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Abstract

AIM: To investigate the pRb expression in a large
group of patients with history of chronic exposure to
the main risk factors for development of squamous
cell carcinoma of the esophagus.

METHODS: One hundred and seventy asympto-
matic individuals at high risk for esophageal
squamous cell carcinoma (consumption of more
than 80 g of ethanol and 10 cigarettes/d for at
least 10 years) underwent upper gastrointestinal
endoscopy with biopsies of the esophageal mucosa.
As a control group, specimens of esophageal
mucosa obtained from 20 healthy subjects were also
studied. Immunohistochemical assessment of the
tissues was performed using a monoclonal antibody
anti-pRB protein.

RESULTS: Absence of the pRB staining, indicating
loss of RB function, was observed in 33 (19.4%) of
the individuals at risk for esophageal cancer, but in
none of the healthy controls (P < 0.02). Loss of pRb
expression increased in a stepwise fashion according
to the severity of the histological findings (P < 0.005):
normal mucosa (11/97 or 11.3%), chronic esophagitis
(17/60 or 28.3%), low-grade dysplasia (3/10 or
30%), high-grade dysplasia 1/2 or 50%) and
squamous cell carcinoma (1/1 or 100%).

CONCLUSION: Our findings suggest that abnormal
expression of the pRB protein may be implicated in
the process of esophageal carcinogenesis. Additional
studies are warranted to define the role of the pRB
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protein as a biomarker for development of esophageal
squamous cell carcinoma in individuals at high risk for
this malignancy.
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INTRODUCTION

In most countries, the incidence of esophageal squamous
cell carcinoma (ESCC) varies between 2.5 and 5.0/100000
for men and between 1.5 and 2.5 for women!". Brazil
is one of the high-risk countries for esophageal cancer.
Particularly, Rio Grande do Sul (Southern Brazil) is the
state with the highest annual incidence in the country,
approximately 22.5 cases/ 100000 for men and 7.5/100000
for women.

Although several risk factors for development of
oesophageal carcinoma have been identified, such as smoking
and alcohol consumption, the molecular mechanisms
related to the oesophageal carcinogenesis remain under
investigationlz]. In this context, deregulations of the cell-
cycle-controlling mechanisms, RB-pathway in particular,
have been suggested to be involved in the pathogenesis of
oesophageal cancer'”,

The RB gene, located on chromosome 13q14, encodes
a 110-kd key nuclear phosphoprotein implicated in the
regulation of the transcription control mechanisms
mediating progression throughout G1 phase of the cell-
cycle™. Inactivation of pRB by different mechanisms (ho-
mozygous deletion, promoter hypermethylation or point
mutations within the coding sequence) leads to a release
of the pRB-bound E2F-members and transcription of the
S-phase genes, promoting malignant transformation™”.

Abnormal pRB expression has been reported in
different malignant tumours, such as lung, bladder and
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prostate carcinomas' ', In oesophageal cancer, decreased
pRB immunohistochemical nuclear staining indicating
loss of RB gene function has been reported to occur in
a high proportion of cases'™. To date, however, there
is no published study investigating the pRb expression in
oesophageal mucosa of asymptomatic individuals from a
population at high risk for cancer of the esophagus. The
aim of present study was, therefore, to evaluate the pRb
expression in a large group of patients with history of
chronic exposure to the main risk factors for development

of ESCC.

MATERIALS AND METHODS

Patients

This study consisted of 170 male patients (mean age
45 years, range 35 to (9 years) treated at the Drug Abuse
Unit of the Psychiatric University Hospital (Santa Maria
Federal University) and the Drug Abuse Support Group of
the city of Santa Maria. Ninety percent of the patients were
white. All patients presented a past history of alcohol abuse
(80 g of ethanol per day for more than 10 years), being in
abstinence for a period of less than twelve months. They
also reported regular consumption of tobacco (more than
10 cigarettes per day for more than 10 years) and daily
drinking of hot tea (Paraguayan-mate tea for more than
10 years). None of them presented digestive symptoms.

As a control group, 20 healthy volunteers were studied.
There were six males and 14 females with mean age of
45 years (range 29 to 61 years). All controls were white.
None of them was an alcohol, tobacco or mate tea
consumer ot had family history of cancer.

The study was performed after approval by the Ethics
and Scientific Committees of the Santa Maria Federal
University. Informed consent was obtained from all
patients and controls before being enrolled in the study.

Tissue sampling

Patients were investigated by a conventional upper
gastrointestinal endoscopy followed by chromoendoscopic
examination with 3% lugol. Biopsies were obtained from
any visible lesion and lugol unstained areas greater than
5 mm in diameter. The collected tissue samples were
stained with haematoxylin-eosin (HE) and submitted to
histological examination. Histolopathologic diagnoses
of the tissues obtained from the 170 patients at risk for
esophageal cancer were: 97 normal mucosas (57%), 57
mild or moderate chronic esophagitis (33.5%), three severe
chronic esophagitis (1.8%), 10 low-grade dysplasias (5.9%),
two high-grade dysplasias (1.2%) and one squamous cell
carcinoma (0.6%)".

PRB immunohistochemistry

Immunohistochemical assessment of the 190 paraffin-
embedded tissues was performed using a monoclonal
antibody anti-pRB protein (DAKO Lab., New York, NY,
USA) diluted at 1:25. To determine the antibody reactivity,
the avidin-biotin peroxidase complex (ABC method;
kit LSAB DAKO) was used. The procedure was carried
out at the Pathology Unit of the Hospital de Clinicas
de Porto Alegre, Federal University of Rio Grande do

Table 1 Relationship between pRB expression and demographic

characteristics of the subjects at risk for ESCC

Characteristics pRB — (%) pRB + (%) Total P
Age (yr)

Under 50 10 (22.7) 34 (77.3) 44

Over 50 23 (18.3) 103 (81.7) 126 NS
Race

Caucasian 31 (20.0) 124 (80.0) 155

Others 2 (13.3) 13 (86.7) 15 NS
Family history of cancer

negative 12 (11.9) 89 (88.1) 101 (59.4)

positive 21 (30.4) 48 (69.6) 69 (41.6) 0.005

NS: non-significative.

Sul. Positive cases were identified through visualization
of a strong brownish nuclear granulation stained by the
diaminobenzidine (DAB) chromogen. As positive controls
for the immunohistochemical reaction, breast carcinomas
known to express pRb were used. Reactions conducted
without the primary antibody were used as negative
controls. Cases were identified as positive if more than
5% of the cells in a 400 magnification microscopic field
showed nuclear accumulation of pRB protein (Figure 1)L
Each slide was analyzed by two independent pathologists.

Statistical analysis

Variables were described by mean and standard error.
Correlation between clinicopathological variables and loss
of pRB immunohistochemical expression was evaluated
by univariate analysis using chi-square or Fisher exact
test. Logistic regression was used to calculate odds ratio
and confidence intervals, with multivariate adjustment for
potential confounding variables. Statistical significance was
accepted at the 5% level.

RESULTS

Nuclear accumulation of pRB protein was observed in
137 (80.6%) of the 170 patients at risk for ESCC. Loss
of the pRB staining was observed in 33 (19.4%) of those
patients, but in none of the 20 healthy controls (P < 0.02).

The pRB immunoreaction was negative in 30% (21/69)
of the patients with a family history of cancer as compared
with only 12% (12/101) of those without family history
(P < 0.005). There was no significant correlation between the
pRB status and age or race of the subjects (Table 1). No
significant correlation between pRB expression and period
or volume of alcohol, tobacco or mate tea consumption was
detected. In contrast, it was observed a linear cotrelation
between the histological classification of the tissues and
the absence of nuclear pRB staining (P < 0.001). Loss of
nuclear pRB expression significantly increased with the
progression of the histopathologic alterations as follows:
normal mucosa (11/97 or 11.3%), chronic esophagitis (17/60
or 28.3%), low-grade dysplasia (3/10 or 30%), high-grade
dysplasia (1/2 or 50%) and squamous cell carcinoma (1/1
or 100%). Figure 1 presents the histological aspect of the
positive cases after immunohistochemical staining, including
examples of chronic esophagitis, low-grade dysplasia and
squamous cell carcinoma. Figure 2 shows an example
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Figure 1 pRb immunoexpression in chronic esophagitis (A), low-
grade dysplasia (B) and squamous cell carcinoma (C). Positive
cells display nuclear brownish granulation stained by the DAB
chromogen (x 400).

Figure 2 Normal esophageal tissue sample
without nuclear accumulation of pRB protein
(x 200).

of normal esophageal tissue sample without nuclear
accumulation of pRB protein.

In Table 2, we present the odds ratio for loss of
pRB immunohistochemical expression calculated by the
logistic regression model. Family history of cancer and
histopathologic classification were significantly associated
with an increased risk for loss of pRB expression.

Endoscopic examination was apparently normal in all
healthy controls. However, histological examination of
their tissue samples revealed normal mucosa in 75% of
cases and mild chronic esophagitis in 25%. All controls
were positive for pRb staining;

DISCUSSION

Despite recent improvement on surgical techniques
and adjuvant therapies, the prognosis of ESCC remains
grim. The outcome of patients with advanced disease,
the most common clinical presentation, is still very poor,
and survival rates in five years rarely exceed 5%-10%".
ESCC is high prevalent in Southern Brazil, where alcohol
consumption, tobacco use and hot “mate” drinking have
been implicated as risk factors. The mortality rate for
ESCC in this region is 14.3 and 4.2 for 100.000 inhabitants
for men and women respectively!”.

Multiple stages of esophageal carcinogenesis have been
defined histologically. It has been established that esophageal

carcinoma usually evolves through a series of progressively
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Table 2 Odds ratio (OR) for loss of pRB expression by logistic

regression

Feature OR 95% CI P
Familial history of cancer 3.83 1.62-9.04 0.0021
Age 1.28 0.52-3.15 NS
Race 0.72 0.15-3.52 NS
Histology 3.98 0.90-17.4 NS
Lugol staining NS NS NS

NS: non-significative.

severe histopathologic changes which involves dysplasia
of the epithelium, carcinoma 7 situ and, finally, invasive
51 Based on the concept that precancerous
cells may have early alterations at the molecular level,
identification of new potential biomarkers might play
an important role in detection of high-risk lesions for
malignant transformation and eatly diagnosis of ESCC.

Several genetic alterations have been reported in
ESCC, such as expression of proto-oncogenes, cyclin
D1 amplification, allelic losses and gene mutations'.
Inactivation of the RB gene has been shown in a variety
of human cancers, including ESCC””. On the protein
level, Jiang""! demonstrated loss of pRB expression in 17%
of ESCC, while other researchers reported a loss of pRB
expression in up to 31% of cases™.

Zur Hausen and colleagues analyzed the pRB
expression in samples of normal esophageal epithelium
(n = 10), severe dysplasia (# = 19), carcinoma in situ
(n = 14), invasive ESCC (» = 172), and two continuous
esophageal-carcinoma cell lines by immunohistochemistry.
In normal esophageal epithelium, nuclear pRB expression
was trestricted to the parabasal cell layer, whereas, in a
considerable portion of severe dysplasias and carcinomas
in situ, pRb over-expression was found. Among
carcinomas, 161 of 172 cases showed pRb expression,
as did the 2 esophageal-carcinoma cell lines, whereas 11
carcinomas were negative. Expression of pRB among
carcinomas was not correlated with pT category, pN
category or tumor grade. In the univariate survival analysis,
patients with pRB-negative tumors showed lower 2-year
and 5-year survival rates (27.3%/9.1%) than patients with
pRB-positive tumors (42.8%,/25.8%; not significant)"”.

Ikeguchi and colleaguesmJ studied surgically resected
ESCC through immunohistochemical analysis for
altered pRB expression. Decreased pRB nuclear staining
indicating loss of RB function occurred in 43% of the
cases studied. The incidence of decreased pRB expression
was higher in tumors with invasion to the adventitia (50%)
than in tumors without invasion to the adventitia (33%,
P =0.0188). In addition, the incidence of decreased
PRB expression was higher in tumors with lymph node
metastasis (50%) than in those without (34%, P = 0.0340).
The 3-year survival rates of 82 patients who had tumors
with decreased pRB expression (30%) was significantly
lower than that of 109 patients who had tumors with
normal pRB expression (52%, P = 0.0032). However,
in the multivariate survival analysis, pRB expression was
not an independent prognostic factor for patients with

carcinoma
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esophageal squamous cell carcinoma.

To the best of our knowledge, this is the first study
investigating the pRB immunohistochemical expression
in esophageal mucosa of asymptomatic individuals who
have been chronically exposed to the main risk factors for
ESCC. We demonstrated the loss of the pRb expression in
19.4% of the individuals at risk for ESCC, but in none of
the healthy controls. These results suggest that abnormal
expression of the pRB protein may be implicated in the
process of esophageal carcinogenesis in individuals at high
risk for development of ESCC.

We were able to demonstrate a linear correlation
between the histological classification of the tissues and the
absence of nuclear pRB staining (P < 0.001), from normal
mucosa (11.3%) to squamous cell carcinoma (100%),
indicating that inactivation of pRB might be involved not
only in the initiation of ESCC but also in its progression.
Similar results were reported by Xu e# a/” in study of
lung carcinomas. RB protein expression was examined
in paraffin and frozen tissue sections of 36 primary non-
small cell lung carcinomas using immunohistochemistry.
A normal RB protein staining pattern was present in 24
and absent in 10 carcinomas. Two additional RB positive
primary tumors have major foci in which all tumor cells
showed no pRB staining. Significantly more high-stage
(stages Il and IV) carcinomas had altered pRB expression
than those with low-stage (stages I and II) tumors
(P < 0.05). The authors concluded that absence of the
pRB expression might be associated with the initiation
and/or progression of non-small cell lung carcinomas.
Ishikawa and colleagues conducted a similar study in
specimens of bladder carcinoma”’. None of their 16 low-
grade noninvasive bladder carcinomas showed an alteration
in RB protein by direct Western blot analysis, whereas 2 of
14 high-grade invasive tumors had no pRB as measured by
both Western blotting and immunohistochemical staining.

An original finding of the present study was the
detection of an association between loss of pRB staining
and positive family history of cancer. This point to a
potential hereditary predisposition to abnormal pRB
expression, which can have influence on the individual
susceptibility to developing ESCC in association with
chronic exposure to major risk factors for the disease.

We considered as positive those samples in which more
than 5% of epithelial basal cells were immunoreactive,
since in normal esophageal epithelium pRB protein is
restricted to basal and parabasal layers"!. Tt must be
pointed out, however, that the anti-pRB monoclonal
antibody does not differentiate the hyperphosphorilated
protein from the hypophosphorilated form. Because the
former corresponds to the biologically inactive form,
its detection may potentially overestimate the protein
expression and function in the pRB-positive group[l4’19].

In conclusion, we were able to present evidence
for an association between loss of pRB expression
and esophageal carcinogenesis. Our data suggest that
the RB protein might be useful as biomarker of ESCC
in individuals at high risk for this malignancy. It must
pointed out, however, that these observations need to be
substantiated with additional follow-up studies analyzing a

larger number of individuals with high-grade dysplasia and
squamous cell carcinoma of the esophagus.
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