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1 Introduction
Laryngeal cancer is a common malignant tumor of the head 

and neck. It is the second most common malignant tumor of 
the respiratory tract. The main causes of laryngeal cancer are 
smoking, drinking, air pollution, occupational factors, and 
papilloma virus infection. The incidence rate of man to woman is 
approximately 5:1. With the increasing aging of the population, 
the high smoking rate and air pollution and other factors, 
the incidence of laryngeal cancer in China is not optimistic 
(Obid et al., 2019). Currently, although the surgery, radiotherapy 
and chemotherapy and targeted therapy technology for laryngeal 
cancer have made significant progress, the five-year survival rate 
is still around 60.9%, with no significant improvement over the 
past (Jaiswal et al., 2019). Therefore, it is still of great importance 

to find new therapeutic targets and methods for the treatment 
of laryngeal cancer.

MircoRNAs are small non-coding RNAs with a length of about 
18-25 nt. They can degrade mRNA or inhibit mRNA translation 
by binding to the 3’non-coding region of downstream target 
gene mRNA, thereby inhibiting the expression of target genes 
at the post-transcriptional level. Current research has proved 
that miRNA is involved in important biological processes such 
as cell development, differentiation, proliferation, and apoptosis 
(Zhang et al., 2018). Among them, miRNAs play an important 
role in the occurrence and development of tumors. Different 
miRNAs, some as proto-oncogenes and some as tumor suppressor 
genes, can regulate the proliferation, invasion and apoptosis of 
tumor cells (Liu et al., 2017; Sun et al., 2017).
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Abstract
Objective: The paper aimed to explore the mechanism of Forsythin regulating miRNA expression in laryngeal carcinoma cells, and 
to clarify the molecular biological mechanism of Forsythin regulating miRNA to promote the apoptosis of laryngeal carcinoma 
cells, providing theoretical and experimental basis for clinical application of Forsythin as an anti-laryngeal cancer treatment 
drug. Methods: A miR-1469 low-expression laryngeal carcinoma cell line was established. Western blot and flow cytometry 
were applied to detect the effect of Forsythin on cell apoptosis. Western blot was employed to detect the effects of Forsythin on 
P53 protein, P53 low expression, and P53 overexpression in laryngeal carcinoma cells, as well as the effects on overexpression 
of miRNA-1469, and on double low expression of P53 and Mcl1. Real-time PCR method was used to detect the effect of miR-
1469 on p53 low expression in laryngeal carcinoma cells. Results: Flow cytometry detection of cell apoptosis showed that, after 
the cells with low miR-1469 expression were treated with Forsythin, the apoptosis rate was significantly reduced. Western blot 
detection showed that, compared with the Control group, the expression level of miR-1469 was significantly reduced after 
Forsythin administration in Hep2 cells with low expression of P53. Compared with the idle Control group, the apoptosis level 
of laryngeal carcinoma cells in Hep2 cells with low expression of P53 was significantly reduced. In Hep2 cells transfected with 
P53 overexpression plasmids, apoptosis level of laryngeal carcinoma cells increased. Compared with the idle Control group, the 
apoptosis level of laryngeal carcinoma cells in the single-transformed P53 shRNA group decreased, while the apoptosis level 
of the double-transformed miR-1469 mimic+P53 shRNA group increased again. After drug treatment, the apoptosis level of 
the single-transformed P53 shRNA group decreased, while the apoptosis level of the double-transformed Mcl1 shRNA+P53 
shRNA group increased again. Conclusion: Forsythin can promote the apoptosis of laryngeal carcinoma cells by up-regulating 
the expression of miR-1469 and then down-regulating the expression of Mcl1. The drug can up-regulate the expression of 
miR-1469 by elevating the expression of P53. miR-1469 can promote the apoptosis of laryngeal carcinoma cells by inhibiting 
the expression of its downstream target gene Mcl1.
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Practical Application: Forsythin promoting apoptosis of laryngeal carcinoma cells.
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2 Methods

1.	Flow cytometry to detect the effect of Forsythin on hep-2 
cell apoptosis.

1.1 The effect of Forsythin on hep-2 cell apoptosis.
Hep-2 cells were treated with 80 μM Forsythin for 0 h, 24 h 

and 48 h, respectively. After digestion, the prepared 1×Annexin 
V binding solution was added. 100 μl of the above suspension 
was obtained and added with 5 μl of Annexin V-FITC, 5 μl of 
propidium iodide staining solution, and 400 μl of 1×Annexin 
V binding solution successively. Following this, flow cytometry 
was used for cell apoptosis detection within 1 h.

1.2 Flow cytometry to detect the pro-apoptotic effect of 
Forsythin on miRNA-1469 low-expression in laryngeal 
carcinoma cells.
Hep-2 cells in the logarithmic growth phase were inoculated 

into a 6-well plate and cultured for 24 hours. Transfection 
operation was performed according to the instructions of 
LipofectamineTM2000 reagent. The cells were transfected with 
miR-1469 inhibitor for 24-36 hours, and an empty Control 
group was set. The original cell culture medium was removed. 
The cells were added with 20 μl of 80 μM Forsythin for 48 h 
treatment, while the Control group cells were added with 20 μl 
ethanol solvent for 48 h administration. The detection method 
is as above.

2.	Western blot detection of the effects of Forsythin on various 
proteins in laryngeal carcinoma cells.

2.1 Western blot detection of the pro-apoptotic effect of 
Forsythin on laryngeal carcinoma cells with low expression 
of miRNA-1469.
The expression of PARP protein was detected according to 

Western blot method.

2.2 Western blot determination of the effect of Forsythin on 
the expression of P53 protein in laryngeal carcinoma cells.
The expression of P53 protein was detected according to 

Western blot method.

2.3 Western blot to detect the effect of Forsythin on the expression 
of P53 in laryngeal carcinoma cells stably transfected with 
pLKO.1-P53shRNA, and to detect the transfection efficiency.
The expression of P53 protein was detected according to 

Western blot method.

2.4 Western blot detection of the effect of Forsythin on the 
apoptosis of laryngeal carcinoma cells with low expression 
of P53.
The expression of P53 and PARP proteins were detected 

according to Western blot method.

2.5 Western blot detection of the effect of Forsythin on the 
apoptosis of P53 overexpression in laryngeal carcinoma cells.
The expression of P53 and PARP proteins were detected 

according to Western blot method.

2.6 Western blot to detect the effect of Forsythin on the 
apoptosis of cells with P53 low expression and miRNA-1469 
overexpression.

The expression of PARP protein was detected according to 
Western blot method.

2.7 Western blot to detect the effect of Forsythin on the apoptosis 
of cells with low expression of P53 and Mcl1.
The expression of PARP protein was detected according to 

Western blot method.

3.	Statistical analysis.
All experiments were repeated three times independently. 

Western blot and flow cytometry images were the representative 
results. The experimental data are expressed as the mean ± standard 
deviation, and the data is analyzed by one-way ANOVA. 
P<0.05 indicates that the results are statistically different.

3 Result
3.1 Forsythin can promote the apoptosis of laryngeal 
carcinoma cells

Flow cytometry was used to detect cell apoptosis, and the 
results showed that the apoptosis rate of Hep-2 cells gradually 
increased with the prolongation of Forsythin administration, 
as shown in Figure 1.

The apoptosis effect of Forsythin on Hep-2 cells transfected 
with miR-1469 inhibitor and blank plasmid was detected by 
flow cytometry. The results showed that, compared with the 
blank Control group, the apoptosis rate of cells transfected 
with miR-1469 inhibitor significantly declined, proving that 
down-regulating the expression of miR-1469 can inhibit the 
pro-apoptotic effect of Forsythin on laryngeal carcinoma cells, 
as shown in Figure 2.

3.2 The expression of Forsythin on various proteins

Western blot was employed to detect the expression of 
p53 protein in Hep2 cells after Forsythin treatment for different 
hours. It is found that, with the prolongation of Forsythin 
administration, p53 expression increased, as shown in Figure 3.

In order to clarify whether the up-regulation of 
miR-1469 expression by Forsythin is related to the up-regulation 
of p53 and PARP expression, Hep2 cells stably transfected 
with p53 shRNA were treated with Forsythin for 48 hours. 
The expression of p53 was measured to calculate the transfection 
efficiency. The results showed that, p53 protein in Hep2 cells 
stably transfected with P53 shRNA did not increase with the 
treatment of Forsythin. The expression level of PARP splicing 
protein in Hep2 cells transfected with p53 shRNA was significantly 
reduced, indicating that the pro-apoptotic effect of Forsythin 
on laryngeal carcinoma cells is inhibited. See Figures 4 and 5.

By the same principle, Hep2 cells transfected with 
p53 overexpression plasmid and blank plasmid were treated 
with the drug for 48 h. The results showed that, compared with 
the Control group, the expression level of PARP splicing protein 
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in Hep2 cells transfected with p53 overexpression plasmid 
increased, indicating that the pro-apoptotic effect of Forsythin 
on laryngeal carcinoma cells is enhanced, see Figure 6.

In order to determine whether Forsythin up-regulates the 
expression of miR-1469 by up-regulating the expression of P53, 
thus playing a role in promoting the apoptosis of laryngeal 
carcinoma cells, we designed a rescue experiment. We set up a 
control group, a single-transformed p53 shRNA group, and a 
double-transformed miR-1469 mimic + p53 shRNA group. After 
Forsythin administration for 48 hours, the results showed that, 
compared with the blank control group, the expression of PARP 
splicing protein in the single-transformed p53 shRNA group was 
reduced, indicating that apoptosis was inhibited. However, the 
expression of PARP splicing protein in the double‑transformed 
miR-1469 mimic + p53 shRNA group increased again, indicating 
up-regulating the expression of miR-1469 can reverse the 
inhibitory effect of p53 shRNA on apoptosis, further proving that 
Forsythin can promote the apoptosis of laryngeal carcinoma cells 
by up-regulating the expression of P53 and then up-regulating 
the expression of miR-1469, as shown in Figure 7.

Figure 1. Flow cytometry to detect the effect of Forsythin on hep-2 cell apoptosis. 80μM 80μM + miR-1469 inhibitor.

Figure 2. Down-regulating the expression of miR-1469 can inhibit the pro-apoptotic effect of Forsythin on laryngeal carcinoma cells.

Figure 3. The effect of Forsythin on the expression of p53 protein.

Figure 4. The effect of Forsythin on p53 protein in Hep2 cells stably 
transfected with p53 shRNA.
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In order to clarify whether Forsythin regulates the miR‑1469/
Mcl1 pathway by up-regulating the expression of p53, thus playing 
the role of promoting the apoptosis of laryngeal carcinoma 
cells, we designed another a rescue experiment. We set up a 
control group, a single-transformed p53 shRNA group, and 
a double-transformed Mcl1 shRNA + p53 shRNA group. 
After 48 hours of Forsythin administration, it was found that, 
compared with the blank Control group, the expression of PARP 
splicing protein in the single-transformed p53 shRNA group 
decreased, indicating that apoptosis was inhibited. However, the 
expression of PARP splicing protein in the double-transformed 
Mcl1 shRNA+p53 shRNA group increased again, suggesting 
down-regulating the expression of Mcl1 can reverse the inhibitory 
effect of p53 shRNA on apoptosis, further proving that Forsythin 
up-regulates the expression of p53 and then up-regulates the 
expression of miR-1469. miR-1469 inhibits the expression of its 

downstream target gene Mcl1, thereby promoting the apoptosis 
of laryngeal carcinoma cells. See Figure 8.

4 Discussion
The p53 protein has a regulatory effect on the expression 

of miRNA. This regulation is not only at the level of miRNA 
transcription, but also at the level of processing after miRNA 
transcription. At the transcriptional level, studies have shown 
that p53 has binding sites in the promoter regions of miR‑34a and 
miR-200c. By binding to this region, p53 activates the transcription 
process of miR-34a and miR-200c, thereby up‑regulating miR‑34a 
and miR-200c expressions (Yang et al., 2017a, b). Studies have 
found that p53 can up-regulate the expression of miR-29c in 
colon carcinoma cells, and miR-29c can act on its downstream 
target gene PHLDB2 to down-regulate its expression, thereby 
inhibiting the invasion and metastasis of colon carcinoma cells. 
By contrast, the binding site of p53 and miR-17-92 promoter region 
covers the TATA box region, thus interfering with the binding 
of TATA box binding protein (TBP) with TATA box, thereby 
inhibiting the transcription of miR-17-92 and down‑regulating 
its expression level (Zhang et al., 2018a; Zhang et al., 2018b; 
Zhang et al.,2018c).

At the post-transcriptional processing level of miRNA, 
under the action of RNA polymerase II, the miRNA gene is 
transcribed to form the initial product pri-miRNA, which is about 
300~1000 bases in length (Sun et al., 2017a, b). The pri-miRNA 
undergoes processing of ribonuclease III Drosha, becomes the 
pre-miRNA, or the microRNA precursor, with a length of about 
70 to 90 bases (Zhao et al., 2017). The pre-miRNA is cleaved 
by another ribonuclease III Dicer to form mature miRNA at a 
length of about 18-23 nt (Tron et al., 2018; Chen et al., 2017). 
Studies have found that p53 protein can promote the processing 
and maturation of some miRNAs after transcription. It is worth 
noting that this part of miRNAs are mainly the ones that play 
a tumor suppressor effect. The specific mechanism is that 
p53 protein acts on Drosha enzymes to promote pri-miRNAs 
to transform into miRNA precursors. The transformation 
(of pre-miRNA) ultimately promotes the increase of mature 
miRNA expression. The p53 gene up-regulates the expression 
of miR‑16‑1, miR‑143 and miR-145 through this mechanism.

In order to clarify whether Forsythin up-regulating the 
expression of miR-1469 in laryngeal carcinoma cells is related to the 
p53 protein, we used the Hep2 cell line with low p53 expression as 

Figure 5. Down-regulating the expression of p53 can inhibit the 
pro‑apoptotic effect of Forsythin on laryngeal carcinoma cells.

Figure 6. Up-regulation of p53 expression can promote the pro-apoptotic 
effect of Forsythin on laryngeal carcinoma cells.

Figure 7. Up-regulating the expression of miR-1469 can reverse the 
inhibitory effect of Forsythin promoting the apoptosis of laryngeal 
carcinoma cells caused by low p53 expression.

Figure 8. Down-regulation of Mcl1 expression can reverse the inhibitory 
effect Forsythin promoting the apoptosis of laryngeal carcinoma cells 
induced by P53 low expression.
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the target. Forsythin up-regulating the expression of miR‑1469 is 
related to it up-regulating the expression of p53 protein, indicating 
that Forsythin can up-regulate the expression of miR-1469 through 
elevating the expression of p53 in laryngeal carcinoma cells. 
So, does the change of p53 expression affect the effect of Forsythin 
in promoting the apoptosis of laryngeal carcinoma cells? In this 
regard, we used western blot to detect the effect of Forsythin on 
the apoptosis of p53 overexpression and p53 low expression in 
laryngeal carcinoma cells. The results showed that, the expression 
level of PARP splicing protein in laryngeal carcinoma cells with 
low p53 expression was significantly reduced, proving that the 
pro-apoptotic effect of Forsythin on laryngeal carcinoma cells 
was inhibited. However, the expression level of PARP splicing 
protein in laryngeal carcinoma cells with high p53 expression 
was increased. This indicates that the pro-apoptotic effect of 
Forsythin on laryngeal carcinoma cells is enhanced, proving 
that Forsythin can promote the apoptosis of laryngeal carcinoma 
cells by up-regulating the expression of P53.

On this basis, in order to clarify whether Forsythin can 
promote the apoptosis of laryngeal carcinoma cells through the 
P53/miR1469/Mcl1 signaling pathway, we designed a rescue 
experiment. First, on the basis of down-regulating the expression 
of p53 in cells, the expression of miR-1469 was up-regulated, and 
the effect of Forsythin on its apoptosis was detected by Western 
blot. The results showed that, up-regulating the expression 
of miR-1469 can reverse the drug inhibition of apoptosis of 
laryngeal carcinoma cells with low expression of p53. Then, on 
the basis of down-regulating the expression of p53 in cells, we 
further down-regulated the expression of Mcl1, and detected the 
effect of Forsythin on the apoptosis by Western blot. The results 
showed that, down-regulating the expression of Mcl1 can reverse 
the inhibitory effect of the drug on the apoptosis of laryngeal 
carcinoma cells by the low expression of P53. This indicates that 
Forsythin can up-regulate the expression of miR-1469 through 
up-regulating the expression of p53. The high expression of 
miR-1469 can inhibit the expression of its downstream target 
gene Mcl1, and the decrease of Mcl1 expression promotes the 
apoptosis of laryngeal carcinoma cells, which clarifies that Forsythin 
regulates the molecular biological mechanism of miRNA-1469 to 
promote the apoptosis of laryngeal carcinoma cells.

5 Conclusion
Forsythin can promote the apoptosis of laryngeal carcinoma 

cells by up-regulating the expression of miR-1469 and then 
down‑regulating the expression of Mcl1. The drug can up-regulate 
the expression of miR-1469 by elevating the expression of P53. 
miR-1469 can promote the apoptosis of laryngeal carcinoma cells 
by inhibiting the expression of its downstream target gene Mcl1.
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