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Abstract: Unc-51-Like Kinase 1 (ULK1) is regarded as a central role in autophagy. Although the details of how ULK1
triggers autophagy are obscure, the relationship between ULK1 expression and the diagnosis and prognosis of
cancer patients may guide the clinical practice and scientific research. The aim of this study was to investigate and
compare the expression level of ULK1 in 86 paired esophageal squamous cell carcinoma (ESCC) and paracancer-
ous tissues, and to examine the effect of ULK1 expression on the prognosis of ESCC patients. ULK1 was primarily
expressed in cytoplasm, but was rarely seen in nucleus. The levels of cytoplasmic ULK1 in ESCC tissues were higher
than those in paracancerous tissue (P < 0.01) and significantly associated with lymph node metastasis (LNM) (P
= 0.025). Survival analysis showed that patients with low expression of cytoplasmic ULK1 had worse survival time
than those with high expression of cytoplasmic ULK1 (hazard ratio = 1.754, 95% confidence interval: 1.022-3.010,
P = 0.041), which disappeared after adjustment for TNM stages and LNM (P = 0.319). In conclusion, ULK1 might
play an important role in the occurrence and development of ESCC and represent a potential prognostic biomarker
for ESCC patients. However, the precise impact of ULK1 on predicting the prognosis of patients with ESCC requires
further investigation.
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Introduction

Esophageal cancer is a common malignant
tumor in China. Ferlay et al reported that more
than 80% of esophageal cancer patients come
from developing countries, and China ranks
fourth in the world in terms of the incidence of
esophageal cancer [1]. In recent years, the inci-
dence of esophageal cancer in China declined
from 1998 to 2007 [2]. Despite this encourag-
ing result, esophageal cancer remains a point
of major concern because of China’s immense
population base. Moreover, the poor sensitivity
of esophageal cancer to radiotherapy and che-
motherapy not only results in hematogenous
metastasis and local infiltration in the early

stage, but also reduces the five-year survival
rate of patients. Therefore, prevention of esoph-
ageal cancer is an arduous task.

The formation and development of malignant
tumors remains an active area of research, and
there is growing focus on the role of autophagic
behavior in cancer. Autophagy occurs during
normal physiological processes and serves in
cells as a defense mechanism against adverse
conditions. Both excessive and insufficient
autophagy can lead to various diseases [3].
Previous studies showed that change in autoph-
agic activity is closely related to the occurrence
and development of cancer [4]. Suzuki et al. [5]
found that at least 36 autophagy-related genes
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Figure 1. The expression level of ULK1 varies between ESCC and paracanerous tissues. Sections stained for the
ULK1 from paracancerous (A) and tissue (B) tissues from ESCC patients. Scale bar = 200 uM.

(ATG) exist in yeast. Notably, ATG1 has two
homologs in mammals: uncoordinated 51-Like
kinases 1 and 2 (ULK1 and ULK2) [6]. ULK1 is
known to be a key factor in cellular autophagy
[7-9]. Rapamycin acceptor complex (TORC1)
and amp-activated protein kinase (AMPK) are
highly sensitive to lack of nutrients and energy,
and directly act on ULK1 [10, 11]. ULK1 then
activates the VPS34 complex by causing
Beclin-1 phosphorylation to induce autophagy
[12].

The detailed mechanism by which autophagy
occurs is being actively studied around the
world, and the relationship between ULK1
expression and the diagnosis and prognosis of
cancer has received increasing attention in
recent years. Recent findings show that ULK1
expression can be used as a biomarker of poor
prognosis for breast, liver, and esophageal can-
cers [13-15]. The present study analyzed 86
cases of esophageal squamous cell carcinoma
(ESCC) by tissue microarray technology to fur-
ther investigate whether ULK1 can serve as a
biomarker for the diagnosis and prognosis of
ESCC.

Materials and methods
Patients

A total of 86 patients with histologically con-
firmed ESCC were recruited. Immediately after
collection, all samples were fixed in 10% neu-
tral formaldehyde solution, conventionally
dehydrated, paraffin embedded, and then
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stored for later use. ESCC patients had no his-
tory of cancer treatment before tumor removal.
All patients gave written informed consent
before enrolling in the study, and the study was
approved by the Ethical Committees of Taizhou
People’s Hospital and National Engineering
Center for Biochip at Shanghai.

Tissue microarray (TMA)

The TMA contained 86 pairs of ESCC and adja-
cent normal tissues. Details on sample prepa-
ration procedure have been described previ-
ously [16, 17]. The samples were sliced and
stained with hematoxylin and eosin for each
donor wax block. A total of 172 sits of ESCC and
adjacent tissues were selected under a micro-
scope. A tissue microarray instrument was
used to obtain a tissue core with a 1.5 mm
diameter from the donor wax block. This tissue
core was inserted into an acceptor wax block
with 172 lattices and subsequently cut into 4
um-thick sections. Details on the operation of
the tissue microarray instrument have been
described in previous studies [16, 17]. Each
spot of the TMA was further reviewed by pa-
thologist.

Immunohistochemistry (IHC)

The TMA was baked at 63°C for 1 h to dewax
and hydrate conventionally. The EDTA heat
repair method was performed for 20 min for
antigen retrieval. After boiling, the slide was
cooled by water for 30 min and then placed in
an endogenous peroxidase blocker for 15 min.
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Table 1. Relationship between cytoplasmic ULK1
expression and clinicopathological characteristics of

spots without cells were considered inval-
id or insignificant. Invalid or insignificant

ESCC patients

spots were removed from the samples.

ULK1 expression

Staining intensity was scored as follows:

P value 0, negative; 1, weak; 2, moderate, 2; 3,

clinicopathological characteristics -
High Low

Age (years)

<60 36 20

> 60 16 12
Sex

male 33 30

female 19 2
Tumor size (cm)

<4 30 16

>4 20 16
Histologic grade

| 7 5

Il 34 22

1 11 5
TNM stage

I+11 36 16

H+1V 15 16
LNM

Yes 16 18

No 35 14

strong straining. The percentage of ULK1
positive cells was scored as follows: O, no
staining cell; 1, < 20%; 2, 20% to 75%; 3,
> 75%. The total histological scores
(Staining intensity x percentage of posi-
tive cells) greater than 4 indicated high
expression, whereas scores equal to or
less than 4 indicated low expression.

Statistical analyses

The SPSS software (IBM, CA, USA) was
used for statistical analysis. The differ-
ence in the levels of ULK1 between ESCC
and adjacent tissues was analyzed using
Mann-Whitney test. The x? test was per-
formed to analyze the relationship
between ULK1 expression and clinical
features. The Kaplan-Meier method and
log-rank test were used to investigate the
relationship between ULK1 expression

The slide was removed from the blocker and
then washed thrice (1 min each) with phos-
phate-buffered saline (PBS). Antibody 1 was
added and diluted at 1:30 using antibody dilu-
tion solution (Dako, CA, USA). It was then stored
overnight in a refrigerator at 4°C. The humidor
was removed from the refrigerator and placed
in a room. Excess Antibody 1 was removed
using paper after the humidor reached room
temperature. The slide was washed thrice with
PBS, immersed in the EnVision™+/HRP rabbit
working solution from Dako, incubated for 30
min, and then washed thrice with PBS. The
slide was stained with diaminobenzidine and
distilled water was used to remove the color.
After re-staining with hematoxylin, washing with
water, and differentiating, the slide was com-
pletely washed with water to restore its color to
blue. Each chip was conventionally dehydrated
until it became transparent and then sealed
with a neutral gum. PBS was used as negative
control instead of Antibody 1, and self-control
was set for each slide.

Tissue samples with rich cells and easily
observable spots were considered valid, where-
as those with folded slices, coloring failure, and
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and survival rate. Cox regression model
was used to examine whether ULK1 and
clinical features can serve as biomarkers of
ESCC. A Pvalue < 0.05 was considered statisti-
cally significant.

Results

IHC analyses showed that ULK1 exhibited dif-
ferent expression levels in ESCC and adjacent
tissues (Figure 1). ULK1 was principally
expressed in the cytoplasm, but is rarely seen
in the nucleus of ESCC cells. Therefore, nuclear
ULK1 expression was excluded from further
analysis. The expression level of cytoplasmic
ULK1 was higher in ESCC tissues than in adja-
cent tissues (P = 0.002). Statistical analysis
revealed that cytoplasmic ULK1 expression
was significantly related to sex (P = 0.002)
(Table 1). Furthermore, low expression of cyto-
plasmic ULK1 was significantly associated with
lymph node metastasis (LNM) (P = 0.038). No
difference was observed between other clinical
features and cytoplasmic ULK1 expression.

Median survival time (MST) of patients was 30
months. During the follow-up period of 61
months, 27 (51.9%) patients with high expres-
sion of cytoplasmic ULK1 and 26 (81.3%)
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Figure 2. Comparison of overall survival according
to cytoplasmic ULK1 expression. Patients with low
ULK1 expression had a shorter overall survival (P =
0.036).

patients with low expression of cytoplasmic
ULK1 died from the disease. The MST of
patients with high expression of cytoplasmic
ULK1 was 33 months, and that of patients with
low expression of cytoplasmic ULK1 was 22
months (log-rank test, P = 0.036) (Figure 2).
Univariate Cox analysis showed that TNM stage
II+1V [hazard ratio (HR) = 1.732, 95% confi-
dence interval (Cl): 1.312-2.262, P < 0.001],
LNM (HR = 2.314, 95% Cl: 1.354-3.955, P =
0.002), and low expression of cytoplasmic
ULK1 (HR = 1.754, 95% Cl: 1.022-3.010, P =
0.041) were associated with poor survival in
ESCC patients (Table 2). Multivariate Cox analy-
sis showed that TNM stage is the only indepen-
dent factor for overall survival (HR = 2.197,
95% Cl: 1.138-4.243, P = 0.019).

Discussion

Identifying novel biomarkers and verifying their
applications in the diagnosis and prognosis of
cancers are important for individualized treat-
ment of cancer patients. In this study, we found
that the expression of ULK1 in ESCC tissues
were significantly increased. Cytoplasmic ULK1
expression was associated with LNM and sur-
vival of ESCC patients. Thus, ULK1 might hold
potential as a biomarker for ESCC patients.

Autophagy in mammalian cells can be divided
into 3 categories: macroautophagy, microau-
tophagy, and chaperone-mediated autophagy.
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In macroautophagy, the membrane from the
endoplasmic reticulum surrounds parts of the
cytoplasm to form autophagysome and then to
integrate with the lysosome to degrade its con-
tents. In microautophagy, the lysosomal mem-
brane directly covers long-lived proteins and
degrades them. In chaperone-mediated au-
tophagy, protein to be degraded becomes phys-
ically associated with chaperones and is trans-
ferred into the lysosome, where it is enzy-
matically digested. As a robust degradation
mechanism, macroautophagy can degrade and
eliminate proteins in the cytoplasm, including
whole organelles. Therefore, macroautophagy
is very important for the inhibition of tumors
[18, 19]. However, growing evidence have dem-
onstrated that autophagy is a double-edged
sword in the carcinogenesis of various cancers
[20, 21]. Autophagy can act both as agonist
and inhibitor of tumor formation in different
types, stages and microenvironments of cancer
[20, 21].

As the only kinase of the core autophagy
machinery for macroautophagy [22], ULK1 is a
key factor influencing the occurrence and devel-
opment of ESCC. Clinical and anatomical evi-
dence indicate that blood supply to the esopha-
gus is not as rich as those to other organs, such
as the liver. Therefore, starvation response is
larger when cancerous growth occurs in the
esophagus, which in turn causes stronger acti-
vation of autophagy. This may explain the ele-
vated expression of ULK1 observed in ESCC.
Previous studies revealed that high ULK1
expression is related to poor prognosis of
patients with hepatocellular carcinoma [15],
ESCC [13], and breast cancer [14]. However, in
the present study, we found a different effect of
ULK1 expression on the prognosis of ESCC
patients. This difference may be explained by
the different TNM stages of ESCC patients in
two studies. The majority of ESCC patients were
at TNM stages | (33.3%) and Il (33.1%) in previ-
ous study [13], whereas those in our study were
at TNM stages Il (52.9%) and 11l (35.3%). These
findings demonstrate that ULK1 may play dif-
ferent roles at different TNM stages of ESCC,
indicating that autophagy has dual function in
carcinogenesis and cancer development. In
addition to its role in self-conservation and self-
protection in normal cells, autophagy also
appears to restrict tumor development by
selectively destroying tumor cells. However,
detailed understanding of the effect of ULK1
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Table 2. Univariate and multivariate Cox regression analysis of overall survival

Univariate analysis

Multivariate analysis

Features

HR (95% Cl)

P value HR (95% Cl) P value

age (years), > 60 vs < 60

sex, male v female

tumor size (cm), >4 vs<4

tumor differentiation, moderate, poor vs well
TNM stage, llI+1V vs I+1]

LNM, yes vs no 2.314

ULK1, low vs high

0.747 (0.424-1.315) 0.312
2.188 (1.068-4.481
0.662 (0.384-1.143
1.007 (0.645-1.571) 0.977
1.732(1.312-2.262) < 0.001
1.354-3.955)
1.754 (1.022-3.010) 0.041

) 0.032
) 0.439
2.197 (1.138-4.243)  0.019
0.585 (0.157-2.177) 0.424
1.334 (0.757-2.353) 0.319

0.002

on ESCC will require further studies on this
topic.

In summary, low expression of cytoplasmic
ULK1 correlated with LNM and poor survival in
ESCC patients. ULK1 expression might be used
to predict clinical outcomes in ESCC patients.
Validation of these results in a larger sample
size will open doors to its use as an ESCC bio-
marker in clinical settings.
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