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Abstract
It has been reported that MicroRNAs (miRNAs) play pivotal roles in the occurrence and progression of a variety of cancers.
As reported, miR-4295 promotes cell growth and metastasis in a lot of cancers. Nonetheless, the role and molecular
mechanism of miR-4295 in HNSCC still remain unknown. In this study, we discovered miR-4295 expression was
significantly upregulated in HNSCC tissues and cell lines, which is also associated with the overall survival of patients.
Additionally, suppression of miR-4295 significantly inhibited cell proliferation, migration and EMT process in HNSCC.
Through Targetscan website, it was predicted that NPTX1 might be a direct target gene of miR-4295. Then, we verified that
NPTX1 could directly interact with miR-4295 via luciferase reporter and RNA assays. What’s more, we discovered that
there was a significantly negative correlation between NPTX1 and miR-4295 expression. It was indicated by further
investigation that the effect of miR-4295 suppression on cell proliferation, migration and EMT process in HNSCC can be
restored by knockdown of NPTX1 at the same time. Our results suggested that miR-4295 promoted the progression of
HNSCC via regulating NPTX1 expression and miR-4295/NPTX1 axis, which may be a new therapeutic strategy
for HNSCC.

Introduction

Head and neck cancer (HNC) is the sixth most common
malignant cancer worldwide and a heterogeneous collection
of tumors originated from the upper aerodigestive tract
[1, 2]. Head and neck squamous cell carcinoma (HNSCC) is
the most common type of HNC, accounting for more than
90% of HNC and occurs in the pharynx, oral cavity, and
larynx [3, 4]. Despite of intensive efforts for diagnosis and
treatment of HNSCC, the overall survival rate has had no
significant increase in the past few decades. Therefore, it is

crucial to investigate the underlying molecular biological
mechanism of HNSCC, and then seek for new therapeutic
targets for HNSCC.

It is well known that microRNAs (miRNAs), a class of
small noncoding RNA with a length of 19–24 nucleotides,
can modulates downstream gene expression and then
involved in the regulation of cancers [5–7]. As reported in
many studies, miRNAs have oncogenic or tumor-
suppressive function in cancers. For instance, miR-346
promotes HCC progression by suppressing breast cancer
metastasis suppressor 1 expression [8]. MiR-9-5p promotes
cell growth and metastasis in non-small cell lung cancer
through the repression of TGFBR2 [9]. MiR-142-3p inhi-
bits cancer cell proliferation by targeting CDC25C [10].
MiR-4485 regulates mitochondrial functions and inhibits
the tumorigenicity of breast cancer cells [11]. In addition,
there were many miRNAs involved in the regulation of
HNC. For instance, microRNA-203 suppresses invasion
and epithelial-mesenchymal transition induction via target-
ing NUAK1 in HNC [12]. Loss of miR-125b-1 contributes
to HNC development by dysregulating TACSTD2 and
MAPK pathway [13]. MiR-124 acts as a tumor suppressor
by inhibiting the expression of sphingosine kinase 1 and its
downstream signaling in HNSCC [14]. Furthermore, recent
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studies have found that miR-4295 is upregulated in multiple
cancers and affects the tumor phenotypes. For example,
miR-4295 promotes cell growth in bladder cancer by tar-
geting BTG1 [15]. MiR-4295 promotes cell proliferation
and invasion in anaplastic thyroid carcinoma via CDKN1A
[16]. Still and all, there is no report on the molecular
mechanism and biological function of miR-4295
in HNSCC.

The aim of this study was to investigate the biological
function and potential regulatory mechanism of miR-4295
in HNSCC.

Materials and methods

Clinical samples

A total of 92 clinical tumor tissues and adjacent normal
tissues were collected from patients with HNSCC who
underwent surgery at Sichuan Cancer Hospital & Institute.
All tissue samples were immediately stored at −80 °C for
future experiments. None of the patients suffered from any
tumor-specific treatment prior to surgery. Written informed
consents were provided from all patients. The Ethics
Committee of Sichuan Cancer Hospital & Institute
approved the protocol of this study. The tissue samples
were used for further experiments (92 samples and 92
controls).

Cell culture and transfection

HNSCC cell lines (FaDu, Hep2, SCC22B, and SCC154)
and human normal oral epithelial cell line (iNOE) were
investigated in this study, and they were all obtained from
the American Type Culture Collection (ATCC; Manassas,
VA, USA). They were recently authenticated by STR pro-
filing and tested for mycoplasma contamination. Cells were
cultured in Dulbecco’s modified Eagle’s medium (DMEM;
Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA)
containing 10% fetal bovine serum (FBS; Gibco/Invitrogen
Inc., Carlsbad, CA, USA), phytomycin (100 μg/ml) and
penicillin (100 U/ml) at 37 °C in a humidified atmosphere
containing 5% CO2.

MiR-4295 inhibitor, miR-4295 mimic and the negative
controls (NC inhibitor and NC mimic) were purchased from
GenePharma (Shanghai, China). Short hairpin RNA
(shRNA) targeting NPTX1 (sh-NPTX1) and a negative
control (sh-NC) were also designed and synthesized by
GenePharma. Lipofectamine 2000 (Invitrogen, Carlsbad,
CA, USA) was used to transfect these above plasmids into
FaDu or Hep2 cells according to manufacturer’s
recommendations.

RNA extraction and quantitative real-time PCR

Trizol reagent (Takara, Otsu, Japan) was used to extract the
total RNA from tissues and cells. The reverse transcription
for RNAs into cDNA was performed by using TaqManTM

Advanced miRNA cDNA Synthesis Kit (Waltham, MA,
USA) or the reverse transcription kit (Takara, Otsu, Japan).
The RT-qPCR was performed using SYBR Green PCR Kit
(Takara, Otsu, Japan). GAPDH and U6 served as endo-
genous controls. Applied Biosystems Step One Plus Real-
Time PCR System (Applied Biosystems, Foster city, USA)
was used to perform RT-qPCR analysis, and relative
quantification was assessed using the 2−ΔΔCt method. The
primers used for RT-qPCR were as follows:

miR-4295: 5′-CAGTGCAATGTTTTCCTTGCC-3′ (For
ward) and 5′-GTAGGAACAGTCTAGTTTCTTAGCC-3′
(Reverse);

NPTX1: 5′-CTCAGCCAACTCGGGCAAACTT-3′ (Fo
rward) and 5′-ATCCTTGAGGCTGTTGGTCTGG-3′ (Re
verse);

GAPDH: 5′-GAA GGT GAA GGT CGG AGT C-3′
(Forward) and 5′-GAA GAT GGT GAT GGG ATT TC-3′
(Reverse);

U6: 5′-ATT GGA ACG ATA CAG AGA AGA TT-3′
(Forward) and 5′-GGA ACG CTT CAC GAA TTT G-3′
(Reverse).

CCK-8 assay

Cell proliferation capability was assessed using Cell
Counting Kit-8 (CCK-8; Dojindo Molecular Technologies)
assay. Firstly, the transfected cells (1 × 103 cells/well) were
seeded in 96-well plates. Plates were incubated for 24, 48,
72, and 96 h. Each well was added with CCK-8 reagent,
followed by subsequent incubation for another 4 h. A
microplate reader (Molecular Devices, Sunnyvale, CA,
USA) was used to detect the optical density of each well at
450 nm.

EdU immunofluorescence assay

Cell proliferation was assessed by using 5-ethynyl-2′-
deoxyuridine (EdU) immunofluorescence assay. HNSCC
cells (1 × 103 cells/well) were cultured into 96-well plates.
After incubation for 48 h, new medium containing 50 μM
EdU replaced the original medium. With another 2 h incu-
bation, cells were fixed with 4% formaldehyde for 30 min
and treated with 0.5% Triton X-100 for 20 min. After
washing with PBS, cells were counterstained with anti-EdU
reagents for 30 min. After incubation with 100 μL DAPI for
30 min, cells were visualized applying fluorescence
microscopy.
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Transwell assay

Transwell assay was performed to detect the migration
ability of cells. The transwell membranes (8 µm pore size,
Corning, NY, USA) without Matrigel were used for
migration assay. The upper chambers were supplemented
with 200 μl serum-free medium containing transfected cells
(1 × 104 cells/well), while the lower chambers were sup-
plemented with 600 μl DMEM medium containing 10%
FBS. After incubation for 48 h, migrated cells that located
in the lower membrane were fixed by menthanol and then
stained by 0.5% crystal violet. Finally, all stained cells were
counted under a light microscope (Olympus Corporation,
Tokyo, Japan).

RNA pull-down assay

MiR-4295-Wt, miR-4295-Mut, and miR-NC were tran-
scribed by TranscriptAid T7 High Yield Transcription Kit
(ThermoFisher Scientific, USA). Biotin RNA labeling mix
(Roche Diagnostics, Indianapolis, IN, USA) was used to
produce Bio-miR-4295-Wt, Bio-miR-4295-Mut, and Bio-
miR-NC. Two hundred micrograms cell lysates (FaDu and
Hep2) and 50 pmol biotinylated RNA were mixed, and then
incubated with 50 μl streptavidin agarose beads (Invitrogen,
Carlsbad, CA, USA) at 4 °C for 1 h. After washing, RT-
qPCR was used to measure the mRNA expression of eluted
proteins.

Luciferase reporter assay

The 3′-UTR sequences of NPTX1 containing the binding
sites of miR-4295 were cloned and constructed into the
pGL3 vector (Promega, Madison, WI, USA) to produce the
wild-type NPTX1 reporter (NPTX1-Wt). GeneArt™ Site-
Directed Mutagenesis System (Thermo Fisher Scientific)
was used to produce the mutant-type NPTX1 reporter
(NPTX1-Mut). NPTX1-Wt or NPTX1-Mut was co-
transfected with NC mimic, NC inhibitor, miR-4295
mimic or miR-4295 inhibitor into FaDu or Hep2 cells.
After transfection for 48 h, the luciferase activity was
determined with luciferase reporter assay system (Promega,
Madison WI, USA).

Western blot

Total proteins from HNSCC cells were extracted using
RIPA lysis buffer (Beyotime Biotechnology, China) con-
taining protease inhibitors (Roche, China). The proteins
were subjected to sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE) and then transferred onto
the polyvinylidene difluoride (PVDF) membranes. Next,
membranes were blocked by skim milk and probed with the

primary antibodies overnight at 4 °C. The primary anti-
bodies anti-NPTX1 (ab75917), anti-E-cadherin (ab15148),
anti-N-cadherin (ab18203), anti-Vimentin (ab92547), and
anti-GAPDH (ab8245) were both purchased from Abcam
company (Abcam, Cambridge, UK). After that, the appro-
priate secondary antibody was added to membranes and
then incubated for another 2 h at room temperature. Finally,
ECL detection kits (Millipore, MA, USA) was used to
visualize the proteins. GADPH served as a loading control.

Statistical analysis

Statistical analysis was carried out using SPSS 20.0 software
(SPSS, Chicago, IL, USA). All data were expressed as the
mean ± standard deviation (SD). Each experiment was repe-
ated three times. The one-way ANOVA or Student’s t-test
was used to analyze the differences between groups. All data
was found to follow a normal distribution. The estimation of
variance homogeneity was carried out. ANOVA with Dunnett
post hoc test was applied for comparison between groups
when there were no significant differences among variance.
Otherwise, ANOVA with Dunnett’s T3 post hoc test was
used. Overall survival analysis was performed using the
Kaplan–Meier method and the log-rank test. Correlation
analysis was performed using Spearman’s rank correlation
test. P< 0.05 was considered statistically significant.

Results

MiR-4295 is upregulated in HNSCC tissues and cells,
and correlated with the overall survival of patients

Compared with adjacent normal tissues, miR-4295 expression
was significantly upregulated in HNSCC tissues (n= 92)
(Fig. 1a). Likewise, miR-4295 expression was remarkably
upregulated in HNSCC cells (FaDu, Hep2, SCC22B, and
SCC154) compared with that in human normal oral epithelial
cells (iNOE) (Fig. 1b). We also discovered that miR-4295
expression was significantly increased in advanced clinical
stages (Fig. 1c). Next, we analyzed the correlation between
the miR-4295 expression and the clinical characteristics of
HNSCC patients, and therefore found that miR-4295
expression was significantly associated with tumor size,
TNM stage, and lymph node metastasis (Table 1, P < 0.05).
To explore the potential relationship between miR-4295
expression and the patients’ prognosis, the effects of miR-
4295 expression on overall survival were evaluated via
Kaplan–Meier analysis, which indicated that the over-all
survival of the high miR-4295 expression group was notably
shorter compared with that of the low miR-4295 group (Fig.
1d). Multivariate analysis showed that only miR-4295
expression (P= 0.030) and TNM stage (P= 0.009) were
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independent prognostic factors for HNSCC patients (Table 2,
P < 0.05). These results suggested that miR-4295 may act as
an oncogene in HNSCC.

MiR-4295 suppression inhibits proliferation,
migration and EMT process in HNSCC cells

To explore the biological function of miR-4295 in HNSCC,
miR-4295 inhibitor and its scramble controls (NC mimic
and NC inhibitor) were respectively transfected into FaDu
and Hep2 cells for the subsequent experiments. Compared
with scramble control, the expression of miR-4295 was
significantly downregulated in FaDu and Hep2 cells trans-
fected with miR-4295 inhibitor (Fig. 2a). It was indicated
that miR-4295 suppression inhibited the proliferation of
FaDu and Hep2 cells through CCK-8 and EdU immuno-
fluorescence assays (Fig. 2b, c). Transwell assay showed a
significant reduction of the migration ability of FaDu and
Hep2 cells transfected with miR-4295 inhibitor (Fig. 2d).
EMT process has been reported to be a key step of tumor
metastasis [17, 18]. Therefore, western blot was applied to
determine the expression of EMT markers, and the results
showed that miR-4295 suppression decreased the expres-
sion of mesenchymal marker (N-cadherin and vimentin),
but increased the expression of epithelial marker
(E-cadherin) in FaDu and Hep2 cells (Fig. 2e). Con-
clusively, all these results indicated that miR-4295

suppression inhibits proliferation, migration, and EMT
process in HNSCC cells.

NPTX1 is a direct target gene of miR-4295 in HNSCC

As has been reported before, miRNAs can regulate down-
stream gene expression in cancers [5–7]. In order to
investigate the regulatory mechanism of miR-4295 in
HNSCC, we used Targetscan to predict the potential target
genes of miR-4295 and thereby noticed that Neuronal
pentraxin 1 (NPTX1) had a binding site for miR-4295 (Fig.
3a). NPTX1 is reported to be associated with tumor pro-
gression in types of tumors [19, 20]. Therefore, we hypo-
thesized that NPTX1 might be modulated by miR-4295 in
HNSCC. Luciferase reporter assay was then performed to
evaluate the interaction between miR-4295 and NPTX1,
and the results showed that the luciferase activity of wild-
type NPTX1 reporter vector was significantly decreased in
cells transfected with miR-4295 mimic, whereas increased
in cells transfected with miR-4295 inhibitor, indicating that
NPTX1 could directly bind with miR-4295 (Fig. 3b).
Nevertheless, no notable difference on the luciferase
activity of mutation-type NPTX1 reporter vector was
observed in cells transfected with miR-4295 mimic (or miR-
4295 inhibitor) group and NC mimic (or NC inhibitor)
group. RNA pull-down assay further manifested the direct
interaction between miR-4295 and NPTX1 (Fig. 3c).

Fig. 1 MiR-4295 is upregulated
in HNSCC tissues and cell lines
and relates to poor prognosis of
patients. a Relative expression
of miR-4295 in tumor tissues
(n= 92) and adjacent non-tumor
tissues (n= 92). b Relative
expression of miR-4295 in
HNSCC cell lines (FaDu, Hep2,
SCC22B and SCC154) and
human normal oral epithelial
cell line (iNOE). c Relative
expression of miR-4295 in
different clinical stages (I–II and
III–IV). d Kaplan–Meier
analysis of overall survival in
HNSCC patients with high miR-
4295 level and low miR-4295
level. Results were expressed as
the mean ± SD of three
independent experiments. *P <
0.05, **P < 0.01 and ***P <
0.001
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Western blot assay showed that NPTX1 expression was
downregulated in FaDu and Hep2 cells transfected with
miR-4295 mimic, but upregulated in FaDu and Hep2 cells
transfected with miR-4295 inhibitor (Fig. 3d). Moreover,
NPTX1 expression was significantly upregulated in
HNSCC tissues (Fig. 3e). Spearman’s correlation analysis
indicated that a remarkably negative correlation was dis-
covered between NPTX1 and miR-4295 expression in
tumor tissues (r=−0.433, P < 0.001, Fig. 3f). To sum up,
NPTX1 is a direct target gene of miR-4295.

MiR-4295 promotes proliferation and migration
in HNSCC by regulating NPTX1 expression

To explore whether miR-4295 promotes cell proliferation
and metastasis in HNSCC via regulating NPTX1, rescue
assays were performed by using sh-NPTX1 plasmid. As
shown in Fig. 4a, NPTX1 expression was decreased in cells
transfected with sh-NPTX1, but restored in cells co-
transfected with miR-4295 inhibitor and sh-NPTX1. The
inhibitory roles of miR-4295 inhibitor in the proliferation of

HNSCC cells can be restored in cells co-transfected with sh-
NPTX1 (Fig. 4b, c). Transwell assay showed that cells
transfected with miR-4295 inhibitor decreased the migra-
tion ability of HNSCC cells, whereas transfected with miR-
4295 inhibitor+ sh-NPTX1 partly restored the migration
ability of HNSCC cells (Fig. 4d). In addition, compared
with cells transfected with miR-4295 inhibitor, the expres-
sion of EMT markers (E-cadherin, N-cadherin, and
vimentin) was also restored in cells co-transfected with
miR-4295 inhibitor+ sh-NPTX1 (Fig. 4e). Thus, the con-
clusion can be drawn that miR-4295 promotes cell pro-
liferation and metastasis in HNSCC progression by
suppressing NPTX1 expression.

Discussion

Recently, it has been proved by mounting evidences that
miRNAs play a variety of roles in development and pro-
gression of human cancers, such as breast cancer, bladder
cancer as well as HNC. MiR-218 and miR-129 regulate

Table 1 Clinical characteristic and miR-4295 expression of patients
with head and neck squamous cell carcinoma. (n= 92)

Variable miR-4295 Expression P-value

Low High

Age

<55 26 20 0.676

≥55 23 23

Gender

Male 19 15 0.829

Female 30 28

Tumor size

<3 cm 29 10 0.001*

≥3 cm 20 33

Histology

Adenoma 15 12 0.822

Squamous 34 31

Differentiation

Well 26 13 0.035

Moderate-poor 23 30

TNM stage

I–II 24 10 0.018*

III–IV 25 33

Lymph node metastasis

No 33 13 0.001*

Yes 16 30

Low/high by the sample median. Pearson χ2 test

*P < 0.05 was considered statistically significant

Table 2 Multivariate analysis of prognostic parameters in patients with
head and neck squamous cell carcinoma by Cox regression analysis

Variable Category P-value

Age

<55 0.891

≥55

Gender

Male 0.986

Female

Tumor size

<3 cm 0.431

≥3 cm

Histology

Adenoma 0.365

Squamous

Differentiation

Well 0.304

Moderate-poor

TNM stage

I–II 0.009*

III–IV

Lymph node metastasis

No 0.357

Yes

miR-4295 level Low 0.030*

High

Proportional hazards method analysis showed a positive, independent
prognostic importance of miR-4295 expression (P= 0.030)

*P < 0.05 was considered statistically significant
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breast cancer progression by targeting Lamins [21].
MicroRNA-124 inhibits cell proliferation, invasion, and
migration by targeting CAV1 in bladder cancer [22].
MicroRNA-363 targets myosin 1B to reduce cellular
migration in HNC [23]. Recent studies demonstrated that

miR-4295 is frequently dysregulated in multiple tumors and
affects the tumor phenotypes [15, 16]. Nonetheless, the
biological function and molecular mechanism of miR-4295
in HNSCC are still unknown. In this study, we discovered
that miR-4295 expression were significantly upregulated in

Fig. 2 Suppression of miR-4295 inhibited cell proliferation, migration
and EMT process in HNSCC. a The suppression efficiency of miR-
4295 was detected in FaDu and Hep2 cells via RT-qPCR. b CCK-8
assay showed that suppression of miR-4295 inhibited cell prolifera-
tion. c EdU immunofluorescence assay showed that suppression of
miR-4295 inhibited cell proliferation. d The effects of miR-4295

suppression on cell migration were detected in FaDu and Hep2 cells by
transwell assay. e The effects of miR-4295 suppression on EMT
markers (E-cadherin, N-cadherin and vimentin) expression were
detected in FaDu and Hep2 cells after different transfections by wes-
tern blot. Results were expressed as the mean ± SD of three indepen-
dent experiments. **P < 0.01 and ***P < 0.001
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HNSCC tissues and cell lines. In addition, suppression of
miR-4295 inhibited the proliferation and migration in
HNSCC. Moreover, it was also indicated that suppression
of miR-4295 decreased the expression of mesenchymal
marker (N-cadherin and vimentin), but increased the
expression of epithelial marker (E-cadherin). To conclude,

these results indicated that miR-4295 promoted cell pro-
liferation and metastasis in HNSCC.

As has been reported, miRNAs can regulate the expres-
sion of target genes to modulate the progression of cancers.
For instance, miR-361 targets Yes-associated protein (YAP)
mRNA to suppress cell proliferation in lung cancer [24].

Fig. 3 MiR-4295 directly targets NPTX1 and is negatively correlated
to NPTX1 expression. a Bioinformatical predication showed the pre-
dicted binding sites of NPTX1 and miR-4295. b Luciferase reporter
assay was performed to evaluate the interaction of NPTX1 and miR-
4295. c RNA pull down assay was performed to further evaluate the
binding ability between NPTX1 and miR-4295. d Western blot assay

showed that miR-4295 could negative regulate the expression of
NPTX1. e RT-qPCR showed NPTX1 expression was higher in tumor
tissues than in adjacent non-tumor tissues. f The expression of miR-
4295 was inversely correlated with the expression level of NPTX1 in
HNSCC tissues. Results were expressed as the mean ± SD of three
independent experiments. **P < 0.01 and ***P < 0.001

10 S. Lu et al.



MiR-519d-3p suppresses breast cancer cell growth and
motility via targeting LIM domain kinase 1 [25]. MiR-4326
promotes lung cancer cell proliferation through targeting

tumor suppressor APC2 [26]. In consequence, we searched
for downstream target genes of miR-4295 through Tar-
getscan website. NPTX1 was predicted to have a binding

Fig. 4 MiR-4295 promoted cell proliferation and metastasis in
HNSCC by regulating NPTX1. a RT-qPCR assay showed that NPTX1
expression was decreased in cells transfected with sh-NPTX1, but
restored in cells co-transfected with miR-4295 inhibitor and sh-
NPTX1. b CCK-8 assay was showed that knockdown of NPTX1
weakened miR-4295 suppression-mediated effects on cell prolifera-
tion. c EdU immunofluorescence assay was showed that knockdown of
NPTX1 weakened miR-4295 suppression-mediated effects on cell

proliferation. d Transwell assay was showed that knockdown of
NPTX1 weakened miR-4295 suppression-mediated effects on the
migration of HNSCC cells. e Western blot assay presented that
knockdown of NPTX1 weakened miR-4295 suppression-mediated
effects on the expression of EMT markers. Results were expressed as
the mean ± SD of three independent experiments. *P < 0.05, **P < 0.01
and ***P < 0.001
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site for miR-4295. It has been reported that NPTX1 is
associated with tumor progression in some types of tumors.
For example, NPTX1 inhibits colon cancer cell proliferation
through down-regulating cyclin A2 and CDK2 expression
[19]. NPTX1 is a novel epigenetic regulation gene and
associated with prognosis in lung cancer [20]. In this study,
it is indicated that NPTX1 expression could be negatively
regulated by miR-4295. Consequent findings delineated that
konckdown of NPTX1 partially restored miR-4295 sup-
pression-mediated effects on cell proliferation, migration
and EMT process in HNSCC. This work provided com-
prehensive evidence to show that miR-4295 facilitated cell
proliferation and metastasis in HNSCC by targeting
NPTX1. That is to say, miR-4295/NPTX1 axis might be a
new diagnostic/therapeutic approach for HNSCC. This
might be the first study to report that miR-4295 functions as
an oncogenic miRNA for HNSCC tumorigenesis through
targeting NPTX1. Additionally, other regulatory mechan-
isms of miR-4295 in HNSCC should be explored in the
future so as to justify further evaluation of miR-4295 as a
potential diagnostic/therapeutic target for HNSCC patients.
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