter showed significant decrease of luciferase activity of the PLCB1 wild-type and luciferase activity was restored by the PLCB1
mutant sequence. (c) The expression of PLCB1 in HSCR tissues and control tissues. PLCB1 was distinctly reduced in patient tissues compared with control tissues. (d)
Western blot analysis showed that the protein level of PLCB1 was down-regulated in 3 pairs of HSCR tissues compared to normal control samples. (e) Bivariate
correlation analysis of the relationship between circ-PRKCI and PLCB1 expression level. (f) Circ-PRKCI was inversely correlated with miR-1324 expression in the same
paired intestinal tissues (P = 0.0021, Spearman). (g) PLCB1 was negatively correlated with the expression level of miR-1324 in the same paired intestinal tissues
(P = 0.0089, Spearman).
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Figure 5. Circ-PRKCI regulated cell proliferation and migration via the miR-1324-PLCB1 axis.
(a, b) qRT-PCR and western blot analysis of PLCB1 were conducted in human 293T and SH-SY5Y cell lines after transfection with circ-PRKCI siRNA with or without miR-1324
inhibitor. GAPDHwas used as control. (c, d) Two types of cells were transfected with miR-1324mimics with or without circ-PRKCI overexpress plasmid. The mRNA level of PLCB1
and relative PLCB1 protein level were detected. (e, f) CCK8 assay and EDU assay were performed to determine the proliferation of cells transfectedwithmiR-1324mimics and cells
treated with miR-1324 mimics in combination with circ-PRKCI overexpress plasmid. (g) Transwell analysis of 293T and SH-SY5Y cells transfected with miR-1324 with or without
circ-PRKCI overexpress plasmid (left panel); Migrated cells stained with crystal violet was shown (right panel).
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elaborated on the regulatory effects on cell function by circ-
PRKCI/miR-1324/PLCB1 pathway.

Discussion

Recently, large numbers of circRNAs have been discovered in
the mammalian transcriptome via bioinformatics and experi-
mental analysis[24]. In view of their diversity and abundance,
increasingly research focus on the function of circRNAs in
human diseases[25]. It is noteworthy that circRNAs are extra-
ordinarily abundant in neural tissues and are overall in an
uptrend during neuronal differentiation and development
[26,27]. Recent findings support that circRNAs are unequally
distributed in the neuronal compartments, but largely
enriched in the synapses for brain development or synaptic
plasticity. These circRNAs species possess potential value as
non-invasive clinical biomarkers in complex disorders of the
central nervous system (CNS)[28]. However, few researches
pay attention to the role of circRNAs in disorders of enteric
nervous system (ENS), which has been likened to a second
brain because of the similar microstructure of enteric ganglia
with central nervous system (CNS) [29,30]. Regarded as a
prototypical hypogenesis of ENS, HSCR is a potentially fatal
birth defect which resulted from the lack of the enteric ganglia
along a variable length of the gut [31,32]. Hence, dysregula-
tion of circRNAs in HSCR pathology deserve further investi-
gation. Given that circ-PRKCI has been found to promote
tumor cell proliferation and migration, such as hepatocellular
carcinoma, lung adenocarcinoma, we try to investigate
whether circ- PRKCI affect enteric neural crest cells
(ENCCs) migration and proliferation in HSCR [20,33].

In our study, we verified that circ-PRKCI showed lower
levels in HSCR aganglionic tissues compared to normal con-
trols. Besides, we further elucidated that downregulation of
circ-PRKCI significantly suppressed the migration and prolif-
eration of cells via a series of functional experiments.
Contrarily, the circ-PRKCI plasmid had a prominent role in
facilitating cell migrative and proliferative potential. These
lines of findings indicated that circ-PRKCI may be a
circRNA involved in the occurrence of HSCR.

CircRNAs have been confirmed to regulate gene expres-
sion through multiple mechanisms[34]. By using semi-quan-
titative PCR, we verified that the subcellular fractionation
location of circ-PRKCI was mostly in the cytoplasm, indicat-
ing the probability that circ-PRKCI may take part in the
translation process. Recent studies have identified that the
circRNAs-miRNAs-mRNA regulatory network is involved in
the occurrence and progression of a variety of diseases, such
as hepatocellular carcinoma, diabetes mellitus [35,36]. Thus,
we probed whether circ-PRKCI may interact with miRNAs
via a miRNA sponge to eliminate the inhibiting effect on the
miRNA target. By bioinformatic analysis and subsequent luci-
ferase reporter assay, circ-PRKCI was verified to serve as a
molecular sponge for miR-1324 to promote the expression of
PLCB1. To date, few researches focus on the function of miR-
1324. We proved that miR-1324 was upregulated in HSCR
aganglionic tissues and miR-1324 mimics could restrict cell
migration and proliferation. Furthermore, PLCB1 showed

lower levels in HSCR aganglionic tissues compared with nor-
mal controls. Knockdown of circ-PRKCI reduced the express-
sion of PLCB1, which was consistent with the repressive
action of miR-1324 mimics on the PLCB1 levels. All these
results identified the correlations among circ-PRKCI, miR-
1324 and PLCB1 in HSCR.

Phospholipase C,β1 (PLCB1) is encoded by the PLCB1
gene which is located at chromosome 20p12[37]. It belongs
to the family of PLC enzymes, which hydrolyze phosphatidy-
linositol 4,5-bisphosphate (PIP2) to generate the second mes-
sengers inositol 1,4,5-trisphosphate (IP3) and diacylglycerol
(DAG)[38]. Subsequently, a series of signaling pathways were
triggered to regulate cellular processes [39–41]. For example,
PLCB1 was proved to positively target cyclin D3 and regulate
cell cycle and cell proliferation via PKCα-mediated pathways
[42]. PLCB1 and PTPRN2 acted as coregulators of PI (4,5) P2
in the plasma membrane of breast cancer cells. After depleting
PI (4,5) P2, PLCB1 and PTPRN2 increased cell metastatic
migration via promotion of active cytoplasmic cofilin levels
[43]. Accordingly, we deduce that downregulated circ-PRKCI
results in the low expression of miR-1324 target PLCB1,
which may induce the abnormality of the ENCCs prolifera-
tion and migration in the distal gut. This hypothesis may be
involved in the occurrence of HSCR, which needs further
validation at a deeper level.

Altogether, our research team manifests that circ-PRKCI
makes sense in the pathogenesis of HSCR via inhibition of
miR-1324 targeting PLCB1. However, further study should be
put into effect in view of substantial unidentified circRNAs
which may be associated with the occurrence of HSCR. In
conclusion, further research on circRNAs may obtain clinical
significance on the diagnosis and therapy of HSCR and other
diseases in the future.

Materials and methods

Patients and tissue specimens

Clinical samples were obtained with the consent of patients and
with approval from the Institutional Ethics Committee of
Nanjing Medical University. Tissue samples were collected
from 48 patients with HSCR and 48 matched controls between
2010 and 2017 (NJMU Birth Cohort). The diagnosis of HSCR
was confirmed by pathological examination through available
biopsy samples. The matched controls were obtained from
patients’ intestinal without HSCR or other congenital anomalies.
All tissue samples were freshly frozen and stored at −80°C.

RNA extraction and RNase R digestion

Total RNA was isolated from tissues and cultured cells by
using Trizol reagent in accordance with the manufacturer’s
recommendations (Life Technologies, CA, US). Extracted
RNA was subsequently purified by phenol-chloroform and
re-precipitated in three volumes of ethanol. The amount and
purity of RNA was detected using NanoDrop 2000
Spectrophotometer (Thermo Scientific, Wilmington, DE,
USA) according to the criterion of total RNA.
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Total RNA (5 ug) was kept at 37°C for 15 min with 3 units
of RNase R (Epicentre Biotechnologies) per 1μg RNA to
remove the linear RNAs. After treatment with RNase R,
circ-PRKCI expression was detected by qRT-PCR.

Quantitative real-time PCR (qRT-PCR)

Extracted RNA (500 ng) was reverse transcribed to cDNA by
virtue of the Reverse Transcription Kit (Takara, Tokyo,
Japan). Subsequently, the qRT- PCR was performed to esti-
mate circRNA, mRNA and miRNA expression. Each sample
was analyzed three times. The expression levels were normal-
ized to the levels of GAPDH using 2−ΔCt method. Relevant
primers were depicted in Table 2.

Cell culture and transfection

Human 293T cell and SH-SY5Y cell lines were purchased from
American Type Culture Collection (ATCC, Manassas VA, USA).
We mixed 10% heat-inactivated fetal bovine serum (FBS), 100 U/
ml of penicillin, and 100μg/ml of streptomycin into Dulbecco’s
Modified Eaglemedium (DMEM) (Hyclone, UT,USA). Then, the
above two cell lines were cultured in this medium and kept in an
incubator under 5% CO2 at 37°C. Circ-PRKCI overexpression
vector, small interfering RNA (siRNA) targeting circ-PRKCI,
miR-1324 mimics and miR-1324 inhibitor were synthesized by
GenePharma Co (Shanghai, China). Cells were respectively trans-
fected with the above vector andmicroRNAs using Lipofectamine
2000 Reagent (Invitrogen, CA, USA). Detailed primer sequences
were listed as shown in Table 2.

Western blot analysis

RIPA buffer were mixed with protease inhibitors to extract
proteins from colon tissues and cultured cells. Then bicinchoni-
nic acid (BCA) solution (Beyotime, Nantong, China) was opted
for quantifying the protein concentrations. Equal amounts of
proteins loaded on 10% SDS-PAGE gels were subsequently
transferred into polyvinylidene fluoride (PVDF) membranes
(Millipore, Billerica, MA, USA). After kept with blocking buffer
at room temperature for 1 h, separated protein bands were
respectively incubated with the primary anti-PLCB1 (1:1000,

ab182368, Abcam, Cambridge, MA, USA) and anti-GAPDH
(1:1000, sc-25,778, Santa Cruz, CA, USA) overnight at 4°C.
The protein bands were throughly washed with TBST for three
times after the incubation with the secondary antibodies.
Chemiluminescence detection relied on ECL-PLUS/Kit (GE
Healthcare, Piscataway, NJ, USA).

Luciferase activity assay

We inserted the binding site of circ-PRKCI and PLCB1 into the
KpnI and SacI sites of pGL3 promoter vector (Realgene, Nanjing,
China) to construct the following fragments: pGL3-circ-PRKCI-
Wild, pGL3-circ-PRKCI-Mut, pGL3-PLCB1-Wild and pGL3-
PLCB1-Mut. Cells were plated into 24-well plates and cultured
to 50–70% density. Then we co-transfected 80 ng plasmid, 5 ng
renilla luciferase vector pRL-SV40, 50 nM miR-1324 mimics and
negative control into cells using lipofectamine 2000 (Invitrogen,
Shanghai, China). After incubation for 48 h, changes in luciferase
activitywere analyzed through the dualGlo luciferase assay system
(Promega, Madison, WI, USA) in accordance with the manufac-
turer’s protocol. Each assay was repeated three times
independently.

Evaluation of cell migration

For the evaluation of migration assay, transfected cells were
plated on 24-well transwell chambers (8 um pore size,
Millipore Corporation, Billerica, MA). After transfected for
36 h, cells were fixed with methanol and stained with crystal
violet solution (Beyotime, Nantong, China). Then the bottom
of the chamber was washed with PBS for three times. Images
and quantifications of cell migration were conducted under
20×magnification. Five randomly selected views per well were
counted. Each assay was repeated triplicate independently.

Evaluation of cell proliferation

Cells were seeded on 96-well plates with serum-free DMEM
medium. After incubation for indicated time, 10μl of CCK-8
reagent (Beyotime, Nantong, China) was added to each well.
After incubation 1h, the absorbance at 450 nm was detected
by the TECAN infinite M200 Multimode microplate reader
(Tecan, Mechelen, Belgium). In addition, the proliferative
ability of cells was evaluated by EdU assay. Each assay was
repeated a minimum of three times.

Subcellular fractionation location

Cytoplasmic and nuclear RNA was isolated with the PARIS Kit
(Life Technologies, USA) according to the protocol. qRT-RCR
was applied as described above to determine total RNA isolated
from each fraction. GAPDH was regarded as cytoplasmic mar-
ker, while U6 was taken as nuclear control transcript.

RNA immunoprecipitation (RIP)

The Magna RIP RNA-Binding Protein Immunoprecipitation
Kit (Millipore, Bedford, MA) was applied for RIP assay.
Experimental procedure was performed in accordance to the

Table 2. Sequences of primers for qRT-PCR and siRNA related sequence.

Circ-PRKCI F: 5ʹ-TAGCAGTTCCCCAATCCTTG-3ʹ
R: 5ʹ-CACAAATTCCCATCATTCCC-3’

PLCB1 F: 5ʹ-CCACCTGATGTGTGTGCTTTG-3ʹ
R: 5ʹ-TTCAGTAGTGGTCTGGTCTTGT-3’

GAPDH F: 5ʹ-GCACCGTCAAGGCTGAGAAC-3′
R: 5ʹ-GGATCTCGCTCCTGGAAGATG-3′

U6 F: 5ʹ-CTCGCTTCGGCAGCACA-3′
R: 5ʹ-AACGCTTCACGAATTTGCGT-3ʹ′

miR-1324 F: 5ʹ-ACACTCCAGCTGGGCCAGACAGAATTCTATGC-3ʹ
R: 5ʹ-
CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGGAAAGTGC-
3’

Circ-PRKCI
siRNA

Sense: 5ʹ-UGUUGAUUGGGAUAUGUUAUU-3ʹ
Antisense: 5ʹ- UAACAUAUCCCAAUCAACAUU-3’

miR-1324
mimics

Sense: 5ʹ- CCAGACAGAAUUCUAUGCACUUUC −3ʹ
Antisense: 5ʹ- AAGUGCAUAGAAUUCUGUCUGGUU −3’

miR-1324
inhibitor

Sense: 5ʹ- GAAAGUGCAUAGAAUUCUGUCUGG −3’
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manufacturer’s instructions. Anti-AGO2 used for RIP assay
were from Abcam (ab32381, Shanghai, China).

Statistical analysis

Statistical analysis was performed using Chisquare tests and
Student’s t-test. The correlation between HSCR occurrence
and the expression level of circ-PRKCI was detected by
Receiver operating characteristic (ROC) curves analysis. P
value <0.05 was considered as significant difference. Each
assay was repeated a minimum of three times.
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