Genes & Diseases (2021) 8, 364—372

_ ] _ _ Genes &
Available online at www.sciencedirect.com Diseases

ScienceDirect

journal homepage: http://ees.elsevier.com/gendis/default.asp

FULL LENGTH ARTICLE

Circ-Smad>5 retards the G1/S transition of ~ ®
cell cycle via inhibiting the activity of wnt/
lef/cyclind1 signaling in JB6 cells

Xiaogen Ma ", Fei Xiang “", Zhuo Pei °, Jiafeng Miao °,
Pan Wu °, Xiaofeng Song ¢, Yuhong Li ", Yiming Zhang *

@ Department of Plastic and Cosmetic Surgery, Xingiao Hospital, Army Medical University, Chongqing,
400037, PR China

b Department of Cell Biology, Army Medical University, Chongging, 400038, PR China

¢ Institute of Burn Research, State Key Laboratory of Trauma, Burns and Combined Injury, Southwest
Hospital, Army Medical University, Chongqing, 400038, PR China

4 Department of Biomedical Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing,
211106, PR China

Received 1 September 2019; received in revised form 1 January 2020; accepted 3 January 2020
Available online 9 January 2020

KEYWORDS Abstract Circular RNAs are a large class of noncoding RNAs. Smad>5 functions in cell differen-
Cell cycle; tiation, cell proliferation and metastasis. It has been reported that Inc-Smad>5 can inhibit the
Circ-Smad5; proliferation of diffuse large B cell lymphoma. However, the function of circ-Smad5 has not yet
Circular RNA; been reported. Lentivirus vectors were constructed to establish circ-Smad5 upregulated and
Wnt signaling; circ-Smad5 downregulated cell models. A CCK-8 assay was used to detect the proliferation
Cell proliferation of JB6 cells. FACS was used to analyze the cell cycle in the cell models. Western blot, immu-

nofluorescence staining and TOP/FOP flash dual luciferase activity assays were used to deter-
mine the activity of the Wnt signaling pathway. The results revealed that the expression level
of circ-Smad>5 in JB6 cells was significantly lower than the expression level of linearized-
Smad5. Compared with the control group, the percentage of S phase cells and the expression
level of cyclin D1 protein were significantly higher in the sh-circ-Smad>5 group. In the sh-circ-
Smad5 group, B-catenin and LEF-1 were significantly increased, p-p-catenin was significantly
decreased, and the relative activity of the TOP/FOP reporter gene was higher compared to
the control group levels. These phenomena could be reversed by treating with Wnt signaling
inhibitor PNU-74654. We conclude that the circ-Smad5 retards the proliferation and the cell
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cycle progression of JB6 cells. Thus, circ-Smad5 may function by inhibiting the activation of
Wnt/B-catenin/Lef 1 signaling, which inhibits the expression of cyclin D1. To the best of our
knowledge, we are the first to report the function of circ-Smad>5.

Copyright © 2020, Chongqing Medical University. Production and hosting by Elsevier B.V. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/

by-nc-nd/4.0/).

Introduction

Circular RNAs are a large class of noncoding RNAs that were
first reported decades ago. In recent years, research on
circular RNAs has arisen again with the advancement of
sequencing techniques. Circular RNAs are the products of
backsplicing. In eukaryotic cells, they are found both in the
cell plasma and in the cell nucleus.” Several biological
functions of circular RNA have already been revealed. Some
circular RNAs such as CiRS-7 and circ-HIPK3 can function as
microRNA sponges.”® Some circular RNAs such as circ-
ABCC4 and circ-PABPN1 can function as ceRNAs to regu-
late the formation of corresponding mRNAs.*~® Some cir-
cular RNAs can even encode proteins,”’® which arises a new
question. Should circular RNA be classed as non-coding
RNAs? Recently, circ-Foxo 3 was found to regulate the cell
cycle by forming ternary complexes with p21 and CDK2.°
This identifies a new area of circular RNA.

The cell cycle consists of G1, S, G2 and M phases. The
cell cycle is involved in all the life activities of a cell,
including cell proliferation, cell differentiation, cell
migration, cell senescence and cell death.'®" The
epidermis is the largest defensive barrier of the body.
Epidermal cells are renewing all the time through prolif-
eration and differentiation. Any factor that affects the cell
cycle of epidermal cells will affect the function of the
epidermis.'?"® Cyclins function as the regulatory units in
cell cycle progression.'*!®

Both circular Smad5 (circ-Smad5) and linearized Smad5
(Smad5 mRNA) are encoded by the Smad5 gene. Smadb is a
critical molecule in the TGF-B signaling pathway. It func-
tions in mesenchymal stem cell differentiation, cell pro-
liferation and metastasis.’®"'® It has been reported that
Inc-Smad5-AS1 can inhibit the proliferation of diffuse large
B cell lymphoma.'® However, the function of circ-Smad5
has not yet been reported. Epidermal cells quickly prolif-
erate in vivo. Thus, epidermal cell lines are good models for
research on the cell cycle. Our study showed that circ-
Smad5 functions as an inhibitor of cell cycle progression
in epidermal cells.

Materials and methods
Cell culture

JB6 and 293T cell lines were cultured as previously re-
ported.?? The growth medium for the JB6 cell line was high-
glucose DMEM (HyClone, USA) with 10% fetal bovine serum
(HyClone, USA). The growth medium for 293T cells was

high-glucose DMEM (HyClone, USA) with 10% fetal bovine
serum (Everygreen, China).

Construction of vectors and stable cell lines

The siRNAs were synthesized by Oligobio (Beijing, China).
The sequences are as follows: msi-1  GCCA-
CAATGAACCGCACAT, msi-2 GCCCAAGAATGAGGCTGTT. msi-
3 GGTGTACGCTGAGTGTCTT. The short hairpin RNA (shRNA)
vector (pwslv-sh07-mCherry-circSmad5) was constructed by
Synbio Tech (Suzhou, China). The target sequence of shRNA
is TCCAGCAGAGGACTTGCACTA. The ectopic expression
vector PLCDH was purchased from Geneseed Biotechnology
(Guangzhou, China). Pwslv-sh07-circSmad5, psPAX2 and
pMD2.G plasmids were simultaneously transfected into
293T cells using Lipofectamine 2000 (Invitrogen, USA) for
preparation of the lentivirus suspension. Then JB6 cells
were infected with the lentivirus suspension. Puromycin
selection and fluorescence microscopy were used to screen
the successfully infected cells. The same treatment was
performed with the PLCDH-circSmad5 plasmid to generate
circSmad5 overexpressed cells.

RT-PCR

The total RNA of JB6 cells was extracted with an Eastep
Super Total RNA Extraction Kit (Promega, China) according
to the manufacturer’s protocol. The concentrations and
purity of the isolated RNA were measured with a NanoDrop
One instrument (Thermo Fisher Scientific, USA). cDNA was
synthesized with a First Strand cDNA Synthesis Kit (ToYoBo,
Japan). Then, 2x Taq Master Mix (Novoprotein, China) was
used to amplify the target genes. Target bands were
detected by 1.5% agarose gel electrophoresis. Circular
primers were designed to detect the expression of circular
RNA Smad 5, linearized primers were designed to detect
the expression of Smad5 mRNA, and all-Smad5 primers were
designed to detect the expression of both circular RNA
Smad5 and mRNA Smad5 (Fig. 1B). The sequences of the
primers were as follows: 5-TCAGACCATGCCCAGCATATC-3’
(sense), and 5-AGATACCAAAAGCGTGGCTC-3’ (antisense)
for circ-Smad5; 5-CCATGGATTCGAGGCTGTGT-3’ (sense)
and 5'-AAATGGGGTTCAGCGGAGAG-3’ (antisense) for
linearized-Smad5; 5-ACAAGGTGACGAGGAAGA-3’ (sense)
and 5-ACTAATACTGGAGGTAAGACTG-3’ (antisense) for all-
Smad5; 5-TGCTGTCCCTGTATGCCTCT-3’ (sense) and 5'-
TTGATGTCACGCACGATTTC-3’ (antisense) for B-actin.
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Figure 1

The expression of circ-Smad>5 in JB6 cells. (A) Information about circ-Smad> is shown. It is the backsplicing product of

exon 2 to exon 4 (B) The design of primers used to detect circ-Smad>5, linearized-Smad5 and all-Smad5 are shown (C) RT-PCR results
for the RNAs detected in JB6 cells are shown (D) QRT-PCR results are shown for the RNAs detected in JB6 cells. The expression
levels of Smad5 RNAs were standardized with the expression level of B-actin (E) Sequencing results are shown for the circ-Smad>5.

The red arrow shows the backsplicing site.

Cell proliferation assay

Cultured JB6 cells were resuspended to a concentration of
2 x 10*/mL. Cells (100 pL) were seeded into a 96-well plate.
Three replicate wells were plated for each sample. At 24 h,
48 h, 72 h and 96 h after seeding, optical density at 450 nm
(OD4s0) was measured with a microplate reader. At 1 h, 2hor
4 h before measurement, 10 pL of CCK-8 (Beyotime, China)
was added to the culture medium. The proliferation rate of
each group was calculated based on the value of OD4sp.

Cell cycle assay

At 24 or 48 h after seeding, JB6 cell pellets were collected
following treatment with 0.25% trypsin. The cells were
washed with prechilled PBS, fixed with 70% ethanol and
stained with propidium iodide staining solution (Beyotime,
China) at 37 °C for 30 min in the dark. Red fluorescence was
detected by flow cytometry. FlowJo 7.0 software was used
for DNA content and light scattering analysis.

Western blot analysis

The JB6 cell line was used. At 24 h after seeding, PNU-74654
(Selleck, China), LiCl (Sigma, USA) or DMSO (Sigma, USA)
was added into the culture medium. At 48 h after seeding,
the cell pellets were collected following treatment with
0.25% trypsin. The total protein from the cell pellets were
extracted respectively. SDS-PAGE was performed with 0.8%
polyacrylamide gels. Proteins were then transferred to
PVDF membranes (Millipore, USA), and membranes were
blocked with 5% nonfat dry milk, in TBST (Tris-buffered
saline containing 0.1% Tween-20). The PVDF membranes
were then incubated with diluted primary antibodies
overnight at 4 °C, washed with TBST, incubated with the
HRP-labeled secondary antibodies (Sangon Biotech, China),
and washed with TBST again. Finally, ECL (Bio-Rad, USA)
was added to the PVDF membrane. The results were
observed and recorded in a gel imager (Bio-Rad, USA).
Primary antibodies against the following proteins were
used: CyclinD1 (1:500, Sangon Biotech, China), B-Catenin
(1:1000, Santa Cruz, USA), p-B-Catenin (1:5000, CST, USA),
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LEF1 (1:1000, Santa Cruz, USA). Anti-Smad 5 (1:1000, pro-
teintech, China) was used to detect the expression of
Smad>5 protein after treatments.

Immunofluorescence staining

JB6 cells were seeded onto coverslips. When the confluence
reached 80%, the coverslips containing the cells were
gently rinsed with PBS and fixed with 4% paraformaldehyde
solution for 15 min at room temperature. Then, the cov-
erslips were washed with PBS, blocked with blocking solu-
tion for 1 h at room temperature and incubated with
diluted primary antibodies at 4 °C overnight. Primary anti-
bodies against the following proteins were used: CyclinD1
(1:25, Sangon Biotech, China), B-Catenin (1:100, Santa
Cruz, USA), p-GSK3p (1:100, CST, USA), LEF1 (1:100, Santa
Cruz, USA). Then, the samples were washed with PBS and
incubated with the diluted secondary antibodies (1:500,
Beyotime, China) at room temperature for 1 h in the dark.
DAPI (1:10000, Beyotime, China) was added to the cover-
slips, which was followed by 10 min of incubation in the

A bright field

fluorescence channel

sh

ov

dark. At last, the coverslips were washed, mounted with an
anti-fluorescence quenching solution (Beyotime, China),
and observed under a fluorescence microscope.

Dual-luciferase activity assay

JB6 cells were seeded into 24-well plates and cultured
overnight. PTK plasmid (expressing Renilla luciferase,
Promega, USA) and TOP flash plasmid (expressing firefly
luciferase, Promega, USA) or PTK plasmid and FOP flash
plasmid (expressing firefly luciferase, Promega, USA) were
simultaneously transfected into JB6 cells using Lipofect-
amine 2000 (Invitrogen, USA) according to the manufac-
turers’ protocol. Specifically, 0.04 ug of PTK plasmid and
4 pg of TOP flash or FOP flash were transfected into the
cells of every well. Lysis buffer was added to 24-well plate
after 24 h of normal culture to prepare cell lysate, debris
was removed by centrifugation, and 20 uL of supernatant
was used for the detection of luciferase values. The firefly
luciferase values (RLU1 and RLU2) were detected with a
dual-luciferase reporter assay system (Promega, USA)
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Figure 2 The validation of the overexpression and silencing of circ-Smad>5 in JB6 cells (A) Expression of mCherry or copGFP is
shown with the expression of sh-circ-Smad5 or ov-circ-Smad5. Scale bar = 25 um (B) RT-PCR results show the expression of
Smad>5-related RNAs in the treated cells. B-actin was used as the internal control (C) The relative expression levels of Smad5-
related RNAs in (B) were standardized with B-actin (D) Western blot results show the expression of Smad5 in the treated cells.
GAPDH was used as the internal control (E) The relative expression levels of Smad5 in (D) was standardized with GAPDH. OV:
overexpression of circ-Smad>, sh: silencing of circ-Smad5, ctr: control, NC: negative control, msi: siRNA target to the mRNA of

Smad5. N = 3, *P < 0.05.
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according to the manufacturer’s protocol. The TOP flash
relative value = RLU1/RLU2, the FOP flash relative
value = RLU1/RLU2, the final ratio = TOP flash relative
value/FOP flash relative value. The final ratio was used as
an indicator of the activation of the Wnt/B-catenin
signaling pathway.

Statistical analysis

GraphPad 7.0 software was used for statistical analyses. All
data were presented as the mean =+ SD. The cell prolifer-
ation assay was analyzed by two-way ANOVA. All other as-
says were analyzed by unpaired t-tests. P < 0.05 was
considered to be statistically significant.

Results
Circ-Smad5 is expressed in epidermal cells

The mouse Smad5 gene is located on chromosome 13 and
contains 39389 base pairs. Its mRNA consists of 6988 base
pairs and has 7 exons. Circ-Smad5 is formed by the back-
splicing of exons 2, 3, and 4 (Fig. 1A). Divergent primers
between exon 2 and exon 4 were designed to detect circ-
Smad5. The convergent primers between exon 2 and exon
4 were designed to detect both linearized and circular
Smad5 RNAs. The convergent primers outside of exon 2 to
exon 4 were designed to detect the linearized mRNA of
Smad>5 (Fig. 1B). RT-PCR analysis showed that circ-Smad5
was expressed in JB6 cell lines (Fig. 1C). Quantitative RT-
PCR analysis showed that the expression level of all-
Smad>5 was higher than the summation of circ-Smad5 and

linearized-Smad5 (Fig. 1D). The expression of circ-Smad5
was confirmed by sequencing of PCR products (Fig. 1E).

Silencing of circ-Smad5 promotes cell cycle
progression

To research the function of circ-Smad5 in the epidermal
cells, we constructed stable cell lines that overexpress circ-
Smad5 or express circ-Smad5 shRNA. MCherry expression
demonstrated that the sh-circ-Smad5 cell line was suc-
cessfully constructed, whereas copGFP expression demon-
strated that the ov-circ-Smad5 cell line was successfully
constructed (Fig. 2A). RT-PCR results showed that the
expression of linearized Smad5 and all-Smad5 in the siRNA-
treated groups were all significantly lower than they were
in the negative control group. The target sequence of msi-1
was also included in the circ-Smad5, so the expression level
of circ-Smad>5 in the msi-1 treated group was significantly
lower than it was in the msi-2 and msi-3 treated groups. The
expression level of circ-Smad5 in the silenced group was
significantly lower than it was in the control group. The
expression level of circ-Smad>5 in the overexpression group
was not significantly higher than that in the control group
(Fig. 2B and C). Western blot results showed that the
expression of Smad>5 protein in the siRNA-treated groups or
the silenced group was significantly lower than it was in the
control groups or overexpressed group. The expression of
Smad>5 protein in the overexpressed group was significantly
higher than it was in the control group (Fig. 2D and E). On
one hand, as a circular RNA, the endogenous expression of
circ-Smad5 was sufficiently high, the research on the
knockdown of circ-Smad5 is more important. On the other
hand, the efficiency of the overexpression of circ-Smad5
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Figure 3  Circ-Smad 5 inhibits the proliferation of JB6 cells. (A—C) The relative OD4so value was analyzed at 24 h, 48 h, 72 h and

96 h after seeding. The CCK-8 reagent was added at 1 h (A), 2 h (B) or 4 h (C) before detection (D—E) The cell cycle was detected by
FACS at 24 h (D) or 48 h (E) after seeding (F) The expression of cyclin D1 was detected by Western blot. GAPDH was used as the
internal control (G) The relative expression level of cyclin D1 was standardized with GAPDH. sh: silencing of circ-Smad5, ctr:

control. N = 3, *P < 0.05.
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Expression of key molecules in the Wnt signaling pathway in sh-circ-Smad5 cells. (A—C) Expression of B-catenin (A), Lef

1 (B) and p-GSK3p (C) was determined by immunofluorescence. Upper: sh-circ-Smad5 group, lower: control group, left panel: DAPI,
middle panel: target molecules, right panel: the merge of left two panels. Scale bar = 10 um (D) Expression of key molecules in the
Wnt signaling pathway was detected by Western blot. GAPDH was used as an internal control (E) The relative expression levels of
the molecules were standardized with GAPDH. sh: silencing of circ-Smad5, ctr: control. N = 3, *P < 0.05.

was not high enough. We focused on the effects of circ-
Smad5 knockdown in the following experiments.

To investigate the biological function of circ-Smad5 in
epidermal cells, cell proliferation was detected by CCK-8
assays. The ODy4sq displays the relative amount of prolifer-
ating cells from the addition of CCK-8 to the time of detec-
tion. When the period was 1 or 2 h, the relative number of
proliferating cells in the sh-circ-Smad5 group was significantly
greater than it was 72 h after seeding. When the period was
prolonged to 4 h, the relative number of proliferating cells in
the sh-circ-Smad5 group was significantly greater than it was
48 h after seeding (Fig. 3A—C). The cell cycle was analyzed by
flow cytometry. At 24 h after seeding, the percentage of cells
in the G1, S and G2 phases was 31.46%, 28.91% and 22.13% for
the sh-circ-Smad5 group, whereas 43.90%, 17.69% and 26.98%
for the control group, respectively (Fig. 3D). At 48 h after
seeding, the percentage of cells in the G1, S and G2 phases
was 61.39%, 14.96% and 13.90% for the sh-circ-Smad>5 group,
whereas it was 72.26%, 10.74% and 12.41% for the control
group, respectively (Fig. 3E). The percentage of cellsin the S
phase of the sh-circ-Smad>5 group was higher than it wasin the
control group. Western blot results showed that the expres-
sion level of cyclinD1 protein in the sh-circ-Smad5 group was

significantly higher than it was in the control group (Fig. 3F
and G). These results indicate that circ-Smad5 is involved in
the cell cycle progression of epidermal cells.

Silencing of circ-Smad>5 activates Wnt/pB-catenin/
Lef1 signaling

The Wnt signaling pathway is a major signaling pathway
reported to regulate the proliferation of cells. Therefore,
we analyzed the expression of key factors from the Wnt
signaling pathway in sh-circ-Smad5 JB6 cells. Compared
with the control group, the expression of B-catenin was
enhanced both in the cell plasma and nucleus of the sh-
circ-Smad5 group (Fig. 4A). The expression of Lef 1 was
enhanced (Fig. 4B) and the expression of p-GSK3B was
reduced in the sh-circ-Smad5 group (Fig. 4C). Western blot
results showed that B-catenin, and LEF-1 were significantly
increased, while p-B-catenin was significantly decreased in
the sh-circ-Smad5 group (Fig. 4D and E). The relative
luciferase activity of the TOP/FOP reporter system was
significantly higher in the sh-circ-Smad5 group than it was
in the control group (Fig. 5A). Collectively, these results
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sh-circ-Smad5 cells was detected by the TOP/FOP flash reporter system (C) Expression of Wnt signaling pathway key molecules in
PNU-74654-treated or LiCl-treated sh-circ-Smad5 cells was detected by Western blot. GAPDH was used as an internal control (D)
The expression levels of the molecules in Fig. 5C were standardized with GAPDH. DMSO was used as a control. PNU: PNU-74654, sh:

silencing of circ-Smad5, ctr: control. N = 3, *P < 0.05.

revealed that sh-circ-Smad5 activates the Wnt/B-catenin/
Lef1 signaling pathway.

PNU-74654 treatment reverses activation of the
Wnt/B-catenin/cyclin D1 pathway by sh-circ-Smad5

To verify the effect of sh-circ-Smad5, Wnt activator LiCl
and Wnt inhibitor PNU-74654 were added into the culture
medium of sh-circ-Smad5-treated JB6 cells.”' At 24 h after
addition, the relative luciferase activity of the TOP/FOP
flash reporter system was significantly lower in the PNU-
treated group than it was in the DMSO-treated group
(Fig. 5B). Compared with the DMSO-treated group, the
protein expression levels of B-catenin and cyclinD1 were
significantly decreased in the PNU-treated group. The
protein expression level of p-B-catenin was significantly
increased in the PNU-treated group (Fig. 5C and D). Taken
together, these data suggest that sh-circ-Smad5 induced
cell cycle progression by regulating the Wnt/B-catenin
signaling pathway.

Discussion

Circular RNAs were discovered decades ago, and they were
thought to be a byproducts of splicing.?? However, these
RNAs have recently been found to have many biological
functions.?> This finding has become a new hot issue of
noncoding RNAs.?* To identify the circular RNAs,

researchers usually design convergent primers and diver-
gent primers to differentiate between circular RNA and
linearized mRNA. Here we designed an extra pair of primers
(all-Smad5) that detect both the circular RNA and linear-
ized mRNA. The use of the three pairs of primers can be a
new method to identify circular RNAs. If the expression
level of all-RNA equals to the expression level of circular-
RNA plus linearized-RNA, then we can infer that there is
only one kind of circ-RNA. If the expression level of
circular-RNA plus linearized-RNA exceeds the expression
level of all-RNA, then we can infer that additional circ-RNAs
produced from splicing at different sites from the target
circ-RNA may exist. If the expression level of circular-RNA
plus linearized-RNA is less than the expression level of all-
RNA, then we can infer that additional circ-RNAs pro-
duced from splicing at the same sites as the target circ-RNA
may exist. Here, the expression level of circular-Smad5 plus
linearized-Smad5 is less than the expression level of all-
RNA, thus we infer that there are other circ-Smadbs.
There are other additional bands in the RT-PCR results,
which further support this (Fig. 1C). However, the target
circ-Smad5 has the highest expression level, and we
consider the target circular Smad5 to be circ-Smad> in this
paper. We are the first to propose a three-primer system to
identify circular RNAs.

CCK-8 assays are commonly used to measure cell pro-
liferation and cell viability. Compared with the control
group, cells in the sh-circ-Smad5 group had an increased
rate of proliferation. Cell cycle analysis suggests that the
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cell cycle change in the sh-circ-Smad5 group was an
important factor for the change in cell proliferation. The
cell cycle is regulated by a group of CDKs. The activity of
CDKs depends on cyclins. Cyclin D1 is a major cyclin that
regulates the cell cycle transition from G1 to 5.%>?° The
expression of cyclin D1 was higher in the sh-circ-Smad5
group than in the control group. These data demonstrate
that circ-Smad5 may regulate the proliferation of JB6 cells
by regulating the expression cyclin D1.

Cyclin D1 is the major executor of the cell cycle. Usually,
cyclin D1 is not directly regulated by a molecule. It has
been reported that the expression of cyclin D1 and cyclin
D2 is regulated by LEF/TCF, which are transcription factors
downstream of the canonical Wnt signaling pathway.?” The
canonical Wnt signaling pathway is also named Wnt/B-cat-
enin signaling pathway. When Wnt ligands bind to the
Frizzled receptor and coreceptors, B-catenin becomes
dephosphorylated, translocates from the cell plasma to
nucleus, binds with TCF/LEF and regulates the expression
of downstream molecules.?® In sh-circ-Smad5 JB6 cells, the
expression of B-catenin, lef 1 and cyclin D1 was upregu-
lated, whereas the expression of p-B-catenin was down-
regulated. Combining with the upregulation of the relative
dual luciferase values noted above, we conclude that Wnt/
B-catenin/Lef 1 signaling was activated. Interestingly, the
knockdown of circ-Smad5 increased the expression of B-
catenin both in the cell plasma and nucleus. In addition to
its function in the Wnt signaling pathway, B-catenin also
function in cell adhesion. This phenomenon implies that
circ-Smad5 may also function in cell adhesion. In addition,
the activation of the Wnt signaling pathway was blocked by
Wnt signaling inhibitor PNU-74654. These data demonstrate
that cyclin D1 is upregulated by Wnt/B-catenin/Lef1
signaling in sh-circ-Smad>5 JB6 cells.

Our data revealed that circ-Smad5 could function by
inhibiting the Wnt signaling pathway. However, other
mechanisms may also be involved. Since circ-Smad5 is
formed through the backsplicing of Smad5 exons, its pro-
duction may impact the function of Smad5 by some un-
known mechanisms. For example, the Smad5-related TGFpB
signaling pathway plays important roles in cell zebrafish
posterior lateral line formation,?” and we can speculate
that circ-Smad5 may also have some kind of function in this
process. We also revealed an interesting phenomenon:
neither overexpression nor silencing of circ-Smad5 changed
the expression level of Smad5 mRNAs, but they all changed
the expression level of Smad5 protein. This implies that
circ-Smad5 is not a competitive RNA to linearized-Smad5
and circ-Smad5 may impact the expression of Smad5 pro-
tein indirectly. Wnt/B-catenin signaling pathway may be
one of the signaling pathway between them. From our data,
we speculate that circ-Smad5 may function through
sponging microRNAs or binding with other regulators. The
mechanism that how circ-Smad5 impact Wnt/B-catenin
signaling pathway should be revealed in future.

Conclusions

In summary, we report that circ-Smad>5 inhibits the prolif-
eration of JB6 cells. The function of circ-Smad5 has not been
reported before; thus, we revealed a new function for circ-

Smad5. We also found one possible mechanism by which circ-
Smad5 regulates cell proliferation: inhibiting the activation
of Wnt/B-catenin/Lef 1 signaling, thus inhibiting the
expression of cyclinD1 and the progression of the cell cycle.
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