The novel Aβ aggrega�on modulators GAL-101 and GAL-201
reverse the synaptotoxic effects of Aβ oligomers and thereby
show therapeu�c poten�al in Alzheimer´s disease
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Background

Why have amyloid β-associated approaches in
Alzheimer´s Disease (AD) failed so far?

GAL-101 - Executive Summary

• Amyloid β (Aβ) soluble oligomers are heterogeneous toxic targets that play a
key role in the pathology of Alzheimer’s disease (AD)
• In contrast, 1) monomeric Aβ is necessary for synap�c func�on and 2) Aβ
plaques are inert deposits which can sequester toxic Aβ, to prevent it from
causing neuronal damage
• Aβ an�bodies have challenges for delivery to the brain due to poor
penetra�on through the blood brain barrier
• Secretase inhibitors and nonspecific monoclonal Aβ an�bodies can cause
undesired clearance of monomeric Aβ leading to func�onal worsening
• Plaque-specific an�bodies can lead to immunological reac�ons and release
of toxic Aβ oligomers
• Oligomer-specific an�bodies may only target a subset of the heterogeneous
oligomer popula�on
• Gamma secretase inhibitors also face safety issues due to the cross-reac�on
with NOTCH

• GAL-101 represents a novel strategy by blocking all soluble Aβ
oligomers at their source - misfolded monomeric Aβ - but does not
affect normally folded / physiological Aβ monomers
• GAL-101 is a small molecule that detoxifies Aβ oligomers by
forming “clusters” with a sustained therapeu�c “trigger” effect
• GAL-101 Cogni�ve improvement has been demonstrated in
Alzheimer´s disease rodent models of cogni�on and long term
poten�a�on (LTP)
• GAL-101 also reverses exis�ng func�onal deficits caused by Aβ
toxic a�ack thereby providing symptoma�c improvements
• GAL-101 is a small molecule delivered to CNS following oral
administra�on
• A full Phase 1 toxicology safety package is nearly complete
• The superior second genera�on drug candidate (GAL-201) offers a
follow-on opportunity

It is widely accepted that the soluble oligomers of β-amyloid1-42 (Aβ1-42), rather than
plaques, are the major cause of early synaptic dysfunction and neurodegeneration
in Alzheimer's disease (AD). This has been hypothesised to progress by selfreplication and spreading of toxic Aβ oligomers through a prion-like mechanism.
GAL-101 (formerly MRZ-99030) and GAL-201 are small molecules previously
reported to promote the formation of off-pathway, non-toxic aggregates thereby
reducing the amount of intermediate toxic soluble oligomeric Aβ species.

Objectives
The present study evaluated the relevance of these promising properties of GAL101 and GAL-201 under pathophysiological conditions i.e. against the synaptotoxic
effects of Aβ oligomers on hippocampal long term potentiation (LTP) and in two
different learning tasks.

Methods – In Vitro LTP
Aβ1-42 oligomers interfere with the glutamatergic system / neuronal Ca2+ signalling
and abolish the induction of LTP. Extracellular recordings of fEPSP were made in
the CA1 stratum radiatum of murine hippocampal slices. fEPSP were evoked by
alternately delivering a test stimulus via one of two bipolar tungsten electrodes
placed at either side of the recording pipette to utilize the input specificity of CA1LTP and allow the measurement of internal controls within the same slice. LTP was
induced by tetanic stimulation (100Hz / 1s - HFS) of these Schaffer collateral inputs.
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GAL-101 (100-500 nM) at a 10:1 stoichiometric excess to Aβ clearly prevented the
synaptotoxic effects of Aβ1-42 oligomers on CA1-LTP in murine hippocampal slices.
In anaesthetized rats, pre-administration of GAL-101 (50 mg/kg s.c.) protected

GAL-101 /
Aβ1-42: 1:1

against deficits in hippocampal LTP following i.c.v. injection of oligomeric Aβ1-42. The
dose-dependency of this in vivo effect was assessed using GAL-201. A
subcutaneous pre-treatment with 2 mg/kg and 0.4 mg/kg, but not 0.08 mg/kg GAL-

GAL-101 /
Aβ1-42: 10:1

201, protected against depressant effects of oligomeric Aβ1-42.

* Atomic Force Microscopy

GAL-101 binds to
misfolded Aβ monomers

* Diffuse Light Sca�ering

In the presence of
GAL-101 clusters are formed

Clusters collect and detoxify misfolded Aβ even if GAL-101 is absent

Learning and Memory
Ra�onale for the symptoma�c treatment
of hippocampal neurodegenera�on

GAL-101 and GAL-201 (50 mg/kg s.c.) both significantly ameliorated cognitive
deficits in a novel object recognition task after i.c.v. administration of Aβ1-42. The
dose-dependency of this effect was evaluated using GAL-101 (2, 10 and 50 mg/kg

Hypothesis:

s.c.) using an alternating lever cyclic ratio schedule test after the i.c.v. administration

◆ Hippocampal neurons a�acked by Aβ
oligomers, decline
in func�on through several states un�l they die

of 7PA2 conditioned medium containing natural Aβ oligomers. GAL-101 dosedependently prevented deficits in this test - 2 mg/kg had a 60% effect size at peak

◆ “Comatose neurons” are described in the
hippocampus

CNS concentrations (microdialysis experiments) of around 100 nM.

◆ Prior to reaching “point of no return” cellular
func�on can be restored if the toxic a�ack
ceases

Trigger Effect
Based on sustained beneficial effects observed for weeks in in vivo models, and
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microscopically documented formation of non-toxic Aβ aggregates in vitro (“trigger
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Clusters with trace amounts of GAL-101 completely detoxified Aβ oligomers

effect” – Hot Topic SfN 2018) we hypothesised that GAL-101 and GAL-201 might
act by seeding a beneficial self-replication the Aβ aggregates. To test this
stoichiometric excess to Aß1-42 (50nM). After incubating the Aß1-42 / GAL-101 mixture

its ability to impair LTP.
Even following serial dilution, GAL-101 reversed the synaptotoxic effect of Aß1-42 LTP control=154±4%, n=24; with 50nM Aß1-42=117±2%, n=7; in the presence of
(500:1) Aß1-42 / GAL-101=139±6%, n=13.

GAL-101 Brain Concentra�ons (nM)

dilution step was repeated 5 times @ 20 min. finally resulting in a 500:1
stoichiometric excess of Aß1-42 over GAL-101. The final solution was then tested for

GAL-101 50 mg/kg p.o.

• In rats s.c. injec�on of 2 mg/kg
GAL-101 leads to a sufficient
“peak” CNS concentra�ons
• The brain PK is dose-linear

Control
GAL-101 50 mg/kg s.c.
Aβ i.c.v.
Aβ & GAL-101 2 mg/kg s.c.
Aβ & GAL-101 10 mg/kg s.c.
Aβ & GAL-101 50 mg/kg s.c.

affinity to target

Rammes et al. (2015)
Neuropharmacology 92 170-182

• Aβ1-42 applied i.c.v. impairs memory in rats
• GAL-101 s.c. antagonizes the memory
impairment dose-dependently
• 2 mg/kg GAL-101 already shows an effect

Concentra�on of GAL-101 (nM)

Microdialysis in rat brains

Impairment of Learning

for 20 min., 10% was transferred to a freshly prepared solution with Aβ (50nM). This

Oral GAL-101 in rats delivers pharmacologically
ac�ve concentra�ons to the brain

GAL-101 s.c. improves cogni�on in an animal
model of AD

Brain concentra�ons a�er s.c. GAL-101

hypothesis, we prepared a serial dilution of GAL-101 starting with a 20:1

▪ Oral applica�on of 50 mg/kg caused
brain peak concentra�on of c.a. 350 nM

Plasma

▪ Peak plasma / brain ra�o is ca. factor 17
▪ Peak of 350 nM showed an effect size of
ca. 60% in a rat cogni�on model

Brain

▪ Non-Toxic: 500 and 2000 mg/kg p.o.
showed no toxicity at all in rats

affinity to target
(n=4)
de Vries, M. and Flik, G. (2011) – Brains Online - Report

Rammes et al. (2015) Neuropharmacology 92 170-182

Reversal
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Because AD is a chronic disease that progresses over decades, by the time it is
diagnosed the underlying Aβ synaptotoxicity is already manifest. An important

Mechanism of ac�on of GAL-101 / GAL-201

question is therefore if such ongoing synaptotoxicity can be reversed. We
There are currently 5 major Amyloid β (Aβ) targets

addressed this question as follows. Aβ1-42 50 nM was first applied via the bath

Aβ monomers are
left alone and can
continue to support
the synaptic function

solution for 90 min before attempting to induce LTP following HFS delivered via the
first electrode. After recording LTP for 60 min., the bath solution was exchanged for
that following serial dilution. This solution still contained Aβ1-42 50 nM but only 0.1 nM
of GAL-101 or GAL-201. This was incubated for a further 90 min. before attempting
to induce LTP for 60 min. in the second input.
Both GAL-101 and GAL-201 were able to completely reverse these ongoing
synaptotoxic effects of Aß even following serial dilution to very low concentrations

GAL-101 / 201 prevent the forma�on of all
soluble Aβ oligomers
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Small Molecules

Formation of
β-sheet “hair pin”
is prevented

Formation of all
diverse forms of Aβ
oligomers is prevented.
No neuronal toxicity

All an�bodies against Aβ (except BAN2401)
have failed in clinical studies
GAL-101 / GAL-201
Small Molecules

Long-term effect is
the reduction of
the plaque load
due to natural
degradation
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Non-specific Aβ An�bodies:
Bapineuzumab (J&J, Pfizer), Ponezumab (Pfizer), Solanezumab (Lilly),
CAD106 (Novar�s),GSK 933776, etc.

The red domain is the binding mo�f (VFFAEDV) for GAL-101 / GAL-201 – only exposed in misfolded Aβ

The red domain is the binding mo�f for GAL-101/201 – only exposed in misfolded Aβ

Oligomer-specific Aβ An�bodies
BAN2401 (Biogen), Aducanumab (Biogen),
Crenezumab (AC Immune), Gantenerumab
(Roche), SAR-228810 (Sanofi)

reac�vate
toxins

Plaque-specific
LY-3002813 (Lilly)

(0.1 nM)

Conclusions

Why can GAL-101 surpass previous Aβtarge�ng drug candidates?

In summary, the present results demonstrate that both GAL-101 and GAL-201

Aβ
An�bodies

prevent and even reverse the synaptotoxic effects of Aβ oligomers on hippocampal
LTP even at acutely pharmacologically inactive final concentrations following serial

Small molecule entering the brain

dilution. We hypothesise that GAL-101 and GAL-201 act via a “beneficial prion-like”

Oral administra�on

mechanism which promotes non-toxic structural variants of Aβ aggregates that

Eliminates all Aβ oligomers

propagate their conformations through template-directed accumulation of naïve

Does not impact regular monomeric Aβ

misfolded Aβ peptides, thereby reducing synaptotoxic effects. These results

Does not impact plaques (inert Aβ deposits)

demonstrate the clear therapeutic potential of both GAL-101 and GAL-201 in AD.

Not dose-cri�cal - intermi�ent treatment OK
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GAL-101: uniquely promising for
Alzheimer‘s Disease

GAL-101 MoA for neurorestora�on
1

Small molecule

Orally delivered to brain, unlike an�bodies

2

Targets major cause

Designed to gather misfolded Aβ monomers into harmless
clusters, preven�ng all oligomers: key step of pathogenesis

3

Precision MoA*

Avoids normal Aβ, targets only misfolded Aβ monomers,
neutralizes toxicity, allowing cellular recovery

4

Noncri�cal dosing

Peak-ac�vated mechanism provides long-las�ng treatment
effect: forgiving of unreliable administra�on

*Mechanism of Ac�on

