
Oncogene GAEC1 regulates CAPN10 expression which 
predicts survival in esophageal squamous cell carcinoma

Dessy Chan, Miriam Yuen-Tung Tsoi, Christina Di Liu, Sau-Hing Chan, Simon Ying-Kit Law, Kwok-Wah Chan, 
Yuen-Piu Chan, Vinod Gopalan, Alfred King-Yin Lam, Johnny Cheuk-On Tang

Dessy Chan, Miriam Yuen-Tung Tsoi, Christina Di Liu, Sau-
Hing Chan, Johnny Cheuk-On Tang, State Key Laboratory of 
Chirosciences, Lo Ka Chung Centre for Natural Anti-cancer Drug 
Development, Department of Applied Biology and Chemical 
Technology, the Hong Kong Polytechnic University, Hong Kong, 
China
Simon Ying-Kit Law, Department of Surgery, Li Ka Shing Facul-
ty of Medicine, the University of Hong Kong, Hong Kong, China
Kwok-Wah Chan, Yuen-Piu Chan, Department of Pathology, 
Li Ka Shing Faculty of Medicine, the University of Hong Kong, 
Hong Kong, China
Vinod Gopalan, Alfred King-Yin Lam, Department of Pathol-
ogy, Griffith Medical School and Griffith Health Institute, Griffith 
University, Gold Coast, Queensland 4222, Australia
Author contributions: Chan D, Tsoi MYT, Liu CD and Chan 
SH contributed research design and technical support; Law SYK 
contributed data collection; Chan KW and Chan YP contributed 
analytic tools; Gopalan V and Lam AKY analyzed data; Chan D 
and Tang JCO contributed research design and wrote the paper.
Supported by The General Research Fund, offered by Research 
Grant Council of Hong Kong to Tang JCO and Lam AKY, PolyU 
5627/08M; Griffith Health Institute Project Grant
Correspondence to: Dr. Johnny Cheuk-On Tang, PhD, State 
Key Laboratory of Chirosciences, Lo Ka Chung Centre for 
Natural Anti-cancer Drug Development, Department of Applied 
Biology and Chemical Technology, the Hong Kong Polytechnic 
University, Hung Hom, Kowloon, Hong Kong, 
China. bccotang@polyu.edu.hk 
Telephone: +86-852-34008727  Fax: +86-852-30138935 
Received: September 7, 2012     Revised: November 3, 2012 
Accepted: February 5, 2013
Published online: May 14, 2013

Abstract
AIM: To identify the downstream regulated genes of 
GAEC1  oncogene in esophageal squamous cell carci-
noma and their clinicopathological significance.

METHODS: The anti-proliferative effect of knocking 
down the expression of GAEC1  oncogene was stud-

ied by using the RNA interference (RNAi) approach 
through transfecting the GAEC1-overexpressed esoph-
ageal carcinoma cell line KYSE150 with the pSilencer 
vector cloned with a GAEC1 -targeted sequence, fol-
lowed by MTS cell proliferation assay and cell cycle 
analysis using flow cytometry. RNA was then extracted 
from the parental, pSilencer-GAEC1-targeted sequence 
transfected and pSilencer negative control vector 
transfected KYSE150 cells for further analysis of differ-
ent patterns in gene expression. Genes differentially 
expressed with suppressed GAEC1  expression were 
then determined using Human Genome U133 Plus 2.0 
cDNA microarray analysis by comparing with the pa-
rental cells and normalized with the pSilencer negative 
control vector transfected cells. The most prominently 
regulated genes were then studied by immunohisto-
chemical staining using tissue microarrays to deter-
mine their clinicopathological correlations in esopha-
geal squamous cell carcinoma by statistical analyses. 

RESULTS: The RNAi approach of knocking down gene 
expression showed the effective suppression of GAEC1 
expression in esophageal squamous cell carcinoma cell 
line KYSE150 that resulted in the inhibition of cell prolif-
eration and increase of apoptotic population. cDNA mi-
croarray analysis for identifying differentially expressed 
genes detected the greatest levels of downregulation 
of calpain 10 (CAPN10) and upregulation of trinucleo-
tide repeat containing 6C (TNRC6C) transcripts when 
GAEC1 expression was suppressed. At the tissue level, 
the high level expression of calpain 10 protein was sig-
nificantly associated with longer patient survival (month) 
of esophageal squamous cell carcinoma compared to 
the patients with low level of calpain 10 expression 
(37.73 ± 16.33 vs  12.62 ± 12.44, P  = 0.032). No sig-
nificant correction was observed among the TNRC6C 
protein expression level and the clinocopathologcial 
features of esophageal squamous cell carcinoma. 

CONCLUSION: GAEC1 regulates the expression of 
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CAPN10  and TNRC6C downstream. Calpain 10 expres-
sion is a potential prognostic marker in patients with 
esophageal squamous cell carcinoma. 

© 2013 Baishideng. All rights reserved.
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INTRODUCTION
Esophageal squamous cell carcinoma (ESCC) has a mul-
tifactorial etiology which involves environmental and/or 
genetic factors[1,2]. The incidence of  ESCC also shows 
marked variation in its geographic distribution and occurs 
at relatively high frequency in Asian regions including 
China[3]. Current modalities of  therapy for this disease 
offer relatively poor survival and cure rates[4], thus more 
investigations at the molecular level are essential for a 
better understanding the molecular pathogenesis of  this 
disease and for making further improvements in diagno-
sis and treatment of  ESCC.

Gene amplification and overexpression have been 
suggested as the major genomic aberrations involved in 
the pathogenesis of  ESCC[5,6]. We previously employed 
the method of  comparative DNA fingerprinting using 
inter-simple sequence repeat polymerase chain reaction 
(ISSR-PCR) and revealed that amplifications or deletions 
of  chromosomal sequences are common events in both 
the preneoplastic lesions and carcinomas[7]. An analysis 
of  the frequency of  amplification or loss of  individual 
ISSR-PCR profile bands led to the identification of  a 
novel expressed sequence tag database entry of  a cDNA 
clone from a chromosome 7 placental cDNA library[7,8]. 
Moreover, the ISSR-PCR fragment also showed 98% ho-
mology to a Homo sapiens chromosome 7 P1-derived ar-
tificial chromosome clone (approximately 125 kb) which 
has been mapped to chromosome band 7q22[9]. The 
amplification of  chromosomal segment 7q22 has been 
implicated in many types of  cancer. Reported examples 
include ESCC[10], breast carcinoma[11], pancreatic carci-
noma[12], renal-cell carcinomas[13] and T-cell leukemia[14]. 
Thus, further investigation on the newly identified ES-
CC-related genomic and expressed sequences mapped to 
chromosomal region 7q22 can be a fruitful approach for 
identifying new candidate genes crucial to the disease. We 
subsequently identified and characterized the role of  a 
novel oncogene GAEC1 which is located at 7q22 region, 
encodes a nuclear protein and shows a high frequency 
of  gene amplification and overexpression in ESCC cell 

lines and primary tumors[15], as well as in colorectal ad-
enocarcinoma[16]. Overexpression of  GAEC1 in 3T3 
mouse fibroblasts caused increased cell proliferation, foci 
formation and colony formation in soft agar, comparable 
to H-ras overexpression. Further, injection of  GAEC1-
transfected 3T3 cells into athymic nude mice formed un-
differentiated sarcoma in vivo, providing the first evidence 
about the oncogenic nature of  GAEC1[15]. An increased 
GAEC1 DNA copy number was also reported in 79% of  
colorectal adenocarcinomas and the copy numbers were 
significantly different among colorectal adenocarcinomas, 
adenomas, and non-neoplastic colorectal tissues[16]. 

In this report, GAEC1 was further characterized by 
identifying the downstream partners using cDNA micro-
array analysis on GAEC1-suppressed human esophageal 
carcinoma cell line KYSE150 which shows GAEC1 
overexpression. The prominently downstream-regulated 
genes were then studied by immunohistochemistry on 
a tissue microarray (TMA) of  ESCC to determine their 
clinicopathological significance. 

MATERIALS AND METHODS
ESCC specimens and cell lines
One hundred and thirty-two paired non-tumor and 
tumor fresh tissue samples were collected after esopha-
gectomy with patients’ consent at the Department of  
Surgery, Queen Mary Hospital, Hong Kong from 2001 to 
2006. They were collected consecutively from esophagec-
tomy specimens performed on patients who had received 
no prior treatment directed to the primary ESCC. The 
histopathological features were reported by specialist 
pathologists of  the Department of  Pathology, Queen 
Mary Hospital, Hong Kong. The clinicopathological 
parameters of  the patients were collected prospectively 
and they included age, gender, tumor-node-metastasis 
pathological stages and histological grades. The actuarial 
survival rate of  the patients was calculated from the date 
of  surgical resection of  the ESCC to the date of  death 
or last follow-up. Management was by a pre-agreed stan-
dardized multidisciplinary protocol supervised by a senior 
specialist surgeon. The ESCC cell line KYSE150 is of  
Japanese origin. It was purchased from DSMZ (Braun-
schweig, Germany) and cultured as described[17]. The 
non-tumor esophageal epithelial cell line NE1 was used 
as the control to confirm the overexpression of  GAEC1 
in KYSE150 and was cultured as previously described[18]. 

Preparation of small interfering RNA expression vector
A vector based RNA interference (RNAi) approach 
was used for suppressing the expression of  GAEC1 in 
KYSE150 ESCC cells. The pSilencer2.1-U6 neo vec-
tor (Ambion) was used to express the siRNA which 
is specific for targeting GAEC1 expression. The 
pSilencer2.1-U6 neo Negative Control vector (Ambion) 
was used as the negative control which expressed a hair-
pin small interfering RNA (siRNA) with limited homol-
ogy to any known sequences in the human, mouse and 
rat genomes. The siRNA target sequence of  GAEC1 
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and the insert sequence were determined by the pro-
grams siRNA Target Finder and Insert Design Tool 
for the pSilencer™ Vectors (Ambion). The top strand 
of  the insert sequence (P3-4) is 5’-GATCCGAAGT-
GGCTTCTGGATTAATTCAAGAGATTAATC-
CAGAAGCCACTTCTTTTTTGGAAA-3’ and the 
bottom strand is 5’-AGCTTTTCCAAAAAAGAAGT-
GGCTTCTGGATTAATCTCTTGAATTAATC-
CAGAAGCCACTTCG-3’. The top and bottom strands 
were annealed and cloned into the pSilencer2.1-U6 neo 
vector according to the manufacturer’s instruction. The 
vectors were transfected into the KYSE150 cells as pre-
viously described[15] using FuGene HD (Roche Diagnos-
tics GmbH) with G418 selection. 

RNA extraction and reverse transcription-polymerase 
chain reaction analysis
RNA was extracted from the parental, pSilencer-P3-4 and 
pSilencer-negative control vectors transfected KYSE150 
cells using the RNeasy mini Kit (Qiagen) after 2 mo se-
lection under G418. About 2 μg DNA-free RNA from 
each sample was used for the multiplex semi-quantitative 
reverse transcription-polymerase chain reaction (RT-PCR) 
analysis with β-actin as the internal control to show the 
expression level of  GAEC1 as previously described[15]. 
Densitometry analysis was performed to compare the in-
tensity of  the PCR products after agarose gel electropho-
resis under UV using Quantity-One program (Bio-Rad).

Cell proliferation assay
The cell proliferation of  the parental, pSilencer-P3-4 and 
pSilencer-negative control vectors transfected KYSE150 
cells was determined by MTS assay using the CellTiter 96 
Aqueous One Solution (Promega) as previously described[15]. 

Cell cycle analysis
The parental, pSilencer-P3-4 and pSilencer-negative con-
trol vectors transfected KYSE150 cells were resuspend-
ed in 500 L 1 × phosphate buffered saline and fixed with 
500 L 70% ethanol. The cells were then suspended in 1 
mL PI (20 μg/mL)/Triton X-100 (0.1% v/v) staining so-
lution with RNase A (200 μg/mL) and then analyzed by 
the BD FACSCalibur flow cytometer. Different fractions 
of  cell cycles were analyzed using the Modfit LT software 
(Verity Software House).

cDNA microarray analysis
The differentially expressed genes of  the pSilencer-P3-4 
vector transfected KYSE150 cells with suppressed 
GAEC1 expression were identified using cDNA microar-
ray analysis by making comparisons between the parental 
cells, pSilencer-negative control vectors transfected cells, 
and pcDNA3.1-GAEC1 transfected cells with GAEC1 
overexpression[15]. The cDNA microarray analysis and 
the associated quality control using Human Genome 
U133 Plus 2.0 arrays (Affymetrix) were performed in the 
Genome Research Centre of  the University of  Hong 
Kong according to the Affymetrix’s protocol. Briefly, to-

tal RNA was extracted from 2 × 106 cells of  each sample 
using RNeasy mini Kit (Qiagen). The RNA integrity 
was measured by the ratio of  28S/18S ribosomal RNA 
using Agilent 2100 Bioanalyzer. One microgram total 
RNA from each source was then reverse transcribed to 
the first-stranded cDNA by using oligo-dT linked-T7 
RNA polymerase promoter sequence and the double-
stranded cDNA was synthesized by using RT Kit (Invi-
trogen). The biotin labelled-cRNA was produced by in 
vitro transcription kit (Invitrogen) and purified by RNeasy 
mini columns (Qiagen). About 15 μg denatured cRNA 
was hybridized to each Human Genome U133 Plus 2.0 
array (Affymetrix) and then stained with a streptavidin-
phycoerythrin conjugate and the signals were detected 
with GeneArray scanner (Agilent). The microarray signals 
were analyzed by using Agilent Genespring GX and Af-
fymetrix GeneChip Operating Softwares. The signal of  
each differentially expressed gene in the pSilencer-P3-4 
transfected cells was determined by comparing with the 
parental cells and normalized with the pSilencer-negative 
control vector transfected cells. The threshold level of  
the corresponding up- or down-regulated genes with 
transfected pcDNA3.1-GAEC1 vector is ≥ 2 folds. 

Tissue microarray and immunohistochemical staining
A TMA containing the 132 paired non-tumor esopha-
geal epithelia and ESCC specimens were constructed as 
described previously[19]. The archival paraffin-embedded 
ESCC tissues were used under the ethical guidelines in 
the Department of  Pathology of  The University of  Hong 
Kong. Immunohisto-chemical staining on the TMA sec-
tions was performed using the calpain 10 (0.03 mg/mL; 
Sigma-Aldrich) rabbit polyclonal antibody and TNRC6C 
(1 mg/mL; Abnova) mouse monoclonal antibody using 
the previously described methodology[19]. The dilution 
factors for the calpain 10 and TNRC6C antibodies were 
1:50 and 1:150 respectively. The percentage of  tumor 
cells positively stained formed the basis of  grading as 
follows: Grade 0: less than 5%, Grade Ⅰ: 5% to less than 
25%, Grade Ⅱ: 25% to less than 50% and Grade Ⅲ: 
more than 50%. For each tissue sample, the tissue core 
with the highest grade was selected for subsequent statis-
tical analysis. The high expression group combined those 
tumors with Grade Ⅱ or Ⅲ, and the low expression 
group combined those tumors with Grade 0 or Ⅰ. 
 
Statistical analysis
The Student’s t test was used to evaluate the statistical 
significance of  the differences in calpain 10 and TN-
RC6C expression between tumor and non-tumor tissues. 
The χ 2 test and t test were used to examine the statistical 
significance of  the correlations between calpain 10 and 
TNRC6C expression with clinicopathological parameters. 
Kaplan-Meier plots and Cox multi-variant analysis were 
produced for overall patient survival, and statistical sig-
nificance was evaluated by using Wilcoxon’s signed-rank 
test. Statistical analysis were performed using SPSS Ver. 
20.0 (SPSS, Chicago, IL, United States). Differences were 
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between the MTS activities generated from the parental 
cells and the cells transfected with the pSilencer-negative 
control vector. The results indicated that the KYSE150 
cells with down-regulated GAEC1 showed an obvious 
reduction in proliferation rate compared with the paren-
tal and control-vector transfected cells (Figure 2). Fur-
ther analysis on the cell cycle related changes using flow 
cytometry demonstrated an approximately 50% increase 
in apoptotic population with suppressed GAEC1 ex-
pression, compared with the parental and control-vector 
transfected cells (Figure 3). 

To identify the downstream candidate genes which are 
regulated by the suppressed GAEC1 expression, cDNA 
microarray analysis was performed using the Human Ge-
nome U133 Plus 2.0 array (Affymetrix) which comprises 
of  more than 47000 transcripts and variants in each chip. 
The results of  the identified lists of  more than 5-fold 
down-regulated (total 10 genes) and more than 3-fold up-
regulated (total 9 genes) targets were shown in Table 1 
respectively. All the listed genes were selected based on 
more than 2-fold expression signals of  the correspond-
ing up- or down-regulation of  the respective genes when 
the cells were transfected with the pcDNA3.1-GAEC1 
vector and no significant fold change was detected with 
transfected pSilencer-negative control vector compared 
with parental cells. With suppressed GAEC1 expression, 
calpain 10 (CAPN10) was identified to have the highest 
level (> 15 folds) of  down-regulation (Table 1), while tri-
nucleotide repeat containing 6C (TNRC6C) was shown to 
have the highest level (> 7 folds) of  up-regulation (Table 
1). These two GAEC1-regulated target genes with the 
greatest changes in expression level were followed up by 
the immunohistochemical analysis using the ESCC tissue 
microarray. 

The expression of  CAPN10 and TNRC6C proteins 
in TMA sections sampling 132 paired tumor and non-
tumor tissues from ESCC specimens was investigated 
using immunohistochemistry. Fourteen out of  132 tu-
mors (10.61%) were found to belong to the high expres-
sion group of  CAPN10 expression. However, TNRC6C 
did not show any significant expression signals in all the 
ESCC cases analyzed except eight non-tumor esopha-

considered statistically significant when the relevant P 
values were < 0.05. 

RESULTS
The overexpression of  GAEC1 in KYSE150 over NE1 
was confirmed by multiplex semi-quantitative RT-PCR 
and densitometry analysis (Figure 1A). The expression 
level of  GAEC1 in pSilencer-P3-4 transfected KYSE150 
cells was also determined by comparing with the parental 
and pSilencer-negative control vector transfected cells us-
ing densitometry measurement. The results indicated that 
the pSilencer-P3-4 transfected KYSE150 cells showed a 
down-regulation of  GAEC1 expression compared with 
the parental cells and the control. The comparison of  the 
band intensities among the samples by densitometry mea-
surement showed that the GAEC1 expression level was 
down-regulated in the pSilencer-P3-4 transfected cells by 
about three folds (Figure 1B).

To assess the effect on cell proliferation with sup-
pressed GAEC1 expression, a comparison was made 

           M                 NE1            KYSE150          H2O

β-actin
(540 bp)

GAEC1
(186 bp)

β-actin
(540 bp)

GAEC1
(186 bp)

           M           Parental      Parental      Parental    H2O
                                         pSilencer     pSilencer       
                                            P3-4          control     

Figure 1  Expression level of GAEC1 in KYSE150 cells. A: Multiplex reverse transcription-polymerase chain reaction (RT-PCR) analysis showed the overexpres-
sion of GAEC1 in KYSE150 compared with the non-tumor esophageal epithelial cell line NE1; B: Multiplex RT-PCR analysis demonstrated the down-regulation of 
GAEC1 expression in KYSE150 cells transfected with pSilencer P3-4 vector compared with the parental cells and those transfected with pSilencer control vector. The 
amount of RNA in each lane was normalized with the amplification of β-actin. M: 100 bp ladder marker; H2O: Water control. 
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Figure 2  MTS cell proliferation assays for esophageal squamous cell car-
cinoma cell line KYSE150. Cells were transfected with pSilencer vector cloned 
with the P3-4 sequence (pSilencer P3-4) or control vector (pSilencer-ve). MTS 
assays were then performed every 24 h for 3 d on each type of transfected 
cells and the parental cells. The respective MTS activities on each day were 
compared with the corresponding activities of day 1. Representative data from 
3 independent experiments are shown. 
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geal tissues which also served as the positive controls. 
Representative examples of  immunohistochemical stain-
ing of  CAPN10 and TNRC6C are shown in Figure 4. 
Correlation between expression level of  CAPN10 and 
clinicopathological features are summarized in Table 2. 
There was no significant correlation of  any clinicopatho-
logical features with the expression level of  CAPN10. 
The median survival of  patients with high expression 
level of  CAPN10 was 38 mo whereas that of  low ex-
pression level was 13 mo, and the survival range is from 
0.72 to 65.15 mo. The difference was significant on both 
univariant and multi-variant analysis (P = 0.032 and 0.035 
respectively; Figure 5).

DISCUSSION
Our previous study reported the oncogenic role of  
GAEC1 in esophageal carcinogenesis and high expres-

sion level of  GAEC1 caused malignant transformation 
of  normal cells[15]. High DNA copy number of  GAEC1 
was also observed in colorectal adenocarcinoma and sig-
nificant difference was reported in cancer sub-sites and 
tumor types[16]. From our previous study[15], however, no 
significant correlation was observed between GAEC1 
amplification and clinicopathological parameters and 
prognosis in ESCC tumors, and thus the DNA amplifi-
cation study of  GAEC1 is not included in this report. 
In the present study, an attempt was made to investigate 
the downstream- regulated genes when GAEC1 expres-
sion was suppressed in an ESCC cell line KYSE150. Our 
group also investigated the ESCC cell lines which showed 
overexpression of  GAEC1 as we reported previously[15]. 
KYSE150 showed the more stable and consistent overex-
pression with time compared among the ESCC cell lines. 
Reduction of  proliferation rate and increase in apoptotic 
population were observed in association with reduced 
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Figure 3  Flow cytometry analyses for KYSE150 cells. KYSE150 transfected with pSilencer cloned with P3-4 sequence demonstrated an increased apoptotic 
population by approximately 50% (C) compared with the parental cells (A) and cells transfected with pSilencer-ve control vector (B). 

A B C

  Probe set ID Gene title Down-regulation with 
transfected 

pSilencer P3-4

Up-regulation with 
transfected 

pcDNA3.1-GAEC1

pSilencer-ve control

  221040_at Calpain 10           15.3033010 2.1643467 1.0476209
  1561417_x_at Not assigned           12.1628650 2.0130675 1.1347373
  1562828_at Not assigned 9.9816000 2.6808436 1.1661105
  229929_at splA/ryanodine receptor domain and SOCS box containing 4 8.3420770 2.2365010 1.1751518
  235209_at Chromosome 8 open reading frame 84 7.6294910 2.1356385 1.1450081
  220090_at Cornulin 7.6125007 2.3401918 1.1664450
  242713_at Not assigned 7.3507795 2.0578532 1.1959343
  224499_s_at Activation-induced cytidine deaminase 5.8917794 3.3146940 1.1664389
  229543_at Not assigned 5.3493247 2.0206234 1.0065930
  242064_at Sidekick homolog 2 (chicken) 5.0322995 2.8469403 1.0170712
  1561041_at Trinucleotide repeat containing 6C 7.5979643 2.1234870 1.0152589
  216787_at Not assigned 5.3369575 2.2657390 1.1658608
  206725_x_at Bone morphogenetic protein 1 4.8828310 2.7046654 1.1015952
  206276_at Lymphocyte antigen 6 complex, locus D 4.7652740 2.7379642 1.0686288
  1560482_at Not assigned 4.2348604 3.0122058 1.1875614
  211362_s_at Serpin peptidase inhibitor, clade B (ovalbumin), member 13 4.0584164 2.4208739 1.0186443
  216491_x_at Immunoglobulin heavy constant mu 3.4819565 2.8060850 1.0186309
  238415_at Not assigned 3.2034543 2.9523630 1.0138865
  241028_at RPGRIP1-like 3.0331728 2.3752263 1.0001514

Table 1  List of more than 5-fold and 3-fold down-regulated genes induced by stable GAEC1 knowndown in KYSE150 cells com-
pared with the parental cells

All the listed genes were selected based on more than 2-fold of the corresponding up-regulation when GAEC1 was overexpressed with transfected 
pcDNA3.1-GAEC1 vector and no significant fold change with transfected pSilencer-negative control vector compared with parental cells.
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GAEC1 expression in ESCC cells. Thus our study is 
the first report to demonstrate the significance of  sup-
pressing GAEC1 as a target of  reducing the malignant 
properties of  ESCC. In order to assess whether the tu-
mors are more proliferative, the use of  other histological 
markers for assessing proliferation, such as Ki-67[20] and 
AgNOR[21], in parallel to CAPN10 is suggested in future 
studies to determine whether the CAPN10 level is associ-
ated with progression of  the disease. Similar targeting ap-
proach against potential oncogenes is now being explored 
intensively in the direction of  gene therapy for various 
types of  cancers[22]. Examples include the suppression 
of  MTA1 in esophageal carcinoma[23], alpha-actinin-4 in 
oral carcinoma[24], osteopontin in colon carcinoma[25] and 
EGFR in hepatocellular carcinoma[26]. The application 
of  RNAi approach has been recognized as having high 
potential for the clinical application of  targeted cancer 
therapy[27]. To date, clinical trials at different stages were 
reported and they targeted against various oncogenic 
components in various cancers, including metastatic 
melanoma, liver cancer, chronic myelogenous leukemia, 
pancreatic cancer and colon cancer[22]. Moreover, the 

RNAi approach for targeting specifically on transforming 
growth factor-β has been developed as a “cancer vac-
cine” against ovarian cancer[22]. Thus our present study 
offers a new direction for exploring the application of  
RNAi-based method for suppressing the oncogenic 
target GAEC1 as a novel gene therapy approach in our 
future investigations.

Calpain 10 (CAPN10) is a member of  the mitochon-
drial calpain system[28]. Mitochondrial calpain system 
has been shown to promote caspase-independent pro-
grammed cell death via the apoptotic inducing factor-
mediated mechanism[28] and its expression has been 
correlated to insulin-stimulated glucose uptake[29] and 
type 2 diabetes[30]. However, the correlation and func-
tional roles of  CAPN10 in tumorigenesis are still not 
fully understood, although CAPN10 has been linked to 
laryngeal[31], colorectal[32] and pancreatic cancers[33]. In the 
present study, the RNAi-based suppression of  GAEC1 

A B C

Figure 4  Immunohistochemical staining of CAPN10. A: In normal esophageal epithelial tissue showing weak CAPN10 staining; B: esophageal squamous cell car-
cinoma (ESCC) tissue showing strong CAPN10 staining; C: ESCC tissue showing weak CAPN10 staining in tumor. CAPN10 was mainly localized in the cytoplasm of 
the cancer cells (original magnification, ×100). 

  Characteristics Patients Low 
expression

High 
expression

P  value

  Age, yr (mean ± SD)        132 65.64 ± 10.55 63.50 ± 13.39 0.572
  Gender 0.086
     Male        102 94 8
     Female 30 24 6
  TNM stage 0.762
     0/Ⅰ/Ⅱ 18 15 9
    Ⅲ/Ⅳ 83 72           11
  Tumor depth 0.729
     T1-3 79 67           12
     T4 22 20 2
  Lymph node metastasis 0.363
     N0 32 26 6
     N1 69 61 8
  Distant metastasis   1
     M0 66 57 9
     M1 35 30 5
  Differentiation 0.459
     Well 16 15 1
     Moderate 59 51 8
     Poor 26 21 5

Table 2  Relationship between CAPN10 expression and clini-
copathological features 

0.00           20.00         40.00           60.00
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1.0

0.8

0.6

0.4

0.2

0.0

CAPN10  low expression group (n = 118)
CAPN10  high expression group (n = 14) 

Figure 5  Overall 5-year survival rates as determined by the expression 
level of CAPN10 in esophageal squamous cell carcinoma patients. Low 
expression group of CAPN10 in ESCC patients showed a significantly lower 
5-year survival rate than those of high expression group. 
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in KYSE150 resulted in the suppression of  CAPN10 
expression (approximately 15-fold compared with the 
parental cells). For those ESCC tumors belonging to the 
CAPN10 low expression group, the 5-year survival rate is 
significantly lower than those belonging to the CAPN10 
high expression group. From the study of  Moreno-
Luna et al[31], CAPN10 genotype 12 was reported to be 
related with a worse prognosis in laryngeal cancer, which 
is similar to our present study which is newly described 
in ESCC. Our observation from the low CAPN10 ex-
pression group implied the possibility that the oncogene 
GAEC1 overexpression within this group might involve 
more prominently at the initial stage of  molecular carci-
nogenesis, so that the expression level of  CAPN10 was 
lower in ESCC at the time of  operation. Similar pattern 
of  oncogenic expression happening at the earlier stage of  
carcinogenesis was also observed from fibroblast growth 
factor-2 in melanoma[34] and KLF4 in cutaneous squa-
mous epithelial neoplasia[35]. The verification of  this hy-
pothesis can be followed up with the future development 
of  GAEC1-specific antibody, which is still unavailable 
in market, for the future analysis of  GAEC1 expression 
in various stages in ESCC. This important finding also 
paves the path for the further investigation for the roles 
of  CAPN10 in the molecular pathogenesis of  esophageal 
carcinoma. Moreover, in the present study, no significant 
correlation of  any other clinicopathological features 
with the expression level of  CAPN10 was found, but 
CAPN10 predicted the poor survival of  ESCC patients. 
Similar results were also reported previously in which the 
overexpression of  a chemokine CXCL12 in ovarian can-
cer[36] and a protein Rad51 for homologous recombina-
tion in ESCC[37] also showed a correlation to the survival 
of  patients, but no correlation to other clinicopathologi-
cal features was found. The level of  CAPN10 is also not 
associated with local lymph node and distant metastasis 
in the ESCC cases, implying the possibility that GAEC1 
expression may not be relevant to the control of  metasta-
sis in ESCC.

TNRC6C has been reported to be the miRNA reg-
ulation-related genes and their mutation was correlated 
to cancer development through deregulating the miRNA 
regulation[38]. TNRC6C was also shown in the present 
study to undergo up-regulation with the suppression of  
GAEC1 expression by the RNAi approach, but there 
was no significant expression of  TNRC6C in the ESCC 
cases studied. This may be due to the down-regulation of  
TNRC6C in ESCC by other unknown mechanisms which 
are subjected to further investigation. Future study of  
TNRC6C mutation in ESCC is required to investigate the 
possible roles of  TNRC6C in carcinogenesis. Moreover, 
among the down-regulated genes identified by cDNA 
microarray with suppressed GAEC1 expression, activa-
tion-induced cytidine deaminase (AID) was reported to 
show overexpression in Barrett’s esophagus and Barrett’s 
adenocarcinoma[39], but there was no investigation on the 
roles of  AID in molecular pathogenesis in ESCC. AID 
has been shown to induce somatic mutations in host 
genes and implicated in the carcinogenesis of  lung[40], 

colorectal[41] and gastric cancers[42]. Therefore, our find-
ings provide a new evidence for prompting future study 
on the role of  AID in the development of  ESCC. 

In conclusion, the suppression of  GAEC1 expres-
sion resulted in reduced tumor cell proliferation, increased 
apoptotic population in ESCC cells and also regulated 
CAPN10 and TNRC6C expression. The low expression 
of  CAPN10 predicted the poor survival of  ESCC patients. 
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