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Extracellular vesicles: More than just 
garbage disposal

§Membrane	bound	vesicles	originating	from	endosome	and	plasma	membrane

§Range	from	50-500nm	in	diameter
§ Exosomes	are	a	subgroup	of	extracellular	vesicles	ranging	from	50-150nm

§Important	for	numerous	biological	functions	
§ Removal	of	waste,	cell-cell	communication,	extracellular	signaling

§Carry	wide	variety	of	cargo

Nature	Reviews	Molecular	Cell	Biology	
volume	19,	pages213–228(2018)



Extracellular vesicle biogenesis

§Canonical	pathway	utilizes	the	endosomal	
sorting	complex	required	for	transport	(ESCRT)	
machinery
§ Proteins	recruited	to	pinch	vesicle	off	of	the	
membrane

§Non-canonical	pathways	utilize	physical	
properties	of	altering	membrane	lipid	
composition
§ Enriching	for	ceramides	causes	bending	of	
membrane	to	form	vesicles

Nature	Reviews	Molecular	Cell	Biology	
volume	19,	pages213–228(2018)



Neutral Sphinghomyelinase 2 (nSMase2) 
catalyzes the formation of ceramide

Proceedings	of	the	National	Academy	of	Sciences	Jul	2017,	114	(28)	
E5549-E5558;	DOI:	10.1073/pnas.1705134114

§ Transmembrane protein situated on the inner leaflet
§ Localized to the plasma membrane and golgi apparatus
§ Highly expressed in the brain
§ Has a hydrophobic N-terminal domain and catalytic C-

terminal domain 



Exosomes have been implicated in numerous 
diseases



Alzheimer’s disease
§Progressive neurodegenerative disease
§Causes memory impairment and ultimately leads to 

death

§Major pathologies are amyloid plaques and 
neurofibrillary tangles
§ Familial AD cases have mutations leading to faulty 

amyloid β processing and tau mis-folding

§5.8 million living with AD in US
§Expected to increase to ~14 million by 2050

§No cure or treatment to slow disease progression
§Treatments only target symptoms

Mt	Sinai	J	Med.	2010;77(1):32–42.	

Nat Rev Dis Primers 1, 15056 (2015)



Exosomes and neutral sphingomyelinase 2 
in Alzheimer’s disease

§ Elevated ceramide levels have been detected in AD patient plasma and CSF (Neuroscience	130,	657-666	(2005);	
Neurology	79,	633-641	(2012))

§ Neuronal exosomes isolated from Alzheimer’s disease patient plasma have increased AD associated 
proteins such as phosphorylated tau (Alzheimers Dement.	2015;11(6):600–7.e1;	JAMA	Neurol.	2019;76(11):1340–1351.)
§ Analysis	of	neuronally derived	exosome	content	had	some	predictive	abilities	

§ In the case of Alzheimer’s disease, isolated exosomes carrying tau are able to seed tau aggregation (J Biol Chem 291,24 
(2016): 12445-66)



Genetic and pharmacological reduction of 
nSMase2 improves AD mouse models

Asai et al. Nat Neurosci (2015)

nSMase2 inhibition slows 
propagation in an AAV-tau 

injection model

nSMase2 inhibition reduces 
tau accumulation in the 

PS19 mouse model

Genetic deletion of nSMase2 in the 5XFAD 
mouse reduces Aβ; improves memory in 

contextual fear conditioning

Dinkins et al., J Neurosci (2016) Asai et al. Nat Neurosci (2015)



No drug-like nSMase2 inhibitors

Insoluble, high molecular weight, low potency

SMase 
inhibitor

Chemical Structure IC50
(µM)

MW Ref

3-O-methyl 
SM

N.D. 604.8
1995 BBA Vol 
1256 p25-30

GW 4869 1 505
2002 JBC Vol 
277 p41128-39

Altenusin 28 290
1999 J Antibiot
(Tokyo) Vol 52 

p572-4

OBJECTIVE
IDENTIFY	INHIBITORS	OF	nSMase2
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Screened > 365,000 Compounds for human nSMase2 
Inhibitors

DPTIP 
(NCATS) MCK380 

(Internal Library)

Ajit G Thomas Marc FerrerCamilo Rojas



Extensive chemistry efforts around hit “DPTIP”
T	Tsukamoto,	N	Hin,	O	Stepanek



Extensive chemistry around hit “MCK380”
Radim Nencka Michal Sala



Hit optimization led to our lead compound - PDDC
potent, brain penetrable, orally bioavailable, selective nSMase2 inhibitor

SELECTIVE
Clean in Eurofin’s SafetyScreen44 evaluating 
targets identified by 4 major pharmaceutical 
companies based on their experience with off 
target activities that could hinder/stop 
development (Nature Reviews 2012, 909).  

Rana Rais Ranjeet Dash
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PDDC inhibited extracellular vesicle release in 
vitro

§ Primary glial culture was stimulated (- FBS) ±
PDDC, cambinol, or inactive compound 5 for 2h

§ Collected media / isolated EVs / measure conc. 
with nanoparticle tracker

Amrita Datta Chaudhuri
JHU - Neurology 
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PDDC inhibits exosome release in vivo
Inactive compound had no effect
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Seung-Wan Yoo
JHU- Neurology

PDDC 5

0

1×109

2×109

3×109

EV
s/

m
L

IL-1b - + + + +
PDDC (mg/Kg) - - 1 10 -

Compound 5 (mg/kg) - - - - 10

% nSMase2 inhibition ± S.E.M.

***



0-1
00

10
0-2

00

20
0-3

00
40

60

80

100

%
 F

re
ez

in
g

WT+Vehicle
5XFAD+Vehicle
5XFAD+PDDC

** ***

+ ++

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150
90

100

110

120

130

Study Day

B
od

y 
W

ei
gh

t, 
%

 c
ha

ng
e

WT+Vehicle
5XFAD + Vehicle
5XFAD + PDDC

* *** **
** **

***
*** *** *** *** *** ***

***

***
***

**
**

*****
*

+ + + + + +

Initial analysis in 5XFAD AD model shows body weight 
and behavioral improvements

PDDC treatment improves body weight Contextual fear 
conditioning is enhanced

Cued fear conditioning 
is enhanced

Kristen Hollinger
JHDD

3 months old 8 months old

Fear conditioning 
behavioral analysis

Begin treating
10mg/kg IP daily
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PDDC is well tolerated in mice

§Mice	were	treated	with	10mg/kg	IP	PDDC	for	15	weeks	

§Body	weight	monitored	weekly	and	clinical	chemistries	were	evaluated	after	15	weeks

Chronic PDDC does not cause weight loss

PDDC

PDDC

Chronic PDDC does not alter clinical chemistries
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No changes in body weight

4-fold plasma increase; 5-fold brain increase

Rana Rais

Jesse Alt



100mg/kg PDDC chow reduces EV release in 
acute in vivo assay

0 days 2h after injection

Collect plasma for 
EV measurements

Begin dosing
100mg/kg chow

-6 days

IL-1β
injection

91% reduction of EV release

Seung-Wan Yoo
JHU- Neurology
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100mg/kg PDDC chow significantly inhibits ex 
vivo brain nSMase2 activity
§Ex	vivo nSMase2	brain	activity	was	measured	in	the	IL-1β injected	mice	following	6	
days	of	100mg/kg	PDDC	chow	treatment
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Ajit G Thomas
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PDDC chow treatment in a tauopathy
mouse model of Alzheimer’s

7.5 8

Pathology and toxicity 
analysis

Begin vehicle 
acclimatization

Weekly body weight

3.5

Behavioral analyses:

Open 
field

Months of age: 8

Y-maze
Begin dosing
100mg/kg chow

4

§ 5XFAD mouse model does not have significant tau pathology

§ Phosphorylated tau levels in isolated exosomes may predict AD more effectively

§ Will test PDDC in the P301S (PS19) transgenic tauopathy mouse model



Evaluate 2 new models of tau propagation

Jackson	et.	al.,	2016

Injection Contralateral

Isolated	P301S	hTau protein

Asai et.	al.,	2016

AAV-P301LhTau-GFP

PS19/3xTg	mice C57/B6

Isolated	P301S	hTau seeded	into	PS19	mice	via	
unilateral	injection	into	CA3	hippocampus,	
propagation	evaluated	in	contralateral	hippocampus	
after	3	months.	
• Ahmed	et.al.,	Acta	Neuropathol,	2014.
• Jackson	et.	al.	J.	Neurosci,	2016.
• Iba .	Al.,	J.	Neurosci,	2013.
• Goedert,	Eisenberg,	Crowther,	Annu Rev	Neurosci,	2017

P301L	hTau DNA	introduced	into	MEC	of	WT	mice	via	
AAV-vector,	tau	propagation	observed	across	the	
dentate	gyrus	of	hippocampus	after	1	month.
• Asai et.	al.,	Nat	Neurosci,	2015.
• Cook	et.	al.,	Hum	Mol	Genet,	2015
• Jaworski	et.	al.,	Plos One,	2009

PDDC

PDDC
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Next steps

20

Pathological tau 
spreading analysis

Inject AAV-
hTauP301L

Weekly body weight

16Weeks of age:

Begin dosing
100mg/kg chow

16

28

Pathological tau 
spreading analysis

Inject P301S 
tau

Weekly body weight

16Weeks of age:

Begin dosing
100mg/kg chow

16

P301S	
hTau
Protein 3xTg

PS19

AAV-hTau
Viral	
Vector

C57/B6

2210Weeks of age: 10



Summary 
vIdentified PDDC, a potent, selective, orally available and brain penetrant nSMase2 inhibitor

vPDDC dose-dependently inhibited extracellular vesicle release both in vitro and in vivo

vIn preliminary studies, PDDC led to improved cognition in an amyloid mouse model of AD

vOngoing studies examining tauopathy mouse models and more targeted tau propagation 
mouse models
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