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The immunological significance of autophagy in the tumor microenvironment
remains unclear. To explore the relationship between autophagy and anti-tumor
immune responses, we investigated the expression of autophagy-related proteins
and infiltration of immune cells using immunohistochemistry (IHC). The expres-
sion of three representative autophagy components, LC3, Beclin-1 and p62
/SQSTM1, as well as the number of dendritic cells (DC), T cells and NK cells were
examined by IHC in 74 patients with oral squamous cell carcinoma (OSCC). The
relationship between the expression of autophagy-associated molecules and vari-
ous clinicopathological parameters was also evaluated. The expression of both
LC3 and p62/SQSTM1 in the peripheral site significantly correlated with an
increase in the infiltration of T cells. Furthermore, the expression of p62/SQSTM1
and Beclin-1 correlated with that of HLA class | and class Il in tumor cells, respec-
tively. In addition, several unfavorable clinicopathological parameters correlated
with an increase in the expression of LC3 in the peripheral site. The correlation
observed between LC3 or p62/SQSTM1 and the infiltration of T cells suggests
that autophagy may actively mobilize immune cells toward the cancer bed.
Meanwhile, the three autophagy-associated proteins examined were linked to
malignant potential and an unfavorable prognosis.

doi: 10.1111/cas.12559

O ral squamous cell carcinoma is a fatal malignancy and
the sixth most common cancer worldwide. The 5-year
survival rate of oral or pharyngeal cancer is approximately
50%, with over 24 000 new patients being diagnosed and
nearly 4000 deaths in the USA each year."’ Although its treat-
ment mainly depends on surgery, the survival rate of OSCC
has remained unchanged for decades.” Novel therapeutic
modalities and new/reliable biomarkers are urgently needed
for the treatment of OSCC.®’

Intracellular degradation systems in eukaryotes employ
two major pathways: the ubiquitin—proteasome system to selec-
tively reduce ubiquitinated proteins, and autophagic clearance
in autophagosomes, which debulks the aggregates of proteins
and organelles such as mitochondria by fusing with lysosomes.
Autophagy is a prosurvival function that degrades bulk proteins
and organelles to maintain energy homeostasis under cellular
stress and nutrient starvation.” The role of autophagy is like a
“double-edged sword” in malignant tumors, having opposite
functions on cancer cell survival. Recent studies revealed
that autophagy exhibited suppressive effects on chronic
inflammation, thereby eliciting carcinogenesis in the early
phase, whereas it facilitated cancer cell survival under hypoxic
and starved conditions in the advanced stage of the disease.® "
The findings of previous studies in which clinical samples from
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cancer patients were immunohistochemically stained indicated
that strong relationships may exist between the expression of
autophagy-associated molecules and clinicopathological param-
eters. Most of these studies regarded the autophagy components
LC3, Beclin-1 and p62/SQSTMI1 as prognostic factors. LC3,
which is essential for the formation of autophagosomes, has
been identified as the most specific and reliable marker of
autophagy.(g’m) Beclin-1 also plays a crucial and promoting
role in the autophagic pathway by binding several factors,
while interactions between Beclin-1 and the Bcl-2 family have
been shown to inhibit autophagy.(“’m p62/SQSTM1 has been
implicated in various cell signaling pathways, including auto-
phagy-mediated protein degradation by binding with LC3. The
autophagy-induced accumulation of ubiquitinated proteins has
been shown to retain p62/SQSTMI1 in cells, resulting in an
increase in selective autophagy.'*!>

Although numerous immunohistochemical studies have
investigated autophagic proteins in human samples, the immu-
nological aspect of autophagy in cancer cells remains unclear.
Autophagy-dependent cross-presentation by DC and possible
anticancer vaccines with purified autophagosomes were
reported previously by Hu’s group.(m’ls) Michaud et al."”
recently reported “immunologic cell death” via an autophagic
pathway after chemotherapy in mice with calreticulin exposure.
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These findings indicated that autophagy may be closely related
to immunological phenomena in tumor-bearing animals; how-
ever, few studies have examined the immunological signifi-
cance of these autophagy components in a human tumor
microenvironment. The present study is the first to demonstrate
the relationship between autophagy and the immunogenicity of
human cancer tissues in vivo. The aim of the present study is to
elucidate the relationship between the expressions of the three
autophagy-related proteins: LC3, Beclin-1 and p62/SQSTMI,
and HLA molecule expression/immune infiltrates using immu-
nohistochemistry (IHC) in OSCC patients. We also examined
the relationship between these autophagy components and clini-
copathological manifestations.

Materials and Methods

Patients. Seventy-four OSCC samples resected surgically at
Gunma University Hospital between November 2000 and Jan-
uary 2012 were analyzed. All samples were primary tongue
cancer specimens. Patients who received preoperative neoadju-
vant chemotherapy were excluded. All surgical specimens
were classified according to the World Health Organization
classification by a pathologist who was blind to the clinical
findings, and were diagnosed as squamous cell carcinomas.
Pathological TN stages were established using the Interna-
tional System for Staging adopted by the American Joint
Committee on Cancer and the Union Internationale Contre le
Cancer. Clinicopathological variables, including age, sex, the
primary tumor (pT), nodal metastasis (pN), the TNM stage,
histological grade and lymphatic/vascular invasion, as well as
p53/Ki-67 staining, were also evaluated. This study was
approved by the Institutional Review Board of Gunma Uni-
versity, and was performed in line with the Declaration of
Helsinki of 1996.

Immunohistochemistry staining. Surgical specimens were
fixed in 10% formaldehyde and routinely processed for paraf-
fin embedding. Serial histological sections (5-pum thick) were
deparaffinized in xylene and hydrated in descending dilutions
of ethanol. Antigen retrieval was achieved by autoclaving at
121°C for 20 min in citrate buffer (pH 6.0). Endogenous per-
oxidase was blocked by 3% H,O,, and the sections were then
covered with 1% BSA/5% normal horse serum for 30 min at
room temperature. The slides were incubated at 4°C overnight
with the primary antibodies (Table 1), followed by Labelled
Polymer-HRP anti-mouse/rabbit (Dako, Glostrup, Denmark)
for 45 min at room temperature. The reaction products were
detected by 3.3’-diaminobenzidine (DAB; Dako), and then
counterstained by Mayer’s hematoxylin. After being dehy-
drated by ascending dilutions of ethanol, the slides were
mounted with the non-aqueous mounting medium, DPX
(Merck, Darmstadt, Germany).

Evaluation of immunohistochemistry samples. Slides were
evaluated by two independent investigators (K. S. and H. T.)
in a blinded fashion using a light microscope, a Zeiss Axio-
scope (Carl Zeiss microscopy GmbH, Jena, Germany). The im-
munoreactivities of the three autophagy-related proteins were
evaluated accordinl% to the criteria described by Choi et al. and
Miracco et al.***" Staining for LC3 and p62/SQSTMI was
assessed on the basis of the proportion of stained cells and im-
munostaining intensity. The proportion of cells was graded as
0 (negative), 1 (<30% positive) and 2 (>30% positive), and
staining intensity was graded as O (negative), 1 (low density of
puncta, with diffuse cytoplasmic staining), 2 (moderate density
of puncta) and 3 (high density of puncta). The scores for the
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Table 1. Antibody sources, clones, and dilutions

Antibody Clone Dilution Vendeor

LC3B 5F10 2.5 ng/mL Nanotools; Teningen,

(1:40) Germany

Beclin-1 EPR1733Y 1:50 Abcam; Cambridge, UK

p62/SQSTM1  Polyclonal 2 pg/mL Sigma-Aldrich;
St. Louis, MO, USA

CD1a 010 Ready-to-use Beckman Coulter;
Brea, CA, USA

CD3 Polyclonal Ready-to-use Dako; Glostrup,
Denmark

CD56 123.C3.D5 Ready-to-use Thermo Scientific;
Waltham, MA, USA

HLA class | HC-10/HC-A2 0.5 ng/mL *

heavy chain each

HLA class Il LGII-612.14 1 ng/mL *

p53 DO7 1:50 Dako

Ki-67 MIB-1 1:300 Dianova; Hamburg,
Germany

Negative 11711 2.5 ng/mL R&D Systems;

control Minneapolis, MN,

USA

*Kind gifts from Dr. Soldano Ferrone, Massachusetts General Hospital,
Harvard Medical School, Boston, MA, USA.

Table 2. Clinicopathological features of patients

Parameters n =74 (%)
Age 33-92, median: 69
Sex

Male 27 (36.5)

Female 47 (63.5)
TNM

T1/T2 63 (85.1)

T3/T4 11 (14.9)

NO 53 (71.6)

N+ 21 (28.4)

MO 73 (98.6)

M1 1(1.4)
Stage

1711 47 (63.5)

/v 27 (36.5)
Differentiation

Well/moderate 66 (89.2)

Poorly 8 (10.8)
Invasion

Lymphatic 35 (47.3)

Vascular 25 (33.8)
Adjuvant

Chemotherapy 22 (29.7)

Radiation +/— chemotherapy 29 (39.2)

Recurrence 27 (36.5)

Death 22 (29.7)

proportion of stained cells and staining intensity were multi-
plied to provide a total score: negative (0—1) or positive (2-6).
Nerve cells are regarded as the internal positive control for
LC3. Staining intensity for Beclin-1 in the cytoplasm was
graded as O (negative), 1 (weak), 2 (moderate) and 3 (strong).
The scores for the proportion of cells and staining intensity
were multiplied to provide a total score: negative (0—4) or
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Fig. 1. (a) Representative immunohistochemistry (IHC) staining of

LC3, Beclin-1 and p62 (x400 magnification), according to the intensity
scores. All pictures were taken under the same photographic condi-
tion. LC3 and p62 SQSTM1 were expressed in puncta corresponding to
autophagosomes in the cytoplasm. Beclin-1 was mainly expressed in
the cytoplasm. (b) Representative CD1a+ DC, CD3+ T cell, CD56+ NK
cell, HLA class | heavy chain and class Il stainings were presented
under magnification of x400. HLA class | heavy chain and class Il were
presented as a membranous pattern.

positive (5-6). More than five areas of a representative field
were counted at x200 magnification for CDlat DC and
CD56+ NK cells. The infiltration of CD3+ T cells in more
than five x400 high power fields (HPF) was graded as grade 1
(<10 positive cells/HPF), grade 2 (10-30/HPF), grade 3 (31—
100/HPF) and grade 4 (>101/HPF), which was consistent with
a previous study.®? The final scores of the immune infiltrates
were defined as an average of the number of stained cells in
each field, while “CD3 positive” was defined as CD3 grade 2
and higher. HLA class I heavy chain and HLA class I were
scored as (+), (+/—) and (—) when the percentages of stained
tumor cells in an entire lesion were >75%, 25-75% and <25%,
respectively, according to the criteria established by the HLA
and Cancer Component of the 12th International Histocompati-
bility Workshop.®® Two regions, the central and peripheral
sites, were evaluated separately in each tumor tissue slide. The
peripheral site was defined as a field that included cancer cells
and adjacent non-cancerous cells at a magnification of x200.
When a tumor was too small to divide into the central and
peripheral areas, the tumor was only evaluated as the periph-
eral site.
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Table 3. Expressions of
immunohistochemistry

autophagy-related proteins by

Scores Central site Peripheral site
Number of cases (%) Number of cases (%)
LC3
0 30 (46.9) 33 (44.6)
1 10 (15.6) 14 (18.9)
2 11 (17.2) 11 (14.9)
3 7 (10.9) 5 (6.8)
4 3 (4.7) 5 (6.8)
6 3(4.7) 6 (8.1)
Beclin-1
0 8(13.3) 13 (17.6)
1 4 (6.7) 5 (6.8)
2 7 (11.7) 17 (23.0)
3 6 (10.0) 2(2.7)
4 6 (10.0) 11 (14.9)
6 29 (48.3) 26 (35.1)
p62/SQSTM1
0 28 (47.5) 39 (52.7)
1 8 (13.6) 11 (14.9)
2 18 (30.5) 18 (24.3)
3 1(1.7) 3(4.1)
4 3 (5.1) 3 (4.1)
6 1(1.7) 0 (0.0)
Table 4. Relationship between autophagy components and

immunological parameters

Expressions P-value

Central site LC3 Versus CD1a+ infiltration 0.625
of the tumor expression  Versus CD3+ infiltration 0.508
Versus CD56+ infiltration 0.875

Versus HLA class | expression  0.142

Versus HLA class Il expression 0.676

Beclin-1 Versus CD1a+ infiltration 0.646

expression  Versus CD3+ infiltration 0.357

Versus CD56+ infiltration 0.744

Versus HLA class | expression  0.792

Versus HLA class Il expression 0.046

p62/SQSTM1  Versus CD1a+ infiltration 0.221

expression  Versus CD3+ infiltration 0.104

Versus CD56+ infiltration 0.363

Versus HLA class | expression  0.013

Versus HLA class Il expression 0.694

Peripheral site  LC3 Versus CD1a+ infiltration 0.129
of the tumor expression  Versus CD3+ infiltration 0.035
Versus CD56+ infiltration 0.145

Versus HLA class | expression  0.343

Versus HLA class Il expression 0.115

Beclin-1 Versus CD1a+ infiltration 0.185

expression  Versus CD3+ infiltration 0.165

Versus CD56+ infiltration 0.689

Versus HLA class | expression  0.925

Versus HLA class Il expression 0.036

p62/SQSTM1  Versus CD1a+ infiltration 0.259

expression  Versus CD3+ infiltration 0.008

Versus CD56+ infiltration 0.842

Versus HLA class | expression  0.003

Versus HLA class Il expression 0.745

The bold values mean statistically significant (p<0.05).
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Table 5. Statistically significant data of the expressions of autophagic proteins and immunological parameters

Expressions P-value
Central site of the tumor HLA class Il
) (+/-) (+)
Beclin-1 Negative 26 2 2 0.0462
Positive 15 8 2
HLA class |
=) (+/-) (+)
p62/SQSTM1 Negative 22 11 1 0.0134
Positive 7 11 5
Peripheral site of the tumor CD3 score
Number of cases Median SD
LC3 Negative 46 2.8 0.66 0.0345
Positive 27 3.2 0.69
HLA class Il
=) (+/-) (+)
Beclin-1 Negative 35 5 7 0.0362
Positive 13 9 5
CD3 score
Number of cases Median SD
p62/SQSTM1 Negative 47 2.8 0.71 0.0084
Positive 27 3.2 0.57
HLA class |
() (+/-) (+)
p62/SQSTM1 Negative 24 17 6 0.0029
Positive 5 10 12

Based on previous studies,**** the expression of p53 in more

than 10% of tumor cells was defined as positive expression. A
highly cellular area of the stained sections was evaluated for
ki-67. Approximately 1000 nuclei were counted on each slide,
and proliferative activity was assessed as the percentage of
Ki-67-stained nuclei (Ki-67 labeling index) in the sample.

Statistical analysis. Data were analyzed using the Statistical
Package for Social Science version 22.0 (SPSS; IBM, Armonk,
NY, USA) and Statcel 3 (OMS Publishing, Saitama, Japan).
Mann—Whitney’s U-test, the Kruskal-Wallis test, the chi-
square-test for independence and Fisher’s exact test were used
to examine differences in continuous and categorical variables,
respectively. Significance was defined when P < 0.05. Kaplan—
Meier survival curves and log-rank statistics were used to
evaluate disease-free survival and overall survival. Univariate
/multivariate regression analyses were performed using the
Cox proportional hazards model.

Results

Patient characteristics. The clinicopathological characteristics
of all 74 patients are summarized in Table 2. Postoperative
adjuvant chemotherapy with the oral administration of S-1
(Taiho Pharmaceutical, Tokyo, Japan), tegafur or docetaxel
was given to 9, 10 and 3 patients, respectively. The median
follow-up duration was 915 days (range, 85-3452 days).

Expression of autophagy-associated proteins. Figure 1(a)
shows representative IHC staining of LC3, Beclin-1 and p62/
SQSTMI, respectively, according to the scores for the staining
intensity. LC3 and p62/SQSTMI1 were expressed in puncta,

© 2014 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
on behalf of Japanese Cancer Association.

corresponding to autophagosomes in the cytoplasm.*® Beclin-
1 was mainly expressed in the cytoplasm. LC3, Beclin-1 and
p62/SQSTM1 accumulated in 27 (36.5%), 27 (36.5%) and 24
(32.4%) of the 74 cases of OCCC examined, respectively. The
detailed basic data of expressions of autophagy-related proteins
are summarized in Table 3. No significant differences were
observed in the peripheral or central expression of these auto-
phagy components.

Immunohistochemistry staining of tumor-infiltrating immune
cells and HLA molecules. Representative CDla+ DC, CD3+ T
cell and CD56+ NK cell staining is shown in Figure 1(b).
These cells accumulated not only in the peritumoral “periph-
eral” site, but also in the tumor epithelial “central” site. The
median values of these numbers/scores were: CDla central,
16.4; CDla peripheral, 20.5; CD3 central, 2.2; CD3 peripheral
3.0; CD56 central, 1.3; and CD56 peripheral, 6.6. The infiltra-
tion of CD3+ T cells was significantly greater in the peripheral
site than in the central site of the tumor (P = 0.00560).

Figure 1(b) also shows representative IHC staining of HLA
class I heavy chain and HLA class II. These antigens presented
a membranous pattern in [HC staining. HLA class I was
expressed in 47.1% (+ and +/—) and class II was 23.7% (+
and +/—) of cells in the central site. In the peripheral site,
HLA class I was expressed in 60.8% (+ and +/—), and class Il
was expressed in 35.1% (+ and +/—) of cells, which is consis-
tent with previous ﬁndings.m’zs) No correlations were
observed between the expression of HLA molecules and the
number of tumor-infiltrating immune cells, whereas the periph-
eral expression of HLA class II correlated with an increase in
the accumulation of CD3+ T cells (P = 0.0480).

Cancer Sci | January 2015 | vol. 106 | no.1 | 4
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Fig. 2. Representative serial immunohistochemistry (IHC) pictures of

the expressions of molecules which showed statistically significant
association each other. (a) LC3 and p62/SQSTM1 significantly corre-
lated with CD3+ T cell infiltration. (b) p62/SQSTM1 was closely related
to the expression of HLA class I. (c) Beclin-1 was significantly related
to HLA class Il expression.

Table 6. Relationship between autophagy components and
clinicopathological features
LC3 Beclin-1 p62/SQSTM1
P-value P-value P-value
Central site
Differentiation 0.896 0.137 0.241
Lymphatic invasion 0.0214 0.00342 0.119
Vascular invasion 0.189 0.106 0.0116
Nodal status 0.359 0.245 0.285
Stage 0.0309 0.0815 0.0476
T-factor 0.0549 0.878 0.433
Recurrence 0.315 0.0815 0.223
Ki-67 0.164 0.933 0.642
p53 0.190 0.326 0.378
Peripheral site
Differentiation 0.503 0.00644 0.0426
Lymphatic invasion 0.00258 0.0682 0.118
Vascular invasion 0.142 0.567 0.0127
Nodal status 0.271 0.614 0.590
Stage 0.00980 0.0534 0.281
T-factor 0.00680 0.172 0.503
Recurrence 0.564 0.353 0.281
Ki-67 0.0187 0.583 0.166
p53 0.210 0.465 0.210

The bold values mean statistically significant (p<0.05).

Relationship between autophagy components and immune
infiltrates. Table 4 shows the relationships between the auto-
phagy-related proteins LC3, Beclin-1 and p62/SQSTMI1, and

Cancer Sci | January 2015 | vol. 106 | no.1 | 5

Original Article
Sakakura et al.

the immune infiltrates DC, T cells, NK cells and HLA mole-
cules in the central and peripheral sites of cancer tissue (by
Mann—Whitney’s U-test and the Kruskal-Wallis test). Table 5
describes the detailed IHC data of the statistically significant
parameters. The peripheral expression of LC3 was correlated
with the number of CD3+ T cells in the peripheral site
(Fig. 2a), but not in the central site of tumor, in which hypoxia
and nutrient starvation was apparent. The expression of p62
/SQSTML in the peripheral site was also related to the periph-
eral infiltration of CD+ T cells (Fig. 2a). Strong correlations
were observed between the expression of p62/SQSTMI and
HLA class I (Fig. 2b), as well as HLA class II and Beclin-1
(Fig. 2c). As described above, the expression of the three
autophagy components appeared to be associated with immu-
nologically favorable phenomena, especially in the peripheral
site of the tumor.

Relationship between autophagy-related proteins and clinico-
pathological features. We also investigated the relationship
between the expression of autophagy components and clinico-
pathological parameters using the chi-square-test for indepen-
dence (Table 6). Lymphatic invasion by tumors was positively
associated with the expression of LC3 and Beclin-1, whereas
vascular invasion was closely related to the expression of p62
/SQSTMI. The peritumoral expression of LC3 was also posi-
tively correlated with the clinical stage, T-factor and Ki-67
labeling index. Well/moderately differentiated tumor tissue
was more closely associated with the positive expression of
Beclin-1 and p62/SQSTMI1 than poorly differentiated tumor
tissue. These results indicated that the expression of auto-
phagy-related proteins appeared to be related to unfavorable
prognostic factors.

Survival and univariate/multivariate regression analyses. Over-
all/progression-free survival rates were compared between the
positive and negative expression of LC3, Beclinl and p62
/SQSTMLI in the central and peripheral areas. No significant
differences were observed in survival by the log-rank test,
except for shorter overall survival with the positive expression
of LC3 in the peripheral area (P = 0.030), as shown in Fig-
ure 3. We also examined the relationship between overall/pro-
gression-free survival rates and the number (divided into
higher/lower groups by median) of CDla+ dendritic cells,
CD3+ T cells or CD56+ NK cells, as well as the expression of
HLA class I/class II by the log-rank test; however, no correla-
tions were detected among these parameters. Univariate regres-
sion analysis revealed that lymphatic invasion, vascular
invasion, lymph node metastasis, an advanced clinical stage,
recurrence and the peripheral expression of LC3 correlated with
overall survival, while lymphatic invasion, lymph node metas-
tasis, recurrence and a high Ki-67 labeling index correlated
with progression-free survival, as indicated in Table 7. Multi-
variate regression analysis revealed that vascular invasion,
recurrence and the peripheral expression of LC3 correlated with
overall survival, but not progression-free survival (Table 7).

Discussion

Many studies have examined the immunohistochemical expres-
sion of autophagy components such as LC3, Beclin-1 and p62
/SQSTMI1 in various malignancies,(20’21’29’31) including head
and neck cancer.®*>® However, the findings reported are
controversial: Tang et al., Choi et al., Chen et al., Guo et al.
and Fujii ef al. showed that the strong expression of auto-
phagy-related proteins, as confirmed by immunohistochemis-
try, correlated  with  unfavorable clinicopathological

© 2014 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
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Overall survival

Multivariate

Progression free survival

Multivariate

Different variables Univariate Univariate
P-value P-value
P-value P-value

Poorly differentiated 0.092 0.053
Lymphatic invasion 0.008 0.807 0.013 0.306
Vascular invasion 0.003 0.028 0.100
Lymph node metastasis 0.049 0.585 0.005 0.073
Positive surgical margin 0.553 0.568
Advanced clinical stage 0.018 0.592 0.142
Large T-factor 0.115 0.842
Recurrence <0.001 0.002 <0.001 0.875
High Ki-67 labelling index 0.065 0.012 0.157
p53 positive 0.163 0.817
Expression in the peripheral site

LC3 0.034 0.030 0.517

Beclin-1 0.919 0.708

p62/SQSTM1 0.901 0.160

CD1a+ 1.000 1.000

CD3+ 0.856 0.981

CD56+ 1.000 1.000

HLA class | 0.778 0.894

HLA class Il 0.901 0.683

The bold values mean statistically significant (p<0.05).

Peripheral expression of LC3
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Fig. 3. The log-rank test revealed that the positive expression of LC3
in the peripheral site of the tumor led to a significantly shorter sur-
vival. Multivariate regression analysis also identified the peripheral
expression of LC3 as an independent prognostic factor (P = 0.034).

parameters, which is consistent with the results of the present
study;@%303239 however, other studies report a contrasting
conclusion.?"*3%  Even among head and neck cancer
patients, interpretations of the relationship between autophagy
and prognosis were diametrically opposite.®*>® These dis-
crepancies may be attributed to investigators evaluating posi-
tive signals in tumor tissues, for example, in the peripheral or
central area. Because most of these studies did not describe
which part they evaluated in tumor tissue, variations in the
findings reported were expected. In principle, malignant
tumors are structurally heterogeneous, especially between the
central and peripheral sites. Only one study by Fujii et al.
compared the expression of the autophagy marker LC3
between the central and peripheral areas in pancreatic cancer.
They report that the expression of LC3 in the peripheral area

© 2014 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
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not only correlated with a poor prognosis and short disease-
free period, but also corresponded to the expression of the
hypoxia marker carbonic anhydrase IX.®" More oxygen and
nutrition may be required in the peritumoral invasive margin
than in the central site of the tumor. In the present study, no
significant differences were observed in the expression of any
of the autophagy-related proteins examined between the cen-
tral and peripheral sites, and most of our important positive
data were obtained from the peripheral site. For example, the
infiltration/expression of all immune cells and HLA molecules
was slightly higher in the peripheral site than in the central
site (only that of CD3+ T cells was significant). A positive
correlation between the expression of LC3 or p62/SQSTMI1
and infiltration CD3+ T cells was only detected in the periph-
eral site. Moreover, the expression of LC3 in the peripheral
site correlated with unfavorable prognostic factors, such as an
advanced clinical stage, greater tumor size, high Ki-67 label-
ing index and shorter overall survival, and was identified as
an independent prognostic factor by multivariate regression
analysis. Thus, these results indicated that autophagy in the
peripheral, but not central, site of tumor tissue reflected malig-
nant potential and poor prognosis. The following paragraph
focused on data obtained from the peripheral site.

To date, a few reports have implied that autophagy in tumor
cells was closely related to tumor antigen presentation and
tumor-specific cytotoxic T cell (CTL) induction in in vitro and
animal experiments. Demachi-Okamura et al.®? reveal that
autophagy in cancer cells contributed to MHC class I process-
ing and presentation. Moreover, according to Hu and col-
leagues, autophagosomes containing tumor antigens derived
from cancer cells were recognized by DC to induce cross-pre-
sentation. This autophagy-dependent cross-presentation of
tumor antigens by DC suggested possible tumor-derived auto-
phagosome vaccines to drive T cell proliferation."®!'” Based
on these findings, we designed the present study to confirm that
notion in an in vivo setting. In fact, this study is the first to
elucidate the relationship between autophagy and immunologi-
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cal phenomena in the tumor microenvironment in cancer
patients. Our novel in vivo findings by immunohistochemistry
suggest that autophagy in tumor cells may induce not only an
increase in tumor cell antigenicity, but also anti-tumor T cell
responses, supporting the previous in vitro and animal studies,
while our present study did not range over functional activities
of autophagy components. We detected a positive correlation
between the expression of p62/SQSTMI1 and HLA class I,
which was essential for the presentation of antigens from anti-
gen-presenting cells, such as DC, to CD8+ CTL. A correlation
was also observed between the expression of Beclin-1 and
HLA class II binding to CD4+ helper T cells. We revealed that
an increase in the expression of LC3 and LC3-binding protein
p62/SQSTM1 correlated with the number of CD3+ T cells
around the tumor. Therefore, autophagy appeared to induce the
expression of HLA molecules, followed by the recognition of
cancer cells by tumor-infiltrating lymphocytes (TIL) in the
tumor microenvironment of cancer patients. Moreover, in vivo
immunohistochemical findings as well as the present results
revealed a positive correlation between the expression of HLA
class T and tumor-infiltrating CTL®**® or between the expres-
sion of HLA class II and TIL.#%4D Therefore, our results sug-
gested a direct relationship between autophagy in cancer cells
and the accumulation of T cells due to an increase in the
expression of HLA molecules in patients with OSCC.

The accumulation of T cells in the peritumoral area was
previously correlated with a good prognosis.“*** Thus, the
mobilization of T cells by autophagy in cancer cells, as shown
in our present study, may have a favorable impact on the sur-
vival of cancer cells. Meanwhile, in our study, the expression
of autophagy-related proteins correlated with unfavorable
prognostic factors such as lymphatic/vascular invasion, an
advanced clinical stage and shorter overall survival. Although
we did not obtain any direct evidence to explain this contra-
diction in autophagic functions between T cell induction and
poor clinicopathological representations, some pathogeneses
can be speculated as follows. TIL in OSCC are known to
exhibit signaling abnormalities, apoptosis and reduced prolifer-
ation.?? In the present study, autophagy components appeared
to increase the peritumoral infiltration of T cells; however, the
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functions of these T cells may be defective, resulting in a
poor prognosis. Moreover, the subpopulation of CD3+ T cells
infiltrating around the tumor may also be important: these
CD3+ T cells may contain regulatory T cells (Tregs). Several
studies report that Tregs were enriched in the TIL of head
and neck cancer patients and also that they secreted immuno-
logically inhibitory cytokines such as interleukin (IL)-10 and
transforming growth factor-betal (TGE-B1).“**> Therefore,
qualitative deteriorations and variations in subpopulations of
CD3+ T cells mobilized to the cancer bed may have caused
discrepancies in autophagic functions in the tumor microenvi-
ronment.

In summary, the expression of autophagy components in
the peripheral invasive margin of cancer tissue was found to
reflect clinicopathological features. We elucidated the rela-
tionship between autophagy and immunological phenomena
in the tumor microenvironment in cancer patients for the first
time. The correlation observed between LC3 or p62
/SQSTMI and T cell infiltration suggests that autophagy may
actively mobilize immune cells toward the cancer bed. Fur-
thermore, autophagy components may contribute to increases
in tumor antigenicity, whereas these three autophagy-associ-
ated proteins may also be related to malignant potential and
an unfavorable prognosis. Further studies are required to elu-
cidate the functional roles of these components in anti-tumor
immunity.
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