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application clains benefit of; and priority from U S. provisional
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FIELD OF THE INVENTION

[0002]  The present.invention relates generally to methods of delivering cargo

_ molecules into live cells.

BACKGROUND OF THE INVENTION

[0003] " The uptake and intracellular ﬁ'éfﬁckihg of sphingolipids, including
glycosphingolipids, is associated with many pathological conditions, including viral
.infe_cﬁon, toxin poisoning, ﬁpid storage diseasé, neurodegenerative disease, and

- inflammation.

~"[0004]  Sphingolipid and cholesterol trafficking is altered in the cells of patients *
with Niemann Pick disease, and a number of other lipid storage diseases where
sphiﬁgolipids accumulate in Iﬁte endosomal and lysosomal cc_ampamnents-'(Pa‘gano,
.2003; Siﬁnons‘,-'ZOOO). Choleste}ol and sphingolipids such as ceramide, sphingomyelin, |
and gangliosides are also thought to be involved in the pafﬁogehesis of Alzheimer’s
‘disease (Cutler, 2004; Han, 2005; Mattson, 2005; Soreghan, 2003).- R

[0005] In particular, sphingolipid trafficking in cefls is strongly pérturbed by
endolysosdmél lipid storage 'thaf occursm ﬁe&odegengaﬁve lipid storage and _
metabolism diseases and disorders (Mé;rks and Pagano, 2002). Such diseases and .

’ ,disordérs include Niemann-Pick Type c (NPC),‘ Alzheimer’s disease,’ neuronal ceroid
B lipofuscinosis, Batten’s disease, GM2 gangliosidosis including AB variar_ff, Sandhoff -
-d_is'ease, Tay-Sachs disease, GM1 gangﬁosidoéis; mucolipiddsis fype IV, Gaucher’s
disease, F arber di's"ease,. Faﬁry’s disease, metachromatic leukodystrophy, and Krabbe

" disease.-

/[0006] . Glycosphingolipid uptake and trafficking within a cell have been shown to




2003; Sinons, 2000). Chol esterol and sphingolipids such as cerarnide,
sphi ngonmyel i n, and gangl i osides are al so thought to be involved in

t he pat hogenesis of Al zheiner's disease (Cutler, 2004; Han 2005;

Matt son, 2005; Soreghan 2003). [0005]In particular, sphingolipid
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[0009] The present methods relate to exploxtatton ofa newly dtscovered ,
phenomenon in the trafficking behavior of glycospmngohplds The inventors have
discovered that glycosphmgohplds divert the trafficking pathway of an endocytic -
“cargo completely away from itsl-n‘ormal lysosomal target. The finding that when
' gij!oosphingolipids inte‘ra'ct tv*ith a cargo, both are diret:ted to an alternate intracellular
path, provides the foundatton for new methods that ‘may be useful to target drugs and
therapeutic agents for dehvery to a cellular locatmn other than the degradative

lysosome.

001 0-] ‘The present methods may be performed using a ﬂilores_cenﬂy tagged )
_glycosphingolipid ‘which, due to the single fluorescence emission wavelength of the
attached fluorophore, allows quantitative and reliable colocalization with a second

| fluorescent label in the same cell.

'[005 11" Inone‘aspect of the present invention, there is provided a method of
‘ dehvermg an, endocyﬁc cargotoa cellular compartment comprising contacting a
glyco sphmgollpld and the endocync cargo with the extemal surface of a celi S0 that
the glycosphmgohp1d and the endocytic cargo are taken up into the cell and ta:geted




SUMVARY OF THE | NVENTI ON [0009] The present nethods relate to
exploitation of a newy discovered phenonenon in the trafficking
behavi or of gl ycosphingolipids. The inventors have di scovered that
gl ycosphi ngol i pids divert the trafficking pathway of an endocytic
cargo conp fron1|ts normal |ysosonal target. The finding

etely
t hat when {?Iaﬂ?&slﬁ ¥ IcP‘BPﬂEn‘?“r‘it eract with a cargo, both are directed -
to an alternate intracellular path, provides the foundation for new

met hods t hE01RRy Wke glyefsphingdlipidm@tondirisg f.cred dehafidh due bl mgesy s for
del i very to a ceII d:ﬁai}ﬁglcatl on other than the degradative |- ysosone.
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em ssi on wavel ength of the attached f| uorophore, allows quantitati ve
and reli abﬂ ﬁééﬁl ocal ization with a second fluorescent label in the
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conpartnent conprising contac I pi
endocyt i ¢ Regqybinithe detediabledabad muglcomprifecR@DBYY -HarcRed 658666 hat  t he
gl ycosphi ngoli pid and the endocytic cargo.are taken up into the cell

and targetjgq4f 0 i’mﬂoﬂﬂehﬁﬁl‘aﬁ?ﬂ% ﬁﬁ@%%tec&n%)allgii%%ﬁm

gl ycosphi ngol i*pi d may conpris Iactosy cerarni may be in
vitro; i ncﬂlmmgn@hpdl the emdopytiic cargn, or bailm - ipdrad meewt boﬁi lhbeﬂsrcmmpase a '

subj ect, vV The os.phin id or, the .
endocyt i cqua?%%en?gm dﬁ:{ec 18%%% %%’n%edo%téﬁl{%%ﬁug OreFGERt Hithg a
det ect abl essinglfimbresanps mivrazgomy. f | uor eScent group. .In partl cul-ar, the
det ect abl e Iabel may corrprl se BODI PY- Far Red 650/ 665. [0014] Thus

t he et ho thr tect

gl ycosphi ﬁgo 1pi gfu & 3?1 ﬁl%ay gragfsllﬁ-g?l%%‘? ¢ %gﬂagnoéﬁé’fﬁr bot h
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pattem observed fer a healthy cell.

'[0016] The endocytic cargo may comprise a therapeutie agent, including a drug, l

an antibiotic, a hormone, a cellular factor, a nucleic acid molecule or a polypeptide:

[0017] Thus the method may entall contactmg an effective amount of the :
endocyhc cargo comprising the therapeutlc agent with the external surface of the celi
-of a subject in need of treatment of a.sphingolipid related disorder or a disorder in
which the endocytic cargo comprising a therapeutic agent is desired to be te-directed
within a cell. | o |

[0018]  The s‘phingoli'pid related disorder to be diagnosed maybea |

~ neurodegenerative disorder, including Alzheimer’s disease.

[0019] Other aspects and features of the present invention Wlll become apparent
to those of ordinary skill in the art upon rewew of the following descnphon of

specific embodiments of the invention in conjunction with the accompanymg ﬁgures.




[0015] I n particular, the cell may be a cell froma subject for

di agnosis of a sphingolipid related disorder. The nethod may then
further conprise conparing the glycosphingolipid trafficking pattern
in the cell with the glycosphingolipid traffl cking pattern observed

for a heal} cel 001 The endocytic car rray conprise a
therapeutiﬁ%‘é‘ﬁ %\IQET.@E Stlc a hornone, a

| .
cellular factor, a nuclelc aci d nDIecuIe or a polypeptlde [0017]
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DESCRI PTI ON QF THE DRAW NGS__ [ 0020]. In the figures, which | ustrate,
by way of k& B bhe ipbelekw/Faidmiiealyss camee qmaésemaﬂmo@merweﬂap :

of the FL (green) and FR (blue) signals. Lac-Cer carrying compartments are highly”
mobile, typical for endosomes. Scalebar = 8 pm. (B) Transfected LAMP- GFP (green)
and lac-Cer-FR (blue) ooloc:ahzauon. Scalebar= 5 pm. (C) Transfected LAMP GFP
and pulsed FR-Lac-Cer coiocallzatlon shows a peak in presumptlve sorting =~
endosomes at ~30 min after uptéke, falling to ~15% at the sorting to late endosome
transition (60- QOmin) (D) A non-glycosylated sphingolil-)id TR-Ceramide (fed) also
‘colocalizes to a limited extent with the lysosomal markers Dextran and Lysotracker

‘ (green, not quantlﬁed)

[0022} Figure 2: LacCer traffics primarily through recycling endosomes, and
is only partmlly Golgi associated (A B) FR-lac-Cer (blue) colocalization w1th
' h'ansfected MannIl-GFP (green). After 60min, Lac-Cer traffics only partlally (~15-
‘ 20%) to cis and medial Golgi compartments, labeled by MannlI-GFP. Bars =5 pm.
(C D) FR-lac-Cer (’blue) coIocélizéﬁon with rab11-GFP (green)-positive i‘écycling
‘ endosornes Roughly tvvlce the amount of lac Cer (35-40%) traffics to recyclmg

-endosomes as to Golg1 Scalebars = 4 um

[0023] - Figure’S: LacCer and Dextran traffic identically when pfesent‘
together (A, B) Simul_t@eous labelling of FL-lac-Cer with Alexé647 (FR)-Dextran -
resulted in very ‘high oolo_c_alizétion. In contrast, sequential labelling of FL—laé-Cer '
"and 3 h later with Dextran resulté in essentiaily no co-localization between the two
. dyes even given sufficient chasmg tlme that a substantzal poruon of each label by
“itself wouId have redched late endosomes/lysosomes Bars 8 um. (C)

-Co—loc_ahzatlon values are contmuously high over time after simultaneous incubation



[0021] Figure 1: BODIPY-|abelled LacCer anal ogs are taken up into
endocytic vesicles in Drosophila neurons (A) Lac-Cer is indorporated
into the plasnma nenbrane and endocytosed in Drosophila neurons
incubated with a m xture of FR-LacCer and FL-LacCer. The attached .
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compartments labeled by LAMP-GFP is also increased under cholesterol depletion. -




Chol esterol depletion appears to suppress efficiency of uptake
sonmewhat in both A and B (15-60mn), but the differences from
controls are not significant. (D) Lac-Cer (blue) accunul ates
aberrantly in entarged LAVP-positive (green) conpartnents under

chol est er ol ellxcess (red _trace).. Bars = 4 gm (E) Chol esterol excess
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exogenous ommlmptupdoﬁthamﬂr This phdmomdmxbx;ﬂmtedlas t‘mealkem fmrpnélb!odse'd)ﬂ s and
traffi-cke tlc artnents, but it di fferent
cellular- g‘gﬁ%gg?%e qagﬁu%eg”gsﬁﬂ egtsttﬂgnpg;ggga \‘Kﬂﬁ%ﬁﬁ is a
degr adat i W@amgawwe moﬁitoﬂuig thevptalesmd itl fibkirgi mlsin@wmsx@ppl i cation
surface results in

of the gl cos id with a ¢argo to the cell

redirecti tﬂgﬂl%{-ﬁﬂ@yWWBW%%PEeW&OB@QWWWéﬁPV 1 gerpideed

vi a an-engasaBihetbadt for elekidds R bpaayriddrdi %@H@&t%@ﬁdﬁ?%dséd to the
cell in the absence of the gl ycosp eg@%o' ipid meani ng. That the

cargo i s PaTiERingkisepsss readed diptd woras m‘qt%hohgmymdé!éméermnst rated by
the i nvenhgﬁgdéggngrmemsgﬁﬁgg met hods, sinultaneous application of the

[0028] Bﬁeﬂy, exogenous glycosphingolipids that are externally applied to the
surface of a cell are taken up by the cell and traffic internally within the cell to various
'cel_luiar comparﬁngnts. For example, lac-Cer is taken up by the cells and is then
trafficked to endosomes and to the Golgi.‘ Similarly, an exogenous mdocﬁé tracer,
such as Dextran, is taken up by cells Iand‘trafﬁcked through éndocytic comiaartmenté,
but it reaches a different cellular compartmenf from lac-Cer, namely the lysosoﬁe
. whichisa degradatwe organelle ' As is now described, simultaneous apphcatlon of
the glycosphmgol1p1d with a cargo to the cell surface results in redlrectxon of the
cargo. An endocyhc cargo is typlcally directed via an endosomal trafficking pathway
~ to lysosomes wheﬁ applied to the cell in thq absence of the glycosphingolipid, |



gl ycosphingolipid re-directs at |east a portion of the endocytic
cargo away fromthe endocytic |ysosones to a non-degradative
conpartnent. [0029] The ability to steer the intracellular trafficking
pat hway of .an endocyti-c cargo nol ecul e that is added sinultaneous|y

with a glycosph olipidto cells is useful for plications that
t ar get ageﬁ?aémtgd-g% thforirgo s fsested fordearadatien. I%Eﬁ'ﬁmﬂ%’ ap demengtiptpd BY t he

targeting qé m@éﬁtgl% o?ﬁtetpP&E&Qﬁéﬂrtddg s@gﬁl%éoqs'lgﬁ dﬂﬁoﬂjg‘l‘ tgé/ ery

applications. Many cargoes are substantl egraded i n | ysosones
aft er upt agl¥cosproegobipidgedirets at Igast periion ofthé ersincytioniatdvi away Hencidke | .

Thus, thesg By sed t steer rgo away from/lysosonal -
degi adatl ve @E%?}F’s ang;)?%#nvare ado aﬁgl(?%tl ons where degradation
does not take place, such as the GoI g| or sorting endosones, thus

pot ent i al [[§02%pr oT}her@ﬂtme) sidet iheantyacoliulariradifiekitg pheiwayerfed etdocpticel |

for diagn [.a I, C. 0S 00 I'S eno non of the
addi tion ocg}ga%mg?&%egtﬁ%tdg ﬁ%é’&ﬁﬁ‘ﬁ’?ﬁ?@@?t"b‘#‘& %F#@“gﬁhg'}f}égf’ P45 ef f ect
on the i ntusefokfol appdicationa fifat ngeﬂ%eﬂfs t&.8 nEiBRE6kial calRIA ®cRadh, Rt

It -has preV|oust -been recogni zed

previously be n descrlbe 0031
that  addi 1EFORPIGE @t&ﬁ}@%@t disrapeddic agrts g dilivenopplicatiersani de
and ot her Mh@rotugebsaars s&ﬁfaﬂﬁél@eé?raaéd M REGRestdhBr w&oieéﬁaﬁ@ﬁt@ﬁyt Ic

pat hway. Pagano et al. deviséd the firat fluorescently tagged

sphi ngol i FPEEH dTsrgewithinitrpsil ghes, theat wgdods mest baiisadid tier esgxgo
ceram de - GWar kbR T the
fact that thj(;ase I?%?cfﬁana aﬁv\%@?@%ws%ﬁ?ﬁ@&ﬂ%%g{l% (%y I'n ce l s, and
in the caslegredatrphéowr@btaésplem Bl;chlaabtwl @algl acorting kndosomes, tas, -

T 0L el ERARRIAL P o RO ot i BSOS RL L 2

under cel therapeutpopaipdseons br ought about by |ipid and chol esterol
storage diseases, in human lipid storage di seased fibroblasts. It was -

found t hatg to drastlc hari in.its
found,  najod !t oSl SRLANLIS o BISHIRON P AREL 6 SUBMRRNL S |
degr adat i harutgmieéqusg@%aain)thmtrmm&afﬁohhg ofatndndetytic chigolhgs ﬂot
conpar t ment.s. 6§S e f%%tawas reversible by reductions in

chol-est er 81"
of detlverlng an endocrlc cargo nolecule to a cellular compartnent,

usi ng an -E}34] nallt has apglousig bgényxemmed gat acmltdmtcﬁ eﬁd)geﬁﬁtis detnides,
o Bl SRR ASE U T e L L 9058 T o
' endocytic pathway. Pagano et al. devised the ﬁrst fluorescently tagged sphingolipid
and glycosphmgohpld analogs mcludmg 1actosy1 ceramide (Martin and Pagano
1994). These authors documented the fuct that these lipid analogs were trafficked
normally in celle, and in the case of the-ﬂuorescently labeled lactosyl ceramides,
metabolized like endogerious lipids. They went oz to cilaracteriz'_e alterations.in the
intracellular trafficking of lactosyl ceramide under cellular e(qnditions bt‘etzght about
by lipid and cholesterol storage diseases, in hurnan Iipid storage diseaeed fibroblasts.
It was found that lacto syl-ceramxde undeérwent a drastlc change in its traﬁickmg
behaviour in the mutant cells, where it accumulated in degradative (cndolysosomal) as
_opposed to biosynthetic (Golgi) compartrnents This effect was reversible by

) 'reductlons in cholesterol.

[0032] Accordingly, there is presently provided a method of delivering an

|ngly, there is presently provided a nmethod. -



succession, including in either order, of a gjycosphingolipid and an
endocytic cargo to a cell so that the gjycosphingolipid and the
endocytic cargo are both taken up into the cell. [0034] A

gj ycosphingolipid refers to a |ipid having a shingosi ne am no al cohol

roup and a head u os hi ngaql i pi d.us be any
gl ycgsphl nﬁﬁ‘%" ’ijca{fg?a‘lm]ggﬂ?g’ H@ﬁ‘gﬁ%}/‘“ QW%‘?‘% %‘Wﬁ@cﬁpéﬁ@er nal I y

to the cellyg cE@hm@éﬂW{cﬁimEhﬁe&hﬁi@ﬁﬁ@ﬂfﬁ%h@@h@lé&&é wAfhiPthe gegbr osi de,
a ganglioside, a gI obosi de, sphingonyelin, nyelin, lactosyl cerami de

(lac-Cer), 5'%#& cer.am de, .gal actosyl ceram de, G2, GDla, GDlb,
GML or a ¢ at i ﬁﬂ@&@ﬁenavseﬁ#edém%w&e Sg}l%@gqmiwém Pidds. In a

parti cul ar %Ekgféhniﬁaﬁdmﬁ P:eeﬂleﬂ/d‘rﬁérpbﬂd QQ&;Efﬂﬂh LR F%x&&%ﬂy%@&a?%t
ceranide, particularl cos cer ani de, atosyl cera d
par ti cul ar pyell sacthadhe le‘EC@ijqulmldcﬁﬂdéhe Qndomnlcmo axgrbotly takén wphistophe h of
the externgljy applied glycosphingolipid after it is taken up by the
cell and is trafficked within the cell through various cellular

conpartments, the glycosphingolipid may be-coupled to.a detectable
| abel , for [0934hpl ééy@aﬁngthide@fﬁrtseomlmmimmgmsm%nmh alabliadws f or

det ecti on sphi ngol 0 u o living cells,

in a non-igIT élgr\?/degé %ﬁleefgg g él'g%ggvo }E}Deqo?ﬂlg ?fpem@fn?/ec@gphl ngol i pid, a .
con }/ fe ni _E nt glgr&f]scspmdgolﬁnmms thizeh 1f1p|)115y zngem Wigehi apghédfmtdrﬁﬂil&a@ ﬂiglcgil For
trafficking of , t c olipidas it is tr orted between
conpartnen%‘?”%pkpi\\ﬁﬁf‘?épgﬂpgf’gplgw € 21 PhEosids 2 & ‘fs i hEOBPSIanges
in the gl yghiigbinpas), hﬁblﬁl,ﬂdcﬁfsfrldéﬁ[ﬂ% clmeeﬂ%@mu&muecgﬂéwﬁr o

nodel s of di sease states, includin neurode enerative di seases and

ot her di se%egsé%‘ ?’u%@%a{ ﬁD&Et%Mélorgﬁ?mé%?%ét‘aﬁarmwqum¢ ng of
i pi ds. SipldA° Tl ifffent SREBERn s ﬁ%@glﬁ%éoggﬁﬁg?r det ecti on

of the I oca i zatl on of t he" gl ycosphi ngol I pi assi sting

in determ%lﬁ‘quﬂﬁte@f’efﬂlﬁ@em%‘ilﬁ asty ghycos @C@W&)S@iﬁpﬁgeﬁh@l@, gwnpar ed to
the positi @q‘ﬁ?g.ocytlc cargo that is to be re-directed in the:
cell. [OOS&%Dete table | abel refers to any tag.or |abel that can be
detected b means, directly or indirectly, for exanple by using
vi sual i zi- r{éoﬁﬁfho@@ﬂ%m @P@mr@g‘ﬁf&?}qﬁenﬁhﬁﬁﬂg exignlaBy pprliedel opnent

met hods Ol %sﬁ{uﬁ fdyaﬂl&l alk:tbg\t%é LenBG ?sotpe[fﬁgﬂteﬁ%ﬁﬁ%& t(';}g&:?ﬁ he

det ect abl e ect e shou I nter ere 1ty of
the gl ycostbt@iuégbanops delhlbirb@pmtwﬂlelgyycaspmgohmﬂmyéwtoeupied toa

applicatiof rface he, t af fl .
gl ycosphi ngo %Bllteg%eﬁ #ex Ie a(?gﬁaﬁn%oa%cglet & Ef?g?ﬁﬁ @r the tag
or | abel rrk;cctmﬁ‘rthesgyaasﬂhmgcr@mb tm@upmtﬁllﬁhgmﬂsuﬁlmaﬁfﬁs1v§r oup,
a radi oact | veFlgroup a ligand (for exanple biotin), a photol abile

f1 uor escent 0um a paranmagnetic group; or a .heavy netal conplex or
noiety. [0038]In a particular enbodinent, the detectable |abel is a
f1 uor escer{0038JouBy hbeingake @y&dsplﬁﬁgmi@ﬁi’ &coﬂ%h&nﬁhétﬁ%mfpﬁiwdﬁdrfﬁﬁt

visualizatjon of the aSS cl ated th_ a, sphi.ngolipid using
f 1 uor escerfeB" %%qﬁg ?%&‘@5 %“Wﬁ‘@ﬂ aéé"s‘égi’%”‘l?@’aedw th a-
sphi ngol i medvdé@a@@pﬂ@bnwlhmﬁgeemelms dIRGsysd rﬁ&lehngoeeﬁagé& ifHessi on
fl uorophore allows for use of the probe in double visualization

exper i ment&ycospbingalinidnis C?ﬁ%Wﬁt@W%@MﬁMMW@@ﬁéﬁ@sﬁ galgsed to
target a %&ﬁﬁ%e%mg}: @&%&i ar
conpart nment e ceél?%éral 00 uor op gg@&%ﬁmg% rl:’h for
exanpl e Beoragedydtaflighingef libjdss Laﬁwme)gbgmph@dqmd aso dloq&{sa”on um dot-. -
In partic ou cul.arl. beafar
r ed- eni ttﬁ%@?ﬂ“&%&&#‘%ﬁ%ﬁ% ﬂﬁnﬁg@ﬁ?ﬁ‘é‘ﬁ%@ﬁ‘? %?&f#l b8 FR 65016650
(1 nvi t r oge@etermination of the posraon of the glycosphingolipid comparedto the position of an :
eﬁdecyticcargo that is to be re-directed.in the cell. '

[0037]  Detectable label refers to any tag or label that can be detected byany -



[ 0040] Mbst existing nmarkers used to (fete& various cellular
coinpartnenti are available as fluorescent fusion proteins, or emt
red fluorescence, which overlap with -one of the em ssion wavel engt hs
of comonly used fluorophore BOOTY. FL, neking determ nation of "the

| ocal i zati on of the gl ycosphi ngolipid once |ocated within the cell
potentiaI_IWeaéﬁﬁﬁ‘fﬁﬁbiﬁ.m%@g%quéd%i’b’ﬂﬁggMsﬁéﬂé&@ﬁhodsabel such as
BDI PY- PR ARRUAGeGinly SR (B fout BeybldBimb Al hflods 309G ofBRY bERRL O V-
whi ch does not overlfap wth green em ssions o tandai g-rgeen :

f | uor ophorbegpprecigied éhat the deteesshle labelselected should MeE B)terfebhivith slie abilisy 6Hr

| ocal i zat i 0 Lngolipidin relatioii .to.cellul ar

Mar kers | é@%%l%’éﬁ I\k/]mg%cﬁép‘f\{ﬁgz’g PZZB‘F‘%&? bﬁ%ﬁ?ﬂ %r?n(eﬁ% P]gpllg?fg)élﬁf_i gir?lc?lgl ng)

f | uor ophorseface-or tielttafifivkitg dfdie glidobphitgolipidbaittiin the@kll andbthten'tb! Forot her
f I uor ophores: thgjg1 woul [% Qlt her w se noé (%i ve separab) e’ fluorescence
em ssi on SFYARP-dDe @88y iEbel may pompriss 4 dporesgertEvoupra chgsulugynescent

gl ycosphi g Piadioatiielcdsliphs i BERFOY exanip bidGaf R ?hot%ﬁﬁﬂ@ﬁuﬁﬁécéltmir ker
mol ecul e to enable nonitoring of trafficking ‘patterns in.healthy and
di seased EEI"Ps2 PEHBIAIEHSIORD OF R Beavy siatal camplesof gwviety-r acki ng of the
progression of and the effect of treatnent of di sease states such ‘as

di sor der s [8038]i SqA g BarticMUOInoRIn L iRCASectdbd i1 SHr8QEnt ghdupl d
trafficking.or |ipid netabolism including neurodegenerative

di sor der s sugh@eadiuorppborentut gliowes ferdirget vielabzaiios ofithe tebeavhennol ecul e
t hat, whe q AL | i : r f . i n up
o endosyrr ety oot g pRRBYRA sk hidfesGill 8 GoRbpf cEfithnes, BIbBRET
cel lul ar wdapassetiged with e splengolipldecontaie sethirod calle Hichisies of e single
particul a ' er than t | ysosone., .| 0043] AlL'ternatively, .
Phe. endocoPibR Bt Wity 87 e oD el RiE Mot Weiillrtartpfadii
that is ttrieramiglk inrehiella setond Auaeptore faredbitaBettadifftreafddscbf ng pat h
of the endocytic carga.when ken up into cell in the absence of
t he exogehStiEH§t %"‘o@%ﬂﬁﬁaﬁﬁaﬁ%ﬁa‘%@ ‘eI%ePtrl@&ﬁl"t?f’ﬁbe altered or- -
re-directed using the influence of the glycosphingolipid. For : :
exanpl e, . ,ﬁﬂﬂé%n?ﬁmYIﬂuomaﬁqngﬁna@?y ch&eﬂ,ﬁ&rd@@_ﬂlpledmmi[ﬂwdﬁeslmka@ﬁs{i c or
pr event at ct o ich effec esired therapeutic result,
Phat st DAEBC Tt Gt B dor, Pt R O AP B RSY For
exanpl e, pdicdliBriapefi fed-cRGRIAL 0GPk, Mk pEticalafiétiehpl SROPIHY PROtT C, a
hor none, &z%s u@gi_r_ factor, a nucleic acid nolecule or a polypeptide.
[ 0044] | n° SRS @nvitrogeR) -t he progressi on of the endocytic cargo, the
endocytic cargo nolecule may be |abeled Wth a detectable | abel, as
descri bed[0adoye Myt dxditing ayieasibd oRtdcpiBiond Ballieiempathatd abel for

t he 'e'ndocg/‘:tahgblcar 0 nmay l%gasidet ect abl e by

¢ as fluorescent fusion proteins, or emitred fluorescence, which overlap with

-one of the emission waveléngths of commonly used fluorophore BODIPY. FL, making
detérmination of the localization of the glycosphingolipid once located within the cell
poteﬁtially ambiguous. A far-red clmttmg ﬂuorescentilabel such as BODIPY-FR
650/665® fluoresces i the-far red range (650-665 nm) only, which does not ove:laia ‘
with green emissions of standard greén ﬂl.:lorophores or green fluorescent protein - :
{GFP). This éilows for localization of the. glycosphjngolipid in relation to cellﬁlar
markers IaBellec_l with theée other commion (usually green-emitting) fluorophores, -
allowing for multiple labeling 61 a cell with other fluorophores that would otherwise

not give separable fluorescence emission signals.

{0941]_ In pafticular, BODIPY-FR labeled g}Ycosphiﬁgolipid, including BODIPY- -



the sane or a different technique than that used to detect a
detect abl e marker on the sphingolipid. If the endocytic marker and
gl ycosphingolipid are to be detected together or using the sane
techniques, it will be appreciated that the respective detectable

| abel s ShOlll;ggl be, chosen to a]IFIow.th two_ to be distinguished from
each ot her “a""?r%ﬁ?%{?ﬁﬁs&% ermplequicfo aable nanitoriye QEF%%FIH% P& She
used in- t hen Betthpehd difdRARETY) enling BRIghe, uakdioaNgaddig ogadocytic

cargo are contacted with the external surface of a cell into which
the two ar 8gFsgien phandihe gitegt of teoatieray of disepsecHtriesisunisas dissrdesenpl e by
addi tion ofstes Bl eRs BEAS H rii Py i B a

sol ution ‘Ol:lsrTE(_ZIi um co%t gtl‘eﬁt!gng @Egtog%gll, or&gggg%%filﬁ]ll%ﬁmggo%%el I

cul ture. [ oohgjmEnsuysgroeptivendjsirdgrs.d and the endocytic cargo are
contacted with the external surface of the Cell at the sane tinme, or

for over| apj4py P, L e dur i G e.cell rface .js
cont act ed_ o pT caane SfteRl Gl ETmAEERay Yok B c e wBbRRRLS, o
or for per applisd &f the furacelof el is tilenlupdto gndoopticovesiclesy and it fxglevikddc h

the cell syr is,contacted with each of the gjycasphingolipid and
t he endocy |]%%ge ‘r’e%qtoiancgﬁ@ﬁi RF gk ?06 ] e%?'%ég%?i"g*d?ﬁg%a of the -
cel | surf apatiddrwegnelld@hérintBe iyeskomef contact. As stated above, .if

t he gl ycosphingolipid and the endocytic cargo are added one after.

anot her or over | appi ng peri.ods, of tine', the gjycosphingolipjd
oG the on99331 e RleRBBlg oS ie Gueh nEp b Vo bR PTG Ee |
surface i sageatthatds Rtbewdeliverédiatod i0 s RihtAThd @irdcianspih 6f @B et fic
cargo for a perjod of tithe sufficient to atlow the-glycosphingolipid
and the 'en‘t‘ft'igﬂ/‘f’ %0 teken 7 1518 2 56ih 1B absepgrot dha ogeRpRglacsAlbin gipiskis

ul timat el yaesidio beRltérBd 6r RIBRENLE LGinY 83 lithREce JFMe AYRRiBaolbHRE =
gl ycosphi ngol i pid may be contacted %/\,1 th the?écdsﬁeéor a peorh#’{(glg F8¥ time
f r om about S*#miienthe endasytimendo Ay hoany, agewt bayisgr fiscipeutss onpierentstive
about 45 rdsaut GSyhi@l: 1 0 1.0 or
for about 30 m nut-es?éeﬁrﬁg]dg%g%l- ﬁ%ﬁ%‘?%@“ﬁ@%?ﬁ ac%e‘%“v%ﬁ?% t he
cel | for aipteieadprcgtic pathreayt Fomexdvople, the therapaugic agenh by bodPrisvianintgs, or

f ab Lo L : ] £ 5_mi 85, :
0048 TheegTmaeem Ry bl B SRttt oc SnaBRY be e bl o,

cell culture at a concentration of at |east about 0.1 pM at |east
about 1 uNP044] | elaordes otmack 2hEprp pression ¢fdhesendadyiotcargopht emtocitizast -

about 75 HE o pERpa IO R b Bt Bhe B B SR Bt 100
pM . f r om giesphingghpitioTtmhdetrctable 1pbd] fdrtbrendboytit caregp Aldytbe dateowble B pM
or fro m ARk P Md%f?cfgnl% ?e%gﬁiage RlanMLhat used to detect a 6étectable marker on the o
sphingolipid. Ifthe epdocyﬁé marker and glycosphingélipid-- are to Be_detected
- together or using the same techniques, it will be appreciated that the respective |
detectable 'la_.bel_s should be chosen to allow the two to be distingtiished from eacﬁ :
other and from any other i'abeled cellular markers that may be used in the method.

_[0045] - The glycosphingolipid and the endocytic cargo are contacted with the
external surface of a cell into which the two are to be taken up via endocytic
mechanisms, for example by addition of the glycosphingolipid and the endocytic

cargo to a éol_ution or medium containing the cell, or by addition to a cell 'cuIt_ure.

[0046]  The glycosphingolipid and the endocytic cargo are contacted with the

extemal surface of the cell at the same time, or for over_lappmg periods of time during |

10



[0049] The nolar ratio of gl Ycosphingolipid to endocytic cargo maybe,
for exanple, fromabout 20:1 to about 1:20, from about 10:1 to about
1:10, fromabout 7.5:1 to about 1:7.5, fromabout 5:1 to about 1:5,
fromabout 4:1 to about 1:4, fromabout 3:1 to about 1:3, from about

2:1 to abo , or about 1:1. [0050]The cell may be an_in vitro
cell, incl¥ Plhalegel@é ace 1§ eppeiEt Wity pa ?és&palzﬁ?ﬁe@as@m 4 A o

subj ect, Ogndo@YicRergd orifel pehi¥® cﬁ'ﬁhie dlﬂe&l}afo%ﬁvidg%bﬁﬁotﬁémgﬂh ficn the

cell is a. neuron. In-.a particul ar enbodinment,” the cell is a cell to

whi ch an eth@i%bﬁtui'féc%laﬁ@ﬁaqt%i with ¢geh gbthe \%bfpe@hlngnb}?iddnd@eand@mcytl c
cargo CO”%} ﬁ‘xgl ﬁtngi&rﬁi%r% %fﬁ‘gﬁgiiwast.'&fﬁ{é%ﬂgﬁrfa%?h ﬁ%
or PetEon to

enbodi nent , he ce Is a ce associated wt
cause a pmnbdsmﬂcamactl s@xﬂmd abovcjnﬁhagbrcﬁdphhgolmdbmdt@e Bm:tiicpmaf@cga

di agnosed or ate udi rode ati.ve ase t her
di seases Iln%fé]&gﬁﬁ eﬁﬂrt‘o 6Pf§°ﬁ1° 8?’35 ?f%“%?ﬁ‘?f & YH%SPEJF‘g& ‘?
[ 0051] Ref &héﬂﬁﬁ:ﬂﬂ@:yhacﬁ@d)i:naybéadmﬁi’ld&ﬁrbﬁej ncl ude reference to a .
single cell, a pIurallty of cells or a populatlon of cells, unless

other e m_| ar | I cabl.e, .reference to . |
oUher vt ¢ OREAL kel EH el AR e il S S on
of cells aBGo@brsperiod dPRhy sifficient3d %ﬁﬂﬁ%l}msﬂﬁ@bﬁpﬁ&ﬁhk&%ﬁ&yﬁ@\

healthy cell is a cell that is known not to have a _disorder,
nut at i on, S8E° ﬁ‘hi“#hﬁt'ﬂ?ctf’lﬂ%ﬁfetl ertace and o hsltimatglydeen uﬁﬁ@@@ﬂ‘&’@é@ with or

that is KRgyeed Pt RYSEpI& tRAG doglsﬂ.ﬁgoh 1d%9£ cotfacth SRdGRe Ldliehr 4 S D€ Ng

moni t ored, diaghosed or ‘trea udi "neur odegener ati ve di seases
and ot her Pefaskefdisae from kbeit Wimiputertst abovt anstmur,sxr Grospboutrfuminutestto aiduhg of

lipids.” LOAnglikd of H&Q@Bﬁmg nﬁ{l]uté’s%' §t% 0 MhireiE ﬁP%?%Mcfﬂtﬁghﬁﬁ&% is to

be to monitor or tra of t e éxternal
gl ycosphi ﬂ@obmdmcﬂ:cactatrgrmajt ba csantaaﬂeémthphéagelltﬁma paiold oﬁnﬂmmm ataizf 1 cked

W|th|nth h. vari el l,ul ar

gl ycosphi ngo F pl%’%ﬁ%?%]rmfﬁe Oﬁ Outlzl%luteﬁ goo. §/ PB'F?’F 05%%{ about 5.

det ect abl enihatidel as descri bed _above The method thus further includes
the step of detecting the detectable | abel on‘the gl ycosphi ngol i pi d,

and rraya ur e.detecti the ectahl e | ab n the
endocytic carsg Ll?lggg%?%nggl}pﬁﬂ%&% 135'%8 %SF?H O%Eceﬁl%%re‘teﬁ\ﬂ"]ﬁ’rr
depend onat henbainafien of at 1dast abah @l ispihaest MRet 1 oL, bodsst sdut d8hdgt | ng
vari ous types detectabl e l.abels ‘are known in the art, and include

f 1 uor esceftieast ghpubeuivpaf least shavt Ho UG at leass abapias FMaRe]@ﬂSt gbout 50 pM,
col ouri msg.{ IEE&t %Ep?gﬁM, Lthas?ﬁi)%{HJid?ﬁ M, from aboot 0.1 pM to about 100 pM,

~ from about 1 uM to about 50 uM, from about 5 pM to about 25 puM, or from about 1 -
1M to about 10 pM. o '

[0049]  The molar ratio-of glj}c'osphiﬁgolipid to endocytic. cargo may be, for
extmiple from about 20:1 to about 1:20, ﬁ:om about 1t) :1 to about 1:10 , from about
7.5:1 to about 1:7.5, from about 5:1 to about 1:5, from about 4:1 to about 1:4, from
about 3:1 to about 1:3, ﬁom about 2:1 to about 1:2, or about 1:1. '

- . [0050] The cell may be an in vitro cell, including a cell in culture or an explanted
cell from a subject, or may be an in vivo c_ell. In a particular ‘embodiment, the cell is 4
-neuron. In a particular embodiment, the cell is a cell to which an endocytic cat'go isto
be delivered, mcludmg a.n endocytic cargo comprising a therapeutlc agent. In another

parttcular embodunent, the cell is a cell assoc1ated with or that is known to cause a

11



[0054] - If the detection is to be done in a cell, then each of the
detectabl e | abels may conveniently be a fluorescent |abel. The
gl ycosphi ngol i pid and/ or the endocytic cargo, when including a
fluorescent label, nay each be directly visualized by. fluorescence
m croscopy.. As nentioned above, it will be appreciated that each
| abel. may pretionddr disprddr erglisenset thatisbdingrebmitoredy diageased ¢r thratedi wtiudigei shed -

fromeach of i the. | e to-be.detected, by.:the, s '
detection: ’?"’é@ﬁ%ﬁeﬁ%éﬁ‘tﬁdd%%% g‘f/d%{é é%sfﬁ’ "i‘sﬁsgl“?‘ﬁ‘é“’f‘ l%ert?le%}sélclzsenﬁtﬂolr%g‘eafld over
time, it itsaffckandfllipidso track the path of the gl ycosphingolipid
and/ or endocytic.cargo through the cell, ‘and thus nonitor

gl ycosphi i1 d, and/ or, endagyfi argo trafficking fromt cel I
surface p{@@ﬁi‘f Cr:%b 'Fﬁ%eetotgcggrlfﬁlg@g?‘%@dﬁlg etf(ﬁ“ﬁ?%atﬁ%gq%%ﬁqﬁ’eavi a
endocyti ¢ plesliglofselBDr b pep aaiawftelk, Masds ottRpwist spetificer Biadiladgdwiane as
t he glycozphﬁggolig%d’andéor,gndocytic cargo are_ then subsequently
traffi ckedPPi-apley Tegriance & Igller's tewmded toreltt © aplpraliyoderllvir 2 [0056]  The
present | yﬁgﬁlaﬁédqmeneemql@s% t0 aBty fea %;%@Lé!ﬁ f@x%e}[aggl_h abR! Asﬁédﬁ?}ﬁci?eg?' med

at assessing changes i.n gl ycosphingolipid tra |%g in ce :
model s of iheelkihiaigekeaven 1oféo kivsedisorden anusating ondhal Bingeersthairis &wnd iy
l'i pird net ' Aol R ' I pi . i ek . .The
pr osent  methadeonat B U RIB0RR bl ol Bl dRbiior srla e
recovery fhemgnainitoredpdiagrosal irambted indidiog féumicgaentive Jisdastsahé dther

| ac- Cer in, .1.on to a -stably or t iently.expressed fluorescent
mar ker of _%%Je?fgfkﬁ%@%@ué%af]flﬁg?rfl’r%oﬁ?g(eﬁéﬁa{ﬁgﬁﬂg%wl ell line. To this -
end, a detectable |abel such as a single-emssion fluorophore (for .
exanpl e BOOMFR]- FRf 65 MiBlgH)of daliteneoffinyendeqytic faygdt igto de po munitteor daske  of

detection _of t.h | vcosphingol ipid wi.t hout, interference or overl.a
wen e oo KR aEl BycoPibetibiett Bl BREli el
cpnpart_Lrpriis&Tﬁa&gaﬁﬂlﬁstﬁdeswgk?gﬂ:?mfhemﬂﬁldoﬁmb' ei?’am)l' es,‘-t i
cosphi ngol i pi d uptake a af fi cki ng has been :denons ed to
octur | #iepipingetie 3T or e deEuis s B B AP PP BOR GRS,
i ndi cat i ngedchibéd 4Ha0e. PTIRSABhod R REG BN (RESEPS MR ch |BE dseaitit a
cells, which serve.as a useful tool for studying lipid trafficking
and - st or-aéé?ebffrs%glawe@sghmdaméwy alsg @Hmeﬁmwﬁeﬁatrngr%ﬁﬁﬁt%% of
gj ycosphi nge] dPhé eddodiild Gidorg. may be - ' -

[0053] The method of detectiﬁg each label will depend on the nature of the labels
themselves. Methods for detecting various types detectable labels dre known in the |
_art, and in_clude fluorescent, radiographic, imimunoassay, enzyme-linked, or =

colourimetric rnethdds, for example.

[0054] - If the detection is to be done in a cell, then each f the detectable labels
may ponveniéﬁtly be a fluorescent label. The glycosphingolipid and/or the enciocytic
- cargo, when including a fluorescent label, may each be direétly visualized by
ﬂuorescc_née microscopy. As mentioned above, it will be appreciated that each label
" may be selected so that the labels can readily be distinguiéhed from each other if the
labels aré fo be detected by the same detection technique.

*' [0055] . B}; detecting the fluorescent label over time, it is possibié to track the pa_th
of the glycosphinéolipid and/or endocytic cargo through the cell, and thus monitor
glycosp_ljingoliﬁid and/or endocytic cargo trafﬁpldng fromi the cell surface plasma
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particularly useful in diagnosis of disease states. For exanple, live
observation of the trafficking of glycosphingolipids in afflicted
neurons conpared to healthy neurons would all ow for detection of
sphingolipid related di sorders, such as neurodegenerati.ve di seases. -
[0060] Thus, the nmethod of targeting may firth& include diagnosis$ of
a sphi ngolm?ﬂﬂﬂaﬁeépé@@dlséﬁcﬁm@e’ﬂm the leellivia gndpcyiigpyeasicls o éngen%:ca'tw pid:

trafficki t

oo S B B8 s o OB DR W e ELog Al
i ncl udi ng Sabmthdntlgﬁrpfﬁath vhnmmcbhdmh;pMentSauﬂiocmba@tl on may be
combi ned with the nmet hods as .described herein,.in V\hl ch. the

g yeospn 6R5a1P. driddfsend s GRAPielofis SR80 ASIOkH Cég,fsg%éled Wgh a

det ect abl ere-direction o
moni t-or ed abgssdsmgdiangem wglytmplnngdhmd tﬁfﬁdkﬁfklgbsdhmﬁ‘mdelgefl pid and the

| abel ed endocytic 0. The t af fi cki ern of -
gl ycosphi ﬁa‘gf)%{ "‘%gﬁ ‘SE"‘HBG‘E‘W @4 58\"%‘5 %ﬁgt{ﬂﬁ ipii mpgtaholisre, linid torags, be
conpar ed \whd hpill keffigehg.er n observed for a healthy cell, where a

di srupted or altered pattern in the subject's cell is indicative of a
sphi ngol i 'if@fsf ed disor er. é exanple, the rate, |ocalization,
or extent’ U aflff Breser; meliodp Bay Bapsed driscreens BrpeosaiRidmgontysed

related d !réi:@t’r&ﬁ FoRSabH&RMA RRa@afod &f @ﬂt@résee@waﬂéteﬁ%’&eer in tistfondsh or
condi ti on WhIC is associated with, related to, or a characteristic

of whi ch P@bIYesHansisady expressed ﬂ'mwmgtﬁ maekss of e delevent ¢ametiartgent(s) in a
gl ycosphl B/8h bal ihe. LR, a%@e@tﬁﬁ %@3 dsg[:l%%g d;I sl.ug%é glg.ﬁmgﬁ ﬁﬁ&gﬁgﬂ(??@

| ocali zati on or conposition
recogni t i (far exaapleRGIIE YHIR 650/665) oh é‘@tﬂmipﬁmoh}ed pmlvrdggleaseFoﬁ exanpl e,

t he di sea 1ye di sorde ncludlng

Al zhei ner" a& %Fgégﬂslgg%‘;&gm%%%n rglfo%f mc?f’r%}eg (éeaosreo Mg “él&{ Ef% rage
di sor der mﬂd&rmdmmﬂauicutaypﬂlu@xmmmmt ceroidli pof usci nosi s,
Batten's di-sease, GWMR2 gangliosidosis including AB variant, Sandhoff

di sease, Ef%-a ac : nuc Si ype -
'V, Gaucher S?dl ggggégﬁﬁ ar t%e%l se %ﬂ;ﬁ g@'cgspamggfgpéggp'%‘t%@hronml C
| eukodyst rafibkinghah Hémadhdmmnﬂtrastemme)cmﬁrﬂﬂasﬁmlﬁh&shbhhoﬂrcméptdielan&er| ng an-
endocyti c f as descr n - be X ,of treating
a di sUr def g%uggansleeggoels IP‘#fEaretl?g%%f t\{trtﬁ%ﬁ‘?dﬁl%ay S|P 8‘3’ i®order or
any di sor Bmsopiﬁladblmeazhﬁhlsétvw £ Gsefill @ocf RAISRMYiNG lifiAtRETRBIERAE Sbiage a )
t her apeut i. 4 is desired to be re-directed within a cell. .
[ 0064] Thu Sea‘é %et ective amount of an endocytic cargo conprising a
therapeutic agent is contacted-with a cell of -a subject in need of

such treal00s9] i suoammdmnﬁaenmtohng bEgliedsplidsolpsd SEHEkihPRdy Ber ei n,

|nclud|nganuexlafhle cell -or,cell in ylvo.
useful in diagnosis o disease states. For example, live observatlon of the

trafficking of glycosphingolipids in afflicted neurons compared to healthy neurons.

would allow for detection of sphingolipid related disorders, such as neurodegenerative

diseases.
-[0060] . Thus, the method of targeting may further include diagnosis of a |
: sphmgohpld related dlsorder mcludmg a hptd storage or 11p1d trafficking related

- dlsorder

[0061] Deteqting of a detectable marker may be done in a cell from a subject to be
diagnosed, including a cell explanted from the subject. Such detection may be
" combined with the methods as described herein, in which the glycosphingo_lﬁaici and”
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[ 0065] "Treating” a disease state refers to an approach for obtaining
beneficial or desired results, including clinical results. Beneficial
or desired clinical results can include, but are not limted to,
alleviation or anelioration of one or nore synptons or conditions,

di m ni shnent of extent of di sease, stabilization of the state of

di sease,; pHegadnaybncasgo e bethdgheled twitfa detestelledabebr Bhestetdinsatiasfof$her ead
a0 _ o e ; TS (
or diseas eend@@}tﬂ")’cafagﬁe C?+ BB dREa ﬁy &e?%giﬁl IBf‘ ?cg.ﬁ al%ﬁéb%ﬁ(]i gij)g%o t 811@?0"\" ng

of di sease onset, oration or ation o a ate,
and r emi ssawlthe¢ lsheeherdopydictaamp. dhe traffiaking piffare af glpgispliagolpidsandrean

| ongi i val_of tient, b d that ted in, th
bf 11 oat meRroCaHggigeith 8 sBlie S bl M B Compnt VIR e Sbrieddeidn of
di sease, shealthygelk Mieehdgrasal @alierbd ghtte@iftht QRREaE ¥ indidatitosah

nore preferably, it inyolves halti ngI t he progression of .the disease
per manent | §9! é]relaI‘ng IFUAcH Frerampleathe sih lntalizagion. o5 extepletiei n neans
an amount w@ffigehd ¥8 bedbmge@ges and for periods of tine necessary to
achieve the desired result.(e.g. to treat a sphingolipid rel ated

di sorder, ﬂggg#ﬁdl ng a neurodegenerative disorder, including

Al zhei mer* ead Ephingalipistreinied disorder pyusgd heminTRisrsda @Y. J6Fase.car go

conpri si NQi@rddFek %ﬂ&%ﬁﬁﬁgﬁssbﬁa@@ el I%ia?édlqﬁ, %hgﬁct@ﬁstl%)&@ jed

cell froma subject, or may bean Iin vivo ce ere"the cell 1s an

expl ant ed i8 angmaleuser besrmnhwhingelinid (ineleding glyovsphingelipidysterage, ng t he

cell back | £.he i Ny L vo_cont.acting. of [

gl ycosphi nﬂéé(}%ll%pl)llts%’ gﬁﬂgméﬁ%S)D(E({/dtgg:é:(’%\é\{é)rggg%?%ﬁ/{)ﬁwcg)mggﬁhsg’ 0[r ]de%}ulg? Tis

FL esent | %/_sphiogdlija@tkev@rﬁtious?dm?&efﬁr bialrinfectﬁ&ﬂg@ybﬁdqgar*g(;mpm thsi ?g a :
er apeut i en et ectabl e el. r _both,.. ipcluding.use of: such

an er'1doc_ytclﬁséegl%asrta 5% %g%l?ﬁﬂlﬁ% &eﬂgf@gﬁflﬁa%’ﬁﬁ%%&%ﬂm&fg PEHEF T Uuse

of the engoioyirélated disgme, o a lip@atoragediishpded elichil di@nidreRitignt Cpf t he

di sorder exploi.ts tﬁpﬁﬁ’ urrently descri bed enonenon of re-directing

h
an endocy tA°Eopahegy ciposys, Raften’p Jiseas Gddicapetionidosis slidine AR ar go

i n conbi najtigf, SdnlifoRdisae TapShRE AideRiedGMANGn PSR ddkis Au Mg Mt Hpe -
cargo in the manufacture_of a_nedi canent for diagnosis or treatnent

of a di sortyeliafRer vdisqags Farbat dismase, Fabryischiseasss mesepimometic t he currently

descri bed 1a{kgaﬁqgwfm@@c§igeg&gi ng an endocytic target, within a-
cell by contacting the endocytic.cargo in conbination with a
_ [0069]. The present nmethods and uses are further

gl ycosphi I.pid. ! _ . i

exenpl i fi 2@8@ walpegretaadeofidgiiveng Ap ennayiiq siracets descaived BaeinmencES

[0070] EXAVRlketdod d#&édting!diiscpdl oF #iRkhse, including a sphingolipid related disorder |
or anty disorder or disease in which the endocytic cargo.compﬁs-ing a therapeutic

a§en_t is desired to be re-directed within a cell.

[0064]  Thus, an effective amount of an endocytic cargo comprising a therapeutic
agent is contacted with a cell of a subject in need of such treatment in accordance with

_ the methods as described herein, including an éxplanted cell or cell in vive.

-[0065]  “Treating” a disease state refers to an approach for obtaining beneficial .01-' ‘
desired results, including clinical -results, Bencﬁcial or desired cliniéal resulté can
include, but are not limited to, alleviation or amelioration of one or more syfn_ptoms or
conditions, diminishment of extent of diseése, stabilization of the Stéte of disease,
préygntion of development of disease, preventiqn of spread bf disease, delay or’

slowing of disease progression, delay or slowing of disease onset, amelioration or
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[0072] This study identifies a novel phenonenon whereby |ac-Cer and
an endocytic cargo Dextran, which is nornmally targeted differently,
i nfl uence each other's behavior and traffic together when both are
present sinmultaneously at the nmenbrane. It is proposed to call this

phenonenon " hi jacking" because it involves the re-routing of the’
trafficki ylisfonpkhedisense pipte; dnd remiseipn (whedwy Birtiglor ftal). cElseating” can

questi on afhe: afifi ' ' £ 110 _
anal ogs of Sé’n’g‘?%wﬁé&‘g%% ﬁ%@ﬁggﬁ%%&yﬁﬁﬁg%kﬁ%dr%ﬂiljés%’gé}%ggfs‘how :
t hat a Dr dweipfent. 4Treetingdrrah alse iead inhibitingdins prog@tsion afidibeaseadléwing the
gl ycosphi ngol i pi ds.i.n a pmanner..anal ogous to th observed Ji.n human
Qe | % e PoetsRlon B tBerle DR 1A Al Hirs Mehrin oS Splsde
| ac- Cer wairezrésion ofthe ditkasePem@nkily. r ansfected with or treated with
endol ysosonmal , Gol gi, and recycling endosone narkers, and it was

est abli sh at .the lac-Cer remins predoninantly in recygcljng
endosomesigqéﬁs ngl\ez?lmcﬁW%MO%tQF%E?gg‘F?WR%@S%@H@t% Gtvetdir ough

pr esunpt i \desaey dnd ek RAGASSNBSe nddekdhdy it® Rl dvi thedleFirdi0bsul (R RO theaty Of
fluorescently tagged ceramde traffics to | ate endosomal vesicles and
| ysosones .Splrlwim]gi relaifd dlisgrdes inaleding ¢ naverflepenerative diserdary inchuding

chol est er i HepR-RYi@kdpns of Drosophila neureonal cells, both overload
and depl etion, influente the trafficking behavior of lac-Cer. Wth
respect t? chol esterol overload, this effect is analogous to that

whi ch has [H . r dperelbte Which the cadpsatiorargirmmnrisinglsl thesansutiyageatisno et |
al, i.e. LAg; r Yl onal
Compar t ment P ioe) BEREDRIE R A0l ol Raphh A RERAR

chol est er &fhegetpe eall igan explened eellstheiteatmeniooasniuithen compdfe ingplanGag then

ehdol ysos I As . |y I ncreas Ltoin | Qi y. -

C00951 Tho Sl Bith o BN F b Yivo REHRIRE Bl elydocoBiobripid and
trafficki suforyticagmdpltid cllneurons follows simlar routes to that = -
described in mammatian cells, and inportantly, that its behaviors are

strongly igifgeyen ondi ti . chal esterol . st orage. [0076]
Mat eri al st ar?gfl\/e?ﬁ% 2&/ "8%9%’1&5 H & %%}qsee% °k|§%r8%dr?§¥“"[% 0008 PP
mel anogast érrapéutiveigbs, { DitedxtBEIRbelcd)botte ineludihigaisa efisuich aneidoeytic
Dr osophi | a_Cenope Resource Center . I ndi.gna, .USA) and cul tured
o 500 | gt R e R R i e B oo B BAGAbARHP 1 CeRb b, P
(G bc, o, -tiShfier vihetXpeadihkntibf tHestorder &Bl6itsaB @atenildeisiibddghendridnagl )
and 1% an%l %l. otic/antimycotic solution. (A bco, USA) . =~ . . '
. ofre-directing an endocytic target within a cell by contacting the endocytic cargo in
combination with a glycosphingoﬁpid, and use of an endocytic qargb in the ' _
manufacture of a medicament for diagnosis or treatment of a disorder where treatment
of the 'disorder. exploits the currently described phenomenon of re-directing an
endocytic target within a cell by éoptacﬁng the endocytic cargo in combination with a

glycosphingolipid. '

.[0069]  The present methods and uses are further exemplified by way of the

following non-limited examples.

EXAMPLES

-[0070] EXAMPLE 1

- [0071] Introduction
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[ 0078] Synthesis of BODI PY-FR 650/ 665-1ac-Cer: Far-red BOD PY-FR
650/ 665-1 ac- Cer was synthesized as follows (see schene 1): A flane
dried 5 nL reaction vial was charged with

D- | act osyl - bet a- P-D- er yt hr o- Sphi ngosi ne (4.87 ng, 0.0078 mmol ),

BODI PY 650/ 665- X %giﬁrrg, 0.0078 ramol ) under argon atnosphere and was
cool ed in E972Le Bhispudy idgntifies pmpvelip off wherghy e-GeDvil an0. 5 nl)
was added j X I; . f . reagtion

m xt ure vva%{dgﬁﬂg%gr&g ?%K%%I’rg{ h&% lé.%%ﬁmng%%gt&g&g%%d dmco%tl(feeneﬁcgld
stirring faherxbehaviRead traffic tvgethenwhert ootk erelpyeskiRls@nultht@islyan el et i on

of the reagtion - was renoved. upder - hi ghy.vacuym and the blu
resi due Wa%&lf)l?ﬁa?? Eggprwospg gos??ﬁgg'fﬁ Kaiin 1381?%%{%?0?}?? Hdpuplves the
Conbi f | ashreseyaipaif trRgrasickingof oddgpetlels thedthbr. act i ons were col | ected
and | yophilized to get the FRBODI PY as a.dark bl uish green solid

e e e e

obt ai ned
descri bed flos@wdie aaldgyBF 4 sith @aﬂﬁﬁ@}' 4O BA)Cer [WRE l'i ng:
BODI PY- 1 ac- Cer _and B&&%’?PY- Tgﬁ?%lrf conp elglga to el%oveé}ngaegg? _%Jl_ir%v‘}aifﬁ%ﬁém n,
and 10k Da IPsesephilmoayrenghesiiding iprorperaissand mrafiics @lyicpemiingplipidtingrmmnebes .
BODEPY- | agnSig B EY TR 18 n N6 Y : in 4C
Hank' s -Buf f_er%%‘ﬁggl e edin i, %@sﬁﬁs&ﬁﬁ%ﬁgﬁ’%@@%%‘??ﬁ%ﬁ%

BODI PY650/7685{luosescans facwiées Wereoatriadent en cells tratafeated>®ith 6iB8BteBGritiM HEPES

| anel 11 n) o e Fhh Gy Bhd Bt PRl Ao XA e g o

Af t er | abdhd laer§er ralains prdominaaiihindetyolingertdosdmeseA tsiialla dofitribhfBmSs 10mM.

HEPES, fol] ' Schnei der. s_medi um supplenented with 1% (v/v
Oy ior (R EE B OB BreSFop i 5p Rl nGamr dhrional piiao?
Tr ansf ect ipeopertioAMP{GhEs cehbragsiddasalide s 18 Me Baldsbmisived dhavner e
carried out using CellFectin lipid reagent (lnvitrogen, USA) per
manuf act ur€P*¥nst ructi ons. [0081] Chol esterol depl eti on/ overl oad:
For chol esterol depletion, Mannosidasel|-GFP (see Bard et al, 2006)
or LAMP- Gwolﬂee'lpﬁﬁimo :abmf-,aluiﬂﬂjisetuldgghat 26065 }e(r%}lrsntﬁ&ioﬁﬂopel l.s
wer e i ncubat ed, wi t t -g-cycl.odextrin (M 3CD -

(Si gma- Al dFPOR %ﬁe%é%ggs o ?%yagéﬂmm%@ﬂv%&ﬁ trfeldng

| abel |'i ngbelfivicebf 1aaloet. Wikiresyeel foSh¥resSrof GWekibsd thi8 6821 EM aloBous to
serumfre megircum For chol esterol eXxcess M ~

0 -
M 3CD- choft&t ¥ 'Bﬂla%bﬁ%re@wé%d‘iaéheecaﬁ? @ﬁ&?@é’b@@mﬁr&?@ma ebel, b¢-tatei n et
| ., 1995)acans abdagiadGHe Mot ; ] _
¥ fac Bt} P ctoBoctin Cltpar I EPIERE RO, | ot e

| abel ling. After treatnent cells wer )
medi um wi BAPEEElmit wasdery that chalsterpldentetion cavsescmdimilart dcowmglatimhi ofs :

Conf ocal {j.c ' i 8¢ . i i P2 m croscope wth
3% 0. IR arEARAAGmEE L 8 ehihiell) ekl Bk Bol” per i mont .
control experinents-were carried out using the si'ngle fluorophores,

e
to veri f-y[dtpqqfﬂ t Hbns thiggudyolemopsiotie| that igbtcorpbingplipidératfekingin channel s.

[ 0083] Fofy. 0=l i i i s.all inages in a,.given .
ceper | monp SePLBRASAN s SUREL TSR deslrRg S matheidh 1 Shmdn

val ues weingporiaidly, dtaeils behnviats areesmhbgly/Snfhehtal B copditiond éfidholesteldl , USi ng
t he al-goritt-hmfrom Costes et aL (Costes et al., 2004) that is '
avai | abl e° ?’W%ugh | maged (rsb.info.nih.gov/ij) with the additional

pl ugi ns: "Col ocal i-zati-on Test" and "Col ocali zati on Threshol d" (by T.

Col I'i ns aj0@76] RMdenidly adhMetiR@sSubtraction fromRO" (by M Canmrer
and T. Collins). RO - was 'set .such that visible plasma nenbrane

st ai ni ng | ot zed,.[0084] Resylts and D scussion [0085] .

Lact osy! - L7 n &3@%5&&4{9&4 %mé?f%d’beéfgftoseﬂffaqﬁmﬁ@a%‘y%ﬁg%phi | a

neur ons: . 38)verpdiakteditin tHeabrbidphild Gemd RHQUAS €RAet MGROC IR, aNal 0gs

of the sLnBI e gl ycosphingolipid (GSL) | actosyl-Ceramde (lac-Cer) in
U A) and cultured at 25°C in Schneider’s medium (Gibco, USA) supplemented with

- 10% EBS (Gibco, USAY), 0.125 IU/ml Insulin (Biological Industries, Tsrael) and 1%
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[0086] As is the case in mammalian cells, exogenously applied anal ogs
are taken up via the plasma nmenbrane into endocytic vesicles by
Drosophila c6 neurons, (Figure 1A, B). Fluorescent BODI PY-FL-tagged

| ac- Cer (FL-1Iac-Cer; InV|trogen) and. gradual ly becones |ncorporated
into mobile endoc tic vesicles over - 10 mhn, froman initially

uni f or m drEibigtis(pobimircatic splvtiom(Gibers USdbr ane. Thi s behavi or was
observed for both BODI PY-FL-tagged |ac-Cer, as well as a novel far

red- ( FR) BEOTRY- t sy apAODIFRIR 860 6isl L%eﬁ‘%:'c}j@ oty 8k synthesis .

of this |abel), t hese two anal ogs co oca y conpletely
(Fi gure 1@50/64 rldq‘—“@at wegsynihasizadie fQilmmsciwe@bheﬁnajom[ﬂwﬁdnd@émlnot

i nfluence ekllul ar | a

[ 0087] Thersetgag)g;{’ﬁ)&lq{%&% %L{gglrjgi}%}rtl{bsyl\/é |cI es ﬁgo'g%]m%% Cﬁ%%ﬂ’@bsom&s
t hat |ac-0.0&8 mmal),eB@Bﬁﬂe B50/645X (5 mg@mDGIS mmdl)mhhﬁrargbﬁmnﬁdsépl‘r&at S,
since the ER-Lac t cal oc MP-GFP ( Pul.i ar achar uwl et
al ., 2005343 Waszs%}ciw %P%%a%b?tzqe"ﬁ ﬁsyd ma@ﬁf{c@ m BLbVahase
time (Fi gadded &Gpwite B whi @itcl 810 W for DasS THe RACH REVBREGE SRR t hm
usi ng Costes thresholdl ng) (Costes et al, 2004; Manders, 1993)). At

this ti meSoms o FRAT iempsEairpandeontipred shimmeyfor 24 I Reaston vis rroaitmss Yart,
t
passes hﬂpwmﬁé}%oﬁlgrehbﬁlefﬁef@gmé}i %SO nﬁun%%lk%ﬁ%c?&m}

2003) . LAWP- GFP, al though osten
parti al | ythe/Plse resisiue sxas prrifeeditiyi flash cdrhngh chromatyigraphyp nelug @ Fatnbiflash

Conper S 0Nl U e

quant'i t atBOBIROasoddrk hhrish(greentsulcﬂ («Smgpm yidldjevhmﬂ wachagioefiradded t hat

| ac- Cer traffli i ma sorti endgs cling
endosomatlSlik'a%fi)larﬁ‘f’)l r?'%% &gﬁéb EQP%'WEFW&@F%% “ipiﬁ‘egéxm?‘ﬁ@{;a&‘%/

and to IMm’@cub%d&lﬁ%heré(mmhfah@ﬂag’aﬂmwﬁ ln vesicles that are
presuned to be LAMP-GFP positive sorti ng endosones. This is. simlar

o " 200 TP CHE i ekl POPRAAM T B boBr e cF i B ©

co gt r i butboeine b@umathuntie Ssid 0D Deﬂmt%lbfe?a? taila@tmgiéaew Q%éﬁdﬁ'dtﬂ )
endosone VI_.O ep a ac- [ acte as_a narkKker
of the Gi‘ff?j ﬁﬁé}?%ﬂbb‘&faﬁﬁeﬁ@# %@PI%%TT%C%WP ieybaterhon gelaat
recycl i NGuSNEOS O Rk’ Vi fehedC4 R a8 g—mssm@ﬂ@m@ms he3ohasm :

menbr ane {( Sharnma et _al 2003). [0089]1t was al so observed that a

non- gj yc GPEYEAVPP I st ingp mﬁpmuzsmﬁwww’ﬁs or
TR- BOD P!ogﬁf@mr@hwcﬁbauoﬁrm%@d@ﬂo} vb%ﬁte@cﬁ%bl tsmH:"t}.'ﬁ xR €ndosones

as is the glycosylated FL-1ac-Cer, and e Interesting
pr oper t y inshbatedati0l. Re/md. fon3 mitbefi 2606 sA el lzhellingngells mrenrvashedtireery e

al ong the, Lﬁﬁ%&ﬂlﬁ%s%mﬁhpﬁé ‘}ﬁysoﬁ%az&'ﬁn&ﬁ%l ta:h @%ﬁﬁ%@&@&e

col ocalization wt xtran and S WasS '‘not
quant i f i edth(1% Euiv)eOtyFlyor (Oxyrase Inc USA), for imaging,

' [0080} Transfection: Transfectlons LAMP-GFP, Mann051daseII~GFP and
Rab11-GFP with were carried out usmg CellFectin lipid reagent (Inwtrogen, USA)

per manufacturer’s ;nstructlons

’ [0081] Cholesterol depletion/overload: For cholesterol depietion,
Mannosidasell-GFP (see Bard et al; 2006) or LAMP-GFP (see Pulipparacharuvil et
al, 2005) transfected cells were iricubated with lQmM meﬂlyl-B-pyclodextriﬁ (MBCD)

' (Sigma-Aldrich) at 25°C for 30min in serum-free medmm, before labelling. After

labelh'pg, cells were fuﬁhcr‘incubated in serum-free medium, For cliolesterol, excess,
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[0090] Lac Cer is only partially CGolgi associated: Since FL-I|ac-Cer
was characterized as a marker of the Golgi conpartnent in human
fi broblasts, testing for colocalization between FR-1ac-Cer and the
transfected Drosophila Gol gi marker Mannosi dasel | - G-P

(Mannl 1 -GFP) (Bard et al., 2006); Figure 2A, B) was conduct ed.
Starting f# MBEDtchelestarobsawnplewa Mereartnaredas iBBlein, ebdlGainict akt,i on

i ncr eased q@? I dQn Ah of
chasi-ng ti ?r%bsf %}%lﬁ%ugg%) : ﬁpﬁlzgaéfogél \éb%?%?h%gﬂnv\% ‘Qq/eﬁan vvou‘i d be’
expect ed fmﬁsm:mﬂaiﬁwbitydﬁwomplamnkmmﬁMMest| ng was done for
the presence of FR-I|ac- Cer in ot her conpartnents. Col ocalization with

tan sfecte as_nmen e -30% at 30" in
presunpt i v@ Sgi\/Pl %crg?l Dcagza%r?g g%‘de?ref%(’/‘g?ﬂflﬂgoﬁé’% ¥dur of
trafficki n@nﬁedmat figing alﬁ%a S\B’Emldﬁ&&éﬂeaﬂﬂﬁd 63K/0 ONiAl Wdter dipfngies. Fobe

exiting t rt| endosorre and entering the | ate endosomal, portion
of the pat‘fﬂkﬁ% éﬁ?eé’cm%ﬂfs co mfFﬁ’%?@’&ﬁ‘é?“ &BFB%%E‘?IE%E‘G

remai ned cmépmaﬁes ab ver;é%gt HerdHad &&bsﬁfk teRcth ik dohiSBod HHaghe1e 18B) .
[ 0091] Lac Cer can hljaC " the .trafficking route of -an endocydc

car go: % gé studl es Pagano et al showed that-|ac-Cer stinulates
caveol ar UBPERk fFesPoreliztiad spsrisieBicaH dmpgs A #EIVER CHACLImENONEF . The

present  expRdhiaiE Plodessd ﬁ@ﬂuo@ilf‘ Qi‘belbcﬁlfzitﬁﬁtv’aldéé %El'er&gfcula CTQ RS RS 5
stinmul ati on_of uptake, whereby | ac-Cer and anot her endocyttc cargo;

Dext r an. mﬂ%at@n@m@m u%ng)ﬂ@ pledthm foth Eostgs efad (Chitpsaikl AP04because

it I th

ot her oy et fn¢ Bl s 0l (16 15 A L6IH Ol e ROBAIIMEY 1F

| ac-Cer wefglogalrzatign Eftst"rmﬂéCDhgaJEamtunmcmolsl" (!nal’ rq;ullnxg aDéW rRasbasid) h -
t. [0092]1RQ3a Dext

Idl ff Ear ent ] eﬁd%églst%})%g%g ﬁ\ﬁfa%&ﬁl{?ﬁ R’ﬁ% : r%‘ﬁ eﬁ?ﬂ 3%85%3’6%

pr ot ei ns (tti@tmsmlmplvsnamdﬁmmastmﬁﬂagafaenbmmzwd by different drugs
(Puri et al., 2001; Sharma et.al., 2003; Singh etal., 2003), but

surprtsin th ow al nost. conpl ete col ocal i zati on when ‘i ncubat ed
directly gbd& ft:l%(esﬁir%s fﬁgfusspﬁ contrast, - théir trafficking is

al nost entirely separate when incubated i ndependent ly.
[ 0093] Seqieddslal Ea;txsﬂ-ﬁganixdé isdalkev uyt inem dﬂﬂntytarpatﬂml(jehrqxubhﬁa 3h

((:B:f('?ran pupgbe%p%] g%g%e%g E%H?OE%S% %t?‘?gg ﬁ%ﬁg§ﬁﬁ g4 |n '

nearly I no ghyehsphivlghlipid (@SLXlEétgs;ﬂEe&&xd&Uac-Gérlb B a/mwphila Waﬁ brasza n? :
since lac-Cer s re t ize Puri
et al., 20Ffyed nygn %@@ﬁ%tﬁsgﬂﬁ@oﬂf@ﬁﬁﬁ ‘g@&)@g% é)%ﬁg’%ect edly,
however |smme@arheapﬂ>dﬁ&>«ssxambﬁtrsﬁcteufemmh@analsﬁuér&g@m%ewﬁmn added’
swmltane({)lH:?‘é%F --80% Figure 3 32) This is unllkelyto be due
to direct BN thf%%%@ﬁﬂtcﬁ%h"t(\ﬁﬂm%%é‘} 00Q), # ¢as iTRorfapkiocateblisk washed -
out br i ef kit BaRlARRE GS98 ol bbb ks ﬂ%}%é Ren SR ALRC Lpgas

seen when the relative anounts of the two |abéls were varled (Figure
3E). [ DoYw fien trafigdhese Bpidh mnmalmtwatthiun@wendac@sr wifficking h%ﬁ: Cer-

+ Dextrany, &[@E]@ | I: n | ac- Cer -
+ Dextran ?n the pr esen%lgmgfc el tgﬁGgP'l&r @I %dgge%%astl% :)ai'g,noﬁrr[?atr\fl)\bi erence
mar ker wasvhersretolesterd] tra:fﬁclungisoh@k:bah@hondluﬁy etai. alO(]ZaChcﬁ‘ﬂhunyrdt elsity

e Cor cOPRE R SE Abs Faetiet heros e . Dt B RS el g o
3A), but upimwsm@fe mwﬂ té BefficadterdepAadniSYRRINBL R RAK Max AP 058P

showed thg la‘ﬁ verts Dextran away from endol ysosorres (conpare
green | i n&Ugiet aanaa&ékl 208k, Sﬂhnﬁwtél 49002; tedrrpehts efch

Dextran i ncubat ed overni-ght to | abel |ysosomes showed an even -

stronger (9089 m@&x@ﬂae%@@ﬂiaﬁ%h%&lrsa&ogmﬁsﬂ: Tﬁﬁﬂeﬁlﬁﬁﬁ%&"@&aﬁ&?mare
green line w t h dashed bl ack |ine; di fference betweeh
" up.via the plasma membrane into endocytxc ves1clcs by Drosophﬂa c6 neurons, :

(Figure 1A, B). Fluorescent BODIPY-FL-tagged lac-Cer (FL-lac-Cer; Invitrogen) and
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(compare red lines with dashe:d black lines in Figure 4A-C). In
particular, lac-Cer + Dextran follows a slower route toward the

Gol gi than lac-Cer alone (Figure 4C). LacCer + Dextran appears to
arrive late and persist at a slightly higher than normal [evel in
endol ysosones | abelled with LAMP-GFP (Figure 4A), while it is

suppr essed&efvalinpeemariacornopisdagtopehilepageaytin vesidesivght L (ringfiem aaB) |
[ 0096] Thus;y; - i [ ' ' drghi u:! gﬁ to
alialter na}tné_th@lls}r‘i‘t%f grgie Ftﬁf)g@npagt eﬂa%\%aghég&mﬁﬁﬁé?%% B%&(’@F %@Bb IC &q

or di nar i | ybdth BIOIWE Yl -taggkidaniCer3tnivell avriusehBteidBRIBODPAf-tagged lad-s

< S0 pr oS Mt UG R DR S B Ryabeees i 1

][ he pres Ie n@éocﬁﬁzdﬂ&%ﬁxﬁﬁd&hmﬂl&él? ;(EiﬁthA(ﬁelbd%ﬁtlaigfﬂm Pﬂielﬂﬂloice oﬁﬁb{ﬁbpﬁéﬁ:‘e |
ysosomal pathways is controlle a: chol esterol swtch: Pagano an
col | eagues&)‘:I’i'@&}%t lﬁ%ﬁg%@gppﬁglgaor %%B@F#EQSESP?@F‘Q%M ng in human
fibroblasts as a cell culture nodel for lipid storage diseases, in

par t i cul ar[OBBEIBNThEE ekt NP EeCatrhREheiFlogmapbe 238 endohsiek awendi t i ons
of aberrani-endol sosomal chol esterol .storage brought about by the

di sease, Y‘-’rﬁ‘%lﬁce?(f%‘%te todeRlmand gher pempaaineentsntings,Bo ERriac-Cer

conpar t mendofoca@nd J 3 L A-SviNg | et | .
(Choudhury ‘et _al . W{%%ggwgﬁ%ﬁgﬁ%é%%@p& %%%@L%pﬁﬁgg%@a%rram
trafficki my S30%tter 30 mynsefshare $imeaFigwe h; ¢alocaliratign was based on Fer

di sease /b RRGEdRiin ,?I . f I] e
whet her 'E?Jalﬁi ckl%g 0 ’uéléllgs%% ?%g %hf%ﬁﬁlgﬁlrgg{](;:dslte'gte%%ﬁ%ﬁ?%}%ﬁé%?&@?@é to
that in diAtdhis&mena fraid pbedelnsarkanofierdoaytad wpdpkes1 Gkiadddxiram passts thiquighl

st or age. .1 re oyerl oaded.,w I erpl [see
Mat er ?al S J&%E@ﬁn%@@“ﬁ%“?ﬁ%eﬁg&%%%ﬁr 9@3@&’%@9 r@%ﬁ[‘@%’&?y
iD;w r '?' ﬁs ed .ogate@isillnlg agianemﬂt e x_zﬁr]ke@dk gliso Partiglty (lﬁﬁlnbﬁtacﬂ i €Kidnchi gt gigbﬂe 5tC_,

: einitia ake pat hway, esumahl y t hrouyg, r and .sorting
endosones ,en{i%soﬁlﬂf‘?o&b‘iaﬁﬁw%@cff’méﬁf Q’Eﬁfgé‘?ﬁi’ erﬁ%‘ifﬂ% 6?8?%?%&# ¥'§t£'§%n%oi nt
of di ver gendsohes phmpikbivndGyugd, 1896, endol ysosonal pat hways (--60 min)
(see graphs-i.n Figure 5C, D). [0099] Under conditions of chol esterol
depl eti on Jpy.d-Ncubation with.methyl-13- cyc) odextrin (M3CD), the
coﬁver se é@(%éét i ‘IO ARG Cﬂé@ﬁg’&ﬁ%&igs BT §oey #%F? F‘?H?f“ﬂ@‘{ -
| ac-Cer t gt facaBdr agfticd pio@b@ly tRBREPIoStidgOenBBsonibs td Mk hrdtydlif2MaHosohan
normal, until 2h, ang then shows an_enhanced peak at 3h (Figure-5A).
| nt er est i (RFHIERHCES drarmpigteniniocalized tosthp{olg apiodysoremess Aismallne
conttol cetdpdrihlr@haifidin Makisle¥hid He plekubd B tdiIHMPIGII Y Rtive sorting

chol ester ol -dependent nmechani sm of " upt ake.fromthe pliasma nmenbrane; .
and ' subs e §aiemenh Jhisiihymaer tawvhet Wescemutedtin fibtpgtasts (Parheial.e201 0! gi

pat hway, &atBelet lN30oH! B il &Sl i

sorting endosor?al."c.o Zalrtrtrhefﬁst}gs.%}l ol € tdg?%?ﬁg%gﬁhg?}logﬁ%l&rﬂg?@%gg%

| ac- Cer t pwch lass sigmigcand then thelt yEeswiieg endvsemes. Rrdvamnslyeit waereperted

chol ester.g]., ' are 'Fi.qure .5B). antificati.on of chol esterol
Cover s | et BEXER Bt AN EaTae e G2 bmpntRiahe Wi o it oo
reduct i oncaftiledtiohdirereoycling shdvgorh & whithlcgdle tHed@id bivR!t6 Helaina '
quant 1 cgtl gl dnabb ¥ ! 9685 | .

[0089] It was also observed that a non-glycosylated fluorescent sphingolipid, FL—
BODIPY- or TR-BODIPY-Ceramide (FL- or TR-Cer), is taken up. into mobile
endosomes as is the glycosylated FL-lac-Cer, and exhibits the iﬁferesting property of

trafficking in tubulovesicular compartments that move along the length of neuronal
broce‘sses. TR-Cer also showed some colocalization with dextran and Eysotracker, v

although this was not quantified (Figure 1D). |
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[ 00100] AI'l publications and patent applications cited in this
specification are herein incorporated by reference as if each

I ndi vi dual publication or patent application were specifically and

i ndividual ly indicated to be incorporated by reference. The

citation of any publication is for its disclosure prior to the filing
date and JRERMId Heitc(E%"&MWMY@lwsﬂl}Fﬁt@BiséﬁFetFEdﬁcpﬁéWEﬁ esent

I nventi on . | By ilels) ' | 3o\ of
prior i nvgﬁ??gﬁﬁze?(%%gdf %Bﬁ@%@@@%@ S spte% [ gg?ljj ?ﬁﬁgﬁﬁte%%
appended cbigratizatianthetwéendil-lac-Cepandsthe trarisfetted Drosopbild Golgl market ude’

plural ref ! I he t.cl di.ct - ot herwi se.
Cni‘eas der i SRR an iRt Gt Fob ey Pin ediedd,
hezi ei n haSertiipefr I.I _aﬁlmﬁs-ﬂﬁﬁmb%g:o%%amm GO 3y, Uﬂd&ﬂ:ﬁﬁtﬂmdnb' cltreasecntb 0% at

ordi nary i in the art to which this_inventjon belongs. . .
[00102] Al ﬁﬁrﬁ?ﬂ P RECT VetdintRy 20renit6 Rt RS (Giees 7 s i sone
detai | by sipaificatly bwetshirplb @i b@BheB¥@ TR ckQisiviy GOREMafkkr ahag i ty of
understanding, it is readily apparent to those-of ordinary skill in
the art i fFSiRgHes dope fordhe pragenearfdFotacer in qthrepmputmetiat certain
changes a L5 Ll %?Sﬂ#’" ' ] [EhoQ, f rom
the spiri t@g %)C_{Eggfgg%e of 92%5&%3‘% e cl’%ﬁéﬁﬁéﬁg’%ﬁg&?d?’éﬁ% L.
Casano, A30'Napresiyhpiiversosing, endosonigd, land then fll dSar the pexthoit afamafiickingG. -

Qui zi ztui Ll Y. o di, F Méendl er . u N.. Perrinon nd V.

Mal hot r a. 6’5‘86% I%r}%ﬁeﬁg\é%rangagﬁgﬁ%@% %‘%\%@gf@ege&“ggﬁens\? \gee&g?ﬁ‘?n}fr ot ei n

secr et i onamhehteEmigthe lategadosonial mntionNelthey eath w3 A Sfifldy ot al., 2003). .
Thereafter, colocalization remained constant at ~15% for up to 4h of ‘chasiné time

(Figure 1B).

['0091]' -Lac-Cer can “hijack” the trafficking route of an éndocﬁc cargo:
Earlier studies by Pagano et al showed that lac-Cer stimulates t‘:-aveolai;uptake from
- the plasma membrane (Sharmé et al., 2004). The present exﬁeriments reveal a novel

effect, distinct from simple stimulation of ui:ta.ke, .whé'reby lac-Cer and another
endocytic cargo, Dextran. This phenomenon is projpose'd to be called “hijacking”
because it involves the re-routing of ti_le trafficking of one agent by the other. Re-
routing through anoveél pathway would not be expected if lac-Cer were mereljlr
stin-:lulating endocytosis, carrying Dextran with it. -

[0092] In this case, lac-Cer and Dexiran are taken up via different endoc‘;yﬁc .
pathways that deﬁend on differcnf_accessory proteins (dynamin vs. cd‘c4_2),.and are

. .inhibited by different drugs (Puri et al., 2001; Sha_rma et al.; éOOS; Singh et al., 2003),
but surprisiqgly, they show almost complete colocalizéﬁon when incubgted directly
one after the other. In contrast, their h-afﬁcldng is alfnost entirely separate when
incubated independently. 1 |

[0093] Sequenﬁal labeling of léc-Cer then Dextran (Lac-Cer pulse, 3h chase,
Dextran pulse, 2h chase).or conversely, Dextran then lac-Cer (Dexﬁan pulse, 2h
chase, Lac-Cer pulse, 3h chase) both resulted in nearly no colocalization (Figure 3B,
C). This was not surprising, since lac-Cer is reported_ to bé predominanﬂy Golgi -
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Choudhury, A., M Dom nguez, V. Puri, D.K Sharma, K Narita, C. L.
Wheatl ey, D.L. Marks, and R E. Pagano. 2002. Rab proteins nediate
Gol gi transport of caveol a-intenmalized gl ycosphingoli pids and correct
lipid trafficking in N emann-Pick Ccells 10.11721JQ 200215420. J.
din. Invest.. 109:1541-1550. Choudhury, A., D.K .Sharma, D.L. Marks,
and R E. Reaggdinal (PAAeal., ED(H\),aetdéd)eanaiﬂiscpmlbnﬁﬂmﬂﬁ@tsﬁoﬁial Ilﬁzeﬁlbmteﬂly,

Bi ol Gl | obeeesE ot d)enat b gomb logrhiaied aqsdachpeotsy
Dobbi n, G (tNWfavioad; Gigure ch)Srmbmkﬁkély tBdue t\dirke® Bﬁfdirfg tRfken the
qgquant i tat I ve nmeasurenent of prQein- EI’OtEI n colocalization in live

cel I's. Bi dPAyabely, siggs. %‘QQC&UGBV aslggrougbriefly hefore additien qfyphe IReXthls(ﬂﬂFie
WA. Peder Sgfiganfd effi@t%@ée%’wﬂé%l X %ﬁpé‘%no tsof e (WA

Mat t'son_ 2004. 1nvol venent o ative Stress-in uced a nor rral It es
in ceramn dBigaigdEdhol esterol. metabolismin brain aging and Al zheimer's
di sease. PNAS. 101:2070-2075. Huang X., K Suyama, J. Buchanan, A.J.

Zhu, and Wh§bajSCahbrde? ql‘g}dcﬁt% #%u@gﬁiheﬁc-éé}g-l?&%nn Pi ck

type C lysoso st orage sease require mol ti ng and.
sterol ho mbma@ome ’_5011116204921‘5d evloﬁﬂﬁﬁ@ms Mé#ce@aeﬂDextﬂaﬂZn Sk pesErik24.

net | oetor B 5080l 0488 980 ot 50y OSSR

cf total lac-Cer 1n_tens1ty with the reference m_arker (M cer) Was calculated. In each
case, lac-Cer colocalized completely with pulsed Dextran (as seen in Figure 3A), but ‘
comparison with the late eﬁdolysosdmal marker LAMP GFP showed that lac-Cer

| diverts Dextran away from endolysosomes (compare green lme with dashed black

' line; Figure 4A), Companson with Dextran incubated overm ght to label Iysosomes
showed an even stronger diversion of the pulsed Dextran away from lysosomes
(compare green line with dashed black line; Figure 4B) The d1fference between the
colocalization curves with LAMP-GFP vs. overnight Dextran i is not unexpected, since

_ LAMP- GFP is not strictly confined to Iysosomes, and these two labels colocalize WIth

‘each other only to ~40% (Figure 3C)

B [0095] Lac-Cer’s own iﬁnel_'ary is also slightly altered in the presence of Dextran
' (compare red lines with dashed black lines in Figure 4A-C). In parﬁcular, lac-Cer +
-Dextran follows a slower route toward the Golgi than lac-Cer alone (F1gure 4C) Lac-
* Cer + Dextran appears to arrive late and pers1st at a slightly hzgher than normal level
in endolysosomes labelled with LAMP-GFP (Figure 4A), while it is suppressed in '
‘ljrs_.osomes labeled with Dextran ove_rﬁight (Figure 4B). ' '

_ [0096] Thus, lac-Cer interacting with a ligand directs that ligand to an alternate
' intracellular path. As shown here, Dexh*an, which ordmanly follows an '
endosomie>late endosome->lysosome pathway, is re-routed completely away from
late endosomes/lysosomes when lac-Cer is also present. Lac-Cer is slowed in its

progressmn toward Golgi in the presence of Dextran.

!:0097] - Lac-Cer trafﬁcking to Golgi vs. lysosomal pathways is controlled by a
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Klein, U, G Gnpl, and F. Fabrenholz. 1995. Alteration of the
nyonetri al plasma nmenbrane chol esterol content with beta-cyclodextrin
nodul ates the binding affinity of the oxytocin receptor.

Bi ochem stry. 34: 13784 93. Manders E.MM, Verbeek, -F.J., Aten,:J. A
1993. I\/leascﬁ‘H tl cq- |l ocal i,zati on of Obj ects, in dual coI or '
conf ocal § ol sl lagyo "Wﬁ&? g5 pavedgragtesizegoohangog in'GSLp | and.

R E Pagaﬁﬁﬁic?cﬂ%%n hﬁﬁﬁ@ﬁy&%séa@@ééﬂ%ﬁftﬁﬁe%d%f foghgssﬁme%e&gepms in
sphi ngol i pi d. storage di sease. Trends Cell Bi oL 13. Martin,

0. C., and pretEulaphipmegn-Picdkdype ¢ ﬁﬂé(?)r(aagaza,tz(m) Andersoondifiprp affabegrant
quoresce I s of
human ski nh?&g&’g@? as P@Eﬂ&#fjﬁ%@%%ﬁg&r@ %&%t %gthga%?%% bﬁgﬁgﬁﬂgﬁ:‘%t I.C

t ransport anmuhdatédingate ﬂndﬁ@sbso&abbomﬂa?tﬁieﬂﬁ%r&lwasl‘mv&neé fidm i niermaland | .

Tabas. 20 .Rol e of _.chql] est er.o id r I.zatl o n.di sease.
Nat ur e. S%I%R?UW(CW g"ﬂ b%@d% 7 raig %é)?%'%%&%g@ggﬁfg and
eggrol | . tu\amchmrgmlasmwlﬁbmaas fdﬁn@@@@awloma@@ﬁmb@s@@m&wa of

hunan brala&?g)%g)gn ion. Curr Biol. 7:88 8. Mul cherjee, S., and
F.R Maxfi grefors, fiveps afdressrbhae Wéﬁfspr tratEelna of GRS 1A fixpC,

Bi ochi m Bb@ﬂbﬂﬁs@ﬁh&ly&ﬁ'&@e&ét@?m AbdaboakAns %ells-undeil anaT%%éﬁ?l a, A
Page- McCaw, I'tia, and M B. FéanY. .20 Cat hepsi n

D-defi ci eﬁ?ﬂ@%@ﬁhﬂﬂéﬁoﬁ@éﬁpl tuI ate the key-features of neuronal
.ceroid |ipofuscinoses. Neurobiol Dis.- 19:194-9. Nakano, Y., K

FUJ itani, [G]OQBIfur Rhelldare B@é}ﬁﬁded&ntﬂ'@iélest%% i(see MateiH1d® Aethobis),

trafficking to endolysosomes is strongly increased at the expense of Golgi-directed
trafficking (Figure 5C, D). The initial uptake pathway, presumably through early and

-

sorting endosomes, is not perturbed, but becomes non-coincident at the point of
‘divergence between the Golgi and endolysosomal pathways (~60 min) (see graphs-in
Figure 5C, D). '

A [0099]  Under conditions of cholesterol depletion by incubation with methyl-B-
cyclodextrin (MBCD), the converse effect is observed, with respect to Golgi |
trafficking: lac-Cer traﬂichng to Golgi appears to be initially slower than normal
until 2h, and then shows an enhanced peak at 3h (Flgure 5A). Interestingly, thislevel )
returns to a similar baselme as in the control cells aﬁer 4h. This would fit with -

i 'dlsruptlon ofd cholesterol—dependent mechamsm of uptake from the plasma
mcmbrane, and subsequent shuntmg of more lac-Cer through a transient Golg1
pathway, rather than other possible 1t1neranes in recycling or sorting endosomal
cpmpartments. Cholesterol depletion 1 mcreases lac-Cer trafficking to endolysosomes
to a similar degree as cholestérol excess (compare Figu_re 5B). Quantification of |
ccholesterol levels in extracts of MBCD-treated cé neurons showed ‘a45‘ 50%
reduction of cholesterol, using the Amplex Red™ cholesterol quantlﬁcatlon kit
(Inv1tr0gen)

[00100] . All publications and patent applications cited in this specification are
herein incorporated by reference as if each individual publication or patent application

were specifically and individually indicated to be incorporated by reference. The
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WHAT IS CLAIMED IS: 1. A nethod of delivering an endocytic cargo to
a cellular conpartnent conprising contacting a gl ycosphingolipid and
the endocytic cargo with the external surface of a cell so that the
gl ycosphi ngol i pid and the endocytic cargo are taken up into the cell
and tar ge dto a non lysosomal conpartnent. 2. The nethod of claim
1 wher ei n agm hBWQ‘G’b i‘\p?BOU@BWb’fT EeBetergen, & Ppligkyy Befy- MarkR. The
met hod of cl ai AiMarhR-¢| Rarten,and ek diaganon20Mebelegtiye stimelption of cavaotanr e.
The method of érlld&rcﬁﬁoals bY gresphingolipidsreail phalprtereleMol Biv! Gl dfilahid
cel | . The ShemgoB-fof AcChoudhuryoR.D Singhs @ Luiéeatley, Die Magks, andsREn vi vo.
6. The net hod Bégaam2008.cGlytosphingalipids internslized efaciamedldrerelated
gj ycosphi ngol i gndvcytosiprapsitsmergk withtthaldathdn pitheay mbpatly endbsoridsendet hod
of claim6 whefemmictvdoinkins for dtyeltigald B! ICabe) 278018p4-78es a f| uorescent
group.  8SillEnes, Dek MadPueif DAL adaiks, T DVBRKkteis/ R 12h ©wek! RIE. H@gaﬁﬁtaabl’ﬁﬂm abel
conpri ses BODI Pitt. Fomp. @ﬁdo@&@r’aﬁﬁ& modulates membrane traffic along the
_endocytic pathway. J Lipid Res. 43:1837-45.
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9. The nethod of any one of clainms 6 to 8, the nethod further
conprising detecting the first detectable Iabel. 10. The net hod of
any one of clains 1 to 9 wherein the endocytic cargo conprises a
second detectable label. 11. The nethod of claim 10 wherein the
second detectabl e |abel conprises a fluorescent group. 12. The
met hod of WHYIMSIGLARER{ t he second detectabl e | abel conprises
BODI PY- Far Red 650/ 665. 13.  The nethod of any one of clains 10 to
12, the mefhod A pithBebr EMTRidgHndsStie ehrkdh 4 RAURPEARThrAiRhECt abl €

| abel .
: oompnsmg contacting a glycosphingolipid and the endocytic cargo with the external
surface of a cell so that the glycosphingolipid and the endocytic cargo are taken up

into the cell and targeted to a non-lysosomal compartment.

2. . The method of claim 1 wherein the glycosphmgol1p1d COmprises lactosyl

ceramlde

3. The method of claim 1 or claim 2 wherein the cell is a cell in cultu_re.l
4. The. method of claim.' 1or claini 2 wherein the cell is an explaﬁted cell.
SI.V ' The method of claim 1 or claiﬁ 2 wherein the ceil-is in vivo.

6. | The method of any one of claxms 1to 5 wherem the glycosphmgohp1d

comprises a first detectable label.

7. The method of cla.im 6 wherein the first detectable label’ éomprises, a

ﬂuoresoent group.

8.  The method of claJm 7 wherein the first detectable Iabel oompnses BODIPY—
‘Far Red 650/665. '

T 9 The method of any one of clauns 610 8, the method further compnsmg
detectmg the first detectable ]abel

10. © - The method of any one of clalms 1 to 9 wherein the endocytic cargo comprises

a second detectable Iabcl

11.  The method of claim 10 wherein the gecbnd detectable label comprises a

fluorescent group.

12.  The method of claim 11 wherem the second detectable label comprises
BODIPY—Far Red 650/665.

13.  The method of any one of claims 10 to 12, the method further compnsmg
detecting the second dctectable label, '

2%



14. The method of claim9 or claim 13 wherein at |east one of the
first detectable | abel and the second detectable | abel conprises a
fluorescent group and the detecting conprises visualizing the
fluorescent group using fluorescence m croscopy. 15. The nethod of
any one of clainms 6 to 14 wherein in the cell is a cell froma

subj ect f oF4di aldwarstkodgif clais Blor plgioh 1 pivbencizl ahdeast cdie sHthd Srst dethetablet hod

further c I, Sk i 1 | veosphiqugolipid traffickin :
pattern i noPRaTEar PR R e R SRR A o e & hethaee, 1
observed fampaisésedduntiing ik flnoreddent giwp wshighibebresberByni@topf. claims 1
to 15 wherein the endocytic cargo conprises a therapeutic agent. 17.

The net hod, of ¢laim.1 erein the thergpeuti.c.agent. co L.ses a drug
an anti bi o]tjf')c, a :)Qrﬂlr?gr? ,anjéon(?é’lflc{%'fﬂésrg%a ‘gg‘?relﬁ% F@l’éagfgﬁ gmﬁloﬁ ecul e
or a polypsmbjettder diaghBsis Shespikighisid edlated aisbiddH Rmethad i tHef coMpghg an

effective amount of the endocytic _cargo conprising the therapeuti6
agent is CORPAARE eﬁfypr@ﬁgd@%i'é?fﬁalfmgam%él%F Cftlﬂ‘@ﬂb@Fl of a subj ect

in need Of%ﬁdo%ﬂaidﬁﬁ idWafRkERHaAGA bbRiebd'ts! #h&ngltgpr der or a disorder
in which the endocyfic cargo conprising a therapeutic agent is

desired to be re-directed wi.thin a cell. 197 The nethod of claim15

or clai m 18 whdPemshed el apmnsgériamsd todParheaeinthsspdesyiic sargo

neurodegerb@ﬁ@ﬁ;eggﬂggrgﬁgﬁﬁ@ggemﬁo. ‘The nmethod of claim19 wherein the
neur odegener ati ve di sor der"is Al zhei ner's di sease. K

17. The method of claim 16 wherein the therapeutic agent comprises a dnig-, an

anﬁbio_tic, a hormone, a cellular factor, a nucleic acid molecule or a‘poljrpepﬁdé.

18. . The method of claim 16 or claim 17 wherein an effepﬁve amount of thé
_ en_docytic cargo comprising the therapeutic agent is contacted with the exfemai
“surface of the céll of a suﬁject in need of treatment of a sphingolipid related disorder
" or a disorder in which the endocytic cargo comprising a therapeutic agent is desired to
be re-diréc;ted within a cell. | -

19.  The method of claim 15 or claim 18 wherein the sphingolipid related disorder

is a neurodegenerative disorder.

20. - The method of claim 19 wherein the neurodegenerative disorder is -

Alzheimer’s disease.
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