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CircRNA LRP6 promotes the development of
osteosarcoma via negatively regulating
KLF2 and APC levels
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Abstract: We aimed to investigate the biological functions of circLRP6 in the progression of osteosarcoma. CircLRP6
level in OS was detected by quantitative real-time polymerase chain reaction. Correlation between circLRP6 level
with survival of OS patients was evaluated. Cell counting kit-8 and Transwell assay were conducted to detect pro-
liferative, migratory and invasive capacities of OS cells. Cell cycle and apoptosis in OS cells influenced by circLRP6
were evaluated by flow cytometry. RNA immunoprecipitation was conducted to verify the binding relationship be-
tween circLRP6 with LSD1 and EZH2. Finally, the interaction between LSD1, EZH2 and promoter regions of KLF2,
APC was clarified by chromatin immunoprecipitation. CircLRP6 level markedly increased in OS tissues. Besides, 0S
patients with high expression of circLRP6 showed shorter disease-free survival and over-all survival than those with
low expression. CircLRP6 knockdown suppressed proliferative, migratory and invasive rates of OS cells. Moreover,
circLRP6 knockdown induced apoptosis and arrested cell cycle in GO/G1 phase. The interaction between circLRP6
with LSD1 and EZH2 mediates their binding to the promoter regions of KLF2 and APC. Knockdown of circLRP6&
weakened the binding abilities of LSD1, EZH2 to KLF2, APC. APC overexpression inhibited proliferation, induced
apoptosis and arrested cell cycle. Moreover, the tumor-suppressor effect of downregulated circLRP6 on OS could
be reversed by APC knockdown. Collectively, circLRP6 was highly expressed in OS and served as an oncogene by
binding to LSD1 and EZH2 to inhibit expressions of KLF2 and APC.
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Introduction have shown that the occurrence, development
and metastasis of OS involve dysregulated bio-
molecules (i.e. activation of oncogenes and in-
activation of tumor-suppressor genes), tum-
or microangiogenesis, imbalanced proliferation

and apoptosis, and even gene mutations. These

Osteosarcoma (0S) is a primary bone malig-
nancy originating from osteoblasts. OS occurs
at any age, but it mostly affects people with
10-25 years. The incidence of OS decreases

with aging [1, 2]. Metaphysis of extremity long
bones are frequently affected by OS, and lower
femur and upper tibia in adolescents are the
most typical affected bones [3]. Osteosarcoma
cells are characterized by the formation of bone
stroma, but their morphology obviously differs
from that produced by osteoblasts. In recent
years, researches on OS have focused on the
biomacromolecules and gene levels. Studies

changes all contribute to the development of
OS [4-6]. So far, the survival of OS patients is
still unsatisfactory [7]. It is extremely important
to search for effective diagnostic, therapeutic
and prognostic hallmarks for OS.

CircRNA is a special class of non-coding RNAs.
The special closed ring structure of circRNA
allows it to be hardly degraded by RNA exonu-
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clease, showing a much more stability [8-10].
Recent studies have confirmed the complex
composition and multiple isoform types of cir-
cRNA, which is specifically expressed in various
tissues. Functionally, circRNA exerts its biologi-
cal function as a miRNA sponge to further me-
diate the downstream gene expressions. Circ-
RNA-7 regulates mRNA levels of PARP and SP1
by absorbing miRNA-7a, which promotes car-
diomyocyte death [11]. CircRNA-ITCH inhibits
the expressions of miRNA-7, miRNA-17 and mi-
RNA-214 in esophageal squamous cell carci-
noma by sponge adsorption. Exogenous upreg-
ulation of circRNA-ITCH can inhibit the deve-
lopment of esophageal squamous cell carcino-
ma and the activation of the Wnt signaling path-
way [12].

Previous studies have suggested that circLRP6
can upregulate ZEB1 expression and stimulate
EMT process by adsorbing miR-455, thus im-
proving cell migratory ability [13]. However, the
role of circLRP6 in OS has not been reported.
This study aims to elucidate the biological func-
tions of circLRP6 in the development of OS at
the cellular level.

Materials and methods
Subjects

OS tissues (n=50) and paracancerous normal
bone tissues (n=50) were surgically resected
from OS patients treated in Wuxi Third People’s
Hospital and The First Affiliated Hospital of
Nanjing Medical University from September
2013 to December 2016. Tissues were patho-
logically diagnosed and immediately placed in
liquid nitrogen. The enrolled OS patients did not
have blood relationship between individuals.
The experiment was approved by the Medical
Ethics Committee of Wuxi Third People’s Ho-
spital and The First Affiliated Hospital of Nan-
jing Medical University. Informed consent of
the patients was also obtained.

Cell culture and transfection

OS cell lines (Saos2, HOS, U20S and MG63)
and the normal human osteoblast cell line
(hFOB1.19) were purchased from American
Type Culture Collection (ATCC) (Manassas, VA,
USA). Cells were cultured in the medium con-
taining 10% fetal bovine serum (FBS) (Gibco,
Rockville, MD, USA) and 1% penicillin/strepto-
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mycin, and preserved in a 37°C, 5% CO, in-
cubator.

Before transfection, 2 mL of serum-free opti-
MEM per well was added. Subsequently, cir-
cRNA mimics/siRNA/pcDNA and Lipofecta-
mine™ 2000 (Invitrogen, Carlsbad, CA, USA)
were diluted in reaction solution, respectively,
and set at room temperature for 5 min. They
were mixed together, set for another 20 min-
utes and supplied in each well. After incubation
for 8 hours, antibiotics-free medium was re-
placed. Transfected cells were harvested at
48 hours.

RNA extraction and quantitative real-time poly-
merase chain reaction (QRT-PCR)

Total RNA was extracted using TRIzol (Invitro-
gen, Carlsbad, CA, USA), quantified and purified
by UV spectrophotometer. 5 pg of total RNA
was reversely transcribed into complementary
deoxyribose nucleic acid (cDNA). QRT-PCR was
performed using the Roche Light Cycler 480
Real-time PCR Amplifier under the following
reactions: Pre-denaturation at 95°C for 2 min,
amplification at 95°C for 15 s and annealing at
60°C for 1 min, for a total of 40 cycles. GAPDH
was used as an internal reference. Relative lev-
els of genes were calculated using the 224t
method. Primer sequence were as follows:
CircLRP6, F: CAAGATTGAGGCAGGCAGTG, R:
GCTCCAGTCAGTCCAGTACA; GAPDH, F: GGGA-
GCCAAAAGGGTCAT, R: GAGTCCTTCCACGATA-
CCAA; U1, F: GTAACCCGTTGAACCCCATT, R:
CCATCCAATCGGTAGTAGCG; P21, F: AAGTCA-
GTTCCTTGTGGAGCC, R: GGTTCTGACGGACAT-
CCCCA; KLF2, F: ACGGGCTTATTGAGGTTGG, R:
GCCTGGGTGACAGAGGAGAC; APC, F: AGCCAT-
GCCAACAAAGTCATCACG, R: TTCCTTGCCACAG-
GTGGAGGTA; BRCA1, F: GAAACCGTGCCAAA-
AGACTTC, R: CCAAGGTTAGAGAGTTGGACA; BR-
CA2, F: CACCCACCCTTAGTTCTACTGT, R: CCA-
ATGTGGTCTTTGCAGCTAT.

Cell migration and invasion assays

50 mg/L Matrigel was diluted in high-glucose
serum-free dulbecco’s modified eagle medium
(DMEM) (Gibco, Rockville, MD, USA) at a ratio of
1:8. 60 pL of diluted Matrigel was applied on
the apical Transwell chamber. OS cells were
prepared for suspension in high-glucose serum-
free DMEM at 5x10° cells/mL. 100 uL of sus-
pension and 700 yL of complete medium were
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supplied on the basolateral and apical cham-
ber, respectively, for 30-36 hours incubation.
Subsequently, Transwell chamber was taken
out and the medium was removed. Cell fixation
using 4% paraformaldehyde and crystal violet
dye were performed. Images were taken under
a microscope for counting penetrating cells
(magnification 20x). Procedures of cell migra-
tion assay were the same as the abovemen-
tioned except for Matrigel pre-coating.

Cell counting kit-8 (CCK-8) assay

Cells were digested to prepare the single cell
suspension, and inoculated in a 96-well plate
with 2x103 cells per well. At the appointed ti-
me points, fresh medium containing 10 uL of
CCK-8 solution (Dojindo, Kumamoto, Japan)
was replaced per well. After incubation for 2
hours, the recorded absorbance at 450 nm
using a microplate reader was used for plotting
the growth curve.

RNA immunoprecipitation (RIP)

Cells were collected and treated according to
the procedures of Millipore Magna RIPTM RNA-
Binding Protein Immunoprecipitation Kit (Bi-
llerica, MA, USA). Cell lysate was incubated with
5 pg of rabbit anti-human LSD1, EZH2 and
CoREST, as well as rabbit IgG antibody at 4°C
overnight. A protein-RNA complex was captured
and digested with proteinase K to extract RNA
fraction. The magnetic beads were repeatedly
washed with RIP washing buffer to remove non-
specific adsorption as much as possible. Finally,
the extracted RNA was subjected to qRT-PCR.

Chromatin immunoprecipitation (ChIP)

Cells were cross-linked with 1% formaldehyde
for 10 min at room temperature. Subsequently,
the cross-linked cells were lysed using lysis
buffer and sonicated for 30 min. Finally, the
sonicated lysate was immuno-precipitated with
antibodies and IgG.

Subcellular fractionation

1x10° cells were washed with pre-cold phos-
phate buffered saline (PBS), centrifuged and
resuspended. Cell suspension was prepared
for extracting the total RNA and cytoplasmic/
nuclear RNA. The total RNA was extracted us-
ing TRIzol method. Cytoplasmic/nuclear RNA
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extraction was conducted using the PARISTM
Kit Protein and RNA Isolation system (Thermo
Fisher Scientific, Waltham, MA, USA). ACt value
was calculated based on the formula: ACt =
Relative nuclear level - Relative total level. The
value of Lg (22°') was finally calculated. Lg (22°)
> 0 indicated the target gene was mainly dis-
tributed in nucleus; Otherwise, it was mostly
distributed in the cytoplasm.

Western blot

Total cellular protein was extracted using radio-
immunoprecipitation assay (RIPA) (Beyotime,
Shanghai, China) and denaturated at 100°C for
5 minutes. Protein sample was loaded for elec-
trophoresis at 70 V for 30 minutes and 115 V
for 65 minutes. After transferring on a polyvi-
nylidene fluoride (PVDF) membrane (Millipore,
Billerica, MA, USA) at 300 mA for 100 minutes,
it was blocked in 5% skim milk for 2 hours, incu-
bated with primary antibodies at 4°C overnight
and secondary antibodies for 2 hours. Bands
were exposed by electrochemiluminescence
(ECL) and analyzed by Image Software.

Cell cycle determination

Cells were digested and fixed in pre-cold 70%
ethanol at -20°C overnight. On the other day,
cells were incubated with 10 uL of RNase for
30 minutes, dyed with propidium iodide (PI) for
15 minutes and finally subjected to flow cytom-
eter determination.

Cell apoptosis determination

Cells were digested, resuspended in 200 uL of
binding buffer and incubated with 10 pL of
AnnexinV and 5 pL of Pl for 15 minutes in dark.
Finally, apoptosis was analyzed by a BD FA-
CSCalibur flow cytometer (BD Bioscience, Fr-
anklin Lakes, NJ, USA) within 1 hour.

Statistical analyses

Statistical Product and Service Solutions (SP-
SS) 20.0 (IBM, Armonk, NY, USA) was used for
all statistical analysis. Data were represented
as mean £ SD. The t-test was used for analyzing
difference between two groups, while those
among multiple groups were analyzed by one-
way ANOVA, followed by post-hoc test. Survival
was evaluated by introducing for Kaplan-Meier
method. Risk factors for survival were exam-
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Figure 1. CircLRP6 expression remained high in 0S. (A, B) CircLRP6 was
highly expressed in OS tissues relative to normal ones (n=50). (C) CircLRP6
expression was higher in OS tissues with T1+T2 relative to those T3+T4 tis-

gest the involvement of circl-
RP6 in the development of
0S.

sues. (D) ROC curve plotted based on circLRP6 expression in OS patients

(AUC=0.8742). (E, F) OS patients with high level of circLRP6 showed shorter
disease-free survival (E) and over-all survival (F) relative to those with low

CircLRP6 regulated behaviors
of OS cells

level. AUC, area under the curve; DFS, disease-free survival; OS: over-all sur-

vival. *P<0.05.

ined using Cox proportional hazards models.
P<0.05 indicated the significant difference.

Results
CircLRP6 expression remained high in OS

First of all, circLRP6 expression in OS tissues
(n=50) and paracancerous tissues (n=50) was
determined by qRT-PCR. CircLRP6 was highly
expressed in OS tissues relative to normal ones
(Figure 1A, 1B). Besides, circLRP6 expression
remained higher in OS patients with T1+T2 rela-
tive to those with T3+T4 (Figure 1C). ROC curve
was introduced to evaluate the potential of cir-
CcLRP6 as a diagnostic marker for 0S. The data
confirmed the diagnostic potential of circLRP6,
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To investigate the biological

function of circLRP6, we ex-
amined expression level of circLRP6 in osteo-
blasts (hFOB 1.19) and OS cell lines (Saos2,
HOS, U20S and MG63). CircLRP6 was highly
expressed in HOS, U20S and MG63 cells (Fi-
gure 3A). In particular, MG63 cells had a rela-
tively high expression of circLRP6, while U20S
cells had a low expression, which were utilized
for subsequent experiments. Transfection of si-
circLRP6 in MG63 cells or pcDNA-circLRP6 in
U20S cells remarkably downregulated or upreg-
ulated circLRPG, respectively, proving their pro-
nounced transfection efficacy (Figure 3B, 3C).
Knockdown of circLRP6 in MG63 cells decre-
ased viability, induced apoptosis and arrested
cell cycle progression in GO/G1 phase (Figure
3D-F). Conversely, overexpression of circLRP6
in U20S cells increased viability, suppressed
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Figure 2. CircLRP6 was a risk factor for OS and DFS. A and B. Univariate analysis of Multivariate analysis of disease-
free survival analysis in osteosarcoma patients showed that circLRP6 was an independent risk factors for disease-
free survival. C and D. Univariate analysis of Multivariate analysis of over-all survival analysis in osteosarcoma
patients showed that circLRP6 was an independent risk factors for over-all survival.

apoptosis and decreased cell ratio in GO/G1
phase (Figure 3G-l). Moreover, Transwell assay
indicated that the migratory and invasive abili-
ties of OS cells were positively regulated by cir-
cLRPG6 (Figure 3J, 3K).

CircLRP6 directly targeted on EZH2 and LSD1

Subcellular distribution of circLRP6 was ex-
plored here to further elucidate the potential
mechanism. As gRT-PCR data revealed, circlL-
RP6 was mainly distributed in the cytoplasmic
fraction of U20S and MG63 cells (Figure 4A
and 4B). Previous studies have shown that the
tumor-regulatory functions of ncRNAs rely on
RNA-binding proteins. Here, we examined the
potential binding proteins with circLRP6 in
U20S and MGG63 cells by RIP assay. It is sh-
own that circLRP6 could bind to LSD1 and
EZH2, while had no binding relationship with
CoREST (Figure 4C and 4D). Further, we hypo-
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thesized that abnormally expressed circLRP6
would affect downstream tumor-suppressor
genes of LSD1 and EZH2. The mRNA levels of
KLF2 and APC were upregulated, while p21,
BRCA1 and BRCA2 levels did not alter after cir-
cLRP6 knockdown (Figure 4E and 4F). Besides,
expression level of circLRP6 was identified to
be correlated with KLF2 and APC (Figure 4G
and 4H). Similar results were yielded at their
protein levels (Figure 41).

To confirm the regulatory effects of LSD1 and
EZH2 on KLF2 and APC, we examined expres-
sion levels of KLF2 and APC in OS cells with
LSD1/EZH2 knockdown. The mRNA levels of
KLF2 and APC were markedly upregulated by
transfection of si-LSD1 or si-EZH2 (Figure 5A).
ChlIP assay further verified the interaction bet-
ween LSD1 and EZH2 with promoter regions of
KLF2 and APC. Identically, histones H3K27me3
and H3K4me2 could bind to promoter regions

Am J Transl Res 2019;11(7):4126-4138
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up-regulate circLRP6 in U20S cells. D. CCK-8 assay showed that knockdown of circLRP6 in MG63 cells decreased
cell viability. E. Flow cytometry showed that knockdown of circLRP6 in MG63 cells induced apoptosis. F. Flow cytom-
etry showed that knockdown of circLRP6 in MG63 cells arrested cell cycle progression in GO/G1 phase. G. CCK-8
assay showed that overexpression of circLRP6 in U20S cells increased cell viability. H. Flow cytometry showed that
overexpression of circLRP6 in U20S cells suppressed apoptosis. |. Flow cytometry showed that overexpression of
circLRP6 in U20S cells decreased cell ratio in GO/G1 phase. J. Transwell assay indicated that knockdown of cir-
cLRP6 in MG63 cells inhibited the migratory and invasive abilities. K. Transwell assay indicated that overexpression
of circLRP6 in U20S cells accelerated the migratory and invasive abilities. *P<0.05.
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Figure 4. CircLRP6 directly bind to EZH2 and LSD1. A and B. QRT-PCR data revealed that circLRP6 was mainly
distributed in the cytoplasmic fraction of U20S and MG63 cells. GAPDH and U6 were served as cytoplasmic and
nuclear internal references, respectively. C and D. RIP assay showed that circLRP6 could bind to LSD1 and EZH2
in U20S and MG63 cells. E and F. QRT-PCR showed that the mRNA levels of KLF2 and APC upregulated, while p21,
BRCA1 and BRCA2 did not alter after circLRP6 knockdown. G and H. CircLRP6 level was negatively correlated with
those of KLF2 and APC. |. Western blot analyses showed that the protein levels of KLF2 and APC upregulated after
circLRP6 knockdown. *P<0.05.

of KLF2 and APC as well (Figure 5B). After kno-
ckdown of circLRP6, binding abilities of EZH2,

LSD1, H3K27me3 and H3K4me2 to circLRP6
greatly attenuated (Figure 5C, 5D). These re-
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Figure 5. CircLRP6 inhibited expressions of KLF2 and APC by binding to EZH2 and LSD1. A. The mRNA levels of KLF2
and APC markedly upregulated by transfection of si-LSD1 or si-EZH2. B. ChIP assay verified the binding between
LSD1, EZH2, H3K27me3 and H3K4me2 to the promoter regions of KLF2 and APC. IgG served as negative control.
C, D. Knockdown of circLRP6 greatly attenuated binding abilities of EZH2, LSD1, H3K27me3 and H3K4me2 to

circLRP6. *P<0.05.

sults suggested that circLRP6 bound to LSD1
and EZH2, and further regulated downstream
tumor-suppressor genes.

CircLRP6 regulated the development of OS by
mediating APC

To investigate the function of the target ge-
ne APC, transfection efficacy of pcDNA-APC in
U20S and MG63 cells was verified by Western
blot (Figure 6A). CCK-8 assay showed reduced
viabilities of U20S and MG63 cells after overex-
pression of APC (Figure 6B). Meanwhile, APC
overexpression arrested cell cycle in GO/G1
phase, and induced cell apoptosis (Figure 6C,
6D). More importantly, APC knockdown could
reverse the inhibited viability induced by circL-
RP6 knockdown in OS cells (Figure 7A). Trans-
fection of si-APC also reversed the arrested
cell cycle and increased apoptosis of OS cells
with circLRP6 knockdown (Figure 7B, 7C). Tr-
answell assay indicated that the inhibitory
effect of downregulated circLRP6 on migratory
and invasive abilities of OS cells was reversed
by APC knockdown (Figure 7D). These results
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suggested that circLRP6 exerted a tumor-pro-
moting effect by inhibiting APC.

Discussion

In recent years, the specific function of circ-
RNA in OS has been explored. CircRNA-NT5C2
is highly expressed in 52 pairs of OS tissues
and OS cell lines. Functional experiments fur-
therconfirmedthatsilence of circRNA-NT5C2 ex-
pression can inhibit the proliferative and inva-
sive capacities, but induce apoptosis of 0S
cells [14]. Moreover, circRNA-UBAP2 is highly
expressed in OS tissues, which accelerates OS
growth and inhibits apoptosis of OS cells by
absorbing miRNA-143 to enhance the activity
of anti-apoptotic factor Bcl-2 [15]. In addition to
the miRNA sponge function of circRNA, it may
also regulate transcription and splicing at other
levels, which requires for further explorations.

In this study, circLRP6 was highly expressed in
OS tissues. As an independent risk factor for
the prognosis of 0S, patients with high expres-
sion of circLRP6 experienced shorter survival
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Figure 6. APC inhibited cell cycle progression and induced apoptosis of OS cells. A. The expression level of APC was
up-regulated with transfection efficacy of pcDNA-APC in U20S and MG63 cells verified by Western blot. B. CCK-8 as-
say showed reduced viability of U20S and MG63 cells after overexpression of APC. C. APC overexpression arrested
cell cycle of U20S and MG63 cells in GO/G1 phase. D. APC overexpression induced apoptosis of U20S and MG63

cells. *P<0.05.

than those with low expression. In vitro experi-
ments revealed that circLRP6 knockdown inhi-
bited proliferative, migratory and invasive ca-
pacities of OS cells. Moreover, knockdown of
circLRP6 induced apoptosis, and arrested cell
cycle progression in GO/G1 phase. Furthermo-
re, circLRP6 was found to be mainly distribut-
ed in cytoplasm. We verified that circLRP6 was
capable of regulating the binding of LSD1 and
EZH2 to the promoter region of the target ge-
nes, thus mediating target gene expressions at
transcriptional level (Figure 8).

LSD1 is a FAD-dependent amine oxidase dis-
tributed in the nucleus. It regulates gene ex-
pressions at transcriptional level, showing a
crucial role in tumorigenesis and tumor pro-
gression [16]. In recent years, biological func-
tions of LSD1 in tumors have been identified
[17]. LSD1 regulates target gene expressions
by specifically removing the methyl on the four-
th lysine H3K4 and H3K9 of histone H3 [18].
However, biological functions of LSD1 vary a lot
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in different complexes [19]. For example, in a
complex composed of LSD1/CoREST, BHCS8O0,
and HDAC1/2, LSD1 inhibits gene transcripti-
on by recognizing and demethylating H3K4-
mel/2 [20]. Itis reported that LSD1 expression
increases with the aggravation of pathological
grade, indicating its tumor-promoting effect. In
colon cancer, LSD1 expression is related to
E-cadherin, the EMT marker. LSD1 contributes
to reduce the polarity, enhance the migratory
and invasive abilities of colon cancer cells [21].

EZH2 inhibits apoptosis through a variety of
signaling pathways and promotes proliferation
by regulating oncogenes and tumor-suppressor
genes at epigenetic level. RUNX3, a tumor-
suppressor gene, is methylated by EZH2. The
downregulated mRNA level of RUNX3, subse-
quently, promotes proliferative potential of tu-
mor cells [22, 23]. EZH2 negatively regulates
the epigenetics of DAB2IP promoter through
silencing Ras expression, eventually accelerat-
ing growth and metastasis of prostate cancer

Am J Transl Res 2019;11(7):4126-4138
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Figure 7. CircLRP6 regulated the development of OS by mediating APC. A. APC knockdown could reverse the inhibit-
ed viability induced by circLRP6 knockdown in U20S and MG63 cells. B. Transfection of si-APC reversed the arrested
cell cycle of U20S and MG63 cells with circLRP6 knockdown. C. Transfection of si-APC reversed the increased apop-
tosis of U20S and MG63 cells with circLRP6 knockdown. D. Transwell assay indicated that the inhibitory effect of
circLRP6 knockdown on migratory and invasive abilities of U20S and MG63 cells was reversed by APC knockdown.

*P<0.05.

[24]. In undifferentiated thyroid cancer cells,
EZH2 directly prevents proliferation inhibition
and differentiation by silencing the thyroid-spe-
cific transcript PAX8 [25]. In addition, EZH2
also exerts a crucial role in tumor invasion and
metastasis. EZH2 acts as an important inhibi-
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tory mediator to silence E-cadherin expression
synergistically with histone deacetylase, there-
by promoting migratory and invasive potentials
of tumor cells [26]. In breast cancer cells, EZH2
can inhibit migratory and infiltrated abilities
by suppressing the expression of FOXC1 [27].

Am J Transl Res 2019;11(7):4126-4138
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Figure 8. Proposed model in which circRNA LRP6 promotes progression of osteosarcoma.

EZH2 promotes migratory rates of breast and
prostate cancer cells by transcriptionally inhib-
iting RKIP expression [28].

Our study found that knockdown of LSD1 and
EZH2 resulted in the upregulation of tumor-sup-
pressor genes KLF2 and APC. APC (adenoma-
tous polyposis coli) locates at 5g21 and is an
important tumor-suppressor gene in the Wnt
pathway. It was first discovered in 1986 and
has been widely investigated in tumor patho-
genesis [29, 30]. Abnormal Wnt pathway ca-
used by CpG methylation in the promoter region
of APC gene is one of the crucial mechanisms
responsible for tumorigenesis [31]. APC binds
to and thus promotes the phosphorylation of
B-catenin, and subsequently degrades it in the
proteasome. APC deficiency impairs this pro-
cess and leads to the cellular accumulation of
B-catenin. Nuclear B-catenin further forms a
complex with Tcf4, and finally results in uncon-
trolled cell growth. In addition to hyperproli-
feration, tumor cells are characterized with
enhanced migratory and invasive capacities
following the loss of epithelial features or the
acquisition of interstitial features [32]. Studies
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have shown that APC knockdown allows accu-
mulation of EMT biomarkers and activation of
the Wnt pathway, which in turn affects cellular
behaviors of tumor cells [33]. We believed that
APC deficiency is one of the fundamental pre-
requisites for the EMT process. In this study,
APC overexpression reversed the tumor inhibi-
tory effect of downregulated circLRP6 on OS,
indicating that circLRP6 promoted OS develop-
ment by binding to LSD1 and EZH2 to inhibit
APC expression.

However, there are still some shortcomings in
this study. In vitro experiments conducted here
at cellular level relied on the transient transfec-
tion method. Subsequent experiments should
be carried out by lentivirus transfection. Be-
sides, in vivo experiments are needed to eluci-
date the effects of circLRP6 on tumorigenesis
and distant metastasis of OS.

Conclusions

CircLRPG6 is highly expressed in OS and serves
as an oncogene by binding to LSD1 and EZH2
to inhibit expressions of KLF2 and APC.

Am J Transl Res 2019;11(7):4126-4138
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