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Abstract.

BACKGROUND: Circular RNAs (circRNAs) are critical regulators of lung adenocarcinoma (LA) progression. Although a
molecular marker targeting hsa_circ_0000018 has been developed and used for diagnosing colon cancer, the role of this circRNA
in LA progression has not been explored till now.

OBJECTIVES: This study aimed to elucidate the role and regulatory mechanisms of hsa_circ_0000018 in LA progression.
METHODS: LA tissues and corresponding adjacent non-tumor tissues were collected from 36 patients to confirm the levels of
circRNAs, microRNAs (miRNAs), and messenger RNAs (mRNAs) using quantitative reverse transcriptase-polymerase chain
reaction (QRT-PCR). We also cultured two LA cell lines (A549, PC-9), and the human normal lung epithelial cell line BEAS-2B.
Cell function experiments were conducted to assess malignancy in LA cells, including proliferation, migration, and invasion,
following forced hsa_circ_0000018 expression. The correlation between hsa_circ_0000018, let-7f-5p, and family with sequence
similarity 96 member A (FAM96A) was confirmed by using starBase (miRNA-circRNA interaction database), luciferase assay,
and western blotting.

RESULTS: Expression of hsa_circ_0000018 and FAM96A was reduced, whereas that of let-7f-5p was upregulated in LA. Cell
function assays revealed that upregulation of hsa_circ_0000018 had a suppressive effect on the proliferation, migration, and
invasion of LA cells. Additionally, hsa_circ_0000018 sponge binds let-7f-5p, resulting in upregulation of FAM96A expression.
CONCLUSION: Our data reveal hsa_circ_0000018 as a tumor suppressor in LA that targets the let-7f-5p/FAM96A axis. Our
findings enrich the known regulatory network of circRNAs in LA.

Keywords: hsa_circ_0000018, lung adenocarcinoma, let-7f-5p, FAM96A, circRNAs

*Corresponding author: Wei He, Department of Oncology, Affili- No. 1, Benxi Street, Qingshan District, Wuhan, Hubei 430081, China.
ated Puren Hospital of Wuhan University of Science and Technology, Tel.: +86 15927365635; E-mail: WeiHe596@163.com.

ISSN 1574-0153 (© 2024 — The authors. Published by IOS Press. This is an Open Access article distributed under the terms of the Creative
Commons Attribution-NonCommercial License (CC BY-NC 4.0).


https://creativecommons.org/licenses/by-nc/4.0/

188 Q. Li et al. / hsa_circ_0000018 in lung adenocarcinoma

1. Introduction

Lung cancer is a highly prevalent form of cancer
worldwide and is further classified into small-cell and
non-small cell lung cancer (NSCLC) categories [1].
Lung adenocarcinoma (LA) is the most common sub-
type of lung cancer, accounting for 45% of all lung can-
cer cases globally [2]. With improvements in the diag-
nosis and treatment of LA, patients with LA have longer
survival times. However, the prognosis of LA patients
remains poor because most cases are diagnosed with
LA at late stage when cancer treatments are challenging
to deliver [3]. Therefore, it is necessary to identify the
critical regulators of LA progression.

Circular RNAs (circRNAs) are a type of non-coding
RNA with a covalently bonded closed loop structure
that lacks a 5’-cap and a 3’-polyadenylated tail [4].
The circRNA-microRNA (miRNA)- messenger RNA
(mRNA) regulatory network is known to play a role
in tumor progression, and circRNAs are implicated
in this process [5—7]. For example, hsa_circ_104348
is an oncogenic circRNA in hepatocellular carcinoma
that regulates the miR-184-3p/RTKN2 axis [7]. The
hsa_circ_101237-miR-490-3p-mitogen-activated pro-
tein kinase-1 (MAPK1) network participates in NSCLC
tumorigenesis by regulating cell malignancy [8]. Cir-
cRNAs circ_0029426 and circ_0007618 show po-
tential as biomarkers for the diagnosis and progno-
sis of LA [9]. In addition, the knockdown of hsa_
circ_0020850 represses LA development by regu-
lating miR-195-5p to enhance insulin receptor sub-
strate 2 (IRS2) expression [10]. Hsa_circ_0020850
suppresses LA progression by targeting the miR-
6783-3p/DKKI1 axis [11]. Hsa_circ_0000018 (alter-
native name: hsa_circRNA_00054), located on chrl:
15860731-15863309, is downregulated in colon cancer,
and a molecular marker targeting hsa_circ_0000018
has been developed for the diagnosis of colon can-
cer [12]. After detecting the hsa_circ_0000018 expres-
sion in lung adenocarcinoma, we found that it was also
downregulated in LA. However, a literature search re-
vealed that its function has not been explored in any
cancer. Therefore, we hypothesized that the abnormal
expression of hsa_circ_0000018 may play a key role in
LA and decided to explore its effect and mechanism of
action in this cancer.

MiRNAs are short non-coding RNAs that range from
19 to 23 nucleotides in length and can bind to the mR-
NAs of their target genes, thereby modulating their ex-
pression [13]. The miRNA let-7f-5p has been found to
act as an oncogenic agent in prostate cancer [14] and a

tumor suppressor in osteosarcoma [15]. In lung cancer,
let-7f-5p is upregulated in typical and atypical carci-
noid tumors; however, its function and mechanism in
LA have not been investigated [16]. Using the online
tool starBase (miRNA-circRNA interaction database),
we predicted that let-7f-5p binds to hsa_circ_0000018.
Therefore, we explored the expression of let-7f-5p and
its relationship with hsa_circ_0000018 expression in
LA.

Family with sequence similarity 96 member A
(FAMO96A) is a protein belonging to the cytosolic Fe/S
protein family and plays a crucial role in biological pro-
cesses. Previous studies have confirmed that FAM96A
suppresses tumor growth in both hepatocellular car-
cinoma [17] and gastrointestinal stromal tumors [18]
via a proapoptotic process. However, the function of
FAMO6A in LA has not been elucidated.

Based on these previous studies, we speculated that
hsa_circ_0000018, let-7f-5p, and FAM96A may be
critical regulators of LA. To confirm this hypothe-
sis, we performed a series of cell function experi-
ments to explore the regulatory networks involving
hsa_circ_0000018, let-7f-5p, and FAM96A. Our re-
search has the potential to enhance an understanding of
the complex regulatory mechanisms underlying LA and
could have implications for the development of more
effective diagnostic and therapeutic strategies.

2. Material and methods
2.1. Clinical tissues

Our study involved the collection of LA tissues and
corresponding adjacent non-tumor tissues from 36 pa-
tients who had been diagnosed with LA at Puren Hos-
pital in China between January 2021 and January 2022.
The Ethics Committee of Puren Hospital approved the
study protocol (Approval Number: prl12021019), and
all participants provided written informed consent. Pa-
tients who were diagnosed with LA and did not undergo
any treatment were included, whereas those with a his-
tory of LA or other diseases were excluded. Additional
information regarding the clinical characteristics of the
patients is provided in Supplementary Table 1.

2.2. Cell lines
The normal human lung epithelial cell line BEAS-2B

(Catalog number: CL-0496) LA cell lines A549 (Cata-
log number: CL-0016), and PC-9 (Catalog number: CL-
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0668) were purchased from Procell (China). BEAS-2B
cells were maintained in Dulbecco’s Modified Eagle
Medium (DMEM, ProCell), whereas A549 and PC-9
cells were maintained in Ham’s F-12K medium (Pro-
Cell) and RPMI-1640 medium (ProCell), respectively.
All cells were maintained in 10% fetal bovine serum
(FBS; Procell) in a cell culture incubator in an atmo-
sphere of 5% CO. and at 37°C.

2.3. Quantitative reverse transcriptase-polymerase
chain reaction (qRT-PCR)

The expression of hsa_circ_0000018, FAM96A, and
let-7f-5p in LA was confirmed using qRT-PCR. RNA
was extracted using RNAiso Plus (TAKARA, Japan)
and cDNA was synthesized using the SuperScript Re-
verse Transcriptase Kit (Vazyme, Nanjing, China). qRT-
PCR was conducted with the help of SYBR Premix
Ex Taq kit purchased from TAKARA (Japan) under
the following conditions: 95°C for 30 s, 40 cycles of
95°C for 5 s, and 60°C for 30 s. The expression of
hsa_circ_0000018, FAM96A, and let-7f-5p was calcu-
lated by using the 2~22C method as described previ-
ously (20) with GAPDH as an internal reference for
hsa_circ_0000018 and FAM96A, and U6 for let-7f-5p.
Primer sequences are listed in Supplementary Table 2.
The experiment was independently repeated thrice.

2.4. RNA enzyme digestion assay

RNA enzyme digestion assays are used to confirm the
closed-loop structure of RNA molecules because RNA
enzymes can digest linear RNA, not circRNAs. Briefly,
the RNA from A549 and PC-9 cells was incubated with
RNase R (Epicenter Technologies, USA) at 37°C for
30 min to assess the stability of hsa_circ_0000018 and
linear RNA DNAJCI16 [19]. After incubation, qRT-PCR
was performed to detect the levels of hsa_circ_0000018
and DNAJC16 in LA cells. The experiment was inde-
pendently repeated thrice.

2.5. Cell transfection

The hsa_circ_0000018 overexpression vector
(pcDNA 3.1-circ) was constructed by RiboBio (China)
using the pcDNA 3.1 circRNA Mini vector. The pcDNA
3.1 circRNA mini vector without the hsa_circ_0000018
overexpression sequences was used as a negative con-
trol. Let-7f-5p mimic, mimic-NC, siRNA targeting
FAM96A (5i-FAM96A), and si-NC (negative control
siRNA) were constructed by RiboBio. A549 and PC-9

cells at 60% confluence were transfected with pcDNA
3.1-circ, pcDNA 3.1, let-7f-5p mimic, mimic-NC, si-
FAM96A, or si-NC using Lipo6000 (Beyotime, China)
and incubated for 48 h. The transfection efficiency was
determined by qRT-PCR. The experiment was indepen-
dently repeated thrice.

2.6. Cell proliferation assay

Cell proliferation was assessed using the Cell Count-
ing Kit-8 (CCKS) assay. In a 96-well plate, 2 x 103
cells were seeded and after transfection for 0, 24, 48,
and 72 hours, CCK-8 solution (10 uL/well, Beyotime,
China) was added and cells were incubated for another
2 h. The optical density of the cells at 450 nm was mea-
sured using a microplate reader, and cell proliferation
was determined by plotting a growth curve [20]. The
experiment was independently repeated thrice.

2.7. Transwell assay to assess cell migration and
invasion

A transwell assay was performed to evaluate the mi-
gratory and invasive capabilities of LA cells as de-
scribed previously [10]. Transfected LA cells (1 x 10°
cells/mL) in a serum-free medium were added to the
upper chamber. In contrast, the medium supplemented
with 10% FBS was added to the bottom chamber. After
24 h of incubation, the migrated cells present on the
lower surface of the membrane were fixed, stained, and
observed under a light microscope. For the invasion
assay, Matrigel (BD Biosciences, USA) was added to
the transwell plate before adding the transfected cells.
All the other procedures were identical to those used for
the migration assay. The experiment was independently
repeated thrice.

2.8. Luciferase assay

The binding sites for hsa_circ_0000018, let-7f-5p,
and FAM96A were predicted using StarBase database
(https://starbase.sysu.edu.cn/index.php). Based on these
predictions, wild-type (WT) vectors of hsa_circ_
0000018 and FAMO96A carrying binding sites for let-
7f-5p were constructed using psiCHECK-2 vectors
from RiboBio (China). The mutant (MUT) vectors for
hsa_circ_0000018 and FAMO96A that lacked the binding
sites for let-7f-5p were constructed with psiCHECK-
2 vectors by RiboBio. The WT or MUT vectors were
transfected into LA cells along with the let-7f-5p mimic
or mimic-NC using Lipo6000 (Beyotime, China). Lu-
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ciferase activity was verified using the Dual-Luciferase
Reporter Assay System (Beyotime) after a 48-hour
transfection period as described previously [10]. The
experiment was independently repeated thrice.

2.9. Western blotting

The RIPA buffer (Beyotime, China) was used to ex-
tract proteins from LA cells that were quantified us-
ing a bicinchoninic acid protein assay kit (Beyotime).
Next, 20 pg of protein per well was separated on a
12% sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis and was transferred to polyvinylidene di-
fluoride membranes. Following the blocking of mem-
branes with 5% fat-free milk for 3 h, primary antibod-
ies, including anti-FAM96A (Catalog number: PA5-
66628, Thermo Fisher, USA) or anti-GAPDH (Catalog
number: sc-47724, Santa Cruz, USA) antibodies, were
added and the membranes were incubated for 12 h at
4°C. The membranes were then incubated with cor-
responding fluorescent anti-rabbit or anti-mouse sec-
ondary antibodies (LI-COR Biosciences, Germany) for
2 h at room temperature. Finally, Odyssey 3.2 (LI-
COR Biosciences) fluorescence imager was used to ac-
quire images of the western blots as described previ-
ously [21]. The experiment was independently repeated
thrice.

2.10. Statistical methods

Statistical analysis was conducted by using Graph-
Pad Prism 7.0 software and data are shown as mean
=+ SD of all experiments (in triplicate). A paired ¢-test
was performed to calculate the differences between
the two groups, and an analysis of variance followed
by Dunnett’s or Tukey’s multiple comparison test was
conducted to calculate the differences between the two
groups. Statistical significance was set at P < 0.05.

3. Results

3.1. Downregulation of hsa_circ_0000018 in LA
tissues and cells

The initial approach used to investigate the role
of hsa_circ_0000018 in LA was to assess its ex-
pression using qRT-PCR. The results showed that
hsa_circ_0000018 expression was reduced by 50% in
LA tissues compared to that in adjacent normal tis-
sues (Fig. 1A) and in LA cells (A549 and PC-9) com-

pared to that in BEAS-2B cells (Fig. 1B). A review of
the structure of hsa_circ_0000018 (Fig. 1C) showed
that its length was 407 nt, and that DNAJC16 was a
linear gene of hsa_circ_0000018. In addition, RNase
R digestion reduced DNAJCI16 levels to a greater ex-
tent than hsa_circ_0000018 digestion, proving that
hsa_circ_0000018 had a stable closed-loop structure
(Fig. 1D). These data proved that hsa_circ_0000018,
with a stable closed-loop structure, was downregulated
in LA.

3.2. hsa_circ_0000018 overexpression inhibits LA
progression in vitro

After constructing the hsa_circ_0000018 overex-
pression vectors using pcDNA 3.1, we found that
pcDNA 3.1-circ upregulated hsa_circ_0000018 expres-
sion in both A549 and PC-9 cells (Fig. 2A). A se-
ries of cell experiments were conducted to demonstrate
alterations in LA cell function after overexpression
of hsa_circ_0000018. The CCKS8 assay showed that
hsa_circ_0000018 overexpression attenuated the pro-
liferation of A549 and PC-9 cells (Fig. 2B). In addi-
tion, LA cells transfected with pcDNA 3.1-circ showed
impaired migration and invasion abilities, as demon-
strated by the transwell assay results (Fig. 2C and
D). The results of in vitro experiments suggested that
hsa_circ_0000018 was an oncogenic circRNA in LA
cells.

3.3. hsa_circ_0000018 targets let-7f-5p/FAM96A axis
in LA

Prediction analysis using starBase revealed the pres-
ence of binding sites between let-7f-5p and hsa_circ_
0000018 (Fig. 3A). We constructed hsa_circ_0000018-
WT and hsa_circ_0000018-MUT vectors with and
without binding sites, respectively, to perform a lu-
ciferase assay. In the hsa_circ_0000018-WT group, the
let-7f-5p mimic reduced luciferase activity, whereas
no such effect was observed in the hsa_circ_000001 8-
MUT group (Fig. 3B). Similarly, starBase predicted the
presence of binding sites between FAM96A and let-7f-
5p (Fig. 3C), and luciferase activity was reduced only
in the FAM96A-WT+let-7f-5p mimic group (Fig. 3D).
qRT-PCR confirmed the upregulation of let-7f-5p and
the downregulation of FAM96A in LA tissues (Fig. 3E).
Moreover, let-7f-5p expression was found to have a
negative correlation with both hsa_circ_0000018 and
FAMO6A expression in LA tissues, while a positive cor-
relation was observed between hsa_circ_0000018 and
FAMO96A expression (Fig. 3F). These data confirmed
that hsa_circ_0000018 targets let-7f-5p to positively
regulate FAM96A expression in LA cells.
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Fig. 1. The downregulation of hsa_circ_0000018 in LA. (A) qRT-PCR was used to analyze hsa_circ_0000018 expression in LA tissues and
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Fig. 2. Hsa_circ_0000018 overexpression inhibits LA progression in vitro. (A) The transfection efficiency of pcDNA 3.1-circ was verified in LA
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3.4. FAM96A knockdown reverses the effect of
hsa_circ_0000018 overexpression on LA cells

Following transfection of pcDNA 3.1-circ and si-
FAMO96A into LA cells, western blotting confirmed that
pcDNA 3.1-circ enhanced the level of FAM96A protein
by > 2.5-fold, whereas si-FAMO96A relieved the effect
of pcDNA 3.1-circ in LA cells (Fig. 4A). The results of

the CCKS assay indicated that the suppression of cell
proliferation caused by pcDNA 3.1-circ was partially
restored by FAM96A knockdown (Fig. 4B). The de-
crease in cell migration and invasion caused by pcDNA
3.1-circ was partially reversed by si-FAM96A (Fig. 4C
and D). These results indicate that FAM96A knock-
down could relieve the effect of hsa_circ_0000018 on
LA cells because of their regulatory relationship.
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4. Discussion

According to a previous report, LA accounted for
approximately 40% of all lung cancer cases diag-
nosed in 2019 worldwide [22]. Several studies have
shown that circRNAs are critical regulators of tumori-
genesis and LA progression. Zhou et al. observed
that circRNA-ENOI1 upregulates enolase 1 (a gly-
colytic enzyme) and accelerates LA progression by
regulating glycolysis, cell proliferation, and epithelial-
mesenchymal transition. In contrast to circRNA-ENOI,
circDCUN1D4 suppresses tumor metastasis in LA by
forming an RNA-protein ternary complex with HuR
and TXNIP [23]. Hsa_circ_0000018, also known as

hsa_circRNA_000541, is downregulated in colon can-
cer, and a molecular marker targeting hsa_circ_0000018
has been developed for the diagnosis of colon can-
cer [12]. Whether hsa_circ_0000018 promotes or in-
hibits tumorigenicity in LA has not yet been in-
vestigated. Here, we show for the first time that
hsa_circ_0000018 is downregulated in LA and that its
overexpression can effectively reduce the proliferation,
migration, and invasion of LA cells. The findings of
this study on the function of hsa_circ_0000018 in LA
are consistent with those of a previous study on its
function in colon cancer, suggesting that a molecular
marker targeting hsa_circ_0000018 may also be de-
veloped for the diagnosis of LA. Additionally, many
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studies have shown that circRNAs can sponge the
miRNA-mRNA axis, thereby participating in LA pro-
gression [10,24,25]. For example, hsa_circMMD_007
promotes LA progression by acting as an endogenous
sponge for miR-197-3p [26]. In this study, we observed
that hsa_circ_0000018 hindered cell malignancy in LA
by acting as a sponge for let-7f-5p.

The miRNA let-7f-5p has been implicated in distinct
roles in a variety of cancers. For example, let-7f-5p is an
oncogenic miRNA in prostate cancer, yet functions as a
tumor suppressor in osteosarcoma [15]. Di Fazio et al.
analyzed let-7f-5p expression in both typical and atypi-
cal carcinoid tumors in lung cancer, confirming that let-
7f-5p was upregulated in most tumor samples compared
to normal lung tissues. However, the specific functions
and mechanisms of action of let-7f-5p in LA have not
been explored. The results of this study are consistent
with the findings reported by Di Fazio et al., indicating
an upregulation of let-7f-5p in LA samples. This study
also showed that FAM96A is a target gene of let-7f-5p
in LA cells, and that let-7f-5p expression was negatively
correlated with both hsa_circ_0000018 and FAM96A
in LA samples. Therefore, we hypothesized that let-
7f-5p acts as a bridge connecting hsa_circ_0000018
and FAM96A in LA, thereby regulating FAM96A ex-
pression. Western blotting confirmed this hypothesis
by showing that hsa_circ_0000018 overexpression en-
hanced FAM96A protein expression.

FAMO6A, a cytosolic Fe/S protein, is a pro-apoptotic
protein [27]. Evidence supports FAM96A as a tumor
suppressor in gastrointestinal stromal tumors, showing
that FAM96A re-expressed in gastrointestinal stromal
tumors induces cell apoptosis and diminishes tumori-
genicity [18]. FAM96A inhibits tumor growth in nude
mice, thereby playing an anti-cancer role in hepato-
cellular carcinoma [17]. Although there have been no
studies on the function of FAM96A in LA, we speculate
that FAM96A may play an anticancer role in LA, based
on a previous study. In our study, we demonstrated
that FAM96A is downstream of hsa_circ_0000018 and
that its expression can be enhanced by upregulating
hsa_circ_0000018. Cell function experiments showed
that FAM96A knockdown partially relieved the nega-
tive effects of hsa_circ_0000018 overexpression in LA
cells.

Although our study elucidated the effect and under-
lying mechanism of hsa_circ_0000018 on LA cells,
further investigation is required to determine whether
hsa_circ_0000018 modulates LA progression in vivo.
The clinical role of hsa_circ_0000018 in LA, such as in
prognosis and drug treatment, warrants further investi-
gation.

5. Conclusion

Our study revealed the role of hsa_circ_0000018 in
LA and showed that hsa_circ_0000018 hindered LA
progression in vitro by targeting the let-7f-Sp/FAM96A
axis. Our findings enrich the known regulatory network
of circRNAs in LA and may aid in its diagnosis and
treatment.
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