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Abstract 

Wnt signaling pathways and autophagy play an essential role in tumor progression. Canonical Wnt 
signaling pathways in radiation resistance have been studied in the past, but it remains unclear whether 
the noncanonical Wnt signaling pathways can affect tumor radiation resistance through protective 
autophagy. Nasopharyngeal carcinoma, a particular subtype of head and neck squamous cell carcinoma, 
relies on radiation therapy. In this study, we found that radioactive rays could significantly promote the 
expression of Wnt noncanonical signaling pathways ligands in nasopharyngeal carcinoma, among which 
Wnt5A was the most markedly altered. We have demonstrated that Wnt5a can reduce the radiation 
sensitivity of nasopharyngeal carcinoma in vitro and in vitro experiments. Meanwhile, we found much more 
greater autophagosomes in overexpressed-Wnt5A nasopharyngeal carcinoma cells by electron 
microscopy. Further mechanism exploration revealed that Beclin1 is the main target of Wnt5A, and 
knocking down Beclin1 can partially reduce Wnt5a-induced radiation resistance. By studying 
Wnt5A-mediated protective autophagy in promoting radiation resistance in nasopharyngeal carcinoma 
cells, we hope that the Wnt5A and Beclin1 can become effective targets for overcoming radiation 
resistance in the future. 
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Introduction 
Head and neck squamous cell carcinoma 

(HNSCC) is the seventh-largest tumor globally [1] and 
is mainly associated with heavy tobacco and alcohol 
intake [2]. In recent years, with the decrease in tobacco 
consumption, the proportion of patients with tumors 
increased by HPV infection (mainly by HPV 16) [3, 4]. 
Nasopharyngeal carcinoma differs from other 
subtypes of head and neck squamous cell carcinoma 
in epidemiology, pathology, natural history, and 
treatment. Patients with nasopharyngeal carcinoma 
are mainly concentrated in southeast Asia. EBV virus 
infection is often relevant to pathologically confirmed 
non-keratinized squamous cell carcinoma (more than 
95% of endemic areas). 

Radiation therapy plays a significant role in the 
radical and comprehensive treatment of head and 
neck squamous cell carcinoma. Nasopharyngeal 
carcinoma is sensitive to radiation therapy, the most 
crucial treatment method in premetastatic tumors [5]. 
Although with the progress of radiotherapy 
technology, the curative effect is guaranteed and the 
side effects are gradually reduced, about 50% of 
high-risk patients still have a local recurrence within 
three years of follow-up after radiotherapy [6]. 
Finding the cause of radiation resistance is always the 
focus of modern radiotherapy research. 

The Wnt signaling pathways are divided into 
canonical and noncanonical signaling pathways. The 
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non-canonical signaling pathways include the β‐
catenin-independent WNT signaling pathways, 
planar cell polarity (PCP) signaling pathways and the 
Wnt/Ca+ signaling pathways [7]. WNT5A, WNT5B, 
and WNT11 are the most representative noncanonical 
Wnt signaling pathways ligands among the 19 WNT 
genes, mediated by acting on FZD3 or FZD6 
receptors, and ROR1, ROR2, or PTK7 co-receptors. 
Wnt5a is a noncanonical ligand with high 
conservatism of evolution, mainly plays a role in cell 
development, such as polarity, proliferation, 
differentiation, adhesion, and migration [8]. 
Abnormal activation or inhibition of Wnt5a is an 
important marker of tumor progression [9, 10], play 
the role of antitumor effect in thyroid cancer [11] and 
breast cancer [12]. Still, it promotes cancer in 
melanoma [13], adenocarcinoma [14], colorectal 
cancer [15], leukemia [16], small cell lung cancer [17] 
and stomach cancer [18]. 

In addition to acting on noncanonical Wnt 
signaling pathways such as PCP and the Wnt/Ca2+, 
Wnt5a can also function through canonical Wnt 
signaling pathways under certain conditions [19]. 
Studies suggest that Wnt5a's role in tumors may be 
related to pathways for downstream action, where 
activation of CamKII induces anti-cancer effects. In 
contrast, activation of the PKC, β-catenin and PCP 
pathways promotes tumor progression [20]. At 
present, it has been found that Wnt5a play an 
important role in tumor proliferation [16, 21], invasive 
metastasis [22, 23], metabolism [24, 25], inflammation 
[26, 27], aging [28], stemness [29], immuno-
suppressive tumor microenvironment [30] and 
chemotherapy resistance [31, 32]. There is still a lack 
of research on the correlation between Wnt5a and 
radiation resistance, which deserves further 
investigation. 

In 1963, Christian de Duve first proposed 
autophagy, and in 2016, Yoshinori Ohsumi won the 
Nobel Prize for his research on the mechanism of 
autophagy. Autophagy is ancient and highly 
conserved catabolism that can form two-membranous 
vesicles (autophagosomes), engulfing cellular 
proteins and organelles, transporting them to 
lysosomes, and allowing cells to quickly adapt to a 
stressful or hostile environment. Autophagy is 
controlled by highly regulated signaling events at 
various cellular states and is induced by different 
signals and cellular stress. It is often thought that 
autophagy can prevent tumor progression; increased 
autophagy flow can promote tumor survival and 
growth once the tumor is formed. Autophagy 
enhancers have been reported to prevent tumor 
progression [33] in precancerous lesions or early 
tumors. In contrast, both autophagy agonists and 

inhibitors can promote progression in reports of 
advanced cancer [34-36]. Similarly, studies have 
shown that radiation can induce the onset of 
autophagy. Still, part of it promotes the sensitivity of 
radiation therapy, while the other part shows 
inhibition of radiation sensitivity [37]. Some 
mechanisms of inhibition in autophagy sensitization 
radiotherapy have been attributed to the decrease in 
γ-H2AX formation and DNA damage repair [38]. 

Earlier, we conducted in-depth research on the 
canonical Wnt/β‐catenin signaling pathways. We 
found that Wnt3a, as a canonical ligand of the 
Wnt/β-catenin signaling pathways, can be used as a 
biomarker for head and neck squamous cell 
carcinoma [39] and can lead to radiation resistance by 
promoting protective autophagy [40]. In the 
sequencing data [41], we simultaneously observed a 
significant upregulation of Wnt5A, Wnt5B, and 
Wnt11 in the Wnt noncanonical signaling pathways, 
and qPCR verified the change. By mining the 
TCGA-HNSC (the Cancer Genome Atlas- Head and 
Neck Squamous Cell Carcinoma) database, although 
none of the three ligands had prognostic value, we 
found that Wnt5a was significantly upregulated in 
head and neck squamous cell carcinoma (Fig S1). 
Although Wnt5a has been associated with tumor 
progression and autophagy, the study of radiation 
therapy resistance of Wnt5a in head and neck 
squamous cell carcinoma is unclear. There are no 
related studies on whether Wnt5a can affect radiation 
resistance by influencing autophagy. This article will 
focus on the mechanism of a Wnt noncanonical 
signaling pathways ligand-Wnt5a in radiation 
resistance to head and neck tumors. 

Materials and methods 
Cell culture 

Nasopharyngeal carcinoma cell lines 6-10B, and 
CNE2 were purchased from the Cell Center of Central 
South University (Changsha, China). The media were 
supplemented with 10% fetal bovine serum and 1% 
penicillin-streptomycin, cultured in a 37 °C 5% CO2 
incubator, and both were passaged and experimented 
with at the exponential phase. 

Transfection 
To overexpress Wnt5a, we infect cells with 

lentivirus (EX-Z0683-Lv201, GeneCopoeiaTM), stable 
cells are screened with puromycin for two weeks, and 
the efficiency of gene regulation is assessed by 
Western blotting. An empty vector was used as a 
control. For Beclin1 knockdown, three siRNA were 
used, and target sequences were as follows: siRNA 
1:5′‐GGA GAT CTT AGA GCA AAT GAA‐3′, siRNA 
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2:5′‐GGA CAC GAG TTT CAA GAT CCT‐3′, siRNA 
3:5′‐CCA ACG TCT TTA ATG CAA CCT‐3′. The 
siRNA 1, which is the most efficient, was used to 
design an shRNA and package lentiviral vector 
pLKO.1 (Addgene). 

Irradiation 
The linear accelerator (2100EX, Varian Medical 

Systems, Palo Alto, CA, USA) offers a 6‐MeV electron 
beam of 300 cGy/min. A 1.5 cm compensation gel is 
covered in a cell culture vessel 100 cm from the 
radioactive source. 

Plate clonogenic survival assays 
After cells are irradiated with a gradient 

radiation dose, their radiation resistance is assessed 
by clonal survival. 6-well plates are inoculated with 
600 cells per well, and different plates correspond to 
different radiation doses. After irradiation, the cells 
were cultured for 14 days, and the clonal survival rate 
(a colony with > 50 cells) was counted, as before [41]. 
Repeat three times per experiment. 

Immunofluorescence microscopy analysis 
We spread crawlers (12 mm) in a 24-well plate to 

seed cells. After six hours of incubation under 4Gy 
irradiation and non-irradiation control, the foci of 
γ-H2AX were compared. Statistical method for foci of 
γ-H2AX refers to the previous report [42]. 

Xenograft tumor model 
Athymic male nude mice were purchased from 

Hunan SJA Laboratory Animal Co., Ltd. (Changsha, 
Hunan, China). Animal Ethics Committee of Central 
South University (Changsha, Hunan, China). 
Inoculate the right hip back at 5-7 weeks, respectively 
(cells overexpressing Wnt5a and control), 2 million 
cells each. To be grown to 100 mm3, receive two doses 
of radiation for a total of 8 Gy. The control group was 
made sham‐irradiated. Then, we measured the mice's 
body weight and basic condition during the 
experiment. Tumor volume measured every 2-3 days 
(volume = length × width2/2). All rats were executed 
two weekends after the first radiation. All xenograft 
tumors were dissected, and weight was measured for 
statistical analysis. 

Bioinformatics and Statistical analysis 
mRNA expression data from TCGA-HNSC 

(TCGA, Firehose Legacy, https://www.cbioportal. 
org/), immunohistochemistry from The Human 
Protein Atlas (https://www.proteinatlas.org/). The 
data were made using the mean ± SD, and a student’s 
t-test was performed to calculate the statistical 
significance of differences between groups using 
GraphPad Prism. Survival curves were used by the 

Kaplan Meier method, and analyzed by the log-rank 
test. Correlation of gene expression (Wnt5a and 
Beclin1) was assessed using Pearson Correlation 
Coefficient. P‐value < 0.05 in a two‐tailed test makes 
sense. 

Results 
Wnt5a contributes to radiation resistance of 
nasopharyngeal carcinoma 

Based on our previous research [41], we further 
explore the role of the Wnt noncanonical pathway 
ligand-Wnt5a in irradiation. We exposed CNE2 and 
6-10B to 4Gy irradiation and extracted proteins 24 
hours later. Western blotting assays detection showed 
that Wnt5A proteins were significantly upregulated in 
CNE2 and 6-10B cell lines (Fig. 1A). These results 
indicate that irradiation activates the Wnt5a 
expression in nasopharyngeal carcinoma cells. To 
explore the effect of Wnt5A on radiation sensitivity in 
nasopharyngeal carcinoma cell lines (6-10B and 
CNE-2), we constructed stable cell lines with 
overexpression of Wnt5A. We then verified its 
expression efficiency using Western blotting assays 
(Fig. 1B, C). Through gradient dose irradiation (2, 4, 
6Gy), we observed in the plate cloning experiment 
that the Wnt5a overexpressed strain showed more cell 
survival at 4 and 6Gy irradiation dose (Fig. 1D, F). 
Statistical analysis of the plate colony verified our 
observed results (Fig. 1E, G). 

Exogenous rhWnt5a promotes radiation 
resistance to nasopharyngeal carcinoma 

To verify the role of WNT5a protein in 
nasopharyngeal carcinoma radiation resistance, we 
supplemented exogenous WNT5a protein. By plate 
cloning experiment (Fig. 2A, C), we observed similar 
results with overexpression of WNT5a. Both CNE2 
and 6-10B with exogenous supplementation of 
WNT5a protein showed increased cell viability at 
radiation doses with 4 and 6Gy (Fig. 2B, D), which 
may indicate that WNT5a protein promotes radiation 
resistance of nasopharyngeal carcinoma in vitro. 

Wnt5a inhibits the levels of DNA damage 
The levels of DNA damage can be assessed with 

the number of γ-H2AX foci (Fig. 3A, C). We found 
that under 4Gy radiation dose, the number of γ-H2AX 
foci decreased in CNE2 and 6-10B with overexpressed 
WNT5a (Fig. 3B, D). It may indicate that 
overexpression of WNT5a may inhibit levels of DNA 
damage. 

Wnt5a enhances radiation resistance in vivo 
To further verify our findings, we constructed a 

nude-mouse transplanted tumor model and 
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administered 4Gy of irradiation on the 11th and 12th 
day after planting 6-10B cells with control and Wnt5a- 
overexpression (Fig. 4A). In the groups that did not 
receive irradiation, there was no difference in tumor 
growth between the control and over-expressed 
WNT5a groups (Fig. 4B, C). In contrast, in the 
irradiation group, the over-expressed WNT5a tumor 
grew faster and showed resistance to radiation. 
Meanwhile, we found by weighing the tumor that the 
overexpressed WNT5a tumors were heavier in the 
irradiation group, while there was no significant 
difference in the non-irradiation group (Fig. 4D). 
Taken together, our data indicate that overexpression 
of Wnt5a inhibits the therapeutic efficiency of 
radiotherapy in HNSCC. 

Wnt5a enhances autophagy 
Literature reported that Wnt5A could activate 

the noncanonical WNT signaling pathways to 
promote autophagy [42-43]. We found much greater 
autophagosomes in overexpressed-Wnt5A CNE2 and 
6-10B cells by electron microscopy (Fig. 5A). 
Meanwhile, the protein Beclin1 and LC3B was 
significantly upregulated in Wnt5A-overexpressed 

CNE2 and 6-10B cells by western blotting assays, and 
the changes of autophagy flow indicated that Wnt5A 
might promote autophagy (Fig. 5B). Further analysis 
showed that mRNA expression level of Wnt5A was 
significantly positively correlated with Beclin1 in 
TCGA-HNSC data, which provided a direction for 
further mechanism research (Fig. 5C). 

Wnt5a enhances radiation resistance to 
nasopharyngeal carcinoma through autophagy 

We confirmed the regulatory efficiency of 
Beclin1 shRNA in control and Wnt5a overexpressed 
nasopharyngeal carcinoma cell lines by WB (Fig. 6A, 
D). Plate cloning experiment in Wnt5a-overexpressed 
6-10B cells with Beclin1 shRNA showed decreased 
viability at an irradiation dose of 2, 4, 6Gy (Fig. 6B-C). 
Similarly, Wnt5a-overexpressed CNE2 cells showed 
decreased viability after knocking down Beclin1 at an 
irradiation dose of 2, 4Gy (Fig. 6E-F). It may indicate 
that Wnt5A may promote radiation resistance 
through protective autophagy mediated by the key 
factor Beclin1. 

 

 
Figure 1. Wnt5a contributes to radiation resistance of nasopharyngeal carcinoma. (A) Western blotting assays were used to evaluate the expression of proteins in 
the Wnt5a in CNE-2 and 6-10B cells exposed to 4 Gy irradiation. (B-C) Nasopharyngeal carcinoma CNE2 and 6-10B cells were infected with lentivirus mediated Wnt5a or 
control cDNA and then subjected to puromycin screening for 2 weeks. Western blotting was used to examine the expression of Wnt5a protein in CNE2 and 6-10B cells. (D & 
F) Cells overexpressing Wnt5a or control cDNA were irradiated with the indicated doses of irradiation and clonogenic assays were obtained after 2 weeks. (E & G) Survival 
curves of cells in each group were determined by clonogenic assays. **p < 0.01; ***p < 0.001. 
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Figure 2. Exogenous rh-Wnt5a promotes radiation resistance to nasopharyngeal carcinoma. (A & C) Cells with medium added exogenous rh-Wnt5a and solvent 
were irradiated with the indicated doses of irradiation and clonogenic assays were obtained after 2 weeks. (B & D) Survival curves of cells in each group were determined by 
clonogenic assays. **p < 0.01; ***p < 0.001. 

 
Figure 3. Wnt5a inhibits the levels of DNA damage. (A & C) Immunofluorescence staining was used to confirm the γ- H2AX foci in CNE2 and 6‐10B cells at 6 hours 
post‐irradiation with 4 Gy irradiation. (B & D) γH2AX foci were quantified by immunofluorescence staining. ***p < 0.001. 

 

Discussion 
Radiotherapy plays an important role in head 

and neck squamous cell carcinoma, especially 
nasopharyngeal cancer. Radiotherapy alone or 
systemic therapy is an important treatment method 

for locally recurrent head and neck squamous cell 
carcinoma. Radiotherapy combined with chemo-
therapy, targeted therapy and immune agonist is 
expected to make precise therapy possible, especially 
for patients with an HPV infection with better 
benefits. 
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Figure 4. Wnt5a enhances radiation resistance in vivo. (A) Schematic flow of the experimental design. Nude mice were subcutaneously injected with 6‐10B cells 
overexpressing Wnt5a and then subjected to two consecutive 4 Gy irradiation treatments treatment when the tumor volume reached 100 mm3. Mice were finally killed at day 
23 after tumor injection. (B) Tumor volumes were measured with callipers every 3‐4 days to monitor the growth pattern of mice. (C) The final gross tumors were captured. 
(D) Average tumor weight in each group was compared. *p < 0.05; **p < 0.01. 

 
Figure 5. Wnt5a enhances autophagy. HNSCC CNE2 and 6‐10B cells were infected with lentivirus mediated Wnt5a or control cDNA and then subjected 
to puromycin screening for 2 weeks. (A) Representative images of autophagosomes (indicated by red arrows) observed by transmission electron microscopy in CNE2 and 
6‐10B cells at 3 hours post 4 Gy irradiation exposure. (B) Western blotting was used to examine the expression of proteins associated with the Wnt5a and autophagic proteins 
(Beclin1 and LC3B). (C) The Pearson rank correlation coefficient validated the positive correlation between Wnt5a and Beclin1. 

 
Figure 6. Wnt5a enhances radiation resistance to nasopharyngeal carcinoma through autophagy. HNSCC CNE2 and 6‐10B cells were infected witt lentivirus‐
mediated Wnt5a or control cDNA and then infected with Beclin1 shRNA to inhibit its expression. (A & D) Western blotting assays were used to evaluate the transfection 
efficiency. (B & E) Cells in each group were irradiated with the indicated doses of irradiation and clonogenic assays were obtained after 2 weeks. (C & F) Survival curves of cells 
in each group were determined by clonogenic assays. *p < 0.05; **p < 0.01. 
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Radiation resistance often occurs in patients with 
advanced head and neck squamous cell carcinoma, 
which has become the bottleneck of radiotherapy 
efficacy. It is essential to study the sensitization of 
biologically targeted therapy to radiotherapy [44]. 
Radiation resistance can be divided into endogenous 
and acquired. The mechanism studies [45] have 
mainly found adaptive pathways (Cyclin D1, NF-κB, 
Survivin, ROS), DNA damage repair pathways 
(DNA-PK, RAD51, ATM), adhesion pathways 
(Integrins, FAK, Paxillin), inflammation pathways 
(TNF-α, IL, TGF-β, NF-κB, STAT3, Cox-2), 
developmental pathways (Hedgehog, Wnt/β-catenin, 
Notch), Hypoxic pathways (HIF-1, VEGF) and 
RTK-PI3K/Akt pathways (EGFR, STAT, MAPK, 
PI3K/Akt). 

There are 19 Wnt signaling pathways ligands in 
the human genome, and Wnt5A was the most 
strongly expressed ligand in the tumor center in early 
studies of head and neck squamous cell carcinoma 
[46]. Although Wnt5A plays a controversial role in 
tumor progression, its role in promoting the 
progression of head and neck squamous cell 
carcinoma is evident [29, 46]. We found that the Wnt 
signaling pathways were significantly activated by 
sequencing radiation-resistant strains of 
nasopharyngeal cancer cell lines, and further studies 
suggested a strong correlation with autophagy [41]. In 
this study, we further found that in addition to the 
canonical Wnt ligand (Wnt3a) in the Wnt ligand 
family can cause radiation resistance [40], the 
noncanonical ligand Wnt5a can also promote 
radiation resistance, but whether its function depends 
on β‐catenin is still worth further study. In the 
literature, Wnt5a has been reported to have the 
specificity of tumor activity (differentiation, 
proliferation, and invasion) [46] in head and neck 
squamous cell carcinoma. We found that Wnt5a was 
highly expressed in tumors relative to the para cancer, 
and the sequencing results of the resistance strain also 
showed higher expression of Wnt5a. It satisfies our 
precise strategic consideration of tumor radiation 
sensitization; through the inhibition of Wnt5a or its 
downstream target gene Beclin1, we can accurately 
reverse the radiation resistance effect of tumor cells 
without too many side effects on normal cells. At 
present, the research conclusions on the effect of 
autophagy on radiation sensitivity show significant 
differences. In vitro and in vivo studies on the radiation 
resistance model in nasopharyngeal carcinoma, we 
found that radiation can induce the overexpression of 
Wnt canonical signaling pathways (represented by 
Wnt3a) and Wnt non-canonical signaling pathways 
(represented by Wnt5A). Meanwhile, they all can 
mediate Beclin1, which improves autophagy levels 

and leads to radiation resistance. Still, it may have 
something to do with the environment the cells are in, 
the functions of the Wnt canonical signaling pathways 
and Wnt noncanonical signaling pathways in 
autophagy and radiation resistance are the 
independent effect is necessary to study further. 

Autophagy plays a vital role in induction of 
tumor development, stemness maintenance and 
therapy resistance [47]. In radiation-resistant cells, 
Bcl-2 is upregulated to inhibit apoptosis [48], while 
Bcl-2 is reported to inhibit Beclin1-dependent 
autophagy, thereby maintaining basal autophagy 
levels that contribute to cell survival [49,50]. Our 
previous report showed that the Wnt3a-Beclin1 axis 
promotes radiation resistance in studies showing that 
tumors may utilize protective autophagy as a strategy 
for their survival [40]. As an essential protein for 
regulating autophagy, Beclin1 has a dual role in 
tumors by removing defective and damaged 
organelles and other cellular components to inhibit 
tumorigenesis. It can also induce cell carcinogenesis 
and progression [51]. In a randomized cohort study of 
128 cases of nasopharyngeal carcinoma, Beclin1 was 
associated with a poor prognosis [52, 53], and was 
consistent with our prognostic analysis at 
HNSC-TCGA. Zhou et al. found that radiation 
therapy induces autophagy levels to improve the 
survival rate of nasopharyngeal carcinoma cells, while 
autophagy inhibitors chloroquine and 3-MA can 
promote cell death [54-57]. Both autophagy and Wnt 
signaling pathways have essential links to cell 
development and homeostasis [58], most studies on 
autophagy have focused on Wnt/β‐catenin but 
ignored noncanonical Wnt signaling pathways. Our 
research further uses transmission electron 
microscopy to detect autophagosomes in Wnt5a- 
overexpressed nasopharyngeal carcinoma cells and 
controls, we found that autophagosomes significantly 
increased size and number in Wnt5a-overexpressed 
cells relative to controls. Beclin1 is a critical protein in 
the occurrence of autophagy, and its protein levels 
and transcriptional levels are significantly highly 
expressed in HNSCC patients (Fig. S2A-B). Overall 
survival and progress free survival assay revealed 
that a low expression of Beclin1 was correlated with 
better prognosis of HNSCC patients (Fig. S2C-D). 
After correlation analysis of gene expression in 
TCGA-HNSC data and verification in western 
blotting assays, we found that Wnt5a mainly 
regulated the expression of Beclin1 and mediated 
changes in autophagy levels and eventually led to 
radiation resistance. These analyses indicate that 
activation of the Wnt5a–Beclin1 pathway may 
contribute to the progression of HNSCC, even 
radiation resistance. 
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At present, many reports have confirmed the 
feasibility of targeted therapy sensitization 
radiotherapy [59]. In this study, we found that 
WNT5A was an effective target for radiotherapy 
resistance, which combined with autophagy molecule 
provides a promising new therapeutic strategy for 
advanced HNSCC patients. However, there are still 
some shortcomings in the study. Next, we will explore 
whether WNT5A has the same effect of radiotherapy 
resistance in other HNSCC tumors, such as 
hypopharyngeal cancer. More effective sensitization 
targets still need to be explored and transformed 
through clinical trials as soon as possible. 
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Acknowledgements 
This work was funded by Natural Science 

Foundation of Hunan Province (2021JJ30754, 
2020JJ5005), Hunan Province Science and Technology 
Program (2020SK53301), Changsha Municipal Natural 
Science Foundation (kq2007050), Hunan Provincial 
Health Commission Scientific research project 
(202107010164), Changsha Central Hospital Research 
project (YNKY202003). 

Competing Interests 
The authors have declared that no competing 

interest exists. 

References 
1. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global cancer 

statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide 
for 36 cancers in 185 countries. CA: a cancer journal for clinicians. 2018; 68: 
394-424. 

2. Fitzmaurice C, Abate D, Abbasi N, Abbastabar H, Abd-Allah F, 
Abdel-Rahman O, et al. Global, Regional, and National Cancer Incidence, 
Mortality, Years of Life Lost, Years Lived With Disability, and 
Disability-Adjusted Life-Years for 29 Cancer Groups, 1990 to 2017: A 
Systematic Analysis for the Global Burden of Disease Study. JAMA Oncol. 
2019; 5: 1749-1768. 

3. Gillison ML, Chaturvedi AK, Anderson WF, Fakhry C. Epidemiology of 
Human Papillomavirus-Positive Head and Neck Squamous Cell Carcinoma. J 
Clin Oncol. 2015; 33: 3235-42. 

4. Chow LQM. Head and Neck Cancer. N Engl J Med. 2020; 382: 60-72. 
5. Chen YP, Chan ATC, Le QT, Blanchard P, Sun Y, Ma J. Nasopharyngeal 

carcinoma. Lancet (London, England). 2019; 394: 64-80. 
6. Alterio D, Marvaso G, Ferrari A, Volpe S, Orecchia R, Jereczek-Fossa BA. 

Modern radiotherapy for head and neck cancer. Semin Oncol. 2019; 46: 
233-245. 

7. van Amerongen R, Nusse R. Towards an integrated view of Wnt signaling in 
development. Development. 2009; 136: 3205-14. 

8. Kikuchi A, Yamamoto H, Sato A, Matsumoto S. Wnt5a: its signalling, 
functions and implication in diseases. Acta Physiol (Oxf). 2012; 204: 17-33. 

9. Asem MS, Buechler S, Wates RB, Miller DL, Stack MS, Wnt5a Signaling in 
Cancer. Cancers (Basel). 2016; 8. 

10. McDonald SL, Silver A. The opposing roles of Wnt-5a in cancer. Br J Cancer. 
2009; 101: 209-14. 

11. Kremenevskaja N, von Wasielewski R, Rao AS, Schöfl C, Andersson T, 
Brabant G. Wnt-5a has tumor suppressor activity in thyroid carcinoma. 
Oncogene. 2005; 24: 2144-54. 

12. Prasad CP, Chaurasiya SK, Guilmain W, Andersson T. WNT5A signaling 
impairs breast cancer cell migration and invasion via mechanisms 
independent of the epithelial-mesenchymal transition. Journal of 
Experimental & Clinical Cancer Research. 2016; 35: 144. 

13. Weeraratna AT, Jiang Y, Hostetter G, Rosenblatt K, Duray P, Bittner M, et al. 
Wnt5a signaling directly affects cell motility and invasion of metastatic 
melanoma. Cancer Cell. 2002; 1: 279-88. 

14. Ren D, Dai Y, Yang Q, Zhang X, Guo W, Ye L, et al. Wnt5a induces and 
maintains prostate cancer cells dormancy in bone. J Exp Med. 2019; 216: 
428-449. 

15. Liu Q, Yang C, Wang S, Shi D, Wei C, Song J, et al. Wnt5a-induced M2 
polarization of tumor-associated macrophages via IL-10 promotes colorectal 
cancer progression. Cell Commun Signal. 2020; 18: 51. 

16. Yu J, Chen L, Cui B, Widhopf GF, 2nd, Shen Z, Wu R, et al. Wnt5a induces 
ROR1/ROR2 heterooligomerization to enhance leukemia chemotaxis and 
proliferation. J Clin Invest. 2016; 126: 585-98. 

17. Wang B, Tang Z, Gong H, Zhu L, Liu X. Wnt5a promotes 
epithelial-to-mesenchymal transition and metastasis in non-small-cell lung 
cancer. Biosci Rep. 2017; 37. 

18. Astudillo P. Wnt5a Signaling in Gastric Cancer. Front Cell Dev Biol. 2020; 8: 
110. 

19. Mikels AJ, Nusse R. Purified Wnt5a protein activates or inhibits 
beta-catenin-TCF signaling depending on receptor context. PLoS Biol. 2006; 4: 
e115. 

20. Pukrop T, Binder C. The complex pathways of Wnt 5a in cancer progression. J 
Mol Med (Berl). 2008; 86: 259-66. 

21. Thiele S, Göbel A, Rachner TD, Fuessel S, Froehner M, Muders MH, et al. 
WNT5A has anti-prostate cancer effects in vitro and reduces tumor growth in 
the skeleton in vivo. Journal of Bone & Mineral Research. 2015; 30: 471-80. 

22. Lin L, Liu Y, Zhao W, Sun B, Chen Q. Wnt5A expression is associated with the 
tumor metastasis and clinical survival in cervical cancer. International Journal 
of Clinical & Experimental Pathology. 2014; 7: 6072-8. 

23. Lu W, Wei W, de Bock GH, Zhou H, Li Q, Shen X. The roles of Wnt5a, JNK and 
paxillin in the occurrence of metastasis of pancreatic adenocarcinoma. Int J 
Clin Oncol. 2014; 19: 1011-9. 

24. Zoncu R, Efeyan A, Sabatini DM. mTOR: from growth signal integration to 
cancer, diabetes and ageing. Nat Rev Mol Cell Biol. 2011; 12: 21-35. 

25. Sherwood V, Chaurasiya SK, Ekstrom EJ, Guilmain W, Liu Q, Koeck T, et al. 
WNT5A-mediated beta-catenin-independent signalling is a novel regulator of 
cancer cell metabolism. Carcinogenesis. 2014; 35: 784-94. 

26. Li S, Wang W, Zhang N, Ma T, Zhao C. IL-1β mediates MCP-1 induction by 
Wnt5a in gastric cancer cells. BMC Cancer. 2014; 14: 480. 

27. Dijksterhuis JP, Arthofer E, Marinescu VD, Nelander S, Uhlén M, Pontén F, et 
al. High levels of WNT-5A in human glioma correlate with increased presence 
of tumor-associated microglia/monocytes. Exp Cell Res. 2015; 339: 280-8. 

28. Webster MR, Xu M, Kinzler KA, Kaur A, Appleton J, O'Connell MP, et al. 
Wnt5A promotes an adaptive, senescent-like stress response, while continuing 
to drive invasion in melanoma cells. Pigment Cell Melanoma Res. 2015; 28: 
184-95. 

29. Qin L, Yin YT, Zheng FJ, Peng LX, Yang CF, Bao YN, et al. WNT5A promotes 
stemness characteristics in nasopharyngeal carcinoma cells leading to 
metastasis and tumorigenesis. Oncotarget. 2015; 6: 10239-52. 

30. Pukrop T, Klemm F, Hagemann T, Gradl D, Schulz M, Siemes S, et al. Wnt 5a 
signaling is critical for macrophage-induced invasion of breast cancer cell 
lines. Proc Natl Acad Sci U S A. 2006; 103: 5454-9. 

31. Peng C, Zhang X, Yu H, Wu D, Zheng J. Wnt5a as a predictor in poor clinical 
outcome of patients and a mediator in chemoresistance of ovarian cancer. Int J 
Gynecol Cancer. 2011; 21: 280-8. 

32. Varma RR, Hector SM, Clark K, Greco WR, Hawthorn L, Pendyala L. Gene 
expression profiling of a clonal isolate of oxaliplatin-resistant ovarian 
carcinoma cell line A2780/C10. Oncol Rep. 2005; 14: 925-32. 

33. Galluzzi L, Pietrocola F, Bravo-San Pedro JM, Amaravadi RK, Baehrecke EH, 
Cecconi F, et al. Autophagy in malignant transformation and cancer 
progression. Embo j. 2015; 34: 856-80. 

34. Amaravadi R, Kimmelman AC, White E. Recent insights into the function of 
autophagy in cancer. Genes & Development. 2016; 30: 1913-30. 

35. Levy JM, Thorburn A. Targeting autophagy during cancer therapy to improve 
clinical outcomes. Pharmacology & Therapeutics. 2011; 131: 130-41. 

36. Levy JMM, Towers CG, Thorburn A. Targeting autophagy in cancer. Nat Rev 
Cancer. 2017; 17: 528-542. 

37. Tam SY, Wu VW, Law HK. Influence of autophagy on the efficacy of 
radiotherapy. Radiat Oncol. 2017; 12: 57. 

38. Schaaf MB, Jutten B, Keulers TG, Savelkouls KG, Peeters HJ, van den Beucken 
T, et al. Canonical autophagy does not contribute to cellular radioresistance. 
Radiotherapy & Oncology. 2015; 114: 406-12. 

39. Zhang D, Li G, Chen X, Jing Q, Liu C, Lu S, et al. Wnt3a protein 
overexpression predicts worse overall survival in laryngeal squamous cell 
carcinoma. J Cancer. 2019; 10: 4633-4638. 

40. Jing Q, Li G, Chen X, Liu C, Lu S, Zheng H, et al. Wnt3a promotes 
radioresistance via autophagy in squamous cell carcinoma of the head and 
neck. Journal of Cellular & Molecular Medicine. 2019; 23: 4711-4722. 

41. Li G, Liu Y, Su Z, Ren S, Zhu G, Tian Y, et al. MicroRNA-324-3p regulates 
nasopharyngeal carcinoma radioresistance by directly targeting WNT2B. Eur J 
Cancer. 2013; 49: 2596-607. 

42. Peitzsch C, Cojoc M, Hein L, Kurth I, Mäbert K, Trautmann F, et al. An 
Epigenetic Reprogramming Strategy to Resensitize Radioresistant Prostate 
Cancer Cells. Cancer Res. 2016; 76: 2637-51. 



 Journal of Cancer 2022, Vol. 13 

 
https://www.jcancer.org 

2396 

43. Jati S, Kundu S, Chakraborty A, Mahata SK, Nizet V, Sen M. Wnt5A Signaling 
Promotes Defense Against Bacterial Pathogens by Activating a Host 
Autophagy Circuit. Front Immunol. 2018; 9: 679. 

44. Hutchinson MND, Mierzwa M, D'Silva NJ. Radiation resistance in head and 
neck squamous cell carcinoma: dire need for an appropriate sensitizer. 
Oncogene. 2020; 39: 3638-3649. 

45. Kim BM, Hong Y, Lee S, Liu P, Lim JH, Lee YH, et al. Therapeutic Implications 
for Overcoming Radiation Resistance in Cancer Therapy. Int J Mol Sci. 2015; 
16: 26880-913. 

46. Díaz Prado SM, Medina Villaamil V, Aparicio Gallego G, Blanco Calvo M, 
López Cedrún JL, Sironvalle Soliva S, et al. Expression of Wnt gene family and 
frizzled receptors in head and neck squamous cell carcinomas. Virchows Arch. 
2009; 455: 67-75. 

47. Folkerts H, Hilgendorf S, Vellenga E, Bremer E, Wiersma VR. The multifaceted 
role of autophagy in cancer and the microenvironment. Med Res Rev. 2019; 39: 
517-560. 

48. Condon LT, Ashman JN, Ell SR, Stafford ND, Greenman J, Cawkwell L. 
Overexpression of Bcl-2 in squamous cell carcinoma of the larynx: a marker of 
radioresistance. Int J Cancer. 2002; 100: 472-5. 

49. Pattingre S, Tassa A, Qu X, Garuti R, Liang XH, Mizushima N, et al. Bcl-2 
antiapoptotic proteins inhibit Beclin 1-dependent autophagy. Cell. 2005; 122: 
927-39. 

50. Kuwahara Y, Oikawa T, Ochiai Y, Roudkenar MH, Fukumoto M, Shimura T, 
et al. Enhancement of autophagy is a potential modality for tumors refractory 
to radiotherapy. Cell Death Dis. 2011; 2: e177. 

51. Vega-Rubín-de-Celis S. The Role of Beclin 1-Dependent Autophagy in Cancer. 
Biology (Basel). 2019; 9. 

52. Wan XB, Fan XJ, Chen MY, Xiang J, Huang PY, Guo L, et al. Elevated Beclin 1 
expression is correlated with HIF-1alpha in predicting poor prognosis of 
nasopharyngeal carcinoma. Autophagy. 2010; 6: 395-404. 

53. Hu YJ, Zhong JT, Gong L, Zhang SC, Zhou SH. Autophagy-Related Beclin 1 
and Head and Neck Cancers. OncoTargets & Therapy. 2020; 13: 6213-6227. 

54. Zhou ZR, Zhu XD, Zhao W, Qu S, Su F, Huang ST, et al. Poly(ADP-ribose) 
polymerase-1 regulates the mechanism of irradiation-induced CNE-2 human 
nasopharyngeal carcinoma cell autophagy and inhibition of autophagy 
contributes to the radiation sensitization of CNE-2 cells. Oncol Rep. 2013; 29: 
2498-506. 

55. Wang Y, Yin W, Zhu X. Blocked autophagy enhances radiosensitivity of 
nasopharyngeal carcinoma cell line CNE-2 in vitro. Acta Otolaryngol. 2014; 
134: 105-10. 

56. Mo N, Lu YK, Xie WM, Liu Y, Zhou WX, Wang HX, et al. Inhibition of 
autophagy enhances the radiosensitivity of nasopharyngeal carcinoma by 
reducing Rad51 expression. Oncol Rep. 2014; 32: 1905-12. 

57. Dai LB, Yu Q, Zhou SH, Bao YY, Zhong JT, Shen LF, et al. Effect of 
combination of curcumin and GLUT-1 AS-ODN on radiosensitivity of 
laryngeal carcinoma through regulating autophagy. Head & Neck. 2020; 42: 
2287-2297. 

58. Lorzadeh S, Kohan L, Ghavami S, Azarpira N. Autophagy and the Wnt 
signaling pathway: A focus on Wnt/β-catenin signaling. Biochim Biophys 
Acta Mol Cell Res. 2021; 1868: 118926. 

59. Li XH, Qu JQ, Yi H, Zhang PF, Yi HM, Wan XX, et al. Integrated analysis of 
differential miRNA and mRNA expression profiles in human radioresistant 
and radiosensitive nasopharyngeal carcinoma cells. PLoS One. 2014; 9: e87767. 


