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Introduction

Laryngeal carcinoma is the second leading carcinoma 
in head and neck neoplasm, and its incidence ranks 11th 
in malignancies globally (1). In China, laryngeal carci-
noma is particularly popular in Northeastern regions (2). 
Although great strides have been made on chemotherapy, 
radiotherapy and surgery, the therapeutic efficacy of laryn-
geal carcinoma is unsatisfactory (3). It is urgent to uncover 
novel strategies and targets for improving the therapeutic 
outcomes of laryngeal carcinoma. 

MicroRNAs (miRNAs) are highly conserved non-co-
ding RNAs. They are able to inhibit mRNA degradation 
or their translation through complementary base pairing, 
thereafter downregulating expressions of downstream 
mRNAs (4). With the advances in sequencing technolo-
gies, a great number of miRNAs have been identified to 
be related to laryngeal carcinoma, which are promising 
diagnostic or therapeutic biomarkers (5). Through analy-
zing miRNA profiling in laryngeal carcinoma, Liu et al. 
(6) screened out 13 differentially expressed miRNAs in 
laryngeal carcinoma tissues. 

The zinc finger structure is composed of multiple cys-
teines and/or histidine, which in turn binds Zn2+ and a 
stable tetrahedral structure is formed through self-folding. 
Abundant proteins containing zinc finger structures are 
found in animals, plants and microorganisms, which are 
known as zinc finger proteins (7-10). Relative levels of 

zinc finger proteins could predict the phenotype state of 
proliferating or metastatic cancer cells (11). It is reported 
that zinc finger proteins regulated by miRNAs exert a cer-
tain impact on tumor occurrence and progression (12,13). 
In this paper, we aim to clarify the role of miRNA-203b-
3p in influencing the development of laryngeal carcinoma 
through targeting ZNF324.

Materials and Methods

Sample collection
A total of 15 laryngeal carcinoma tissues and matched 

adjacent normal ones were surgically resected from 15 la-
ryngeal carcinoma patients. The tumor staging and patho-
logical grade of each patient were recorded. Patients and 
their families in this study have been fully informed. This 
study was approved by the Ethics Committee of The First 
Affiliated Hospital, Medical College, Xiamen University. 
Signed written informed consent were obtained from all 
participants before the study.

Quantitative real-time polymerase chain reaction 
(qRT-PCR)

TRIzol (Invitrogen, Carlsbad, CA, USA) was applied 
for isolating cellular RNA, which was quantified by 
Agilent BioAnalyzer 2100 (Agilent, Palo Alto, CA, USA). 
Complementary deoxyribose nucleic acids (cDNAs) were 
obtained using the miScript II RT and its mRNA level 
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was determined using the miScript SYBR Green PCR kit 
(Qiagen, Hilden, German). U6 was used as the internal 
reference. The mRNA levels were calculated by 2-ΔΔCT. Pri-
mer sequences were as follows: MiRNA-203b-3p, stem-
loop RT:5'-CTCACAGTACGTTGGTATCCTTGTGA-
TGTTCGATGCCATATTGTACTGTGAGCGAGTGG-3'; 
Forward:5'-ACACTCCAGCTGGGTGAAATGTTTAG-
GACCACT-3'; U6, Forward: 5'-CTCGCTTCGGCAGCA-
CA-3'; Reverse: 5'-AACGCTTCACGAATTTGCGT-3'. 

Cell culture
Cells were provided by Cell Bank (Shanghai, China). 

They were cultured in dulbecco’s modified eagle medium 
(DMEM) (Gibco, Rockville, MD, USA) containing 10% 
fetal bovine serum (FBS) (Gibco, Rockville, MD, USA) 
and 1% penicillin-streptomycin in a 5% CO2 incubator at 
37°C. Medium was replaced every three days. 

Cell transfection
Cells were inoculated in 6-well plates with 4×105 cells/

well. Until 70% confluence, Lipofectamine 2000 (Invi-
trogen, Carlsbad, CA, USA) was diluted in serum-free 
medium with 3 μL/L and incubated at 37°C for 20 min. 
Transfection plasmids were dissolved in a serum-free 
medium for 5 min. Subsequently, cells were cultured with 
the above mixture for 48 h and the complete medium was 
replaced at 12 h. 

Colony formation assay 
Cells were inoculated in 6-well plates with 800 cells 

per well and cultured for 10 days. Afterward, colonies 
were fixed in methanol for 20 min and dyed in 1% crystal 
violet for 30 min. Visible colonies were captured.

Cell counting kit-8 (CCK-8)
Cells were inoculated in a 96-well plate with 8×103 

cells/well. At the appointed time points, the absorbance 
value at 450 nm of each sample was recorded using the 
CCK-8 kit (Dojindo Laboratories, Kumamoto, Japan) for 
plotting the viability curves.

5-Ethynyl-2’- deoxyuridine (EdU) assay 
Cells were inoculated in a 24-well plate with 2×104 

cells per well. They were incubated in 4% methanol for 
30 min, followed by 10-min permeabilization in 0.5% Tri-
tonX-100, and a 30-min reaction in 400 μL of 1×ApollorR. 
Afterward, cells were dyed in 4',6-diamidino-2-phenylin-
dole (DAPI) for another 30 min. EdU-positive cells and 
DAPI-labeled nuclei were captured. 

Western blot
Cells were lysed for isolating cellular protein and elec-

trophoresed. Protein samples were loaded on polyvinyli-
dene fluoride (PVDF) membranes (Roche, Basel, Switzer-
land). Subsequently, non-specific antigens were blocked in 
5% skim milk for 2 hours. Membranes were reacted with 
primary and secondary antibodies for the indicated time. 
Band exposure and analyses were finally conducted.

Dual-luciferase reporter gene assay
Binding sequences in the promoter regions between 

miRNA-203b-3p and ZNF324 were predicted by bioin-
formatics. The predicted sequences were amplified and 
cloned into pGL3-basic vectors for constructing wild-type 

and mutant-type luciferase vectors. Cells were inoculated 
in a 24-well plate with 2×104 cells/well. They were co-
transfected with 0.5 μg luciferase plasmid and 20 μmol/L 
miRNA-203b-3p mimics/negative control for 48 h. Rela-
tive luciferase activity was finally measured. 

Statistical analysis 
Statistical Product and Service Solutions (SPSS) 20.0 

statistical software (IBM, Armonk, NY, USA) was used 
for data analysis. All data were expressed as mean ± SD 
(standard deviation). The paired two-tailed t-test was 
used to compare the differences between the two groups. 
P<0.05 was considered to be statistically significant.

Results

MiRNA-203b-3p was lowly expressed in laryngeal car-
cinoma

Compared with adjacent normal tissues, miRNA-203b-
3p was upregulated in 15 laryngeal carcinoma tissues 
(Figure 1A). In particular, the miRNA-203b-3p level 
was lower in laryngeal carcinoma patients with advanced 
TNM staging (Figure 1B) and pathological grade (Figure 
1C). Consistently, miRNA-203b-3p was downregulated 
in laryngeal carcinoma cell lines (Figure 1D). Among the 
four tested cell lines, M2E and TU212 cells expressed the 
lowest abundance of miRNA-203b-3p, and they were se-
lected for the following experiments. 

MiRNA-203b-3p suppressed the proliferative ability in 
laryngeal carcinoma

Transfection of miRNA-203b-3p mimics effectively 
upregulated miRNA-203b-3p in M2E and TU212 cells, 
verifying their great transfection efficacy (Figure 2A). 
Overexpression of miRNA-203b-3p reduced clonality 
(Figure 2B), viability (Figure 2C) and EdU-positive ratio 
(Figure 2D) in M2E and TU212 cells. To sum up, miR-
NA-203b-3p was able to inhibit the proliferative ability in 

Figure 1. MiRNA-203b-3p was lowly expressed in laryngeal car-
cinoma. (A) MiRNA-203b-3p levels in 15 matched laryngeal car-
cinoma tissues and adjacent normal tissues. (B) MiRNA-203b-3p 
level in laryngeal carcinoma patients in stage I+II or stage III+IV. (C) 
MiRNA-203b-3p level in laryngeal carcinoma patients in high or low 
grade. (D) MiRNA-203b-3p levels in normal cell lines and laryngeal 
carcinoma cell lines.
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cacy of pcDNA-ZNF324 was tested (Figure 4A). Overex-
pression of ZNF324 markedly enhanced clonality and via-
bility in laryngeal carcinoma cells. However, the enhanced 
trends were partially reversed by co-overexpression of 
miRNA-203b-3p (Figure 4B, 4C). Therefore, it is believed 
that miRNA-203b-3p alleviated the deterioration of laryn-
geal carcinoma through negatively regulating ZNF324.

Discussion

Laryngeal carcinoma mainly affects males. Nowadays, 
its incidence and mortality present an increased trend (14). 
The high mortality of laryngeal carcinoma is closely lin-
ked to strong invasiveness and metastasis. Multiple on-
cogenes and tumor-suppressor genes are involved in the 
occurrence of laryngeal carcinoma (15). 

MiRNAs are vital regulators at the post-transcription 
level (16). Current studies have shown that many miRNAs 
are abnormally expressed in laryngeal carcinoma tissues 
(17). For instance, miR-519b-3p is lowly expressed in 
laryngeal carcinoma tissues as a tumor-suppressor gene, 
which arrests the cell cycle in the G2/M phase by downre-
gulating HuR and COX-2 (18). Dixon et al. (18) illustra-
ted that miR-519a could bind HuR in the promoter region. 
HuR, a popular RNA-binding protein, is found to be upre-
gulated in laryngeal carcinoma (19). In Hep-2 cells, miR-
34a and miR-34c suppress the development of laryngeal 
carcinoma through downregulating GALNT7 (20).  

In our paper, miRNA-203b-3p was markedly downre-
gulated and it was able to inhibit proliferative ability in 
laryngeal carcinoma. A relevant study suggested that miR-
NA-203b-3p could downregulate the protein level of Bcl-
xL through binding its 3’UTR, and its level is negatively 
correlated to the mRNA level of BCL2L1 in breast cancer 
(21-24). Here, we have verified the binding between miR-
NA-203b-3p and ZNF324. Interestingly, overexpression 
of ZNF324 could partially abolish the inhibitory effect 
of miRNA-203b-3p on proliferative ability in laryngeal 
carcinoma. Collectively, we have demonstrated that miR-
NA-203b-3p was a tumor-suppressor gene in laryngeal 
carcinoma, which alleviated its deterioration through tar-
geting ZNF324. 

laryngeal carcinoma. 

MiRNA-203b-3p directly bound ZNF324
Compared with adjacent normal tissues, ZNF324 was 

upregulated in laryngeal carcinoma (Figure 3A). Transfec-
tion of miRNA-203b-3p mimics markedly downregulated 
both mRNA and protein levels of ZNF324 (Figure 3B). 
Subsequently, we constructed ZNF324-WT and ZNF324-
MUT luciferase vectors (Figure 3C). Decreased luciferase 
activity after co-transfection of ZNF324-WT and miR-
NA-203b-3p mimics proved the binding between miR-
NA-203b-3p and ZNF324 (Figure 3D). 

MiRNA-203b-3p alleviated the deterioration of laryn-
geal carcinoma through targeting ZNF324

To further clarify the involvement of ZNF324 in the 
progression of laryngeal carcinoma, the transfection effi-

Figure 2. MiRNA-203b-3p suppressed the proliferative ability in 
laryngeal carcinoma. (A) Transfection efficacy of miRNA-203b-3p 
mimics in M2E and TU212 cells. (B-D) Clonality (B), viability (C) 
and EdU-positive ratio (D) in M2E and TU212 cells transfected with 
negative control or miRNA-203b-3p mimics. (magnification: 400×).

Figure 3. MiRNA-203b-3p is directly bound to ZNF324. (A) ZNF324 
levels in 15 matched laryngeal carcinoma tissues and adjacent nor-
mal tissues. (B) ZNF324 level in M2E and TU212 cells transfec-
ted with negative control or miRNA-203b-3p mimics. (C) Binding 
sequences in the promoter regions of miRNA-203b-3p and ZNF324. 
(D) Luciferase activity in M2E and TU212 cells co-transfected with 
ZNF324-3’UTR/ZNF324-3’UTR mutation and negative control/
miRNA-203b-3p mimics, respectively. 

Figure 4. MiRNA-203b-3p alleviated the deterioration of laryngeal 
carcinoma through targeting ZNF324. (A) Transfection efficacy 
of pcDNA-ZNF324 in M2E and TU212 cells. (B, C) Clonality (B) 
and viability (C) in M2E and TU212 cells transfected with negative 
control, miRNA-203b-3p mimics, pcDNA-ZNF324 or miRNA-203b-
3p mimics + pcDNA-ZNF324.
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Conclusions
MiRNA-203b-3p is downregulated in laryngeal carci-

noma, which alleviates cancer progression through bloc-
king laryngeal carcinoma cells from proliferating by tar-
geting ZNF324. 
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