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ABSTRACT

Emerging research has shown that the transforming growth factor-beta (TGF-8) pathway
plays a key role in the suppression of gastric carcinoma. Biological signals for TGF -8 are
transduced through transmembrane serine/threonine kinase receptors, which in turn signal
to Smad proteins. Inactivation of the TGF-B pathway often occurs in malignancies of the
gastrointestinal system, including gastric cancer. Yet, only a fraction of sporadic gastric
tumors exhibit inactivating mutations in early stages of cancer formation, suggesting that
other mechanisms play a critical role in the inactivation of this pathway. Smad4, a tumor
suppressor, is offen mutated in human gastrointestinal cancers. The mechanism of Smad4
inactivation, however, remains uncertain and could be mediated through E3-mediated
ubiquitination of Smad4/adaptor protein complexes. The regulation of the TGF-3 pathway
through a PRAJA, a RING finger (RING-H2) protein, and ELF, a B-Spectrin adaptor protein,
both which were originally identified in endodermal stem/progenitor cells committed to
foregut lineage, could play a pivotal role in gastric carcinogenesis. PRAJA, which functions
as an E3 ligase, interacts with ELF in a TGF-B-dependent manner in gastric cancer cell
lines. PRAJA is increased five-fold in human gastric cancers, and inactivates ELF. This is
particularly significant since ELF, a Smad4 adaptor protein, possesses potent anti-oncogenic
activity and is frequently seen to be inactivated in carcinogenic gastric cells. Strikingly,
PRAJA manifests substantial E3-dependent ubiquitination of ELF and Smad3, but not
Smad4. The alteration of ELF and/or Smad4 expression and function in the TGF- signaling
pathway may be induced by enhancement of ELF degradation, which is mediated by the
high level expression of PRAJA in gastrointestinal cancers. These studies reveal a mechanism
for gastric tumorigenesis whereby defects in adaptor proteins for Smads, such as ELF, can
undergo degradation by PRAJA, through the ubiquitin-mediated pathway.

Gastric cancer remains the second most common cancer worldwide!-3 and the five-year
survival is less than 20%." Most cases are detected in advanced stages, which contribute to
these low survival rates. However, the factors that govern progression from gastric epithelial
cell hyperplasia through dysplasia to in situ carcinoma and invasive disease are poorly
understood and possibly involve multiple molecules, including E-cadherin, CD44, c-erbB2,
p53, tie-1, c-met, MKK4, k-sam, and more recently, Smad4.!-> Only a fraction of sporadic
gastric tumors exhibit inactivating mutations in the early stages of cancer formation,
suggesting that other mechanisms play a critical role in the inactivation of this pathway.
Allelic loss of chromosome 18q has been noted in intestinal-type gastric adenocarcinomas,
and the inactivation of Smad4, a tumor suppressor gene located in chromosome 18q21.1,
appears to play a significant role in gastric tumorigenesis.”8 Microsatellite instability
(MIS) and associated modification of the TGF-B Receptor II, IGFR II, BAX, E2F-4,
hMSH3, and hMDHG genes are found in a subset of gastric carcinomas.® Importantly,
recent studies elucidating the role of TGF-B are now shedding light on the molecular
pathogenesis of gastric cancer. TGF-p is a multifunctional growth factor that has significant
regulatory effects and seems to play a role in regulation of gut development. It is noted that
in TGF-B1 null animals, there is stimulation of gastric epithelial proliferation leading to
epithelial hyperplasia.!® Many of the effects of TGF-B are mediated by physical interac-
tions of the Smad proteins with various transcription factors such as RUNX (Fig. 1).

Most importantly, recent studies by have firmly established a mouse model for gastric
cancer in the Smad4 heterozygous mice allowing for the analysis of the TGF-B signaling
pathway in gastric carcinogenesis. Smad4 heterozygous mice develop cancers in the gastric
fundus and antrum when they are over 11 months old, and in the duodenum and cecum
in older animals at a lower frequency.®!:12 With increasing age, polyps in the antrum
show sequential changes from hyperplasia to dysplasia, carcinoma in situ, and finally inva-
sion. These alterations initiate a dramatic expansion of the gastric epithelium where Smad4
is expressed. Loss of the remaining Smad4 wild type allele is detected only in later stages
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Recent studies have revealed the ability of Smads to interact
with multiple components of the 268 proteasome system
before and after Smad activation.??

The selectivity of ubiquitination is largely mediated by
the recognition of substrates by E3 ligases—posttranslational
modifications, such as phosphorylation of the substrate,
can regulate this interaction. Despite the large number of
substrates, relatively few E3s have been characterized on a
molecular level.3° E3s with known amino acid sequences

Figure 1. Schematic diagram shows progression of gastric adenocarcinoma. Gastric
cancer has been histologically classified into two main types, intestinal and diffuse.
Defects in E-cadherin ELF, RUNX function are specifically associated with diffuse-type
gastric cancer, which probably develops through a shorter, unidentified sequence of
events from gastric epithelial cells. On the other hand, the carcinogenic pathway of
infestinal-type gastric carcinomas seems to be more complicated, but involves well-char-
acterized sequential stages. H pylori infection induces a transition from normal mucosa
to chronic superficial gastritis, which then leads to atrophic gastritis. As a consequence
of inflammation and regeneration, the gastric mucosa can undergo intestinal metaplasia
dysplasia and eventually gastric adenocarcinoma. ELF, Ras, Smad4, RUNX and CDX2,
efc., are one of the most likely candidates linked with the induction of intestinal mefaplasia.
p53, p27, c-erb2, etc., alterations could be involved in development of both infestinal-

and diffuse-type gastric cancer.

of tumor progression, suggesting that haploinsufficiency of Smad4 is
sufficient for tumor formation. Smad 2, 3, 4 and adaptor proteins
such as ELF, a B-Spectrin adaptor protein, are crucial for gastro-
intestinal development.!>!4  Most interestingly 90% (18/20) of
elf"|Smad4*" heterozygous mutants develop an exacerbated pheno-
type of earlier gastric hyperplasia, ectasia, foveolar gland dysplasia,
and hamartomas with obstructing tumors at the antrum and
pylorus. In patients with TGF-B1 positive tumors, survival rate was
significantly better in patients with preserved Smad4 expression,
than those with reduced expression. As a correlary, it appears that
Smad4 expression, particularly in the TGF-$ pathway, is a sensitive
predictor of outcome for patients with advanced gastric cancer.!!
Additional studies have demonstrated that Smad4 functions as a
tumor suppressor on the gastrointestinal tract and similar studies
have shown that Smad3 expression may have a critical role in tumor
suppression in the early stages of gastric carcinogenesis.!>!® Hence,
gene dosage is critically important in this protein family as haplo-
insufficiency phenotypes result in gastric cancer, holoprosencephaly,
liver hypoplasia as well as colon carcinoma.!®17-20 Importantly,
other mechanisms, such as targeted protein proteolysis, have now
been shown to play an important role in the regulation of protein
levels.?!

UBIQUITINATION IN TGF-f, E3 LIGASES

Biological functions of many proteins are altered by their covalent
attachment to polypeptide modifiers inducing targeted protein
proteolysis.”?> The best-known example of this type of modification
is ubiquitination.?> Ubiquitin is an abundant 76-amino acid
polypeptide that can be covalently conjugated to specific proteins by
the formation of an isopeptide bond between its carboxyl terminus
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include the N-end rule E3s of yeast and mammals and
members of the HECT (homologous to E6-AP C terminus)
family.3! Mammalian HECT E3s include E6 AP, which
targets p53 for ubiquitination in the presence of human
papillomavirus E6,32 and Nedd4, which ubiquitinates
epithelial sodium channel subunits.333# Other E3s include
Mdm?2, which catalyzes both its own ubiquitination and
that of p53,203% the anaphase-promoting complex (APC);
and other F box and cullin-containing complexes whose
substrates include Siclp, G, cyclins, inhibitor of nuclear
factor kB (IxB), and B-catenin.?” Interestingly, PRAJA may
play a pivotal role in TGF-B tumor suppression of gastric
cancer. RING E3s, which mediate ubiquitination, represent
the largest E3 family known to date and include the ¢-Cbl
proto-oncogene product, the multisubunit SCF and APC cell cycle-
regulatory complexes, the Mdm2 proto-oncogene product that
regulates the p53 tumor suppressor, BRCA1, and members of the
IAP family of antiapoptotic proteins.

PRAJA

PRAJA, a RING finger (RING-H2) protein first isolated from
foregut endodermal stem/progenitor cells, plays a vital role in various
cell processes including foregut lineage maintenance and TGF-B/BMP
regulated function as an E3 ligase. Praja open reading frame (ORF)
comprises 1188 bases encoding a 395 amino acid proteins of ~60
kD, and is involved in cell proliferation, apoptosis, juxtaposition,
and architecture (also in Sanskrit, birth, development and oﬁspring).37
PRAJA exhibits extensive homology to RING finger proteins at the
C terminus end between residues 347 and 673.5” Computer analysis
of this domain demonstrates that it contains a perfect C;H,C; Zn
binding motif or RING-H2 finger found in many regulatory
proteins, as well as several human proto-oncogene products such as
promyelocytic leukemia protein (PML), ret finger protein (RFP),
BRCA1 and inhibitors of apoptosis (IAP).3¥ RINGs, defined by
eight cysteines and histidines that coordinate two zinc ions, vary
substantially in length and composition. RINGs have cysteines in
the first three and last three coordination sites and a His in the
fourth site. Additionally, proteins bearing this motif have either a
Cys [C;HC, RING (RING-HC)] or a His [C;H,C; RING (RING
H2)] in the fifth position. The first, second, fifth, and sixth cysteines/
histidines coordinate one cation, and the third, fourth, seventh, and
eighth coordinate the second.?® As determined with consensus
sequences, PRAJA falls into the RING H2 category, with the amino
acids indicated predicted to be coordination sites.
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The RING finger protein PRAJA is regulated by TGF-p and
facilitates the ubiquitination of ELF a tumor suppressor adaptor
protein involved in TGF-B signaling. In addition, it is possible that,
in vivo, changes in conformation, alterations induced by phosphory-
ladion, and changes in intermolecular associations such as dimerization,
may influence the capacity of RING finger proteins to function with
E2s in ubiquitination. Recent studies also show that PRAJA ubiqui-
tinates BMP regulated proteins, Dlxin-1 and Msx2, and thus regulates
the transcriptional function of homeodomain protein DLX5
through Dlxin-1 via an ubiquitin-dependent degradation pathway.4°
Importantly, this observation confirms the role of PRAJA in the
TGF-B/BMP pathway. Adhering to these attributes, the compact
RING module of PRAJA could confer an additional regulatory role
on a wide array of TGF-B signaling proteins that associate with it
and may have differential effects in determining ELF fate.

The importance of RING finger domain in ubiquitination is
further supported by the fact that in vivo assays with the RING
finger mutant PRAJA (A-PRAJA) abolish ubiquitination of ELE
RING mutations of BRCALI are associated with familial carcinomas.
Strikingly, PRAJA manifests substantial E3-dependent ubiquitination
of Smad4 adaptor protein ELE but not Smad4, while still exhibiting
ubiquitinated Smad3 conjugates. This finding suggests a role for
PRAJA in the membrane localization of the ELF and the Smad
signaling complex. Furthermore, in the absence of a substrate,
PRAJA has the capacity to ubiquitinate itself. This ability is consistent
with recent observations that multiple, otherwise unrelated RING
finger proteins, including Mdm2, AO7, Siahl and kf 1, have the
inherent capacity to ubiquitinate themselves.4!

ROLE OF ELF IN TGF-3 SIGNALING

ELF was originally identified as a key protein involved in endo-
dermal stem/progenitor cells committed to foregut lineage.4>43
Furthermore, ELFE as a B-Spectrin and a major dynamic scaffolding
protein, is important for the generation of functionally distinct
membranes, protein sorting, cell adhesion and the development of a
polarized differentiated epithelial cell. As an adaptor protein, ELF
also plays a key role in the transmission of TGF-§ mediated transcrip-
tional response through Smads. E/f~ deficient mice have disrupted
TGEF-B signaling because of an alteration of ELF interactions with
Smad3 and Smad4.'> Immunohistochemical labeling for ELF in
normal gastric tissues of wild-type mice shows strong expression in
epithelial cells: in adult stomach, ELF expression is greater in the
stem cell zone that gives rise to parietal cells and also more prominent
in surface mucous cells than in chief cells.

An examination of e/f”~ mice for tumor development reveals that
40.0% elf~ (8/20) developed tumors of varying etiology.6 This
tumor incidence is comparable to that seen in the Smad4*~ mice
(45%, 9/20). Most interestingly, 90% (18/20) of the elf*"/ Smad4*"
heterozygous mutants develop an exacerbated phenotype of earlier
gastric hyperplasia, ectasia, foveolar gland dysplasia, hamartomas
with obstructing tumors at the antrum and pylorus. Abnormal
mitosis, apoptosis and glandular dilatation are seen in the polyps
and hamartomas, suggesting a cooperative interaction between ELF
and Smad4, which leads to enhanced tumorigenesis. The gastric
mucosa of these double heterozygotes is three to four times as thick
as that of wild-type mucosa, and was also two to three times thicker
than the elf*” or Smad4*" mutant antral mucosa. This suggests that
disruption of elf, in addition to disruption of Smad4, results in
hyperplasia of the gastric mucosa, suggesting that gastric epithelial
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cell proliferation was stimulated by the disruption of e/f. Loss of
response to TGF-B signaling alters apoptosis in many cells including
gastric epithelial cells. In mouse models, suppressed apoptosis indi-
cates that e/f may be important in TGF-B induction of apoptosis in
gastric epithelial cells and that it may contribute to the epithelial cell
hyperplasia in the e/f"/Smad4* glandular stomach. Little or no ELF
expression is detected in Smad4* and elf*’"| Smad4* mutant tumor
tissues with the decreased levels of Smad4 when compare to the control.

Paradoxically, the TGF-B pathway activity is also associated with
increased oncogenicity in advanced human tumors, promoting
invasion and motility, as well as indirect effects on angiogenesis and
immune surveillance.4445 For instance, TGF-p mediated repression
of E-cadherin with loss of E-cadherin expression results in the
translocation of B-catenin from cell-cell contacts to the cytoplasm
and the induction of epithelial-mesenchymal transitions, leading to
an invasive phenotype.“® On the other hand, Smad4-induces E-
cadherin with recruitment of catenins to the plasma membrane.*’
Aberrant distribution of non-erythroid B-Spectrins, in association
with loss of membranous E-cadherin, has been described in high-
grade carcinomas with poor prognosis.*® Genetic alterations leading
to a loss of genes encoding E-cadherin!, as well as silencing of
RUNX,“ have also been been demonstrated to be of key importance
in the suppression of gastric cancers. However, a majority of sporadic
cancers do not display E-cadherin mutations or epigenetic manifes-
tations of either E-cadherin or RUNX.5%>! Runt domain transcription
factors are also important targets of TGF-B super family signaling
and appear to play an important role in mammalian development.
RUNX3 has been intensively studied as a runt transcription factor
and it has been shown that the tumorigenicity of human gastric
cancer cell lines is inversely related to their level of RUNX3 expression
suggesting that this transcriptional factor may be related to the
genesis and progression of early human gastric cancer.”> RUNX
proteins themselves form complexes with Smad2 and Smad3 that
then transmit TGF-B/activin signals.>?

Mouse models demonstrate that the TGF-b signaling pathway is
significant in the formation of gastrointestinal cancers. Gastric cells
with intact TGF-B1 signaling molecules show ELF-Smad3-Smad4
interactions upon TGF-B1 stimulation. Interestingly, ELF-deficient
gastric cancer cells do not respond to TGF-B1 stimulation, suggesting
that ELF plays a critical role in gastric cancer suppression.
Importantly, loss of ELF results in aberrant localization of Smad3,
Smad4 and E-cadherin in gastric cancer cells. Our studies show that
tumors from elf” and elf"/Smad4* mutant mice reveal dramatic
changes in the distribution of E-cadherin in gastric cells. In normal
control cells, E-cadherin is expressed at cell-cell contact sites. In contrast,
elf mutants as well as the ELF-deficient human gastric cancer cells
exhibit abnormal E-cadherin expression and also E-cadherin-B-catenin
dependent epithelial cell-cell adhesion is disrupted in elf"/Smad4*"
mutant gastric epithelial cells. ELF plays critical role in cell-cell
adhesion which is mediated by TGF-B signaling. A full length ELF
cDNA clone was constructed that encoded the N-terminal actin and
membrane binding domain; as well as the C-terminal domain that
includes the ankyrin binding region; active phosphorylation sites
at serine residues; and a hinge region regulating oligomer forma-
tion.1142:43.54 Transient transfection of full length elf restored
E-cadherin expression in ELF mutants was observed, as well as in
ELF-deficient human gastric cancer cell lines (HS746T), but not
Smad3 or Smad4.5

ELF binding to Smad4 is observed upon TGE-B1 stimulation,
thus raising the possibility that ELF is a co-adaptor protein involved
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in Smad4 localization and activation. a- and B-Spectrins have been
found in multiple vertebrate tissues such as polarized epithelial cells
in the gut and kidney.”® ELF plays critical role in Smad4 localization
upon TGF- stimulation, which suggests that these molecules interact
and translocate to the cell nucleus. Interestingly, spectrins have been
found to be expressed in nuclei and bear a carboxy-terminus bipartite
nuclear localizing signal.>” Therefore, it is conceivable that ELF
binds to Smad4 in the cytoplasm upon TGEF-Bl activation, and
assists in transporting the protein into the nucleus.

Modulation of adaptor proteins through degradation could thus
result in escape from TGEF-B growth suppression. Recently, disruption
of the adaptor function of ELF has been shown to lead to tumori-
genesis. Like Smad4*" mice, elf” heterozygotes develop normally
without apparent defects. An examination of e/f” and elf""/Smad4*"
mice for tumor development revealed that 40% elf'/’ (8/20) mice
developed tumors of varying etiology. This tumor incidence was
comparable to that seen in the Smad4*" mice (45%, 9/20). Most
interestingly, 90% (18/20) of elf*"/Smad4*" heterozygous mutants
developed an exacerbated phenotype of earlier gastric hyperplasia,
ectasia, foveolar gland dysplasia, hamartomas with obstructing
tumors at the antrum and pylorus. Regulation of ELF abundance
therefore is likely to be important in tumorigenesis. Yet, while these
studies highlight the critical role for adaptor proteins such as ELF in
this signaling pathway, mutational inactivation of this pathway in
gastric cancers is uncommon suggesting that other mechanisms,
such as protein modification of Smads, ELE and SARA through
ubiquitination, are responsible for gastric tumorigenesis. A similar
model for PRAJA modulation of ELF/Smads is shown in Figure 2.
Smad proteins are globular proteins with two conserved domains, the
Mad Homology 1 (MH1) and MH2 domains, separated by a middle
linker region. Recent studies have also demonstrated that most of
the tumor derived mutations map to the MH2 domain, which is
involved in receptor recognition, interactions with transcription factors
and homo and hetero-oligomerization among Smads. The MH2
domain of Smad2 or Smad3 is also crucial for interacting with an 85
residue Smad-binding domain (SBD) in SARA.>8 It will be interesting
to determine the specific domains of ELF that interact with the
Smad, MH1 or MH2 domains. Smad interactions will be pivotal for
future development of therapeutic drugs aimed at enhancing ELF-
Smad interactions, potentially suppressing poor prognostic cancers
such as gastric carcinoma.

PRAJA-ELF INTERACTIONS IN TGF-3 SIGNALING AND GASTRIC
CANCER

Mechanisms such as targeted protein proteolysis through ubiqui-
tination are now considered to play a major role in regulating protein
levels in TGF-B signaling and disease.2!3741:5%:00 Most interestingly,
our analysis has shown that PRAJA, a RING-H2 E3 ligase targeting
ELF ubiquitination, likely represents a major mechanism for con-
trolling the ELF/Smad cellular response to TGF-B signaling. This
modulation of ELF/Smad interactions adds a further dimension to
gastric cancer formation.

PRAJA, which is over expressed in human gastric cancers,
ubiquitinates ELF and Smad3 but not Smad4 in a TGF-B dependent
manner. PRAJA E3 ligase activity regulates TGF-B signaling by
controlling ELF abundance through ubiquitin mediated degradation.
Inhibition of the antiproliferative effect of TGF-B is often associated
with progression of tumorigenesis in human cancers.®! Thus PRAJA
represents one such mechanism for the TGF-B inactivation of gastric
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Figure 2. A hypothetical schematic diagram showing PRAJA and ELF asso-
ciation. After activation of TGF- Type Il and Type | receptor, TGF-B stimulates
ELF/Smad3 association in a phosphorylation dependent manner, followed
by association with PRAJA. Ubiquitinated ELF is then targeted by the 26S
proteasome. Arrows indicate the signal flow and are color coded light green
for Smad activation and formation of a transcriptional complex, olive green
for Ubiquitination of ELF through PRAJA. The yellow circles indicate activated
phosphate groups and the red circles indicate ubiquitin molecules.

carcinogenesis. The importance of RING finger domain in ubiquiti-
nation is further supported by the fact that in vivo assays with the
RING finger mutant PRAJA (A-PRAJA) abolish ubiquitination of
ELE Strikingly, PRAJA manifests substantial E3-dependent ubiqui-
tination of ELE but not Smad4, while still exhibiting ubiquitinated
Smad3 conjugates. This finding suggests a role for PRAJA in the
membrane localization of the ELF and the Smad signaling complex
thus potentially controlling ELF/Smad activation by the TGF-p
Type I receptor. Furthermore, it is observed that in the absence of a
substrate, PRAJA has the capacity to ubiquitinate itself. This ability
is consistent with recent observations that multiple, otherwise unrelated
RING finger proteins, including Mdm2, AO7, Siah1 and kf 1, have
the inherent capacity to ubiquitinate themselves.*! RING mutations
of BRCA1 are associated with familial carcinomas.®? A potential
model for RING-mediated E3 activity is one in which the RING
and surrounding regions not only associate with E2-ubiquitin but
also provide a favorable environment for the transfer of ubiquitin
from E2 to an available lysine. Such a mechanism is analogous to the
mechanism in models for the function of N end rule E3s.%3
Polyubiquitination thus involves the 26S proteasome, which is
composed of two major components, the 19S cap and the 20S core
protein complexes.®d The 19S complex is involved in the recognition
of polyubiquitinated substrates, assists in the unfolding of the target
protein for entry into the opening of the cylinder, and cleaves off the
polyubiquitinated chain from the substrates. Only small peptides
and unfolded elongated proteins then enter into the openings in the
cylindrical 20S core complex, where proteolytic activities reside
within the hollow transverse cavity.% A group of enzymes known as
deubiquitinating enzymes or ubiquitin-specific peptidases can also
be involved in modulating the extent of ubiquitination by removing
ubiquitin moieties.®> These enzymes also serve to generate mature
monoubiquitin from preubiquitin forms, to break down polyubiquitin
chains liberated by the proteasome, and regenerate free ubiquitin
that can readily form adducts with abundant intracellular nucleophiles
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such as amines and glutathione. PRAJA, like Cbl and Mdm?2, may
function as a RING E3 ligase involved in both mono- and poly-
ubiquitination of ELE, and monoubiquitination of Smad3.

These findings suggest that PRAJA could be a key mediator of
ELF and Smad3 degradation and that endogenous levels of ELF are
dynamically regulated through a possible ELF PRAJA feedback loop
via the ubiquitin-mediated proteasomal pathway (Figure 2). The
differential activity of PRAJA, both as an essential regulatory protein
in hepatocyte development and as an ubiquitinator of ELE an
important tumor suppressor adaptor protein, inhibits apoptosis, and
is possibly dictated by its own intracellular concentration. The
hypothesis thus is that low levels of PRAJA maintained in wild-type
gastric cells are likely to play important regulatory roles for normal
development. However, when PRAJA activities are high, PRAJA-
mediated ubiquitination induces ELF degradation, abrogating the
ELF Smad TGF-B signaling pathway, thereby leading to tumorigenesis
(Fig. 2).

Together, these studies suggest a model in which PRAJA interactions
with ELE, Smad3 and Smad4 are crucial for gastro-intestinal epithelial
cell growth and differentiation. A model representing PRAJA as a
potential regulatory protein in TGF-p signaling pathway is shown in
Figure 2. In brief, we propose that, upon TGF-f induction, receptor
I (I) is activated by receptor II (II). This is followed by ELF phos-
phorylation and subsequently the complex is formed between ELF
and Smad3. Thereafter PRAJA emerges as an E3 ubiquitin ligase
that attaches ubiquitin molecules to ELF and localizes the complex
towards the plasma membrane (Figure 2). At the same time ubiquitin
chains elongate and ELF becomes displaced from the signaling
pathway and then becomes a target for 26S proteasome and is
destroyed. In normal circumstances, Smad4, Smad3 and phosphory-
lated ELF form a complex that maintains the signaling pathway for
the normal growth of the cells. Indeed, disruption of this complex
within TGF- signaling is maybe a common cause of cancer formations
in the gastrointestinal tract, particularly in foregut organs such as the
stomach, liver and pancreas.

Multiple other cancers derived from meso-endodermally derived
epithelium are associated with TGF-B/BMP pathway inactivation,
where it may regulate progenitor cell fate.!18:60:07 Indeed, the
functions of TGF-B are complex and extend beyond their role in the
inhibition of cell growth. TGF-p also induces the growth of mes-
enchymal cells, alters synthesis of extracellular matrix components,
and metalloproteases, which is involved in cell invasion.!34459:67-69
TGEF-B signals modulate the immune response to tumors and are
thought to play a role in tumor angiogenesis.”” The development of
gastric tumors in elf*"/Smad4* mutants indicates a crucial role for
ELE a B-spectrin, which acts as an essential adaptor protein for the
proper transmission of signals generated by the TGF- pathway.
Research has clearly indicated that loss of expression of ELF through
PRAJA could play an important role in the development of gastric
tumors and that further exploration of this interaction could hold
the key to unlocking the mechanisms of one of the most lethal forms
of cancer.
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