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Abstract: Hypopharyngeal carcinoma is one of the worst prognostic malignancies among head and neck carcino-
mas. Therefore, a good biomarker should be identified to predict the best therapeutic option before starting the 
treatment. In cell models, p62/SQSTM1 levels affected the Nrf2-Keap1 pathway, ROS levels, GSH/GSSG ratios and 
cell growth, especially under irradiation rather than under CDDP exposure, which was toxic despite p62/SQSTM1 
status. In a clinical cohort of hypopharyngeal carcinomas, high levels of p62/SQSTM1 significantly predicted poor 
prognosis (log-rank test, Chi-square value = 6.750, P = 0.0094) and maximum critical risk (Cox proportional hazard 
ratio = 4.405, P = 0.0086), especially in the radiotherapy group. Therefore, when p62/SQSTM1 is elevated in the 
biopsy section, hypopharyngeal carcinoma should be treated with surgical and/or chemotherapeutic options.
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Introduction

Hypopharyngeal carcinoma is the malignancy 
with the worst prognosis among all head and 
neck squamous cell carcinomas (HNSCCs) 
[1-3]. Low-grade small tumors are usually treat-
ed with ionizing radiation for larynx preserva-
tion, whereas few cases can be treated with 
partial pharyngectomy; other in situ cases in 
the mucosal surface are treated with endo-
scopic submucosal dissection [4]. However, 
recurrence leading to poor prognosis is often 
observed after the initial treatment, and surgi-
cal salvage after failure of radiation therapy 
has a lower success rate for hypopharyngeal 
cancers than for cancers in other sites [1, 2]. In 
addition, the recurrent cancer is usually more 
malignant than the starting one and is often 
unresectable [1, 3]. So, it is necessary to evalu-
ate the susceptibility to radiotherapy and che-
motherapy of each case of hypopharyngeal car-
cinoma and its prognosis, before starting vari-
ous treatments.

In oral squamous cell carcinomas, p62/SQS- 
TM1 expression is a potential marker to identify 

carcinogenesis, therapeutic resistance or poor 
prognosis, and it is a key player in glutathione 
(GSH) induction [5]. Defective autophagic lyso-
somal pathway leads to accumulation of p62/
SQSTM1, which promotes oncogenesis by itself 
and genome instability [6]. Otherwise, p62/
SQSTM1 stabilizes Nrf2, thus inducing the 
associated antioxidant proteins, NAD(P)H dehy-
drogenase quinone 1 (NQO1) and heme oxygen-
ase-1 (HO-1) and leading to the resistance to 
antioxidative stress [7]. Cumulative Nrf2 muta-
tions have been frequently observed in head 
and neck cancers, and alterations in the Nrf2 
pathway might play an important role in tissues 
exposed to abundant reactive oxygen species 
(ROS), such as oral, nasopharyngeal and tra-
cheal epithelium [8]. 

In the present study, we investigated whether 
p62/SQSTM1 could be a potential marker of 
prognosis or a therapeutic option in a cohort of 
hypopharyngeal carcinomas. In hypopharynge- 
al carcinoma cell models, p62/SQSTM1 down-
regulation was not correlated with chemothera-
py resistance, but with radiotherapy resistance. 
Therefore, we propose p62/SQSTM1 status as 
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a predictive biomarker for radiotherapy resis-
tance in hypopharyngeal carcinomas.

Materials and methods

Tissue samples

Fifty-four primary hypopharyngeal carcinomas 
were obtained by biopsy at the Kyoto Prefectural 
University of Medicine from 1997 to 2008. The 
tumor samples were all squamous cell carcino-
mas, obtained from 7 females and 47 males 
with a mean age of 65.1 years (range 45-81 
yrs). Four cases were stage I, six cases were 
stage II, four cases were stage III and forty 
cases were stage IV. 

Twenty-two cases were treated with total pha-
ryngolaryngectomy followed by irradiation (R); 
19 cases were stage IV, and 2 cases were stage 
III. One case, T2N2bM0, was treated with par-
tial pharyngectomy followed by chemoradio-
therapy. Twenty cases were treated primarily 
with R without surgical resection; four cases 
were stage I, six were stage II, two were stage 

III, and eight were stage IV. Twelve cases were 
firstly treated with chemoradiotherapy and fol-
lowed by neck dissection; all cases were stage 
IV. Data were collected from clinical and patho-
logical records with the written informed con-
sent from individual patients and after approval 
by the Ethics Committee of the institute.

Immunohistochemistry

Surgical specimens were transferred to 10% 
buffered formalin and fixed overnight. The fixed 
samples were embedded in paraffin, and seri-
ally sliced into 5-µm sections. After dewaxing, 
sections were autoclaved at 120°C for 1 min in 
10 mM sodium citrate buffer (pH 6.0) and 
immersed in 0.3% H2O2. They were then incu-
bated overnight at 4°C with primary antibodies 
against p62/SQSTM1 (diluted 1:500, 5F2, 
MBL, Aichi, Japan), Ki67 (diluted 1:50, MM-1, 
Leica Microsystems, Tokyo, Japan) and Nrf2 
(diluted 1:200, ab31163, Abcam, Tokyo, Ja- 
pan). The sections were rinsed with PBS and 
incubated with the secondary antibody conju-
gated with horseradish peroxidase (Simple 

Figure 1. Representative staining of p62/SQSTM1 and Nrf2. Representative pictures showing positive (left) and 
negative (right) cases of p62/SQSTM1 (upper) and Nrf2 (lower). Scale bar, 100 µm.
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Stain MAX-PO; Nichirei, Tokyo, Japan) at room 
temperature for 1 h. The sections were then 
stained with 3.3’-diaminobenzidine tetrahydro-
chloride and counter-stained with hematoxylin. 

Microscopic evaluation

The stainings were evaluated by two blinded 
independent observers. A positive expression 
of p62/SQSTM1 was defined when the cyto-
plasm and/or nuclei were stained with DAB. 
Positive staining for Ki67 was defined when 
more than 40% of tumor cells showed nuclear 
expression of the antigen. The staining for Nrf2 
was classified as positive, according to nuclear 
staining of cancer cells (Figure 1).

Cell cultures

Human hypopharyngeal carcinoma cell lines, 
FaDu and D-562, were purchased from Ame- 
rican Type Culture Collection. These cell lines 
were cultured in Dulbecco’s modified Eagle’s 
medium containing 10% fetal bovine serum 
(DMEM/10% FBS). Cell culture media were sup-
plemented with penicillin (50 units/mL) and 
streptomycin (50 mg/mL), and incubated at 
37°C in a humidified chamber supplemented 
with 5% CO2.

Preparation of recombinant lentiviruses en-
coding p62/SQSTM1 shRNA

Vectors for p62/SQSTM1 shRNA (sh-p62 (1) 
and (2)) and for control (sh-control) were pur-
chased from Dharmacon (GE Healthcare UK 
Ltd, England). Mature antisense sequences for 
p62/SQSTM1 were ATCAACTTCAATGCCCAGAGG 
and TTCTCTTTAATGTAGATTCGG (available on 
the Dharmacon website). Lentivirus for each 
shRNA was prepared with each packaging mix-
ture, according to the manufacturer’s instruc-
tion. FaDu and D562 cells transduced with > 
10 MOI of each lentivirus were selected in the 
presence of 3 μg/mL puromycin, expanded and 
used in the experiments. 

X-ray irradiation

For X-ray irradiation, subconfluent FaDu or 
D562 cancer cells in 6-well plates or 96-well 
plates containing DMEM/10% FBS were 
exposed to X-rays (5-10 Gy, at 2 Gy/min) using a 
150-kVp X-ray generator (Model MBR-1520R, 
Hitachi, Tokyo, Japan) with a total filtration of 
0.5 mm aluminum filter, plus a 0.1-mm copper 

filter, and then incubated at 37°C in a conven-
tional humidified 5% CO2 incubator. 

Cis-platinum (II) diammine dichloride (CDDP) 
exposure

CDDP was provided by NIPPON KAYAKU (Tokyo, 
Japan), dissolved in N, N-dimethylformamide, 
and diluted 1:200 with purified water. The final 
concentration of 1.25-10 nM CDDP was added 
to FaDu and D-562 cells.

WST-8 assay for cell viability

FaDu and D-562 cells were cultured in 96-well 
plates at a density of 1×103 per well, and cell 
viability assays were carried out with a Cell 
Counting Kit-8 (Dojindo Molecular Technologies 
Inc, Kumamoto, Japan). WST-8 reagent solution 
was added to each well, and absorbance at 
450 nm (OD450) was then measured by a 
microplate reader after incubation with the 
reagent for 2 h at 37°C, in accordance with the 
manufacturer’s instructions. 

Protein extractions and Western blot analysis

The proteins of each cell line were analyzed by 
immunoblotting. Proteins were extracted in ice-
cold lysis buffer (40 mM HEPES [pH 7.5], 120 
mM NaCl, 1 mM EDTA, 10 mM pyrophosphate, 
10 mM glycerophosphate, 50 mM NaF, 0.5 mM 
orthovanadate, and EDTA-free protease inhibi-
tors; Roche, Switzerland) containing 1% Triton 
X-100. Cell extracts were kept on ice for 20 min 
and centrifuged at 12,000 rpm for 10 min 
(4°C). The supernatants were boiled with SDS 
sample buffer. Proteins separated by SDS-
PAGE were transferred to polyvinylidene difluo-
ride filters. After blocking the filters with TBS-T 
(10 mM Tris-HCl [pH 7.6], 150 mM NaCl, 0.1% 
Tween 20) containing 5% bovine serum albu-
min (BSA), the filters were incubated for 1-2 h 
with the primary antibodies in TBS-T containing 
2% BSA. Primary antibodies for p62/SQSTM1 
(5F2, MBL), Keap1 (10503-2-AP, Proteintech, 
IL, USA), Nrf2 (EP1808Y, Epitomics, CA, USA), 
NQO1 (ab28947, Abcam, MA, USA), HO-1 
(ab13248, Abcam) and α-tubulin (DM 1A, 
Sigma, MO, USA) were used with 1:250-2000 
dilutions. The filters were then washed in TBS- 
T and incubated for 30 min in horseradish per-
oxidase-conjugated anti-mouse or anti-rabbit 
immunoglobulin G (GE Healthcare) diluted 
1:10,000 in TBS-T containing 2% BSA. After 
several washes with TBS-T, immunoreactivity 
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was detected using the Luminata Classico 
Western HRP substrate (Merck Millipore Cor- 
poration, Germany) with LAS4000 (Fujifilm, To- 
kyo, Japan).

ROS assays

ROS levels were detected with CellROX® Green 
reagent (Life technologies, Thermo, CA, USA) at 
485/520 nm. The cells were stained with 5 μM 
of CellROX® Green Reagent by adding it to the 
complete medium and incubating the cells at 
37°C for 30 min. The cells were then washed 
with PBS, harvested after trypsinization, im- 
mersed in Live cell imaging® reagents (Life 

technologies), and analyzed on Attune® Ac- 
oustic Focusing Cytometer (Life technologies). 

GSH/GSSG assay

GSH and GSH-S-S-GSH (GSSG) were deter-
mined with a quantification kit (Dojindo, Ku- 
mamoto, Japan) according to the manufactur-
er’s instructions. The treated cells were lysed 
by the addition of 80 μL of 10 mM HCl and by 
freezing and thawing, twice. Salicylsalicylic acid 
(20 μL, 5%) was added to the homogenate, and 
the mixture was centrifuged at 8,000×g for 10 
min. GSH and GSSG levels in the supernatant 
were determined by measuring absorbance at 
405 nm with a microplate reader, according to 
the manufacturer’s protocol. 

Statistical analysis

Disease-free survival (DFS) interval was defined 
as the period from the diagnosis to cancer 
recurrence or metastasis. Bivariate analyses of 
association between covariables and p62/
SQSTM1 status included Chi-square and 
Fisher’s exact tests. Survival curves were esti-
mated by the Kaplan-Meier method with a log-
rank test to assess significance. The univariate 
Cox proportional hazard regression models 
were used to evaluate any independent prog-
nostic effect of the variables with a 95% confi-
dence interval. DFS intervals were used as indi-
cators for the relative hazards. To analyze 
assays for WST-8 and GSH/GSSG among 
shRNA cells, one-way factorial ANOVA accom-
panied by Scheffe’s significance test was used. 
A p-value < 0.05 was considered statistically 
significant. All the statistical analyses were per-
formed with StatView Version 5.0 for Windows 
(SAS institute Inc, Cary, NC, USA).

Results

p62/SQSTM1 can be a prognostic factor for 
hypopharyngeal carcinomas

The relation between p62/SQSTM1 abundance 
and clinicopathological parameters is shown in 
Table 1. p62/SQSTM1 status correlates with 
nuclear Nrf2 positivity, but not significantly. The 
other parameters, including age, gender, TNM 
stage, T grade, N grade, therapeutic option, his-
tological differentiation, Ki67 values and Nrf2 
status were not significantly related to p62/
SQSTM1 levels. In addition, Cox proportional 
hazard model (Table 2; hazard ratio = 2.762, P 

Table 1. Relationship between p62 and clinico-
pathological parameters in 54 hypopharyngeal 
carcinomas

p62/SQSTM1

Parameters No. of 
cases

Nega-
tive

Posi-
tive p-values

Age at diagnosis
    ≤ 65 years 27 8 19 0.7613 
    > 65 years 27 7 20
Gender
    Male 47 14 33 0.6586 
    Female 7 1 6
Stage: TNM class
    ≤ II 10 4 6 0.4376 
    ≥ III 44 11 33
T classification
    ≤ T2 24 7 17 0.8385 
    ≥ T3 30 8 22
Nodes status
    Negative 18 4 14 0.5192 
    Positive 36 11 25
Treatment
    Surgery: S 22 6 16 0.9452 
    Radiation: R 32 9 23
Differentiation
    Well and moderately 27 7 20 0.7613 
    Poorly 27 8 19
Ki67
    ≤ 40% 30 8 22 0.8385 
    > 40% 24 7 17
Nrf2
    Negative 25 10 15 0.0626 
    Positive 29 5 24
Chi-square and Fisher’s exact tests were used to evaluate the 
relationship between clinicopathological parameters and p62 
expression.
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= 0.0392) and Kaplan-Meier survival curves 
(Figure 2; Chi-square value = 4.698, P = 
0.0302) indicated that p62/SQSTM1 status 
was a potential prognostic marker in hypopha-
ryngeal carcinoma.

Cell growth was significantly affected by p62/
SQSTM1 expression under irradiation in hy-
popharyngeal carcinoma cells, but not under 
CDDP exposure

The growth of hypopharyngeal carcinoma cells 
treated with shRNA (sh-control, sh-p62 (1) and 

relevant role in survival after irradiation rather 
than after chemotherapeutic treatment.

p62/SQSTM1 knockdown affected the Nrf2-
Keap1 pathway under irradiation 

To explore p62/SQSTM1 contribution to the 
Nrf2-Keap1 pathway, knockdown experiments 
were performed in FaDu cancer cells. p62/
SQSTM1 was significantly repressed by the 
shRNAs (sh-p62 (1) and (2)). Keap1 was abun-
dantly detected even after p62/SQSTM1 reduc-
tion in all the experimental conditions. Under 
X-ray irradiation, p62/SQSTM1 knockdown 
affected the pathway, especially Nrf2 and HO-1 
expression, or moderately NQO1 (Figure 4; left 
half). However, CDDP exposure affected the 
pathway in a dose-dependent manner, regard-
less of the p62/SQSTM1 status (Figure 4; right 
half). These data suggest that p62/SQSTM1 
could play an important role in the signaling 
from Nrf2-Keap1 to HO-1 and/or NQO1, under 
irradiation, but not under CDDP exposures.

p62/SQSTM1 knockdown significantly af-
fected ROS levels and GSH/GSSG ratios after 
irradiation

In order to analyze whether ROS levels were 
affected by p62/SQSTM1 status, ROS levels 
were quantified in the knockdown and control 
FaDu cancer cells. ROS levels were higher in 
p62/SQSTM1 knockdown cells than in the con-
trol ones, both in control and irradiated condi-

Table 2. Univariate disease-free-survival analysis of clinicopathological 
data of 54 hypopharyngeal carcinomas

Variables Hazard ratio  
(95% confidence interval) p-value

Age at diagnosis (≤ 65 vs > 65) 0.751 (0.364-1.548) 0.4385
Gender (female vs male) 1.009 (0.351-2.899) 0.9870
TNM stage (≤ II vs ≥ III) 0.983 (0.375-2.584) 0.9735
T classification (≤ T2 vs ≥ T3) 0.921 (0.449-1.894) 0.8242
Nodes (negative vs positive) 1.126 (0.514-2.463) 0.7674
Differentiation (well or moderately vs poorly) 1.241 (0.602-2.558) 0.5598
Treatment (R vs S) 0.543 (0.248-1.189) 0.1269
Ki67 (≤ 40% vs > 40%) 0.572 (0.267-1.225) 0.1508
Nrf2 (negative vs positive) 1.580 (0.758-3.300) 0.2222
p62/SQSTM1 (negative vs positive) 2.762 (1.052-7.246) 0.0392*

The Cox proportional hazards regression model was used to evaluate the effects of clini-
copathological parameters on disease-free-survival (DFS) with a 95% confidence interval 
(95% CI). DFS intervals were used as indicators for the relative hazards. *P < 0.05, statisti-
cally significant.

(2)) was evaluated with/
without X-ray irradiat- 
ion or CDDP exposure. 
Under X-ray irradiation, 
the growth of cells tre- 
ated with p62/SQSTM1 
shRNAs was significant-
ly affected (sh-p62 (1) 
and (2); one-way facto-
rial ANOVA accompa-
nied by Scheffe’s signif-
icance test, P < 0.05; 
Figure 3A). On the oth- 
er hand, CDDP expo-
sure affected hypopha-
ryngeal carcinoma cells 
regardless of the status 
of p62/SQSTM1. These 
data suggest that p62/
SQSTM1 plays a more 

Figure 2. p62/SQSTM1 status can predict prognosis 
in hypopharyngeal carcinomas. Fifty-four cases of hy-
popharyngeal carcinomas were immunohistochemi-
cally evaluated for p62/SQSTM1 and statistically 
analyzed. Kaplan-Meier curve with log-rank tests was 
used to evaluate disease-free survival in relation to 
p62/SQSTM1 levels (Chi-Square value = 4.698, P = 
0.0302).
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tions. CDDP exposure promoted ROS accumu-
lations in all the knockdowns and the controls 
(Figure 5A).

To evaluate whether p62/SQSTM1 was essen-
tial to induce a GSH response after X-ray irradi-
ation and CDDP exposure, GSH/GSSG ratio 
was analyzed in p62/SQSTM1 knockdown 
cells. In control conditions, GSH/GSSG ratio 
wasn’t affected by p62/SQSTM1 knockdowns 
in FaDu cancer cells. The ratio was significantly 
reduced after X-ray irradiation (10 Gy) in knock-
down cells, and after CDDP exposure (2.5 nM) 

in all cells (Figure 5B, P < 0.05). These data 
indicate that p62/SQSTM1 is significantly in- 
volved in GSH/GSSG maintenance under irra-
diation, but that chemotherapeutic agents like 
CDDP are toxic for hypopharyngeal carcinoma 
cells regardless of the p62/SQSTM1 status.

p62/SQSTM1 expression can predict radiore-
sistance in hypopharyngeal carcinoma cases 

At this point, we re-evaluated whether p62/
SQSTM1 excess was associated with poor 
prognosis after radiotherapy in our clinical 

Figure 3. Cell growth was significantly affected by p62/SQSTM1 status under irradiation in hypopharyngeal car-
cinoma cells, but not under CDDP exposure. The growth of FaDu and D562 carcinoma cells treated with shRNA 
(sh-control, sh-p62 (1) and (2)) was evaluated with/without X-ray irradiation (A) or CDDP exposure (B). (A) Upper and 
lower panels indicate the data on FaDu and D562 cells; *, P < 0.05, to sh-control cells, one-way factorial ANOVA 
accompanied by Scheffe’s significance test. (B) Left and right graphs indicate the data on FaDu and D562 cells. 
Sh-control (blue), sh-p62 (1) (red) and (2) (green).
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cohort. We divided the 54 hypopharyngeal car-
cinoma cases into two groups according to the 
therapeutic options: one treated primarily with 
radiation (32 cases), and the other treated pri-
marily with surgical resection (22). In the irradi-
ated group, p62+ (with an excess of p62/
SQSTM1) cases showed significantly worse 
prognosis than p62- cases (Figure 6A; Chi-
square value = 6.750, P = 0.0094). On the 
other hand, there was no significant difference 
for the prognosis between p62+ and -cases in 
the surgically operated group (Figure 6B; Chi-
square value = 0.251, P = 0.6164). 

In addition, the relative hazards for the carcino-
ma-related adverse events were individually 
evaluated by Cox proportional hazards analysis 
in the irradiation group. High levels of p62/
SQSTM1 showed significantly higher hazard 
ratio for DFS in the 32 hypopharyngeal carci-
noma cases treated with irradiation (Table 3; 
hazard ratio = 4.405, P = 0.0186), compared 
with the total carcinoma cases (Table 2; hazard 
ratio = 2.762, P = 0.0392). 

Discussion

The present study demonstrates that high lev-
els of p62/SQSTM1 are significantly associated 
with clinical poor prognosis and predict radio-

therapy resistance in hypopharyngeal carcino-
ma. p62/SQSTM1 is a multifunctional protein 
involved in signal transduction, protein degra-
dation and cell transformation [9]. The tissue 
expression of p62/SQSTM1 and the appear-
ance of serum autoantibodies against p62/
SQSTM1 might be related to metastasis [10]. 
p62/SQSTM1 increase was reported in malig-
nancies of the digestive tract [10] and prostate 
[11]; moreover, it contributes to the carcinogen-
esis of oral squamous cells [5], and potentially 
predicts poor prognosis of oral [5, 12], ovarian 
[13], endometrial cancers [14] and gliomas 
[15]. 

In our study, in hypopharyngeal carcinoma 
cells, p62/SQSTM1 status affected the Nrf2-
Keap1 pathway, ROS levels, GSH/GSSG ratio 
and cell growth under X-ray irradiation but not 
under CDDP exposure, which was toxic regard-
less of p62/SQSTM1 status. It has been report-
ed that p62/SQSTM1 accumulates and acti-
vates Nrf2 by competing with Nrf2 for binding 
to Keap1 [7]. Then, the excess of Nrf2 translo-
cates to the nucleus and upregulates antioxi-
dant response element-dependent cytoprotec-
tive genes [7, 16, 17]. Similarly to these reports, 
under irradiated conditions, p62/SQSTM1 
affected Nrf2 expression and its downstream 
activities in hypopharyngeal carcinomas, whe- 

Figure 4. p62/SQSTM1 knockdown affected Nrf2-Keap1 pathway under X-ray irradiation. Under X-ray irradiation 
(left panels), the contents of Nrf2 and HO-1 were especially decreased in p62/SQSTM1 knockdown (sh-p62 (1) and 
(2)) cells, and those of NQO1 were moderately decreased. CDDP exposure (right panels) caused dose-dependently 
reduction of HO-1, Nrf2 and/or NQO1, regardless of the differences of p62/SQSTM1 status. Keap1 was abundantly 
detected in almost all the experimental conditions.
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Figure 5. p62/SQSTM1 repression caused ROS accumulation and GSH/GSSG reduction especially under X-ray irra-
diation. A. ROS levels were higher in p62/SQSTM1 knockdown cells (red lines) than in the control ones (blue lines), 
under normal cultured conditions (control; upper: sh-p62 vs sh-control = 31650 vs 24255) and irradiation (10 Gy 
X-ray; middle: sh-p62 vs sh-control = 76843 vs 61560) conditions, whereas CDDP exposure (lower) promoted ROS 
accumulation in both the knockdown and control cells (sh-p62 vs sh-control = 104819 vs 104819). B. GSH/GSSG 
ratio wasn’t affected by p62/SQSTM1 knockdowns under control conditions in FaDu cells. The ratio was significantly 
reduced under X-ray irradiation in p62/SQSTM1 knockdown cells. **, P < 0.05, significant in one-way factorial 
ANOVA accompanied by Scheffe’s significance test, referring to sh-control cells in control and X-ray-irradiated condi-
tions. CDDP exposure (2.5 nM) affected GSH/GSSG ratio in all the shRNA cells regardless of p62/SQSTM1 status; 
*, P < 0.05, significant, only referring to sh-control cells in control cultured condition.
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reas CDDP was toxic regardless of p62/
SQSTM1 status. Changes in the GSH/GSSG 
ratio can broadly affect signaling pathways par-
ticipating in physiological responses associat-
ed with cell proliferation, autophagy and apop-
tosis [18]. Inclusion formation of p62/SQSTM1 
also reflects a defect of autophagic lysosomal 
pathways [19, 20], although ionizing radiation 
induces excessive autophagy, resulting in cyto-
toxicity in some types of cancer cells [21]. To- 
gether with these previous reports, our experi-
mental data indicate that p62/SQSTM1 abun-
dance influences GSH/GSSG maintenance and 
ROS reduction under X-ray irradiation, and 
p62/SQSTM1 excess could cause radiotherapy 
resistance and worse prognosis in hypopharyn-
geal carcinomas.

GSH/GSSG decrease and finally cell growth 
reduction of hypopharyngeal carcinoma cells, 
regardless of p62/SQSTM1 status. 

Hypopharyngeal carcinoma is one of the worst 
prognostic malignancies, and the salvage rate 
is less than 50%, even though various thera-
peutic efforts [2]. Our clinical cohort of hypo-
pharyngeal carcinomas clearly indicated the 
significant relevance of p62/SQSTM1 status in 
predicting prognosis after radiotherapy. There- 
fore, it is beneficial to predict the radio- and/or 
chemotherapy resistance or disease prognosis 
of each hypopharyngeal carcinoma case, 
before starting various treatments.

In conclusion, according to our findings, hypo-
pharyngeal carcinoma should be treated pri-

Figure 6. p62/SQSTM1 excess can predict radiotherapy resistance in hypopharyngeal carcinoma cases. A. In 32 
cases of hypopharyngeal carcinomas treated primarily with radiation, excessive p62+ cases (high p62/SQSTM1 lev-
els) showed significantly worse prognosis than p62- cases. B. There was no significant difference for the prognosis 
between p62+ and -cases treated primarily with surgical procedure. The association between p62/SQSTM1 excess 
and clinical DFS was evaluated statistically using the Kaplan-Meier curve together with log-rank test.

Table 3. Univariate disease-free-survival analysis of clinicopathological 
data of 32 hypopharyngeal carcinomas treated with radiation

Variables Hazard ratio  
(95% confidence interval) p-value

Age at diagnosis (≤ 65 vs > 65) 1.171 (0.484-2.833) 0.7256
Gender (female vs male) 1.202 (0.160-9.009) 0.8580
TNM stage (≤ II vs ≥ III) 1.247 (0.452-3.436) 0.6695
T classification (≤ T2 vs ≥ T3) 1.634 (0.644-4.132) 0.3013
Nodes (negative vs positive) 0.958 (0.389-2.358) 0.9257
Differentiation (well or moderately vs poorly) 0.978 (0.405-2.364) 0.9622
Ki67 (≤ 40% vs > 40%) 0.725 (0.277-1.894) 0.5117
Nrf2 (negative vs positive) 2.101 (0.850-5.181) 0.1079
p62/SQSTM1 (negative vs positive) 4.405 (1.280-15.152) 0.0186*

The Cox proportional hazards regression model was used to evaluate the effects of clini-
copathological parameters on disease-free-survival (DFS) with a 95% confidence interval 
(95% CI). DFS intervals were used as indicators for the relative hazards. *P < 0.05, statisti-
cally significant.

CDDP can cause cyto-
toxicity through various 
biological events, by in- 
ducing DNA damage 
and resulting in necro-
sis and/or apoptosis 
[22-24]. It was shown 
that CDDP treatment 
led to apoptosis in the 
presence of a function-
al wild-type p53, but 
that mitotic catastro-
phe occurred in the ab- 
sence of functional p53 
[25]. Although further 
study may be needed, 
CDDP results in Nrf2-
Keap1 signaling inhibi-
tion, ROS accumulation, 
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marily with surgical and/or chemotherapy wh- 
en p62/SQSTM1 is highly expressed in the 
tumor; In contrast, radiotherapy should be rec-
ommended when p62/SQSTM1 levels are low.
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