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Abstract
Background. Radiotherapy has been proven to be an effective treatment strategy for inhibiting head-and-
neck cancer. However, side effects are common when using high-dosage irradiation, and the mechanism 
of action of this therapy has not been fully clarified.

Objectives. To discover targeting molecules involved in an electron radiation-induced xerostomia murine 
model.

Materials and methods. The xerostomia model mice were divided into Gy-3 (n = 5), Gy-7 (n = 5), and 
Gy-21 (n = 5) groups, and were compared to a negative control (NC) group. Drinking water amount, saliva 
volume, submandibular gland weight, and body weight were recorded. Real-time polymerase chain reaction 
(RT-PCR) was performed to amplify gene transcription. Hematoxylin and eosin (H&E) staining was used 
to identify submandibular gland damage. The dual-luciferase assay was used to observe the interaction 
between the Cdkn1a gene and miR-486a-3p.

Results. Electron radiation significantly increased the drinking water amount, and decreased saliva volume 
and body weight compared to mice without radiation treatment (p < 0.05). The H&E staining showed that 
electron radiation damaged the submandibular gland. Electron radiation also triggered significantly higher 
transcription of the Cdkn1a gene in the submandibular gland of xerostomia mice compared to those without 
radiation treatment (p < 0.05). The dual-luciferase assay demonstrated that miR-486a-3p interacted with 
the Cdkn1a gene (miRNA-mRNA).

Conclusions. Radiation was found to induce damage of the submandibular gland and affect Cdkn1a expres-
sion by regulating the expression of miR-486a-3p in a xerostomia murine model. Therefore, modulation 
of miR-486a-3p and the Cdkn1a gene in a xerostomia murine model might improve damage of the sub-
mandibular gland.
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Background

Annually worldwide, about 500,000 patients are diag-
nosed with head-and-neck malignancies, and this tendency 
is increasing.1,2 Radiotherapy has proven to be an effective 
strategy for treating head-and-neck cancer. However, side 
effects are common when using high-dosage irradiation3 
and include xerostomia (a dry mouth caused by salivary 
gland damage). Usually, xerostomia influences life quality 
in patients with head-and-neck malignancy.4 However, 
no effective therapeutic regimens have been discovered 
for xerostomia until now.

In previous studies, plenty of specific mechanisms focus-
ing on dysfunction of salivary glands in xerostomia animal 
models have been explored, such as necrosis and apopto-
sis.5,6 To date, many studies have discovered that extracel-
lular microRNAs (miRNAs) are involved in the pathogenic 
process of head-and-neck malignancy and the associated 
radiotherapy resistance.7,8 Lamichhane et al. reported that 
circulating miRNAs act as prognostic molecular biomark-
ers for head-and-neck cancer.9 Fadhil et al. also proved 
that miRNAs could act as potential diagnostic biomark-
ers for human head-and-neck cancer.10 A previous study  
also reported that miR-486-5p is involved in the process 
of  neurogenesis and neovascularization.11 Meanwhile, 
miR-486-5p is also correlated with pyroptosis or apop-
tosis, and involved in inflammatory diseases.12 Moreover, 
the  Cdkn1a-encoded p21  molecule can interact with 
a series of molecules involved in many key biological pro-
cesses.13 Thus, we speculated that Cdkn1a might interact 
with miR-486-5p.

Objectives

In this study, we hypothesized that miR-486-5p might 
participate in the pathogenesis of radiotherapy-induced 
xerostomia in  an  animal model. Therefore, this study 
aimed to discover targeting molecule involved in an elec-
tron radiation-induced xerostomia animal model.

Materials and methods

Animals and cells

A total of 20 specific-pathogen-free (SPF) C57BL/6J mice 
(Ensiweier Biotechnology Co. Ltd., Chongqing, China) were 
fed with ad libitum food and water, and housed in condi-
tions with a light/dark cycle of 12 h/12 h at 23–25°C.

The Ethical Committee of Chongqing University Can-
cer Hospital (China) approved this study (approval No. 
CZLS2021077-A). All of the experiments were conducted 
in accordance with the Guidance of Care and Use of Labo-
ratory Animals of the National Institutes of Health (NIH).

Xerostomia model generation 
and grouping

The mice were divided into a normal control (NC) group 
(n = 5) and an X-ray irradiation injury xerostomia model 
group (n = 15). Mice in the xerostomia model group were 
further subdivided into a 3-day electron radiation group 
(Gy-3 group, n = 5), a 7-day electron radiation group (Gy-7 
group, n = 5) and a 21-day electron radiation group (Gy-21 
group, n = 5). Mice in the irradiation injury xerostomia 
model groups were weighed, anesthetized and placed 
on a linear accelerator in a supine position (with energy 
of 9 mV and dosage of 3 Gy/min). The submandibular gland 
of mice was irradiated with a single dose of 18 Gy elec-
tron radiation. Mice in the NC group were treated with 
the same method as the radiation model groups, except 
for the irradiation.

Measurement of parameters

The drinking water amount was recorded. Saliva was 
collected and its volume was recorded. The submandibular 
gland was isolated from xerostomia mice and weighed. 
The  submandibular gland index was calculated using 
the following formula (Eq. 1):

submandibular
 gland index [mg/g]

submandibular gland mass [mg]
body weight of mice [g]

= .

RT-PCR assay

RNAs were extracted from submandibular gland tis-
sues of xerostomia mice using the MiniBEST Universal 
RNA Extraction Kit (cat. No. 9767; TaKaRa, Tokyo, Japan) 
and cDNAs were synthesized with the PrimeScript™ II 
1st Strand cDNA Synthesis Kit (cat. No. 6210A; TaKaRa) 
following the manufacturer’s instructions. Transcription 
of the Cdkn1a gene was examined with AceQ® qPCR SYBR 
Green Master Mix (cat. No. Q111-02; Vazyme, Shanghai, 
China) using the generated polymerase chain reaction 
(PCR) primers (Table 1). The gene transcriptional prod-
ucts were analyzed using a Tanon-1600 gel-scanning sys-
tem (Tanon, Beijing, China) depending on the protocol 
of the scanning equipment. Finally, the relative gene tran-
scriptions were evaluated using the previously described 
2−ΔΔct method.14

Table 1. Specific primers for the real-time polymerase chain reaction 
(RT-PCR) assay

Genes Sequences (5’-3’)

GAPDH – forward CAGAAGGGGCGGAGATGAT

GAPDH – reverse AGGCCGGTGCTGAGTATGTC

Cdkn1a – forward CCCGTGGACAGTGAGCAGTT

Cdkn1a – reverse GCAGCAGGGCAGAGGAAGTA
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Hematoxylin and eosin staining

Submandibular glands were fixed using 4% paraformal-
dehyde, dehydrated in ethanol at different gradients for 
transparency, embedded in paraffin, cut into 5-μm thick 
sections, and then stained with hematoxylin and eosin 
(H&E) as described by Zhou et al.15 

Dual-luciferase reporter assay

293T cells were cultured in 24-well plates for 24 h and 
co-transfected using pmir-Glo-WtCdkn1a+pTK-NC 
and pmir-Glo-WtCdkn1a+pTK+mmu-miR-486a-3p 
or  pmir-Glo-MuCdkn1a+pTK-NC and pmir-Glo-
MuCdkn1a+pTK+mmu-miR-486a-3p. The  transfec-
tions were carried out using LipofectamineTM 2000 
(Thermo Fisher Scientific, Waltham, USA) as instructed 
by  the  manufacturer. About 48  h  post-transfection, 
the dual-luciferase reporter assay system (Promega, Madi-
son, USA) was applied to verify firefly luciferase normal-
ized to Renilla luciferase (ratio).

Statistical analyses

Data are reported as mean ± standard deviation (SD) and 
analyzed using IBM SPSS Statistics for Windows v. 19.0 
software (IBM Corp., Armonk, USA). The Mann–Whitney 
U test was used to analyze the differences between 2 groups. 
A value of p < 0.05 was considered to be a statistically sig-
nificant difference.

Results

Electron radiation increased  
the drinking amounts of xerostomia mice

Electron radiation greatly increased the drinking water 
amount in xerostomia mice compared to those in the NC 
group at 0 days (Fig. 1A), 3 days (Fig. 1B), 7 days (Fig. 1C), 
and 21 days (Fig. 1D) after radiation injury. These re-
sults suggest that electron radiation obviously increased 
the drinking water amount in xerostomia mice.

Fig. 1. Effects of electron radiation on drinking water amount (mean ±SD) 0 days (A), 3 days (B), 7 days (C), and 21 days (D) after the radiation treatment 
(n = 5 for each group). The white and black bar charts represent the negative control (NC) group and Gy-treated groups, respectively. The p-values for 
comparisons between groups are shown in the images. df – degrees of freedom
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Electron radiation reduced  
the body weight of xerostomia mice

At 3 days (Gy-3 group, Fig. 2A, p = 0.016), 7 days (Gy-7 
group, Fig. 2B, p = 0.000) and 21 days (Gy-21 group, Fig. 2C, 
p = 0.000) after the administration of electron radiation, 
the body weight of mice was significantly decreased compared 
to mice in the NC group. These results suggest that electron 
radiation reduced the body weight of xerostomia mice.

Electron radiation reduced 
the submandibular gland weight 
in xerostomia mice

The submandibular gland weight of xerostomia mice 
in  the  Gy-3, Gy-7 and Gy-21 groups was significantly 
reduced compared to the submandibular gland weight 
of mice in the NC group (Fig. 3A, all p = 0.001) in a time-
dependent manner. In addition, the submandibular gland 
index of xerostomia mice in the Gy-21 group was markedly 
decreased compared to the index in the NC group (Fig. 3B, 
p  =  0.000). However, there were no obvious changes 
in the submandibular gland index in the Gy-3 and Gy-7 
groups compared with the NC group (Fig. 3B, p = 0.963 

and p = 0.357, respectively). Furthermore, the saliva volume 
of electron radiation-treated mice (Gy-3, Gy-7 and Gy-21 
groups) was significantly lower compared to xerostomia 
mice in the NC group (Fig. 3C, all p = 0.001).

Electron radiation damaged 
the submandibular gland structure 
in xerostomia mice

In the NC group, the glands could be seen, the nucleus 
was close to  the base, arranged in an orderly manner, 
and blood vessels could be seen in the stroma (Fig. 4). 
In the electron radiation-treated groups, the submandibu-
lar gland was atrophied, the number of cells was decreased, 
the structure of the gland tissue was loose, and the space 
between glandular lobules was enlarged (Fig. 4).

Electron radiation triggered an increase 
in Cdkn1a gene transcription

The results of the bioinformatics and miRNA/mRNA 
association analysis (Kyoto Encyclopedia of Genes and 
Genomes (KEGG) information analysis) (http://www.
genome.ad.jp/kegg/) showed that the  targeting gene, 

Fig. 2. Electron radiation decreased the body weight (mean ±SD) of xerostomia mice 3 days (A), 7 days (B) and 21 days (C) after the radiation treatment 
(n = 5 for each group). The white and black bar charts represent the negative control (NC) group and Gy-treated groups, respectively. The p-values for 
comparisons between groups are shown in the images. df – degrees of freedom
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Fig. 4. Electron radiation damaged the structure 
of the submandibular gland, as determined with 
hematoxylin and eosin (H&E) staining (n = 5 for 
each group). NC – negative control

Fig. 3. Effects of electron radiation on the submandibular gland weight (A), submandibular gland index (B), and saliva volume (C) of xerostomia mice (n = 5 
for each group). All data are illustrated as mean ±SD. The white and black bar charts represent the negative control (NC) group and Gy-treated groups, 
respectively. The p-values for comparisons between groups are shown in the images. df – degrees of freedom
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ENSMUSG00000023067 (Cdkn1a), related to xerosto-
mia, was enriched in the p53 signaling pathway. Accord-
ing to the real-time PCR (RT-PCR) findings, Cdkn1a gene 
transcription was significantly increased in mice in the ra-
diation groups compared to mice in the NC group 3 days 
(p = 0.000), 7 days (p = 0.000) and 21 days (p = 0.000) 
after the electron radiation treatment (Fig. 5). Therefore, 
we speculate that Cdkn1a might be involved in the patho-
genesis of xerostomia.

miR-486a-3p interacted  
with the Cdkn1a gene

As can be observed in Fig. 6, mmu-miR-486a-3p regu-
lated expression of  luciferase in 3’-UTR of the Cdkn1a 
gene (p = 0.001). Therefore, mmu-miR-486a-3p effectively 
regulated the expression of  luciferase through binding 
at 3’-UTR of the Cdkn1a gene.

Discussion

Head-and-neck cancer patients usually suffer from ra-
diotherapy-induced dysfunction of the salivary glands.16 
The submandibular gland secretes about 2/3 of the amount 
of unstimulated saliva.4,17 Therefore, this study mainly 
focused on investigating the functions of  the subman-
dibular gland in xerostomia mice. Previous studies have 
reported that head-and-neck cancer patients undergoing 
radiotherapy treatment usually demonstrate decreased 
salivary secretion and damaged submandibular glands.18,19 
Thus, it is crucial to discover the specific mechanisms for 
radiation-induced submandibular gland dysfunction and 
identify the associated molecules.

In this study, we found that electron radiation markedly 
increased the drinking water amount, decreased saliva vol-
ume and body weight, and reduced submandibular gland 
weight and submandibular gland index of mice compared 
to those without electron radiation treatment. As shown 
by these results, the electron radiation-induced symptoms 
in mice are consistent with those in radiation-treated can-
cer patients.20 Based on the H&E staining results, it can 
be stated that electron radiation damaged the structure 
of  the submandibular gland, resulting in an atrophied 
gland, decreased cell amounts, loose gland tissues, and 
enlarged spaces between glandular lobules. We believe 
that electron radiation might induce the death of cells 
in the submandibular gland tissues of mice.

According to  the  KEGG bioinformatics analysis, 
the Cdkn1a gene is highly expressed in submandibular 
gland tissues. Therefore, it was selected for the dual-
luciferase reporter assay to  observe the  potential in-
teraction with miR-486. As  previous studies have 
documented, plenty of miRNAs have been discovered 
in the submandibular glands.21,22 The miR-486 has been 
proven to participate in the apoptosis process of cells 
in different disorders. Luo et al. found that miR-486-5p 
promoted apoptosis in  an  acute lung injury animal 
model.23 Fan et al. reported that miR-486 reduction could 
protect cardiomyocytes against cell injury by inducing 
apoptosis.24 The  miRNA/mRNA association analysis 
identified that, taking Cdkn1a as  the  targeting gene, 
miR-486 demonstrated the  most remarkable change. 
Therefore, we analyzed the relationship between Cdkn1a 
and miR-486a-3p and found that miR-486a-3p interacts 
with Cdkn1a, which is a typical miRNA–mRNA target-
ing interaction.25

Limitations

Firstly, this study only clarified the interaction between 
miR-486a-3p and Cdkn1a in a xerostomia murine model. 
The downstream molecules involved in  the pathologi-
cal process have not been determined. Secondly, there 
might be other miRNAs or  miRNA–mRNA targeting 
interactions that participate in the xerostomia process, 

Fig. 6. miR-486a-3p interacted with the Cdkn1a gene, as shown using 
the dual-luciferase assay. The p-values for comparisons between groups 
are shown in the images. df – degrees of freedom

Fig. 5. Electron radiation triggered transcription changes of the Cdkn1a 
gene (n = 5 for each group). All data are illustrated as mean ±SD. 
The white and black bar charts represent the negative control (NC) 
group and Gy-treated groups, respectively. The p-values for comparisons 
between groups are shown in the images. df – degrees of freedom
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which need to be investigated in future studies. Thirdly, 
this study mainly clarified the miRNA–mRNA targeting 
interaction between miR-486a-3p and the Cdkn1a gene. 
However, the endogenous expression of miR-486a-3p and 
the effects of radiation on miR-486a-3p expression have 
not been determined. Fourthly, this study is only a prelimi-
nary investigation of the effects of radiation on xerostomia 
and proved that miR-486a-3p is  involved in the effects 
of radiation. However, whether a deficiency of miR-486a-
3p could affect Cdkn1a expression has not been deter-
mined. Lastly, the sample size of this study is small (n = 5 
for each group). Therefore, in a follow-up study, we plan 
to further clarify the specific mechanism for radiation-
caused xerostomia in animal models.

Conclusions

Radiation induces damage of the submandibular gland 
and affects Cdkn1a expression by regulating the expression 
of miR-486a-3p in a xerostomia mouse model. Therefore, 
modulating miR-486a-3p and the Cdkn1a gene in a xero-
stomia murine model might reverse damage of the sub-
mandibular gland.
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