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Decrypting the role of Cripto

in tumorigenesis

Michael M. Shen

Center for Advanced Biotechnology and Medicine, and Department of Pediatrics,
University of Medicine and Dentistry of New Jersey-Robert Wood Johnson Medical

School, Piscataway, New Jersey, USA

The cell-surface associated molecule Cripto is overexpressed in a wide
range of epithelial cancers, yet little is known about potential mecha-
nisms by which Cripto expression might enhance tumorigenesis. A
new study (see the related article beginning on page 575) reveals that
binding of Cripto to the TGF-f ligand Activin B can block Activin
B-mediated suppression of cell proliferation. Furthermore, this study
also demonstrates that antibody blockade of Cripto function may
prove useful in the inhibition of tumorigenesis.

J. Clin. Invest. 112:500-502 (2003). doi:10.1172/JCI200319546.

Ever since the clinical success of the
anti-HER-2 monoclonal antibody
Herceptin in treating breast cancer,
major efforts have been undertaken to
identify cell-surface associated pro-
teins that are associated with signal
transduction pathways and that are
upregulated in human cancers. The
underlying rationale of this strategy
has been that such proteins might play
an essential role in maintenance of the
transformed state, and that treatment
with appropriate antibodies might
thereby lead to inhibition of tumor
growth, while leaving normal tissue
relatively unaffected. In this issue of
the JCI, Adkins and colleagues (1) pro-
vide convincing evidence that one such
extracellular protein, Cripto, repre-
sents a promising therapeutic target
that is upregulated in a wide range of
epithelial cancers, including breast,
stomach, and colon carcinomas.

Cripto is a coreceptor for Nodal,

a member of the TGF-f3 family
Initially thought to be a secreted sig-
naling molecule, Cripto is a small cys-
teine-rich protein that contains a single

Address correspondence to: Michael M.
Shen, Center for Advanced Biotechnology
and Medicine, 679 Hoes Lane, Piscataway,
New Jersey 08854, USA.

Phone: (732) 235-5645; Fax: (732) 235-5373;
E-mail: mshen@cabm.rutgers.edu.

Conflict of interest: The author has declared
that no conflict of interest exists.
Nonstandard abbreviations used: Cripto,
FRL-1, and Cryptic (CFC); glycosyl-
phosphatidylinositol (GPI).

divergent EGF-like motif as well as a
novel cysteine-rich domain termed
the Cripto, FRL-1, and Cryptic (CFC)
motif, and is attached to the cell
membrane through a glycosyl-phos-
phatidylinosital (GPI) linkage. When
it was originally cloned fifteen years
ago as an accidental fusion transcript
in a cDNA library screen, it was
named Cripto for its mysterious lack
of relationship to known proteins
and signaling pathways (2). Several
years ago, however, it became appar-
ent that Cripto was the founding
member of the EGF-CFC gene family,
which is conserved among verte-
brates, with homologs in chick, frogs,
and zebrafish (3). Molecular genetic
studies in fish and mice have revealed
that EGF-CFC proteins play essential
roles in early embryonic development
in specification of the anterior-poste-
rior and left-right body axes, as well as
in formation of the primary germ lay-
ers during gastrulation (3, 4).
Further studies have demonstrated
that EGF-CFC proteins act as corecep-
tors for Nodal, a member of the TGF-3
superfamily. In particular, membrane-
bound Cripto appears to recruit Nodal
to an activin receptor complex com-
posed of a dimer of the type I serine-
threonine receptor ActRIB (also known
as ALK4) and a dimeric type I activin
receptor, either ActRII or ActRIIB. Fol-
lowing receptor activation, Smad2
and/or Smad3 are phosphorylated and
accumulate together with Smad4 in
the nucleus to mediate transcriptional

responses (5, 6). Interestingly, the in-
teraction of Cripto with ActRIB re-
quires its CFC motif, whereas Cripto
binding to Nodal utilizes the EGF mo-
tif and requires post-translational mo-
dification by O-fucosylation, an un-
usual form of glycosylation found on
certain EGF motif-containing proteins
(5-7). In the absence of EGF-CFC pro-
teins, Nodal lacks signaling activity
through activin receptors, in contrast
to Activin, which does not appear to
require a coreceptor for its signaling
activity (Figure 1,aand b) (6, 8).

However, these previous studies
have left unresolved the significance
of the widespread overexpression of
Cripto in human epithelial cancers.
Many early studies have shown that
Cripto is highly overexpressed in
breast, pancreatic, ovarian, and colon
carcinomas, but the functional sig-
nificance of these findings, if any, has
remained elusive (9). Is Cripto activi-
ty essential for tumor growth and/or
maintenance, and furthermore, does
Cripto overexpression mediate sig-
naling by Nodal in cancer, or is it
independent of Nodal activity? Sug-
gestive evidence regarding the former
question has been provided by studies
showing that Cripto expression can
partially transform certain mammary
cell lines (10) and that antisense inhi-
bition of Cripto can lead to loss of the
transformed phenotype of colon car-
cinoma cells (11).

A new role for Cripto as an
inhibitor of Activin signaling

A new explanation for the functional
significance of Cripto overexpression
in epithelial cancers has now emerged
from the work of Adkins et al. (1), as
well as of Gray et al. (12). Both of
these studies demonstrate that Act-
ivin signaling can be blocked by Crip-
to overexpression in a variety of cell
culture assays, a hitherto unsuspect-
ed activity for EGF-CFC proteins. At
a biochemical level, this inhibitory
activity of Cripto results in inability
to form an Activin/ActRII/ActRIB sig-
naling complex. Furthermore, Adkins
and colleagues demonstrate the abil-
ity of specific Cripto monoclonal
antibodies to inhibit tumor cell pro-
liferation in two distinct xenograft
models. Using a large panel of Cripto

500

The Journal of Clinical Investigation |

August2003 |

Volume 112 |

Number 4



a Activin

ActRIB

/
d

ActRIIB

-

)

Cripto —_|
% Activin
ActRIB
Figure 1

o

Nodal

Cripto —|
GPl-linkage _|

ActRIB ActRIIB

=G

\

& Cripto
%

ActRIB

/

/
)

(o} Activin

Cripto

G

ActRIIB

f Activin

Cripto

&4

Schematic models for the role of Cripto in Activin and Nodal signaling. For simplicity, TGF-f ligands and receptors are represented as
monomers. (a) Activin signaling utilizes ActRIB and ActRIl or ActRIIB, resulting in an active receptor complex and phosphorylation (P)
of the type | receptor. (b) Nodal signaling requires Cripto, which is GPI-linked, in addition to ActRIB and ActRIIB. Nodal interacts with
Cripto through the EGF motif, and requires the presence of an O-fucose modification (red F) on Cripto. (c-f) Four possible inactive com-
plexes resulting in inhibition of Activin signaling by Cripto. Gray and colleagues (12) propose an inactive Cripto/Activin/ActRIl complex
(¢) and do not detect direct interaction between Cripto and Activin (f). In contrast, Adkins and colleagues (1) propose three potential
inactive complexes that do not include ActRIl (d-f).

monoclonals, they find that the abil-
ity of Cripto antibodies to inhibit
tumor growth is correlated with
their ability to inhibit Activin sig-
naling, indicating that their efficacy
requires inactivation of Cripto func-
tion, and is not simply a consequence
of antibody binding. These new find-
ings raise the interesting possibility
that Cripto overexpression may play
an early role in cancer progression
through inhibition of the tumor-
suppressing effects of Activin.
However, these studies disagree on
the key point of whether Activin can
bind directly to Cripto, or whether
their interaction is mediated by
activin receptors. Gray and colleagues
show that Cripto can inhibit Activin
A (a homodimer of Activin BA sub-
units) in cell culture activity assays,
but they are unable to detect direct
interaction of Activin A with Cripto
in the absence of activin receptors;
they note similar findings for Activin
B (a homodimer of Activin BB sub-
units) (12). However, they find that
Activin A can interact with Cripto in
the presence of type II activin recep-
tors, and conclude that Cripto can

inhibit binding of Activin A to ActRIB
through formation of an inactive
Activin/ActRII/Cripto complex (Fig-
ure 1c). This model is analogous to
that from a previous study by Lewis
and colleagues, which showed that
Inhibin (a heterodimer of Inhibin a
and Activin a or B subunits) interacts
with betaglycan and ActRII to block
Activin signaling (13). In contrast
with these findings, the study by
Adkins and colleagues demonstrates
a direct protein interaction between
soluble Cripto and Activin B in vitro,
with an apparent affinity of 1 nM, but
fails to detect any interaction between
Cripto and Activin A or any inhibito-
ry activity of Cripto for Activin A in
cell culture assays (1).

Another discrepancy concerns whe-
ther Nodal and Activin interact with
similar regions of the Cripto protein,
an inconsistency that has implica-
tions for the molecular mechanism by
which Cripto inhibits Activin function
(Figure 1, c-f). Gray and colleagues
show that interaction of Activin A
with Cripto requires an intact EGF
motif, and present cell culture data
suggesting that Cripto can simulta-

neously potentiate Nodal signaling
and inhibit Activin signaling, sup-
porting a model in which Nodal and
Activin compete for binding to sim-
ilar sites on Cripto (12). In contrast,
Adkins and colleagues show that a
CFC-specific monoclonal blocks
interaction of Cripto with Activin B,
suggesting that Activin B and Nodal
bind to distinct regions of Cripto.
This conclusion is further support-
ed by the finding that a Cripto pro-
tein mutated at the O-fucose addi-
tion site within the EGF motif can
still interact with Activin B but not
with Nodal, suggesting that differ-
ential glycosylation may regulate the
interaction of Cripto with distinct
TGF-f ligands in vivo.

Does Cripto inhibit Activin
signaling during tumorigenesis?
The studies of Adkins and col-
leagues do not yet resolve whether
the physiological mode of action of
the Cripto antibodies in xenograft
assays is due to inhibition of
endogenous Activin activity. One
likely alternative is that Cripto may
be acting as a coreceptor for Nodal,
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which is unexpectedly expressed at
low levels in normal mammary
glands and in a wide range of tumor
cell lines (1, 14). Another possibility
is that Cripto may be mediating the
function of other TGF-f family lig-
ands, supported by the recent report
that Cripto can mediate signaling by
frog Vgl and its mammalian
homolog GDF1 (15). Finally, Cripto
has been suggested to act as a sig-
naling factor that can activate Akt
and MAPK pathways independently
of activin receptor and TGF-f sig-
naling (16, 17). Nonetheless, the
observation that a Cripto antibody
that binds to the EGF motif and
blocks Nodal binding is significant-
ly less effective in xenograft assays
than an antibody that binds the
CFC motif and blocks Cripto inter-
action with ActRIB argues that Crip-
to inhibition of Activin signaling is
at least an important component of
its role in tumor growth and/or
maintenance (1).

Indeed, it is conceivable that Cripto
could promote tumorigenesis both
by inhibiting the tumor suppressor
activity of Activin and by mediating
signaling by Nodal or related TGF-$
ligands. Moreover, these potential
functions of Cripto might be tempo-
rally unrelated, since TGF-f signaling
is known to play dual opposing roles
during cancer progression. Thus,
early in progression, TGF-f signaling
inhibits cellular proliferation, there-
by acting as a tumor suppressor,

while later in cancer progression,
TGF-f signaling seems to promote
metastasis, perhaps through mediat-
ing an epithelial-mesenchymal tran-
sition (18). Consequently, loss-of-
function analyses using in vivo
systems and conditional temporal
inactivation approaches may be nec-
essary to distinguish between these
models for Cripto function during
cancer progression.

The exciting finding that antibody
blockade of Cripto has a strong effect
in xenograft models indicates that
Cripto functions in a central pathway
for cell proliferation and/or mainte-
nance of the transformed state. While
much more analysis is needed to
decode the molecular mechanisms of
Cripto function, the work of Adkins
etal. (1) and Gray et al. (12) now pro-
vides a glimmer of understanding as
to the functions of this enigmatic
protein in tumorigenesis.
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