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Abstract
Background: Circular RNAs (circRNAs) had been identified as a non-coding RNA
associated with many types of cancer in recent years. However, the involvement of
hsa_circ_0008274 in lung adenocarcinoma (LUAD) has not been explored. The aim of our
research is to explore the biological mechanism and function of hsa_circ_0008274 in LUAD.
Methods: The hsa_circ_0008274, miR-578, and high mobility group AT-Hook
2 (HMGA2) mRNA expression levels were detected via qRT-PCR. Cell Counting Kit-
8 (CCK-8) Transwell assay and wound healing assay were performed to measure the
cell proliferation, invasion, and migration ability. Luciferase reporter and Western
blotting experiments were performed to characterize the competing endogenous RNA
(ceRNA) mechanism of hsa_circ_0008274.
Results: Our findings determined that the expression of hsa_circ_0008274 in LUAD
was significantly decreased. Cell experiments showed that overexpressed
hsa_circ_0008274 could reduce the proliferation and invasion ability of LUAD cells.
Moreover, miRNA-578 could identify as a miRNA sponge of hsa_circ_0008274. Over-
expressed hsa_circ_0008274 reduced the proliferation and invasion of LUAD cells
caused by miR-578 mimics. Increasing the expression of miR-578 can aggravate the
proliferation and invasion of LUAD cells and block the inhibition of proliferation and
invasion of LUAD cells mediated by overexpressed hsa_circ_0008274. Subsequent
data indicate that HMGA2 of the tumor-promoting gene is the target gene of miR-
578. The upregulation of HMGA2 partially reversed the tumor inhibitory effect of
LUAD cells induced by overexpressed hsa_circ_0008274 or miR-578 mimics.
Conclusions: In summary, our data show that the overexpression of hsa_circ_0008274
repressed the proliferation and invasion of LUAD through downregulating miR-578 and
activating HMGA2.
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INTRODUCTION

Non-small cell lung cancer (NSCLC) accounts for 85% of all
lung cancer incidence, and their 5-year survival rate is

<20%, of which lung adenocarcinoma (LUAD) has leapt to
the top of the NSCLC.1,2 Although recent studies have
explored various molecular mechanisms of the pathogenesis
of LUAD, our understanding of the emergence and develop-
ment of LUAD is still far from complete. Therefore, the
study of the biological mechanism of LUAD is of great
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significance for the development of effective and promising
potential therapeutic targets for LUAD.

Circular RNA (circRNAs) is a novel type of non-coding
RNA, which has attracted more and more attention because of
its ability of regulation and management in cancers.3,4 At pre-
sent, circRNA have been considered as an important regulator
of gene expression.5,6 The sponge of microRNA (miRNA) is
one of the important mechanisms of circRNAs.7 MiRNA is an
earlier subtype of non-coding RNA, which regulates gene
expression after transcription by interacting with 30-UTR of
mRNAs.8 MiRNA binds to messenger RNAs (mRNAs) with
complementary sequences, resulting in mRNA degradation
and translation limitations.8 Hence, through competitive bind-
ing with miRNAs, circRNAs exerts the role of competing
endogenous RNA and releases the inhibitory function of
miRNAs on mRNA. CircRNA/miRNA/mRNA axis is an
important mechanism of gene expression regulation.

It has been reported that many kinds of circRNAs were
abnormally high or low expression in LUAD, which played
a key role in the occurrence and development of LUAD
through different mechanisms.9–11 However, little is known
about the biological role of hsa_circ_0008274 in LUAD. The
purpose of this study is to detect the expression and func-
tion of hsa_circ_0008274 in LUAD and to explore its poten-
tial regulatory mechanism.

MATERIALS AND METHODS

Clinical samples

From May to September of 2020, 57 specimens of lung cancer
tissues from patients with LUAD and matched adjacent normal
tissues were collected from the Affiliated Hospital of Qingdao
University. All participants provided a signed informed consent
form, and this study was conducted in accordance with the Dec-
laration of Helsinki (as revised in 2013) and approved by the
Ethics Committee of The AffiliatedHospital of QingdaoUniver-
sity (QYFYKY 2020-09-03-2).

Cell culture and transfection

The LUAD cell lines A549, CALU-3, SPC-A-1, and GLC-82, as
well as normal human bronchial epithelial (HBE) cell line were
purchased from the Cell Bank of Chinese Academy of Sciences
(Shanghai, China), which were cultured in 37�C and 5% CO2.
Small interfering RNAs (siRNAs) were used to knock down
hsa_circ_0008274 expression and si-normal control (si-NC)
was used as a control, which were purchased from Sangon Bio-
tech (Shanghai, China). The overexpression transcript of (UDP-
Glucose Glycoprotein Glucosyltransferase 2) UGGT2 was
inserted into pLVX vector to construct the overexpressed
hsa_circ_0021087 vector. The miR-578 mimics and inhibitors
were synthesized by GenePharma Company (Shanghai, China).
The CDS region of HMGA2 encoding full-length protein was
subcloned into pcDNA3.1 vector to construct HMGA2

expression vector. The cells were transfected with liposome 3000
transfection reagent (Invitgen, Thermo Fisher Science).

Verification of circular structure

The circular structure of hsa_circ_0008274 was verified by
convergent primers and primers, and the linear transcripts
and circular transcripts of UGGT2 were amplified. In addi-
tion, the circular junction was sequenced to confirm the
hsa_circ_0008274 sequence. At the same time, ribonuclease
R (RNase R) was used to verify the expression of linear and
circular UGGT2 in LUAD cells.

RNA extraction and RT-qPCR assay

TRIzol reagent (Invitgen) was applied to extract total RNA
and reversing transcribed into cDNA by RR047A kit
(Beijing, Takara). Glyceraldehyde 3-phosphate dehydroge-
nase (GAPDH) was used as the internal control of
hsa_circ_0008274 and UGGT2, and U6 was used as the
internal reference of miR-578

Cell counting kit-8 assay

A549 and SPC-A-1 were inoculated in 96-well plates and cul-
tured overnight. LUAD cells were transfected and cultured for
2 days, treated with cell counting kit-8 (CCK-8) solution of
10 mL/well (Dojindo, Tokyo, Japan), and incubated for 2 hours.
In the end, the absorbance was measured at 450 nm.

Colony formation assay

LUAD cells were inoculated in 6-well plates and cultured for
�14 days. The colonies were fixed, stained, and counted by
inverted microscope.

Cell invasion assay

The invasive potential of LUAD was detected by 24-well
Transwell chamber. LUAD cells were inoculated into the
upper cavity. A total of 10% fetal bovine serum (FBS) was
contained in the lower compartment culture medium, but not
in the upper compartment culture medium. After 24 hours of
culture, the LUAD cells on the lower surface were fixed with
70% ethanol and stained with 0.1% crystal violet, and the cells
above were measured by inverted microscope.

Wound-healing assay

The transfected LUAD cells were inoculated into a 6-well
plate until 80% of the subfusion. After scraping and
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F I G U R E 2 Overexpressed hsa_circ_0008274 inhibited the proliferation and invasion of LUAD cells. (a) After overexpressing, relative hsa_circ_0008274
expression was determined by RT-qPCR. (b) CCK-8 assay was assessed to detect cell proliferation. (c) Colony-forming ability was applied by colony
formation assay. (d),(e) Evaluation of invasion and metastasis potential were measured by Transwell invasion assay and wounding assay. **p < 0.01 and
***p < 0.001

F I G U R E 1 Hsa_circ_0008274 expression analysis in LUAD tissues and cell lines. (a) The expression levels of circular and linear
UGGT2 in A549 and SPC-A-1 cells treated with RNase R. (b) qRT-PCR analysis of hsa_circ_0008274 expression in A549, CALU3, SPC-A-1,
GLC-82, and human bronchial epithelial cells (HBE). (c) Hsa_circ_0008274 expression analysis of LUAD and paired normal lung tissues.
(d) The OS rates of LUAD patients with high and low expression of mRNA UGGT2 was evaluated by Kaplan–Meier method. **p < 0.01,
***p < 0.001
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culturing for 2 days. The images were collected at 0 and
48 hours, respectively, and the relative width was measured.

Luciferase reporter assay

The hsa_circ_0008274 of cDNA fragment containing wild-
type or mutant miR-578 binding site was amplified and
cloned into pmirGLO vector. The reporter vector with NC
mimics or miR-578 mimics was co-transfected into A549
and SPC-A-1 cells. After 48 hours of culture, the luciferase
activity was detected.

Western blot assay

The total protein was extracted and transferred to poly-
vinylidene fluoride (PVDF) membrane. After sealing with
5% skim milk, we incubated the first antibody and the sec-
ond antibody. The main antibodies used in this research are
HMGA2 and β-actin (Univ, Shanghai, China).

Statistical analysis

All data were performed and analyzed via SPSS software
(version 23.0) and GraphPad Prism software (version
5.0), the statistically index was limited as p < 0.05. Differ-
ences in two groups were assessed as average � SD, and
χ2 test was used to assess the differences of categoric
variables.

RESULTS

Identification hsa_circ_0008274 expression in
LUAD cells and tissues

Liang et al. have demonstrated that hsa_circ_0008274 was
downregulated in LUAD.12 Before verifying the level of
hsa_circ_0008274 expression, we first verified its circular
structure after treatment with RNase R. The expression of
linear UGGT2 was significantly lower than that of circular
(Figure 1(a)), and we have verified it in cells and tissues.
The hsa_circ_0008274 expression was downregulated in
multiple LUAD cell lines (i.e., A549, Calu-3, SPC-A-1, and
GLC-82) compared to HBE cell (Figure 1(b)). Consistently,
the expression of hsa_circ_0008274 in 57 LUAD tissues was
significantly lower than that in paracancerous tissues (Figure 1
(c)). Subsequently, to identify the above candidate circRNA,
the prognostic value of their host genes in LUAD samples was
analyzed using a Kaplan–Meier plotter (Figure 1(d)). It was
confirmed that the lower the expression of UGGT2 gene in
LUAD, the worse the prognosis (p = 0.017).

Overexpression of hsa_circ_0008274
inhibited the proliferation and invasion
of LUAD cells

In view of the low expression of hsa_circ_0008274 in
LUAD, we studied the overexpression of hsa_circ_0008274
on the proliferation, colony formation, and invasion of
LUAD cells. The overexpression vector hsa_circ_0008274

F I G U R E 3 miR-578 restrained the proliferation and invasion of LUAD cells. (a) MiR-578 and miR-633 are the intersection of circBank and
circinteractome databases. (b) The expression of miR-578 and miR-633 in lung adenocarcinoma cell lines compared to normal lung cell, only miR-578
expression was increased. After miR-578 mimics and inhibitor, (c,e) cell proliferation was measured by the CCK-8 assay, and (d) Transwell invasion assay
was applied to examine invasive potential. (f),(g) After overexpressed circRNA with or without miR-578, the invasion of cell was detected.
*p < 0.05, **p < 0.01
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was transfected into A549 and SPC-A-1 cells to upregulate
hsa_circ_0008274 expression (Figure 2(a)). The results of
CCK-8 assay showed that overexpressed hsa_circ_0008274
could significantly suppress the proliferation of A549 and
SPC-A-1 cells (Figure 2(b)). Colony formation assay further
confirmed the inhibitory effect of overexpression of
hsa_circ_0008274 on cell proliferation, that is, fewer clones
appeared when hsa_circ_0008274 was overexpressed
(Figure 2(c)). The overexpression of hsa_circ_0008274
inhibited the invasive potential of A549 and SPC-A-1 cells
(Figure 2(d)). Similarly, it also suppressed the migration
ability of LUAD (Figure 2(e)). Therefore, these data show
that the overexpression of hsa_circ_0008274 has an anti-
tumor effect in LUAD cells.

MiR-578 promoted the proliferation and
invasion of LUAD cells

As shown in Figure 3(a), Liang et al., as we predicted by
websites, had identified miR-578 and miR-633 could

become possible targets for hsa_circ_0008274,12 the
binding sites were shown in Additional Figure. Next,
the miR-578 and miR-633 expression was determined in
LUAD cell lines and HBE cell. The data showed that the
expression of miR-578 in LUAD cells was significantly
higher than that in normal cells, but miR-633 was not
significant (Figure 3(b)). In addition, upregulation of
miR-578 significantly promoted the proliferation and
invasion of LUAD cells, whereas inhibition of miR-578
inhibited the proliferation (Figure 3(c)) and invasion
(Figure 3(d)) of LUAD cells. Overexpressed miR-578
and hsa_circ_0008274 could promote LUAD cell pro-
gression (Figure 3(e)–(g)). Collectively, these results
demonstrated that miR-578 acted as a tumor active
miRNA in LUAD.

Additional Figure: The binding sites between miR-
578 and hsa_circ_0008274 were shown. The red
sequences represent its binding position. The down-
regulated hsa_circ_0008274 released miR-578, and
silences HMGA2 expression, which in turn affected the
proliferation and invasion of LUAD

F I G U R E 4 HMGA2 overexpression reversed hsa_circ_0008274 upregulated- or miR-578 mimics-mediated antitumor function.
(a) The binding sequences between miR-578 and HMGA2-30UTR were shown. The red sequences represent its mutant. (b),(c) The luciferase
activity of HMGA2-wt and HMGA2-mut in A549 and SPC-A-1 cells was detected by dual-luciferase reporter assay after transfection of miR-578
or miR-NC. (d) HMGA2 expression was determined by Western blot with or without miR-578 mimics. (e),(f ) Cell invasion was
evaluated by the Transwell invasion. (g) The HMGA2 protein expression was measured after overexpressed circRNA cotransfected with or
without miR-578 mimics. (h),(i) Cell invasion was evaluated by the Transwell invasion. (j) The schematic diagram revealed that the
downregulated hsa_circ_0008274 released miR-578 and silences HMGA2 expression, which, in turn, affected the proliferation and invasion
of LUAD
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HMGA2 expression was decreased by miR-578
in LUAD cells

To reveal the potential mechanism by which miR-578 regu-
lates the progression of LUAD cell lines, we tried to identify
the target gene of miR-578. HMGA2, as we predicted via
bioinformatic software, had been identified as an oncogene
in NSCLC13,14 and became our research target. The 30-UTR
of HMGA2 contains the possible binding site of miR-578,
and the HMGA2-mut vector is constructed for follow-up
experiments (Figure 4(a)). Luciferase reporter assay dis-
played that miR-578 mimics significantly decreased the
luciferase activity of wild-type HMGA2 but had no signifi-
cant effect on mutant HMGA2 (Figure 4(b),(c)).

HMGA2 was regulated by overexpressed
hsa_circ_0008274 or miR-578 mimics-mediated
antitumor effect

To determine that HMGA2 is the target gene of
hsa_circ_0008274/miR-578 axis, we carried out the rescue
experiment of HMGA2. We found that the expression of
HMGA2 decreased significantly in LUAD cells transfected with
miR-578 mimics (Figure 4(d)), and the invasive ability of
LUAD cells decreased when miR-578 and HMGA2 were trans-
fected into LUAD cells at the same time (Figure 4(e),(f)). As
expected, overexpressed of hsa_circ_0008274 markedly
enhanced the level of HMGA2 expression, but the expression
level of HMGA2 was reversed when hsa_circ_0008274 over-
expression and miR-578 mimics were transfected into LUAD
cells (Figure 4(g)). Similarly, overexpressed of HMGA2
remarkably reversed the hsa_circ_0008274 overexpression-
mediated inhibitory effect on LUAD cells (Figure 4(h),(i)).
Overall, the above data confirmed that HMGA2 was the bio-
logical target of hsa_circ_0008274-miR-578 axis in regulating
LUAD cells progression.

DISCUSSION

With the development of modern medical technology, the
diagnosis rate of early lung cancer is getting higher and
higher, especially LUAD, but it still needs to be screened by

early biomarkers.15 The high stability of circRNA in tissues
and plasma have attracted wide attention in recent years
and have been used as a biological target for early diagnosis
and treatment.16 However, there are still a large number of
exact roles of circRNA in LUAD that have not been discov-
ered. In-depth revelation of the biological mechanism of
circRNA is of great significance for the discovery of promis-
ing biomarkers in patients with LUAD. As previous studies
have confirmed, the expression of hsa_circ_0008274 in
LUAD shows a decreasing trend.17–19 Our study aimed to
discover that hsa_circ_0008274 expression is downregulated
in LUAD tissues, and cell lines compared with normal,
in vitro experiments show that overexpression of
hsa_circ_0008274 inhibits the proliferation and invasion
of LUAD. Hence, our findings confirmed an oncogenic
function of downregulated hsa_circ_0008274 in LUAD.

MiRNA sponging is also suitable for hsa_circ_0008274.7,12

In our research, we identified miR-578 as the miRNA target of
hsa_circ_0008274. It had been reported that miR-578 was a
cancer-related miRNA in hepatocellular carcinoma, breast can-
cer, and osteosarcoma.20–22 Our study reported that the expres-
sion of miR-578 is upregulated in LUAD cells, and the miR-
578 mimics promoted the proliferation and invasion of LUAD,
indicating that miR-578 played a role in promoting cancer in
LUAD. Interestingly, the overexpression of hsa_circ_0008274
can inhibit the proliferation and invasion of LUAD cells caused
by the miR-578 mimics. Therefore, our study confirmed that
miR-578 was the biological target of hsa_circ_0008274 in
LUAD. The low expression of hsa_circ_0008274 in LUAD
tumor tissue may be one of the reasons for the high expression
of miR-578, suggesting that hsa_circ_0008274-miR-578 axis
plays a crucial role in the progression of LUAD.

More and more evidence shows that HMGA2 plays a valu-
able role in tumor development.14,23–25 Silencing HMGA2 pro-
duced an effect on gastric cell proliferation and migration.26

These studies showed that the tumor-promoting effect of
HMGA2 has been widely reported. Additionally, the carcino-
genic effect of HMGA2 had also been confirmed in
NSCLC.27,28 However, there are still unsolved problems about
the imbalance of HMGA2 in LUAD. In our research, we iden-
tified HMGA2 as the hypothetical target gene of miR-578. Our
data showed that miR-578 negatively regulated the expression
of HMGA2 in LUAD cells. In addition, the expression of miR-
578 was increased in LUAD, and the inhibition of miR-578
played an antitumor function. It is worth noting that the miR-
578 mimics significantly reversed the tumorigenicity of LUAD
cells mediated by HMGA2, which confirmed that HMGA2 is
the functional target of miR-578 in LUAD.
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In summary, this study demonstrated that the over-
expression of hsa_circ_0008274 weakened the expression of
miR-578, which affected HMGA2, and, therefore, inhibited the
proliferation and invasion of LUAD (Figure 4(j)). These results
suggest that hsa_circ_0008274 played a significant role in the
progression of LUAD. Moreover, our research showed that
hsa_circ_0008274-miR-578-HMGA2 was a novel axis in
LUAD, which provided a new idea for understanding the
molecular pathogenesis and therapeutic targets of LUAD.
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