MATERI ALS AND METHODS FOR SUPPRESSI NG ANDY OR TREATI NG NEUROCFI BROVA AND
RELATED TUMORS STATEMENT OF GOVERNMENTAL RI GHTS [0001J Part of the

devel opnew0 2009/158443 i nvention was nade with governnment ®appseaoofussssthe N H
under grant nunber NS 052606 and fromthe Departnent of Defense under grant
nunmber WB1XWH 05- 1-0185. The U.S. governnent has certain rights in the
invention. PRIORITY CLAIM[0002] This application clains the benefit of US
Provi si onal Patent Application Nunber 61/076,185 filed on June 27, 2008 and
US Provi sional Patent Application Nunber 61/103,650 filed on Cctober 8,
2008, both of these Provisional Patent Applications are incorporated herein
by reference in their entireties as if each were individually incorporated
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Various aspects and enbodi nents di scl osed herein relate generally to the
nodel i ng, treatment, preVEHROSEBRONAANIHRELATED BUMQR®s characterized by
the formation of tunors, for exanple, neurofibrom. BACKGROUND [ 0004]

Mut ations in the NFl tunor suppressor gene cause neurofibromatosis type 1

(NFI'), a conmon, w dely (g j i i er that affects
approxi mately 250, 000 quFAsItE{MEM‘%& X ﬁﬁt[lA,ci‘ﬂi gpan al one. The NFI
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i ncl udi ng pl exéda Apmenef intengsms that col | ectivel yaffect 25-40% of NFI
patients; these neurofibromas are a major source of life long norbidity and
nortality. G ven the negative i nxmfﬂ%%ﬂﬁ condi ti on has on

[0002] This application claims the benefit of US Provisional Patent Application

Number 61/076,185 filed on June 27, 2008 and US Provisional Patent Application

Number 61/103,650 filed on October 8, 2008, both of these Provisional Patent

Applications are incorporated herein by reference in their entircties as if each were

individually incorporated herein by reference in their entirety.

FIELD OF THE INVENTION

[0003] Various aspects and embodiments disclosed herein relate generally to the
modeling, treatment, prevention and diagnosis of diseases characterized by the
formation of tumors, for example, neurofibroma.

BACKGROUND

10004] Mutations in the NF1 tumor suppressor gene cause neurofibromatosis
type 1 (NF1), a common, widely distributed human genetic disorder that affects
approximately 250,000 patients in the US, Europe, and Japan alone. The NF1 gene
encodes neurofibromin, a 320 kilodalton protein that functions, at least in part, as a
GTPase activating protein (GAP) for p21ras. Neurofibromin is highly conserved
among vertebrate species and has high homology with its counterparts, yeast and
Drosophila.

[0005] Individuals with NF1 exhibit a wide range of malignant and

nonmalignant manifestations, including plexiform neurofibromas that collectively



people with this nutation and the dearth of effective treatnments for this
and related condition there is a pressing need for additional treatnents
for this wondiwisess Vari ous aspects and enbodi nents di seCogasdotaousssh
address this need. SUMMARY OF THE | NVENTI ON [ 0006J Some enbodi nents incl ude
met hods of treating a patient having a form of neurofibromatosis, for
exanpl e, plexiform neurofibroma, conprising the steps of: providing at
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acylated amno or free or esterified c3g on of a salt of such a

conpound having at |east one Balt-fom\ag group.¢[0007] In sone enbodi nents
t he conpound is a pharmaceutic
enbodi nent the pharmaceuti

acceptable salt of Fornula 1, in sone

ac%mﬁl e selt of

R,

(1
wherein, R, is 4-pyrazinyl; 1-methyl-1H-pyrrolyl; amino- or amino-lower alkyl-
substituted phenyl, wherein the amino group in each case is free, alkylated or
acylated; 1H-indolyl or 1H-imidazolyl bonded at a five-membered ring carbon
atom; or unsubstituted or lower alkyl-substituted pyridyl bonded at a ring carbon
atom and unsubstituted or substituted at the nitrogen atom by oxygen; R, and R; are
each independently of the other hydrogen or lower alkyl;

one or two of the radicals R4, Rs, Rg, R7 and Rg are each nitro, fluoro-substituted
lower alkoxy or a radical of formula II-N(Ro)-C(=X)-(Y)a-Rio (1D,

wherein, Ry is hydrogen or lower alkyl, X is oxo, thio, imino, N-lower alkyl-imino,
hydroximino or O-lower alkyl-hydroximino, Y is oxygen or the group NH, nis 0 or
1 and Ry is an aliphatic radical having at least 5 carbon atoms, or an aromatic,

aromatic-aliphatic, cycloaliphatic, cycloaliphatic-aliphatic, heterocyclic or



Formula 1 is a nesylate salt. [0008] Some ot her enbodi nents further include
the step of; diagnosing a patent with plexiformneurofibroma or a simlar
condi ti orwoMYEssawi | | ot her enbodi ments include the stepTafS2ecdemssss yi ng a
patent at risk for devel opi ng plexiformneurofibroma or a simlar

condition. [0009] In some enbodi nent the therapeutically effective dose of
t he conmpound according to Fornula 1, is on the order of between about 200

my to about 5GQcfydndipiiEc HARG! %ds@bfeﬁfa&w%%m ng(%dgd fﬂﬁ{‘k Sa[ngrRe%I to at
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[0010] Some oMsgeie 8, SRR O T SR g or m of

neur of i br omat f or | e IeX|forn1neurof|brona conprising the
steps of: pr o?}V%PWg fige, aﬁé@@ Op Y. afel‘?é'f%’ﬁ’e‘ﬁtfieé 91 9s{rified eaaxyeor@baaliof a
conmpound according to Fornula 2:(2) [0011] Still other enbodi nents include

a nmet hod of t PE#ChAGoEPYAL BRtingwilspPna saiolormiag eiverir of i br omat osi's, for
exanpl e, plexiform neurofibroma, conprising the steps of: providing at
| east one theﬂ@Eébtléhbmyeémﬁé@vﬁWEﬂGdgmp@hﬁas@dﬂpumwaﬂwdbow@ﬂnQHQo For nul a
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aspects of t h@ltﬂ"p@(ﬁﬁﬁn huseivashld & 2dndildrRBndiBéi) EWhile still other embodiments
include the step of identifying a patent at risk for developing plexiform
neurofibroma or a similar condition.
[0009] In some embodiment the therapeutically effective dose of the compound
according to Formula 1, is on the order of between about 200 mg to about 500 mg
and the dose of the compound is administered to at patient at least once per day. In
still other embodiments the therapeutically effective dose of the compound
according to Formula 1, is on the order of between about 350 mg to about 450 mg
and the dose of the compound is administered to at patient at least once per day. In
some embodiment a patient is treated twice dialing with a therapeutically effective
dose of the compound according to Formula 1, of about 400 mg.
[0010] Some embodiments include treating a patent having a form of
neurofibromatosis, for example, plexiform neurofibroma, comprising the steps of:
providing at least one therapeutically effective dose of a compound according to

Formula 2:



of obtaining themw || becone nore apparent and aspects thereof will be
better understood by reference to the follow ng description of the

enbodi nerwe 2069/t5ka7di scl osure, taken in conjunction w tRCTRS2800088536N0Y1 NQ
drawi ngs, figures, schenes, fornmula and the |ike, wherein:[0014] FIG 1A A
schematic diagramof a strategy for examning the role of the hematopoietic
m croenvironnent. [0015] FIG IB. Traces generated using fluorescence
cytonmetry. Nfl +/ bone marrowis necessary for gi xi form neur of i broma
formation in Krox20; ox/flx and Krox20; f ox l ice. [0016] FIG 2A. A
Kapl an- Mei er pl ot of percent survrvaltﬁﬁ axrs) a8p a function of tine
(x-axis) is shown. Krox20; Nl b ox4box a@nd Krox20;] Nfl b ox/- mce that
were transplanted with Nfl +/~Ng e marr
of age. [0017] FIG 2B. Phot gr hs r ox20;
transplanted with WI BM () © ~"[0018] FI G 2C. Photographs
of dissections of dorsal root angliqﬂ@nd pheral nerves of Krox20; MIlb
ox/b ox mce that were transpl ith Nfl +/~ bone marrow.
Arrowheads identify tunors i N sal roa ganglia and in peripheral nerves.
[0019] FIG 3A Hematoxylin and eosin (H&E) sections of dorsal root ganglia
and proxi mal peripheral nerves. [0020] FI G 3B. Photographs of 200 X
magni fi cati on of sections stained with Resson's trichrome. The genot ypes of
donor bone mafgoayy andsif %mepbrﬁwdnﬁerﬁﬁmam@e A ﬂ@t}ﬁato@qeat&g(&%}eﬂﬁm@ﬁ 200X
magni fi cation of sections stained with Alcian arrowheads in
Panel s 2 and Hringefmeufofibrpamptosisefor gxample pleyien awvr@ﬁbr@a@scqmpmaéhe 3
identify bl oo F r t erence in
t he nunber of Q%f?ﬁ?eﬁlgkgg?%gn&g ft? %?%eﬁﬁéag negﬂtggtbvgg& ﬁg i %@q B%Is are

i sol at ed by FA@SrdinggmFoummde$ of Krox20; Nfl b ox/ftox mice transplanted
with Nbo +/~ BM

re followed until 1 year
| b ox/b ox mce
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[0012] Still other embodiments include the use of at least one compound
according to Formulas (1), (2) or (3) or a pharmaceutically acceptable salt thereof
for the preparation of a medicament for treating a patient having a form of
neurofibromatosis, for example. plexiform neurofibroma.

BRIEF DESCRIPTION OF THE FIGURES

[0013] The above-mentioned aspects of the present disclosure and the manner
of obtaining them will become more apparent and aspects thereof will be better
understood by reference to the following description of the embodiments of the
disclosure, taken in conjunction with the accompanying drawings, figures, schemes,

formula and the like, wherein:



[0023] FIG 3E. G aphic presentation of phenotypic evaluation data of
various bone marrow -derived |ineages using fluorescence cytonetry. Bone
mar r ow ( psioeboslissand tunor cells (panel 2) were isol at egCarus2e00/088564 f or
EGFP+ CD45.2 positive popul ations. Tunor associated CD45.2 cells were
further separated to identify mast cell (panel 3), macrophage (panel 4),

B- | Kmﬁhocyte (panel 4) and T- |ynphocyte popul ations. The proportion of

eac emat opoiygiiur C pulat i it Al 1St A0 ~F0024
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survi val (y-axiaspwais mecdssang firqilexdfbrrh inemrofibromx ifednation &h&wex20] 928> FI G 4B.
Phot ogr aphs of (%Ee%%&).i nak..card and dorsal roots of Krox20;Nflb ox/b ox mce
transpl anted WITH AR BRE (pdHE: 1) or NI / BM (panel 2). Arrowheads
identify tunmoqeiep P& 2R! ANGHKEMeibrQR OF pirbdat sublaval @-a8k) dslalfutstisat i ng
Dorsal Root Ganglia (DRG size rreasuredﬂowoxth donor ceﬂj,x)s of differing

genot ype. [002§%mFI(GaX1§D.S shovet ofroadtidVdt r epidyertlatile Mt BIOKE® secti ons
of dorsal T 00krofandlch 3@ PIPH Mine $AL0A RO ntiKS 9is20hagh T 0X/ O
mce transplanted wth NI + or Nl +/-; WAVmut ant martrow. [gOOZQ] FI G 5A.
PET i mages i | @M} at FiG. 2B.f Bettegrahs of Eaw? g8 Rmoigo@ansplanted with Wi ce with
imatini b nesyl . 30 G, 5B. Graphic summary of changes in nean

FDG PET intens@%@%&@r izgl\dlz(g%l\)\'/eek treatnent with iymati ni b ?resyl ate or PBS.
[0031] FIG 5@01€y apiG. nepr dhewigapho pf afisstdtiondaf alocsal Irexdt gagliay anld ssect i ng

nalysi s of | RERFBLS0VNe! AT Weet Pusi et e AT RN Bnagy PEt o or

pl acebo. NfI'™" bone marrow. Arrowheads identify tumors in dorsal root ganglia and in
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e

peripheral nerves.

[0019] FIG. 3A. Hematoxylin and eosin (H&E) sections of dorsal root ganglia
and proximal peripheral nerves.

[0020] FIG. 3B. Photographs of 200 X magnification of sections stained with
Masson’s trichrome. The genotypes of donor bone marrow and recipient mice are
indicated.

[0021] FIG. 3C. 200X magnification of sections stained with Alcian blue.
Small arrowheads in Panels 2 and 3 identify mast cells. The large arrowheads in
Panel 3 identify blood vessels.

[0022] FIG. 3D. Bar graph showing the difference in the number of mast cells
between different genotypes. The lineages are isolated by FACS from tumors of
Krox20; NfF™1* mice transplanted with NfI™" BM.

(0023} FIG. 3E. Graphic presentation of phenotypic evaluation data of various
bone marrow —derived lineages using fluorescence cytometry. Bone marrow (panel
1) and tumor cells (panel 2) were isolated and sorted for EGFP+ CD45.2 positive
populations. Tumor associated CD45.2 cells were further separated to identify mast
cell (panel 3), macrophage (panel 4), B-lymphocyte (panel 4) and T- lymphocyte
populations. The proportion of each hematopoietic cell population within the tumor

is indicated.



[0033] FIG 5E. Bar graph showi ng mast cell Nunber/HPF plotted as a
function of treatnent wth and without Imatnib nesylate. [0034] FIG 5F.
Bar graphwehoswmgiarhe nunber of Tunnel Positive Cell s/ HPETfiSoww®d8sa6 a
function of treatnent with and without Imatnib nmesylate. [0035] FIG 6. M
scans of a patient with plexiformneurofibromas before and after treatnent
with imatinib nmesylate. [0036] FIG 7. Utrastructural analysis of dorsal

root ganglia hyos4y angiiGsskO i ] TAcsmd, X, Panel s
500 500 X oy NG S0 ek MR OB 6030 Athuel BGLT vl FhGS IR | O
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expansi on of metegn n Scrilgf[ﬁ A g%llsc&)s?%:fetge %ﬁf %Sé:aglkgfg ioaletﬁ? fe%/e’)cg‘()el lﬁ‘ﬁ& "bundl es;
(M indicateslimeages.cells infiltrating the tunor. [0037] FIG 8.

Phot om crogra f tiss e taken frommce. These images illustrate
the identifi cg{ﬂfzéﬁ ott‘"’lfﬂ i ?‘g{%aﬂéﬁ?ﬂfﬂkﬂr"éﬁﬁ@“&§Wrﬂaal¢b@1@#.a%ﬁr§t¥lpa i mages
and di ssect i onf fihe 8PS lis dhetwes of a Krox20; Nl fl oxJfl ox nouse and Krox20;

Nf f ox/~ nouse inmaged at 9 nonths of age. [0038] FIG 9. Photom crographs
of a tissue sdMBfbs d¥Gi M whatograhe ootn thepsrial aprad sthdwdorsal 196 Xfand 600X

RGN {1 Gat i 0Nk, 1P P PO Heplh e VPE BB ouk @I v o YancBl - Show g

genotypic identification of ) i ndi vidual “myel o d progenitors isol ated
from bone nar AsWvidirads idenidly dwreefs irmasedmalNferfeb.ox/ f | ox reci pi ents transpl ant ed

wth Nfl +/~; e [ QWV.. ] I i i cat]

pl exi form neu#%’g\:’oﬁg' ﬁ%’?ﬁi@a‘f)ﬁ’ﬁés&%ﬁ& %%EL? %gaggﬁ%@d&%i%%g%ﬁ on of

spi nal ner ves with dandtreeliad differifig gonbtypex nmouse and Krox20; Nfl ox/ ~ nouse

i maged at 9 ﬂfz?ﬁ oi‘, ggﬁ) [}ﬂ%ﬂ% FI(% HB. Graph.show ng.the jmean . intensity
of FDG PET fraiPhe SLFatP. TheiomepLgl sRTamUiRe SFRIGES PRIOPFROTR | b ox/ -
and Kr ox20; Nf fod®X4rg1i® ¥ndir6Amal PRARJerel 6F K#d%20; RIF G mapd1SangplartétBwith
representative dissections fromthe dorsal root ganglia froma Krox20; N b

ox/ b ox mouse MPafeNI1y WYGMRIABLDHTNf| o: / mice with PET positive tunors
(Panel's 2-4). [0029]  FIG.5A. PET images illustrating effects of treating of Krox20; NfI"™*"

mice with imatinib mesylate.

[0030] FIG. 5B. Graphic summary of changes in mean FDG-PET intensity
after a 12 week treatment with imatinib mesylate or PBS.

[0031] FIG. 5C. Graphic representation of the data collected by dissecting
certain peripheral nerves.

[0032] FIG. 5D. Photographs showing histological analysis of the Krox20;
NP mice treated with imatinib mesylate or placebo.

[0033]) FIG. SE. Bar graph showing mast cell Number/HPF plotted as a
function of treatment with and without Imatnib mesylate.

[0034] FIG. 5F. Bar graph showing the number of Tunnel Positive Cells/HPF
plotted as a function of treatment with and without Imatnib mesylate.

[0035] FIG. 6. MRI scans of a patient with plexiform neurofibromas before
and after treatment with imatinib mesylate.

[0036] FIG. 7. Ultrastructural analysis of dorsal root ganglia by transmission
clectron microscopy. Panels 1-4, 750 X, Panels 5-8, 1500 X. Panel 1-2 proximal
spinal nerves from a Krox20; NfP°* mouse transplanted with WT BM; Panels 3-8
proximal nerves from recipients transplanted with NfI *~ BM. (U) unmyelinated



[0043] FIG 12 Evaluation of apoptosis in plexiformneurofibroms using
TUNEL followng treatnment with inmatinib nmesylate or placebo. Representativ
sect i ons Wwoanwpilsesi7f or m neur of i bronas treated with a pl acehs2aonyssed (| eft
Panel) or imatinib nmesylate (right Panel). Arrowheads indicate TUNEL
positive cells. [0044] FIG 13A. MR inmges, head and neck. [0045] FI G
13B. Panels C, D. Axial MR T2 wei ghted sequence inmages; before and after

mont hs of tregkamnisWnkiakdREiAlibn FE @x&dﬁ?&ﬁﬁpgfﬁgéveﬁlﬂom{e%&%@& ify

Corresponding reference nunerals are used to Indicate corresponding parts
t hr oughout t heokagorbundles; (Misndi@ET MaptER DESIBRITEThONT00047] The enbodi ments
of the presen nd/ e i 0 not .intended to be_exhaustive
o oottt HEBTPaciHaG: BOPRGbRERAAGHEY LS hnit ThENISH iien TR
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Ani mal s nodel Kr6x20; NAFfT Ot6usd 486 &9 hanes Jggyen to be very effective tools
for developing an understandi ng_of the nodel ed di sease and perhaps as

g. € | \
i nportantly, {Y8Hev&lGpPnd haﬁ‘?ﬂn‘{r‘é%'_?ﬂhﬁg’fﬁe%s‘i?aiagpﬂeélséa“&ﬁdylg‘%ﬂ’é@l%ds f or
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that purport to enable the dissection of ce aut ononmous and non-cel |

aut ononous coti@d3Pbut Fis14. o Gelishowintegeapopisddentifieaion ALY of ondbvidiet abl e
prom nence. R'nﬁr%fo?d’ Eroi&ﬁtgl's' ﬁXla&lli' SfanP o ?rfaﬁ’o?/egf X‘%ﬁi’&teﬁ XE@RPAALMMG MoUSEe
t 0 “humahs -and t suc

t unor nodel e significance o experinment’al strategies
can only be apgimoistanshlimed wié EBHt &tWobona nekremr and verifiabl e

physi ol ogi cal va t he man di sease state. [0049 ingly, a

cardinal pri né‘iﬂgbﬁ i ﬁﬁbij’%é @8’3&%?%& og#p??‘%sﬁ% nglgﬂﬁbé?&‘?sel&ﬁ!%'éga%ﬁ‘gt

mut ati ons of FEIEFENimdped aculigsctioabhymys nbeedesatoprVififhaosarmsd t i ssues

as the human tunors. Furthernore, {he m)uie tunors used to nodel the human
t

di sease shoul & P8t uMePss iPREFIHE AEIMBA_IASEype in a credible series of
[0041] FIG. 11B. Graph showing the mean intensity of FDG-PET from the

sciatic nerve region of interests in Krox20; NfF"™" and Krox20;NfF"**"** mice.
[0042] FIG. 11C. Photographs of the representative dissections from the dorsal
root ganglia from a Krox20;Nf"™/"** mouse (Panel 1) and Krox20;N; Ao mice with
PET positive tumors (Panels 2-4).
[0043] FIG. 12 Evaluation of apoptosis in plexiform neurofibromas using
TUNEL following treatment with imatinib mesylate or placebo. Representative
sections from plexiform neurofibromas treated with a placebo control (left Panel) or
imatinib mesylate (right Panel). Arrowheads indicate TUNEL positive cells.
[0044] FIG. 13A. MRI images, head and neck.
[0045] FIG. 13B. Panels C, D: Axial MRI T2 weighted sequence images;
before and after 6 months of treatment with imatinib mesylate respectively.
[0046] Corresponding reference numerals are used to indicate corresponding
parts throughout the several views.

DETAILED DESCRIPTION

[0047} The embodiments of the presented and/or described below are not
intended to be exhaustive or to limit the precise forms disclosed in the following

detailed description. Rather, the embodiments are chosen and described so that
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cel lul ar and nol ecul ar outcones. Provided, adequate care is taken when
desi gning the experinent and interpreting the results, nobuse nobdels have
been succweshu/isg44ased to study tunor devel opnent in humramaiS20000488%anpl e,
genetic nodeling is especially fruitful when human tunors are the
consequence of a genetically inheritable trait that can be reduced to a
single gene nutation such as in the case of Von Recklinghausens's

Neur of i br omat I ion teach
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human di seasesodly ﬁat dedlbping eni GRldrsandihf of igs ndeléd Htseaspadhﬂlpbﬂiaps a@ni mal
nodel are shown to hav efflcacy in the treatnent atie
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Reckl i nghausersghosiMaU iredtinBr.0@8 Pt éntihs ik BONWIEIGRNE Mlusing HRAels tHar t he vast
majority of cases it is manifested by a germine mutation and conplete
somati ¢ het er 25pgBsPtpabe] thowissecign £T resh eaufosemowst ande peit-estly gbaiompus n cel |
types that enogpdabuihe ! BhaRt ¥RfoplRAl hER! hirof SechliabdMie fbafRsg: Al most
invariably in this disorder, tunDrs devel op 1 n the peripheral nervous
system of the Regorr@tstssdlttpmrméhbe exuerend whessextragdlaiigigemouse duyeast medet itd t i cal
role for Sch el f f

poster i or i i nearags et A8 s Sl S Bl Skl ol Hoif BB
knockout nousén tiedeitext bfis clp@rani variftabphgsicpgicl talevageltethicdnmed dibfake has shed
light on this process h t he physiologically relevant context of gl obal

het er ozygosi t J**“t hese studies reveals that the genetic bottleneck for

pl exi f or m neuney4ppr onRcdrEnEBL 4 @atdinklkgnipld BSmowe tni@elinPSst mnamrcbncer

het erozygosity in the embryonic Schwann cell |ine The h| at hol ogi cal
anal ysi s of t EeRBeY fé}ﬁtomgtaﬁl@sxﬂf releent groleriiarshathvays g%ﬁfﬂe@r’ﬂ 51% hunan

tunmors. [0051 yds,Ihes ﬂ@%ﬁlaﬁftunﬁmys?u&?eﬁ%kcﬁne €S hu$noRs Gdell td ﬁ@helrtaé e for a
m croenvironnent that could, in distinct genetl c configurations, be ei t her

tumor perm ssihvean diseaseshould secapifate thenkunenat Rhepetypec it @ credible pgries of
het er ozygosi t \éel%s&h&j ‘ranoﬁel&?lar outcomes. Provided, adequate care is taken when designing

the experiment and interpreting the results, mouse models have been successfully
used to study tumor development in humans. For example, genetic modeling is
especially fruitful when human tumors are the consequence of a genetically
inheritable trait that can be reduced to a single gene mutation such as in the case of
Von Recklinghausens’s Neurofibromatosis.  Accordingly, some aspects of the
instant invention teach a mouse model suitable for minimizing some forms of
neurofibroma formation in humans. Perhaps the best evidence that an animal
model for a given disease has efficacy in developing treatments for the same or
similar diseases in humans is to demonstrate that unlike many animal models for
human diseases treatments devised on the basis of the particular animal model are
shown to have efficacy in the treatment of human patients.

Development of a Mouse Model for Neurofibromatoris

[0050] Von Recklinghausens’s Neurofibromatosis is a single gene disorder. In
the vast majority of cases it is manifested by a germline mutation and complete

somatic heterozygosity followed by a rare loss of heterozygosity in cell types that



Schwann cell lineage is required for tunor formation. For exanple, mast
cell infiltration into peripheral nerves appears in these mce nonths prior
to the apyoear@avisesdef tunors, but not in the non tunori geairashiow/owsssd type
ox/ ox) genotype. Mast cells have been observed in human neurofi bronas,

al t hough in the absence of a nouse nodel, exam nation of a functional role
in tunor devel opnent or mai ntenance could not be directly studied. It is

interesting tgq, dﬁéﬂﬁ& thd ?tEreBtpﬁc n?a‘ﬂﬂ’és’iﬁ'gﬁsn&f iR aidde hﬂﬂlogt' 1Q§Ma§)fp{qh Qpey has

been replicate th additional Cre transgenes that e neural crest
Schwann cel | |disaulaydurhere dedlapgingke paiphéral @reus PGtEr of @ndffbactbp(atﬂemn

i nduci bl e PLPy{r tigglgssglfd?% s%r%"g{]la%plﬁcaflu i errSc %la}ug% S b tglénﬁgl?lggo{]m ng

het er ozygosity o Wann-cert i neage.
ti ssue speci f iseffe@rfgorh rrdmgemes pdgerivai mfazﬁma@uto idiﬁ pq)ﬁaeed‘mg Elepit. t hsat tunors

may develop in ype .envi r onne nder .caontrived ex eri

condi ti ons. ﬁ%‘?aadét&ma%é © Tt’?’P‘I‘Sfénogigltfﬁ%{lpeg?légst’tss?ﬁgﬁci‘ﬁ(i ¢ "(ti’r"Bmg& ers that
have early, V\Ahdeesztéﬂe@dt o Ktfs p@ba;st Iﬁ”ﬂW}ﬂ@/ﬁblé@malll}ere%béﬁrcﬁﬁteﬂ)’cﬂe%waﬁs| a of

t he peripheral nerves even mb ox/b ox mce, althou | ess_ so an in the

mce. [0052] RESWPYEOsiEy, Jheseuliesetensaly (el dis pepetic tbﬁ‘éanftChefOT ledP™Mpdel s

depart from t Rgupidishe! Bha#dh Blelyudtd &N thd 166 FNN VKR MFdosinh iftheh LOH i's
such a rare stochastic event that a nullizygous enbryonic Schwann cell

precursor ari smhgopia Senatcelblingage. alhehistepagholagicabiinabysly ah thagperumprs as
m croenvir onngﬁmg)pnglgtyr@ug Hléwﬁ&?gatkg%an g;gl%§semuse nodel s i ndi cate that
y

an i solated nu gous poc et o I's gain a significant selective
advant age by #954ay enﬂ"hsyp@vvegy ofii tdousee(gennttcedrdwalermzyrgwab mistfoced | s. One
interpretation.of these r %H}g ‘;‘:11 StlS [ ent rpf g StDa tluéSthr

hyper pl asi a i F'FOBUEPEFE MR §P fle @éngnﬁ?nﬁg‘f COH TS OF SFE PO

nonphysi ol 0gi @emiiBsRE Gdtbr k’RanOf THYfdhta imti¢atethatyN il met&bhmmw asdideshdut al so
an additi onal | | OSﬁ_ in additi 0%6?I i neages that may overcone

barriers of i SETARBFeL AMeageogIHIRe (ProfmoF depgetion Fot Fxample dpagt ¢ ﬂﬂ with

peripheral nefyRgardNCind BerfBRP 26 e hppeaR WANhe&e hice, mendotpiet italtheel | s,
fi brobl asts, degranul atl ng inflamatory mast cells, and gerl c%;,];xﬁglvascul ar

smoot h nuscl e apREATaBCE( WISIATROFS, A1 9bAR At NP teaonigsie @ nwil An Nf |
condi ti onal kg%lﬁ%g.t MRS s ARA®ken observed in human neurofibromas, although in the

absence of a mouse model, examination of a functional role in tumor development
or maintenance could not be directly studied. It is interesting to note that the
requirement for Nfl haploinsufficiency has been replicated with additional Cre
transgenes that target the neural crest Schwann cell lineage including periostin-Cre,
PO-Cre and tamoxifen inducible PLP-Cre. These observations further validate the
need for Nfl heterozygosity outside of the Schwann cell lineage. Data gathered
using tissue specific Cre transgenes do not rule-out the possibility that tumors may
develop in a wild type environment under contrived experimental conditions.
Indeed, when we utilize neural crest specific Cre drivers that have early,
widespread, and robust expression, we observe hyperplasia of the peripheral nerves
even in "/ mice, although less so than in the #* mice.

[0052] Results disclosed herein illustrate that the latter models depart from the
physiological situation in humans with NF1 in which LOH is such a rare stochastic
event that a nullizygous embryonic Schwann cell precursor arising in isolation is at

a relative disadvantage in a microenvironment to develop into a tumor. These



confirns retrospective studies fromhuman tunors, denonstrating that Nfl

| oss of heterozygosity (LOH) in the Schwann cell |ineage appears to be
necessar ywbuoowias44guf fi cient to elicit neurofibromas. APCTA[SREM0AEESSE unOr
progression requires conplex interactions between Schwann cells and Nfl
hapl oi nsufficient cell lineages in the tunor mcroenvironment. Thus, in a
Nf I WI background, Nfl nullizygosity in Schwann cells nay be necessary but

not necessari hyougdtnbidd §ilikart haCAUSGabHNREiZ 8{5%&6‘9&’ ce@%air{ g Egﬂihga%t
f S cels app

characteristic of tunor formng heterozyg arance of mast
cells in peri gHlestine adeariags bedpbarent syoergn eeth obcrbitadohetaienyedw pnasnicells.
Additionally, A.n .Vl L m xi ng Sc nn, cell  condi ti aned nedi a
and mast cel | sd K éﬁ%ﬁgﬁﬁtgﬁg?éﬂﬁ%éﬁgéﬂés S|gr\}t| \f’l];/lh % lshtg?tcel}yB?? 3ts" mast
cell's to condir¢tiusin€ct medlated facombinationi mydpbueflSthwaomphydblogic wildspreait Wi shi ng

to be bound by an peci fic. theor pot hesi, zed del, for. .th
formati on of ?‘?88%1\1?&768%0“ 1y ﬁ%?%‘,c\gﬁ%ﬁ‘éra sgjap gd ‘Pnaﬁ@ﬁglf)ﬁf’zlﬁ)ég‘{lgo‘ﬁﬁst cel |
infiltration ohedqgeeheaplyasticémPBe biatiekakistlelcy eorand associ ation with Nl
nul I'i zygous Schwann cells contrjbuting to tunor devel opnent. [0054] The

finding that dY5ptivaerobhromes form retassasialign wathnperiphedb meyey aBd & nar row i s

sufficient t0.G6R8d abe Wirbnd N:11s e ndaRrial Ubdis 2 YEIRLRC N GELY | | neage
specific ablation to induce tunor formation, in an otherwse W

envi ronnent , slggentosy phsitceliend peyigytevaserlarfsorootiapiseleresilf (ViSd@nend r esi des
in bone marrow,dapiyed &k e?]lec?e:ﬂ&si@.m Aﬂmhﬁﬂ%@ﬁgtioﬁﬁl l_cr'atcg&ﬁfsmcﬁxg{e”}godef‘ these

tunors. In addition, “the C requirenen or c signaling I n the
donor bone narcordismamnctrospeetivendtudidsriatm bwmaf towoy dénednstraing gloa Nfhkss ofel |s into
t he incipient, periphe r.ve t rs strongly supports the hypothesis that
this conet it uPBERRRHAAIN BestiRah Shobade siuRE8 e Bt o e o
central role kifficiesitto ekdif net@ibloaasent repouted| thadk p@Eresshvequires cahplax and

Qnmas ecrete kit-Iigand

fibroblasts, two principal onent s ur. of i ,

in response t &5 ’Qn%lg‘?tg’éffne & mﬂsumgﬁﬁf%@!%w? C,le“é!célbgf‘@éesk‘in_ttgq i gand
MRNA t ranscri pinforNaiRePERAmERP OTHue dini HYNIFE WO bhdRERIR, INfS ShBizgadity in has been
reported that NFl patients have elevated levels of kit ligand in their

serum | n preéFlivamggells may) ke neeasspryi iyt ek presserilyapp st 4p) Sresg eymor

formation. One reported characteristic of tumor forming heterozygous mice is the
appearance of mast cells in peripheral nerves well in advance of tumor
development. Additionally, in vifro experiments mixing Schwann cell conditioned
media and mast cells demonstrate a hypersensitivity of Nfl heterozygous mast cells
to conditioned media from nullizygous Schwann cells. With out wishing to be
bound by any specific theory we hypothesized a model for the formation of those
types of tumors, comprising Nfl heterozygous mast cell infiltration of preneoplastic
peripheral nerves and association with Nfl nullizygous Schwann cells contributing
to tumor development.

[0054] The finding that adoptive transfer of heterozygous NfI ** derived bone
marrow is sufficient to cooperate with the resident nullizygous Schwann cell lineage
specific ablation to induce tumor formation, in an otherwise WT environment,
suggests that the requirement for haploinsufficiency resides in bone marrow derived
cells but not the other cell types found in these tumors. In addition, the genetic

requirement for c-Kit signaling in the donor bone marrow and the infiltration of
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phar macol ogi cal agent was thought to act by inhibiting several tyrosine

ki nases including c-Kit. [0056] When tested for efficacy against

neur of i brworeoewmissdarouse nodel for the disease, |natinibPogdskewo4ssthi bited
an unexpected efficacy. Admi nistering therapeutically effective doses of

t he conpound has a dramatic effect on the reversal of neurofibroma

pat hol ogy. Treatnent with imatinib resulted in the di sappearance of mast

cel I's from t hgoR§ HeRRESSlus MLV &35 iflo Y 1Eﬁgt§nt;§eeﬁigﬂ§9 Wenuﬂl%stsstrgrgég? ound. In

addition to extending inh vitro studies nstrate c- ated

i nteractions SEpREe ke NRrotissis Whiiscenstigutesrncabret isteoaetigrous mast cells, the in
vivo studies igpafif LSl St ] t. for imatinib nmesyl ate
responsi ve t ur[rDr #mi #gnoglﬁlgzr%é%ggaf]r g#}é&aﬁgg% Brmeshe ngrffT%etl?%rheng mast
cells in tunofugterel Gohenin |Sllanaalct fitreblastgatwd pesimit ¢lhompdasits cef | s

rel ease nediators..of infla t.ion i.ncludi ng histam pe, serotonin,
pr ot eog| ycansPe‘gﬂf&br?@?ﬁtosf?rf’tgnlgt'g%alﬂgslgqﬁg?‘i’_ﬂ’get ¥ ey \fgft%‘?r?fﬁ %’Fn“(t?’he%ﬂ’f gh
affinity |1gE eeagié,elevitbCERliyand RN A Grasisckpth hivRaRE Rportddul h&iLsMdsRa MBSt

cells reportedly re|l ease VEG-, an angi ogeni ¢ factor that is al so a potent
i P\lA @E%s,bempw?m NE1 pRtiepis s claied suRnahkt BEPAET VEGE has

proliferative,

al so been |inkeg tsguah angi EeRHical SWalsC Nmbhhib UARE1HOT TRt EDR-apbicdad | Y, mast
cells also release PDG--b, a growh factor that pronotes pericyte and
fi brobl ast pr 8harmasodesgicsh agemhvay Grught tg a9t byuirhibites ogverah stroshreokinases
fibroblast pr g{cing{ tgen and collagen synthesis. Imatinib nmesylate and the
tunor m croenvironmment . [0058] An inportant question in the context of
neur of i br omas [00§6howVden et foradffisicy agapet Evefibidnia iBemwmnamodd] ife tho el icit
tunor formati qn? Data present ed h t ot he({m.c.el . types in
g ating xﬁx 1n1tst8r1n

1S€3s€ }m b sylatg e rbeti g ainndrile%aéc]?_% L icacy. . A

the tumor needi*t ’necessaf‘ﬁ% Be“REr er ozyﬁoug. WeVERY ity 0 ar | y to
assert whet herhetdpeuticaily dffettitel doges Nf the behporund gLt am@Rteffealoh therreversal | y act s
reciprocally op the nullizygous Schwann .cells to praqnote %um)r formati on or
al ternativel yOaN‘é‘E‘#@FOIP%mﬂK W i?ﬁ?aé‘?ﬁ%{%t"‘i‘@dm\%ﬁ"i‘hfisglé%lmélter YRPEFA°Addi t i onal
cell types al $pmBétREl& fror MelRAFIRA WBRESIn AhRndlLetdted v thidlcehpRaiani es for
tunor induction, A better understanding of additiaqnal paracrine,
i nteractions #idiigmto extending in vitro studies that demonstrate c-Kit mediated interactions

between NF1 Schwann cells and heterozygous mast cells, the in vivo studies

identify a persisting requirement for imatinib mesylate responsive tumor

maintenance.

[0057] The role of inflammation and mast cells in tumor development is an

active area of research. Mast cells release mediators of inflammation including

histamine, serotonin, proteoglycans, and leukotrienes subsequent to activation of the

high affinity IgE receptor (FceRI) and the c-kit receptor. Furthermore, mast cells

reportedly rclease VEGF, an angiogenic factor that is also a potent proliferative,

survival, and chemotactic factor for Schwann cells. VEGF has also been linked to

an angiogenic switch in tumor formation. Finally, mast cells also release PDGF-§,

a growth factor that promotes pericyte and fibroblast proliferation; and TGF-f, a

growth factor that promotes fibroblast proliferation and collagen synthesis.

Imatinib mesylate and the tumor microenvironment.

[0058] An important question in the context of neurofibromas is how do mast
cells cooperate with Schwann cells to elicit tumor formation? Data presented herein

indicates that other cell types in the tumor needn’t necessarily be heterozygous.
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neur of i bromas and how they may influence tunor formation and mai nt enance
await additional study. [0059] hi addition, genetic results reported herein
and in preoi20es1ss4a7vi tro studi es denonstrated that i matiPeiTluSceophssse
inhibits nmultiple Nfl +/~ pericyte, and fibroblast tunor pronoting
functions. Again, the absence of requirenent for heterozygosity in these
additional tunor cells, do not rule out the possibility that the ability of
i matini b mesylghRyvEi GAYS Barky 18 2l U ESRL AL BE1b NS HERY lusi vel y
caused by its i_nhi\Tblltory aé{yi viatsy on mgst 1cel I's. Tﬁe ooIZP &fﬁ’g“%f}lgot hesi s
is presented [PyMARY @fs reciprseibavh dhe avilizygoes Bihwanmtcplntot prembectumohat
treatment ! obifof QPGSR ShefSr WIbLNLBARSY e IdBUYEER, LWor s TS an
aspect of the invention and 11T no way epené‘en? on the Veraci y "of any

gi ven t heory oeddigupl aclhtypenalpr pfebent ddthiese @mosst dre ngfuisite iarplediariestfor s resul t .
I matini b nmesyl ate .and.co nds of the s .or simlar. fam.ies of
conpounds nay tlf%?rtlﬁclputc%%ns {T‘ngﬁﬁ iuﬁ(?efsmé’gH‘igto?gﬁd:}l'fonﬁﬁ‘?ff%m%{“ﬁéarcuﬁlgt‘%‘ﬂ?‘? ally
critical tunomegdfitroib@ndtiéw thdyl B8y influeidde rurhoimatinl anldyR&Gtendnoé :
instance, in addjtion to inhibiting c-Kit in mast cells, imatinib nmesylate
may decrease éW_@’i%‘B’éWé‘%ﬁ%“Wi a PDGFR and reduce fibrosis/collagen production
via c- Abl. Adglishj onal aidiMest deldic REIB¥pHRAIRAM B it PrdvireliN8idhese
critical and fascinating scenarios, in tﬂe. interim one observation is that
an effective ddiss dememirated dhapbndiantcmasydate inhipye mpudtgple 441 ometigyte ed npuse
model for neurgf] LD pat hent sqpafbida kbRt ogdi tions
such as pl exi lord%ﬁﬁgl%fﬁg%%gglsg. ngﬁgabpnhc}é?%&g’itggia%h%ngﬁal%?g%dﬂg%ag-Ck)f?t reduces
tunor size andictomiydosilyiip thest additiopal tiloG6B]ls, o nptouledst thivaessibiiyy et thsed t o
practice the ppesent .invention jnclude conmpounds of roula 1: (1) wherein;
R is 4-ryraz ia{éf?/lfy; oﬁ-“rrrl%ttlrﬁt;)llmesﬂéltepyor rc%lfsfll t; © arﬁgﬁss{ono(r)f gl(r%nnog%-rﬁ%gv\gét ?)e

al kyl subst i t utedugieBnabsed b éts @hibitbfyectvityron ngasoaefls. | Thecfaltdwisgbypothssid r ee,

al kyl ated or acylated; | Hindolyl. or |Hj nmdazal onded at a

five- menber ed ¥ fFF@mE‘ngﬁY Sm}ﬁ“%ti?n ﬂﬂgﬁbiélt’}t%tiﬁ’t’g‘f‘%‘?%"é&é&‘“&‘f"@?“-@% bstit ut ed
pyri dyl bondedompouddd éueH a€ b eSmtertduds indsd istabl bgctQrT tisliedntionit ed at
the nitrogen atom by oxygen; R and R3 are

and in no way dependent on the veracity of any given theory or explanation
proffered in an attempt to explain this result. Imatinib mesylate and compounds of
the same or similar families of compounds may fortuitously inhibit additional
and/or other potentially critical tumor promoting activities in other tumor cell types.
For instance, in addition to inhibiting c¢-Kit in mast cells, imatinib mesylate may
decrease angiogenesis via PDGFR and reduce fibrosis/collagen production via c-
Abl.  Additional investigation may be required to resolve these critical and
fascinating scenarios, in the interim, one observation is that an effective dose of this
compound causes tumor regression in the mouse model for neurofibromas and in
human patients affiliated with conditions such as plexiform neurofibromas.

Pharmacologic inhibition of c-kit reduces tumor size and metabolic activity.

[0060] Compounds that may be used to practice the present invention include

compounds of Formula 1:
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each independently of the other hydrogen or |ower alkyl; one or tw of the
radicals R4, R5, R, R7 and R are each nitro, fluoro-substituted | ower
al koxy orwe 20@dissal7 of forrmula Il -N(R9)-C(=X)-(Y)n-R @CCiuSpooomissssei n, RO
i s hydrogen or lower alkyl, X is 0x0, thio, imno, NIlower alkyl-imno,
hydroxi m no or Ol ower alkyl-hydroximno, Y is oxygen or the group NH, n is
O or 1 and Rois an aliphatic radical having at |east 5 carbon atons, or
an aromatic, aromatic-aliphatic, cycloaliphatic, cycloaliphatic-aliphatic,
heterocyclic or heterocyclic-aliphatic radic®, andifhe remaining radicals
R, R5, R6, R7 and R are each independently of\the/others hydrogen, | ower
al kyl that is unsubstituted or substituted by f or al kyl ated am no,
pi perazinyl, piperidinyl, pyrrolidinyl or y iny , or |ower
al kanoyl ,trifluoronethyl, free, ethbyifed ed Kydroxy, free,
al kyl ated or acylated am no or free arboxy, or of a salt of
such a conpound having at | east one |t Aformmg gnhoup. [0061] The
conpounds of Formula 1 are geneth y a;§—5n¢0|flcﬁhly di scl osed in the
patent applications US 5,521,184, “in\particulayin the conpound clai nms and
the final products of the working ex BWs, the subject-matter of which is
herein incorporated by reference i ts entirety. In the above definition
of the compound of Formula 1 the raddcals and synbols have the neani ngs as
provided in US 5,521,184, which is incorporated herein in its entirety.
[ 0062J For the purpose of the present inventjon, Imatinib may be applied in
the formof its nono-nesylate salt. |matinib’nmono-nesylate can be prepared
in accordance with the processes disclosed in US 6,894,051, which is herein
incorporated by reference in its entirety. Conprised are |ikew se the
correspondi ng pol ynorphs, e.g. crystal nodifications, which are disclosed
t herein. [0063herchy 3dm4rpywmybdtr%et%yldalrnmoab%mr ohupifedveakY 200 and
about 800 ny, e.g. 400 of the nono-nesylate salt of Imatinib is
adni ni st ered @u@tltuyed phﬁ'gr? ivhetsintheamine gipup irecaglepse s figgrllyladedered i n dosage
forns as described in US 5,521, 184, US 6, 894, 051, US 2005/0267125 or
W02006/ 121941 acyddtéd; oH-indrild for blﬂérnidnaml;bon@ﬁ@ﬂa fiermémbered ririgaarbornt i r et y as if
each were separately incorporated. For additiona

atom; or unsubstituted or lower alkyl-substituted pyridyl bonded at a ring carbon

atom and unsubstituted or substituted at the nitrogen atom by oxygen; R, and R; are
each independently of the other hydrogen or lower alkyl; one or two of the radicals
R4, Rs, R, Ry and Ry are each nitro, fluoro-substituted lower alkoxy or a radical of
formula II -N(Rg)-C(=X)-(Y)a-R1o (II), wherein, Ro is hydrogen or lower alkyl, X is
0xo0, thio, imino, N-lower alkyl-imino, hydroximino or O-lower alkyl-hydroximino,
Y is oxygen or the group NH, nis 0 or 1 and Ry is an aliphatic radical having at
least 5 carbon atoms, or an aromatic, aromatic-aliphatic, cycloaliphatic,
cycloaliphatic-aliphatic, heterocyclic or heterocyclic-aliphatic radical, and the
remaining radicals Rs, Rs, Rg, R7 and Ry are each independently of the others
hydrogen, lower alky] that is unsubstituted or substituted by free or alkylated amino,

piperazinyl, piperidinyl, pyrrolidinyl or by morpholinyl, or lower alkanoyl,
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di scussi on of these compounds pl ease see, for exanple, U S. Patent
Application No. 11/815,046 now U. S. publication No 2008/ 00114001 Al

publ i shedworromnsssB, 2008, which is incorporated herei nPoJ/usedoRessse in its
entirety. [0064] One especially useful conpound for treatnent of disease
that are thought to involve tyrosine kinase activity is the conpound
imatinib nmesylate (4-(4- o S

met hyl pi per aziglsath ,I,QY%e,)éﬂll\é'ﬁ[ﬂéd PGkt &rﬂi}(, XL 'aﬂéprﬂfeﬁ_oy Jaged! ! M di n- 2-

yl am no) phenyl | - benzam de mati ni b can, g.g., be prepared”i n accordance
with the proc S @i i 3 6613. e phar eutical

accept abl e SaS§E§¥”g%§8%%%§§ﬁ% ﬂ¥§af%§f?%%§fﬁ§§ff§ B %ﬁﬂngﬁqf%gnula 3 as
foll ows:. (3) ng@%h.lqatinib nesylate is a potent inhibitor of the c-Kit,
PDGF- BB, and C-abl tyV'6ePRe ki nases. This conmpound is marketing in under
the trademark profected nane vec, |t has been proved in the United
States for thé&%ﬁtap ﬁfowoupgtogﬁ?@%me ggopd w@@mﬁcaﬁws?lw yo
According to thepabiat g@n@éﬁo@wsis,!stznﬁsmne@a&ﬁdmhw&e_csmwngléladhd AR-HOV) the
initial recommended dose | evel 1n adult human patients in 400 ng.

adni ni st er ed tfplcRroday 9f theneodsingugiamplesr Bip subireamatigr ef mbichi ehceifisage i s
patient  speci ilcednftdty AR TRy DIk hdfbobE EiftoRloNGheRBshbhaR based on

various factors i'ncluding the patients weight, age, gender, age, overal
heal t h and r efponsi Vtheegdicalsgnt hanlthiugyve {he 068)ingres prdvided &t UHH,52F184he nouse
nodel is the | . | i iven this one cannot predict on the
basi s of nnus§m§¥E%P§§&%%§ﬁF§%&$%?§§i“?unors m ght be expected to respond.
However, thesgooo2lul fFsr the plrpbdearf theusesendaehtiat, fnatglitymsyiyggpticd mahe t r eat ment

wi th these conpounds can and will have a beneficial effect on humans

af f ect ed mﬁthggghﬁgﬂﬁnﬂP@?“ﬁﬁﬂ%?Fﬂhaﬂn§6$€dPWmﬁ8?%ﬁﬁi?mﬁVbBFWg§r§’cones
from the unexpewst®adey witBOthe! fBtdstes Wiiebsedtiai U6 BvEdF 1] raathiTeNtheadin a human
patient with imtinib negélate successfully reduced the size of the tunor

in the human paeerted ygefstepcer) syt SePPEsrdRroikedig heotomesPPrdiag i on, the
following dis g@%%s,ie%_ B Qhifesdpbai JRERKiLIES ARAGRE MGt he cel lul ar and
nol ecul ar mechani sis 't hat “underli e
[0063] In adult patients a daily dose of between about 200 and about 800 mg,
e.g. 400 mg, of the mono-mesylate salt of Imatinib is administered orally. Imatinib
mono-mesylate can be administered in dosage forms as described in US 5,521,184,
US 6,894,051, US 2005/0267125 or W02006/121941, all of which are incorporated
herein in their entirety as if each were separately incorporated. For additional
discussion of these compounds please see, for example, U.S. Patent Application No.
11/815,046 now U.S. publication No 2008/00114001 A1l published on May 15,
2008, which is incorporated herein by reference in its entirety.
[0064] One especially useful compound for treatment of disease that are thought
to involve tyrosine kinase activity is the compound imatinib mesylate (4-(4-
methylpiperazin-1-ylmethyl)-N-[4-methyl-3-(4-(pyridin-3-yl)pyrimidin-2-
ylamino)phenyl]-benzamide) Imatinib can, e.g., be prepared in accordance with the
processes disclosed in WO03/066613. One pharmaceutically acceptable salt of the

compound is imatinib mesylate shown in Formula 3 as follows:.
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t he devel opment of idiopathic cancer have undergone significant evolution
in recent years. The original notions that cell autononous events convey a
si ngl e ceWb20@/B8arcone its normal regul ati on | eadi ng t @Ciasedoopmssnt of
mal i gnant di sease, and furthernore the identity of the cell type of tunor
origin, are presently underconcerted reinvestigation. It is increasingly
clear that while a series of genetic and epigenetic events in a single cel
commence the trajectory toward a malignant phenoigpe, nost forns of cancer
include a co-option of a perm ssive nicroenvironqeﬁt that allows and even
pronotes the tunorigenic state which, ~jn accordapce wth this hypothesis, a
resi stant environnment woul d essep{iaIFVSpreclu et possibility of tunor
formati on. Anong identified Qon-¢&ll 3

per m ssive process of tu fofmat i
the | ocal stroma, and infl i 3
under st andi ng of the precise|order of|para :
i nportance, and the nol ecul basi s HN_t he ¥ unor i geni ¢ envi ronment
interaction, remains in i ncy. Howeve t he therapeutic uses of the
conpounds di scl osed her ei Nin no wa@ Iiniteﬂgsagﬂny of the hypothesized
nodes of action or proposed nol ecul ar etiol ogi es of "the various di seases or
condition that can adventurously treateg or controlled using the materials
and/ or met hods descri bed herein. [0068ﬂ hese data are consistent with a
role for bone marrow derived cells in plexiformneuraofibronma fornation.

These data al §§%hdi dnptadd mesyiatelis 3 PRISEIPREitY oLy cglfeiﬁéntq(?f'?ﬁ*ﬁnﬂicﬁbbn of the
c-kit recept owmye_ BRAYENThRI cofpolrRIAS _tmaﬁhfeéﬁﬁ%/ iP ek iy MdeRHairbREe®
formation in Nfl mice. These results indicate that Nfl haploinsufflciency
of bone narrowemeGlerec. c# has beawl apmoysdrin the Uaited Rtsics oo ferigratenpaf
activation of “kl tor - i ui i: 16 i ronnent
to aIIom1neur8%| ?gwgl%%%%&ggéﬁ%é?ﬁ%ﬁﬁﬂdaéng%%ﬁ?%g?%ﬂﬁgé?plel¥§ﬂis active
partici pants iGheatingtonsed Gramighidhnegud) itlhbemitial yeaoowendedhdesagevd iic atelt get s f or
human phase 1.2 clinical. tri.als. .[0069]., The inst i, sel re. vi des an
exanpl e of a r.})’H?)%I? 8%668%63&0'9 T%Iag’\%gﬁ er%fioh“é“ée flr% é?n?%% g%u?%ﬁ%g#)e‘gtécﬁg}gr t hat
provi des concrft®ive Ndbsget 8 patiear spedificeand to be determined by the prescribing

t ononou %g ributors to a co-opted
e neoangfbgenesi s, participation of
dl | types. The

interactions, the relative

physician based on various factors including the patients weight, age, gender, age,
overall health and responsiveness to the drug.

[0066] One limitation of the mouse model is the animal’s short lifespan, given
this one cannot predict on the basis of mouse studies how long-lived tumors might
be expected to respond. However, these results with the mouse model strongly
suggest that treatment with these compounds can and will have a beneficial effect
on humans affected with some tumors. Additional support for this hypothesis
comes from the unexpectedly good result when obtained when treatment of a human
patient with imatinib mesylate successfully reduced the size of the tumor in the
human patient.

[0067] By way of explanation and not limitation, the following discussion is
proffered. Theories concerning the cellular and molecular mechanisms that underlie
the development of idiopathic cancer have undergone significant evolution in recent
years. The original notions that cell autonomous events convey a single cell to
overcome its normal regulation leading to development of malignant disease, and

furthermore the identity of the cell type of tumor origin, are presently under
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interactions between a tunor cell of origin and the m croenvironnent.

Wil e, investigations using the nouse as a nodel for the human di sease
suggest s wWopowerssi4al therapeuti c approach for treating RETASRH00M0E8554
untreatable tunor by targeting the mcroenvironnent for tunor formation
rather than the tunorigenic cell. Because of the considerable cellular and
physi ol ogi cal differences between human and mce, the efficacy of using

conpound such c@ﬁce}téﬁiﬁein@i:ﬁﬁmy|Il.ai1é%&é&siﬁél?%feaﬂﬁ&r@metys%% 'f%gﬂ%%&f can only
be "proved" by successfully treating huians w ththe conpound. At least in
part because §DiggIfEC fventyyaherangs cetbeeaminerrg the Vraigetptyatewaidce maligeantibi | i ty of
imatini b nmesylgat t ' [tions such as neur of.i broma,
unli ke the si ua@f@g’ \t/Ivllr1 (t?sﬁ {oﬁﬁ?ﬁ@i cgéfl&{] h@glng%n%oél}n%)%? % ifle%lt eéﬁl(rg%lﬁ%)c

nyel ogenous | enikreenvaponmeny that atlowsoartdheyen oot ke tunefigelic gate agiict, amce. | n

CML imatinib nmesylate i.s.thought.to act directly on the |eykem c.cell and
amed At o mutlOEIRonT ePPEBty SedRbat Y Fitd SR B G B B0
(Bcr-abl). TheheBpossivhlity asfc agenefotadtion eV @lntpg didegified Shat @Ncautddorugh t he
acquisition of second site rrutadfli ons. . In contragst, it _is Jikely that the
principal if (IBTTRUEE Qi §eoRied PERRisIveapforest -« imeg cfRiraation cHe 201 mat i ni b

nmesyl ate on Nehsifdeh&Nis) PRSicibioAdf AR ol §BSm4; @hd inRiéhinaBon idngedREIE, on W
proteins for which there may not be a ready route for the selection for

drug resi st ané@es.[ Berroyleniending ef theipieeipd erder of onpinsdatcreionsithe s¢lafi¥d have as
mich as t enf OlflpdHadRLhnd MOIRILARMAEbE ik hinioddetic BRRAAENIAUAIRS! cel | o

than does imatinib nmesylate (unpublished results). very smal |l nunber of
cases have beesmaizsporinédcy. n Hakiddn {hatthesapestihusge ob thehcommeuiisckisclasethausens' s

Neur of i br omat 9sj n [ ' h ' ' r : .epal di sm
resulted fr om%%i?%c??reogﬁﬁi 09%\%5{??;6%“ ogﬁj %t Oq%-sﬁ?(% }“?‘féegé%?%#’ L Q%@@esg(gati ents
wer e report edntotechiac kticiegiesodt the onmeus dsvadeher cphditirsi thhtecaaxglvemtabushn f or t he

Sbetenone | Snuhth SIET R  PA Be ST B o e o
c-Kit and masfoee8] | S ThesenRiAr £¢ cérsREER: Witk BRble A5k Bohe bR wSderil &0k} inlhe
genetl c and o ko nomofibrom formition, These darh wiso imdicates they Pharmacologic
and genetic inhibition of the c-kit receptor may prevent or at least delay plexiform
neurofibroma formation in Nfl mice.  These results indicate that Nfl
haploinsufficiency of bone marrow derived cells and in particular those dependent
on activation of the c-kit receptor is required in the tumor microenvironment to
allow necurofibroma progression. The data implicate mast cells as active
participants in tumor formation and identify novel therapeutic targets for human
phase 1-2 clinical trials.
[0069] The instant disclosure provides an example of a physiologically relevant
mouse model of a human cancer that provides concrete insights into complex
interactions between a tumor cell of origin and the microenvironment. While,
investigations using the mouse as a model for the human disease suggests a
potential therapeutic approach for treating heretofore untreatable tumor by targeting
the microenvironment for tumor formation rather than the tumorigenic cell.
Because of the considerable cellular and physiological differences between human
and mice, the efficacy of using compound such as imatinib mesylate to treat

neurofibroma in humans can only be “proved” by successfully treating humans with
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di scussed here reveal inportant details about m croenvironnent
participation in tunor formation that have general relevance for human
cancer owei2d@/t5ka7cont ext of Von Reckl i nghausen' s Neur @Cirhrseomaioessss .
EXPERI MENTAL Material and Methods Aninals and Reagents . [0072] The Krox20;
Nfl ftox/flox mce utilized in these studi es have been previously described
(Zhu, et ah, 2002), "Neurofibroma in NFl: Schwann cell origin and role of
tumor envi r onRNontpoR, AP Ahart 420082l : b ox/ -
mce, we intercr ossgd Kr ox2 as ﬁ'ﬁa Pox/%F%axgﬁnlg?g%v}mabﬁ“ﬁg?g%?w%%é?

Al | pr ocedur es migg ghe iabibjtyt @felmﬁélelbomeﬁahimwl Eeanémalampmtbwenkiitj%stdueh as

I nstitutional An I ndi_ ana n| ve School of
Medi ci ne. Chem caﬁ@m\}\l/eg:?ﬁen%k%%h%@% fro fh&%@e §t Conﬁjoun Wﬁ){c ?ﬁ/

ot herwi se statngdlogmbuplauk@nﬂ:rma;sfeai toothe Idiemaipﬁmmu @tdrag Geibihsce, [ CRE] In or der
to evaluatether e of m.croenyiro ntal r | ati on | exi form

neur of i broma prage O%gﬁc%?ﬁe 150{318% F‘ggﬂeﬁe?@n%%gﬁf eWécr‘éelp?-Pl%Taéﬁ“ g.2Briefly,
two million, syngeneinstitMilvedy addivk tyrbsindRingse BRES e qBLSatly OThe/BorGHP or Nf |
+/~ GFP mice per recipient were adoptively transferred into young adul t

Kr ox20; Nf | f 1 0XPfI863¢ fiTc 8P R iogistmiier £ throygh the @eavisitiasr ok pesaRd i t hem wi t h
1100 rads of inQitiohd)ImBetAL iGN IRHAMNY B ﬁﬁ&sipapl\f%t éxms@plldnwd%ﬁ PET

i magi ng Analysis. [0074] In order to verify and anatoni cal | ocat e

pl exi f or m neurcddtasensrenst a%mmh@wsxl&tspymwrm@a@o&w@d@@er f(e[lmrr]g FDG) PET
and x-ray CT igmgi-ng (o} [ @ﬁg;.e enpl ate
was pl aced ovéfr @gﬁgﬁ%??%ﬁhﬁﬁo%%{%}{aﬁm%n& g%tagr%%%dge rﬁlr]r%a of
interest (VO )Seledﬁlen@bylﬂ@rraﬂmtmg the researcher to quantify FDG uptake.

Regi stered an ata y dentl f o
vertebrae (e. 3""%lean rf’ial%ve lfi ?n?%e(ll_lcorfl%ou\éﬁs) fSTnewcﬂ‘c’)elﬁgff % geﬁlé?g(ie poi nt s
al ong the spi higheC @hibitoy de@ivety BnNsIfL metemaygmuofmatsheelspthaaldoe@mdattrﬁlf ough
gfg\é\ggn a,I[_ | an?ne%lflate I(\lllei\lpubhshpdrrgs%ltc)l rAF \lfjelr}?' srmallergun%re]:rs ofocases ﬂgv%rb%gl} regorted n are

which patients have both Von Recklinghausens’s Neurofibromatosis and

piebaldism. These studies inferred that piebaldism resulted from hypomorphic
mutations of the c-Kit receptor.  These patients were reported to lack
neurofibromas. Another plausible explanation for the abstentions is that these
individuals were deficient in mast cells. Accordingly, these reports may provide
confirmation of the importance of ¢-Kit and mast cells in neurofibroma formation in
humans.

[0071] The genetic and cellular malleability of the neurofibroma mouse models
discussed here reveal important details about microenvironment participation in
tumor formation that have general relevance for human cancer outside the context
of Von Recklinghausen’s Neurofibromatosis.

EXPERIMENTAL

Material and Methods

Animals and Reagents.

[0072]  The Krox20; NP mice utilized in these studies have been
previously described (Zhu, et al., 2002), “Neurofibroma in NF1: Schwann cell
origin and role of tumor environment,” Science 296, 920-922. To generate Krox20,

NP mice, we intercrossed Krox20; NP mice with NfI*" mice. All
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i nterpol ated points along the spinal cord to capture the spinal cord and
the dorsal root ganglion regions. Finally, the circular ROFs are conbi ned
t o creat ewgb®/1f58447t he spi nal cord, |eft dorsal root gamgriusegoomumssssi ght
dorsal root ganglion. FDG inages are acquired at 45 m nutes post injection
of about 0.5-1.0 nCi of FDG via tail vein injection. All animals are given
i njections of FDG whil e awake and i sof | urane anest hesia about 40 m nutes
post injecti Onyg Ty b i i i Ng. 75]

Prel i minary | e taResRlolhg VoL il Bre b TP AL TR a0 o b
oc/b o X m ce Gland\Upg Gommittee Nt IIfidia/ Univirsy $ched! aféMediape. n€henkcalbr omas

with full pen | | m . S i bot h experinmental PET imaging
and anat om c ﬁ%ﬁ@%ﬁ%ﬁ%ﬁ%ﬁ@%ﬁ%ﬁ% Mggtugggsnog el“élsaﬁate ir oxi mal peri pheral
nerves fail ed Adeptiet Bredsfdr ufidermatopoiatie\Cetlis.ce prior to 6 nonths of age
regardl ess of genotype (data not. shown).. Simlarly, there was_ little
FDG upt ake in [%]@(20?” l\%&ﬁ %XF‘@?W &hecg’?‘i T cSTogPtonmERt) resulgtih okt o
nont hs of age pldxifem SYrofibrome GRbgrésion, BéheFHRErdWE traf§hisOfveR poRfdtHed0! d
Krox20; Nff ox/~ mce in which tunors ar SR evalent in the sciatic nerve,

[

denonst rat es Prsfedipinllioncpagwsis Wher pET baremarey cslls fame WLEBROT r egi on of

the spine (Fl Gy 8AGFRT 1QWSper é&?ﬁﬁq%&t adﬂﬁ»ﬁb%%st}’an&%nédﬁ%tb "Raed anp mal s
provided correspondent verification of the FDG PET imaging identified
tunors (FI G &Byx2080imar ynicperdiopx2Giijfe”™ daicq afterdrepingibero mathdfl Okrad 20; Nfl b

ox/ mce ver sm&iogizg}%gp&gt !agrgg%@erég%gg;o_sgﬁgdﬁéox/b ox cohort is shown in

FIG 8C. These stu S va te noni nvasi - PET i maging for identifying
pl exi f or m neuP&fliilnpginmanalysisr ox20; Nff ox/- mice. Dissection of dorsal root

ganglia. [007 I iately after sacrifi.cing the stnmortem i ce are
perfused and &é%@ﬁg" 26}5’{,6{ é’fegﬁ'ng} d%[}‘?%? (.:an'?‘%lgcaéeog]s?g’l 0@08?“1'%@5%?33 and
RAeri pcﬁr al nercw@binad Flsn]igﬁmddb@@gml (bjcgg (pﬁF FIG) RETaardi x5 2@ AT Eﬂi’agﬁ‘ligoﬁdﬂscope.
ce ose tissye w e alyzed. el ectron m crosco anal ysis are
perfusion fi X DEER) 9 a&gqcaﬁ/&rﬁra@%?aé}e@lg%wa? ale%e?iéw%ﬁ%@, BERl 0. 1M

cacodyl at e ( pklfettdin on a standardized volume of interest (VOI) thereby enabling the researcher

to quantify FDG uptake. Registered and overlaid CT image data was used to
identify specific vertebrae (e.g., landmarks from L1 to S1). The operator then chose
points along the spinal cord to determine the path of the spinal cord through
between L1 and S1. Next, three circular regions-of-interest (ROI) are placed at
interpolated points along the spinal cord to capture the spinal cord and the dorsal
root ganglion regions. Finally, the circular ROI’s are combined to create VOI's for
the spinal cord, left dorsal root ganglion, and right dorsal root ganglion. FDG
images are acquired at 45 minutes post injection of about 0.5-1.0 mCi of FDG via
tail vein injection. All animals are given injections of FDG while awake and
isoflurane anesthesia about 40 minutes post injection in order to immobilize the
animals for imaging.

[0075] Preliminary imaging studies are conducted in non-tumorigenic Krox 20;
NP7 mice and in Krox20; NfF" mice that develop neurofibromas with full
penctrance. In preliminary studies both experimental PET imaging and anatomic
dissection of the dorsal root ganglia and proximal peripheral nerves failed to detect
tumors in any mice prior to 6 months of age regardless of the genotype (data not

shown). Similarly, there was little FDG uptake in Krox20; NfF"™* mice in the
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Measurenent of tunmor size. [0077] In order to evaluate a tunor's size, an
anatom ¢ neasurenent of the dorsal root ganglia size is perforned follow ng
measur i ngwoheodmsgest possible width and | ength of the pcofisawb/odssssal root
ganglia using a caliper. The volume of tunors is determ ned by establishing
t he approxi mate volunme for a spheroid (e.g. 0.52 x (width) 2 x length).
Phenot ypi ¢ eval uati on of the donor cells in dorsal root ganglia. [0078] To

exam ne the CelhbdsyPReSgod &@%&%%%ﬂﬁcf@@p &Jnhgstt,eaq POl Pet E'c%n%r'.m”&
flow cytonetric analysis was p rx/for . Briefly, dorsal root ganglia was
di ssect ed out 9 mprbedd Kaerd0.dNGest eucebip wlgth sgensse prevalkne irsthageisticel |
suspensi on wa ] i : i . . O .l A and FceRl and
ant i bodi es. P%B%P’ggpgﬁgsﬂa%v%grggygtcﬁieaﬁgés%eaﬁar a %%EE&%%%%X"?(IE?J%&:@%@%? ctivated
cell sorter (Becpor (EIGKBAoarowdli StideqghCadcropnediiisd inagfddhniBls frovidsdnm ne t he

nor phol ogy of the tunors .in detail, raffin sections were ined with

henat oxyl i n aﬁ&‘T?B%‘}%ﬁm(‘ﬁ@Eﬁa_m’&;iogé}ﬁ %%?IP glgre‘ﬂmﬁleé H’t‘gedftBﬁno’éiéﬁ%x? tely 60%
of the dry weisghinagf FDG/PET iegx idb@rion@woidid & RFR30; NE thesYas@cs i ons were
al so stained with Masson trichrope, To determ ne the existing of mast cells

in the tunors OPPEIL ag feordlialii ng webkopiershoymay FIG, 8Gsnihess sfudigs ect ron

m croscopy. [ QR&fle fofink AWDARPET UhARE fob ¥Rhd fek FSHERuEDR e ydr ated in
a graded series ofe eot 3 _no_Ie and acet o%gg ecl)nd enfgigéged in E[l)ﬁ(l)éﬁi- ?Kr aldite

(El ectron M cKee@8pyffScimisees, Hatf eld, PA). Utrathin sections (silver to
gol d) were st 1@ . W : cetate and lead citrate and examned with a
FEI Tecnai GZ@1 Gl uE bl Vb I?a.( Phi | i ps, Ei ndhoven, Netherl ands).
Experinment 1 A6} i véntediasly exftentachficing étcer pasyigotes hiwearerpenficed (BN reduces
ggﬂg;ra? ISEOIC: ?@gg}, %fég}g %%%@E@%ﬁ%‘g}%gih%%&soﬁgot ggr];g%%ralng gel‘pp?l\ﬁ,:\llra ger!/:és%re 1, the

then dissected out under a dissection microscope. Mice whose tissue will be

analyzed by electron microscopy analysis are perfusion fixed with 2%
paraformaldehyde, 2.5% glutaraldehyde, and 0.1M cacodylate (pH7.4).

Measurement of tumor size.

[0077] In order to evaluate a tumor’s size, an anatomic measurement of the
dorsal root ganglia size is performed following measuring the largest possible width
and length of the proximal dorsal root ganglia using a caliper. The volume of
tumors is determined by establishing the approximate volume for a spheroid (e.g.
0.52 x (width) 2 x length).

Phenotypic evaluation of the donor cells in dorsal root ganglia.

[0078] To examine the cell type(s) from donor that reconstituted into the
tumors, flow cytometric analysis was performed. Briefly, dorsal root ganglia was
dissected out, minced, and digested by collagenase V. The single cell suspension
was then admixed with anti CD117, CD31, or CollA and FceRI and antibodies.
Populations were then separated using a fluorescence-activated cell sorter (Becton
Dickson).

Histological analysis.

[0079] To examine the morphology of the tumors in detail, paraffin sections
were stained with hematoxylin and eosin (H&E). Given collagen accounts for

approximately 60% of the dry weight of human plexiform neurofibromas, the tissue
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reci pient mce, the genotypes of adoptively transferred cells follow ng
ionizing radiation of the recipients, and nmeasurenents obtained foll ow ng
transpl arwet2oemiss44n order to test the hypothesis that heCenszgogosissy of Nfl
in hematopoietic cells within the tumor mcroenvironnment is responsible for
t he genetic haploinsufficiency required for neurofibroma formation, we
transferred Nfl heterozygous bone marrow into m ce harboring two Krox20-Cre
transgene abl e, i yenn.cel ks
(Krox20; Nfl f?%%??mov%ea%ﬁo 4rt%;%(ed @ﬁ??ﬁ E%ﬁ%&%ﬂycg‘g ae{%&?lﬁgcti o%gﬁg fﬁw | d type
inall cell Im%%@é%méhﬂjtum@mnéhnaoﬂ)hbrst?m\mse)eddamdved. As a conpl enentary
experiment, W bone narrq ol 1Jo re transplanted into mce containing a
gernline nul | ‘Zygvur‘a#ﬁ?\vée—vl;—w'and a floxed allele susceptible to

r econbi nat i on [00801 he FSitdwiag peraion ﬂxhﬁmagsuaswabdmgrd(al@ddx 2Qraddd kerles 0x/ ~) .
Krox20; Nfl b ox/

previ ousl y deé’gre#ﬁﬁ@e?r%%geg’lr“mzf%d %@%@ Bl 3 ];’g‘ira ge?{‘i‘lglb grgssrcogY W bone

mar r ow was adepichoss) Hatfidl@Pey) e Ulieshin Elécﬂor{sf(ﬁlvléf o ])fv&{d A GvithQRAgl NG
radi ation, and the devel opnent of plexiformneurofibromas and nortality

associ at ed wi BFftaihaablepd gt apd exarpined witha Kt Fernal Greglpctign migfascope082]

Ref erring nowiglifs! Bndiken, N¥hefSRQL YPES are indicated next to each plot.
Mce were sacrificed once they exhibited clear si gns of major norbidity.
The Yaxis shows the percentage of tHRepesimeptying mce. Conparisons of
Krox20; N b ox/fl ONI /- B M(dashed l'i ne ) g s WCZO No b ox/b ox+ WI
BM (open squaieepiveuRnier L] ISTOLYZOUN A KBV pa atseciattd ne) vs.
Krox20; Nfl bré?ﬁ(/l’n Qpen C|rcles) - no S|gn|f|cant dlfference Krox20; Nfl
b ox/~ (open m—rpcff—es%—vs Krox20; Nfl b ox/~ + WI bone marrow (cl osed
squares) (p<O0j@8DIP2) Refétﬂhgrmnw e FAGt @1 tHer @hapdtanilladtiacn, thd henotypac bf onal
germine WI' (Krox20; Nfl ox/ b ox% (rlem i ent St greg]f tt\aﬂ w th heterozygous
Nfl +/ ~ bone ﬁ"eﬂﬂ‘%\?v%‘é%éhe SEONPRS B AOMOTYY VISP TGRE 1904 and only

15 % of i ce sadiatioN 8ftht RRipRils] 1 BoaReEh &R $bMindagbll eng S88plaatin, IIFI GS. 2A &
B. This nortality rate largely mrrored thatﬁrew ously, obse ved. in the

gernm i ne het ePBEy§Ies th%r}kYRtheSISNIMt hgterpgysosify o bgmasgpoietip gelisgphin gt

appr oxi mat el Y the tumor microenvironment is responsible for the genetic haploinsufficiency

required for neurofibroma formation, we transferred Nfl heterozygous bone marrow
into mice harboring two Krox20-Cre transgene ablated Nfl alleles in approximately
10% of Schwann cells (Krox20; NFF"*°%). Krox20;NfF**"°* mice are functionally
wild type in all cell lineages and no neurofibromas are observed. As a
complementary experiment, WT bone marrow cells were transplanted into mice
containing a germline nullizygous allele of Nfl and a floxed allele susceptible to
recombination in the Schwann cell linecage as above (Krox20; Nﬂﬂo’d').
Krox20:NfF"" mice uniformly develop plexiform neurofibromas as previously
described (Zhu et al., 2002). A portion of the NfI “* or WT bone marrow was
adoptively transferred into recipients following ionizing radiation, and the
development of plexiform neurofibromas and mortality associated with these
tumors was monitored until 1 year of age.

[0082] Referring now to FIG. 2A, the genotypes are indicated next to each plot.
Mice were sacrificed once they exhibited clear signs of major morbidity. The Y-
axis shows the percentage of the surviving mice. Comparisons of Krox20;

NfPeext Nt BM (dashed line) vs.Krox20; NfP™** WT BM (open squares)
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90% of Krox20; Nfl b ox/b ox mce reconstituted with WI bone marrow were
alive and exhibited no clinical features of plexiform neurofibrom

format i orwQRD@/1584y. These data were corroborated by theCTase@9nesss4
experinment in which transplantation of WI bone marrow cells into germine
het er ozygous, Krox20; Nfl b ox/~ , mce restored the survival to |levels
conparabl e to that of non-tunorigenic Krox20; Nb box/flox mce that contajn
ntact one mar ey ddzh.Gro2h) NP3 Rt (h AR, 1O &FLSGy. Zareh raphs of
di ssections of(.dor sgl rro‘oo.t g’mgl i afand pére{gpher\gf herr{?/xegso’ of Kr @’% Nfl b
ox/ b ox nice tielAYpl ehsigoifigint ldif&ireneer Arpx2sr NET™ (ppenbumis)mes. kowe20Ar r onheads
identify tunongyn o, i r 0X} perd pher al rves.

Necr opsy of tfqz brafjﬁgﬁfgéloé&s%i&%%fiqgégregs%g%eﬁh@étr)fowrah%)d r%ugén e g’\?e%ered that 2
1 of 22 Nfl 1'trabspheetation,r 6w thuratiopl agdrmlisec i Wi e (Rrexad NA A rreasieds t hi ckness
of the entire spinal co as conpared to the spinal cords of nonsynptomatic
m ce transpl aﬁ?é%ﬁﬁi ‘?'ﬁ’ %dfaﬁ%}'ﬁ M rﬁwneﬂﬁﬂgwabﬁgmwﬁ A B Fesenbl es
that of the t weight Petind oklyas20 pf difck suvived the kB4 bxpeeedtslipagod) oo, &0, FI G 2C,
phot om cr ogr aphé of the dorsal root Iganl(/gyl ia of mce with different genetic
conposi tions &S Sulre Abis MogRiHY 3t Lepshgpirared dhal ivgions kst RAn B hi bi t

not or par al y5|g§ﬂnlE1@H@c|:1%2)§0§§Qro§20?W "CnieGREGOK ) %?c&ﬁ‘rh@a?{)ﬁﬁin%ftelﬂ' screte
tumors arising fromthe 'dorsal root ganglia of Krox20; NfFT"f1ox f1lox mice
transpl ant ed WPYapfiso2A Mene naiseawonsidntedwisle MILbave s1apevevesalveend ar | y
prevalent in sl at L.e.-ner I | ' : s reveal ed
a 3-6 fold i ntg?g?alzeg ﬁcg%%gn%aﬁ%gsmg{grp %gﬁ %%ﬂ ﬁ%‘g é%@%?org%l}lzs’gﬁ%o?&gangl iain
m ce that di dThet ddewedroportabomtes by Theecdnaerspeexpizeend ird which ttramsplantaberat | on  of

the tunors infil ting the scjatic nerve.and | unbosacral . pkexus, |ikely
account for 1 8b hasrt drriish a0l sHBHIT Aoy S RAR M DA i 5
hydr onephr osi sestiéll &l firged, to dtva confastitbeto( thaGof A&)-tunlofigaiic Krot2lese dat a
i ndicate that t presence of NFl heterozygou ne nmarrow i n the context
of Schwann ceWpﬁgs§nl‘6‘1‘th?fé9’ét?‘82‘§}©‘6§?‘leyn?§’“g@?_$i_g‘?ent to recapitulate the
norbi dity and [@@8] PhRelridpehdke I YPE! Db hbReRphIbNdikdeliAB T Id6REl todt Kr 0x20;
Nf I box/~ tunorigenic mce. Experinent 2 » o

ganglia and peripheral nerves of Krox20; Ny Mox mice transplanted with either

WT or NfI ** bone marrow. Arrowheads identify tumors in dorsal root ganglia and
proximal peripheral nerves. Necropsy of the brains and spinal cords of the morbid
mice revealed that 21 of 22 NfI ** bone marrow transplant recipients had an
increased thickness of the entire spinal cord as compared to the spinal cords of non-
symptomatic mice transplanted with WT bone marrow. This abnormal morphology
resembles that of the tumorigenic Krox20; NfF"™ mice.

[0084] Referring now to FIG. 2C, photomicrographs of the dorsal root ganglia
of mice with different genetic compositions the arrowheads identify ganglia serving
limbs that exhibit motor paralysis. Panels 2 and 3 of FIG. 2C show the existence of
discrete tumors arising from the dorsal root ganglia of Krox20; Nf1™™ mice
transplanted with Nf7 ** bone marrow and these tumors were particularly prevalent
in the sciatic nerves. Volumetric analysis of the tumors revealed a 3-6 fold increase
in volume compared to unaffected dorsal root ganglia in mice that did not develop
tumors. The large size and anatomic location of the tumors infiltrating the sciatic

nerve and lumbosacral plexus, likely account for the observed behavioral

abnormalities hind limb paralysis, hydronephrosis and enlarged, atonic bladder

21



Nf I +/ bone marrow (BM recipients devel op pl exiform neurofibromas . [0085]
Referring nowto FIG 3A pathologic analysis confirnmed the presence of

pl exi f or mvoeoeafsB4a7onas i n Nfl het erozygous bone marr owPcgaispeoenisssPanel s 1
and 6 are sections froma Krox20; Nfl box/flox nouse transplanted with W
BM Panels 2, 3, 7, 8 are fromKrox20; No b ox/b ox mce transplanted with
Nfl +/~ BM Panels 4, 5, 9, 10 are from Krox20; Nff ox/~ mce transpl anted
with W BM T ) ) O, 1 i 1. Croscopy
nder 100K, WRErLast BBy RSElTRIRS WEE pLatER ot A B0k e der
200X. The dor gedrropoist thgagegicika of Selwdin osell Olossboh hambrygositymsi Géfidenans pl ant ed
wth Nf] +/ ~ t.bi i i stol ogi cal . features of human

pl exi form neulr?‘(g)ktrzlﬁ1 ro%r%h%%ﬁl)é Hgia%%g%ﬁpzlgr&g??%en i nglran%gmgrﬂ Y:ﬁf’sterevc? ot e; wavy
Schwann cel | s Kaoc?0; NFH't"t wabiigegicomict.s wi t h hyperchromatic nuclei (FIG 3A
Panel s 7-8); excess col |l agen deposition. (FI 3B, Panels 2,3); angi ogenesis
(FIG 3C, the large arrowheads in P& ™ 8tdentify bl ood vessels): and

cl assic uItra% Mctural abnormalitie (FIG] 7). In FIG 7, Panels 1-4, 750
X, Panel s 5-8%@%&M%&%&%w ¥froma Krox20; Nfl
b ox/box WDUS?OdsSFnSlPdeﬁzﬂ‘i@dndM TP 3R8MpathDSL SnalysS RheXhdBthe PREMES from
reci pients transplanted with NI +/~ I n"t hese phot ographs (U) denotes
unnyel i nat ed &kgissiforpgeuratigrass ds Nk beiererygAusotone manendesiaiants Bmelphce;
arrowheads | den f e SELLAIEH BHRALS5: NARA" Mol ifAbass AR wIohlS

infiltrating the tunor. In contrast, nerves from either Kr ox 0; Nflb
ox/ b ox or Kr @mkds 2Nk,f7, Bxire froc &ra?@nd 4t edcenfrarispletmedrmith N €xBMbi t ed

nor mal appeari,n venl istriputed, |l ei thr hout hong, of the
dorsal root gé’ﬁlg‘ilsu ‘g Sgﬁdyopfgrg%o% mﬁcg(?’im‘rzaqqlc%%er?vofége(?ggléﬁ?rweig?rpl e, FIG
3A, Panel s 1, pHetbs inapgerPaddly wern thkao witly b dightasicrocopp hihdeg 810X epasatthon. Tunor s

i sol ated from Krox2Q:; .Nf| box/ X mce, trans ith, Nf|] +/_. bone
mar r ow have hipg?t%r S f@&?ﬁ?rega”g'f W5t ]‘%‘f‘ﬁf’ﬁ%@%f \rl\éc?ﬁsﬁgo"} FHEH
Ref er ri ng nowglom KHdez0; 387 Panglcs tdnsphnfed wiRQVASThbnahiazali Ahibitaesi¢ et ai ned

normal ultra-structural norphology (FIL.G 7). Neurofihromas. are
conpl ext unor s his

_ Efqgqak ifagreppt: fiymmas Elé’Fifor‘nyﬁf‘Z%‘?quP%ﬁilﬁ udirgdisertion gliel y

present in normal architecture; wavy Schwann cells and infiltrating cells with hyperchromatic
nuclei (FIG. 3A, Pancls 7-8); excess collagen deposition (FIG. 3B, Panels 2,3);
angiogenesis (FIG. 3C, the large arrowheads in Panel 3 identify blood vessels); and
classic ultrastructural abnormalities (FIG. 7). In FIG. 7, Panels 1-4, 750 X, Panels
5-8, 1500 X. Panels 1-2 proximal spinal nerves from a Krox20; NfF"7* mouse
transplanted with WT BM; Panels 3-8 proximal nerves from recipients transplanted
with NfI " BM. In these photographs (U) denotes unmyelinated axons; (S)
indicates expansion of the endoneurial space; arrowheads identify collagen bundles;
and (M) indicates mast cells infiltrating the tumor. In contrast, the nerves from
either Krox20; NI or Krox20; NfF"™™" mice transplanted with WT marrow
exhibited normal appearing, evenly distributed, nuclei throughout sections of the
dorsal root ganglia and proximal peripheral nerves, (see, for example, FIG. 3A,
Panels 1, 4-6, and 9-10) and no evidence of collagen deposition. Tumors isolated
from Krox20; NfF"** mice transplanted with NfI*” bone marrow have histologic
features of plexiform neurofibromas.
[0086] Referring now to FIG. 3B, Panelsl, 4-5, neovascularization, and

retained normal ultra-structural morphology (FIG. 7). Neurofibromas are complex
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Schwann cell lineage {Zhu et al, 2002). Mast cell infiltration is
characteristic of human and nurine plexiform neurofibromas {Zhu et al,
2002) . | rwoheowmigi4mne nodel for this condition used herePOT/UsR009/0$855y

peri pheral nerve infiltration by nmast cells precedi ng tunor appearance.
Accordingly, the heterozygous bone marrow of reconstituted Krox20; NI ox/
ox mce also exhibited extensive nmast cell infiltration (FIG 3C, Panels

(cob1) . 1 br o gt < BATTRy Mty RS Bl EOF, EIRME, bGf T (1 (e

neur of i br omas Sehwaanoxi Oi'neégle (Blox e1fdl.020GH).c Mast esfisipfibrati@diswhéractériktic bbne

marrow. [ 0087 i FI G 3D ar wh nt.i f thea lified
DNA products ](l)l%nﬁﬁg&li n tpe lfo ef'éd r?lg?‘ﬂ Zﬁ'g ?é’Z‘péQ&S ptﬁeé WD
| i neages. Sur paddsi foglthis c&mhmquemhexgﬁnwbwbsdﬂg: pfémpmai fidfat inffdayiort bye c Ki t

popul ation, that al.so express FceRl ot S arbqred the Nfl null
allele (FIG It o eBi&e HigaU4ios 408 n&(\%@‘}gl I‘Fée g‘ﬁﬁg’&?’%’ﬁﬁé’oﬁ‘f bona
fide plexifor mamwr&fre&@mmm bex;tmeNf_rzféffbmtcle taldb @ehikiked et RnsiM hadtlogix/ f 1 ox

i ncl udi ng hom ng of the transpl anted heterozygous nmast cells to the sites

of Nl nulli zyfBEdios(FhandCclanels 2-Poodngreswarce yiopgimn dwted epaifydke bone
marrow (BM  (hanghedial 2ad Edwm f6bbigst Qé&%) Zandaﬁéndtﬁﬂk&it:ec@]léqglﬁorted by

EGFP+; CD45, 2 positive populations. Tunor associate .2 cells are
further separ &LHd7) in tbe dewrofityomessel Keifls NFSNE] my transbanisdhwiged/I(panel 4),
B-1 ynphocyt es &Pe%?zﬁlr vd) and t-lynphocytes (panel 5). The graphs indicate

t he popul ations o each hemat oporetic cell population within the tunor.

[ 0089] Ref err i[¢i§7howRetermtigCnovd o KIie 3Penobtyixads afentifynbageplifieb Dited by FACS

fromrunors of Krox20; NI floxJf]gx 'ce rasfected w
Mar r ow ( BM) . ?ﬁ’g %F r Pl A a%\)é {{86 P BERIY o Rh?lﬂgplﬁe‘merag?srred by
anplified DNAsafp@augly%ueieqﬁéﬂegénd@pﬁug @lt’rﬂweahﬂaeblﬂﬁ tHeS‘scKlap@ﬂlaﬁle fihat beo i ndi cat ed

phenotypic |ineages. Nfl +/~ bone marrow nedi at unor. formation requires
c-Kit. [0090] exmessdisERI (RpYshewpehasbarerbiie I\E‘bmﬂkallféf—‘t @é@eﬂ)h n et Dnst i t ut ed
pl exiform consistent with the appearance of bona fide plexiform neurofibromas in the

reconstituted Krox20; NfF"™* including homing of the transplanted heterozygous
mast cells to the sites of Nfl nullizygous Schwann cells.

[0088] Referring now to FIG. 3E, bone marrow (BM) (band 1- and tumor cells
(panel 2) are isolated and sorted by EGFP+; CD45, 2 positive populations. Tumor
associated CD45.2 cells are further separated in order to mast cells (panel 3),
macrophages (panel 4), B-lymphocytes (panel 4) and t-lymphocytes (panel 5). The
graphs indicate the populations of each hematoporetic cell population within the
tumor.

[0089] Referring now to FIG. 3F, the genotypes of lineages isolated by FACS
from tumors of Krox20; NFF"*/"* mice trasfected with NfI*" Bone Marrow (BM).
The arrows in FIG. 3F, point to bands on the gel formed by amplified DNA
products of the identical alleles isolated from the indicated phenotypic lineages.

NfI'" bone marrow mediated tumor formation requires c-Kit.

[0090}] The only Nfl heterozygous cells detected in the reconstituted plexiform
neurofibromas were derived from bone marrow. This finding is consistent with our
previous in vitro and in vivo observations implicating a mast cell haploinsufficiency

requirement in tumor formation. The c-kit receptor tyrosine kinase (RTK) is
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neur of i bromas were derived frombone marrow. This finding is consistent
with our previous in vitro and in vivo observations inplicating a nast cell
hapl oi nsuWbOi2009138447r equi renent in tunmor formation. The @CHIUS20000¢8550r
tyrosi ne kinase (RTK) isthought to control nany aspects of mast cell

devel opment and function. W have reported that c-Kit activity appears to
govern mgration, proliferation, and survival of Nfl +/ bone marrow derived

mast cells V\étﬁ%@ﬁ@t@%b@cﬁ%aﬁ%’%ﬂfe&@'o@ﬁ'}aﬁrbeﬂ%mﬂ)eﬂ%d%%bﬁ' Wshaa0d tested

the effort of genetic disruption of kit activity in Nfl +/ bone marrow
cel I s transpl asroged that @rKlktras‘m(Y apREdts toxgol ergxnigiatien, groliferation, gndogréwisi on

[0091] Ceneti %f‘il} " YRhd AR d?m)é{i InabibeAGORL h&ﬁ#tﬂﬁkfe@@%fﬁ&&t%ﬁl tilweth bone

mar r ow prevents e genesis o exi form neu in reci |ent Kr 0x20,
Nfl b ox/box riheeniitioes ingd, tedtfd ﬂhe +ffortrio€ gensiie élsmpnl@pd‘rrdbna¢tyzlty fivt e’ﬂcr ossed

with two hypormr hi ¢ strains @0d NN bi t ed nmast

mobi | i zati on BV SPPTURCLP trﬁ'bslpﬁlf’teﬁﬂg%{(mgg& W t hé“‘ee?a&““‘%%%%’ﬁ? Ont hat reduce
ki nase acti vi t[w98}3% (QAdt M#sk)ption o%%t@WMﬁ)rely &mﬁﬁeﬂ\w}W bo{lé)ﬁ&i’dw Ref erring
now to FIG 4A. The bone marro fromelit]l‘? +/ é/ Moo+

WAL/ WAL doubl Pro¥ERtade gsneus RE I Hams pru tgefn?sntnorefnm?et s ox20

jflox/fl ox mpGee r BSARCNNE niide WaE Ridehenierly nﬁfb@esseawﬁfm@;y%mﬁd}pm , W
mut ant mar r ow was SI gnificantly reduced as conpared oX mce

transpl ant ed Wireips Rf |m1¢v thyh rhaverantilited kpesk sl mpbikizaliqy by odrtys €& PRBE e
transplanted wfbiohl i eQ&It%EJeptzsl that M tRaLe RAE, §BE (AW RN St ol oved for

1 year The genotypes an statistical significance between the two groups
are indicat ed(W(Vé\MVl:qua@cdeYn contrast to reci p| ents of N7 +/ bone marrow,

t he dorsal 36 ngnglde? ar%ngcelln ?ﬁ%‘?pﬁ‘ her qu{()\{leathelr ﬂwt h&, i 0x20, N

| Rox/flox m anspla ant” marrow have nor mal
nor phol ogy andr oy "ol 4 il blbﬁblhymantmmplws aanspluntd@maeﬁufand wmotrex0F1 G 4B)

- Bone. mar oWl hna st HEPYGRY nd ALY AEALTS TEAREE AR 4 v GOMBonent to- a
c-Kit dependenfar@®! WastsyderidRalyeredided adempated b &% C™ anigy eambplarted With vol une of
Ibnglxylbg; al dor]\g’? l/ bl;)gé) rtnarrow lr(l)x%O (]Pf%}/ﬂo’t m%@v&epeetrasrlgrglgr}tédCWu /Rf){le’s O]I/f] Krox20, Nl

W mutant bone marrow were followed for 1 year. The genotypes and statistical

significance between the two groups are indicated. Accordingly, in contrast to

recipients of Nf7 *” bone marrow, the dorsal root ganglia and proximal peripheral

nerves from the Krox20; Nf1%*#% mice transplanted with Nf7"; W mutant marrow

have normal morphology and do not exhibit hypertrophy or evidence of tumors

(FIG. 4B). These results support the hypothesis that Nfl haploinsufficiency

originates in bone marrow and further refine the identity of the active component to

a c-Kit dependent cell type. Referring now to FIG. 4C a graph of the volume of

individual dorsal root ganglia (DRG) from the sciatic nerves of Krox20; NfI loxflox
mice as a function of genotype are shown. Each individual dot represents the
volume of an individual DRG and the lines represent the mean volume from the
respective experimental groups. Recipients reconstituted with Nf7 ** bone marrow
cells have significantly higher mean sciatic nerve DRG volumes than mice that were

reconstituted with NfI™ bone marrow that also contains a mutation in the c-kit

receptor that inactivates the c-kit pathway (Nf1 OWIW).
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m ce as a function of genotype are shown. Each individual dot represents
the volune of an individual DRG and the lines represent the nean vol une
fromt he wospectsssue experinental groups. Recipients recoastustemwmassdith Nf |
+/ ~ bone marrow cells have significantly higher nmean sciatic nerve DRG
volumes than mice that were reconstituted wwth Nfl +/ bone marrow that al so
contains a nutation mthe c-kit receptor that inactivates the c-kit pathway
{Nfl +/ ; WAV) 93] - ' | G e. i.Qr in

bancl s 1.3 ar WVRE st e Md DEabpull ol i® P RREL DS 0E 1

Al ci an bl ue. Thincdr Thewdetenssn Ringtsl 4-¢ hte stairst vathl Alsian The. Jenatrypbsdef t he

adoptively tr err e re dndicated bel o he respective

col ums of Pa?;lf%% is@( tlgiagte%ﬂrgm‘r{{{gé&?%%ﬁf téleogdgg%veeg'str ilémé\éc{)ﬁm\?ir?a?og’fm? matinib
nmesyl at e and datdieredppelogrthe @bpeptivarcomant ofjfPamelagent s on tunor burden we

val i dated a noninvasive fluoridinatgd deoxygl ucose positron em ssion

t onogr aphy FDG PET i magi ng protoco X%W‘%?i ng identification and

| ongi tudi nal gbservation of plexiformpeurofibronmas in Krox20; Nf| ox/~

mice (see al sédk ndrLnatesss et peingt preliniy) megyltrosd RIRL POER™how t o
FIG 5A, i MggsakheNgsc bfenfBa wileEoRiain %S'i'a‘ii-lié/té‘(% b YR Sasik t fRfori@indida Week

treatnment with inmatinib nesylate. The regions of interest, the tenporal
sequence of sdanaelugesg pofifran duisioni éanogzply t RBCGexBEF i iveastngl pratesat ment

groups are 1 I8BiiftE Sacnkical6X ind f&?%&dgﬁﬂgggbs%%f?&f §t Abxifbnh QefiofiBihls 0! d

Krox20; NfIfl W con ositive uptake 1n the region of
the sciatic nérEex2@rNfbf’H] mice Gat senthe wiethhdsiettiveran@ BUG.8)/ kg/ day of i matinib

mesyl ate or a ebg, control (PRS) .. FDG PET inmagin i faollowed to
eval uate the é@&?ﬁt. gﬁ?&g?ngtrhoév {OuﬁgéA ﬁ@%ﬁ%%@%g‘l Wga"%ﬁglgﬁ pé’)%‘iklg? slices
of affected neiw@s aficram2 Wedkarddingat withdastinftemesybatantheadegiofis dfrigaiestent Wit h
imatinib nmesylate or PBS for three week 0 predj cted, increased

s, are sh . As
FDG upt ake wadhedemporplseqensesd scanf (3 19 Wld“aﬁ?‘ﬁ%tlag thg expegimeptgl ¥REChi ne pri or

to treatment Wdubs Qiet 6tifledBWEInBxtMB&YISd Qoldits BBS ©OF Monfleld Rabels 1, 3,
5). Strikingly, FDG uptake was qualitati veltaié reduced in the Krox 20; Nflb
ox/ ~ mice tredf®d wmienwitheanignesd MEE positvs upiskesin haregon fthe ssiajfy nerve

for oral treatment with either 250 mg/kg/day of imatinib mesylate or a placebo
control (PBS). FDG-PET imaging studies followed to evaluate the evolution of the
tumors. Representative FDG-PET axial slices of affected nerves from three mice
imaged before and after treatment with imatinib mesylate or PBS for three weeks
are shown. As predicted, increased FDG uptake was seen in Krox20; Ny
animals lateral to the spine prior to treatment with either imatinib mesylate or PBS
(FIG. 5A, Panels 1, 3, 5). Strikingly, FDG uptake was qualitatively reduced in the
Krox 20; NP mice treated with imatinib mesylate (FIG. 5A, Panels 2-4)
compared to the PBS controls (FIG. 5A, Panel 6). To carefully quantitate the FDG-
PET intensity in all treated animals, a standardized region of interest (ROI) was
utilized in each animal to extract quantitative FDG uptake values (mCi/ml tissue).
Three dimensional ROIs in the shape of cylinders were utilized to encapsulate the
areas lateral to the spinal column with the ROI cylinders and specific vertebrae
landmarks from L1 to S1 were used in all cases to assure consistency.
Representative results from one experimental animal, before and after treatment, are
shown in Panels 7-8 (FIG. 5A). These images illustrate that treatment with

imatinib mesylate reduces tumor size in this animal Referring now to FIG. 3B, a
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conpared to the PBS controls (FIG 5A, Panel 6). To carefully quantitate
the FDGPET intensity in all treated animls, a standardi zed regi on of

i nterest WB@h)9/mast7utilized in each animal to extract qeamttistewviovsssFDG
upt ake values (nCi/m tissue). Three dinensional ROs in the shape of
cylinders were utilized to encapsulate the areas lateral to the spinal
columm with the RO cylinders and specific vertebrae |andmarks fromLl to

Sl were used isfmahty &?E'F?Imﬁ?ngasx%{ﬁ@ p?égé}ﬁé.dsfcneé}gﬁﬁic ReR 65 faldlaliy ﬁ%&gsu! i

fromone experinental animal, before and after treatnent, are shown in
Panel s 7-8 ( FIegiomsRPIs ofjgae eoliofteridd eikparineniahmécetaaplottede adveeall theinibe i mat i ni b

mesyl ate reduggs.d ' ' ' g oWt 0 Fl G 5B,
asunmary of PET ?ﬁag?ﬁgmarﬁggb&?%@a%rﬁgggﬁ%g% %ﬁg&rug{l) r}@ q:fdg? ﬁﬁ B?talf%aeﬁ “Sciatic
nerve regi on REtmedf(pethe3g.ofroecantradt, th@metapeici acivityalf thid tomoarie thel cohdred.

Overall, the mce tr ith . imatinib sylate had_.a n 50% r educti on
in FDG PET upttrg?%%d 4 t’?gbggl f %ﬁgtm r?\gﬁﬁ%ftd‘é’b.slglggf. hnﬁreﬁ%’ﬁ{‘ F}}fﬁ@fﬂ erfoétt‘%bol ic
activity of thkenpashl s ihe préigessiobaptakd (reBEbEhbeéridd RBSfletbrmoMmdest but not
significant increase.in the FDOG uptake ratio conparable to the progressive
upt ake in FDGe’ES‘S@H'Ig\Péﬁpf%’?’ %\euf‘?%é‘ﬁ%éhngfox?@%ﬂ?n“}é%r gi ng pl exiform

neur of i br omas (4096 Kr 043 OdetdNnine Dwikdter %nﬁe{ @PARlavdiRe @ERY TFDE Whakher a

change in nmetabolic activi tﬁ/ (FDG upt ake) directly correlated wt

hi st ol ogi cal @heaiyesrrelafed weh histolngical ehaegep Hethe Himosh dictimagpdreehaticyard | ced, the
spi nal cords Werg.&xagl nefa Ahds SEEL | RBNinME! S L34 9Pl C

eval uat i on. [0097f Rgg%arﬁi ﬁg now to Fl G BC &r?egﬁog\%sfgvﬁéeogéa%%rsal r oot
gangl i a from &istolagid eyelugtioner ves of Krox20; Nff ox/~ mice treated with

vehi cl e pl ace VS. o patini b | gt.e (n=28 in_.vehi.cl trol s, and n=28
in the gl eeve?ﬁ?ﬂeat é‘af%%“éu“ﬁy“’ héeg’ g%’lrfl%nlvf)ﬁ%neiorﬁglgrégtr%cg g%‘i?ﬁalanf%énnall\/ol unme of
each respecti veatigr mnes oF&abr29y MG et wated switthechicdd plaeeboll vsaimatingti vi dual

Gangl i a 1 r om HO0E B8 0 AFURE BORT CobR 2y B0 o R R it

Consi stent w kéifd tie ifdidetePle h¥RONERMSt 4fdéaCl respBfive gf@p. aEGdhedimbol
indicates the volume of an individual nerve. At post mortem, we also compared the
volumes of all dorsal root ganglia from an age equivalent cohort of Krox20,
NP mice. Consistent with the FDG-PET imaging studies, there was a clear
decrease in dorsal root ganglia volume in the imatinib mesylate treated group as
compared to the PBS treated group.
[0098] Histological evaluation of the dorsal root ganglia and proximal
surrounding nerves in mice treated with either imatinib mesylate or PBS was also
conducted. Referring now to FIG. 5D, representative sections are shown following
H&E staining, Alcian blue staining, and Masson’s trichrome staining. The
experimental therapy, the stains utilized to prepare the specimens, is indicated on
the left side of the figure. The magnification of the images in each set of Panels is
shown across the bottom of the figure. As indicated by the column headings,
samples shown in Panels 1-6 were obtained from mice treated with imatinib
mesylate; samples shown in Panels 7-12 are obtained from mice treated with only a
placebo. The arrowheads in Panel 10 identify mast cells found on the respective
sections.  Qualitatively, there is a distinct disruption of the normal nerve

architecture and an increase in cellularity in nerves harvested from placebo treated
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decrease in dorsal root ganglia volune in the imatinib nesylate treated
group as conpared to the PBS treated group. [0098] Hi stol ogical evaluation
of the doweabowset47ganglia and proxi mal surroundi ng ner wes/usn00vioessss r eat ed
with either imatinib nmesylate or PBS was al so conducted. Referring nowto
FIG 5D, representative sections are shown follow ng H&E staining, Alcian
blhue stai ning, and Masson's trichronme staining. The experinental therapy,
the stains utigitZesnbRediERMBI BE GBI Sricel STHRAL G 0 the.left side
of the figure. The rrf’agr_li ficati on of the i nagecs?' [ %‘hlgggﬁﬂgg%eé;?l hggﬁgl s is
shown across tspaiopd shasving thet distalf dograt ecot Asd pregtincad tretvelpggrnéngs GIIGUIFD, headi ngs,
sanpl es shown g, n Banel s 1- bt,ai r mce treated.with. imatinib
nmesyl at e; sanpl es go%p#%ﬁ$;%é%§99?i2%§%§’o sined afl?egﬁe mea {nr%“ét ed with
only a pl acebaumbéreofamasoedtie idservas diacosdd fidin indentdafeyt withdinatheb hesflaeind on t he
respective sections, Qualitatjvel h is,a.distinct disruption of the
normal nerve 59@3??%3%?@ atﬁe&{eénc‘%/“m#e&gg' i!ﬁ)’cg‘meﬁl g’:’ll ¥y Weﬁeg’\}@s

harvest ed fromofitarelpohé PEB @6 atRormie AR@hied]ogidall d¥Rlitdhtiby HE potkdablot I eat ed

m ce. Th! sis.ill ut?tra ed in tissue sectjons shovm'ﬂm the distal dorsal root
and proxi mal HBAYEC BERAHPSCR EmosylipaRedrex Y. §flcopsfed to Panels 7-12).
Further, thergojos) & MRES ARMHOOETIGOBE I bat BRpRUIRSing T dRShic Gekdchct N Nerves
di ssected frommice treated with imatinib nmesylate conpared to PBS treated
control s ( FI Gin §©numhereifgnast oflly betwrenraics treatadyyith @edtindoand yipsthattwese PET,
gross anatom ¢.and. i 9': ﬁ I ' h 118, - imatinib
nesylate to r educe tlﬁﬁ%ﬁhé\ao ﬁlém{j%{e%rdé%%u{gﬁl f%(%%?&#ﬁlg%%éféggferri ng
n](c)w to FI G 5EhattHeararg feayeh TindeliBositatei Ged]s/HPHim sanples talich ffemmemie tieated he nunber
of mast cells between mce treated w i mat.i.nib and mce that were not
Created it h (MG EENBD T HHEFEs Forioh S v e e Boutl 02, 078 o
illustrating aogibey toderi@nigdiion f@valr rhoieahoddDss thes enifial’d ShdlPhifdspansanpl es
taken frommce treated with ipatini b nmesylate versus nice not freated with
the conpound. TPEPEO Rt HFEAote PESiHEF OhpmeBserBElirs hYY {98 HAT nal * s
short |ifespamumditigh 85 expieted aRSond! 8BS 6dncOiRaHIBalA@t Bmef @bl cellPUSe

studi es how long-lived tunors m ght be expected to respond. It is

concei vabl e t By ISPRE agiﬂlﬁgr}al tDeRsFties dhgt gender them independent of certain early

paracrine events such as the mast Schwann cell interaction.

Experiment 5

Compassionate use treatment with imatinib mesylate of a child presenting with a

plexiform neurofibroma.

[00101]  Plexiform neurofibromas primarily present in infants and young children
with NF1 are frequently characterized by rapid growth and invasion into adjacent
organs often resulting in impairment of normal organ function. In addition, these
tumors have a high likelihood of progressing to malignancy for which there is no
cure. Even when benign, these tumors can be life threatening and present major
clinical challenges as surgical treatment has limited effectiveness and there are no
widely acceptable alternative therapies. A three year-old child presenting the
classic clinical stigmata of NF1, including a large trigeminal plexiform
neurofibroma, presented to the pediatric oncology clinic with life threatening airway
compression. Based on our current studies in the murine mode] for this and related
conditions, the attending physician placed the child on 350 mg/m2/dose of imatinib

mesylate for a limited trial.
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may accrue additional properties that render themindependent of certain
early paracrine events such as the mast Schwann cell interaction.

Experi mnerwO20@oispagsi onat e use treatnment with i matini b mesgisatoe/oef55a chil d
presenting with a plexiformneurofibroma. [00101] Pl exiform neurofibromas
primarily present in infants and young children with NFl are frequently
characterized by rapid growh and invasion into adjacent organs often

resulting in 'W@QLWC&H g ROV IRHICR 698Nk &ijlﬁxgtmltrx]r* g}qg\,\% ECyl Qgse tunors

have a high likelihood of rogreSS|ng to na I gnancy ere is no
cure. Even whépden@aliqph with dedexifoumpeusofdmomab eThe fegiphdry efithe mmrg ismater esent

maj or clinical, ghal al gt h d effectiveness
and there are H}lo&wphlgﬁlnsg&;%@%kt ]{Jlllen%alst %‘Eaﬁgl Vet hgrﬁlae hega ,&r?%mé’g year-ol d
chil d present iofign iN¥é patlassmth a:blmfcmal nesﬁolﬁgmtaabetbrel\{ﬁhnel n)ﬂaﬁdudmagtha | ar ge
trigem nal pl for u ed t edla ri c oncol ogy
clinic with | :%Xﬁo“f"?‘ﬁ é%ﬁ%E %&’/%@ﬂﬁ? i%aél?lcﬁa E‘@s@ﬁls&ﬁ o8 Pndoatier ent

studi es i n t hehrsamonds Bﬁdﬁﬂmér@&evbﬁlbéa@@ﬁhrﬁdbleﬂép?%xﬁmdy 70 ONgedudiidg iRt t endi ng
physician placed the child on 350 ng/ nR/dos imatinib nesylate for a

limted trial "fBUIOIMeREICr? glloa’ew frsatmerd forsix @outhe Hith 8o obevedside ni b

mesyl ate ef fi efeys,ithe Patidnn RNt B tk@RhenMfbsi@ ﬂ%rﬁﬁ‘s‘ fandh nercotdnps gFe.  The
peri phery of the tunor is traced in both Panels by a thick dark |ine.

Sagital MR sé¥nRioys- t he head and oropharynx of an NFl patient with a

pl exi for m neurgyy 2?)[ ggg&(ag Sgﬁémfx.lheamgé#m%% B 8t CBWRART eat ment

with |mat|n|b me scans ore af ter hree nont hs
of treatnent ﬂ“émhe@l &TIRa&wekwbﬂnragappredmaﬁmbmeyylét@ (I%ere)jmdtﬁ month t unor

volume (FI G eat r six 0 observed side
effects, the g%{ Olwén !rt\"m\gn? c‘f‘f1 gegr{’é‘???' a‘reofesgngvea%ﬁf)ﬁ fBut™a% ecurrence
of synptons. B&ﬁdxﬁ&]lte Redve kvidége 0OW ptafodnd@ectd@e.in ﬁﬁ@r@ﬁﬂ%&rd ghdrafies A, B are

Coronal MR hted STIR sequence inmges; pre-imatinib-nesylate (row A)
and 6 nonths 1“81”!“8 ng treatment with imtinib nmesylate, respectively (row

B). These i magsta04] Referring now to FIG. 13B, in both series of images, note the marked
narrowing of the upper airway (arrow) with displacement to the right by tumor in
the pre-imatinib mesylate images (row C) versus post-imatinib treatment (the
images in row D). Images obtained after treatment with imatinib mesylate, show
that there is a marked improvement with airway enlargement back toward the
midline. The regions of the tumor in the respective images are indicated.

[00105] This is clear evidence a pharmaceutical intervention in a human being
with the compound imatinib mesylate resulted in significant reduction in the size of
a plexiform neurofibroma. Though reflecting the course of a single patient, this
striking result is consistent with the preclinical studies in the murine model.

[00106] While exemplary embodiments incorporating the principles of various
aspects and embodiments have been disclosed hereinabove, the present invention is
not limited to the disclosed embodiments. Instead, this application is intended to
cover any variations, uses, or adaptations of the information disclosed using the
general principles disclosed herein. Further, this application is intended to cover
such departures from the present disclosure as come within known or customary
practice in the art to which this invention pertains and which fall within the limits of

the appended claims and equivalents thereof.
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denonstrate show evi dence of a profound decrease in tunor size before and
after treatnent. [00104] Referring nowto FIG 13B, in both series of

i mges, m™oeoEs4ar ked narrowi ng of the upper airway (&®CTAKROOKIOISTS4

di spl acenent to the right by tunor in the pre-inmatinib nesylate i nages (row
C) versus post-imatinib treatnent (the inages in row D). |nages obtai ned
after treatnent with imatini b nesylate, show that there is a marked

i nprovenent with airway enlargenent back toward the mdline. The regi ons of
the tunor in the respective inmages are indicated. [00105] This is clear

evi dence a pharnmaceutical interventi &fLAMS human being with the conpound
imatinib nesylwﬁgTrlng@ﬁDilg. significant reduction in the size of a

pl exi f or m neur of | br ona. ough reflecting the course of a single patient,
this striking lr esuAtmdtisodod treatig @leifodnt keutdfibranrag cdmprisinglthestapeloes i n t he

murine nodel. [00106] Wil.e ex | ary .enbodi nent.s j.ncorporating the
principles of various a%%‘é@fl g atglﬁn%t 8?&%6@%‘#10%%@8{1?&8%?8{%8‘?@8’8&?

her ei nabove, tbwrdiigewdoimulnyention is not limted to the disclosed

enbodi ments. Instead, this application is intended to cover any variations,
uses, or adaptations of the information Rrli scl ®ed using the general
principles disclosed herein. Further, this_application is intended to cover
such departures fromthe present disclos S, come Wi thin known or
customary practice in the art tB, whi cRéTh enBson pertains and which
fall within the limts of the ap d cl s and equi val ent s

t hereof . CLAI M5 WHAT IS CLAI MED |/5: et hodgof treating plexiform
neur of i broma, conprising the 8teps of/l p idingy at |east one
therapeutically effective dose op—anNonpound according to Fornula 1: (1)
wherein, R is 4-pyrazinyl; 1- R hyl - | Hpyrrolyl; am no- or am no-|ower

al kyl -substituted phenyl, wherein the am no group in each case is free,

al kyl ated or acyl at ed; | Hi ndol vyl )

wherein,

R, is 4-pyrazinyl; 1-methyl-1H-pyrrolyl; amino- or amino-lower alkyl-substituted
phenyl, wherein the amino group in each case is free, alkylated or acylated; 1H-
indolyl or 1H-imidazolyl bonded at a five-membered ring carbon atom; or
unsubstituted or lower alkyl-substituted pyridyl bonded at a ring carbon atom and
unsubstituted or substituted at the nitrogen atom by oxygen;

R; and R; are each independently of the other hydrogen or lower alkyl;
one or two of the radicals R4, Rs, Rs, R7 and Rg are each nitro, fluoro-substituted

lower alkoxy or a radical of formula II

-N(Ry)-C(=X)-(Y)n-R1g aD;

wherein,
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or 1Him dazolyl bonded at a five-nenbered ring carbon atom or
unsubstituted or |ower alkyl-substituted pyridyl bonded at a ring carbon

at om and woo0lstsg44at ed or substituted at the nitrogen aPORUSFOONYEFeH; R2
and R3 are each independently of the other hydrogen or |ower alkyl; one or
two of the radicals R, R5, R, R and R8 are each nitro, fluoro-substituted
| ower al koxy or a radical of formula Il -N(R9)-C(=X)-(Y)n-R10 (H)

wher ei n, R9 |sFngﬁgg%&1&qoggwmgdalkyI X is oxo, thio, imno, NIower
aIkyI-lnlno hydr oxi m no or O I'ower aIkthydrOX|n1no Y is oxygen or the

O omg Toiko i8S R-1bFAR AL BRHAG AN GIIRYLRE. o1 T east S

carbon at ons, an aromatic, aronmatica cyc p atic,
cycloallphatl% &Jkﬁﬁ tic, heterocycllc or heterocycllcallphatlc radi cal ,
and the remaint ng ra |cals R, R5, R, R7 and R are each independently of
t he ot hers hy@r g yer aIE%é that is unsubstituted or substituted by
free or alkylaté X%ﬁ?ﬂr EPB% inyl, piperidinyl, pyrrolidinyl or by

nmor phol i nyl ower alkanoyl trifluoronmethyl, tree, etherified or
esterifed hyde&éor*?@ al kyl ated or acylated amino or free or esterified
carboxy, or of a salt of such a .compound having at |east one salt-formng

group. 2. The R Adaliphatiordics hayine %‘I@Ftrﬁ CErbORRIOMS; 9F an REOMAG FIRERATCT s a
pharmaceutical |y acceptable salt of Formula 1. 3 . The nethod according to
cl ai m 2, wher éliphatip eyglopdiphatic eqyeloalihpyc-alipbetin baieracyshi¢ ¢r heteratpelisul a 1 is a
nesylate salt. 4. The nmethod according to claim1, further including the
step of; di agnaligiatigradicplat ent with pl exi form neurofibroma or a similar
condition. 5. The method according to claim1, further including the step
of ; and the remaining radicals R4, Rs, Rg, R7 and Rg are each independently of the

others hydrogen, lower alkyl that is unsubstituted or substituted by free or alkylated

amino, piperazinyl, piperidinyl, pyrrolidinyl or by morpholinyl, or lower alkanoyl,

trifluoromethyl, free, etherified or esterifed hydroxy, free, alkylated or acylated

amino or free or esterified carboxy,

or of a salt of such a compound having at least one salt-forming group.

2. The method according to claim 1, wherein the compound is a

pharmaceutically acceptable salt of Formula 1.

3. The method according to claim 2, wherein the pharmaceutically acceptable

salt of Formula 1 is a mesylate salt.

4, The method according to claim 1, further including the step of;

diagnosing a patent with plexiform neurofibroma or a similar
condition.
5. The method according to claim 1, further including the step of;

identifying a patent at risk for developing plexiform neurofibroma or

a similar condition.
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identifying a patent at risk for devel opi ng pl exi form neurofibroma or a
simlar condition.6. The nethod according to claim1, wherein the

t her apeutwoabdyisefsfect i ve dose of the conpound accordi n@CraSE@omudsas 1, is
on the order of between about 200 ng to about 500 ng and the dose of the
conpound is adm nistered to at patient at | east once per day. 7. The nethod
according to claiml1l, wherein the therapeutically effective dose of the

conpound accorgdi NGThOMEAEIMcrdihg td aaiﬁm,m&e&rtﬁ@{h_@x‘aﬁeuﬁsénggﬁ&t%e&fe 350 g to
about 450 ng and the dose of the conpound is adm ni ster to at patient at

| east once perrgay al r.di i in the
t her apeuti cal on ef ?nég(%lfnvegbg{)dsﬁe‘gttg?g ?ﬁgggé%%gﬁgﬂ%%%?%e%rbabﬁ@%gr la 1, is
fui ce per day ol hRdE Sy ts dodeolRrRAMId S B RSl G el B npr <1 ng
the steps of: o 5e°\éir€ai1 ng at | east one therapeutically effective dose of a

conpound accor |rPg 8" Fornmul a 2: (2). 10. The nethod according to claim9,

wherein the cgmpou i s, a pharmaceuyt.i cal acceptable salt of Fornula 2.11.
The et hod acdor 4t 1 BEE] SPares ey re R P S B SF 00! agnos: ng
a patent with Fl exi form neurofibroma or a simlar condition. 12. The met hod
according to OF&efeopound a¢eqeting tp Eprmglat it epdhe prdgr efpetwiceieabopsP0me a pat ent
at risk for devel opi ng pl exiform neurofibroma or a simlar condition. 13.
The net hod ac &gty Omee addhafose ofithregomipaundie adrpiaisteprslie pionatienf adedsect i ve dose
of the compound according to Fornula 2, is on the order of between about
200 ng to abognceAB0dayy and the dose of the conpound is adnministered to at
patient at |east once per day. 14. The nmethod according to claim9, wherein
t he t herapeut 8cal | Vheehétbat acomdidg seclaim 1, wherein the therapeutically effective dose

of the compound according to Formula 1, is about 400 mg and the dose of the
compound is administered to a patient twice per day.

9. A method of treating plexiform neurofibroma, comprising the steps of:

providing at least one therapeutically effective dose of a compound

according to Formula 2:

e
N
t‘.‘H3 E :]
N
HN
8]
().

10.  The method according to claim 9, wherein the compound is a

pharmaceutically acceptable salt of Formula 2.
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of the compound according to Fornula 2, is on the order of between about
350 ng to about 450 ng and the dose of the conpound is adm nistered to at
pati ent awol2e@stssance per day. 15. The net hod accor di ngPCo/usk@9mugss4 wher ei n
the therapeutically effective dose of the conmpound according to Formula 2,
is about 400 ng and the dose of the conpound is admnistered to a patient
tw ce per day. 16. A nethod of treating plexiformneurofibrom, conprising

the steps of: jpr ovirgl [ fective dose of a
B o T AR o 525 e SRR B L

conpound according to Fornul a ording to claim 16,

further including the si ol ' F%p j.t | exj form

neur ofi broma or a sim I%@ggﬁ%?%tﬁgﬂﬁggg e %@ﬁ%@‘ﬁ{&o}ég% |lfr%fg to claim16,

further incl quog%gnhe step of; identifying a patent at risk for devel opi ng
|

pl exi form neuro roma or a simlar condition. 19. The nethod according to
claim 16, wherein the therapeytically effective .dose of fhe conpound
according to I%gTrm elﬁ,etﬁ?cgacg?fﬁinﬁgo ‘E}?l\é‘e%? eblé“flb{g’%a‘ﬁﬁtﬁﬁf’kzoo ng to about
500 ng and the dose of the _conpound is administered fo at patient at |east
once per day. 20. The nffoMETRAFRISK {6 deYelirme ,XI%RH%P@FW’%{%“T
therapeutically effective dose of the conmpound according to Fornula 3, is
on the order GFIHEfGRIWHIpout 350 ng to about 450 ngy and the dose of the
compound is adninistered to at patient at |east once per day. 21. The
met hod accor dildg t Shenethed aceordipg ér deim & heneindheherapqusiedlly pifedtivedeseve dose of
t he conpound according to Fornmula 3, is about 400 ng and the dose of the
conpound i s adfthaicempauad a¢cordingaFoemnta 2,4 eethgpendenidpetween about 200 mg

to about 500 mg and the dose of the compound is administered to at patient at least

once per day.

14.  The method according to claim 9, wherein the therapeutically effective dose

of the compound according to Formula 2, is on the order of between about 350 mg

to about 450 mg and the dose of the compound is administered to at patient at least

once per day.

15.  The method according to claim 9, wherein the therapeutically effective dose

of the compound according to Formula 2, is about 400 mg and the dose of the

compound is administered to a patient twice per day.

16. A method of treating plexiform neurofibroma, comprising the steps of:

providing at least one therapeutically effective dose of a compound

according to Formula 3:
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CH N
()
HN
0 - CH_SOH
A3).

17.  The method according to claim 16, further including the step of;

diagnosing a patent with plexiform neurofibroma or a similar
condition.
18.  The method according to claim 16, further including the step of;

identifying a patent at risk for developing plexiform neurofibroma or
a similar condition.
19.  The method according to claim 16, wherein the therapeutically effective
dose of the compound according to Formula 3, is on the order of between about 200
mg to about 500 mg and the dose of the compound is administered to at patient at
least once per day.
20.  The method according to claim 16, wherein the therapeutically effective
dose of the compound according to Formula 3, is on the order of between about 350
mg to about 450 mg and the dose of the compound is administered to at patient at
least once per day.
21.  The method according to claim 16, wherein the therapeutically effective
dose of the compound according to Formula 3, is about 400 mg and the dose of the

compound is administered to a patient twice per day.
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