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silencing is only one of the mechanisms causing loss of 
DAB2 expression in ESCCs. 
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INTRODUCTION
Esophageal cancer is the most aggressive gastrointestinal 
malignancy ranking as the 6th most common cancer among 
males and 9th most common cancer among females 
globally[1]. Squamous cell carcinoma is the predominant 
histological subtype of  esophageal cancer, characterized 
by high mortality rate and strong association with dietary 
habits and life style in India[2-4]. It is the 2nd most common 
cancer among males and 4th most common cancer among 
females in India[5]. Despite advances in multimodality 
therapy, due to late stage of  diagnosis and poor efficacy 
of  treatment, the prognosis for patients with ESCC still 
remains poor with an average 5-year survival of  < 10% 
globally[6,7] and < 12% in India[8,9].

DOC-2/DAB2 (differentially expressed in ovarian 
carcinoma- 2/disabled-2) is a putative tumor suppressor 
g ene tha t encodes a 96 -ku mi tog en- re spons ive 
phosphoprotein involved in signal transduction[10-15]. It 
inhibits mitogenic stimulation via the Ras pathway by 
binding to Grb2[13,14]. DAB2 has been shown to act as a 
negative regulator of  c-Src in normal prostatic epithelium 
and cancer[16]. This interaction causes inactivation of  Erk 
and Akt proteins critical for proliferation and survival of  
prostate cancer cells[16,17]. DAB2 is found in association 
with transforming growth factor-β (TGF-β) typeⅠ
and Ⅱ receptors, while directly binding to the TGF-β 
signaling intermediates Smad2 and Smad3 through the 
PID domain[18]. DAB2 plays an important regulatory role 
in cellular differentiation and induction of  differentiation 
in the absence of  DAB2 expression commits the cell to 
apoptosis[19]. DAB2 functions as a negative regulator of  
canonical Wnt signaling by stabilizing the beta-catenin 
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Abstract
AIM: Disabled-2  (DAB2) is a candidate tumor-suppressor 
gene identif ied in ovarian cancer that negatively 
influences mitogenic signal transduction of growth 
factors and blocks ras activity. In a recent study, we 
observed down-regulation of DAB2  transcripts in ESCCs 
using cDNA microarrays. In the present study, we aimed 
to determine the clinical significance of loss of DAB2 
protein in esophageal tumorigenesis, hypothesizing 
that DAB2  promoter hypermethylation-mediated gene 
silencing may account for loss of the protein. 

METHODS: DAB2 express ion was ana lyzed by 
immunohistochemistry in 50 primary esophageal 
squamous ce l l carc inomas (ESCCs), 30 d ist inct 
hyperplasia, 15 dysplasia and 10 non-malignant 
esophageal tissues. To determine whether promoter 
hypermethylation contributes to loss of DAB2 expression 
in ESCCs, methylation status of DAB2  promoter was 
analyzed in DAB2 immuno-negative tumors using 
methylation-specific PCR. 

RESULTS: Loss of DAB2 protein was observed in 
5/30 (17%) hyperplasia, 10/15 (67%) dysplasia and 
34/50 (68%) ESCCs. Significant loss of DAB2 protein 
was observed from esophageal normal mucosa to 
hyperplasia, dysplasia and invasive cancer (P trend < 0.001). 
Promoter hypermethylation of DAB2  was observed in 2 
of 10 (20%) DAB2 immuno-negative ESCCs. 

CONCLUSION: Loss of DAB2 protein expression 
occurs in early pre-neoplastic stages of development 
of esophageal cancer and is sustained down the 
tumorigenic pathway. Infrequent DAB2  promoter 
methylation in ESCCs suggests that epigenetic gene 
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degradation complex[20]. Recently, treatment of  mouse F9 
embryonic carcinoma cells with glycosylceramide synthase 
inhibitors has been shown to result in depletion of  
gangliosides and delayed expression of  DAB2, suggesting 
their involvement in F9 cell differentiation[21]. The aberrant 
expression of  DAB2 has been reported in tumors, such 
as ovarian, prostate, choriocarcinoma, and breast[11,22-26]. 
Histologically, elevated levels of  DAB2 are associated 
with an enriched basal cell compartment, a progenitor 
cell for glandular epithelium and may be involved in the 
homeostasis of  rat prostate regeneration[23]. In addition, 
stable expression of  DAB2 in cancer cell line has been 
shown to significantly reduce its in vitro growth rate, 
concomitant with an increase in cells in G1 and decrease 
in anchorage-independent growth on soft agar[11,22,23]. 
Therefore, DAB2 appears to be a potent negative regulator 
of  cancer cell growth.

In a recent study, we observed down-regulation of  
DAB2 transcripts in ESCCs using cDNA microarrays (data 
not shown). To our knowledge, the clinical significance 
of  down-regulation of  DAB2 in ESCC remains to be 
determined. In the present study, we analyzed DAB2 
protein expression in different stages of  development of  
esophageal cancer viz., primary ESCC and paired non-
malignant normal, hyperplasia and dysplasia. Loss of  
DAB2 protein was observed in high proportion of  ESCCs 
and dysplasia. Therefore, we hypothesized epigenetic 
silencing of  DAB2 gene in ESCCs. To test this hypothesis, 
the methylation status of  the putative promoter (exon 1) 
of  DAB2 was analyzed using methylation-specific PCR in 
ESCC tissues that showed loss of  DAB2 protein.

MATERIALS AND METHODS
Tissue samples
The study was approved by Institutional Human Ethics 
Committee and informed consent was obtained from the 
patients prior to enrolment in the study. The tissue samples 
used in this study were collected from Department of  
Gastrointestinal Surgery, All India Institute of  Medical 
Sciences, New Delhi , India. All the samples were 
histologically confirmed to be either ESCCs, esophageal 
hyperplasia, dysplasia or non-malignant tissues by the 
pathologist (SDG). The samples included 50 histologically 
confirmed ESCCs, 10 non-malignant esophageal mucosa, 
30 hyperplasia and 15 dysplasia.

Immunohistochemistry 
Immunohistochemical analysis of  DAB2 protein was 
carried out in paraffin-embedded tissue sections (5 µm 
thickness). Briefly, the sections were deparaffinized in 
xylene, hydrated and incubated with 30 mL/L H2O2 
in methanol for 5 min to inactivate the endogenous 
peroxidase. Slides were washed with Tris-buffered 
saline (TBS, 0.1 mol/L, pH7.4) and heated for 15 min 
at 100℃ in 10 mmol/L sodium citrate buffer (pH 6.0). 
Thereafter, sections were incubated with anti-disabled-2 
goat polyclonal antibody (C-20, dilution 1:50, Santa Cruz 
Biotechnology Inc., Santacruz, CA) at 4℃ overnight 
in humidified chamber. Sections were incubated with 
biotinylated anti-mouse antiserum with horseradish 

peroxidase streptavidin conjugate (DAKO Labs, Glostrup, 
Denmark). After every incubation step, slides were washed 
with TBS thrice and color was developed using 3,3’
-diaminobenzidine hydrochloride (DAB). Sections were 
counterstained with Mayer’s hematoxylin, and mounted 
with DPX mountant for evaluation. Normal ovary tissue 
sections were taken as positive control for DAB2 and in 
the negative control primary antibody was replaced by 
isotype-specific IgG (data not shown).

Bisulfide modification
Genomic DNA from tissues was isolated by phenol-
chloroform method. Genomic DNA was treated with 
sodium bisulfite (Sigma-Aldrich, Bangalore, India) 
as previously described[27]. Briefly, 1 µg of  DNA was 
denatured with 0.2 mol/L NaOH for 10 min at 37℃. 
Thirty microliters of  10 mmol/L hydroquinone (Sigma 

Aldrich) and 520 µL of  3 mol/L sodium bisulfite (pH 
5.0) were added, followed by incubation at 50℃ for 
16 h. The modified DNA was purified using Wizard 
DNA purification columns (Promega, Madison, WI). 
The purified DNA was desulphonated with NaOH and 
precipitated with absolute ethanol in the presence of  
glycogen and ammonium acetate. DNA was resuspended 
in 20 µL of  1 mmol/L Tris (pH 8.0) and used for PCR 
amplification. 

Methylation-specific PCR
Bisulfite-treated genomic DNA was amplified with either 
a methylation-specific or unmethylation-specific primer 
set for 35 cycles at 95℃ for 5 min (hot started by adding 
Taq polymerase), followed by cycling with denaturation 
at 95℃ for 30 s, primers annealing at 60℃  for 30 s, and 
extension at 72℃ for 1 min, as well as a final extension 
step at 72℃ for 5 min. Methylation-specific primers 
span 6 CpG dinucleotides numbered 19-21 (forward) 
and 35-37 (reverse) of  DAB2 exon1 (Gene accession No. 
AF218839). Similarly, unmethylation-specific primers span 
8 CpG dinucleotides numbered 19-22 (forward) and 35-37 
(reverse). The methylation-specific primers were designed 
using 5’-TATTTTTCGTCGGGAGTGGTCGC-3’ as the 
forward primer and 5’-ACTAACTATTACCTCCGTAAA
ACG-3’ as the reverse primer. The unmethylation-specific 
primers for site S1 were designed using 5’-GAATTATATT
TTTTGTTGGGAGTGGTTGT-3’ as the forward primer 
and 5’-CCAACTAACTATTACCTCCATAAAACA -3’ 

as the reverse. These primer sequences were reported by 
Akiyama et al[28].

RESULTS
Immunohistochemical analysis of DAB2
Immunohistochemical analysis was car ried out to 
determine the expression of  DAB2 protein in different 
stages of  esophageal tumorigenesis. Table 1 summarizes 
the clinicopathological parameters of  ESCC patients and 
expression status of  DAB2 protein in the tumors. Strong 
cytoplasmic staining of  DAB2 was observed in epithelial 
cells of  all the 10 non-malignant (histologically normal) 
esophageal mucosa (Figure 1A). No detectable expression 
of  DAB2 protein was observed in 5/30 (17%) hyperplasia 
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(Figure 1B), 10/15 (67%) dysplasia (Figure 1C) and 34/50 
(68%) ESCCs (Figure 1D). Only 32% of  ESCCs showed 
weak to moderate DAB2 staining (Figure 1E). Significant 
loss of  DAB2 protein expression was observed from 
esophageal normal mucosa to hyperplasia, dysplasia and 
SCC (Ptrend < 0.001). Significantly higher proportion of  
dysplastic tissues showed loss of  DAB2 expression in 
comparison with hyperplasia (P = 0.002; OR = 9.998; 90% 
CI = 2.368-42.210). 

DAB2 exon1 methylation in ESCCs
To determine the possibility of  promoter methylation-
mediated gene silencing of  DAB2, methylation status of  
putative promoter in exon1 of  DAB2 gene was analyzed 
in 10 DAB2 immuno-negative ESCC tissues. Burkitt’s 
lymphoma cell line Raji was used as a positive control for 
hypermethylation of  DAB2 gene, as reported by Akiyama 
et al [28]. As shown in Figure 2, 8 of  10 (80%) ESCCs 
showed signal (PCR amplicon) for the unmethylated 
DAB2 alleles, while 2 cases showed the presence of  both 
unmethylated and methylated PCR amplicon, suggesting 
that DAB2 promoter hypermethylation may account for 
loss of  DAB2 protein in these two tumors. 

DISCUSSION
In this study, we demonstrated, probably for the first 
time, significant loss of  DAB2 protein in different stages 
of  development and progression of  ESCC, from normal 
to hyperplasia, dysplasia and invasive cancer (Ptrend < 
0.001). Strong cytoplasmic expression of  DAB2 protein 
was observed in all the 10 histologically non-malignant 
esophageal tissues. Loss of  DAB2 protein was observed in 

preneoplastic stages, as early as in hyperplasia (in 5 of  30 
hyperplastic tissues analyzed), suggesting that deregulation 
of  DAB2 expression is likely to be an early event in 
esophageal tumorigenesis. Interestingly, loss of  DAB2 
protein was observed in significantly higher proportion 
of  dysplastic tissues (10/15 cases) in comparison with 
hyperplasia (P = 0.002), indicating a critical impact of  loss 
of  this protein in evolution of  dysplasia. Furthermore, 
loss of  DAB2 in 34/50 (68%) of  ESCCs observed in this 
study suggests that down-regulation of  DAB2 protein 
is sustained down the tumorigenic pathway. To our 

Ta b l e  1  C o r r e l a t i o n  o f  D A B 2  p r o t e i n  e x p r e s s i o n  w i t h 
clinicopathological parameters of ESCC patients

Parameters Total cases DAB2

n Positive  
n  (%)

Negative 
n  (%)

ESCC 50 16 (32) 34 (68)
Age
 ≤ 40 yr 14  4 (28) 10 (72)
 ≥ 40 yr 36 12 (33) 24 (67)
Gender
  Male 30 11 (37) 19 (63)
  Female 20  5 (25) 15 (75)
Tumor Stage
  T2   3 1 2 
  T3 36 11 (31) 25 (69)
  T4 11   4 (36)   7 (64)
Hp Grading
  WDSCC   8 2 6 
  MDSCC 37 11 (30) 26 (70)
  PDSCC   5   3 (60)   2 (40)
Nodal stage
  Node -ve 23  8 (35) 15 (65)
  Node +ve 27  8 (30) 19 (70)
Normal 10 10
Hyperplasia 30 25 (83) 5
Dysplasia 15 5 10 (67)

A

B

C

E

D

F i g u r e  1  
Immunohistochemical 
ana l ys i s  o f  DAB2  i n 
esophageal squamous 
cell carcinogenesis. A: 
Cytoplasmic expression 
of DAB2 in non-malignant 
n o r m a l  e s o p h a g e a l 
mucosa; B: Hyperplastic 
e s o p h a g e a l  m u c o s a 
showing no detectable 
e x p r e s s i o n  o f  D A B 2 
protein; C: Dysplastic 
e s o p h a g e a l  m u c o s a 
showing loss of DAB2 
protein expression; D: 
ESCC section showing 
loss of  DAB2 prote in 
e x p r e s s i o n ;  a n d  E : 
ESCC s how i ng  f a i n t 
cytoplasmic DAB2 protein 
expression (A-D: Original 
magnification x 100; and 
E: Original magnification 
x 200).
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knowledge, the clinical relevance of  DAB2 in primary 
human esophageal tumors remains to be determined. 
Therefore, our study is important in demonstrating the 
clinical significance of  aberrant DAB2 expression in 
primary ESCCs. 

The physical interaction of  epithelial cells with the 
basement membrane ensures correct positioning and 
acts as a survival factor for epithelial cells. Cells that 
detach from the basement membrane often undergo 
apoptosis[29,30]. In tumors, this positional control is absent, 
resulting in disorganized cell proliferation[26]. Inactivation 
of  a gene(s) controlling epithelial cell positioning may be a 
step in tumorigenicity. One of  these genes is DAB2, which 
functions in cell positioning control and loss of  DAB2 
protein has been suggested to contribute to the basement 
membrane-independent, disorganized proliferation of  
tumor cells[26]. DAB2 expression in breast cancer cells 
resulted in sensitivity to suspension-induced cell death 
(anoikis)[31]. Loss of  DAB2 expression and the loss of  
collagen IV and laminin-containing basement membrane 
are two critical events associated with morphologic 
dysplastic changes of  the ovarian surface epithelium as a 
step in tumorigenicity[32,33]. 

Basement membrane (BM) can regulate differentiation, 
proliferation and polarity of  esophageal epithelium and 
its integrity is important for carcinogenesis. Studies aimed 
to explore the effect of  the BM changes induced by 
chronic inflammation on esophageal carcinogenesis have 
suggested that BM changes with aberrant proliferation of  
esophageal epithelia[34]. The most salient finding of  our 
study is the significant loss of  DAB2 protein expression 
in pre-neoplastic lesions, such as dysplasia in comparison 
with non-malignant esophageal epithelium and hyperplasia 
(P = 0.002). Based on the studies in ovarian cancer 
and transitional cell carcinoma and our observations in 
esophageal dysplasia and ESCC, we hypothesize that 
down-regulation of  DAB2 protein in dysplasia may be 
an important step in loss of  epithelial cell positioning, 
aberrant proliferation and tumorigenicity. Therefore, loss 
of  DAB2 protein may serve as a candidate molecular 
marker for pre-neoplastic lesions.

Akiyama et al [28] showed epigenetic silencing of  
GATA-4 and GATA-5 but not GATA-6 transcription 
factor genes and their potential downstream anti-tumor 
target genes in colorectal and gastric cancer. GATA6 and 
histone deacetylase inhibitor synergistically induce DAB2 
gene expression in transitional cell carcinoma (TCC) 
cell lines[35]. Histone acetylation status associated with 
the 5’ upstream regulatory sequence of  DAB2 gene is 

one of  the key determinants of  its activity. GATA6 can 
specifically induce DAB2 promoter activity. Increased 
histone acetylation and the presence of  GATA6 have a 
synergistic effect on DAB2 promoter activity which results 
in elevation of  DAB2 protein expression. Although the 
underlying mechanism leading to high GATA6 and/or 
acetyl H3 levels in TCC cell lines is still unclear, it is likely 
that enzymes responsible for epigenetic regulation, such as 
histone modification or DNA methylation, could play a role. 
Therefore, we analyzed the methylation status of  DAB2 
gene in esophageal tumors that showed loss of  DAB2 
protein. Methylation-specific PCR showed methylation of  
DAB2 promoter in 2 of  the 10 DAB2 immuno-negative 
ESCCs analyzed. These findings suggest that epigenetic 
silencing of  DAB2 is infrequent in ESCCs and accounts 
for down-regulation of  the protein in only a subset of  
esophageal tumors. Thus, there is a need to investigate 
other mechanisms that may be responsible for loss of  
DAB2 protein in ESCCs harboring the unmethylated 
DAB2 promoters. A parallel study on DAB2 protein 
expression and promoter methylation in our laboratory 
showed similar discordance between loss of  protein 
expression and epigenetic silencing of  the gene in breast 
cancer. In silico analysis suggested that post-transcriptional, 
micro RNA-mediated targeting of  DAB2 mRNA may be 
another mechanism for gene silencing (unpublished data 
of  Bagadi SAR et al). It will be worthwhile to determine 
if  micro RNA is involved in targeting of DAB2 mRNA 
accounting for loss of  DAB2 protein in ESCCs as well. 

In conclusion, our data suggest that loss of  DAB2 
protein occurs in early pre-neoplastic stages and is 
sustained down the tumorigenic pathway of  esophageal 
squamous cell carcinogenesis, underscoring its potential 
as a candidate molecular marker for pre-neoplastic lesions. 
Furthermore, DAB2 exon-1 promoter hypermethylation is 
an infrequent event in ESCCs.
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