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Cytogenetic alterations in chagasic achalasia compared
to esophageal carcinoma
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Abstract Patients with chagasic achalasia (megaesophagus) are liable to have an additional 1.7–20% possibility
of developing esophageal squamous cell carcinoma (ESCC). We applied a fluorescence in situ
hybridization technique in 20 such patients and found aneuploidies of chromosomes 7, 11, and 17
in 60% (12 of 20 specimens) and deletion of the TP53 gene in 54.5% (6 of 11 specimens; it was
only possible to obtain data by FISH technique from 11 of the 20 achalasia patients). The main
aneuploidies detected were chromosome 7 monosomy or trisomy (35%) in mid-third megaesophagus
cases, and chromosome 17 monosomy or trisomy (25%) in distal-third cases. TP53 gene deletion
was more frequent in mid-third (62.5%) than in distal-third megaesophagus cases (40%). In chagasic
megaesophagus, no amplification of the cyclin D1 gene (CCND1) was observed. Comparing
chagasic megaesophagus to ESCC, we found a higher frequency of aneuploidies in all 10 tumors.
The main alterations were trisomy or tetrasomy of chromosomes 17 (90%), 11 (70%), and 7 (70%).
Amplification of CCND1 was evidenced as a cluster in 70% of the tumors (22–99% of nuclei), while
TP53 gene deletion occurred in 100%. To our knowledge, this is the first cytogenetic analysis of
chagasic megaesophagus to show that aneuploidies of chromosomes 7, 11, and 17, and TP53 gene
deletion might be related to increased risk for malignancy. � 2004 Elsevier Inc. All rights reserved.
1. Introduction

Achalasia is a motor disorder of the esophagus, character-
ized by lack of primary peristalsis and failure of the
lower esophageal sphincter relaxation. Idiopathic achalasia
is poorly understood, but it is thought to produce morpho-
logic changes, such as loss of ganglion cells and destruction
of the myenteric nerves [1]. In Brazil, achalasia was some-
times found to occur in Chagas disease (chagasic achalasia),
in which the protozoon Trypanosoma cruzi causes destruc-
tion of the myenteric plexus of the esophagus, followed by
esophagus dilatation (chagasic megaesophagus). Megaeso-
phagus arises in ~3% of patients chronically infected with
T. cruzi [2]. Currently, Chagas disease is considered eradi-
cated in the state of São Paulo, but a significant number of
individuals still present with this chronic disease [3].
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The most worrying complication of achalasia is the devel-
opment of esophageal squamous cell carcinoma (ESCC),
which occurs in 1.7%–20% of patients and affects them at
an earlier age than those without this disease [4,5]. The
development of ESCC is thought to be a consequence of
chronic inflammation of the squamous epithelium (chronic
esophagitis), caused by retention and stasis of food and
secretions [6]. Since patients with long-standing achalasia
and dysphagia do not show any symptomatic change in their
original disease, esophageal tumors are often detected in
advanced stages, resulting in poor prognosis [7].

Molecular cytogenetic analyses performed in esophageal
cancer have revealed numeric chromosome abnormalities
[8–10]. In addition, several genes normally involved in the
positive and negative control of cell growth and regulatory
pathways, such as APC/MCC (5q21), EGFR (7p12~p13),
MYC (8q24), MTS1/CDKN2 (9p22), CCND1 (11q13), RB1
(13q14), TP53 (17p13), and HER-2/neu (17q21), have been
found to be altered in esophageal cancer; see reviews [11,12].

TP53 mutations occur as an early event in ESCC [13,14].
CCND1 overexpression starts early in the dysplasia [15] and
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has been found, along with gene amplification, in 16–71%
of ESCC cases [16–19]; it is associated with distant organ
metastasis [20] and a poor prognosis [21].

To our knowledge, no report on aneusomies or other chro-
mosomal abnormalities in patients with chagasic achalasia
has so far raised the hypothesis that these alterations might be
useful as chromosome markers to evaluate an increased risk
for malignancy. TP53 overexpression, however, has been re-
lated to primary achalasia [7,22,23], to achalasia associated
with squamous cell carcinoma [4], and to sections of devel-
oping tumors in patients with achalasia caused by Chagas
disease [7].

The purpose of this study was to investigate, using a fluo-
rescence in situ hybridization (FISH) technique, the occur-
rence of aneusomies involving chromosomes 7, 11, and 17,
deletion of TP53, and amplification of CCND1 in interphase
nuclei of cancer-free chagasic achalasia patients and to com-
pare the results with those obtained for ESCC.

2. Materials and methods

A total of 40 specimens were obtained immediately after
endoscopic evaluation through biopsy of the middle and distal
esophageal regions of 20 patients (10 males and 10 females)
diagnosed with tumor-free chagasic achalasia. The mean age
of these patients was 61 years (range 37–80 years). According
to contrast retention, diameter, contractile activity, tonicity
of the lower segment, and extension of the megaesophagus
[24], the 20 cases were divided into four dilatation groups:
grade I (6 cases), grade II (6 cases), grade III (4 cases), and
grade IV (4 cases). Fresh tumor tissue was obtained after sur-
gical resection from 10 patients diagnosed with ESCC (8
males and 2 females). The mean age of these patients was 63
years (range 48–79 years). All specimens were collected prior
to radiation and chemotherapy.

As controls, we used biopsies obtained from both the
middle and distal third of histopathologically normal esopha-
geal mucosa from six younger individuals (meanage 27 years;
range 15–39 years) who had undergone endoscopic evalua-
tion for benign gastric lesions.

Written informed consents were obtained from all patients;
this work was approved by the National Research Ethics
Committee.

All samples were mechanically and enzymatically disag-
gregated. The resulting cell suspension was dropped onto mi-
croscope slides, which were stored at �70�C until use for
FISH assay.

FISH studies were performed on interphase nuclei, using
centromere probes (CEP) directly labeled with Spec-
trumGreen (Vysis, Downers Grove, IL) for chromosome
7, 11, and 17 enumeration. Dual-color FISH assays were per-
formed using cyclin D1 and p53 probe kits (Vysis), including
the LSI Cyclin D1 sequence labeled in SpectrumOrange
(with the chromosome 11 centromere sequence labeled in
SpectrumGreen) and the LSI P53 sequence labeled in
SpectrumOrange (with the centromere probe for chromo-
some 17 labeled in SpectrumGreen). The FISH procedure was
performed according to the manufacturer’s instructions.

For each probe, two independent observers evaluated the
signals produced by ~300 nuclei, according to the criteria
described by Eastmond et al. [25]. Cutoff levels for aneuso-
mies were based on the upper-limit mean plus four standard
deviations (�4 SD) of the normal esophageal mucosa biops-
ies. The middle and distal regions of the esophagus were con-
sidered jointly, since no statistically significant difference was
observed regarding the frequencies of nuclei with one, two,
or three signals of the evaluated chromosomes. Thus, for
monosomy of chromosomes 7, 11, and 17, the cutoff values
were set at 7.0%, 9.0%, and 7.5%, respectively; for trisomy
of the same three chromosomes, the cutoff values were 5.0%,
3.0%, and 3.0%, respectively. The cutoff value for tetrasomy
was set at a uniform 2.0% for all three chromosomes 7, 11,
and 17.

The TP53 gene scores were taken together with those of
the chromosome 17 centromere, and the CCND1 gene scores
with those of the chromosome 11 centromere. For analysis of
the TP53 gene deletion, the gene-to-chromosome (G/C) ratio
was calculated for each case; that is, the total number of gene
signals observed was divided by the total number of chromo-
some signals. In the control group (normal esophageal
mucosa), the ratio observed was 1.0 (balanced); in the cases
that showed a ratio of less than or equal to 0.9, gene deletion
was assumed. For CCND1 gene amplification, ratios be-
tween 0.9 and 1.0 (balanced) were observed in the control
group. The cases showing ratios between 1.1 and 2.0 were
assumed to have preferential gene gain, but no amplification,
since these values could result from cells in phase G2, with
three or four signals [26]. Cases with a ratio greater than 2.0
or with clusters (groups of many copies of the gene) were
considered as having true gene amplification [27].

Statistical analysis of the data was performed with the χ2

test, to compare the association between clinicopathologic
factors and aneusomies in the group with chagasic achalasia.
Values of P less than 0.05 were considered significant.

3. Results

The cases with aneusomies of chromosomes 7, 11, and 17
(values above cutoff), deletion of the TP53 gene, and amplifi-
cation of the CCND1 gene are summarized in Tables 1 and 2,
for the groups with chagasic achalasia and ESCC, respec-
tively. In chagasic achalasia, 12 of the 20 cases (60%) showed
aneusomy of at least one of the chromosomes (7, 11, or 17).
Of the chagasic achalasia cases, 8 of 20 (40%) came from
biopsies of the middle third and7 of20 (35%) came from biop-
sies of the distal third.

In the middle third of the megaesophagus, the major find-
ings were chromosome 7 monosomy and trisomy in 6 of 20
cases (30%); in the distal third, the major findings were chro-
mosome 17 monosomy and trisomy in 5 of 20 cases (25%).
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Table 1
Aneusomies of chromosomes 7, 11, and 17, TP53 deletion, CCND1 gene amplification, and clinicopathologic data in cases of middle- and distal-third
megaesophagus

Middle third Distal third

Aneusomy AneusomyTP53 CCND1 TP53 CCND1 Sex/ Tobacco/
Case/ deletion amplification deletion amplification age alcohol
grade 7 11 17 G/C � 0.9 G/C � 2.0 7 11 17 G/C � 0.9 G/C � 2.0 (yr) use Other information

M1/I Mono Tri 0.8 0.9 Tri, 1.0 M/79 Ex/� Intestinal
Tetra constipation;

stenosis of the
esophagus; death

M2/I 0.9 1.0 0.9 1.0 F/69 �/� Gastritis;
enanthematosis

M3/I 1.0 1.0 Tri 1.0 1.0 M/65 �/� n/a
M5/I 0.9 1.0 0.9 1.0 F/66 �/� Gastritis; death
M6/I 0.9 0.9 1.0 1.0 F/50 �/� Intestinal

constipation
M7/II 0.9 Mono 0.9 M/80 �/Ex
M8/II Mono 1.0 1.0 F/38 �/�
M9/II Mono 0.9 Mono, 1.0 M/76 Ex/Ex Chronic gastritis;

Tri intestinal
metaplasia

M10/II 1.0 M/54 Ex/Ex
M13/III Tri 1.0 1.0 Tri 1.0 1.0 F/58 �/� Intestinal

constipation;
gastroesophageal
reflux

M14/III Mono 1.0 0.9 1.0 1.0 M/57 Ex/Ex Chronic gastritis
M15/III Tri 0.9 1.0 M/37 �/� Megacolon
M16/III 1.0 M/58 �/Ex Chronic gastritis;

intestinal
metaplasia

M17/IV 0.9 Tri 1.0 F/69 �/�
M18/IV 0.9 1.0 Tri Tri 0.9 1.1 M/66 Ex/� Chronic gastritis
M19/IV Tri 1.0 1.0 F/77 �/� Megacolon; death
M20/IV Mono 1.2 0.9 1.0 F/55 Ex/� Chronic gastritis

Abbreviations: Ex, ex-smoker or ex-drinker; G/C, gene-to-chromosome ratio; Mono, monosomy; n/a, data not available; Tetra, tetrasomy; Tri, trisomy; �,
smoker or drinker; �, never smoker or never drinker.
The χ2 test did not show any association between clinicopath-
ologic factors (including age, sex, smoking, drinking, dilata-
tion grade of the megaesophagus, and death) and the
occurrence of these aneusomies.
TP53 gene deletion was observed in 5 (62.5%) of the 8
cases of mid-third megaesophagus, and in 4 (40%) of the 10
distal-third cases. In these nine cases, the G/C ratio ranged
between 0.8 and 0.9. In three of these cases (M2/I, M5/I,
Table 2
Aneusomies of chromosomes 7, 11, and 17, TP53 deletion, CCND1 gene amplification, and clinicopathologic data in ESCC cases

Aneusomy TP53 CCND1 Tobacco/ Location
deletion G/C amplification Sex/age alcohol in the Other

Case 7 11 17 � 0.9 G/C � 2.0 (yr) use esophagus Differentiation information

ESCC-1 Tri Tri 0.8 8.9/C M/64 Ex/Ex DT MID Death
ESCC-2 Tri, Tetra Tri, Tetra 0.5 8.4/C M/63 NA NA NA NA
ESCC-3 Tri, Tetra Tri, Tetra Tri, Tetra 0.5 2.2/C M/55 �/� DT MID
ESCC-4 Tri, Tetra Tri, Tetra Tri, Tetra 0.5 1.0 M/65 Ex/Ex DT MID
ESCC-5 Tri, Tetra Tri, Tetra Tri, Tetra 0.9 4.2/C M/48 �/� MT MID Metastasis; death
ESCC-6 Tri, Tetra 0.8 4.7/C M/58 �/Ex MT MID Chagasic; death
ESCC-7 Tri, Tetra Tri, Tetra Tri, Tetra 0.9 9.3/C M/58 �/� MT MD Metastasis; recurrence
ESCC-8 Tri Tri, Tetra Tri, Tetra 0.5 1.0 F/74 �/Ex MT MID Chagasic; recurrence
ESCC-9 Tri Tri 0.9 9.5/C M/63 �/� MT PD
ESCC-10 Tri 0.8 1.0 F/79 �/� DT NA Death

Abbreviations: C, cluster; DT, distal third; Ex, ex-smoker or ex-drinker; G/C, gene-to-chromosome ratio; MD, moderately differentiated; MID, moderately
invasive differentiated; MT, middle third; NA, data not available; PD, poorly differentiated; Tetra, tetrasomy; Tri, trisomy; �, smoker or drinker; �, never
smoker or never drinker.
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andM18/IV), thedeletionwasobserved inboth themiddleand
the distal third. Regarding alterations in the CCND1 gene,
none of the megaesophagus cases presented CCND1 amplifi-
cation; however, ratios of 1.1 and 1.2 were observed in two
cases (M18/IV, M20/IV). These results indicate a preferential
CCND1 gene gain, due to a higher frequency of nuclei with
three to seven copies of this gene and one or two copies of the
chromosome 11 centromere.

All tumor samples showed aneusomies involving chromo-
somes7,11,and17.Themainalterationswerechromosome17
trisomy or tetrasomy, found in 9 of 10 (90%) cases. Five
samples (50%) showed trisomy or tetrasomy involving the
three chromosomes investigated.

Regarding the TP53 gene, all 10 tumors presented a G/C
ratio equal or lower than 0.9, mainly due to the absence of one
(27.9% of nuclei) or two (6.3% of nuclei) gene signals (data
not shown), indicating deletion of the TP53 gene. Amplifi-
cation of the CCND1 gene was observed in 70% (7 of 10) of
the cases, with G/C ratios ranging from 2.2 to 9.5 and with
22%–99% of the nuclei showing clustered gene signals.

4. Discussion

There are various genetic studies in the literature on esoph-
ageal squamous cell carcinoma (ESCC), but none on chagasic
megaesophagus. Such studies are of special relevance for
Brazil and the rest of Latin America, where this disorder is
directly associated with Chagas disease [2]. Patients with
long-standing achalasia are also liable to develop ESCC, their
risk being 7 to 140 times higher than that of the normal popula-
tion [5,28].

Genetic alterations associated with the development of
ESCC occur early in the progression of normal esophageal
mucosa to neoplasia. This process starts with basal cell hyper-
plasia (TP53 mutations) and evolves to low- and high-degree
dysplasia (TP53 mutations; 3p21.3 and 9q31 allelic loss),
leading to squamous cell carcinoma (TP53 and CDKN2A
[alias P16] mutations; multiple allelic losses; amplification or
overexpression of CCND1 and EGFR); see reviews [11,12].

In this study, we established the occurrence of chromo-
some 7, 11, and 17 aneusomies in 60% (12 of 20) of patients
with chagasic achalasia and TP53 gene deletion in 54.5% (6
of 11).

These aneusomies were predominant in grades III and IV.
Only three patients showed the same aneusomy simultane-
ously affecting both the middle and the distal third of megaeso-
phagus. These results emphasize the importance of
investigating both megaesophagus regions. The middle third
of the esophagus is the region with the highest occurrence of
esophageal carcinoma [29], but, in our study, the proportion
of aneusomies was the same in both the middle and the distal
third.

Although aneuploidies of chromosomes 7, 11, and 17 have
not yet been described in chagasic achalasia, they seem to
occur during the early events of esophagus carcinogenesis
[8,30]. Considering the middle and distal regions, the most
frequent aneusomies in chagasic megaesophagus were triso-
mies of chromosomes 7 and 17.

In ESCC, trisomy or tetrasomy of chromosomes 17, 7, and
11 were frequent events. These chromosomes carry some im-
portant genes, such as EGFR (7p12~p13), CCND1 (11q13),
TP53 (17p13), and HER-2/neu (17q21). These genes have
been shown to be involved in the development and progres-
sion of esophageal carcinoma [9,31,32].

Deletion of the TP53 gene was observed differentially in
the two megaesophagus regions: it occurred in 5 of 8 (62.5%)
of the mid-third samples and in 4 of 10 (40%) of the distal-
third samples, mainly grade I. Even though they were not
previouslydescribed inchagasicachalasia, suchfindingswere
expected, since alterations in this gene occur as an early event
in the dysplasia–carcinoma sequence of esophageal tumori-
genesis [21,33].

The inflammationof the esophagealmucosapresent in cha-
gasic megaesophagus patients seems to be associated with
p53 protein alterations [7]. In achalasia associated with
Chagas disease and in idiopathic achalasia, 44–91% of the
cases showed overexpression of the p53 protein [7,21,22].

All patients with chagasic megaesophagus evaluated in our
study exhibited chronic esophagitis, caused by food stasis
reaching the two regions of the esophagus. The patients also
mentioned exposure to alcohol and tobacco. Thus, inflamma-
tion of the mucosa, along with exposure to the carcinogenic
agents of alcohol and tobacco, may confer a higher risk of
developing squamous cell carcinoma.

All 10 tumor samples evaluated presented deletion of one
or both TP53 genes, regardless of the esophagus region. Most
samples came from moderately differentiated tumors. Thus,
our study stresses the participation of the TP53 gene deletion
as a common event in esophageal carcinogenesis.

Gene amplification is one of the most common mecha-
nisms involved in the activation of oncogenes. In ESCC, the
CCND1 gene amplification detected by FISH [34] or molecu-
lar techniques [15,19,35] has been reported in 16–65% of the
cases. We detected CCND1 gene amplification as a group of
several copies of this gene (termed cluster) associated with
two, three or four chromosome 11 copies, in 7 of the 10 (70%)
ESCC cases.

CCND1 gene amplification may play a role in the early
stages of tumor development [36]. We did not observe
CCND1 gene amplification in chagasic achalasia samples, but
a preferential gain of this gene occurred in two cases (M18/
IV and M20/IV), represented by 3–7 copies of the CCND1
gene in the presence of 1 or 2 copies of chromosome 11. Since
this gain was observed in the most advanced grade of meg-
aesophagus (grade IV), it might be indicative of the begin-
ning of the amplification process that could be related to
progression of the disease and could confer a higher risk of
malignancy to these patients.

To date, none of our patients with megaesophagus has de-
veloped esophageal carcinoma, but two of them died due to
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complications of Chagas disease and two other patients had a
megaesophagus associated with megacolon.

In conclusion, FISH was effective in detection of cyto-
genetic abnormalities in patients with chagasic achalasia,
showing it to be a useful tool for clinical monitoring; however,
more studies aimed at establishing other genetic alterations
in this type of esophagus lesion are indispensable to a better
determination of the correlation between cytogenetic al-
terations and increased risk for cancer of the esophagus.
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