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Abstract Beclin-1 plays a critical role in the regulation of
autophagy, apoptosis, differentiation and the development
and progression of cancer. The aim of the present investi-
gation was to analyze the Beclin-1 protein expression and to
assess its prognostic significance in tissue of laryngeal squa-
mous cell carcinoma (LSCC). Beclin-1 protein expression in
82 primary laryngeal squamous cell carcinoma and 40
paracarcinoma non-tumor tissue samples was analyzed by
immunohistochemistry and correlated with clinicopatholog-
ical parameters and patients’ outcome. The expression of
Beclin-1 in tumor tissues was significantly lower than that in
non-tumor tissues (P=0.035). Reduced Beclin-1 expression
was significantly correlated with lymph node metastases
(P=0.021). Kaplan—Meier survival estimates showed a sig-
nificant correlation between Beclin-1 expression and patient’s
survival rate (log-rank P<0.05). Multivariate Cox proportion-
al hazards model analysis confirmed that lymph node metas-
tases (P=0.048) and Beclin-1 expression (P=0.029) were
statistically significant, independent prognostic factors for
LSCC. Our findings suggested that decreased Beclin-1 ex-
pression and lymph node metastases, as examined by immu-
nohistochemistry, are both independent biomarker for poor
prognosis of patients with LSCC.
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Introduction

Head and neck cancer describes a heterogeneous group of
malignancies occurring in the upper aerodigestive tract, the
majority (93 %) of which is squamous cell carcinoma [1].
Laryngeal squamous cell carcinoma (LSCC) is one of the
most frequent cases of head and neck cancer, as it accounts
for approximately 25 % of the malignant tumors involving
in this area, and makes up around 5 % of systemic malignant
tumors, to be responsible for 0.9 % of the total deaths from
cancer. Despite therapeutic advances in cancer treatment,
the overall 5-year survival of approximately 60 % among
head and neck cancer patients has been virtually unchanged
over the past 3 decades [2]. Moreover, the 5-year survival
rate in patients with lymph node metastases is less than 50 %
[3]. Locoregional recurrence, lymph node metastases and
distant metastases are the factors that significantly affect the
prognosis in LSCC patients [4]. However, these factors are
not sufficient to predict the tumor’s prognosis. Therefore,
recent studies have focused on identifying molecular bio-
markers potentially useful for the prediction of LSCC prog-
nosis in an attempt to understand mechanisms driving
aggressive tumor behavior and to identify patients who are
at greatest risk for mortality.

Programmed cell death (PCD) is an essential and highly
orchestrated process that plays a major role in morphogenesis
and tissue homeostasis. Autophagy, a vacuolar process of
cytoplasmic degradation, is characterized by accumulation
of autophagic vacuoles, and is considered to be PCD type II.
The exact role of autophagy in cancer remains controversial.
Beclin-1 is a gene that indispensable for the first phases of
autophagy. Silencing of the Beclin-1 gene with small interfer-
ing RNA (siRNA) is able to prevent downstream events of
autophagy [5]. The Beclin-1 protein is monoallelically deleted
in 75 % of ovarian cancers, 50 % of breast cancers, and 40 %
of prostate cancers [6]. Moreover, Beclin-1—/— mutant mice
die early in embryogenesis, and Beclin-1+/— mutant mice
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suffer from a high incidence of spontaneous tumors,
establishing that Beclin-1 is a critical component of mamma-
lian autophagy and plays a role in autophagy of tumor sup-
pression [7]. On the other hand, Ahn et al. [8] found that
Beclin-1 is overexpressed in the malignant colorectal and
gastric epithelial cells compared to the normal mucosal epi-
thelial cells. These contradictory results prompt us to analyze
Beclin-1 protein expression in LSCC. Wan Baoluo et al.
demonstrated that Beclin-1 might play a role in carcinogenesis
and development of laryngeal carcinoma for the decreased
expression of Beclin-1 protein detected in LSCC, and there
were significant differences in Beclin-1 expression regarding
the tumor site, and the histological grade (P<0.05). To date,
however, the prognostic significance of Beclin-1 expression in
patients with LSCC is poorly understood.

Known prognostic factors for squamous cell carcino-
ma of the head and neck include stage, tumor size and
lymph node metastasis, tumor grade and surgical tumor
margin positivity [9, 10]. In the present study, we examined
the expression levels of Beclin-1 protein in LSCC and
paracarcinoma (paired) non-tumor tissues by immunohisto-
chemistry. Meanwhile, the clinicopathological significance of
Beclin-1 expression in LSCC was also assessed. The primary
objective of this study was to evaluate the prognostic value of
Beclin-1 in LSCC by assessing its association with overall
survival, as well as known prognostic factors for the disease.

Materials and Methods
Patients and Tissue Samples

Tissue samples from 82 cases of LSCC were used in the
present study. All of the tumors were surgically resected in
the department of otolaryngology and head and neck surgery
of Second XiangYa Hospital in Central South University from
January 2005 to January 2007. All 82 patients met the follow-
ing inclusion criteria: no history of previous malignancies;
primary squamous cell carcinoma of the larynx only; and no
history of radiotherapy or chemotherapy. In addition, 40
paracarcinoma (paired) non-tumor tissue samples removed
in total or partial laryngectomy were included as control.
For each case, 2 investigators reviewed all of the original
hematoxylin and eosin stained sections.

The clinicopathological variables were evaluated, includ-
ing age, sex, the primary tumor (pT), nodal (pN), the TNM
stage group, tumor site and the histological grade. The age
of the patients ranged between 40 and 77 years (median age,
60.20 years; SD=7.56 years). The 82 cases comprised 77
men and 5 women. Lymph node metastasis was classified as
present (43 cases) or absent (39 cases). The TNM stage was
classified in accordance with the International Union
Against Cancer 2002 tumor-node-metastasis (TNM) staging
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system [11]. Tumor site was classified as supraglottic
(26 cases), glottic (45 cases) and subglottic (11 cases). Tumor
histological differentiation was categorized according to the
World Health Organization system, as well differentiated
(42 cases), moderately differentiated (26 cases) or poorly
differentiated (14 cases). Clinicopathological characteristics
of LSCC are collected and detailed in Table 1.

All the patients with incomplete clinical follow-up data
were excluded from the study. Overall survival was defined
as the time from operation to death or was censored at the
last known alive data [12]. The mean patient follow-up
duration was 41.87 months (SD=18.46 months; range,
6-60 months). Among a total of 82 patients, 48 (58.54 %)
patients died of disease and 34 (41.46 %) patients remained
alive on the day of starting this study. Among the 48 died
patients, local recurrence occurred in 18 cases (37.5 %), re-
gional lymph node occurred in 27 cases (56.25 %), distant
metastasis occurred in 3 cases (6.25 %), including 1 to the
brain, 2 to lung. Among the 34 alive patients, there were 27
cases (79.41 %) survive without recurrence, local recurrence
occurred in 5 cases (14.71 %), regional lymph node occurred

Table 1 Correlation between Beclin-1 expression and clinicopatho-
logical parameters

All cases Beclin-1 protein P-value
expression
Positive Negative

Age

</=60 44 20 24

>60 38 24 14 0.083
Sex

Female 5 4 1

Male 77 40 37 0.229
pT

Ti» 30 17 13

Ts 4 52 27 25 0.427
Lymph node

No 39 26 13

N+ 43 18 25 0.021
Tumor stage

I-11 22 14 8

H-1v 60 30 30 0.199
Tumor site

Subglottic 26 12 14

Glottic 45 26 19

Supraglottic 11 6 5 0.485
Histological grade

Well differentiated 42 19 23

Moderately differentiated 26 16 10

Poorly differentiated 14 9 5 0.142
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in 2 cases (5.88 9%). Institute Research Medical Ethics
Committee of Second XiangYa Hospital of Central South
University granted approval for this study.

Immunohistochemistry

Consecutive 4-pm tissue sections were cut from the paraffin
blocks of both laryngeal carcinoma tissues and paired non-
tumor tissues. After dewaxing, one set of the samples slides
was stained with hematoxylin and eosin (H&E), another set
for immunohistochemical detection of Beclin-1 expression.
Negative control experiments were conducted by replacing
the primary antibody with phosphate-buffered saline. Antigen
retrieval was performed and the sections were cooled and
treated with peroxidase-blocking reagent for 20 min, rinsed
by PBS (PH=7.4) for 3 times, and treated with sufficient
primary antibody (Beclin-1, No. 2026-1, the United States
Epitomics Company’s products) for 14~16 h in 4 °C, the
density is 1:50. Sections were rinsed again and treated for
15 min with polymerized HRP-anti mouse/rabbit 1gG
(Maxvision tm). Sections were rinsed again and treated with
visualization reagent solution (DAB) for 3~5 min. Sections
were counterstained with hematoxylin, and then mounted in
Permount. Controls without primary antibody and positive
control tissues were included in all experiments to ensure the
staining quality.

Evaluation of the Immunohistochemical Staining

After immunohistochemical stain, Beclin-1 was detected in
both non-tumor tissues and LSCC tissues. The immunoreac-
tivity of the granulosa-lutein cells in the Beclin-1 expression
were analyzed with a semi-quantitative scoring method. The
score was calculated according to the intensity and proportion
of the immunoreactivity. The intensity score was assigned:
0 (negative staining), 1 (weak staining), 2 (moderate staining),
or 3 (strong staining), as was a proportion score: 0 (none), 1
(less than 30 % of tumor cells), or 2 (over 30 % of tumor cells).
The intensity score and proportion score were multiplied to
yield the total score, which was considered negative between
0 and 1 and positive between 2 and 6 [13].

Statistical Analysis

Statistical evaluation was performed using the SPSS software
package (SPSS 16.0, SPSS Inc., Chicago, USA). The Chi-
square test was used to analyze the correlation between
Beclin-1 expression and clinicopathological features. The re-
lationship between Beclin-1 protein expression and LSCC
patients’ overall survival was assessed using Kaplan—Meier
estimates. Differences in survival rate between subgroups
were compared using the log-rank test. A Cox proportional
hazard model was used to assess factors independently

associated with prognosis. A p-value <0.05 was considered
to be statistically significant.

Results

Beclin-1 Expression in Primary Carcinomas
and Non-Tumor Tissues

The expression of Beclin-1, as determined by immunohisto-
chemical staining, appeared as fine granular and diffuse cyto-
plasmic staining with sporadic nuclear staining, was stronger in
non-tumor tissues. In primary carcinomas, the ratio of negative
expression of Beclin-1 is higher than that in non-tumor tissues,
and Beclin-1 expression is downward (Fig. 1). Beclin-1 was
negatively expressed in primary carcinomas of 38 cases
(46.34 %), positively expressed of 44 cases (53.66 %). In the
non-tumor tissues, Beclin-1 was negatively expressed in the
non-tumor tissues of 11 cases (27.5 %), positively expressed of
29 cases (72.5 %). There were significant differences between
the primary carcinoma compared with the non-tumor tissues
(P=0.035).

Correlations of Beclin-1 Expression and Clinicopathological
Features

While analyzing clinicopathological factors, lymph node me-
tastasis showed statistically significant correlations with
Beclin-1 expression. Namely, negative expression of Beclin-1
was associated with increased lymph node metastasis
(P=0.021); however, there was no significant difference
between Beclin-1 expression and other characteristics
(age, sex, the primary tumor, the TNM stage group, tumor
site and the histological grade) (Table 1).

Correlations of Beclin-1 Expression and Survival

Based on Beclin-1 protein immunohistochemistry results, the
82 LSCC patients were divided into two groups: 38 patients in
the Beclin-1 negative expression group and 44 patients in the
Beclin-1 positive expression group. During the follow-up
period, 48 patients died within 5 years after surgery. Among
these 48 patients, 28 had Beclin-1 expression negatively, 20
had expression positively. Using Kaplan—-Meier analysis, we
found that Beclin-1 expression negatively correlated with a
lower survival rate (log-rank test, P=0.005; Fig. 2).

The Cox proportional hazards regression model was used to
assess the relative influence of clinicopathological parameters
and Beclin-1 expression on the disease prognosis. In the uni-
variate Cox analysis, lymph node metastases (P=0.011), tumor
stage (P=0.028), and Beclin-1 expression (P=0.006) were
statistically correlated with prognosis (Table 2). Multivariate
Cox proportional hazards model analysis confirmed that
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Fig. 1 Representative immunohistochemical staining for Beclin-1 in
primary human LSCC tissues and adjacent noncarcinoma epithelial
tissues. Negative expression of Beclin-1 in LSCC tissues (a, b, ¢, d).
Positive expression of Beclin-1 in LSCC tissues (e, f, g, h). Negative

lymph node metastases (P=0.048) and Beclin-1 expression
(P=0.029) were both independent prognostic factors for
LSCC. Other parameters cannot predict disease prognosis
separately.

08

—, High expression(n=44)

T 06 1
=
=
3
: expression(n=38)
3 04+

024

00— P=0.005

L T L} L T T L}
0,00 10.00 20,00 3000 4000 5000 €0.00
Months

Fig. 2 Kaplan—Meier survival curves showing 5-year survival rate of
patients with high or low Beclin-1 expression. (p=0.005; log-rank test)
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expression of Beclin-1 in adjacent non-carcinoma epithelial tissues (i).
Positive expression of Beclin-1 in adjacent non-carcinoma epithelial
tissues (j, k). (original magnification a, i-k, x100; b-h, x400)

Discussion

The problem of autophagy in cancer cells causing death or
protection of cells is controversial. Several studies showed
that carcinogenesis is associated with decreased levels of
autophagy [8]. Mathew et al. reported that compromised
autophagy can increase DNA damage and genomic instabil-
ity which can promote tumorigenesis [14]. As a tumor
grows, nutrients will become limited and oxygen levels will
decrease in its inner region. As a mechanism of stress toler-
ance, autophagy may enable cancer cells to survive under
nutrient-limiting conditions [15]. Amaravadi [16] presented
results supporting the idea that autophagy can protect tumor
cells from cell death stimuli. Given that various stress con-
ditions, such as hypoxia and high acidity, autophagy may
assume a dominant role in survival and growth of tumor cells.
Beclin-1 can play a role in recruiting proteins from the cytosol
for autophagic degradation or in supplying the autophagic
pathway with membrane components. Lots of observations
indicate that expression of Beclin-1 may play a role in the
tumorigenesis and/or progression of human cancers [17].

In this study, we detected the expression of Beclin-1 by
immunohistochemistry in 40 specimens of non-tumor tissues
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Table 2 Cox proportional hazards regression model analysis: correla-
tions of clinicopathological parameters, Beclin-1 expression and
prognosis

Multivariate
analysis

Univariate
analysis

Clinicopathologic variables

Exp(B) P Exp(B) P

Age

</=60

>60 -
Sex

0926 - -

Female

Male -
pT

Ti2

T54 -

NO

N+ 2.146
Tumor stage

-1

1-1v
Tumor site

0.458 - -

0204 - -

0.011 1.837 0.048

2342 0.028 - 0.284

Supraglottic
Glottic/subglottic 0300 - -
Histological grade
Well differentiated
Moderately/poorly differentiated — — 0999 - -
Beclin-1 expression
Low expression
—0.670 0.006 —0.720

High expression 0.029

and 82 specimens of LSCC tissues. We found that the positive
expression of Beclin-1 is significantly higher in the samples of
non-tumor tissues than those in LSCC tissues (72.5 % versus
53.66 %, p=0.035), confirming the finding of the previous
study [9]. Autophagy is relatively defective in LSCC cells,
indicating a tumor suppressive role for autophagy. The exact
mechanism of this role is still unclear. However, researchers
have proposed several hypotheses. First, autophagy sup-
presses tumorigenesis by limiting necrosis and inflamma-
tion in tumor microenvironment. When autophagy and
apoptosis in tumors are inhibited, metabolic stress specifically
induces necrosis, followed by chronic inflammatory re-
sponse, which contributes to tumor initiation and progres-
sion. Second, autophagy produces ATP at minimum amount
levels required for DNA repair. Third, damaged organelles,
unfolded proteins, and reactive oxygen species (ROS) may be
removed from cells by autophagy, which indirectly limits
genomic instability [18]. Further studies are warranted to
determine the exact role of autophagy in carcinogenesis and
its mechanisms.

In addition to tumorigenesis, autophagy has important
roles in different cancer stages including tumor progression
and metastasis [19]. Previous studies showed that Beclin-1
deficiency was related to the aggressiveness of brain tumors
and immortalized kidney and mammary epithelial cells [20].
Low growth rate and decreased invasive and metastatic
ability are, therefore, presumed for Beclin-1 overexpression
in LSCC. The correlations between Beclin-1 expression and
various clinicopathological characteristics were analyzed.
Reduced Beclin-1 expression in specimens of LSCC was
significantly correlated with increased lymph node metastases
(»=0.021). Decreased expression of Beclin-1 was closely
associated with a metastatic phenotypic feature.

The overall survival of the patients was significantly related
to the UICC stage, in agreement with previous reports that the
initial classification (N stage) is significant prognostic factors
for survival in LSCC [21]. This premise was further substan-
tiated by Kaplan—Meier analysis results: the survival rate of
the Beclin-1 positive group was better than that in the Beclin-1
negative group (p=0.005). This result is consistent with those
of previous studies indicating that Beclin-1 is a novel favor-
able predictor of outcome for several solid tumors, such as
breast, ovarian, brain, liver, and colon cancers [22, 23].

The prognostic significance of Beclin-1 had been studied in
several types of solid tumors. In colon cancer, higher expres-
sion of Beclin-1 was reported to carry a better prognosis [12].
Similar results were also found in hepatocellular carcinoma
[24]. To our knowledge, no previous studies have evaluated
the prognostic value of Beclin-1 in LSCC patients. We fitted
this expression level into the Cox regression model, together
with other, more conventional clinicopathological parameters.
It is widely accepted that lymph node metastasis is a useable
prognostic predictor of LSCC [25]. Additionally, the inci-
dence of local recurrence and risk of distant metastases in-
crease as the tumor burden in the neck increases [26]. These
premises were confirmed by our study, as univariate Cox
analysis results: lymph node metastases, tumor stage and
Beclin-1 expression were statistically correlated with progno-
sis. As the grade of the malignancy increases, so does the risk
of blood/lymphatic vessel invasion and distant metastases,
cancers of the larynx with reduced Beclin-1 expression tend
to metastasize earlier and are more often diagnosed at the
advanced tumor stage, all these reasons may lead to a worse
prognosis in reduced Beclin-1 expression of LSCC. In the
multivariate Cox proportional hazards model analysis, lymph
node metastases and Beclin-1 expression were statistically
significant, independent predictors of prognosis. The Exp
(B) value of Beclin-1 expression was negative, which showed
this parameter was protective factors in the prognosis, high
Beclin-1 expression tumors might have better prognosis than
low Beclin-1 expression tumors.

High Beclin-1 protein expression was favorable prognostic
indicator for LSCC. It does not conform to the study of Wan et

@ Springer



776

L. Huang et al.

al., who reported that overexpression of Beclin-1 was predic-
tor of poor prognosis in nasopharyngeal carcinoma [27]. This
inconsistent role of Beclin-1 in clinical outcome may
have resulted from the different properties of the tumor
types studied and different therapeutic regimens. Beclin-
1 is a known tumor suppressor gene, but its function may be
altered under conditions (such as starvation, low oxygen, and
hormonal stimulation) of an accelerated autophagic activity,
which provides additional energy to proliferate cells by
recycling defective organelles and long-lived cytoplasmic
proteins. In a previous study, both underexpression and
overexpression of Beclin-1 in colorectal carcinomas were
linked with poor postoperative outcome [28]. In addition, it
has been reported that Beclin-1 expression in breast cancer is
related to aggressive features of the cancer cells, but a signif-
icant prognostic implication was not reached [29]. These
studies revealed a biphasic action of the Beclin-1 protein. In
this study, we found that decreased expression of Beclin-1 was
linked with poor prognosis of LSCC. Apparently, the role of
Beclin-1 in human tumors might be much more complex than
what it is generally thought. In further studies of this issue,
direct detection, induction, and inhibition of autophagy and
expression of Beclin-1 that regulate it will be indispensible to
verifying the molecular mechanism.

Conclusion

It is concluded that Beclin-1 has a significant impact on
growth and prognosis of human LSCC. The expression of
Beclin-1 is down-regulated in LSCC. Low Beclin-1 expres-
sion was linked with increased lymph node metastases and
poor prognosis, thus Beclin-1 appears to be a promising
molecule in LSCC targeting therapy. Further studies are nec-
essary in order to clarify the impact of Beclin-1 and autophagy
related proteins on the prognosis of human malignancies.
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