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Purpose: We aimed to investigate the expression of EGFR and the autophagy-related markers
Beclinl and LC3 in cervical cancer.

Methods: Beclinl, LC3, and EGFR expression were analyzed in 80 samples of cervical
squamous cell carcinoma (SCC), 40 samples of high-grade cervical intraepithelial neoplasia
(CIN), and 40 samples of normal cervical tissues by immunohistochemistry. The protein expres-
sion rates were analyzed with y?and Fisher’s exact tests. Differences in overall survival (OS)
were determined using the Kaplan—Meier method and log-rank tests.

Results: Cervical cancer, high-grade CIN, and normal cervical epithelial cells expressed Beclinl
in26.2%, 77.5%, and 82.5% of patients, respectively, and expressed LC3 in 28.8%, 70.0%, and
75.0% of patients, respectively. There was a significant difference between cervical SCC and
high-grade CIN or normal cervical epithelial cells (P=0.000). Cervical cancer cells, high-grade
CIN cells, and normal cervical epithelial cells expressed EGFR in 68.8%, 62.5%, and 12.5% of
patients, respectively. There was a significant difference between cervical SCC or high-grade
CIN and normal cervical epithelial cells (P=0.000). No significant association between Beclinl
or LC3 or EGFR expression and various clinicopathological parameters was observed in cervical
SCC. There was no significant correlation between Beclin1, LC3, EGFR expression, and 5-year
OS rates of cervical SCC patients. Beclinl- or LC3-negativity with EGFR-positivity in cervi-
cal SCC was associated with a higher Federation International of Gynecology and Obstetrics
(FIGO) stage (P=0.011 and P=0.013, respectively) and pelvic lymph node metastasis (P=0.036
and P=0.092, respectively). The 5-year OS rates did not significantly differ between Beclinl- or
LC3-positive and -negative patients with positive EGFR.

Conclusion: Autophagy was downregulated and EGFR was upregulated in cervical SCC.
Autophagy downregulation combined with EGFR upregulation promotes the progression of
cervical SCC.

Keywords: autophagy, Beclinl, LC3, EGFR, cervical squamous cell carcinoma, immuno-
histochemistry

Introduction

Cervical cancer is one of the most common causes of morbidity and mortality due to
gynecologic malignancies worldwide.! Histopathologically, the most common sub-
type of cervical cancer is squamous cell carcinoma (SCC), which accounts for up to
80% of these tumors.? Poor prognostic factors for early-stage cervical cancer include
large tumor diameter, pelvic lymph node metastasis, parametrial invasion, positive
surgical margins, and deep stromal and lymphovascular invasion.* However, whether
such prognostic factors are sufficiently accurate to estimate prognosis and determine
therapeutic strategies remains controversial. Thus, biological characteristics of cervical
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cancer should be understood, and novel molecular markers
should be identified to accurately predict the prognosis of
patients.

Autophagy is a process of self-digestion in which
redundant organelles and long-lived proteins are removed
to provide a survival mechanism for cells under stress, such
as hypoxia and starvation.* Autophagy has biphasic function
in cancer development. Autophagy suppresses the initiation
of tumors by clearing damaged organelles, maintaining
cell homeostasis and protecting normal cell growth. On the
contrary, in the development of cancer, when tumor cells are
subjected to stressful conditions, autophagy is upregulated to
maintain metabolic homeostasis and cell survival, through
reduced growth and increased catabolic lysis of excess
or unnecessary proteins and organelles. The Beclinl and
cytosolic LC3 genes play an important role in mammalian
autophagy, both of which are involved in autophagosome
formation.>*

EGEFR is an oncogenic receptor tyrosine kinase, which
is hyperactive in various types of solid tumors.® EGFR is
implicated in cellular proliferation, metastasis, angiogenesis,
apoptosis inhibition, chemoresistance, and radioresistance.
EGEFR activation regulates autophagy, through multiple sig-
naling pathways.!? In this study, the expression of EGFR and
the autophagy-related markers Beclinl and LC3 in cervical
SCC, high-grade cervical intraepithelial neoplasia (CIN),
and in normal cervical epithelial tissues was investigated.
The prognostic significance of EGFR and Beclinl and LC3
expression in cervical SCC was also evaluated.

Materials and methods

Patients and specimen selection
Paraffin-embedded pathological specimens were obtained
from the archives of the Department of Pathology of Yan’an
University Affiliated Hospital (People’s Republic of China)
between January 2007 and January 2009. A total of 80
tumor samples with Federation International of Gynecol-
ogy and Obstetrics (FIGO) stage I-II cervical SCC were
obtained from radical surgery. In addition, 40 samples with
high-grade CIN obtained from conization of the cervix and
40 samples with normal cervical epithelial tissues obtained
from surgery for myoma of the uterus were included in this
study. Approval for the current project was obtained from the
local ethics committee, together with written informed con-
sent from each patient. The patients were aged 28—70 years
(median, 45 years). Twenty cervical SCC patients with pelvic
lymph node metastasis accepted platinum-based concurrent
chemoradiotherapy.

Immunohistochemical staining of Beclinl,

LC3, and EGFR

Paraffin-embedded histological specimens of 80 cervical SCC
tissue samples, 40 high-grade CIN tissue samples, and 40 nor-
mal cervical tissues samples were sectioned (thickness 5 um).
Beclinl, LC3, and EGFR expression levels were analyzed
by immunohistochemical staining. The primary detection
antibodies, anti-Beclinl antibody (Abcam, Cambridge, UK),
anti-LC3B (Abcam), and anti-EGFR (Bioworld Technology,
St Louis Park, MN, USA), were used at a dilution of 1:200. The
sections were deparaffinized, dehydrated, and washed three
times with phosphate-buffered saline (PBS) (5 minutes per
process) before endogenous peroxidase activity was blocked
by incubation with 3% hydrogen peroxide solution. The speci-
mens were then washed with PBS. Nonspecific binding was
blocked by incubating the slides with normal goat serum for
15 minutes at 37°C and then with primary detection antibodies
overnight at 4°C. The slides were washed three times with PBS
and incubated with anti-rabbit and -mouse secondary antibody
(Boster, Wuhan, People’s Republic of China) at 37°C for
40 minutes. Subsequently, the slides were washed again three
times with PBS and incubated with diaminobenzidine (Boster)
for 10 minutes to visualize immunolabeling.

Assessment of Beclinl, LC3,and EGFR

expression

All slides were evaluated independently by two experienced
pathologists. Beclinl, LC3, and EGFR expression were
semiquantitatively scored according to staining intensity
and the percentage of stained cells. At least five of the larg-
est immunostained areas for each antibody were selected.
Staining intensity was defined as follows: negative (0),
weak (14), moderate (2+), and strong (3+). The percentage
of immunoreactive tumor cells was rated as follows: no
staining (0), <30% (1), and >30% (2). To obtain the grade
of the scored expression, the percentage of immunoreactive
tumor cells was multiplied by staining intensity; the scoring
pattern was defined as follows: negative (0—1), low positive
(2—4), or high positive (5-6)."

Statistical analysis

All data were analyzed using SPSS, version 19.0 (IBM Corp.,
Armonk, NY, USA). The y*and Fisher’s exact tests were used
to compare different protein expression levels. Overall survival
(OS) time was defined from the day of surgery to the day of
death or last follow-up visit. The Kaplan-Meier method and
log-rank tests were used to evaluate differences in OS rates.
P<0.05 was considered to indicate statistical significance.
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Results
Expression of Beclinl, LC3,and EGFR in
cervical SCC, high-grade CIN, and normal

cervical epithelial tissues

Immunohistochemical analysis showed that Beclinl and
LC3 were predominantly expressed in the cytoplasm of
cells. Cervical cancer cells, high-grade CIN cells, and
normal cervical epithelial cells expressed Beclinl in 26.2%
(21/80), 77.5% (31/40), and 82.5% (33/40) of patients,
respectively, and expressed LC3 in 28.8% (23/80), 70.0%
(28/40), and 75.0% (30/40) of patients, respectively.
There was a significant difference between cervical SCC
and high-grade CIN or normal cervical epithelial cells
(P=0.000).

Specific EGFR staining was observed mainly in the cyto-
plasm or cell membrane. Cervical cancer cells, high-grade
CIN cells, and normal cervical epithelial cells expressed
EGFR in 68.8% (55/80), 62.5% (25/40), and 12.5% (5/40)
of patients, respectively (Table 1; Figure 1). There was a
significant difference between cervical SCC or high-grade
CIN and normal cervical epithelial cells (P=0.000) (Table 1;
Figure 1).

Clinicopathological significance of Beclinl,
LC3,and EGFR in cervical SCC

The associations between the expression of Beclinl, LC3,
and EGFR and clinicopathological parameters, including
age, FIGO stage, pathological differentiation, and pelvic
lymph node metastasis in 80 patients with cervical SCC
were analyzed. No significant association between Beclinl
or LC3 or EGFR expression and various clinicopathological
parameters (P>0.05) was observed (Table 2).

The associations between the expression of Beclinl,
LC3, and the clinicopathological parameters of 55 EGFR-
positive cervical SCC patients were analyzed. Beclinl- or
LC3-negativity with EGFR-positivity was associated with
higher FIGO stage (P=0.011 and P=0.013, respectively)
and pelvic lymph node metastasis (P=0.036 and P=0.092,
respectively) (Table 3).

Correlation between Beclinl, LC3,
or EGFR expression and overall survival
of patients with cervical SCC

The average duration of follow up was 63.5 months (range
8—79 months). The 5-year OS rates of Beclinl-negative
and -positive patients were 71.2% and 85.7%, respectively
(r*=1.69, P=0.194) (Figure 2A). The 5-year OS rates of LC3-
negative and -positive patients were 71.9% and 82.6%, respec-
tively (3*=0.889, P=0.346) (Figure 2B). The 5-year OS rates of
EGFR-negative and -positive patients were 88.0% and 69.1%,
respectively (y*=3.182, P=0.074) (Figure 2C). The 5-year OS
rates of Beclinl-negative and -positive patients with posi-
tive EGFR were 64.1% and 81.3%, respectively (y*=1.482,
P=0.224) (Figure 2D). The 5-year OS rates of LC3-positive
and -negative patients with positive EGFR were 64.3% and
84.6%, respectively (y*=1.693, P=0.193) (Figure 2E).

Discussion

In this study, Beclinl and LC3 expression was significantly
decreased in cervical SCC compared with that in high-grade
CIN and normal cervical epithelial tissues. This result is similar
to that described in other studies in which the expression levels
of both Beclinl and LC3 were significantly lower in cervical
SCC cells than in normal squamous epithelial cells.'? Other
studies have also demonstrated that Beclinl or LC3 expres-
sion is frequently decreased in tumor cells, such as breast
cancer, hepatocellular carcinoma, and lung cancer, compared
with that in normal cells.”*"* Beclinl and LC3 genes play a
crucial role in mammalian autophagy. Beclinl is involved
in the signaling pathway that activates autophagy and in the
initial step of autophagosome formation. In vivo studies have
further revealed that defective autophagy, such as in Beclinl
knockdown, provides an oncogenic stimulus, causing malig-
nant transformation and spontaneous tumors.'® LC3 comprises
a soluble LC3I and a lapidated form called LC3II. LC3II is
recruited into autophagosomes, which are considered to be a
reliable marker of autophagy.’ On the basis of these results,
we propose that protective autophagy is inhibited in cervical
SCC, and this condition may be related to carcinogenesis.

Table | Expressions of Beclinl, LC3, and EGFR in cervical SCC, high-grade CIN, and normal cervical epithelial tissues

Group Case, n Beclinl P-value LC3 P-value EGFR P-value
Negative (%) Positive (%) Negative (%) Positive (%) Negative (%) Positive (%)

Cervical SCC 80 59 (73.8) 21 (26.2) 0.000* 57 (71.2) 23 (28.8) 0.000* 25 (31.2) 55 (68.8) 0.494*

High-grade CIN 40 9 (22.5) 31 (77.5) 0.576> 12 (30.0) 28 (70.0) 0.617° 15 (37.5) 25 (62.5) 0.000°

Normal tissue 40 7 (17.5) 33 (82.5) 0.000¢ 10 (25.0) 30 (75.0) 0.000c 35 (87.5) 5(12.5) 0.000¢

Notes: *Cervical cancer vs CIN; °CIN vs normal tissue; “Cervical cancer vs normal tissue.

Abbreviations: CIN, cervical intraepithelial neoplasia; SCC, squamous cell carcinoma.
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Figure | Representative immunohistochemistry micrographs for Beclinl, LC3, and EGFR expression in cervical SCC, high-grade CIN, and normal cervical tissues.

Notes: (A) HE staining of normal cervical tissues. (B) HE staining of high-grade CIN. (C) HE staining of cervical SCC. (D) Moderate positivity of Beclin| in normal cervical
tissues. (E) Moderate positivity of Beclinl in high-grade CIN. (F) Moderate positivity of Beclinl in cervical SCC. (G) Moderate positivity of LC3 in normal cervical tissues.
(H) Moderate positivity of LC3 in high-grade CIN. (I) Weak positivity of LC3 in cervical SCC. (J) Weak positivity of EGFR in normal cervical tissues. (K) Moderate positivity
of EGFR in high-grade CIN. (L) Strong positivity of EGFR in cervical SCC. Original magnification x40 (A—C) and x200 (D-L).

Abbreviations: CIN, cervical intraepithelial neoplasia; HE, hematoxylin and eosin; SCC, squamous cell carcinoma.

Table 2 The associations between Beclinl, LC3, EGFR expression, and clinicopathologic parameters in cervical SCCs

Variables Case, n Beclinl P-value LC3 P-value EGFR P-value
Negative (%) Positive (%) Negative (%) Positive (%) Negative (%) Positive (%)

Age (years) 0.799 0.217 0.228
>45 40 29 (72.5) Il (27.5) 31 (77.5) 9 (22.5) 10 (25.0) 30 (75.0)
=45 40 30 (75.0) 10 (25.0) 26 (65.0) 14 (35.0) 15 (65.0) 25 (35.0)

Grade 0.443 0.240 0.369
Low 19 13 (68.4) 6 (31.6) 14 (73.7) 5(26.3) 7 (36.8) 12 (63.2)
Medium 40 32 (80.0) 8(20.0) 31 (77.5) 9 (22.5) 14 (35.0) 26 (65.0)
High 21 14 (66.7) 7 (33.3) 12 (57.1) 9 (42.9) 4 (19.0) 17 (81.0)

FIGO stage 0.102 0.581 0516
| 49 33 (67.3) 16 (32.7) 36 (73.5) 13 (26.5) 14 (28.6) 35(71.4)
I 31 26 (83.9) 5(le.l) 21 (67.7) 10 (32.3) I'1(35.5) 20 (64.5)

Lymph node status 0.883 0.476 0.889
No 60 44 (73.3) 16 (26.7) 44 (73.3) 16 (26.7) 19 (31.7) 41 (68.3)
Yes 20 15 (75.0) 5(25.0) 13 (65.0) 7 (35.0) 6 (30.0) 14 (70.0)

Abbreviations: FIGO, Federation International of Gynecology and Obstetrics; SCC, squamous cell carcinoma.

2246 submit your manuscript | www.dovepress.com oncoTargets and Ther‘apy 20 | 5:8

Dovepress


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Autophagy and EGFR in cervical SCC

Table 3 The associations between Beclin|, LC3 expression, and clinicopathologic parameters in cervical SCCs with positively expressed

EGFR
Variables Case, n Beclinl P-value LC3 P-value
Negative (%) Positive (%) Negative (%) Positive (%)

Age (years) 0.665 0.954
>45 30 22 (73.3) 8 (26.7) 23 (76.7) 7(23.3)
=45 25 17 (68.0) 8 (32.0) 19 (76.0) 6 (24.0)

Grade 0.761 0.852
Low I 7 (63.6) 4 (36.4) 8(72.7) 3(27.3)
Medium 28 21 (75.0) 7 (25.0) 21 (75.0) 7 (25.0)
High 16 11 (68.8) 531.2) 13 (81.2) 3(18.8)

FIGO stage 0.011 0.013
| 30 17 (56.7) 13 (43.3) 19 (63.3) Il (36.7)
Il 25 22 (88.0) 3 (12.0) 23 (92.0) 2 (8.0)

Lymph node status 0.036 0.092
No 41 26 (63.4) 15 (36.6) 29 (70.7) 12 (29.3)
Yes 14 13 (92.9) I (7.1) 13 (92.9) I (7.1)

Abbreviations: FIGO, Federation International of Gynecology and Obstetrics; SCC, squamous cell carcinoma.

However, other studies have shown that autophagy is upregu-
lated in tumors, including gastrointestinal cancers, pancreatic
cancer, and gallbladder cancer.'”" This finding may be
explained by the biphasic function of autophagy in cancer
development. On the one hand, autophagy is considered to be
a tumor-suppressive mechanism by which damaged organelles
are eradicated, thereby maintaining cell homeostasis by pro-
tecting normal cell growth or inducing caspase-independent
autophagic cell death. On the other hand, autophagy represents
a key survival mechanism in which tumor cells respond to
microenvironmental stress during cancer development.

The present study showed Beclinl and LC3 expression was
not significantly correlated with clinicopathological parameters,
including age, FIGO stage, pathologic differentiation, and
pelvic lymph node metastasis in patients with cervical SCC.
Furthermore, there were no significant differences in the 5-year
OS rate between the Beclinl- or LC3-positive and -negative
groups. These results are similar to those obtained in a previ-
ous study, which showed that Beclinl and LC3 expression in
50 cases of FIGO stage I-II cervical SCC were not signifi-
cantly associated with age, FIGO stage, pathologic differen-
tiation, or pelvic lymph node metastasis. However, the high
Beclinl expression group exhibited a significantly higher
3-year OS rate than did the low Beclinl expression group.?
In another study, Beclinl and LC3 expression were also found to
be not significantly associated with various clinicopathological
characteristics in cervical SCC, including tumor tissue obtained
from 56 tumor, node, metastasis (TNM) stage I-II patients and
24 stages III-1V patients. However, high clinical TNM stage and
lymph node metastasis have been identified in Beclin1- and LC3-
negative patients with positive high-risk human papillomavirus
(HPV) infection.® Similar results have been observed in other

cancer types. For instance, Jiang et al found that Beclinl and
LC3 expression were not associated with the age, sex, smoking,
histological type, lymph node metastasis, or TNM stage of lung
cancer patients." Yoshioka et al revealed that LC3 expression
was not correlated with various clinicopathological factors and
survival in gastrointestinal cancer.!” Conversely, other studies
have revealed that Beclinl or LC3 expression exhibits signifi-
cant negative correlations with cancer differentiation, lymph
node metastasis, and prognosis of cervical cancer'? as well as
pancreatic cancer,!® gastric carcinoma,? esophageal SCC,*
and hepatocellular carcinoma.” These contradictory findings
may be explained in two ways. First, autophagy is implicated
in different functions in diverse tumors and different phases
of tumor development. For instance, autophagy may suppress
tumorigenesis in the early phase of tumor development. How-
ever, autophagy may be a key tumor cell survival mechanism
in response to microenvironmental stress in the late phase of
tumor development. Second, the small number of cancer tissue
samples included in the present may limit the interpretation of
our results. Therefore, large-sample studies should be conducted
to confirm the role of autophagy in cervical SCC.

Similarly, the present study showed that EGFR expres-
sion was not significantly correlated with clinicopathological
parameters. Furthermore, there was no significant difference
in 5-year OS rate between the EGFR-positive and -negative
groups. We further investigated the clinicopathological sig-
nificance of Beclinl or LC3 expression in EGFR-positive
cervical SCC. The results revealed that the Beclinl- or
LC3-negativity with EGFR-positivity was associated with
higher FIGO stage (P=0.011 and P=0.013, respectively)
and pelvic lymph node metastasis (P=0.036 and P=0.092,
respectively). This study also revealed that the 5-year OS
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Figure 2 The univariate survival analyses with Kaplan—Meier method and log-rank test. There were no significant differences in the 5-year OS rate between the Beclin|- or
LC3- or EGFR-positive and -negative patients with cervical SCC. (A—C) There was no significant difference in the 5-year OS rate between the Beclinl- or LC3-positive
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rate of Beclinl- or LC3-negative patients with positive EGFR
decreased compared with those of Beclinl- or LC3-positive
patients with positive EGFR. However, no significant differ-
ence was observed between the two groups, which may have
been due to the small number of cases and short follow-up
duration. All of the patients who died were found with stage I1
or pelvic lymph node metastasis. On the basis of these results,
we propose that the downregulation of autophagy or the
upregulation of EGFR alone is insufficient to accelerate the
progression of cervical SCC. Conversely, the downregulation
of autophagy combined with the upregulation of EGFR may
promote the rapid progression of cervical SCC. Autophagy
downregulation leads to tumorigenesis in the early phase of
tumor development. Simultaneously, EGFR upregulation
triggers downstream signaling cascades through the binding
of growth factors; thus, cancer cell proliferation and survival
are enhanced. Indeed, the interaction of these two factors may
lead to the initiation and progression of cervical SCC. There-
fore, EGFR blockers combined with autophagy inducers may
be a good strategy for the management of cervical SCC.
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