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The Notch pathway in cancer: Differentiation gone awry
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Abstract

The Notch signalling cascade influences several key aspects of normal development by regulating differentiation, proliferation
and apoptosis. Its association to human cancer is firmly established in T-cell leukaemia where point mutations or chromosomal
translocations lead to constitutive signalling. Accumulating data indicate that deregulated Notch activity is involved also in the gen-
esis of other human cancers, such as pancreatic cancer, medulloblastoma and mucoepidermoid carcinoma. In these tumours, the
oncogenic effect of Notch signalling reflects an aberrant recapitulation of the highly tissue-specific function of the cascade during

normal development and in tissue homeostasis.
© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction
1.1. The Notch signalling cascade: the core axis

In multicellular organisms cell-cell communication
represents a very important aspect of cell fate decision.
Since the first observation in the early twentieth century
of a strain of the fruit fly Drosophila melanogaster with
notches at their wingblade [1], the appreciation of the
Notch cascade as one essential and highly complex as-
pect of juxtacrine signalling has steadily increased. For
a long time this was a research field of interest mainly
for developmental biologists working on cell fate deter-
mination in model organisms such as D. melanogaster
and the nematode worm Caenorhabditis elegans. In these
systems it was shown that Notch signalling was involved
in regulating cell fate determination, proliferation and
differentiation in a vast array of cells and tissues [2].
Depending on cell type, Notch can either inhibit or
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delay differentiation, but in some instances also induce
a secondary fate selection. In addition, it can also affect
important cellular processes such as proliferation and
apoptosis.

A role in human tumour genesis became apparent
when it was found that the Notchl receptor gene was
engaged in chromosomal translocations in a subset of
T-cell acute lymphoblastic leukaemias (T-ALL) [3].
Deregulated Notch signalling appears however also to
play a role in the genesis of other human malignancies.
Similar to what has been shown in many other pathways
involved in oncogenesis, the tumour-associated events
might take place at several levels in the Notch cascade.
In order to fully appreciate what molecular events that
might lead to deregulated Notch signalling it is impor-
tant to be familiar with the main components of the cas-
cade. We would like to emphasize that the following
brief summary of the Notch pathway only covers the ba-
sic aspects of its composition and function. During re-
cent years numerous excellent reviews have been
published which covers this in greater detail (see for
example [4-7]).
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In mammals the core components of the cascade
comprise ligands (Delta-like-1, -3, -4 and Jagged-1
and-2) and four transmembrane receptors (Notchl to
Notch4). The receptors share the same overall structure
and are synthesized as single precursor proteins, which
are cleaved into two associated peptides during trans-
port to the cell surface [5,8]. Thus, the functional recep-
tor is composed of an extracellular ligand-binding
domain anchored to the membrane by its interaction
with the transmembrane/cytoplasmic part of the recep-
tor (Fig. 1). The extracellular domain comprises a set
of epidermal growth factor (EGF)-like repeats responsi-
ble for ligand binding. The cytoplasmic domain har-
bours several structurally conserved motifs, including a
RAM-domain involved in CSL-binding (see below)
and six ankyrin repeats. Importantly, it also comprises
two nuclear localization domains, a transcriptional acti-
vation domain and a PEST sequence [9]. The latter
mediates a rapid degradation of the intracellular do-
main. Upon ligand binding, the receptor is subjected
to two proteolytic events as part of the activation mech-
anism [10,11]. The first cleavage occurs in close proxim-
ity to the extracellular side of the plasma membrane
followed by a second cleavage within the transmem-
brane domain, mediated by a y-secretase complex,
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which leads to the release of the intracellular domain
of the receptor (intracellular Notch, icN) from the mem-
brane. Interestingly, the y-secretase complex with its cat-
alytic component presenilin has other cellular substrates
including the B-amyloid precursor protein, and aberrant
processing of this protein is implicated in Alzheimer’s
disease [12]. This fact has led to development of numer-
ous commercially available pharmacological inhibitors
of y-secretase activity, which has proven very valuable
also in research on Notch signalling. Upon cleavage,
the icN translocates to the nucleus where it forms a com-
plex with the ubiquitously expressed transcription factor
CSL (CBF1/Su(H)/LAG-1, also known as RBP-Jx) . In
the absence of icN, CSL is a transcriptional repressor
due to its association with co-repressors (Fig. 1)
[13-15]. When icN associates with CSL, a number of
co-activators are recruited including mastermind-like
(MAML-1, -2, and -3) resulting in a multiprotein com-
plex, which acts as a potent transcriptional activator
[16-18]. The transcriptional targets of Notch signalling
include in particular differentiation related factors but
also cell cycle regulators (p21 and cyclin D1) and regu-
lators of apoptosis (for review see [2,19]). Transcription
factors of the Hairy/enhancer of split (Hes) and Hes re-
lated (HRT/HRP/Hey) families are the most well-
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Fig. 1. The core axis of Notch signalling. Notch signalling is initiated by ligand-receptor interaction between adjacent cells. Interaction results in two
consecutive cleavages of the receptor, which are executed by a metalloproteinase (TACE) and a y-secretase complex, subsequently leading to the
release of the intracellular domain Notch (icN). Intracellular Notch translocates into the nucleus and binds the CSL transcription factor, thereby
displacing co-repressors (CoR) and recruiting co-activators (CoA), such as MAML proteins, where after transcription is initiated. Downstream

targets include members of Hes and Hes related bHLH repressor families.
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known direct target genes of CSL [20]. These proteins
belong to the basic helix-loop-helix family of transcrip-
tion factors and bind specific sequences in the promoter
region of target genes and repress the transcription
through recruitment of a set of co-repressors including
the Groucho/TLE protein. Recent data indicate how-
ever that, specific signalling pathways can modulate
cofactor recruitment, switching Hesl mediated repres-
sion to activation [21].

It is important to point out that Notch signalling can
be modulated by numerous proteins that affect the activ-
ity of the cascade [6]. In addition, Notch signalling can
diverge at several points along this core axis described
in this brief summary, i.e., there are CSL-independent
effects of icN and there are other target genes for icN
in complex with CSL than Hes and Hes related factors.
When analyzing the activity of the Notch cascade, for
example in analyses of tumour material, the expression
level of Hesl is often used as a surrogate marker of
Notch signalling activity.

In the prototypical function of the pathway, in for
example neuronal cells, Hes and Hes related proteins re-
press the expression of differentiation promoting bHLH
factors thereby maintaining the cells in an immature
state [22]. It is however becoming evident that Notch
signalling not only restricts differentiation along a spe-
cific pathway but also take an active part in directing
differentiation towards an alternate fate. In order to
understand the role of deregulated Notch signalling in
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various tumour forms, it is therefore of fundamental
importance to delineate the function of the cascade in
the specific tissue from which the tumours are derived.

2. Genetic alterations of Notch receptors in cancer
2.1. T-cell acute lymphoblastic leukaemia

The characterization of chromosomal translocations
in human malignancies has for many years served as a
rich source for identifying oncogenes. With the finding
that the t(7;9)(q34;q34.3) translocation in T-ALL led
to the juxtaposition of Notchl with the T-cell receptor
beta (TCR-f), the oncogenic properties of Notchl be-
came apparent (Fig. 2) [3]. The translocation, which
arises due to mistakes during the TCR recombination
process, leads to expression of icN1 in a TCR-f regu-
lated manner. Thus, the signalling activity of this
truncated form of icN1 is independent of ligand stimula-
tion and hence refractory to normal regulation. The
oncogenic effect of deregulated Notch activity in T-cells
is intimately linked to the function of Notch signalling
during several stages of normal T-cell differentiation
[23]. In early lymphoid commitment Notch activity pro-
motes T-cell fate over the default B-cell lineage, but a
regulated activity of the Notch cascade is also important
during later stages of T-cell differentiation [24-26]. In
particular, Notch signalling is down regulated in the
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Fig. 2. Two examples of genetic alterations at the receptor level. In a subset of T-ALL, a chromosomal translocation leads to juxtaposition of a
truncated Notchl gene with the TCR-B promoter/enhancer. This results in ligand-independent, constitutive activation of icN1 and deregulation of
target genes. In mouse mammary tumours, mouse mammary tumour virus (MMTYV) insertions can take place in the Notchl or Notch4 genes. In
analogy with the t(7;9) translocation in T-ALL, this leads to constitutive expression of Notchl or Notch4 intracellular domains and development of

mammary tumours.
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double positive (DP, CD4" CD8™") stage and studies in
mouse model systems show that enforced expression of
icN1 leads to accumulation of cells at this stage [27]. It
is therefore likely that the oncogenic effect of icN1 in
T-cells is associated with both its capacity to promote
T cell commitment and thereafter to block differentia-
tion at the DP stage. The combined effect of these events
is an expanded pool of DP T-cells with an increased risk
of accumulating additional mutations. It should be
stressed that the t(7;9) translocation is exceedingly rare
in T-ALL, but nevertheless accumulating data implicate
a key role for deregulated Notch activity in T-ALL.
Notch3 is expressed in a vast majority of T-ALL and
might be one reason for elevated Notch signalling in
T-ALL [28]. Recent findings indicate however that
Notchl deregulation might be a much more frequent
event in T-ALL than previously appreciated. In a very
interesting study from Weng and colleagues it was
reported that a substantial portion of t(7;9) negative T-
ALLs were growth-suppressed upon treatment with -
secretase inhibitors. This observation instigated a search
for mutations in the Notchl gene in these tumours, and
unexpectedly they found frequent point mutations in the
region of the Notchl receptor responsible for heterodi-
merisation of the S1 cleaved functional receptor [29].
They also detected mutations in the PEST domain of
icN1, which led to expression of a truncated form of
the protein. In primary T-ALL, these mutations were
present in more than half of the tumours (56%). Impor-
tantly, no such mutations were detected in B-ALLs
emphasizing the specific oncogenic function of Notchl
in the T-cell lineage. The functional consequences of
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these mutations are not entirely clarified, but data pre-
sented indicate that mutations in the heterodimerisation
domain of the receptor might make it more susceptible
to ligand-independent y-secretase activity while trunca-
tion of the C-terminal PEST domain would increase
the half-life of icN1 (Fig. 3). These findings are impor-
tant in several ways for the understanding of T-cell leu-
kemogenesis. Firstly, deregulated Notch-receptor
function is a much more common oncogenic event in
T-ALL than previously appreciated. Secondly, some of
the tumours with Notchl mutations misexpress other
oncogenes associated with T-ALL, such as HoxI/ and
Tal-1, which indicates that these genes might cooperate
with deregulated Notch signalling in T-ALL. Thirdly,
the strong selection for Notch deregulation in T-ALL
indicates that Notch directed therapies might be applied
in a large proportion of T-ALLs [29]. In summary,
deregulated Notchl seems to be a very important aspect
of T-ALL since mutations in the Notchl receptor (and
hypersignalling activity) are present in more than half
of the tumours. The oncogenic function of the Notch
cascade in T-cells is associated with its role in normal
T-cell development and when illegitimate Notch activa-
tion occurs the differentiation process is halted, and
immature cells vulnerable for additional oncogenic
mutations accumulate.

2.2. Breast cancer
In mice, slowly transforming mouse retroviruses have

proven a very useful tool for identifying oncogenes. These
viruses, which themselves do not express transforming
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Fig. 3. Functional consequences of activating mutations of Notchl detected in T-ALL. The mutations found in the heterodimerisation domain (HD)
are expected to cause ligand-independent activating cleavages of Notchl, and release of intracellular Notchl (icN1). PEST domain mutations are
believed to result in stabilisation of the CSL/icN1/MAML transcriptional complex due to delayed proteasomal degradation of icN1, leading to

augmented activation of target genes.



2624 J. Sjolund et al. | European Journal of Cancer 41 (2005) 2620-2629

protein products integrate as part of their life cycle into
the mouse genome. If this insertion takes place in the
vicinity of a proto-oncogene, the strong enhancer of the
virus causes constitutive activation of the flanking gene,
which initiates the malignant transformation [30]. By
using the mouse mammary tumour virus (MMTYV) it
was shown that Notch4 (also known as int-3) was fre-
quently targeted by the virus leading to tumours in the
mouse mammary [31]. The viral insertion resulted in the
constitutive expression of a small portion of the extracel-
lular domain and the entire transmembrane/intracellular
domain of the Notch4 receptor (Fig. 2). The oncogenic
potential of this truncated form of Notch4 in epithelial
cells has been confirmed both in vitro and in vivo using
experimental model systems [32-36]. As in the case of T-
ALL, the oncogenic effect of Notch activation can be
attributed to blocked differentiation of mammary epithe-
lial cells, though the information regarding the role of
Notch signalling in normal mammary epithelial differen-
tiation remains relatively sparse. The Notch pathway
has also been linked to genetic events strongly associated
with breast cancer development. For example, the expres-
sion of the growth promoting receptor tyrosine kinase
erbB2 is induced in a CSL-dependent manner [37]. In
addition, in a subset of transgenic mice expressing erbB2
infected with MMTYV, the Notchl gene was targeted,
indicative of a functional cooperativity between the erbB2
and Notch signalling pathways [38]. Another Notch tar-
get gene of potential interest for the oncogenic function
of Notch in mammary epithelial cells is cyclin D1
[39,40]. Recently, Artavanis-Tsakonas and co-workers
developed a transgenic mouse model in which the icN1
was under the control of the MMTYV promoter [41]. These
mice developed lactation dependent neoplasms. In addi-
tion, they also developed mice transgenic for the Notch
inhibitor Deltex. When these mice, in which Notch signal-
ling is specifically inhibited in mammary epithelial cells,
were crossed with the established MMTV-Hrasl mice,
which are prone to develop cyclin D1 dependent mam-
mary tumours, tumour formation was attenuated and cy-
clin D1 levels were low in the mammary epithelium. These
findings suggest that Notch activation might mediate cer-
tain aspects of the Ras-induced tumourigenesis in mouse
mammary epithelium.

In humans, the evidences for a deregulated Notch
cascade in breast cancer remains sparse. However, a cor-
relation between Ras overexpression and elevated
Notchl levels has been reported [42]. Furthermore, in
a recent paper it was shown that expression of Numb,
a negative regulator of Notch signalling, was lost in
approximately 50% of primary human mammary carci-
nomas and that these tumours showed increased Notchl
activity [43]. In addition, Numb negative breast tumour
cells were sensitive to pharmacological inhibition of
Notch. Thus, in mouse mammary epithelium, deregu-
lated Notch activity is oncogenic, and recent studies

indicate that this might be the case also in human breast
cancer, but further studies are required to clarify these
matters.

2.3. Medulloblastoma

In an analysis of embryonal brain tumours, medullo-
blastomas or primitive neuroectodermal tumours, it was
shown that Notch2 was amplified in 15% of the cases,
leading to elevated Notch2 levels [44]. Furthermore,
when analyzing Hesl as a surrogate marker for Notch
activity it was found that elevated expression was asso-
ciated with decreased survival probability. Interestingly,
during normal development Notch2 expression is high
in proliferating cerebellar granule progenitor cells, while
Notchl is expressed in post-mitotic differentiating cells.
Experimental evidence further supports a scenario in
which Notchl and Notch2 have opposite effects in
medulloblastoma cells, with the latter supporting
growth and hence transformation while the former is
associated with a non-proliferating, differentiating cell
type. Importantly, the oncogenic properties of the two
receptors reflect the disparate functions of Notchl and
Notch2 during development of the cerebellum. Further
studies are needed to explain the different effects of
Notchl and Notch2 signalling in medulloblastoma,
but underlines the notion that it is imperative to under-
stand the normal function of the cascade in the tissue
from which the tumour arise in order to fully appreciate
its role in tumourigenesis. Somewhat contradictory, an-
other study indicate that a majority of human medullo-
blastomas expressed elevated Notchl levels while
Notch2 expression was elevated only in a subset of ana-
lyzed tumours [45]. Thus, additional analyses are needed
to clarify this discrepancy, but taken together both stud-
ies indicate that deregulated Notch activity might play a
previously unappreciated role in the development of hu-
man medulloblastomas.

3. Short-circuiting the pathway at the intracellular level
3.1. Mucoepidermoid carcinoma

Mucoepidermoid carcinoma (MEC) is a tumour that
arises in the salivary glands of the upper aerodigestive
tract. Cytogenetic analyses of this relatively rare tumour
showed that a t(11;19)(ql4-21;p12-13) translocation
was associated with the disease [46-48]. When the break-
point subsequently was cloned it turned out to involve
the MECTI and MAML?2 genes [49]. As pointed out
earlier, MAML interacts with icN and is instrumental
for the formation of the multiprotein complex that con-
verts CSL from a repressor to an activator [50]. As a
consequence of the t(11;19) translocation a tumour-
specific fusion protein is expressed, containing a short
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piece of the MECT]1 protein and a large piece of the
MAML2 protein (Fig. 4) [49]. Importantly, the expres-
sion of the fusion protein is under control of the
MECTI promoter, thereby disrupting the normal regu-
latory control of MAML?2 expression in the tumour
cells. The transforming capacity of the MECTI-
MAML2 fusion protein was also confirmed in foci for-
mation assays. Despite the finding that several Notch
target genes, such as Hes! and Heyl are elevated in
MEC cell lines the mechanism behind this activation re-
mains obscure. For example, experimental data suggest
that the fusion protein can inhibit the CSL dependent
induction of Hesl promoter activity. Thus, the expres-
sion of MECT-MAML fusion protein disrupts conven-
tional Notch signalling and activates Notch target gene
expression in an icN- and CSL-independent fashion
through mechanisms that have to be studied further.

3.2. Notch and viruses

Given the importance of Notch signalling in many key
cellular processes it is not entirely surprising that several
viruses plug into the Notch signalling pathway to exploit
host cell functions in a way that is beneficial for the virus’
life cycle [51]. The Epstein Barr virus (EBV) is a herpes-
virus associated with lymphoid and epithelial cell tu-
mours. The virus is normally non-pathogenic and over
90% of adults are EBV positive. In immunodeficient pa-
tients the normally small pool of latently infected B-cells
can expand and give rise to B-cell lymphoproliferative
disorders [52]. Several groups discovered that one of
the virus proteins, EBNA2, which is involved in up reg-
ulation of proteins involved in maintaining latency,
could interact with CSL [53-55]. EBNA2 binds to the
repressor domain of the CSL protein and displace the
co-repressor complex, converting CSL from a transcrip-
tional repressor to an activator, thereby mimicking the
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effect of icN [56]. Also other proteins of the EBV
(EBNA-3a and -3b) can interact with the same domain
of CSL, but with opposite effect [57,58]. Thus, through
the action of several viral proteins EBV deregulates the
Notch cascade, thereby influencing the host cell to create
an environment beneficial to the virus. Furthermore, in
the human papillomavirus (HPV) mediated cervical car-
cinoma perturbation of Notch signalling seems to be an
integral part of disease progression, and it should be
noted that the HPV-encoded E6 protein can associate
with MAML (for review [59]).

4. Guilt by association: overexpression of Notch cascade
components in tumours

Overexpression of various proteins in the Notch sig-
nalling cascade has been found in a number of different
tumours, such as renal cell carcinoma, prostate cancer,
multiple myeloma and Hodgkin’s and anaplastic lym-
phoma [60-64]. The causative link between elevated
expression and the tumourigenic process in these tu-
mours remains however to be fully explored.

In an interesting paper by Miyamoto and colleagues
[65], it was shown that the Notch cascade might be an
important mediator of pre-neoplastic lesions in pancre-
atic cancer. In primary pancreatic cancers the Notch
pathway components, including ligands, receptors and
downstream target genes were up regulated compared
to normal pancreas. Importantly, Notch signalling plays
a central role in cell fate decision during embryonic
development of the pancreas, where it maintains an
undifferentiated precursor cell type [66—68]. Therefore
it was suggested that elevated Notch signalling in pan-
creatic cancer leads to accumulation of undifferentiated
precursor cells. The mechanistic explanation for ele-
vated Notch signalling in this tumour form might be
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Fig. 4. The t(11;19) translocation found in mucoepidermoid carcinoma, results in expression of MECT1-MAML2 fusion proteins. This fusion
protein appears to be able to recruit co-activators (CoA) and activate Notch target genes in a CSL- and ligand-independent fashion.
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associated with activation of the Ras-pathway (either
through direct Ras mutations or through transforming
growth factor-o. (TGF-o) induced EGFR/Ras/MAPK
activation), which almost invariably is found in pancre-
atic cancer [69]. The authors show that important as-
pects of Ras-pathway function seems to be mediated
by augmented Notch signalling in pancreatic cells and
propose that elevated Ras/MAPK signalling through
the EGFR in exocrine pancreas leads to Notch activa-
tion, which in turn leads to dedifferentiation of exocrine
cells. These immature cells form pre-neoplastic lesions
susceptible for additional mutations, which eventually
might lead to the formation of invasive ductal cancer.
Furthermore, accumulating data indicate that the
cross-talk between the Ras/MAPK and Notch cascades
is at hand also in other cell systems [42,70-74].

In our group, we have studied the role of Notch sig-
nalling in human neuroblastoma cells. This childhood
tumour, which originates from the sympathetic nervous
system, is characterized by a perturbed differentiation
[75]. During induced differentiation of neuroblastoma
cells there was a transient induction of Notchl and
Hesl, and a down regulation of the Hesl target gene
Hashl [76-78]. When the cells reached terminal differen-
tiation the Notch signalling cascade was down regu-
lated. Furthermore, introduction of icN1 inhibited this
induced differentiation, indicating that regulated Notch
signalling might be an integral part of neuroblastoma
cell differentiation. When neuroblastoma cells were ex-
posed to low oxygen tension, hypoxia, we noticed a
down regulation of neuronal marker genes and up regu-
lation of genes associated with neural crest functions,
suggesting that hypoxic neuroblastoma cells adopt a
more immature and hence more malignant phenotype
[79,80]. Of particular importance, the hypoxic adapta-
tion was associated with a persistent up regulation of
several components of the Notch signalling cascade,
which might play a role in the induction of an immature
phenotype. If induction of Notch signalling by hypoxia
also occurs in other tumour cell types, it might represent
an important aspect of hypoxia-driven heterogeneity
and aggressiveness. In addition, Dlk-1, which is a Delta
homologue implicated in sympathoadrenal differentia-
tion, is highly expressed in a subset of neuroblastomas
[81]. A recent study showed that elevated Dlk-1 expres-
sion serves as a strong prognostic marker for adverse
disease [82]. Albeit the functional role of Dlk1 in Notch
signalling remains obscure, these findings further implies
a role for this cascade in the genesis of neuroblastoma.

5. Turning the table: Notch as a tumour suppressor
It has been stressed throughout this article that the

consequence of Notch activity is highly context depen-
dent and that any involvement of the cascade in cancer

has to relate to this normal function in a given tissue. In
most tissues, active Notch signalling is associated with
an immature cell type and for terminal differentiation
to occur, this signalling activity has to be down regu-
lated. However, in some tissues the situation is the oppo-
site, i.e., Notch signalling induces differentiation. In
these tissues, loss of Notch signalling activity might be
associated with blocked differentiation and hence tu-
mour progression.

The most clear cut evidence that loss of Notch signal-
ling is oncogenic and has properties of a tumour sup-
pressor, stems from studies of Notch function in
mouse skin. Here, Notch signalling seems to be involved
in inducing differentiation, as indicated by induction of
early differentiation markers and the cell cycle inhibitor
p21 [83]. Importantly, tissue specific ablation of Notchl
in mouse epidermis not only resulted in hyperplastic
growth followed by development of basal cell carcino-
mas, but also enhanced chemically induced skin carcino-
genesis [84]. These effects might be associated with
Notch associated perturbation of the Wnt and Sonic
hedgehog signalling pathways, which are strongly asso-
ciated with skin cancer development. Whether the
Notch pathway has similar functions in human skin can-
cer awaits further studies.

In the developing lung, Notch activation inhibits
development of neuroendocrine cells and promotes epi-
thelial growth [85]. In small cell lung cancer, which is of
neuroendocrine origin, Notch signalling is not active
and the differentiation related factor Hashl, a target
gene for Hesl, is expressed [86,87]. Consequently, intro-
duction of icN1 caused growth arrest in the latter cell
type, characterized by elevated levels of p21 [88]. In con-
trast, in non-small cell lung cancer the Notch signalling
cascade is active, leading to high expression levels of
Notch target genes, such as Hes! and Heyl [86]. As a re-
sult, this tumour type might be susceptible to therapies
based on Notch inhibition. In summary, lung cancer
represents an interesting tumour entity where the activa-
tion of Notch can infer either tumour promotion or
growth inhibition, depending on tumour cell type.

6. Therapeutic implications: problems and possibilities

Mounting evidence indicates that perturbation of
Notch signalling might be involved in the genesis of
many different tumour forms, and it is therefore of great
potential importance to develop strategies to modulate
the activity of the cascade as a novel treatment modality.
The principal approaches could involve interference at
any level of the cascade, i.e., by blocking ligand binding;
by inhibition of intramembranous cleavage; or by inter-
fering with the action of icN.

The principle of blocking ligand-receptor interaction
has for example been successfully tested in the context of
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Notch-induced adipocyte differentiation, using recombi-
nant EGF repeats [89]. Inhibition of receptor activity is
readily achieved using chemical inhibitors of the y-secre-
tase activity. Since all Notch receptors are dependent
on this proteolytic event, inhibition of y-secretase thus
target the activation step of all Notch receptor types ex-
pressed in a given tumour. Since y-secretase inhibition
also affects other targets, such as APP, it will be very
important to develop selective Notch inhibitors and
such drugs are underway [12,90]. In light of the recent
finding that activating, y-secretase-inhibition sensitive,
Notchl mutations are prevalent in T-ALL, this ap-
proach is particularly appealing for treatment of this
disease. Alternatively, it might be possible to interfere
with the function of icN [16]. Recently published data
have greatly extended our understanding of the multi-
protein complex that is formed with CSL upon interac-
tion with icN1. This knowledge could potentially be
applied when designing small inhibitory molecules that
exclusively block Notch signalling at this level. Since
Notch in some tissues might function as a tumour sup-
pressor gene it seems very important to specifically tar-
get the tumour tissue, an outstanding challenge shared
with other cancer treatment strategies.
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