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Abstract Autophagy is a process that involves lysosomal
degradations of cellular organelles and closely related to tu-
mor occurrence and progression. However, its importance in
hepatocellular carcinoma (HCC) was still controversial.
Therefore, this study is aimed to address the clinicopathologic
effect of microtubule-associated protein 1 light chain 3B
(LC3B) and Beclin-1, as autophagic markers, in HCC pa-
tients. Tissue microarray-based immunohistochemistry was
used to examine the expression of LC3B and another autoph-
agy key regulator (Beclin-1) in 156 operable HCC patients.
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Kaplan-Meier analysis, chi-square test, and Spearman’s cor-
relation analysis were used to analyze correlation of LC3B
and Beclin-1 and their influence on clinical characteristics and
prognosis. We found that the expression level of LC3B was
significantly associated with vascular invasion (P=0.008),
lymph node metastasis (P<0.001), and Beclin-1 expression
level (P<0.001). However, LC3B was not related to other
clinicopathological features, including hepatitis B virus infec-
tion, liver cirrhosis, tumor number, tumor size, pathology
grade, and tumor-node-metastasis (TNM) stage. Besides, cor-
relation between the expression of Beclin-1 and clinicopatho-
logical features were not identified. Survival analysis showed
that patients with high LC3B expression had a poorer 5-year
overall survival (OS) rate than those with low LC3B expres-
sion (high vs. low: 79.5 % vs. 20.5 %, P=0.026). And high
LC3B expression tended to be related with shorter
progression-free survival (PFS) (P=0.074), whereas the ex-
pression level of Beclin-1 did not show statistically significant
association with OS or PFS. Further multivariate analysis
revealed that lymph node metastasis (P=0.047) and LC3B
expression level (P=0.047) were independent factors to pre-
dict the prognosis of OS in all patients. Our study demonstrat-
ed that high expression of LC3B, correlated with vascular
invasion and lymph node metastasis, might be a novel prog-
nostic biomarker and would be a potential therapy target for
HCC, especially in operable patients.

Keywords Hepatocellular carcinoma - LC3B - Beclin-1 -
Vascular invasion - Lymph node metastasis - Prognostic
biomarker
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HCC Hepatocellular carcinoma
(O] Overall survival
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IHC Immunohistochemistry

LC3B Microtubule-associated protein light chains 3B
Beclin-1 Associated autophagy-related key regulator
Introduction

Hepatocellular carcinoma (HCC), as one of the main digestive
system cancers, is the sixth most common malignancy and the
third leading cause of cancer-related deaths worldwide [1].
Surgical resection and liver transplantation were considered to
be the curative modalities for HCC [2—4]. However, despite
resection with curative intent, the clinical course is variable
and the long-term prognosis is still poor with reported 5-year
survival rates ranging from 17 to 53 % [5]. Although there are
several diagnostic and prognostic markers for HCC, they lack
specificity, hampering the management of this disease [6].
Thus, to identify more novel molecular markers that not only
predict the prognosis individually but also provide promising
therapy targets will be of great benefit for HCC patients.
Autophagy, a type of non-apoptotic cell death, is an intra-
cellular pathway: cytoplasmic constituents are enveloped in
double membrane vesicles, called autophagosomes, which
deliver the contents to lysosomes for bulk degradation
[7-12]. In cancer, autophagy has two sides function, both as
a tumor suppressor and as a tumor promoter [13—16]. Autoph-
agy can maintain homeostasis and viability during periods of
metabolic stress, and it is also associated with many physio-
logical pathway, such as differentiation, development, neuro-
degenerative diseases, infection, and cancer [17]. Until now,
nearly 30 genes have been recognized to regulate autophagy
in yeasts, with 16 homologues in humans [11]. Among these,
microtubule-associated protein light chain 3 (LC3) and
Beclin-1 (BECN-1) play an important role in autophagy in
humans [18]. They are essential for autophagosome formation
and can monitor autophagic activity. LC3 has three isoforms
(including LC3A, LC3B, and LC3C). LC3B localizes to the
autophagosome membrane which was the key regulator in-
volved in autophagosome formation. Therefore, it is widely
used as a marker of autophagic activity [15, 19, 20]. Aberrant
expression of LC3B has been reported in several solid tumors,
including brain cancer [21], pancreatic cancer [22], prostate
cancer [23], breast cancer, and melanoma [24]. However, the
role of LC3B in HCC patients has not been yet clear.
Therefore, in the present study, we investigated the expres-
sion of LC3B and Beclin-1 in HCC and adjacent paracancrous
tissues and further evaluated the relationship between expres-
sion of these markers and clinicopathological features and
survival outcome in HCC patients. We found that high expres-
sion of LC3B correlated with vascular invasion and lymph
node invasion predicted unfavorable prognosis of HCC.
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LC3B was expected to be the new therapeutic targets for
hepatocellular carcinoma treatment.

Material and methods
Cohorts

A total of 156 consecutive patients diagnosed with HCC
by pathological examination were recruited in our study,
who received surgical resection in the Third Affiliated
Hospital of Sun Yat-sen University from September 2003
to September 2010. Patients were included with the fol-
lowing inclusion criteria: pathologically confirmed as
HCC; previously without oncological surgery, chemother-
apy, and radiotherapy; all patients had the completed
follow-up information and paraffin-embedded specimens.
Moreover, patient would be excluded for any of the fol-
lowing reasons: received any other anticancer therapy
before or after surgery, prior malignancy, pregnancy, and
the cholangiocarcinoma. We used serum markers detec-
tion, such as hepatitis B surface antigen (HBsAg), hepa-
titis B surface antibody (HBsAD), hepatitis B e antigen
(HBeAg), hepatitis B e antibody (HBeAb), hepatitis B
core antibody (HBcAb), and HBV DNA to diagnose
HBYV infection. Liver cirrhosis was diagnosed according
to the international guidelines by comprehensive consid-
eration of liver biopsy, imaging examination, clinical
symptoms, cirrhosis-associated complications, physical
signs, laboratory tests, medical history, and progress
notes. The tumor-node-metastasis (TNM) stages were de-
fined according to 2010 AJCC staging system for HCC.
This study was approved by the Human Ethics Committee
of the Third Affiliated Hospital, Sun Yat-sen University. A
written informed consent was obtained from all the pa-
tients at the time of admission, with which the blood,
tissue, and other samples were authorized to scientific

purpose.

Tissue microarray (TMA) construction

Prior to TMA construction, we re-reviewed hematoxylin and
eosin (H&E)-stained slides and selected the typical tumor
zone in the paraffin-embedded specimens for further TMAs
design. Tissue microarrays were constructed as described in
our earlier study [25]. Briefly, for each case, two cores taken
from the selected tumor area. Firstly, a hollow needle was
utilized to punch the cylinders tissue cores (1.0 mm in diam-
eter) from selected donor tissues. Secondly, the punched tissue
was inserted into a recipient paraffin core in a precisely
spaced, array pattern, using an automatic TMA instrument
(Beecher Instruments, Silver Spring, MD, USA) [26, 27].
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Semi-quantitative assessment of immunohistochemical (IHC)
staining

IHC staining was performed as we previously described. Brief-
ly, the TMA blocks were cut into 4-um sections, deparaffinized
three times in xylene for 30 min, and rehydrated with graded
alcohols. Sections were then incubated in H,O, for 10 min,
then heated in antigen retrieval solution (sodium citrate, pH 6.0)
in microwave for 30 min, and blocked with 1 % bovine serum
albumin (diluted in phosphate-buffered saline (PBS) buffer) for
10 min at room temperature. The TMA sections were then
incubated at 4 °C overnight with primary rabbit anti-LC3B
antibody (sigma USA, L7543) that was diluted at 1:400 and
primary rabbit anti-Beclin-1 antibody (Santa Cruz, SC-11427)
that was diluted at 1:100. The brown granules in cytoplasm or
nuclei were regarded as positive staining. A negative control
was used by replacing the specific primary antibody with PBS.

LC3B and Beclin-1 expression level were evaluated by
integrating the percentage of positive tumor cells and the
intensity of positive staining. The intensity of staining was
scored as follows: negative (score 0), bordering (score 1),
weak (score 2), moderate (score 3), and strong (score 4).
According to the percentage of positive staining cells in the
whole core, the staining extent was categorized into 5 grades:
negative (score 0), 0-25 % (score 1), 26-50 % (score 2), 51—
75 % (score 3) and 76-100 % (score 4). The sum of the
intensity and extent score was considered as the overall IHC
score. Immunohistochemical staining was evaluated and
scored by two independent pathologists, Min Dong and Na
Cheng, without knowledge of the clinicopathological and
follow-up information of these patients.

Selection of cutoff scores for LC3B and Beclin-1 “positive”
expression

The receiver operating characteristic (ROC) curve analysis
was applied to select the rational LC3B and Beclin-1 THC
cutoff score. Briefly, the sensitivity and specificity for the
patient outcome being studied at each score was plotted to
generate a ROC curve. The IHC score localized closest to the
point at both maximum sensitivity and specificity was selected
as the cutoff score that leads to the greatest potential to
determine having or not having the outcome. To facilitate
ROC curve analysis, the survival features were dichotomized:
death vs. others (censored, alive, or death from other causes).

Clinical outcome assessment

All patients were followed up until the date of death or when
censored at the latest date (May 13, 2013). Overall survival (OS)
was defined as the time from diagnosis to the date of death or
when censored at the latest date if patients still alive. Progression-
free survival (PFS) was defined as the time from diagnosis to the

date of local failure/distant metastasis; if the patients have no
local failure or distant metastasis at the latest date, PFS was
defined as the date of death or when censored at the latest date.
Local failure means local recurrence and local metastasis.

Statistical analysis

The correlations between LC3B and Beclin-1 expression
levels and clinicopathological features, including gender,

Table 1 LC3B and Beclin-1 expression status in relation to patient
characteristics

Characteristics Low  High P Low High P
LC3B LC3B Beclin-1 Beclin-1

Age (yrs)
<50 14 69 0.229 40 43 0.181
>50 18 55 43 30

Gender
Female 2 11 0.632 9 4 0.260
Male 30 113 74 69

Tumor size
<5 cm 21 64 0.156 41 44 0.173
>5 cm 11 60 42 29

Vascular invasion
Positive 2 33 0.016 16 19 0.313
Negative 30 91 67 54

HBYV infection
Positive 24 93 1.000 58 59 0.115
Negative 8 31 25 14

Liver cirrhosis
Positive 26 86 0.182 59 53 0.833
Negative 6 38 24 20

Tumor number
>1 10 45 0.595 27 28 0.447
=1 22 79 56 45

Histological grade

Moderate and 28 109 0282 75 62 0.301
poor

Well 4 15 8 11

Tumor stage
T1+2 20 59 0.132 39 40 0.330
T3+4 12 65 44 33

Node stage
NO 32 109 0042 77 64 0.281
N1 0 15 6 9

TNM stage
1+2 20 52 0.037 35 37 0.287
3+4 12 72 48 36

Beclin-1 expression
Low 28 55 <0.001 — - -
High 4 69 - -

HBYV hepatitis B virus, TNM stage tumor-tode-tetastasis stage
Data in italics represent p<0.05
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Fig. 1 LC3B and Beclin-1 expression in HCC. Immunohistochemistry
analysis of LC3B expression (a) and Beclin-1 expression (b) in HCC.
LC3B was highly or moderately expressed in cancer cell cytoplasma,

age, tumor surgery, hepatitis B virus (HBV) infection, liver
cirrhosis, «-fetal protein (AFP) level, alkaline phosphatase
(ALP) level, bilirubin level, tumor size and number, vascular
invasion, tumor stage, and TNM stage, were evaluated by chi-
square test. The Spearman rank test was applied to demon-
strate clinicopathological correlations. Correlations of LC3B
and Beclin-1 were determined by Spearman’s correlation
analysis. The relationships between the LC3B and Beclin-1
expression level and OS as well as PFS were determined by
the Kaplan-Meier analysis. The log-rank tests were performed
to assess the difference in survival probabilities between pa-
tient subgroups. The multivariate Cox proportional hazards
regression model was used to assess the potential independent
prognostic factors and 95 % confidence intervals (CI) of
hazard ratios (HR). All P values quoted were two sided and
P<0.05 was considered statistically significant. Statistical
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Negative

whereas lowly expressed in the well-differentiated tissue (original mag-
nification, x100). The lower panel displayed the enlarged view (original
magnification, X400). Beclin-1 is the same

analysis was performed using SPSS v. 17.0 (SPSS, Inc.,
Chicago, IL, USA).

Results
Patient characteristics

In our study, 156 HCC cases that received surgical re-
section were recruited. The clinical features of these
patients, including gender, age, surgery, T classification,
N classification, TNM stage, WHO pathological type, the
level of AFP, hepatitis, and liver cirrhosis were summa-
rized in Table 1. Among of the 156 HCC cases, 39 HBV
negative HCC cases have no other virus infection or
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Fig. 2 LC3B levels were compared in the subgroups with dichotomized
clinicopathological features. The features were dichotomized: a HBV
infection (with vs. without), b liver cirrhosis (with vs. without), ¢ tumor
number (>1 vs. =1), d N stage (N1 vs. NO), e vascular invasion (with vs.

other basic diseases. And, the median survival time was
82.7 months among all the patients. The 1, 3, 5 years
postoperative cumulative survival rate were 94.6, 74.5,
and 69.7 %, respectively.

Immunohistochemistry staining and ROC analysis

Immunohistochemistry staining of LC3B was overexpressed
in the HCC tumor nests area compared to the normal
adjacent epithelium (Fig. la), Beclin-1 was lowly
expressed in 53.2 % HCC specimen, especially in the
tumor nest zone whereas the normal adjacent tissues
showed moderate or strong staining (Fig. 1b). For
LC3B, we found that ROC analysis revealed that a score
of 4 was the cutoff point to distinguish the patients as
high or low LC3B expression. Similarly, for Beclin-1, we
selected the median expression score of 6 (>6 vs. <6) as
the rational cutoff point for survival analysis (data not
shown).

without), f tumor size (>5 cm vs. <5 cm), g pathology grade ((poor and
moderate vs. well), h TNM stage (1+2 vs. 3+4), i Beclin-1 level ((low vs.
high)

LC3B and Beclin-1 expression and their correlation
with clinical features

To elucidate the biologic significance, we correlated the ex-
pressions of LC3B and Beclin-1 with clinicopathological
characteristics of HCC. As shown in Table 1, LC3B expres-
sion in HCC was associated with vascular invasion (P=
0.016), lymph node metastasis (P=0.042), and TNM stage
(P=0.037). However, Beclin-1 expression was not related
with any clinicopathological features (all P value >0.05), such
as age, gender, tumor size, HBV infection, liver cirrhosis, AFP
level, and pathology grade. Furthermore, we compared the
LC3B IHC scores in the subgroup with dichotomized clinico-
pathological features (Fig. 2). We found that LC3B IHC score
in N1 subgroup (5.9740.79) was higher than NO subset (4.74
+1.85, P<0.001, Fig. 2d), and the similar results were also
found in these subgroups: vascular invasion (with vs. without:
5.41+1.18 vs. 4.70+1.93, P=0.008, Fig. 2¢), Beclin-1 (high
vs. low: 5.55+£1.28 vs. 4.25+1.98, P<0.001, Fig. 2i). How-
ever, close association between LC3B IHC score and other
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Fig. 3 Overall survival and A
progression-free survival by the 1.01
Kaplan-Meier analysis,
comparing the patients with high
or low LC3B and Beclin-1
expression in HCC. a LC3B
lowly expressed patients had a
favorable overall survival. b
LC3B high and low expression
had a similar progression-free
survival for HCC patients. ¢, d
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clinicopathological features were not identified, including
HBYV infection (negative vs. positive: 4.51+2.01 vs. 4.96+
1.74, P=0.427, Fig. 2a) and liver cirrhosis (with vs. without:
4.74+1.85 vs. 5.16+1.67, P=0.195, Fig. 2b). T number (>1
vs. 1:4.784+1.80 vs. 4.90+1.82, P=0.695, Fig. 2¢), tumor size
(>5 cm vs. <5 cm: 4.96+1.69 vs. 4.78+1.90, P=0.534,
Fig. 2f), histological grade (poor and moderate vs. well 4.82
+1.83 vs. 5.11+1.65, P=0.528, Fig. 2g), TNM stage (1+2 vs.
3+4:4.63+£2.00 vs. 5.05+1.61, P=0.154, Fig. 2h).

Beclin-1, LC3B expression, and survival analysis

Next, we explored the prognostic value of LC3B and Beclin-1
expression in HCC. As shown in Fig. 3, LC3B overexpression
strongly predicted an inferior 5-year OS rate (high vs. low:
79.5 vs. 20.5 %, P=0.026) in all patients. And lower LC3B
expression tended to be related with longer PFS (P=0.074),
although it did not show a statistical significance. Meanwhile,
Beclin-1 high or low expression had the similar 5-year OS rate
(P=0.757) for the HCC patients. We cannot find the PFS
difference in both Beclin-1 and LC3B expression. Because
former correlation analysis showed that LC3B and Beclin-1
expression levels positively correlated with each other
(P<0.001), we analyzed the prognostic value of LC3B and
Beclin-1 co-expression. The results showed that for LC3B
overexpressed patients, Beclin-1 high or low expression had
the similar OS, and for LC3B low-expressed patients, Beclin-
1 high or low also had the similar OS (data not shown).
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Univariate and multivariate analysis

Further univariate analyses showed the clinicopathological
variables that might be potential prognostic predictors (Ta-
ble 2). Multivariate analysis summarized in Table 3 displayed
that lymph node metastasis (P=0.047) and LC3B expression
level (P=0.047) were indeed independent factors to predict
the prognosis of OS in all patients. However, TNM stage and

Table 2 Univariate Cox proportional hazards analysis for the overall
survival of HCC patients

Characteristics HR 95 % CI P

Age (<50 years vs. >50 years) 1.536  0.895-2.636 0.119
Gender (male vs. female) 1.277 0.461-3.539 0.638
HBYV infection (negative vs. positive) 1.061 0.569-1.798 0.851
Liver cirrhosis (negative vs. positive) 1406 0.741-2.669 0.297
Histological grade (poor and moderate ~ 1.442  0.744-2.797 0.279

vs. well)

Vascular invasion (negative vs. positive) 0.964 0.485-1.914 0915
TNM stage (1+2 vs. 3+4) 1.375 1.005-1.881 0.046
LN metastasis (negative vs. positive) 2463 1.284-4.727 0.007
Tumor size (<5 cm vs. >5 cm) 0.501 0.294-0.853 0.011
Tumor number (>1 vs. =1) 1.339 0.740-2.426 0.335
LC3B (low vs. high) 2415 1.084-5383 0.031
Beclin-1 (low vs. high) 0919 0.539-1.567 0.757

HCC hepatocellular carcinoma, HR hazards ratio, 95 % CI 95 % confi-
dence interval, HBV hepatitis B virus, TNM stage tumor-node-metastasis

stage
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Table 3 Multivariate Cox pro-
portional hazards analysis for the Characteristics HR 95 % CI P value
overall survival of HCC patients
Age (<50 years vs. >50 years) 1.392 0.792-2.444 0.250
Gender (male vs. female) 1.259 0.438-3.644 0.669
HBYV infection (negative vs. positive) 0.640 0.258-1.583 0.334
Liver cirrhosis (negative vs. positive) 2.323 0.902-5.979 0.081
Histological grade (poor and moderate vs. well) 1.757 0.843-3.664 0.133
Vascular invasion (negative vs. positive) 1.197 0.567-2.528 0.638
TNM stage (1+2 vs. 3+4) 1.048 0.637-1.725 0.853
LN metastasis (negative vs. positive) 2.131 1.009-4.503 0.047
HCC hepatocellular carcinoma, Tumor size (<5 cm vs. >5 cm) 0.522 0.240-1.136 0.101
HR hazards ratio, 95 % CI 95 % Tumor number (>1 vs. =1) 1.555 0.804-3.006 0.189
confidence interval, HBV hepati- LC3B (low vs. high) 2.38700 1.012-5.630 0.047
tis B virus, TNM stage tumor- Beclin-1 (low vs. high) 0.825 0.468-1.456 0.507

node-metastasis stage

tumor size failed to independently predict HCC patients’
prognosis.

Discussion

Autophagic-gene was widely used as the prognosis bio-
markers in different tumor types. Accumulating studies indi-
cate that the inhibition of autophagy-related protein might be
an efficient strategy for cancer therapy. LC3B, a reliable
autophagy factor and frequently used autophagic biomarker,
was revealed to have an important role for the development of
cancer and to be associated with patient survival. Currently,
the role of LC3B in HCC is rarely reported. Hence, in our
study, we assessed LC3B expression in operable HCC pa-
tients’ samples by IHC and in other pathophysiological con-
texts, such as HBV infection, liver cirrhosis, vascular invasion,
and lymph node metastasis. We found that LC3B was lowly
expressed in tumor zone compared with normal adjacent
tissues (Fig. la), and the expression level of LC3B was
positive relatively with vascular invasion and lymph node
metastasis. Moreover, we found that the overexpression of
LC3B predicted an inferior OS. Our results were consistent
with Toshima’s study, which showed that overexpressed LC3
was correlated with tumor size, and LC3 was an independent
predictor of HCC recurrence after surgery [28]. In another
research, 71 pancreatic cancer tissues were used to evaluate
the expression of LC3 by immunohistochemistry. And they
got the similar results that autophagy was activated in pancre-
atic cancer cells, and high LC3 expression was correlated with
poor survival [29]. In oral squamous cell carcinoma, high LC3
expression that demonstrated by immunohistochemistry was
significantly associated with poorer overall survival [30].
Also, research on gastric cancer has indicated that positive
LC3B immunofluorescence histochemical reactivity

correlates with lower invasion [31]. By contrary, in a study
consisting of 190 HCC patients, it was reported that expres-
sion of LC3B in advance stages of TNM was correlated with
longer survival but not in the early stage patients [32]. And
experimental evidence demonstrated that autophagy was de-
creased in HCC, which indicated that autophagy malfunction
linked to tumorigenesis [33]. These results indicated that even
sharing the similar biological behavior, the prognostic pheno-
type of LC3B might be distinguished among the different
tumor stages.

In addition, we analyzed the relationship between LC3B
expression and clinical features of HCC patients. The results
revealed that LC3B expression level was significantly associ-
ated with vascular invasion and lymph node metastasis. The
HCC patients with vascular invasion had a high level of LC3B
than that without vascular invasion (IHC score: 5.41+1.18 vs.
4.70+£1.93, Fig. 2e). Likewise, the expression of LC3B in
lymph node metastasis (N1 stage) group was also higher than
NO stage group (IHC score: 5.97+0.79 vs. 4.74+1.85,
Fig. 2d). These findings indicated that activation of LC3B
was a risk factor for tumor invasive biologic behavior (vascu-
lar invasion and lymph node metastasis) and suggested that
LC3B might play an important role in cancer progression.
Indeed, the relationship between LC3B and tumor invasion or
metastasis was cleared in a variety of cancers. Lazova reported
that high LC3B was associated with tumor proliferation, in-
vasion, and metastasis, and predicted worse patient outcome
[24]. Similarly, in triple-negative breast cancer, LC3B high
expression was significantly correlated with tumor size,
lymph node metastasis, and Ki-67 expression. The patients
with high expression of LC3B showed poorer PFS and OS
rates compared with LC3B low-expression group [34]. Based
on our and previous reports, we can conclude that the in-
creased autophagy activity (high LC3B expression) were sig-
nificantly benefited for tumor proliferation, invasion, or me-
tastasis and further confirmed the essential predictive value of
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LC3B in tumor development, especially in invasion and me-
tastasis. Moreover, in our study, we also found that expression
of LC3B was positively correlated with Beclin-1. However,
compared to the prognostic efficacy and positive association
with clinic characteristics (vascular invasion and lymph node
metastasis) of LC3B, Beclin-1 expression did not display any
effect on patients’ survival. For the underlying mechanism, we
supposed that autophagy is a complex, multistep, and highly
dynamic process. Autophagy-related proteins (LC3B and
Beclin-1) were involved in different autophagic stage and
interconnected with each other under a certain condition
[35]. Just as other studies report, not all expressions of
autophagy-related protein (LC3B and Beclin-1) were associ-
ated with the tumor patients outcome [36], because detecting
levels of a single autophagy-related marker did not precisely
determine complete autophagy flux. This review explained
the paradox of conflicting prognostic values (positively or
negatively) of Beclin-1 and LC3B in different tumor types.

Taken together, our study demonstrated that LC3B was an
independent prognostic biomarker of OS for early HCC.
LC3B high expression might be a novel therapeutic molecular
target for HCC.
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