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Original Article

Circ-ZKSCAN1 regulates FAM83A expression and inactivates 
MAPK signaling by targeting miR-330-5p to promote non-small 
cell lung cancer progression
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Background: Circular RNAs (circRNAs) belong to a new type of endogenous non-coding RNA and plays 
a key role in carcinogenesis. Circ-ZKSCAN1 (hsa_circ_0001727) has been proven to be a tumor-dependent 
circRNA. However, its role in non-small cell lung cancer (NSCLC) has been underreported.
Methods: The expression patterns of circ-ZKSCAN1 were determined using qRT-PCR in NSCLC 
samples and cell lines. Cell proliferation was examined utilizing the CCK-8 assay. Cell migration and 
invasion were evaluated using the Transwell assay. The combination of circ-ZKSCAN1 and miR-330-5p 
in NSCLC cells was analyzed by RNA pull-down and luciferase reporter assay. We used the bioinformatics 
software circbank, CircInteractome, TargetScan and Miranda to predict circRNA-miRNA and miRNA-
mRNA interactions.
Results: Our results showed that circ-ZKSCAN1 was significantly up-regulated in NSCLC, closely 
related to malignant characteristics and poor prognosis, and clinically related to tumor size and clinical stage. 
Subsequent experiments showed that circ-ZKSCAN1 could inhibit the growth of NSCLC cells in vitro 
and in vivo. Importantly, circ-ZKSCAN1 can act as a sponge of carcinogenic miR-330-5p to increase the 
expression of FAM83A, resulting in the inhibition of MAPK signal transduction pathway, thus promoting 
the progress of NSCLC. Interestingly, the increase in FAM83A expression caused by circ-ZKSCAN1 
overexpression could in turn promote the expression of circ-ZKSCAN1.
Conclusions: Circ-ZKSCAN1 is a key positive regulator of NSCLC, and clarifies the potential molecular 
mechanism of the new circ-ZKSCAN1/miR-330-5p/FAM83A feedback loop in promoting the progress of 
NSCLC.
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Introduction

Lung cancer is one of the most common malignant tumors 
and the main killer of cancer-related mortality in the  
world (1). Non-small cell lung cancer (NSCLC) is the most 
common histopathological subtype of lung cancer (about 
80% of cases) (2). Although great progress has been made 
in the treatment of NSCLC including surgical resection, 
chemotherapy, and radiotherapy, the overall 5-year survival 
rate of NSCLC patients is low due to the lack of early 
diagnosis, and the frequency of metastasis and recurrence. 
Therefore, it is necessary to have a more comprehensive 
understanding of the molecular mechanism of NSCLC 
development in order to find reliable and effective 
therapeutic targets and early biomarkers.

Zinc f inger  with KRAB and SCAN domains  1 
(ZKSCAN1), also known as ZNF139, belongs to the 
Kruppel C2H2-type zinc-finger family of proteins which 
contributes to many distinct cellular processes, including 
proliferation, differentiation, and apoptosis, in addition 
to the development and homeostasis of several types of 
tissue; it is also involved in forming stable and abundant 
circular RNAs (circRNAs) in cancer (3-5). ZKSCAN1 
is a carcinogenic driver of hepatocellular carcinoma, 
its activation and overexpression is associated with the 
occurrence, development, and invasion of hepatocellular 
carcinoma (4). ZKSCAN1 can significantly increase drug 
resistance in gastric cancer (6).

CircRNA, a newly discovered type of non-coding RNA, is 
widely expressed in cells, and has gene regulation effects (7). 
It is acknowledged that circRNA has no 5' to 3' polarity or 
polyadenylated tail, and has a covalently closed loop structure; 
these features make circRNA very stable and highly resistant 
to RNA enzyme activity (7,8). There is growing evidence that 
circRNA acts in a variety of biological functions, including 
“miRNA sponge”, regulation of transcription, binding 
protein, and translation (9). Most circRNA molecular 
mechanisms can be classified under “miRNA sponge”. Most 
notably, Hansen et al. reported that circRNA CDR1as, also 
known as ciRS-7, has more than 70 conservative binding sites 
for miR-7 (10). Extensive subsequent research has confirmed 
the view that circRNA can be used as a sponge for miRNA 
to regulate gene expression, especially in cancer (11). For 
example, circ-AGFG1 promotes triple-negative breast cancer 
progression by regulating CCNE1 expression through 
sponge miR-195-5p (12). In hepatocellular carcinoma, 
has_circ_0078710 acts as a miR-31 sponge to promote cell 

proliferation, migration, invasion, and tumor growth (13). 
Circ-HIPK3 plays a carcinogenic role in lung cancer through 
direct interaction with miR-124 (14).

Circ-ZKSCAN1 (hsa_circ_0001727), a circRNA derived 
from the second and third exons of the ZKSCAN1 gene 
(full length is 668bp), was thought to be associated with 
the progress of some cancers, including brain (15) and 
hepatocellular carcinoma (4,16). However, its regulatory 
effect in NSCLC is unknown. In this study, we aimed to 
explore the clinical significance of circ-ZKSCAN1 and its 
molecular regulatory mechanism in NSCLC.

Methods

Tissue samples

We collected specimens of tumor tissues and matched 
adjacent normal tissues from 107 NSCLC patients who 
completed surgical operation from May 2014 to April 
2015. The samples were retrospectively obtained from 
the sample bank of the Department of Thoracic Surgery, 
Affiliated Hospital of Qingdao University. Immediately 
after operation, the tissue samples were frozen in a −80 ℃ 
refrigerator until they were used. The patients were not 
treated with radio- or chemical therapy. The medical ethics 
for this research were approved by the Ethic Committee 
of the Affiliated Hospital of Qingdao University (No. 
QYFYKY 2018-10-11-2).

Predicting the target miRNA and mRNA of circ-
ZKSCAN1

In order to use bioinformatics analysis to predict the 
miRNA-binding sites of circ-ZKSCAN1, we used different 
data analysis tools, including circbank (http://www.circbank.
cn/) and CircInteractome (https://circinteractome.nia.
nih.gov/). Next, we chose 4 potential miRNAs. To further 
reduce the objective range, we identified the miRNA 
expression level in both NSCLC tissues and matched 
paired-adjacent normal tissues with quantitative real-time 
PCR (qRT-PCR) and discovered that only miR-330-5p 
showed significantly higher expression (P<0.05). Therefore, 
we focused on miR-330-5p in this study.

To predict the target of miR-330-5p, we found a possible 
association between miR-330-5p and FAM83A by using 
TargetScan (http://www.targetscan.org/vert_72/) and 
Miranda (http://www.microrna.org/).

http://www.circbank.cn/
http://www.circbank.cn/
https://circinteractome.nia.nih.gov/
https://circinteractome.nia.nih.gov/
http://www.targetscan.org/vert_72/
http://www.microrna.org/
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Cell culture and transfection

According to the instructions of the manufacturer, all 
NSCLC cell lines, including A549, H1299, H460, H1650, 
NCI-2228, and human bronchial epithelial cells (HBE) 
were grown in RPMI1640 or DMEM complete medium 
supplemented with 10% fetal bovine serum (FBS). 
Cells usually grow in incubators at 37 ℃ and under an 
atmosphere containing 5% CO2. The circ-ZKSCAN1 and 
FAM83A PUC57 expression vectors (BGI, Beijing, China), 
miR-330-5p mimics, and FAM83A small interference RNA 
(Gene Pharmacy, Shanghai, China) were each transfected 
into A549 and H1299 cells with Polyplus-transfection® 
(Illkirch, France) alone or jointly.

RNA extraction and qRT-PCR

According to the manufacturer’s protocol, TRIzol reagent 
(Invitrogen, CA, USA) was used to extract total RNA from 
human frozen tissues and cultured cells. The concentration 
and purity of RNA samples were evaluated with Nanodrop 
2000 spectrophotometer (Thermo Fisher Scientific, Inc.) 
and cDNA was produced by commercial cDNA synthesis 
kit (Takara, Dalian, China). QRT-PCR for circRNA, 
miRNA, and mRNA were performed by SYBR Green PCR 
Kit (Takara, Dalian, China) and using the primers (Tsingke, 
Qingdao, China) that are listed in Table S1. GAPDH and 
U6 were used as internal controls, and all procedures were 
repeated 3 times. The relative expression of circRNA, 
miRNA, and mRNA were compared with internal controls 
and analyzed by the 2-ΔΔCt method.

Cell proliferation and colony formation assays

For the determination of cell proliferation, the transfected 
cells were inoculated into 96-well plate at a density of 
1×104 cells per well. After incubation for 0, 24, 48, and  
72 hours, 10 μL Cell Counting Kit-8 (CCK-8) (Beyotime, 
Shanghai, China) solution was seeded to each well, and 96-
well plates were cultured in the medium in the dark for 4 h 
at 37 ℃. The optical density of each hole was measured by 
microporous plate spectrophotometer obtained from BioTek 
Instruments, Inc. (Winooski, VT, USA) under 450 nm. For 
the determination of colony formation, 0.5×103 cells were 
inoculated into the 6-well plates. After culturing for 14 days, 
the cells were washed with PBS 3 times, fixed with absolute 
methanol, and stained with 0.1% crystalline purple. The cell 

colonies were subsequently photographed and counted.

Wound healing assay

After the treatment, cells were inoculated into 6-well plates 
until they were reconnected and achieved 80% subconfluence. 
The single-cell layer was scraped with the tip of a 10 μL 
pipette, washed by PBS to remove the cell fragments, and fresh 
medium was then added. The wound healed for 48 h. Images 
were obtained at 0 and 48 h at the same wound location, and 
ImageJ software calculated the wound width.

Migration assays

The migration ability of cells was measured by Transwell 
chambers (SproutStrong Biotech, Beijing, China) with 
polycarbonate filter and 8 μm aperture. Briefly, the medium 
(containing 10% FBS) was added to the lower chamber as 
a chemical attractant. About 5×104 of transfected cells were 
incubated with 200 μL serum-free medium in the upper 
chamber, and then incubated with 5% CO2 at 37 ℃. After 
24 h, the cells were fixed with 70% ethanol and stained with 
0.1% crystal violet, and the migrated cells were photographed 
by a microscope (Nikon Ti-s, Shanghai, China).

Cell apoptosis assays

According to the manufacturer’s instructions, apoptosis rates of 
A549 and H1299 were measured using the Annexin V-FITC 
Apoptosis Kit (JiaMay Biotech, Beijing, China). The cold 1× 
PBS was used to briefly wash transfected cells which were 
then suspended in Annexin V binding buffer. The cells were 
collected and resuspended in the mixture of annexin V-FITC 
and PI in a dark at room temperature for 15 minutes. Finally, 
the apoptosis rate was detected by flow cytometer.

Western blot (WB) analysis

The total proteins in transfected A549 and H1299 cells 
were isolated by AmyJet cell protein extraction kit (Wuhan, 
Hubei, China), separated on 10% SDS-PAGE gel, and 
transferred to PVDF membrane. The membrane with 5% 
skim milk was blocked at room temperature for 1 h, and 
then immunoblotted overnight at 4 ℃ with the following 
antibodies: anti-FAM83A (Abcam, Shanghai, China), anti-
JNK, p38, and ERK (Abcam, Shanghai, China), and β-actin 
(Abcam, Shanghai, China). The membranes were then 
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incubated with second antibodies and visualized.

Luciferase reporter assay

The full-length sequences of circ-ZKSCAN1 and FAM83A 3'-
UTR with or without mutant miR-330-5p binding sites were 
cloned downstream of the Renilla luciferase gene in the dual 
plasmid psiCHECK2 vector to construct the psiCHECK2-
circZKSCAN1 vector or psiCHECK2-FAM83A-3'-UTR 
vector, respectively (Promega). Subsequently, 10 pmol 
miR-330-5p or control mimics were co-transfected with 
the luciferase vector into A549 and H1299 cells by 40 ng 
Lipofectamine® 3000 (Invitrogen). After transfection for 48 h, 
luciferase activity was examined by luciferase report analysis 
kit (Promega, Beijing, China). All experiments were conducted  
3 times to ensure the reliability of the data.

Xenografts in mice

About 1×106 of A549 cells were injected subcutaneously 
into the lower part of the left armpit of BALB/C male 
nude mice purchased from Qingdao University Laboratory 
Animal Center (age, about 4 weeks; weight, 18 to 22 g; 5 
mice per group). The tumor volume was measured every 
4 days, and the weight was calculated until the mice were 
sacrificed.

Immunohistochemistry (IHC)

Fresh tumor tissues from nude mice were fixed with 4% 
paraformaldehyde for 24 h, and the ethanol solution 
was dehydrated and embedded in paraffin. The paraffin-
embedded tissue was cut at a thickness of 4 μm slides and 
immunohistochemical staining was performed according 
to the procedure described earlier (4). The sections were 
incubated with the anti-FAM83A antibody to measure 
the expression of FAM83A. The image was captured at 
an appropriate magnification in the microscope (Nikon 
Microsystems, Shanghai, China).

Data analysis

Data were analyzed by SPSS software (Version 22.0) and 
GraphPad Prism software (Version 7.0), with P<0.05 
considered to be statistically significant. All continuous 
data are shown as mean ± standard deviation (SD). Chi-
square test was performed to evaluate the difference of 
classification variables.

Results

Increased circ-ZKSCAN1 expression was observed in 
NSCLC cells and tissues

Previous studies have demonstrated the specificity and the 
site of cyclization of circ-ZKSCAN1 (4). Circ-ZKSCAN1 
was significantly increased in NSCLC cell lines (A549, 
H1299, H460, H1650, NCI-2228) compared with normal 
HBE cells (Figure 1A). Similarly, as exhibited in Figure 1B, 
the expression of circ-ZKSCAN1 was higher in NSCLC 
tissues than that in adjacent normal tissues (P<0.001). 
Interestingly, increased expression of circ-ZKSCAN1 was 
found to be associated with advanced clinical stages of 
NSCLC in patients (P<0.001) (Figure 1C). In addition, we 
further evaluated the relationship between circ-ZKSCAN1 
expression and prognosis in patients with NSCLC. 
Kaplan-Meier analysis showed that the overall time of 
NSCLC patients with high circ-ZKSCAN1 expression was 
significantly shorter than that of patients with high circ-
ZKSCAN1 expression (Figure 1D). In conclusion, these 
results suggest that the imbalance of circ-ZKSCAN1 may 
be closely related to the progress of NSCLC.

Abnormally expressed circ-ZKSCAN1 promoted the 
growth of NSCLC cells both in vitro and in vivo

Subsequently, we evaluated the cellular function of circ-
ZKSCAN1 in NSCLC, and selected the two NSCLC 
cell lines (A549 and H1299) with the highest expression 
of circ-ZKSCAN1 to inhibit circ-ZKSCAN1 (Figure 2A). 
The siRNA suppression efficiency is shown in Figure S1A. 
The CCK-8 assay showed that the proliferation rate of 
A549 and H1299 cells knocking down circ-ZKSCAN1 was 
slower than that of the normal cells (Figure 2B). Similarly, 
there were fewer clones formed in the circ-ZKSCAN1 
knockdown of A549 and H1299 cells (Figure 2C,D,E). 
Functionally, transwell migration assays demonstrated 
that circ-ZKSCAN1 depletion led to decreased cell 
proliferation and migration, while overexpression of circ-
ZKSCAN1 promoted cell proliferation and migration in 
A549 and H1299 cells (Figure 2F,G,H). Consistently, the 
cells with circ-ZKSCAN1 inhibition also displayed defects 
in wound healing compared to the controls (Figure 2I,J,K). 
Additionally, we also stably transferred circ-ZKSCAN1 into 
normal human lung epithelial cells to verify the effect of 
this circRNA on normal cells (Figure S1B,C,D,E,F), but this 
revealed no obvious difference.

Due to the inhibition of proliferation of NSCLC cells 
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Figure 1 Circ-ZKSCAN1 is highly up-expressed in NSCLC tissues and cells. (A) Relative circ-ZKSCAN1 expression in NSCLC tumor 
tissues compared with adjacent normal tissues (n=107) by qRT-PCR analysis. (B) Relative circ-ZKSCAN1 expression in NSCLC cell lines. (C) 
Relative circ-ZKSCAN1 expression in different clinical stages (I vs. II). (D) The overall survival (OS) probability of NSCLC patients with 
low- and high-circ-ZKSCAN1 expression. (**P<0.01, ***P<0.001). NSCLC, non-small cell lung cancer.

after knockdown of circ-ZKSCAN1, we speculated that this 
process may be involved in apoptosis, which was analyzed 
and verified by flow cytometry. The results showed that 
the circ-ZKSCAN1 depletion significantly promoted the 
apoptosis of NSCLC cells (Figure 2L,M,N).

In conclusion, as shown in Table 1, we analyzed the 
relationship between the expression of circ-ZKSCAN1 and 
clinicopathological factors in 107 patients with NSCLC. 
We discovered that the expression of circ-ZKSCAN1 was 
positively correlated with clinical stage (P=0.043) and tumor 
size (P=0.017), but not with age, sex, and smoking.

Circ-ZKSCAN1 promoted tumor growth in vitro

In order to verify whether circ-ZKSCAN1 also plays a 
role in vivo, we used subcutaneous injection of stable 
overexpressed-circ-ZKSCAN1 A549 cells into nude mice 
to establish a xenograft tumor model. Four weeks later, the 
nude mice were killed, and the tumor was carefully taken 
out (Figure 3A,B). The results confirmed the increasing 
circ-ZKSCAN1 results in bigger tumor weight and 
volume (Figure 3C,D), and improving efficiency of circ-
ZKSCAN1 in vivo through qRT-PCR (Figure 3E). The 

circ-ZKSCAN1 expression was up-regulated in the OE-
CIRC-ZKSCAN1 group as indicated by IHC staining. Ki-
67 showed an increased amount of Ki-67-positive cells in 
the circ-ZKSCAN1-overexpressing group compared with 
the control group (Figure 3F,G).

Circ-ZKSCAN1 acted as a sponge of miR-330-5p in 
NSCLC

By searching online databases CircInteractome and 
circBank, we examined 4 miRNAs—miR-767-5p, miR-
1184, miR-330-5p and miR-635—that are hypothesized to 
bind to circ-ZKSCAN1 and whose function and expression 
have been related to NSCLC (Figure S2A). As shown in 
Figure 4A,B, the qRT-PCR results demonstrated that knock 
down of circ-ZKSCAN1 increased miR-767-5p, miR-
330-5p, and miR-635 expression in A549 cells, and up-
regulated miR-1184 and miR-330-5p expression in H1299 
cells. Because miR-330-5p showed common expression 
changes, we selected it for the next verification. Inhibiting 
miR-330-5p in A549 and H1299 cells significantly 
increased luciferase activity of the wild type circ-ZKSCAN1 
luciferase carrier but did not increase luciferase activity 
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Figure 2 Circ-ZKSCAN1 inhibition retards NSCLC cells’ biological process. (A) Relative circ-ZKSCAN1 expression in A549 and H1299 
cells after transfection with si-circ-ZKSCAN1 or control. CCK-8 assays (B) and colony formation assays (C,D,E) in A549 and H1299 cells 
treated with or without circ-ZKSCAN1 inhibition. (F,G,H) A549 and H1299 cells in transwell chambers were applied to cell migration 
assays (100×). (I,J,K) Cells treated with si-NC or si-circ-ZKSCAN1 to conduct wound healing assays. (L,M,N) Flow cytometry to determine 
cell apoptosis of A549 and H1299 after si-circ-ZKSCAN1 or si-NC. (**P<0.01, ***P<0.001). NSCLC, non-small cell lung cancer.
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of the mutant one (Figures 4C,D,S2B). RNA pull-down 
assay demonstrated that circ-ZKSCAN1 probe enriched 
miR-330-5p and not miR-767-5p, miR-1184, and miR-
635 in A549 and H1299 cells (Figure 4E,F). In addition, 
knock down the expression of circ-ZKSCAN1 significantly 
increased the expression of miR-330-5p with this result 
being confirmed in the xenograft model (Figure 4G,H).  
Additionally,  we confirmed that miR-330-5p was 
significantly increased in NSCLC cells and tissues  
(Figure 4I,J), and the total survival time of NSCLC patients 
with low miR-330-5p expression was shorter than that of 

patients with high miR-330-5p expression (Figure 4K) (data 
from Kaplan-Meier plotter). More interestingly, evidence 
indicated that circ-ZKSCAN1 expression was negatively 
correlated with miR-330-5p expression in 107 NSCLC 
tissues (r=−0.3484, P=0.0008 ) (Figure 4L). In general, the 
above data mean that miR-330-5p is a critical downstream 
target for circ-ZKSCAN1 in NSCLC.

Circ-ZKSCAN1 up-regulated FAM83A expression by 
sponging miR-330-5p in NSCLC

We identified FAM83A to be a potential target gene of 
miR-330-5p through using the TargetScan database. As 
shown in Figure 5A, luciferase reporter assay revealed that 
miR-330-5p mimics could decrease the luciferase activity of 
the wild-type FAM83A 3'-UTR luciferase vector but had no 
impact at the mutant one (Figure 5B). FAM83A was down-
expressed after A549 and H1299 cells were transfected 
with miR-330-5p mimics. Also, FAM83A was significantly 
increased in NSCLC tissues (Figure 5C,D), and its elevation 
was closely related to worse prognosis as confirmed 
by data from the Kaplan-Meier plotter (Figure 5E).  
It is worth noting that miR-330-5p-induced down-
regulation of FAM83A was rescued by the overexpression of 
circ-ZKSCAN1 (Figure 5F), and the anomalous expression 
of circ-ZKSCAN1 increased the expression of FAM83A 
in the xenograft model (Figure 5G). Commonly, the high 
expression of FAM83A was detected in NSCLC patients 
with a high expression of circ-ZKSCAN1 (r=0.4501, 
P<0.001) (Figure 5H,I). In addition, the overexpression of 
circZKSCAN1 or FAM83A can counteract the increased 
proliferation induced by miR-330-5p mimics (Figure 5J). 
Interestingly, we discovered that circ-ZKSCAN1 expression 
could also be controlled by FAM83A. The overexpression 
of FAM83A significantly increased the expression of circ-
ZKSCAN1 and decreased the expression of miR-330-5p 
in A549 and H1299 cells (Figure 5K). In summary, these 
findings suggest that circ-ZKSCAN1, miR-330-5p, and 
FAM83A form a feedback loop in NSCLC.

The regulatory circuit of circ-ZKSCAN1/miR-330-
5p/FAM83A functioned via the inactivation of MAPK 
signaling pathway

It has been reported that FAM83A plays its role by 
inhibiting MAPK signaling pathway (17). Therefore, we 
speculated that circ-ZKSCAN1 can change the MAPK 
signaling pathway by regulating the expression of FAM83A. 

Table 1 The relationship between the expression of circ-
ZKSCAN1 and various clinicopathological variables

Characteristics Total
circ-ZKSCAN1 expression

P value
Low High

Total 107 37 70

Age (years) 0.360

<60 63 24 39

≥60 44 13 31

Sex 0.514

Male 59 22 37

Female 48 15 33

Clinical stage 0.043*

I 55 24 31

II 52 13 39

Tumor size (cm) 0.017*

<1 44 21 23

≥1 63 16 47

Smoking 0.326

Yes 48 19 29

No 59 18 41

Differentiation 0.893

High 36 13 23

Moderately 48 17 31

Poorly 23 7 16

Lymph node metastasis 0.193

Yes 32 14 18

No 75 23 52

*P<0.05.
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Figure 3 Circ-ZKSCAN1 can promote tumor formation in vivo. (A,B) After inoculating A549 cells for 40 days in nude mice. (C,D) The 
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As expected, overexpression of circZKSCAN1 significantly 
decreased the express ion of  JNK, p38,  and ERK  
(3 crucial downstream genes of MAPK signaling pathway) 
in A549 and H1299 cells (Figure 6A,B). Importantly, the 
suppression of MAPK pathway caused by circ-ZKSCAN1 
overexpression was blocked by miR-330-5p mimics or 
FAM83A silencing (Figure 6A,B). Overall, the above data 
show that the circ-ZKSCAN1-miR-330-5p-FAM83A 
feedback loop is the key negative regulator of MAPK/ERK 
signal transduction.

Discussion

In this study, we demonstrated that circ-ZKSCAN1 
promotes the development of miR-330-5p by maintaining 

the expression of FAM83A and inactivating the MAPK 
signaling pathway, as indicated by functional and molecular 
assays. This study is the first to show that the expression of 
FAM83A in NSCLC is regulated by circular RNA, and the 
mechanism and clinical significance of circ-ZKSCAN1 in 
NSCLC are also reported for the first time here (Figure 7).

More specifically, we have found a new type of circRNA, 
called circ_ZKSCAN1, which is significantly upregulated 
in human NSCLC and related to clinical stage and tumor 
size. Functionally, the decrease of circ_ZKSCAN1 can 
inhibit the migration and proliferation of NSCLC cells 
and the growth of tumor in vivo. In terms of mechanism, 
we proved, through RNA pull-down assay and luciferase 
reporter assays, that circ_ZKSCAN1 binds to miR-330-
5p. WB and functional experiments showed the correlation 
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Figure 5 A feedback loop in NSCLC cells comprising Circ-ZKSCAN1, miR-330-5p, and FAM83A. (A,B) The relative luciferase activity of 
FAM83A 3’-UTR-wild- or -mutant-type luciferase vector after transfection with miR-330-5p mimics or control in A549 and H1299 cells. (C) 
Relative expression of FAM83A in miR-330-5p or control mimics in A549 and H1299 cells. (D) Relative FAM83A expression in NSCLC 
and paired normal tissues. (E) The OS probability of low and high expression of FAM83A in NSCLC patients. (F) WB analysis for the 
protein expression of FAM83A in control or miR-330-5p mimics A549 and H1299 cells after transfection with OE-circ-ZKSCAN1 vector 
and control. β-actin as an internal reference. (G) Relative FAM83A expression in tumors of nude mice. (H) FAM83A in NSCLC tissues 
by IHC staining. (I) The correlation between FAM83A and circ-ZKSCAN1 expression in NSCLC tissues. (J) Colony formation assays for 
overexpressed-miR-330-5p or control in NSCLC cells after transfection with OE-circ-ZKSCAN1 or OE-FAM83A vector. (K) Relative 
expression of circ-ZKSCAN1 and miR-330-5p in control or OE-FAM83A of A549 and H1299 cells. (*P<0.05, **P<0.01, ***P<0.001). 
NSCLC, non-small cell lung cancer.
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between circ-ZKSCAN1, miR-330-5p, and FAM83A. 
We thus proposed that circ-ZKSCAN1 could act as a 
sponge for miR-330-5p to reduce the suppression of 
FAM83A. Accordingly, our experimental data show that 
circ-ZKSCAN1 may play a regulatory participator in the 
development and pathogenesis of NSCLC.

CircRNA as a type of competing endogenous RNA 
(ceRNA) is common in cells and has the function of gene 
regulation (18). Most of the circRNAs are positioned within 
the cytoplasm while some are in the nucleus; the circRNA is 
quite stable and not easily degraded by RNase R (7). Recent 
research has reported that circRNAs play pivotal roles in 
regulating gene expression, from binding microRNA to 

adsorbing RNA binding proteins and regulating transcription 
factors (9,19). Through the development of bioinformatics 
technology and high throughput sequencing, circRNA is 
more frequently being found in tumors. CircRNAs are 
characterized by a long half-life, stable expression, and 
specific expression in different tumors, thus making them 
a new type of tumor biomarker that can be used for early 
diagnosis and even treatment of tumors (20,21).

CircRNA usually acts as a miRNA sponge to eliminate 
the activity of miRNA, which leads to the decrease of the 
expression and function of miRNA and the expression of 
target genes regulated by miRNA (22,23). So far, some 
studies have verified the relationship between NSCLC 
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Figure 7 Schematic diagram of the mechanism by which the circ-ZKSCAN1-miR-330-5p-FAM83A regulatory loop regulates lung cancer 
proliferation by inactivating MAPK signaling pathway.

and circRNA. Liu et al. found that circ-FOXM1 may be a 
new biomarker which can regulate NSCLC through the 
circFOXM1-miR-1304-5p-PPDPF/MACC1 axis (24).  
CircABCB10 promotes NSCLC cell migration and 
proliferation by regulating the miR-1252/FOXR2 axis (25). 
Circ-PTK2 inhibits TGF-beta-induced EMT (epithelial-
mesenchymal transition) and metastasis by controlling 
TIF1γ in NSCLC (26). Zhou et al. demonstrated that hsa_
circ_0004015 regulates the proliferation, invasion, and TKI 
drug resistance of NSCLC by miR-1183/PDPK1 signaling 
pathway (27). In addition, we observed that circ-ZKSCAN1 
regulated the expression of FAM83A through sponging 
miR-330-5p to promote the progress of NSCLC.

The MAPK/ERK signaling pathway is highly involved 
in the invasion and metastasis of NSCLC, with some 
studies showing that MAPK/ERK is continuously activated 
in NSCLC (28,29). In families with sequence similarity, 
the family with sequence similarity 129, member B and 
FAK signaling pathway can activate or inhibit the pathway 
through the corresponding binding, and promote the 
invasion and proliferation of NSCLC cells by promoting 
the phosphorylation of FAK (30). The binding of MAPK/
ERK to FAM83A has been validated previously (17), and 
FAM83 has been closely related to many diseases. Recently, 
one study has shown that mutations in FAM83 proteins 
that prevent them from binding to CK1 interfere with 

the right subcellular localization and cell characteristic of 
FAM83 proteins and their CK1-binding ligands, which 
regulate cell division and apoptosis, thereby helping cancer  
development (31). Therefore, drugs targeting this consistent 
cancer-promoting factor can control tumor growth, while 
the discovery and production of FAM83A inhibitors may be 
beneficial to cancer patients. Our results show that the circ-
ZKSCAN1/miR-330-5p/FAM83A axis may play a vital role 
in the development of NSCLC and could represent a new 
strategy to suppress NSCLC.

Conclusions

We have shown that circ-ZKSCAN1 is highly expressed 
and plays a carcinogenic role in NSCLC tissues and cell 
lines. In addition, circ-ZKSCAN1 is used as a sponge of 
miR-330-5p to eliminate the inhibition of its target gene 
FAM83A and inhibit MAPK signal transduction. The 
signal axis promotes the progress of NSCLC and can be 
used as a potential new biomarker and therapeutic target of 
NSCLC.
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Figure S2 Circ-ZKSCAN1 targeting miRNA. (A) Intersection of 
miRNAs predicted by circBank and CircInteractome databases. (B) 
The binding sites of circ-ZKSCAN1 and miR-330-5p.

Table S1 PCR primer and siRNA sequence

Gene name Primer sequence

Circ-ZKSCAN1 F: GAAACCCCGCCTCTTACA

R: TTCCTCTTCCACCTTCACTATTA

FAM83A F: AAGCACAACAACATCAGAGACCT

R: ATGGAAATGTTCTTGAGGTGACTG

GAPDH F: CTGACTTCAACAGCGACACC

R: TGCTGTAGCCAAATTCGTTGT

hsa-miR-330-5p F: TCTCTGGGCCTGTGTCTTAG

R: CAGTGCGTGTCGTGGAGT

U6 F: GTGCTCGCTTCGGCAGCACATATAC

R: AAAAATATGGAACGCTTCACGAATTTG

Si-circ-ZKSCAN1-1 GUUUCUUUACUAUUCCUCGU

Si-circ-ZKSCAN1-2 UAUUCCUCGUGACUGUAAGA
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Figure S1 Circ-ZKSCAN1 in HBE cells. (A) Expression levels of circ-ZKSCAN1 in NSCLC cells treated with siRNAs. (B) CCK8 analysis 
of HBE cells with silencing or stably overexpressing circ-ZKSCAN1. (C,D) Cells treated with control, OE-circ-ZKSCAN1, and si-circ-
ZKSCAN1 to perform wound healing assays. (E,F) HBE cells in transwell chambers were applied to cell migration assays (100×). (*P<0.05, 
**P<0.01). HBE, human bronchial epithelial.
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