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Abstract

Objective: CTQTNF6 has been implicated as an essential component in multiple cellular and molecular preliminary
event, including inflammation, glucose metabolism, endothelial cell modulation and carcinogenesis. However, the
biological process and potential mechanism of CIQTNF6 in lung adenocarcinoma (LUAD) are indefinite and remain to
be elucidated. Therefore, we investigated the interaction among the traits of C1QTNF6 and LUAD pathologic process.

Methods: RT-gPCR and western blot were conducted to determine the expression levels of CTQTNF6. RNA interfer-
ence and overexpression of CTQTNF6 were constructed to identify the biological function of CIQTNF6 in cellular
proliferative, migratory and invasive potentials in vitro. Dual-luciferase reporter assay was applied to identify the possi-
ble interaction between C1QTNF6 and miR-29a-3p. Moreover, RNA sequencing analysis of C1QTNF6 knockdown was
performed to identify the potential regulatory pathways.

Results: C1QTNF6 was upregulated in stage | LUAD tissues compared with adjacent non-cancerous tissues. Concur-
rently, C1QTNF6 knockdown could remarkably inhibit cell proliferation, migratory and invasive abilities, while over-
expression of CIQTNF6 presented opposite results. Additionally, miR-29a-3p may serve as an upstream regulator of
C1QTNF6 and reduce the expression of C1TQTNF6. Subsequent experiments showed that miR-29a-3p could decrease
the cell mobility and proliferation positive cell rates, as well as reduce the migratory and invasive possibilities in LUAD
cells via downregulating C1QTNF6. Moreover, RNA sequencing analysis demonstrated that the cytokine-cytokine
receptor interaction pathway may participate in the process of C1QTNF6 regulating tumor progression.

Conclusion: Our study first demonstrated that downregulation of C1QTNF6 could inhibit tumorigenesis and pro-
gression in LUAD cells negatively regulated by miR-29a-3p. These consequences could reinforce our awareness and
understanding of the underlying mechanism and provide a promising therapeutic target for LUAD.
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Introduction

Lung cancer remains the leading cause of cancer
related death worldwide [1]. Non-small cell lung can-
cer (NSCLC) is the predominant subtype, representing
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and diverse prognosis of LUAD patients. The rate of
postoperative recurrence for stage I NSCLC remains
unfavorable [3]. Previous reports showed that 30%-35%
stage I NSCLC patients treated with surgery may pro-
gress to local recurrence or distant metastasis within five
years [4]. The 5-year survival rate is 83.9% in stage IA
and 66.3% in stage IB NSCLC [5]. Lung adenocarcinoma
(LUAD) is the most common histologic type of NSCLC
with morbidity and mortality persistently elevated over
past decades [6]. Therefore, identification of the potential
pathogenic genes and underlying mechanisms to predict
recurrence and progression of early-stage LUAD is of
great significance.

Previous studies have demonstrated that Clq/tumor
necrosis factor-related proteins (C1QTNFs, also called
CTRPs) may modulate various biological events, includ-
ing cellular development, differentiation, metabolism,
proliferation and apoptosis [7-10]. CIQTNF6, a mem-
ber of C1QTNFs family, is primarily expressed in adi-
pose tissues, liver, lung and so on [11-13], which is
mainly involved in inflammation, glucose metabolism,
endothelial cell modulation and carcinogenesis and so
on [13-16]. Amongst, the biological role of C1IQTNF6
in malignant tumors has become a hot research topic in
recent years. It has been reported that CIQTNF6 was
upregulated in hepatocellular carcinoma (HCC) and
inhibition of CIQTNF6 could prevent survival, migra-
tion and promote apoptosis in HCC cells by inactiva-
tion of the AKT signaling pathway. Similarly, CIQTNF6
mRNA and protein expressions were found to be remark-
ably high in bladder cancer (BC) and higher CIQTNF6
expression may predict as an adverse prognostic marker
for BC patients [17]. Although emerging evidence has
indicated C1QTNF6 modulated cellular apoptosis in lung
cancer [18], the biological process and underlying mech-
anism of CIQTNF6 in LUAD still remain unknown.

MicroRNAs (miRNAs), as a group of highly conserved
non-coding small RNAs, can modulate gene post-tran-
scriptional regulation by targeting messenger RNAs
(mRNAs) [19]. miRNAs have been identified as essential
regulators in cellular processes, including cell prolifera-
tion, differentiation and apoptosis [20—22]. Dysregulation
and dysfunction of miRNAs play a critical role in tumor
pathogenesis [23-26]. MiR-29a-3p, a newly discovered
tumor-related intergenic miRNA, has been predicted as
a potential key regulator of C1IQTNF6 by bioinformatics
analysis. Accumulating studies have reported that miR-
29a-3p may promote several tumors pathogenesis and
progression, such as gastric cancer [27], liver cancer [28],
prostate cancer and so on [29]. While the detailed func-
tion of miR-29a-3p in LUAD tumorigenesis has not been
well explored.
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Currently, we aimed to investigate the potential func-
tion of CIQTNF6 and miR-29a-3p on LUAD cell lines,
and to reveal the underlying relationship between
CIQTNF6 and miR-29a-3p. Additionally, we further
investigated the underlying downstream pathway of
CIQTNEF6 by RNA sequencing. These findings might
provide an available theoretical basis to enhance the bio-
logical targeted remedy of LUAD.

Materials and methods

Ethics

This study was approved by The Second Affiliated Hospi-
tal of Fujian Medical University Academic Ethics Com-
mittee (2020-206). All patients have ever provided their
written, informed consent. Current study was performed
in accordance with the ethical principles of the Declara-
tion of Helsinki.

Tissue samples

Paired LUAD tissues and adjacent non-cancerous sam-
ples were collected from The Second Affiliated Hospital
of Fujian Medical University with the informed consent
between 2017 and 2020. These patients had been histo-
logically and pathologically diagnosed as stage I LUAD.
All tissues were obtained from surgical resection at the
Department of Thoracic Surgery. None of the patients
received any pre-operative chemotherapy or radiother-
apy prior to tissue sampling. All collected pulmonary tis-
sue samples were permanently stored in a — 80 °C freezer
until use.

Cell culture

Five human LUAD cell lines (H1975, H1299, A549,
SPCA-1 and H460), BEAS-2B and HEK-293T cells were
purchased from the American Type Culture Collection
(ATCC, Manassas, VA, USA). The cell lines were sup-
plemented with RPMI-1640 or DMEM medium (Gibco,
USA) containing 10% fetal bovine serum (FBS; Gibco,
USA), 100 U/ml penicillin and 100 mg/ml streptomycin
and further cultured at 37 °C and 5% CO, atmosphere.

Quantitative reverse transcription polymerase chain
reaction (RT-qPCR)

Total RNA was extracted and purified from tissues or
cells using Trizol reagent (Invitrogen, USA). 1000ng
of RNA were subjected to RT-qPCR system using the
Takara RT-qPCR kit (Takara, Japan). Reactions were car-
ried out in a total of 20 pL solution. To determine the
level of mature miRNA, we used a stem-loop RT primer.
The RT-qPCR was conducted with three independent
replicates and the relative gene expression level was ana-
lyzed using the comparative 27*A¢T method [30]. All the
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primers applied in this study were listed in Additional
file 1: Table S1.

Immunohistochemistry assay (IHC)

Collected tissues were fixed in 4% paraformaldehyde
overnight at 4 ‘C and embedded in paraffin for immuno-
histochemical analysis. Paraffin-embedded pulmonary
sections were deparaffinized and rehydrated. The slides
were boiled in citrate buffer (pH 6.0) for 3 min for antigen
retrieval. Endogenous peroxidase was then blocked using
3% hydrogen peroxide for 20 min at room temperature.
After washing with PBS (pH 7.4) for 3 times, the sections
were blocked with goat serum for 1 h followed by incu-
bation with primary antibodies for 2 h at room tempera-
ture. Next, the HRP-conjugated goat anti-rabbit antibody
and DAB (OriGene, Beijing, China) were applied. Finally,
the slides were counterstained with hematoxylin and
mounted. The following antibody was used: C1QTNF6
antibody (1:400, Bioss, China).

Western blot analysis

Western blot analysis was performed as previously
described [31]. LUAD tissues and cell lines were lysed
in RIPA buffer containing protease/phosphatase inhibi-
tor (Beyotime, China). The samples were grinded with
a mechanical homogenizer and centrifuged for 15 min,
12,000 rpm at 4 °C. Protein samples were further electro-
phoresed on corresponding concentration of SDS-PAGE
gels and transferred to PVDF membranes (Millipore,
Eschborn, Germany). The membrane was blocked for 2 h
at room temperature with 5% milk in Tris-buffered saline
(TBS) with 0.1% Tween 20 (Biofroxx, Germany) before
incubating with primary antibody overnight at 4 °C.
Subsequently, an appropriate HRP-conjugated second-
ary antibody was incubated for 1 h at room temperature.
Western blot was visualized with chemiluminescence
reagents (Biosharp, China).

Cell proliferation assay
Cell Counting Kit-8 (CCK-8, Beyotime, China) assay and
EdU (Beyotime, Shanghai, China) incorporation assay
were performed to evaluate cell proliferation as described
in previous study [32].

Additionally, cell cycle assay was also conducted. The
detailed procedures were as follows. Firstly, LUAD cells
were digested by EDTA-free Trypsin and collected by
centrifugation for 5 min at 1000 rpm. And then, collected
cells were washed once with PBS. For cell cycle analy-
sis, cells were fixed in 75% ethanol overnight at 4 °C and
added 100 pL RNaseA for 30 min at 37 °C, and incubated
with 200 pL propidium iodide (PI) for 30 min at 4 °C in
the dark. Cell cycle distribution was measured by flow
cytometry (BD Biosciences, San Diego, CA, USA). A
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total of 1.0 x 10* events were acquired for analysis using
the FlowJo V10 software.

Cell migration and invasion assays
Cell migration and invasion assays were conducted using
Boyden chambers (8 um pore size; BD Falcon, 353097)
with or without Matrigel (Corning Matrigel® Matrix,
Corning, NY, USA). For cell migration assays, cells were
resuspended in 200 pL serum-free medium (a total
of 5.0 x 10* cells) and added into the upper chamber.
Medium with 20% FBS was added to the lower chamber.
After 48 h incubation, non-migrated cells were removed
from the upper surface carefully using cotton swabs, and
the migrated cells were fixed with methanol, stained with
0.1% crystal violet solution for 20 min, photographed
under microscope and quantified. Similarly, Transwell
inserts were pre-coated with Matrigel on the upper layers
were used to determine the invasive potentials.
Additionally, scratch assay was also performed to deter-
mine cell migration. 4.0 x 10° A549 and H1975 cells were
seeded in 6-well plates to reach 100% confluence within
24 h. Subsequently, cells were scraped in a straight line
using a 200 pL pipette tip, washed using PBS and then
replaced with serum-free medium. Photographs were
captured under microscope (Olympus, Tokyo, Japan) at
0 h and 48 h respectively. The scratch healing rate was
determined by comparing the size of scratch area using
Image ] software. P<0.05 was considered as statistically
different.

Cell transfection

miR-29a-3p mimics, miR-29a-3p inhibitor, and corre-
sponding control, plasmid of C1QTNF6 overexpression
and small interfering RNA targeting C1QTNEF6 (si-
C1QTNE6) were synthesized by Hanheng Biotechnol-
ogy Co., Ltd. (Shanghai, China). Cells were seeded one
day before transfection with plasmid DNA, siRNA, or
miRNA inhibitor/mimics using Lipofectamine 3000 (Inv-
itrogen, Carlsbad, CA, USA). After transfection for 24 h,
cells were harvested to identify the knockdown efficiency
by RT-qPCR. The sequences were listed in Additional
file 1: Table S1.

Dual-luciferase reporter assay

psi-CHECK2 vector (Promega, USA) with the wild
type (WT) C1QTNF6 sequence (CIQTNF6-WT) and
mutant C1IQTNF6 sequence (CIQTNF6-MUT) (within
predicted miR-29a-3p binding sites) were constructed
to verify the binding sites between C1QTNF6 and miR-
29a-3p. Subsequently, the miR-NC or miR-29a-3p was
co-transfected into 293T cells with luciferase reporter
vectors for the execution of the dual-luciferase reporter
assay, respectively. Luciferase reporter activity was
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determined using dual-luciferase reporter assay kit (Pro-
mega) after transfecting 48 h with firefly luciferase values
normalized to renilla luciferase values.

Transcript data analysis

Total RNA of 10 paired stage I LUAD tissues, corre-
sponding normal tissues and lung adenocarcinoma cell
lines was extracted using RNeasy Mini Kit (Qiagen, Ger-
many) according to the manufacturer’s protocol. Then,
rRNA was removed from total RNA to obtain the maxi-
mum residual ncRNA. After fragment of rRNA-depleted
RNA, the cDNA library was performed using the TruSeq
RNA sample Prep Kit (Illumina, USA). mRNA sequenc-
ing libraries were prepared using VAHTS total RNA-seq
Library Prep kit for Illumina (Vazyme NR603, China)
following the manufacturer’s protocol. After sequencing
was completed, the reads files (fastq) were mapped to the
Hgl9 reference using STAR, and gene expression was
determined using RSEM. Differential expression analy-
sis for mRNA was performed using DESeq2 R package
(https://bioconductor.org/packages/release/bioc/html/
DESeq2.html). Differentially expressed genes (DEGs)
were obtained by comparing gene expressions between
two groups using DESeq2 (v1.10.1). Corrected p value of
<0.05 and |Log2(fold change)| (|log2FC|)>1 were con-
sidered statistically significant. Heat maps were gener-
ated by R package with hierarchical clustering algorithm.

Gene ontology and KEGG pathway enrichment analysis
The DEGs were annotated with gene ontology (GO)
terms to explore putative functions. GO enrichment
analysis was performed using the R package TopGO
[33]. The statistical significance of GO terms was ana-
lyzed using Fisher’s exact test. Kyoto Encyclopedia of
Genes and Genomes (KEGG) (https://www.kegg.jp/kegg/
keggl.html) [34] pathway was performed using KOBAS
3.0 (http://kobas.cbi.pku.edu.cn/) with an enrichment p
value <0.05.

Statistical analysis

Statistical analysis was performed using the Student ¢ test
for parametric data and the Mann-Whitney test for non-
parametric data. All data were expressed as mean=+ SD.
P<0.05 was considered as significant. The experiments
were repeated independently three times.

Results

C1QTNF6 was upregulated in LUAD tissues and cells

Based on public data deposited in The Cancer Genome
Atlas (TCGA; http://tcga-data.nci.nih.gov/tcga/), we
found that C1IQTNF6 mRNA expression was signifi-
cantly upregulated in stage I LUAD compared with
adjacent tissues (Fig. 1A). Furthermore, we performed
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high-throughput sequencing in 10 pairs of stage I LUAD
and adjacent non-cancerous lung tissues. The heat map
clearly showed C1QTNFs-related cluster (Fig. 1B), which
exhibited a significant high CIQTNF6 expression com-
pared with matched adjacent tissue (p <0.001). And then,
C1QTNEF6 mRNA expression in 34 paired stage I LUAD
tissues and adjacent non-tumorous pulmonary tissues
exhibited that CIQTNF6 was significantly higher in stage
I LUAD tissues (Fig. 1C), which was consistent with the
previous results of TCGA and RNA-sequencing.

Moreover, CIQTNF6 protein expression was detected
by western blot and immunohistochemical assay. The
results demonstrated that CIQTNF6 protein was signifi-
cantly overexpressed in the lung tissues of stage I LUAD
patients (n=3) compared with adjacent non-cancerous
tissues (Fig. 1D). Immunohistochemical data confirmed
the elevated expression of CIQTNEF®6 in stage I LUAD tis-
sues (Fig. 1E).

Additionally, we also identified the expression of
CI1QTNE6 in LUAD cell lines and normal lung epithelial
cell lines and observed that the mRNA and protein levels
of CIQTNEF6 were upregulated in LUAD cells lines (espe-
cially in A549 and H1975) than in lung epithelial cell line
BEAS-2B (Fig. IF-H).

C1QTNF6 knockdown inhibited cell proliferation,
migration and invasion in LUAD cells

To further explore the role of CIQTNF6 in LUAD cell
lines, si-NC, si-C1QTNF6 (si-1, si-2 and si-3) were trans-
fected into H1975 and A549 cells separately. The result of
RT-qPCR indicated that mRNA expression of CIQTNF6
markedly decreased after transfecting si-C1QTNF6
(especially in si-1) in LUAD cells (Fig. 2A). Furthermore,
western blot also verified that CIQTNF6 decreased at
the protein level after siRNA transfection in H1975 and
A549 cell lines (Fig. 2B, C).

Next, we explored whether C1QTNF6 suppression
could affect the proliferation of LUAD cells. Intriguingly,
CCK-8 assay demonstrated that the proliferation ability
of H1975 and A549 cells was remarkably restrained after
C1QTNF6 knockdown (Fig. 2D). Additionally, flow cyto-
metric analysis suggested silence of CIQTNF6 could sig-
nificantly inhibit the process of cell cycle and particularly
suppress it at the G2/M phase (Fig. 2E-H).

Migratory and invasive behaviors are typical prop-
erty of malignant tumors. Therefore, cellular migration
and invasion were further performed via wound heal-
ing and Transwell assays, respectively. It was found that
CI1QTNE®6 silence for 48 h significantly decreased the
migration rate in H1975 and A549 cells (Fig. 3A, B). Con-
comitantly, the results of Transwell assays suggested that
knockdown of CIQTNF6 led to a significant reduction
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Fig. 1 CTQTNF6 was upregulated in stage | LUAD tissues. A Boxplots of CTQTNF6 mRNA expression between normal (n=>59) and stage | LUAD
tissues (n=269) in the TCGA dataset. B Heat maps of C1QTNFs expression profiles in stage | LUAD and adjacent tissues based on sequencing
results. C The expression of C1QTNF6 in stage | LUAD and paired adjacent tissues was detected with RT-qPCR (n=34). D, E The protein expression
of C1QTNF6 in LUAD and adjacent non-tumor tissues was evaluated using western blot (n=3) and IHC staining (n=9). F CTQTNF6 mRNA levels
in different LUAD cell lines. G, H Expression levels of CIQTNF6 protein in different LUAD cell lines by western blot. G1, stage | LUAD. (*p < 0.05,
**p<0.01,****p < 0.0001)
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Fig. 2 Knockdown of CIQTNF6 inhibited cell proliferation. A Knockdown efficacy in H1975 and A549 cells was identified by RT-gPCR after
siRNA transfection. B, C Western blot analysis of C1QTNF6 expression was performed in H1975 and A549 cells transfected with si-C1QTNF6. D
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with si-C1QTNF6 and si-NC were analyzed using flow cytometry. NC, negative control. n=3. (Data were presented as the mean = SD of three
independent experiments. *p < 0.05, **p <0.01, ***p < 0.001, ****p < 0.0001)

in the migration and invasion of H1975 and A549 cells
(Fig. 3C-E).

C1QTNF6 overexpression promoted cell growth

and the migratory and invasive abilities in LUAD cells

In order to get insight into the function of CLIQTNF6, we
performed a gain-of-function approach to overexpress
C1QTNE®6 in H460 cells. The construction efficacy was
verified by the elevated level of CIQTNF6 mRNA and

protein expression. CCK-8 and cell cycle assays indicated
that the proliferation ability of CIQTNF6 overexpres-
sion cells was significantly enhanced when compared
with the control cells. Additionally, Transwell assay and
wound healing assay demonstrated that overexpression
of CIQTNF6 promoted the migratory and invasive abili-
ties of H460 cells (Additional file 1: Fig. S1). Collectively,
these data strongly suggested that C1QTNF6 exerted
critical role in LUAD occurrence and progression.
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Identification of miR-29a-3p as potential upstream
regulator of CIQTNF6

In order to identify biological molecule that might regu-
late CIQTNF6 in LUAD cells, miRDB, starBase and Tar-
getScan were used to identify CIQTNF-related miRNAs.
Venn diagram showed the number of overlapping miR-
NAs potentially targeting CIQTNF6 (Fig. 4A). Moreo-
ver, correlation analysis from starBase and RT-qPCR of
clinical LUAD samples revealed that only miR-29a-3p
was negatively correlated with C1QTNF6 and signifi-
cantly downregulated in stage I LUAD tissues when com-
pared with adjacent tissues (Fig. 4B, C). Additionally, low
expression of miR-29a-3p predicted a worse prognosis in
LUAD cases, which indicated that miR-29a-3p might play
a potential role in progression of LUAD (Fig. 4D).

Next, we detected the miR-29a-3p expression after
transfecting si-CIQTNF6 by RT-qPCR. The result
showed that miR-29a-3p expression significantly
increased in H1975 and A549 cell lines after suppressing
C1QTNEF6 when compared with control groups (Fig. 4E).
Interestingly, the mRNA and protein expressions of
C1QTNEF6 also altered dramatically by transfecting
miR-29a-3p or miR-29a-3p inhibitor (Fig. 4F-H). Fur-
thermore, we performed a dual luciferase reporter assay.
The dual-luciferase reporter assay demonstrated that
the 3'UTR of C1QTNF6 bound to miR-29a-3p (Fig. 4I).
Compared with the WT-CIQTNF6 + miR-NC group,
the WT-CIQTNF6 + miR-29a-3p group significantly
reduced relative luciferase activity (p<0.05; Fig. 4]).
These data indicated that CIQTNEF6 was a target gene of
miR-29a-3p in vitro.

MiR-29a-3p inhibited LUAD cells growth and migration

by targeting C1QTNF6

To further investigate the function of miR-29a-3p/
CIQTNEF6 in LUAD cells, gain-of-function and rescue
assays were implemented. First, we found that CIQTNF6
protein expression was decreased after miR-29a-3p
transfection but was reversed following miR-29a-3p
and C1QTNEF6 co-transfection (Fig. 5A, B). Further, the
results showed that miR-29a-3p overexpression could
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decrease the cell viability and EAU proliferation posi-
tive cell rates, as well as reduce the migratory and inva-
sive rates in LUAD cells when compared with miR-NC
groups, which illustrates a tumor suppressor role of
upregulated miR-29a-3p. However, the co-upregulation
of miR-29a-3p and CIQTNF6 could relieve the sup-
pressive effects of miR-29a-3p on growth, migratory and
invasive abilities of LUAD cells (Fig. 5C-K). Together,
these data suggested that miR-29a-3p as an upstream
regulator could influence biological processes of LUAD
cells by regulation of CLQTNFG6.

RNA-Seq investigation of C1QTNF6 inhibition in LUAD cells
To further explore the downstream mechanism of
CIQTNEF6 in LUAD, RNA-seq analysis was performed
in A549 cells with C1QTNF6 knockdown and in con-
trol cells. Functional annotation analytics was conducted
by gene ontology (GO) enrichment analysis to investi-
gate the biological function of significant differentially
expressed genes in the study. Broad classification of GO
terms includes three groups: biological process (BP), cel-
lular component (CC), and molecular function (MF).
The most significantly enriched processes found out in
the study were multicellular organismal process, mem-
brane part, signaling receptor binding and transmem-
brane transporter activity (Fig. 6A, B). Afterward, Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathway
analysis was performed to identify the potential sign-
aling pathways. The results indicated that cytokine-
cytokine receptor interaction was the most significantly
enriched pathway, which mainly involved in 7 genes
including LTB, IL-1A, CXCL10, IL-5, TNFSF4, INHBE
and TGFBR1 (Fig. 6C). In our sequencing of A549 cells
samples, we found that TGFBR1 expression was down-
regulated, whereas LTB, IL-1A, CXCL10, IL-5, TNFSF4
and INHBE were upregulated in si-C1QTNF6 groups
when compared with control groups (Fig. 6D). To fur-
ther verify whether CIQTNF®6 affects cytokine-cytokine
receptor interaction pathway, the expression of these 7
genes was detected by RT-qPCR after upregulation or
downregulation of C1QTNF6 expression. Our results

(See figure on next page.)

three independent experiments. **p < 0.01, ***p <0.001, ****p <0.0001)

Fig. 4 Relationship between miR-29a-3p and C1QTNF6 was confirmed. A The upstream regulators of CTQTNF6 were discovered by a prediction
website. B Correlations between expression of miR-29a-3p and C1QTNF6 in TCGA database. C The expression of miR-29a-3p in stage | LUAD and
paired adjacent tissues was detected by RT-qPCR. D Kaplan-Meier survival analysis of miR-29a-3p based on the TCGA LUAD data. E MiR-29a-3p
expressions of H1975 and A549 cells after suppressing C1QTNF6 was evaluated using RT-gPCR. F C1QTNF6 mRNA expressions of H1975 and A549
cells after overexpression or knockdown of miR-29a-3p was evaluated using RT-gPCR. (G-H) C1QTNF6 protein expressions of H1975 and A549 cells
after overexpression or knockdown of miR-29a-3p was evaluated using western blot. I Schematic representation of miR-29a-3p binding sites in the
C1QTNF6 3'UTR. J The reporter activity was detected by dual-luciferase reporter system, luciferase reporter activity is normalized to that of renilla
luciferase. miR-29a-3p, miR-29a-3p mimics; NC, negative control; wt: wide type; mut: mutated. n=3. (Data were presented as the mean =+ SD of
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Fig. 5 C1QTNF6 upregulation promoted the inhibitory effects of miR-29a-3p mimics on LUAD cells'invasive and migrative abilities. A, B Protein
expression levels of CIQTNF6 in H1975 and A549 cells were measured by western blot. C-F Proliferation of H1975 and A549 cells after transfection
with miR-29a-3p, C1QTNF6-OF and corresponding control were conducted by CCK-8 and EdU assay, scale bar 50 um. G-K Migratory and invasive

abilities of H1975 and A549 cells after transfection with miR-29a-3p, C1QTNF6-OE and corresponding control were evaluated by scratch assay and

A549

Transwell assay, scale bar 50 um. OE, overexpression; miR-29a-3p, miR-29a-3p mimics; NC, negative control. n=3. (Data were presented as the
mean = SD of three independent experiments. *p < 0.05, **p < 0.01, ***p <0.001; *p < 0.05, ¥p < 0.01, #*p <0.001, ##p < 0.0001)

demonstrated that the mRNA expressions of IL-5, IL-1A,
CXCL10, TNFSF4 and INHBE were significantly altered
when regulating CIQTNF6 (Fig. 6E), which suggested
the essential implications of the cytokine-cytokine recep-
tor interaction pathway in the process of CIQTNF6 regu-
lating tumor progression. Therefore, further studies are
required to figure out which cytokines of this signaling
pathway are critical in vivo study.

Discussion

Unconstrained tumor metastasis and dissemination after
potential oncogenic mutation entails profound alterations
in the essential gene expression of proteins involved in
the biological process. Aberrant regulation of CIQTNF6
has been demonstrated to be linked to the carcinogene-
sis, progression and prognosis in different tumors [17, 35,
36]. Thorough understanding the underlying effect and
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molecular mechanism of C1QTNF6 in LUAD progres-
sion might contribute to developing additional advanced
and effective treatment strategies. In the current study,
we noticed that C1QTNEF6 expression was significantly
elevated in LUAD tissues and cell lines and knock-
down of C1QTNF6 suppressed the growth and migra-
tion in LUAD cell lines. Additionally, miR-29a-3p, as an
upstream regulator of CIQTNF6, could modulate LUAD
cells proliferation, migration and invasion abilities by tar-
geting CLIQTNF6. Moreover, RNA sequencing analysis of
C1QTNEF6 knockdown cells revealed CLQTNF6 may be
associated with the cytokine-cytokine receptor interac-
tion pathway in LUAD cells.

As a member of CIQTNF family, CIQTNF6 was
regarded as a molecular regulator involved in metabolic
and inflammatory lesions [10]. CIQTNF6 was up-regu-
lated in humans and mice adipose tissues, overexpression
of C1QTNF6 impaired abilities of glucose disposal in
response to glucose and insulin resistance in peripheral
tissues of wild-type mice. Conversely, CIQTNF6 dele-
tion improved insulin sensitivity and increased metabo-
lism rate and energy expenditure in diet-induced obese
mice [37]. Interestingly, CIQTNEF6 is now increasingly
reported in the field of oncology. For instant, CLIQTNF6
was found to be upregulated and to be associated with
initiation and progression in multiple malignant tumors
including clear cell renal cell carcinoma, gastric can-
cer, HCC and NSCLC [13, 18, 35, 36]. Similarly, we also
observed that CIQTNF6 was highly expressed in stage
I LUAD tissues by RNA sequencing as well as by RT-
qPCR, western blot and IHC. C1QTNF6 expression was
also increased in LUAD cell lines, especially in H1975
and A549 cell lines. Then we established the H1975 and
A549 C1QTNEF6 downregulation cell lines by RNA inter-
ference. The results showed that CIQTNF6 knockdown
significantly suppressed cell growth and the migratory
and invasive abilities in LUAD cells, which indicated
an important function of C1QTNF6 in progression of
LUAD. However, the specific underlying mechanism and
pathways of CIQTNF6 in LUAD have not been reported.
Therefore, we further explored the molecular mechanism
and its upstream and downstream factors.

In recent years, miRNAs have identified as vital regu-
lators involved in most of cellular processes from cell
metabolism, proliferation and differentiation to cell
apoptosis and death [38-40]. Deregulated miRNA
expression leads to tumor dissemination and progression
by promoting acquisition of cancer hallmark traits [41].
MiR-29a-3p, one member of miR-29 family, has drawn
wide attention as a promising tumor suppressor in sev-
eral kinds of cancers. Previous study pointed out that the
expression of miR-29a-3p was markedly lower in pros-
tate cancer (PCa) tissues than adjacent non-tumorous
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tissues and miR-29a-3p overexpression could inhibit the
proliferation, migration and invasion of PCa cells [42].
Moreover, miR-29a-3p mediated its tumor-suppressive
activity and suppressed the tumorigenicity in HeLa cells
by directly targeting smad nuclear interacting protein
1 (SNIP1) [43]. However, there was no previous report
investigated expression levels and regulatory roles of
miR-29a-3p in LUAD tissues. In the present study, we
predicted that miR-29a-3p may be a potential upstream
of C1QTNF6 and proved that miR-29a-3p was sig-
nificantly downregulated in stage I LUAD tissues. The
dual-luciferase reporter assay also demonstrated that
miR-29a-3p bound to the 3'UTR of CIQTNF®6, indicating
that CLQTNF6 was a target gene of miR-29a-3p. There-
fore, we further explored the function of miR-29a-3p in
LUAD cells. The results showed that miR-29a-3p over-
expression could also inhibit cell proliferation, migration
and invasion in LUAD cells.

MiRNAs have been ubiquitously regarded as upstream
regulators of mRNAs, which could repress mRNAs post-
transcriptionally through binding to the 3’'UTR of the
mRNAs and affect the translational activity and biologi-
cal functions of target genes [44]. Previous reports have
indicated miRNAs may participate in malignant phe-
notype progression and predict as diagnostic and prog-
nostic biomarkers via degrading mRNA targets in lung
cancer [45, 46]. To verify whether miR-29a-3p acts as an
upstream molecule of CIQTNEF6 to modulate biological
processes of LUAD cells, rescue assays were performed.
The results indicated that co-transfection of miR-29a-3p
and C1QTNEF6 could alleviate inhibitory activities of
miR-29a-3p on proliferation, migratory and invasive
abilities of LUAD cells, suggesting that miR-29a-3p may
serve as a direct binding partner by targeting CIQTNFe6.

Another interesting finding was that decreased
C1QTNF6 expression was mainly associated with
cytokine-cytokine receptor interaction pathway in
LUAD cell lines by RNA sequencing. Cytokines are a
group of bioactive proteins with small molecular weight
(5-70 kDa) and predominantly secreted from a range of
cells including macrophages, lymphocytes, natural killer
(NK) cells, mast cells and various stromal cells [47]. They
act as important mediators in dynamic regulation of
immune system and play distinguished roles in initiating
and promoting tumor progression [48, 49]. In the present
study, seven DEGs identified between C1QTNF6 knock-
down cells and control cells were enriched in cytokine-
cytokine receptor interaction. Further RT-qPCR analysis
also demonstrated that IL-5, IL-1A, CXCL10, TNFSF4
and INHBE were significantly changed in LUAD cells
after C1IQTNF6 knockdown or overexpression, which
suggested the importance of the cytokine-cytokine recep-
tor interaction pathway in the process of C1QTNF6
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regulating tumor progression. Similarly, He et al. reported
that CXCR4 and CCR2 were enriched in the cytokine-
cytokine receptor interaction pathway, which could be
regulated by miR-122 and involved in the development of
HCC 50. Therefore, the results of our study may provide a
theoretical and empirical principle for targeted reactiva-
tion of CLQTNF6 in the development of LUAD.

Despite we discovered C1IQTNFE®6 exerted impact on ini-
tiation and progression of LUAD regulated by miR-29a-3p
and closely associated with cytokine-cytokine receptor
interaction pathway, we need to acknowledge that there
are still some limitations. First, Xenograft tumor con-
struction was not performed in the present study. Second,
we did not perform prognostic analysis as well as corre-
lation between C1QTNF6 and clinical characteristics due
to insufficient sample size of pathological tissues. Third,
for the complex constituent of cytokine-cytokine recep-
tor interaction pathway, the regulatory relationships and
specific mechanisms between the pathway and CIQTNF6
in LUAD has not been revealed. Additional in vivo veri-
fication and clinical research is required, and the signifi-
cance of cytokine-cytokine receptor interaction pathway
in LUAD is thoroughly to be explored.

Conclusion

In summary, our study first confirmed that downregula-
tion of CIQTNEF6 could inhibit tumorigenesis and pro-
gression in early-stage LUAD cells negatively regulated
by miR-29a-3p. These findings identified that CLIQTNF6
and miR-29a-3p exerted impact on initiation and pro-
gression of early-stage LUAD, which could enhance inti-
mate understanding of the underlying mechanisms and
may provide a novel and promising therapeutic target for
early-stage LUAD.
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