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Abstract
In our research, we studied the regulatory effect of miR-29c-3p on HNSCC progression. First, bioinformatics approach was 
utilized to find significantly differentially expressed genes in The Cancer Genome Atlas-HNSCC. Then the target miRNA 
and its target mRNA were screened out. Next, qRT-PCR was utilized to examine miR-29c-3p expression in HNSCC and 
the adjacent tissue. Western blot was introduced to test the protein level of C1QTNF6. Besides, the results of MTT, wound 
healing, transwell and angiogenesis assays verified the proliferation, migration, invasion and angiogenesis of HNSCC cells. 
Finally, the targeted relationship of miR-29c-3p and C1QTNF6 was confirmed through dual-luciferase assay. Our study 
found the negative correlation of miR-29c-3p and C1QTNF6 in HNSCC. Besides, overexpressed miR-29c-3p suppressed 
proliferation, migration, invasion, and angiogenesis of HNSCC cells. Additionally, overexpressed C1QTNF6 facilitated 
these biological functions of HNSCC cells while upregulating miR-29c-3p reversed such effect. Altogether, miR-29c-3p 
was proven to suppress the tumor-promoting effects and angiogenesis in HNSCC by targeting C1QTNF6. We also revealed 
a novel mechanism of HNSCC progression. MiR-29c-3p/C1QTNF6 might be a target in HNSCC treatment.
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Introduction

As an invasive cancer, head and neck squamous cell car-
cinoma (HNSCC) generates from the larynx, oral cavity, 
and pharynx, which is associated with alcohol, smoking, 
or human papillomavirus exposure [1–3]. Although most 
HNSCC cases develop from the local invasion of cervical 
neural and vascular tissue, its mortality is mainly caused by 
the metastasis of distant organs and regional lymph nodes 
[4–6]. A critical event contributing to this metastasis is 
tumor-related angiogenesis [7]. Angiogenesis is increasingly 
considered as a key process to the solid tumors develop-
ment because it can support tumor growth as well as the 
metastasis of malignant cells from primary tumor site to 
distant organs [8, 9]. However, the molecular regulatory 

mechanisms about the angiogenesis and cancer metastasis 
are complex. This study aimed to elucidate the mechanisms 
facilitates future monitoring and targeted therapy of HNSCC 
metastasis.

MicroRNAs (miRNAs) inhibit protein translation or 
induce mRNA degeneration. The aberrant expression of 
miRNAs is tightly related to cancers, including HNSCC 
[10]. Research showed that miRNAs like miR-34a [11], 
miR-96-5p [12] and miR-205 [13] are aberrantly expressed 
in HNSCC patients’ tissue. Besides, these miRNAs target-
related genes to affect the cell progression as well as cell 
cycle in HNSCC. Thus, the modulation of specific miRNA 
activity represents a potential therapy strategy for can-
cers [14, 15]. MiR-29c-3p as a member of miR-29 fam-
ily can affect the proliferation, invasion and migration of 
SAS cell line (primary lesion derived from tongue SCC) 
and the FaDu cell line (primary lesion derived from scaly 
cell carcinoma of the hypopharynx) [16]. Additionally, 
growing evidence proves that miR-29c-3p is involved in 
angiogenesis. For example, TUG1 reverses the inhibitory 
effect on endothelial progenitor tube formation caused 
by miR-mimic transfection [17]. Circ-001971 acts as a 
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ceRNA and alleviates the inhibition of VEGFA by miR-
29c-3p, thereby aggravating angiogenesis of colorectal 
cancer cells [18].

C1q and TNF-Related 6 (C1QTNF6), also known 
as C1qTNF-related protein-6 (CTRP6), belongs to the 
CTRP family and to functions in fatty acid metabolism 
[19]. C1QTNF6 endows with special molecular structure 
composed of short variable region, signal peptide, C-ter-
minal globular domain and collagen-like region [20]. As 
an endogenous complement regulator, C1QTNF6 contrib-
utes to the effective treatment of arthritis [21]. In addi-
tion, C1QTNF6 can also exert effect on tumors. C1QTNF6 
expression is high in gastric cancer tissue and it medi-
ates cancer cell proliferation, migration and apoptosis 
[22]. Furthermore, C1QTNF6 is less expressed in serum 
of ovarian cancer patients, whereby suppressing the pro-
gression of the cancer cells by blocking IL-8/NEGF sign-
aling pathway [23]. Yet no study has revealed whether 
C1QTNF6 affects HNSCC. Hence, our study unprecedent-
edly investigated the regulatory mechanism of C1QTNF6 
in HNSCC cells.

By summarizing the results of previous studies and bio-
informatics analysis, it was speculated that miR-29c-3p/
C1QTNF6 axis affected the development and angiogenesis 
of HNSCC. Subsequently, miR-29c-3p hampered prolifera-
tion, migration, invasion and angiogenesis of HNSCC cells 
by targeting C1QTNF6. MiR-29c-3p/C1QTNF6 axis may 
work in targeted therapy of HNSCC, and this study will lay 
a foundation for the development of effective clinical treat-
ment for HNSCC.

Materials and Methods

Bioinformatics Approach

Mature miRNA data (normal samples: 44, tumor samples: 
520) and mRNA Counts data (normal samples: 44, tumor 
samples: 497) of The Cancer Genome Atlas (TCGA)-HNSC 
were obtained from TCGA database (https://​portal.​gdc.​
cancer.​gov/). Differentially expressed miRNAs (DEmiR-
NAs) were screened by differential analysis. The survival 
analysis was performed using R package “survival” based 
on the data from TCGA. Besides, differentially expressed 
mRNAs (DEmRNAs) were screened using “EdgeR” pack-
age (|logFC|> 2, adj. pvalue < 0.05). Furthermore, the targets 
of miR-29c-3p were predicted by miRTarBase (http://​mirta​
rbase.​mbc.​nctu.​edu.​tw/​php/​index.​php), starbase (http://​starb​
ase.​sysu.​edu.​cn/) and TargetScan (http://​www.​targe​tscan.​
org/​vert_​72/) databases. Finally, the identified target gene 
was subjected to differential expression analysis (T-test 
detection) and survival analysis.

Cell Culture

Human immortalized keratinocytes cells HaCaT (normal 
control) and four human HNSCC cell lines (SCC-9, SCC-4, 
SCC-25 and Detroit 562) were bought from American Type 
Culture Collection (ATCC). Detroit 562 and HaCaT were 
incubated in Dulbecco’s modified Eagle’s medium (DMEM; 
Gibco, USA). SCC-9 SCC-4, and SCC-25 cells were intro-
duced to the DMEM/F12 (1:1) medium (Gibco, USA). The 
media contained 10% fetal bovine serum (FBS) (Gibco, USA), 
streptomycin (100 μg/mL) and penicillin (100 units/mL). All 
cell lines were kept under conditions of 5% CO2 and 37 °C.

Cell Transfection 

miR-29c-3p mimic (miR-mimic), mimic negative control 
(miR-NC) as well as pcDNA3.1-C1QTNF6 plasmid (oe-
C1QTNF6) and pcDNA3.1 plasmid (oe-NC) that encode 
C1QTNF6 were designed by GenePharma company (Shang-
hai, China). Lipofectamine 2000 (Invitrogen, USA) was 
applied to transiently transfect target plasmids with Detroit 
562 cell line. Then the cells were held in corresponding media 
with 5% CO2 at 37 °C for later use. Prior to transfection, cells 
were maintained in the media for at least 24 h. Also, phosphate 
buffer saline (PBS, pH 7.4) was employed for cell wash.

Real‑Time Fluorescent Quantitative PCR (qRT‑PCR)

The total RNA was separated from cells based on the TRIzol 
kit (Invitrogen, USA), with the RNA concentration evalu-
ated by the NanoDrop 2000 system (Thermo Fisher Scien-
tific, Inc., USA). Next, miRNAs and mRNAs were reversely 
transcribed into cDNA through the miRNA 1st Strand cDNA 
Synthesis Kit (Yeasen, China) and PrimeScript RT Master 
Mix (Takara Bio Inc., Japan), respectively. Afterwards, miS-
cript SYBR Green PCR Kit (Qiagen, Germany) and SYBR ® 
Premix Ex Taq TM II (Takara Bio Inc., Japan) were used to 
examine miRNA and mRNA expression, respectively. Fur-
thermore, qRT-PCR was conducted based on the Applied 
Biosystems ® 7500 Real-Time PCR Systems (Thermo Fisher 
Scientific, USA). U6 and GAPDH were the internal references. 
Primer sequences are manifested in Table 1.

Differences in miR-29c-3p and C1QTNF6 mRNAs levels 
were compared using 2−ΔΔCt value.

MTT Assay

Transfected HNSCC cell line Detroit 562 was digested 
and suspended, followed by inoculation into 96-well plate 
(5 × 103 cells/well). After 24, 48, 72 and 96 h, 10 μL MTT 
kit (5 mg/mL, Sigma-Aldrich, USA) was introduced to 
each well, followed by cell incubation at 37 °C for 4 h. 

https://portal.gdc.cancer.gov/
https://portal.gdc.cancer.gov/
http://mirtarbase.mbc.nctu.edu.tw/php/index.php
http://mirtarbase.mbc.nctu.edu.tw/php/index.php
http://starbase.sysu.edu.cn/
http://starbase.sysu.edu.cn/
http://www.targetscan.org/vert_72/
http://www.targetscan.org/vert_72/
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Subsequently, the supernatant was removed and the precipi-
tation was dissolved in 200 μL dimethyl sulfoxide (DMSO). 
Finally, the optical density (OD) was measured at 595 nm 
at present  time.

Wound Healing Assay

HNSCC cell line Detroit 562 was seeded into 6-well plates. 
When the confluency was 80%, the single cell layer was 
scraped by a sterile pipette tip (200 μL). Thereafter, the sep-
arated cells were subjected to two washes. The remaining 
cells were supplemented with fresh serum-free media and 
incubated for 24 h. In the end, migrated cells at 0 and 24 h 
were photographed under a microscope.

Transwell Invasion Assay

Matrigel (BD, USA) was dissolved and diluted using serum-
free medium in a ratio of 1:3. Next, it was coated on the 
upper chamber (50 μL/well) and equilibrated in an incubator 
for 30 min. Thereafter, cells were added to the upper cham-
ber with a concentration of 1 × 105/mL. DMEM containing 
10% FBS was supplemented to the lower chamber. After 
48-h incubation, non-invading cells were removed using a 
cotton swab. Furthermore, invading cells were treated with 
0.1% crystal violet staining. The number of invading cells 
was used as an indicator of invasive ability. Afterwards, 4 
random fields under the microscope were selected for count-
ing and photographing the invading cells. Finally, the aver-
age number of the cells in four fields was calculated.

Western Blot

The cells were lysed using radioimmunoprecipitation assay 
(RIPA) buffer (Sigma-Aldrich, USA) and the total protein 
concentration was evaluated utilizing bicinchoninic acid 
(BCA, Sigma-Aldrich, USA). Thereafter, the proteins were 
isolated using 10% sodium dodecyl sulfate–polyacrylamide 
gel electrophoresis, followed by transferring to a polyvi-
nylidene difluoride membrane (Sigma-Aldrich, USA). The 
membrane was blocked with 5% skimmed milk for 1 h 

at standardized temperature, followed by the incubation 
with primary antibodies overnight. The primary antibod-
ies were rabbit anti-C1QTNF6 (1:1000, ab36900, Abcam, 
UK) and rabbit anti-GAPDH (1:5000, ab16891, Abcam, 
UK). Afterwards, the membrane was subjected to 3 washes 
with phosphate-buffered saline + Tween-20 (PBST) buffer, 
10 min each. The secondary antibody goat anti-rabbit IgG 
H&L (ab205718, Abcam, UK) was used for 1 h of incuba-
tion at routine temperature. In the end, the membrane was 
developed using electrochemiluminescence (ECL) reagent 
(Solarbio, China). Western blot was analyzed with gel imag-
ing software.

Dual‑Luciferase Assay

We transfected psiCHECK luciferase reporter plasmids 
(Sangon Co., China) containing C1QTNF6 wild type (wt) 
and mutant type (mut) 3′UTR. Afterwards, HNSCC cells 
Detroit 562 were seeded into 48-well plates for 24-h culture 
at 37 °C. Thereafter, miR-mimic/mimic NC and C1QTNF6-
psiCHECK wt/mut plasmids were co-transfected with 
Detroit 562 cells. Finally, the luciferase activity was meas-
ured using luciferase detection kit (Promega, Fitchburg, WI, 
USA).

Angiogenesis Assay

The human umbilical vein endothelial cell line (HUVEC) 
was bought from ATCC and placed in 24-well plates coated 
with Matrigel (90 μL). After 30-min incubation at 37 °C, 
different Detroit 562 cell-conditioned media (CM) were 
introduced to the wells. After incubating the 24-well plates 
for 6 h, the tube formation was imaged with an inverted 
microscope at ×200 magnification.

Statistical Analysis

GraphPad Prism 6.0 (GraphPad Software, USA) was applied 
to analyze all data and each assay was repeated 3 times. The 
results were displayed as mean ± standard deviation and sub-
jected to t-test for inter-group comparison. P < 0.05 denoted 
a remarkable difference in statistics.

Results

MiR‑29c‑3p is Less Expressed in HNSCC Cells

Studies manifested that miR-29c-3p functions in cancers 
like esophagus cancer and melanoma [24, 25]. Neverthe-
less, whether miR-29c-3p affects HNSCC progression 
remains unknown. We therefore used miR-29c-3p as 
our study object. Firstly, we discovered a notably lower 

Table 1   Primer sequences for qRT-PCR

Gene Primer sequence (5′ → 3′)

miR-29c-3p F: TGC​ACC​ATT​TGA​AAT​CGG​TTA​
U6 F: ATT​GGA​ACG​ATA​CAG​AGA​AGATT​

R: GGA​ACG​CTT​CAC​GAA​TTT​G
C1QTNF6 F: GGC​TAT​GCA​GAG​GGA​GAC​AC

R: CTC​AGA​GTC​ACA​GCA​CCG​TT
GAPDH F: GCA​CCG​TCA​AGG​CTG​AGA​AC

R: TGG​TGA​AGA​CGC​CAG​TGG​A
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miR-29c-3p expression in HNSCC tissue relative to nor-
mal tissue, utilizing differential analysis on the basis of 
TCGA-HNSC database (Fig. 1A). In addition, the survival 
analysis demonstrated that the prognosis of patients with 
lowly expressed miR-29c-3p was poorer than those with 
the high expression (Fig. 1B). Next, miR-29c-3p level was 
examined by qRT-PCR in human immortalized keratino-
cytes HaCaT and four HNSCC cell lines. The result exhib-
ited that it was significantly downregulated HNSCC cell 
lines, compared with that in HaCaT cell line (Fig. 1C). 
Collectively, miR-29c-3p expressed lowly in HNSCC 
and its expression was the lowest in Detroit 562 cell line. 

Hence, Detroit 562 cell line was picked for subsequent 
assays.

Overexpressed miR‑29c‑3p Inhibits the Progression 
of HNSCC Cells

To figure out how miR-29c-3p affected HNSCC cells, we 
constructed Detroit 562 cells with mimic NC and miR-
mimic groups. Firstly, qRT-PCR result indicated that miR-
29c-3p was notably upregulated in overexpressing group 
(Fig. 2A). The transfected cells therefore were used for the 
follow-up assays. Afterwards, through MTT assay, overex-
pressed miR-29c-3p markedly hampered the proliferation of 

Fig. 1   Low miR-29c-3p level in HNSCC cells. A Box plot about 
miR-29c-3p expression in normal (blue) and tumor (red) tissue. 
B Survival curve about C1QTNF6 affecting patients’ prognosis. 
Abscissa represents time (unit: year) while ordinate represents sur-

vival rate. Expression is high in red and low in blue. C miR-29c-3p 
level in human immortalized keratinocytes HaCaT and HNSCC cell 
lines SCC-4, SCC-9, SCC-25 and Detroit 562. *Indicates P < 0.05
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Detroit 562 cells (Fig. 2B). Next, based on transwell assay, 
overexpressed miR-29c-3p caused a decrease in invasive 
ability of the cells (Fig. 2C). Furthermore, wound healing 
assay suggested that overexpressed miR-29c-3p strikingly 
weakened migratory ability of the cells (Fig. 2D). Finally, 
the tube formation of HUVEC cells was markedly decreased 
after the treatment of CM with Detroit562 cells transfected 
with miR-mimic (Fig. 2E). All in all, overexpressed miR-
29c-3p repressed the proliferation, migration, invasion and 
angiogenesis of HNSCC cells.

MiR‑29c‑3p Inhibits C1QTNF6 in HNSCC

To investigate the downstream gene of miR-29c-3p in 
HNSCC, we carried out differential expression analysis on 
mRNA data and obtained 1,567 differentially expressed 
mRNAs, including 569 upregulated genes (Fig. 3A). There-
after, miRTarBase, starbase and TargetScan databases were 
utilized to predict downstream genes of miR-29c-3p, which 
were then overlapped with upregulated mRNAs to acquire 11 
target mRNAs (Fig. 3B). The correlation analysis revealed 

Fig. 2   Overexpressing miR-29c-3p restrains progression of HNSCC 
cells. A MiR-29c-3p expression in HNSCC cells Detroit 562. B The 
proliferative capability of Detroit 562 cells in different groups (miR-
NC and miR-mimic). C The invasion of Detroit 562 cells (×100). D 

The migratory ability of Detroit 562 cells (×40). E HUVEC cells 
were cultured in CM from miR-mimic transfected Detroit562 and 
tube formation ability was assayed. *Suggests P < 0.05
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the strongest negative association between C1QTNF6 and 
miR-29c-3p (Fig. 3C). Besides, expression analysis indicated 
a remarkably high expression of C1QTNF6 in HNSCC tis-
sue (Fig. 3D) and in patients with poor prognosis (Fig. 3E). 
To validate that miR-29c-3p regulated C1QTNF6, the bind-
ing site of miR-29c-3p and C1QTNF6 3′UTR was predicted 
through starBase database (Fig. 3F). Next, dual-luciferase 
assay verified this targeted relationship, manifesting that 
upregulating miR-29c-3p suppressed the luciferase activity 
of wt-C1QTNF6 3′UTR but had not impact on that of mut-
C1QTNF6 3′UTR (Fig. 3G). Afterwards, qRT-PCR checked 
the C1QTNF6 mRNA level in Detroit 562 cell line. The out-
come indicated a significant reduction in C1QTNF6 mRNA 
expression in miR-mimic group (Fig. 3H). Western blot 
assay also showed that overexpressed miR-29c-3p caused 
a remarkable restraint in C1QTNF6 protein level (Fig. 3I). 
These facts proved that miR-29c-3p hindered C1QTNF6 
level in HNSCC cells.

MiR‑29c‑3p Targets C1QTNF6 to Suppress 
Progression of HNSCC

To prove how miR-29c-3p and C1QTNF6 interact in 
HNSCC, we established groups including miR-NC, oe-
C1QTNF6 and miR-mimic + oe-C1QTNF6. Next, qRT-
PCR and western blot assays ensured that mRNA and pro-
tein expression of C1QTNF6 was dramatically increased in 
oe-C1QTNF6 group, but suppressed in miR-mimic + oe-
C1QTNF6 group (Fig. 4A and B). In addition, MTT assay 
showed that overexpressed C1QTNF6 strengthened the 
proliferative ability of HNSCC cells while simultaneously 
overexpressing C1QTNF6 and miR-29c-3p diminished 
such effect (Fig. 4C). Moreover, transwell and wound heal-
ing assays suggested that overexpressed C1QTNF6 also 
enhanced the migration invasion of HNSCC cells, whereas 
simultaneous overexpression of miR-29c-3p and C1QTNF6 
weakened such effect (Fig. 4D and E). Finally, Detroit562 
cells transfected with oe-C1QTNF6 promoted angiogenesis 
of HUVEC, but overexpressed miR-29c-3p and C1QTNF6 
reversed angiogenesis ability of HUVEC (Fig. 4F). Hence, 
it could be concluded that miR-29c-3p downregulated 
C1QTNF6 expression to block the motor ability and angio-
genesis of HNSCC cells.

Discussion

Sustained angiogenesis plays an imperative role in tumor 
growth and metastasis [26]. Hence, determining promis-
ing anti-angiogenic targets is an approach to the cancer 
treatment. Many studies have identified that many miR-
NAs were dysregulated in HNSCC cells and influenced 

the progression of this cancer [10, 27]. Finding aberrantly 
expressed miRNAs in HNSCC cells therefore was of great 
significance to investigate the angiogenesis mechanism of 
HNSCC.

To find out miRNA that plays significant role in 
HNSCC, we found through bioinformatics analysis that 
miR-29c-3p level was prominently low in cancer tissue, 
which was also related to patients’ poor prognosis. Pre-
vious studies clarified marked downregulation of miR-
29c-3p in laryngeal squamous cell carcinoma and its low 
expression correlates with poor prognosis [28]. Further-
more, miR-29c-3p also obstructs angiogenesis of colo-
rectal cancer cell by targeting VEGFA [18]. Similarly, 
we conducted cellular function assays and revealed that 
miR-29c-3p contained motor ability and angiogenesis of 
HNSCC cells.

To identify the downstream gene of miR-29c-3p, we 
found via bioinformatics methods that C1QTNF6 was 
targeted by miR-29c-3p. C1QTNF6 level was notably 
high in HNSCC tissue, which was related to poor prog-
nosis. Thereafter, dual-luciferase, qRT-PCR and western 
blot assays proved that miR-29c-3p regulated C1QTNF6 
expression. Besides, C1QTNF6 is prominently highly 
expressed in lung adenocarcinoma, which resulted in 
patients’ poor prognosis [29]. In hepatocellular cancer 
tissue, C1QTNF6 is significantly highly expressed [30, 
31]. Knockdown of C1QTNF6 suppresses the progression 
but stimulates apoptosis of hepatocellular cancer cells by 
blocking AKT signaling pathway [30, 31]. These findings 
showed that C1QTNF6 plays pivotal roles in the progres-
sion of cancers. In our study, MTT, transwell, wound 
healing, angiogenesis and western blot assays verified the 
function of C1QTNF6 on HNSCC. These assays revealed 
that overexpressing C1QTNF6 remarkably promoted the 
proliferation, motor ability and angiogenesis of HNSCC 
cells. Most importantly, simultaneously overexpressing 
C1QTNF6 and miR-29c-3p reversed that promoted effect. 
Taken together, miR-29c-3p targeted C1QTNF6 expres-
sion to hinder progression of HNSCC cells. Additionally, 
miR-29c-3p/C1QTNF6 axis possibly regulated the cell 
progression as well as angiogenesis in HNSCC.

In conclusion, miR-29c-3p was less expressed in 
HNSCC and acted as an inhibitor. A negative associa-
tion was presented between C1QTNF6 and miR-29c-3p. 
Besides, miR-29c-3p suppressed motor ability and angio-
genesis of HNSCC cells via targeting C1QTNF6. Nev-
ertheless, we did not conduct in vivo assays. It will be a 
focus in our future studies. In sum, miR-29c-3p had the 
potential to function in HNSCC targeted therapy. MiR-
29c-3p/C1QTNF6 axis may also modulate the metastasis 
of HNSCC.
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Fig. 3   MiR-29c-3p suppresses C1QTNF6 in HNSCC cells. A Vol-
cano plot about results of differential expression analysis on mRNA-
seq data in TCGA-HNSCC. High level in red and low level in green. 
B Venn plot of the predicted targets of miR-29c-3p and upregulated 
mRNAs. C Heat plot about the correlation between C1QTNF6 and 
miR-29c-3p. D Box plot about C1QTNF6 expression in normal 
group (blue) and tumor group (red). E Survival curve about effect 

of C1QTNF6 expression on patients’ prognosis. Abscissa represents 
time (unit: year) and ordinate represents survival curve. Red curve 
stands for high expression while blue curve stands for low expression. 
F Binding site of miR-29c-3p and C1QTNF6. G Luciferase activity 
of Detroit 562 cells in different transfection groups. H, I C1QTNF6 
mRNA and protein levels in different transfection groups. *Denotes 
P < 0.05
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