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Abstract

Gastric cancer is one of the leading causes of cancer-
related deaths worldwide, although the incidence has
gradually decreased in many Western countries. Two
main gastric cancer histotypes, intestinal and diffuse,
are recognised. Although most of the described genetic
alterations have been observed in both types, different
genetic pathways have been hypothesized. Genetic and
epigenetic events, including 1q loss of heterozygosity
(LOH), microsatellite instability and hypermethylation,
have mostly been reported in intestinal-type gastric
carcinoma and its precursor lesions, whereas 17p LOH,
mutation or loss of E-cadherin are more often implicat-
ed in the development of diffuse-type gastric cancer.
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In this review, we summarize the sometimes contradic-
tory findings regarding those markers which influence
the progression of gastric adenocarcinoma.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

Gastric cancer is one of the leading causes of cancet-
related deaths worldwide, although the incidence has
gradually decreased in many Western countries'"’. Several
attempts to classify gastric cancer have been made over
the past decades. Most successful, and widely used, is the
classification by Lauren, which, by microscopic morphol-
ogy alone, distinguishes two main cancer pathogeneses,
diffuse and intestinal subtypes, which clearly appear as
dissimilar clinical and epidemiological entities. Although
most of the genetic alterations that have been reported
are observed in both intestinal and diffuse gastric can-
cers, it has become apparent that these two tumor types
result from different genetic pathwayslZJ (Table 1).
Microsatellite instability and p53 mutation, reduced
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p27 expression, cyclin E overexpression and 6.0-kb tran-
scripts of the et gene are involved in malignant trans-
formation from precancerous lesions to intestinal-type
gastric cancer. In addition, DCC loss, APC mutations, 1q
loss of heterozygosity (LOH), p27 loss, reduced expres-
sion of tumor growth factor (TGF)-f3 type I receptor and
HER?2 gene amplification are frequently associated with
an advanced stage of intestinal-type gastric carcinoma. In
contrast, LOH at chromosome 17p (p53) and mutation or
loss of E-cadherin are more often implicated in the devel-
opment of diffuse-type gastric cancer, while loss of p27
and gene amplification of K-sam and ¢-met lead to disease
progression and metastatic spread.

The two types of gastric carcinoma organize differ-
ent patterns of interplay between neoplastic and stromal
cells through the growth factor/cytokine receptor sys-
tem, which has a critical role in cell growth, apoptosis,
morphogenesis, angiogenesis and metastasis. Other ge-
netic factors, such as DNA polymorphism and genetic
instability, may also be implicated in the two distinct
major genetic pathways of gastric carcinogenesis.

GENOMIC INSTABILITY

Two phenotypes of genomic instability are generally rec-
ognized in gastric cancer: the phenotype associated with
microsatellite instability (MSI) and that which is associated
with chromosomal instability (CIN). These phenotypes
are not necessarily independent and may even overlap in

some cases{ Al

msI

MSI is a common feature of gastric cancer due to a deficit
in the DNA mismatch repair system and derives from
the presence of spontaneous DNA replication errors in
simple repetitive sequences'”. A standard panel of mic-
rosatellite markers, including mononucleotide (BAT26
and BATZ25) and dinucleotide (D25723, D55346 and
D175250) repeats, has been recommended and guidelines
for MSI testing (Bethesda Guidelines) have been drawn
upm. Using the reference panel, three levels of MSI can
be identified: high-level MSI (MSI-H), low-level MSI
(MSI-L) and microsatellite stable (MSS). Recently, it has
been established that mononucleotide repeats are instru-
mental in detecting MSI-H tumors because of their high
sensitivity and specificity, and MSI- L has been defined as
instability limited to dinucleotide loci”. After the adoption
of the Bethesda panel, MSI-H phenotype was reported in
a range of 5%-50% of all gastric carcinomas with signifi-
cant differences in various ethnic groups. MSI-H appears
to be a phenotypical marker of an underlying cellular de-
fect involving DNA mismatch repair (MMR). Functional
inactivation by mutations or epigenetic mechanisms of
MMR genes, including AMILHT and hAMSH?2, is responsi-
ble for the MSI-H phenotype in gastric cancer. Abnormal
loss of protein expression of either hMLLH1 or hMSH2
has been observed in MSI-H gastric carcinomas'”. In par-
ticular, altered expression of hMLH1 has been associated
with gene inactivation by promoter hypermethylation.
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MSI-H gastric carcinomas follow a molecular pathway
of tumor progression, characterized by the presence of
multiple frameshift mutations affecting mononucleotide
tracts within genes involved in cancer-related molecular
networks which control cellular homeostasis at different
levels. MSI- related mutations occur in many genes at vari-
Genes regulating cell-cycle and apop-
totic signaling are frequently targeted in MSI-H gastric
carcinomas and include TGFZRII, IGFIIR, TCF4, RIZ,
BAX, CASPASES5, EAS, BCL10 and APAF1". More-
over, genes involved in genomic integrity maintenance,
ie. (IMSH6, bMSH3, MED1, RADS50, BLM, ATR and
MRET1, are also frequently altered in MSI-H tumors'”.
Several studies indicate that, in most MSI-H gastric can-
cers, multiple target genes are simultaneously mutated

able frequenc1es

and multiple hits impact on different genes in the same
pathway[m]. In contrast, gastric carcinomas with MSS and
MSI-L exhibit predominant p53 mutations'”.

As compared with MSS or MSI-L, gastric carcinomas
with MSI-H show a significantly higher frequency of
antral location, intestinal subtype, a lower incidence of

lymph node metastasis and improved survival®™''",

CIN

CIN is a feature of various tumors, including gastric can-
cer, commonly associated with chromosomal aberrations
responsible for major modifications of DNA content,
L.e. changes in chromosome copy number, and also high-
level LOH, gene deletions and/or arnpliﬁcationsm’m. All
these alterations may lead to oncogene activation and/or
tumor suppressor gene inactivation. As with other tumors,
aneuploidy is generally considered an unfavorable prog-
nostic factor!"?" though contrasting results have been
reported™ ™,

High CIN levels have also been associated with a
shorter survival in gastric cancer patlents “and high LOH
frequencies have been identified at several chromosome
arms, including 1p, 3p, 4p, 59, 7p, 8p, 8q, 9p, 12p, 13q,
17p, 184, 20q and 224"\

The allelotype of gastric carcinoma is similar to that
of colorectal and esophageal cancers, suggesting the pres-
ence of a common genetic pathway for tumor develop-
ment. Some of these chromosomal segments include
genes which are strongly implicated in carcinogenesis,
such as the p53 gene on chromosome 17, DCC, DPC4
and SMAD?2 genes on chromosome 18, and APC and
MCC genes on chromosome 5. Several studies have found
that tumors with LOH at chromosome 5q, 18q or 17p
had a poorer prognosis than tumors that did not show
LOH at these sites™".

EPIGENETIC INSTABILITY

Epigenetic changes, such as aberrant methylation of CpG
islands in promoter regions, are commonly detected in
human cancers and can permanently inactivate tumor-
suppressor genes and affect important pathways of cell
cycle regulation and proliferation. The methylation of CpG
islands may be considered a third molecular phenotype of
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Abnormalities Intestinal Diffuse Local Distant Prognosis Prolonged Ref.
phenotype phenotype progression  metastasis survival
(%) (%)
Microsatellite Mutation, hypermethylation, reduced 20-30 0-10 No NA Good Yes 128
instability expression
Tyrosine kinases
HER2/neu Amplification/overexpression 10-15 0 Yes Yes Poor No AT
RUNX3 Hemizygous deletion/ 15-45 40-80 Yes Yes Poor No e
hypermethylation/loss of expression
FHIT Loss of protein expression (LOH, MSI) 35-65 20-80 Yes Yes Poor No (%3]
NM23 Downregulation 3-25 30-70 Yes Yes Poor Discordant 7!
results
VEGF Overexpression 65 35-45 Yes Yes Poor No (b
HIF-1o Overexpression 25-60 45-60 Discordant NA NA Discordant %%
results results
COX2 Overexpression 60-70 30-70 Yes Yes Discordant No (e
results
SPARC Overexpression 70-80 25-55 Discordant Yes Poor No [t
results
p53 LOH/mutation/hypermethylation/ 20-40 20-40 Yes Yes No No Eoen
overexpression correlation
p21 Loss 60 Yes Yes Poor No (252
p27 Reduced expression 50 Yes Yes Poor No =5
bcl2 LOH/ overexpression 40 0 No No Good Yes &
BAX Reduced expression 10 5 NA Yes Poor No 2
PRb Reduced expression 60 50 NA NA Poor No B2
c-myc Overexpression 45 10 Possible Possible Poor No D)
Amplification 15 5 Possible Possible Poor No
Cyclin E Amplification/ overexpression 15-20 Yes Yes Poor No &2
E-cadherin LOH/mutation/hypermethylation/ 0 50 Yes Yes Poor No B
reduced expression
MUC1 Overexpression 30-60 15-65 Yes No Poor No =iy
PRL-3 Overexpression 30-40 25-60 Yes Discordant Poor No PR
results
Tumor-associated proteases e
PAI-1 Overexpression 45-75 35-50 Yes Yes Poor No
uPAR Overexpression 40-75 30-50 Yes NA Poor No
uPA Overexpression 65 30 Yes NA Poor No

FHIT: Fragile histidine triad; LOH: Loss of heterozygosity; MSI: Microsatellite instability; VEGF: Vascular endothelial growth factor; HIF-1a: Hypoxia in-
ducible factor-1o,; COX2: Cyclooxygenase-2; SPARC: Secreted protein acidic and rich in cysteine; PRL-3: Phosphatase regenerating liver 3; PAI-1: Plasmino-
gen activator inhibitor type I; uPA: Urokinase-type plasminogen activator; u-PAR: u-PA receptor; NA: Not available.

gastric cancer and the tumor-related genes more commonly
methylated are .APC, CDH1, MHI.1, CDKN2A, CDKN2B
and RUNX3. It has also been widely reported that CD-
KN2A, CDHT7 and MIH7 are more frequently inactivated
by promoter methylation rather than by mutations””

A seties of individual methylated genes has been re-
lated to prognosis in gastric cancer. Methylation of tumor-
suppressor genes, such as CDH 11 DKK3™ PTEN®
and MGMT™, of putative tumor-suppressor genes, such
as TFPI2"" and CACNA2D3™  and of other tumor-re-
lated genes, such as PCDH 10" and SOX2"" has been as-
sociated with shorter disease-free and/or overall survival.

The combined use of APC and CDHT7 methylation
markers has identified a subgroup of patients with worse
prognosism]. Conversely, methylation of single genes has
been associated with a better prognosis in some cases.
Patients showing methylation of APC*™ the M1 region
of MAL promoterwj and cyclooxygenase-2 (COX2)™"
showed prolonged survival, compared to patients without
methylation of these genes.
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As with colorectal cancer, the CpG island methylator
phenotype (CIMP), characterized by concurrent pro-
moter hypermethylation of multiple genes, has also been
described in gastric cancer™* and it has been shown to
correlate with hypermethylation of other known cancer-
related genes, such as p76, AIMLLHT and THBS-1"*7,
Furthermore, the CIMP status is associated with clini-
cally useful information and patients with negative CIMP
methylation have significantly shorter survival than those
with high CIMP methylation***".,

ALTERATIONS OF GENES INVOLVED IN
MOLECULAR PATHWAYS

Genetic and genomic variations occurring in genes and
molecules that participate in proliferation, invasion and
metastasis (e.g. growth factors and their receptors, signal
transducers, cell-cycle and apoptosis regulators, cell adhe-
sion molecules, DNA repair genes and matrix metallo-
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proteinases) may influence the prognosis of patients with
gastric cance.

Tyrosine kinases

Amplification of some tyrosine kinases (c-met, K-sam
and HER2/neu) is associated with human gastric cancer
progression. Alternatively, spliced transcripts and en-
hanced protein expression levels for some of these tyro-
sine kinases are correlated with the clinical outcome of
gastric cancer patients[49].

The oncogene ¢-met, encoding for the hepatocyte
growth factor receptor, is preferentially amplified in
diffuse-type tumors and has been described to be well
correlated with stage and prognosis[50
of c-met has also been shown to be associated with lower
survival probability™*,

K-sam oncogene, a member of the fibroblast growth
factor receptor family, is more frequently activated in
¥l Overexpression of K-sam occurs
in approximately 32% of diffuse-type gastric cancers, and
the prognosis of K-sam-positive patients is poorer than
that of K-sam-negative patients’”

The HER2 protein (HER2/neu or EtbB-2) is a glyco-
protein with tyrosine kinase activity, homologous to the
epidermal growth factor receptor. HER2 is codified by a
gene located on chromosome 17¢g21 and does not bind
to any known ligand. Some studies demonstrated that
overexpression of c-erbB2 is selectively found in intestinal
tumors and may serve as a prognostic marker for tumor
invasion and lymph node metastasis. Overexpression of
HER2 protein in gastric cancer has been reported to range
from 7.4% to 38%"°7"". The prognostic value of HER2
expression and/or amplification has been widely investi-
gated with controversial findings. Although most available
studies indicate that the overexpression of HER2 is an
independent prognostic factor associated with a shorter
disease-free™ and overall survival® ™ some studies failed
to confirm its prognostic role on multivariate analysis”" or
to find a correlation between HER2 overexpression and
survival parametersm’(’oj. Also associated with poor sut-
vival is the presence of HER2 amplification'®”

,51 .
! Opverexpression

diffuse-type tumors

RUNX3

RUNX3, a gene that codifies for a member of the runt
domain-containing family of transcription factors, fre-
quently shows loss of expression due to hemizygous dele-
tion and hypermethylation in gastric cancer. This gene,
generally expressed in only 45%-50% of gastric cancer pa-
tients*", positively regulates the expression of BIM and
p21, and negatively regulates vascular endothelial growth
factor (VEGF), thus affecting apoptosis, cell growth ar-
rest and angiogenesis. The loss or substantial decrease of
RUNX3 protein expression in gastric cancer has been sig-

nificantly associated with shorter survival ™,

FHIT
The fragile histidine triad gene (FHIT) encodes a di-

adenosine 5°,5”7-P1,P3-triphosphate hydrolase and is
generally inactivated by deletion or methylation in several
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tumors, including gastric cancer. The absence of FHIT
protein has been shown to correlate with higher tumor
stage and histological grade[64], as well as with poor overall

. 65,66
survival >,

NM23

The NMZ23 gene maps to chromosome 17q21 and en-
codes the nucleoside diphosphate kinase A, a member
of the NDP kinase family. NM23 expression is reduced
in metastatic melanoma and breast cancer cell lines”.
Transfection into cell lines affects invasion, motility, colo-
nization, differentiation and liver metastasis®”. Decreased
expression of NM23-H1, the human homologue, is found
in advanced stages of human cancer™’".

The expression of the putative metastasis-suppressor
gene NM23 in gastric carcinoma is controversial. In sev-
eral studies, expression of NM23 has been shown to be
inversely correlated with the metastatic potential of gastric
cancer " and with prolonged overall survival™. The re-
sults of other studies, however, suggest that NM23 is not
a metastasis suppressor gene and does not show correla-
tion with metastasis’ """\

VEGF
VEGTE is a pro-angiogenic factor, frequently overexpressed
in tumors. Mutations of p53, which under physiological
conditions downregulates VEGE, may be responsible for its
overexpressionl76J

A correlation of the expression of VEGF with lymph
node and liver metastasis has been described”” and pa-
tients with VEGF-positive tumors have a rather worse
prognosis than those with VEGF-negative tumors™"”.

HIF-1¢,

The hypoxia inducible factor, HIF-1q, is a transctiption
factor that plays an essential role in cellular and systemic
homeostatic responses to hypoxia. The prognostic role of
HIF-1q expression in gastric cancer patients is controver-
sial: high levels have been associated with a shorter overall
survival™ | but also with no difference in survival param-
eters”, However, its upregulation (high HIF-1¢. mRNA
or protein levels) has been found to be positively corre-
lated with VEGF™ or p53™ protein expression in gastric
cancer patients, and overall survival of patients with high
mRNA levels of HIF-1g and VEGE as well as of HIF-
1o and p53, was shorter compared to patients with differ-
ent features.

cox2

COX2 is one of the key isoenzymes in the production of
prostaglandins, and is thought to be involved in carcino-
genesis. Some studies indicate that COX2 may play a role
in the development of gastric cancer, and its overexpres-
sion is associated with nodal metastasis, tumor invasion
and differentiation, implicating a poor prognosis’**,

SPARC
The secreted protein acidic and rich in cysteine (SPARC
or osteonectin) is a member of a family of matricellular
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proteins that modulates cell-matrix interactions and cell
function without participating in the structural scaffolding
of the extracellular matrix. Since SPARC alters membrane
permeability, cell shape, proliferation, migration and at-
tachment, it may play a role in angiogenesis. It has been
reported that its overexpression correlates with distant
metastasis and poor prognosis[%m. It is not clear whether
SPARC overexpression is a useful marker in the prediction

of lymph node metastasis development[ss].

p53
The p53 protein plays a fundamental role in cell growth
and division. The function of the p53 gene is more fre-
quently altered due to LOH and mutation than to DNA
methylation. Mutations of p53 are present in about 40%
of early and advanced, well-differentiated gastric can-
cers™. A lower incidence of P53 mutations has been
shown in young patients compared to older patients[89].
P53 can be investigated by immunohistochemical tech-
niques, bearing in mind that the half-life of the p53 mu-
tant protein is prolonged. Cells carrying the p53 mutant
protein can be stained with antibodies against p53, where-
as cells carrying normal p53 are negative. Sequencing of
the gene after screening can also be performed in order to
determine the mutation location within the genem.
Overexpression of p53 often occurs in the eatly stages
of intestinal-type tumors, and there is no significant dif-
ference between early and advanced cancers. In contrast,
P53 abnormalities are not often seen in the eatly stages of
diffuse-type tumors, but tend to occur as the disease pro-
gresses’ .

p21

p53 cell cycle regulatory function is mediated by differ-
ent effectors. One of these is a cyclin-dependant kinase
inhibitor (CDK 1), the p21 protein. The cell cycle check
points are controlled by a cascade of phosphorylation.
Protein kinases such as cyclin-dependent kinases are ac-
tivated by cyclins and inhibited by CDK I, although p21
is up-regulated not only through a p53 pathway, but also
through a TGFBRII pathway.

Levels of p21 expression could indicate the absence
of a functional p53 protein in neoplastic cells. It has been
reported that the survival of gastric cancer patients with
p21-positive tumors is significantly longer than that of
patients with p21-negative tumors””. The expression of
p21 is usually assessed in combination with p53 status and
contributes to predicting the clinical outcome of gastric
cancer patients 394,

p27

It has been suggested that the cyclin-dependent inhibitor
P27, which controls the transition from G1 to S in the cell
cycle, has prognostic relevance in gastric cancer. Reduced
p27 expression is detected in approximately 40%0-50% of
gastric cancers”. Some studies have shown that tumors
with a low expression of p27 protein are poorly differenti-
ated and at an advanced stage[()s‘%]. However, some authors
have found no difference in overall survival of gastric can-
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cer patients whether with high or low p27 expression!”.

p53, p21 and p27 have also been analyzed in combination,

confirming their role as prognostic markers”",

BCL2

BCL2 and p53 are closely linked in the regulation of apop-
tosis. LOH at the BCI.2 locus is frequently observed in gas-
tric cancer. The overexpression of BCL2 may have a role in
the development of gastric cancers. It has been shown that
BCL2 overexpression reduces cellular proliferative activity
and correlates with a less aggressive biological behavior of
the tumor. The prognostic role of BCL2 on its own or in
association with p53 has not yet been elucidated"””.

BAX

BAX gene encodes a protein belonging to the BCL fam-
ily members. Negative BAX protein expression has been
associated with de-differentiation, lymph node metastasis
and shorter survival, suggesting that BAX status may play
a role in the development and differentiation of gastric
cancer and tumor progression””,

PRb

PRb encodes a protein that is a negative regulator of the
cell cycle. Poor prognosis of gastric cancer patients with
low levels of pRb expression has been reportedpz’““.

c-myc
¢-mye gene encodes a multifunctional, nuclear phosphopro-
tein that plays a role in cell cycle progression, apoptosis
and cellular transformation. It functions as a transcription
factor that regulates transcription of specific target genes.
The c-myc protein has been shown to be significantly
enhanced in well-differentiated gastric cancer' " and as-
sociated with a poor prognosismz]. Although c-myc is a
short-lived protein in normal cells, its stability is increased
in transformed cells through several mechanisms. One of
these has recently been identified in the overexpression of
a human oncoprotein, the cancerous inhibitor of protein
phosphate 2A (CIP2A) that stabilizes c-myc", Interest-
ingly, the expression of CIP2A has been associated with
reduced overall survival in gastric cancer patients[lo4].

Cyclin E

Cyclin E overexpression correlates with invasiveness and
proliferation and may be a marker of tumor aggressive-
ness. Although somatic mutations of the cell cycle inhibi-
tor p76‘w‘ﬂ are rare, its reduced expression is associated
with depth of invasion and metastatic potential in both
diffuse- and intestinal-type gastric carcinomas. However,
recent data show that the survival of gastric cancer pa-
tients with cyclin E-positive tumors is not significantly

shorter than that of negative patientsm]

E-cadherin

Cell adhesion molecules are implicated in human carci-
nogenesis. Cadherin is a superfamily of calcium-mediated
membrane glycoproteins, forming one of the four classes
of adhesion molecules. E-cadherin, one of the members
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of the trasmembrane glycoprotein family expressed by
epithelial tissues, not only acts as a cell adhesion molecule,
but also plays an important role in growth development
and carcinogenesis. The intact function of E-cadherin is
crucial for the establishment and maintenance of epithelial
tissue polarity and structural integrity. Around 25%-40%
of hereditary diffuse gastric cancers are caused by hetero-
zygous E-cadherin. The inactivation of the second allele
occurs by mutation and methylation events, and this results
in the complete inactivation of the protein“oﬂ. Reduced
expression of E-cadherin correlates with infiltrative and
metastatic ability in gastric cancer™ and the gene encoding
E-cadherin, CDH7, was among the first to be considered
as an invasion suppressor gene. Patients with E-cadherin-
positive gastric cancers showed statistically significant pro-
longed 3- and 5-year survival rates, compared to patients
with E-cadherin-negative tumors’ .

It has been shown that serum soluble E-cadherin is
increased in several non-neoplastic diseases and also in
various cancers, including gastric tumors. E-cadherin may
be a potentially useful prognostic marker and high levels
of soluble E-cadherin correlate with the depth of tumor
invasion, as well as inoperability“oﬂ. In addition, levels
higher than 10000 ng/mL predict a survival of less than 3
years in more than 90% of patients“os].

The Wnt-frizzled-B-catenin signaling pathway is fre-
quently activated in gastric carcinoma (e.g. upregulation of
Wnt gene expression or of genes for Wnt ligand receptors,
upregulation of RACT and inactivation of _.4PC), leading to

. . e . . . 109)
poor differentiation and increased tumor invasiveness'”.

muc1

Mucins are high-molecular weight glycoproteins contain-
ing oligosaccharides. These glycoproteins constitute the
major components of the mucus that protects the gastric
epithelium. Overexpression of mucin 1 (MUCT) has been
linked to poor prognosis in gastric cancer patients[(ﬁ’“ 1,

It has been reported that MUC1 may accelerate tu-
mor invasion by the impairment of E-cadherin'". The
combined expression of MUC1 and E-cadherin shows
that survival for gastric cancer patients with abnormal
E-cadherin/MUC-positive expression was shorter than

. . . 106
for patients with other expression patterns' .

PRL-3

The phosphatase regenerating liver 3 (PRL-3) gene en-
codes a protein belonging to a class of prenylated protein
tyrosine phosphatases. These proteins are cell signaling
molecules with a regulatory role in several cellular process-
es. The prognostic role of PRL-3 in solid tumors, includ-
ing gastric cancer, has been recently reviewed by Bessette
et al'". High expression of PRL-3 has been associated
with several unfavorable clinical parameters, such as tu-
mor size, depth of invasion, lymphatic invasion, advanced

stage and shorter overall survival. Successive studies have
. [13114
confirmed these ﬁndmgsl A4

Tumor-associated proteases
Tumort-associated proteases and their inhibitors play a
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central role in tumor invasion and metastasis. The positive
correlation of histological data with the urokinase-type
plasminogen activator (uPA) and the plasminogen activa-
tor inhibitor type I (PAI-1) has been reported. More-
over, the independent prognostic impact of both uPA
and PAI-1 on the survival of gastric cancer patients has
been demonstrated. Elevated uPA and PAI-1 levels have
been shown to be associated with shorter survival™>'".,
A trend towards poor prognosis has also been observed
in patients with high expression of the u-PA receptor (u-
PAR)""Y and the uPA system may therefore be a target for
novel therapeutic agents.

The prognostic role of some uPA genotypes has re-
cently been investigated and an association was demon-
strated between the exon 6 C/T polymorphism with inva-
sive phenotype, but not with susceptibility or survival''”,

CONCLUSION

Gastric carcinomas are histologically and genetically
heterogeneous and are influenced by gene-environment
interactions resulting in the activation of multiple molecu-
lar pathways. The molecular subtypes of gastric cancer
include three main groups of tumors characterized by
either the CIN, the MSI or the CIMP pathways. Currently,
it is not clear whether or in what way knowledge of these
subtypes of gastric carcinomas is of use in clinical prac-
tice, with regard to predicting specific pathways with mu-
tational and regulatory alterations that may interfere with
targeted therapies.
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