
Abstract. Autophagy is a bulk protein and organelle
degradation process essential for cell maintenance and
viability. Microtubule-associated protein 1 light chain 3 (LC3),
the mammalian homologue of yeast Atg8, is involved in
autophagosome formation during autophagy. The aim of this
study was to investigate LC3 expression in gastrointestinal
cancers to elucidate the role of autophagy in human cancer
development. We evaluated LC3 expression by immuno-
histochemistry in 163 gastrointestinal cancers including 106
esophageal, 38 gastric and 19 colorectal cancers. Seventy
precancerous intraepithelial neoplasias were found in
esophageal cancer specimens. LC3 expression was compared
with Ki-67 staining and expression of carbonic anhydrase
(CA) IX, a hypoxic marker. LC3 was expressed in the
cytoplasm of cancer cells, but not in noncancerous epithelial
cells. A high expression of LC3 was observed in 53% of
esophageal, 58% of gastric and 63% of colorectal cancers.
LC3 immunoreactive score gradually increased during early
esophageal carcinogenesis in low- and high-grade intra-
epithelial neoplasia and T1 carcinoma, while it did not change
in later cancer progression (T2-T4 carcinomas). In early
esophageal carcinogenesis, LC3 expression correlated with
Ki-67 labeling index (p=0.0001), but showed no significant
association with CAIX expression. In esophageal cancers,
LC3 expression did not correlate with various clinicopatho-
logical factors, including survival. LC3 is upregulated in
various gastrointestinal cancers and partly associated with
Ki-67 index. Our results suggest that LC3 expression is
advantageous to cancer development especially in early-
phase carcinogenesis.

Introduction

Autophagy is an evolutionarily conserved process in which
intracellular membrane structures sequester proteins and
organelles to degrade these materials, and serves to eliminate
defective cellular constituents, including subcellular structures
such as mitochondria, to maintain cellular homeostasis (1-3).
During autophagy, cytoplasmic components are engulfed by
double-membrane structures known as autophagosomes,
which fuse to lysosomal vesicles where the contents are
degraded into their components (1). Autophagy also plays an
important role as a self-eating system to produce energy for
adaptation and survival under starvation, and is known to
protect cells against stresses (4,5). Autophagy is regulated by
mammalian target of rapamycin (mTOR), which is a
serine/threonine protein kinase that acts as a central regulator
of cell growth and survival, through the action of class I
phosphatidylinositol 3-kinase (PI3K) (6). Class I PI3K
activates Akt1, which is another serine/threonine protein
kinase located downstream of class I PI3K, and stimulates
mTOR, leading to suppression of autophagy (7,8).

So far, more than 20 genes have been identified as
autophagy-related genes (ATG) in yeast (9,10). Many of
the yeast ATG genes are conserved in mammals, and many
mammalian homologues have been identified and character-
ized (11,12). Microtubule-associated protein 1 light chain 3
(LC3) is an autophagosomal orthologue of yeast Atg8, with
approximately 30% amino acid homology with Atg8 (11,13).
It exists in two forms, LC3-I and its proteolytic derivative
LC3-II (molecular weight, 18 and 16 kD, respectively) (14).
LC3-I is localized in the cytoplasm, whereas LC3-II binds to
autophagosomes (14). Introduction of autophagy by various
stresses such as starvation, stimulates the conversion of LC3-I
to LC3-II, and upregulation of LC3 expression (15). Thus,
LC3 is a specific marker of autophagosome formation.

Recently, the role of autophagy in cancer development
and cancer treatment has been investigated both in vitro and
in vivo. There is ample evidence to suggest that autophagy
is involved in tumor suppressor pathways. Inactivation of
autophagy-specific genes, such as mammalian Atg6 homo-
logue, Beclin 1, results in increased tumorigenesis in mice,
and enforcement of the expression of such genes inhibits the
formation of human breast tumors in mouse models (16).
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Furthermore, several cancer types, such as breast, ovarian and
prostate, have a high frequency of allelic loss of Beclin 1 (17).
On the other hand, other studies demonstrated that autophagy
promotes tumor progression and protects some cancer cells
against anticancer treatments. As tumors grow, cancer cells
may require autophagy to survive nutrient-limiting and low-
oxygen conditions, especially in the central area of the tumors,
which is often poorly vascularized (18-21). Chloroquine,
which is regarded as an autophagy inhibitor, enhances the
animal's response to tamoxifen (22). Furthermore, autophagy
protects some cancer cells against ionizing radiation (23).
Thus, the role of autophagy in tumor suppression or develop-
ment and tumor response to anticancer therapy is still unclear.

In the present study, we examined LC3 expression in
gastrointestinal cancers including esophageal cancer, gastric
cancer and colorectal cancer by immunohistochemistry. To
our knowledge, this is the first study in which the role of
autophagy in human gastrointestinal cancer tissues was
investigated by immunohistochemistry. In addition, we
investigated LC3 expression in multistage carcinogenesis of
esophageal cancers and the relation between its expression
and clinicopathological factors of those cancers. We then
attempted to elucidate the role of autophagy in human cancer
development.

Materials and methods

Patients and samples. Our study was conducted with 106
patients with esophageal squamous cell carcinoma (ESCC),
38 patients with gastric adenocarcinoma, and 19 patients with
colorectal adenocarcinoma, who were admitted to our hospital
between 1999 and 2004. They underwent curative resection
at the Department of Gastroenterological Surgery, Osaka
University Hospital. None had received pre-operative anti-
cancer therapy. The tumors were classified according to the
International Union against Cancer (UICC) guidelines and
the criteria defined by the WHO International Histological
Classification of Tumors (24). Whole surgically removed
esophagus was histologically investigated with longitudinally
cut 5-mm step sections, and we found 39 lesions of low-grade
and 31 lesions of high-grade intraepithelial neoplasia in the
106 esophageal cancer patients. Low-grade intraepithelial
neoplasia (LGIN) was defined as the presence of an atypical
cell zone with large hyperchromatic nuclei and increased
mitotic activity forming less than half of the stratified
squamous epithelium. High-grade intraepithelial neoplasia
(HGIN) referred to tumors with an atypical cell zone encom-
passing more than half of the epithelium. The study protocol
was approved by the Human Ethics Review Committee of
the Graduate School of Medicine, Osaka University and a
signed consent form was obtained from each subject.

Immunohistological staining procedures and evaluation of
staining. Surgical specimens were fixed in 10% formaldehyde
and routinely processed for paraffin embedding. Histological
sections (4 μm thick) were stained with hematoxylin and
eosin. A representative section from each cancer with the
deepest tumor infiltration and all sections of intraepithelial
neoplasia of the esophagus were subjected to immunohisto-
chemical examination.

For immunohistochemical analysis, we used LC3 rabbit
polyclonal antibody (kindly provided by Dr Y. Uchiyama;
dilution 1:200) (25), Ki-67 (mouse monoclonal antibody
MIB-1; Dako, Carpinteria, CA; dilution 1:400), and carbonic
anhydrase (CA) IX (N19) (goat polyclonal antibody, Santa
Cruz, CA; dilution 1:200) on semi-serial sections of paraffin-
embedded, formalin-fixed material. Immunostaining was
performed using streptavidin-peroxidase complex method as
described previously (26). Briefly, 4-μm paraffin sections
were deparaffinized, endogenous peroxidase was blocked
with 0.3% H2O2 in methanol, and the sections were then
covered with 10% normal rabbit serum for 20 min at room
temperature. The sections were incubated 48 h at 4˚C with
primary antibodies, and then processed by the biotin-
streptavidin method using a commercially-available kit,
according to the instructions provided by the manufacturer
(Vector Laboratories, Burlingame, CA). For negative
controls, non-immunized mouse or rabbit IgG serum (Vector
Laboratories, Burlingame, CA) was used as the primary
antibody, which yielded negative results. Color was
developed with diaminobenzidine tetrahydrochloride
supplemented with 0.02% hydrogen peroxide, and the nuclei
were counterstained with Meyer's hematoxylin. An antibody
preincubated with antigen peptide was used for negative
control tests, which yielded a uniformly negative result.

Evaluation of immunostaining. The immunoreactivity of LC3
was evaluated according to the intensity and percentage of
positively stained cells. The percentage of positively stained
cells was graded as follows: grade 0, 0-39%; grade 1, 40-69%,
grade 2, >70%. Immunostaining intensity was rated as follows:
0, negative; 1, weak; and 2, strong. In addition, an immuno-
reactive score was calculated by the addition of the percentage
score of positively stained cells and the score of staining
intensity (0-4). Tumors with an immunoreactive score of 0-1
were designated ‘low’, and tumors with an immunoreactive
score of 2-4 were designated ‘high’. The Ki-67 index was
calculated as a percentage of positive nuclei in the whole
tumor section. Strong cell membranous CAIX expression was
evaluated as positive staining. The percentage of CAIX-
positive tumor cells in the whole tumor section was
determined. Immunostaining was evaluated twice by two
pathologists (A.Y. and H.M.) blinded to patient outcome and
other clinical findings.

Western blot analysis. Western blot analysis was performed,
as described previously (27). Total protein (35 μg) from the
tissues was used in this assay, and ischemic rat liver tissues
were used as positive controls (25). Anti-human LC3 rabbit
polyclonal antibody was used at a concentration of 1.0 μl/ml.
Detection of the protein bands was performed using the
Amersham ECL detection system (Amersham, Arlington
Heights, IL) according to the instructions provide by the
manufacturer.

Statistical analysis. The Spearman's rank test was used to
analyze the progressive increase in LC 3 expression in
multistage squamous carcinogenesis. Differences in Ki-67
index and CAIX expression according to LC3 score were
evaluated using Student's t-test. The association between
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expression measured by immunohistochemistry and clinico-
pathological parameters was analyzed using Chi-square test
and Student's t-test, Actual survival was calculated by the
Kaplan-Meier and statistically evaluated by the log-rank test.
In all analyses, p<0.05 was accepted as statistically significant.
These analyses were carried out using Stat View J5.0
software package (Abacus Concepts, Inc., Berkeley, CA).

Results

LC3 expression in noncancerous epithelial cells. In the
noncancerous esophageal epithelium without significant
inflammation, no immunostaining with LC3 antibody was
observed in stratified squamous epithelial cells, including
granular, keratinizing, basal and parabasal layers (Fig. 1A).
In the lamina propria, some infiltrating mononuclear cells
were strongly positive for LC3 expression in the cytoplasm.
Some of these cells, such as macrophages, were also
immunopositive for CD68 expression (data not shown). As
for the esophageal epithelial cells, LC3 expression was not
detected in columnar epithelia of noncancerous gastric and
colorectal mucosa (Fig. 1E and 1H).

LC3 expression in gastrointestinal cancers. In contrast to
noncancerous epithelial cells, LC3 expression was observed

in the cytoplasm of gastrointestinal cancers including
esophageal, gastric and colorectal cancers (Fig. 1C, D, F, G
and I). In many cases, LC3 expression showed dot-like
staining in the cytoplasm of cancer cells, whereas it was not
detected in the nuclei of cancer cells. In general, LC3 was
highly expressed in cancer cells located at the front of cancer
nests rather than cancer cells in the central area of cancer
nests. However, a few cancer cells in the central area of
cancer nests showed LC3 strong expression (Fig. 1D, Fig. 4A
and C). High expression of LC3 was observed in 53% of
esophageal cancers (56 of 106 cases), 58% of gastric cancers
(22 of 38 cases) and 63% of colorectal cancers (12 of 19
cases).

Western blot analysis. To confirm the specificity of LC3
antibody, a limited set of tissue samples (four matched
noncancerous mucosae and ESCC tissues) were subjected
to Western blot analysis. As shown in Fig. 2, protein bands
immunopositive for LC3-I and -II forms were clearly evident
in each sample. The liver of a rat that had been kept in a
starvation condition was used as a positive control (lane 9).
Noncancerous esophageal tissues generally yielded no, or only
a faint, band for LC3-I and -II (lanes 1, 3, 5, 7). All tumor
tissues yielded stronger bands for LC3, especially for LC3-II,
compared with noncancerous mucosae (lanes 2, 4, 6, 8).
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Figure 1. LC3 expression in cancerous and noncancerous gastrointestinal tissues. Immunohistochemical analysis of LC3 expression in esophageal tissues
(A-D), gastric tissues (E-G) and colorectal tissues (H and I). Histopathological classification was noncancerous epithelium (A, E and H), esophageal high-
grade intraepithelial neoplasia (B) and cancers (C, D, F, G and I). LC3 expression was not observed in the noncancerous epithelia, but in the cytoplasm of
esophageal intraepithelial neoplasias and gastrointestinal cancer cells. Arrow, LC3 expression in the cytoplasm of cell with swollen or split nucleus.
Magnification: (H) x40; (A and E) x100; (B, F and I) x200; (C, D and G) x400.
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LC3 expression in esophageal intraepithelial neoplasias
and carcinomas. We examined LC3 expression in multistage
carcinogenesis in ESCC. Similar to advanced cancers, cyto-
plasmic LC3 expression was noted in early cancers and intra-
epithelial neoplasias (IN) (Fig. 1B). LC3 immunoreactive
scores were determined in all esophageal specimens. While
high LC3 expression was not observed in noncancerous
epithelial cells and was observed in only 10% (4 of 39 cases)
of LGINs, LC3 overexpression was observed in 32% (10
of 31 cases) of HGINs and in 56% (59 of 106 cases) of
ESCCs (Fig. 3). There was a significant increase in LC3
immunoreactive score from noncancerous epithelium to
ESCCs. However, there was no significant difference in LC3
score between early ESCCs (T1) and advanced ESCCs (T2-
T4) (Fig. 3).

To investigate the possible effect of LC3 on cell prolifer-
ation, we determined the index of Ki-67, which is a cell
cycle-related molecule, for all of the esophageal specimens.

In general, LC3-overexpressing tumor cells tended to show
positive Ki-67 staining (Fig. 4A and B). In esophageal INs
and early ESCCs (T1), Ki-67 index was significantly higher
in LC3-overexpressing tumors than low LC3-expression
tumors (p<0.0001) (Fig. 5A). On the other hand, in advanced
ESCCs (T2-T4), there was no significant difference in Ki-67
index between high- and low-LC3 expressing tumors
(p=0.4049) (Fig. 5B). Autophagy is induced under stress
conditions such as hypoxia. Accordingly, we investigated the
relationship between LC3 expression and CAIX expression,
which is regarded as a marker of tissue hypoxia (28). In
ESCCs, the expression of LC3 was opposite that of CAIX;
CAIX expression was generally evident in the central area of
cancer nests including focal necrosis, while LC3 was highly
expressed in the front area of cancer nests as described above
(Fig. 4C and D). In esophageal INs and early ESCCs (T1),
CAIX index was quite low irrespective of LC3 expression. In
advanced ESCCs (T2-T4), CAIX index was higher than in
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Figure 2. Western blot analysis of LC3 in noncancerous esophageal mucosa and esophageal cancer tissues. Proteins extracted from representative
noncancerous esophageal mucosa (lanes 1, 3, 5, 7) and esophageal cancer tissues (lanes 2, 4, 6, 8) were subjected to Western blot analysis. Tumor samples
displayed both prominent bands for LC3-I located at 18 kD and for LC3-II located at 16 kD, while noncancerous esophageal tissues generally yielded no, or
only a faint, band for LC3-I and LC3-II. A rat liver tissue served as a positive control (lane 9). N, noncancerous esophageal mucosa; T, esophageal cancer
tissues.

Figure 3. LC3 immunoreactive scores for different esophageal lesions. LC3 scores for individual esophageal lesions (open circles) along with the average for
the group. The LC3 score increased progressively from noncancerous epithelia to esophageal squamous cell carcinomas. (p<0.0001; Spearman's rank test).
LGIN, low-grade intraepithelial neoplasia; HGIN, high-grade intraepithelial neoplasia.
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INs and superficial cancers, but there was no significant
correlation between LC3 expression and CAIX index (data
not shown).

Correlation between LC3 expression in ESCCs and clinico-
pathological parameters. To investigate the effect of LC3
expression on tumor aggressiveness, we examined the
relationship between LC3 expression and clinicopathological
parameters, including age, gender, differentiation, tumor
depth, lymph node metastasis and tumor stage. However, we

did not find a significant association between LC3 expression
and the various clinicopathological parameters (Table I). In
addition, no significant association was found between LC3
expression and overall survival rate (Fig. 6).

Discussion

In the present study, we examined LC3 expression in gastro-
intestinal cancers including esophageal, gastric and colorectal
cancers, and found that LC3 is highly expressed in many
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Figure 4. Comparison of LC3 expression with Ki-67 and CAIX expression in esophageal cancers. LC3-immunostained sections (A and C) with consecutive
sections of Ki-67 (B) and CAIX (D) immunostaining in esophageal cancers. LC3 was mostly expressed around the lateral area of cancer nest, where Ki-67-
positive cells were frequently observed. On the other hand, CAIX was frequently expressed in the center of the cancer nest. Magnification, x200.

Figure 5. Relationship between Ki-67 index and LC3 score in different stages of esophageal carcinogenesis. Ki-67 index for esophageal lesions with low LC3
score (open circles) and high LC3 score (closed circles) in early carcinogenesis (A), including intraepithelial neoplasias and T1 cancers, and advanced
(T2-T4) cancers (B). The average Ki-67 index for each group is indicated by the horizontal line. A significant difference in Ki-67 index between LC3 high-
and low-score was found in early carcinogenesis (p=0.0001) but not in advanced cancers. (p=0.7456). P-value was evaluated with Student's t-test.
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gastrointestinal cancer cells, compared with noncancerous
epithelial cells. It has been recognized that the standard
method for assessing autophagic activity is the demonstration
of autophagic vesicles by electron microscopy (14,29,30).
However, electron microscopy is not suitable for assessing
whole tumor samples, and it is sometimes difficult to
distinguish autophagic vacuoles from other structures just by
morphology using electron microscopy (31). Another method
of monitoring autophagy in mammals is LC3-based assay.
When autophagy occurs, conversion of a fraction of cytosolic
form LC3-I to autophagic membrane form LC3-II can be
detected by immunoblotting of LC3 proteins. This change in
intracellular localization of LC3 protein is considered to
correlate with autophagic activity (14), but there may be a
problem with a limited capacity to detect LC3 proteins by
immunoblotting in human tissues (31). On the other hand, the
immunohistochemical method of LC3 antibody used in this
study is suitable for evaluating many samples of human
cancer. LC3 expression by immunohistochemistry represents
the steady-state LC3 level including both LC3-I and LC3-II
as shown by Western blot analysis, but the amount of LC3-II
is considered to correlate well with the formation of autopha-
gosomes because not LC3-I but LC3-II binds and localizes to
autophagosomes (14). Thus, while this immunohistochemical
method is not always specific for monitoring autophagy, LC3
expression by immunohistochemistry can be a good indicator
of autophagic activity in noncancerous epithelial cells and
cancer cells.

Increasing evidence indicates that autophagy has an
important role in cancer development. However, it is not
clear whether autophagy suppresses tumor development or
provides cancer cells with a rescue mechanism under stress
conditions such as starvation, promoting tumor development
(32-36). Previous studies demonstrated that baseline house-

keeping levels of autophagy occur in most noncancerous
cells to prevent accumulation of protein aggregates and
defective cellular substructures, and that it is upregulated when
those cells encounter stress conditions such as starvation
(1,10,21,37,38). However, LC3-negativity in noncancerous
cells in this study indicates that baseline levels of autophagy
in human gastrointestinal noncancerous tissues under normal
conditions are so low that they cannot be detected by immuno-
histochemistry. In contrast, LC3 expression in gastrointestinal
cancers suggests that induction of autophagy is advantageous
to tumorigenesis in gastrointestinal cancers. One supporting
result is that there was a tendency for LC3-overexpressing
cancer cells to exhibit positive Ki-67 nuclear staining in the
same tumor. Another supporting result was the positive
correlation between Ki-67 index and LC3 expression in
esophageal INs and early ESCCs, but not in advanced
cancers. Thus, the role of autophagy in cancer development
may be more important in an early stage of carcinogenesis
than in advanced cancers. According to our unpublished data
of immunohistochemistry, mTOR, which suppresses auto-
phagy, was overexpressed in human ESCCs, compared with
noncancerous tissues, and its high expression was more
frequently observed in advanced ESCCs than in early
ESCCs. Collectively, the reason for the lack of correlation
between LC3 expression and Ki-67 index in advanced cancer
may be related to downregulation of autophagy induced by
mTOR in advanced cancers, compared with early cancers.

Thus far, the main role of autophagy has been considered
to adapt to metabolic stress such as starvation and hypoxia,
and in some cases, autophagy has also been regarded as a
form of programmed cell death (39,40). In each case,
theoretically, autophagy should occur in cancer cells located
in the central area of cancer nests. Indeed, in our study, there
were some LC3-overexpressing cancer cells in the central
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Figure 6. Post-operative survival of patients with esophageal cancer according to LC3 expression. Survival curves of esophageal cancer patients with high-
and low-LC3 score were plotted by Kaplan-Meier method and their difference was evaluated by the log-rank test. Survival was measured from the date of
surgery to the date of the last follow-up or death. There was no significant difference in overall survival ratio between the two groups.
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area of cancer nests, but such cells were only a few among
the LC3-immunopositive cells and did not affect evaluation
of LC3 expression in whole cancer tissues. Unfortunately, in
the current study, we could not determine the fate of those
cells, whether they survive or undergo cell death. In general,
LC3 high expression was observed in the front of cancer nests,
in contrast to the high expression of CAIX in the central area
of cancer nests corresponding to the hypoxic area. Previous
research demonstrated that autophagy is essential for
maintaining cellular bioenegenetics during growth factor-
deprivation, that autophagy-dependent ATP production
promotes cell survival, and that autophagy also contributes to
the turn-over of cytoplasmic cellular components (35). Thus,
another possible role of autophagy in cancer may be to
produce cellular components and energy for actively prolifer-
ating cells in rapidly growing tumor areas, such as the front
area of cancer nests.

Apoptosis and autophagy, which are both self-destructive
processes, have long been classified as a unique form of
programmed cell death, apoptotic cell death as type I and
autophagic cell death as type II cell death (39,41). However,
recent evidence demonstrates that autophagy and apoptosis
are regulated by common upstream signals and share common
components, such as Bcl-2 family members, death associated
protein kinase (DAPK) family and PI3K/Akt signaling
pathway, and that there is a functional relationship between
autophagy and apoptosis (42). A recent study showed that
autophagy neither delays nor promotes apoptosis, but it is
required for apoptotic cells to generate the signal for
engulfment during embryonic development (43). Regarding
cancer development and treatment, autophagy and apoptosis
commonly occur in the same cells (20). In some cases,
inhibition of apoptosis causes autophagy (20), while in other
cases, inhibition of autophagy triggers apoptosis (22). Thus,
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Table I. Relationship between various clinicopathological parameters and LC3 expression in 106 ESCC patients.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Low LC3 expression (n=50) High LC3 expression (n=56) P-valuea

n (%) n (%)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Age (years) 62±8.03 64±7.57 p=0.3254b

Gender
Male 49 (49) 52 (51)
Female 1 (20) 4 (80) p=0.2646

Location
Upper thoracic 4 (40) 6 (60)
Middle thoracic 18 (37) 31 (63)
Lower thoracic 28 (60) 19 (40) p=0.0743

Depth of tumor invasionc

pT1+2 21 (48) 23 (52)
pT3+4 29 (47) 33 (53) p=0.9232

Lymph node metastasisc

pN0 11 (33) 22 (67)
pN1 39 (53) 34 (47) p=0.0562

Differentiation (SCC)
Well differentiated 12 (39) 19 (61)
Moderately differentiated 24 (53) 21 (47)
Poorly differentiated 14 (47) 16 (53) p=0.4574

UICC p-Stagec

I+II 19 (38) 31 (62)
III+IV 31 (55) 25 (45) p=0.0753

Lymphatic invasion
Ly(-) 9 (38) 15 (62)
Ly(+) 41 (50) 41 (50) p=0.2829

Vascular invasion
V(-) 30 (46) 35 (54)
V(+) 20 (49) 21 (51) p=0.7929

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
aChi-square test, bStudent's t-test. cBased on TNM classification system of the International Union against Cancer (UICC). SCC, squamous
cell carcinoma.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

461-468  1/8/08  13:43  Page 467



targeting autophagy may be a useful strategy for cancer
treatment. When autophagy is used for cancer cells to adapt
to stress conditions such as metabolic stress and cytotoxic
therapy, inhibition of autophagy may result in increased cell
death. Alternatively, against cancer cells that have a deficit in
apoptotic machinery, induction of massive autophagy may
lead to the death of these cells. Whether autophagy should be
turned on or off for cancer therapy may vary depending on
the biological context. In this study, unexpectedly, we did not
find a significant relationship between LC3 expression and
tumor aggressiveness such as tumor depth and lymph node
metastasis, and also no relationship between LC3 expression
and prognosis of patients with ESCCs. In order to utilize
the modulation of autophagy for cancer therapy, further
investigation into the role of autophagy in human cancers
is needed.

In conclusion, we demonstrated in the present study,
upregulation of LC3, a marker of autophagic activity, in
various gastrointestinal cancers, and its expression was
positively correlated with Ki-67 index in early cancers. Our
findings suggest that LC3 expression is advantageous to
cancer development in early phases of carcinogenesis.
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