WO 2006/ 052128 PCT/ NL2005/ 000788 Title: Treatnment of an intestinal adenoma
and/ or adenocarci nonma by inhibition of Notch pathway activation The
invention relates to the field of biochem stry and nedi ci ne. Mre

specifically the invention relates to nethods and pharnmaceutical s for the
treat nent oVO2M6O81E& i nal adenonm (al so termed a pol yp)PCaRURYS/000788
adenocarcinoma. 5 The small intestine is the |argest conponent of the

digestive tract and the najor site of digestion and absorption. In addition
to receiving chyme fromthe stomach, the initial segnment of the small

i ntestine, tHEthkuodeAreatmemadiandatdstingl fidenomhengéiirl adenackiemoamalbgli gest i ve
enzynmes fromthe pangreas. 10, The pangreatic enzynmes are produced in an

i nactive form and onW@étéQﬂ'r‘éf g 'Rﬁéﬁf’vﬁyt% VF‘HH%n of the duodenum The smal |
intestine is divided into three parts, the duodenum the jejunumand the
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crypts of Lieberkuhn. e crypts extend dowward to d the nuscul aris
mucosae. The slempkercimmhaimar epitheliumlining themis continuous with that
covering the villi. 20 The predom nant cell type of the epitheliumis the
enterocyté& or absorptive cell. Each enterocyte has about 3000 mcrovilli at

its lum nal surface, Tﬂéiﬂ'?]]ﬁﬂ;@ § Nerddsd BE 'ﬁmﬁggﬁﬁ%t zy
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receives bile from the gall bladder and digestive enzymes from the pancreas.

10 The pancreatic enzymes are produced in an inactive form and only become
active in the lumen of the duodenum. The small intestine is divided into three
parts, the duodenum, the jejunum and the ileum.

The luminal surface is completely covered by a number of finger- or
leaf-like projections called villi, 0.5-1.5 mm in length. The core of a villus is an

15 extension of the lamina propria, and its surface is covered by a simple
columnar epithelium. Opening onto the luminal surface at the bases of the villi
are simple tubular structures called intestinal glands or crypts of Lieberkuhn.
The crypts extend downward toward the muscularis mucosae. The simple
columnar epithelium lining them is continuous with that covering the villi.

20 The predominant cell type of the epithelium is the enterocyte or absorptive
cell. Each enterocyte has about 3000 microvilli at its luminal surface, which
appear in the light microscope as the fuzzy striated border on the surface of
the villi. The villi and microvilli, together with folds in the submucosa called
plicae circulares, increase the absorptive surface of the small intestine about

25 600 times.

The epithelium of the small intestine consists of the following cell

types: enterocyten, goblet cells, Paneth cells, enteroendocrine cells, microfold



25 600 tines. The epitheliumof the small intestine consists of the follow ng

cell types: enterocyten, goblet cells, Paneth cells, enteroendocrine cells,
m crof ol d WO 2006/ 052128 PCTI NL20051000788 2 cells and undifferenti ated
cells. Some of these cells will be discussed in nore detail. Enterocytes
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10 lipoprotein particles). Enterocyfes have a lifespan of about 5-6 days.

Goblet cells are mucus-secreting cells and are the second most
abundant epithelial cell. They are found interspersed among the other cell
types. Their mucus is a very large glycoprotein that accumulates at the apical
end of the cell. The slender base of the cell holds the nucleus and organelles.

16 The abundance of goblet cells increases from the duodenum to the terminal
ileum. Their lifespan is also 5-6 days.

Undifferentiated cells are stem cells and are found only at the base
of the crypts and give rise to all the other cell types. A cell destined to be a
goblet cell or enterocyte undergoes about 2 additional divisions after leaving

20  the pool of stem cells, and migrates from the crypt to the villus. It will be shed
at the tip of the villus.

The large intestine consists of the colon, cecum, appendix, rectum
and anal canal. The principal functions of the colon are the reabsorption of
25 electrolytes and water and the elimination of undigested food and waste. The
mucosa appears smooth at the gross level because it has no villi, Numerous
straight, tubular glands are present. They extend all the way to the muscularis
mucosae. The glands and the surface are lined with simple columnar
epithelium whose cell types are as described for the small intestine. However

30 Paneth cells are usually absent in the adult human and enteroendocrine cells
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Despite extensive knowledge relating to the multitude of cancer
forms (varying in appearance from solid tumours and related metastases in
distinct parts of the body to leukaemia's of blood cells that circulate
throughout the body, and varying from being totally benign to being
15 aggressively malignant) effective therapy of cancer is difficult and in general
restricted to three types; treatment via radiation, via chemotherapy and via
surgery.
Possibilities for a more specific therapy, directed against the
underlying cause of a specific cancer or group of cancers are currently virtually
20 non-existing. Extensive efforts are directed at providing such specific drugs
through drug discovery attempts that try to identify candidate drugs for
specific cancer therapy.
Development of cancer often starts with changes in a cell that lead
to the unrestricted development and division of that first cell into an ever
25  dividing population of cells. These changes are often an accumulation of
mutations or other alterations in key genes that occur chronologically,
whereby the mutated cell population looses its original, often specialised
character and acquires more and more of a cancerous nature. Normal
processes of growth regulation of cells are dysfunctioning in the altered cells.
80 Transcription of genes that are normally only little expressed in said cell type
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transcri @0 onzhngeiptivial gatiew iFocmtailing cell growth or development can be
considered typical candidate drugs for use in specific cancer therapy, especially
when such pathways have gone awry and lead to unrestricted growth cells.
A typical example of a transcriptional pathway gone wrong and
leading to development of cancer, can be found with adenomatous polyposis
15 coli (APC). Mutations in this gene are among the most common disease-
causing events in humans, approximately 50% of the population will, during a
normal life span, develop colorectal polyps initiated by APC mutations.
Individuals who inherit APC mutations develop thousands of colorectal
tumours. APC protein interacts with at least six other proteins; B-catenin, v-
20  catenin, tubulin, EB1, hDLG and ZW3/GSKp kinase that may be involved with
communicating APC related growth control. Colon carcinoma cells with
mutant APC contain large amounts of monomeric, cytoplasmic B-catenin.
Reintroduction of wild-type APC reduces the overall amount of B-catenin.
Especially during the last decade the molecular genetic analysis of
25  colorectal cancer has revealed that the adenomatous polyposis coli (APC)
tumor suppresser gene, originally identified as the gene re‘sponsible for
familial adenomatous polyposis (FAP), plays a rate-limiting role in colorectal
tumour formation: it is mutated in the majority of sporadic colorectal tumours
and inactivation of both APC alleles occurs at early stages of tumour

30 development in mouse and man.
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epi dermal cysts, osteonas, CNS tunours, and others. The | atter observation
clearly indicates that the APC gene plays a critical role in the maintenance
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throughout the animal kingdom (Artavanis-Tsakonas et al 1999). The Notch
genes encode large, single transmembrane receptors. Interaction between
Notch receptors and ligands results in proteolytic cleavages of the receptor.
The resulting free Notch intracellular domain (NICD) translocates into the

156 nucleus, where it binds to the transcription factor RBP-Jx (CSL or CBF1), thus
activating target gene transcription (Baron 2003, Mumm & Kopan 2000). The
best-characterized Notch target genes are the hairy/enhancer of split (HES)
transcriptional repressors. The HES proteins in turn repress expression of
downstream genes (Heitzler et al 1996, Oellers et al 1994). |

20 While Notch pathway components are expressed in mouse intestine
(Schroder & Gossler 2002), genetic evidence for the involvement of these
components in the control of epithelial cell fates is currently not available.
Animals deficient in HES-1, known to represent a Notch target gene in other
tissues, show a relative increase in mucosecreting and enteroendocrine cells at

25 the expense of adsorptive cells (Jensen et al 2000). A putative downstream
target of HES-1 repression in the intestine, Math-1 (Jensen et al 2000) (Zheng
et al 2000) is required for commitment towards the secretory linage as
revealed by gene knockout (Yang et al 2001). These results have been
interpreted to indicate that Notch signalling skews the fate of differentiating

30 crypt cells leaving the transit amplifying compartment towards an enterocyte



10 Notch signalling controls spatial patterning and cell fate decisions

t hroughout the ani mal ki ngdom (Artavani s- Tsakonas et al 1999). The Notch
genes encode | arge, single transnenbrane receptors. Interaction between

Not ch receptors and ligands results in proteolytic cleavages of the receptor.
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nucl eus, where it binds to the transcription factor RBP-Jx (CSL or CBF1),
thus activating target gene transcriptiog (Baron 2003, Munm & Kopan 2000).
The best-characterized Notch target genes are the hairy/enhancer of split
(HES) transcriptional repressors. The LIES proteins in turn repress
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have revealed increases in size and number of mucosecreting goblet cells

(Searfoss et al 2003; Wong et al 2004; Milano et al, 2004). Due to these kinds of

studies multiple promising y-secretase inhibitors have been stoﬁped in their

further clinical development for the treatment of Alzheimer, because they are

15 heavily suspected of inducing intestinal abnormalities.

The invention discloses the surprising finding that inhibitors of
Notch pathway activation (for example y-secretase inhibitors) are extremely
useful in the treatment of an intestinal adenoma and/or adenocarcinoma.

20 Treatment of an intestinal adenoma and/or adenocarcinoma with an inhibitor
of Notch pathway activation results in the inhibition of proliferation of the
transformed/malignant cells and results in their differentiation into
postmitotic (i.e. no longer (visibly) dividing) cells such as goblet cells. These
differentiated cells have a relative short lifespan (5-6 days) and the body clears

25 therﬁ after their death and the intestinal adenoma and/or adenocarcinoma

1s/are at least in part decreased in size/volume.

In a first embodiment the invention provides a method for modifying
the fate of an adenoma and/or adenocarcinoma cell comprising influencing

30 Notch pathway activation. More specifically, the invention provides a (in vitro



5 fromthe use of gamma-secretase inhibitors, as originally devel oped for

Al zhei mer' s di sease. Notch is one of several known y-secretase substrates.
Proteol ytic processing of Notch by y-secretase is an essential step follow ng
activation _of the pathway. As a consequence, one of the effects of

y-secret as& O WAPHI Bors is the abrogation of Notch pat hREFNEEOSNE8on (De
Strooper et al 10 1999, Kopan & Goate 2000). Rodent toxicol ogical studies
with these inhibitors have revealed increases in size and nunber of
mucosecreting goblet cells (Searfoss et al 2003; Wng et al 2004; M| ano et
al, 2004). Due to these kinds of studies multiple promsing y-secretase
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differentiation into ' ' L 6. &nﬁ;{ kB | viding) cells
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i nfl uenci ng 30 Notch pat hway activation. Mre specifically, the invention
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multiple proteolytic cleavages, one of them being cleavage by a complex of

proteins with protease activity, termed y-secretase. Gamma (y)-secretase is a
protease that performs its cleavage activity within the membrane. Gamma (y)-

15 secretaseis a multicomponént enzyme and is composed of at least four
different proteins, namely, presenilins (presenilin 1 or 2), nicastrin, PEN-2 and
APH-1. Presenilin is the catalytic centre of y-secretase. On ligand binding the
Notch receptor undergoes a conformational change that allows ectodomain
shedding through the action of an ADAM protease which is a metalloprotease.

20  This is followed immediately by the action of the y-secretase complex which
results in the release of the Notch intracellular domain (NICD). NICD
translocates to the nucleus where it interacts with CSL (C-promoter-binding
factor/recombinant signal-sequence binding protein Jx/Supressor-of-
Hairless/Lagl). The binding of NICD converts CSL from a transcriptional

25 repressor to an activator which results in the expression of Notch target genes.

The present inventors have studied the expression of various Notch

pathway components and target genes in adenomas that spontaneously occur
in the APC-mutant min mouse, a reliable animal model for familial
adenomatous polyposis and for intestinal cancer. The inventors established

30 expression in adenomas of multiple components of the Notch pathway,



an adenoma and/ or adenocarci noma cell conprising at least in part inhibiting
Not ch pat hway activation in said adenoma and/ or adenocarci nona cell. An
exanple of a postmtotic cell is a goblet cell. 5 1In a further enbodi nent the
i nvention g;ovi des a nethod for at |least in part decreasing intestinal
adenoma andY@?006BR2Scar ci nona present in an ani mal conPETHLHESNT8east in
part inhibiting Notch pathway activation in said animl. 10 Notch pat hway
activation typically goes along the follogi ng events. Notch is a
transmenbrane surface receptor that can bé activated through nultiple
proteol ytic cleavages, one of them being cleavage by a conplex of proteins
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protease that perforns its cleavage activity within the membrane. Gamma (y)
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Jic/ Supressor-of- Hairless/Lagl). The binding of NICD converts CSL froma
transcri pti oaden®Barcispmeas the fe(te oﬁamdc:ell\mchanmd towards alpostmitotit fatexpeessi on
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intestinal adenoma and/or adenocarcinoma cells, i.e. a decreased volume of
least one adenoma and/or adenocarcinoma.

By providing an inhibitor of Notch pathway activation the
proliferative capacity of intestinal adenoma and/or adenocarcinoma is at least

15 in part decreased. Preferably, the decrease is such that it is visible with a scan
or an exploratory operation. Even more preferably, the decrease of the
intestinal adenoma and/or adenocarcinoma is complete, i.e. no (visgible)
remaining malignant/transformed cells. |

An animal is herein defined as a non-human animal or a human

20  being.

Inhibition (of at least part, but preferably completely) of Notch
pathway activation is accomplished in different ways, which are (non-limiting)
outlined here under. Preferably the inhibition is performed locally, i.e. in an
adenoma and/or adenocarcinoma cell, without interfering with Notch pathway

25  signalling in a non-adenoma and/or non-adenocarcinoma cells.

Moreover, Notch pathway activétidn is defined to include pathway
activation of Notch-like molecules and/or different allelic variants of Notch (-
like) molecules.

An intestinal adenoma is typically defined as a benign tumor such

30 as a polyp. An adenocarcinoma is typically defined as a malignant tumor and



adenomat ous pol yposis and for intestinal cancer. The inventors established
30 expression in adenonmas of nultiple conponents of the Notch pathway, WO
2006/ 052128 PCT/ NL20051000788 8 including Notch2 and Delta-like-1. Moreover,
the inventors determined that the Notch target gene Hesl is expressed in
adenomas, W@ aWe0Rd8cates that active Notch signal |l i ngPEERLRWSNW788hese
adenomas. In a next step the inventors have determ ned the effect of

i nhibitors of Notch pathway activation on,5 adenomas. By providing an

i nhi bitor of Notch pathway activation to 3 mal i gnant/transforned cell

i nvol ved in intestinal adenoma and/or adenocarcinoma, the fate of said cell
I s changed t \ uch a
cell has a rg a¥5933ﬁ§ M%St@gds%g{lﬂ%gn%gd%}% i ?n@@#}r?&ilgﬂt%hgmtgh%}ﬁ/ri after
provi di ng thcadenbnatncmoma"nehatmnrdgﬁneudao dlsorcemwﬂeamhaatas&ﬁ denivedefromnal

Sdenonn. and/ GriCAEROCAFERTB P algFablss PRl FGHaRATA R G ”%@%m%ﬁﬁ%?e
Adenocar o nonaep&iinp BB ARREHde ﬁ‘eeﬁ“é"‘a@%ﬂe“‘% A R A S
such that bi t the (teilm) btented subjacts cﬁamxampla:anantﬂsmmﬂ adgnapeciabiman. Even nore
Borpl ete, | . EotABARA & %qeﬁ)m‘ 8 J ;T BP0 G AV PRSP BaR s, A ani mal
i s herein def| ned asl\/ﬁ) ét'ﬁ?é%h bf% y@(%?t %?%1@%?%19&&&%&%%“ (of

at | east part, but pre era ’Iy conpl e pat hway activation is
acconpl i shed intestingt ademmavand/or wdendraaciaofmacmd/oma matg&tasmdelnmd(thlamoé

under. Prefer t.he i i biti rformed, | ocal | in
(?ep%ndent op tq:e size, %lne ilsg&‘vantage of currentlgr/ used tumor therapy is

10  that said therapy often needs to rely on the presence of newly formed blood

vessels (angiogenesis) to deliver the compound used in said therapy to said
tumor or a metastasis thereof. The present invention relies on the inhibition of
proliferation of transformed/malignant cells and their differentiation into post-
mitotic cells. Hence, a small tumor or a small metastasis (without yet any new

15 Dblood vessels formed) can be treated at a much earlier time point compared to
some of the traditional therapies.

In a preferred embodiment the invention provides a method for at
least in part decreasing an intestinal adenoma and/or adenocarcinoma present
in an animal comprising at least in part inhibiting Notch pathway activation

20  in said animal wherein said Notch pathway activation is at least in part
inhibited by providing said animal with a y-secretase inhibitor. Such a y-
secretase inhibitor is for example peptidic in nature or non-peptidic or semi-
peptidic and is preferably a small molecule. Gamma-secretase inhibitors were
originally defined for Alzheimer's disease. A key step in the pathogenesis of

25  Alzheimer's disease is APP proteolysis resulting in the formation of the
amyloid-B peptide (AB), the principle protein component of the characteristic
cerebral plaques of the disease. APP (just like Notch) is first cleaved in the
extracellular domain (in this case by a B-secretase) and the remaining part of
APP is cleaved within the membrane by y-secretase to produce AB peptide.

30 Inhibition of AB peptide production by blocking y-secretase activity is at
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adenonma and/ or adenocarcinoma cell, without interfering with Notch pathway 25
signalling in a non-adenonma and/ or non-adenocarci noma cells. Moreover, Notch
pat hway activation is defined to include pathway activation of Notch-1ike
nol ecul es and/or different allelic variants of Notch (- like)' nolecules. An

intestinal agdgnRmeRsiss typically defined as a benign tum%cihhi%oslﬁ&7ﬁ5 a
pol yp. An adenocarcinona is typically defined as a malignant tunor and

2006/ 052128 PCT/ NL2005/ 000788 9 is also referred to as col orectal cancer.
The term"intestinal adenoma and/or adenadhrci noma"” is herein defined to
al so conprise netastasis derived from said adenocarcinoma. Preferably, said
netastasis i s derived from an | ntestinal, adenogcarci nopma. Such a netastasis
may be | ocat e@TRIPRRREE OF the MOEt BEAIYISHIE therpReyticost pabesiesda sy Bregrassion phy

exanpl e an i”trﬁﬁ?ﬁélﬂl% ssafe%%gg%d]?éﬁ? %ﬁaﬁ%&ﬁ%‘aﬁésﬁfﬁ%ﬁﬂtﬁ dftiMR9 or brain

or kidney or lrTver eover e I nvéention is

suitable in tdevéloped V%ereﬁdhelmhibitdrﬁ,aéuch(&@@ﬂﬁﬁ(l\'dmw gdenocar ci noma and/ or
a netastasis derived thereof_ _independent of .the size. One_djsadvantage of

currently usediflugrephendpentyl)ilsalanyll-Haphenpielyainet-hplylestarh Aﬂéee@mp@uaéqiy on
th th
e BT eSor e  Hopt i Mnd AFAoELAoHS VESEN Ao ANAL ARl AefiE D) e

present i nvenBAd(beheddiegerife), DA -411) 55 hh@maly othiesd, Haee debnRedtbd for their
transforned/ malignant cells and their differentiation into post- mtotic

cel I's. Hence, Y&eetiphtge inhtingractivitiaAn avervewaniresnast ehyaecrotase JaibioRs 15
sons of the ¢ IR CREIRE PRaRe Bafiy & ATAE0ATR “ER s ERe BB roencion
provi des a nmeihRiBitos have bééiﬁ&fﬁnde'ﬂ iRaolfof Rl @tduMdnas abft est i nal adenoma
and/ or adenocar ci noma present
benzodiazepines/benzolactams. Several of these y-secretase inhibitors have
already been in clinical phase I and II trials. It is clear to a skilled person that
a method for at least in part decreasing an intestinal adenoma and/or
adenocarcinoma present in an animal comprising at least in part inhibiting
Notch pathway activation in said animal wherein said Notch pathway
15 activation is at least in part inhibited by providing said animal with an
inhibitor of y-secretase, can be performed by providing at least one or at least
two or more y-secretase inhibitors, i.e. by providing a combination of different
y-secretase inhibitors. It is clear that y-secretases are typically capable of
acting in (at least) two pathways: the APP and the Notch pathway. Chemical
20 companies have in the meantime developed y-secretases which are specific for
one or the other, e.g. y-secretases that are specific for the APP pathway and do
not interfere with the Notch pathway. It is clear that y-secretases that do not
interfere with the Notch pathway are not useful in a method of the invention.
Hence, preferably a y-secretase capable of interfering in the Notch pathway as
| 25 well as in the APP pathway or y-secretases capable of specifically interfering in
the Notch pathway are preferred. Such inhibitors can for example be found in
Harrison et al 2004, which are incorporated herein by reference.
In a preferred embodiment the invention provides a method for at
least in part decreasing an intestinal adenoma and/or adenocarcinoma present

30 in an animal comprising at least in part inhibiting Notch pathway activation
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in an animal conprising at least in part inhibiting Notch pathway activation
20 in said animal wherein said Notch pathway activation is at |least in part
inhibited by providing said animal with a y-secretase inhibitor. Such a y-
secretase inhibitor is for exanple peptidic in nature or non-peptidic or

sem - pepti dyg2d9dshss preferably a small nol ecul e. Ganmmapgeaiiedodssagnhi bi tors
were originally defined for Al zheiner's di sease. A key step in the

pat hogenesis of 25 Al zheiner's disease is APP proteolysis resulting in the
formati on of the anyloid-(3 peptide (AD),1llhe principle protein conponent of
the characteristic cerebral plaques of the disease. APP (just |like Notch) is

first cleaved.in the . eglt rﬁlcel,l ul ar dogai nw(vi n this . case hy a (3-secretase)
and the renai H-Pr?é“g%ﬂm fwheyepn said INebgh datHVeRARNY Kol Igaet WPartsecr et ase
to produce A( [ danhi 0k g ] forit STonge ' : Ki ng
- secr et ase acPrane BpdidBRsRiL Al R AR R RAER: il 7.
of the nost priahilSicr@ftyletrngsd isDAPT i dihettzakepint (MBE) of bessidinzepine

Al zhei ner' s di sease pat hol ogy. Several conpanies have in the neantine
devel oped y-se@zét ase inhibitors, such as DAPT (N[ N-(3,5-

di f 1 uor ophegnyl acet yl )q?ﬁm I | v&i - .

conpounds % fromthe chem’'ca k(? %Z;%ger%éﬂ(egéb s%qu onamncéﬁeeffﬂ)é?aﬁl‘)ﬁ%fa

(di benzazepi nepogtiBiptic &I fone ancdieasmai divdor Adénbtdrcindmanell andythesdhers, have
been tested for their secretase_inhjibiting activity._ An overview in

respect of y-sc@mwaéétﬁﬁ%hm aissmilag effeqt in amethodanchrdiag to the mventigh- et al

2004 in which = iR it h Vi VN s

sol f onani des/ s%??%@%gﬁgaﬁgﬁgeq@(ﬁilé’g{é%’ %ﬁ%%%@gpgg%ég?gdn%éygl gID%?Tt hese
y-secretase i rhushir DE50 6f/@nM lamedtinch éewier amotuhis cfd)BP ba BT darmpbelusdd ifri al s.
It is clear. to a skiqllled erson_that a nethod for at |least in part

decr easi ndfan GomRaze ﬁ%ppﬁﬁg (A taiRm g aim: wkPci noma present in an ani mal
conprising at least in part inhibiting

As already outlined above y-secretase is a complex of proteins.
Another way of at least in part inhibiting Notch pathway activation is
accomplished by at least in part inhibiting the formation of said complex of

15 proteins because only the complex is considered to be active. This is for
example accomplished by providing one of the components as a dominant
negative molecule or by providing a part/molecule of said complex which
part/molecule comprises a mutation preventing further complex formation or
resulting in an unstable (non-active) protein complex. Yet another way of at

20 least in part inhibiting Notch pathway activation is by specifically inhibiting
the catalytic part of said complex, i.e. specific inhibition of the presenilins.

In another preferred embodiment the invention provides a method
for at least in part decreasing an intestinal adenoma and/or adenocarcinoma
present in an animal comprising at least in part inhibiting Notch pathway -

25 activation in said animal, wherein said Notch pathway activation is at least in
part inhibited by at least in part diminishing ligand mediated activation of
Notch. As outlined above, Notch pathway activation starts with ligand binding
after which event the Notch receptor undergoes a conformational change that
allows ectodomain shedding through the action of an ADAM protease. It is

30 clear to a gkilled person that the ligand binding to Notch may be at least



Not ch pathway activation in said animal wherein said Notch pathway 15
activation is at least in part inhibited by providing said animal with an

i nhi bitor of y-secretase, can be perfornmed by providing at | east one or at

| east two or nore y-secretase inhibitors, i.e. by providing a conbination of
different (WQ2WHEIAZe inhibitors. It is clear that y-seffENAWSOHTES
typically capable of acting in (at |least) two pathways: the APP and the

Not ch pathway. Chemnical 20 conpanies have {4 the nmeantine devel oped
y-secretases which are specific for one or the other, e.g. y-secretases that
are specific for the APP pathway and do not interfere with the Notch

pathway. It i $aetl9abut peiferabheedmplasas, inhalitcDby glultib fbd iRERsVWPETetdly Not Ch
pat hway are not useful in a method of the invention. Hence, preferably a

y-secret ase cagibligand-masiatetlactivgtion of Neteloisoit lpastineparb dimiished byus in the
APP pat hway or_ y-secret.ases_capall e ,of .specifically I Fering._in _.the Notch
pat hway are prpé¥ .Sélgtﬁpﬂ‘qaiﬁ? il(glpgn.}}%ht-g%ga Vf%@%ﬁ%bhgxﬁplﬁaoﬁri son
et al 2004, whighrA€otcAdipanak Ak thd'pFdtbinsDelt£REEEE and (Sarfath PbRIAHL
enbodi ment the invention provides a nethod for at |east in part decreasing

an intesti fal negativedicands.dre. ligande eansble pabbipdingtn Noph gsgentialiy, without

conprising at deast i rt pRNLBI L] hy pat tLwvation.V\0.

2006/ 052128 Pél"f %%E 66@)’%@%“7 QQ%@ ?#ﬁg’%y%g’ﬁ}‘ﬁ%ﬁ °r}tﬁAA§ee/tF§&’ﬁh§§% a%ly%%m%)at hway
activation is may bedstived fivad baid Mitubill 1gchnids, for @khHpMI b prréd@ithgBinalli th a
y-secretase inhibitor, wherein said inhibitor of y-secretase is. DAPT or

di benzazepi ne him&izng melepales based upomthe bizgjng parhubipaidpziusel Beand. domese
et Ve 0 AR AT O ORI AR B SO AR T
a nmet hod aocorgfisaifl demitertinegativé igand EBRobeh el ple® withbebfireerl. 7 NM BZ
has an 1 C50 of 2.2 nM while DAPT ) i L
activation of the Notch pathway. Preferably, said dominant negative ligand
sticks/binds for longer periods of time to Notch and binding of natural ligand is
partly and preferably completely blocked/inhibited and as a consequence Notch
pathway activation (is at least in part) inhibited. Examples of dominant
15 negative ligand are for example mutants of Delta and Serrate comprising
intracellular deletions (Sun and Artavanis-Tsakonas, 1996).
In another preferred embodiment said ligand mediated activation of
Notch is at least in part diminished by providing said animal with a dominant
negative Notch. In principle each type of Notch molecule may be used for this
20 purpose, i.e. Notchl, 2, 3 or 4 or a functional fragment and/or a functional
derivative thereof, A functional fragment is any fragment (N-terminal
fragment, C-terminal fragment or an internal fragment or any combination
thereof) derived from either of these molecules {or equivalent thereof) which is
capable of binding to Notch ligand. Such a functional fragment may for
25 example be present as a membrane or as a non-membrane bound compound.
By binding of the dominant negative Notch to the available ligands, said
ligand cannot bind to naturally/originally/functionally available Notch and
hence Notch pathway activation is at least in part inhibited. A functional

derivative is for example a Notch molecule which has been mutated (point

30 rhutation, insertions) such that binding to a ligand is still possible but that the



has an I C50 of 10 nM and hence | ower anmounts of DBZ or BZ can be used if 10
conpared to DAPT for obtaining simlar results. As already outlined above
y-secretase is a conplex of proteins. Another way of at |east in part

i nhibiting Notch pathway activation is acconplished by at |east in part

i nhi biting Wﬂé"qﬁ@gﬁﬁ% i on of said conplex of 16 proteins PEERRINS/ONPS, t he
conplex is considered to be active. This is for exanple acconplished by
provi di ng one of the conponents as a dom pant negative nol ecul e or by

provi ding a part/nol ecul e of said conplex which part/nolecule conprises a
mut ation preventing further conplex formation or resulting in an unstable

(non-active) mutitnpeesRiscthe siglaldfdighfd bivvdinpfto db tF4hdneigtd. ANfupdtibnal
i nhibiting Notch pathway activation is by specifically inhibiting the
catal ytic parderbratiygiraay aleglhederived frempagiother spapiebi kd yat asfotherpysfarsedi | i ns.

I n anot her prefery.ed enbodi nent the invention vj des hod_f.or at |east

I n part decr eeﬁﬁ%gmgﬁfF%@gﬁqﬁaﬁne%&%ﬁgnﬁwno&@%tgﬁ&gﬂeﬁ%&paﬁr esent in an
ani mal conpr ididiflished Ib9§ﬁbvikmn£adia drthiaDiniiign blatibbdpaipuiay ot Raki Mati on in

said animal, wherein said Notch pathway activation is at least in part

i nhi Ei t ed Soy part blogking thepateragiing hetwéena Nogehlisandipad dpteletFuch amn of |
N ter i ch GVRHEGy e TmeliIE ARt B TchA Wi i) B¢ Nolch b B0RS, 10 "

al | ows ect odagahs gshte@@hegigta&rdqﬂhﬁhiﬁﬂ@@a@@WiﬂﬂN@fc}@rrbe%w@étmxﬁwe- It is 30
clear to a skilled person that the Iigand binding to Notch nay be at |east WO

2006/ 052128 Patihqdigos rogbresvithip ipdbe ayt andihepseonefumsher dedpile segarding
DL, 07 B S b8 T R ke 20 AR B g o
dom nant -1tegahbdiatdd getivhtivn MaV6tch, fhearphids the sayab uthal folahtibn bf Gerldsstar e t he
proteins Del tpz%al’rt “38 e(ng zii:? gnhsigirtgczli,tv?lﬁcl?%%g&lnatﬂy results in the formation of
postmitotic cells (for example goblet cells) from transformed/malignant cells.
As already indicated, inhibition (of at least part of, but preferably
completely) of Notch pathway activation is accomplished in different ways. In
15 yet another preferred embodiment, the inventioﬁ provides a method for at
least in part decreasing intestinal adenoma and/or adenocarcinoma present in
an animal comprising at least in part inhibiting Notch pathway activation in
said animal, wherein said Notch pathway activation is at least in part
inhibited by providing said animal with an ADAM protease inhibitor. After
20 binding of a Notch ligand to Notch, the Notch receptor undergoes a
conformational change that allows ectodomain shedding through the aéfion of
an ADAM protease. ADAM stands for a disintegrin and metalloprotease. By
providing a substance capable of inhibiting the protease that accomplishes the
ectodomain shedding, the Notch pathway activation is at least partly but
25  preferably completely inhibited, i.e. no formation of NICD occurs. This results,
in the case of intestinal adenoma and/or adenocarcinoma, in a change from
proliferative adenoma and/or adenocarcinoma cells into postmitotic, e.g. goblet

cells. Again, local inhibition of Notch pathway activation is preferred to avoid,

as much as possible, any possible undesired side effects.



5 negative ligands, i.e. ligands capable of binding to Notch essentially
w thout further activation of Notch pathway (bl ocking of Notch pat hway
activation), nay be derived fromsaid natural |igands, for exanple by
produci ng smal |l  binding nol ecul es based upon the binding part of said
nat ural |igando 20080888 such dom nant negative |igands aperNio8hs07$sNt O
contact with Notch, binding 10 of said dom nant negative ligand to Notch
takes place without further activation of the Notch pathway. Preferably,
sai d dominant negative ligand sticks/bindsl4or |onger periods of tine to
Not ch and bi ndi ng -of natural Iigand |s partly and preferably conpletely
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occur in the APC-mutant min mouse. In general, expression of receptors and
ligands in adenomas closely followed the crypt expression as reported 7
previously (Schroder and Gossler, 2002). As examples, Fig. 1 gives expression

15 in adenomas of Notch2 and Delta-like-1 in adenomas of the APC-mutant min
mouse. More importantly, HES1 expression, indicative of active Notch
signalling, occurred not only in crypts, but was also observed uniformly in
adenomas of all sizes in the intestineé of APCmin mice (Fig. 1). This observation
implied that, like in crypts, both the Notch and Wnt pathways were active in

20 proliferative adenoma cells. The herein disclosed examples show unexpectedly
that stem/progenitor cells of the intestinal epithelial need both Wnt and Notch
signalling to be able to remain undifferentiated. It is herein disclosed that the
same is true for transformed/malignant cells in which the Wnt cascade is
constitutively active: Notch activity is needed to maintain the

25  transformed/malignant state of a cell.

In a preferred embodiment the invention provides a method for at
least in part decreasing intestinal adenoma and/or adenocarcinoma present in
an animal comprising at least in part inhibiting Notch pathway activation in
said animal, further comprising at least in part inhibiting Wnt pathway

80 activation in said animal.



13 nutation prevents the signal of ligand binding to be transmtted. A
functional derivative nay al so be derived from another species. In yet
anot her preferred enbodinent said |ligand nmedi ated activation of Notch is at
| east in part dimnished by providing said animal with an anti body capabl e
of at |east iwo2od8@si12d! ocking the interacting between a Netsldds8esk and
Not ch. Such an antibody is for exanple directed to the Iigand binding part
of Notch or directed to the part of the ligand that interacts w th Notch.
The production of antibodies is routine within in the art and hence no
further details regarding this matter is provided. |Independent on the type
of used inhibition of |igand, 10 nedia%ed a%tivatig% of Notch, the result is
the same: the formati oRYdroyiding andphibyar of ¥int nathway actixatipn tea cellhi ch

eventual ly res il f o4 ' ' ' exanpl e gobl et
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acconplished in different ways. In 15 yet another preferred enbodi nent, the
i nvention pr ovir}a@gaaoweh%a ereaging thesize/volpmerof gacinkestingd adppesaa;angy/or
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pat hway activation is_at |eas rtly. but 25 preferably conpletely inhibited,
i.e. no forfati nt?@fsoil@ %ﬁl%‘é{?rgv.ant‘ﬂﬂ){gw% 0T i n the case of intestinal
adenonma and/ or adenocarcinonma, in a change from

In another embodiment the invention provides use of a Notch
pathway inhibitor in the preparation of a medicament for the treatment of
intestinal adenoma and/or adenocarcinoma. As already outlined above for the

15 methods according to the invention, multiple inhibitors may be used to at least
in part decrease the formation of NICD and hence at least in part prevent
Notch pathway activation. Examples of preferred Notch inhibitors are: y-
secretase inhibitors, such as DAPT or dibenzazepine (DBZ) or benzodiazepine
(BZ), an inhibitor capable of diminishing ligand mediated activation of Notch

20  (for example via a dominant negative ligand of Notch or via a dominant
negative Notch or via an antibody capable of at least in part blocking the
interacting between a Notch ligand and Notch), or an inhibitor of ADAM
proteases. Moreover, such an inhibitor may be supplemented with a Wnt
pathway inhibitor or combined with already available therapy such as -

25 chemotherapy, surgery or irradiation.

In a preferred embodiment the invention provides use of a Notch
pathway inhibitor in the preparation of a medicament for the treatment of
intestinal adenoma and/or adenocarcinoma, wherein said intestinal adenoma
and/or adenocarcinoma occur in patients with the hereditary syndrome

30 familial adenomatous polyposis (FAP). FAP is caused by an inherited mutation



proliferative adenoma and/ or adenocarcinoma cells into postmtotic, e.g.
goblet cells. Again, local inhibition of Notch pathway activation is
preferred to avoid, as much as possible, any possible undesired side
effects. WD 2006/ 052128 PCT/ NL2005/000788 14 1t is clear to a person skilled
in the art tyighogbssdi fferent ways of at |east in part pipkibiokbdgssNot ch
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crypts, but al so.oh erve niformy in omas of | si esint e

i ntestines of 9ged Fgut aﬁ*ﬁP?’BB’QEPGﬁ’tqtoﬁgk ?%93105 caatncer i in
crypts, both thgy babdfuve dﬁﬁ@fea@@& e i€ g@fdrb Forilafilh B hbEF A det
adenonma cel | s. e herei n di scl osed exanpl es show unexpect edl y

st enl progeni t eance Astenfuatétb FAR @RAR)EL adpés Mtawame’edn bf)FAPxMtwhmh aNot ch

ts |hgnal H ant ° p%%so%béeveac%srlg&a II) un(kﬁl&ﬁ rd%tra]é }13% &éjuaﬂy develo%earlseézprlyg Iag %JA? ed that
but it carries a similarly high risk of cancer. Once FAP is diagnosed the
patient is in the end typically subjected to a prophylactic (sub)total colectomy.
-Such a colectomy may now partly be skipped if a patient suffering from FAP is
subjected to a method or use according to the invention. The herein used

15 APCmin mice are in principle the counterpart of human FAP.

In yet another embodiment the invention provides a pharmaceutical
composition comprising at least two Notch pathway activation inhibitors or
comprising at least one Notch pathway activation inhibitor and at least one

20  Wnt pathway inhibitor.

Pharmaceutical compositions according to the invention may be
provided in the form of a powder, a solution or suspension in a(n) (non)
aqueous liquid or as an emulsion. Said pharmaceutical may further comprise
pharmaceutically acceptable carriers and/or diluents. The pharmaceutical

256 compositions may be administered orally, parenterally, intramuscularly,
intravenously, parentally, intraperitonally or colorectaily (for example with a
suppository). Oral and colorectal delivery is preferred because the to be treated
areas are easily reached via these routes of delivery. Moreover, the delivery is

preferably locally to avoid any undesired side effects.



sane is true for transforned/ malignant cells in which the Wit cascade is
constitutively active: Notch activity is needed to maintain the 25
transforned/ mali gnant state of a cell. In a preferred enbodi nent the
invention provides a nethod for at |east in part decreasing intestinal
adenoma andh@g 26hg@éessar ci noma present in an ani nal corrp;,'b?,iNEg(,‘,g,BﬂOI,@ast in
part inhibiting Notch pathway activation in said animal, further conprising
at least in part inhibiting Wit pathway 80 activation in said animl. WO
2006/ 052128 PCT/ NL2005/ 000788 15 By provili ng an inhibitor of Wit pat hway
activation to a cell suffering froman intestinal adenonma and/ or

adenocar ci noma, the |.ignant/non-transfqorned cell differentiates a di es
shortly after its fobh FesRectio ‘i?é%ﬁ’éé%PﬂEfdtqi’étéisl‘éﬁ?F{)PWBnéﬁcaéw% e,

| ntestinal adeResPoRR farsiB4ARAEARAEY RABRT b ORA Gobdinidh A

i nhi bi tor of Not%%opat hwaaSEﬁ,p act?vat ?o% as W as a%mleﬁ?’bt?t orél?# Wit pat hway
activation, cefiketivf dédage of fdresdamiple DART and/cx B2 andie B Mareovemn by
differentiate, resulting in at least partly dimnishing of_the iptestinal
mal i gnancy. | USIRE QUen multiple i Erowpidosedinding erpevipeieafectivealospnsan
adenoma ang/ or, Fk freated 10 by the sole action of a
Wit pat hway H%%ﬁg{t@ Iﬁn a@@s%&;g?%gni the invention provides use of a
Not ch pathway inhibitor in the preparation of a nedi canent for the treatnent

of intestinal adeno and/ qr adenpcayrci noma,. As, al rea out].i ned oye for

the 15 net hods accor gﬁﬁiz}g?%t hess WCGH'E‘FQS‘& &y ?f‘ﬂ i‘l‘ﬁj’-ge‘ﬁﬁip?’g% fised to

at least in pa RB8R 4dirdiRg TR tNLIHVRh L 2 RPY s&ubh itiy part

prevent Not cha%at way ac% vcgt&i- onég%xaé)n% e;s1 gyf‘%r ePere?gg %'?c%hlﬁ%ﬁ%?t ors

are: 7- secr ef(msiduaihidother sherapids. Rsr &iipler ifdt edevidesipionen{d®BAn or

benzodiaz?Bine . . . .

adenoma or an adenocarcinoma with surgery, a pharmaceutical according to

the invention is provided before and/or during and/or after surgery to induce
the formation of a postmitotic cell from a adenoma and/or adenocarcinoma or
to at least in part further decrease an adenoa and/or adenocarcinoma or to
treat remaining (possibly non-visible) residual adenoma and/or

15 adenocarcinoma cells. This is for example performed by rinsing the abdominal
cavity with a fluidized pharmaceutical according to the invention or by directly

injecting a pharmaceutical according to the invention in suspected areas.

The invention will be explained in more detail in the following

20 description, which is not limiting the invention.



v e i i
(BZ), an inhibitor capable of dimnishing |igand nedi ated activation of Notch
20 (for exanple via a dom nant negative |igand of Notch or via a dom nant
negative Notch or via an antibody capable of at least in part bl ocking the

i nteracting between a Notch Iigand and Notch), or an inhibitor of ADAM

pr ot eases. such an inhibitor may be suppl enent ' t

pat hway inh?@f?@yﬁ%chonbined with al ready avail abl e the§§g§téﬁ%ﬁm§§ 25
chenot herapy, surgery or irradiation. In a preferred enbodi mrent the invention
provi des use of a Notch pathway inhibitori§n the preparation of a nedi canent
for the treatnment of intestinal adenoma and/or adenocarci noma, wherein said
I ntestinal adenoma and/or adenocarci nonma occur in patients with the
hereditary syndrome 30 fanilial XSRERIMENDBALWABIS (FAP). FAP is caused by
an inherited nutati on WO 2006/ 052128 PCTI NL2005/ 000788 16 in the adenomat ous
pol yposis coli (APC) gene. Polyposis essentially neans "many polyps". Polyps
are smal | gr oMsjfer@mdntIsue on the wall of the intestine. The nost common
polyp and the only one that can becone an adenocarci noma is the adenomatous
polyp. In FAP, hundreds to thousands of polyps develop 5 throughout the

col on. Thege I |n to formaround the age of 16. Unless
renoved, t%esag&y §aP§§ ILXIB? ys devel op into cancer. |ndividuals

di agnosed with an APC nmutation are not only at risk for colorectal cancer but
may al so have an.increased risk ﬁwer t he general population for other types

of ~ cancer. Afytibadias foxp istochemaigir¥eyere variati on of FAP in which
a 10 person devel ops Tﬁé%}ﬁg‘lﬁ??’“ﬁ@g@@ﬁﬁ%ﬁ&#g& Mﬁﬂﬁé L%ggéggzkgﬁnﬁs early as

FAP, but it carries a simlar cancer. I's’ di agnosed
the patient NovioBadths), ewthsé ypticfhiens (]:50; Bhnsduetiqyy habg)l actic (sub)t ot al
col ectonmy. -Such a colectony may now partly be skipped if a patient
sufferi n‘glprom FAP is

Tissue sample preparation, immunohistochemistry and in situ
hybridisation.
The intestinal tract was dissected as a whole and flushed gently
with cold PBS to remove any faecal content followed by a flush with Formalin.
156 The small intestine was rolled up into a compact circle and fixed in Formalin
at RT for 16 hours. The tissues were sectioned (2—6 pm). Following dewaxing
and hydration, sections were pretreated with peroxidase blocking buffer (120
mM NaHPOy4, 43 mM citric acid, 30 mM NaNs, 0.2% H:02; pH 6.8) for 15
minutes at room temperature. Antigen retrieval was performed by boiling
20 samples in Na-citrate buffer (10 mM, pH 6.0). After 20 minutes, the boiling
pan was allowed to slowly cool down to room temperature. Incubation of
-antibodies was performed in BSA in PBS overnight at 4°C and at RT for 1 hour
for Lysozyme, Ki67. In all cases, the Envision* kit (DAKOQO) was used as a
secondary reagent. The incubation time was 30 min. Stainings were developed
256 using DAB. Slides were then counterstained with hematoxylin and mounted.
The probes used for in situ hybridization are as described (Schroder et al
2002).
Similar in situ hybridisations are performed on well-characterised
human pathological paraffin embedded samples, but obviously with human
30 RNA sequences as probes.



subjected to a nethod or use according to the invention. The herein used 15
APC' mmce are in principle the counterpart of human FAP. In yet another
enbodi ment the invention provides a pharnaceutical conposition conprising at
| east two Notch pathway activation inhibitors or conprising at |east one

Not ch pat hwayg afebhssads ON | nhi bitor and at |east one 20 Vgr/Rtdosgierdsnhi bitor.
Phar maceuti cal conpositions according to the invention may be provided in
the formof a powder, a solution or suspension in a(n) (non) aqueous |iquid
or as an enul sion. Said pharmaceutical mayl3urther conprise pharmaceutically
acceptabl e carriers and/or diluents. The pharnmaceutical 25 conpositions may
be adm ni ster arenterally, intranuscularly, intravenously,
parental ly, éﬂp Hli'l‘ﬁrﬁgﬁ’r D& colorectally (for exanple with a

supposi tory). O a' FeNGwhY @éﬁ&iﬁg aﬂalﬂyaﬁaﬁoﬁ Stid¥ueh Wer€ thba P Rr 5 @ik 9n be
treated areas are easily reached via'these routes of delivery. Mreover, the
delivery is p‘dexhar&lh:ley(l?/maﬂ b% acenaamdbl Suhsegneridy maghed memtéledtmm VO

OO e e OMAE T RO el il RO Bl ol 3t o
phar macoki get iy5gh Peptedet €r m ne an effectl ve dosage of for exarrpl e DAFT

and/ or DBZ and/or BZ. Moreover, by wusing one or multiple well-known
dose-findi ng experinents, effective doses can 5 aI so be determ ned by the

skilled perso Besi des t.he, use.Qf, a rpmaceut | of the outlined
met hods, ﬂ’&?%@ﬁ?f‘lﬂf’%\@b‘h&%‘ﬁ& ‘?@%@" ?Eﬁn @19 érusoms‘/‘é‘?y useful as
an additi ve (r esi qugll whek-BIdAPCleh RRIVASe tFite@%ATIPtWo differbht, lofallpci ded to
renmove an 10 adenoma or an adenocarci noma with surgery, a pharnaceuti cal

according to deheerablenseantise iphibitode (DABTo180mgdvgom adem o foartid, .5 et er
surgery t %' nqléccfays, after which their intestines were isolated and examined histologically.

15



the formation of a postmtotic cell froma adenoma and/ or adenocarci noma or
to at least in part further decrease an adenoa and/ or adenocarcinoma or to
treat remaining (possibly non-visible) residual adenoma and/or 15
adenocarcinoma cells. This is for exanple perforned by rinsing the abdom nal
cavity wit hWD 300¢/93128ed phar maceutical according to the PEI/EBRIDHHOWE by
directly injecting a pharnmaceutical according to the invention in suspected
areas. The invention will be expl ai ned in&ﬂpre detail in the following 20
description, which is not limting the invention. W 2006/ 052128

PCT/ NL20051000788 18 EXPERI MENTAL PART Experinent | 5 Material and nethods
Ant i bodi es f oRdsigRyohi stochem stry. The follow ng anti bodi es were used.
Mbuse anti-Ki 67 (1:100; Novocastra), nouse anti-j3-catenin (1:50;
Transduction Labs). 10 Tissue sanple preparation, imunohistochem stry and in

situ hybridisation. e intestinal tra was_di ssect.ed. as a eand
flushed gently with ’6‘3?%}“9% 8 PEfbe R ‘EaFF;?mf mtano %%Hﬂ“&ﬂ’?@&&%%ﬁb@ a
flush with Fopagiway, mdst cBHﬁn&iI?'due'tBttﬁé!ds@%f‘ﬁﬁéxﬂt@bﬂlﬁﬂ thidndr HuppRessBipact
circle and fixed in Formalin at RT f hours. The tissues were sectioned

(2-6 m). Fdll mméP&é(nmewgd lariﬁnhLBdraadl\BJgeletemt iLO86; Biena apd«ﬂleeenseaoﬂ(?)t h

id bl buf f M Na2HPQ4, d NaNs,
B o os: oHEE i Fatenll rhpdted B Yemarkable seminriny Hetwed fe dotorgal bonl was
perforned by bﬁléerr&euggna%mhmaﬂﬁb Np bidRnfob ﬁerrn{smtmxp}és@o@l)of aAf ter

20 m nutes, the boil
Wnt target gene program (van de Wetering et al 2002). To investigate whether

the symmetry between crypts and intestinal neoplasia extends to the Notch

10  pathway, we studied the expression of various Notch pathway components and
target genes in adenomas that spentaneously occur in the APC-mutant min
mouse. In general, expression of receptors and ligands in adenomas closely
followed the crypt expression as reported previously (Schroder and Gossler,
2002) (Table I). As examples, Fig.1 shows expression of Notch2 and

15  Delta-like-1 in adenomas. More importantly, Hesl expression, indicative of
active Notch signalling, occurred not only in crypts (Schroder and Gossler,
2002), but was also observed uniformly in adenomas of all sizes in the
intestines of APCminr mice (Fig.1, right panel). This observation implied that,
like in crypts, the Notch and Wnt pathways are simultaneously active in

20 proliferative adenoma cells. '

We then asked whether Notch pathway activity was essential for the

maintenance of the undifferentiated, proliferative phenotype of adenoma cells.
We elected to inhibit the Notch pathway pharmacologically through the use of
the y-secretase inhibitor DAPT. We then initiated treatment of 156 week-old

25  Apcmi» mice that at this age carry 30-60 macroscopically detectable adenomas
or polyps in the small intestine and 1-3 adenomas in the colon. The mice were
treated with for up to 15 days, after which their intestines were examined
histologically. Based on a pilot experiment and published treatment regimens,
the Apcmir mice were orally dosed once daily with DAPT at 100 mg/kg in maize

30 oil. No consistent effects were seen on day 2.5 or day 6.5 of treatment.



pan was allowed to slowy cool down to roomtenperature. Incubation of

anti bodi es was perforned in BSA in PBS overnight at 4C and at RT for 1 hour
for Lysozyne, Ki67. In all cases, the Envision+ kit (DAKO was used as a
secondary reagent. The incubation tine was 30 min. Stainings were devel oped
25 usi ng DABYO Hiop/F@d28vwer e t hen count er st ai ned wi t h henmat BRI/NL200gME7880uNt ed.
The probes used for in situ hybridization are as descri bed (Schroder et al
2002). Simlar in situ hybridisation are rformed on well-characterised
human pat hol ogi cal paraffin enbedded sanplés, but obviously with human 30
RNA sequences as probes. ~am WO 2006/ 052128 PCT/NL2 00 5/000 788 19 Alci an

Bl ue stai ni ngRidva aﬂeﬁﬁw&hmgeanﬁdmeeﬁﬁba%thﬁﬁwmnwaa alt ‘e ¢xd for
mnin Avcian Blue (1%in 0.5%acetic acid). Subsequent|ly washed in water, 1

mn incubat eﬁrearhmlmtlwl’di thReepmymuindel 4s dempustratet innBigh 8hnidn3, mmbﬁersaf d
mce The 6 wBERIBTH O HIOR e BLE Aamaenly AORa el APd End CoBPLl Ty
del i verabl e yagegdRhease Vﬁﬁhﬁté@ﬁ;?béw tenihOQATAKE (l'eﬁ peiels) 0OF hofedr 2.5, 6.5
or 10 15 days, after which their intestines were isolated and exani ned
hi st ol ogi cé@l | y»rohf&ﬁatm ﬁﬂ@tﬁmﬁﬁlﬁ&rﬁ’ﬂwrmm& oosffeded.Joargrdecilof d1¢ianest i nal
adenomas res UlBtlué-Lgsl 1%tg%ﬁe? gllls Ia%%éa'nr%ﬁ tﬁrougrilouw]ﬁe adenomas. Nuclear p-
catenin-positivity of the arrested and differentiated cells indicated that these
derived from the Apc-negative adenoma. In Fig. 3 examples are given of |
adenomas in small intestine. The adenoma tissue again stains dark-brown in
10  the left panels. Cell proliferation as evidenced by Ki67-staining (right panels),
has halted upon treatment with the compound DAPT.
' A wealth of evidence has implied the Wnt cascade as the major
driving force behind the proliferative potential of transit amplifying crypt
progenitor cells as well as of adenomas and adenocarcinomas of the intestine
15  in mouse and man. The current data indicate that active Notch signalling
plays an equally important role in the maintenance of the undifferentiated
state of crypt progenitors and of Apc-mutant neoplastic cells. While the Wnt
cascade is mutationally activated at the onset of the transformation process,
the Notch pathway most likely remains non-mutated during tumor
20 progression. It can be envisioned, though, that a strong selective pressure
exists in advanced tumors for the presence of activating Notch pathway
mutations. Such activating mutations have not been reported in colorectal
cancer. ‘
The Wnt cascade, as activated in colorectal cancer, is generally
25  considered to present a rather unfavorable target for drug development, as the
segment of the cascade downstream of the Apc tumor suppressor protein is
driven entirely by protein-protein interactions. As directly demonstrated here,
the Notch pathway represents an alternative targeted-drug strategy for the

treatment of intestinal neoplasia such as Familial Adenomatous Polyposis or

30 sporadic colorectal cancer. Multiple y-secretase inhibitors of diverse chemical
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pat hway, nost commonly due to the loss of the intestinal tunmor suppressor 5
gene APC (reviewed in Kinzler and Vogel stein, 1996; Bienz and C evers, 2000).
W have recently reported a renmarkable synmetry between the col orectal

cancer cells and proliferative crypt progenitors in ternms of the expression
of a Wit t ¥@abs@RM Program (van de Wetering et at 200gyp/NifodébeRst | gat e
whet her the symmetry between crypts and intestinal neoplasia extends to the
Not ch 10 pat hway, we studi ed the expression of various Notch pat hway
conponents and target genes in adenomas t3%t spontaneously occur in the
APC-mutant mn nouse. In general, expression of receptors and ligands in

adenomas closely, followed the crypt expressio S,,feported. .previously
(Schroder and® have b_ ve_&opgé&grﬁ) .trﬁét”é%g'rfgl‘bégﬁglﬁed".sldl #68s expression
of Notch2 andplerbeld i?fi&l'téésﬁixiail' ng%?%é!?Hﬁﬁlbe&@ﬁ?ahimélrttoﬁ.fﬁﬂy)@tuhﬁﬁ ha%%RRERS! ON,

i ndicative of active Not ing, occurred not only”in crypts (Schroder
and Gossl er, np€aPRas thruprineipabiiswantesiesidedffecti dfdhede/companeisoifel wf staké si zes
in the intestjnes .of APC'" mce (Fig..1l, right panel). This observatiqn

mpl i 'ed that, thet Wis Notel-yelated stfeot rilken thoge Wﬁ%rﬁéﬁﬁmgl@F%l@P A us| y
active in 80 ppold feﬁﬁ?&{;&’tﬁalﬁ%‘%%ﬁ@ol&ﬁk{aﬁ'caﬂﬁert hen asked whet her Notch pat hway
activity was essenti a or the malntenance of the undifferentiated,
proliferative phenotype of adenoma cells. W elected to inhibit the Notch
pat hway pharmacol ogically through the use of the y-secretase inhibitor DAPT.
W then initiated treatnment of 15 week-old 25 Apcmin mice that at this age
carry 30-60 macroscopically detectabl e adenomas or polyps in the snal
intestine and 1-3 adenomas in the colon. The mce were treated with for up
to 15 days, after which their intestines were exam ned histologically. Based
on a pilot experinent and published treatnent reginens, the Apcmin mce were
orally dosed once daily with DAPT at 100 ng/kg in maize 30 oil. No consistent
effects were seen on day 2.5 or day 6.5 of treatnent.




WO 2006/ 052128 PCT/ NL2005/ 000788 21 However, extensive changes had occurred
within the adenomas at day 15 of treatnent wth the conpounds. As
denonstrated in Fig. 2 and 3, nunbers of proliferating, Ki67-positive cells
dramatically decreased. In Fig. 2, colon adenonas are visualized by

bet a- cat eni WQRWPAIAY (1 eft panels). OF note, 5 prolifer BETAR2FHOWEEacent
normal crypts was unaffected. Large foci of Alcian Blue-positive goblet
cell s had appeared throughout the adenoma Nucl ear (i- catenin-positivity of
the arrested and differentiated cells indicated that these derived fromthe
Apc- negative adenoma. In Fig. 3 exanples are given of adenomas in small

i ntestine. Th@EzpigsEhttTIssue again stains dark-brown in 10 the left panels.
Cell proliferation as evidenced by Ki67-staining (right panels), has halted
upon treatnment with the conmpound DAPT. A wealth of evidence has inplied the

Wit cascade as_the mpjor driving force behind the proliferative potential of
transit amlim%itor cells as well as of adenomas and
adenocarci noras of the intestine 15 in nouse and man. The current data

i ndicate that active Notch signalling plays an equally inportant role in the
mai nt enancé oﬂnﬂibodfﬁﬁfohémmmlﬁdtodimistny crypt progenitors and of

Apc- mut ant neopl astj c VWil e. the Wit cade nal ly activated
at the onset of th'i‘ilf’lf IB‘Sr?A’F’rbBﬁJeﬁr%%sl?e éﬁ‘iﬁi@v@ most |ikely
remai ns non- MitRhegktfis! hiddisk HARLE- &emgf @@Msdﬁéu&@nam RAHiE aned,

t hough, that a strong Selective pressur exi'sts In advanced tunors for the
presence of adathdt@rig; hldﬁnﬂgiﬂabﬁﬂaﬂanﬁﬂbhnsmn)s. Such activating nutations

have not been reported in colorectal cancer. The Wit cascade, as activated
in colorectal cancer, is generally 25 considered to present a rather

unfavorabhg t gigfie E2mple YfePAFALONEHMuAShiSRO chemistry and in situ
hybridization.
The intestinal tract was dissected as a whole and flushed gently

with cold PBS to remove any fecal content followed by a flush with formalin.
The small intestine was rolled up into a compact circle and fixed in Formalin

15 at RT for 16 hours. The tissues were sectioned (2—6 mm). Following dewaxing
and hydration, sections were pretreated with peroxidase blocking buffer (120
mM NazHPO4, 43 mM citric acid, 30 mM NaNs, 0.2% H202; pH 5.8) for 15
minutes at room temperature. Antigen retrieval was performed by boiling
samples in Na-citrate buffer (10 mM, pH 6.0). After 20 minutes, the boiling

20 pan was allowed to slowly cool down to room temperature. Incubation of
antibodies was performed in BSA in PBS overnight at 4°C for antibodies
directed against Math1 and at RT for 1 hour for antibodies directed against
Ki67 and B-catenin. In all cases, the Envision+ kit (DAKO) was used as a
secondary reagent. Stainings were developed using DAB. Slides were

25 counterstained with hematoxylin and mounted.

Gamma secretase inhibitor DBZ
Three grams of DBZ (Milano et al 2004) was custom-synthesized by
Syncom, Groningen, the Netherlands to >99.9 % purity. DBZ was suspended



K i ez

segnent of the cascade downstream of the Apc tunor suppressor protein is
driven entirely by protein-protein interactions. As directly denonstrated
here, the Notch pathway represents an alternative targeted-drug strategy for
the treatnent of intestinal neoplasia such as Famlial Adenomatous Pol yposis
or 30 spor adiwo goob/os2est al cancer. Miltiple y-secretase i nbBgtNLo§o0dtssdi ver se
chem cal WO 2006/ 052128 PCTI NL2005/ 000788 22 origi ns have been devel oped for
the treatnment of Al zheinmer's disease. Increases in intestinal goblet cell
nunbers in animal toxicity studies have bee#ft noted as the princi pal unwant ed
side-effect of these conpounds. Yet, we state that this Notch-related effect

makes these y-secreta } phi bifars into tract h.v her a InC l,y ties
for col orectal ?%E’r 6%\"M@Bg%tygﬁ%’%%é%&ﬂ@f%?%%tﬁ%?%ﬁ%w I
Material and newROMEr&e 80 PR@t&s for innunohistochem stry The fol |l owi ng
anti bodi es were used. Muse anti-Ki 67 (1:100; Novocastra), nouse

anti-B-catenin (1:50; Transduction Labs), Rabbit anti- Mathl (1:50; a kind

gift of Dr Janey] S Q. Ti SSUE, 1S | e_preparatjion,..i ohy chem stry
and in situ nybeRaa of AR HFUT R g AR ReL IR OB 0 o B
flushed gensly wi tIC5¢816 nESwese (feotee i pNywithethal gaponbeptretadd iahisitd®yDBZf | ush
with formalin.  The spall intestine was rolled up into a conpact circle and

fixed i n For naliri¢cted dailyryithd}, 3140nhand 30 1mnl/Kg 03 GedaXter e sectioned (2-6 ).

Fol | owi ) _ . : rr th :

Fol L ow ng, denaxi g A el finers BGk Sf ApdHiPhi 90 il BaliP sl daoe
treated with 0, 3, 10 or 30 pymol/Kg DBZ injections. DBZ was injected every 48

hours intraperitoneally for 10 days, after which intestines were examined

10  histologically by serial sectioning.

Results
As an alternative tool to block Notch signalling in vive, we synthesized
the y-secretase inhibitor DBZ 18 to >99.9 % purity. DBZ blocked Notch-
16  cleavage in a cell-based assay with an IC50 of < 2 nM (not shown). In a dose-
ﬁndjpg experiment, the compound was injected every day i.p. at 0, 3, 10, and
30 nmol/Kg in C57Bl6 mice for 5 days. At higher doses (10 and 30 pmol/Kg),
Goblet cell conversion was complete after 5 days of i.p. injections as shown by
PAS staining (Fig. 4C and D, resp). Moreover, cell proliferation had entirely
20  halted and histological markers (Ki67 and Mathl) revealed that the tissue
changes were indistinguishable from those observed upon CSL deletion
(results not shown). At 3 nmol/Kg goblet cell numbers s]ightly increased as
shown by PAS staining. (Fig. 4B). The combined genetic and pharmacological
findings show that Notch signalling is essential within the crypt compartment

25  proper to maintain the undifferentiated state of the crypt progenitors.

In questioning whether Notch pathway activity was essential for the
maintenance of the undifferentiated, proliferative phenotype of adenoma cells,
we elected to inhibit the Notch pathway pharmacologically. In experiment I
30 this was effected through the use of the y-secretase inhibitor DAPT. In



mM Na2HPO04, 43 mMcitric acid, 30 nm NaN3, 0.2% H202; pH 5.8) for 15 mnutes
at roomtenperature. Antigen retrieval was perfornmed by boiling sanples in
Na-citrate buffer (10 nM pH 6.0). After 20 minutes, the boiling 20 pan was
allowed to slowy cool down to roomtenperature. |Incubation of antibodies
was per f or mdND 2086/BRR8i n PBS overni ght at 4C for anti bodi BET/NL2PEUNHBE agai nst
Mat hl and at RT for 1 hour for antibodies directed against Ki67 and
(3-catenin. In all cases, the Envision+ kitj. (DAKO was used as a secondary
reagent. Stainings were devel oped using DAB. Slides were 25 counterstai ned

wi th hemat oxylin and nmounted. Gamma secretase inhibitor DBZ Three grans of

DBZ (M1l ano e . %&?ﬂﬁ ' &gﬁ,n t he
Net her | ands t%x%rﬁ%ﬂ@%%§%@ msktgﬁg%@ﬁ%‘egymﬁ%

PCTI NL2005/ 00@E88i1gh¥hefiseaf yhe p-s6crbbasevihhgbitdy DBZ yWoag et al’2004). #éd | ul ose
(Met hocel E4M), ,and%‘?. 1% (w/vg Tweﬁn %g I n_wat er T,rgat nt of anipals with
the gamma secreitipded treatmpnt el pEgekolEspats mire,oviNchatithjsagesd Y pU-6Mi th the
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oot 0,1 cok oo AT el Ui GO

cel | -based assmbaeddtd imanlacbiimalatior?ofiifriedplastib gaimintriansfaraedarormal crypts
{Fig. 5A, C). DBZ at 10 or 30 pmol/Kg readily induced Math1+/PAS+/Ki67-

10  Goblet cells within adenomas (Fig 5D, M-0), while the effects at 3 pmol/Kg
were minimal, as were the effects on normal crypts (not shown). Different
conversion rates were observed in individual adenomas, even within the same
animal. To quantify the conversion rate, 100 adenomas from mice treated with
10 pmol/Kg DBZ were analyzed by determining the percentage of Math1+

16 nuclei. In 8% of the adenomas, >50% of all epithelial cells converted into
Mathl+ cells. In 20% of the adenomas 10-50% conversion occurred; 28%
showed 1-10% conversion, while 46 % showed no Goblet cell conversion. Goblet
cell conversion was never observed in untreated Apc™i» mice: In each of 100
adenomas analyzed, <1% Math1+ Goblet cells were observed. The observations

20 show that adenoma cells can be forced to differentiate upon Notch pathway
inhibition.



finding experinment, the conpound was injected every day i.p. at 0, 3, 10, and
30 pnol /Kg in C57B16 mce for 5 days. At higher doses (10 and 30 pnol/Kg),
Gobl et cell conversion was conplete after 5 days of i.p. injections as shown
by PAS staining (Fig. 4C and D, resp). Mreover, cell proliferation had
entirely 20 wWghdoggs2dgzd hi stol ogi cal markers (Ki 67 and MapfiNLig@yGabgd t hat
the tissue changes were indistinguishable fromthose observed upon CSL
deletion (results not shown). At 3 | xnol/Kg goblet cell nunbers slightly

i ncreased as shown by PAS staining. (Fig.26B). The conbi ned genetic and
phar macol ogi cal findings show that Notch signalling is essential within the
crypt conpart ent r to maintain the undifferentiated state of the
crypt progeni ‘““FHgHﬁﬂitloning whet her Notch pathway activity was
essential for the naintenance of the undifferentiated, proliferative

phenot ype of adenoma cells, we elected to inhibit the Notch pat hway

phar macol ogi cafh¥erihDagdPeethBds | 30 this was effected through the use of

t he y-secretase I nhi birtor DAPT. In WD 20061052128 PCT/ NL20051000788 25
experi ment me elected to inhibit the Notch pathway pharnmacol ogically

t hr ough thg u Phﬂfgs @P%Wﬁﬁ%@ﬂﬁ%g?z (Wng et al 2004). W

|n|t|atedtre which at this age carry 30-60
nmacroscopi cal |y defl’mtfalbéﬁ]@d@itﬂfﬂases(dﬂ@ieym)i Mb\isb‘an&nﬂim (1rt@@stine and 0-3 5

adenonas in the colon. Two m ce each were treated with 0, 3, 10 or 30 pnol/Kg
DBZ for 10 daﬂovoaa@t@a),mwn anhi-Beatepias(1yi; dransduatien Imbsi.ol ogi cal |y by
serial sectioning. Staining for (3-catenin delineated the adenomas, which
were often enbedded in an accumul ati on of hyperplastic yet unt r ansf or med

normal crypts Tickig sabipleQrdpdation Andr ignanbhidtocheadistnyy.i nduced
Mat hl +/ PASt/ Ki 67 10 Gobl et cells within adenonas (Fi g][eSD MO, while the
e

effects att03 pnol / Kg Thedetestinphtract yas dissected asdr vh ashitughedgendls nt s (not
shown) : Di T ere®h cold PBS to remove any fecal content followed by a flush with formalin.

The small intestine was rolled up into a compact circle and fixed in Formalin

at RT for 16 hours. The tissues were sectioned (2—6 mm). Following dewaxing
and hydration, sections were pretreated with peroxidase blocking buffer (120

15 mM Na2HPO4 43 mM citric acid, 30 mM NaNs, 0.2% Ha2Og; pH 5.8) for 15
minutes at room temperature. Antigen retrieval was performed by boiling
samples in Na-citrate buffer (10 mM, pH 6.0). After 20 minutes, the boiling

 pan was allowed to slowly cool down to room temperature. Incubation of

antibodies was performed in BSA in PBS overnight at RT for 1 hour for

20 antibodies directed against Ki67 and B-catenin. In all cases, the Envision+ kit
(DAKO) was used as a secondary reagent. Stainings were developed using

DAB. Slides were counterstained with hematoxylin and mounted.

Gamma secretase inhibitor DBZ and BZ

25 Three grams of DBZ and BZ (Milano et al 2004) was custom-synthesized
by Syncom, Groningen, the Netherlands to >99.9 % purity. DBZ was
suspended finely in 0.5% (w/v) Hydroxypropyl Methylcellulose (Methocel E4M)
and 0.1% (w/v) Tween 80 in water and BZ was suspended finely in 6%(v/v)
Ethanol/94% (v/v) Labrafil M 1944 CS.
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conversion rates were observed in individual adenomas, even within the sane
animal. To quantify the conversion rate, 100 adenonmas frommce treated with
10 pnol/Kg DBZ were anal yzed by determ ning the percentage of Mathl+ 15
nuclei. In 8% of the adenonmas, >50% of all epithelial cells converted into
Mat hl + cel | syo bdnedéd¥es0f the adenomas 10-50% conver si on Oge4iNSR5009% Showed
1-10% conversion, while 46 % showed no Gobl et cell conversion. Goblet cell
conversi on was never observed in untreated Ape-in mce: In each of 100
adenomas anal yzed, <1% Mat hl + Gobl et cel | s2Wwere observed. The observations 20
show t hat adenoma cells can be forced to differentiate upon Notch pathway

i nhi bition. 2006/ 0521 PCT/[ NL2 000758 26 eri rial and
it hods & Ant ITHABLRGR! AR At Ehe SAaRmR Sz erans Hiiter DBAAPES aer o
used. Mouse amgy-Ki 67 (1:100; Novocastra) m)use anti-(3catenin (1:50;

Transduction Labs). Tissue sanple preparation and i munohi stochem stry. 10
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at room t enper at ur.e. | was performed by boiling sanples in
Na-citrate buf$@mipesd ﬁl‘ﬁ@? HBYEW EPCUINE-nut es, the boiling pan was

allowed to slowly cool down to roomtenperature. Incubation of

10
Results

As an alternative tool to block Notch signalling in vivo, we also

synthesized the y-secretase inhibitor BZ to >99.9 % purity. BZ and DBZ both

15 blocked Notch-cleavage in a cell-based assay with an IC50 of 2.2 and 1.7 nM,
resp. (not shown). In a dose-finding experiment, the BZ compound was injected
every day i.p. at 0, 3, 10, and 30 nmolKg in C57Bl16 mice for 5 days. At higher
doses (10 and 30 pmol/Kg), Goblet cell conversion was complete after 5 days of
i.p. injections as shown by PAS staining. The tissue changes were

20 indistinguishable from those observed upon CSL deletion (results not shown)
and after treatment with DBZ (see experiment II). These data again confirmed
that Notch signalling is essential within the crypt compartment proper to
maintain the undifferentiated state of the crypt progenitors.

25 In questioning whether Notch pathway activity Waé essential for the
maintenance of the undifferentiated, proliferative phenotype of adenoma cells,
we elected to inhibit the Notch pathway pharmacologically. In experiment I
this was effected through the use of the y-secretase inhibitor DAPT. In
experiment IT we elected to inhibit the Notch pathway pharmacologically

30 through the use of the y-secretase inhibitor DBZ after IP administration. In



anti bodi es was performed in BSA in PBS overnight at RT for 1 hour for 20

anti bodi es directed against Ki67 and (3-catenin. In all cases, the Envision+
kit (DAKO was used as a secondary reagent. Stainings were devel oped using
DAB. Slides were counterstained with hematoxylin and nounted. Ganma secretase
I nhi bitor 25 Three granms of DBZ and BZ (M| an ) was
custom syn'?ﬁ%eé?dzaglgﬁﬁgy Syncom G oni ngen, the Netherl andgcf’{gLngg@% purity.
DBZ was suspended finely in 0.5% (w v) Hydroxypropyl Methylcellul ose
(Methocel E4M and 0.1% (W v) Tween 80 i n2&ater and BZ was suspended finely
in 69¢v/v) Ethanol/94% (v/v) Labrafil M 1944 CS. 30 WO 2006/ 052128

PCTI NL2005/ 000788 , 27 eat nent of apinals wth the ga secretase inhibitor
DBZ and BZ. GBPEI@BH#I i plected todnbibt the Najetipathe sy ahramedelogtca

i nhi bitor BZ 4 0i.£68¢ | Jeyy: : 1 . 5 For
the oral st ud;ﬂ,]fﬂtuf% %‘rqu‘%% d(f W%ﬁggﬁn&%&?gﬁggﬁnﬁ% gggeérrg% S%gﬁggﬂ\%lé%a%l d
Apc"iin nmce (phd B2afef ofdl dlniiwidtikgbion Ty radvnabbehindsthi ngageef diffeexatni ned

hi stol ogically by serial sectioning. 10 Results As an alternative tool to
bl ock Notch siceRéantratépn is that ighonseniratiop of thesetomnponady mast pek ¥

I nhibitor BZ > 0. ' E]ﬁé | ocked Notch-cl eavage in
a cell -basgd E&‘?Egtg‘%vﬁ‘f‘%@%ﬁ{ l%égmg‘fzb%% gg‘%ﬂn Pg'sp. (not shown). In a

dose-findi ng experi neWe, initigteBhrabtrpatinenivefss wog¢looidApcey arige, dehich ap thist O,
3, 10, and 30 gmol/Kg in C57B16 m ce for 5 days. At higher _,
agge carryg30-60 macrosco;rgca y detectable )édenomas (gqus) in the small

intestine and 0-3 adenomas in the colon. Three mice each were orally treated
with 10, 156 or 30 umol/Kg BZ or DBZ for max. 12 days, after which intestines

10 were examined histologically by serial sectioning. Staining for p-catenin
delineated the adenomas, which were often embedded in an accumulation of
hyperplastic yet untransformed normal crypts. Changes had occurred within
the adenomas at day 12 of oral treatment with the compounds BZ and DBZ. At
a concentration of 15 umol/Kg the number of proliferating, Ki67-positive cells

15 in the adenomas were dramatically decreased, while the majority of normal
intestinal tissue seems to be unaffected.

In conclusion, the cell proliferation in adenomas after oral treatment
of APCumir mice with the compounds BZ and DBZ, as evidenced by Ki67/B-
catenin staining, has halted while normal tissue seems to be unaffected.

20

25



“® doses (10 and 30 pnol/Kg), Goblet cell conversion was conplete after 5 days

of i.p. injections as shown by PAS staining. The tissue changes were 20

i ndi stingui shable fromthose observed upon CSL deletion (results not shown)
and after treat ment with DBZ (see experinent Il). These data agai n confirned
that Notch g is essential within the crypt corrp er to

mai nt ai n the un |Hler entiated state of the crypt progeni ors fbggﬂfo%
guestioni ng whet her Notch pathway activity was essential for the maintenance
of the undifferentiated, proliferative phe2®type of adenoma cells, we

elected to inhibit the Notch pathway pharmacologically. In experinment I this
was effect ed throu h the use of the y-secretase inhibitor DAPT. In

experi ment ected to inhibit the Notch pat hway pharmacol ogically 30
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"% a concentration of 15 nol/Kg the number of proliferating, Ki67-positive cells

15 in the adenonas were dranmatically decreased, while the majority of normal
intestinal tissue seens to be unaffected. In conclusion, the cell
proliferation in adenomas after oral treatnent of APCmn mce with the
conpounds B as evidenced by Ki 6710- catenin stghH hal t ed
whi | e normﬁl@gg@gégeens to be unaffected. 20 25 WD 20%%%@%@%8

PCT/ NL2005/ 000788 29 Table | gene Crypt Adenomas epithelium Notchl +1-
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Jaggedl +1- +/- Jaggedl - - Hesl + + WD 2006/052128 PCTI NL2005/ 000788 30
DESCRI PTI ON OF FI GURES Figure_1
DESCRIPTION OF FIGURES
Figure 1

Expression of examples of Notch pathway components (Delta-like 1 (left
5 panel)), Notch2 (middle panel), and a target gene of the activated Notch
pathway (Hesl (right panel)) in adenomas of APCmi» mice, as demonstrated by

in situ hybridisation.

Figure 2

10  Analysis of colon adenomas of APCmin mice treated (top panels) or not treated
(bottom panel) with DAPT as indicated in the text. Dark staining in the left
top/bottom panels reveals regions in the epithelium with high levels of beta-
catenin, representing the adenoma tissue. Middle top/bottom panels give
staining for the cell cycle/proliferation marker Ki67. Note that treatment with

15 DAPT leads to strongly diminished proliferation activity in the adenoma. Right
top/bottom panels show the increase in goblet cells upon DAPT treatment as

indicated by the dark-staining cells upon Alcian blue stain.

Figure 3
20  Analysis of small intestinal adenomas of APCmin mice treated (top panels) or
not treated (bottom panel) with DAPT as indicated in the text. Dark staining
in the levft top/bottom panels reveals regions in the epithelium with high levels
of beta-catenin, representing the adenoma tissue. Right top/bottom panels éive )
staining for the cell cycle/proliferation marker Ki67. Note that treatment with
26 DAPT leads to strongly diminished proliferation activity in the adenoma.
Figure 4
Conversion of proliferative crypt cells into post-mitotic goblet cells by the

gamma secretase inhibitor DBZ.



Expressi on of exanpl es of Notch pathway conponents (Delta-like 1 (left 5
panel)), Notch2 (m ddle panel), and a target gene of the activated Notch
pat hway (Hesl (right panel)) in adenomas of APCmin nmice, as denonstrated by
in situ hybridisation. Figure 2 10 Analysis of col on adenomas of APCm A m ce
treated (togdPapdissigOf not treated (bottom panel) W thpahodsoobagi cated in
the text. Dark staining in the left top/bottom panels reveals regions in the
epitheliumw th high | evels of beta- catenin, representing the adenoma
tissue. Mddle top/bottom panels give staiing for the cell
cycle/proliferation marker Ki67. Note that treatnment with 15 DAPT leads to
strongly dimnished proliferation activity in the adenona. R ght_top/bottom

"panel s show t KB7BI¢ mige ere injetipd i.pe withsthegammampcratass indibitersDBZndi cat ed by

t he dark- st ai nj. l j ' Ei 2 i s .of | ]
a2 B AT, B A A BB RSP A L VBB, =
(bot t om panel kelVinuifnHoAR Eli ghtly Mghireadedchs dhowitby PAIS stm:ﬁhﬁ@ﬁiwﬂﬂhgwiﬂ‘hnw he |eft

t op/ bott om panel s reveal s regions in the epitheliumw th high |evels of

bet a- cat eni n, 2pdptasmalKagtheronyersiomef protiferativricimt cellp infior Rastnmpidetdt s gi ve
staining fgr @b% ec“lv? BCJ:% rgé é&ﬁ&‘ '(1), rker Ki 67. Note that treatnent
aéegc o %( ogﬂﬁ d{ ?t‘legspgﬁ

with 25 DAPT I'e stron n ni oliferation activity in the
adenonma. Figure 4 Conversion of proliferative crypt cells into post-mtotic
gobl et cells by the_ gamma secretase inhibitor DBZ. a WO 2006! 052128

PCT/ NL20051(_)0ﬁ83__’§.11‘e C57B16 nmice were injected i.p. with the gamm

secretase | nhidy (L or; Psr proliferative cells in the APCmin tumor into post-mitotic goblet
cells by the gamma secretase inhibitor DBZ.
10 APCmin mice were treated with 0 umol/Kg DBZ (A,B,E,F,G,K) or 10 umol/Kg
DBZ (C,D,L,M,N,O) for 10 days, after which intestines were examined
histologically by serial sectioning. Staining for B-catenin delineated the
adenomas (Fig. A,C,E,L). DBZ treatment induced Math1 (D versus B and, at
an higher magnification, M versus F) and Pas expression (O versus K), and

15 reduced Ki67 expression (N versus G).

Figure 6
Analysis of the intestine and intestinal adenomas of APCmi» mice treated or
not treated with BZ as indicated in the text.

20 CbH7BIl6 mice were injected i.p. with the gamma secretase inhibitor BZ injected
daily with 0, 8, 10, and 30 pmol/Kg for 5 days. At 3 pmol/Kg Goblet cell
numbers slightly increased as shown by PAS staining (not shown), while with
10 and 30 pmol/Kg, the conversion of proliferative crypt cells into post-mitotic

' Goblet cell was complete (A).

25  Analysis of adenomas of APC™mi» mice treated (top panels) or not treated
(bottom panel) by oral administration with BZ or DBZ as indicated in the text.
Dark staining in panels (B,C)reveals regions in the epithelium with high levels
of beta-catenin, representing the adenoma tissue. Panels (D,E) give staining
for the cell cycle/proliferation marker Ki67. Note that treatment with DBZ (not




injected daily with 0, 3, 10, and 30 gnol/Kg for 5 days. At 3 gnol/Kg Gobl et
cell nunbers slightly increased as shown by PAS staining (B), while with 10
and 30 gnol /Kg, the conversion of proliferative crypt cells into post-mtotic
5 Coblet cell was conplete (C and D, resp.). Figure 5 Conversion of
proliferati v s8bbs1dsn the APCmin tunor into post-mtotigc-HRPE: §/000f]8§| I's by
the gamma secretase Inhibitor DBZ. 10 APCnmin mce were treate th 0 nol/Kg
DBZ (A/B,E,F,GK) or 10 nol/Kg DBZ (C,D,L,MN O for 10 days, after which
intestines were exam ned histologically B2 serial sectioning. Staining for
O-catenin delineated the adenomas (Fig. A/ C EL). DBZ treatnent induced
Mat hl (D versus B and hi gher. ifi catl M ve F) and Pas
expr essi on (Osf}% W%%@hlge?sé’é a‘F@ rstaong Eéélpb‘ﬁs%‘?\qij Fi gure
6 Anal ysis of %qrw; treat ed or
not treated Wa%ﬂ@%%@ggﬁ%h |caE]'éel'ld‘l{]ll}]{rllgtE ergtaJéXt ?g%géﬁg?é{h\ﬁe@r g€e| nj ect ed
i.p. with the ganma secretase inhibitor BZ injected daily with 0, 3, 10, and
30 nol JKg for 5 days. At 3 nol/Kg Goblet cell nunbers slightly increased as
shown by PAS staining (not shown), while with 10 and 30 nol/Kg, the
conversion of proliferative crypt cells into post-mtotic Goblet cell was
conplete (A). 25 Analysis of adenonmas of APCnjn mce treated (top panels) or
not treated (bottom panel) by oral adm nistration with BZ or DBZ as
indicated in the text. Dark staining in panels (B,Creveals regions in the
epitheliumw th high levels of beta-catenin, representing the adenoma
tissue. Panels (D ,E) give staining for the cell cyclelproliferation marker
Ki67. Note that treatnment with DBZ (not ,in




“@ WD 2006/ 052128 PCT/ NL2005/ 000788 32 shown) or BZ (panel E versus D) |eads
to strongly dimnished proliferation activity in the adenona, while
surroundi ng tissue seens to be unaffected WO 2006/ 052128 PCT/ NL2005/ 000788
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di benzazepi ne (DBZ) or benzodi azepine (BZ). 10 3. Use according to any one of
clainms 1 and 2 further conprising a Wit pathway inhibitor. 4. Use according
to any one of clains 1 to 3, wherein intestinal adenoma and/ or
adenocar ci noma occurs in patients with the hereditary syndrone fam i al
adenomat ous 15 polyposis (FAP). 5. A pharmaceutical conposition conprising
at |least two Notch pathway activation i3thibitors or conprising at |east one
gama secretase inhibitor and at | east one Wit pathway inhibitor.

Claims

1. Use of a gamma secretase inhibitor in the preparation of a medicament for inducing
the differentiation of an intestinal adenoma and/or adenocarcinoma cell into a goblet
5 cell thereby treating an intestinal adenoma and/or adenocarcinoma.

2. Use according to claim 1, wherein said gamma secretase inhibitor is DAPT or
dibenzazepine (DBZ) or benzodiazepine (BZ).

10 3, Use according to any one of claims 1 and 2 further comprising a Wnt pathway
inhibitor.

4. Use according to any one of claims 1 to 3, wherein intestinal adenoma and/or
adenocarcinoma occurs in patients with the hereditary syndrome familial adenomatous
15  polyposis (FAP).

5. A pharmaceutical composition comprising at least two Notch pathway activation
inhibitors or comprising at least one gamma secretase inhibitor and at least one Wnt
pathway inhibitor.





