
Abstract. Background: The current study examined the key
proteins involved in autophagosome formation and their
prognostic role in gastric cancer. Materials and Methods:
Paraffin-embedded tissues from 121 consecutive patients
treated with surgery for gastric cancer were analyzed
immunohistochemically for the expression of autophagic
proteins microtubule-associated proteins 1A/1B light chain 3A
and 3B (LC3A, LC3B) and beclin-1 (encoded by BECN1 gene).
Assessment of proliferative index using E3 ubiquitin-protein
ligase (MIB1) and correlations with histopathological
parameters and overall survival were performed. Results:
Strong cytoplasmic expression was noted for all studied
proteins, although to a varying proportion, the median
percentage being 30% for LC3A, and 40% for LC3B and
beclin-1. The median score of LC3A+ stone-like structures
(SLS) was 0.2 (range 0-1) and the median proliferative index
was 30% (range=0-95%). A significant association between
LC3A, LC3B and beclin-1 expression was confirmed (p<0.01).
SLS score was higher in tumors of the gastro-esophageal
junction (p=0.009), and beclin-1 was overexpressed in
intestinal-type tumors (p=0.001). High SLS score (p=0.008)
was significantly related to poor prognosis, and this finding
persisted in multivariate analysis (hazard ratio(HR)=2.01,
p=0.003). Conclusion: Intense autophagic activity, as assessed
by LC3A immunostaining and SLS quantification, is a strong
prognostic marker in gastric cancer and can be useful for
clinical application.

The role of autophagy in cancer development, growth and
metastasis has been recently under intense investigation. The
overexpression of proteins involved in the autophagic
pathway has emerged as being of prognostic relevance in

several cancer types, including gastrointestinal malignancies
(1-3). Microtubule-associated proteins 1A/1B light chain 3A
and 3B (LC3A and LC3B) proteins are among the most
studied, as they constitute the essential proteins of the inner
and outer autophagosomal membranes, providing the means
of an indirect estimate of the cellular autophagosomal
content. 

Three main isoforms of the LC3 protein, encoded by
different genes, have been identified, namely LC3A, -B and
-C (4, 5). These may not be identical in their function and,
as we recently reported, the three LC3 isoforms possess
distinct subcellular localizations and nuclear/cytoplasmic
kinetics (6). Moreover, aside from the overexpression of
these proteins by a subset of carcinomas, an LC3A-specific
expression pattern, the so called ‘stone-like structure’ (SLS)
pattern identified by our group, has shown the strongest
association with prognosis in a variety of human tumor types
(7-9). The SLS pattern is exclusively found in cancer cells
and is recognized as large, rounded, densely stained material,
amorphous or laminated, typically enclosed within an LC3A-
expressing cytoplasmic vacuole (10). We have postulated
that this pattern of expression goes along with an intense
autophagic flux that exhausts the lysosomal pool necessary
for the digestion of the autophagosomal content, resulting in
the accumulation of undigested material in the cytoplasm of
cells. Of interest, glucose deprivation and acidic conditions
reproduce this pattern of expression in cell culture (11).

In the current study, we investigated the expression
patterns of the autophagic proteins LC3A, LC3B and that of
the autophagy initiation signaling molecule beclin-1 in a
series of gastric carcinomas treated with surgery. The role of
these proteins in the prognosis of patients was also analyzed.

Materials and Methods
Formalin-fixed, paraffin embedded material from 121 patients treated
with curative surgery for gastric cancer were collected from the
Archives of the Department of Pathology, Democritus University of
Thrace, Medical School, Alexandroupolis, Greece. The selected cases
were serial according to the archive number. Table I reports the patient
and disease characteristics. The median overall survival was 38 months
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(range=2-156 months) and 41/121 patients were alive at the time of
analysis. Patients were classified according to the pathologic TNM
International Union Against Cancer staging system (12). 

Immunohistochemistry for autophagy/lysosome related proteins.
Autophagy-related proteins were detected by a previously
standardized immunohistochemical technique. Selection of the LC3A
and LC3B antibodies was performed based on a previous study of
validation of the specificity of multiple antibodies regarding the
selective recognition of two out of three known LC3 isoforms (6).
The primary antibodies used were as follows: i) Purified rabbit
polyclonal antibody MAP1LC3A (Abgent, San Diego, CA, USA)
raised against a synthetic peptide at the C-terminal cleavage site of
the human cleaved-LC3A (APG8a). ii) Mouse monoclonal
MAP1LC3B 5F10 (Nanotools, Teningen, Germany) antibody used at
a dilution 1:100 with overnight incubation. iii) Rabbit monoclonal
antibody EPR1733Y to beclin-1 (Abcam, Cambridge, UK), used at a
dilution 1:50 with overnight incubation. This was raised against a
synthetic peptide corresponding to residues near the C-terminus of
human beclin-1. For the assessment of the proliferative index, MIB1
monoclonal antibody (DAKO, Glostrup, Denmark) was used at a
dilution of 1:75 for 20 min.

Sections, 3-μm-thick, were deparaffinized and placed in antigen
retrieval target solution pH 9.0 (DAKO), followed by microwaving
(3×5 min). The primary monoclonal antibodies were applied.
Following washing with phosphate-buffered saline (PBS),
endogenous peroxidase was quenched with EnVision Flex Peroxidase
Block (DAKO) for 10 min then sections were washed with PBS.
Non-specific binding was blocked in EnVision Flex mouse Linker for
15 min (DAKO), and then sections were washed with PBS. Sections
were then incubated with a secondary antibody (EnVision Flex/HRP;
DAKO) for 30 min, and washed in PBS. The color was developed by
5 min incubation with 3,3’-diaminobenzidine (DAB) solution and
sections were counterstained weakly with hematoxylin. 

In every staining run, one component of the sequential staining
reaction was omitted from at least one section, this usually being
the omission of the primary antibody and its replacement by normal
rabbit immunoglobulin-G.

Evaluation of immnunohistochemistry. The patterns of LC3A
expression are mainly diffuse cytoplasmic and SLS, as previously
reported (7-9). The SLS are readily recognized as large, rounded,
densely stained material, amorphous or laminated, typically
enclosed within a LC3+ cytoplasmic vacuole. The proportion of
cancer cells with strong LC3A+ cytoplasmic expression was
recorded in all available ×200 optical fields (whole section) and the
mean value was used to score each case. For SLS scoring, the
number of cells with SLS features was recorded in all available
×200 optical fields (whole section) and the score was obtained by
dividing the total number of SLS by the number of optical fields.
LC3B has a predominantly cytoplasmic staining pattern The
proportion of cancer cells with strong LC3B cytoplasmic expression
was recorded in all available ×200 optical fields (whole section) and
the mean value was used to score each case.

MIB1 expression is nuclear and therefore the percentage of
cancer cells with nuclear immunostaining was assessed in all
available fields (×200 magnification) and the mean value was used
to score each case.

For all markers, values higher than the median were used to
group cases as having high or low protein expression.

Statistical analysis. The statistical analysis and graphical
presentation was performed using GraphPad Prism 5.00 and the
GraphPad Instat packages (GraphPad, San Diego, CA, USA). The
chi-squared or the Fisher’s exact test was used to compare
categorical variables, as appropriate. Linear regression analysis was
used to assess correlations between continuous variables. Survival
curves were plotted using the Kaplan–Meier method, and the log-
rank test was used to determine statistical differences between life
tables. A Cox proportional hazard model was used to assess the
effect of assessed parameters on death events. p-Values less than
0.05 were considered to be statistically significant.

Results
Histopathological correlations. Analysis of associations
between histopathological variables revealed a strong
association between T-stage and nodal involvement
(p<0.0001). In the group of intestinal-type adenocarcinomas,
high grade was directly related to advanced T-stage (p=0.02)
and nodal involvement (p=0.0006). The proliferative index
ranged from 0-95% (median=30%). No association of LC3 or
beclin-1 proteins with histopathological variables was noted.
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Table I. Patient and disease characteristics.

Parameter                                                                      Value

Gender, n
   Female                                                                     36
   Male                                                                         85
Age, n
   39-65 Years                                                              45
   >65 Years                                                                 76
Status, n*
   Alive                                                                         41
   Dead                                                                         80
Follow-up (months)
   Median (range)                                                       38 (2-156)
Tumor localization, n
   Body                                                                         70
   Pylorus                                                                     42
   Gastro/esophageal junction                                      9
Histology, n
   Diffuse                                                                     25
   Intestinal                                                                  96
T-Stage, n
   1,2                                                                            43
   3                                                                                78
Nodal status, n
   Negative                                                                   51
   Positive                                                                    70
Grade (intestinal-type), n
   1                                                                                26
   2                                                                                19
   3                                                                                51

*Last follow-up recorded in patient documents or retrieved by
contacting the patient or their relatives.



Correlations between immunohistochemical variables.
Strong cytoplasmic expression of LC3A was noted to a
varying degree among cases, the median percentage being
30% (range=0-100%). Cases with LC3A+ ≥30% (74/121,
61.2%) were considered as having high cytoplasmic LC3A
expression. Figure 1A shows a typical image of strong LC3A
cytoplasmic staining in cancer cells, while Figure 1B shows
weak expression in normal gastric mucosa. The median score
for LC3A+ SLS was 0.2 (range=0-1). Sixty-four out of 121
(52.9%) cases had a score ≥0.2 and these cases were
considered as having a high SLS score. Figure 1C shows a
typical SLS among cancer cells. 

Regarding LC3B, the median percentage of cells with
strong reactivity was 40% (range=0-100%). Sixty-three out
of 121 (52%) cases expressed LC3B in ≥40% of the cell
population, and these were assigned to the category with
high LC3B expression. Figure 1D shows a typical image of
strong LC3B cytoplasmic staining in cancer cells, while
Figure 1E shows weak expression in normal gastric mucosa. 

Beclin-1 was strongly expressed in a median of 40% of
cancer cells (range 0-100%), and 62/121 (51.2%) that had a
score ≥40% were considered to have high beclin-1 reactivity.
Figure 1F shows typical expression of beclin-1 by gastric
cancer cells.

Linear regression analysis between the immunohistochemical
variables studied revealed a strong positive association between
cytoplasmic LC3A expression and the SLS score (p<0.0001,
r=0.26) as well as with LC3B expression (p=0.002, r=0.26).
LC3B expression was also directly positively associated with
beclin-1 expression (p<0.0001, r=0.46). Although there was a
trend, the correlation of SLS and LC3A with beclin-1
expression did not reach significance.

Categorical analysis revealed similar associations (Table
II). Although overall there was a significant concurrent
overexpression of LC3A and LC3B in gastric carcinomas
(p=0.002), 30/121 cases had preferentially up-regulated
expression of LC3A, while 14/121 overexpressed only the
LC3B protein. In categorical analysis, a significant positive
association of LC3A and of LC3B with beclin-1 expression
was confirmed (p=0.009 and p=0.0001, respectively).

Association between immunohistochemical and histopatho-
logical variables. The only significant association between
LC3A or SLS and histopathological variables was the
significantly higher SLS score noted in tumors of the gastro-
esophageal junction as compared to those of the gastric body
or pyloric regions (medial SLS score: 0.45 vs. 0.23 and 0.20
respectively; p=0.009). By contrast, tumors of junctional
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Figure 1. Immunohistochemical images of gastric cancer and normal gastric mucosa. A: Strong cytoplasmic expression of microtubule-associated
proteins 1A/1B light chain 3A (LC3A) protein by cancer cells in a gastric adenocarcinoma (×20). B: Weak cytoplasmic expression of LC3A by
normal gastric glands (×20). C: A typical LC3A-positive stone-like structure (×20; inset: ×60). D: Strong cytoplasmic expression of LC3B in a
gastric adenocarcinoma (×20). E: Weak cytoplasmic expression of LC3B by normal gastric glands (×20). F: Strong cytoplasmic beclin-1 expression
in a gastric adenocarcinoma (×20).



location had a significantly lower expression of LC3B (21%
vs. 43% and 39% for body and pyloric locations, respectively;
p=0.05). Beclin-1 was significantly overexpressed in intestinal-
type adenocarcinomas compared to diffuse-type tumors
(median 70% vs. 35%; p=0.001). No other association of any
of the immunohistochemical variables examined with T- or N-
stage was noted.

Survival analysis. Kaplan–Meier disease-specific overall
survival analysis showed that advanced T-stage of disease,
nodal involvement, diffuse growth pattern and high grade in
intestinal-type tumors were significantly related to poor
prognosis (Table III). A high SLS score was significantly
related to poor prognosis (p=0.008) and this persisted in
multivariate analysis (p=0.003, hazard ratio=2.01); Figure 2.
High expression of LC3B was related to a favorable outcome
in univariate analysis, although this did not reach
significance (p=0.08).

Discussion

Autophagy is an essential biological process aiming to cleanse
the cell cytoplasm of damaged or aged proteins and organelles
which are used in the body’s innate recycling program for
producing simple molecular structures for energy and growth
demands (13). In this process, the degraded material is
engulfed by autophagosomes and subsequently fused with
lysosomes, the enzymes responsible for digestion of the intra
auto-lysosomal material. Up-regulation of autophagy flux
often occurs in cancer cells, providing them with an important
survival and growth advantage (14).

Beclin-1, a mammalian orthologue of the yeast apg6/vps30
gene, is a scaffold protein for the formation of the
phosphatidylinositol-3-kinase (PI3K) complex (15). This
protein complex is among the first components recruited by

the developing autophagosome and is essential for autophagy.
The clinicopathological role of PI3K protein in gastric cancer
has been extensively studied, but yielded contradictory results
in regard to its prognostic value. Studies from Chinese
institutions reported that the immunohistochemical
overexpression of gastric carcinomas ranges between 58%
and 84% (16-19). It was found that reduced beclin-1
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Table II. Analysis of the association between immunohistochemical variables by category.

                                        LC3A, n                                                             LC3B, n                                                               SLS, n

                               Low               High                p-Value              Low                    High                p-Value              Low                High               p-Value

LC3B                       47                   74                                               58                        63                                               57                   64
   Low                      31                   27                   0.002                                                                                                                                                    
   High                     16                   47                                                                                                                                                                                
SLS
   Low                      36                   21                <0.0001                 29                        28                   0.58                                                                       
   High                     11                   53                                               29                        35                                                                                                 
Beclin-1
   Low                      30                   29                   0.009                   39                        20                   0.0001                33                   26                   0.06
   High                     17                   45                                               19                        43                                               24                   38                       

LC3A, LC3B: Microtubule-associated proteins 1A/1B light chain 3A and 3B proteins; SLS: stone-like structure. 

Table III. Univariate (Kaplan–Meier) and Cox regression multivariate
analysis of death events.

                                                      Univariate                     Multivariate

Variable                                    HR          p-Value          HR          p-Value

Histology
   Diffuse vs. intestinal            1.97           0.02               ----              ----
Location
   Pylorus vs. other                  3.90           0.01              2.93           0.005
T-Stage 
   3 vs. 1,2                                2.22           0.0007          1.90           0.01
Node
   Positive vs. negative            2.17           0.0009          1.92           0.01
Grade intestinal type
   3 vs. 1/2                                1.90           0.01               ----              ----
Proliferative index
   High vs. low                         0.80           0.30               ----              ----
LC3A                                          
   High vs. low                         0.78           0.29               ----              ----
LC3A SLS
   High vs. low                         1.81           0.008            2.01           0.003
LC3B
   High vs. low                         0.59           0.08               ----              ----
Beclin-1
   High vs. low                         1.01           0.98               ----              ----

HR: Hazard ratio; LC3A, LC3B: microtubule-associated proteins 1A/1B
light chain 3A and 3B proteins; SLS: stone-like structure. 



expression was associated with poor differentiation, advanced
stage and shorter overall survival. In 2015, a study form
Korea reported similar results, with the reduced beclin-1
expression being related to high grade and advanced-stage
tumors (20). A more recent Chinese study reported that
beclin-1 overexpression was linked with poor prognosis in
their series of patients (21).

In our study, beclin-1 overexpression was found in 51% of
cancer cases and this was associated with the intestinal-type
gastric adenocarcinomas – a finding which is in accordance
with the study by Yu et al. (19). We were not able, however,
to confirm any positive or negative prognostic relevance with
regard to beclin-1. Whether ethnicity is a factor defining the
distinct biological function of beclin-1 between Western and
Eastern populations, which may differently affect prognosis,
cannot be excluded as a reason for this discrepancy (22, 23).
Suppression of beclin-1 may occur for various reasons and
this may characterize a subgroup of patients with poor
prognosis. This, however, does not mean that such tumors do
not use alternative pathways to activate autophagy. The role
of beclin-1 can be well bypassed in its absence, so that high
autophagy flux may exist even in beclin-1-negative tumors
(24, 25). Thus, beclin-1 is not a reliable marker of autophagy
flux. Aside from its role in autophagy, it has additional
functions that may affect cancer biological behavior
independently of autophagy (26)

We, therefore, focused on structural autophagosomal
proteins in order to assess the autophagosomal content in
cancer cells, using immunohistochemistry. It is stressed that
even such markers can fail to estimate the autophagic flux,
as accumulation of autophagosomes can be either an
indicator of reduced autophagosomal consumption or of
increased autophagosomal formation. In any case, the LC3
proteins seem to be the most appropriate markers for
studying the autophagosomal cytoplasmic content, as these
are essential components of the inner and outer
autophagosomal membranes (13). We examined the
expression of two distinct forms of the LC3 protein, LC3A
and LC3B. We found a significant association between the
cytoplasmic expression of the two forms, although in one-
third (44/121) of the examined cases expression of only one
of these two LC3s was up-regulated. Expression of both
proteins was significantly positively correlated with that of
beclin-1, showing that beclin-1 was an important autophagy
signaling molecule in a large percentage of the gastric
carcinomas examined. No association with histopathological
variables or MIB1 proliferative index was noted.

An additional LCA-related immunohistochemical pattern
was studied – the so-called SLS, which, presumably, reflects
extensive cytoplasmic consumption of the cancer cell and
exhaustion of the lysosomal content that can be readily
recognized and quantified in cancer specimens, as previously
reported (8-10). This pattern was directly linked with
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Figure 2. Kaplan–Meier disease-specific overall survival curves of all
patients (A), patients with diffuse-type (B) and those with intestinal-type
(C) gastric cancer.



cytoplasmic LC3A expression and was the only autophagy-
related parameter that was strongly and independently linked
with poor prognosis. This is in accordance with a recently
published study on gastric cancer (27). Cytoplasmic
expression of LC3A was not related to prognosis, while
overexpression of LC3B was marginally associated with
better outcome, compatible with the results reported in an
earlier study (28). Cytoplasmic expression of LC3A was
previously found to be associated with good prognostic
markers in breast cancer (9). It seems that the cytoplasmic
expression of LC3 proteins, although identifying tumors of
high autophagic activity, also identifies tumors with a reduced
autophagic flux resulting in autophagosome accumulation.
The LC3A+ SLS pattern is a finding that can discriminate
which tumors have intense autophagic flux, and these tumors,
indeed, had an aggressive clinical behavior (8-10).

It is concluded that intense autophagic activity, as assessed
with LC3A immunostaining and SLS pattern quantification, is
a strong prognostic marker in gastric cancer and can be tested
for clinical use, aside from the traditional histopathological
prognostic features.
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