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Expression and clinical significance of Apollon
in esophageal squamous cell carcinoma
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Abstract. Apollon, an unusually large member of the
inhibitors of apoptosis protein family, may be important for
oncogenesis development. The aim of the present study was
to assess the association between esophageal squamous cell
carcinoma (ESCC) and Apollon expression levels, and to
highlight the association between Apollon and the occurrence,
development and prognosis of ESCC. Apollon expression
was detected by immunohistochemical staining and reverse
transcription-quantitative polymerase chain reaction in
ESCC tissues, adjacent non-cancerous tissues and paired
normal tissues respectively, in order to analyze the associa-
tion between Apollon expression and the clinicopathological
features of ESCC. Survival analysis was used to assess the
prognostic significance of Apollon expression. It was deter-
mined that the mRNA and protein expression levels of
Apollon were significantly higher in the carcinoma tissues
compared with the adjacent non-cancerous tissues and normal
control tissues (P<0.001). There was a significant difference in
lymph node involvement and the tumor, nodes, and metastases
stage in patients categorized according to different Apollon
expression levels. The prognostic significance of Apollon was
also determined using the log-rank method. The overexpres-
sion of Apollon was associated with shorter overall survival
and disease-free survival rates. The present study indicates
that Apollon expression is associated with the biological
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characteristics of ESCC, and may be a valuable prognostic
factor and a novel chemotherapeutic target for ESCC treat-
ment.

Introduction

The incidence of esophageal cancer ranks seventh in malig-
nant diseases worldwide; the mortality rate ranks sixth (1).
Esophageal squamous cell carcinoma (ESCC) is the domi-
nant pathological type. Early ESCC clinical symptoms and
signs are atypical and are frequently overlooked, thus early
diagnosis is difficult. Additionally, it is easy for ESCC to
progress to the late stage, owing to transfer to or an invasion
of the surrounding organs, namely the trachea and aorta,
which are adjacent to the esophagus; this process is facili-
tated by the esophagus not having a serous layer. Clinically,
for more than half of patients with ESCC, the opportunity to
have the tumor removed at diagnosis is missed, which is a
cause of concern for the clinical doctors. The current treat-
ment of ESCC is the combined strategy of surgical excision,
radiotherapy and chemotherapy; however, it is largely inef-
fective, since the 5-year survival rate subsequent to surgery
is 20-40% (2,3).

Apoptosis is a highly regulated process, necessary for
homeostasis, as it removes excessively damaged and aging
mutant cells (4). Dysfunction in the apoptotic process contrib-
utes to the pathogenesis of a variety of malignant tumors, and
it is considered to be the key reason for their occurrence and
development, being closely associated with tumor drug resis-
tance (5). In the event that apoptosis is hindered, the mutant
cells accumulate and increase in an uncontrolled manner (6).
The members of the inhibitors of apoptosis protein (IAP)
family are important negative regulators of apoptosis (7,8).
The TAP family comprises eight members, which are the key
regulators of cytokinesis, apoptosis and signal transduction
and have been demonstrated to be tightly associated with
oncogenesis. Apollon, also termed baculoviral IAP repeat
containing 6 (BIRC6), a membrane-associated protein that
is localized on the Golgi compartment and the vesicular
system, is the largest member of the IAP family (9), which
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was identified by Chen et al (10) in 1999. Its gene is located
on chromosome 2p21-22, encoding a large protein (530 kDa)
that contains a single baculovirus inhibitor of apoptosis
protein repeat domain and a ubiquitin-conjugating enzyme
domain. Apollon is expressed in the brain, placenta, testes,
lymphatic cells and secretory organs (10). A previous study
indicated that Apollon was a dual regulator of cell prolifera-
tion and cell death, with multiple functions, due to its different
functional domains and diverse binding patterns (9). It inhibits
apoptosis by directly binding to cysteine/aspartate-specific
proteases (the caspase family). Its antiapoptotic function is
more marked compared with the B-cell chronic lymphocytic
leukemia/lymphoma 2 family, primarily via a combination
of diablo IAP-binding mitochondrial protein (Smac), HtrA
serine peptidase 2 (HtrA2) and the caspases (11,12). Apollon
has been identified to be important for apoptosis resistance in
various types of cancer (10,11,13-16). Previous studies have
determined that the upregulation of Apollon may be important
for tumor generation (17-21). However, the association between
ESCC and Apollon requires further elucidation.

The present study detected Apollon expression using
immunohistochemistry and reverse transcription-quantita-
tive polymerase chain reaction (RT-qPCR) in ESCC tissues,
adjacent non-cancerous tissues (ANCTs) and normal tissues.
Apollon expression and clinicopathological features of
ESCC were analyzed to highlight the association between
Apollon and the occurrence, development and prognosis of
ESCC.

Materials and methods

Patients and specimens. Patients were enrolled in the present
study from Thoracic Surgery Xiangya Hospital, Central South
University between May 2010 and May 2012, who were diag-
nosed with ESCC by more than two pathologists. Specimens
were obtained, including 80 cases of ESCC tissues, 80 cases of
paired ANCTs (~3-7 cm from the tumor margin) and 50 cases
of normal tissues, from intraoperative radical esophagectomy
specimens (>7 cm from the tumor margin). All specimens were
immediately snap-frozen in liquid nitrogen and stored at -80°C
until RNA and total protein extraction was performed. The
patients were 69 males and 11 females, younger than 75 years
of age and first-diagnosed cases, and they had not been
exposed to chemotherapy, radiotherapy or other treatments
prior to being sampled. The clinical and pathological data
were complete and reliable. Informed consent was acquired
from all patients prior to surgery. This study was approved
by the Xiangya Hospital, Central South University Ethics
Committee, and the usage of the information and specimens
collected has been handled and anonymized according to the
ethical and legal standards.

Reagents and instruments. Rabbit polyclonal anti-Apollon
antibodies were purchased from Abcam (cat. nos. ab84429
and ab19609; Cambridge, UK); the PV-6001 two-step immu-
nohistochemistry kit (cat. no. PV-6001) was from OriGene
Technologies, Inc. (Beijing, China); Invitrogen® TRIzol reagent
(cat. no. 15596026) was from Thermo Fisher Scientific, Inc.
(Waltham, MA, USA); the GoScript Reverse Transcription kit
(cat. no. A5001) was from Promega Corporation (Madison,
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WI, USA); the GoTaq RT-qPCR kit (cat. no. A6001) was from
Promega Corporation; paraffin-embedded machines, the
paraffin slicing machine and the automatic upright microscope
system (DM5000 B) were from Leica Microsystems (GmbH,
Wetzlar, Germany); the 400W UV imaging system was from
Kodak (Kodak, Tokyo, Japan); and the ABI PRISM 7500 PCR
applications were purchased from Thermo Fisher Scientific,
Inc.

Immunohistochemistry. The rapid PV two-step staining
method was performed with the following specifications:
The paraffin slice thickness was 5 ym, and slices were
grilled at 65°C for 60 min, followed by dewaxing, hydration
and high-temperature antigen retrieval in a microwave in
0.1 M citrate solution (pH 6.0) for 10 min. Subsequently, the
slices were incubated with 3% H,0, at room temperature for
20 min, followed by an incubation with goat serum at room
temperature for 20 min, and a subsequent incubation with the
Apollon antibody (1:400) at 4°C overnight. The samples were
then re-warmed and incubated with the anti-rabbit secondary
antibodies in the PV-6001 two-step immunohistochemistry
kit (cat. no. PV-6001; ZSGB-Bio Co., Ltd., Beijing, China)
at room temperature for 20 min. The slices were stained
with 3,3'-diaminobenzidine and hematoxylin and mounted,
prior to microscopic examination. Immunohistochemical
staining was scored independently by two pathologists
without knowledge of the patients' characteristics. Any
discrepancy was resolved by taking the consensus view. The
score of immunoreactivity was performed by calculating
the extent and intensity of staining positivity of the cells
in a semi-quantitative manner. Interpretation of the scores
was performed as previously described (22). The standards
for evaluation included the following: Positive stain inten-
sity (0, negative; 1, weak positive; 2, moderate positive; 3,
strong positive) and proportion of positive areas (<10%=1,
10-50%=2, =50%=3). The staining score was the multipli-
cation of the positive stain intensity and the proportion of
positive areas. Five high-power fields in each specimen were
selected at random, and the final score was the average of the
five scores.

RT-gPCR. Total RNA was extracted from 1 mg esophagus
tissue using TR1zol, according to the manufacturers' protocol.
Subsequently, samples were treated with a DNA-free kit
(Ambion; Thermo Fisher Scientific, Inc.) to remove the
chromosomal DNA. The complementary DNA (cDNA)
was synthesized using the GoScript Reverse Transcription
kit and stored at -20°C prior to use. The mRNA expression
levels of Apollon and -actin were determined by RT-qPCR
using the ABI PRISM 7500 sequence detector system. The
primer sequences were: Apollon, forward (F): 5-“TGACAG
GGCATACATCACAG-3', reverse (R): 5'-GCAACAATC
TCCCACTGAAG-3" and p-actin, F: 5-GCACCACACCTT
CTACAATGAG-3', R: 5'-GATAGCACAGCCTGGATA
GCA-3'. The mRNA expression levels of the target genes
were normalized to the f-actin signal as a housekeeping
gene. All the reactions were performed in triplicate using
20 ul samples containing 50 ng cDNA. The reaction protocol
involved heating for 10 min at 95°C, followed by 40 cycles
of amplification (15 sec at 95°C and 1 min at 60°C). The
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Figure 1. Apollon protein and mRNA levels are frequently upregulated in ESCC. (A) Apollon was mostly negative in normal esophagus tissues.
Magnification, x400. The different expression levels of Apollon in various ESCC tissues are shown: (B) well differentiated ESCC and (C) poorly dif-
ferentiated ESCC. A trend was observed that the lower the level of differentiation, the higher is the expression level. Magnification, x400. (D) Compared
with the ANCTs and the normal tissues, the ESCC tissues were revealed to express significantly higher levels of Apollon in the cytoplasm. ““P<0.001,
Apollon immunohistochemical staining scores in the ESCC group vs. the ANCT group; "P=0.132, ANCT group vs. the normal group. (E) Expression of
Apollon mRNA in 80 pairs of ESCC tissues and the ANCTs. Expression levels of Apollon were normalized to the corresponding levels of $-actin. (F) A
positive correlation was observed between Apollon protein expression and the Apollon mRNA levels. ESCC, esophageal squamous cell carcinoma; ANCT,

adjacent non-cancerous tissues.

data were analyzed using the ABI PRISM 7500 Sequence
Detection software v2.0.1. The levels of Apollon expression
in unknown samples were calculated as a ratio of Apollon to
[-actin. Data were analyzed using the 2444 method (23) and
expressed as the log2 fold-change [-AACq (ESCC / ANCT)].

Statistical analysis. The patients were categorized into two
groups according to the level of Apollon expression (high and
low). The differences in Apollon expression with respect to the
clinical factors at diagnosis, including age, gender, drinking
history (>10 years), tumor size, differentiation grade, tumor
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Table I. Correlations between the Apollon expression level and clinicopathological characteristics of 80 cases of ESCC.

Apollon expression

Clinicopathological variable n Low High P-value
Age (years) 1.000
<60 39 10 29
>60 41 10 31
Gender 1.000
Female 11 3 8
Male 69 17 52
Drinking history (years) 0.587
<10 26 8 19
>10 54 12 41
Differentiation 0.123
Well 21 6 15
Moderate 42 13 29
Poor 17 1 16
Tumor size (cm) 0.301
<4 45 9 36
>4 35 11 24
T classification 0.464
Tl 28 10 18
T2 12 2 10
T3 30 6 24
T4 10 2 8
N classification <0.001
NO 40 18 22
N1 22 20
N2 18 0 18
TNM stage <0.001
I 20 11 9
11 25 6 19
111 35 3 32

Statistically significant P-values are shown in bold. Data were compared by using Pearson's ¥ or Fisher's exact test. T classification, tumor clas-
sification; N classification, node classification; TNM stage, tumor, nodes, and metastases stage; ESCC, esophageal squamous cell carcinoma.

(T)-classification, node (N)-classification and tumor, nodes,
and metastases (TNM) stage, were analyzed. The expression
levels are presented as median values. Counted data were
compared using a one-way analysis of variance or an unpaired
t-test. Qualitative data were compared using Pearson's y” test or
Fisher's exact test. The variables were evaluated in a stepwise
multivariate Cox analysis. P<0.05 was considered to indicate a
statistically significant difference.

Results

Classification of the patients and their characteristics. A total
of 80 patients were enrolled in the study. The mean age of
the patients was 59.5 years (range 42-74 years). According to
the 7th edition of the International Union Against Cancer's
esophageal cancer staging (2009 edition) (24), the enrolled

patients were classified as follows: 20 cases of stage I, 25 cases
of stage I and 35 cases of stage III.

Apollon expression is upregulated in ESCC tissues. In the
present study, Apollon protein was detected by immunohis-
tochemical staining. Apollon protein was expressed in ESCC
tissues, ANCTs and normal esophageal tissues, primarily in the
cytoplasm of carcinoma and squamous cells, or in the normal
and adjacent tissues in the underlying basal cells. In contrast
with the staining of Apollon in normal esophagus tissues, which
was mostly negative (Fig. 1A), the positive reactants of Apollon
were yellow or brown substances that mainly existed in the
cytoplasm (Fig. 1B and C). According to the standards used for
evaluating the samples (as detailed in the Materials and methods
section), the high expression level of Apollon protein was 60%
(48/80) in the tumor tissues, whereas it was 2.5% (2/80) in the
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Table I1. Cox regression multivariate analysis of overall and disease-free survival in 80 patients with ESCC.

Overall survival

Disease-free survival

Variables n HR (95% CI) P-value HR (95% CI) P-value
Age (years)

<60 39 1 1

>60 41 0.76 (0.39-1.48) 0415 0.64 (0.34-1.23) 0.183
Gender

Female 11 1 1

Male 69 1.00 (0.366-2.78) 0.986 0.92 (0.32-2.61) 0.874
Drinking history (years)

<10 26 1 1

>10 54 091 (0.41-2.04) 0.817 1.07 (0.49-2.35) 0.86
Differentiation 0.864 0.59

Well 21 1 1

Moderate 42 0.99 (0.43-2.31) 0.997 1.19 (0.54-2.68) 0.659

Poor 17 1.23 (0.48-3.16) 0.667 1.58 (0.64-3.89) 0.318
Tumor size (cm)

<4 42 1 1

>4 38 1.00 (0.49-2.03) 0.987 1.29 (0.67-2.50) 0.446
T classification 0.580 0.533

Tl 28 1 1

T2 13 1.54 (0.54-4.44) 0.419 1.39 (0.49-3.91) 0.525

T3 29 0.66 (0.23-1.93) 0.451 0.55 (0.19-1.54) 0.255

T4 10 0.84 (0.13-5.55) 0.856 0.49 (0.72-3.35) 0.469
N classification 0.009 0.044

NO 39 1 1

N1 23 2.79 (0.80-9.69) 0.107 1.98 (0.61-6.45) 0.259

N2 18 14.90 (2.3-96.39) 0.005 7.70 (1.29-46.02) 0.025
TNM stage 0.036 0.013

I 20 1 1

I 25 18.53 (1.82-188.6) 0.014 12.25 (2.29-65.71) 0.003

1 35 41.72 (2.37-733.9) 0.011 27.66 (2.55-300.41) 0.006
Apollon expression 0.019

Low 20 1 1

High 60 3.63 (1.02-12.95) 0.047 4.03 (1.25-12.98)

The statistically significant P-values are shown in bold. T classification, tumor clssification; N classification, node classification; TNM stage,
tumor, nodes, and metastases stage, ESCC, esophageal squamous cell carcinoma; HR, hazard ratio.

ANCTs and 0% (0/30) in the normal esophageal mucosa epithe-
lial tissue. The difference between the different tissue groups
was statistically significant (P<0.0001, Fig. 1D). No significant
difference was identified in the Apollon expression levels in the
ANCT group compared with the normal tissue group (P=0.132,
Fig. 1D).

The mRNA expression levels of Apollon in the 80 cases
of ESCCs and the paired ANCTs were subsequently analyzed
by RT-qPCR. A similar pattern of Apollon expression in
terms of the mRNA levels was identified: Compared with the
paired ANCTs, a 3-fold increase in Apollon expression was
noted in the ESCC tissues (Fig. 1E). Comparative analysis
of paired ESCCs with ANCTs revealed that increased

Apollon expression (>2-fold [namely log2 (fold change)>1])
was observed in 75% of the cases (60/80). The immunohis-
tochemical staining score was positively associated with the
fold expression of Apollon mRNA (Fig. 1F); therefore, the
overexpression of Apollon may be a frequent event in human
ESCC.

Expression levels of Apollon are associated with the
ESCC clinicopathological characteristics. The association
between Apollon expression and the clinicopathological
characteristics of ESCC was determined by the y* test. As
summarized in Table I, the high expression of Apollon was
significantly associated with the TNM stage (P<0.001) and
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Figure 2. Apollon is a promising prognostic marker for ESCC. According to the reverse transcription-quantitative polymerase chain reaction data, when
the expression of Apollon was classified into low expression (n=20) and high expression (n=60), the level of Apollon expression was significantly different
between the (A) tumor, nodes, and metastases stage and (B) lymph nodal metastasis. Kaplan-Meier survival analysis of Apollon expression in ESCCs.
A higher Apollon expression indicates a lower (C) disease-free survival (P<0.001) and (D) overall survival (P<0.001). ESCC, esophageal squamous cell

carcinoma.

Iymph node (N classification) metastasis (P<0.001). However,
no significant difference was identified between Apollon
expression and age (P=1.000), gender (P=1.000), drinking
history (P=0.587), tumor differentiation (P=0.119) or tumor
size (P=0.301).

Upregulation of Apollon expression is associated with the
prognosis of ESCC. To assess the feasibility of using Apollon
expression as an ESCC prognostic factor, the Cox propor-
tional hazards regression model was introduced. Multivariate
survival analysis on all parameters was performed. It was
determined that overall survival time was significantly
dependent on lymph node (N classification) metastasis
(P=0.009), TNM stage (P=0.036) and Apollon expression
levels (P=0.047; Table II), which indicated that patients
with ESCC who had high levels of Apollon expression also
had shorter overall survival times (median survival time:
28 vs. >60 months, P<0.001; Fig. 2) compared with the low
Apollon expression group. Additionally, it was determined
that lymph node metastasis (P=0.044), TNM stage (P=0.013)
and Apollon expression levels (P=0.019; Table II) indicated
significant differences for disease-free survival rates in the
multivariate survival analysis. Patients with ESCC who
had high Apollon expression also had shorter disease-free
survival rates (median survival time: 22 vs. >60 months,
P<0.001; Fig. 2) compared with the low Apollon expression

group.

Discussion

Apollon is the largest member of the IAP family (10), and it
has been associated with various types of cancer (10,11,13-16),
including breast, colon, lung, cervical and prostate cancer,
gliomas, fibrosarcomas and osteosarcomas. However, the
importance of Apollon in ESCC has not been fully elucidated.
The current study investigated the protein and mRNA expres-
sion levels of Apollon in a series of 80 paired ESCC specimens
with intact follow-up data.

Immunohistochemical staining results revealed that
Apollon protein expression was higher in ESCC tissues
compared with ANCTs and normal esophageal tissues, as
demonstrated by western blot analysis. RT-qPCR analysis
revealed high Apollon mRNA expression in the majority of
cases of ESCC (Fig. 1), which is in line with a previous study
on ESCC (25) and various other cancer studies (13-16), indi-
cating that Apollon may be important for ESCC progression.
Apollon contributes to oncogenesis through its interference in
the apoptotic balance. Apollon has a prosurvival role due to
its antiapoptotic function, which is completed by its binding
to the activated caspases (caspase-3, caspase-8, caspase-9) to
block the apoptotic pathway directly. Additionally, it can ubig-
uitinate the IAPs antagonists, Smac and HtrA2, and induce
their proteolytic and degradative functions, which indirectly
enhances the antiapoptotic activity of IAPs (11,12). Apollon
may be able to switch on ESCC via a different molecular
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mechanism; however, further studies are required to clarify
this.

From the clinical data, the expression level of Apollon
in the high and low groups was compared in terms of the
various clinicopathological factors of 80 patients with ESCC.
It was determined that the expression of Apollon was not
associated with the age, gender, drinking history, tumor
size or tumor differentiation of the patients; however, it was
significantly associated with the lymph node metastasis and
TNM stage. Therefore, it is possible that the higher expres-
sion of Apollon leads to malignant biological characteristics,
despite the tumor differentiation, which is inconsistent with
previous studies (26-30): More Apollon expression indicated
poorer differentiation. Similar results have been published by
Low et al (16) in terms of prostate cancer and Apollon, which
indicate that increased expression of Apollon was a late event
in prostate cancer and did not correlate with differentiation.

Previous research has revealed that a high expression of
Apollon was well correlated with lymph node metastasis (21)
and poor survival (26,27). Lymph node metastasis may be
used as a prognostic factor for ESCC; therefore, a multivariate
survival analysis was performed on Apollon expression and
the lymph node metastasis status. The results revealed that
patients with high Apollon expression/more lymph node
metastasis (N2) had shorter overall and disease-free survival
times compared with patients with neither. Higher lymph node
metastasis or Apollon overexpression worsens the prognosis.
Therefore, the evaluation of Apollon expression in conjunction
with the lymph node status may provide novel information
for the prognosis of patients, and provide an opportunity for
improved planning of appropriate treatment strategies and
management subsequent to surgery. Apollon is an indicator for
metastasis and prognosis for ESCC, which is consistent with
previous studies regarding Apollon (26-30). Previous studies
have also determined that Apollon was an independent, unfa-
vorable prognostic factor for overall survival and disease-free
survival rates in human epithelial ovarian cancer (26).
Notably, abundant previous research has demonstrated that
a high level of Apollon expression is associated with poor
chemotherapeutic outcomes in various carcinomas, including
colon cancer, acute leukemia, prostate cancer and melanoma,
whereas silencing Apollon may improve patient sensitivity
to chemotherapy (19,28,31,32). Therefore, Apollon may be a
novel tumor therapeutic target; however, further investigation
is required in order to elucidate the association between ESCC
and Apollon.

Previous studies revealed that a significant overexpression
of IAPs in cancer tissue, including cIAP-1, cIAP-2, X-linked
inhibitor of apoptosis and Survivin, was regarded as an early
event in esophageal cancer and did not correlate with histo-
logical type or the stage of tumors (33-35). However, according
to the data from the current study, Apollon is an antitype: High
expression of Apollon is a late cancer event, indicative of a
poor prognosis, and, as it is distributed in the cytoplasm and is
not secreted into the extracellular space, its value in terms of
early diagnosis is limited.

In conclusion, the present study indicates, to the best
of our knowledge for the first time, that Apollon expres-
sion is associated with the prognosis of ESCC and may
be a potentially valuable prognostic factor and novel
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chemotherapeutic target for ESCC. The mechanisms of
Apollon in tumorigenesis and metastasis remain unclear,
although the present study provides the first step for future
researchers to perform further investigations in vitro and
in vivo in order to clarify the regulatory mechanisms of
Apollon expression in ESCC in association with the apop-
totic signaling pathways.
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