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infectio, toxah poisoming) lipipsibrage diseme sneuBateparerativdidease andiVP
inﬂ. angl.i osi dosi s including AB variant, Sandhoff disease,
S %é‘?g-'ggbhs' di sease, GM. gangli osidosis, nucolipidosis
~ type LV, Gaucher's disease, Farber disease, Fabry's
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[0005] In particular, sphingolipid u'afﬁcldng m célls is strongly perturbed By
endolysosdmal lipid storage that 6_céurs in ﬁeufodegene_:rative lipid storage and ,
metabolism diseases and disorders (Marks and Pagano, 2002). Such diseases and

’ ,disordérs include Niemann-Pick Type C (NPC), Alzheimer’s disease; neuronal ceroid

| - lipofuscinosis, Batten’s disease, GM2 gangliosidosis including AB vaﬁant, Sandhoff -
-diSease, Tay-Sachs disease, GM1 gangliosidoSis; mucolipiddsis fype IV, Gaucher’s -
disease, Farber di'Sease, Fabry’s disease, metachromatic leukodystrophy, and Krabbe
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~[ooo6] Gl);cosphingolipid uptake and ﬁaﬁicking within a éell have been shown to



be able to follow their trafficking routes under

normal and perturbed conditions such that one can
whzws/eriotescri be the cellul ar pathol ogy, and erGl/8G1088/000076

t he effectiveness of treatnents. [0007] Fluorescently
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~ the foundation for new net hods that may be useful to
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neurp@ge¢rativeedipraseseart desitableds rray be perforned using a
fluorescently tagged gl ycosphingolipid which, due to -
Um&%%ﬁlﬁﬁpﬁiﬁfﬁhmy on wavel engt h of t he
quantitative and reliable
colocalization with a second fluorescent |abel in the
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[0010] The present methods may be performed using a ﬂuorescently tagged
_ glycosphingolipid _whlch, due to the smgle fluorescence emission wavelength of the
attached fluorophore, allows quantitative and reliable colocalization with a second

fluorescent label in the same cell.

.[00.1 1]° In one aspect of the present invention, there is provided a method of
’ deliverin'g m,endocyﬁc cargo to a cellular cempaftment comprising contacting a
, glycosphingolipid and the e@docytic cafge with the external surface of a eeil S0 that
the glybdsphingo_lipid and the endocytic cargo are taken up into the cell and targeted



detectabl e | abel, including a detectabl e |abel
conprising a fluorescent group. In particular, the
walzwgcetiald e | abel may conpri se BODI PY- Far Red BS0$G&H58/000076
[001 4] ‘Thus, the nmethod may further conprise
a | ab n the gl ycosphingolipid, the
toagﬂ%@@ 83‘?‘5?}%“8& both. Where one or both |abels
" conprise a fluorescent group, detecting nmay be -
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vivod Sphingolipid related disorder. The nethod may then
further conprise conmparing the glycosphlngollpld

trafficking pattern in the cell with the
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ent is desired to be re-directed wwthin a cell. FE)

usm% UICECCBEHIFGACPRY-d rel ated di sorder to be di agnosed.
may be a neur odegenerative disorder, including. -
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paﬁeﬁ-ﬁgweﬁ%dmﬁlfe &l .PTI ON OF THE DRAW NGS [ 0020] In
the figures, \Nhl ch illustrate, by way of exanple only,
. g odiments of the present invention, [0021] Fi gure 1:
[00168 e eRgRaytie gange Eray CORPAIS® & dheagneutia resat pclpding a drug,
[
on AR L oS £ Tty SRk At e b pbiFepiat.
endocyt osed i n Drosophi'la neurons incubated with a
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fl uorophore PY 650- 665 F BODI PY 505-51 FL).
endofl Ol R Sl g it Sachl it el sapceorad et
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identically as can be seen by nearly conplete overlap
whicg the endogytic( graseiommisingrrhespensic agpefriaHesired 4e begsrdirected
withiad defi N9 conmpartnents are highly :

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

- neurodegenerative disorder, includihg Alzheimer’s disease.

[0019]  Other aspects and features of the present invention will become apparent
_ to those of ordinary _skill in the art upon review of the following description of

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



nobi l e, typical for endosones. Scalebar = 8 nm (B)

Transfected LAMP-G-P (green) and | ac-Cer-FR (bl ue)
waengtabieat i on. Scal ebar= 5 mm (C) Transf ect®|u/sG2008/000076

LAI\/P GFP and pul sed FR-Lac-Cer col ocalization shows a
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eﬂrysrsyfaltra% fegrh (green; not quantified). [0022] Figure 2:
LacCer traffics primarily through recycling endosones,
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] [ at i on l.ac-Cer, an xtra
coloi &1 IR PRAN Bt BRI oRAP ook R TR
'(greeanﬂota;maﬁdi@afd)endol ysosomal marker, LAMP-GFP (red trace;
see Figure 1) "si mul t aneous™ refers to addition of

OOZQﬁX” n d|r é afﬁi\ r washi ng of the FL-lac-Cer. (D)
[ giure 2 L acCH Btticy Primerily-treneh ey Fing.amdosemes, and
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.Sl gni fic | ower when sequent | al I ncubat ed
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I-ncubation. (E) Lac-Cer influences tra cki ng of .-

- endoggmesy BAu néﬁéﬁ&&mwt ehlac-Cer 65-40oreafben ta eyding of
" endoStid} ¥§%ol tg}b df"H‘at the altered transport i-s
irect bin

not ueto ng. Cells were incubated with .5
mM FL- LacCer and 0.5 ng/nL Al exa647-Dextran ("5:5" ), 5
[0028] L Figere 3aheicCerlamd) Dextrie ttaffic u{enﬁcdll)) whenl pieseivt

together (A, B) Sunultapeous labelling of FL-lac-Cer with Alexa647 (FR)-Dextran
resulted in very high colocalization. In contrast, sequential labelling of FL-laC—Cer |

“and 3 h later with Dextran results in essentiaily no co-localization between the two
: dyes even given sufficient chasmg t1me that a substant1a1 port10n of each label by
“itself would have reached late endosomes/lysosomes Bars =8 um. (C)

»Co locahzatlon values are contmuously high over tlme aﬁer smultaneous mcubatlon



LacCer and 0.5 ng/nL Dextran ("1:5") sinultaneously

and co-l ocalization values were cal cul ated after 180
wonas/1{10024] Figure 4: LacCer uptake in the prESESE®I©00076

Dextran alters trafficki ng itineraries. . of both tracers
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tran | the a e of |ac- 59 80% after
the réﬁ;ve we §e§?oﬁ€ 8}5?5 }ngtc Cﬁp&&)@&{) g ; IIF 90t due
to due%@%xdﬁlgdcalsa&@r): incibated Yithx FLeda&yer*aH@oBrrﬁ ce of

Dextran (bl ack trace). Dextran does not normally :
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| o 100251 Fi 5: ¢ ..Ce
LacGd Gpf D3RG Dek i (P50 SdRAZlco RS U oPloceBanSl valugs, o

were&iatdueﬁé(ﬁfférlsuhﬁﬁh (A, B) Cholesterol depletion | eads
to a transi ent enhancenent of |ac-Cer accunulation in

_ l gi_.(l abel ed by Mannl|-GFP), peaking at 180m n._ The
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| abel ed . products |ng to
respestivellyywith bAMNP-€FRE)E Mano - Glﬁbé]})eatldo&lekmm{?rams:hasedo

Rl e S e R S e e
simulieigdvklgto HetedNihb whembtleithet label EHaRER)its tiffickidleroute in the

di fferences fromcontrols are not significant. (D)

- presqnge of e offisruE)) Betb bhsiscacewmulsta slewbtiy h%ﬁp%lhg%d o
comsb¥o Sk 4 AP oRRARARITROL 5 IR GUPDERHED)

itselfl Qﬁﬁfrafﬁcklhg OEERN];EX?E? ﬁﬁd Eftclg fto 1313?503?5 dnhetdddjy\?ﬁ?‘i L ol

mculﬁagigp p&} %&%ﬁ@@éﬁ{) Eeéqi:e pg)élglte%%e ﬁwgﬁrese{)% 0

lag-C'EE @:flﬁdkct{‘dc@ﬂ cef\f}ghé% Q&éné &1&&@595%%%%&21& f'maLbEREL S

| abel ed b is strongly 1-ncreased under
- lac-Gen 6+5(% tvs,\r8@% afterdiby (C3 Tmiffigking of takeCeaptd Golgi (formally ~20%;

s g B g S s

nﬁ@&w&wé%lglaﬁsﬁﬂfcaﬁﬁggﬁ @Q@'lﬁ’iﬁe'a%%n@@bfﬁb-Cer _
FR- BODI PY- | ac- Cer) .. DETAILED DESCRI PTI ON .

[0025] - Figure 5: Lac Cer trafﬁckmg to Golg1 vs. EL pathway is controlled by
a cholesterol switch (A, B) Cholesterol depletion leads to a transient enhancement of
lac-Cer accumulation in Golgi (labeled by MannII-GFP), peaking at 180min. The
subsequent drop in Golgi colocalization at 240min could reéult from catabolism of
1ac-C¢r to other labeled products. Bars =4 pum. ’(C) Tfafﬁcking to endolysosomal
compartments labeled by LAMP-GFP is also increased under cholesterol depletion. .



[0027] The presently described nethods relate to the
novel approach of adding a glycosphingolipid to the

wosuo$/aneicof a cell in the presence of an endo®dT/G2008/000076
cargo nol ecul e, which has been found to lead to

crofie) St AL dop St i B B YL FReBRGE bR
and Bw-soﬁlﬁf) mtﬁmge{eﬁéesd}diﬁéddu%% 48 ﬁomgxﬁhsan@f g)) Lac-Cer
t her apeut| c s .and.agents to a non-degradative -

(blug)aceumelates ajmtan in endarged LAMPbpositive (gtpenheomprtaiestsand -

unde#a%(glra tgrg | & sCs és SI 39:8 ple N SSI ié O{tgr% g){]ctelssyleads to the

coan@@leHé’ctBRtﬁaaﬁbﬁﬁcﬂolssﬁambplenmpblwaﬂﬁmntgm1M¢r&o fGMgl,
met hods for_ monitoring trafficki SB%tdefects i ncl udi ng

whichigaearlycompleiely surpressedsantrast with Bl 4F) TraflirkanantdeeCante

endo'[{%ggtglﬁéh Igéﬁg?ljlﬂ'ﬂ&hg %gﬂ‘& g A%q'g cos p{1 %%%QPIp I %&{q?{ﬁ a delér €

' cholestdrelraxatdsysimjipl toehe ¢ffiect bfclwilusiepsielepletiancel | are taken
" up by the cell and traffic internally wthi n the cell .
nent.s. | ac- Cer

10026]  Hehfing 4 Bl oGP b R i RPRGE ©o

BODIPYE50)665 123 tCkr {(Parlrb@ BODIHY -lasiod blaFk»Boﬁmema? us
endocytic tracer, such as Dextran, is taken up by

'  cells and trafficked t hr ough endocytl c conpartnents,
DETAILEDRESCRIBTIONer ent cel | ul ar conpart ment from
) | ac-Cer, nanely the |ysosone, which is a degradative
[0027] g ariée Ipee'sedﬂy descriteed rdﬁhmﬂsirdaté to ﬁmmhmmmh of adding a
- appl i cat.ion of the glycosphin o to
8l yopBingiia & ne suted aiced o e piger bty Pe3tif Goiar go.
molettle SHRER Hhd E‘eeﬁ %ﬂﬁ tb Jead P bRkl YafickRiGITHhe/d érﬁo@ﬁlc cargo

endosomal trafficking pat hway to | ysosonmes. wh

onceéqd@p |ued>yttbe @eﬂﬂe Thisiphenomenioa intxpioitad asfthe besis for methods for

o) |dmsn|n hatthe cargo i.s. target ed
ainecl RSP OBl Ut 0hes RS SR ARG s TR e
locationy e vaell nﬁfmtbﬁﬁg heapeike aﬂ@trb%gi‘dfmhﬁg‘welﬁi&&on -
appl i cation of the gl ycosphi ngol |§| d re-directs at

fluorpsegntly Iabellsdglyespingalipids fersegple BQPIRY FRalpctosy peramide,

o RS AR AT R i

: ansmglafdﬁseades lg]atpditdmgi swiagarané nubtabplism, matugingnol ecul e

ed. Si nul taneously with a gl ycosphingolipid-
nem?%g%‘éqr? %is for. applications that target agents

to a non-1| ysosorml cellular location, for exanple the

[002BRr g@iriclg, éxBF@Hdus $1yRbsphiRoRPHY tHat art&fériallyuppliedto the
deli ver i cations. Many cargoes are substantially

urfage:of aerdlcpre Hkes up by thescellfapd traffist intesnallyswithin iy qeHde various
‘ celluﬂ? {;ﬁrﬂ gérahen% fIL'o(}%gt t ﬂl: Itk Eetalge%l Llp lgﬂ%%ell% 4}1% i€ then

b steer a car

trafﬁbl;ﬂlas @mkisodleg maﬁ@tthd Golpit Bineilslyam e)tdgeﬂdhik dﬁﬂbéyﬂllcafacer
ations t\é\f;ere degradati on does not take place, such

such S DEHEAGH (BFecHD Schals AR ERiSEEEovehifagocyte compartments,

but it reaches a different cellular compartment from lac-Cer, namely the lysosome,

- which is a degradative organelle. 'As is now described, simultaneous apphcatxon of

the glycosphmgohpld with a cargo to the cell surface results in red1rect10n of the
cargo. An endocytlc cargo is typlcally directed via an endosomal trafficking pathway
~ to lysosomes when applied to the cell in th¢ absence of the glycosphingolipid,



potentially inproving the efficacy of an agent

delivered to a cell for diagnhostic or therapeutic
w@eopaswse [ 0030] This phenonmenon of the addi t PONSG1008M00076

exogenous ‘gl ycosphi ngol i pid having a steering effect

,' on t i ntracel |l ul ar .trafficking, of . an. end tic r o(
meahe THT th a5 kB0 B, o SRS, % dphopsited

~ the iRV&NHQ 'é$h1\é Reeht I'h@lﬁ&%n kiffftah R aﬁﬂfeahb@af @Ia exogenous
' ceram des, including lactosyl -ceram de .and other -

glycesphingolinig ra-dinseta at ktess a portion nfibeendohgiceaeniway from the
tlc thvva ‘Pagano et al evi sed the first
end PR REbTneR 30 LR acEREANR cehpRimatoy
_ g|yCOSphIngO|IpId anal ogs, including.lactosyl ceram de

[0029Yar tThe bility Bagasahe h9A4g1lulat taseckany frdtivea plofanendbeic
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including neurodegenerative diseases and other d1seases linked with metabohsm
storage and trafficking of lipids. Labeling of the glycosphmgohpld also allows for
 detection of the localization of the glycosphmgohpld in the cell, assistingin
determination of the posmon of the glycosphingolipid compared to the position of an
eridQcytic'cargo that is to be re-directed in the cell. o

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



nol ecul es or a specific organellar conpartnent in the
cell. [0039] Any fluorophore may be chosen, for

WeaPp1191B0ODI PY dyes, Al exa dyes, TAMRA, O egoPCTZ&2908/000076
or a quantumdot. In particular, the fluorescent group

o AR el S5 b e 1
autofalifb‘éképh? gﬁe@ﬁodsI &@&Q]deméﬂm@rﬁ infdth ¥ oI BY Kty bERing. Ort will

detect Vvarious cellular conmpartnents are avail abl e as
be appireniated thahthefdeteictahlepatd eelmted shoukhnidt imterfert withrtbs clzilityeqf

the YoSRHREPTRLER B Oy Aol BP P PEEoe! e o he Self
surfaés bEMRItARdkeT: 6f tht B cdPERebERE ivathiR thel 8 once taken up. For
ycosphi ngﬂbl | pid once | ocated within the cel|

exanmi@,ém faglor {abghmay ceraprise A flugrescend gronpt, richgmilvminescsaient

bR 5o 5 o S R

group)epdrapagtietib gBuPEot £iasH s cohpkan deigtygreen
fl uor ophores or gr een fluorescent protein (GFP). This
for, | ocal|zation of the ycosphingolipid in
| ;l°°3% | alh BRaRiguIE Fmbp EAEARLE AN belds adlppresarat@oBR-her
t | owi ng
such(ﬁg ?ﬁ%ﬁpﬁ)ﬁ%ﬁé‘é‘ﬁ% ggﬁiﬁﬁ Smgmect,t dlﬁﬁ?lZ%‘lO{ﬂE{f%@% :ﬁBﬁéwhéﬂ
assomatad)mtphcﬂpbmgbhmﬂ uamglﬂdomstmmerosmpygeohmqswmcbtdu% |

fluo‘iﬁe‘i}e‘gﬂﬁ% F}élﬁsféﬁ’a '%‘ﬁ‘f# ﬁhﬂgggel a#gflcular

emsﬁ@ﬂﬁb%Bhbx@Qﬂl@% foraRE ¥EMe ?ﬁob% iabkise vmahl%ubﬁ ekperiments,
enabl e nonitoring of trafficking patterns in healthy:

- for exaep aiuswa@b@ seeqridsfluogephere is gsed+e targatmdidiezent elasseaft i on,

§‘|8 he effect of
mde%‘?lgg (%?as?gggrg&gﬁ) gnsuctﬁzggesf di sorders or
dlseases |nvoIV|ng defects in lipid storage, lipid

[0038] af {Anykiluogopdiord mpy te chetser) dbr exampleBOIDIP W glyes, Alexa dyes,

AL S R Bt SSTE) ol RS ey

parti QM4 bod fa¥ r@ehitesl figorb réliﬁfa icAfar @x&fple BODIPYKRN
_ 650/Q§Into endocyti c vesicles, that is desired to be

® (Byizgge™- a cel | ul ar conpartrrent for exanple a
subset of vesicles, or a particul ar aorganel | e ot her

‘ an . [ it 64 pﬂﬁ iC
[004ggr gg&%g)e/*lgo% r %grsgsgcﬁ‘t’é]ndsefégt 9’0 a %é el¥ra(|>ooe IC agen% :
avallalﬁahs flsorescehefudieh ipyateias] or eindt rad ﬁabfesce‘n@e wlhch:bvvdrlap w1th

affickin th of e en oc car,go
one qf e miSsion Ml densibs ot OERGRID RechD: %&H@éﬁﬁ@?m
deterfliyA03 RRHRABLRAS0d f HE S &g ﬂ@d%nksro%étee rw1th1n the cell

re-directed using the |n
potengially embigueys A ﬁarﬂred ﬁmttwﬂammemt lnkel encloasBOPIRAFRo

eso R forfs AR rap Rt Ee (RS ABE Mg e SPL AN
with sk einfssioRs BEstaiedard greed flubroPhére€ 6# reen fluorescent protein -
(GFP). This allows for localization of the. glycosphingolipid in relation to cellular
markers labelled with these other commion (usually green-emitting) fluorophores,
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not give separable fluorescence emission signals.

[0041] In particular, BODIPY-FR labeled glycosphingolipid, including BODIPY- -



via the endocytic pathway. For exanple, the
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mechanisms, for example b'y addition of the glycosphingolipid and the endocytic

cargo to a Solution or medium containing the cell, or by addition to a cell ‘cult_ure.

[0046] The glycosphingolipid and tlte endocytic cargo are contacteti with the

external surface of the cell at the same time, or for overlapping periods of time during
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. [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 cell. In a particular embodlment, the cell is 4
-neuron. In a particular embodiment, the cell is a cell to which an endocytic cargo is to
be delivered, mcludmg an endocytic cargo comprlsmg a therapeutlc agent. In another

partxcular embodlment the cell is a cell assomated with or that 1s known to cause a
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| abel on the endocytic cargo. [0053] The nethod of
detecting each | abel wll depend on the nature of the
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. '...' R . . . . . . . | .
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_ le _
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As described jn the foll owi ng exanples, _ '
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.[0058) 0S Ptk lidteaich RRG BB In A& MEn ed AGTaRL ditdblfabéie
present -met hods may be perforned in -
may conveniently be a fluorescent label. The glycosphingolipid and/or the endocytic

- cargo, when including a fluorescent label, may each be direétly visualized by

fluorescence microscopy. As mentioned above, it will be appreciated that each label
* may be selected so that the labels can readily be distinguished from each other if the
lébels are to be detectéd. by"the same detection technique.

.I [0055] . By detecting the fluorescent label over time, it is possiblé to track the path
of the glycosphingolipid and/or endocytic cargo through the cell, and thus monitor
glycosphingolipid and/or endocytic cargo trafficking from the cell surface plasma
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Drosophila cells, which serve as a useful tool for
studying lipid trafficking and storage di sease nodel s.
w@ 8089{198uch i ntracel | ul ar nonitoring of PCT/SG2008/000076
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- o ?ﬁ%l ne%ﬂ th t he net hods as described herein, in
whi ch the gl ycosphingolipid andthe endocytic cargo are
-[005@dt h 'Ilhabeﬂsent mvithckdsanaieheam’edlhi wrdeabtl recdgmizer drughindaced on
of ndoc i c.car ni.t.o det ect.i on
recovsyy 8 3 Yyseligaiio gﬂ,fe vilahe Eediﬁa Hi2 TFlatien e

.stabl? Bf'jﬁﬁiélénﬂy ‘éﬁ{)rg%ed Theresédat fﬂaﬂ&& BEthR REIERINP c&fx%Ment(s) ina
ycosphi ntg]é dl ds and endocytic cargo in
len

| glVCfSGﬁl\]jlé@t To ,rpa@et@éabé@hpdrsgghwahnglhemtonélmrophore

. dlsr ted

(Gor SERFICATSRERER SRS B Eleod BEEGURI TSR R ¢ o
- detectioss phhe ghycbsphthgo Bpid iwithodi iaRiféRnce sraveRyPwith @ flubleScent
' rate, |aqcalization, or extent of trafficking can be-

‘_ markgrysed fosyisuafigeys partighlanelWgbeampagtmest-at ed di sor der as
used herein refers to any di sease, disorder or :

[OOSBEndWs'd@%‘BQ& G thb SolRSWiIRE kRkSSle né‘ h%g%h 3hd 2

» aracteristic of which“is ano or a an _
traffigking hesdicep ddnonsmtasﬂdo ngeugliy e sisphar rﬁzg:biqnpn d)rosypbﬂagel

abollsm gt r odu l.ocal zation or -
mam {0 R il s B8 o S Sho Gt GO es &
Droséitila@eild, whiichaseeh eLiataalseful @¥ol FdrStudiiing dipidirdfiicl@hg and storage
etiol ogy. For exanple, the disease state may%
dlsea??e‘&?‘éf‘é?egenerat i ve disorder, including Al zheiner' s '
di sease or a prion related disease, or a lipid storage

| : [005§] SOKA& infHGNuRs rﬂ}ynﬁﬂﬁﬁgof}lg EMBEO jd faHi ?HI?SI %ﬂgl

' I'l pof usci nosi's, Batte gang ,
 partiulas]yursiefudy mécBagtmmsaxftd;semrstﬂm fFod cmmﬂe, hv“éa)José%aaihm of the

traiiE R SvocsPin et PR B embaeit ) Sealdlf St

wouldBll& erQieRictién be ﬁf)fdQEﬁiédQﬁ%rdg@Q’Q& Q&%ﬁﬂ% enerative
[ 0063] The netho deliveri ng an endocytl c cargo as

-dlsea§R§scr| bed herel n rray al so

- [0060] “Thus, the method of targeting may further include diagﬁosis ofa
sphmgohpld related dlsorder mcludmg a 11p1d storage or- 11p1d trafficking related

- d1sorder

[0061] Detecting of a detectable marker may be done in a cell from a subject to be
diagnosed, i'ncluding a cell explanted from the subjéct. Such detection may be
~ combined with the methods as described herein, in which the glycosphingolipid and"
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be a nethod of treating a disorder or disease,

i ncl udi ng a sphingolipid related disorder or any
walzwsnders or di sease in which the endocytic car@msG2008/000076

conpri sing a therapeutic agent is desired to be

s SRS A o B P pB
‘endRYBOLarkS cAPVY A6hiRFed by BetBetfoR! dIf beth tﬁe $ihBled %iydogblﬁ?g%ﬁpfaf

. such treatnent in accordance with the nethods "as
and the daheledendpeyticicargoi Tbe lmaﬂ‘r@lmmm ﬁrglmslﬂangolxpndscaam
endo nIV| VO. g%%OGSQJéC",Tre tin "e a dis &@t at‘g ern§ tfgra
SIS EBEO HLHC PRPeS B H?"P( fChitial |“3 PPg ?PP 3rved
health§ %8l {Wheré B alsHebteiloralteridpatterhas tHelstibjeBeI&dl 1§ idlicabive of a
desired clinical results can include, but are not

sphmgthtdewlamsl diggriesyFeraxamplss therratei loealization, ot estget afr nor e
itions, diminishnent of extent of.
traﬂ% ase 2{; éﬁg&lzatlon of the state of disease,
prevention of devel opment of di sease, prevention of

[0062}r el spiﬁnghlmehsbieddhém&erms usédivdreig refersdo appdiease,

res Jon ay or_sl.owing of disease onset,
disod gt 9 ﬂoshvhﬁptéﬁfﬁﬁoa&ateém& Telpied &0, @éagbarg%tswc Ofythich

is anf)ﬁmo%§ bPSbeHﬁﬁtestphﬁfgogﬁHt(hﬂudﬁ{ él?éo% %Ohg] (@kdrage, can

al so nean prol ongi'ng survi val t’ beyond t.hat
metabﬁlp%n,tt@(fﬁdmg, ipeodabiem d@abiattmemtcnmpoSmde roe sithii ableperaits on

sohi B TE O i v o e RS B Ay Pl e

dlseaaé Ethtwﬁily PO Berpbdigaictittve dlédrdérniﬁ@iu\dﬁfg Awhéiies s Witease or a
ression of the disease pernmanentl [0066] The

- prion @} diFqase of @élpaifmme dlaerdee%h %Nefrrmme%mlsem Ganount

neu 14 oS iOs 065 VAL A8 LAkl Wiggng an.
‘ vanaat sSphal]:r@bdhsqmsei "anlr&nt:m:kildease;r@dﬂ ,gangmisuidsmgnacohpldosm type

odegener t| ve . di so i.ncl udi ng Al zhei ner's
e&§e‘§iseaf°b gEpEr *ﬁ%aseeﬁda%rx b RFRseHPRENTBRABE yt i ¢ cargo
leuk&ﬂ%d;ﬂlgﬂdﬁg@aﬁﬁ&{l%tl c agent is adm nistered may be

an expl anted.cell froma subject, or may be an in. VI vo
Were the cell is an expl anted cel |, the

[00661 eatTﬂiié methad offdglivering a@cﬂméwsér@ qatagl aamimcmj»ed hereinempy also
‘bea {&h%ﬁl%d 0Pt} & h&cg dgs%éi goc )1/1% c c a O?S{Hr%fa%édncﬁsq%{ier

chos ngo
or an[y@l%ﬁder Bhdiseask $n. Whﬁheliﬁ éndobytmlctaﬁlgﬁcdnﬁﬂrism@a thepeatic an

tic. cargo r|S|ngatherapeut|c agent, a
agenﬁlé%gg%/egt}pgep%i ’é?Ct Vithigrareelli nel udi ng use of such an

‘endocytl c cargo to diagnose a sphingolipid related.

[0.064] SOMHES, an'esRctie AokRinEHARCHdoEytEAaBsd dotngsBf a Rerapeutic

di sorder where treatment of the di sorder exploits the
agentig cpeiactey witbselliofd Spllrj ectonpeahofcich 'sealmeet:tm angordance with

end ti,c t t Wit a cell tac .t he
- the rgRRE YL oLt donlofiod a8 ypiaped o] of il At

gl ycosphi ngol i pid, and use of an endocytlc cargo in.
-[0066he “Treating” a disease state refers to an approach for obtammg beneficial or -

desired results, including clinical results_. Beneficial or desired clinical results can
include, but are not limited to, alleviation or amelioration of one or more syfnptoms or
condltlons diminishment of extent of dlsease stabilization of the state of disease,
preventlon of development of disease, preventlon of spread of disease, delay or

slowing of disease progression, delay or slowing of disease onset, amelioration or
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manuf acture of a nedi canent for diagnosis or treatnent

of a disorder where treatnent of the disorder exploits
wo b@saumient | y descri bed phenormenon of re-dir eBCT/6G2008/000076

endocytic target within a cell by contacting the

d nhi t .
pallGGRL o FisEi5e Rt nf GRRSOmeRE BEHEL Srde A THAtn s

I
also %geﬁn Fftﬁ?xggg g%(%gfmi bffd ;ﬁa@ieﬁ% ?@ﬁfd @bt éxg@ctEE(?(A Ivtil';I)t‘é\’%lgbgnc[:eooof7 1]

treatinent. bﬁtﬁ@tmgih{amﬂ@] ma‘dm lshlbttmgyhe ptegltess‘wresf diseass; slowing the

on wher eb ag-Cer., and an e 0oC
progp PR AR AP el iioheh filie, P eativ.ft v felting the
progtégglbggpt}@@@ggbm%e@ behavi or and traffic together
when both are present Sinultaneously at the nenbrane.

i's. proposed to call this phenomenon "hijacking"

[Ooﬁﬁéc adléb@ term {'gf{estiveamopn” peused b@neﬁgmémswn@mquatf effeckivegt

dosag ﬁg«%ﬁdﬁ Bh{’%%ggég%g’ 0 £c$$e Tithe esﬁg%eglzlgf:ﬁ# ﬁ% :creat a
' spmﬁgounprmmmﬂdlwaémgﬁhﬂingea wuifleger@rativedidordeg dhelpdidg
I ac-,Ce({., vv%re used to show that a Drosophila neuronal
Alzheuner's 4iseasidncor por ates and traffics gl ycosphi ngol i pi ds
in a manner anal ogous to that observed in human cell

[0067P nesthe tello GAlEhIRe AioeRiChRSF oo Rid PR P&hfcrhgent is

] uorescent | ac- Cer vvere cartied out on ce
admingstared wey bd aniexplanted celbfioma swbjebt, ennial e os omdlve celbl gi |

Kk
whef e o BB R B BaC e Bt oo RPEay Banlige B
- cell mld D50 HRSsubfécs follolwiig &OWVG baiddtiag of shel gl pdokprakigslipi® aﬁch e
gi through Eresunptlve sorting endosones. -

, endo%‘f“‘i‘%@l yeelh i nor proportion of fluorescently
tagged ceram de traffics to | ate endosonal vesicles

d | i:shed . ir g
(00681 H8RI0BRSend HEHcd Varki3 updsn? R 2h AR Lo eBrpllife
a therapentoagent @ldetectablst Iabedvag bothn thchindinghesel of sudmn andbt)ttii:n ce

A t ff Tt
carg REHAEBNE SRR ATt i 8lrer e the NPl ERET Ty tehte
-disordéx wherb @8atBRANof AP disbRKr b)fblélﬁa.h@ Bserfily d&’&ib%ﬂ Bhétnasbos

a%‘@Pagano et al, i.e. that |ac-Cer accunul ates
of rereptingan %ndpﬁytm]ta@@amtb@mﬂéxy coptegtng the endqoytie sargo in

comiFihoritkk BSbaBiabosbly Wiu YRS Rl MRpPRLEE S, ()

manwfactadeyf asnedicamdnt Iforah@o §is aﬂtseaeméﬂat)of lariigoedes &vherd trédtment

of thgﬁv&slgb%m? Eg}qhg Eﬁﬁqx}t f(ieﬁcg%ea QKFW%L?BE o% fae-g Secttlgga tan

endocytic target within a cell by contactmg the endocytic cargo in combmatlon 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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Dr osophila neurons follows simlar routes to that
described in mammalian cells, and inportantly, that
WO t@stvelesvi ors are strongly influenced by condtd/sG0£600076
cholesterol storage [0076] Materials and Met hods
07 re Neur.onal Drosophil a nelanogaster
10074’ i‘lv §1 RSPy b et l.as °f e
dd@‘&ﬁé@eﬂ b @ﬁ@dﬁfcﬁeﬁeﬁm t i ff &@ch USA)
o and P?uréd at 250C i n Schn e%grls ne |u %i Ch
othetjs;b@ham,qg phétrefiicdogether whb0 HofBSe pasérs simWBApousl; alZl&

. I | Ind ol [ )
mempoit 151 BEPRSPAIR Ty B E BT, SHE B G A el s b
re-roR¥iig B Srafic fiove BGRB8y @RDotha@c- Cer . Far-red
BODI PY- FR 650/ 665-1 ac-Cer “was. synt hesi zed as fol I ows

see schene 1): A flane dried 5 nL reaction vial was

- [0073] ar Jeocrddrasnitheiauestionyaf how GSLs ary traffickpd m@:ﬂspplgbsu ne

Q 78
ko RS e R e o TR
- Drosbplulta xmur(ﬁlaD&zll IEreﬁnebrpmtey land &ﬁfﬁ%ﬂgﬁ&oiﬂﬁM@ollﬁldE uﬂi-hlami?éi

added W se._a was stirred at 0 OC for h. The
analogoys {q A Vel w elldiney Time copse p@s«%—s@q&p experiments
with fRIGREEG} ch@%&@iaﬁwm%n%ng &a&?e&&fw&é Prre PG ON
was nonitored by After conpletiaon o? ?1

endd)@amahﬁol@/ﬁnd/mydemmddsammarkbrsg ind/it eas estabiithedihat

A
& EumpR
= ‘S@g‘g?ﬁ‘i i e S T I S

properion pf Eperpsagpily: teged casaaidgdradii¢ste datp yndasemalavesicles and
lysos%ggedures The obt ai ned powder was subsequently
-~ conpl exed with defatted BSA as ‘described el sewhere’
(Martin and Pagano, 1994). [0079] CeU | abel li ng:
[0078DI Piviwascedso@atabhstobd RO P¥tudRthGE chotestqrbleaxediptilatikms\ifne

DrosS R AREREPRA e (R PG b Aol BB eneash o2 tiskinger

behaidfl o BREACRY - With Q%gedﬁ@(; 8nd186BPSVRH oA (158 bffectdd - owto40
Hank's Buffered Salt Sol ution (HBSS)/1 Orv HEP |

~ that whigh has Benrepeesdinds cmf(bﬁ?c ﬁh@blambb'dtaedncact a$mw thnt

fQ Om horter i bat i
o P BRSO PRI, 2
~ Surpisingiy &t verd f&iindlhﬁf’@blﬂstef(ﬂ fdeﬁleﬁbxﬂ catlse?PEmiAf h@umulation of
| abel I ing, cells were washed three to five tinmes in
lac-Gepragndelykpsqmerdut alsp tgnEentlyingepsesitia Golgimedi um
suppl enented with 1% (v/v) OxyFl uor (Oxyrase Inc.

_ [0075§A) Thh@ ik SR8y H&noxﬁs@tqgeghla-{%%ﬁ]&fgoﬂﬂld tH4rAOShe i ons

GFP, Mannosi dasel
Drosophila neurons follows s1m11ar routes to that described in mammalian cells and

importantly, that its behaviors are strongly influenced by condltlons of cholesterol

storage.
[0076] Materials and Methods

'[0077] Cell Culture: Neuronal Drosophzla melanogaster c6 cells (DL-DmBG2-

- ¢6) were obtained from the Drosophila Genome Resource Center (DGRC; Indiana,

USA) and cultured at 25°C in Schneider’s medium (Gibco, USA) supplemented with |
- 10% FBS (Gibco, USA), 0:125 IU/ml Insulin (Biological Industries, Israel)‘ and 1%
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Rabl 1-GFP with were carried out using Cell Fectin
l'ipid reagent (Invitrogen, USA) per manufacturer's

WO pBnueté ons. [ 0081] Chol esterol depl eti on/ oveeT/8az08/000076
For chol esterol depletion, Mannosidasell-G-P (see Bard

. et. al .. 2006 ee Pulipparacharuvil et al,
antlb%‘ﬁ%"h{nryﬁﬂté‘%%’ ‘fqé’é‘%gg?"fjs §é§ ‘e incubated with 10TV
net hyl -j S-cycl odextrin (M SCD) (Signma-Aldrich) at 250C
[oo78¥ar $Qithesis bf BODIPY-FRESOPFSSUAL-Ce! Phreredl BODIPYIER

Arter | abelling, cells were further incubated in

650/658rlaerCer wes mxﬂhqsmed rofollows (sestseheme Bx Adtameldiad S mL

reactl VTR R W 1 R B ™ R R S ek (L

©0.00735fmbh! Bexmmar dsefaésec (5dag) 6.00m8 mAol)amder £asirBtfospiedre S
were further incubated in conplete nediumw th serum

and wag @sgljed i 81 s daiat And- Per dlm,e&ml formagndeQMF Q5 mL) was
addecpﬁi%}) an[pv&ars %ﬁﬁgcp%tg?lsfog %Rr 'Iﬁ? %Mﬁ@re%&s%ﬁﬁ%e@%

oscope W't pping lens

- comecto tddme {ém;bmhthrmd&nmmuedeﬁfrﬁ@ fop?4 h.Reaetigrewasmohiored be
: a[ried ouyt. usi t he, si e fl nmoropho overlfy
HPLG A herthmimle g g encion AV et TRBioNed Risee mg@*s‘fasﬁum and
the bXB 2&MRleSwaslRPERY bf WastE QiR Bhiohidkd AR Al Cii@&hﬁlﬂ%éﬂ

[ mages In a given experil nent -were pr ocessed
separatumxstcm The dexpireddtaationsawére nolslr@dtemdvlm;énlmﬂct@ pettthelFR-

t. 15 [ |
BODYRY 8% i ivigh Srepttlll GloecfS obsil i Mo ctiadiini By
standmhqtro¢eaulae¢ aThedBtainddp m@hvdagméqddha? compRxed WitH defattbd
h the additional :%fl ns Col ocal i zati on Test" an_d

BSAawsee%ﬁdeé%ﬁw here Mhartin ped Bagappy19P4).Col | i ns and W
Rasband) and "BG Subtraction from RO" :(by M Camer

fooﬁf“d d. €en taleii BOBIPY HR%c2 Bhd B W?%o%éﬂ%ﬁé P{lgﬁgﬁ g

mbrane i ng was not ana yzed
'bovm@ssttuusdbmm{ @08 50kDalexizmtAlesapiti aid - Atextéddewenefranm an

moteG ¥k PRARY e e mf BOBIR Tl Sierne i pcec

5uM tdwcsnmt ¢ Bakfed SaftiSoafloh RHB SEHPbhM AEPESYbr $EhmmMm de

in a Drosophila larval brainderived neur onal

BODé’é{ ﬁ50(665ela° Oler mulmed(&téué’ém 2Y°CJaB$%d 0mbf HEBES for
3%&@5%?%%%%&18? dﬂ ﬂo? e sorre Hive lgéaﬁ?%)bﬂgx Qx?eré heir

ent a TUC ure a eren rom
incubatednatd. Sag/fSifer { Hapa@s5eC. After, 1aRABEY, celld wadsvash@bthtartd

| S Id b
five tigs g8 HOSY SABLAERES oo schby SEHASIoRE R meaIs sUpplemenad
with 1‘%'(6/%) b&%ﬁbf? ReRR thi. ,gqggﬁ)'fﬂr al ogous way .

| uor escént c Cer tr i CKI been characteri zed

A as an indi cator of GSL trafflckl ng defects in human
[0080]; brEmmiqcsnomEraesfcmméxAéle+GﬁR aﬂannomdmyllr@FH; adur bed

Rablf gﬁ’uw{t]ﬁl v&yere camed out %9191% Cefl:Eeé{mnlplx reager% (Invitrogen, USA)

per manufacturer’s mstructlons.

~ [0081]  Cholesterol depletion/overload: For cholesterol depletion,
MannosidaseIl-GFP (see Bard et al; 2006) or LAMP-GFP (see Pulipparacharuvil et
al, 2005) transfected cells were iricubated with 10mM methyl-B-cyclodextrin (MBCD)
~ (Sigma-Aldrich) at 25°C for 30min in serum-free medium, before labelling. After

labelling, cells were further'incubated in serum-free medium. For chblesterol_ excess,
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2004; Puri et al., 2001; Sharma et al., 2003; Singh et
al., 2003), and in fact, these two |lipid classes are

wkmosmimweo traffic i nterdependently (Mikherj ee BIWISG2008/000076

Maxfield, 2004; Puri et al., 2003; Sharma et al.,

Sl llence et al., 2002; te Vruchte et al ., 2004).
loﬂﬁ%g‘?ﬁ’?ﬁgowe%@oraa@éeﬁ WerrRrrpaTadzn Mkl et dlkisimenal
 1998PRdlifibaRa WAmSceRS 8t SRKSBr SRnititR D BibBHRAS RAGEIRIAGR

i'nto endocytic vesicles by Drosophila c6 neurons;
cell§ Wengifather ApcuBjted il conplsteemtdBOBlthsefin.t agged | ac- Cer
(FL-1ac-Cer; Invitrogen) andgradual ly becones

1008 PRy TR GF B! Col BB SRei S
carried astisiigeaDeie N SP2 it®sdopb Wﬂl@@l\ﬁ@SNﬂSﬁﬁﬁéﬁdﬁFﬁﬁg 1843t Por

BODI PY- FL-t agged | ac-Cer, -as well as a novel far
doublgdebegmaprpRents gato] experirgents werecamiadeyt using thepingle

. . ¢ . o | e
ool 30\ ISR e B o AR BB S

i ndicating that the choice of fluorophore does not
' [00?3]f| él?nm-lbdéaggaﬁm?@emmemlslbhfihhgdscgl a giveh kkpdtinngt _wfelre ,
- lacsCer. . ese.eally. lac-Cer carryin esicl e
takep 354 Boishd 1rEt eiioeoalipion VAES Weis col LA et gast 15

114 B ehéh 4R hus ( @ e
cel{ Uk e O AU RSHEATRATLIRDL . CobeE 22000

that {srayrilahbethaeughrimage) @sb.iafo.nih200/4) with the pdsitionabplugines

" er— 30%after 30 m n.of ase Li .(Fi 1C; '
- Colol AR Tef ko B ca P osn S AL, Bl e RAane)
and UBG8@b&asion $rdnh ROITN UyMIThmh & a5 Callind). ROIAPAY ket such
Manders, .1993)). At this tine, a fluid phase marker of
that xisthie plasmpa ke staang WeeRetaaalyzehsses t hrough t he
sorting endosonal -conpartnment (Sriramet al., 2003).
VP& .ostensi bly a | ysosomal narker, is
[ooga\? %iagﬁtisg%’ﬂmﬁ?%g?‘??but ed in earlier, highly nobile

__endosomal conpartnents, sonme of which may be mldly
[Qﬂ%ﬁdi diEdctasyl-Seramiledy talentuprig asresdocytisspathiyay by drosephila

; , . .0 . F th fi ti A .
- meufgi? e doiakand kPR itnd SRRt Wb o sk B o chesgprle
glycbdphingbhgid Q8SL) laetdslcCeratiderldctGer} i DDEIvopldlA 1aval brain-
: .endosones to. the recycling endosonal conpartnent, and
derived @ergial ool ines L{IGBB2beheisaRsreatial g (Hhd 990 wis
studied SRR gﬁﬁucé(}%ﬁl But Q%%@f&xlggﬂteﬁtem' SHictull A6 SdfLwRatt hat
su - G- g.

are pr dto be L positive sortin

diffeentl froummpammihias GSE.s §Sepipb &t alt, 2000)a it weasmperpant teeestablish
fibrobl asts g . al ., 2001 arma.et al., 20 :

that Waﬁén' @s@s W”ﬁ‘&i’%’é‘ﬁoﬁf’?ﬂ? asi%%yt%eo\fn ‘Pﬁ’@n’é}}%f’gﬁ and

that f1128 trafiRthéseMipids ildA Rnd6SSus W Fhubfedfint iRarer thficklg has

recycling endosones. Previously, it was reported that

been| cheracisrizeseasan indicatoneff GBL traffi defiicts indwmaa fibnadriasts

i ' arl.y .c ributiaon fro [cling
whelfchfteBelBt BRncRBl ¥ aRRESA R Abhitey O 205 CoBrury st
2004yPutifensls 208hBHaBmL bt 4, 2003 @ikiph- et al., 2003), and in fact, these two
lipid classes are known to traffic interdependently (Mukherjee and Maxfield, 2004;
Puri et al., 2003; Sharma et al., 2004; Sillence et al., 2002; te Vruchte et al., 2004).

[0086] - Asis the case in mammalian cells, exogenously applied analogs are taken
" up.via the plasma membrane into endocytic vesicle‘s‘by Drosophila c6‘neurons, |

"(Figure 1A, B). Fluorescent BODIPY-FL-tagged lac-Cer (FL-lac-Cer; Invitrogen) and
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[0089] It was al so observed that a non-gl ycosyl at ed
fluorescent sphingolipid, FLBOD PY- or

WOROBCOBRY- Cer ami de (FL- or TR-Cer), is taken Rq:irls(moosmooom
nobi | e endosones as is the glycosylated FL-1ac- Cer,

 erafiifly Bchrdioatiotmiart b Fb R Endie R ket ﬂ%’,{févtefg\?&%%"ﬁ% an
initilaﬂ? dhiforaf diSeBLOERAt (e dﬂ§§ﬁ§ ﬁﬁmbiréiie%s BLIBR T RE s AEror

ocalization with xtran and gotracker althougb
C_

- botly RODIRY F Intﬂgg@fhlamqef,uaedveélmsgmoeell redg@BIBODIRY Cegge

t Ce
Cer SkeNBBRA B Moty o FRRBE o il 1850 o Bipsdiie oS
coldalizid neirdy Cdthglsten; (Figeé | AY ifdatig!tRadhd @RideyT RBiopRErR
FR-l.ac- Cer and the transfected Droso h| I a Gol gi mar ker

doegyaetriplyvense theluptakpor subealiylatrbiiclaag af 2006) ;

Figure 2A, B) was conducted. Starting from | ess than

_[003732/0 C%&E %Lﬂ;l%E (%gr ?gﬁgve a9 g Béé&%h%g;\d%&?@ﬁﬁﬂa& 0.

Y% at | overe near
‘Cer u’amesg;ntromte tq Golpilamd aum cohfipastrrienitss sigoe t&ue(FRnLigtCéxovver
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transfected LAMP-GFP, as nentioned above, peaked at

Mandszs%lgqnﬂ@o using Gostesithysshaldingh(Gastey ebald @60 andersd 1998
ho, f traff '
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paortion of thei;thvvay (Srlramet al ., 2003111‘ i
_ostewléle/@alf/wéfamaldaﬁr eta s 2l pastiallyedistrinuied dm pastien highly mabils, -

‘endJsgfna}‘&rﬁlparéﬂ‘épfsf S&H&i‘af \Qﬁl 'trzfﬁgfl{eﬁhg&igg cidfed ﬁ059§‘6i sortlng

' Lac- Cer ‘can "hrjac g route of "an
_ endasnuhes (HunzikeaaypbGeteas 19%6). st udi es by Pagano et al
showed that |ac-Cer stimnulates caveol ar uptake from

100481 P 3 The SPRBRANE o6 RRGLABGf bl oxf I oSS
that Sdcrlpér&raﬁﬁctsgﬂginmﬂl@ hréighupttaieeendobRn@RY therec fting 3Adbsomal

anot her endocytic cargo, Dextran. This phenonenon is -

compgrpent cand;the pranainder sdocalizpd tiba @olgea@d@csb/sp&omqavé smeld

N e

) endasmges;ﬂéns iis Kinhitat tdCerhatwedsarepated! iy f&ﬁobndtsa@un@t al., 2001; 3

n t rryin Xtr t t 009 .n t
Shargiice s 05 Lt e sk e s rEendn ret s Gl a%nmf&wgaﬁss
mucB 149 Q&Biﬁaﬂ%m\@)(ﬁoftrgﬁehgg BEoREs. PréiGhsHy fit @ (ﬁ‘%y

&cotelns (dynam n vs , and are inhi’bite
‘that tticfGerracted asla oyeker Pfithe @ngmompazmm, v8Htea nmmteaﬂay

contiBin Forl i inalpsofvﬁ%%ﬁ?l”t c%#ﬁ%flwﬁ@a%gf dihe aﬁ%a%?f’y

membrane (Sharma et al., 2003).

[0089] It was also observed that a non-glycosylated ﬂuorescent sphingolipid, FL-
BODIPY- or TR-BODIPY-Ceramide (FL- or TR-Cer),Ais 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
processes TR-Cer also showed some colocahzatlon with dexiran and lysotracker |

although this was not quantlﬁed (Figure 1D)
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one after the other. In contrast, their trafficking is
al nost entirely separate when i ncubated i ndependently.

wo 0@83]198equenti al | abeling of |ac-Cer then DeRCT/862008/000076
(Lac- Cer pul se, 3h chase, Dextran puI se 2h chase) or
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nd .out at the new routes of the | ac-Cer + Dextran
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time ¢t %4 Wirant deatrawat & sinilbr tirne woeld bendxitirgy thy sarting endusome

mar.ker (tM.c-c cal.cul ate each
and dnfeite HHE B0 Cmd) bRTToman e stEv S St ¢ pgb@@ .
Ther&et, roarbcélaz‘auaﬁ eénaifed doRistat a3 A) 5%t uf R RPET d‘h@ﬁn
the late endol ysosomal marker LAMP- GFP showed t

(Figyrgi¢Bler  di verts Dextran away from endol ysosones -
(conpare green line with dashed bl ack |ine; Fi gure

loosff) LT can Bk ulE R HolthAirita SEM Ay
Earherrmqmesi W@« tra lshavmiythﬁtrlwcletyﬁﬁmdmes cz(monpaptakegﬁ*emn
ne w th ed bl a ure 4B). The
the plgpE BTN P g el 4T s PrERS e vk povel
effect; AMEn&F RN SimpslY¥ SR hERén Qeﬂﬁtilénwhérew facle )5193 Gh&Her
since LAMP-GFP is not strictly confined to | ysosones,

endogyiig carges Dexinan. [Thisgthenomoenyods propossdith be adtpdo&lh@«:kwgﬂ y

becads§ EAECH B RopRb oL BRI RES PieeaudVin b 1

roumﬁgmﬁnghea rfo@él patiesy bl ndﬁﬁé\@@e&b@ﬁkad-ceﬁ@eﬂenné}b@ur e
In particular, |ac-Cer + Dextran follows a .

Stlm‘%?%\ﬁén PO, corang Dewgancyithit: t han | ac- Cer al one
(Figure 4C). Lac- Cer + Dextran appears to arrive late

[ooognd Bﬁhﬁ Sise, d4c- @exsaHdgﬂé)Jtﬁén Biehedn o ﬁﬁ‘ﬁ&ﬁlen &%ﬁﬁl: in

~endol ysosones ed wth LAWP- F| gure 4AJ,
pathwyyss that idepend OQLqmﬁcresmdessorylp}r@tems ms_smatnabes @dc4R) 1 dnd are

- imhiefoE b BeRnE ORiburt P o1 Sharelal R A Smeh 6 2hoo)
but s@bﬁﬁh@l@t they show almost complete colocahzatlon when mcubated directly
one after the other. In contrast, their trafﬁckmg is almost entirely separate when
incubated independently. -'

[0093] Sequential labeling of laic-Cer then Dextran (Lac-Cer pulse, 3h chase,
Dextran pulse, 2h chase).or conversely, Dextran then lac-Cer (Dexfran 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 be predominanﬂy Golgi -

20



intracel lular path. As shown here, Dextran, which
ordinarily follows an endosone->| ate endosone- Mysosone

weaiosiaawie i s re-routed conpletely away from | aP€r/sG2008/000076

endosones/ | ysosones when |ac-Cer is also present.
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t
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colo@aatmwmes WithNOWP - GF R &s.cxyamnight ®egfrim istnok gn@msetpds sihce

reshect 4o raffickin r ckl
LM SRRERASeul 2o o' Rk pP et bl bl M
'eachuﬂietbnlgho~w%(rigafeg¢yows an enhanced peak at 3h '
(Figure 5A). Interestingly, this level returns to a
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'asma nmenbr ane equent s nor e
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- possible i.tiperarjes.in . re or, sorti
Cer S EalHRP oS i+ 3% &1d Repas Sty B tpaortadievel
in end19$RaMES1aballedGRith LAME-GHPI (Fihukd4 £)) hHiNESOS QiiETedsed M
sim|ar degree as chol esterol excess (conpare Figure
lysosgmps labeled withi Rextran 9vemight GigutedBd! | evels in extracts
of MoCD-treated c6 neurons showed a 45-50%

_ [0096] Thus, lac-Cer interacting with a ligand directs that ligand to an alternate

intracellular path. As shown here, Dextran, which ordinarily follows an
endosome->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

progression toward Golgi in the bresence'of Dextran.

I0097] - Lac-Cer trafficking to Golgi vs. lysosomal pathways is controlled by_a '
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reducti on of cholesterol, using the Anmpl ex Red(tm
chol esterol quantification kit (Invitrogen). [001 00]
WOrRdos/pUBIG cati ons and patent applications ci teId?T/$\G10h$/@0076
specification are herein incorporated by reference as"
ch,in V|dual bllcalonor ateta l.i on
’ °h°'€\§éF'é’?§%f:‘?*‘rjéa§3ﬁ“r P llessnas gy e S

' traffid E&%@ﬁﬁﬁhﬁﬁbkﬁla@@a@ RQBE eumI@ %Fdd%ﬂfok Hﬂld%ftor diseases, in
ication is for its disclosure prior to the filing

-partld@laeNmnaiPmld tpn 6t(NBE) &M@,@@&hyndnr coaditioss ofabetrant

R T

accutht®flled iR 14t8 |e§dcﬁ?§>§dnhhl¢o%§ﬂ;ﬁfhn%ﬂ@ Arliew R Grozh A Adrmal
the singula orns " an, " and "the™ include plural
Golgi ginsrasy 2‘€hqndhee'set £ 093 Eleoudhotyced el.y2 09 Samdlerly, aberrant
ot her 13
’trafﬁgléiﬂ : tggr0 ?rilﬁﬁsg‘g%é 1ﬁer et R 0? ﬁ%u:he}gglseggﬁﬁllleﬁ

al., ZOOMhér)tfdnﬂ dewad aidebsted w@wﬁéthélf tetiffialiyg 8SRGBLs imfly he
: art. to which this invention belongs., [001 02] Although
‘neurpnsds sighilaglyiaffgcted athet igdissased bumen gells tpda analaeetsme

condﬂﬂn@'okh?&ﬂ ¥eof illustration and exanple for purposes
of clar understanding, it is readily apparent to

those of - ordl nary skill in the art in light of the
 [0098}ac Whegscetls atemvsrloirdcé ithoshotesterol ¢ saetMaterialh &Meﬁlods)d

di fica de there W t hout ar
trafRe ¢ ERoLAR5EYs Sondeteateic theihay of PRl
traﬁi@fh? T(Eﬂgﬁl%sb'(BdD)dTh&mtlall- lé)%ﬁdiﬂwaﬁ préﬁ{ﬂaﬁ@l tBRABK ezﬁ'Py arld:

ace, K Saito, tayama, G Quizzunti, V.
sortifg englopriness 1s mRt pgayg@qsbat bqqompemn—n@nmdeﬁat {he poiat ntit ra.

’dlvexéglgc% beﬁ%%ﬁ%é’é@i osro?ﬁ/a? ghﬁwﬁgﬁa 50 'n'i]%g{s\éc? %abﬂs in

rotein secretl anl z
Figuee3T, 604 - 7. Choudhury, A. , M Dom nguez, V. Puri, D K
_ Sharma, K Narita, CL. Weatley, D L. Mr ks and R E.

10098792 fitef Hoiioas s VAP ARV b A BETRLP
ol B BT S90S MR El iy %’Q"ﬁ}%‘o

traffikingdhesCyr tréffickie ko Gl appearsolbe indbiakg slomenthi Formal,

B A R s S M N R Y ga
returhE® ek bah@lne%'s % th@%bhtroﬂc'éuélé@é} 4111Th1§%1ﬁ§ﬁt witlY: »

. Dael emans, E. G Pavl akis, and S
ﬂ ‘disruptaerkef & chozest}ml dependent mechamsm of uptake from the plasma )

membrane, 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 i increases lac- Cer trafficking to endolysosomes
to a similar degree as cholesterol excees, (compare Figure 5B). Quantification of |
cholesterol levels in extracts of MPBCD-treated c6 neurons showed e 45-50%
reduction of cholesterol, using the Ampiex Red™ cholesterol quantiﬁcation kit
(InVitregen).

[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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a gl ycosphingolipid and the endocytic cargo with the
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conpartnment. 2. The nmethod of claim 1l wherein the
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ceramde. 3. The nethod of claim1 or claim2 wherein

the cell is acell in culture. 4. The nethod of claim
wd2ms/1cloaé m 2 wherein the cell is an expl ant edpCEBG2008000076
The nmethod of claiml1l or claim2 wherein the cell is

I I VO, e method of any one of clains 1 to 5
wﬁégmmgycosphl ngol i pid conprises a first :
detectable | abel. 7. The nethod of claim6 wherein the -
1. finShetH6d 6cdetiRbEng abPeldoe AT ak GRS aefllhldPERRSE e OUP.
8. The net hod of éI aim 79(\/\herg;0|etn the first detectable.
- comprigieg cansaehing e gtycembineotipid @éahmp%& caggo Witk theetepnnl
d furthe

surtii oF B XeiPRE Gl i€ pflonfhebp Riaof M5 SRS ol gl pp

into ’cﬂ&&:elrﬁﬁdlﬁﬂgd@éd t@yhodrgs@bmal @nifartheh 9 wherein the
endocytic cargo conprises a second detectable |abel.

11. The net hod of cl aim_ 10 wherein the second
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a healthy cell. 16. The nmethod of any one of clains 1

7.t oThemeghed ef elainn 6 wherrie thei firstuigtegtabledabal icemprises a
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- 9. The method of any one of clalms 6 to 8, the method further comprlsmg
detectmg the first detectable label

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

a second detectable label

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

fluorescent group.

12.  The method of claim 11 wherein 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 detectable label. ’
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endocytic cargo conprising the therapeutic agent is

contacted with the external surface of the cell of a
waologerwid n need of treatnment of a sphingol i pirCTst@OE0076

disorder or a disorder in which the endocytic cargo

ngrrsing t herapeutic agent is desired to be
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15 ’ The method of any one of claims 6 to 14 wherein in the cell is a cell from a
subject for diagnosis of a sphingolipid related disorder, the method further comprising
comparing the glycosphingolipid trafficking pattern in the cell with tIre ' '
glycosphingolipid trafﬁckirxg pattern observed for a healthy cell.

16. The method of any one of claims 1 to 15 wherein the endocytic cargo

compnses a therapeutlc agent.

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

anﬁbiotic, a hormone, a cellular factor, a nucleic acid molecule or a polypeptide.

18. . The method of claim 16 or claim 17 wherein an effective amount of the

~ endocytic cargo comprising the therapeutié.agent is contacted with the exfernal

' surface of the cell of a squect 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—direeted 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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