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which may play a role in the neoplastic transformation of 
esophageal precancerous lesions to cancers. 
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INTRODUCTION
More than 30% of  the adult population exhibits upper 
gastrointestinal tract disorders associated with symptoms 
such as regurgitation, heartburn and dysphagia, warranting 
an endoscopic evaluation. Some of  these esophageal 
pathologies require medication while others can be 
managed by altering life-style and dietary habits. A certain 
percentage of  these, however, progress into esophageal 
malignancies. In India, esophageal cancer is the second 
leading cancer in men and fourth leading cancer in 
women[1].

Epithelial tumors of  the esophagus [squamous 
cell carcinoma (SCC) and adenocarcinoma (ADC)] 
are responsible for more than 95% of  all esophageal 
carcinomas. This malignancy presents generally as a 
locally advanced disease, hence leading to poor prognosis 
with an average 5-year survival of  < 12% in India[2]. 
Abnormal proliferation of  the esophageal epithelial cells 
with hyperplasia and dysplasia in the normal squamous 
lining are regarded as premalignant lesions[3,4]. Another 
common premalignant condition is Barrett’s esophagus 
(BE), where patients have a forty-fold increased risk 
for developing adenocarcinoma as compared to normal 
individuals. Although significant advances have been made 
in the diagnosis and treatment of  esophageal carcinomas, 
not many studies have evaluated markers in the target 
tissue, in association with increased risk for malignant 
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Abstract
AIM: To detect aneusomic changes with respect to 
chromosome 11 copy number in esophageal precancers 
and cancers wherein the generation of cancer-specific 
phenotypes is believed to be associated with specific 
chromosomal aneuploidies.

METHODS: We performed f luorescence in s i tu  
hybridization (FISH) on esophageal tissue paraffin 
sections to analyze changes in chromosome 11 copy 
number using apotome-generated images by optical 
sectioning microscopy. Sections were prepared from 
esophageal tumor tissue, tissues showing preneoplastic 
changes and histologically normal tissues (control) 
obtained from patients referred to the cl inic for 
endoscopic evaluation. 

RESULTS: Our results demonstrated that aneusomy was 
seen in all the cancers and preneoplastic tissues, while 
none of the controls showed aneusomic cells. There was 
no increase in aneusomy from precancers to cancers. 

CONCLUSION: Our results suggest that evaluation 
of chromosome 11 aneusomy in esophageal tissue 
using FISH with an appropriate signal capture-analysis 
system, can be used as an ancillary molecular marker 
predictive of early neoplastic changes. Future studies 
can be directed towards the genes on chromosome 11, 
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transformation. Hence, there is a need to identify 
the genetic and molecular factors responsible for the 
progression of  these esophageal lesions into malignancy.

Neoplastic progression is a complex multistep 
process associated with gross chromosomal alterations 
and mutations in regulatory genes, culminating in 
tumorigenesis. Genomic instability is a prominent 
feature of  most cancers, wherein aneuploidy, a change in 
chromosomal number caused by unequal partitioning of  
chromosomes during cell division, occurs frequently in 
many solid tumors[5,6]. Aneuploidy then generates specific 
aneusomies autocatalytically, due to errors in chromosome 
segregation and repair processes[7]. Aneusomies have been 
reported in non-cancerous conditions such as Down’s 
syndrome, wherein the extra chromosome 21 is considered 
to be associated with an increased risk for leukemias. 
The study of  human cancers shows evidence for cancer-
specific aneusomies, despite a plethora of  unspecific 
aneuploidies[8,9]. Recently, it has been demonstrated 
cytogenetically that chromosome 11 may be important in 
the etiology of  SCC of  the esophagus[10,11]. 

The present study was a hospital-based, unmatched, 
case-control study in 25 cases referred to our clinic 
from different hospitals in Hyderabad, South India. 
Chromosome 11 aneusomy was investigated in esophageal 
biopsies taken from controls, premalignant and malignant 
lesions, using fluorescence in situ hybridisation (FISH). 
Our results demonstrated that aneusomy was seen in all 
the cancers and preneoplastic tissues, while none of  the 
controls showed aneusomic cells. There was no increase 
in aneusomy from precancers to cancers. Evaluation of  
chromosome 11 aneusomy in esophageal tissue can be 
used as an ancillary molecular marker predictive of  early 
neoplastic changes.

MATERIALS AND METHODS
Tissue specimens
Esophageal biopsy specimens were endoscopically resected 
from patients referred for histopathological evaluation by 
a qualified gastroenterologist. The control samples were 
taken from those patients undergoing an endoscopy, which 
showed normal tissue histology. All samples were included 
in the study after informed consent was obtained from 
the patients. The study was approved by our Institutional 
Ethical Committee. Formalin-fixed, paraffin-embedded 
tissue sections from 25 selected cases were subjected to 
FISH analysis subsequent to confirmation by histology. 

Histopathological analysis
Paraffin-embedded tissue sections (4 µm thick) were first 
subject to deparaffinization. Slides were placed in xylene 
(3 min × 3 min), 100% alcohol (3 min × 3 min), rinsed 
in running water and stained with haematoxylin (Harries, 
Merck) for 5-10 min. They were then placed in running 
water, dipped in 1% hydrochloric acid and subsequently 
transferred to Eosin yellow staining (Merck) for 30 s. After 
that the slides were passed through graded alcohol series 
for dehydration, placed in xylene and mounted in DPX (Ref: 
Histopathology Laboratory, Armed Forces Institute of  
Pathology, Washington DC, 20 305, USA). Suitable images 

of  the required areas from representative tissue sections 
were taken using a CCD camera (Figure 1). 

Based on the endoscopic and histopathological 
evaluation, 25 tissue biopsies were selected for FISH 
analysis using a Spectrum Green labeled, centromere 
enumeration probe (CEP) for chromosome 11 [Vysis India 
Ltd] (This was used instead of  the LSI probes that would 
help evaluate gene amplification).

FISH on esophageal tissue sections 
Paraffin sections of  4 µm thick were deparaffinized in an 
oven at 95℃ for 20 min, then immediately placed in xylene 
(3 min × 3 min) and transferred into 100% ethanol (3 min 
× 5 min). Dried slides were incubated in 2 × SSC solution 
at 75℃ for 10 min followed by treatment with proteinase 
K solution (2 mg/mL) at 37℃ for 15 min. The slides 
were rinsed in 2 × SSC solution at room temperature. 
They were then immersed in a 75℃ denaturant bath 
(70% formamide/2 × SSC) for 5 min and dehydrated in 
gradient ethanol. Dry slides were placed on a 45-50℃ 
slide warmer. Probe mixture was simultaneously prepared 
at room temperature (7 µL of  hybridization buffer + 1 
µL Spectrum Green labeled CEP 11 DNA probe + 2 
µL purified double distilled H2O) and then denatured at 
95℃. Ten microliters of  the probe mix were applied to 
the slide, and a coverslip was placed on it immediately. 
The slides were hybridized in a pre-warmed humidified 
chamber overnight (12-16 h) at 37℃. Post-hybridization 
washes were done with freshly prepared 0.4 × SSC/0.3% 
NP-40 solution at 55℃ followed by 2 × SSC/0.1% NP-40 
at room temperature. The slides were then air-dried in the 
dark. Ten microliter DAPI counterstain was applied to the 
target area and a coverslip was placed on it carefully to 
avoid formation of  air bubbles. 

The s l ides were v iewed under a f luorescence 
microscope (Olympus, Optical sectioning microscope 
attached to an Axioplan imaging Apotome apparatus, 
Zeiss, Germany) using a suitable filter set (DAPI Exc: 
367nm; Emi: 452 nm and Spectrum Green Exc: 509 
nm; Emi: 538 nm). The optical sectioning microscope 
provided a high-quality image enhancement required for 
proper signal visualization. The sections were visualized 
through Optical sectioning mode using the Apotome for 
the best probe signals in a 3D mode. Ten to fifteen areas 
per slide were taken for analysis based on the density of  
the nuclei. Each area allowed optical sectioning of  about 

Figure 1  Representative HE stained sections at × 400 magnification selected for 
FISH analysis. A: Neoplastic streaks with eosin stained keratin pearls indicating 
a well-differentiated squamous cell carcinoma; B: Adenocarcinomatous tissue 
showing columnar epithelial replacement of the normal squamous lining.
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8-10 consecutive sections using the apotome. The images 
were captured at 1500 × magnification with oil immersion. 
Analysis was done using the 3D analysis of  the Axiovision 
Apotome 1 imaging and Adobe Photoshop 7.0 version 
softwares.

Criteria for evaluating FISH signals
Data were scored f rom a reas showing un i fo r m 
fluorescence intensity. We screened a large number of  
nuclei per sample in order that we did not miss any 
aneusomic cells, especially with respect to precancer 
tissues. In each case, clear, distinct FISH signals were 
evaluated by counting 250 non-overlapping nuclei. Only 
those samples in which the artifactual nullisomy (negative 
nuclei) did not exceed the prescribed 25% were chosen 
for evaluation. A baseline frequency of  monosomic 
population was established to control ‘truncation’ artifacts 
resulting from cut nuclei during microtomy. 

RESULTS
From the patients with upper GI tract disorders referred 
for endoscopic evaluation, 25 cases were selected into the 
FISH study based on endoscopic and histopathological 
categorization. Of  these 25 cases, 20 gave analyzable results; 
they included five normal tissues, four precancers (two 
squamous dysplasias and two BE with high-grade dysplasia) 
and eleven esophageal cancers as shown in Table  1.

FISH was performed on a few metaphase cells and, 
in conjunction with G-banded chromosome analysis, 
we confirmed the probe hybridization. Subsequently the 
method was applied to esophageal tissue sections obtained 
from paraffin blocks. Optical sectioning generated 3D 
images were evaluated and screened for chromosome 11 
probe signals (Figure 2).

The results in each sample were tabulated as nullisomy 
(absence of  signals), monosomy (single signal), normal 
disomic condition (two signals), trisomy (three signals), 
tetrasomy (four signals) and pentasomy (five signals). 
Esophageal tumor cells with trisomic, tetrasomic and 
pentasomic signals indicating the presence of  extra 
chromosome 11 are shown in Figure 3.

Artifactual nullisomy was found to be less than 15% 
in all 20 cases studied. Monosomy was seen in < 35% 
of  the cells in all three groups of  controls, precancers 
and cancers; this was not included in the analysis as 
it was considered as a technical artifact. The controls 
showed normal disomy in all the remaining cells analyzed. 
Premalignant tissues showed an increase in the copy 
number of  chromosome 11; all the four precancer cases 
showed trisomy of  chromosome 11 (4%, 10%, 15.2%, 
5.6%); of  these, one case with severe squamous dysplasia 
exhibited tetrasomy (0.4%), and a case of  BE with high 

Table 1  Details of cases analyzed for chromosome 11 aneusomy using FISH in different esophageal pathologies and controls

Percentage of aneusomy in different cases from the first 250 cells scored. (Monosomies and normal disomies are not shown in the table). ADC: 
Adenocarcinoma; WDSCC: Well differentiated SCC; MDSCC: Moderately differentiated SCC; PDSCC: Poorly differentiated SCC; Sq. : Squamous.

Case, No. Case type Details                   Chromosome 11 % aneusomy

Trisomy (%) Tetrasomy (%) Pentasomy (%)

        1 Controls Normal     -         -          -
        2 Normal     -         -          -
        3 Normal     -         -          -
        4 Normal     -         -          -
        5 Normal     -         -          -
        6 Precancers Sq. dysplasia (High grade)   4.0         -          -
        7 Sq. dysplasia (High grade) 10.0        0.4          -
        8 Barrett's dysplasia (High grade) 15.2        2.4        0.8
        9 Barrett's dysplasia (High grade)   5.6         -          -
      10 Cancers ADC 12.8        2.0          -
      11 ADC 10.0        2.0          -
      12 WDSCC 11.2          -          -
      13 WDSCC 12.8        0.4          -
      14 WDSCC   8.8        2.4          -
      15 MDSCC 10.0        0.8          -
      16 MDSCC 12.8        0.4        0.4
      17 MDSCC   5.2        0.8          -
      18 PDSCC   1.6         -          -
      19 PDSCC   6.0         -          -
      20 PDSCC   3.2         -          -
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Figure 2  Images showing aneusomy with regard to chromosome 11 in 
esophageal cancer cells. A: Trisomy and tetrasomy chromosome 11 in the same 
area; B: Pentasomy chromosome 11 with normal disomy.



grade dysplasia showed tetrasomy and pentasomy of  
chromosome 11 (2.4% and 0.8%), respectively (Table 1). 

All eleven cancer cases showed varying degrees of  
aneusomy of  chromosome 11 in the affected tissues. 
Both cases of  adenocarcinoma showed trisomy and 
tetrasomy. Of  the remaining SCC cases, 4/9 showed only 
trisomy, 5/9 also showed tetrasomy and 1/9 also exhibited 
pentasomy of  chromosome 11 (Table 1). 

DISCUSSION
Chromosomal instability leading to aneuploidy and 
subsequently, specific aneusomies is characteristic of  
cancers[7,12]. In spite of  the somatic gene-mutation 
hypothesis supporting the role of  oncogenes and 
tumor suppressor genes in carcinogenesis, it has not 
been possible to disprove the century-old aneuploidy 
hypothesis even today. Cancer independent evidence 
suggests that specific aneusomies encode the phenotypes 
of  irreversible precancerous lesions and are sufficient 
to alter the phenotype of  eukaryotic cells to trigger 
cellular transformation[13-16]. Given this, it follows that 
chromosome number mutation, not gene mutation 
alone, is a probable cause of  many dominant cancer cell 
phenotypes. Aneusomy can alter the dosage and thus 
the relevant activities of  thousands of  genes on the 
chromosome involved. Dividing aneuploid cells become 
increasingly unstable and most of  these cells die eventually; 
rarely, these generate a specific aneusomy which then 
promotes the cell toward neoplastic transformation. 

Specific chromosomal aneuploidies are characteristic 
of  solid tumors unlike the random aneuploidies exhibited 
in hematological malignancies[9,17]. Chromosome 11 has a 
number of  oncogenes and tumor suppressors including 
Cyclin D1, which is overexpressed in a wide variety of  
human neoplasms[18,19]. Reports suggest that overexpression 
of  cyclin D1 is not due to gene amplification but due 
to chromosome number changes[5]. Other studies show 
the partial segmental aneusomy involving chromosome 
11 in esophageal cancers, indicating its probable role in 
the disease etiology[10,11]. In the present work, FISH was 
used to assess change in chromosome 11 copy number in 
esophageal tumors using centromeric DNA probes. 

Interestingly, our results showed that 100% of  the 
cancerous lesions of  the esophagus were aneusomic 

for chromosome 11. These ranged from trisomies to 
pentasomies in the same sample, indicating heterogeneity 
in the tumor tissue (Table 1). The baseline monosomy 
established (due to experimental artifacts) was similar in all 
controls, precancers and cancers. This is the first study to 
report that chromosome 11 copy number is altered in both 
esophageal SCC and ADC tumors. Because the number of  
ADC cases was small, there was no significant difference 
in the levels of  aneusomy between SCC and ADC tumors. 
None of  the controls showed any aneusomy suggesting 
that this chromosomal alteration is associated only with 
the neoplastic changes. 

In addition, we also made a detailed investigation 
regarding the esophageal pathologies in each sub-group 
(though small in number) and the aneusomy in them. 

There have been ver y few repor ts of  specif ic 
aneusomies in esophageal premalignant lesions; using 
FISH, some studies showed hyperdiploidy involving 
chromosomes 4 and 8 in BE, aneuploidy in chromosome 
11 in esophageal tumors and Barrett’s dysplasias[20-23]. In 
the present work, all the precancerous lesions including 
BE with high-grade dysplasia exhibited aneusomy of  
chromosome 11. Our data indicate that levels of  aneusomy 
of  chromosome 11 seemed to occur increasingly in 
preneoplastic tissues suggesting that there may be genes 
on chromosome 11 that have a role in the initiation and 
neoplastic transformation of  esophageal lesions. 

Cytogenetic analysis by conventional chromosomal 
banding is labor-intensive and time-consuming. Besides, 
it is difficult to analyze some of  the complex karyotypes 
characteristic of  many human tumors. On the other hand, 
FISH is a relatively more convenient and quick method 
for evaluating tissue cell chromosomal changes[24,25]. 
Moreover, we have observed that by using adequate 
fluorescent signal capture (optical sectioning microscopic 
method) and analysis systems, an accurate estimate of  the 
changes in chromosome copy number could be obtained 
from tumor tissues, based on which we could make 
satisfactory interpretations. Our study supports the finding 
that solid tumor cancers are often aneuploid for specific 
chromosomes and this may be used as an ancillary marker 
for detecting early changes associated with cancer.

Epigenetic changes like DNA methylation may lead 
to chromosomal instability, activation of  endogenous 
parasitic sequences and mutations[26]. Cancer cells undergo 
methylation changes resulting in overexpression/silencing 
of  several genes that are responsible for maintaining 
chromosomal integrity. Our study also revealed that 4/11 
cancers and 2/5 precancers with increased copies of  
chromosome 11 had a hypermethylated hMLH1 repair 
gene promoter known to be responsible for altered repair 
efficiency (data not shown). 

We did not perform any studies to assess whether this 
aneusomy correlates with the DNA content aneuploidy 
(i.e. gross chromosomal instability) of  the tissues. The 
sample number (with a mix of  ADCs and SCCs, which 
might have different etiologies), though, was not sufficient 
to make conclusions about predictive values, the results 
showed the differences in the frequencies of  aneusomy 
in the two types of  tumor. The present work clearly 
indicates that aneusomy is observed in early esophageal 
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Figure 3  Axiovision Apotome software generated 3D-image from overlay of 10 
consecutive images captured by the Optical sectioning microscopy. A: A portion 
of the esophageal tissue section from the control showing normal disomy of 
chromosome 11 (indicated by an arrow); B: Tissues from patients with well-
differentiated squamous cell carcinoma (arrow indicating cell with trisomy for 
chromosome 11).
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lesions and may be involved in neoplastic transformation. 
Aneusomy of  other chromosomes cannot be ruled out, 
however here, chromosome 11 is clearly demonstrated in 
all the esophageal pathologies studied. This marker merits 
investigation in a larger number of  cases to determine its 
potential as a predictive molecular marker for an increased 
risk for malignant transformation.
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comments
Background
More than 30% of the adult population exhibits esophageal tract disorders, where 
a certain proportion of chronic cases even develop malignancy. Markers for early 
detection, which will help improve survival and treatment response are still lacking. 
This study investigates specific aneusomies which are believed to be associated 
with solid cancer phenotypes.

Research frontiers
Current biopsy surveillance programs are based on histopathological assessment 
of the tissue. However, molecular changes precede visible histopathological 
changes in cancer. FISH-based assay using brush cytology specimens (more 
easily accessible than biopsy) are increasingly used for investigation of 
chromosomal alterations and after validation these molecular markers can be used 
for routine surveillance in order to aid in early detection.

Innovations and breakthroughs
FISH, when compared to conventional cytogenetic analysis, is a more convenient 
and quick method for evaluating tissue cell chromosomal changes. An apotome-
attached optical sectioning microscope to capture fluorescent probe signals has 
shown maximum efficiency for signal analysis in tissue FISH. This will aid in 
satisfactory data collection and interpretation.

Applications 
Chromosome 11 aneusomy has been demonstrated in all the cases of cancer and 
precancer studied by us indicating its potential as an early marker for neoplastic 
transformation. Our results call for evaluating this marker in a larger cohort of 
patients. 

Terminology
Regurgitation: bringing back undigested food from the stomach; Dysphagia: 
difficulty in swallowing; Dysplasia: Nuclear atypia, loss of normal cell polarity, and 
abnormal tissue maturation.
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