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Genetic diagnosis of patients with esophageal cancer using FISH
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Abstract. This study aimed to the clarify the diagnostic effi-
cacy of fluorescence in situ hybridization (FISH) in Kazakh
patients with esophageal cancer (EC). FISH was compared
with the pathological examination of biopsy specimens with
DNA probes. We enrolled 20 patients, of which 15 were males
and 5 females, with an average age of 58.3 years, who had
abnormal esophaguses on barium radiological digital imaging.
Touch preparations were performed on biopsy specimens from
all of the patients and were examined using FISH for chromo-
somal abnormalities. We compared the FISH results with the
pathology slides stained with hematoxylin and eosin. Classi-
fication, according to pathology, identified 2 cases of class II,
3 cases of IIla, 1 case of IIIb, 2 cases of IV, 12 cases of class V
and no cases of class I. The cases classified as class IIIb or
higher were considered to be positive for cancer. Using histo-
pathology, 10 cases were diagnosed with squamous cell
carcinoma and 5 were diagnosed as adenocarcinoma, with
one case being false-negative. Thus, the sensitivity of the
pathological examination was 93% and the specificity was
100%. Using FISH, 16 cases showed aberrant copy numbers
in either chromosome 3 or 17. By comparison, pathology did
not reveal any false-positive or false-negative cases with a
sensitivity and specificity of 100%. The centromeres of chro-
mosome 3 copy numbers was significantly higher (p=0.035)
than the centromeres of chromosome 17. Our study compared
FISH to diagnose aneusomic esophageal cancer cells with the
pathology of biopsied tissue. Our findings suggest that FISH
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is a useful and objective assay for the detection of malignant
cells of esophageal cancer. In our study, the centromeres of
chromosome 3 was the more sensitive probe for the diagnosis
of esophageal cancer in Kazakh patients.

Introduction

The incidence of squamous cell carcinoma of the esophagus
and gastroesophageal junction cancer has markedly increased
over the past 30 years in Kazakh people living in Xinjiang,
west of China (1). These types of cancer are associated with
a poor prognosis unless detected and treated while in the
early stages. Conventional pathologic methods usually play
an important role in the diagnosis of cancer by providing
important differential information between benign and
malignant diseases (2,3). However, pathological evaluation
is occasionally only suggestive and not conclusive. This may
lead to a conflict between pathology and clinical diagnoses.
These conflicting findings have stimulated the search for more
objective and quantitative methods for the diagnoses of the
related cancer.

Aneuploidy is the most common feature of many solid
tumors (4), including esophageal cancer (EC). Solid tumors
are characterized by complicated karyotypes using clas-
sical genetic parameters (5,6). Thus, malignant cells can be
diagnosed by detecting aneuploidy usually found in aneu-
somic nuclei. A rapid and sensitive method for detecting the
aneusomy of a specific chromosome in an individual cell
is fluorescence in situ hybridization (FISH) (7-9). For this
purpose, specific centromeric DNA probes have enumerated
the degrees of aneuploidy.

FISH was originally developed as a method to detect
chromosome aberrations and is now widely used for gene
mapping for the diagnosis of congenital diseases and for
detecting specific gene copy numbers found in malignant
cells (4,9-11).

One advantage of the FISH method is that it is an objec-
tive and quantitative evaluation procedure for the detection of
malignant cells. However, the sensitivity and specificity in the
diagnosis of EC in Kazakh people have yet to be determined.
We report the results of an original study in which we compare
the FISH procedure with clinical findings and conventional
pathological methods to detect esophageal cancer cells.
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Patients and methods

From January 2009 to January 2010, 20 patients with suspected
esophageal cancer were tested by barium radiological digital
imaging. Biopsy material was further examined patho-
logically at the First Affiliated Hospital of Xinjiang Medical
University. The results confirmed that all of the patients had
esophageal cancer and thus were enrolled in this study. The
patients included 15 males and 5 females, with an average age
of 58.3 years (range 45-75).

Tissues appearing to be suspicious of neoplasms were
biopsied by fiberoptic esophageal-gastroscopy. These samples
were tested and analyzed by pathology and FISH. Informed
consent was provided by all of the patients.

Each biopsied lesion was treated in duplicate and subjected
to five touch impressions on sterile slides for FISH analysis and
then preserved in formalin for later pathological examination.

For pathology, cells were stained with hematoxylin and
eosin. Pathologic evaluations were carried out by pathologists
in the Department of Pathology at the First Affiliated Hospital
of Xinjiang Medical University.

The histopathology of the biopsies was classified as
follows: class I indicated the absence of atypical or abnormal
cells; class II indicated atypical pathology with no evidence
of malignancy; class III was suggestive of, but not conclu-
sive for, malignancy; I1la indicated mild dysplasia albeit not
cancerous; IIIb indicated advanced dysplasia; class IV was
strongly suggestive of malignancy; and class V was indicative
of malignancy.

For FISH, dual color probes were prepared. Briefly, touch
preparations of cells were made on glass slides, air-dried over-
night at 25°C and then stored at -80°C. Centromeric probes
labeled with fluorochrome were used for the visualization and
enumeration of copy numbers. Spectrum orange- and green-
labeled probes were used to visualize centromeric regions of
chromosomes 3 and 17. Reagents were purchased from Abbott
Molecular, Inc., Des Plaines, IL, USA.

Frozen touch preparations of cells were denatured
with 70% formamide and then washed twice in standard
saline citrate (SSC) at 74°C and at 25°C each for 2 min in a
water bath. Slides were then dehydrated through a series of
graded ethanol dilutions (70, 85 and 100%, each for 2 min).
A hybridization solution (10 ul) was applied to each micro-
scope slide. The hybridization solution contained 1 wul of
each of the DNA probes, 7 pl of a hybridization buffer and
1 ul of double distilled water. The solution was covered with
a coverslip and sealed with rubber cement. After incubation
for 16 h at 42°C in a humidity chamber, slides were washed
with an SSC solution for 5 min at 74°C and 25°C for 2 min.
Diamidinophenylindole II (an anti-face solution; 5 ul), was
applied to each spot and covered with a coverslip. The slides
were observed under a fluorescence microscope which was
connected to a cooled charge-coupled device camera and an
image analyzer system (Leica Microsystems, Ltd., Germany).

FISH signal analysis was then carried out. All cells, apart
from damaged cells or those with overlapping nuclei, were
evaluated. A total of 100 nuclei were counted, and the total
numbers of centromeric signals were recorded. If there were
<100 nuclei on a slide, as many nuclei as possible were counted
and enumerated for centromeric signals. When the percentage
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Table I. Clinical features of the patients.

Case Age Gender Histology
1 71 M Sq
2 52 F Ad
3 45 M Ad
4 70 M Ad
5 53 M Neg
6 75 M Neg
7 45 F Sq
8 71 M Sq
9 55 M Sq

10 58 M Sq

11 54 F Sq

12 69 M Sq

13 55 M Neg

14 54 M Ad

15 62 M Sq

16 56 F Neg

17 45 F Sq

18 62 M Neg

19 54 M Ad

20 60 M Sq

M, male; F, female; Ad, adenocarcinoma; Sq, squamous cell carci-
noma; Neg, negative case.

of hyperdisomic nuclei (i.e., more than three copies for at least
one nucleus) was >10%, we judged the tissue to be malignant.

FISH diagnosis was made without clinical information or
the result of conventional histopathology, nor were the results
of FISH analysis made known to the pathologists. Thus, the two
diagnoses were independently performed in a blinded manner.

The t-test was used to determine the significance between
the number of countable copy number centromeres in chromo-
somes 3 and 17. P<0.05 was considered to indicate a statistically
significant difference.

Results

Specific diagnoses made based on histopathology determined
that 15 patients had primary esophageal cancer, 10 cases had
squamous cell carcinoma, 5 cases had adenocarcinoma and
5 cases had benign lesions (Table I).

Classification was as follows: 2 cases were class II, 3 cases
were Illa; 1 case was IIIb; 2 cases were class IV; 12 cases were
class V; and no cases were class I. Classes higher than IIIb were
positive for esophageal cancer. One case was false-negative,
but no cases were false-positive. Thus, using histopathology as
a parameter, sensitivity was 93% and specificity was 100%.

FISH analyses (30-100 countable nuclei) showed that 16 of
the 20 cases had abnormal copy numbers in either chromosome
3 or 17. Representative findings comparing biopsy pathology
and FISH are shown in Fig. 1.

FISH did not reveal any false-positive or false-negative
cases with a sensitivity and specificity of 100% (Table II). The
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Table II. Results of FISH and conventional biopsy pathology.
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Case Countable 3 copies 4 copies 5 copies =6 copies Hyperdisomy (%) FISH Pathology
cells Chr. 3/Chr. 17 Chr. 3/Chr. 17 Chr. 3/Chr. 17 Chr. 3/Chr. 17
1 33/51 8/8 3/7 8/6 0/0 57/41 Positive Sq, V
2 100/100 39/51 18/12 18/7 10/7 85/77 Positive Ad, V
3 71/100 36/50 6/25 17/13 9/9 95/97 Positive Ad,V
4 90/100 14/25 18/19 35/33 11/5 86/82 Positive Ad, V
5 79/82 2/1 0/1 0/0 0/0 2.5/2.4 Negative  Negative, II
6 30/34 1/3 1/0 0/0 0/0 6.6/8.8 Negative  Negative, Illa
7 100/100 10/6 3/2 4/5 3/1 20/14 Positive Sq, IV
8 100/100 55/36 9/13 9/26 17/8 90/83 Positive Sq, IV
9 100/100 41/28 7/8 12/7 9/3 69/46 Positive Sq,V
10 36/46 11/12 13/21 8/1 1/1 91/76 Positive Sq, V
11 64/57 29/26 16/8 11/2. 2/2 90/66 Positive Sq, V
12 100/100 40/41 20721 24/23 7/3 91/88 Positive Sq, V
13 79/98 36/20 1/12 16/33 18/8 89/74 Positive  “Negative, Illa
14 100/100 30/30 25/20 20/15 2/5 77/70 Positive Ad, V
15 100/100 44/35 20/20 30/10 94/75 Positive Sq,V
16 98/94 2/1 171 3/2.1 Negative  Negative, 11
17 100/100 47/39 19/11 6/7 0/3 72/60 Positive Sq, V
18 100/100 3/3 1/3 4/6 Negative  Negative, IIla
19 100/100 32/7 13/4 3/1 1/1 38/13 Positive Ad, V
20 100/100 19/8 1/4 2/3 3/1 25/16 Positive Sq, IlIb

Chr, chromosome; FISH, fluorescence in situ hybridization; Sq, squamous cell carcinoma; Ad, adenocarcinoma; II-V, grade. “False-negative.

centromeres of chromosome 3 copy numbers were signifi-
cantly higher (p=0.035) than those of chromosome 17.

Discussion

We demonstrated that FISH analysis is more accurate in
diagnosing esophageal cancer than using pathology examina-
tions of biopsies. Similar results using FISH analyses were
reported in a number of studies (4,8,10,12). However, our
findings contrasted FISH with those of the pathology of the
biopsy specimens. Han et al (13) examined 113 EC patients
using multiplex FISH with chromosome-specific centromere
DNA probes 3, 8, 10, 12, 17 and 20. In that study, chromo-
somal signal numbers and all of the chromosomes were found
to be abnormal copy numbers. The present study used only
two probes which were specific for the centromeric region of
chromosomes 3 and 17.

Fritcher er al (6) investigated esophageal adenocarcinoma
using the FISH method with centromeric region probes C-MYC,
P16, HER2 and 20q13. In that study, the sensitivity of cytology
was 45% for the detection of esophageal adenocarcinoma, but
FISH was 100%. The same study used FISH analysis with
centromeric probes 7, 11, 12, 17 and 18. Aneusomy was not
found in the normal controls of any chromosomes. In contrast,
chromosomal abnormalities were found in all carcinoma
specimens (14). In these studies, the FISH method detected
esophageal squamous cancer and adenocarcinoma cells in touch
preparations of resected tumors. Thus, our study compared the
pathology of biopsy specimens to the FISH method.

The cut-off value for the percentage of hyperdisomic cells
was set at 10% (i.e., more than 10% means cancer is present
and less than 10% means absence of cancer), since normal
cells are often less than 6%. This discrepancy probably occurs
due to the counting of sister chromatids as copies. When we
set the cut-off value at 10%, no false-positive or false-negative
cases were noted. Additionally, the sensitivity and specificity
was 100%. Centromeres of chromosome 3 copy numbers were
significantly higher than those of chromosome 17. The reason
for this discrepancy is unknown but Kazakh people have a
higher incidence of cancer (1) which may correlate with their
higher copy numbers in chromosome 3.

Using biopsy pathology we found one false-negative
case. In this case, barium radiological digital imaging and
examination by esophageal gastroscopy strongly suggested
cancer; the clinical diagnosis was recurrent EC, but the
pathologic diagnosis was IIla. These findings suggest that
FISH is able to detect chromosome aberrations that may
lead to the commencement of oncogenesis of EC (i.e., IIIb).
This hypothesis has been supported by other studies (6,13).
Additional studies are needed to further evaluate and support
our findings. For example, we propose using different ethnic
groups and increased numbers of patients. We believe that
FISH may provide decisive information for the detection of
malignancies, particularly in cases classified as IIla or IIIb.
Subsequently, the FISH assay may have a higher sensitivity of
diagnosis than other current methods.

In a previous study, we did not correctly diagnose malig-
nancy in lung cancer patients using FISH (15,16). There are
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Figure 1. FISH analysis of the centromere of chromosome 3 (red signals) and chromosome 17 (green signals). Normal representative nuclei carry 2 copies
of the centromeres of chromosomes 3 and 17. (A and B) Pathology results indicate grade V squamous cell carcinoma (case 15). FISH representative nuclei
carrying 5 copies of the centromere of chromosome 3 and 3 copies of the centromere of chromosome 17. H&E staining; magnification, x400. (C and D)
Pathology results indicate grade V adenocarcinoma (case 19). FISH representative nuclei carrying 6 copies of the centromere of chromosome 3 and 4 copies

of the centromere of chromosome 17. H&E staining; magnification, x400.

two possible reasons for our false-negative FISH results. One
would be the failure to obtain cell material that was absent
in cancer cells. The second reason would be that the cancer
cells were near-diploid. Therefore, we were not able to detect
aneusomy in the target chromosomes.

Previous studies suggest that the sensitivity of FISH is
superior to that of conventional cytology (13,16). However,
there are some disadvantages to the FISH method of analysis.
To begin with, this method does not generate information
about the histopathology or type of esophageal cancer since
one cannot observe morphological features. Furthermore,
FISH is expensive. A further drawback is that FISH signal
counting under fluorescence microscopy is time-consuming
and requires trained personnel.

In the future, we expect to be able to detect more aneu-
somic cells using additional probes for other chromosomal
regions as reported (17-19), e.g., EGFR, C-MYC, HER2, P16,
P53, cyclin DI, X and Y, which may be successful.

Taken together, FISH can detect multiple chromosomal
changes and is an ideal prognostic tool, thereby opening the
door to different therapeutic approaches in the future (18).

In conclusion, the FISH method successfully detected
esophageal cancer in Kazakh patients using only two probes.
This method appeared more sensitive than the biopsy pathology
diagnostic method. Centromeres of chromosome 3 showed the
most sensitive probe diagnostically in Kazakh patients with
esophageal cancer.
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