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Introduction: Radiotherapy is one of the most important methods in the treatment of 
patients with hypopharyngeal squamous cell carcinoma (HSCC). However, radioresistance 
will be developed after repeated irradiation. Among many key factors contributing to radio-
resistance, enhanced autophagy is recognized as one of the most important. The ultraviolent 
irradiation resistance-associated gene (UVRAG) is reported to be a crucial gene involved in 
the process of autophagy. Here, we test whether UVRAG has effect on the radioresistance of 
HSCC.
Methods: HSCC cell line Fadu cells were treated with irradiation to test levels of autop-
hagy. Tumor tissues from primary and recurrent HSCC patients were tested by immunohis-
tochemistry. Then, we knocked down UVRAG to test its role in cell growth and the 
malignant behaviors. Response of cells to treatment was examined using LDH release 
assay, immunofluorescence, Western blot analysis and colony formation.
Results: We found that irradiation induced autophagy in Fadu cells. Immunohistochemistry 
of primary and irradiated HSCC tumor tissues showed that UVRAG was upregulated after 
irradiation treatment. Inhibiting UVRAG with siRNA interfered cell growth, cell cycle, 
malignant behaviors and autophagic flux in Fadu cells. Knocking down UVRAG increased 
DNA damage and cell death induced by irradiation. Finally, we found that inhibiting 
UVRAG induced lysosomal membrane permeabilization, which contributed to radiosensiti-
zation of Fadu cells.
Conclusion: Our findings supported the oncogenic properties of UVRAG in HSCC and 
inhibiting UVRAG increased radiosensitivity in HSCC by triggering lysosomal membrane 
permeabilization. Therefore, UVRAG might be a promising target in the treatment of 
HSCC.
Keywords: UVRAG, autophagy, radiosensitivity, hypopharyngeal squamous cell carcinoma, 
lysosomal membrane permeabilization

Introduction
Hypopharyngeal squamous cell carcinoma (HSCC) accounts for about 5% of head 
and neck tumors, and symptoms of HSCC patients are non-specific.1 As a result, 
many HSCC patients are usually diagnosed in advanced stages.2 According to 
global cancer statistics 2018, 80,608 new cases of HSCC were diagnosed and 
34,984 patients of HSCC died in 2018.3 Radiotherapy is recognized as one of the 
most important methods in the treatment of HSCC.4 But data show that the 5-year 
survival rate for HSCC patients who have only received radiotherapy is less than 
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20%. Radioresistance is one of the main factors contribut-
ing to the treatment failure of HSCC patients.4 Although 
many studies have been done to find out the factors lead-
ing to radioresistance of various tumor types, the under-
lying mechanisms of the radioresistance of HSCC are still 
unclear.

Radiotherapy has been used in the clinic for more than 
one century. Its anti-tumor efficiency in many malignant 
neoplasms has been well approved. But radioresistance 
always occurs after repeated treatment. Until now, many 
factors have been recognized leading to radioresistance, 
such as cell cycle arrest, apoptotic resistance, enhanced 
DNA damage repair and autophagy.5,6 A recent study by 
Zhou et al found that lysosomal membrane permeabiliza-
tion (LMP), a lysosome-dependent cell death, is also 
involved in the radiosensitization of cancer.7 In the process 
of LMP, lysosomal enzymes are released into the cyto-
plasm through the impaired lysosomal membrane and pro-
grammed cell death is induced.7

Autophagy is a lysosome-dependent process.8 An 
increasing number of studies showed that autophagy is 
a protective process for tumor cells.9–11 Its role in response 
to radiotherapy has been reported by various researchers. 
Many studies found that radiotherapy enhanced autophagic 
flux and combining autophagy inhibitors increased radio-
sensitivity in cancers.12–14

Ultraviolet irradiation resistance-associated gene 
(UVRAG), a mammalian homolog of yeast Vps38 with 
oncogenic properties and located on the 11q13 chromo-
some band, a relevant area with oncogenic implications in 
many cancers, is an important factor involving in autop-
hagy regulation.15–17 It has the function of promoting 
autophagosome formation and maturation by targeting 
the Beclin 1/PtdIns3KC3 (class III phosphatidylinositol- 
3-kinase) complex.18 UVRAG is also reported to be 
involved in regulating the function and morphology of 
lysosomes.19 A recent study found that UVRAG is 
involved in DNA damage repair.20 Inhibiting UVRAG 
increased radiosensitivity in pancreatic cancer and color-
ectal cancer cells.21,22 But the underlying mechanisms are 
not well illustrated.

Whether UVRAG has the same effect on HSCC is 
largely unknown. In this study, we hypothesized that 
UVRAG plays a role in the promotion of cell growth 
and radioresistance of HSCC cell line Fadu cells. We 
tried to figure out the role of UVRAG in autophagy, cell 
growth, malignant behaviors and radioresistance of HSCC. 
HSCC tumor tissues from primary HSCC patients and 

recurrent HSCC patients who have only received radio-
therapy were also examined.

Materials and Methods
Cell Culture
Hypopharyngeal squamous cell carcinoma cell line Fadu 
cells were purchased from the Culture Collection of the 
Chinese Academy of Sciences (Shanghai, China) and cul-
tured in DMEM (ThermoFisher Scientific; Waltham, MA, 
USA) supplemented with 10% fetal bovine serum (FBS; 
ThermoFisher Scientific).

Western Blot Analysis
Fadu cells were treated with or without 4 Gy irradiation at 
a dose rate of 1.8 Gy/min in a linear accelerator (Primus 
Hi, Siemens Medical Instruments; Berlin, Germany). 
Twenty-four-hour later, cells were lysed in RIPA buffer 
(ThermoFisher Scientific) and lysates (20 µg) were ana-
lyzed on SDS-PAGE. Western blot analysis was performed 
as previously described.8 The following antibodies were 
used: LC3B, P62, GAPDH, UVRAG (Cell Signaling 
Technology; Danvers, MA, USA).

GFP-LC3 Transient Transfection
The pSELECT-GFP-LC3 plasmid (Genepharma; 
Shanghai, China) was used to study the formation of 
autophagosomes. Briefly, Fadu cells were transfected 
with the plasmid by using Lipofectamine 2000 reagent 
(ThermoFisher Scientific). After being treated with or 
without 4 Gy irradiation, GFP-LC3 puncta per cell was 
counted under a Leica TCS SP5 Confocal Laser Scanning 
Microscope (Leica Microsystems, Wetzlar, Germany).

LysoTracker Staining
LysoTracker Red (66 nM) was added to Fadu cells pre-
treated with or without 4 Gy irradiation. Nuclei were stained 
with DAPI (ThermoFisher Scientific). Fluorescence was 
observed under confocal microscopy with a Leica SP5 
Confocal Microscope.

Cathepsin B Activity Assay
Activity of cathepsin B was tested with a cathepsin B 
activity assay kit (Abcam, Cambridge, UK). Briefly, Fadu 
cells treated with 4 Gy irradiation or control cells were 
lysed, and supernatants were incubated with cathepsin B 
substrates. Fluorescence was measured on a microplate 
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reader (PerkinElmer; San Jose, CA, USA) at excitation/ 
emission wavelengths = 400/505 nm.

Immunohistochemistry
Three matched HSCC tumor tissues from primary HSCC 
patients and recurrent HSCC patients who have only 
received radiotherapy were collected in the Department 
of Otolaryngology, Weihai Municipal Hospital. The use 
of human tissue samples was approved by the Research 
Ethics Committee of Shandong University and performed 
according to relevant guidelines and regulations. All 
patients provided informed consent, in accordance with 
the Declaration of Helsinki.

Paraffin-embedded hypopharyngeal squamous cell car-
cinoma samples were sectioned (4 μm) and mounted onto 
microscopic slides. Deparaffinized sections were incubated 
with the primary antibody at 4ºC overnight (UVRAG, Cell 
Signaling Technology), rinsed with PBS, and incubated 
with goat anti-rabbit secondary antibody (ZSGB-Bio; 
Beijing, China). Images were taken by a Leica DMi8 
microscope (Leica Microsystems). Results of immunohis-
tochemistry were quantified as follows: 0, no staining; 1, 
weak staining in <50% cells; 2, weak staining in ≥50% 
cells; 3, strong staining in <50% cells; and 4, strong 
staining in ≥50% cells.

Transmission Electron Microscopy
Transmission electron microscopy was used to examine 
the ultrastructure of Fadu cells treated with or without 
4 Gy irradiation. Experiments were carried out as 
described previously.8 Cells were observed with a JEM- 
1200EX II electron microscope (JEOL; Tokyo, Japan).

Transfection of siRNA
Fadu cells were transfected with 20 nM siRNA by using 
lipofectamine 2000 according to the manufacturer’s 
protocol. Sequences for the siRNAs were the following: 
negative control, 5ʹ- UUCUCCGAACGUGUCACGU 
TT-3ʹ; UVRAG, 5ʹ- UCACUUGUGUAGUACUGAA-3ʹ 
(Genepharma, Shanghai, China). Knocking down effi-
ciency was analyzed by Western blot.

Cell Viability
Fadu cells transfected with negative control or UVRAG 
siRNA were plated into 96-well plates and incubated over-
night. Cell viability was assessed with the CCK-8 assay.

EdU Assay
Fadu cells transfected with negative control or UVRAG 
siRNA were seeded into 24-well, flat-bottomed plates. Cell 
proliferation was assessed with the EdU Assay Kit (Ribobio; 
Guangzhou, China). Images were acquired under a Leica 
DMi8 fluorescence microscopy.

Cell Migration and Invasion Assays
Cell migration of Fadu cells treated with control siRNA or 
UVRAG siRNA was tested by wound healing assays. 
Briefly, a silicone culture insert (Ibidi GmbH; 
Martinsried, Germany) was used to generate the wound. 
Fadu cells were examined over 48 h under a Leica DMi8 
microscope.

Cell invasion of Fadu cells treated with control siRNA 
or UVRAG siRNA was performed in BD Biocoat Matrigel 
Invasion Chambers (8 mm pore size, 24-well plate; BD 
Biosciences). Images were taken by a Leica DMi8 
microscope.

Cell Cycle Analysis
Fadu cells treated with control siRNA or UVRAG siRNA 
were collected and incubated with 70% ethanol overnight. 
Propidium iodide (PI) supplemented with RNase (Becton 
Dickinson, San Diego, CA) was used to stain Fadu cells. 
Then cells were analyzed with a C6 flow cytometer (BD 
Biosciences; San Jose, CA, USA).

Autophagic Flux Measurement
Autophagic flux was tested by the Autophagy Tandem 
Sensor RFP-GFP-LC3B Kit (Thermo Fisher Scientific). 
Briefly, Fadu cells transfected with the RFP-GFP-LC3B 
reagent were treated with control siRNA or UVRAG 
siRNA. Forty-eight-hour later, cells were fixed and 
observed under a Leica TCS SP5 confocal microscope.

Immunofluorescence
DNA damage was determined using immunofluorescence 
staining of γ-H2AX foci. Fadu cells treated with negative 
control siRNA, UVRAG siRNA, 4 Gy irradiation, 
UVRAG siRNA combining 4 Gy irradiation were incu-
bated with γ-H2AX antibody (Cell Signaling Technology; 
Danvers, MA, USA) and Alexa Fluor 594 conjugated goat 
anti-rabbit secondary antibody (Abcam; Cambridge, UK). 
Red dots were counted under a Leica TCS SP5 Confocal 
Laser Scanning Microscope.
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Colony Formation Assay
Fadu cells were plated in six-well plates. Then cells were 
divided into four treatment group: control siRNA, 4 Gy 
irradiation (IR), UVRAG siRNA (siUVRAG) or a combi-
nation of siUVRAG and irradiation. After 14 days, cells 
were fixed and stained with crystal violet.

Lysosomal Membrane Stability
Lysosomal membrane stability was tested by transfection of 
GFP-fused galectin 3 (Obio, Shanghai, China) construct with 
lipofectamine 2000 reagent (ThermoFisher Scientific). Then 
Fadu cells were transfected with control siRNA or UVRAG 
siRNA as described above. Cells were observed with a Leica 
SP5 Confocal Microscope.

Lactate Dehydrogenase (LDH) Assay
Cytotoxic effect of different treatment groups was tested 
with a Cytotoxicity Detection Kit (Roche Applied Science, 
Basel, Switzerland). Briefly, cell lysis was centrifuged and 
the supernatants were collected to measure total cellular 
LDH after related treatment. The amount of released LDH 
from each group was measured at 490 nm by microplate 
reader (PerkinElmer).

Statistical Analysis
The GraphPad Prism software program (Version 6.07; La 
Jolla, CA, USA) was used to evaluate the unpaired t-tests. 
Results are presented as the mean ± SE. P-values <0.05 
were considered statistically significant.

Figure 1 Irradiation increased autophagy in Fadu cells. (A) LC3B and p62 levels were examined by Western blot analysis in Fadu cells treated with or without 4 Gy 
irradiation. GAPDH was used as a loading control. (B) Densitometric analysis of the blots showed the ratios of LC3B-II and P62 to GAPDH. (C) GFP-LC3 transfection 
disclosed LC3 puncture in Fadu cells treated with or without 4 Gy irradiation. (D) Quantification of GFP-LC3 dots. (E) Representative images of Fadu cells stained with 
LysoTracker Red after treatment with or without 4 Gy irradiation. (F) Results of activity of cathepsin B in Fadu cells treated with or without 4 Gy irradiation. (G) 
Transmission electron microscopy image showing the ultrastructure of Fadu cells treated with or without 4 Gy irradiation. (H) Quantification of vesicles with double 
membrane. **P < 0.01; ***P < 0.001; scale bars in (C) = 10 µm, in (E) = 50 µm, in (G) = 1.2 µm.
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Results
Irradiation Increased Autophagy in HSCC 
Cells
Previous studies showed that irradiation increased autophagy 
in various tumor types. Here, we tried to find out whether 
irradiation increased autophagy in HSCC cells. We tested 
LC3B, a marker for the induction of autophagy. When autop-
hagy occurs, LC3B-I is turned to LC3B-II. Western blot 
analysis illustrated that the protein levels of LC3B-II 
increased in irradiation treatment group compared with con-
trol group (Figure 1A and B). P62, an important protein 
which is degraded in autophagy, decreased in irradiation 
treatment group (Figure 1A and B). A GFP-LC3 expression 
construct was used to evaluate the formation of autophago-
somes. Confocal microscopy illustrated increased green 
fluorescence puncta in irradiation treatment group 
(Figure 1C and D). LysoTracker Red, a lysosomotropic 
dye, was used to label lysosomes. Results showed that irra-
diation augmented the red fluorescence of LysoTracker Red 

(Figure 1E), which indicated that lysosomal function was 
increased. We also found that the activity of cathepsin B, 
an important protease in the degradation of autophagosomes 
in lysosome, enhanced significantly after irradiation treat-
ment (Figure 1F). Results of the transmission electron micro-
scope indicated that many vesicles with double membrane 
accumulated (Figure 1G and H). All these data suggested that 
irradiation increases autophagy in HSCC cells.

Irradiation Upregulated UVRAG in HSCC
As UVRAG is an important regulator of autophagy, we 
tried to study the expression of UVRAG in HSCC before 
and after irradiation treatment. Western blot analysis 
demonstrated that the UVRAG increased significantly 
after irradiation treatment (Figure 2A and B). We also 
collected three matched primary and recurrent HSCC tis-
sues who had only received radiotherapy after first surgical 
resection. Results of immunohistochemistry showed that 
the expression of UVRAG increased significantly in 

Figure 2 Irradiation upregulated UVRAG in HSCC. (A) Western blot analysis of UVRAG in Fadu cells treated with or without 4 Gy irradiation. GAPDH was used as a 
loading control. (B) Densitometric analysis of the blots showed the ratios of UVRAG to GAPDH. (C) Hematoxylin-eosin (HE) staining and immunohistochemistry of 
UVRAG in HSCC tumor tissues from primary and recurrent HSCC patients who have only received radiotherapy after first surgical resection. (D) Quantification of (C). 
**P < 0.01; Scale bars = 50 µm.
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recurrent HSCC tumor tissues compared with primary 
HSCC tumor tissues (Figure 2C and D). Altogether, 
these data demonstrated that the expression of UVRAG 
increased significantly after irradiation treatment.

Knocking Down UVRAG Inhibited Cell 
Growth and Malignant Behaviors in 
HSCC Cells
UVRAG was recognized as a tumor suppressor gene. But 
there are also studies showing that UVRAG contributes to 
tumorigenesis and chemo-resistance in colorectal cancer.-
23,24 In our study, we tried to study the role of UVRAG in 
HSCC. Firstly, we knocked down UVRAG with a specific 

siRNA and Western blot analysis verified the knocking 
down efficiency (Supplementary Figure 1). Results of 
CCK-8 assay showed that knocking down UVRAG 
decreased cell viability in HSCC cell line Fadu cells 
(Figure 3A). EdU assay showed that knocking down 
UVRAG inhibited cell proliferation of Fadu cells com-
pared with control group (Figure 3B and C). Cell cycle 
analysis illustrated that knocking down UVRAG induced 
cell cycle arrest in G2-M phases (Figure 3D and E). 
Wound healing assay and Transwell assay demonstrated 
that inhibiting UVRAG decreased malignant behaviors 
like migration and invasion in Fadu cells (Figure 3F–I). 
These data indicated that UVRAG contributed to cell 
growth and malignant behaviors in Fadu cells.

Figure 3 Knocking down UVRAG inhibited cell growth and malignant behaviors in Fadu cells. (A) Cell viability of Fadu cells treated with control or UVRAG siRNA. (B) EdU 
assay was used to test the proliferation in Fadu cells treated with control or UVRAG siRNA. (C) Quantification of EdU positive cells in (B). (D) Cell cycle analysis of Fadu 
cells treated with control or UVRAG siRNA. (E) Quantification of cells in G1, S, and G2/M. (F) Wound healing assay was used to study the migration of Fadu cells treated 
with control or UVRAG siRNA. (G) Quantification of (F). (H) Transwell assay was used to study the invasion of Fadu cells treated with control or UVRAG siRNA. (I) 
Quantification of (H). *P < 0.05; **P < 0.01; scale bars = 50 µm.
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Inhibiting UVRAG Interfered Autophagy 
in Fadu Cells
Considering the role of UVRAG in autophagy, we tried to 
study whether knocking down UVRAG inhibited autop-
hagy in HSCC cells. We used rapamycin as an autophagy 
inducer to increase the basal level of autophagy in Fadu 
cells. Firstly, Western blot analysis showed that knocking 
down UVRAG decreased the protein levels of LC3B-II 
and increased the levels of P62 (Figure 4A and B). Then 
we used the Autophagy Tandem Sensor RFP-GFP-LC3B 
Kit (Thermo Fisher Scientific) to study autophagic flux. 
With an acid-sensitive green fluorescent protein (GFP) and 
an acid insensitive red fluorescent protein (RFP), the green 
fluorescence will disappear in the autolysosomes (with an 
acidic pH), leaving only red fluorescence. Results showed 
that rapamycin increased red fluorescence dots signifi-
cantly (Figure 4C and D). But in UVRAG knockdown 
group, rapamycin did not increase the number of green 
or red fluorescence dots (Figure 4C and D). All these data 

indicated that knocking down UVRAG interfered autop-
hagy in Fadu cells.

Knocking Down UVRAG Increased 
Radiosensitivity in Fadu Cells
There are many DNA damage types, among which double 
strand breaks (DSBs) are the most lethal. Immunofluorescence 
of γ-H2AX, a marker of DSBs, is used to study whether 
knocking down UVRAG sensitized Fadu cells to irradiation 
treatment. Results showed that a combination of knocking 
down UVRAG and irradiation obviously increased red dots 
of γ-H2AX compared with cells treated with either siUVRAG 
or irradiation alone (Figure 5A and B). To further test the 
cytotoxic effect of irradiation in different treatment group, 
colony formation assay was carried out. Results showed that 
in combined treatment group, colony formation was inhibited 
the most (Figure 5C and D). Altogether, these data revealed 
that inhibiting UVRAG induced radiosensitization of Fadu 
cells.

Figure 4 Inhibiting UVRAG interfered autophagy in Fadu cells. (A) LC3B and p62 levels were examined by Western blot analysis in Fadu cells treated with control or 
UVRAG siRNA. GAPDH was used as a loading control. Rapamycin was used to increase the basal level of autophagy. (B) Densitometric analysis of the blots showed the 
ratios of LC3B-II and P62 to GAPDH. (C) The Autophagy Tandem Sensor RFP-GFP-LC3B Kit was used to study autophagic flux in Fadu cells treated with control or 
UVRAG siRNA. (D) Quantification of red and green dots in (C). **P < 0.01; size bars = 10 µm.
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Suppressing UVRAG Induced Lysosomal 
Membrane Permeabilization, Which 
Contributed to Radiosensitization in Fadu 
Cells
Previous study found that UVRAG is involved in regulat-
ing the function and morphology of lysosomes and knock-
ing down UVRAG led to enlarged lysosomes.19 

Lysosomal membrane permeabilization (LMP) is charac-
terized for enlarged lysosomes. Here we tried to study 
whether knocking down UVRAG induced LMP. With 
GFP-fused galectin 3 transient transfection, we found 
that inhibiting UVRAG caused green fluorescent dots, 
while GFP-fused galectin 3 was distributed evenly in 
negative control group (Figure 6A).

LMP is recognized as another factor contributing to 
radiosensitization.7 In the process of LMP, lysosomal proteases 
are released into the cytoplasm, which activating a series of 
programmed cell death pathways. Cathepsin B, a cysteine 
protease, plays an important role in LMP. Then we used CA- 
074 Me, a specific inhibitor of cathepsin B, to test whether the 
radiosensitive effect caused by knocking down UVRAG is 

LMP-dependent. Results of LDH assay showed that a combi-
nation of CA-074 Me, irradiation and siUVRAG led to less cell 
death compared to irradiation following knocking down 
UVRAG treatment (Figure 6B). All these data suggested that 
suppressing UVRAG induced lysosomal membrane permea-
bilization, which contributed to radiosensitization in Fadu 
cells.

Discussion
Hypopharyngeal squamous cell carcinoma (HSCC) is one 
of the most malignant head and neck cancers.25 Although 
there is a comprehensive treatment including surgical 
excision, chemotherapy and radiotherapy, the prognosis 
of patients with HSCC remains poor.26 Radioresistance is 
one of the most important factors leading to treatment 
failure of HSCC.27 As a result, finding out the underlying 
mechanisms leading to radioresistance will help develop 
new therapy to improve prognosis of patients with 
HSCC. Until now, many mechanisms have been dis-
closed, like DNA damage repair, apoptotic resistance, 
lysosomal membrane permeabilization,7 cell cycle arrest 
and autophagy.28 Autophagy is a lysosome-dependent 

Figure 5 Knocking down UVRAG increased radiosensitivity in Fadu cells. (A) Immunofluorescence staining of γ-H2AX (red fluorescence) to determine the double strand 
breaks (DSBs) caused by control siRNA, 4 Gy irradiation (IR), UVRAG siRNA (siUVRAG) or a combination of siUVRAG and irradiation. (B) Quantification of red puncta 
associated with γ-H2AX in (A). (C) Colony formation of Fadu cells treated with control siRNA, 4 Gy irradiation (IR), UVRAG siRNA (siUVRAG) or a combination of 
siUVRAG and irradiation. (D) Quantification of (C). **P < 0.01; ***P < 0.001; size bars = 10 µm.
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process in which unfunctional and damaged organelles 
are degraded and recycled for energy and further 
biogenesis,5 and it is recognized as one of self-protection 
against internal and external damages. Many studies 
found that after radiotherapy, autophagy was enhanced 
and inhibiting autophagy increased apoptosis induced by 
irradiation.5,12,14 What’s more, inhibiting autophagy also 
impaired DNA damage repair and increased irradiation- 
induced DNA damage.5 In our study, we found that 
irradiation increased the level of autophagy in HSCC 
cell line Fadu cells.

Ultraviolet irradiation resistance-associated gene 
(UVRAG) is well known for its role in autophagy regulation. 
UVRAG has two most important roles in the process of 
autophagy, promoting autophagosome formation and autop-
hagosome maturation.17 However, more and more studies 
show that UVRAG has many other functions except for 
autophagy, including cell death regulation, endocytosis and 
immunity-related GTPase transport.18 UVRAG is also 
involved in the regulation of lysosomal function and 
morphology.19 UVRAG is originally recognized as a tumor 
suppressor gene.29 UVRAG gene is located on the 11q13 
chromosome band, a relevant area with oncogenic implica-
tions in many cancers, mainly due to its frequent amplifica-
tion and the genes it houses.30 However, accumulating 
evidence indicates that UVRAG suppresses apoptosis, and 
knocking down UVRAG increases apoptotic rate in tumor 
cells.31 Besides, UVRAG is also involved in DNA damage 
repair and maintaining chromosomal stability.20 Chang et al 
found that silencing UVRAG reversed the radioresistant 
phenotypes and led to increased apoptosis, impaired DNA 
repair.22 In our study, irradiation increased protein levels of 
UVRAG not only in Fadu cells, but also in tumor tissues 
from recurrent HSCC patients who had only received radio-
therapy after surgical resection. This is the first study show-
ing that UVRAG is upregulated in tumor tissues from 
irradiated recurrent HSCC patients. We found that knocking 
down UVRAG with a specific siRNA inhibited cell growth, 
caused cell cycle arrest and inhibited malignant behaviors in 
HSCC cell line Fadu cells. Our study showed that inhibiting 
UVRAG led to lysosomal membrane permeabilization 
(LMP), which contributed to the radiosensitizing effect of 
knocking down UVRAG in Fadu cells. Our study supports 
the role of lysosome in the radioresistance of cancer.6

Many factors trigger LMP, among which ROS is the 
most studied.7 ROS and autophagy are two important 
factors involved in cellular stress response.32 Previously, 
many studies reported that ROS was a key inducer of 
autophagy.33,34 But recently, more and more studies 
showed that inhibition of autophagy could also upregulate 
the level of ROS.35,36 Autophagy defection induced by 
UVRAG inhibition may cause upregulation of ROS, 
which leads to LMP. But further studies are warranted.

We have to recognize that limitations existed in our 
study. All these experiments were only repeated in one cell 
line, decreasing the internal validity of results. More stu-
dies are warranted in other head and neck tumor cell lines. 
Experiments were not blinded. Sample size was too small 

Figure 6 Suppressing UVRAG induced lysosomal membrane permeabilization, 
which contributed to radiosensitization in Fadu cells (A) GFP-fused galectin 3 
construct was used to study LMP in Fadu cells treated with control siRNA 
(siControl) or UVRAG siRNA (siUVRAG). (B) Fadu cells were divided into six 
treatment group: control, 4 Gy irradiation (IR), UVRAG siRNA (siUVRAG), 
siUVRAG + 4 Gy IR, 5 µM CA-074 Me, siUVRAG + 4 Gy IR + 5 µM CA-074 
Me. LDH assay was used to study the cytotoxic effect of different groups. **P 
< 0.01; ***P < 0.001; size bars = 10 µm.
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for immunohistochemical analysis. More matched tumor 
tissues are needed in the future.

Conclusion
In this study, we found that irradiation increased autop-
hagy in HSCC cells. Protein levels of UVRAG were also 
increased in irradiated Fadu cells and tumor tissues from 
recurrent HSCC patients who had only received radiother-
apy. Our study demonstrates that UVRAG contributes to 
tumor development in HSCC cells, and knocking down 
UVRAG induces LMP, which contributes to the radiosen-
sitive effect of knocking down UVRAG in Fadu cells. 
Altogether, our study revealed UVRAG as a promising 
antitumor target in HSCC.
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