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To find genes involved in tumorigenesis and the development of esophageal cancer, the suppression subtractive hybridization (SSH)
method was used to identify genes that are overexpressed in esophageal cancer tissues compared to normal esophageal tissues. In
our SSH library, the forkhead box O3 (FOXO3), glyceraldehyde-3-phosphate dehydrogenase (GAPDH), and myeloid differentiation
primary response 88 (MYD88) genes were the most highly upregulated genes, and they were selected for further studies because
of their potential role in the induction of autophagy. Upregulation of these genes was also observed in clinical samples using qRT-
PCR. In addition, coexpression analysis of the autophagy-related genes Beclinl, ATGI2, Gabarapl, PIK3C3, and LC3 demonstrated
a significant correlation between the differentially overexpressed genes and autophagy. Autophagy is an important mechanism in
tumorigenesis and the development of chemoresistance in cancer cells. The upregulation of FOXO3, GAPDH, and MYD88 variants
in esophageal cancer suggests a role for autophagy and provides new insight into the biology of esophageal cancer. We propose that

FOXO3, GAPDH, and MYD88 are novel targets for combating autophagy in esophageal cancer.

1. Introduction

Esophageal cancer is one of the most aggressive and life-
threatening types of carcinoma in developing countries, and
it has a high incidence rate in some geographical regions,
particularly in the “Asian esophageal cancer belt,” which
extends from the Caspian Littoral in Iran, Turkmenistan,
Uzbekistan, and Kazakhstan to the northern provinces of
China [1]. Esophageal cancer is among the top 10 causes of
cancer-related deaths worldwide [2]. Although some altered
oncogenes and tumor suppressor genes have been identi-
fied in esophageal cancer (e.g., p53 deletion, p21 alteration,

and amplification of CCNDI and c-myc), the fundamental
molecular mechanisms leading to esophageal cancer remain
unknown [3-6]. The identification of genes that are dif-
ferentially expressed in esophageal cancer cells allows for
the identification of new biomarkers and therapeutic target
genes. In addition, this strategy could lead to an improved
understanding of the molecular biology and mechanisms of
carcinogenesis in esophageal cancer.

In contrast to apoptosis, autophagy is primarily a cell
survival process; thus, autophagy has been considered an
important mechanism in chemoresistance and is known
as a survival factor for tumor cells in the early stages of


http://dx.doi.org/10.1155/2014/185035

tumorigenesis [7-10]. In this study, suppression subtrac-
tive hybridization (SSH) was used to identify genes that
are overexpressed in esophageal cancer cells. Among the
identified ESTs from the constructed SSH library, potential
autophagy-inducing genes (FOXO3, MYD88, and GAPDH)
were selected for further analysis. The incidence of autophagy
was also determined in clinical tissue samples by quantifying
autophagy-related/regulatory genes. This study provides new
information concerning the genes associated with the devel-
opment of esophageal cancer, particularly those involved in
autophagy, which could have a significant influence on the
diagnosis and treatment of this type of cancer, which typically
has a poor prognosis.

2. Materials and Methods

2.1. Tissue Collection. The samples used for the SSH were
surgically resected using esophagectomy from a patient prior
to chemotherapy. Normal tissue was resected 10 cm far from
the tumor. A pathologist dissected the target tissues under the
microscope with special care for minimal contamination of
nonepithelial cells. For confirmation of overexpressed genes
by qRT-PCR, 10 samples from 5 patients (5 tumors and
5 normal tissues from the same patients) were collected
using endoscopy. Target tissues were immersed in 10 volumes
of an RNAlater solution (Ambion, Austin, TX, USA). The
samples were stored at —80°C freezer. The resected tissues
were examined using hematoxylin-eosin (H&E) staining. The
consent form was approved by the Biologic Sampling Ethics
Committee of the Tehran University of Medical Sciences and
obtained from patients prior to sampling.

2.2. Extraction of Total RNA. Tissues were lysed using a
mortar and pestle and liquid nitrogen. Two mL of Tripure
isolation reagent (Roche Applied Science, Indianapolis, IN,
USA) was added. The lysed tissues were passed through a 20-
gauge needle 10 times for homogenization. The procedure was
performed according to the manufacturer’s instructions. The
concentration and purity of the total RNA were determined
using a BioPhotometer (Eppendorf, Hamburg, Germany).
RNA quality was assessed using a 1% denatured agarose gel.

2.3. Isolation of mRNA. mRNA was isolated using the Dyn-
aBeads mRNA Isolation Kit (Dynal, Lake Success, NY, USA).
Briefly, DynaBeads oligo (dT),; were equilibrated with 100 uL
of binding buffer (100 mM Tris-HCI, 500 nM LiCl, 10 mM
EDTA, 1% LiDS, and 5mM DTT). The extracted total RNA
was diluted to 100 yL in binding buffer, and the equilibrated
DynaBeads were added and incubated for 5min at 37°C
in a shaking incubator. The beads were then placed on a
magnet, the supernatant was removed, and the beads were
washed twice using 200 yL of washing buffer (10 mM Tris-
HCI, 0.15M LiCl, and 1 mM of EDTA). Elution buffer (10 uL)
was added to the beads prior to incubation at 65°C for 2 min.
The beads were then immediately placed on the magnet, and
the eluted mRNA was isolated. To improve the reduction of
background rRNA, this protocol was repeated on the eluted
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mRNA. The purity of the purified mRNA was assessed using
a1% denatured agarose gel.

2.4. Construction of the SSH Library. When constructing a
subtracted library, it is routine procedure to use a single
sample pair. SSH library construction was achieved using the
PCR-Select cDNA subtraction kit (Clontech, Palo alto, CA,
USA) according to the manufacturer’s instructions. Briefly,
2 ug mRNA from normal (as Driver) and tumor (as Tester)
tissues was applied for the first and second cDNA synthesis.
The resulting cDNA was digested with Rsal, and the blunt-
ended double-stranded cDNA was purified. The Tester cDNA
was divided into two parts, which were individually ligated to
adaptor 1 and adaptor 2. The adaptor 1- and adaptor 2-ligated
cDNAs were separately hybridized with excess amounts
of Driver cDNA for 8hr at 68°C. The two hybridization
mixtures were combined and hybridized with excess amounts
of Driver cDNA overnight at 68°C. The final hybridization
mixture was diluted using 200 uL of dilution buffer for two
subsequent rounds of PCR. The constructed SSH libraries
were confirmed using 1% agarose gel electrophoresis.

2.5. Cloning and Similarity Searches. The constructed SSH
libraries were purified using the PCR Product Purification
Kit (Roche Applied Science), and the purified PCR products
were ligated into the pUC19 cloning vector and transformed
into Escherichia coli NovaBlue competent cells (Novagen,
Madison, WI, USA). Positive clones were verified using
the colony PCR method with the adaptor-specific primers
N1 (5'-TCGAGCGGCCGCCCGGGCAGGT-3") and N2R
(5'-AGCGTGGTCGCGGCCGAGGT-3'), and the plasmids
were isolated for sequencing using the High Pure Plas-
mid Isolation Kit (Roche Applied Sciences). Single direc-
tion DNA sequencing was performed using the BigDye
terminator v3.1 sequencing kit and a 3730xl automated
sequencer (Applied Biosystems, Foster City, CA, USA).
Similarity searches were performed using the BLASTh,
tBLASTn, and tBLASTx algorithms in the NCBI GenBank
databases (http://blast.ncbi.nlm.nih.gov/Blast.cgi) to analyze
the sequences.

2.6. Analysis of the Subtraction Efficiency. The efficiency of
the subtraction method was analyzed by comparing the
abundance of a nondifferentially expressed housekeeping
gene (e.g., beta actin) before and after subtraction. Briefly,
the subtracted and nonsubtracted samples were diluted 10-
fold in H,O as a template for PCR. Real-time PCR reactions
were prepared by adding 10 uL of SYBR Premix Ex Taq
(Takara, Kusatsu, Japan), 1 yuL of sample, 0.8 pmol of the beta
actin primers, 0.4 uL of ROX dye, and DEPC-treated water
to a final volume of 20 uL. The thermal cycling parameters
for the reaction consisted of an initial heating of 10 min at
95°C, followed by 40 cycles of 30sec at 95°C and 1 min at
60°C. Melting curve analysis was performed by increasing
the temperature from 65°C to 95°C in 0.1°C/second incre-
ments for each fluorescence reading using the Step-One-Plus
apparatus (Applied Biosystems). The subtraction efficiency
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was determined using the relative expression of the beta actin
gene in the subtracted and nonsubtracted samples.

2.7. qRT-PCR Analysis of the FOXO3, MYD88 Variants, and
GAPDH Genes. To analyze the overexpression of the genes
identified using the SSH, normal and cancerous endoscopic
tissue samples were collected from patients. Total RNA
was extracted using the Tripure Isolation Reagent (Roche
Applied Sciences). One pg of total RNA was used for cDNA
synthesis with the Expand Reverse Transcriptase (Roche
Applied Sciences) and oligo (dT),g primer. Table 1 presents
the primers that were designed to amplify the FOXO3,
GAPDH, and beta actin genes in the qRT-PCR reaction.
Alternative splicing of MYD88 variants was analyzed using
the real-time PCR method. In this method, primers were
designed based on variant-specific exons from MYD88. The
designed primers locations for the specific MyD88 variants
are depicted in Figure 1. The primers were designed using
PrimerSelect software version 7.1.0 (DNAstar, Madison, W1,
USA) and synthesized by the TAG Company (TAG Copen-
hagen, Copenhagen, Denmark). The qRT-PCR reaction was
prepared using 10 4L of SYBR Premix Ex Taq (Takara), 2 uL of
cDNA, 0.8 pmol of each forward and reverse primer, 0.4 uL of
ROX dye, and DEPC-treated water to a final volume of 20 L.
The thermal cycling program for the reactions was as follows:
an initial heating for 10 min at 95°C, followed by 40 cycles
of 30 sec at 95°C, and 1 min at the annealing temperature of
the selected gene. The annealing temperatures of the designed
primers are presented in Table 1. Melting curve analysis
was performed by increasing the temperature from 65°C
to 95°C in 0.1°C/second increments for each fluorescence
reading. The efficiencies of the reactions amplifying the
FOXO03, MYD88 variants, GAPDH, and beta actin genes were
calculated using a standard curve that consisted of 5 points
from 10-fold serial dilutions that were prepared using 100 ng
of the synthesized cDNA as the first point. Expression levels
of the FOXO3, MYD88 variants, and GAPDH genes were
normalized using the beta actin gene. The relative expression
level for each gene was calculated using REST 2008 software
V2.0.7 (Corbett Research, Sydney, Australia).

2.8. Detection of Autophagy. Autophagy was detected using
real-time PCR to obtain a relative quantification of the
Beclinl, PIK3C3, ATGI2, LC3, and Gabarapll genes in
cancerous and normal tissues. The primers were designed
using PrimerSelect software version 7.1.0 (Lasergene) and
synthesized by the TAG Company (TAG Copenhagen). The
real-time PCR reactions were done as described above.
The expression levels of Beclinl, PIK3C3, ATGI12, LC3, and
Gabarapll were normalized using beta actin, and relative
expression was calculated using REST 2008 software V2.0.7
(Corbett Research).

2.9. Statistical Analysis. The t-test was used for statistical
analysis. Spearman’s Rho analysis was applied to assess a
possible relationship between the expression levels of the
identified differentially expressed genes (FOXO3, GAPDH,
and MYD88) and the autophagy-related genes in cancerous

and normal tissues. The statistical significance was set at P <
0.05.

3. Results

3.1. Suppression Subtractive Hybridization and Subtraction
Efficiency. To identify genes overexpressed in esophageal
cancer, SSH was performed using cancerous tissue as the
Tester and normal tissue as the Driver. Figure 2 represents the
constructed SSH library, in which the subtracted genes can
be seen in the 180-1200 bp region. Among the significantly
overexpressed genes (unpublished data), 3 clones, represent-
ing the FOXO3, MYD88, and GAPDH genes, were selected
because of their probable role in the induction of autophagy.
Selected clones were annotated as FOXO3, with a length of
307bp and 95% identity with FOXO3 sequences, MYD88
with a length of 256bp and 99% identity with MYD88
sequences, and GAPDH with a length of 758 bp and 98%
identity with GAPDH sequences from the NCBI database.
Real-time PCR analysis demonstrated that beta actin has a
9.7-fold reduction in the subtracted library compared with the
nonsubtracted library.

3.2. FOX0O3, GAPDH, and MYD88 Are Overexpressed in
Esophageal Cancer Tissues. To confirm the results obtained
from the constructed SSH library, the expression levels of
the FOXO3, MYD88, and GAPDH genes were quantified in
cancerous and normal esophageal tissues using qRT-PCR.
Overexpression of FOXO3, GAPDH, and MYD88, variants is
depicted in Figure 3. These results confirmed the efficiency
of the SSH library, which indicated that these genes were
significantly overexpressed in esophageal cancer.

3.3. MYD88vl and MYD88v3 Are the Dominant Variants
in Esophageal Cancer Tissues. The MYD88 variants were
amplified using the Step-One-Plus apparatus. The melting
temperatures of MYDS88 vl, v2, v3, and v5 were 87.99°C,
85.9°C, 86.2°C, and 84.71°C, respectively (Figure 4). The
mean fold induction for each MYD88 variant is depicted
in Figure 3. The results demonstrated a significant shift in
the pattern of expression of MYDS88 variants 1 and 3 in
the esophageal cancer tissues compared with the normal
tissues. In normal tissues, the expression patterns of the
MYDB88 variants were as follows: MYD88v1, 10%; MYD88v2,
12%; MYD88v3, 76%; and MYDS88v5, 2%. In contrast, the
following expression patterns were observed in cancerous
tissues: MYD88v1, 25%; MYD88v2, 13%; MYD88v3, 58%; and
MYDS88v5, 4%.

3.4. Overexpression of Beclinl, ATGI2, Gabarapll, LC3, and
PIK3C3 Indicates Autophagy in Esophageal Cancer Tissues.
The transcript level of Beclinl, a gene that is involved in
autophagic vacuole formation and acts as a coregulator
of autophagy increased 3.825-fold in tumor tissues. The
transcript levels of LC3, ATGI12, and Gabarapll genes involved
in autophagic vacuole formation, increased 3.04-fold, 2.685-
fold, and 1.820-fold in tumor tissues, respectively. The tran-
script level of PIK3C3, a gene that acts as a coregulator of
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Exon location 1 551 552 686 687 891 892 983 984 2874
MYD88 variant 1 Exon 1 Exon 2
NM.001172567.1 | Exon size 550bp 134bp 204bp 91bp 1890 bp
MYD88-v1-F i s MYD88-v1-R
Exon location 1 551 552 686 687 867 868 959 960 2850
MYD88 variant 2 Exon 1 Exon2 ——  Exonda
NM.002468.4 | pyon size 550bp 134bp 180bp 91bp 1890 bp
MYD88-v2-F s s MYD88-v2-R
Exon location 1 551 552 732 733 824 825 2715
NM_001172568.1
Exon size 550bp 180bp 91bp 1890bp
MYD88-V3-F sl i MY D88-v3-R
Exon location 1 551 552 686 687 778 779 2669
MYD88 variant 4 Exon 1 — Exon2
NM_001172569.1 .
Exon size 550 bp 134bp 91bp 1890bp
MYD88-v4-F ~am MYD88-v4-R
Exon location 1 551 552 643 644 2534
MYD88 variant 5 Exon 1
NM_001172566.1 .
Exon size 550bp 91bp 1890bp
MYD88-v5-F s ~fm= MYD88-v5-R

FIGURE 1: Alternative splicing variants of the MYD88 gene and designed primers locations.
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there is a 9.7-fold decrease in beta actin expression in the subtracted cDNAs.

autophagy and is involved in the induction of autophagy in
response to intracellular signals, was 2.704-fold higher in
tumor tissues than in normal tissues (Figure 3). Correlation
of FOXO3, MYD88 isoforms, and GAPDH with autophagy-
related genes is represented in Table 2.

4. Discussion

Autophagy is categorized as a protein degradation system,
which participates in the cellular homeostasis that is typically
observed in nutrient-deprived cells. In this process, excess or
unnecessary proteins and organelles are fused to lysosomes
and digested by lysosomal enzymes [11, 12]. In the early
stages of the tumorigenesis and during cancer treatment,
autophagy induction fortifies cancer cell growth in the
tumor microenvironment by protecting cells from nutrient

deprivation and providing an alternative energy source for
cancer cells [13, 14].

In this study, suppression subtractive hybridization was
used to identify the overexpressed genes, FOXO3, MYD88,
and GAPDH, which have potential roles in the induction of
autophagy in esophageal cancer cells. Upregulation of these
genes was confirmed in esophageal cancer samples using
qRT-PCR.

The work presented here identified the FOXO3 gene
as being overexpressed in esophageal cancer. This gene
belongs to a family of transcription proteins that is involved
in the regulation of autophagy. Autophagy-related genes
(e.g., LC3 and BNIP3) are directly upregulated by FOXO3
[15, 16]. In addition, previous studies revealed that FOXO3
overexpression induced autophagy in the HEK293T cell line
[17]. Our results indicated that FOXO3 was upregulated
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FIGURE 3: Relative expression of genes identified from the SSH library, MYD88 isoforms- and autophagy-related genes in esophageal cancer
tissues, assessed using real-time PCR. (a) Relative expression levels of genes that are overexpressed in esophageal tumor (FOXO3, GAPDH,
and MYD88 variants). Expression of MYD88v4 was not detectable in samples. (b) Detection of autophagy in esophageal tumors. Relative
expression of autophagy-related genes (Beclinl, ATGI2, Gabarapll, LC3, and PIK3C3) in esophageal tumor tissues. (®) represent the mean
and whiskers the SEM of expression in samples (n = 10). *P < 0.05, **P < 0.01.

TaBLE 2: Correlations of FOXO3, MYD88 isoforms, and GAPDH with autophagy-related genes.

LC3 Gabarapll ATGI2 PIK3C3 Beclinl
FOXO3 0.000 0.007 0.007 0.000 0.000
MYDS88v1 0.000 0.500 0.007 0.007 0.000
MYD88v2 0.000 0.000 0.000 0.000 0.000
MYD88v3 0.000 0.062 0.000 0.007 0.000
MYD88v5 0.062 0.062 0.062 0.062 0.229
GAPDH 0.062 0.500 0.000 0.000 0.062

Correlations were considered significant when P < 0.01.
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MYD88 with Beclinl reduces Beclinl binding to Bcl-2, which
leads to autophagy induction in cancer cells [21]. Our results
revealed for the first time that MYDS88 variants are upreg-
ulated in esophageal cancer tissues compared with normal
tissues. Our findings indicated that MYD88 overexpression
could lead to autophagy in esophageal cancer. The cause of
MYD88 overexpression in esophageal cancer tissues likely
originates from the extracellular tumor matrix, where the
presence of mucin could trigger prolonged activation of TLR
receptors and subsequent upregulation of MYD88. Com-
pared with normal esophageal tissues, there was a significant
reduction in MYD88v3 levels and a significant increase in
MYD88v1 levels in esophageal tumor tissues. Interaction of
MYD88 with Beclinl has been previously demonstrated, but
no information is available concerning the participation of
individual exons in this interaction; thus, the role of each of
the MYD88 variants in the interaction with Beclinl and the
subsequent induction of autophagy remains to be elucidated.

GAPDH is a key protein in the production of energy.
Overexpression of GAPDH has been reported in cancers,
and the primary role for GAPDH was proposed to be
its pivotal function in glycolysis. However, cooperation of
GAPDH with ATGI12 could induce autophagy instead of
caspase-independent cell death (CICD) [22]. After apoptotic
cytochrome c¢ release without caspase activation, which
leads to CICD, GAPDH elevates ATP levels in the cells by
inducing glycolysis and cooperates with ATGI2 to shift the
cells away from CICD and toward autophagy. In our SSH
library, GAPDH was identified as an overexpressed gene,
with a 4.659-fold induction. Nutrient deprivation, hypoxia,
and high levels of cell division demand additional energy
resources, and GAPDH overexpression could alleviate these
demands by inducing both glycolysis and autophagy in
esophageal cancer cells.

Because this is the first report of the overexpression of the
FOXO3, GAPDH, and MYD88 genes in esophageal cancer
cells, the precise role of these genes in esophageal cancer
remains to be elucidated. Significant correlations between
the expression levels of these genes and those of autophagy-
related genes point to a potential role for these genes in the
induction of autophagy. Prolonged autophagy induction in
tumor tissues and degradation of autophagy-related proteins
via autophagosome formation leads to the upregulation of
autophagy-related genes in esophageal cancer tissues. FOXO3
overexpression correlated with expression of the Gabarapll,
ATGI2, PIK3C3, LC3, and Beclinl genes in cancer tissues. In
light of its transcriptional activity and regulatory effects on
the process of autophagy in skeletal muscle, FOXO3 could
increase the expression level of autophagy-related genes
in esophageal cancer tissues [15]. A significant correlation
was observed between the expression of GAPDH and the
autophagy-related genes ATGI2 and PIK3C3 in the tissue
samples. This correlation could be related to the autophagy-
induction activity of GAPDH, which causes a subsequent
upregulation of autophagy-related genes. Overexpression of
MYD88v1, MYD88v2, and MYD88v3 correlated with upreg-
ulation of the autophagy-related genes Beclinl, ATGI2,
LC3, and PIK3C3. This correlation could be related to the

induction of autophagy via TLR receptors, which leads to
MYD88 upregulation.

The results of this study suggest that the induction of
autophagy in cancerous tissues is an important event in
the molecular biology and tumorigenesis of esophageal can-
cer. Tumor cells experience metabolic stress and starvation
caused by increased proliferation and cell metabolism and
hypoxia caused by inadequate angiogenesis, in which ATP
production is inefficient. These environmental stresses induce
autophagy in tumor cells located far from the blood vessels
[23]. Autophagy decreases the energy consumption of tumor
cells by reducing metabolic stress and eliminating cellular
organelles that limit damage. Autophagy has previously been
studied as a target for the development of new therapies
for esophageal cancer because inhibition of autophagy has
the potential to sensitize tumor cells, including chemore-
sistant cells, to therapeutic agents [24]. To date, autophagy
has not been considered a fundamental molecular event
in esophageal cancer, and the role of autophagy in the
tumorigenesis of this cancer has not been addressed. There-
fore, future studies that focus on autophagy as a target for
cancer therapeutics are necessary. Because of intraepithelial
neoplasia importance in tumorigenesis of esophageal cancer,
occurrence of autophagy and expression of FOXO3, MYD88,
and GAPDH genes should be studied in this stage. This
could reveal the role of the above genes in the early stage of
tumorigenesis.

In conclusion, using the SSH method, our study revealed
for the first time that the FOXO3, MYD88, and GAPDH
genes are overexpressed in esophageal cancer. In addition,
there was a significant correlation between overexpression
of these genes and upregulation of autophagy-related genes
in esophageal cancer. Considering the fundamental role of
autophagy in tumorigenesis and the high expression levels of
FOXO3, MYD88 and GAPDH in esophageal cancer, further
studies are needed to evaluate the roles of these genes and
autophagy in the development of esophageal cancer. In addi-
tion, autophagy could be responsible for the poor prognosis
and chemoresistance that are observed in esophageal cancer
patients. The overexpression of the FOXO3, MYD88, and
GAPDH genes could lead to the induction of autophagy genes
in esophageal cancer. Thus, these genes are candidates for
targeting autophagy and tumorigenesis in esophageal cancer.
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