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Abstract
Background: Circular RNAs (circRNAs) are involved in the tumorigenesis and
progression of lung adenocarcinoma (LUAD). This study aimed to determine the role
of circ_0072088 in LUAD.
Methods: The existence and expression of circ_0072088 in human LUAD tissues and
cell lines were determined through Sanger sequencing, quantitative reverse
transcription-polymerase chain reaction, and fluorescence in situ hybridization
(FISH). Subsequently, the biological role of circ_0072088 was examined using loss-of-
function assays in H1299 cells. Moreover, circ_0072088/miR-1261/PIK3CA pathway-
mediated biological effects in H1299 were verified using bioinformatic prediction and
experiments, including interaction analysis (FISH, luciferase reporter, and RNA-
pulldown assays), and tumor biological function test (CCK8 and colony formation,
wound healing, and transwell assays). Finally, miR-1261 and PIK3CA expression and
LUAD patient survival were further analyzed using FISH, immunohistochemical
staining, and the Kaplan–Meier plotter database, respectively.
Results: First, an increase in circ_0072088 was confirmed in human LUAD tissues.
Thereafter, it was mainly localized in the cytoplasm and was found to enhance cell
proliferation, migration, and invasion of H1299 cells. Mechanistically, circ_0072088
directly downregulated miR-1261 expression, whereas increased PIK3CA gene expres-
sion was associated with poor overall survival of LUAD patients. The activation of the
circ_0072088/miR-1261/PIK3CA regulatory pathway may play a significant role in
the tumorigenesis and progression of LUAD.
Conclusions: Circ_0072088-dependent regulation of miR-1261/PIK3CA is important
for cell proliferation, migration, and invasion during the tumorigenesis and progres-
sion of LUAD, warranting the need to consider the circ_0072088/miR-1261/PIK3CA
regulatory pathway as a potential therapeutic target in patients with lung
adenocarcinoma.
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INTRODUCTION

Lung cancer is the second most commonly diagnosed cancer
and the leading cause of cancer death in 2020, with an esti-
mated 2.2 million new cancer cases and 1.8 million deaths.1

This disease is mainly divided into small cell lung cancer

and non-small cell lung cancer. Accordingly, lung adenocar-
cinoma (LUAD), the incidence of which has been increasing
in recent years, accounts for �50% of NSCLC cases.2 Over
the past decade, the 5-year survival rate of LUAD patients
has increased owing to the development of targeted thera-
pies and immunotherapy.3,4 Far from ideal, however, a
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considerable number of patients are still diagnosed with
advanced disease or relapse and even metastasis soon after
treatment, leading to an increasing demand for improved
treatment modalities. Therefore, further exploration of the
underlying mechanisms and key molecules multifariously
involved with the major signaling pathways in tumor pro-
gression is imperative.

Circular RNAs (circRNAs), which have a closed ring
structure and are hardly degraded by RNase, have attracted
considerable attention in recent years.5,6 Studies have shown
that circRNAs, which mainly function as molecular sponge
by absorbing microRNAs and affecting gene expression, are
involved in tumorigenesis and deterioration.7–9 Recently,
new evidence has shown that circRNAs participate in the
initiation and development of LUAD.10–12 Through bioin-
formatic analysis and literature reviews,13–15 the consistent
upregulation of circ 0072088 expression in LUAD has per-
suaded us to further examine its role. Paradoxically, some
reports have shown that the downregulation of circ 0072088
in hepatic carcinoma cells derived exosome is associated
with tumorigenesis,16 similarly, its decrease has been
reported to be associated with metastasis of colorectal
cancer,17 suggesting that, it is necessary to further explore
the expression and function of circ 0072088 in the mecha-
nisms underlying LUAD.

Numerous studies have indicated that microRNAs
(miRNAs) affect the regulation of various cancers, including
lung cancer and even LUAD, by binding to mRNAs. The
downregulation of a novel miR-1261 has been found to be
involved in the progression of hepatocellular carcinoma.18

However, the impact of miR-1261 on the initiation and
deterioration of LUAD remains unclear.
Phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic
subunit alpha (PIK3CA), a well-known oncogene, has been
implicated in various cancers, such as head and neck squa-
mous cell carcinoma,19 breast,20,21 and stomach cancers,22

playing a crucial role in cell proliferation, migration, and
invasion; however, it remains unknown whether PIK3CA
participates in the invasion and metastasis of LUAD. Conse-
quently, we hypothesized the existence of a
circ_0072088-miR-1261-PIK3CA signaling pathway and
whether it could affect the biological functions of LUAD.
The present study mainly examined the expression and loca-
tion of circ_0072088 in LUAD tissues and cells, as well as its
biological effects in LUAD. Our results indicated that
upregulation of circ_0072088 in LUAD promoted cell prolif-
eration, migration, and invasion by upregulating PIK3CA
via functioning as a competitive endogenous RNA (ceRNA)
for miR-1261.

METHODS

Human tissue harvest

The tumor and adjacent nontumor biopsy specimens were
obtained from 20 patients with LUAD in the Fourth

Hospital of Hebei Medical University between August 2018
and January 2020. All patients were well informed. One
half of each LUAD and adjacent nontumor tissue specimen
was fixed overnight in 4% paraformaldehyde and embed in
paraffin, the other half was snap-frozen in liquid nitrogen,
stored at �80�C, and subsequently used for RNA extrac-
tion. This study was approved by the Institutional Ethical
Committee of Hebei Medical University (Shijiazhuang,
China).

Cell culture

The human lung cancer cell lines H1299, H1975, H520,
H827, and 1650 were obtained from the Chinese Academy
of Medical Sciences (Beijing, China). The cells were cultured
in RPMI-1640 media (Thermo Fisher) containing 10% fetal
bovine serum (FBS; Gibco), 1% penicillin and streptomycin
at 37�C in a humidified atmosphere of 5% CO2.

Fuorescence in situ hybridization (FISH)

The FAM probes for circ_0072088, miR-1261 and U6 were
synthesized and produced by RiboBio (Invitrogen). The spe-
cific probe was designed by using the junction of circRNA,
the specific position 22-34 nt direct position, and its speci-
ficity was confirmed through bioinformatics, and the muta-
tion site control was added as a negative control. U6 were
used as positive controls. Nuclei were stained with DAPI
(Invitrogen). An RNA FISH Kit (Genepharma) was used to
detect the expression and localization of circ_0072088 and
miR-1261 in LUAD tissues and cells. The fluorescence
images were captured using a confocal microscope (Leica).

Immunohistochemical staining

Immunohistochemical staining for PIK3CA expression in
the LUAD and adjacent nontumor tissue was performed by
the SP method as previously described.23 Primary antihu-
man polyclonal antibody PIK3CA was obstained from Pro-
teintech group (67071-1-Ig). The percentage of brown
particles in five random medium-film fields was quantified
by IPP 6.0 image analysis software.

Cell transfection

The human small interfering RNAs targeting circ_0072088
(si-circ_0072088) and siRNA negative control (si-NC),
miRNA-1261 mimics (miR-1261 mimic) and miRNA-NC
(NC), as well as knockdown of miR-1261 by transfection of
miR-1261 ASO were designed and provided by Gen-
epharma. Cultured H1261 cells were transfected with
miRNAs or siRNAs by Lipofectamine 3000 (Invitrogen) fol-
lowing the manufacturer’s protocol.
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Cell counting kit-8 (CCK-8)

Following appropriate treatment, the viability of H1299 cells
cultured in 96-well plates was measured using the CCK-8, as
previously described.23 The cells were incubated for different
time (0, 24, 48, 72, 96 h) and then the viability of cells was
evaluated by measuring the absorbance at 450 nm.

Colony formation

The treated H1299 cells (about 200 cells per well) were
seeded into six-well plates. After 2 weeks incubation, hema-
toxylin staining was performed to check the colonies (<50
cells excluded in colonies).

Wound healing assay

The treated H1299 cells (5 � 105 cells) were seeded into six-
well plates until they reached about 90% confluence, and a
wound scratch was performed using a 200 μl pipette tip.
The detached cells were removed using PBS and were then
photographed at 0 and 24 h (n = 3 for each experiment).
The migratory abilities were quantified by measuring the
percentage of cells in the scratched regions.

Transwell assay

Cell migration and invasion ability was examined using
24-wells, with or without matrigel-coated chambers
(BD Biosciences), as previously described.24 In brief, the
treated H1299 cell suspension (1 � 105 cells / ml) in 0.5 ml
medium containing 10% FBS was added to the upper cham-
ber, and 600 μl of medium (no cells) was injected into the
lower chamber. After 24 h incubation, nonmigratory cells
on the upper membrane surface were removed and the
invaded cells on the lower membrane surface were fixed
with 4% paraformaldehyde and stained by 0.1% crystal vio-
let. The migrated cells were enumerated using a light micro-
scope (�400) in five random fields in each filter.

Reverse transcription-quantitative polymerase
chain reaction (qRT-PCR)

Total RNA was extracted from treated cells and LUAD
tissues as well as control using the TRizol reagent (Thermo
Fisher Scientific, Inc.) according to the manufacturer’s pro-
tocol. Total RNA (1 μg) was subjected to reverse transcrip-
tion and qPCR using cDNA synthesis and PCR kits
according to the manufacturer’s protocol (Takara Biotech-
nology). Primers used for PCR in circ_0072088 were: 50-
ACGCATTCTTCGAGACCTCT-30(sense) and 50-TGCCTG
TAACTCCTCTTCAGT-30(antisense). U6: 50-GCTTCGG
CAGCACATATACTAAAAT-30(sense) and 50- CGCTTCA

CGAATTTGCGTGTCAT-30 (antisense). PCR amplification
procedure: 94�C, 5 min; (94�C, 30 s; 55�C, 30 s; 72�C,
1 min) �30; 72�C, 5 min. Relative amount of transcripts
were normalized with U6 or GAPDH and calculated using
the 2�ΔΔCt formula. All PCRs were performed in triplicate.

RNA binding protein immunoprecipitation
assay

RNA binding protein immunoprecipitation (RIP) assay was
employed for the detection of enrichment of circ_0072088
decoyed by miR-1261 according to the manufacturer’s pro-
tocol (Millipore) and our previous report. Briefly, incubation
with anti-Ago2 antibody (ab32381, 1:50, Abcam) or anti-
IgG (ab109489, 1:100, Abcam Inc.) was performed and
coupled with magnetic beads in transfected cell lysate over-
night at 4�C, followed by qRT-PCR detection for
coprecipitated RNA after proteinase K treatment.

Luciferase report assay

The fragments of circ_0072088 and PIK3CA containing
miR-1261 binding sites or the corresponding mutated bind-
ing sites were synthesized by Shanghai Sangon Biotech.
These fragments were subcloned into the luciferase plasmid
pGL-3 (Takara Biotechnology). H1299 cells were seeded
into 24-well plates (1 � 105 cells / well) and incubated at
37 C overnight. Cells were transfected with wild-type
circ_0072088 (WT circ_0072088), mutant circ_0072088
(MUT circ_0072088), WT PIK3CA or MUT PIK3CA con-
structs in the presence of miR-1261 mimics or NC by
cotransfection with Lipofectamine 3000. Relative luciferase
activity was measured using the dual-luciferase reporter
assay system (Promega). Renilla luciferase activity was nor-
malized to the activity of Firefly luciferase.

Statistical analysis

All data are presented as the mean � standard deviation.
SPSS 23.0 software (SPSS, Inc.) was used for statistical ana-
lyses including Student’s t-test and ANOVA post-hoc tests
(Bonferroni) for cell viability, cell number, band density,
gene expression. *p < 0.05 was considered to indicate a sta-
tistically significant difference.

RESULTS

Circ_0072088 is overexpressed in LUAD tissues

According to previous studies,13–15 the production of
circ_0072088 was presented in FIGURE 1a, containing five
exons from exon 13 to exon 17 (693 nt) from the ZFR gene
flanked by long introns on either side. Subsequently, the
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distinct products of the expected sizes were amplified using
outward-facing primers in LUAD tissues and were identified
by sequencing. Moreover, we confirmed circ_0072088
upregulation in LUAD tissues relative to its matched para-
cancerous tissues (n = 20) through FISH probe for
circ_0072088 detection (Figure FIGURE 1b). Furthermore,
qRT-PCR results showed differential expression of the
circ_0072088 in five human lung cancer cell lines, with the
highest expression observed in the H1299 cell line
(Figure FIGURE 1c). Given that H1299 cells had the highest
level of circ_0072088, it was selected for subsequent study.
Meanwhile, cytoplasm localization of circ_0072088 in
H1299 cells was further verified by FISH staining
(Figure FIGURE 1d). These results indicated the
upregulation and cytoplasm localization of circ_0072088 in
LUAD cells.

Effect of Circ_0072088 in biological behaviors
of H1299 cells

To subsequently illustrate the biological function of
circ_0072088 in LUAD cells, the expression of circ_0072088
was knocked down by transfecting H1299 cells with human
circ_0072088-specific siRNA, after which they were com-
pared with those transfected with nonspecific siRNA

(Figure 2a). CCK-8 assays showed that the viability of
H1299 cells transfected with si-circ0072088 was significantly
lower than those transfected with si-NC (Figure 2b). The
clone formation assays also indicated similar results, which
showed that the si-circ_0072088 group had significantly less
numbers of cells compared to the si-NC group (Figure 2c).
Furthermore, we performed scratch and transwell assays to
determine the role of circ_0072088 in LUAD metastasis. As
shown in Figure 2d, the migration of the cells was signifi-
cantly inhibited after circ_0072088 knockdown. Meanwhile,
transwell migration and matrigel invasion assays of the
transfected cells indicated significant suppression of migra-
tion and invasion of H1299 cells in the si-circ_0072088
group (Figure 2e). Collectively, these results suggested that
upregulated circ_0072088 contributed to proliferation,
migration, and invasion of H1299 cells.

Circ_0072088 acts as a sponge of miR-1261 in
H1299 cells

Given that the circ_0072088 is mainly located in cytoplasm,
it may function as a sponge to absorb miRNAs that inhibit
downstream genes. After searching circRNA interactome
databases (http://circinteractome.nia.nih.gov), the target
miRNAs (miR-1261 and miR-620) with high predicted score

F I G U R E 2 Effect of Circ_0072088 knockdown on proliferation, migration, and invasion of H1299 cells. (a) After transfection with si-circ_0072088 and
negative control (si-NC) for 36 h in H1299 cells, the efficiency of si-circ_0072088 knockdown was confirmed by qRT-PCR detection. (b) CCK-8 assay in
H1299 cells with or without circ_0072088 knockdown by transfection with si-circ_0072088 or non-special short interfering siRNA as a control (si-NC) for
different time. (c) Representative photomicrographs of colony formation assays using H1299 cells treated as described above. Right: statistical analysis of cell
number. (d) Representative photomicrographs of a scratch assay performed with transfected cells after scratching and 24 h later. Right: Quantification of cells
migrating into the scratch gap. (e) Representative photomicrographs of transwell migration and matrigel invasion assay in transfected cells. Right: statistical
analysis of cells migrated to the lower side of the membrane. All data represent mean � SD (n = 3). *p < 0.05 versus si-NC
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was selected for further exploration (Figure 3a). Moreover,
the downregulation of miR-1261 expression was further
confirmed by qRT-PCR (Figure 3b) and FISH staining
(Figure 3c) in 20 LUAD tissues relative to its matched para-
cancerous tissues. The FISH staining results showed that
circ_0072088 was colocalized with miR-1261 in the cyto-
plasm of H1299 cells (Figure 3d). Moreover, RIP assay fur-
ther showed the interactions between circ_0072088 and
miR-1261 in H1299 cells (Figure 3e). To confirm the direct
interaction between them, wild-type (WT) and mutant
(MUT) circ_0072088 luciferase reporter plasmids (pLG3
vector) were constructed according to the predicted inter-
acting site and were then cotransfected with miR-1261
mimics or negative control (NC) into H1299 cells. As shown
in Figure 3f, the relative luciferase activity was dramatically
decreased in H1299 cells cotransfected with WT
circ_0072088 luciferase reporter and miR-1261 mimics,
whereas this alteration of luciferase activity disappeared with
cotransfection of MUT circ_0072088 and miR-1261 mimics.
These results indicated that circ_0072088 functioned as a

sponge to absorb miR-1261, which would later be involved
in initiation and progression of LUAD.

Circ_0072088 promotes cell proliferation,
migration, and invasion of H1299 cells by
suppressing miR-1261 expression

Circ_0072088 was required for cell proliferation, migration,
and invasion in H1299 cells and directly interacted with
miR-1261. Thus, rescue experiments in H1299 cells were
performed to further confirm the role of the circ_0072088/
miR-1261 axis in the biological function of LUAD cells.
Accordingly, CCK-8 (Figure 4a), colony formation
(Figure 4b), scratch (Figure 4c, d), and transwell experi-
ments (Figure 4e, f) showed that miR-1261 suppression by
transfection of antisense oligonucleotide (ASO) reversed
circ_0072088 inhibition and induced the proliferation,
migration, and invasion in H1299 cells (Figures 4b–f),
suggesting that circ_0072088 could maintain the

F I G U R E 3 Circ_0072088 acts as a sponge of miR-1261 in H1299 cells. (a) Schematic diagram for the potential binding sites of miR-1261 and miR-620
in circ_0072088 were predicted by CircInteractome databases. (b) qRT-PCR analysis for the relative expression of miR-1261 in lung adenocarcinoma
(LUAD) tumors and their adjacent normal tissues (n = 20). (c) Representative photographs of RNA FISH staining for miR-1261 (red) in lung
adenocarcinoma (LUAD) tumors and their adjacent normal tissues (n = 20). Nuclei were stained with DAPI (blue). Scale bars = 50 μm. Right: statistical
analysis of fuorescence intensity. *p < 0.05. (d) RNA-FISH assay for colocalization between circ_0072088 (red) and miR-1261 (green) in H1299 cells. Scale
bars = 50 μm. (e) RNA-binding protein immunoprecipitation (RIP) assays for identification of circ_0072088 interact with miR-1261 in H1299. (f) Luciferase
reporter assay for demonstration of the interaction between circ_0072088 and miR-1261 in H1299 cells with transfection of WT-circ_0072088 or MUT-
circ_0072088. All data represent mean � SEM (n = 3). *p < 0.05 versus IgG or circ_0072088-WT
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carcinogenicity of LUAD cells by antagonizing the tumor-
suppressive role of miR-1261 in LUAD.

Circ_0072088 upregulated PIK3CA, which has
been associated with poor overall survival of
LUAD, by suppressing miR-1261 expression

To further determine the potential mechanism by which the
circ_0072088/miR-1261 axis exerts its cancer-promoting
role in LUAD, the downstream genes were explored.
Through TargetScan and miRBD databases, 23 common
predicted targets of miR-1261 were identified (Figure 5a).
KEGG analysis exhibited several critical cancer-associated
pathways, such as the mTOR signaling pathway, cAMP sig-
naling pathway, JAK–STAT signaling pathway, and PI3K-
Akt signaling pathway (Figure 5b). Intriguingly, among
them, PIK3CA could be a target of miR-1261 (Figure 5c), as
well as a hub for many signaling pathways in LUAD cells.

As expected, the relative luciferase activity was significantly
decreased in H1299 cells cotransfected with WT-PIK3CA
and miR-1261 mimics, whereas the change was abrogated in
cells cotransfected with MUT-PIK3CA and miR-1261
mimics (Figure 5d). These results revealed that PIK3CA was
a target of miR-1261 in LUAD cells. Lastly, to confirm the
clinical relevance of our findings, PIK3CA expression was
measured by qRT-PCR and immunochemistry staining in
tissues from patients with LUAD and control. Accordingly,
the results showed a marked increase in transcriptional
(Figure 5e) and protein levels of PIK3CA (Figure 5h). In line
with this, bioinformatic assay results also showed that the
high expression of PIK3CA was associated with poor overall
survival in LUAD patients according to Kaplan–Meier plot-
ter database (Figure 5f) and Human protein atlas database
(Figure 5g). These results indicated that circ_0072088
increased PIK3CA expression, which has been associated
with the poor overall survival of LUAD patients, by
suppressing miR-1261 expression.

F I G U R E 4 miR-1261 mediated Circ_0072088-induced proliferation, migration, and invasion in H1299 cells. (a–f) Effects of miR-1261 inhibition by
transfection with miR-1261-ASO on circ_0072088 induced the proliferation, migration, and invasion of H1299 cells by CCK8 assay (a), clone formation (b),
a scratch assay (c and d), and transwell assay (e and f), respectively. All data represent mean � SD (n = 3). *p < 0.05 versus si-NC or si-circ_0072088
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DISCUSSION

Our study revealed that upregulation and cytoplasmic locali-
zation of circ_0072088 in LUAD tissues and cells play an
oncogenic role by releasing miR-1261-mediated inhibition
of PIK3CA, which mediates circ_0072088-induced cell pro-
liferation, migration, and invasion via crosstalk among sev-
eral tumor-associated signaling pathways. The novel
circRNA–miRNA–mRNA regulatory framework established
herein may provide a potential therapeutic target for LUAD.

Previous studies have suggested that circRNAs were
either up- or downregulated in different cancers and are
accompanied by carcinogenic or carcinostasis effects. Li
et al. found that hepatocellular carcinoma (HCC) tissues
had a greater expression of circ_0072088 compared to

adjacent hepatocellular tissues by RT-PCR. Moreover, the
high expression of circ_0072088 was correlated with cell
proliferation, migration, and invasion.25 In contrast, Liu
et al. confirmed that circ_0072088 suppressed gastric cancer
cell proliferation and promoted apoptosis by regulating
PTEN via sponging miR-130a/miR-107.26 To clarify the role
of circ_0072088 in the initiation and development of LUAD,
we initially validated the existence of circ_0072088 and its
increase in LUAD tissues relative to paired paracancerous
normal tissues, with cytoplasmic localization in tissue and
cellular levels. Moreover, circ_0072088 knockdown could
suppress the proliferation, migration, and invasion in vitro.
These results indicated that lung tissue-specific upregulation
of circ_0072088 functioned as an oncogene and participated
in the occurrence and development of LUAD.

F I G U R E 5 PIK3CA as a target of miR-1261 is the hub gene of many signaling pathways in lung adenocarcinoma cells. (a) Schematic diagram of
prediction for the downstream target genes of miR-1261 using targetscan and miRBD databases. (b) KEGG (Kyoto Encyclopedia of Genes and Genomes)
analysis of 23 common potential target genes involving PIK3CA-associated 16 top signaling pathways. (c) Schematic diagram for the potential binding sites
of miR-1261 in PIK3CA mRNA were predicted by targetscan and miRBD databases. (d) The relative luciferase activity of PIK3CA 30-UTR-wild-type
(WT PIK3CA) or -mutant (MUT PIK3CA) luciferase vector after transfection with miR-1261 mimics or negative control (NC) was detected in H1299 cells.
All data represent mean � SD (n = 3). *p < 0.05 versus WT PIK3CA. (e) qRT-PCR assay for PIK3CA mRNA level in lung adenocarcinoma (LUAD) tumors
and their adjacent normal tissues (n = 20). *p < 0.05 versus control. (f) Kaplan–Meier plotter database (http://kmplot.com/analysis/) was used to further
validate the poor survival with high expression of PIK3CA in LUAD patients. (g) Human protein atlas database (http://www.proteinatlas. org/) was
performed to validate the stronger positive staining of PIK3CA in cancer tissues than normal lung tissues. (h) Representative immunohistochemistry (IHC)
staining for PIK3CA in lung adenocarcinoma (LUAD) tumors and their adjacent normal tissues (n = 20). Down: Statistic analysis of PIK3CA-positive cells.
*p < 0.05 versus control
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Several tumor-associated circRNAs regulate transcrip-
tion and translation processes through a common mecha-
nism, sponging miRNAs to regulate the function of target
genes.9 Therefore, we mainly focused on the sponging func-
tion of circ_0072088 in absorbing key miR-1261 in LUAD
according to bioinformatic analysis and our results
suggesting cytoplasmic localization. Only a few reports have
been available on miR-1261 downregulation in hepatocellu-
lar cancer,18,27 papillary thyroid cancer,28 and gliomas.29

Consistently, our results also showed that miR-1261 was a
target for circ_0072088 and that it was downregulated in
LUAD tissues. Moreover, reversing the effects of
circ_0072088 inhibition by miR-1261 suppression promoted
proliferation, migration, and invasion, suggesting that
circ_0072088 could maintain the carcinogenicity of LUAD
cells by antagonizing the tumor-suppressive role of miR-
1261 in LUAD.

Mutations in PIK3CA, which lead to a gain of function,
determine a constitutive activation of the PI3K/AKT/mTOR
pathway, which is among the main driving mechanisms in
cancers.30,31 Moreover, phosphatidylinositol kinase
prompted PDK1 to phosphorylate the AKT protein Set308,
leading to the activation of AKT, thereby regulating cell pro-
liferation, migration, and invasion.32 The results presented
herein also demonstrated that miR-1261 negatively targeted
PIK3CA. Importantly, the high expression of PIK3CA, con-
firmed by database and immunochemistry methods, was
associated with poor prognosis of LUAD patients,
suggesting that circ_0072088 accelerates tumorigenesis and
progression of lung adenocarcinoma by regulating PIK3CA.
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