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Fig. 1. Natural history of AD with treatment possibilities.
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a | Once bound to the RNA, antisense oligonucleotides (ASOs) can form an RNA-DNA hybrid that becomes a
substrate for RNase H, which results in target mRNA degradation. b | ASOs targeting the AUG start site can
block the binding of RNA binding protein complexes, such as ribosomal subunits, suppressing translation of
target mRNA. ¢ | In diseases caused by a toxic RNA gain-of-function mechanism, ASOs designed to bind
complementarily with high-affinity to untranslated regions can prevent binding and sequestration of RNA-
binding proteins by steric hindrance. d | ASO binding to splice sites or to exonic or intronic inclusion signals
results in skipping or inclusion of the targeted exon. e | Translation of the upstream open reading frames
(uUORFs) typically inhibits the expression of the primary ORF. ASOs binding to the uORFs are able to increase

the amounts of protein translated from a downstream ORF.
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* PD-: Genetic ablation and pharmacological LRRK2 inhibition have
demonstrated promise in blocking a-synuclein (a-syn) pathology -
LRRK2 Antisense Oligonucleotidese(ASOs)

* Tauopathies. Human tau is encoded by MAPT: 3R tau, 4R tau. A
treatment approach aimed at selectively modulating tau splicing
to lower the levels of the 4R isoform has been proposed.

Molecular Therapy: Nucleic Acids 2017;8:508-519
Nature Review Neurology 2018; 14: 9-21. d0i:10.1038/nrneurol.2017.148

* C90rf72. A GGGGCC hexanucleotide repeat expansion in the non-
coding region of the C90rf72 gene accounts for ~40% of all
inherited forms of ALS and FTD in studies of panEuropean, North
American, and Australian patient populations. The proposed
mechanisms of pathogenesis include loss of C9orf72 protein
function. Another proposed mechanism of toxicity is the
production and accumulation of aberrant dipeptiderepeat (DPR)
proteins translated from the hexanucleotide repeat RNA.

In vivo administration of ASOs targeting the C9orf72 hexanucleotide
expansion selectively reduced the repeatcontaining RNA levels via a
RNase Hdependent mechanism, decreased both soluble and
insoluble DPR proteins, and significantly attenuated the behavioural
deficits in transgenic mice, but preserved levels of alternatively
spliced C90orf72 proteinencoding isoforms that do not include the
repeats

Molecular Therapy: Nucleic Acids 2017;8:508-519
Nature Review Neurology 2018; 14: 9-21. doi:10.1038/nrneurol.2017.148
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A schematic representation of alpha-synuclein accumulation and spreading from the ENS towards the brain.
Environmental factors such as microorganisms, including the gut microbiota, and toxins like pesticides might start a
pathological process within enteric nerve cell plexus, causing mucosal inflammation and oxidative stress and thereby
initiating alphasynuclein accumulation. The vagal nerve might provide a path for the spread of alpha-synuclein
pathology from the ENS to the brain through the brainstem, midbrain, basal forebrain and finally the cortical areas.

- Brain Gut Axis

European Journal of Pharmacology

05/03/61



+ +t

Motor dysfunction Limited Enhanced
and pathology pathophysiology motor
dysfunction
\L A
AL,
N Disease-
5 ’\ competent
hort microglia |No short "
chain . chain fatty :;;r:;l“l:e
fatty acid acid
signaling signaling
]
o\ g
\CO
o
]
[09) - = Q
Typical _ PD-derived
Microbiota e Microbiota

- Gut microbes promote a-
synuclein-mediated motor deficits
and brain pathology

- Depletion of gut bacteria reduces
microglia activation

- SCFAs modulate microglia and
enhance PD pathophysiology

- Human gut microbiota from PD
patients induce enhanced

motor dysfunction in mice

Neurogenesis.
Newrotransmission.
Newrvinflammation

Catecholamines

Neurobiology of Stress 2017; 7 : 124-136.

Key communication pathways of the
microbiotaegutebrain axis. There are
numerous mechanisms through which the
gut microbiota can signal to the brain.
These include activation of the vagus
nerve, production of microbial antigens
that recruit immune B cell responses,
production of microbial metabolites (i.e.
short-chain fatty acids [SCFAs]), and
enteroendocrine signaling from gut
epithelial cells (e.g., I-cells that release CCK,
and L-cells that release GLP-1, PYY and
other peptides). Through these routes of
communication, the

microbiotaegutebrain axis controls central
physiological processes, such as
neurotransmission, neurogenesis,
neuroinflammation and neuroendocrine
signaling that are all implicated in stress-
related responses. Dysregulation of the gut
microbiota subsequently leads to
alterations in all of these central processes
and potentially contributes to stressrelated
disorders.

5-HT serotonin, CCK cholecystokinin, GABA
g-aminobutyric acid, GLP glucagon-like
peptide, IL interleukin, PYY peptide YY, TNF
tumour necrosis factor.
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Dietary phospholipid
precursors and cofactors
can increase neuronal
membrane formation and
function, and reduce
inflammation, affecting
both the ENS and CNS and
reducing

motor and non-motor
abnormalities in PD.
Probiotics, prebiotics
and/or synbiotics might
impact the gut microbiota
composition, enhance
intestinal epithelial
integrity and reduce the
pro-inflammatory
response, impacting
initiation or progression of
the neurodegenerative
process.
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Clinical and preclinical evidence for the antidepressant and anxiolytic properties associated with Largeting the gut microbiota | modified from reference (She

Behavioural sulcomes Physiological outcomes 1

Clinical evidence
B-GOS Incressed cognitive processing of pesitive versus  Reduced] cortisol awakening response [}
negalive allentional vigilinee .
Lactobacillus casei strain Shirota Reduced anxiety scores in patients with chronic  Increased numbers of Lactobocilfus and Bifidobocterium in feecal |
Latigue syndrome samples
mood in individuals with 2 low mood  NA []
prioe to Laking the probotic :

Probiotic formulation: Reduced psychologscal distress a3 measured by Reduced 24-h UFC levels |
Lactobacillus hefveticus and  the HADS '
Bifidobacterium longum

Multispecies probiotic Reduced cognitive processing of cad mood:

NA . [}
formulation: Lactobacillus snd decreased ggressive feelings sd ruminatson Neuroblology of Stress 2017;7 : 124-136
Bififobacterinm species
Preclinical evidence
Prebiotic- FOS and GOS Antidepressant and anxiolytie-like effects in adult Increased BDNF. NR1 and NR2A mRNA. and protein expression in |
rnice. Reversed the behavioural effects of chronic the dentate gyris and frontal cortex :
PS)!LMOI.I.I] AFedd if e Reduced acute and chronse streds-induced corticostérone relesss.
Modified specific gene expression in the hippocampus and
hypothalamus. Reduced chronic stress-induced elevalions in pro-
inflammatory eytokines levels
Prebistic- ¥ Sialyllactose and

Estalyllactose Anxiolytic effect in mice exposed 1o SDR Prevented SDR-mediated redhaction in the number of immature |
neurons :
Prebiotic- GOS & polydextrose  Reduced immaobility time of maternally separated [mproves Enha eep and Altemate |
with Lectoferrin (LI and milk rats in 2 forced Swiem fest the Stress-Induced Decrexse in Diurnal Temperafure
Eat globule membrane Anenuated exaggerated IL-6 response in maternally separated :.ﬁ-’
Bifidobecteriwm infantis following concanavalin A stimulation
Bifidobocterium breve Improved depressive and anxiety-related No effect upon cinculating corticosterone -f
Behaviours in mice :
Bifidebasterium bomgum Asnsiolytic effect in step-down inhiba inlytic effect mediated via the vgus nerve i
avoidance 2
Lacrobacifius plengarem P5128  Reduced immobility ime and increased sucrose  Derreased basal and Sress-induced circulating coricosienons (]
preference in ELS mice levels; amemeated circulating THF-2 and IL-6 levels while :
inereasing IL-10 levels in ELS mice
Lactobacillus rhamiasas Reduced immobility tme in the foroed Swism (251 Deécréased disced eareul sty i i aed |

Decreased stress-induced ansdery-like bebaviour altered central GABA receptor subunil expression H
Amemuated chronic siress-related activation of dendritic cedls ]
while increasing [L-10 + regulatory T cells 2
Lactobacillus ferménlurm NSO Reduced icillin-induced inxieny > Decreased scillin-induced x ion and i
increased hippocampal mineralocomicoid recepton and NMDA
receptor levels
Butyric acid EReduced immobility time in Flinders sensitive line Increased BDNF expression within the prefrontal comex. ]
rats 10 & foreed swirm tese




Table 1. Psychobiotics in Rodent Models of Dysfunction
Madsl Inducti Psychabioti Species Effects relative to R

Alzheimer's A By _sz-induced Prehictic, Male 1 Cognitive il
dizease neurotoxicity chitosan Sprague-Dawiey function (Morris
oligosaccharide rats (n=12) water maze), |

cytokines {fumour

Amyotrophic High level of Prehiatic, Male transgenic | Motor neuron I
lateral sclerosis mutant human galacto- AlZ mice (n=12]  death, | muscular
SDDlwgane oligosaccharides atrophy, | serum

Autism spectrum Matemnal immune Probiotic, Offspring of T Intestinal I
disorder activation Bactercides pregnant permeahility, |
fragilis C57BL/BN mice pro-nflammatory
{n = 9-75/group) cytokines
(interleukdn-6), |
amaety (open field
test), | repetitve
behaviour (marble
burying), 1
A
(calling), 1
sensonmotor
gating (startie
inhibition)

Trends in Neurosciences 2016;39(11): 763-781

Table 2. Some methods that using to delay the p of s
Products Description Components Foods contain them
Probiotic Live microorganisms confar a haalth banafit - Lactobacillus acidophilus Yoqurt, Soy yogurt
and boost the host immunity - Lactobacillus casel fermented dairy products
- Lactobacillus plantarum Miso®, Saverkraut®
- Lactobacillus rhamnosus
- Bifidobacterium animalis
- Bifidobacterium lactis
- Bifidobacterium longum
Prebiotic Chemical sub digestible foods Mostly come from Bananas, Onions, Garlic, Leeks,
that make their way through our digestive carbohydrate fibers called Asparagus, Whole wheat, Barley,
system and help good bacteria grow and oligosaccharides Rye, Inulin®

flourish. Prebiotics help feed and keap
beneficial bacteria healthy

NSAIDs A drug class that groups ingether drugs: Aspirin, indomethacin, Apples, Avocados, Blueberries,
provide analgesic (pain-killing) ibuprofen, f B ii, Caulifiower, Cherries, Chili
and antipyretic (fever-reducing) effects, diciofenac, piroxicam, peppers, Cucumbers, Dates,
and, in higher doses, anti- calecoxib, nimesulid Eggplant, Figs...
inflammatory effects

GSPE’ An industrial derivative of whole grape seeds Catechin, gallic acid, Grape seeds
used as a dietary supplement with epicatechin,
widespread health benefits proanthocyanidin dimers,

larger oligomers

* Kombucha—slightly effervescent drink that is brewed with tea and sugar and fermented into a liquid_ This beverage originated in China nearly
2000 yaars ago.

B Kimchi—a traditional Korean lacto—fermented condiment made from cabbage.

© Miso is made by adding an enzymatic cullure to a soybean base and often a grain.

9 Sauerkrautis cabbage that has been salted and lacte-fermented over a period of weeks.

® lnulin is a natural prebiotic fiber that is found in over 36,000 plants worldwide.

! GSPE—grape seed polyphenol extract.

Protein Cell 2017, 8(2):90-102
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Sixty adults diagnosed with MCI or mild to moderate AD received placebo (n = 20), 20 IU
of insulin detemir (n = 21), or 40 IU of insulin detemir (n = 19) for 21 days, administered
with a nasal drug delivery device. Results revealed a treatment effect for the memory
composite for the 40 U group compared with placebo (p < 0.05). This effect was
moderated by APOE status (p < 0.05), reflecting improvement for APOE-4 carriers
(p < 0.02), and worsening for non-carriers (p < 0.02). Higher insulin resistance at baseline
predicted greater improvement with the 40 IU dose (r = 0.54, p < 0.02). Significant
treatment effects were also apparent for verbal working memory (p <0.03) and
visuospatial working memory (p < 0.04), reflecting improvement for subjects who
received the high dose of intranasal insulin detemir. No significant differences were found
for daily functioning or executive functioning. In conclusion, daily treatment with
40 U insulin detemir modulated cognition for adults with AD or MCI, with APOE-related
e differences in treatment response for the primary memory composite. Future research is
needed to examine the mechanistic basis of APOE-related treatment
differences, and to further assess the efficacy and safety of intranasal insulin detemir.
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Journal of Alzheimer’s Disease 2015;44: 897-906
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Mechanisms involved in Alzheimer's disease that are likely
promoted by brain insulin resistance and a lack of brain

insulin and counteracted by intranasal insulintherapy
Intranasal Insulin in Alzheimer’s disease:

Neurophatmacology 2017:1-6
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Compound
ANI 17922

CADI106*
Bapineuzumab®
Solanezumab™
Ponezumab®
Gantenerzumab®’
Crenezumab®
Semagacestat™
Avagacestat™
GRL-834
TAK-070°®
CHF3074%
DAPT *

Curcumin®

Table 1. Compounds targeted to anti-beta-amyloid treatment

Target/treatment

Vaccine — active immunization

Vaccine — active immunization
Beta-amyloid monoclonal antibody
Beta-amyloid monoclonal antibody
Beta-amyloid monoclonal antibody
Beta-amyloid monoclonal antibody
Beta-amyloid monoclonal antibody
Gamma-secretase inhibitor
(Gamma-secretase inhibitor
Beta-secretase inhibitor
Beta-secretase inhibitor
Nonsteroid antinflammatory agent
Prototypal gamma-secretase inhibitor

Anti-amyloid aggregator

Current phase

Interrupted at phase I (severe side effects as
meningoencephalitis)

Phase I (ongoing)

Phase III (ongoing)

Phase III (ongoing)

Interrupted at phase II (no efficacy)
Phase 1 (ongoing)

Phase I (ongoing)

Interrupted at phase III (no efficacy and risk for skin cancer)
Phase Il {(ongoing)

Ongoing

Ongoing

Ongoing

Ongoing

Ongoing

DAPT, [N-(3, 5-Difluorophenacetyl)-L-alanyl]-S-phenylglycine t-butyl ester

Indian J Med Res 138, October 2013, pp 449-460
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p-secretase

B-secretase inhibitor

‘ Y
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y-secretase inhibitor
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Imunotherapy
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> )
Neuritic plaque ﬂ .

i..ﬁ - 4m  Neuroprotective agents

Fig. 2. Stages of amyloid (Af) beta production with possible targets for reatment. Red arrows indicate possible interventional targets with

respective agent.

Indian J Med Res 138, October 2013, pp 449-460
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Table 1L Overall pharmacologic treatments other than anti-amyloid therapy under research for Alzheimer’s disease!'-=2**

Neurotransmitter-based

Agents under rescarch

Acetylcholine

Serotonin
Norepinephrine/Dopamine
GABA

Gilutamate

Glyeine

Glial modulating drugs
Drirect glial target

RAGE receptor antagonists
TNF alpha antagonists
Neuroprotection
Antioxidants
Miscellancous

Anti-tau or tau modulators

Microtubule stabilizers

Kinase inhibitors {GSK-3,. GSK-3,, CDK 5}

Miscellaneous

ST 101, AF 2678, ABT 089, AZD 3480, MEM 3434, EVP-6124, Posiphen,
Huperzine

5-HT4 partial agonists, 5-HT1A agonists/antagonists, 5-HT6 antagonists
MAD A and MAOQ B inhibitors

GABA, antagonists

AMPA potentiators

Partial agonists

G and GM C5F, Nitroflurbiprofen, OMO-2506, Tacrolimus
TTF 488
Enbrel

Vitamin C and E, alpha lipoic acid, CoQ10

Phosphodiesterase inhibitors, PPARy agonists and insulin, SIRT1 activators,
Growth factors (BDNF and NGF), Dimebon

MWAP {AL-108) and Methylene blue (Rember)
Lithium, AZD- 1080, minocycling

Phosphodiesterase-4 inhibitors, immunotherapics

GABA, gamma-aminobutyric acid; RAGE, receptor for advanced glycation endproducts; TNF, tumor necrosis factor: GEE,
glycogen synthase kinase; CDK, cyclin-dependent kinase; 3-HT (4, 1A and 6). S-hydroxytryptamine (receptor subtypes); MAO (A
and B), moncamine oxidase (A and B subtypes); AMPA, o-amino-3-hydroocy-5-methyl-4-isoxazolepropionic acid receptor; PPAR,
peroxisome proliferator-activated receptors; SIRT], sirtwin {silent mating type information regulation 2 homolog)-1; BDNF, brain-
derived neurotrophic fator; NGF, nerve growth factor; NAF, neuronal microtubule-interacting agent (a peptide of cight amino acids,

NAPVSIPQ)

Indian I Med Res 138, October 2013, pp 449-460
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Venaxia M Walker,' Ned M Davies,' Tim Jones,” Patrick G Kehoe,*
Richard M Martin'*

BMJ Open 2016;6:
e012044.
doi:10.1136/bmjopen-
2016-012044

BMJ Open 2016;6: €012044. doi:10.1136/bmjopen-2016-012044
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Epigenetics of Brain Disorders: The
Paradigm of Alzheimer’s Disease

* Over 80% of brain disorders are associated with multiple
genomic defects in conjunction with environmental factors
and epigenetic phenomena.

* Classical epigenetic mechanisms, including DNA
methylation, histone modifications, and microRNAs
(miRNAs) regulation, are among the major regulatory
elements that control metabolic pathways at the molecular
level, with epigenetic modifications controlling gene
expression transcriptionally and miRNAs suppressing gene
expression post-transcriptionally. Epigenetic modifications
are related to disease development, environmental
exposure, drug treatment and aging.

* Epigenetic changes are reversible and can be potentially
targeted by pharmacological intervention

Cacabelos, J Alzheimers Dis Parkinsonism 2016, 6:2




Epigenetics of Brain Disorders: The
Paradigm of Alzheimer’s Disease

Pathogenic genes Locus ‘ Promoter length (bp) 3'UTR length Defective protein ‘ Methylation
APQE apolipoprotein E 19q13.32 996 - apolipoprotein E Hypomethylated
APP .
amyloid beta (A4) precursor protein 219213 1086 1176 amyloid beta (A4) protein Hypomethylated
BACE1 11923.2-q23.3 987 3994 beta-secretase 1 Hypomethylated
beta site APP cleaving enzyme 1 aes.=q P Y

CREB .
GAMP response element binding protein 1 2q33.3 1026 - cAMP response element binding protein 1| Hypomethylated
MAPT microtubule-associated protein tau 17921.31 1094 - microtubule-associated protein tau Hypermethylated
MTHFR methyrs ::GE;?W dropholate 1p36.22 959 - methylene tetrahydropholate reductase Hypermethylated
NCSTN nicastrin 1922-g23 922 766 nicastrin Hypermethylated
MME ‘metallo- 3g25.1-g25.2 972 3330 neprilysin Hypermethylated
PP2A protein phosphatase 2 9q34 981 1598 sennallhrenmne;;:ﬂrri}::izrphospharase 2A Hypomethylated

PSEN1 o
presenilin 1 14q24.2 929 1198 presenilin 1 Hypomethylated
S100A2
$100 calcium binding protein A2 1921.3 902 400 [ protein S$100-A2 Hypomethylated
SORBS3 R

sorbin and SH3 domain containing 3 8p21.3 972 939 vinexin Hypermethylated
SPTBN4 spectrin beta nonerythrocytic 4 19q13.13 947 993 spectrin beta chain, non-erythrocytic 4 Hypermethylated
TBXAZ2R thromboxane A2 receptor 19p13.3 983 1335 thromboxane A2 receptor Hypermethylated
TMEM59 transmembrane protein 59 1p32.3 1016 628 transmembrane protein 59 Hypomethylated

Table 1: Gene methylation pattemns in Alzheimer's disease.

Cacabelos, J Alzheimers Dis Parkinsonism 2016, 6:2

DNA methyitransferase inhibitors

5 Azs-2'-deaxyoytidine {Decltabine)

&-Azacytidine (Azachiding)

Small molecules
Hydralazine
Procainamide

RG108 [2-1.3-dinxo-1.3-dihydro-2H-dsaindol-2-41)-3-(1H-indol-3-f)propancic acid])

Matural procucts
‘Curcumin derivatives
R

sa1027
Psammaplins
Tea polyphenols
Epigallocatechin-3-galiste
Catechins
Catechin
Epicatechin
Bioflavonoids:

Piualoylaxymethyl butyrate {AN-0, Pivansx)
Hydroxamic acids
Suberoylanilide hydraxamic acid (SAHA, Vorinostat)
Oxamflatin
ramide
Trichostatin A (TSA)
m-Carbaxycinnamic acid bis-hydraxamide (CEHA)

Derivatives of the manine sponge Psammaplysila purmurea

NVP-LAQB24
NVP-LBHEEY
L8H-589 (Panohinostat)
1TF2357 (Ghvinostat)
PXD101 (Belinostat)
JHJ-26481585

Cyelic paplides
Romidepsin (Depsipeptide, FRO01228)
Apicidin

Eyclic hydrozamic ackd-containing peptides (CHAPS)
Trannyin A and R

Histone acetyitransferase modulators

‘Garc
Histone aceyltran:

Non-coding RNAs

RNAI
Other potential epigenetic treatments

DOTIL hisione methyiransierase inhibiors
EPZ

hors
‘Curcumin (Diferuloyimethane)
Lys-Cak

H3-CoA-20

Anacardic acid
inol

phenyl)-2-etoxy-&-pentadacyt-benzamice
1h (SPV-106)

'S Adanosyimethianing (SAMe)
P

Chaetocin

BX.01284

BIX-01338

UNCOZ24.

£2H2 (KMTE) inhibitors.
eazaneplanocin A

Argining methylransterase Inhibitors
Histone demethylase inhibitors.

yicypramine
s

D1) inhibitors

sociatd proteing

004777
EPZS676

SGCOE
EZHZ histone methylransierase inhibitors
@sK128

@sKsa3
EP2005837
EP2.8433
El

UNC1809
GOA histone methyliransferase inhibitors

BIX120¢

UNCa321

UNCOE38.

ABRaTIn
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Phase | Drug Metabolism
Genes

Phase |l Drug Metabolism
Genes

Phase |Il Transporier Genes

Gene ‘ Locus I ibp) g Pathology lulyl-hn
ALDHTAZ 15g21.3 482 prnama cancer | Hypermethylated
head and neck cancer IHyperrnamylahed
CYP1AT 150241 1200 prostate cancer fetal growth riction (ioxdcs) N
smoking-related IHyparnamylahed
k
Hypermethylated
CYPIBT ool | cancer Hypomethylated
2pE2 2 1183 prostate cancer hapatoma cell lines H cthylated
[besast cancar Hypermethylated
witamin D deficency Hypermethylated
CYF2MAT 20q13 845 tumor-derived endothelial cells Hypermethylated
Hypermethylated
CYP2TB1 12q14.1 017 preast cancer chariocarcinoma lymphoma and |y permethylated
eukemia "
CYP2413 18g13.2 928 head and neck cancer ;
cYP2C18 10q24 1048 Drug resistance I
VP2E Farkinson's disease Hypomethylated
d 1 10q263 918 toluene expasure | Hypomethylated
CYP2R1 11p15.2 1026 witamin D deficency | Hypermethylated
Hypomethylated
CYP2WT 223 834 ﬁulnracial e:mer bladder, breast. thyroid cancer H ethylated
iver, stomach cancer Hypam)amylm
CYPTB1 8g921.3 1052 prostate cancer Hypomethylated
GSTM1 1p13.3 200 head and neck cancer Hypermethylated
toluene exposure Hypomethylated
hepatoma cells Hypermethylated
GETP1 11913 ase cancer H cthylated
breast cancer t
NAT? Ap22 2132 breast cancer ;
SULT1A1 16p12.1 1086 braast cancer ;
UGTIAZ 5p13.2 1076 _hepatoma celis | Hypermethylated
ABCAT 18p13.3 BET |Alzheimer's disease | Hypomethylated
ABCB1 7q21.12 906 breast cancar o Hypermetnylated
ABCCE 16p13.1 a75 bladder cancer Hypermethylated
ABCG2 4gq22 1199 T-cell acute lymphoblastic leukemia cell lines Hypomethylated
SLC1841 219223 1040 ICNS lymphomas Hypomethylated
SLC2243 6025.3 1034 prostate cancer Hypermethylated
SLC24A4 14g32.12 1029 Alzheimers disease Hypomethylated

Cacabelos, J Alzheimers Dis Parkinsonism 2016, 6:2
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Current status of selected ann-Alzhelmer's drugs in clinical trials.

Drug Mechandsm of action Clinical stage Status
AN-1782 Anri-Af vaccine Phase Il Discontinued
CAD106 Anti-AR vaccine Phase Il Terminated
ACC-001 Anti-AR vaccine Phase Il Terminated
Bapineuzumab Humanized monoclonal anti-AR antibody Phase 11l Discontinued
Solanezumab Humanized monoclonal anti-AR antibody Phase Il and HjIN Ongoing
Gantenerurmab Hurmanized monoclonal anti-AR antibody Phase I Ongoing
Crenezumab Humanized monoclonal anti-AR antibody Phase Il Ongoing
VIG Human palyclonal anti-AR antibody Phase 11l Ongoing
GSKI33776 Humanized monoclonal anti-AR antibody Phase 1 Terminated
BAN-21 Humanized monoclonal anti-AR antibody Phase 1Il Ongoing
AADVAC] Anbi-tau vaccing Phase 1 Ongoing
ACl-35 Anti-tau vaccine Phase 1 Ongoing
Semagacestat +f-Secretase inhibitor Phase Il Discontinued
Avagacestat +-Secretase modulator Phase Il Discontinued
Begacestat +-Secretase modulator Phase 1 Terminated
MNICS-15 +-Secretase modulator Phase Il Ongoing
CHF-5074 +-Secretase modulator Phase Il Terminated
MK-8331 [B-Secretase inhibitor Phase Il Ongoing
LY2886721 B-Secretase inhibitor Phase Il Discontinued
AZDY 3293 B-Secretase inhibitor Phase 1l Ongoing
L¥3314E14 [B-Secretase inhibitor Phase Il Ongoing
E2E09 B-Secretase inhibitor Phase I Ongoing
Tideglusib GSK-3[ inhibitor Phase Il Terminated
Intranasal Humulin B GSK-3[ inhibitor Phase Il Ongoing
Intranasal glulizine GSK-3[ inhibitas Phase Il Terminated
Idalopirdine with donepezil 5-HTs recepior antagonist Phase Il Ongoing
SE742457 with donepezil 5-HTe recepior antagonist Phase Il Terminated
ABT-288 Ha receplor antagonist Phase Il Terminated
GSK239512 Hy recepror antagonist Phase Il Terminated
Azeliragon RAGE Imhibiror Phase 11l Ongoing
Encenicling a7-nAChE inhibitor Phase 11l Ongoing
Nivaldipine Calclum antagonist Phase 11l Ongoing

J. Godyn, et al. Pharmacological Reports 2016;68: 127-138

J. Cummings et al. Alzheimer’s &

Disease- Moditying Dementia: Translational Research & Clinical
e Interventions 3 (2017) 367-384
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Fig. 1. Agents in clinical wials for the reatment of Alzheimer's disease in 2017 (from clinicalinials pov accessed 1/S2017). Abbreviations: ATP, adenosine
triphosphate: BNC, bisnorcymserine; GM-CSE, g 5 sphiage coloay-sti factor; OAA, oxaloacetste; IVIG, inravenous immunoglobulin;
SLAT, simvastatin + L-arginine + tetrahydrobiopterin.
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Agents currently in phase | of Alzheimer's disease drug development (as of WS201T) (Continaed )

Clinicaltrials gov
Agent Agent mechanism class Mechanism of action identifier Status Sponsor Startdate  Estimated end date
MEK-8931 (verubecestat) Anti-amylosd BACE ihabitor NCT01953601 Active, not Merck Nowv-13 Mar-21
recruiting
NCTOIT30348*  Active. nol Merck Now=12 Jul-19
necruiting
MEK-1305 (suvarexant) Newrotransmitier based Dual orexin receptor NCTO2750306 Recruiting Merck May-16 Jul-17
antagonist
Nahalone Newrotransmitier based Cannabinoid (receptor agent)  NCTU2351882*  Recruiting Sunmybrook Health Sciences Jan-15 Dee-17
Centre
Nilvadipine Anti-Amyloid Calcm channel blocker NCTO2017340 Active, not St James" Hospital Ireland, Det=12 Dee-17
recruiting Aleheimer Europe, Archer
Pharmaceuticals
Poglitazome Metabolie PPAR-gamma agonist, st NCTO2284906  Recruiting, Takeda Febe15 Apr2l
amyloid effect Extension
NCTO1931566 Active, not Takeda Aug-13 Jul-19
recruiting
BVT-101 {intepirdine) Newrotransmitier based 5-HT6 antagonist NCTU2585934 Recruiting Axovant Seiences Det-15 Oer17
NCTO2586909 Recruiting, Axovant Seiences Ape-16 Jun-1%
Extension
Sodium Oligo-mannurarste  Antisamyloid NCTOZ203018  Recruiting Shanghai Greenvalley Ape1d May-17
(G971 Pharmaceutical
ylosd NCTOITE0005*  Active, nol Washington University, Eli Dec-12 Dee-19
recruiting Lilly, Roche, NIA,
Alzheimer's Assocaation
NCTO2008357 Recruiting Els Lilly, ATRI Feb-14 Oer2i
NCTO1127633 Active, not Els Lilly Dec-10 Feb-17
recruiting,
Extension
NCTO1900665 Active, not Els Lilly Juk13 Feb-17
recruiting
NCTOZ760602  Recruiting Eli Lilly Junelt Apr2l
TRA0237 Asnti-tau Tan protein aggregation NCTUZ245568  Recruiting, TauRx Therspeutics Augeld SeprelT
inhibitor Extension
TPA48 (azebragon) Anti-amyloéd, ani- amyloid RAGE NCTOZ080364  Recruiting Ty Therapeutics Ape18 Juel
inflammatory antagonisl NCTO2916056 Mot vet Dec-16 MNov-200
recruiting

Abbreviations: ATRI, Aleheimer's Therapeutic Research lnsitute; BACE, fesite amy loid precursor protein cleaving enzyme; NIA, Narional Instinute on Aging: PPAR, peroxisome proliferatoe-activated re-
ceplor; RAGE, receptor for advanced glycation end products.
NOTE. Twenty-sight agents in 42 phase 111 elinical trials as of January 5, 2017 acconding 1o clinicalirials gov.
*Phesse IV rials. Bolded = new entries into the 2017 phase [ pipeline.

J. Cummings et al. Alzheimer’s & Dementia: Translational Research & Clinical Interventions 3 (2017) 367-384

Ageats currently in phase 1| of Alzheimer's disease drug development (as of 152017

Clinicaltrials gov Estimated
Agent Agent mechanism class  Mechanism of Action identilier Stans Sponsar Startdate  end date
AADwacl Antieta Mosoclkonal antibody NCTO2579252  Recruiting Axon Neuroscience Dec-15 Feb-19
ABBV-RE12 Anti-tau Moaoclonal antibody NCTU2880956  Recruiting Vie Oct-16 Mar-21
ATP Antieanyloid Lahibits amyloid misfolding NCTO2279511 Active, not recruiting  Fundacid Clinic per I Novel4 Novelf
1y Recerca Biomédica, Spain
AD-SVF cells Regenerative AD-SVF cell infusion NCTO2912164%  Recruiting Ageless Regenerative Institute Now-15
ANAVEX 2.73 Neuroprotective Sigma-1 recepior agonist NCT2244541 Active, not recruiting  Anavex Life Sciences Dec-14
NCTO2756858  Recruiting, exlension Mar-16
Aromoxetine Anti-amyloid Adrenergic uptake inhibitor, SNRI  NCTOIS22404  Active, not recruiting Emory University, NLA Mar-12
AVPTEG Meurowansmitter based  Mixed transminer effect NCTO25MO038  Recruiting Avanic 015
AZISH0 (saracatinib)  Antieamyloid Kinase inhibitor NCTO2167256  Active, not recruiting Yale University, ATRL Dece14
AstraZeneca
BAC Undisclosed Undisclosed mechanism NCTO2S86404  Not yet recruiting Charsire Biotechnology Nov-16
NCTO2467413  Not yet recruiting Charsire Biotechnology, Mar-16
A2 Healthcare Taiwan
Corporation
BAN Antieanyloid Moaocloaal antibody NCTU1767311 Recruiting Eisai Dece12 Juk18
Benfotiamine Metabolic Antioxidant NCT02292238 Recruiting BHurke Medical Research. Nov=14 Novel9
Institute, Colurnbia
University, NIA, ADDF
BLA0S306 94 inhibitor NCTU2240603  Recruiting Boehringer Ingelheim Jan-15 Oct-17
NCTOZ337907  Recruiting Boehringer Ingelheim Jan-15 Oct=17
Bryostatin 1 Neuroprotective Protein kinase C modulator NCTUZ431468  Acive. ool recruiting Neurotope Bioscience Juk15 May-17
Candesart i receptor blocker NCTO2646982  Recruiting Emmory University Tune16 Sep21
anti-inflammatory
CB-AC-02 Regenerative Sten cell therapy NCTO2599001%  Not yet recruiting CHA Biotech Co. Sep-16 Jun-1§
(Placenta
derived-MSCs)
Cilostazol v 3 antagonist NCTU2491268  Recruiting National Cerebral and Juk15 Juk18
Cardiovascular
Center, Japan
CPC-201 Neuroprotective Cholinesterase inhibitor + NCTO2549106  Recruiting Chase Pharmaceuticals Oct-15 Dec-16
peripheral cholinergic NCTOZAM666  Active nol recruiting,  Chase Pharmaceuticals Jan-15 Dec-16
antagonist Extension
NCTU2S60065 Mot yet recruiting Chase Pharmaceuticals Sep-16 Jun-17
[s b antibody NCTO1995841 Recruiting Geneatech, NIA Banner Dec13 Sepe200
Alzheimer's Instite
1812 Anti-amyloid Sigma-? receptor modulator NCTO20TS67*  Recruiting Cognition Therapeutics Sep16 May-17
DAOIB Neurotransmuitter based  NMDA enhancer NCTO2I03673  Recruiting Chang Gung Memarisl Feb-14 Sep-17
Hospital, Taiwan
NCTU2239003  Recruiting Chang Gung Memaril Jan-12 Dee-17
Hospital, Taiwan
Drunabinol Neuroiransmitter based  CB1 and €52 endocannabinoid NCTO2792257  Not yet recruiting Mclean Hospital, Aug-16 Decs20
receptor pantial agonist Johins Hopkins University
2600 Anti-amyloid BACE inhibitor NCTO2322021 Recruiting Eisai. Biogen Nov-14 Jan-18
(Continued }

J. Cummings et al. Alzheimer’s & Dementia: Translational Research & Clinical Interventions 3 (2017) 367-384
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3. Mechanisms of action of agents in phase 111, Abbreviation: BACE. f-site amyloid precursor prolein eleaving enzynd

[Mechanisms of action of agents in phase 11, Abbrevition: EACE, f-site amyloid precursor protein cleaving enzyme.

J. Cummings et al. Alzheimer’s & Dementia: Translational Research & Clinical Interventions 3 (2017) 367-384
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llustration of drug mechanism (phase Ill agents) and the proposed biology of
Alzheimer’s disease. (A) Amyloid cascade. (B) Downstream pathophysiology.
Abbreviation: BACE, b-site amyloid precursor protein cleaving enzyme
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Table 5

Biomarkers as outcome measures in phase [1and phase 11 trials for agents in
the Alzheimer’s discase dmg development pipeline (clinicalirials. gov; WISf
2007

M of trials (%)

Biomarker Phase 111 Phase 11

CSF amyloid 12 (28.6) 17 (25.00
C5F tan 13 (31.00 L6 (23.5)
FDG-FET 50119 IO (1473
wMERI 90214 6 (B8]

Flasma amyloid 4 (9.5) 5(74)

Plasma tan i 1il.5)

Amyloid PET L3 (31.00 6 (B8]

Tan PET L i2.4) ]

Abbreviations: CSF, cerchrospinal fuid; FDG, Auorodeoxyglecose; PET,
positron emission tomography; vMRL volumetric magnetic resonance imaging.

J. Cummings et al. Alzheimer’s & Dementia: Translational Research & Clinical Interventions 3 (2017) 367-384

Table &
BACE inhibitors in clinical trials for AD

BACE inhibitors currently in phase I or 11 of development

Agent {sponsor) Clinicaltrials.gov identifier (trial name)  Phase  Population Start date  Estimated end date
CNP320 (Novartis) NCTI2563511 (GENERATION) VT Asympiomatic (homozygote APOE edfed) 112015 0872023
E2609 (Eisai) NCTI2322021 il MCT to moderate AD 12004 0172018
NCTO2956486 (MISSION-ADI) il MCT to mild AD 1072006 062020
INIG4R61911 (Janssen)  NCTO2406027 il MCT to mild AD 072015 12022
NCTO2569398 IV Preclinical (amyloid positive) 12005 052023
LY3202626 (Lilly) NCTO2791191 (NAVIGATE-AD) il Mild AD 062016 082018
LY3314814 (Lilly) NCTO224573T (AMARANTH) VI MCI to mild AD 02014 &2019
NCTO2783573 (DAYBREAK ALZ) il Mild AD 206 082021
Verubecestat (Merck) NCTO1739348 (EPOCH) IV Mild to moderate AD 12002 062017

Abbreviations: AD, Alzheimer's disease; BACE, fsite amyloid precursor protein cleaving enzyme;, MCI, mild cognitive impairment.

Table 4

Mumber of participants needed for AD clinical trials

Participant type Phase I Phase I Phase II1 Total
Healthy volunteers B4 120 o 984
Preclinical AD [ 323 Ta50 B239
Prodromalfprodromal-mild AD 597 iRT7 17,535 22,009
Mild-moderate AD 626 4528 17,099 22,253
Severe AD 1] 568 20 588
Total 2153 W6 42 504 54,073

J. Cummings et al. Alzheimer’s & Dementia: Translational Research & Clinical Interventions 3 (2017) 367-384
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Immunotherapics in clinical trials for AD (clinical

v accessed 1/5/2017)

Agent Sponsor Target Trial phase Population
AADvacl Axon Neuroscience Anti-tau mAb 1 AD
AADvacl Axon Neuroscience Anti-tau mAb 2 Mild-moderate AD
ABBV-EEI2 AbbVie Anti-tau mAb 2 Early AD
Aducanumab Biogen mADb targeting multiple forms of AP 1 Healthy volunteers
Aducanumab Biogen mAb targeting multiple forms of Ap 1 Prodromal-mild AD
Aducanumab Biogen mADb targeting multiple forms of AP 1 Mild-moderate AD
Aducanumab Biogen mAD targeting multiple forms of Ap 3 Early AD
Aducanumab Biogen mAb targeting multiple forms of AP 3 Early AD
Albamin and immunoglebulin ~ Grifols Folyclonal antibody targeting multiple forms 3 Mild-moderate AD
of A
BAN2401 Eisai mAD targeting N terminal protofibrils 2 Early AD
CADIOG Novartis, NIA APy _s. active vaccine 2 AD, at risk
Crenczumab Genentech mAb targeting soluble oligomer and fibrillar 1 Mild-moderate AD
AR
Crenczumab Genentech, NIA. Academic mAb targeting soluble oligomer and fibrillar 2 ADAD
AR
Crenczumab Genentech mAb targeting soluble oligomer and fibrillar 3 Prodromal-mild AD
Af
Gantenerumab Roche mAD targeting aggregated AR 3 Mild AD
Gantencrumab Roche mAb targeting aggregated AR 3 Prodromal AD
Gantencrumab Roche, Lilly, Alzhcimer's mAb targeting aggregated AR 1 AD, at risk
Association
Solanczumab Lilly, Roche, Alzhcimer's mAD targeting monomeric Ap 21 AD, at risk
Association
KH6640 Kyowa Hakko Kirin mAb targeting aggregated AR 1 AD
Lu AF20513 Lundbeck 1 Mild AD
NewGam 10% IVIG Sutter Health Folyclonal antibody targeting muliiple forms 2 Ampestic MCT
of AR
LY2599666 & solanczumab Lilly Combination of BACE inhibitor and MAb 1 MCT due to AD
targeting monomeric AR
LY 3303560 Lilly 1 MCT due to AD-mild AD
LY30032813 Lilly 1 MCT due to AD
LY30032813 Lily 1 Mild-moderate AD
ROTI05T05 Genentech Anti-tau mAb 1 Mild-moderate AD
Solanczumab Lilly mADb targeting monomeric AP 3 Frodromal AD
Salanezumab Lilly mAD targeting monomeric AR 3 Preclinical AD
Solanczumab Lilly mADb targeting monomeric AP 3 AD
Solanezumab Lilly mAD targeting monomeric AR 3 Mild AD
UB-311 United Neuroscience mAD targeting N terminal AB_ 2 Mild AD

J. Cummings et al. Alzheimer’s & Dementia: Translational Research & Clinical Interventions 3 (2017) 367-384
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BE360, a new selective estrogen receptor modulator,
produces antidepressant and antidementia effects through
the enhancement of hippocampal cell proliferation in
olfactory bulbectomized mice.

Estrogen Receptor Estrogen Receptor
(Membrane) ? (Nucleus)
P-CREB-M
| BONF level B |

—1 =

———.

s ~— prolofe ra}JQﬂ j—g—
z—L/,__/"""—

Antidepressant and Antidementia Effects

Behavioural Brain Research 2015
http://dx.doi.org/10.1016/j.bbr.2015.10.033

BE360 was administered subcutaneously to mice using a mini-osmotic
pump for 2 weeks. Depressive-like behaviour was measured as the
reduced intake of a sweet solution in the sucrose preference test.
Short-term memory was assessed using the Y-maze test.

Cell proliferation was assessed by the analysis of cells expressing 5-
bromo-2’-deoxyuridine (BrdU) uptake. The expression of

phosphorylated cyclic-cAMP response element binding protein (pCREB)

and brainderived neurotrophic factor (BDNF) were measured by
immunoblot. The depressive-like behaviour and memory impairment
in OBX mice were improved by the chronic treatment with BE360.
Immunohistochemical analysis showed that the number of BrdU-positive

cells in the dentate gyrus of the hippocampus significantly decreased in OBX mice
whereas they increased after the chronic treatment with BE360.

Immunoblotting studies revealed that pCREB and BDNF were significantly increased
in the hippocampus of OBX mice treated with BE360.

The present study has shown that BE360 has antidepressant and antidementia
effects characterized by hippocampal cell proliferation potentially activated via

CREB/BDNF signaling pathways. These results indicate that BE360 may have valuable

therapeutic potential against depression and neurodegenerative diseases.
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Alzheimer's disease treatment

* Only 20-30% of patients with dementia respond appropriately to conventional drugs (tacrine, donepezil,

rivastigmine, galantamine and memantine).

Over 60% of Alzheimer’s disease (AD) patients present concomitant disorders susceptible of further

pharmacological treatment.

The onset of ADRs imposes the additional administration of other drugs to neutralize side-effects, this

multiplying the initial cost of the pharmacological treatment and the health risk for the patients.

Pharmacogenomics

= Approximately 60-70% of therapeutic outcomes depend upon pharmacogenomic criteria.

* Pharmacogenomic factors are responsible for 75-85% of the therapeutic response (efficacy/safety) in AD
patients treated with conventional drugs.

Genes potentially involved in AD Pharmacogenomics

* Genes associated with AD pathogenesis and neurodegeneration (APP, PSEN1, PSEN2, MAPT, PRNP, APOE and

others).

Genes associated with the mechanism of action of drugs (enzymes, receptors, transmitters, messengers).

Genes associated with drug metabolism (Phase | [CYPs] and Phase Il reactions [UGTs, NATs]).

Genes associated with drug transporters (ABCs, SLCs).

Pleiotropic genes involved in multifaceted cascades and metabolic reactions (APOs, ILs, MTHFR, ACE, AGT, NOS|

and many others).

Pharmacogenomics doi :10.2217/pgs-2016-0031

Metabolic genes

Transporter genes

Influence of the APOE-TOMMA40 region in AD pharmacogenomics

Over 75% of the Caucasian population is defective for the CYP2D6+2C9+2C19 cluster.

In AD, CYP2D6 extensive (EM), intermediate (IM), poor (PM) and ultra-rapid metabolizers (UM) account for
56.38, 27.66, 7.45 and 8.51%, respectively.

CYP2C9-PMs, -IMs and -EMs are 6.45, 37.64 and 55.91%, respectively.

CYP2C19-EMs, -IMs and -PMs are 69.89, 30.11 and 0%, respectively.

The multidrug efflux transporters of the ABC family play important roles in limiting the movement of
substances into and enhancing their efflux from the brain.

Transporters cooperate with Phase |/Phase Il metabolism enzymes by eliminating drug metabolites.

Major features of transporters are their capacity to recognize drugs belonging to unrelated pharmacological
classes, and their redundancy, by which a single molecule can act as a substrate for different transporters.
Transporters exert efficient neuroprotection against xenobiotic invasions.

The pharmacological induction of ABC gene expression is a mechanism of drug interaction, which may affect
substrates of the upregulated transporter.

Overexpression of transporters may confer resistance to CNS drugs.

Polymorphic variants in the APOE-TOMM40 region on 19q13.2 influence AD pharmacogenomics.

APQE-4 carriers are the worst responders and APOE-3 carriers are the best responders to conventional
treatments.

TOMMA40 poly T-5/5 carriers are the best responders, VL/VL and S/VL carriers are intermediate responders, and
L/L carriers are the worst responders to treatment.

The haplotype 4/4-L/L is probably responsible for early onset of the disease, a faster cognitive decline and a

Pharmacogenomics doi :10.2217/pgs-2016-0031
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Influence of the APOE-TOMMA40 region in AD pharmacogenomics

* Polymorphic variants in the APOE-TOMMA40 region on 19q13.2 influence AD pharmacogenomics.

s APOE-4 carriers are the worst responders and APOE-3 carriers are the best responders to conventional
treatments.

TOMMA40 poly T-5/S carriers are the best responders, VL/VL and S/VL carriers are intermediate responders, and
L/L carriers are the worst responders to treatment.

The haplotype 4/4-L/L is probably responsible for early onset of the disease, a faster cognitive decline and a
poor response to different treatments.

Epigenomics & pharmacoepigenomics

* Epigenetic changes (DNA methylation, histone remodeling, miRNA regulation) are common phenomena in
AD.

Genes associated with the pathogenesis of neurodegeneration in AD exhibit epigenetic changes, suggesting
that epigenetics might contribute to the pathogenesis of dementia.

Epigenetic modifications are associated with drug resistance.

Epigenetic modifications are reversible and can be potentially targeted by pharmacological and dietary
interventions.

Epigenetic drugs can reverse epigenetic changes in gene expression and might open future avenues for the
treatment of some forms of dementia.

Pharmacoepigenomics deals with the influence that epigenetic alterations may exert on genes involved in the
pharmacogenomic network responsible for the pharmacokinetics and pharmacodynamics of drugs (efficacy
and safety), as well as the effects that drugs may have on the epigenetic machinery.

e mm e e g

Pharmacogenomics doi :10.2217/pgs-2016-0031
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