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BACKGROUND OF THE INVENTION

Field of the Invention

{LEIE The present invention relates to the discovery of new pangliosides and
compositions containing these ganghiosides. The invention also relaies to cells that have
been induced to express gangliosides, and compositions, including drug products,
sontaming gangliosides extracted from such celis. The prosent invention further relates to
methods of producing gangliosides, e.g., GMI, from cells grown in culture. In particular,
cells are treated chemically and/or biochemically manipulated to induce the production of
gangliosides, eg., GMI, andior cells are cultured long-term at high density, without

passaging, to sccumulate gangliosides, ez, GM1L

Background Art

M ¥ Ganglioside Structure and Function

{6002} GMI s 2 monosialoganglioside having the following structure:
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D083 GM1I 15 2 constituent of nerve cell membranes, is known to modulate a number of

cell surface and receplor activities, and plays important roles in neuronal differentiation
and development, protein phosphorylation and synaptic function, GMI therefore tmpacts

neuronal plasticity and repair mechanisms, and the release of neurotrophing in the brain,
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In addition o 115 vole i the norvous system, GMI is involved in intersalization of
pathogens, cell signaling, profiferation, survival and differentiation. ! is a component of
hiptd rafls, 3 microdomain within the plasma membrane that is enriched in cholestero! and
sphingolipids.  Furthermore, GMI s involved i activation of a sodiwm-caleimm
exchanger in the inner membrane of the nuclear envelope. s interaction with the
calcinm exchanger wodulates nuclear and cellular caloium. In addition to s function o
cellular physiology, GMI acts as the site of binding for cholera toxin.

{(BG4] $hd has been shown o be effective in freating different types of central nervous
systern lesions in experimental animals, resulting in sigmficant biochemical and
behavioral recovery., Moreover, pretreatroent with GMI indubits damage resulting from a
variety of neurcioxin exposures.

{GO85] Gkl has also been shown to be effective in the shori-term treatment of
Parkinson's disease subjects, resulting in significant symptom reduction, Schaoelder ef af,
Newrclogy S011630-1636 (1998}, A more recent five-yvear study indicates that long-tenm
GM1 use by Parkinson's diseass subjects is safe and may provide soms clinical benefit
for these subjects. Schneider ef gl J Newrol S 282:45-51 {2010}, incorporated herein
by reference in ifs entirety. If is uncertain how GMI exeris potential newroprotective,
negrorestorative or nourorescue effects on the dopamine systom. & at 530, However, it is
speculated that GMI incorporated in newronal plasma merabranes may alier the stability

of lipid rafls and therefore promete g variety of beneficial cellular processes. #d
Gangliosides

{0008} Gangliosides are 2 major glycosphingolipid in mammals, containing sugar chains
with different nombers of sialic acid residues. Many different subspecies of sugar exists
in gangliosides. Ganglicsides are implcated o 3 number of diseases and disorders,
inclading Tay-Sachs disease, Parkinson's disease, Alzhermer’s disease and cancer, among
others.

FEO07] The biosynthesis of gangliosides are closely interconnected through the use of
common biosynthetic enzymes and subsirates.  For example, the production of GM1
relies on the enzyme galactosyliransterase I, commeonly used to produce other

ganglinsides, e.g., GAL, GDlb and GTle. Xu et al, J Lipid Res. 51:1643-1675 (2010,
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incorporsted herein by reference in iis entirety. Because of their compon structural
features and components, new gangliosides we often synthesized from recyeled
components of degraded ganghiosides, 1w particular ceramide and sphingosine. fd. For
sxample, core molecules such as ceramide, galactoss, GalMAc, sialic acid, are required
for synthesis of ganghosides. /4 As g result, factors that influence the production or
degradation of one member of the ganghoside family frequenily alier the production and
degradation of other gangliosides. For example, because G is the precurser to GIda,
inoreases in GMI will favor the production of GDMa for the cell to maintain a normal or
balanced proportion of gangliosides. Mason ef @/, Siochem. J 388337-544 (20035}
Miller-Podraza et of, Biochem. 21:3260-3265 (1982), Mishio o af., J Rigl Chem.
278:33368-33378 {2004}, each of which is hereln incorporated by reference in ifs

entirety,

AT Production

[6648] G derived from the bovine brain has been ased clinteally in the past. Ses, e g,
Schneider ef af, J Newrol Sci. 292:45-51, 46 (2010} ("Pationts self-administered . | |
bovine brain-derived [GMI] sodiem salt . . "), incorporated herein by reference in it
entirety. However, the limited vield of GM1 per bovine brain and the cost of producing
GhAT in this manner has restricted the amount of G available for commercial clinical
use.  in addition, diseases such as bovine spongiform encephalopathy, fe, mad cow
disease, have raised concemns regarding the safety of this source of GMI, While
exiraction of GM1 from the wains of sheep afflicted with GM!U ganglicsidosis has also
heen desoribed (see, e.p., ULS, Patent Mo, 5,532,141}, incorporated herein by reference in
its entivety, such a method raises similar concerns regarding yigld, cost and safety.

0691 A clear, unmet nesd therefore exisis for a cost-effective, high-vield and safe

alternative o making GM1 for commercial clinical nse,

BRIEF SUMMARY OF THE INVENTION

{3010 The invention provides a method of producing a ganglioside in a cell, comprising
weating said cell with chloroquine ("CLG") to accumulate said panglioside; isclating said

ganglioside; quantifying said ganglioside, or both, from sald CLG-treated cell; wherein
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said ool 15 selected from the group consisting of an immortakized cell, a stromal cell, and
3 fibroblast; wherein said cell 15 not a PCLZ cell, an HY22 cgll, a brain cell fom g sheep
afflicted with gangliosidosis, and 3 Hhroblast cell from  sheep afflicted with
gangliosidosis,

6811} The invention further provides metheds of producing OM1  ganglioside
comprising isclating bone marow cells from sheep; cultuning the shesp bone marrow
cells in nevrenab-induction media ("NIM®) o produce peuren-like sheep bone mamow
cells: treating the neuron-like sheep bone marrow cells with CLG to sccurnulate GMY,
and guantifying GM1, isolating GMI, or both, from the CLQireated neuron-like sheep
bone marrow cells.

001 21 The invention fixther provides a method of moducing GMI  ganglioside
comprising treating human bone marrow oells with CLQ o accumulate GMI; and
isolating GMI, gquantifying GMI, or both, from the CL{Otrealed nunan bone mamow
cells,

{0613] The invention further relates to freating cells, 2.2, bone marrow cells, with
neuraminidase 1o accumulate gengliosides, eg, GMI, in the cells, and isclating
gangliowides, guaniifving gangliosides, or both, from the neuraminidase-treated cells.

F014] The invention further relstes to freating cells, eg., bone mamow cells, with
glucosamine o accumulate gangliosides, eg., GMI, in the cells, and isolating
gangliosides, guantifving gangliosides, or both, from the glocosamine-treated cells.

1H015] The invention further relates to biochewically manipulating cells, e g, primary
cells or cell lines, to accumulate gangliosides, ag, GMI, i the cells, and isolating
gangliosides, quantifving gangliosides, or both, from the biochemically modified cells.

{381 6] Also provided by the invention are methods of producing gangliosides, e.g., GMI,
by culturing cells without passaging and at high density to accumulate said ganghioside.

{6017} The mvention also refates to methods of guantifving sn amount of gangliosides,
eg., GMI, in a population of adherent cells, comprising contacting the adherent cells
with cholera-toxin B conjugated 0 a dye or 10 an enzyme thal generates a colored end-
product upon contacting ite substrate; snd measuring light emitted by or absorbed by the
dye or the colored end-product, whereln the lght emitted or absorbed 15 used 1

guantitate the smount of ganghosides, ez, GM1, in the population of adherent cells.
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{8418} The invention Rurther provides & ganglioside, e, GMI, produced by the methods
of the invention,
L The mvention also relates 1o methods of eating diseases or disorders comprising

adminisiering the ganghiosides, eg., GM1, produced by the methods of the invention to 2
subject i need thereof

D20} The invention further relstes to ¢ ganglioside characterized by a single thin laver
chromatography {"TLC"Y band having a retardation factor ("RE"Y value that i3 greater
than an ovine GOM1 standard RE when said ganglioside is subjected to TLC on g glass
plate coated with a 230 um layer of ultrapure silica gel and contacted with a solution
comprising chloroform, methanol and 4.2% caloium in a ratio of 30:42:11, afler which
said coated glass plate is stained by being placed into 8 second solution comprising &0
mL of concentrated hydrochlovic acid, .25 mL of 9.1 M cupric sulfate, 10 mL of 2%
resorcingl and 10 mL of water, and said glass plate is heated in said second solution for
20 mimates af 100°C, wherein sald ganglioside comprises one or more gangliosides,

o921} The invention further provides a2 ganglioside charscterized by a retention time of
7.4 when the ganglioside iz subjected to Hguid chromatography in & Howmd
chromatography system. The liquid chromatography system comprises an Agilent 1200
Binary UPLC systemn pump and a mobile phase comprising mobile phase A and mobile
phase B, The mobile phase A comprises 10 mM ammonium acetate, and mobile phase B
comprises methanol., The Hguid chromatography also comprises a Waters Acguity CI8
2.} x 50 mm} reverse phase column, The column is held at 40°C and the mobile phase
flows at a rate of 0.4 ml/min. From time 0 t© 4 minutes, the mobile phase comprises 85%
mobile phase A and 35% mobile phase B, af time 4 o 7.5 minuies the mobile phase
coraprises 153% rmobije phase A and 85% mobile phase B, at time 7.6 o 15 minutes, the
mobile phase comprises 653% mobile phase A and 35% mobile phase B, The sample
containing the ganglioside is injected ino the lguid chromatography sysiem in a sample
COmprising a mixture in an injection vohune of 20 ul. In embodiments, the ganglioside
having a retention time of 7.4 is a mixture of gangliosides.

100221 The invention further provides a ganglioside characterized by 2 retention tims of
7.8 when the ganglioside is subjected fo lguid chromatography in a lHguid

chromatography system. The Hauid chromatography system comprises an Agilent 1200
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Binary UPLC system pump and a mobile phase comprising mobile phase A and mobile
phase B. The mobile phase A comprises 10 mM ammonium acefate, and mobile phase B
comprises methanol. The lguid chromatography also comprises a Waters Acquity €138
(2.1 x 50 mm) reverse phase column. The column is held at 40°C and the mobile phase
flows at a rate of 0.4 mE/min. From time 0 to 4 minutes, the mobile phase comprises 65%
mobile phase A and 35% mobile phase B, at time 4 to 7.5 nunutes the mobile phase
comprises 15%% mobile phase A and 85% mobile phase B, at time 7.6 0 15 wminutes, the
mobile phase comprises 65% mobile phase A and 35% mobile phase B. The sample
containing the ganghioside is ingected into the Hauid chromatography system in a sample
comprising a8 mixfure in an injection volume of 20 yl. In embodiments, the ganglioside
having a retention time of 7.8 15 a mixture of ganghiosides,

JO023} The invention further relates o a cell induced o over-express one orf more
gangliosides, wheren the cell is a neuroblastoms or an adult human bone marrow cell

{0024} The invention also relates to a drug product comprising a ganglioside mixture comprising
GMIE, GM2 and GM3, wherein GMI comprises 12.9% of said mixtare; GM2 comprises

68.1% of said mixture; and GM3 comprises 18.9% of said mixture.

BRIEF DESCRIPTION OF THE DRAWINGS/FIGURES

{00251 Figure 1A Cells were obtained from the bons marrow of sheep with GMI
gangliosidosis {"affected sheep bone marrow oolls™) and oxpanded 1o culture, Conirol
cells were mainiained in standard culture media (upper panels).  Induced cells labeled
“48h CLO in NIM® (lower panels) were cultured in NiM and then treated for 48 hours
with CL4). Cells were stained with chelera toxin B compugated fo Alexad88 {"CTB-
AlexadB¥"). Representative images are shown {0 demonstrate the extent of induction,
Staining indicstes prosence of GMI. Cells in the lower panels that were trested show
induction of GM1; staining is more prevalent and infense. Note the perinoclear staining
i many cells.

[6826] Figure 18 Cells obtained from the bone marrow of normal sheep were expanded
in culfure.  Control cells were maintained in standard culture media (upper panels}).

induced cells labeled 48k CLGQ i NIM® {lower panels) were cultured in NIM and then
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treated for 48 hours () with CLQ. Cells were stained with CTB-Alexa488. Images from
different asreas of the cultwre or different wells are shown to demonsirate the extent of
induction. Staining indicates presence of GMMI. Cells in the lower panels that were
treated show mduction of GBI staining iz more prevalest and intense.  Note the
perinuctesy staining in many cells,

18027} Figure 2 Normal buman aduli bone marrow-derived stromal cells were plated in
standard tissne culture flasks. Control cells were maintained in standard culfure media
{upper panels). Treated cells, Iabeled "CLEL" weore treated with L in Alpha MEM for
48h (lower panels). Representative images are shown fo demonsirate the extent of
induction. Cells were stained with CTH-Alexad88. Staining indicates prosence of GML
OMI signal in the treated cells (Jower panels) s abundant and intense compared o
control conditions.

[G028] Figure 3 & human neuroblastoms cell ling, SHSY-5Y, sheep bone marrow cells
{"SBM"Y and human bone marrow cells {"HBEM™ were each subjecied to three different
reatment regimens: {a) serum free medium {("SFRT}, (B MM, or {0} CLO. The amount
of GMI in each cullure was determined using horseradish peroxidase {("HREP™)-
conjugated cholers toxin B ("CTB-HRP"), The amount of product geperated by CTB-
HEP that remained bound after incubation and washing was measured. The signal from
Alamar Blue staining for cach culture was also determined.  The GMI signal {as
measured by UTB-HRPY was normalized 0 the momber of cells in the well {as measured
by Alamar Blug). The v axis of the bar graph indicates the extent of stainung using CTB-
HRP normalized for cell number, which indicates the amount of G produced by sach
cedl lne for cach treatment regime. Control cells were ol untreated and were maintained
in standard culture media. NIM and CLO treatments showed the most robust induction
of Ghi1i,

{039} Figure 4 Induction of GMI in mouse neuro 2A neurcblastoms cells freated with
neuraminidase. Mewroe 2A cells were either mainiained in standard culture media {Cud) or
trealed for 3 hours with neuraminidase. Treated cells show greater staiming {see panel I3},
indicating higher accunndation of GM1 by the treated cells.

HEETH: Figure 5 Induction of GMI in human adult bone marrow stromal cells (hABM-

SCY with neoramimidase, hABM-SC were ejther maintained in standard culture media
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{control} or freated for 3 hours with nevraminidase {treated). Treated cells show greater
staining intensity, indicating higher production of GM1 by the trested cclls.

(0311 Figure ¢ Induction of OMI in mouse newre 2A npewroblssioms cells by high
density-long term culiure conditions. Mouse neuro 2A cells were plated at 2 high
density. A subset of wells were fixed and stained for GMT after 3 days in culture, while
others were maintained for 9 days before fxation and staining for GM1, Greater staining
of calis maintained for 9 days indicates greater GMI production,

JB032] Figure 7 Induction of GM! in sheep brain-derived cells by high demsity-long
termn culture conditions,  Bheep brain derived cells were plated at s high density. A
subset of wells were fixed and stained for GM1 after 3 days in enlture, while others were
maintained for 9 days before fixation and staining for GM1. Brighier staining of cells
mainizined for 9 days indicates greater GM1 production.

{8033 Figure 8 Standard curve foy plate based sheep GMI quantification using CTB-
HEP. Anp ELISA based plate was coated with various quantitiss of sheep GMI. Plates
ware washed, blocked snd incubated with HRP conjugated-cholera toxin B, Subsirate
was added 10 generate a colored product which was measured using a plate reader. The
signal infensity was correlsted to the amount of GM1 added per well. This graph
reprosents a standard curve generated by this method. GMI levels can be guantified
using this standard curve.

[68341] Figure 9 Standard curve for plate based sheep GMI guantification using CTB-
Alexsd4B8R. An ELISA based plate was coated with varieus guantitics of sheep GML
Plates were washed, blocked, and incubated with CTB-AlexadBR8. The signal intensity
was correlated to the amount of GMI added per well. This graph represents a standard
curve generated by this method. GM1 levels can be quantified vsing this standard cwrve,

16035] Figure 10 Induction of GMI in immortalized cell lines with LG SHBY-5Y,
SHEY-S, BK-N-A5, Chinese Hamster Ovary ({CHO-K 1}, and Human Embryonic Kidney
{HEKZ93} cells were plated in 24 well cultore plates. Control cells were maintained in
their respective standard culture media {Figure 10, Pangls &, C, E, 3, ). Treated cells,
iabeled "CLQ," were freated with CLO added to the stendard culfure media for 48-120
hours {(Figore 10, Panels B, D, F, H, 1) Representative images are shown o demonstrate

the extent of indoction. Cells were stained with CTB-Alexad8%  Staining indicates



WO 2014/144953 PCT/US2014/029569
-G

presence of GML, GBI signel in the teated cells is more sbundant and intense
compared to conirol conditions for all cell types, although the magnitude and distribution
varied,

1BU36] Figure 11 Induction of GMI in primary cell lines with CLO.  Gamet
BioTherapeutics’ adult bone owarrow-derived stromal (GBT-ABMSCS, bone marrow-
derived stromal {(Lonza BBMBECY, adipose-derived stromal (Lonza ADSCY, dermal
fibrobdast {fb}, and fibroblasts from subiects with GM1 ganghosidosis {GM1 ) cells
were plated i 24 well colture plates. Contrel cells were maintained in their respective
standard culture media (Figure 11, Panels A, C, B, G, Il Treated cells, labeled “CLO",
were treated with CLO added o the standard culture media for 48-120 hours (Figure 11,
Panels B, I, F, H, I}. Representative images are shown to demonstrate the extent of
nduction.  Cells were stained with CTB-Alexa488. Siaining indicates the presence of
On1. GMI signal in the treated cells is more sbundant and intense compared to control
conditions for all cell types, although the magnitude and distribution varied.

[8437] Figure 12  Induction of gangliosides and other lipid components.  Gamnet
BioTherapeutics' adult buman bone marrow-dertved stromal cells (Ve adult human bone
marrow-dentved stromal cells cultured under the low ouygen, low density conditions
described hersin} were induced to produce genglioside with chloroguine and were
barvested, lysed and the resulting extracis were column purified once o obtain a
concentrated  sample of gangliosides.  Samples wers anslyzed by Thin Laver
Chromatography ("TLC™) using a plastic plate. The extract {"Exiract™) obtained from
column purification was run next to an Oving GMI standard ("GMI™), i, a positive
control. Representative image shows mubtiple bands eluting higher than GM1. Staining
indicates the presence of ganglinsides and other lipid components. The RE values of
GMIE and a ganglioside made according to the methods of the invention were 0.45 and
{138, respectively, giving an Rfratio of 1.26. RY values were determined measuring the
distance from the origin to the center of the band, e, spot.

18338] Frgure 13 Ganglioside induction. The Extract and an Ovine GM standard were
snalyzed using TLC on a glass plate. Representative image shows the presence of a
gangioside in the Extract that is more polar than GM1. The BRI values of Gkl and the

gangiioside made according to the methods of the invention were .53 and .65,



WO 2014/144953 PCT/US2014/029569

it
R

respectively, giving an R matio of 1,230 Rf values were determined measuring the
distance from the onigm to the center of the band, L.¢., spot.

634 Figare 14 Tandem Mass Spectrometry of GMI. GMI was subject o tandem
nass spectrometry ("ME/ME"L Representative graph shows the MS/MS profiie of GhL.

{63401 Figure 15 Tandem Mass Spectrometry of un-induced cells, Un-induced cells, i.e.,
negative control, were harvested, lvsed, and the extracts were subjecied o a single round
of column purification. The exiracts were then subjected to ME/ME. Representative
graph shows the MS/MS profile of un-induced cells.

{08413 Figure 16 Tandem Maes Specirometry of induced cells, Induced cells, fe, CLG
treated cells, were harvested, lysed, and the extracts were subject fo a single round of
column purification. The exiracts were then subiected 1o MS/RS. Representative graph

shows the MS/MS profile of induced cells.

iH042] Figure 17 Typical calibration curve for ganglioside GMI (m/z 1544.8} in human
ABMSC (GBTO09) cell matrix.

8431 Figure 18 Typical calibration curve for OMIb {mfe 1572.9) in humean ABMSC
{3BTO09) cell matrix.

{044} Figure 19 Calibration curve for GMI (nyvz 1544.8} in human ABMSC (GRTHS)
ceil matrix compared with standards exwacted from the water,

10845} Figure 20 Calibration curve for GMIb {m/z 15729 in human ABMSC (GETHIN
cell matrix comparsd with standards extracted from the water.

{046} Figure 21 GMis (18 Transition long) chromslograms of a human ABMEC
{GETD09) cell blank (100x dilotion).

18847} Figure 22 lon chromatogram for GMI (m/z 15448} of 2 human ABMSC
{(GBTU09) cell blank (100x dilution).

[G048} Figure 23 lon clyomatogram for GMI {mvz 1544.8) spiked in human ABMSC
{CIBTO09) coll matnix at 10 ng/ml.

IR Figure 24 Ion chromatogram for GMIb {(nvz 15729} of a human ABMSC
{GRTO09} coll blank {100x dilution}.

{B058] Figure 23 lon chromatogram for GMIE (m/z 1572.9} spiked in human ABMSC

{GETOHR) cell matrix gt 5 ng/ml.
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LUIATY: Figure 26 lon chromatogram for GMI (m/z 1344.4) spiked in human ABMSC
(GBTOO9Y cell matrix at 2300 ng/mi.
jO052] Figure 17 lon chromatogram for GMib (m/z 1572.9) spiked in human ABMSC
{GBTO09) cell matrix af 1250 ng/ml.
053] Figure 28 Overlay from the MS total fon chromatogram profile and UY profile for

control {red) and induced {blue) ABMSELC,

16054] Figure 29 Extracted wavelength chromatogram of dicde amay detector spectral
data for control {red) and induced {hlue) ABMSC.

{H55] Pigure 30 LCO-MS with MBEM and UV detection scan for GM1 sample BRWa&75-
P75, contrel SHEY.

EEREY Figure 21 LO-MS with MRM and UV detection scan for GM2 sample BRWE75-
173, control SH3Y.

{6657} Figure 32 LO-MS with MRM and UV detection scan for GM3 sample BRWo873-
175, control SHEY.

{B055] Figure 33 LO-MS with MEM and UV detection scan for GMI sample BRWE75-
191, Induced SHEY.

10859] Figure 34 LO-MS with MEM and UV detection scan for GM2 sample BRWS75-
121, induged SHEY.

{860] Figure 35 LO-MS with MEM and UV detection scan for GM3 sample BRW673-
191, Induced SHEY.

BETAILED DESCRIPTION OF THE INVENTION

futroduction

HREET The present invention provides methods of producing ganghosides, eg., GMI,
from cells in culture.  Accordingly, the methods of the invention provide processes to
enhance, or induce, the production of gangliosides, eg., GMI, in cell culture using
various manipulations. The following methods of the present invention will be desertbed
i detail below: {a) culturing cells with neuronal-induction media ("NIM™), followed by

treatment with chloroguineg ("CLO™) (b) treating culiured cells with chlorogquine alone,
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i, without initial freatment with NIM; (¢} treating cultured celis with neuraminidase;
{d} reating cultured oslls with glucosamine; {e) biochemically modifving cells; {£} high
density, long torm culturing of cells without passaging to allow gangliosides, e.g., GMI,
0 accumulate in the cells. The types of cells appropriate for each method will also be
discussed, as well as methods for isolating the cells before treatment with NIM/CLQ or
CLG. In cortain nov-exclusive embodiments, methods {2) and/or {¢) and/or {d) andior (e}
and/or {0, and methods (b} andfor {c} andlor {d} andfor (&} andfor {f}, are combined to
further enhance ganghioside production in cultured cells. For example, cells first onltured
with NIM/ACLA are subsequently cultured with neuraminidase, or cells reated with CLQ,
and ot NIM, are subsequentty cultured with neuraminidase. In some embodiments, after
chemical freatment, eg, with NIM and/or CLOQ and/or neuraminidase, the cells are
subjected to high density, long torm colturing withowt passaging 0 sliow ganpliosides,
ez, GMI, o geoumulate in the chemically-trested cells. In other embodiments, any
cornbingtion of treatrments as disclosed in this application is possible.

{62} The present invention also provides methods of guantifving the amount of
ganghosides, .z, GM1, in cell cubture, also described in detail below,

1043} The term "gangliosides.” in ove swbodiment of the invention, cncompasses all
gengliosides. In another one embodiment of the invention, the panglioside is GMIL. In
another embodiment of the invention, the ganglioside is GMZ. In another embodiment of
the mvention, the ganghioside is OM3. In another embodiment of the invention, the
ganglioside is GDla. In another embodiment of the ovention, the ganglioside is GD1b,
In another embodiment of the invention, the ganglioside is G333, In another embodiment
of the invention, the ganghioside is GT1.

[0064] The invention further provides a ganghivside produced by the methods of the
mivention, ¢.g., produced from adult hwman bone marrow stromal-derived celle cultured
under the low oxygen, low density methods described herein, which are then induced fo

produce a ganghioside using CLG.

Ganglioside production by culiuring in sewonal-induction medie, followed by
frepiment with CLG

138651 In embodiments, cells are induced to accumulate gangliosides, ep., GMI, by

culturing in newonal-induction media. followed by treatment with chloroguine.  This
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combringtion treatment iy abbreviaied herein as "NIM/CLG.Y In embodiments, the cells
approprisie for use i this method are identified by their source, eg., from the type of
animal and the cell Hssue source of the animal. Animal sources for use in the NIM/CLOQ
methods of the invention include, but are not lmited 1o, human, sheep, rabbii, mouse,
guines pig, horse, pig, cat and dog. In embodiments of the invention, stromal cells, eg.,
bone marrow and adipose-derived cells; and fibroblasts, eg., fibroblaste from humans
with Gbil gangliosidosis ("GMI fibroblast™) and dermal Ghroblasts, from animal
sources, including bt not Bmiled to the above recited animal sources can be used in the
NIM/CLO methods of the present tnvention.  As used herein, the terms “bone marrow
cells” and "bone mamow-derived cells” are used synonymously, In embodiments, the
MIR/CLG methods of the invention stilize the bone-marrow derived cells produced by
the low density/low oxygen culture methods for isolating bone marrow from animal
sources, described in detail below.

{00661 Additional cell types for use in the MNIM/CLL methods of the invention include
imrnortalized cells. (her cell types include neuroblastoms colls isclated from animal
sources welnding but not Hmited o the shove-recited animal sources, including homans,
and neurablastorng cell Hnes (including byt not limited to SHSY-SY, SHSY-S, and SK-
N-A%). MNewroblastomas are advantageous al least because these cells have a high growth
rate.

18067} In embodiments, cach cell type used in the NIM/CLO methods of the invention is
cuttured under the low densttv/low On cultvre methods described in detadl below prioy to
gnedor during and/or after trestment.

[6668] in embodimenis, the animal cell sources of the present invention are afffictad with
(3M1 ganghiosidosis, GMZ gangliosidosis, or both, which is a lvsosomal] storage disorder
characierized by the generalized accumulation of gangliosides. In embodiments, bone
marrow cells and fibroblasis from human, cats or dogs afflicted with gangliosidosis are
used in the NIM/CLO methods of the present invention. In embodiments, the fibroblast
is g GMIU filwoblast,  In further embodiments, immonslized cells are used in the
NIM/CLG methods of the present invenilon, for example, CHO cells and human
embryonic kidney cells, g, CHO-K cells and HEK293 cells. In other embadiments,

neurcblastoma cells from mouse, sheep or humans and neurcblastoma cell linss
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{including but not lmited to SHSY-5Y, SHSY-S, and SK-N-ABY are used in the
NIM/CLEG methods of the present invention,

{0089] In embodiments, PCI1Z celis, HT22 cells, brain cells from a sheep afflicted with
gangliosidosis, and fibroblast cells from a sheep afflicted with gangliosidosis are not used
in the NIMACLG methods of the invention.

[B078] The term "neuronal induction media® refers 1o 3 solution for growing cells which,
under the correct conditions, produces cells that assume one or more phenotypic features
of a newron, The degree of the newronal phenotype induced by MiM depends on seversl
factors, including, but not timited to, the starting cell type, the components of the media,
the concentration of the NIM components, and the ameount of time the cells are in contact
with the MNIM. In embodiments of the present invention, suitable neuronal induction
media induces expression of gangliosides, e.g., GM1, in the cultured cells hevond the
levels expressed by cells in stendard culiure media.

FRO7E] In embodiments, NIM comprises Neurobasal medivm, BZ7 supplement with
retineic acid, spidermal growth factor and fibroblast growth factor.  These NIM
components are exemplary and additional NIM components are known in the anl.

16472} In embodiments, afler isolgtion from thetr animal source, the cells for use in the
NINMACLG methods of the invention are first cultured in standard culture media, e,
Alpha-MEM growih mediom supplemented with 10% fetal bovine serum ("FBE™);
MEM/F-12 supplemented with 10% FBS, EMEM/F-12 supplemented with 1%
nonessential amine acids ("NEAA™Y, 2mM L-glitamine and 15% FBS, DMEM
suppiemented with 0.1 mM NEAA and 10% FES; F-1ZK supplemented with 109 FBE;
EMEM supplemented with 10% FBS; Lonzg M3C basal medial supplemented with
growth supplements; Lonza ADSC basal mesdimm  supplemented  with  growth
suppiements; Lonza fibroblast basal medivm with supplements; or EMEM supplemented
with 15% FBE, for 2 w0 24 hours, and preferably for 4 10 14 bours, and preferably for 12
hours. In embodiments, the cells are grown at standard cell seeding density, ez, 2,000 1o
26,000 eells/om”, and preferably 8,000 cells/om®, at spproximately 37°C in g humadified
ineubator under standard (3% COy) atmospheric conditions,  Afler culturing in standard
culture media, the media is replaced with WNIM and the cells are culiured in NIM for

between 2 and 24 howrs, preferably betwesn 6 and 18 hours, or prefersbly between 8 and
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14 hours. Following treatment with NIM, CLQ is added o the Hask {o induce the NIM-
cultured celis to further produce GMI. CLG has been used o induce accumulation in
POIZ (rat adrengl medulla tumory cells. Yuvama ot al, FEBS Ler, 580:6972-6976
{2006}, However, CL only moderately increased GMI levels in HT2Z {mouss
hippocarnpal} cells. Hirata et al., J Newrochem. 17/9:839-847 {2011}, In embodiments,
while the calls are cultored in NIM, belween 5 and 100 micromolar CLQ, betwesn 20 and
60 micromaolar CL, or between 40 and 38 micromelar L) is added to the culture flask.
In embodivrents, 30 micromolar CLG is added io the oulture flask.  In other
embodiments, 30 micromelar CLQ is added to the colture flask. In other embodiments,
25 micromelar CLQ i added to the culiure Hask, CLO is contacted with the coltured
cells for between 4 fo 72 hours, preferably betwesn 20 to 60 howrs, and preferably
between 48 to 60 howrs. In embodiments CLO is contacted with the cultured cells for 48
hours,

16073} For particular oell types, such as sheep bone marrow cells, significant cell death
results after NIM/CLQ treatment.  In such embodiments, the dead cells in the flask are
removed, and the remaining surviving cells are re-suspended in fresh growth medivm,
e.g., Alpha-MEM supplemented with 10 % FBE, MEM/F-12 supplemented with 1095
FBS, EMEM/F-12 supplemented with 1% nonessential amine acids ("NEAA"), Zmbi L-
ghatamine and 15% FBE, DMEM supplomented with 0.1 mM NEAA and 109 FBS: F-
12X supplemented with 109 FBS; EMEM supplemented with 10% FBS; Lonza MSC
basal medial supplemenied with growih supplements; Lonza ADSC basal medivm
supplemented  with  growth  supplements; Lonza fbroblast basal medium  with
supplements; or EMEM supplemented with 15% FBS, and cultured 3t approximately
37°C 10 a humidified incubator under standard cell densities and 3% €O stmosphere. In
embodiments of the invention, following re-suspension in fresh growih medium, 2.g.,
Alpha-MEM supplemented with 10 % FBE, MEMTF-12 supplernented with 10% FBE;
EMEM/F-12 supplemented with 1% nonessential amine acids {"NEAA", ZmM L.
ghutamine and 15% FRS; DMEM supplemented with 0.1 mbf NEAA and 0% FBS; F-
12K supplemented with [9% FBS; EMEM supplemented with 10% FBE; Lonza MSO
pasal medial supplemented with growth supplements; Lonza ADSC basal medium

supplemenied  with  growth  supplements; Lonza  fibroblast basal medium  with
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supplernents; or EMEM supplemented with 15% FBS. The remaining surviving cells are
again {reated with CL{ o forther induce ganghioside production umnder the conditions
described above. If necessary, floating, dead cells are removed from the Hask, and the
remnaining surviving cells are collected. In additional embodiments, 8 second treatment is
not conducted, and the cells are harvested. The methods of the invention also provide
that the amount of ganghiosides, eg, GMI, in the cell culowe i3 guantified using the
methods of the present invention either after treatment with NIM slone or afler treatment
with NIM and CLO (before and afler treatment). In embodiments, ganglivsides, e.g.,
M1, is isolsted and purified oxing methods known in the ar, such as those disclosed
herean,

JO0741 in additional embodiments of the invention, NIM/CLG treatment increases the
accumulation of all ganglicsides. In embodimenis of the invention, MIM/CLQ treatment
increases the scowmuiation of GML. In snother embodiment of the invention, NIMACLO
freatnent of the invention increases the socunmlation of GM2. In another embodiment of
the invention, NIM/CLY treatment of the invention mcereases the accumulation of GM3.
In another smbodiment of the invention, NIM/CLQ treatment of the invention increases
the accunulation of GD1a. In ancther embodiment of the invention, NIM/CLO treatment
of the mvention increases the accumulation of GDIb. In another embodiment of the
wyvention, NIMACLO treatmont of the invention increases the accumulation of GD3. In
sncther embodiment of the wvention, NIM/CLG treatment of the invention incresses the
acoumulation of GT1,

{BO75} in ancther embodiment, NIMATLE treatment increases the accurmulation of two
or more ganghosides. In a further ombodiment, NIM/CLO treatment increases the
acoumutiation of three or more gangliosides. In a further embodiment, NWIM/CLG
freatment moreases the accuwmulstion of four or more ganghosides.  In g further
embodiment, NIMACLY treatment increases the accumulation of five or more
gangliosides.

F876] In sdditional embodiments of the invention, NIM/CLQ treatment results in 10 10
200 percent or about 14 to 200 percent more ganglioside accumulation in a cell compared
with a cell that bas not been treated with NIM/CLY.  In another embodiment of the

imvention, NIM/CLO treatment resulis in 15 to 125 percent or about 15 10 125 percent
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more ganghioside accumulation than a cell that has not been freated with NIM/CLG. In
another embodiment of the tnvention, NIM/CLG trostment results in 38 to 100 percont or
about 30 to 100 percent more ganglioside sceumulstion than a2 cell that has not been
regted with MIM/CLG.  In another embodiment of the invention, NIM/ACLD treatment
resuits in 60 to 80 percent or abouwt 40 {0 80 percent meore ganglioside sccumulation than
a oell that has not been treated with NIM/CLG. In another embodiment of the invention,
MIMACLO treatmend results in 15, 19, 28, 63, 65, 83, 104, and 119 percent or about 1§,
19, 28, 63, 65, 83, 104, and 119 percent more ganghioside acoumudstion than a cell that
has not been treated with NIM/CLG. In ancther smbodiment of the invention, NIMACLG
treatrnent resulls in 65 percent more ganglioside accumulation than a cell that has not
been treated with NIMACLQ.

184771 The invention further provides a ganglioside produced by the NIM/CLO methods
of the invention,

{78 The mwvention further provides methods of reating a subject in need of treatment,
by adnunistering the ganglioside, eg., GMI1, made by the NIM/ATLL) msthods of the
invention. In embodiments, a subject having neuronal injury 18 treated by administering a
ganglioside, eg, GMI, produced by the NIMATLG methods of the invention. In
embodiments, a subject having Parkinson’s disease is treated by administering 2
ganglioside, eg, GMI, produced by the NIM/CILL methods of the invention. In
embodiments, 2 subject having Alzheimers disease {5 treated by administering a
ganglioside, e g, OMI, produced by the NIM/ULG methods of the nvention. In
smbodiments, a subject who has had or is having a stroke is treated by administering a
ganglioside, e.g, GMI, preduced by the NIM/CLL methods of the invention. I
embodiments, a subtect having Guillain-Barré syndrome s ireated by administering a
ganglioside, e.g., GMI, produced by the NIM/CLQ methods of the invention. In
embodiments, a subject having cancer is treated by administering a ganghoside, 2.g.,
OMI, produced by the MIM/CLQ methods of the invention,

L In an exemplary embodiment, gangliosides, eg., OMI, sccumulate in nomal
sheep bone marrow-derived cells and gangliosidosis-affected shesp bone marrow-derived
cells. In exemplary smbodimenis, sheep-bone marrow derived cells are obtained by the

low-oxygen, low-density methods described below.,  Such cells are then cultured in
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Alpha-MEM growth mediurs, with 10% FBS, at a density of 2,000 cells/om®. After
approximately 12 hours, the medium is replaced with 30 mi NiM, which comprises
neurobasal mediom, B27 supplement with retinoic acid, EGF {25 micrograms/mi} and
FGF {10 nanograms/ml}. After approximately 10 howrs, 50 micromolar CLG is added o
the flask. About 7(% cell death is observed on the third dayv. The floating celle are
removed by rinsing with PBS. Swrviving cells are collected by trypsinization, spun
down, re-suspendsd in fresh growth medivm and sceded in 8 new flask at &000
cellsfomn®.  An aliguot is remeved and plated in a 24-well plate for confiiming
ganghioside, g, GMI, induction by staining with approprigte staing, eg, CTB-
Alexad88. The surviving cells are sllowed to expand in the flask for 2 days and the cells
are harvested. In embodiments, the surviving cells can be ireated for a second time with
50 micromolar CLG for 24 hours before harvesting. Afler cell harvest, gangliosides, e.g.,

GMI, can be solated and punified using the methods disclosed below.

Gangliovide production by treatment with chloroguine

{B680] In additional embodiments, ganglioside, ez, GMI, accumulation is induced in
cells using chloroguine treatment without first culturing with newronal-induction media.
This method is also termed "CLQ treatment method” or "CLQ treatment” herein.  In
ernbodiments, ammal sources of cells for use in the method of CLO treatment inchude,
but are not limiled to, human, rabbit, mouse, guines pig, horse, pig, cal and dog. In
embodiments of the invention, flwoblasts and stromal cells, e g, bone marrow and
adipose-derived cells; and fibroblasts, e, GMI fibroblast and dermal fbroblasts, from
amtmal sources, mclpding but not hmited to the above recited animal scurces can be used
in the CLE methods of the present nvention. Exemplary methods for isolating cells
from animal sources are described in detail below. In embodiments, cells produced by
the low density/low oxygen culture methods described below are treated with CLQ to
induce production of gangliosides, eg., GMI. In embodiments, human bone mamrow
cells produced by the low demsity/low oxygen culfure methods described below are
trested with CLG to inducs production of ganghiosides, ez, GML

{3081} In additional embodiments of the CLO wrestment mathods of the invention,

mrrnortalized cells, for example, CHO oells and homan embrvonic kidney colls, eg,
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CHO-K1 cells and HEK293 cells, are used in the UL methods of this invention. In
further embodiments, neoroblastoma cells isclated from animal sources, including bt not
fimpited to, the above-recited animal sources, including humans, and newroblastoma cell
fines {including but not Hmited 1o SHEY.SY, BHEY-E, and SK-N-A5) are used in the
CLG methods of the invention.  In further embodiments, the cells for use in the CLG
methods of the present invention are derived from animals afflicted with gangliosidosis,
eg.. humans, oats or dogs afflicted with GM1Y gangliosidosis, G2 gangliosidosis, or
both, In further embodiments, bone marrow cells and fibroblasts from human, cats or
dogs atflicted with gangliosidosis are used in the CLQ methods of the present invention,
In embodiments, the fibroblast is 2 GM1 fibroblasy

{042} In ermbodiments, oach oolf type used in the CLG methads of the invention is
cultured under the low density/low O cultiwe methods described in detail below prior to
and/or during and/or after treatment.

[GHR3] fn entbodiments, PCI2 cells, HT22 cells, brain cells from a sheep afflicted with
gangliosidosis, and fibroblast cells from a sheep afflicted with gangliosidosis are not used
in the CLG methods of the invention,

[B884] In ombodiments, cells from the desired source are cultured in standard growih
medium, e.g., Alpha-MEM supplemented with 10 % FBS, MEM/F-12 supplemented with
10% FBS; EMEM/F-12 supplomented with 194 noncssential aming acids ("NEAA™M,
Zmbd L-plutamine and 153% PBS; DMEM supplemented with 8.1 mbl NEAA and 10%
FBS; F-12K supplemented with 10% FBE; EMEM supplemented with 10% FBE; Lonza
MEC basal medial supplemented with growth supplements; Lonza ADSC basal medivm
supplemonted  with  growth supplements; Lonza fbroblast basal medium  with
suppiements; or EMEM supplemented with 15% FBE, under standard secding density,
2.g., 2,000 to 20,000 cellsfom”, and preferably 8,000 s:eﬂsfamz, at 37°C under 5% {0
stmosphoric conditions.  In embodiments, the cells are cultured for 2 1o 48 hours, and
preferably for & 1o 36 hours, and preferably for 24 howrs. After culturing, the culture
media i3 optionally replaced with standard medivm supplemenied with seram; o
srhodiments, the amount of serum s less than the amount of serum in the previous
culture media. CLA 18 added to the cubture media. In embodiments, between 5 and 100

micromolar CLE), between 25 and 75 micromolar CLQ, or beiween 40 and 50
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micromolar CLG 18 added to the colture flask. In embodiments, 50 micromolar CLO is
added to the culture flask. In other embodiments, 38 micromolar CLQ is added io the
culture flask. In other embodiments, 25 micromolar CLG is added o the culiure flasl.
The CLO is contacted with the cultured cells for between 2 to 72 hours, preferably
between 20 to 60 hours, and preferably between 30 to 50 hours. In embodiments, the
cells are incubated with CLA for 48 hours and harvested. In an additional embodiment,
the amount of ganglhiosides, ¢.g., GM1, in the cell culture i3 quantified using the methods
of the present invention. The gangliosides, eg., GMI can subseguently be isolated and
purified from the cell culture using standard methods, such as those deseribed below,

[DG85] in an exemplary embodiment, buman bone-marrow derived cells cultured in
Alpha-MEM growth medium (with 10% FBS) are sceded st a density of 8,000 colle/om’,
After ghout 24 hours, the medivm is replaced with reduced serum Alpha-MEM {with 1%
FHEY and 50 micromelar CLG s added. The cells are incubated for about 48 hours
before harvesting.

iB08s] in additional embodiments of the inveniion, €L brestment increases the
sccumulation of all gangliosides. In one embodiment of the invention, CLO reatment
increases the scoumulation of GML  In another embodiment of the invention, CLOQ
treatmment of the invention increases the accumulation of GM2. In another embodiment of
the wnvention, CLO treatment of the invontion increases the accumulation of GM3, In
another embodiment of the invention, CLQ treatment of the invention increases the
accumulation of GBla. In another embodiment of the invention, CLQ treatment of the
nvention increases the sccumulation of GDL. In another embodiment of the invention,
LG weatment of the invention increases the sccumulation of GD2 In snother
embodiment of the invention, CLO treatment of the wnvention increases the accumulation
of GTL.

FGO8T In another embodiment, TLY treatment increases the accumuldation of two or
more gangliosides. In a further embodiment, CLQ treatment increases the acomulation
of three or more ganghosides. In a further embodiment, CLQ treatment increases the
accumulation of four or more ganghiosides. In a further embodiment, CLQ treatment

mereases the acoumulation of five or more pangliosides,
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iB0ER In additional embodiments of the invention, CLO reatment results in 10 o 200
pereent or gbout 14 o 200 percent more ganglioside accunmulation w a cell compared
with a cell that has not been treated with chioroquine.  In another embodiment of the
invention, CLE wreatment results in 15 to 125 percent or sbout 15 to 125 percent more
ganglhioside accumulation than g cell that has not been freated with chlorogquine. In
another embodiment of the invention, CLO treatmend results in 30 to 100 percent or
about 30 to 100 percent more ganglioside accumulstion than a cell that has not been
wreated with chloroquine. In another emobodiment of the nvention, CLO treatment results
in 60 to &0 percent or aboul 80 lo &0 percent mwre ganglioside accurnulation than a cell
that has not been treated with chlorequine,  In another embodiment of the invention, CLQ
treatmaent resulls in 15, 19, 28, 63, 635, €3, 104, and 119 percent or about 15, 19, 2§, 83,
&5, 83, 104, and 119 percent more ganglioside accwmulation than a cell that has not been
freated with chloroguine. In snother embodiment of the wvention, CLO treatment rosulis
in 65 percent more gangliosude accurnulation than a cell that hes not been treated with
chloreguine.

B8] The invention further provides & ganglioside produced by the CLQ ireatment
methods of the invention.

105 The invention further provides methods of treating & subjedt having a disease or
disorder in need of such treatment by administering 2 ganghioside, e.g., GMI, produced
by the CLO treatment methods of the invention.  In ombodiments, a subject having
nouronal ingury is trested by administering s ganghioside, g, GMI1, produced by the
CLO weatment methods of the invention.  In embodiments, a subject having Parkinson's
disegase i3 freated by administering a gasglioside, 2g, GMI, produced by the CLG
treatment methods of the invention,  In embodiments, 2 subject having Alzheimer's
disease is ireated by administering a ganglioside, g, GMI, produced by the L
weatment methods of the invention. In embodiments, a subject who bas had or i¢ having
a stroke 15 tresled by admunistering 2 ganglioside, eg., M1, produced by the CLO
treatment methods of the invention.  In embodiments, a subject having Guillain-Barrd
syidrome 18 treated by administering s ganglioside, eg., GMI, produced by the TR

rreatment methods of the wvention. In embodimends, 2 subject having cancer is treated
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by adminisiering a ganghioside, ez, GMI, produced by the CLQ treatment methods of

the Invention.
Ganglioside production by vreatment with neuraminidase

L In additional embodiments, excess ganghioside, eg., GMI, production is induced
i colls using neuraminidase, either alone or with CLG. The combination of treatment
with neuraminidase and chiorogquine is sbbrevisted hercin az "neuraminidase/CLQY
Mevramiridase i3 2 sialidase enzyme that converls the maior brain complex gangliosides,
e, 30 a, GDIb, and GTih, o GMI in intact cells. In embodiments, sources for cells
for use in the method of newraminidase treatment inchude, but gre not limited io, hurman,
sheep, rabbil, mouse, gwinea pig, horse, pig, cat and deg.  In embodiments of the
invention, cells isolated from animal spurces, including but not Hmited to the animal
sources recited above, such as stromal cells, e.g., bone marrow and sdipose-derivad cells;
angd fibroblasts, eg, GMI fibroblast and dermal fibroblasts, can be used in the
nevraminidase and pewraminidase/CLO methods of the present invenmtion. In other
embodiments of the invention, bone marrow ¢ells isolated fom each of these animal
sourees can be used m the neuraminidase and neuraminidase/C LY methods of the present
invention.  Exemplary methods for isolating bone marrow from gnimal sources are
described in detall below. In embodiments, colls produced by the low densitvilow
oxvgen cullure metheds desoribed below are freated with neuwraminidese  and
neuraminidase’ LY to induce production of ganghiosides, e g, GMI. In embodiments,
human bone mamrow cells produced by the low densitylow oxygen cultore methods
described below are treated with neuraminidase and newaminidase/CLY to induce
production of gangliosides, e, GM1

{0093} in additional ambodiments of the invention, imunorialized cells, for example,
CHO cells and human embryonic kidney cells, e.g., CHO-K cells and HEK 293 cells, are
used in the newraminidase and newraminidase/CLE methode of the invention. In further
smbodiments, neuroblastoma oelis isclated from animal sources, including bt not
fumited o the sbove-recited animal sources, inchuding humans, and neuroblastoma cell
ines (including but not Hmited 1o SHSY-3Y, SHSY-S, and SK-MN-ASY are used in the

nenraminidase and neuraminidase/CLY methods of the invention.  In futher
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embodiments, the cells for use in the neuraminidase and neuraminidase: CLE methods of
the present mvention are derived from animals afflicted with ganghiosidosis e.g., humans,
cats or dogs affhicted with GM1 gangliosidosis, GM2 gangliosidosis, or both. In further
embadiments, bone marrow cells and fibroblasts from humsn, cats or dogs afflicted with
ganghiosidosis are used in the peuyraminidase and newaminidase/CLQ methods of the
present wvention. In embodiments, the fibroblast s 2 GM1 fibroblast.

{483} in cmbodiments, sach cell fype used in the necuraminidase and
newraminidase/CLOY methods of the invention is coltured under the low density/low Oy
culture methods described in detail below prior to and/or during and/or afier ireatment,

160941 fn emwbodiments, PC12 cells, HT22 cells, brain cells from a sheep afflicted with
ganglicsidosis, and fibroblast cells from a sheep afflicted with gangliosidosis are not used
in the neuraminidase and neuraminidase/CLG methods of the invention.

{G095] in smbodiments, cells derived from the desired source are cultured in standard
growth medium, eg., Alpha-MEM supplemented with serum, eg, 10% FBS,
additionally supplemented with | to 4 mM glotamine under standard seeding density,
MEM/F-12 supplemented  with 10% FBS;, EMEM/F-12 supplemented with 1%¢
nenessential amine acids ("NEAATL ZoM L-glutamine and 15% FRS;, DMEM
supplemented with 0.1 mM NEAA and 10% FBS; F-12K supplomented with 10% FBS;
EMEM supplemented with 10% FBS: Lonza MSEC basal medial supplemented with
growth supplements; Lonza ADSC basal medium  supplemented  with  growth
supplements; Lonza fibroblast basal mediom with supplementis; or EMEM supplemented
with 15% FBS, 2.z, 2,000 1o 20,000 cells/om’, and preforably 8,000 cellvfom’, at 37°Cin
a homidified incobator under standard (5% CO2 atmospheric  conditions.
Meuraminidase is added o the culture media and the cells are treated with neuraminidase
for | to 5 hours, preferably 2 o 4 houwrs, and preferably 3 hours. In embodiments,
between | and 3 units/ml of neuraminidase are added to the culture media, and prefergbly
tunitml. In an additional embodiment, the amount of gangliosides, «.g., GM1, in the
cell culture i quantifiod using the methods of the present invention. The ganghiosides,
e.g., GMI, can also be isolated and purified fromw the cell collure using standard methods,

such as those described below.,
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{(006] in  additional ombodiments of the invention, the neuraminidsse and
neuranninidase’CLO methods increase the accumulation of all gangliosides. In one
embodiment of the invention, the newaminidase and newraminidase/CLQ methods
increase the accumulation of GMI.  In another embodiment of the invention, the
neuraminidase and newaminidase/CL} methods of the invention increase the
acoumnulation of GM2, In ancther embodiment of the invention, the neuraminidase and
newraminidase CLO methods of the invention increase the accumulation of GM3. In
ancther embodiment of the invention, the neursminidase and neuraminidase/CLQ
methods of the invention morease the acourmulation of GDa. In another embodiment of
the invention, the nouraminidase and newraminidase/CLY methods of the nvention
mnerease the accumulation of GDib.  In ancther embodiment of the invention, the
neuraminidase and neuraminidase/CLO metheds of the invention increase the
accumuiation of GD3. In another embodiment of the invention, the newraminidase and
peuraminidase/CLO methods of the invention increase the acowmidation of GTL

HR T In ancther embodiment, the nevraminidase and peursminidase/CLO methods
increases the accumulation of two or more gangliosides. In 3 further embodimend, the
neuraminidase and newraminidase’CLO methods increases the accumulation of thuee or
more gangliosides. In a further embodiment, the neuraminidase and newrsminidase/CLE
methods increases the accamulation of four or more gangliosides. In a further
embodiment, the neuraminidase and newsminidase/CLE methods inoreases the
acournulation of five or more ganghiosides.

B0eE] In addivional embodiments of the invention, the neuraminidase and
nevrgrmnidase/CLY methods results in 10 to 200 percent or about 10 to 200 percont more
ganghicside sccummulation in 3 cell compared with a cell that has not been trealed with
neuraminidase and newraminidase/CLG.  In another embodiment of the invention, the
neuraminidase and neuraminidase'CLQ methods results in 15 to 125 percent or about 15
to 125 percent more ganglioside sccumulsbion than a cell that has not been treated with
neuraminidase and nouraminidase’CLAY.  In another embodiment of the invention, the
nevraminidase and neursminidase CLY methods results in 15, 19, 2§, 63, 65, 83, 104,
and 119 percent or about 15, 19, 28, 63, 65, 83, 104, and 119 percent more ganglioside

accumulation than g cell that has not been treated with neuraminidase  and
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neurantinidase/CLG.  In another embodiment of the invention, the seuraminidase and
neuraminidase/ CLO methods rosults in 65 percent more ganglioside accumulation than a
celf that has not been treated with nevraminidase and newraminidase/CLOM

8694} The invention further provides a ganglioside produced by the neuraminidase and
nevraminidase’CLQ treatment methods of the invention.

{60100 The imvention further provides methods of tregting a subject having a disease or
disorder in need of such treatment by administering 2 ganglioside, e.g., GMI, produced
by the neuraminidase and newraminidase/CLO methode of the invention, In
smbodiments, & subject having neuronal injury s treated by administering a ganglioside,
ez, GMI, produced by the pevraminidase asnd neuraminidase/CLO methods of the
invention.  In combodiments, 2 subject having Parkinson's dissase is treated by
admimistering a  ganglioside, eg, GMI, produced by the neuraminidase and
neuraminidese CLEG methods of the invention.  In embodiments, 8 subject having
Alzheimer's disease 1s treated by admindstening 3 ganghinside, ez, GMI, produced by the
neuraminidase and neursminidase/CLO methods of the invention.  In embodiments, a
subject who bas had or is having a stroke is treated by administering a gangHoside, ez,
M1, produced by the neuraminidase and neuraminidase/CULE methods of the invention.
in embodiments, a subject having Guillsin-Barré syndvome s treated by administering a
ganglioside, e.g., GM1, produced by the newraminidase and neursminidase/CLE methods
of the mvention. In embodiments, a subject having cancer is treated by adminisiering a
ganghioside, e.g., GM1, produced by the neuraminidase and newraminidase/CLG methods

of the invention,

Ganglioside production by freatment with glucesamine

{00181 o additions] embodiments, excess ganglioside, e.g., GM1, production is induced
in cells using glucosamine either slone or with CLO. The combination of treatment with
glucosamine with chloroquine is abbreviated hersin as "glucosamine/CLELY  Under
certain conditions, glucosamine ireatment increases ganglioside levels, for example, GM1
and GMZ, ax disclosed by Masson e ol Siochem J 38K537-344 {2005), herein
incorporated by reference in its entirety.  Sources for cells for use in the method of

glucosamine and glucosamine/CLQ methode include, but are nob Hmited to, human,
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sheep, rabbit, mouse, guinea pig, horse, pig, cat and dog.  In embodiments of the
invention, fibroblasts and siromal cells, 2.z, bone marrow and adipose-derived cells; and
fibroblasts, e.g., GM1 fibroblast and dermal Bbroblasts, from animal sources, including
bt not Hmited to the above recited animal sources can be used in the glucosamine and
glucosamune/CLQ methods of the present invention. Exemplary methods for isolating
cells from animal sources are described in detail below. In embodiments, cells produced
by the low densitv/low oxygen oulture methods described below are fresied with
gincosamine and glucosamine/CLO © induce production of gangliosides, e.g., GMI. In
embodiments, human bone marrow cells produced by the low density low oxygen culture
methods described below are trested with glucosamine and glucosamine/CLG o induce
production of ganglivsides, e g, GM1L

FO6162] In additional ombodiments of the invention, immortalized cells, for exampls,
CHO cells and buman embryvonic kidney cells, eg, CHO-K cells and HEK293 cells, are
used in the glucosamine and plucosamine/CLQ methods of the invention, In further
embodiments, neuroblastoma cells isolated from animal sowrces, inchuding but not
fimited fo, the above-recited animazl sources, inchuding humans, and neursblastoma cell
lines {inchuding but not Hmited to SHSY-3Y, SHSY-S, and SK-M-AS) are used in the
gluonsamine and glucosamine/CLO methods of the invention. In further embodiments,
the cells for use in the glucosamine and ghuicosamine/CLO methods of the present
invention are derived from animals afflicted with pangliosidosis e.g., humans, cats or
dogs sfflicted with GM! ganghiosidosis, GM2 gangliosidosis, or both. In further
embodiments, bone marrow cells and fibroblasts from human, cats or dogs sfflicted with
gangliosidosis ars used in the glucosamine and glucosaming/CLO methods of the present
invention. In embodiments, the fibroblast is 2 GMI fibroblast.

{06143] In embodiments, each cell type used in the glucesamine and glucosamine/C1L4)
methods of the invention is collured with the low densityflow O culture methods
described in detail below prior to and/or during andror afler irestment,

(o184} In emnbodiments, PCIZ cells, HT22 cells, brain cells from a sheep affiicted with
ganghiosidosis, and fbroblast cells from 3 sheep afflicted with gangliosidasis are not used

in the glucossmine and glhucosamine/CLO methods of the invention,
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18G165] In embodiments, cells dertved from the desired source are cultired in standard
growth mediom, eg., Alpha-MEM supplemented with serum, eg, 108 FBS,
additionally supplemenied with | {0 4 mM glutamine under standard seeding density,
MEM/F-12 supplemented with 108 FBS; EMEM/F-12 supplemented with 1%
nonessential amino acids ("NEAA"™), 2mM L-glutamine and 15% FBS;, DMEM
supplemented with (.1 md NEAA and 10% FBS; F-12K supplemented with 10% FBS;
EMEM supplomented with 109% FBE; Lonza MSC basal medial supplemented with
growth supplements; Lonza ADSC basal medium supplemenied with growth
supplernents; Lonzs fibroblast basal medium with supplements; or EMEM supplemented
with 15% FBS, e.g., 2,000 to 20,000 cella/ont®, and preferably 8,000 cellefon®, at 37°C in
a humidified incubator under standard (8% COn) atmosphenc conditions, Glucosamine
is added 1o the media and cultured as disclosed by Masson et af, Biochem, J, 388:537-544
{20053} In an additional embodiment, the amount of gangliosides, e.p., GMI, in the cell
culture is quantified using the methods of the present invention. The ganglicsides, ey,
M1, can also be solated and purified from the cell culture using standard methods, such
a5 those descenibed below,

(06106} In additional embodiments of the invention, glocosamine and glucosamine/TLOQ
trestment increases the accumulation of all ganglicsides. In one embodiment of the
investiion, glucosamine snd ghucosamine/CLO trestment increases the accumulation of
GMi. In snother embodiment of the invention, glucosamine and glucosamine/CLD
treatment of the invention increases the accumulation of GM2. In another embodiment of
the invention, glucosamine and glucosaming/CLG treaiment of the invention increases
the accumulation of GM3,  In another embodiment of the invention, glucosamine and
glucosamineCLO treatment of the invention increases the accumndation of GDls. In
another embodiment of the invention, glacosamine and glucosamine/CLY treatment of
the invention increases the accumulation of GDIb.  In another embodiment of the
invertion, glucosamine and glucosamineCLY trestment of the invention increases the
acowmnulation of GD3  In another embediment of the invention, glicosamine and
glucosamine/CLL treatment of the invention increases the accumulation of GT1

180107} in another embodiment, glucosaming and ghucosamine/CLQ treatment increases

the accumulation of two or more gangliosides. In a further embodimend, glucosamine
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and  glucosamine/CLY treatment increases the azccuwmslation of three or more
gangliosides, In a further embodiment, glucosamine and ghicosaming/CLQ trestment
increases the accumulation of four or more ganghiosides. In a further embodiment,
glucosamine and glucosamine/CLE treatment increases the accurmuiation of five or more
gangliosides,

a9108] In addittonal embodiments of the invention, ghicosamine and glucosamine/CLY
treatment resulis in 10 to 200 percent or about 10 to 200 percent more ganglioside
accuinulation in a cell compared with a cell that has not been treated with glucosamine
and glucosamine/CLG.  In another embodiment of the invention, glucosamine and
ghucosamine/CLG treatment resulte in 15 to 125 pereent or ghout 15 to 128 percent more
genglioside accumulation than 3 cell that has not besn treated with glucosamine and
ghwosamine/CLLY. In another embodiment of the invention, glucosamine and
glucosamine/C LG treatment results in 30 to 100 percent or about 36 o 100 percent more
ganglioside accumulation then a cell that has not been treated with glucosamine and
glucosaming/CLQ. In ancther cmbodiment of the invention, glucosaming and
ghucosaming/C LY treatiment results in 60 to B0 percent ar about 60 t0 30 percent more
ganghioside asccumulation than a cell that bhas not been treated with glucosamine and
glucosamine/CLO. In another embodiment of the invention, glucosamine and
glucosaming/CLO reatment results in 15, 19, 28, 63, 85, 83, 14, and 119 percent or
about 15, 19, 28, 63, 65, 83, 104, and 119 percent more ganglioside accwmulation than g
cefl thet has not been treated with glucosamine and glucosamine/CLE.  In another
embodiment of the invention, ghicosamine and glucosaming/CLG treatment results in 65
percent more ganglicside accumulstion than a cell that has not been treated with
glucosamine and ghicosamine/CLQ.

1B0109] The invention further provides a ganglioside produced by the glucosamine and
ghacosamine/C L methods of the invention.

HELEREL The wvention further provides methods of treating 8 subject having g disease or
dizsorder m need of such treatment by administering a ganglioside, e.g., GM1, produced
by the glucosamine and glucosamne/CLQ methods of the invention. In embodiments, a
subject having neuronal injury iz treated by adwinistering 2 gonglioside, eg., GMI,

produced by the glucosamine and glucosamine/CLQ methoeds of the invention, In
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embodiments, a8 subject having Parkincon's disease is freated by administering a
ganghioside, eg., GMI, produced by the glucosamine and glucosamineCLY methods of
the imvention. In embodiments, a subject having Alzheimer's disease is trested by
admimistering 8 ganglioside, eg, GMI, produced by the glucosamine and
glucosamine/CLQ methods of the invention. In embodiments, a subject who has had or
is having a stroke is treated by sdministering a ganglioside, a.g., GMI, produced by the
glucosamine snd glucosamine/CLG methods of the invention. In embodiments, a subject
having Guillain-Hareé syndrome is treated by administering 2 ganglivside, 2., GMI,
produced by the glucosamine and plucosamine/CLE methods of the invention. In
embodiments, a subject having concer is treated by administering g ganglioside, eg.,

G, produced by the glucosamine and glucesamine’ CLO methods of the invention.

Ganglioside production by bochemical manipulation

R R R Y I additional embodiments, excess ganglioside, e g, GM1, production 1s induced
in celfs by binchemical manipulation either slone or in combination with CLG. The
combination of biochemical mampulation with chdoroguine treatment is abbreviated
hersin as " bicchemical manipulation/CLG."  Under certain conditions, alterstion of
certain enzyme levels increases ganglioside levels, causing disease. (M1 ganghiosidosis
is caused by an elevated level of GMI caused by a3 deficiency of the lysosomal B-
galactosidase enzyme, which hydrolyses the terminal B-galactosy! residues from GMI
ganglioside, givcoproteins and glveosaminoglyveans, Christie, "Ganglioside,” The AOQCE
Lipid Library, last updated Fuly 23, 2012, Additionally, GM2? ganpliesidosis is caused by
insufficient activily of a specific enzyme, B-Nacetvihexosaminidase, which catalvies the
degradation of gangliosides.  /d. Furthermore, many of the epzyimes that convert
gangliosides from one form into another are known, Thus, sitering expression and/or
activity of these enzymes can increase the production of a particular panglioside. Known
methods such as, but not lmited to knockdown, eg, knockdown, fransfoction, eg.,
transient or stable, chemical inhibition, e.z., stadl molecule or biologics, and antibodies,
can be used for the methods of the invention. Sources for cells for use in the biochemical
manipulation and biechermical manipulation/CLG method include, but are not limited to,

human, shesp, rabbit, mouse, guinea pig, horse, pig, cat and dog, In embodiments of the
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invention, fibroblasts and stromal cclls, e.g., bone marrow and adipose-derived cells; and
fibroblasts, e.g., GMI1 fitvoblast and dermal fibroblasts, from animal souress, including
bul not limited to the sbove recited animal sourcss can be used in the bicchemical
masipulation and biochemical manmpulation/CLG methods of the present nvenbion.
Exemplary methads for isolating cells from animal sources are described in detail below.
in embodunents, cells produced by the low demsitvilow oxygen culiure methods
described below arg used in the biochemicsl manipulation snd  bochemical
manipulation/CLG methods fo induce production of ganghiosides, eg., GML. In
smbodiments, buman bose marrow celis produced by the low densitydow oxygen colture
methods described below are used in the bicchemical manipulation and biochemical
manipulation/CLG methods o induce production of gangliosides, e.g., GMI,

[66112) In additional embodiments of the mvention, wnmortalized cells, for example,
{HG cells and human embryonic Kidney cells, g, CHG-KT cells and HEK293 cells, are
used in the bicchemical manipulation and blochemica! manipulation/CLE methods of
this wvention. In further embodiments, neuroblastoma cells isolated from amimal sources
including but not limited to the above-recited animal sources, inchuling humans, and
newroblastoma cell Hnes Gocluding but not limited to SHSY-5Y, SHSY-S, and SE-M-
A%y are used in the biochemical manipulation and biochemical manipulation/CL0}
methods of the wnvention.  In Burther cmnbodiments, the cells for use in the blochemical
manipulation and biochemical manipulation/CLY metheds of the present invention arg
derived from animals afflicted with ganghosidosis, e.g, humans, cats or dogs afflicted
with GM1 gangliosidosis, GM2 gangliosidosis, or both,  In further embodiments, bone
marrow oells and fGbroblasts from human, cats or dogs sfflicted with ganghosidosis are
used in the bischemical manipolation and Bochemical manipulation/CLO methods of the
present invention. In embodiments, the fhroblast 1s 2 GM1 fibrobdast.

(113 In embodiments, each cell type used in the biochemical manipulation and
viochemical manipuiation/CLE methods of the invention is cullured under the low
density/low O culture methods described in detail below prior to andéor during sadior
after bicchemical manipulation.

j06114] in embodiments, PCI2 cells, HT22 cells, brain cells from a2 sheep affhicied with

ganghosidosis, and fibroblast colls from a sheep afflicted with gangliosidosis are not used
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in the biochemical manipulation and biochemical manipulation/CLQ methods of the
invention.

IBG115] In embodiments, cells derived from the desired source ave cultured in standard
growth mediom, g, Alpha-MEM supplemented with serum, eg., 0% FBS,
additionally supplemented with 1 {o 4 mM ghutamine under standard seeding density,
MEM/F-12 cupplemented with 10% FBS; EMEMF-12 supplomented with 1%
nonessential aming acids {"NEAA", ZmM L-glutamine and 15% FBE, DMEM
supplemented with 0.1 mM NEAA and 10% FBS; F-12K supplemented with 10% FBS;
EMEM supplemented with 109 FBS; Lonza MSC basal medial supplemented with
growih supplemenis; Lonza ADSC hasal medium  supplomented  with  growth
supplements; Lonza fibrobiast basal medium with supplements; or EMEM supplemented
with 159 FRS, e.z., 2,000 1o 20,000 celis/ont’, and preferably 8,000 cells/ond®, a1 37°C in
a hwmidified incubator under standard (8% C{n)  atmospheric conditions. In an
additional cmbodiment, the amount of ganghosides, e g, GMI, in the cell culture i
guantified using the methods of the present invention. The ganglivsides, e.g., GMI, can
2150 be isolated and purified from the cell culture using standard methods, such as those
descrilted below.

{08116} in additional embodiments of the invention, the biochemical manipulation and
biochemical manipulation LG methods increases the accomulation of all gangliosides.
In one embodiment of the invention, the biochemical manipulation and biochemical
manipuiation/CLE methods increases the scowmulation of GML In another embodiment
of the imvention, the biochemical manipulation and biochemicsl mapipulation/ULEG
methods increases the acoumulation of GM2.  In another embodiment of the invention,
the bochemical manipulation and bicchemical manipulation/CLQ methods increases the
accumulation of GM3.  In another embodiment of the invention, the biochemical
manipulation and biochemical manipulation/C L methods increases the accumulation of
Glia. In another embodiment of the invention, the Biochemical manipulation and
biochemical manipulation/CLO methods incresses the accumulation of GD b, In another
embodiment of the invention, the biochemicsl manipulation and biochemical

manipulation/CLQ methods increases the accumulation of GD3. In another embodiment
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of the invention, the biochemical manipulation and blochemical manipulatioyCLQ
methods increases the accumslation of GTL

0061171 In another embodiment, the biochemical manipulstion and  biochemical
mampulationCLG methods increase the accumulation of two or more gangliosides. Insa
farther embodimeni, the biochemical manipulation and binchemical manipulation/CLO
methods increase the accumulation of thres or more gangliomdes.  In a further
embodiment, the bochemical manipuistion and biochenvical manipulation/CLG methods
merease the accumulation of four or more gangliosides. In a further embodiment, the
biochemical manipulation and bochemical manipulation/CL0 methods increase the
sccumulation of five or more ganghiosides.

G118 fn additional embodiments of the invention, the bicchemical manipulation and
biochemical manipulation/CLO wethods results in 10 to 200 percent or abowt 10 to 200
percend more ganglioside accumulation in a cell comparsd with 2 cell that has not been
bicchenically manipulated snd blochemically manipolated/CLQ treated.  In another
egmbodiment of the invention, the bicchemical manipulstion and  biochemical
manipulation/CLLY methods results in 15 to 125 percent or aboul 15 t0 125 percent more
ganghioside accumulation than a cell that has not been biochemically manipulated and
brochemically manipulated/CLO wented,  In snother embodiment of the invention, the
brochemical manipulation and biochemical manipulaton/CLO methods results in 30 o
100 percent or sbout 34 to 100 percent more ganghioside scoumulation than a cell that has
not been biochemically manipuiaied and biochemically manipulated/CLQ reated. In
another embodiment of the invention, the biochemical manipulation and bochemical
manipulation/CLOY methods results in 60 to 8 percent or about 60 to &0 percent mors
ganglioside accwmmlation than 3 ceoll that has not been biochemically manipulated and
ochemically manipulated/CLQ treated.  In another embodiment of the invention, the
biochemical manipulation and biochemics! manipulation/CLG methods results in 15, 19,
28, 83, 65, 83, 104, and 119 percent or about 13, 19, 28, 63, 65, 83, 144, and 119 percent
mepe ganglioside accumulation than a cell that has oot been biochemically manipulated
and biochemically manipulated/CLQ freated.  In another embodiment of the invention,

the biochemical manipulation and blochemical manipulation/CLO methods resulis in 65
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percent more ganglioside accumulation than a cell that has not been biochemically
manipulated and biochemically manipulated/CLO treated.

i00119] The twvention further provides a ganghivside produced by the biochemical
manipulation and bochemical mampulation’CLG methods of the invention,

BG128] The invention further provides methods of treating a subject having s disease or
disorder in need of such freatment by administering a ganghoside, e.g., Gb 1, produced
by the biochemical manipolation and biochemical manipulationdCLG methods of the
invention. In embodiments, a subject having neuronal injury is trested by administoring a
ganghioside, eg., GMI, produced by the g biochemical manipulation and biochemical
manpulation/CLY methods of the invention.  In smbodiments, & subject having
Parkingon's disease is freated by administering & ganghioside, e.g., GMI, produced by the
binchemical manipulation and biochemical wanipulation/CL{Y methods of the invention.
fn embodiments, a subject having Alzheimer’s disease is treated by admimsiening a
ganghioside, eg, GMI, produced by the biochemical manipulation and biochemical
mpanipulation/CLG methods of the invention. In embodiments, a subject who has had or
ix having a stroke is ireated by administering 8 ganglioside, e g, GM1, produced by the
biochermical manpulation and biochemical manipulationCLG methods of the invention.
i embodiments, s subiect having Guillain-Barré syndrome is treated by adminisiering a
ganghoside, e.g., GMI, produced by the biochomical mandpulation snd biochomical
manipulation/CLY methods of the invention. In embodiments, a subject having cancer is
weated by administering a ganghioside, ey, GMI, produced by the biochemicyl

manipulation and Mochemical manipulation/CLEY methods of the invention.

Long term cell cufture without chemiced treatment and withow! passaging

BG121} The invention further provides methods of producing gangliosides, e.g., GMI, by
cultuning cells without passaging and without veurenal induction media, chioroguing, or
neurarmimdase treatment, I has been swprisingly found that, cells coltured at high
density, for example, at 60-90% confluence ot fime of seeding, or preferably 7T0-80%
confluence at time of seeding, for long term remain viable and accumulate ganghiosides,
e.g., M1, in significant quantitics.  In additional embodiments, the high density, long

ferm cullure methods of the invention are combined with the chemical treatments andfor
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biochemical disclosed above.  For example, cells coltured with NIM/CLQ are then
subjected 1o high densiiv-long term culturing without passaging, or cells {reated with
CLA and/or neuraminidase and/or glucosamine are cullured at high density for long term
without passaging or cells are cultured at high density for long term without passaging
and then treated with NIM/CLG, CLQ, neuraminidase, and/or glucosamine,

{80122 Sources for cells for use in the high density, long term culturing methods of the
invention include, but are not limited o, human, sheep, rabbil, mouse, guines pig, horse,
pig, cat and dog. In embodiments of the invention, fibroblasts and stromal cells, 2g.,
bone marrow and adipose-derived celly; and fibroblasts, e.g., GhI fibroblast and dermal
fibroblaste, from androal sources, including but not Hmited 1o the above reciied animal
sourcss can be used in the high density, long term culturing methods of the invention.
Exemplary methods for isolating cells from snimal sources are described in Jetail below.
in embodiments, human bone marow cells produced by the low density/low oxygen
culture methods described below are used in the high density, long term cultuning
methods of the invention fo tnduce production of ganglivsides, e.g., GMIL.

iB6123] In further embodiments, neuroblastoma cells isolated from animal sources
including but not limited to the above-reciied animsl sources, including humans, and
neurobiastoma cell hines (including but not Hmited o SHEY-5Y, SHEY-5, and SK-N-
ARY are used in the high density, long term culture methods of the invention.

1381241 In additional embodiments of the mvention, immortalized cells, for oxsmple,
{CHE cells and human embryonic kidney cells, e.g., CHOWKY cells and HEKZ293 cells, are
used in the biochemicsl manipulation and biochemical manipulation/CLO methods of
thiz wyvention. In further embodiments, neuroblastoma cells isolated from ardrnal sources
including but not Hmited to the sbove-reciied amimal sources, including humans, and
neuroblastoma cell Bues (including but not Himited to SHSY-8Y, SHSY-S, and SK-N-
AL} are used in the high density, long term culture methods of the invention. In further
embodiments, the cells for use in the high density, long term culture methods of the
nvention are derived from animals afflicied with gangliosidosis, 2.z, humans, <als or
dogs afflicted with OM1 gangliosidosis, OM2 gangliosidosis, or both.  In further

embodiments, bone mamow cells and filwoblasts Fom huroan, sheep, cats or dogs
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afflicted with ganghiosidosis are used in the high density, long term culture methods of
the invention. In smbodiments, the fibroblast is a GM1 Gbroblast,

JO3125] In embodiments, each cell type used in the high density, long tenm oulture
methods of the invention s coltured under the low densitylow O culture methods
described in detail below prior to andior during andior after colturing in the high density,
long term culture methods of the Invention.

F01 261 in esnbodiments, PC12 cells, HT22 cells, brain celis from 2 sheep afflicted with
gangliosidosis, and Hbroblast cells from 2 sheep affiicied with gangliosidosis are not used
it the high density, long term culture methods of the invention.

0127} In such maotheds, the cells are maintained {o accumulate gangliosides, e.g., GMI,
and the culture medium i3 replaced, or additional culture media is added, 83 necessary o
maintain cell vighility. In embodiments, the colls are cultured in standard growth
mediom, such g5 Alphae-MEM supplomented with 10 %6 FBS, MEM/T-12 supplemented
with 10% FBS; EMEM/F-12 supplemented with 1% nonessential amino acids
{("MEAA™, I L-glutamine and 13% FBE;, DMEM supplemenied with 0.1 mM NEAA
and 10% FBS5; F-1ZK supplemented with 105 FBS; EMEM supplemented with 18%
FBS; Lonza MSC basal medial supplemenied with growth supplements; Lonza ADSC
hasal medium supplemented with growth supplements; Lonza fitwoblast basal medium
with supplements; or EMEM supplemented with 1526 FBS, for 4 days to 4 weeks, 6 days
to 2 weeks, or 9 days to 12 days at approximately 37 °C in 2 humidified incubator under 5
% U0y atmosphere. In an exemplary embodiment, the media 1s changed every 3 days to
maintain cell visbility,

100128} Preferred cells for use in this embodiment of the invention include bone mamrow-
and brain-derived cells, Preferved brain- and bone marrow-derived cells inciude cells
isolated from sheep and buman using the low density/low sxygen conditions disclosed
below.,  Prefersbly, the cells are derived from sheep or bhumans afflicted with
ganghosidosis, Additional cell tvpes for use in this ambodiment of the invention include
unmortalized  cells, stromal cells, and fhroblasts.  Purther cells tyvpes inchude
asuroblastoma cells, e g, primary cells or cell lines, including but not limited {0 SHSY-
3Y, SHSY-5, and SK-N-AE  In embodiments, following high density, long-term

culturing, the cells are harvested and ganghionides, g, GMI, are solated and purified
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from the cells. In smbodiments, the amount of gangliosides, eg., GMI, in the cells is
guaniified using the methods of the invention,

(664129} In additional embodiments of the invention, the high density, long torm culture
methods increases the accumulation of all ganghosides. In one embodiment of the
invention, the high density, long term culture methods of the invention increases the
accumulation of GM1. In another embodiment of the invention, the high density, long
term culivre methods of the invention inoreases the zaccumulation of GM2. In ancther
embodiment of the invention, the high density, long term culiure methods of the
inveniion increases the acoumulation of GM3,  In another embodiment of the invention,
the high density, long rerm culture methods of the invention increases the accurnulation
of GDa. In another embodiment of the invention, the high density, long term culiure
methods of the invention increases the acowmulaiion of GD b, In snother embodiment of
the invention, the high density, long tenm culture methods of the ovention increases the
accumulation of GD3,  In another embodiment of the invention, the high density, long
term culture methods of the invention increases the accumulation of GTT,

1 36 in another embodiment, the high density, long lerm cubture methods of the
fnvention increases the accummilation of two or more gangliosides. In a further
embodiment, the high Jdensity, long term cubure methods of the invention increases the
sccumnulation of three or more gangliosides. In 2 futher embodiment, the high density,
fong term culture methods of the invention increases the sccumulation of four or more
gangliosides. In a further embodiment, the high density, fong term culiure methods of the
invention increases the accumulation of five or more gangliosides.

{00131} In additional embediments of the invention, high density, long term culfure
methods results in 19 0 200 percent or shout 10 to 200 percent more ganglioside
accumulation in 2 cell compared with a cell that has not been cultured under high density,
long term culture conditions. In ancther embodiment of the invention, high density, long
term culture methods results in 15 fo 125 porcent or about 15 to 125 percent more
ganglioside accumaulstion than a cell that has not been cultured under high density, long
term culture conditions. In another embodiment of the invention, high density, long term
culture methods results in 30 to 100 percent or ghout 30 to 100 percent more ganglioside

gecumulation than a cell that has not been cubiured under high density, long term culture
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conditions. In another embodiment of the invention, high density, long term culiure
methods results in 60 to 80 percent or abowt 60 to &0 percemt more ganglioside
acowmulation than a cell that has not been cultured under high density, long term culture
conditions.  In another embodiment of the invention, high density, long ferm culture
methods results in 13, 19, 28, 63, 65, 83, 104, and 119 percent or about 15, 19, 3§, 63, 45,
83, 104, and 119 percent more ganglioside accumulgtion than a cell that has not cudiured
under high density, long term culture conditions.  In another smbodiment of the
wvention, high densily, long term culture methods resulte in 63 percent more ganglioside
sccumulation than a cell that has not been cultured under high density, long teom culture
conditions.

[0B0132) The invention further provides a ganglioside produced by the long term culfwe
methods of the invention.

1806133} The invention further provides methods of treating 2 subject having 3 disease or
dizorder in need of such treatment by administering a ganglioside, e.g., GMI, produced
by the long term culiure methods of the invention.  In embodiments, a2 subject having
neuronal ingury is treated by adminisiering a ganglioside, ez, GMI, produced by the
long term culture methods of the invention.  In embodiments, a subject having
Parkinson's disesse is treated by administering a ganglioside, eg., GMI1, produced by the
iong termn culture methods of the invention. In embodiments, a subject having
Alzheimer's disease s reated by administering a ganglioside, e g, GM1, produced by the
iong term celture methods of the invention. In embodiments, g subject who has had or is
having & stroke i3 treated by adminisiering 8 ganglioside, g, GM1, produced by the
tong term culture methods of the invention. Tn embodiments, a subject having Guillsin-
Barre syndrome is treated by sdiministering g ganglicside, e g, GMI, produced by the
long term culture methods of the invention, In embodiments, a subject having cancer is
trested by administering a ganglioside, eg, GMI, produced by the long ferm culture

methods of the invention.
Gangliosides and cells preduced by the metheds of invention

100134} The invention provides pangliosides produced by the methods of the invention.
Such gangliosides include but are not imited to GBI, GM2, GM3, GDia, GDIb, GDE,
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and GT1. The ganghosides produced by the invention differ from ganghiosides produced
by prior methods,

[60135] Gangliosides exist as a very complex mixture of species differing in both the
hydrophilic and bhydrophobic moisties. Sonnino and Chigome, Biochim Biophys dcta
1489:63-77 (2000}, mmcorporated by reference in il entivety. Gangliosides consist of a
lipid moiely linked to 3 very large family of oligosaccharide stractures differing in
ghveosidic linkage position, sugar confirmation, newral suger and sialic acid content. For
example, commercially available GMI gangliosides exhibit variations in long chain base.
See Example 13 and Table 5. Accordingly, varigtions in struciure exist even among
ganghiosides characlerized as the same ganglioside, eg., "GML" Fuorther, ganglioside
composition differ betwesn species and changes with age. Theda, ef of, J Lipid Res.
49:2678- 2688 (2008}, Masserini and Freire, Bilochem, 25.1043-1049 {1986); Taketomi af
al., Acta Biochim. Pol 45987899, each of which is incorporsted by reference in ifs
entirety. For example, native GM1 is 2 helerogencous mixture containing primarily
Ci&:1 and C20:1 long chain bases. /4. In humans, QM1 composition changes over time.
Taketomt 2 af., Avta Biochim, Pol. 43987958, incorporated by reference in s entireiy.
More specifically, the proportion of 4201 {icosasphingosine} and 420 {icosa-
sphinganine) of the total sphingosine bases increases guickly vnti] adolescent or adult age
and then romains constant at about S0%; this vahie was higher than the proportion of
A2} and 420 of GMI in various adult mammahan brains, &

188136} In smbodiments, the ioventors have produced 3 novel ganglioside. In some
embodiments, the novel ganglioside is in a mixture with one or more gangliosides, some
of which are also novel gangliosides,

FE37] In embodiments, the invention provides a ganglioside produced by the methods of
the invention {also referved to herein as “the gapghoside of the jnvention”). o
cmbodiments, the invention provides 2 ganglinside characterized by a single thin layer
chromatography ("TLC™) band having & retardation factor ("RIY) value that is greater
than an ovine GM1 standard BRI when the ganglioside is subjected to TLC on a glass plate
coated with a 250 um layer of ulrapure silica gel, wherein the costed glass plate is
contacted with a solution compnsing chloroform, methano! and 0.2% calcium in 2 ratio

of 53:42:11 and, following the TLC run, i3 stained by being placed into a solution
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comprising 80 mL of concentrated hydrochioric acid, .25 mL of .1 M cupric sulfate, 10
mL of 2% resorcinol and 10 ol of water, and the glass plates are heated in said solution
for 20 minutes at 100°C. In ewbodiments, the ganglioside is purified from 2 crude
ganghioside mixture.  In embodiments, the genglioside 15 a GMI ganglioside.  In
embodiments, the ganglioside characterized by the TLC band referred to above is a
mixture of two or more gangliosides.

{30138 in embodiments, the novel ganglioside or gangliosides isfare purified from a
crude ganglioside mixture. In smbodiments, the orade ganglioside mixture is isolated
from adult human bone marrew stromal cells cultured under low oxygen, In
emboediments, the low oxygen is % oxyeen.

106139 in emboduments, a ganglioside of the invention is further characterized by having
an R value of 0.65 under the TLC conditions descnibed in the preceding paragraph. In
embodiments, the ratio of the R value of the ganglioside of the invention to the Bf value
of the ovine GMI standard i3 3:1 to 1.1 under the TLC conditions desoribed in the
preceding paragraph.  In embodiments, under the TLC conditions described in the
preceding paragraph, the ratio of the R value of the ganglioside of the invention to the RY
value of the ovine GMI standard is 1.23:1 or shouwt 1.23:1.  In embodiments, the
ganglioside of the invention is mwore polar than an ovine GM1 standard. In embodiments,
the ganghoside of the invention is firther characterized by binding to cholera foxin B
{"CTB"}. In embodiments, the novel ganglioside is 2 GM1 ganglioside.

(60148} In embodiments, the invention provides a ganghioside made by the process of
treating & cell with chioroguine ("CLO™ to sccumulate 2 ganglioside; and isolating the
gangiioside, wheretn the gangliosids is characterized by & single TLC band having an Rf
value that is greater than an ovine GMI standard when the ganglioside is subjected to
TLC on s glass plate coated with s 250 wm laver of ulirapure silica gel, whereln the
coaled glass plale is contacted with a solution comprising chloroform, methanol and 0.2%
calcium in a ratio of 30:42:11 and, following the TLC run, is stained by being placad into
a solution comprnising 80 mb of concentrated hydrochloric acid, 0.25 mL of 0.1 M cupric
sutfate, 10 mb of 2% resorcine! and 10 mL of water, and the glass plates are heated in
said solution for 20 minutes at 1007, In embodiments, the cells are treated with 50 uM

of CLO  In embodiments, the oells are treated with peuronal induction medium in
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addition o CLG.  In smbodiments, the cell i3 8 bone marrow cell. In embodiments, the
cell 1e an adudt human bone marrow stromal cell manufactured under low oxyvgen, low
density conditions. In embodiments, the adull human bone marrow stromal cell is
cultured under low oxygen, prefesably 3% oxvygen.

{66141} in embodiments, a ganglioside made by the process of this invention is further
characterized by baving an Rf value of (.85 under the TLO conditions described in the
preceding paragraph. In embodinmeonts, the ratio of the BY value of the ganglioside of the
invention o the Rf value of the ovine GM standard is 301 to 1.1:7 under the TLC
conditions described in the preceding paragraph.  In embodiments, under the TLC
conditions described in the preceding paragraph, the ratio of the RY wvalue of the
ganglioside of the invention to the Rf value of the ovine GM1 stapdard is 1.23:1 or about
1.23:1. In embodiments, the ganghoside of the wvention 18 more polar than an ovine
(k1 standard. In embodiments, the ganglioside of the invention is further characterized
by binding to CTB.

iB01421 The invention further provides a ganghbioside characterized by @ retention time of
7.4 when the ganglioside is subjected to lguid chromatography i a2 liguid
chromatoegraphy system. The hguid chromatography system comprises an Agilent 1200
Binary UPLC systam pump and 2 mobile phase comprising mebils phase A and mobile
phase B. The mobile phase A comprizses 1 mM smmonium acetate, and meobile phase B
comprises methancl, The Howid chromatography slse comprises a Waters Acquity CI8
(2.1 x 30 mum) reverse phase column, The cobumn is held at 40°C and the mobile phase
Hows at a rate of 0.4 mb/mn, From time O fo 4 minutes, the mobile phase comprises 85%
mobile phase A and 35% mobile phase B, &t dme 4 {0 7.5 minuvtes the mobile phase
comprises 15% mobile phase A and 83% mobile phase B, at time 7.6 10 13 minutes, the
muobite phase comprises 65% mobile phase A and 35% mobile phase B. The sample
sontaining the ganglioside is injected into the higuid chromategraphy svsterm 1o a sample
comprising a mixiure in an injection volume of 20 yl. In smbodiments, the ganglioside
having a retention tme of 7.4 is5 g muxture of ganghosides.

00143} The invention further provides 2 ganglioside charactenized by a retontion time of
7.8 when the pganglioside 15 subjected to houid chromatography s a  liguid

chromstography systom. The lignid chromatography system comprises an Agilent 1260
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Binary UPLC system pump and & mobile phase comprising mobile phase A and mobile
phase B. The mwobile phase A comprises 10 mM ammonium acetate, and mobile phase B
comprises methanol. The lgud chromatography also comprises 3 Walers Acquity C18
{2.1 x 30 mm} reverse phase column. The column is held at 40°C and the mobile phase
flows at a rate of 0.4 mE/min. From time 0 to 4 minutes, the mobils phase comprises 65%
mobile phase A and 35% mobile phase B, at time 4 to 7.5 minutes the mobile phase
comprises 15% mobile phase A and 85% mobile phase B, at time 7.6 10 15 mimstes, the
mobile phase comprises 3% mobile phase A and 35% mobile phase B. The sample
containing the ganglioside is injected into the lguid chromatography system in a sample
COMpPrisng & mixture in an injection volume of 20 ul In embodimenis, the ganglioside
having a retention time of 7.8 i3 a mixture of gangliosides.

[86144] In embodiments, the invention further provides cells induced to over-express
ganghosides. In embodiments, the cells over-express known gangliosides, and/or express
the novel gangliosides of the invention. The term “over-express” means that the amount
of one or more gangliosides produced by the cell is in excess of the amount produced by
the cell without manipulation by one of the methods described herein. For example, a
cell over-expresses one or mwore gangliosides If it expresses more of one or more
gangliosides afler reatment with chloroguing, neuraminidase, glucosamine, bicchemical
manipuiation, ong term cultire withowt chemical treatment and withouot passaging, ov
combinations thereof, than the cell produces without being subjected to one of these
methods.

[60145] In embodiments, PCI2 cells, HT22 cells, brain cells from a sheep afflicted with
gangliosidosts, and fibroblast cells from g sheep afflicied with gangliosidosis are not
included in the cells of the invention that over-express gangliosides.

{30146] in embodiments, the invention provides nowoblastoma and adult human bone
marrow cells that over-express one or more gangliosides.  In embodiments, the
neuroblastoma and the humsan bone marrow cells are produced by the low densityilow
oxygen cubiure methods desenbed below,

160347 In embodiments, the cell that over-expresses gangliosides is 2 neuroblastoma. In
gmbodiments the neuroblastoma cells are isolated from animal sources, including but not

hmited {0 homans. In embodiments, the newoblastoma cell lines over-cxpressing
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reurchiastoma include, buf are not limited to, SHEY-3Y, SHSY-S, and SK-MN-AS. In
further ombodiments, cells induced to over-express one or more gangliosides are derived
frony animals afflicted with gangliosidosis, ez, humans, cats or dogs afflicted with G
gangiiosidosis, GM2Z gangliosidosis, or both, In further embodiments, bone marrow cells
and fibroblasis Hom human, cats or dogs afflicted with gangliosidosis are used in the
CLO methods of the present invention. In embodiments, the fibroblast is 2 GMI
fibroblast.

F30148] Praferably, a neuroblastoma s induced to express g genglioside mixture
comprising GM1, GM2 and GM3, wherein the percentage of each of GMI, GMZ and
GM3 s different in the neurcblastoma induced to express gangliosides compared 1 3
non-induced neuroblastoma. In embodiments, the percentage of each ganghioside in the
mixture of ganghosides present in the induced neuroblastoma is: (a) GMI — from 5-20%,
preferably 10-14%, and preferably 12.9% or aboot 13%, (b} GM2 - from 55 w 75%,
prefersbly 80-70%, and preferably 68.1% or sbout 68%, and (¢} GM3 ~ from 10-30%,
preferably 13-25%, and preferably 18.9% or abouwt 19%. Prefersbly, in the induced
newroblastoma GMI1 comprises 12.9% of the mixture of gangliosides in the cell; GM2
comprises 68.1% of the mixture; and GM3 comprises 18.9%% of the mixture. In
embodiments, the neuroblastoma 1s an SHSY cell.

{68149 The invention also provides an adult humen bone marrow cell or an SHEY cell,
gach of which are induced o express a ganghioside characterized by a retention time of
7.4 when the ganglioside is sublected to lguid chromaiography in a liguid
chromatography system. The lguid chromatography system comprises an Agilent 1200
Binary UPLC systems pump and a mobile phase comprising mobile phase A and mobile
phase B. The mobile phase A comprises 10 mM ammonium gcetate, and mobile phase B
comprises methanol, The liguid chromatography also comprises a Waters Acquity €18
(2.1 x 50 mm} reverse phase columm, The cojumn is held at 40°C and the mobile phase
flows at a rate of 0.4 mL/min, From time 0 10 4 minules, the mobile phase comprises 63%
mobile phase & and 353% mobile phase B, af time 4 to 7.5 minutes the mobile phase
comnprises | 5% mobile phase A and 85% mobile phase B, at time 7.6 to 13 minutes, the
mobile phase comprises 65% mobile phase A and 35% mobile phase B, The sample

containing the ganglioside is injected into the liquid chromatography syster in 2 sample



WO 2014/144953 PCT/US2014/029569

comprising & mixnwres in an injection volume of 20 ul. In embodiments, the ganglioside
having a retention time of 7.4 15 a mixture of gangliosides.

L RIH: The invention also provides an adult human bone marrow cell or an SHSY cell,
gach of which are induced (D express a ganglioside characterized by 2 retention time of
78 when the ganglioside i3 subjecied to liguid clvomatography in s lhgud
chromatography system. The liquid chromaiography system comprises an Agilent 1200
Binary UPLL system pump and g mobile phase comprising mobile phase A and mobile
phase B, The mobile phase A comprises 180 mM ammonium acetate, and mobile phase B
comprises methanol, The liguid chromatography also comprises a Waters Acquity C18
{2.1 x 30 mm) reverse phase column. The column is held at 40°C and the mobile phase
flows gt 8 rate of 0.4 mL/min. From time § © 4 minutes, the mobile phase comprizes 65%
mobile phase A and 35% mobile phase B, st dme 4 to 7.5 minutes the mobile phase
comprises 15% mobile phase A and 5% mobile phase B, at time 7.6 © 15 minutes, the
mobile phase comprises 63% mobile phase A and 35% mobile phase B. The sample
containing the ganglioside is injected into the liguid chromatography system in 2 sample
COMWISing a mixturs in an ijection vohame of 20 ul. In embodiments, the ganglioside
having a retention time of 7.8 i3 2 mixture of gangliosides.

(80181} The invention also provides an adult human bone marrow cell indoced to express
z ganghioside charactenized by a single TLC band having an B value that is greater than
an ovine GM1 standard when the ganglioside i3 subjected to TLC on a glass plate coated
with a 250 um layer of ulirapure silica gel, wherein the conted glass plate is contacted
with a solution comprising chloroform, methano! and 0.2% calcium in 2 ratio of 50:42:11
and, following the TLC rum, i3 stained by being placed into 8 selution comprising 80 mL
of concenirated hydrochlonie acid, 025 mL of 0.1 M cupnic sulfate, 10 mbL of 2%
resorcinel and 10 mL of water, and the glass plaies are healed in said solution for 20
minutes gt 100°C.

{B8152] The invention also provides cells that over-express one or more gangliosides,
wherein the celis are inunortalized cells, for example, CHO cells and human embryonic
kidney cells, eg., CHO-KT cells and HEK293 cells,

{153 Methods of using the ganglosides produced by the methods of the invention
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{08154 In further embodiments, the invention provides methods of treating a subject in
need of treatment having a disease or disonder by administering a panglioside produced
by the methods of the present invention. Exemplary disease or disorders include, but are
not hmited to newronal injury, Parkinson'’s disease, Alzheimer's dissase, stroke, Guillain-
Barré syndrome, and cancer,

{00155] Such compositions can be administered by a parenteral mode {2.g., intravenous,
sebontansous, intrapenioneal, or intramusculsr injection). The phrases “parenteral
administration” and Yadminmistered paremterally® as weed herein wesn modes of
adrinistration other than enteral and topical administration, usually by injection, and
include, without lmitstion, intravenous, inframusculsr, intraartesial,  intrathecal,
infracapsular, iotraorbital, intracardiac, intradermal, intraperitonsal, transiracheal,
subcutanecus, subouticular, intraarticular, subcapsular, subarachnoid, infraspinal, epidurad
and infrasternal injection and infusion,

88156} The terms "weat” or “reatmeni™ when used in the contexi of the use of
ganghiosides produced by the invention, includes but is not limited fo therapeulic
treaiment and prophylactic oy preventative measures, wherein the object 13 to prevent or
slow down {lesseryy an undesired physiological change or disorder, such as the
developent of Parkinson's disease. Beneficial or desived clinical results include, but are
not mited to, alleviation of sympioms, diminishment of extent of discase, stabilized {i.e,
not worsening} state of disease, delay or slowing of disease progression, smelioration or
palliation of the disease state, and remussion {(whether partial or tofal}, whether detectable
or undetectable. "Treatment” in this context can also mesn prolonging survival as
compared o expected survival if not receiving treatment. Those in need of treatment
include those alveady with the condition or disorder a5 well as those prong o have the
condition or disorder or those inn which the manifestation of the condition or disorder is 1o
he prevented.

{60187 Additionally, the term “reatment” when used in the context of cell culiure,
includes but is not limited administration or application of cultured cells to a specifisd

drug, chemical, technigue, therapy and/or method.
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HHIISE] By "suhject” or "individual” or "gnimal” or "patient” or "mammal,” is meant any
subject, particularly a mammalian subject, ¢.g., a human patient, for whom diagnosis,

prognosts, prevention, or therapy is desired,

Methods of producing the cellz for use in the metheds of the invention

e R As noted above, in embodiments, cells are utilized in the methods of the
nvention.  In such embodiments, the cells can be obtained by culturing under low
ouygen, low density conditions. Such methods are known in the an, and are disclosed in,
for example, US. Publication Nos. 2003/003%414, 2007/0224177 and 2009/0053183
{patented as V.5, Patent No. §,354,370 B2), each of which is herein incorporated by
reference in it enfirety. In one embodiment bone marrow-derived cells are witlized in the
methods of the invention. In such smbodiment, bone marrow-derived celis can be
obtained by cultunng onder low oxvgen, low density conditions,

[hien] In an exemplary embodiment, whole bone marrow aspirates are obtained from
sheep or 8 humsn snd cultured in contact with g solid phase. For example, hunan bone
marrow cells arg obtained from healthy human donors by aspirations of the iliac crest and
hone marrow stromal cell populations obisined emploving well-established techniques.
if desired, the whole bone mamrow aspirate can be processed o vield a mononuclear el
fraction that 15 then culbured in contact with a sohid phase. The solid phase can be, for
example, plastic {e.g., tissue cullure treated plastics)

80161 The mononuclear cell fraction can be obained fom a2 whole bone marrow
aspirate on a density gradient by established procedurss. Alternatively, the mononuclear
cell fraction is oblaned by Iysis of the red blood cells coniained in the bone mamow
aspirate, Lysis is accomplished by mixing the bone marrow aspirale with ammonium
chicride,

FetI62] The bone marrow aspirate, or 8 cellular fuction of the bone marrow aspirate, is
cultured in contact with 3 sclid phase apd an intermediate cell population is isclated from
the resulting cell culture based on thewr propensity o adhere to the solid phase. Bone
marrow aspirates, or a celiular fraction of the aspirate, are cultured af a dissolved oxygen
concentration of less than about 20%, preferably between about 1% to about 10%, and

most preferably from between about 2% oxvgen 1o about 7% oxvgen. In g preferred
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ginbodiment, the dissolved oxygen concentration is about 3% oxvgen. The resulting
sdierent cell population is expanded o vield a substantially bomogeneous cell population
which co-express UD48¢ and CDBG

(08183 Bore mamow cell expansion is conducted with a seeding densily of lees than
ahout 2500 cell/om’, preferably less than about 1000 cellsfom®, and most preferably less
thar abowt 100 cellyiom”. In a particular embodiment, the initial cell density w the
expansion step is between about 30 cellsfom’ to about 50 celis/om™. A seeding density
would be the mumber of adherent calls per an’ oblained fom menonuciear bone marrow
cells,

831641 Standard media preparations can be used to culture the bone marrow cells, For
example, the media can be Alpha-MEM modification supplemented with 4 mbd L
ghutamine and O to 109% lot selected PBE, preferably about 10% FBS. The culluring step
can be conducied for any reasonable period, e.g., heiween sbout 3 o about 25 days and
maost preferably between about 3 to showt 15 days.

{B0165] An intermediate cell population is isolated from the cell culture describe above
based on its propenstly o adhere to the solid phase. The mtermediate cell population i
grown af & cell concentration that encourages virtually only the selfrenswing cells,
referved to herein as colony-forming unit fibroblast-like cells (CFU-F), to profiferate.
The CFLU-F-derived cells are sub-cultured under defined conditions to produce a
substantially homogeneous population of cells.  According to the invention, the
expansion yields a substantially homogeneous cell popudation which co-express B 49
and CD 80,

Methods of isolating sheep brain-derived celly for use in the methods of the invention

831661 As discussed above, in embodiments, sheep brain-derived colls ave utilized in the
methods of the invention. For example, in some embodiments, sheep brain-derived cells
are cultured using the long-term, high density culluring methods of the present invention.
As noled above, in some embodiments, sheep brain-derived cells are isclated from sheep
affticted with gangliosidosis. Sheep afflicied with ganghiosidosis have been disclosed
previously, for example, in U8, Patent Neo. 5,532,141, which is incorporsted hersin by

reference in its entirety, Isolation and culture methods of sheep brain-derived cells are
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disclosed in the art, Tor example, in Int'l. Appl. No, PCT/US2010/047522, published as
W 2011/0287935, which is hereln incorporated by reference in its entirety.

[BBE67] fn an exemplary emobodiment, cells are fsolated from the following sheep brain
tissue sources: contrum semiovale, cerebellar cortex, hippocampus, caudate nuclsus,
cerebral cortex {e.g., fontal, panietal), and ventricular walls, Each tissue type i5 rinsed
with PIPES buffer, and digested in pspain/DiNase VDispase (neuiral protease} with
aptibictics/antimycntics.  The enzymes are neuiralized and dissociated cells are passed
through g celi strainer.  Cells sre centrifuged and re-suspended in DMEM/FIZ/NT
supplemented with 3% PBS and sntiblotics/antimyeotics.  Cells are enumerated and
seeded in fibropectin-coated flasks in DMEM/F12/M2 supplemented with 3% FBS and
antibjotics/antimycotics and additionally supplemented with 10ng/ml bFGF and 20ng/mi
EGF or Newrooult Proliferation-A medivm. Cells in cach media {ype are grown in a 37°C
humidified incubator. In embodiments, the cells are grown in low oxygen conditions,
g2, 20% or less, 15% or less, 109 or less, and preferably 4% or 5% oxvgen, befors

uitlizing the methods of the invention.

Methods of isclating gangliosides from celly

1B0168] Extraction and purification of gangliosides from the cell cultures of the present
nvention 15 acoomplished by methods known in the art. For example, sonicate cell pellet
in minimal amount of water for 30 minutes o homogenize, Dilwle sample to 20 volumes
in 2:1 Chioroform:Methanol. Sonicate for 30 minutes. Centrifuge at 2000 rpm for 15
minutes to pelist cell material. Decant and save supernatant.  Suspend pellet in 10
vohumes of 2:1 Chloroform:Methanol containing 5% water. Sonicate for 30 minutes.
Centnifuge and decant as before.  Combine supernatants.  Repeated addition of
chloroformumethanol, sonication and centrifugation 2-3 additional time to fully extract all
panglicsides. The vast majority of the gangliosides should be exiracied in the first two
extraction cycles. To the combined supernatants add 8.2 volumes of 8.1N KO or NaCL
Mix well, Centrifuge at 2000 rpm for 15 minutes o separate lavers, Save upper layer.
To the remaining organic {Jower) layer, add 0.2 volumes of 111 Methanol: 31N KCl or
Nall, Mix well. Repeat the steps of addition of KO or Nall, centrifupation, and

exiraction, To the remaining organic {ower) laver, add 0.2 volumes of 111
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Methanol: Water. Combine the ssved upper layers and concentrate. The resuliing extract
contains a pood of ganglicsides. The species of interest can then be further 1solated using

colomn clromatograph, e.g., sephaross or cholera-toxin B.

Pruantifving the amount of gangliosides in celf culinre

REgEY The invention also provides methods of gquantifving the amount of ganghosides,
e.g., GMI, in the cell culture afler practicing the ganglioside production methods of the
present invention.  Accordingly, the invention provides methods for produsing a standard
cmrve for plate-based ganglioside, eg., GMI, quantification for which to compare
sarmples againat.

160178} In some embodiments, a standand corve Is generated by preparing dilutions of
gangliosides, eg., GMIL, such as sheep or buman GMI and adding the dilutions o an
FLIRA plate, such as & Nunc MaxiSorp™ plate. The plates are incubated o allow
adsorption of the gangliosides, e g, GML, to the plates, for example, for & o 24 hours,
and preferably 12 to 18 howrs at 4°C.  Afler incubation, the plates are washed and
blocked, and the gangliosides, eg., GMI, is contacted with CTR, which is conjugated to
2 dye or to an enzyvme that generates 3 colored end-product upon contacting its substrate.
After contact with the CTB conjugate, the Hght emitted by or shsorbed by the dye or the
codored end-product, is messured, wherein the readings indicate the amount of
ganghiosides, eg., GMI, in the punfied ganghoside, 2.g., GM1, coating the plale. In an
embodiment, the absorbance is read on a standard plate reader. A standard curve is
generated from the ahsorbance data, for which 1o compare the {est datg against.

D017} The standard curve is subssguently used o compare readings of test wells to
gquantity the amoont of gangliosides, eg, OMI, accuwmulated in the cells o, in
embodiments, the amount of ganglicsides, ey, GMI, after solubilization. o an
exempdary embodiment, the test wells contain adheront ganglioside-contaiming cells,
which are washed and blocked in the same manner ss the sample plate, above. The
adherent cells are contacted with CTB, which is conjugated to 2 dyve or an enzyme that
generales g colored end-product upon contact with it substrate. The light emitted by or
absorbed by the dve or the colored end-product is measured and compared with the

starvlard curve to determine the amount of gangliosides accumulation in the adherent
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cells, After this reading 18 completed, the pangliosides can be sclubilized using, for
exanple, 1% SD8 in PBES, and the plates re-read on the plate reader. Gangliosides can be
bound 0 other molecules (o the cells, rendering the CTB binding site mnaccessible to the
detection agents, CTB-HEP or UTB-AlexadEs, for example. The solubilization releases
the bound or aggregated ganglioside to provide an additional quantification value.
FBG172) in embodiments, preforred dyes are Hoorescent dyves, such as green fluorescent
dyes. In embodiments, the dye is FITC or Alexad8%. In additional embodiments, the
snzyme that is congugated to CTB is horseradish perowidase ("HRP™. In the case of a
CTB-HREP comjugaie, ABTS reagent is contacted with the adherent cells to creste a

cotored product and absorbance of the colored product is measured,

Methods of iselating and verifving ganplivsides produced by the methods of the

frvesniion

108173} Cangliosides made by the methods of the wvention are isolated using methods
known to those of skall in the art. An exemplary protocel is to {13 lvse the cells, (2}
¢collect the resulting extract, and (3} column punify the exiract.  In embodiments, o
concentrate ganghiosides in the exiract, » single purification stop s employed.

{03174 The presence of the gangliosides of the invention is verified, and gangliosides are
purified, using methods known to those of slall i the art. An exemplary method is Thin
Laver Chromatography {"TLC™). The presence and tyvpe of pangliosides are also verified
by Tandem Mass Spectrometry (MS/M3)  FPor example, the oxiracts oblained from
column purification are subjected to TLO o detect the presence of gangliosides and other
hipid components. In ombodiments, plastic-backed plates {2.5 x 7.5 em Baker-flex Silica
Gel IBZ-F from 1T, Baker) are contacied with g mobile phase, for example,
chioreformnmethanob0.2% calcium chioride in g ratic of 30:42:11. Following the TLO
rum, the plates are then stained by dipping in 3 phosphomolybdic acid solution (4.8% wiv
in ethanel} and heated with a heat-gun,

[BOE7E} In additionsl embodiments, the presence of gangliosides are verified, and
panpliosides are purified by TLC. In embodiments, 2.5 1 7.5 cm glass plates are coated
with g 230 pm layer of ultrapure silica gel (Silicyele) and contacied with a mobile phase,

for exarmple, chlorefonmumethanol0.3% ealcium chlonide solution at a ratio of 50:42:11.
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Following the TLC run, the plates are then stained by dipping in a solution comprised of
80 mL of concentrated hvdrochloric acid, 6.25 mL of (.1 M cupric sulfate, 10 mb of 2%
resorcinel and 10 mb of water and heated in & 100°C oven for 20 mimpes. In
embodiments, the TLC methods disclosed herein separate gangliosides based on polarity.

168176} In another embodinment, MS/MS is used to verify the presence of gangliosides. In
embodunents, extracts oblained from cells (either treated or untreated) are subiected to
MSME. Ons of slall in the art can venify the presence of gangliosides by comparing data
from MS/MS {0 negative andfor posttive control or to 2 known database,

[G0177] Brug products comprising the novel gangliosides of the invention

190178] The wvention provides drug products comprising the novel gangliosides of the
invention. The term "drug product” refers to s therspeutic composilion suitable for
administration into a subject for troatment of & disease or disorder. The Invention alse
provides drug products contairing ganglioside mixiures, wherein the mixtures comprise
ObE, GM2, and GM3 in percontages not found in cells that have not besn induced to
express ganghiosides. In embodiments, the drug products of the invention compriss the
novel gangliosides of the invention and known gangliosides,

0179} in embodiments, the percentage of each ganglioside in the mixture of gangliosides
i the drug product is; {a} GM1 - from 5-20%, preferably 10-14%;, and preferably 12.9%
or gbout 13%, {b) GMZ ~ from 55 to 75%. preferably 60-70%, and preferably 68.1% or
about 68%, and {c} GM3 - from 10-30%, proferably 15-25%, and preferably 18.9% or
about 19%. Preferably, tn the induced newroblastoma OM1 comprises 12.9% of the
mixture of gangliosides in the drug product; GM2 comprises 68.1% of the mixiure; and
GM3 comprises 18.9% of the mixtore,

R Additional embodiments:

RS Embodiment X1 A ganghoside charactenized by a retention time of 7.4 when said
ganglioside is subjected to liguid chromaiography in a Hguid chromstography system,

wherein said Hguid chromatography syetem comprises,

a. an Agient 1200 Binary UPLC system pumps
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b, a mobile phase comprising mobile phase A and mobile phase B, wherein mobile
phase A comprises 10 mb ammonium acelate and mobile phase B comprises

methanol; and

€. 8 reverse phase column, whersin said column is & Waters Acguity C18 (2.1 » 530

mm},

wherein said colwmn is held at 40°C and said mobile phase flows at a rate of 0.4
ml/min, and whersin af time § (0 4 minutes, said mobile phase comprises 83% mobile
phase A and 35% mobtle phase B, &t time 4 to 7.5 minutes said mobile phase comprises
15% mobile phase A and B5% mobile phase B, af time 7.6 to 15 minuies, said mobile
phase comprises 65% mobile phase A and 35% mobile phase B, wherein said ganglioside
is injected into said Hauid chromatography system in g sample comprising a mixture,
wherein said sarnple has a volume, whergin said ingection volume is 20 pl, whersin said

ganglioside comprises one or more gangliosides,

[6BIRE] Embodiment X2 A panglicside characterized by a retention time of 7.8 when said
ganghioside is subjected to Hguid chromatography in & liguid chromatography system,

wherein said Bguid chromatography system comprises:
a. an Apgilent 1200 Binary UPLC system pump,;

b. a mobile phase comprising mobile phase A and mobile phase B, wherein mobile
phase A comprises 10 mM ammonium acetate and mobile phase B comprises

methancl; and

o

a reverse phase column, wherein said column is 3 Waters Acquity CI8 (2.1 x 50

TIERE ),

wherein said column is held at 40°C and said mobile phase flows at a rate of (.4 mL/min,
and wherein at fime 0 to 4 minutes, s3id mobile phase comprises 65% mobile phase A
and 33% mobile phase B, at time 4 to 7.5 minutes said mobile phase comprises 15%
mobile phase A and 85% mobile phase B, af time 7.6 to 15 mimutes, said mobile phase

comprises 65% mobile phase A and 35% mobile phase B, wherein said ganglioside is
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mjected info saxd Hgwid chromatography system in 2 zample comprising a mixture,
wherein said sample has 2 volume, wheretn said injection volume is 20 yl, whersin said
ganglioside comprises one or more gangliosides.

{60183 Embodiment X3! A cell induced to over-gxpress one or more gangliosides,

wherein the cedl is 3 nevroblastoma or an adult human bone marrow cell

{60184} Embodiment X4: The cell of Embodiment X3, wherein the cell 5 3
peuroblisstoms.
{B0185] Embodiment X5 The neuroblastoma of FEmbodiment X4, wheorein said

neuroblastoma is induced to express a ganglioside mixture comprising GMI, GM2 and
GM3, wherein GMI comprises 12.9% of said mixture; OMZ comprises 68.1% of said
mixure; and GM3 comprises 18.9% of said mixture.

[DERG] Embodiment X6 The ncurcblastoma of Embodiment X5, wherein said
neuroblastoma is an SHSY cell

180187 Embodiment X7: An SHEY cell induced to express the genglioside of
Embodiment X1

{601 BR) Embodiment X8 An SHSY cell induced to express the ganglicside of
Embodiment X2.
IB0EES] Embodiment X9: The cell of Embodimend X3, wherein the cell i3 an adult human

bone marmow cell.

RIER Embodiment X138 Awp adult human bone marrow cell induced o express the
ganghioside of Embodiment X1,

HE Y Embodiment X11: An adult buman bone marrow cell induced 1o express the
ganghoside of Embodiment X1,

(6193 Embodiment X12: An adult human bone marrow cell induced o express the
ganglioside of Embodiment X2.

(60193} Embodiment X13: A drag product cornprising a ganglioside mixture comprising
GMI, GM2 and GMI, whersin OMI comprises 12.9% of said mixture; GM2Z comprises
68.1% of said mixture; and GM3 comprises 18.9% of said mixture,

[ 194] Embodiment X14: A drog product comprising the ganglioside of the invention.
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Examples
EXAMPLE 1
(84195 A T-225 Tissus culture flask (Coming, Cat #437081) was seeded with the shesp

bone marrow-derived cells (Passage 1 or 2} in Alpha-MEM growth medium {(with 108
FBE) at a density of 3,000cells ‘o’
[68196] The next morning, medium was replaced with 3 mi Newonal induction medium

{WNiM}y Meurobasal Medivm + B27 supplement with Retinoio acid, EGF (2%ug/mi) and

FGF {10ng/mly,
{97 In the evendng, 30 pM chloroguine was added to the flask. About 70% cell death

was obsurved on the 3 day. The floating cells were removed from the flask by rinsing
with PBS. The cells were trypsinized and surviving oells were collected, The cells were
spun down and re-suspended in fresh growth medivm. New flask was sesded at 8,000
cells/ora’. An aliquot was removed and plated in 3 24-well plate for confirming GM1
induction by staining with Cholera toxin conjugated o AlexadB8R. Compared to unireated
{Control) cells, 3BM tregted with NIBM/CULO (48h €O in NIM) have nyuch strong staining
for (31, as shown in Figore 14 and 1B,

{60198} The surviving cells were allowed o expand in the flask for 2 days, and the cells
were then harvested.

HH P Alternatively, the surviving cells can be tregted for g second time with 50ub CLO

for 24 h bofors harvesting,
EXAMPLE 2

JO0200] Adull Human Bone Marrow Cells were seeded in standard {issue culiure flasks st
2 seeding density of 8000 cells/om” in Alpha-MEM growth medium (with 10% FBS).

1BO261} Next day the medivm was replaced, if required, and 50uM CLO was added w0 the
flask. The cells were harvestad after 48k About 10-20%% cell death was observed. Fixed
cells were statned with CTB-Alexad88 o visualize GM1 levels. Compared to the upper
panel {controll, the CLO-treated cells {lower panel) showed significantly higher

accumulation of ML
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EXAMPLE 3

IGO283 The objective of this cxample was to up-regulate GM1 expression in human
neursblastoma cell line, SHEY-3Y, sheep bone marrow-derived cells (SBM) and human
bone marrow-denived cells (HEBM)

{203 In one study SHSY-3Y cells, SBM and HBM were seeded in growth medig with
0% serum in 24-well plates. The next day, the cells were subjecied 1o 3 different
treatment regimens or lef in growth medis (AMEM with 10% FBS):

Serom-Tree medivm (SFM)
Neyronal induction medinm {(NIM)
S8ubd Chiorogquine (CLOY

{0204] After 48 hours, 100ul of Alamar Blue dye was added to the wells and incubated
for | hour. The absorbance of Alamar Blue was measured using a plate veader. The
plaies were then washed, fixed and processed for GM1 staining using CTB-HRP. Values
of CTR-HRF were normalized to Alamar Blue values, which are indicative of surviving
cells,

FO205] As shown o Figure 3, all 3 cell types chowed some up-regulation of GMI
expression in the NIM {compare control to NIM}L SHEY.SY cells showed sbout g 2-fold
induction in NIM, whereas SBMCUs showed shout 4-Bald induction. The most dramatic
up-reguistion of GMI expression, approximately S-fold, was seon with CLLY freatment of
HBEM s {compare control to Ol for HBM) {(see Figure 3}

186206] in 3 series of studies SHEY-3Y, sheep bone marrow-derived and human bone
marrow-derived cells were treated with compounds that are known o affect ganglioside
pathways., Chloroguing i3 an acidoiropic agent that perturbs membrane trafficking from
endosomes to lysosomes, A23187 is a calcium ionophore that promotes exosome
secretion after CL{) treatment. MNoacetylglucosansine sctivaies the hexosamine pathway,
which provides intermediates for the synthesis of glycoconiugates. Switching to galactose
as & carbobydrate sowce can modify the composition of gangliosides.  Since neurons
gxpress higher levels of GMI compared to other cell types, the cells were pushed towards
a neuronal phenotype by treating with compounds and media known o induce neuronal

difterentiation (NiM).
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{08387 SHEY-5Y cells were sceded at 18,000 cells/well wy 24 well plates and ireated
according to the conditions listed in Table 1 below., After treatment the cells were fixed
and stained with CTB-Alexs 488 to detect GMI. The intensity of the staining, smount of
cell death and other observations were noted and summarized. The resulfs are presented
in Tabde 1. Treatment of SHEY-5Y with NIME media produced the most intenss staining
{five plus signs} and no cell desth {one minus sign). Glucosamine and CLQ plus
A23187, a caloium tonophore, treatmments also resulted in strong induction of GMI (four
pluses) with some cell death in the TLO plus A231RT group. CTLG slone showed more

staining that control treated cells

{08I48] Table 1 Induction of GMUT in SHEY-SY cells by different treatment conditions.
Treatment Time Staining | Uell Death Obsevvations
fntensity
Contred A Bright staining in

membrane, Mostdy uniform

Glucosamine 48 H b Brighter, uniform staining.
{3, 5mdhy A more differenniated

morphology with short
branched neurihs

Chloreguine 24H e + Vesicular acommulation of
{50uM} statning seen inside the
cells
Chioroguinet | 24H+ 30 bt + Yesicular acoumudation + a
AXIET {ImM) MIN fow bright patches in
memivanes
Niv 48K ot _ Bright staiming all over,
{Meurpbasa+B differentiated morpholoegy
2T+FGFE, BGE+ with short unbranched
RA} neuritis
Switch from No | 24H- t More neuritis, but no
glucase to »48H INCTease 1 staining

galactose intensity
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{GHINH Affected sheep bone marrow cells (SBM) were seaded at 20,000 cells/well in 24

well plates and trested according to the conditions listed in Table 2 below, Afler
treatment the cells were fixed and sinined with UTB-Alexa 488 to detect GMI. The
mitensity of the staining, amount of cell death and other observations were noted and
summarized. The results are presented in Table 2. Treatment of SBM cells with CLQ in
NIM media produced the most intense staining (four plus signs) and the most cell death
{three plus signg). CLQ slone also induced GMI, but not ag much as CLOYNIM. Othey
conditions, serum-free media, NIM(1) media, glucosamine and PDGF also induced GM1,

but to a lesser degree.

R R Table 20 GMI Induction in Affected Sheep HBone Marrow cells by different
freatments.
Treatment Trestment | Degree of | Degree Oibservations
Time G of Ol
Stalniag Daath
CONTROL + _ Mixed population. A fow cells
are bright all over. Must stain
faintly
SERUM-FREE TIH e _ More nunber of brighter cells
MEDIUM
NEM(T) TIH Sy N Some chapge in morphology,
{Neurebasait Some bright cells. No
R27+ BGF, FGE) significant difference overall in

staining compared o contrel

NiM

g
o

RS More spinddie-dike cells, The
thin, clongated cells are
brighter. Bat overall no

significant increase in stabdng,

CHLOROGUINE TZH gt $ Vesicular accumudation seen in
maost cells, Pew cells are very
bright.

CHLORODOQUINE TIH gt et Muost cells died, but the ones
N NEM that survived are very bright sl
QVer.




WO 2014/144953 PCT/US2014/029569

FLUCOSAMINE 7Y -+ A uniform increase in perls
nuctear staining. More
prominent adhesion sites

PBGE T3H RS increase in perimiciear staining,
and some bright patches in the
membrane.

Foly-L-Lysine : Slightly brighter then cslls
costed coverslips grown on 2d-well plate.
Trangient changes in
morphology (nauronal
phenotype} seen in NIM

£
g
e
o
s

LU 8 ) Homan bone marrow cells {(HBMY were sesded at 20,000 cellsfwell in 24 well
plates and treated according to the conditions Hated in Table 3 below. After reatment the
cells were fixed and stained with CTB-Alexa 488 1o detect GMI, The intonsity of the
staining, amount of csll death and other observations wers noted and spmmarized. The
resuils are presented in Table 3. Treatmment of HBM cells with CLG produced the most
intense statndng {five plus signsy and some cell death {two plus signs). Unlike 8BM,
NIM-CLG treatment resulled in death of majority of the cells. Serum-free media also

induced GMI, but not as much as CLAO.

{80213} Table 31 GMI Induction in Humsn bone marrow-derived cells by different
reatments.
Treatment Treatment | Degrse Degree of Ohservations
Time of GME | Cell Death
Staining
CONTROL + Mixed population. A

few cells are bright all
over, Most stain
faimily. More brighter
colls than SBM

SERUM-FREE F2H S N More number of
MEMUM brighter cells
CHLOROQUEINE 484 A ++ Huge scoumulation

seen in most cells, A
ot of cells ook bie
polar




WO 2014/144953 PCT/US2014/029569

CHILOROOGUINE 48K rrinede Miost cells died
N MEM
EXAMPLE 4
FG0213] Mouse NewrolA pewoblastoms celis were cultured 1o standard growth media

{DMEM Fi2 high glucoss, 2l glutamine, 25mM HEPES plus 10% FBE). Cells were
maintained in standard culfure media (Cul) or treated for 3 hours with neuraminidase,
iunitml {Treated). Cells were fixed with 2% paraformaldehvde and stained with CTB-
Alexad88 to detect GMI ganglioside. Brghtfield images of cell cultures prior to fixation
are shown in panels A and € of Figure 4. Fluoreecent images showing GMI positive
siatning are shown in panels B and D of Figure 4. GM1 staining 13 dramatically stronger

in mouse Mewo 24 cells after treatment with neuraminidase {compare panel B to I

EXAMPLES

[00214} BABM-5C were cultured in standard growth media (AMEM, 10% FBS, ZmM
glutamine).  Cells were maintained in standard culture media {Control) or treated for 3
hours with newzminidase, lunit/ml {Trested) {ells were fixed with 2%
paraformaldehvde and stainsd with CTB-AlexsdB8 o detect GMI  ganglioside.
Fluorescent images showing GM1 positive staining are shown in Figure 5. GM1 is more
abundant in hABM-3C after ireatment with neursminidase and offen seen as large

AgEreRaies.

EXAMPLE &

160215} Mouse MeurolA newroblastoma cells were plated at high density, greater than
A0,000/0m, and cultured in standard growth media (DMEM F12 high glucose, 2mdd
ghutamine, 25mM HEPES plus 10% FBE). Cells were maintained in standard culiure
raedia {Curl) for 3 or 9 days. Madis was changed every 3 days. Cells were fixed with 2%
paraformaltdebyde and stained with CTB-Alexad88 to detect GMI  genglioside.
Brightfield images of cell cultures prior to fixation are shown in panels A and C
Fluorescent images showing GMI1 positive staining are shown in panels B and D of

Figure 6. Extensive GMI accumulation i3 evident in mouse NeuroZ A cells maintained in
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culture at high density for long tenm compared to basal levels of GMI in cells maintained

in culture at lower density for 3 days or less {compare panel B to D of Figure 6).

EXAMPLE 7

{G0256] Sheep brain-derived cells were cultured in standard growth media (AMEM, 10%
FBE, 2mM glutamine}). Cells were maintained in standard culture media for 3 or 9 days.
Media was changed every 3 days. Cells were fixed with 2% paraformaldchyde and
stained with CTB-Alexad88 to deiect GMI ganglipside.  Fluorescent images showing
GM1 positive staiming are shown in panels B and D of Figure 7. Extensive GM1
accumulation is evident in sheep brain-derived cells maintained in culture at high density
for long term compared to basal levels of GM1 in cells maintsined in culture at lower

density for 3 days or less {compare panel B io D i Figure 7).

EXAMPLE #

§00217] Dilations of purified ovine GMI are prepared and sdded (100 ul of each dilution}
to Munc maxisorp plates. The plates are incubated overnight at 4°C. The following day
plates are washed and blocked. CTB-HRP {75ul per well, 1:4000} is added and the plates
are incubated for 1 hr at BT wn dark, Plates are washed and then ABTS reagent {100 ul
per well) added. The green color 15 allowed to develop. The reaction is stopped with
Houl of Stop solution (0,19 SDIS in PBS) Bignal is read on a standard plate reader. Data

iz plotied and standard curve is shown in Pigure 8. The sensitivity range is 3 ng-0 ng.

EXAMPLE @

{80218 tations of purified ovine GMI are prepared and added {148 3l of each dilution}
o Nunc maxisorp plates. The plates are incubated overnight at 4°C. The following day
plates are washed and blocked. CTB-Alexad8R {1:200) is added and the plates are
incubated for 1 hw at RT in dark., Plates are washed and the signal is read on a standard
plate reader. Next 1% SDS in PBS is gdded o solubilize the GM1 for 16-15 min. The
plates are read again on the plate reader, the data is plotted and a standard corve is shown

i Figure 9. The sensitivity range is 500ug-30ug.
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EXAMPLE 10

8219 A bone marrow aspirate from a single human donor was used o produce the
Master Cell Bank, MCB105. The bone marrow harvest was performed by Cambrex
{Gaithersburg, MDY} in accordance with Cambrex Bioscience Frocedures. A toial volume
of 124 mi of bone marrow was obtained from bilateral aspirations from the posterior
pelvic bone of the donor using standard medical procedures. The aspirate was placed ina
steriie blood bag containing heparin and placed into a shipping container with 2
temperature recorder and 3 cold pack. Processing was initisted within 4 hours of bone

marrow donation,

Bone Marrow Processing

6228 All sseptic processing of the bone marrow aspirgle occurred within a Clags 100
biological safety cabingt. The aspirate was transferred from the blood bag to 3 sterile 250
mi. container. The volume of the blood bag contents was measured and a sample of the
aspirate was removed,  Ten volumes of ACK-LYS sohution (BinSource Internationsl:
NHACT {8,329 /L], KHOOS [1.0 gL, EDTA [0.037¢/LY) were added to the aspirate to
fvse the red blood cells. The suspension was centrifuged to isolate the nuclested cells
The supernatant was discarded and the cells were resuspended with AFGI04 growth
media {alpha-MEM with 10% {(v/v} Feial Bovine Serum and 4mb L-Glutaming) and
washed two additional imes with growth media by dilution and centrifugstion. Afler the
final wash step, the cells were resuspended in AFGID4 growth media, A sample of the
post lvsing/washing suspension was removed and the nuclested cells enumerated and
vighility deterrnined. The mononuclear cells were isolated from the bone marrow aspirate
and used to seed five culture vessels, Nunc cell factories, with 80,000 £ 2000 cellsfom?
{3.79 x108 cells per factoryy. Fach factory was supplemented with one lter of AFGI04
growth mediom,  The cell factorios were incubated in a 37°C incubator and the cultures
were aeratad with 8% €02 and 4% 02, The coliures were monitored twice daily for
signs of contaminstion and to ensure the incubstor culture condions were within
specifications (37° £ 2°C, 4.0% £ 0.5% (2, 5.0% * 0.5% C02).  Afier seven days of

growth, the media was removed fom each factory and exchanged with fresh media,
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{0221} The population doublings during the first expansion, resulting in MOBIOS, were
defermined 1o be 9.4 population doublings. MCBI0S was filled as 2 mL aliguots into
cryoevials, crvogenically preserved and stored at + ~130°C in the vapor phase of Houid
nifrogen. Working Cell Bank 1 {WUB1) was produced from the expansion of MCB10S,
WOCBL is expanded for 7.5 to 8.5 populstion doublings, resulting in cumulative
population doubling of 169 1o 189, Harvested cells were aliquoted a3 0.8 1o | mL
ahiguots {10 o 20 million viable cells per vial) into crvovials cryogenically preserved and
stored at + -130°C in the vapor phase of lguid nitrogen.

1060223} The eapansion, oryofroozing and testing processes were repeated for WUB2 and
WEBI, WCB2 and WCB3 were each expanded 7.5 io 9.5 population doublings. This
expansion results in 3 comulative population doubling of 244 o 28.4 for WOBZ and 2
cumuiative popolation doubling of 31.9 10 37.9 for W{BI.

{66223 The Master Cell Banks, Working Cell Banks {(WUBL, WCB2, WCB3I), and
GBTOOS were aliquoted into crvovials, crvogenically preserved, and stored at -130°C in

the vapor phase of Hguid nitrogen,

Celf Bank System

802244 The cell bank systern consisis of Bve different banking procedures: MCBIOS,
WORL, WOBZ, WCHS and GBTODR. MOUBIOS was 9.4 doubhings. Fach WOB was
expanded for 7.5 {0 8.5 population doublings resolting in three successive WCOHs used to
reach the target number of population doublings for GRTO0S. Therefore MCBI0S5 was
expanded to 37.5 to 47.5 cumulative population doublings.

{02258 This cell bank system allows for the generation of new lots of WUBL, WCEB2,
WOEBI and GBTO0R from MUBIOS when s bank becomes depleted. For example, a
depleted WCBZ, loth 81, can be regenerated as lot# 82 by expanding a vial from the
same lot of WCBI, lot# F1-5, used to produce 51, The bank is thawed and Bilows the
same expansion provedure and population doublings. This expansion process 15 the same
for the ostablishment of all the working cell banks. The current WCR3Z bank, lot T2,
atter depletion will be reproduced as lo#® T3 using the same WUB2 that was used
produce lot# T2, This methodology allows for the  repeated production of WCBI],
WCB2, WCES and vials of the final preduct, GBTO09, ot numbers PS, P§, P7, etc. This



WO 2014/144953 PCT/US2014/029569
- 823 .

approach allows for 2 high degree of reproducihility, consistency and guality in the
manufactiring process and the cell product. Al cell banks are stored in the vapor phase
of hquid nitrogen (< -130°C)

188226 After five days of additional meubation {12 days post seeding), the harvest of
adherent colonies was accomplished by frypsinization.  The conditioned media was
removed from the cultures and tested by micrebial fhsid culture {(no prowth) and for
mycoplasma (none detected), While the cells were sttached to the cell factories, they
were washed with 5300 mL of dPBE (Dulbecco’s Phosphate Buffersd Ssbine withouwt
Calcium or Magnesium), The solution was removed and discarded as waste, Trypsin-
EDTA was added to disassociate the cells from the factories. The cells were transferred
to a sterile container and the inypsin-EDTA was neutralized by adding & volume of
AFG104 growth media equal to the volume of trypsinized cells. The cell suspension was
centrifuged and the cell peliets were resuspended in growth media.

{227} Each resuspended cell suspension was sampled and tested for cell count, viability
and purily, Upon acceptance of in-process test results, the cell suspensions were pooled.
The pocled suspension was sampled and tested for cell number, visbility, purity and
identity, The suspension was then centrifuged and the supernatant was decanted and
discarded. The cell pellet was resuspended in orvopreservation buffer, CEM-SS
{Cryogenic Storage Media composed of Balanced Salt Solution, 4.5% w/iv Dextrose, USE
with 3% v/v Dimethyl Sulfoxide, USP and 5% viv Human Serum Albumin, USP). The
vodume of CSM-33 was driven by the cell count of the suspension. C8M-55 was added to
achieve a conceniration of one million cells per mL. After the cells were resuspended in
CSR-3S, the suspension was sampled 1o confirm ool mumber, viability, purnity and
identity prioy io cryopresgrvation.

{00228} Within the Class 100 biclogical safety cabinet, 259 vials of MUBIOS were
manually filled using aseptic technigues. Each § mi vial contained 3 mL of the C3M-55
cell suspension. During the filling operation, weight checks were performed on every
30th vial filled to track consistency in the vialing operation, and no discrepancies from
the target volume (1.8 0 2.2 mL} were observed. Upon completion of the vigling
operations, the vials were frozen using a controllied rate freezer. The cell suspension was

eooled from ambient temperature {6 4°C. Once the vials were cquilibrated o 4°C, they
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were temperafure stepped down 1o ~120°C and held st this temperature untit removal for
permanent storage. The vials of MCBIOS are stored in the vapor phase of liguid nitrogen

storage {-130°C). Storage tanks have resiricted sccess.

Preparation of Werking Celf Bapks (WUBIE, WCEB2, WCE3}

(802291 The manufacturing process involved the seguential production of three W{(Bs.
Hach successive cell bank was derived from an aliguot of cryogenically stored cells from
the previous bank, Lo MUBIOS — WUBL — WOB2Z — WCB3. All manipulations of the
culture were performed in oa Clags 100 biclogical safety cabinet with an active
environmental moniloring program. The production of cach cell bank was initisted by
thawing celle from the appropriale preceding cell bank. An aliguot of cells from MUBLES
was removed from cryogenic siorage, thawed and resuspended in AFG 104 growth media
creating a stock cell suspension, A sample from the stock solution was removed and
tested for ool number and vighility, The culture vessels, Munc cell factories, used for
each working cell bank were seeded 8t 30 & 3 celle per em?2 and cultured using AFGI4
growth media. The cell factories were incubated in a 37°C ipcubator and the cultures
were aerated with 3% CO2 and 4% 02, Aller seven days of growth, the media were
removed from sach factory and exchanged with fresh media. The conditioned media was
tested for microbial fluid culture. The factones were incubated for an additional period
of time 10 achigve 2 population doubling of 7.5 to 9.5 doublings.

(82 38 The isolation tharvest) of adherent colonies was accomplished by trypsinization.
Conditioned media was removed from the culture and tested for stertlity by microbial
Huid culture and for myeoplasma, While the cells were attached o the culbure vessel, the
cells were washed with dPBSE. The solution was removed and discarded as waste. The
removal of colls was accomplished by adding trvpsin-EDTA o the culture and allowing
the cells to disassociate from the culture vessel. Cells were fransferred to g stenle
container and the trypsin-EDTA was neutralized by adding AFGIM growth media to the
rypsinized cells, The cell suspension was centrifuged and resuspended i growth media,
Samples of the resuspended cell suspension were taken from sach cell fhotory and
submitted for in-process testing {cell count, viability and purity). Cell suspensions from

the individual factories mel acceplance oriteria prioy to combining indo & pooled cell
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suspension. When the cell suspensinns were combined, the pooled suspension was
sampled o confirm the cell number, vighility, purity and identity. The suspension was
then cenirifuged. After cenirifugstion, the supematant was decanted and the cell pellet
was resuspended in oryopreservation butter, C8M-55, o achieve a concentration up o 20
million cells per mL. The suspension was sampled again to confirm the cell number,
vigbility, purity and identity, The vials were asepiically and manually filled in a Class
i00 biological safety cabinet in 1.0 2 0.2 mL aliguots into 2 mb polypropyiene Corning
cryovials, Weight checks were performed on every 25th vial o track consistency in the
vialing operation. Upon completion of the vialing operations, the vials were frozen using
2 conirol rate freezer. The cell suspension was cooled from ambient fo 4°C and then
temperature stepped down 10 £ -120°C and held until removed for storage in the vapor

phase of Hguid mirogen (£ -130°C),

EXAMPLE 13

(66333 Human bone marrow-derived stromal cells, adipose-derived stromal cells, dermal
fibroblasts, and fibroblasts from subjects disgnosed with GMI genglivsidoesis, as well as
wnortalized neurcblastoma cells (SHSY-5Y, SHEY-S and SK-N-AS}), Chinese Hamster
Ovary cells {CHO-K1}, and Human Embryonic Kidney celle (HEK293) wers purchased
from commercial sources.  Cells were cultured on 24 well plates in standard culture
medium, 4t & density of 200020000 cells’well ovemighi and sither maintained in
standard culture medivm (CONTROL) or treated with chloroguing {CLQ) according to
the conditions listed i Table 4 below. Cells were maintained in a tissue culiure
incubator at approximately 37 °C in a humidified atmosphers comprising approximately
3% COy and approximstely 21% O balanced with Ny After treatment for 48-120 hours,
the cells weore fixed with 4% paraformaldehvde and stained with CTB-Alexad88 to detect
GM1 ganghioside. Fluorescent umages showing GMI positive staining are shown in
Figures 10 and 11, Extensive GMI accumulation is evident in most cells types compared

o controls mainiained in standard culture media alope. (Figures 18 and 11 and Table 43,
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labeled sterile 50-ml comicsl tubes. The tubes were filled with shipping solution
{Hibernate A from Brein Bits, 1X Penicilliny Streptomyein from Invitrogen). Samples
were shipped on toe to Malvern, Pennsylvania in less than 24 hours. Upon receipt the
cuiside of the tubss were cleaned and transferred (0 a sterile bic-safety cabinet. The
shipping sclution was decanted and 25 mi Dulbecoo’s Phosphate Buffered Solution
{DPBS) was added to each bose marow. Gently and repeatedly the bone marrow/ DPB3
solution were triturated fo create 8 cell suspension. Hach cell suspension was divided into
2 sterile 300 mi centrifuge tubes (Coming Life Sciences). To each centrifuge fube, 150
mi of ACK lysis sohution (Invitrogen) was added. The solutions were mixed by pipetiing
the cell suspensions up and down 10-20 times. Bach tube was capped and vortexed for 2
seconds. The cell suspensions were centrifuged for 10 minutes at 1350450 RPM on low
brake using an Allegra 6R centrifuge and swinging buckets.  The supernatant from sach
sample was aspirated off and discarded. Each remaining cell pellet was resuspended in
10 mi of AFGIO4 growth media (AMEM, 10%% feial bovine serum, 4mb glutamax, 1X
penicillin/ streptomyein, 1X Gentamyeind, The 2 cell suspensions from normal sheep
bone marrow were combined into a sterile 50 mi conical. The 2 cell suspensions from
the affected shesp bone marrow were combined inlo a separate sterile 50 mi conical.
AFGIO4 growth media was added to cach cell suspension to a final volume of 40 ml
The samples were centrifuged for 10 minutes gt 1350450 RPM on low brake using an
Allegra 6R centrifuge and swinging buckets. The supernatants were discarded. The cell
pallets were separately re-suspended in 20 mi AFGI04 growth medis. The volume was
adyusted to 40 mi with more AFGID4 growth media. The samples were centrifuged for
13 minutes at 1350430 RPM on low brake using an Allegra 8R centrifuge and swinging
buckets. The supernatant was discarded and each pellet was re-suspended in & final
volume of 30 ml AFGIOY4 growth media. The towl cell number and viability was
determined for each sample. Celle were seeded at 50,000 cells/ om” in T225 flagks in
AFGIOY growth media. Cells were cultured in a humidified incubator set to 4% (O, 5%
Cy and 37°C. Cultwres were feod with fresh AFGI04 growth media on day § and
harvested on day 8 {normal sheep bone marrow-derived cells) or day 9 {affected sheep
bone marrow-derived cells), This first harvest was defined as passage 1 (P} or Master

Cell Baok {MCB). A portion of the cells were crvopreserved. The remaining cells were
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SR
seeded at 60 cells/ ens®™ and cultured for 5 days in AFGI04 prowth media a humidified
incubator set to 4% O, 3% COp and 37°C. They were fod on Day § with AFGIN4
growth media and harvested on day @ {normal sheep bone marrow-derived cells) or day 8
{affected sheep bone marrow-derived cells). This next harvest was defined as passage 2
(P2} or Working Cell Bank 1 {WCBI) A portion of the cells were crvopreserved. The
remaining cells were seeded at 60 cells/ om” and cultured for § days in APGI04 growth
media 2 humidified incubator set to 4% Oy, 5% COp and 37°C. They were fed on Day §
with AFGI04 growth media and harvested on day 10 {normal and affected sheep bone
marrow-derived cellsy. This next harvest was defined as passage 3 (F2) or Working Cell
Bank 2 (WCB2). The doubling time for Normal Sheep bone marrow-derived cells was
2214, 33.03 and 2671 howrs for MCRB, WCRI, and WCB2 respectively. The doubling
time for Affected Sheep bone-marrow derived colls wag 22,19, 22.77 and 26.31 hours for
MOB, WCBY, and WUBZ respectively. The culture doublings per passage were .87,
§.38, and £.09 for Mormal Sheep bone-marrow derived cells at MCB, WOBT and WCR2
respectively. The culture doublings per passape were 8973, 8.43, and .21 for Affected
Sheep bone-marvow derived cells at MCB, WCBI and WOB2 respectively,

EXAMPLE 13

[B3234] The following comparison data between Bovine and Ovine GMI was generated
by testing commercially available GM1 research materials {Avanti & Matreya) and G
material manufactured by Fidia. Fidia manufactured the same material that was used in
previous clinical trials. Al testing was performed in an R&D environment {non-GMP
Bguipment/non-validated Test Methods), The analvtical work was performed during
development of an Cvine derived M1 drug product,

F00238] An HPLC method was doveloped (o determine the relaive amounits of the
individual vaniants of GMIT molecoles. Resulls indicate that GM1 molecules differ in the
tength of the alkyl chains that comprise the non-polar tail-group of each GMI molecule,
M1 varant profile results are presented in Table 5 below. It was also observed that in
all lots testad two varianis are the dominant and make up over 30% of the total GMI

veriants present, These are the d18:3 C18:0 and the d20: 1 C18:0 variants,
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EXAMPLE 14

80237} Adult human bone marrow siromal cells manufactured according to the low

density, low oxvgen conditions described herein were induced to produce gamghioside
using chioroguine, and were then harvested, lysed and the resuliing extracts were cohimn
purified. After a single purification, samples were pulled together and the oxiract
abtained from the purification column was run next fo an Ovine GM1 Standard (PGMIT™)
on plastic-backed TLC plates {2.5 x 7.5 om Baker-flex Silica Gel IB2-F fram 1T, Baker)
which were run in chloroformumethanol0.2% caloium chloride (5(042:11) Following
the run, the plates were stained by being dipped in a phosphomolybdic acid solution
{4.8% wiv in cthanol} and heated with 2 heat-gun. Figure 12 reveals multiple bands
cluting higher than GM1. The Rf values of GMI and a ganglioside of the invention were
3.45 and 0.58, respectively, giving an Rf atio of 1.26. RY values were determined
measuring the distance from the origin or the center of the band, /2, spot.

{H0238) Additional TLO teste were performed fo verify that the Extract comprises
ganghiosides. The Extract was subjected to additionsl TLC using 2.5 2 7.5 om glass

plates coated with a 250 pm laver of ulivapure sitica gel {Silicycle} that were run in
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chloroformumethanoli0.2% calcium chloride (50:42:11), and were stained by being
dipped in a solution comprising of 80 mL. of concentrated hydrochloric acid, 8.25 mL of
L1 M cupric sulfate, 10 mL of 2% resorcinol and 10 mi of waler and heated for 24
minutes at a 100°C in an oven. The Extract obtained from the purification column was
sy next to GML

[88239] Figure 13 reveals thet the ganglioside present in the Exiract travels farther on the
plate, which indicates that the ganglioside is more polar than GM1. The Rf values of
GM1 and the ganghioside were 0.53 and 0.65, respectively, giving an Rf ratio of 1,23, RY
vahies were detenmined weasuring the distance from the origin or the center of the band,
i€, spoi.

FG0244] Additionally, polar Impurities were prosent in the Extracts, The disappearance of
hands when companing Figure 12 o Figore 13 indicates the presence of polar impurities
that are not ganghuside-refated. However, polar impurities were routinely removed by
newiralization followed by additional chromatography.

188241} The presence of gangliosides was subsequently verified by Tandem Mass
Spectrometry {"MBIMSY),  Induced and wn-induced cells were harvest, lysed and the
resulting extracts were sublected fo MB/MS, As seen in Figures 15 and 16, the response
infensity increased in the ganglioside molecular weight area, indicating that ganglioside

production increased in the induced cells

16G242] EXAMPLE 158
FO0E43) Sampls Extraction
180244] The human adolt bone marrow stromal cells ("TABMEC (GBT009Y") cell samples

made according to the method of Example 10 were removed from the freezer and thawed
al room temperature. The cell samples were vortex-mixed well before laking aliguots.
{3245} An aliguot of 180 ul of the human ABMSC (GBTOO9) cells was mixed with 900
ul. of waler to make a 10x dilution. Then 100 pl of the 10x diloted cells was taken and
mixed with another 800 pL of water to make a 100x dilution. This matrix was used for
preparation of calibration standards and QU samples. The volume preparsd could be

scaled up and down by adjusting the components accordingly.
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{O0246] Ahguots of 100 ul of the above matrix were transtorred Into glass centrifuge

tubes. The sarmuples were spiked with 10 gl of working standard solutions according to

the fable below:

{247
Matrix Cone W Qrkag% ffhzimn Warking
GMEAGM L g Soduti
Sample 12 u‘}i i.ii:;i; b GMI/GMIEE Ve E;Eut’ugnm
e (sg/mL) I
Solvent Blank - oo {H)
Cell Blank

{100x _ _
dilnted) B
ST (3.01/0.008 0, 1003 1
STD2 0.08/0.0235 0.5/40.25 10
ST 0.1/0.5 140.8 14
3TD4 0.5/0.25 8725 10
ST 1AL FS 10
STRG 2. 5/1.28 25/12.5 10
STDY $/2.5 SOI2S 1
LOQU $.05/0.028 0.5/0.25 iG
MOC {.2/0.1 241 10
HOO 2.5/1.28 25/12.5 10

{1} 10 mL of dilution solution (30750 Methanol/Water) added.
[HG248] 270 pl of methanol was added o each tube. 138 pl of chloroform was

added to each tube. The samples wore vortexed for § minutes.  The samples were
cenfrifuged at 14,000 rpm for ~10 minutes. The supernatant was transferred to 2 new set
of iubes and the pellet was discarded. 130 ul of water was added o each tube and
vortexed for ~1 minute. The samples were contrifuged at 14,000 rpm for ~10 minutes,
SO0 uL of upper phase was ransferved to glass viale with inserts for LO-MS/MS analysis,

{249 LO-MSMSE Conditions

{50258 HPLC Conditions
{00251 HPLO system: Shimadeu LO-20A; Column: Fortls, 30x2.1 s, § wm; MPAC S

mb NHOAC In Water; MPB: Methanol; Flow rater 0.5 mU/ml; Tome (min) ¢, 0.5, 1, 3,
3E, 4.5, BOISY 7O, 70, B8, 65, TG, T Injection volume: 10l

§6G383Y Mass Spectrometric Congditions
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1253} instrument: API 4000 LO-MSMS systeny; Tonization mode: Turbo lon Spray,
Negative (ES8L-}; Scan Mode: Multiple Reaction Monitoring (MRM); lon Spray Voltage
{151 480G V) Temperature {TEMY: 300 °C; Curtain Gag (N2} {CUR): 20; Colliston Gas
{CADY §; Gas 1 60; Gas 20 60 Declustering Potential (PE -8R0 V; Collision Energy
{CE}y. 80 'V, Entrance Potential (EPL -0V

RT3 MREM Trangitions
{ESS] GM! and GMIb are two major ganghosides. They are in 2:1 ratle in

commerciaily available human GMY reference standard material, The transition ions of

them along with other 14 possible variances are listed below:

MRM Transition MRM
ions (m/z) 'E‘ﬁm%ﬂii}n ions
{2}
GMI D Structurs Varianes Parent fon Product fon
G I OB or 2001/ CES0 15449 PaS iRl
Ghila dIE VOIS0 or 16 1/CISD 1516.8 /0.0
GhMih SIS AC0 or 200 1/C180 18729 2800
OhMic HRRISI RN 1646.9 RAL RN
GMId d18: Hiigé i;;éiz::g{,m;i} or {5000 290.0
GMle A1V CER 0 oy A1 U/C0G 15388 2900
GMIE IO D or 181/ 0160 14888 290.0
GMlig I8 O2400 or 24 1/022 0 1O28.8 0.0
GM R dIEO20:0 or A2G:0/CIRD 1574.9 2800
GMH SIE2CIE 0 or 1K 1CIR 15428 0.0
GM G183/ 030 or d 20:3/CIRG 15709 RASIRY
GMik dI7ACIS0 13308 2800
GM 20T 0 or A1 1/C20:0 15869 2800
Ghim d23: TG or 21 1/020:0 1614.9 2800
GMin PIRN/CIEG 1560.9 250.0
GMlo 20 VCIRS 15889 290.0
{HH386] Calibration Standards
ST Matrix Calibration Standards
{DGISE Calibration standards were prepared i diloted human ABMSC (GBTO09) cell

matrix (1100 dilotion with water) and extracted as the procedure described above, The
GMI reforence standard contains gbout 2:1 ratio of GMI (nfz 1544.8) and GMIb (/e

1572.9% So the calibration curve range for GMI (/s 1544.8) was from 10 ng/ml to
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5,000 ng/mL, and the calibration curve range for GM b (/e 1372.9) was from § ng/mlL
b 2,500 ng/ml. Typical calibration curves for GMI and GMIb are presemted in Figure
17 and Figure 18, respectively. The results show that the calibration curves are linear for
both GM1 and GM b, Sinee lack of reference standards, no calibration curve could be
generated for other GM 1 variances.

{0250 Matrix Calibration Standards vy, Solvent Calibration Standards

{02601 Human ABMSC {GBTO09) cell matrix contains endogencus GMM1s and they may
interfere with the guantitation. Therefore, an alternative way was used for the
quantiiation. Using water only {without the cell), spiked with the same levels of standard
working solutions and extracted from the same procedure, the resulls are presented in
Figures 19 and 20. The solid dotted ling is the calibration curve fromy the cell malrix,
while the circled dois ars standards exiracted from the water. The resulis indicated that
the standards extracted from water are similar {o the standards extracted from the cell
matrix. Therefore, in case of the blank homan ABMSC (GBTO09) cell matrix with high
endogenous GMI level, water standard curves may substitute the cell matrix for the
quantitative analysis of GM s

FOG261] Accuracy and Precizsion

[B0262] Quality conirol (QU) samples were prepared in three concentration levels in &
replicates at each level in human ABMSC (GBTOIO) cell matrix and were sxiracted
aconrding the procedurs described above {"Sample Extraction™}. Those QU samples were
analyzed glong with a human ABMSC (GBTO09) cell mairix calibration curve. The back
calenlated concentrations are presented in Tables 6 and 7. The infra-run precision (MCV)
for GM1 {m/z 1544.8) ranged from 1.99% 0 15.3%, and the infrs-run accuracy (%Bias)
for GM1 {m/z 1544.8) ranged Fom -12.0% to 3.8% for three separate runs {Table 1} The
intra-run precision (S6CV} for GMIb {m/r 1572.9) ranged fom 3.2% to 18.6%, and the
intra-rom acouracy (%oBias) brGMIb {(mvz 1572.9) ranged from -14.6% to 3.5% (Table
2}. The mterrun precision SaCVY for GMIL (mvz 1544.8) mnged from 4.2% o il.‘?‘_’-—ié,
and the iner-run acourscy {SoBias) for GM1 {m/z 1544.8) ranged from -9.6% io -1.6%
(Table 1} The inter-run precision {30V for GMib (nve 1572.9) ranged from 4.0% o

16.2%, and the inter-run accuracy (% Bias) ranged from -11.2% to -5.3% {Table 2}, The
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CHROMATOGRAMS
[G0264] Some Representative chromatograms of human ABMSC (GBTO09) cell mairix

blank and spiked standdards are presenied i Figures 21 10 27,

B0268] Figure 21 depicts cluomatograms of 16 franztion tons for a2 human ABMSC
{GBTO09) cell blank afier 100-fold dilution. It indicates that after 100-hld dilution, there
are still observable GMis in the cell blank matrix. The wz 15168 {dILV/CI60 or
d16: 1/CIR:0) ie the most sbundant one.

1B0265] Figare 22 is a MEM ion chromatogram for GMI {m/2 1544.8) from 3 human
ABMSC {GBTUD) cell blank after 100-fold dilution. Figwre 23 is 2 MRM ion
chromatogram for GM1 {m/z 15344.8) standard prepared in the coll matvix (100x dilotion)
al the concentration of 10 ng/ml. Similarly, Figure 24 is a MEM lon clwomatogram for
Grilh (m21572.9) from a humen ABMSC {(GBTOOS: cell blank after 100-fold dilution,
while Figure 23 is a2 MRM ion chyomatogram of GM1b (nvz 1572.9) standard prepared
in the cell matrb (100x dilution) af the concentration of 5 ngfmL.

(02671 Those chromatograms indicate that though the diluted human ABMEL (GBTH0E)
cell matrix still contains small amount GMI {mdz 1544.8) and GM1b {m/s 1572.9), it can
be used for preparation of calibration curve standards for the quantitation at an LLOG of
10 ng/ml for GMI {1z 1544.8) and 5 ng/ml for GMIb (mfz 15729

JO826E] Figure 26 and Figure 27 are the chromatograms of GMI {nvz 1544.8) and GMib
{m/z 1572.9} propared in the diluted cell matrin st 2 high concentration level, 2,300
ng'mL for GMI and 1,250 ng/ml for GMib,

(B3] CONCLUSION

180270} The method developed here showed a good linearity, sccuracy and reproducibilily
for guantiistive analysis of GMI (wm/z 1544.8) and GMib (mfz 15729 in human
ABMBEC {GBTU9) cell matnix.

P27} Calibration standards prepared in waler and preparsd in diluted human ABMESC
{GBTO09) cell matrix showed comparable resulis, Therelore, in case the human ABMSC
{GBTO09) cell matrix has higher sndngenous level of GMls, the water calibration curve

may be spbetituted for the guaniitation of GMis in homan ABMEC (GBTOHGS)Y cell
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matrix, Besides GMI (s 1544.8) and GM1b {m/z 1572.9), other 14 possible variances
were also monitored. The ares counts of each measuable variance may be used for
gstimation of the amounts in the human ABMSC {GRT009) cell samples.

188272 EXAMPLE 18

D027 3 The purpose of this study was to transfer and optimiize the LO-MS/MS method
discussed in Example 15 This method utilizes reverse-phase clwomatography with
negative ion MS/MS detection to sssign and guantiiate GMI and related gangliosides in
cell extracts. The study reported here involved optimization of the method folowed by

the analysis of a series of samples for the presence of GM1L

{00274} Samples
R The samples were given the following unigue SGS M- 8can codes:
Sample ID Sample Description SGE MoRean Code
Sample | ABMSBC-induced 108478
Sample 2 SHIY-induced E0847%
Sample 3 Pooled Preps of induced ABMSECs {0848G
Sample 4 Pooled Preps of control ABMSCs I08481
Sample 5 SHSY-Control 138482
Standard Human G FOR483
Standard Ovine GMI (AvanVLOT GM-16 108484
{36276} For divect infusion studies, the Ovine GMI standard (M-Scan # 108484} was

dissolved in methano! to give a stock solution at 1 mg/ml. The steck solution was then
difuted using Mobile Phase A:Mobile Phase B (111 Jvy (see below for composition of
mobile phase} to 3 concentration of 10 glml. Aliguots of this sclution were used for
direct infusion studies in order © optimize the MS and MS/MS conditions. The
cahtbration hine was obtained from dilution of the standard stock solution in methans! to
give concenirations of 50 ng/mi, 100 ngiml, 250 ng/ml and 1000 ng/ml. Each of the
solutions were further diluted by the addition of an equal volume of water, giving final
GMI concentrations of 25 ng/mi, 5¢ ng/ml, 125 ng/mi and 500 ng/ml. For the Human
GMI standard (M-Scan # 08483}, an aliguot {1 p) was diluted to 1 mil with methanol.
This solution was then diluted further by the addition of an squal volume of water, giving

a final concentration of 500 ngfml.
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An shiguot {200 pl) of each sample was diluted by the addition of 200 ul of water.

These solutions were then analyzed by LO-MS/MS,

D078
160279]
[G0280]
(602811
106283]
100283]
190384]
(60385]
100286
[66287]
{00288

LO-MS Chromstography

Pumps: Agilent 1200 Binary UPLC System

kiobile Phase A: 10mM amunonium acetate

hobile Phase B Methanol

Gradient: Time {min) 0,4, 7.5, 7.6, 15 and B3} 35, 85, 95, 35, 35
Flow Rate: 8.4 mlfmin

Colurmn: Waters Acguity C18 {2.1 x 30 mum), S/N 011336234151 03
Column Temp 447°C

Injection Volume: 20ul

Fetection

Detection was performed an ABI Sol ex 4000 TRAP mase specirometer

operating in the positive ion B3I mode. For LO-ME/MS analvsis, a parent ion of mf

13450 was used with the fragment at s/ 290.1 monitored as an MRM transition.

100289}
[607294]
160291

RESULTS
Initial Direct Infusion

in order to optimize the MS and MS/MS conditions for subseguent LO-MS/MSE

analyses, an aliguot of the Ovine GM1 standard was infused directly into the instrument

source, Source voltages were adjusted for optimized pseudomeolecular fon intensity and

for fragment lon intensity,

168182
100293
{00294
[60295]
[B01946]
190297
(8029%]
108299
150306]
160301

Below are the details of the final, optimized parameters:

File Information for Sample T (M-Scan# 108484 Ovine GMI Std) of 10746, wift
File Mame: 107 46.wilf

Original Name: 107 46.wiff

Log Information from Devices at Start of acquisition:

Mass Spectrometer 4000 G TRAP O

Centig Table Version 30

Firmware YVersion M3 1402 BATO301 M3L 1415 B3TG300

Component Name Linear lon Trap Quadrupole LO/MS/DE Mass Spectrometer
Component 10 4000 (3 TRAP
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~TR .
{60303 Manufscturer AB Sciex Instruments
{60343] Model 10226430
[64384] Serial Mumber ARZG490710
{66305] Time from start =0.0000 min Mass Spectrometer 4000 ( TRAP
{06306} Start of Run - Detailed Status
1883871 Yacuumn Status At Pressure
{B0308] Yacuuwm Gauge {1 Oe5 Torr} 3.2
{60309 Backing Pump Ok
{80358 interface Turbo Purnp Normal
80311} Analyzer Turbo Pump Normal
FO8312 Sample Introduction Blatus Ready
(603131 Source’don Path Electronics On
FG0314} Source Type Turbo Spray
108315} Source Temperature {at setpoint} 0.0 C
[68318] Source Exhaust Pomp Ok
186317} Interface Heater Ready
1B0318] Time from start =0.0167 min Stopping scquisition.
[86319] Time from start =0, 53500 min Mass Spectrometer 4000 3 TRAP
[BR320] ~End of Run ~ Detailed Status
{68321 YVacuum Status At Pressure
§322] YVacwmun Gaoge {1 Oe-5 Tomy 3.2
{B0323] Backing Pump Ok
{H0324] Irterface Turbo Pump Normal
{38325] Analyzer Turbe Pump Mormal
F68326] Sample Introduction Status Ready
FOB3271 Sourcsdion Path Electronics On
100328 Source Type Twho Spray
10G329] Source Temperature {at setpoint) .0 C
{B0336] Source Exhaust Pump Ok
{08331} Interface Heater Ready

{06333} Time from start =0.5667 min
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[BG333] Acquisition infoAcquisilion Method: desiTune dam
180334] Sample Acg Duration: $%minélsec
100335] Numbser of Scansg: 3382
FHIZ36] Periods in File: |
[R8337] Batch Name: WManvalTune bat
3381 Submitted by, 4000TRAF Fred{Fred)
10833% Logged-on User: 4000TR AP Fred
10434481 Syvochromzation Mode: MNo Syne
180341} Auto-Eguilibration: OfF
180342} {Comment:
{HI343] SoBware Version: Analyst 1.4.2
[BO344] Set Name: Set |
130345} Sample Mame  M-Scan# 108484 Ovine GMI 5td
{30346} Sample I3 TuneSamplelD
IBU347] Sample Comments!
{30348] {Juantiiation Information:
§I340] Sample Type: Unknown
[H0350] Dilution Factor: 0.000000
186351} Custom Data
jB6352) Craantitation Table:
[GG6353] Period 1:
{80354] Scans i Period: 3582
{EHI355] Belative Start Time: 0.00 msec
160356] Experimenis in Period: 1}
[B0387] Perind 1 Experiment 1
R Scan Type: Product fon {ME2)
80359 Polarity: Megafive
0368 Sean Mode: Profile
igl361} fon Source: Turbo Spray
190362} Product OF 1545.00 amu

(00363]

Resolution 01 Unit

PCT/US2014/029569
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{68364} Resolution Q3 Low
130365] Intensity Thres.: L00 cps
[08366] Settling Time: $.0000 msec
{88367} MR Pauss: 50070 msec
[88368] MCA, Yes
[8436%] Cenger/Width: Mo
[8637¢] Step Bize 310 amu
180371 Start {amyy 150.00; Stop {amw) 40000
F373 Time (sec) 1.060; Param; Start; Stop
(063738 Parameter Table {(Peviod | Exporiment 1)
1B03741 CUR: 15.08
{B0378] TEM: 0.00
{#0378] 381 15.00
1883771 GS2: 0.00
1B0378] ihe: M
[H0379] ISy -4500.00
HEABG] CAD: 7.00
1803813 P 200,00
1003821 EP -10.00
{80383 CE -80.00
{00384} CXP -40.00
{BO38S] Resolution tables
{1386} Oad 1) Negative; Umit
{HO38TY {El SRELY
{03881 fiaas {all fw) Offset Value
00389} 44,998 0.065
{0G396] 585,385 {.348
[86391] 333,636 $.524
[86392] 1223 %45 {18671
130393] 1572.097 {855
{80304} 1863.306 1.O1S

PCT/US2014/029569
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1B80398] 2037431 110
{80396 2RO0.000 1.525
0397} Cuad 3; Negative; Low
G039 Mass {alllu} Otfeet Value
1603991 44.908 0,038
B0400] 585,385 8,368
JREEE § 933.63¢6 4,573
(0442} 1223845 (.734
30403} 1372087 .946
[B0404] FB53.306 1138
EEER S EnT] 2037.431 1.24G
180406] 12800000 1,760
[00407] Calibration tables
100448 Quad 1; Negative, Unit Resoluiion
1504689 hass {amu} Drac YValus
{80418 $546.524 12264
{80411} 906334 17203
0412} 1166.144 22142
130413} 1425954 27081
Fi414] 1685 764 32018
(004151 (uad 3; Negative; Unit Besolution
(004161 Mass {amu} Dac Value
$04371 180,973 3406
§0418] 248,960 4658
#3419 310947 3088
384.935 7281

#3421
BR4E2
B423]

|
I
{ ]
(90420
| !
E !
f
[00424]

Instrument Parameters:
Dietector Parameters (Megative):
CEM Z200.0

Keved Texi:

PCT/US2014/029569
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REIEIAY: File was created with the software version: Analvst 1.4.2

10426} LO-MEMS

1604278 Ovine GMY Standard

{B0428] A serigs of Ovine GM1 standard solwtions {prepared as described above) wers

analyzed i duplicate by LO-M3/MS as described above. The resulting data from thess

analyses is summarized below in Table 8.

Table ¥ Summsry of Ovine Standard Data

GM1 Average Peak
Concentration {ng/ml} | Area Response¥
25 1.107e3
S0 1.547e3
125 4.413e3
500 1.758e4
*From duplicate injections.
JO8429] The correlation cosfficient {r2} for these values is 0.99973 and therefore indicates

3 reasonable Hnear relationship with a slope of 28,

{0430 Human GM1

180431} LO-MS/MS profiles for the duplicate analvses of the human GM1 standard
provide an average pesk arves of 1.0845ede Using calibration data fom the Ovine
Standard, this represents g concentration of approximately 304 pp/nl, and therefore a
recovery of 81 Y.

{0432} Sample Analyses

1804331 Ddata from analysis of each of the test indicate the presence of GM1I in all test

samples with a summary provided in Table § below:
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SHEY -Induced 2.970e3 166.3
Pooled Preps of Induced ABMSCs ¥ 12Rel 45.5
Pooled Preps of Control ABMSCs 2.938g2 16.6
SHSY-Control 5.385¢3 3021

Caleulation: (GM1 pk grea x 28) x 2 = cone {ng/mi}
Note: Values multiplied by 2 due to original sample dilution.

o043 CONCLUSHONS
{90435 The LO-MS/MS method for detection of GMT was successfully transferred and

optintized. Data from a series of standard prepavations suggested an LOO of
approximately 18 ng/ml. Al samples tested appesred o contain GM1 at lovels between
approximately 15380 ng/mi It should however be noted that the chromatographic
profiles from all samples demonstrated thres, resolved responses for the ransition méz
E5345---T200, suggesting the presence of several closely-related molecular species that
were not present in any standavd used in these Examples.

08436 EXAMPLE 7

804371 Attached is a further swmmary table of the GM1 analysis presented in Example

16, which includes additional responses obssrved during the analysis.

Sumrnary of Major Responses During LOMSMS

Test Poak 1 Cong Peak 2 Cong SRR Conge Total
Sample Area fngfmly | Area {ng/ml} | Area fng/mby | {ogfmb}
ABMU- 1o oired | g08 3367¢ L1888 | 13440 | 783 RN
Induced

SHIY- 1 aogee? 20 27796 11556 297060 | 1663 | 3519
Induced

Fooled

e % ki ’ -
Prep 7251 | 406 2315¢° 1782 1R128¢% | 488 156.3
induced

AHRMSCs

Pooled

P ’ 3 - : .

Prep Loneet |8 5.038¢° | 282 2958 | 16.6 50.3
Controd

ABMECs
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SHSY- 1y cone? lg7s 5646 | 3163 529355 | 3831 TG5,9
Control

Meotes: 1. Poak 1 RT approx 7.4min
Peak 2: BT approx 7. 3min
2. Concentrations calculated by refersnce to GM1 calibration ling and assumes squal
response factors,
[BO438] EXAMPLE 18
138439} The tollowing Exasmple presents the results of scens on control versus induced
ABMED produced by the methoeds of Example 16, Figuree 28 and 29 are overlays Hom
the MBS TIC profiles and UY profiles for the contrel and induced ABMEC,
LS B EXAMPLE 19
{80441} A new study was initisted using the following samples:
{04421 1y At least Img of Ovine GM1 standard;
1004433 23 At least Img of Human GM1 standard;
00444}
1B0445]
]
}

80446

3} Induced and non-induced SHEY cell extracts: and
43 At least §.1mg of GM2 and GM3 standards.
ANALYTICAL METHODS
Analysis was conducted by LO-MS with MEM detection monitoring all GM-1
related ganglissides. Dietection was also scoomplished by UV absorbance,
[80448] RESULTS
{80445] These scans have been generated from jons specific lo a pariicular genglioside
species. For example, in Acg Filer 12136 (dats from BRWH73-191), GM2 ions were
plotted at mfz 1439 {d20:1-20:08, 1383 (d18:1-38:0) and 1353 {d18:1-16:0%  Similar
plots are provided for the GM1 and GM3 species and all for BRW675-175. Scans are
shown in Figures 30.35,
REIE ST These are the only ganglioside components that conld be assigned under these
conditions. These scamns do no reveal any presence of Ukia, GAL, GTib or GOIb.
Generally, the profiles appear similar between samples, with exceptions such as the
relative abundance of some of the GM3 species.

190451 EXAMPLE 20
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{00452]

-85 .

This Example discusses the further analyais of scans from Example 19, Analyzing

the data oblained in Example 19, estimates for relative abundance of the GM species are;

{00453
100454]
{455
{456
[457]
[O458]
(60459
[00460]
106461

BRWSHTS-175 {control SHRY Y
Gh1: 2.4%
GM2: 257%
OM3: T1.9%
BEW675-191 (Induced SHEY):
OME: 12.9%
GM2Z: 68.1%
GM3: 18.9%

Using commercially available standards, the relative sbundance of GMI, GMZ and

GBI in the conirol and induced extracts from nsurcblastoms SHESY cells was
determined. Additional peaks that do not align specifically with the standards are present
in the scans, These represend now genghoside variants since the scans were generated

from tons specific 1o the ganghioside specigs.

[30462] it is fo be appreciated that the Detatled Description section, and not the Summary

and Abstract sections, is to be used to imterpret the claims, The Summary and Abstract
sections may set forth one or more but not all exemplary embodimenis of the present
tavention as contomplated by the inventor(s), and thus, are not intended to limit the

present nvention and the appended claims in any way.

{13463 The present invention has bheen described above with the ald of functional

building blocks Hlustrating the implementation of speaified functions and relationships
thereof, The boundaries of these functional butlding blocks have been arbitrarily defined
hersin for the convenience of the description.  Alternate houndaries can be defined 5o

long as the specified functions and relationships thereof are appropriately performed.

{3464 The foregoing description of the specific embodiments will so fully reveal the

general nature of the imveniion that others can, by applving knowledge within the skill of
the art, readily medify snd/or adapt for various applications such specific embodiments,
without undue experimentalion, withouwt departing from the general concept of the present
invention. Therefore, such adapiations and modifications are intended 1o be within the

meaning and range of equivalenis of the disclosed embodiments, based on the teaching
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and guidance presented herein. 1 is to be understood that the phraseology or terminelogy
herein is for the purpose of description and not of limitation, such that the terminology or
phraseology of the present specification i (o be interpreted by the skilled artisan in light
of the teachings and guidance.

{B0465] The breadth and scope of the present invention should not be Hmited by any of the
above-described exemplary embodiments, but should be defined only in sccordance with

the following claims and their equivalents.
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WHAT IS CLAIMED IS

f. A ganglioside characterized by a single thin laver chromatography ("TLC") band
having a retardation factor ("RI"} value that is grester than an ovine GMI standard Rf
when said ganglioside is subjected to TLC on a glass plate coated with a 250 pm layer of
ultrgpure silica gel and contacted with 2 solution comprising chiorofomm, methanol and
4.2% calctum in a ratio of 50:42:11, after which said coated glass plate is stained by
being placed into a second sohution comprising 80 mi of concentrated hydrochlorie acid,
0.25 mb of .1 M cupric sulfate, 10 mL of 2% resorcinol and 10 mb of water, and said
glass plate is heated in said second solution for 20 minuwtes at 100°C, wherein said

ganghioside comprises one or more gangliosides,

2. The ganglicside of claym 1, wherein said ganglioside s punified from a oude

ganghoside muxture,

&

3. The ganghoside of claim 2, wherein said crude ganglioside mixture is isolated

from adult human bone masrow stromal cells cultured under low oxvgen.

4, The panglioside of claim 3, wherein sad low oxygen is 5% oxygen.

5. The ganglioside of ¢laimy 1, whereln said ganglicside R value is (165,

£, The ganglioside of ¢laim 1, wherein said ganglioside is a GM1 ganghioside.

7. The ganglioside of claim 1, wherein said ganglioside is more polar than said ovine

OMt standard,

3 The ganghioside of claim 1, wherein said ganglioside binds o cholera toxin B
{CTB).
g, The ganghioside of clain 1, whereln said B value of said ganglioside and said RY

vatue of said ovine GM1 standard are in 8 ratio of from 311 10 L1LL
18, The ganghioside of claim %, wherein said ratio is 1.23:1 or abowt 1.23:1

i1, A ganghoside made by the process of
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{a} ireating a cell with chloroquine ("CLO™ to accumulate said ganglioside; and
{c} isolating said ganglioside,

wherein said ganghioside is characterized by a single thin laver chromatography {"TLC™
band having a retardation factor ("Rf"} value that is greater than an ovine GM1 standard
when said ganglioside is subjected to TLC on 2 glass plate coated with a2 250 wm layer of
ulirapure silica gel and contacted with g solution comprising chloroform, methanol and
0.2% calcium in a ratio of 30:42:11 and, wherein said coated glass plate {s sigined by
being placed into a solution comprising 80 wl of concentrated hydrochionio acid, 0.25
mL of .1 M cupric sulfate, 10 mb of 2% resorcinol and 10 mi of water, and 3aid glass

plates are heated 1 said selution for 20 manutes at 100°C,
12, The genghioside of claim 11, wherein said cell is 3 hwmnan bone marrow cell,

13, The ganghoside of claim 12, wherein sald human bone marrow cell 15 an adult

hurnan bone marrow cell.
i4.  The ganglioside of claim 11, wherein said cell is cubtured under low oxygen.
i35 The ganglioside of claim 14, wherein said low oxygen is 3% oxvygen.

i6. The genghoside of claim 11, wherein said cells are treated with nsuronal

induction medium,

F7. The ganglioside of olaim 11, wherein said treating comprising contacting said cell

with 50 ub CLO.
18, The ganglioside of claim 11, wherein said ganglioside Rf value is 8.65,

19, The ganglioside of claim 11, wherein said ganglioside is more polar than said

ovine G standard.

20, The ganglioside of claim 11, wherein the ganglioside binds 1o CTR.
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21, The genghioside of claim 11, wherein said RY value of said ganghioside and said

Rfvalue of said ovine GMI standard are in aratio of from 321 s 1101

22 The ganghinside of claim 21, wherein said miic 15 1.23:1 or gbout 1.23:1.
23, A panghioside characterized by a retention tme of 7.4 when said ganghioside is

subjected to Lgwd clvomatography in a Houid chromstography system, whereln said

iiguid chromatography system comprises;
a. an Agilent 1200 Binary UPLC system pump;

b. a mobile phase comprising mobile phase A and mobile phase B, wherein mobile
phase A comprises [0 mM ammonivm scetate and mobile phase B comprises

methano!: and

o. areverse phase column, wherein said column is 2 Walers Acgumty 18 (2.1 x 50

mrn,

wherein said column is held at 40°C and said mobile phase flows at a rate of 0.4
mbi/min, and wherein at fime 0 to 4 minutes, said mobile phase comprises 65% mobile
phase A and 35% mobile phase B, at time 4 10 7.5 minutes said mobile phase comprises
15% mobils phase A and £3% mobile phase B, af time 7.6 10 15 minutes, said mobile
phase comprises 5% mobile phase A and 35% mobile phase B, wherein sald ganglhioside
iz injected into said hguid chromatography system in a sample comprising a mixture,
wherein said sample has a volume, wherein said injection volume is 20 ul, wherem said

ganglhioside comprises one or more ganghiosides,

4. A ganghoside characterized by a refention time of 7.8 when said ganglioside is
subected to Hguid chromatography in a2 Hquid chromatography sysiem, wherein saud

Hyguld chromatography system comprises:

d. an Agilent 1200 Binary UPLC system pump;
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e. & mobile phase comprising mobile phase A and mobile phase B, wherein mobile
phase A comprises 10 mb amumonium scetate and mobile phase B comprises

methanod; and

s

a reverse phase column, whersin said column is 8 Waters Acguity CI8 (2.1 ¥ 50

mimn},

whereln said column is held at 40°C and said mobile phase flows ot avate of 0.4 mi/min,
ad wherein st time O lo 4 minutes, said mobile phase comprises 65% meobile phase A
and 35% mobile phase B, at time 4 t0 7.5 minutes said mobile phase comprises 15%
meohile phase A and 83% mebile phase B, at time 7.6 to 15 minutes, said mobile phase
comprises 853% mebile phase A and 35% mobile phase B, wherein said gangloside is
injected inlo said liguid chromatography system in g sample comprising a mixture,
wherein said sample has g volume, wherein said injection volume is 20 ul, wherein said

ganghoside comprises ong or more ganglhiosides,

25, A cell induced {0 over-express one or more gangliosides, wherein the cell is a

negroblastomsa or an adult human bone mamow cell
28, The cell of claim 25, whersin the cell is a2 newroblastorma,

27, The nsuroblastoma of claim 26, whersin said neuroblastoma is indoced to express
a gangliosids mixturs comprising GMI, GM2 and GM3, wherein GM1 comprises 12.9%
of said mixture, GM2 comprises %1% of zaid mixture; and GMM3 comprises 18.9% of

said mixnre,

2E. The nearoblastoma of claim 25, wherein said neuroblastoms 15 an SHEY cell.
29, Ap SHSY cell induced to express the ganglioside of claim 23,

34, An SHEY cell induced to supress the ganglioside of claim 24,

31, The cell of claim 25, whersin the cell i an adult homaen bone marrow cell,

32, Anadult buman bone marrow cell induced to express the panglioside of claim 1.
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33, An adult human bone marrow cell induced to express the ganglioside of claim 23,
34, An adult human bone marrew cell induced 1o express the ganglioside of claim 24,

35, A diug product comprising 2 ganglioside wixture comprising GMI, GM2 and
GM3, wherein GM comprises 12.9% of said mixture; GMZ comprises 68.1% of said

mixture; and GM3 comprises 18.9% of said mixture.

36, A drug product comprising the ganglioside of olaims 1, 23 or 24, or a mixture

thereof,



