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Background. MicroRNAs (miRNAs) have emerged as crucial regulators in various cancers. However, the potential role of miR-
2355-5p in head and neck squamous cell carcinoma (HNSC) remains unclear. Methods. Bioinformatics methods were imple-
mented to find the candidate target gene of miR-2355-5p. Quantitative real-time PCR was performed to detect RNA expression
levels of miR-2355-5p and NISCH, while western blot was carried out for the detection of protein levels of NISCH and cell cycle-
related biomarkers. CCK-8, EdU staining, and flow cytometry were employed to measure cell proliferation and cell cycle
progression. Dual-luciferase assay and RNA pulldown were conducted to verify the binding relationship between miR-2355-5p
and NISCH. Results. (e expression levels of miR-2355-5p and NISCH were, respectively, higher and lower in HNSC tissues than
those in normal adjacent tissues. (e transfection of the miR-2355-5p inhibitor suppressed cell proliferation by arresting the cells
at the G1/S transition.(e results of luciferase activity and RNA pulldown assays indicated that miR-2355-5p directly targeted the
NISCH 3′-untranslated region. Furthermore, the effects of miR-2355-5p inhibition on cell proliferation were reversed after
treatment with siRNA against NISCH. Conclusion. In summary, our findings indicate that miR-2355-5p promotes cell cycle
progression in HNSC by targeting NISCH. Hence, targeting miR-2355-5p could be a promising therapeutic strategy for the
treatment of HNSC
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1. Introduction

Head and neck squamous cell carcinoma (HNSC) is the sixth
leading incident cancer worldwide, and the occurrence of
HNSC has increased over the past decades [1–3]. Despite the
relatively low incidence of distant metastasis in HNSC, the
outcome of patients remains unsatisfactory in recent years [4].
Tumor cells with uncontrolled proliferation provide them with
growth advantages, and consequently produce tumor recur-
rence after treatment. (ese cells are always characterized by
derangements in the cell cycle regulation [5, 6]. Hence, it is
essential to dissect the molecular disorders during the cell cycle
regulation of HNSC cells, which might contribute to providing
novel therapeutic targets for HNSC treatment.

miRNA is a class of noncoding RNA of approximately
22 nT that regulates gene expression at the post-transcrip-
tional level by binding to the 3′-untranslated region(3′-
UTR) of its target, inducing mRNA degradation or trans-
lational repression [7, 8]. Accumulating evidence supports
the involvement of microRNAs (miRNAs) in the regulation
of cell proliferation, apoptosis, invasion, migration, and
other phenotypes [9]. Our previous study showed that miR-
26b-5p suppresses the proliferation of CAL27 cells through
targeting PRR11 [10]. Cheng et al. indicated that miR-2355-
5p affects the expression of c-globin in the thalassaemia
patients [11]. Previous studies have demonstrated that the
miR-2355 gene plays an important role in the development
and progression of various cancers as a key mediator of
competing endogenous RNA (ceRNA) axes, including
pancreatic cancer, oesophageal squamous cell carcinoma,
bladder cancer, and chondrosarcoma [12–15]. Furthermore,
miR-2355 expression significantly correlated with the re-
sponse against platinum-based therapy in cervical, head and
neck, and lung cancers [16]. To data, the involvement of
miR-2355-5p in HNSC remains unclear. Recently, bio-
informatics tools have facilitated an integrative under-
standing of miRNA functions and their roles in
carcinogenesis, metastasis, and chemoresistance by identi-
fying miRNA targets [17–20]. NISCH, the coding gene of
Nischarin, was predicted as a candidate target of miR-2355-
5p in the current study. Previously, NISCH has been im-
plicated in the regulation of cell cycle progression as a tumor
suppressor [21–24]. However, the potential roles of NISCH
in HNSC remain unclear.

In the present study, miR-2355-5p was found to be
upregulated in HNSC and contributed to the promotion of
HNSC cell proliferation. Together with the prediction of the
miR-2355-5p binding site within the NISCH 3′-UTR, we
hypothesized that miR-2355-5p could promote HNSC cell
proliferation via targeting NISCH. Our results shed new
light on the mechanism that provides HNSC cells with
growth advantages.

2. Materials and Methods

2.1. Tissues and Cell Lines. Twelve pairs of frozen samples
were collected from HNSC patients with informed consent
from the Hunan Cancer Hospital. All the experiments were
approved by the ethics committee of the Hunan Cancer

Hospital (KYJJ-2020-222), Changsha, China. HNSC cell
lines, CAL27, and SCC25 were purchased from Shanghai
Genechem Co. Ltd, and routinely cultured in DMEM with
10% FBS (Gibco, Gaithersburg, MD). Each siRNA, miRNA
mimics, or inhibitor (GenePharm, Shanghai, China) was
transfected into HNSC cells for 48 hours using Lipofect-
amine 2000 (Invitrogen, Carlsbad, CA).

2.2. Bioinformatics and Statistical Analysis. (e gene ex-
pression data (FPKM) of HNSC patients were downloaded
from (e Cancer Genome Atlas (TCGA; https://
cancergenome.nih.gov) [25]. (en, the data of candidate
genes were extracted to form a new matrix. Differences in
gene expression between groups were assessed using the
Student’s t-test. Programs of microT (20–22) and miRmap
(23, 24) were employed for the prediction of candidate
targets for miR-2355-5p using the Encyclopedia of RNA
Interactomes (ENCORI) online tools [26, 27], followed by
the removal of miRNA-target pairs without crosslinking
immunoprecipitation (CLIP) or Degradome data. (e
Pearson correlation coefficient (PCC) value between each
pair was subsequently calculated with the TCGA-HNSC
data. Only pairs with PCC<−0.2 and corrected p value
<0.05 would be considered as statistically significant cor-
relation, and the others were excluded. Candidate genes
were then subjected to overall survival (OS) analysis using
the univariate Cox regression model with the R package
survival (CRAN.R-project.org/package� survival, version
2.43–3), and p< 0.05 was considered to be statistically
significant. (e candidate gene whose expression correlated
with the OS of TCGA-HNSC patients was considered to be
the potential target of miR-2355-5p. (e relationship be-
tween gene expression and outcome of TCGA-HNSC pa-
tients was visualized as Kaplan–Meier plotters using a web
tool OncoLnc (http://www.oncolnc.org) [28].

2.3. Quantitative Real-Time PCR (qRT-PCR). (e total RNA
of each specimen was extracted using the Trizol reagent
(Invitrogen, Carlsbad, CA). According to the manufacturer’s
instructions, the total RNA was then reverse transcribed to
cDNA using the PrimeScriptTM RT-PCR Kit (Takara,
Dalian, China) for protein-coding gene quantitation and
using PrimeScript RT reagent kit (Takara, Dalian, China)
with specific stem-loop primers for miRNA quantitation.
Quantitative real-time PCR (qRT-PCR) was performed
using SYBR® Premix DimerEraser™ (Takara, Dalian, China)
in a Roche LightCycler 480 II Real-Time PCR system (Roche,
Basel, Switzerland). (e threshold cycle value (Ct) of each
product was measured and normalized against that of the
internal control of GAPDH (for protein-coding gene) or U6
(for miRNA), and the differences were compared by using
the t-test using SPSS version 23.0, with the statistical sig-
nificance set at p< 0.05.

2.4. Cell Counting Kit-8 (CCK-8) Assay. Each group of cells
were seeded into 96-well plates at 2×103 cells/well. (e
CCK-8 (Beyotime, China, C0041) reagent was injected into

2 Journal of Oncology

https://cancergenome.nih.gov
https://cancergenome.nih.gov
http://www.oncolnc.org


the well after 0-, 12-, 24-, 48-, and 72-hour of culturing.
Using a microplate reader, the optical density at 450 nm was
recorded after a 2-hour incubation.

2.5. Cell Cycle Analysis. For each group of cells, cell cycle
analysis was performed by flow cytometry after propidium
iodide (PI) staining. Cell pellets (about 1.0 ×106) were
washed and suspended in 200 μl of cold PBS and fixed in
4ml of 70% ethanol overnight at −20°C. All specimens were
centrifuged and resuspended in 500 μl of buffer containing
40 μg/ml propidium iodide (Beyotime, China, C1052) and
100 μg/ml RNase A (Beyotime, China, C1052) and incu-
bated for 30min at 37°C before analysis on a CytoFLEX
flow cytometer (Beckman Coulter). Data were analyzed by
using the CytExpert (Beckman Coulter, Version 2.0)
software.

2.6. EdU Staining. Proliferating cells were stained with EdU
(5-ethynyl-2′-deoxyuridine) with the cell-light EdU
Apollo567 in vitro kit (RiboBio, Guangzhou, China,
C10310). Each group of HNSC cells was seeded and
transfected with different molecules for 48 hours. (en, cells
were washed twice and stained with 10 μM EdU for 30min,
followed by 4′,6-diamidino-2-phenylindole (DAPI, (ermo,
USA, 1306) staining. (e plates were finally observed and
photographed under a microscope (Olympus, Tokyo, Japan,
CX41-72C02) at 200x magnification.

2.7. Dual-Luciferase Reporter Gene Assay. Vectors for lu-
ciferase reporter assay were generated based on the pmir-
GLO dual-luciferase miRNA target expression vector
(Promega, Madison, WI), including pmirGLO-NISCH 3′-
UTR-wt (wildtype) and pmirGLO-NISCH 3′-UTR-mut
(miR-2355-5p binding site mutated). (e plasmids were
then cotransfected with miR-2355-5p or negative control
(NC) mimics into CAL27 cells with lipofectamine 2000,
respectively. (e relative luciferase activity was measured
using the dual-luciferase reporter assay system (Promega,
Madison, WI).

2.8. RNAPulldown. (e vectors, pcDNA3.1-NISCH-wt, and
pcDNA3.1-NISCH-mut were constructed for the over-
expression of NISCH with wildtype 3′-UTR and mutated 3′-
UTR. CAL27 cells were transfected with pcDNA3.1-NISCH-
wt and pcDNA3.1-NISCH-mut for 48 hours, and then the
cell lysates were collected. Biotinylated probes comple-
mentary to NISCH mRNA and random probes were syn-
thesized (GenePharm, Shanghai, China). (e M-280
streptavidin magnetic beads (Sigma-Aldrich, St. Louis, MO)
were coated with these probes. Cell lysates were then in-
cubated with the probe-coated beads at 4°C overnight, and
molecules interacting with NISCH mRNA were captured
after washing. (e bound RNAs were subsequently purified
using TRIzol, and the abundance of miR-2355-5p and
NISCH was finally measured by qRT-PCR.

2.9. Western Blot. Each group of cells was lysed in RIPE
buffer at 4°C for 30min and centrifuged at 15,000 g for
15min to obtain the protein sediment. After separation by
SDS-polyacrylamide gel electrophoresis (SDS-PAGE) and
transferring to PVDF membranes (Millipore, Billerica,
MA), the protein specimens were incubated with primary
antibodies against NISCH (ProteinTech, IL, USA, 13813,
1 : 1,000 dilution), Cyclin D1 (Bioss, Beijing, China,
bs-0623R, 1 : 500 dilution), p-RbSer807 (abcam, CA, UK,
ab131264, 1 : 1,000 dilution), and ß-actin (ProteinTech, IL,
USA, 66009, 1 : 2,000 dilution) overnight at 4°C, followed
by incubation with the secondary antibody (ProteinTech
Group Inc., Chicago, IL, 1 : 6,000 dilution) for 1 h at room
temperature. (e signals were finally measured with an
enhanced chemiluminescence (ECL) kit (Pierce, Rock-
ford, IL).

3. Results

3.1. miR-2355-5p Was Upregulated in HNSC Tissues.
Using the data from the TCGA-HNSC dataset, we found
that miR-2355-5p was significantly upregulated in HNSC
tissues as compared with the normal tongue tissues
(Figure 1(a)).(e similar expression pattern of miR-2355-5p
was subsequently validated between 12 collected HNSC
tissues and their matched paracancer tissues by using qRT-
PCR (Figure 1(b)). Moreover, the Kaplan–Meier survival
curve suggests poor OS with higher expression of miR-2355-
5p than those in the low miR-2355-5p expression group
(Figure 1(c)).

3.2. NISCH Is a Direct Target of miR-2355-5p in HNSC Cells.
To decipher the potential role of miR-2355-5p in HNSC
cells, candidate targets of miR-2355-5p were explored using
the ENCORI database. A venn diagram demonstrating the
overlaps of the microT predicted, miRmap predicted, and
negative expression correlated targets with two common
genes (NISCH and CBX5) is identified (Figure 2(a)). (e
relationship between the expression of each gene and OS for
TCGA-HNSC patients was assessed through a univariate
Cox regression model. NISCH expression was associated
with the OS of HNSC patients (Figure 2(a)), and conse-
quently selected as the target for downstream validation. To
verify the interaction between miR-2355-5p and NISCH, we
first investigated the expression pattern of NISCH in HNSC.
We found that NISCH was significantly downregulated in
HNSC tissues as compared with the normal tissues in the
TCGA-HNSC subset (Figure 2(b)) and collected paired
samples (Figure 2(c)). Moreover, the Kaplan–Meier survival
curve suggests poor OS with low expression of NISCH
compared with those in the high NISCH expression pop-
ulation (Figure 2(d)). Negative correlation between the
expression of miR-2355-5p and NISCH was validated in the
TCGA-HNSC subset (Figure 2(e)). Luciferase reporter assay
and RNA pulldown were performed to further investigate
the interaction between miR-2355-5p and NISCH. Trans-
fection with miR-2355-5pmimics significantly decreased the
luciferase activity of the NISCH 3′-UTR wildtype reporter
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gene, but had no effect on that of the NISCH 3′-UTR
mutated reporter gene (Figure 3(a)). (ese results suggest
that miR-2355-5p inhibited NISCH expression dependent
on binding sequence within 3′-UTR. Furthermore, the
mutation of NISCH 3′-UTR significantly decreased the
abundance of miR-2355-5p captured by NISCH probes
(Figure 3(b), right panel), further validating the binding
interaction between miR-2355-5p and NISCH.

3.3. miR-2355-5p Promoted Cell Growth of HNSC Cells.
Because miR-2355b-5p was significantly upregulated in
HNSC, we evaluated the effect of miR-2355-5p on cell
proliferation in CAL27 and SCC25 cells. As indicated in
Figure 4(a), miR-2355-5p expression was regulated by
transfection with miR-2355-5p mimics and inhibitors in
CAL27 and SCC25 cells. Transfection of the miR-2355-5p

inhibitor obviously suppressed the growth of HNSC cells,
whereas transfection of the inhibitor enhanced their growth
(Figure 4(b)). We further examined the effects of miR-2355-
5p on cell cycle modulation. Compared with the control, the
miR-2355-5p inhibitor caused cell cycle arrest at the G1-
phase, as well as restrained cell transit to the S phase
(Figure 4(c)). As shown in Edu staining assays, miR-2355-5p
significantly increased the proliferating cells (Figure 4(d)),
indicating the promotion roles of miR-2355-5p on cell
proliferation. Subsequently, the expression of NISCH and
cell cycle-related proteins, including CDK1 and p-RbSer807,
was detected by the western blot assay. Our results showed
that miR-2355-5p decreased NISCH expression, while it
augmented the protein levels of cyclin D1 and p-RbSer807, the
indicators of cell cycle arrest (Figure 4(e)). Collectively, these
findings suggest that miR-2355-5p inhibits HNSC cell
proliferation by arresting the cells at G1/S transition.
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Figure 1: Expression and prognostic value of miR-2355-5p in HNSC. (a) (e level of miR-2355-5p in HNSC and normal tissues in the
TCGA dataset. (b) Comparison of miR-2355-5p expression in 12 paired samples collected from 12 HNSC patients. (c) Kaplan–Meier plots
for overall survival (OS) in TCGA-HNSC patients, grouped by low and high expression of miR-2355-5p. p values were obtained using the
log-rank test.
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3.4. miR-2355-5p Promoted Cell Cycle Progression via
Inhibiting NISCH in HNSC Cells. To detect the specific role
of the miR-2355-5p/NISCH axis in HNSC, we cotransfected
miR-2355-5p inhibitor and si-NISCH into CAL27 and
SCC25 cells. (e results of CCK-8 and EdU staining assay
indicated that the NISCH knockdown attenuated the sup-
pressive effect of miR-2355-5p inhibitor on cell proliferation
(Figures 5(a) and 5(b)). Moreover, Western blot revealed
that transfection of si-NISCH could downregulate NISCH
expression in HNSC cells and weaken the suppressive effect
of the miR-2355-5p inhibitor on the protein level of cell
cycle-related genes (Figure 5(c)). (ese results highlighted
that the miR-2355-5p/NISCH axis is involved in modulating
the cell cycle progression of HNSC cells (Figure 6).

4. Discussion

Although the detection and treatment for HNSC have im-
proved in the last decades, the outcome of HNSC patients
remains unsatisfactory in the recent years [29]. In the
present study, we found that the dysfunction of the miR-
2355-5p/NISCH axis was involved in the promotion of cell
cycle progression and was significantly associated with OS in
HNSC patients. Moreover, NISCH was the direct target of
miR-2355-5p in HNSC.

Cell cycle control provides cancer cells with growth
advantages. In normal cells, cellular growth and prolifera-
tion are stringently regulated, while derangements of the cell
cycle lead to uncontrolled proliferation in cancer cells. (us,
key genes in cell cycle regulation can be investigated as a

promising therapeutic target for cancer treatment [30].
Recently, accumulating evidence has indicated the in-
volvement of miRNAs in cell cycle regulation in cancer
[31, 32]. Notably, the ceRNA hypothesis sparked a miRNA-
mediated mechanism [33] in which miRNA acts as the key
modulator linking competing endogenous RNAs, including
long noncoding RNA (lncRNA), circular RNA (circRNA),
pseudogenes, and protein-coding genes [34–36]. As re-
ported, miR-2355-5p inhibits the occurrence of bladder
cancer via regulating DDX11-AS1 and LAMB3 expressions
[12]. In chondrosarcoma cells, miR-2355-5p were sponged
by exosomal RAMP2-AS1 to promote VEGFR2-mediated
angiogenesis [13]. (ese results suggested the suppressive
roles of miR-2355-5p in some cancer types. Unlike them,
Zhang’s study indicated that the WDFY3-AS2/miR-2355-
5p/SOCS2 axis suppresses cell proliferation in oesophageal
squamous cell carcinoma, which is consistent with our
findings. Notably, Fekete and his colleagues revealed that
high miR-2355 expression is correlated with chemo-
resistance against platinum-based therapy in squamous cell
carcinomas [16]. Together with our findings, we speculate
that miR-2355-5p provides cells in squamous cell carcinoma
with growth advantages and other malignant phenotypes,
while it may differ in other pathological types of cancer.
Furthermore, we identified NISCH, a promising tumor
suppressor gene, as a novel target of miR-2355-5p in HNSC.
(e expression of NISCH is closely related to tumorigenesis,
progression, and poor prognosis in cancers, including
breast, lungs, and ovarian cancers [22, 24, 37, 38]. A series of
publications reported that NISCH was a tumor-suppressive
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miR-2355-5p expression in CAL27 and SCC25 cells. (b) (e viability of each group of cells was detected by the CCK-8 assay. (c) For each
group, cell cycle distribution was detected by flow cytometry analysis. (d) EdU staining (red) was performed to check the proliferating cells.
Cell nuclei were stained with DAPI (blue). (e) Levels of NISCH, cyclin D1, and p-RbSer807 were detected by western blotting analysis in each
group, with ß-actin as the reference protein. ∗p< 0.05.
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factor in breast cancer, and NISCH-expressing cells deliv-
ered exosomes that suppress breast cancer cell growth and
mobility [21, 37, 39, 40]. In ovarian cancer, promoter
hypermethylation-induced NISCH silence-promoted cell
cycle progression through the focal adhesion kinase (FAK)
signal [22]. Besides, a previous study indicated that tizani-
dine hydrochloride inhibited A549 cell proliferation and
mobility via upregulating the NISCH expression [24]. All the
aforementioned results support the results of our study. To
further validate the roles of the miR-2355-5p/NISCH axis in
HNSC, we performed rescue experiments, which confirmed
that miR-2355-5p-promoted cell cycle progression by tar-
geting NISCH in CAL27 and SCC25 cells.

5. Conclusions

Altogether, we have revealed a novel miR-2355-5p/NISCH
axis and elaborated its involvement in cell cycle regulation in
HNSC. Our findings provide novel insights into future
understanding of the molecular mechanisms of cell cycle
progression in HNSC.
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Figure 5: NISCH knockdown attenuates the promotion effects of miR-2355-5p onHNSC cell proliferation. (a)(e viability of each group of
cells was detected by the CCK-8 assay. (b) EdU staining (red) was performed to check the proliferating cells in each group. Cell nuclei were
stained with DAPI (blue). (c) Western blot analysis of the impact of si-NISCH on NISCH, cCyclinD1, and p-RbSer807 expression. Data are
presented as the mean± SD.
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cells.
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