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Abstract The purpose of this study was to investigate the
expression of autophagy-related proteins Beclin 1 and LC3
in cervical normal epithelial cells and squamous cancer
cells, and to evaluate the prognostic significance of Beclin
1 and LC3 expression in FIGO stage I-II cervical squamous
cell carcinoma. The immunohistochemical expression of
Beclin 1 and LC3 were evaluated in 26 formalin-fixed
paraffin-embedded cervical normal tissue samples and 50
tumor samples of FIGO stage I-II cervical squamous cell
carcinoma, respectively. Correlations with clinicopathologic
characteristics were determined by Chi-square test. The
prognostic impact of Beclin 1 and LC3 expression in regard
to overall survival was determined by Kaplan—-Meier meth-
od. Cervical normal squamous epithelial cells and cancer
cells expressed high Beclin 1 immunoreactivity in 96.2 %
(25/26) and 28.0 % (14/50) of patients (p=0.000), and
expressed high LC3 immunoreactivity in 76.9 % (20/26)
and 26.0 % (13/50) of patients, respectively (p=0.000). The
expression of both Beclin 1 and LC3 were not associated
with age, FIGO stage, pathologic differentiation, and lymph
node metastasis. The 3-year overall survival (OS) rates with
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low and high expressions of Beclin 1 were 72.2 and 100.0 %,
respectively (p=0.034). The 3-year OS rates with low and
high expressions of LC3 were 75.7 and 92.3 %, respectively
(p=0.224). These results show that expression level of both
Beclin-1 and LC3 were significantly lower in cervical squa-
mous cancer cells than normal squamous epithelial cells. The
expression of Beclin 1 and LC3 may have prognostic signif-
icance in early stage cervical squamous cell carcinoma.
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Introduction

Cervical cancer is second only to breast cancer in women as
the most common gynecologic malignancies, and it remains
one of the most important causes of mortality in women
worldwide [1]. More than 90 % of cervical cancer is squa-
mous cell carcinoma in pathologic classification. The radical
surgery or radiotherapy can cure the majority patients of
FIGO stage I-II cervical cancer. Komaki at al. [2] reported
that the 5-year overall survival (OS) rates were 89.4 and
79.3 % in patients with FIGO stage I and Ilcervical cancer,
respectively. The traditional pathological factors, such as
lymph node metastasis, parametrial invasion, positive tumor
margins, and deep stromal and lymphovascular invasion, are
currently considered important prognostic factors for sur-
vival [3]. However, the accuracy of these prognostic factors
is still controversial, except for the presence of lymph node
metastasis [4, 5]. Therefore, it seems reasonable to develop
novel markers to accurately predict the prognosis of patients
with cervical cancer.

Autophagy has recently emerged as an important area in
cancer research, with the main interest focusing on tumor
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growth and progression, prognosis, and potential therapy [6,
7]. Autophagy is an intracellular pathway for the degradation
oflong-lived proteins and damaged organelles [8], and may be
considered a form of non-apoptotic programmed cell
death, the so-called “typell” or “autophagic” cell death
[9]. Up to now, approximately thirty specific genes regu-
lating autophagy has been discovered in yeasts so far,
with 16 homologues in man [10]. Beclin 1 and LC3
(microtubule-associated protein 1A/1B-light chain 3) genes
play a pivotal role in mammalian autophagy [11]. Beclin 1
is involved in both the signaling pathway activating
autophagy and in the initial step of autophagosome for-
mation [11, 12]. LC3 comprises both a soluble LC3 I and
a lapidated form, called LC3II. LC3II correlates with
autophagy, being recruited into autophagosomes. Various
types of stressors upregulate LC3 and promote the conju-
gation of its cytosolic form, LC3 I to phosphatidyletha-
nolamine, to constitute the autophagosome-specific LC3II,
which is so far considered the most reliable marker of
autophagy [12, 13].

To our knowledge, Beclin 1 and LC3 are widely
expressed in solid tumors. Moreover, biologic signifi-
cance and clinical impact of Beclin 1 and LC3 expres-
sion in these cancers seem to be associated with tumor
type [8, 9, 12, 14-17]. However, few studies have
reported the expression level of Beclin 1 and LC3 and
its prognostic significance in cervical cancer, especially
in FIGO stage I-II cervical squamous cell carcinoma.
Therefore, we set out to investigate the expression of
Beclin 1 and LC3 in cervical normal squamous epithe-
lial cells and cancer cells, and to evaluate the prognostic
significance of Beclin 1 and LC3 expression in FIGO
stage I-II cervical squamous cell carcinoma.

Materials and methods
Patients and specimen selection

The paraffin-embedded postoperative tissue samples
were obtained from the archives of the Department of
Pathology, the Second Affiliated Hospital of Soochow
University, between January 2007 and December 2008.
We retrieved retrospectively 50 tumor samples from
patients with FIGO stage I-II cervical squamous cell
carcinoma and 26 samples with cervical normal tissue,
respectively. Approval for current project was obtained
from the local ethics committee together with written
informed consent from each patient.

The main characteristics of 50 patients with FIGO stage
I-II were summarized in Table 1. Ages of all patients in this
study range from 20 to 68 years (median, 42 years). Accord-
ing to FIGO stage, there enrolled 36 patients with stage I
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Table 1 Patient characteristics

Characteristic No. of patients; n (%)

Patients 50 (100.0)
Median age 42 years (range 20—68)
Pathologic diagnosis

Cervical squamous cell carcinoma 50 (100.0)

FIGO stage

I 36 (72.0)

I 14 (28.0)
Radical surgery 50 (100.0)
Postoperative radiotherapy 7 (14.0)
Postoperative chemotherapy 7 (14.0)

and 14 patients with stage II. All patients underwent radical
surgery. Seven patients with pelvic lymph node metastasis
received radiotherapy. Systemic adjuvant treatment was ad-
ministered to seven patients.

Immunohistochemistry

Three serial slides, each 3-um thick, were cut from paraffin-
embedded tissue. One slide was used to give HE staining
again. Immunohistochemical staining was performed on the
other two slides using the two-step procedure. The anti-
human Beclin 1 rabbit monoclonal antibody (ab51031)
(Abcam, Cambridge, MA; diluted 1: 100) and anti-human
LC3B rabbit monoclonal antibody (ab63817) (Abcam,
Cambridge, MA; diluted 1:100) were used. After deparaffi-
nization and hydration, the slides were subjected to antigen
retrieval by pressure-cooking for 30 min. Endogenous per-
oxidase activity was neutralized using peroxide block place-
ment on the slides for 15 min at room temperature. The
slides were then incubated with anti-Beclin 1 and anti-LC3B
monoclonal antibody for 30 min at 4°C, respectively. This
was followed by incubation with peroxidase-conjugated
polymer (ChemMate EnVision/HRP; Gene Tech, Shanghai,
China) for 30 min at room temperature. The chromogen
reaction was developed in 3,3'-diaminobenzidine (Gene
Tech, Shanghai, China) tetrahydrochloride for 10 min. Fi-
nally, hematoxylin was used as a light nuclear counterstain.
The negative control used was an IgG2b isotype antibody
(Dako), ensuring the same concentration of immunoglobins
as for the anti-Beclin 1 and anti-LC3B.

Assessment of Beclin 1 and LC3 expression

All slides were evaluated independently by two experienced
pathologists (Li F and Zhang Y). The intensity of staining
was recorded as strong, weak, and negative. According to
Giatromanolaki’s description, only strong staining cell was
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regarded as positive cell [16]. The extent of staining was
expressed as a percentage of positive cells to total and was
recorded after examining all optical fields at X200 magnifi-
cation. The mean value was used to score for all samples.
The percentages of staining-positive cells were scored into
four categories: 1 (0-24 %), 2 (25-49 %), 3 (50-74 %), and
4 (75-100 %). The scoring pattern was defined as follows: 1—
2, low expression (<50 % positive cells); 3—4, high expression
(=50 % positive cells).

Statistical analysis

The relationship between Bceelin 1, LC3 expression, and
clincopathologic characteristics was examined with Chi-
square test. OS rates were performed by the Kaplan—
Meier method and log-rank test. Overall survival time
was defined from the day of surgery to the day of death
or last follow-up. For all tests, a two-sided p<0.05 was
considered significant.

Results

The expression of Beclin 1 and LC3 in cervical normal
squamous epithelial cells and cancer cells

The expression of Beclin 1 and LC3 was observed mainly in
the cytoplasm within cervical normal squamous epithelial
cells and cancer cells. In addition, the nucleus in some of
normal epithelial or cancer cells also have LC3 expression.
Stone-like pattern of LC3 expression, previously described
in breast carcinoma, lung cancer. and endometrial adenocar-
cinoma [8, 9], was not observed in both cervical normal
squamous epithelial cells and cancer cells. The mean per-
centages of Beclin 1 expression were 77.4 % (range 5—
95 %) and 33.7 % (1-95 %) in cervical normal squamous
epithelial cells and cancer cells, respectively (Fig. 1). Cervical
normal squamous epithelial cells and cancer cells expressed
high Beclin 1 immunoreactivity in 96.2 % (25/26) and 28.0 %
(14/50) of patients, respectively (p=0.000, Table 2).

Fig. 1 Expression of Beclin 1 and LC3 by immunohistochemistry in
cervical normal squamous epithelial cells and cancer cells (magnifica-
tion x1,000). a HE staining of cervical normal squamous epithelium; b
HE staining of cervical squamous cell cancer; ¢ High expression of
Beclin 1 in cervical normal squamous epithelial cells; d High

expression of Beclin 1 in cervical squamous cancer cells; e Low
expression of Beclin 1 in cervical squamous cancer cells; f High
expression of LC3 in cervical normal squamous epithelial cells; g High
expression of LC3 in cervical squamous cancer cells; h Low expres-
sion of LC3 in cervical squamous cancer cells
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Table 2 The difference of

Beclinl and LC3 expression be- Tissue type No. of patients Beclin 1 expression LC3 expression
tween cervical normal squamous
epithelial cells and cancer cells Low (%) High (%) Low (%) High (%)
Normal tissue 26 3.8 96.2 23.1 76.9
Tumor 50 72.0 28.0 74.0 26.0
Chi-squared test ¥ =31.803 v = 18.055
p=0.000 p=0.000

The mean percentages of LC3 expression were 68.4 %
(range 8-97 %) and 32.7 % (range 1-94 %) in cervical normal
squamous epithelial cells and cancer cells, respectively
(Fig. 1). Cervical normal squamous epithelial cells and cancer
cells expressed high LC3 immunoreactivity in 76.9 % (20/26)
and 26.0 % (13/50) patients, respectively (p=0.000, Table 2).

The association of Beclin 1 and LC3 expression
with clincopathologic characteristics

The expression level of Beclin 1 and LC3 in 50 patients with
FIGO stage I-1I cervical squamous cell carcinoma with respect
to several standard clinicopathologic characteristics were de-
tailed in Table 3. The statistical results demonstrated that there
was no significant association of Beclin 1 and LC3 expression
with any of the following parameters: age, FIGO stage, path-
ologic differentiation, and lymph node metastasis (Table 3).
There was also no significant correlation between Beclin 1 and
LC3 expression (x°=0.954, p=0.329, Chi-squared test).

The correlation between Beclin 1 and LC3 expression
and overall survival

The average duration of follow-up was 41 months (range, 2—
57 months). The Kaplan—Meier plots showed that the 3-year

OS rate of all patients was 80.0 %. The 3-year OS rates with
low and high expression of Beclin 1 were 72.2 and 100.0 %,
respectively (x°=4.49, p=0.034; Fig. 2a). The 3-year OS
rates with low and high expression of LC3 were 75.7 and
92.3 %, respectively (x*=1.48, p=0.224; Fig. 2b).

Discussion

The expression level of the autophagy-related protein Beclin 1
is frequently lower in malignant cells than their normal coun-
terparts, such as malignant melanoma, lung cancer, hepatocel-
lular carcinoma, and gastric carcinoma [8, 12, 14, 15, 19]. In
contrast, LC3 has different expression level in different tumor
types. The studies reported that LC3 expression was either
decreased in brain and ovarian cancer [20, 21] or increased in
esophageal and gastrointestinal cancers [22]. In the present
study, our results revealed that the expression level of both
Beclin-1 and LC3 were significantly downregulated in cervi-
cal squamous cancer cells compared to normal squamous
epithelial cells. Moreover, expression of Beclin 1 and LC3
were mainly located in the cytoplasm of both cervical normal
squamous epithelial cells and cancer cells by using immuno-
histochemistry method. In addition, the nucleus in some of
normal or cancer cells also expressed LC3.

Table 3 The Association of

Beclin 1 and LC3 expression Variables No. of patients Beclin 1 expression p LC3 expression P
with clincopathologic
characteristics Low (%) High (%) Low (%) High (%)
Age (years)
<42 25 80.0 20.0 0.208 68.0 32.0 0.333
>42 25 64.0 36.0 80.0 20.0
FIGO stage
I 36 75.0 25.0 0.449 72.2 27.8 0.646
I 14 64.3 35.7 78.6 21.4
Pathologic differentiation
Low 4 50.0 50.0 75.0 25.0
Mediate 29 69.0 31.0 0.369 72.4 27.6 0.954
High 17 82.4 17.6 76.5 23.5
Lymph node metastasis
No 43 69.8 30.2 0.384 69.8 30.2 0.091
Yes 7 85.7 14.3 100.0 0
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Emerging evidence has demonstrated that autophagy was
involved in the pathogenesis of most of common cancers
[18, 19]. However, biologic significance and clinical impact
of the variations in Beclin 1 and LC3 in cancer seem to be
associated with tumor type. Beclin 1 has been identified as a
haplo-insufficient tumor-suppressor gene, which plays im-
portant role in autophagy, apoptosis, and differentiation of
cancer [15, 23]. Several research have shown that decreased
expression of Beclin 1 was correlated with tumor progres-
sion, and with a lower survival rate in gastric, esophageal,

colorectal, hepatocellular, and breast cancer [12, 15]. Chen
et al. [15] found that decreased expression of Beclin 1 in
gastric cancer cells was significantly associated with poor
differentiation, nodal and distant metastasis, advanced TNM
stage, and tumor relapse, and with shorter survival. Similar-
ly, Beclin 1 expression was related significantly to depth of
invasion, lymph node metastasis, and clinical stage in
esophageal squamous cell carcinoma. Furthermore, the sur-
vival rate of Beclin 1-positive group was better than that of
the Beclin 1-negative group [18]. However, Giatromanolaki
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et al. [16] found that increased expression of Beclin 1 was
associated with high tumor grade, high myometrial inva-
sion, and a poor 5-year survival. The previous research
results suggested that Beclin 1 might be a biphasic protein
in cancer, and both low and high Beclin 1 expression might
be related to tumor progression and prognosis [8, 24]. In the
present study, our results demonstrated that high Beclin 1
expression group had a higher 3-year overall survival rate
than that of the low Beclin 1 expression group in FIGO stage
I-IIcervical squamous cell carcinoma, evidenced by univari-
ate analysis (x’=4.49, p=0.034; Fig. 2a). However, there was
no significant association of Beclin 1 expression with clinco-
pathologic characteristics, including age, FIGO stage, patho-
logic differentiation, and lymph node metastasis.

With respect to clinical significance of LC3 expression in
cancer, its has different impact in different tumors. Fujii et
al. [25] found that high expression of LC3 at the peripheral
areas of pancreatic tumors was associated with poor overall
survival and shorter disease-free periods. There was also a
relationship with tumor size and tumor necrosis. Similarly,
Karpathiou et al. [9] reported that high LC3 expression was
strongly correlated with a reduction of the overall median
survival in non-small cell lung carcinoma. In cutaneous
malignant melanomas, Sivridis et al. [8] revealed that LC3
expression was not related to either histopathological
parameters or prognosis. However, Cheng et al. [26] dem-
onstrated that low LC3 expression was a low risk factor for
progressive-free survival in cervical squamous cell carcino-
ma. In the present study, we also found that the patients
whose tumor had low LC3 expression had an unfavorable
trend of 3-year overall survival rate in FIGO stage I-Ilcer-
vical squamous cell carcinoma (Fig. 2b).

In conclusion, we found that expression level of both
Beclin-1 and LC3 were significantly lower in cervical squa-
mous cancer cells than normal squamous epithelial cells.
The expression of Beclin 1 and LC3 may have prognostic
significance in early stage cervical squamous cell carcino-
ma. However, this retrospective study is potentially limited
by the relatively small numbers of patients, and the results
may not be the most representative for the whole cases.
Therefore, more and larger studies are required.
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