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Inactivating AKT/mTOR
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Differential level and regulatory effect of circNR3C1 in gastric cancer (GC) were determined. -e differential levels of circNR3C1
in clinical samples of GC were determined. -e association of circNR3C1 level with pathological indicators of GC was analyzed.
After intervening circNR3C1 levels in gastric cancer cells, proliferative and migratory changes were investigated. Furthermore, we
measured AKT and mTOR protein levels in GC cells intervened by circNR3C1. Finally, the role of AKT/mTOR in GC cell
phenotypes regulated by circNR3C1 was explored. circNR3C1 was markedly lowly expressed in GC cells and tissues. A low level of
circNR3C1 predicted high incidences of lymphatic or distant metastasis of GC. Knockdown of circNR3C1 enhanced proliferation
and migration abilities in BGC-823 cells, whereas overexpression of circNR3C1 yielded the opposite results in AGS cells.
circNR3C1 downregulated mTOR and AKT in GC cells. In addition, induction of the AKTactivator could reverse the attenuated
proliferative and migratory potentials in GC cells overexpressing circNR3C1. On the contrary, induction of the AKT inhibitor
reversed the stimulated malignant phenotypes of GC with circNR3C1 knockdown. circNR3C1 inhibits GC to proliferate and
migrate by inactivating the AKT/mTOR signaling. It is also closely linked to GC metastasis.

1. Introduction

In China, the incidence of gastric cancer (GC) is very high,
which is the number one diagnosed cancer of the digestive
system. Notably, the diagnostic rate of early-stage GC in our
country is only about 5–15%, which remains 50% in Japan
and South Korea [1–3]. It is estimated that the five-year
survival of GC at an early stage is up to 84–99%. Once GC is
in the progressive phase, its 5-year survival sharply reduces
to 16% even after comprehensive treatment [4, 5]. -e
etiology and pathogenesis of GC are complicated, involving
changes in tumor cell adhesion, detachment from the pri-
mary focus, degradation of extracellular matrix, local or
vascular infiltration, tumor cell colonization, and neo-
vascularization [6–8]. It is of significance to enhance the
diagnostic efficacy of early stage GC [9, 10].

circRNAs have been well concerned because of their
unique structure and functions [11]. circRNAs have a

closed-loop structure, which are stably distributed in
complex intracellular or extracellular environments since
they are resistant to exonucleases [12, 13]. In addition, they
lack 5′ cat and 3′ poly (A), displaying high specificities in
different tissues, developmental stages, and diseases [14–16].
Hence, circRNAs are promising regulators involved in
pathological progress, including cancer. circNR3C1 contains
a functional NBD domain and a C-terminal with a negative
charge. Previous studies have reported the vital functions of
circRN3C1 in human cancers [16–18]. -e present study
attempted to investigate the effects of circNR3C1 on the
development of GC, aiming to verify an effective molecular
target for GC.

2. Materials and Methods

2.1. GC Samples. Samples were harvested from 40 patients
with GC during radical resection. -ey did not have
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preoperative chemotherapy or radiotherapy. Tumor node
metastasis (TNM) staging and histological classification of
GC were determined based on the Union for International
Cancer Control (UICC) criteria. -e Ethical Committee of
-e Second Affiliated Hospital of Xuzhou Medical Uni-
versity approved this study. All patients provided informed
consents. -e study was conducted following the Helsinki
Declaration.

2.2. Cell Proliferation Assay. SGC-7901, AGS, SNU-16,
BGC-823 cell lines, and gastric mucosal epithelial cells (GES-
1) purchased from American Type Culture Collection
(ATCC) (Manassas, VA, USA) were cultured in the plates
(96-well). Cell counting kit-8 (CCK-8) assay was performed
daily at 1, 2, 3, and 4. After cell culture for 2 h, optical density
at 490 nm per sample was measured via a microplate reader,
and the cell activity curve was plotted.

2.3. Transwell Migration Assay. -e cell suspension was
prepared at 2×105 cells/mL. A suspension of 200 μL and
700 μL culture medium with 20% fetal bovine serum (FBS)
was added and cultured for 48 h. Migrated cells on the
bottom of the transwell insert were treated using methanol
for 15min, 0.2% crystal violet for 20min, and then captured
using a microscope.

2.4.QuantitativeReal-TimePolymeraseChainReaction (qRT-
PCR). TRIzol was used to extract the total RNA. qRT-PCR
was performed according to the previously established in-
structions. Glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) was served as the internal control. 2−ΔΔCt method
was used for the quantitative analysis. Primer sequences
were shown as follows: circNR3C1: forward: 5′’-GAAGC-
CAGTTGAGGGAAGTT-3’, reverse: 5′’-CTTGAATG-
CACTGAAGTGTTCC-3’; AKT: forward: 5′’-AAGTC-
ATCGTGGCCAAGGAC-3’, reverse: 5′’-ACAGGTGGAA-
GAACAGCTCG-3’; mTOR: forward: 5′’-AAGCCGCGC-
GAACCTC-3’, reverse: 5′’-CTGGTTTCCTCAT-
TCCGGCT-3’; GAPDH: forward: 5′’-CCTGGCACCCAG-
CACAAT-3’, reverse: 5′’-TGCCGTAGGTGTCCCTTTG-3’.

2.5.Western Blot. Total protein was extracted from cells and
then quantified via the bicinchoninic acid method. Protein
samples with the adjusted same concentration were sepa-
rated and then loaded on polyvinylidene fluoride mem-
branes followed by being blocked with defattedmilk (5%) for
2 h and subsequently incubated with primary antibodies at
4°C overnight. -ereafter, secondary antibodies were added
for further incubation for 2 h followed by bands being ex-
posed via an electrochemiluminescence (ECL) kit.

2.6. Statistical Analysis. Statistical Product and Service So-
lutions 18.0 (IBM, Armonk, NY, USA) was used for data
analysis. Chi-square was employed to analyze the rela-
tionship between the level of circNR3C1 and pathological
indicators of GC. Statistical significance was set at P< 0.05.

3. Results

3.1. circNR3C1 Was Highly Expressed in GC. Firstly,
circNR3C1 was markedly downregulated in GC tissues in
comparison to normal ones (Figures 1(a) and 1(b)). In
addition, circNR3C1 was lowly expressed in GC cells
(Figure 1(c)). Among the four tested GC cells, BGC-823 and
AGS cells expressed the most differential level of circNR3C1,
which were used to generate circNR3C1 overexpression and
knockdown model by transfection of pcDNA-circNR3C1
and anti-circNR3C1, respectively (Figure 2(a)).

Moreover, clinical manifestations of recruited GC pa-
tients were retrospectively analyzed according to the median
circNR3C1 level in cancer tissues. It is shown that
circNR3C1 was significantly associated with incidences of
lymphatic metastasis and distant metastasis in GC. As a
result, we believed that circNR3C1may be a novel biomarker
for GC.

3.2. circNR3C1 Inhibited Proliferative and Migratory Poten-
tials inGC. In AGS cells overexpressing circNR3C1, viability
and migratory cell numbers were reduced (Figures 2(b)-
2(c)). On the contrary, knockdown of circNR3C1 enhanced
proliferative and migratory rates in BGC-823 cells
(Figures 2(b) and 2(c), right).

3.3. circNR3C1 Inactivated the AKT/mTOR Signaling.
Interestingly, AKT and mTOR were remarkably down-
regulated in AGS cells overexpressing circNR3C1
(Figure 3(a)). Conversely, upregulated AKTandmTORwere
detected after the knockdown of circNR3C1 in BGC-
823 cells (Figure 3(b)). It is suggested that circNR3C1 was
able to inactivate the AKT/mTOR pathway in GC.

3.4. AKT/mTOR Signaling Participated in circNR3C1-Regu-
lated GC Progression. To further elucidate the involvement
of the AKT/mTOR in GC progression, we applied SC79
(AKT activator) and MK-2206 (AKT inhibitor) in GC cells.
SC79 application markedly upregulated circNR3C1 in AGS
cells overexpressing circNR3C1. In addition, MK-2206 ap-
plication downregulated circNR3C1 level in BGC-823 cells
with circNR3C1 knockdown (Figure 4(a)). Moreover, SC79
induced increases in viability and migratory cell number in
AGS cells overexpressing circNR3C1 (Figures 4(b) and 4(c),
left). However, MK-2206 caused declines in proliferation
andmigration of BGC-823 cells with circNR3C1 knockdown
(Figures 4(b) and 4(c), right). Collectively, circNR3C1 al-
leviated GC progression through inactivating the AKT/
mTOR signaling.

4. Discussion

Gastric cancer (GC) is insidious and can occur in any part of
the stomach, most often in the antrum, and its clinical
manifestations lack specificity [1–3]. At present, surgery is
the main treatment for GC, which is divided into radical
surgery and palliative surgery. With the innovation of
medical technologies, great advances have been made on
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Figure 1: circNR3C1 was overexpressed in GC. (a, b) circNR3C1 was detected in GC and normal tissues. (c) circNR3C1 levels in GC cell
lines. ∗P< 0.05; ∗∗P< 0.01; ∗∗∗P< 0.001.
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Figure 2: Continued.
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improving efficacies of radiotherapy, chemotherapy, bio-
logical therapy, interventional therapy, molecular targeted
therapy, etc. [4–8]. Popularized screening of GC should be
applied to detect GC as early as possible, therefore pro-
longing the survival of affected people [9, 10].

A growing number of circRNAs have been demonstrated
to have a close relation to lung carcinoma and esophageal

carcinoma [11–15]. Recently, plentiful circRNAs were re-
ported to be aberrantly expressed and were regarded as
potential biomarkers in the carcinogenesis and progression
of GC [19]. circNR3C1 was previously reported mostly in
bladder cancer [16–18]. Xie et al. demonstrate that
circNR3C1 inhibited the progression of bladder cancer via
acting as endogenous blocker of BRD4/C-myc complex [16].
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Figure 2: circNR3C1 attenuated proliferation and migration potentials in GC. (a) Transfection efficacy of pcDNA-circNR3C1 and anti-
circNR3C1 in GC cells, respectively. (b) Viability in GC cell lines regulated by circNR3C1. (c) GC cell migration regulated by circNR3C1.
∗P< 0.05; ∗∗P< 0.01.
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Figure 3: circNR3C1 inactivated the AKT/mTOR signaling. (a) Western blotting detected AKT and mTOR protein levels in AGS with
circNR3C1 overexpression. (b) Western blotting measured of AKT and mTOR in BGC-823 with circNR3C1 knockdown. ∗∗P< 0.01.

4 Journal of Healthcare Engineering



-ere is no evidence showing the role of circNR3C1 in the
progression of gastric cancer. -e novelty of our present
study was that it was the first attempt to study the bio-
functions of circNR3C1 in GC and to explore the underlying
molecular mechanism. -e current study demonstrated that
circNR3C1 was significantly upregulated in GC cell lines and
tissues. By retrospective analysis of recruited GC patients,
circNR3C1 was closely related to the incidences of lymphatic
metastasis and distant metastasis. Later, we generated
circNR3C1 overexpression and knockdown model in
GC cells, respectively. circNR3C1 overexpression remark-
ably decreased proliferative andmigratory rates in AGS cells,

while knockdown of circNR3C1 enhanced them in BGC-
823 cells. It is concluded that circNR3C1 inhibited GC to
proliferate and migrate as a tumor-suppressor gene.

It was demonstrated that circNR3C1 negatively regu-
lated AKT/mTOR in GC cells. -e AKT/mTOR signaling is
widely regulated by extracellular signal-regulated kinases,
nuclear factors, matrix metalloproteinases, and growth
factors [20, 21]. More and more clinical data supported the
effectiveness of oral AKT/mTOR-targeted drugs in specific
types of malignant tumors [20]. By applying SC79, the AKT
activator, proliferative and migratory potentials were en-
hanced in AGS cells overexpressing circNR3C1. Moreover,
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Figure 4: AKT/mTOR signaling was involved in circNR3C1-regulated GC progression. (a) CircNR3C1 levels in 2GC cell lines induced with
SC79 and MK-2206, respectively. (b) Cell viability in 2GC cell lines induced using SC79 and MK-2206, respectively; (c) Cell migration in
2GC cell lines induced by SC79 and MK-2206. ∗P< 0.05, ∗∗P< 0.01.
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the application of MK-3206, the AKT inhibitor, weakened
proliferative and migratory potentials in BGC-823 cells with
circNR3C1 knockdown. It is concluded that circNR3C1
alleviated the malignant development of GC via inactivating
the AKT/mTOR pathway. -ere are some evident limita-
tions in this study. Lack of in vivo validations in animal
models weakened the confidence level of our findings. Our
future study will focus on the validation of circNR3C1
expression in a larger cohort of GC patients. More GC
samples should be collected and more patients need to be
enrolled for the longer follow-up. Also, we should further
complete the in vivo assays in mice models of GC to explore
the role of circNR3C1 in the growth of GC.

5. Conclusions

circNR3C1 inhibits GC to proliferate and migrate by
inactivating the AKT/mTOR signaling. It is also closely
linked to GC metastasis. In summary, circNR3C1/AKT/
mTOR may be the key mechanism and a promising ther-
apeutic target in GC in the years to come.

Data Availability

-e datasets used and analyzed during the current study are
available from the corresponding author on reasonable
request.

Conflicts of Interest

-e authors declare no conflicts of interest.

Authors’ Contributions

Luben Wang and Zhen Guo contributed equally to this
work.

Acknowledgments

-is study was supported by the Shandong Medical and
Health Science and Technology Development Program
(project no. 2018WS076), Weifang Science and Technology
Development Plan Project (project no. 201302030), and
State Key Laboratory of Medical Immunology (project no.
NKMI2018K11).

References

[1] A. Sukri, A. Hanafiah, N. Mohamad Zin, and N. R. Kosai,
“Epidemiology and role of Helicobacter pylori virulence fac-
tors in gastric cancer carcinogenesis,” Apmis, vol. 128, no. 2,
pp. 150–161, 2020.

[2] K. D. Crew and A. I. Neugut, “Epidemiology of gastric
cancer,” World Journal of Gastroenterology, vol. 12, no. 3,
pp. 354–362, 2006.

[3] L. H. Eusebi, A. Telese, G. Marasco, F. Bazzoli, and
R. M. Zagari, “Gastric cancer prevention strategies: a global
perspective,” Journal of Gastroenterology and Hepatology,
vol. 35, no. 9, pp. 1495–1502, 2020.

[4] Y. Muneoka, K. Akazawa, T. Ishikawa et al., “Nomogram for
5-year relapse-free survival of a patient with advanced gastric

cancer after surgery,” International Journal of Surgery, vol. 35,
pp. 153–159, 2016.

[5] M. Sasako, S. Sakuramoto, H. Katai et al., “Five-year outcomes
of a randomized phase III trial comparing adjuvant chemo-
therapy with S-1 versus surgery alone in stage II or III gastric
cancer,” Journal of Clinical Oncology, vol. 29, no. 33,
pp. 4387–4393, 2011.

[6] O. Uzun, A. S. Senger, S. Gulmez et al., “Incidence and
prognostic significance of signet ring cell histology in gastric
cancer: a cross-sectional study in Turkey,” Iranian Red
Crescent Medical Journal, vol. 22, no. 9, p. e34, 2020.

[7] L. Wang, R. Hu, H. Liu et al., “Potentials of neuron-specific
enolase as a biomarker for gastric cancer,” Tropical Journal of
Pharmaceutical Research, vol. 19, no. 3, pp. 505–511, 2020.

[8] J. Chen, X. Dai, H. Yu, F. Peng, and L. Chen, “SiRNA-me-
diated lncRNA ANRIL knockdown enhances the sensitivity of
gastric cancer cells to doxorubicin,” Iranian Red Crescent
Medical Journal, vol. 22, no. no. 10, p. e120, 2020.

[9] X. Ye, H. Liu, and Z. Zeng, “Long non-coding RNA KCNQ1
opposite transcript 1 (KCNQ1OT1) regulates cell prolifera-
tion and invasion via targeting miR-124-3p in gastric carci-
noma,” Tropical Journal of Pharmaceutical Research, vol. 20,
no. 1, pp. 1–9, 2021.

[10] L. Nie and L. Zhang, “Gastric cancer cell proliferation is
inhibited by α-santonin via targeting of PI3K and AKT ac-
tivation,” Tropical Journal of Pharmaceutical Research, vol. 19,
no. 4, pp. 765–771, 2020.

[11] L.-L. Chen and L. Yang, “Regulation of circRNA biogenesis,”
RNA Biology, vol. 12, no. 4, pp. 381–388, 2015.

[12] H.-d. Zhang, L.-h. Jiang, D.-w. Sun, J.-c. Hou, and Z.-l. Ji,
“CircRNA: a novel type of biomarker for cancer,” Breast
Cancer, vol. 25, no. 1, pp. 1–7, 2018.

[13] S. Meng, H. Zhou, Z. Feng et al., “CircRNA: CircRNA:
functions and properties of a novel potential biomarker for
cancer,” Molecular Cancer, vol. 16, no. 1, p. 94, 2017.

[14] M. A. Altesha, T. Ni, A. Khan, K. Liu, and X. Zheng, “Circular
RNA in cardiovascular disease,” Journal of Cellular Physiol-
ogy, vol. 234, no. 5, pp. 5588–5600, 2019.

[15] M. Xu, F. Xie, X. Tang, T. Wang, and S. Wang, “Insights into
the role of circular RNA inmacrophage activation and fibrosis
disease,” Pharmacological Research, vol. 156, p. 104777, 2020.

[16] F. Xie, X. Xiao, D. Tao et al., “circNR3C1 suppresses bladder
cancer progression through acting as an endogenous blocker
of BRD4/C-myc complex,”Molecular�erapy - Nucleic Acids,
vol. 22, pp. 510–519, 2020.

[17] X. Chen, C. Jiang, R. Sun, D. Yang, and Q. Liu, “Circular
noncoding RNA NR3C1 acts as a miR-382-5p sponge to protect
RPE functions via regulating PTEN/AKT/mTOR signaling
pathway,” Molecular �erapy, vol. 28, no. 3, pp. 929–945, 2020.

[18] F. Zheng, M. Wang, Y. Li et al., “CircNR3C1 inhibits pro-
liferation of bladder cancer cells by sponging miR-27a-3p and
downregulating cyclin D1 expression,” Cancer Letters,
vol. 460, pp. 139–151, 2019.

[19] C. Shan, Y. Zhang, X. Hao, J. Gao, X. Chen, and K. Wang,
“Biogenesis, functions and clinical significance of circRNAs in
gastric cancer,” Molecular Cancer, vol. 18, no. 1, p. 136, 2019.

[20] L. Braglia, M. Zavatti, M. Vinceti, A. M. Martelli, and
S. Marmiroli, “Deregulated PTEN/PI3K/AKT/mTOR sig-
naling in prostate cancer: still a potential druggable target?”
Biochimica et Biophysica Acta (BBA) - Molecular Cell Re-
search, vol. 1867, no. 9, p. 118731, 2020.

[21] F. Xu, L. Na, Y. Li, and L. Chen, “Retracted article: roles of the
PI3K/AKT/mTOR signalling pathways in neurodegenerative
diseases and tumours,”Cell & Bioscience, vol. 10, no. 1, p. 54, 2020.

6 Journal of Healthcare Engineering


