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MOLECULAR ASPECTS OF
ESOPHAGEAL SQUAMOUS CELL
CARCINOMA CARCINOGENESIS
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ABSTRACT - Background — The development of human esophageal cancer is a multistep, progressive process. An early indicator of this
process is an increased proliferation of esophageal epithelial cells morphologically including basal cell hyperplasia, dysplasia, carcinoma
in situ and advanced esophageal squamous cell carcinoma. The process of tumorigenesis at cellular level is related to disorders of the
control of cell proliferation and differentiation and controlled cell death (apoptosis). Most of cancer cells contain genetic alterations
related to the control of these processes, including transcription factors and apoptosis related proteins. Aim — In this review, the current
knowledge of the genetic profile of this subtype of esophageal tumor is discussed, focusing on the potential of the development of novel
tools for clinical management of esophageal squamous cell carcinoma. Conclusions — The advances in the field of molecular biology
have let us to deeper our knowledge of the process of carcinogenesis of esophagus. Ideally, this knowledge should be translated in
benefits for patients suffering from cancer. Thus, better understanding of molecular alterations during carcinogenesis is expected to
improve tumor control and prevention and also may lead to better disease management.

HEADINGS - Esophageal neoplasms, surgery. Carcinoma, squamous cell. Genes 53. Cell cycle. Apoptosis.

INTRODUCTION

Esophageal carcinoma, one of the most malignant
gastrointestinal cancers, occurs at a high frequency rate in Asia
and South America. In fact, the incidence of esophageal cancer
varies largely among regions* 2" and high-risk areas include the
eastern Asia, western and northern China, Hong Kong, Japan,
southeastern Africa, France and South America regions (Brazil
and Bermudas). The incidence and the prognosis of esophageal
cancer seems to be worst in men as compared with women, and it
might be the effect of different exposure to exogenous agents, like
smoking. The development of human esophageal cancer is a
multistep, progressive process. An early indicator of this process
is an increased proliferation of esophageal epithelial cells
morphologically including basal cell hyperplasia, dysplasia,
carcinoma in situ and advanced esophageal squamous cell
carcinoma (ESCC). The Brazilian Consensus on Gastroesophageal

Reflux Disease® considers gastroesophageal reflux disease to be
a chronic disorder related to the retrograde flow of gastroduodenal
contents into the esophagus, with or without tissue damage. From
these stages of disease it is possible to evolve to esophageal
adenocarcinoma, which are increasingly being diagnosed. However,
this review will focus on the esophageal squamous cell carcinoma,
which is predominant throughout the world and it is characterized
by high mortality rate('.

The process of tumorigenesis at the cellular level is
related to disorders of the control of cell proliferation and
differentiation and controlled cell death (apoptosis). In this
process, multiple genetic alterations are involved, including
mutation of the p53 gene, amplification of cyclin D1 gene,
among others("-27-27.2%:30.3D Most of the cancer cells contain
genetic alterations that related to the control of these process,
including transcription factors, such as p53, and apoptosis
related proteins'® ', Two basic type of genetic damage are
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encountered frequently in cancer cells: dominant (with targets known
as oncogenes) and recessive (with targets known as tumor suppressor
genes). The genetic events affecting oncogenes often result in
increased stimulatory function, whereas those affecting tumor
suppressor genes may cause loss of inhibitory function.

There are several major biochemical mechanisms of action for
oncogenes: 1. abnormal signaling by a structurally abnormal cytokine/
growth factor including amplification, deletion, rearrangement and
point mutation of the gene; 2. aberrant phosphorylation of proteins
at either serine, threonine or tyrosine residues by altered receptors
and other signal transducing kinases; and 3. disturbed regulation of
gene transcription by abnormal transcription factors.

Tumor suppressor genes can be defined as genes whose
inactivation — by mutation, methylation or chromossomal loss,

TABLE 1 — Location of the main genes involved with ESCC

results in cell transformation. The advances in the field of
molecular biology have let us to deeper our knowledge of the
process of carcinogenesis of the esophagus (Table 1). Ideally, this
knowledge should be translated in benefits for patients suffering
from cancer. However a new class of gene to have any clinical
meaning has to have a clear role in at least one of these fields of
cancer management: 1) prevention; 2) diagnosis; 3) prediction of
prognosis; or 4) treatment. Thus, better understanding of the
molecular alterations during carcinogenesis is expected to improve
tumor control and prevention and also may lead to better disease
management. In this review, the current knowledge of the genetic
profile of this subtype of esophageal tumor is discussed, focusing
on the potential of the development of novel tools for clinical
management of ESCC.

Gene Chromosomal localization Alternative titles, symbols

c-myc 8q24.12-q24.13 ---

Cyclin D1 11q13 PRAD-1, CCND1, EXP2, bcl-1

mdm?2 12q14.3-q15 murine double minute 2, p53-binding protein MDM2

Anti-oncogenes

ps3 17p13.1 Transformation-related protein 53, TP53

p21 6p21.2 CDK-interacting protein 1; CDKN1A; CIP1; wildtype p53-activated
fragment 1; WAF1

plé 9p21 CDKN2A; CDK4A inhibitor; multiple tumor suppressor 1;
MTS1; TP16; pl16(INK4); pl4(ARF)

p27 12p13 KIP1

TUMOR SUPPRESSOR GENES Jq
pS3 Promoter Mdm2 gene

The p53 tumor supressor gene has an open reading frame of 393
amino acids long, located at the short arm of human 17 chromosome.
This protein plays an important role in the cellular integrity'®
supressing the oncogenic transformation by interruption of the G1
phase of cellular cycle, given time for repairing the damage of DNA
or apoptosis induction if the damage is too severe to be repaired®"*19.
Loss of p14 or amplification of MDM2 is associated with lack of
p53 mutation®®. These alternative mechanisms for p53 degradation
occurs by binding to overexpressed MDM2 or by loss of pl4
expression that should result in hyperactive MDM2 and enhanced
degradation of p53 (Figure 1).
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Mutations in the p53 gene occur in approximately 50% of all
human tumors. VOGELSTEIN and KINZLER®Y, in 1992 outlined
five mechanisms for p53 inactivation. It is postulated to bind as a
tetramer to a p53-binding site (PBS) and to activate the expression of
adjacent genes that inhibit growth and/or invasion. Deletion of one
or both p53 alleles reduces the expression of tetramers, resulting in
decreased expression of the growth inhibitory genes, mechanism
found in occasional tumors of several types. Second, nonsense or
splice site mutations that result in truncation of the protein do not
allow oligomerization, thus resulting in a similar reduction of p53
tetramers. Mutations of this type are fairly common in cancers of
lung and esophagus, among others. A third mechanism involves
missense mutations resulting in dominant-negative effects (those that
produces such negative effect over any other, independent on the
allele) with an even greater reduction of functionally active tetramers.
Such missense mutations are common in colon, brain, lung, breast,
skin, bladder, and other cancers. A fourth mechanism by which p53 is
involved in oncogenesis is common in cervical cancers where the
expression of the E6 gene of human papillomavirus (HPV) results in
the functional inactivation of p53 through binding and degradation.
The p53 pathway may also be disrupted by alteration of a cellular
gene MDM2 (Figure 1). The MDM2 gene is amplified in the significant
fraction of the most common human sarcomas and the consequent
over expression of MDM2 is likely to interfere with p53 activity@®.

EI-DEIRY et al.® suggested the following model for p53
function: p53 is not required for normal development, but in
certain cellular environments (DNA damage, cellular stress), its
expression is stimulated. In turn, it binds to WAF 1 regulatory elements
and transcriptionally activates its expression. The WAF1 protein
subsequently binds to and inhibits cyclin-dependent kinase activity,
preventing phosphorylation of critical cyclin-dependent kinase
substrates and blocking cell cycle progression. In tumor cells with
inactive p53, this pathway would thereby be defective, permitting
unregulated growth.

CARON de FROMENTAL and SOUSSI® have detected point
mutations basically in a high conserved region between exons 5
and 9. These altered expression, however, do not correlates with
clinical-pathological parameters such as tumoral invasion, lymph
nodes metastasis or venus and lymph invasion, what suggests that
these mutations can be closely related with a first stage of pre-invasive
esophageal carcinoma, playing an important role in the carcinogenesis
of human esophageal tumor®'¥.

RIBEIRO et al.®» have studied tissue sections of patients with
esophageal carcinoma that were stained immunohistochemically
for p53 protein followed by topographic genotyping by direct
sequencing of p53 exons 5-8. Sixty per cent of the tumors were p53
immunopositive, however only 40% were proven to contain p53 point
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mutational damage in exons 8, 5, 7, and 6. These results leads to the
conclusion that histopathologic/genetic analysis is a better determinant
of p53 mutational damage than immunohistochemistry alone and can
be used as a prognostic marker for esophageal carcinoma.

These events of interaction among genes and their functions in
carcinogenesis of the esophageal mucosa have contributed to
elucidation of how the genetic alterations could lead to ESCC and in
a near future may help the physicians to evaluate the clinical and
pathological evolution of this kind of cancer by a new and more
accurate personal diagnosis and prognosis system.

p21 (wafl/cipl)

p21(wafl/cipl), an important regulator of the cell cycle, binds to
PCNA and acts as a mediator of the growth suppressing and
apoptosis promoting functions of p53©9. Also known as CDKNIA,
its protein inhibits cyclin-kinase activity, is tightly regulated at the
transcriptional level by p53, and probably serves as the effector of
p53 cell cycle control®,

In the cell, p53 protein binds DNA, which in turn stimulates the
p21 expression that interacts with a cell division-stimulating protein
(cdk2) forming a complex that cannot pass through to the next stage
of cell division. Mutant p53 can no longer bind DNA in an effective
way, hence the p21 protein is not available to act as the stop signal
for cell division, and uncontrolled cell growth can culminate with
tumors (Figure 2).
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FIGURE 2 — Mechanism of p21 stop signal

In 1999, NITA et al.®® have studied the expression of p21, p27,
p53, and pRb by immunohistochemical method in specimens from
patients with curatively resected ESCC tumors and scored by a
computerized image analysis system. They have verified that p27,
p53, and pRb were not correlated with overall survival. Multivariate
analysis showed that age, lymph node involvement, and p21 were
independent prognostic factors, leading the authors to conclude that
the expression of p21 is an independent prognostic factor in ESCC.

BAHL et al.® related the frequency of p21 variants in ESCCs
with wild-type p53 and it was significantly higher than in tumors
with p53 mutations, suggesting that this polymorphism affects the
p53 pathway and may play an important role in esophageal
tumorigenesis.
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p14 (ARF) and p16 (INK4a)

It was shown that pl4ARF and p16INK4a play active roles in the
p53 and pRb tumor suppressive pathways. The tumor suppressor gene
pl16, also known as CDKN2 or CDK4-inhibitor, is located on
chromosome 9p21, a frequent site of loss of heterozygocity (LOH)
in many human malignancies. Its gene product acts as a negative
regulator of cellular proliferation by interacting with cyclin-dependent
kinase 4 (CDK4) and inhibiting its kinase activity whereas p14 binds
the MDM2 proto-oncogene and stabilizes p53©%. The frequent
deletion or mutation of CDKN2A in tumor cells corroborates with
the idea that p16 acts as a tumor suppressor, because in the absence
of functional pl6, CDK4 binds to cyclin-D, which stimulates the
passage through the G1 phase of the cell cycle!'”.

In ESCC, the primary mechanism underlying the loss of p16 is
rare and point mutations are detected in only a minority of samples
with LOH. Immunohistochemical analysis of p16 and pRb proteins
was carried out in paraffin-embedded sections from surgically resected
ESCCs and matched normal tissues®?. Ninety-seven percent of the
cases showed aberration(s) in either or both of these proteins
confirming their critical role in esophageal tumorigenesis.

Methylation of the CpG island within the p16 promoter prevents
transcription and subsequent translation of the p16 protein®. XING
et al.“>% have found aberrant promoter methylation of the p16 gene
in 40% of the ESCC samples analyzed and concluded that p16 is the
hotspot of hypermethylation of the 9p21 gene cluster.

More recently, important studies of potential target genes for
prognosis were conducted. KATO et al." showed that in pRb positive
primary esophageal cancers the p16 were negative. In2001, STURM
et al.®® presented a combined analysis of BAX and p16 in ESCC and
showed subgroups with favorable (p16/BAX high expressing) or poor
prognosis (loss of pl16/loss of BAX). Taken together, these studies
show several alterations of these genes in ESCC and indicate that
they may be determinant of clinical outcome. Clearly, more elaborate
prospective clinical studies delineating the true role of these genes in

the clinical practice are required.
Oncogenes

Cyclin D1

Also known as PRADI or bel-1, the cyclin D1 gene encodes a
protein of 295 amino acids with similarities sequence to the cyclins.
Cyclin D1 is known to play important roles in the G1/S checkpoint
of the cell cycle.

There are evidences from in vitro and in vivo studies that cyclin
D1 is associated with esophageal carcinogenesis process. In fact,
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FUJII et al.® showed by flow cytometric analysis that increased
expressions of cyclin D1 were found in esophageal cancer cell lines.

In 2001, IAMAMURA et al.!? studied the correlation between
e-cadherin and cyclin-D1 expressions in ESCC. The combinatory
analysis of these genes showed that patients who presented e-cadherin
preservation and absence of cyclin-D1 had the best prognosis, and
those who presented reduced e-cadherin and presence of cyclin-D1
had a poor prognosis. In 1999, TETSU and McCORMICK“? showed
that B-catenin activates the cyclin-D1 promoter transcription and
that cells which express the mutant B-catenin produces high levels
of messenger RNA of cyclin-D1 and protein constitutively. They also
showed that different levels of B-catenin leads to an accumulation of
cyclin-D1 that contributes to neoplasic transformation, and that fact
was confirmed by NAGASAWA et al.?? whose reported that over
expression of cyclin-D1 protein is a frequent event in esophagus cancers.

Apoptosis genes

Apoptosis is a genetically programmed cell death, which plays
an important role to limit the cell growth and maintain tissue
homeostasis. Disruption of apoptosis control can lead to unlimited
cell growth and promote carcinogenesis. Moreover, recent studies
have shown that anti-cancer reagents eliminate cancer cells by
activating apoptosis pathway, suggesting that molecular change to
suppress apoptosis could be associated with drug resistance.

Bcl-2 family proteins, such as Bcl-XL, Bax, Bad and Bak, share
significant homology and play a critical role to control apoptosis®®*:°.
Bcl-2 and Bcel-XL suppress apoptosis, while Bax, Bad and Bak
promote it. Few studies have evaluated systematically the potential
of Bcl-2 family proteins for clinical use in digestive tract cancer
field"®. Imbalance of cell proliferation due to alteration of cell cycle
and apoptosis regulators can contribute to neoplastic growth, thus
they may have prognostic importance in ESCC. Our group have
examined the expression pattern of apoptosis regulators, Bcl-2, Bax
and Bcl-XL and determined the prognostic significance of Bcl-2
family proteins in combination with cell cycle regulators (p21, p53,
p27 and pRb) and clinicopathological parameters in ESCC®3 29,
Univariate and multivariate analyses were performed to assess the
association between these molecular markers and prognosis. A
clinicopathologic molecular stage system is proposed based on the
results of the multivariate analysis. Low Bcl-2 expression significantly
correlated with younger ages and depth of tumor invasion. Age-
adjusted survival analysis indicated that Bcl-2 was associated with
survival in younger patients. p21 expression group was also associated
with survival. On the other hand, Bax, Bcl-XL, p27, p53 and pRb
were not correlated with overall survival. The multivariate analysis
revealed that lower age, pN=0, high p21 and high Bcl-2 expression
groups were favorable prognosis markers.
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A new staging system, which includes clinicopathological factors
and molecular markers, is proposed. Groups of low-risk of death due
to ESCC with all four favorable markers and high-risk with no
favorable markers were identified. Our data suggest that combined
analysis of classical clinicopathological parameters with two major
pathways, cell cycle and apoptosis, involved in cancer progression
are correlated to prognosis of ESCC patients and thus may be useful
for more detailed and accurate staging of this type of tumor.

IKEGUCHI et al."V have found that the loss of Bax expression
was detected more frequently in p53-positive tumors.

Methylation

Hypermethylation, mainly at the promoter region of a given gene,
may lead to transcriptional silencing of the methylated gene with
loss of protein expression, and this process has increasingly being
cited in many different human cancers. The mechanism of DNA
methylation consists in the production of altered 5-methylcytosine
molecule by the action of the DNA methyltransferases enzymes
(DNMT 1, 3a or 3b), which catalyse the transfer of a methyl group
(CH3) from S-adenosylmethionine (SAM) to carbon-5 position of
cytosine molecule (Figure 3).

Citosine 5-methylcitosine
NH, NH,

H CHs,

v

o DNMT/SAM-CH; ¢

FIGURE 3 — Mechanism of DNA methylation

The importance of methylation forms of genes related to
ESCC, from the Wnt signalling pathway or p53 network have been
well demonstrated by several publications. The DNA methylation
of the CpG islands (genome regions with high levels of citosine-
guanine repeates) at the promoter regions of e-cadherin have been
proposed as a mechanism of its inactivation in human tumors“®.
ST et al.®” showed that CpG island methylation is common in
esophageal carcinoma and may play an important role in
downregulation of E-cadherin.

The p53 network, including the p16 gene, is another example of
methylation-associated inactivation of putative tumor suppressor
genes. TANAKA et al.®” have showed hypermethylation in 93% of
the ESCC cell lines examined. XING et al.“*> have performed multiple
molecular analyses in ESCC specimens from Linxian, China using
DNA methylation assay, LOH analysis, deletion screening and SSCP-
sequencing and they observed that p16 inactivation was predominantly
associated with aberrant methylation in the CpG island of its promoter
region. These results suggests that the two genes were inactivated by

distinct mechanisms.
CONCLUSIONS

The molecular aspects of the carcinogenesis of ESCC in humans
have been largely studied recently. With the improvement of the
molecular biology techniques it was possible to complement the
traditional approaches in diagnosis of ESCC, showing that it will be
possible to apply these molecular knowledge for the clinical care and
treatment soon. The collaboration between the various scientific and
clinical disciplines in molecular research in ESCC should allow
controlled trials to the better understanding of the mechanisms
underlying tumor progression in ESCC so that improved diagnosis
and therapy can be facilitated.

Lehrbach DM, Nita ME, Cecconello I, Clinical Genomics of Esophageal Cancer Group. Aspectos moleculares da carcinogénese do carcinoma epidermoide

do esofago. Arq Gastroenterol 2003;40(4):256-261.

RESUMO - Racional — O desenvolvimento do cancer de esdfago humano € um processo progressivo de diversas etapas. Um indicador precoce deste processo
¢ o aumento na proliferagdo das células epiteliais esofagicas, incluindo alteragdes morfologicas, como hiperplasia das células basais, displasia, carcinoma
in situ e carcinoma avancado de células escamosas do es6fago. Ao nivel celular, o processo de carcinogénese esta relacionado com alteragdes no controle
de proliferacao celular, diferenciagéo e morte celular programada (apoptose). A maioria das células tumorais contém alteragdes genéticas que se relacionam
com o controle desses processos, incluindo fatores de transcrigdo e proteinas relacionadas a apoptose. Objetivo — Neste artigo de revisao apresenta-se o
conhecimento acerca do perfil genético deste subgrupo de tumor do esdfago, focando-se no potencial desenvolvimento de novas ferramentas para o
tratamento clinico do carcinoma avangado de células escamosas do es6fago. Conclusées — O avango no campo da biologia molecular tem permitido um
maior conhecimento do processo de carcinogénese do esdfago, que deve resultar em beneficios aos pacientes com cancer. Desta forma, espera-se que um
melhor entendimento das alteragdes moleculares durante a carcinogénese aumente o controle e a prevengao ao cancer e também possa levar ao tratamento

melhorado da doenga.

DESCRITORES — Neoplasias esofagicas, cirurgia. Carcinoma de células escamosas. Genes p53. Ciclo celular. Apoptose.
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