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Abstract: Microtubule-associated protein light chain 3 (LC3) is a key mediator bridging autophagy, apoptosis and 
differentiation. However, its role and clinical significance in resectable esophageal squamous cell carcinoma (ESCC) 
is still scanty. The purpose of this study was to investigate the clinical significance of LC3 by immunohistochemistry 
in a group of patients with ESCC treated with surgical resection. Tissue microarray that included 253 surgically re-
sected ESCC specimens was successfully generated for immunohistochemical evaluation. The clinical/prognostic 
significance of LC3 expression was analyzed statistically. The association of LC3 expression with the ESCC survival 
rate was assessed by Kaplan-Meier and Cox proportional-hazards regression. The results showed that the immu-
nostaining of LC3 was distributed in cytoplasm and plasma-membrane. Significantly high LC3 expression was found 
in ESCC cells compared with that of normal esophageal epithelial cells. Patients with low expression of LC3 dem-
onstrated higher overall survival compared with those with high expression of LC3 (mean of 71.1 months versus 
55.5 months, P = 0.022). A similar result was observed for disease-free survival (mean of 68.7 months versus 51.8 
months, P = 0.021). In subgroup analysis, LC3 expression could stratify pN0 patients with ESCC. Multivariate analy-
sis showed that the level of LC3 expression was an independent prognostic factor in ESCC (RR = 1.407, P = 0.049). 
This paper shows high level of LC3 suggests poor prognosis for resectable ESCC patients. 
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Introduction

Esophageal squamous cell carcinoma (ESCC) is 
one of the most aggressive malignancies of the 
digestive tract [1, 2]. Surgical resection is still 
as the mainstay strategy employed for opera-
ble ESCC. Despite the great advances has been 
achieved in multimodal therapy, its five-year 
survival rate remains unsatisfactory [3-5]. 
Discovering suitable biomarkers will probably 
be a key to monitoring cancer recurrence or 
screening high risk population of ESCC, giving 
information on the need for adjuvant or neoad-
juvant therapy. 

LC3, microtubule-associated protein light chain 
3, was originally identified as a protein that co-

purifies with large microtubule associated with 
MAP1A and MAP1B from rat brain [6]. LC3 is an 
autophagosomal orthologue of yeast Atg8, with 
approximately 30% amino acid homology with 
Atg8 [7, 8]. It exists in two forms, LC3-I and LC3-
II (molecular weight, 18 and 16kD, respective-
ly), localized in the cytoplasm. LC3 is now widely 
used as a specific molecular marker to monitor 
autophagosome formation. Up-regulation of 
LC3 expression was observed in the presence 
of various stresses such as genomic injury, 
hypoxia, viral/bacterial infection, starvation [9]. 

Currently, numerous studies have been investi-
gated on the role of autophagy in cancer devel-
opment and cancer treatment. Accumulating 
data provide evidence that autophagy is 
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involved in tumor suppressor pathways. 
Beclin-1, an essential mediator of autophagy, 
was confirmed as a tumor suppressor in hetero-
zygous mouse models [10, 11], and intensive 
expression of Beclin-1 was found in breast, 
colorectal, and gastric cancers [12-14]. Further- 
more, higher expression of Beclin-1 has shown 
favorable survival than the lower ones in ESCC 
patients [15]. However, other studies support-
ed the idea that autophagy enhances tumor 
progression and protects cancer cells from 
anticancer therapies. As tumors grow, autopha-
gy may contribute to cancer cells survival under 
nutrient deprivation and hypoxia conditions 
[16-19]. Knockdown of autophagy, in combina-
tion with tamoxifen or 4-hydroxy-tamoxifen 
(4-OH-T), resulted in decreased cell viability of 
estrogen receptor-positive breast cancer cells 
[20, 21]; Inhibition of autophagy along with irra-
diation lead to enhanced cytotoxicity of radio-
therapy in resistant cancer cells [22]. Thus, the 
role of autophagy in tumor suppression and 
development is still controversial.

LC3, a specific marker of autophagy, has been 
examined in gastrointestinal cancers [23], but 
the evidence related to survival is still scanty in 
ESCC. Therefore, we performed this study to 
evaluate and explore the possible relation 
between the LC3 expression and prognosis in a 
large cohort of ESCC (253 cases) by immuno- 
histochemistry. 

Materials and methods

Patient selection

This study was approved by the medical ethics 
committee of Sun Yat-Sen University Cancer 
Center. Two hundred and sixty-five primary 
ESCC patients who underwent surgery at the 
Department of Thoracic surgery, Cancer Center, 
Sun Yat-Sen University, between October 2000 
and April 2007 were eligible for enrollment in 
the study. The histologic grade and clinical 
stage of the tumors were defined according to 
the 7th edition of the TNM classification of the 
International Union Against Cancer [24]. The 
cases selected in this study fulfilled the follow-
ing criteria: (a) newly diagnosed cancer of the 
esophagus without previous treatment; (b) his-
tologically confirmed primary thoracic ESCC; (c) 
no distant metastases, including supraclavicu-
lar or celiac lymph nodes metastases; (d) 
underwent a complete surgical resection (R0) 

at our cancer center; (e) adequate clinical infor-
mation and follow-up data were available. 
Patients with a non-curative resection (R1) or 
died from postoperative complications were 
excluded from the study. Patients with neoadju-
vant or adjuvant therapy were also excluded. In 
our cancer center, patients with ESCC that has 
invaded the airway or major vessels (such as 
the thoracic aorta) or accompanied by visceral 
metastasis are not indicated for surgery. The 
tumor specimens and paracancerous samples 
were obtained as paraffin blocks from the Bank 
of Tumor Source at our cancer center. Clinical 
data were obtained from hospital records after 
surgery. All the patients were followed up in 
May 2010 to determine their current status.

Tissue microarray construction 

Tumor tissue samples from 265 ESCC cases 
were collected, fixed in formalin, and embed-
ded in paraffin. H&E-stained sections from a 
single random block from each patient were 
reviewed by a senior pathologist (R-Z Luo) to 
define representative tumor regions. Two tar-
geted core samples of each specimen were 
obtained using a tissue array instrument 
(ALPHELYS Minicore instruments, France). 
Briefly, tissue cylinders with a diameter of 10 
mm were punched and arrayed on a recipient 
paraffin block. Sections (5 μm) of the tissue 
array (recipient) block were cut and placed on 
class slides. After the exclusion of cores with 
inadequate tissue following sectioning and tis-
sue transfer, the final immunohistochemical 
analyses included cores from 253 ESCC cases. 
Each of the 253 different ESCC cases contrib-
uted to the biomarker analyses. Among the 
253 cases, formalin-fixed paracancerous nor-
mal esophageal tissues were available for 56 
cases, which served as controls. The microar-
ray for the normal esophageal tissues was con-
structed according to the same method 
described above.

Immunohistochemistry (IHC) staining and as-
sessment

IHC staining was performed using TMA sections 
that were rehydrated via a graded alcohol 
series. Endogenous peroxidase activity was 
blocked with 0.3% hydrogen peroxide for 15 
minutes. For antigen retrieval, the TMA slides 
were boiled in tris(hydroxymethyl) aminometh-
ane-EDTA buffer (pH 8.0) in a pressure cooker 
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Figure 1. LC3 expression by immunohistochemical staining. (A, B) Normal esophageal mucosa demonstrated low 
expression of LC3 protein in the cytoplasm of all esophageal squamous cells (magnification: A, ×40, B, ×200). (C, D)  
An ESCC case demonstrating a low expression level of p300 (magnification: C, ×40, D, ×200). (E, F) High expression 
level of LC3 detected in ESCC (magnification: E, ×40, F, ×200).
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for 20 min. Nonspecific binding was blocked 
with 10% normal goat serum for 20 min. The 
TMA slides were incubated with rabbit anti-LC3 
antibody (NB100-2220, 1:400 dilution, Novus) 
for 12 hours at 4°C in a moist chamber. 
Subsequently, the slides were sequentially 
incubated with biotinylated rabbit anti-mouse 
immunoglobulin antibody at a concentration of 
1:100 for 30 min at 37°C and then with a strep-
tavidin-peroxidase conjugate for 30 min at 
37°C and 3’-3’diaminobenzidine as the chro-
mogen substrate. The nucleus was counter-
stained using Meyer’s hematoxylin. The nega-
tive control was obtained by replacing the pri-
mary antibody with normal rabbit IgG. Positive 

from surgery to death. DFS and OS were 
assessed using the Kaplan-Meier method and 
compared by the log-rank test. Multivariate sur-
vival analysis was performed for all of the 
parameters that were significant in the univari-
ate analysis using the Cox regression model. A 
two-sided probability value of less than 0.05 
was considered statistically significant.

Results

Patient characteristics 

Seventy females and one-hundred and eighty-
three males, aged from 32 to 80 years (median 

Table 1. Relationship between LC3 expression and 
clinicopathological variables

Variables	 Case 
number

LC3 Expression (%)
Low High P-valued

Age (years)
    ≤60 153 79 (51.6) 74 (48.4) 0.955
    >60 100 52 (52.0) 48 (48.0)
Gender
    Male 183 97 (53.0) 86 (47.0) 0.528
    Female 70 34 (48.6) 36 (51.4)
Surgery
    Standard 155 82 (52.9) 73 (47.1) 0.653
    Three-incision 98 49 (50.0) 49 (50.0)
Tumor location
    Upper 13 6 (46.2) 7 (53.8) 0.902
    Middle 174 90 (51.7) 84 (48.3)
    Lower 66 35 (53.0) 31 (47.0)
Histologic grade
    G1 58 32 (55.2) 26 (44.8) 0.155
    G2 163 78 (47.9) 85 (52.1)
    G3 32 21 (65.6) 11 (34.4)
pT category
    1 5 1 (20.0) 4 (80.0) 0.238
    2 60 35 (58.3) 25 (41.7)
    3 185 93 (33.1) 92 (66.9)
    4 3 1 (33.3) 2 (67.7)
pN category
    0 135 70 (51.9) 65 (48.1) 0.980
    1/2/3 118 61 (51.7) 57(48.3)
pTNM stage
    I 9 7 (77.8) 2 (22.2) 0.195
    II 145 77 (53.1) 68 (46.9)
    III 99 47 (47.5) 52 (52.5)
dPearson’s χ2 test; standard: left thoracotomy, three-incision: 
thoracic-abdominal-cervical anastomosis; Fisher’s χ2 test.

expression of LC3 in ESCC and normal 
esophageal mucosa cells exhibited a primar-
ily cytoplasm pattern (Figure 1). Internal 
positive and negative controls, including 
normal squamous mucosa of the esophagus 
from non-cancer patients, were utilized as 
available to further support the staining pat-
terns. Two independent observers (R-Z Luo 
and M Li) blinded to the clinicopathological 
information performed the immunoreactivity 
score (IRS) for LC3 expression. The staining 
results were scored based on the following 
criteria: (a) percentage of positive tumor 
cells in the tumor tissue: zero (0%), 1 (1%-
25%), 2 (26%-50%), 3 (51%-75%), and 4 
(76%-100%); (b) signal intensity: zero (no sig-
nal), 1 (weak), 2 (moderate), 3 (marked). IRS 
was calculated by multiplying the score for 
the percentage of positive cells by the inten-
sity score (range of 0 to 12). The average IRS 
for each case was assigned as the staining 
result for the patient. The specimens were 
rescored if the difference between the 
scores determined by the two pathologists 
was greater than 3 [25]. The median IRS was 
defined as the cut-off value; IRS greater than 
this value was considered high and, other-
wise, low. 

Statistical analysis

Statistical analysis was performed using 
SPSS software (standard version 16.0, 
SPSS, Chicago, IL, USA). The correlation 
between LC3 expression and clinicopatho-
logical features was assessed using 
Pearson’s χ2 test. Disease-free survival 
(DFS) was defined as the time from surgery 
to regional relapse or distant metastasis. 
Overall survival (OS) was defined as the time 
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Figure 2. Disease-
free survival (DFS) 
and overall sur-
vival (OS) curves for 
esophageal squa-
mous cell carcinoma 
patients according 
to LC3 expression 
status. A, B: DFS and 
OS curves: patients 
with low and high 
expression levels of 
LC3. C, D: DFS and 
OS curves: patients 
with low and high 
expression levels of 
LC3 at stage N0.
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58.0 years), were included in the study. The 
clinicopathological characteristics of the 253 
patients are listed in Table 1.

Expression of LC3 in ESCC

In the present study, LC3 staining of ESCC tis-
sue and normal esophageal mucosa revealed 
immunoreactivity primarily in cytoplasm within 
tumor cells. The protein expression of LC3 was 
examined by IHC in 253 cases of primary ESCC 
and in 56 cases of paracancerous esophageal 
mucosa. Using the criteria described above 
(median IRS of 8.0), high expression of LC3 was 
observed in 62.5% (122/253) of the ESCC. 
There was no significant correlation of LC3 
expression with clinicopathological parame-
ters, such as age, sex, tumor location, histolog-
ic grade, T status, N status and pathological 
stage. 

LC3 expression and survival 

Among the 253 ESCC patients, no patients 
were lost to follow-up. The median observation 

ological N1-3 patients (Table 2, P = 0.515/ 
0.597). 

Univariate analysis using Cox’s proportional 
hazard model showed that the following param-
eters correlated significantly with DFS and OS: 
T category, N category, and LC3 expression 
(Table 2). When the above parameters were 
included in multivariate analysis, the results 
suggested that T category, N category, and LC3 
expression were independent factors that 
affected OS (Table 3).

Discussion

LC3 is an autophagasomal orthologue of yeast 
autophagy-related gene 8 (Atg8), introduction 
of autophagy by various stresses such as star-
vation, hypoxia, stimulates up-regulation of LC3 
expression. In order to investigate the role of 
LC3 in ESCC, we evaluated LC3 expression in 
ESCC tissues using high throughput tissue 
microarray. Consistent with studies in several 
other tumor entities, including esophageal 

Table 2. Kaplan-Meier survival analysis (log-rank test) according to LC3 
expression in ESCC patients

Variable Case 
number

DFS (months) OS (months)
Mean Median P-value Mean Median P-value

Total 
    Low expression 131 68.7 NR 0.021 71.1 70.0 0.022
    High expression 122 51.8 30.0 55.5 40.0
pT1-2
    Low expression 37 68.2 NR 0.194 70.9 NR 0.243
    High expression 28 57.3 57.0 62.1 66.0
pT3-4
    Low expression 94 66.3 NR 0.074 68.7 70.0 0.061
    High expression 94 42.6 26.0 46.3 39.0
pN0
    Low expression 70 90.4 NR 0.011 92.1 NR 0.009
    High expression 65 67.2 74.0 70.0 74.0
pN1-3
    Low expression 61 37.3 18.0 0.515 39.6 26.0 0.597
    High expression 57 29.7 16.0 35.0 24.0
Histologic grade
G1
    Low expression 32 63.8 70.0 0.447 66.0 70.0 0.540
    High expression 26 59.5 51.0 63.0 64.0
G2-3
    Low expression 99 68.1 NR 0.033 70.6 70.0 0.029
    High expression 96 42.5 26.0 46.5 39.0
ESCC: esophageal squamous cell carcinoma; DFS: disease-free survival; OS: overall sur-
vival; NR: not reached.

period was 63.0 mon- 
ths (4-115 months), and 
135 patients were de- 
ceased and 118 were 
alive at the end of the 
follow-up. The 5-year 
DFS and OS for the 
entire cohort were 47.5 
% and 50.3%, with me- 
dian survival times of 
52.0 and 63.0 months, 
respectively.

Patients with low ex- 
pression of LC3 demon-
strated longer OS com-
pared with those with 
high expression of LC3 
(mean of 71.1 months 
versus 55.5 months, P 
= 0.022, Figure 2, Table 
3). A similar result was 
obtained for DFS (mean 
of 68.7 months versus 
51.8 months, P = 0.021, 
Figure 2, Table 2). In the 
subgroup analysis, LC3 
expression distinguish- 
ed the DFS/OS well for 
pathological N0 patie- 
nts (Table 2, P = 0.011/ 
0.009), but not for path-
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squamous cell carcinoma, gastric cancer and 
colorectal cancer [23], our results showed that 
a significant percentage of cells in the esopha-
geal cancer mucosa demonstrated positive 
staining for LC3 compared with those in non-
cancerous esophageal mucosa. This may due 
to basal autophagy plays an important role in 
maintaining homeostasis in normal tissue [26, 
27].

Increasing evidence indicates that autophagy 
plays an important role in cancer development. 
LC3, as a specific molecular biomarker of 
autophagy, also has been involved in carcino-
genesis [28, 29]. In the present study, no sig-
nificant correlation was observed between 
clinicopathological parameters and LC3 expres-
sion statistically. Nevertheless, high expression 
of LC3 in ESCC has shown shorter survival than 
the ones of low expression. Similar results were 
also reported in melanoma [29]. The lack of 
prognostic significance of LC3 was also report-
ed in other surgical series of the patients with 
ESCC [23], this discrepancy is not surprising in 
light of studies with the difference of the sam-
ple enrolled.

Surgical resection can be considered as the 
standard treatment for patients with local 
ESCC. However, the problem how to identify the 
patients who could benefit from surgery is still 
unresovled. In the present study, elevated 
expression of LC3 was found to be an unfavor-
able prognostic factor in ESCC patients. High 

nutrient deprivation. Another possible mecha-
nism is that the relatively poor blood supply in 
esophageal mucosa, increased expression of 
LC3 in cancer cells is more likely to sustain sur-
vival at this situation [30]. The third potential 
mechanism may relate to activation of positive 
regulator of apoptosis such as Bcl-2/ induced 
autophagy [31]. In future, identification the 
underlined mechanism would be helpful to 
designing ESCC patient-tailored therapy.

LC3 expression could be used to stratify DFS 
and OS in different subsets of patients, espe-
cially in pN0 stage patients, but not in stage 
pN1-3. This finding was supported by the previ-
ous study in ESCC [23], which suggest that LC3 
is closely associated with the early phase of 
tumorigenesis in ESCC, but not with advanced 
stage. Therefore, the determination of LC3 
expression by IHC could be used for these 
patients, who are more likely to experience dis-
ease recurrence or progression after surgical 
resection. In addition, adjuvant therapies 
should be recommended to these patients with 
higher expression of LC3 in pN0 stage.

There are some limitations in this study. Firstly, 
the samples selected from a single institution, 
and the number of samples enrolled may not 
enough for subgroup analysis. Subsequently, 
this is a retrospective study. Last, the informa-
tion on chemotherapy or radiotherapy is inade-
quate to draw a conclusion about the potential 
role of LC3 expression to therapeutic sensi- 
tivity. 

Table 3. Results of the univariate and multivariate survival analyses 
for OS according to the Cox regression model

RR 95% CI P-value
Univariate survival analysis
Age (≤60 vs. >60) 1.142 0.812-1.606 0.444
Gender (male vs. female) 1.262 0.858-1.855 0.237
Tumor locationg 0.909 0.649-1.273 0.579
Surgery (left thoracotomy vs. three incision) 0.142 0.812-1.606 0.444
Histologic gradeh 1.297 0.971-1.731 0.078
T categoryi 1.470 1.010-2.140 0.044
N category (0 vs. 1/2/3) 3.465 2.414-4.972 <0.001
LC3 expression (high vs. low) 1.479 1.053-2.077 0.024
Multivariate survival analysis
T category 1.389 0.963-2.005 0.079
N category (1/2/3 vs. 0) 3.388 2.358-4.868 <0.001
LC3 expression (high vs. low) 1.407 1.001-1.977 0.049
gTumor location: upper vs. middle vs. lower; hHistologic grade: G1 vs. G2 vs. G3; iT 
category: T1 vs. T2 vs. T3 vs. T4; RR: relative risk; CI: confidence interval.

expression of LC3 was one 
of the most important pre-
dictors of poor DFS and OS 
in the multivariate analy-
sis. This result was similar 
to the previous study 
reported on melanoma 
[29]. Therefore, we could 
conclude that LC3 is close-
ly correlated with clinical 
outcome in human ESCC.

How LC3 promotes pro-
gression of ESCC is elu-
sive. One possibility may 
that LC3 upregulation may 
represent an adaptive cel-
lular mechanism directed 
to overcome uncontrolled 
proliferation and metabolic 
stress such as hypoxia and 
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In conclusion, the present study determined 
the prognostic value of LC3 in the ESCC patients 
treated with surgical resection. LC3, as detect-
ed by IHC, may serve as a novel molecular 
marker for the prognosis of ESCC patients 
treated with surgical resection. Further studies 
are needed to evaluate the role of LC3 and clini-
cal application in the treatment of ESCC.
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