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Abstract

Background

The “molecular tweezer” CLRO1 is a broad-spectrum inhibitor lwfoamal protein self
assembly, which acts by binding selectively to Lys residuéfR0C has been tested |in
severalin vitro andin vivo models of amyloidoses all without signs of toxicity. With the goal
of developing CLRO1 as a therapeutic drug for Alzheimer's désaad other amyloidosas,
here we studied its safety and pharmacokinetics.




Methods

Toxicity studies were performed in 2-m old wild-type micexitity was evaluated by serym
chemical analysis, histopathology analysis, and qualitative behavamallysis. Brain
penetration studies were performed using radiolabeled CLRO1 in battywé mice and p
transgenic mouse model of Alzheimer’s disease at 2-m, 12-m, and 22ge.dBrain levels
were measured from 0.5 — 72 h post administration.

Results

Examination of CLRO1's effect on tubulin polymerization, representiogmal proteirn
assembly, showed disruption of the process only when 55-fold exces31CGAkés used,
supporting the compound’s putative “process-specific” mechanism of action.

174

A single-injection of 100 mg/kg CLRO1 in mice — 2,500-fold higher than ffieaeious dose
reported previously, induced temporary distress and liver injury, bunharbality. Daily
injection of doses up to 10 mg/kg did not produce any signs of tgxgtiygesting a high
safety margin.

The brain penetration of CLRO1 was found to be 1 — 3% of blood levpendimg on age.
Though CLRO1 was almost completely removed from the blood by 8 h, unediyedrain
levels of CLRO1 remained steady over 72 h.

Conclusion

Estimation of brain levels compared to amylp#drotein concentrations reported previously
suggest that the stoichiometry obtainid vitro and in vivo is similar, supporting the
mechanism of action of CLRO1.

The favorable safety margin of CLRO1, together with efficacy shaowmultiple anima
models, support further development of CLRO1 as a disease-modifygegt &or|
amyloidoses.
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Background

Alzheimer’'s disease (AD) along with over 30 other diseasesamgoidoses, in which
aberrant protein folding and aggregation is a central pathologic proAesyloidoses are
characterized by self-assembly of one or more proteins into tdxjomers and insoluble
amyloid. Currently, amyloidoses have no cure. Inhibition of the aberggné@ation process
is highly challenging because unlike traditional drug tardets iave defined structures and
in many cases, specific binding sites or active sites, toxgomkrs of amyloidogenic
proteins are metastable structures that sample numerous conbosnatid amyloid fibrils
are characterized by flat surfaces. These structureslyaage devoid of specific binding
pockets [1,2]. A possible solution to these challenges is to aim fostepeprior to the



unknown and unfavorable structures, specifically targeting the abgriself-associating
proteins at the level of amino acid interactions.

Recently, we reported that the molecular tweezer, CLRO1, mowel, broad-spectrum
inhibitor of abnormal protein self-assembly, which acts by a “@®epecific’ mechanism
and inhibits the aggregation and toxicity of multiple amyloidogenic pr®{&-5]. CLRO1 is
a small molecule, originally developed as an artificial Lgseptor [6,7] that binds Lys
residues with low micromolar affinity [3,6] or in certain casasb-micromolar affinity [8].
The binding is highly labile [9], yet it is selective to Lgsd involves inclusion of the Lys
side-chain within the tweezer cavity (Figure 1). CLRO1 also binds to Atg~i0-fold lower
affinity [7,10]. Selective binding to Lys is achieved by a combinatibihydrophobic and
electrostatic interactions. Lys is the only proteinaceous aatitbside-chain that effectively
forms both types of interactions — hydrophobic interactions involvinguhdene chain, and
Coulombic attraction/repulsion of itsNHs" group. Both types of interactions are important
in aberrant protein self-assembly. Thus, CLRO1 competes for theisteractions that are
key to nucleation and aggregation by most amyloidogenic proteins [11,12].

Figure 1 Schematic representation of the interaction between CLRO1 and Ly§LROL1 is
depicted in blue and Lys in black. The Coulombic attraction between a negativglgatha
phosphate group at the bridgehead of CLRO1 and the positively clzaNigsl group of Lys
is illustrated in cyan. The binding is stabilized also by hydrophobic interactimed®the
hydrocarbon side arms of CLRO1 and the butylene chain of the Lys.

The moderate-affinity binding of CLRO1 to Lys is key to its proegsecific mechanism.
Unlike the forces that mediate normal protein biology, those dbatrol the abnormal
assembly of amyloidogenic proteins were not optimized by evolutionséZjuently, the
binding energies involved are substantially weaker than those contrallimgal protein
structure and function. Therefore, although CLRO1 may bind to exposedesighkies in
virtually any protein, we reasoned that at sufficiently low comeéinns, labile binding with
micromolar affinity would only affect relatively weak interacts, such as those that mediate
aberrant protein oligomerization and nucleation.

The data generated to date have supported our conjebtuvétro studies of metabolic
toxicity and drug—drug interaction involving the cytochrome P450 systeswed minimal
inhibition of five major isoforms with half-maximal inhibition concemiva values above
levels expected to cause drug—drug interactions [5]. Minimalaticin of the cytochrome
P450 system by CLRO1 was detected up tqu¥Oeoncentrations in a cell-culture system
compared to the antibiotic rifampicin, which was used as a y@sontrol [5]. In nerve
growth factor-differentiated rat pheochromocytoma cellséceatith CLRO1, no toxicity was
detected up to 200M, whereas a mild decrease in cell viability was observed aukBo1

— 3 orders of magnitude higher than concentrations needed for inhibitibwe ddxicity of
different amyloidogenic proteins in cell culture [3,13].

In vivo, CLRO1 prevented deformation and mortality in a zebrafish modelsghuclein §-

syn) toxicity by keepingu-syn soluble, preventing its neurotoxic effects, and promoting
disinhibition of the 26S ubiquitin-proteasome system, thus allowing it taadeghe excess
a-syn [4]. Peripheral, subcutaneous (SC) administration of CLRO1 iipla-transgenic
(3xTg) mouse model of AD [14] resulted in a significant decreasenyloid plaque burden
and hyperphosphorylated tau, with an accompanying decrease in nosioffl]. Similarly,
peripheral administration of CLRO1 in a mouse model of familial laichgtic



polyneuropathy expressing mutant transthyretin led to a signifcearease in transthyretin
deposition and associated endoplasmic-reticulum stress, apoptosis,oéeid pxidation
markers [15]. In support of the putative process-specific mechanisbhR01, no signs of
toxicity were observed in any of these studies. CLRO1 was usepl @t the 1QuM in the
zebrafish model (in the water environment [4]), atudfkg/day in the AD mouse model [5],
and at 1.2 mg/kg/day in the transthyretin model [15].

Further support for the proposed process-specific mechanism caméhi observation that
CLRO1 did not affect processing of amyldieprotein precursor (APP) in the treated AD
mice. In APP, Lys residues are located N-terminally tooth@ndp-secretase cleavage sites.
Ostensibly, CLRO1 binding to these residues could have affected APEsgirar However,
no differences were found in levels of APP cleavage products é&etiveain extracts of
vehicle- or CLRO1-treated mice [5]. To further examine the puwapvocess-specific
mechanism and toxicity profile of CLRO1, here we evaluated thetesfethe compoundh
vitro on a physiologic (as opposed to aberrant) protein self-assemblgspretubulin
polymerization—andn vivo using wild-type (WT) mice to which CLRO1 was administered
at high doses either as a one-time bolus or daily for 1 month.

A large number of amyloidoses affect the central nervous systM$)( If molecular
tweezers are to be developed as drugs for these diseasekkdhewill need to cross the
blood-brain barrier (BBB). In the AD-mouse-treatment study, SC astration of CLRO1
resulted in clear CNS effects [5], suggesting that the compoundrgtedethrough the BBB
into the brain of the mice. However, in that study we only begandasune the brain
penetration levels and did not address the effect of age or elisehs BBB becomes
compromised with aging [16] and this compromise is thought to be reded in patients
with certain neurodegenerative diseases, including AD [17-19]. Previassig®H-CLRO1
injected intravenously, we found radioactivity levels in the brain to28¢ of blood levels in
12-m old WT and 3xTg AD mice [5]. We present here a charaatenz of the BBB'’s
permeability to CLRO1 and the effects of age and presence ofnkBditransgenes. We also
assess a likely route of metabolism of CLRO1 in mouse brain.

Methods
Mice

All procedures were compliant with the National Research Cothdaie for the Care and
Use of Laboratory Animals, and approved by the University of CaldoatiLos Angeles
(UCLA) Institutional Animal Care Use Committee. Two-month old W37BL/6J mice for

toxicity studies were purchased from Jackson Laboratory (BabafaMaine, Stock
000664). 3xTg and WT mice with the same genetic background [14] for BRBestwere

bred at UCLA. Mice were housed 2—4 per cage under standard conditionsiatainad on

a 12-h dark and 12-h light cycle wistdl libitumaccess to rodent chow and water.

CLRO1

CLRO1 was produced and purified as described previouslyHZLLRO1 was prepared by
Moravek Biochemicals (Brea, CA) using a method that provitlesmcorporation into the
hydrocarbon skeleton (i.e., non-labile protons) [20] yielding pHHCLRO1 with specific

activity 1.3 Ci/mmol.



Inhibition of tubulin polymerization

The effect of CLRO1 on tubulin polymerization [21,22] was analyzed wsitgmmercial kit
(Cytoskeleton, Inc., Denver, Colorado). Three mg/ml porcine brain tubtdi®uM) were
allowed to polymerize at 37 °C in the absence or presence of CLROdAnt@tions ranging
from 10-1,00QuM. The turbidity of the solution was measured as absorbarice 840 nm
using a Synergy HT microplate reader (BioTek, Winooski, VT). Tha de¢ an average of
three independent experiments with two wells per condition.

Toxicity evaluation

For acute-toxicity studies, 2-m old C57BL/6J mice were admiedtezaline-vehicle, 10
mg/kg, or 100 mg/kg CLRO1 by a single intraperitoneal (IP) ilgactThe mice were

sacrificed 24-h after the injection. For chronic toxicity studies, @dnC57BL/6J mice were

administered saline-vehicle, 3 mg/kg, or 10 mg/kg CLRO1 by dRiipjection for 30 days.

Acute-study mice were visually monitored for 1 h after inggciand then every 50 min for
10 min over the first 6 h of the experiment for changes in actanty behavior. The mice
also were monitored every 110 min for 10 min during the last 6 h okfgeziment until they

were sacrificed. Chronic-study mice were monitored for 1 h affection and then 3 times a
day for 10 min each, every day of the first week. During that \ilesle were no appreciable
changes in the behavior, appearance, or weight of the mice.fdreerenonitoring was

reduced to twice a day during the remainder of the experimenall@ccasions, the mice
were monitored for any signs of severe toxicity, including bruismigleeding, pale mucous
membranes or extremities, diarrhea, dehydration, neurologigak, such as difficulty

ambulating or paralysis, tachypnea or dyspnea, or abdominal distension.

Following the treatment, mice were anesthetized with pentohbdnt blood was collected
by cardiac puncture and placed in tubes containing a clot actif@at@erum separation
(Capiject T-MG tubes, Terumo Medical Products, Somerset, NJ). Tieiyngs were filled
through the trachea with 4% paraformaldehyde to prevent collapdeisaues (brain, heart-
lung, liver, kidney, and spleen) were collected and fixed for 72 Rarpdraformaldehyde at
a ratio of ~1:10 tissue:fixative (v/v). Tissues then were teared into a 70%-ethanol
solution and transferred to the UCLA Mouse Pathology Core for fparambedding,
sectioning, and tissue histopathology analysis. Serum was analytieel OZLA Division of
Laboratory Animal Medicine (DLAM) Animal Serology & Molecul&iagnostic Laboratory
for an 11-panel serum chemical analysis using the ACE Aldrac@ll Chemistry system
(Alfa Wassermann Diagnostic Technologies, West Caldwell, N panel included:
alanine aminotransferase, aspartate aminotransferase, alburkalineal phosphatase,
creatinine, total bilirubin, lactate dehydrogenase, blood urea nitradesiesterol, total
protein, and glucose.

Plasma concentration and blood—brain barrier permeaility

For studies of plasma concentration, CLR0O1 was administered by 8ither intravenous
(IV) injection at 1 mg/kg, or by oral gavage at 10 mg/kg, pladma was collected at time
points between 0.33 — 24 h. Three mice were used per time point. Thentcatice of
CLRO1 in plasma was determined by Wolfe Laboratories Inc. (Wéate, MA) using liquid
chromatography-mass spectrometry (LC-MS) by interpolatiosaniple peak area data into
the calibration curve.



The following groups of mice were used for CLRO1 BBB penetratiodies: 3xTg and the
corresponding WT mice at 2-m, 12-m, and 22 — 24-m (hereafter mfier@s 22-m) of age.
The groups were: 2-m WT, 2-m Tg, 12-m WT, 12-m Tg, 22-m WT, 22-mMige were
administeredH-CLRO1 intravenously. TwaCi per gram of mouse body weight, which are
equal to 11.86ig/g of CLRO1 in which®H-CLRO1 made up 10% of the total CLRO1, were
injected into the jugular vein. Blood and brain were collected at 0.5,81,23l, or 72 h (not
all time points were collected for all groups, see the ResatiBon). For times 3 h, mice
were anesthetized by IP injection of ketamine and xylazinemibe remained anesthetized
following the injection until the specified time point, at which pdihey were given a lethal
dose of pentobarbital. Then, blood was collected via a cardiac puncturehea brain
harvested with or without a perfusion step (see section 4.3 below)intepobints 8—72 h,
mice were not anesthetized aftdtCLRO1 was injected into the tail vein. This change was
due to the difficulty of keeping mice anesthetized for longer thanI8o differences were
observed between mice given anesthesia and jugular vein ong@nd mice receiving tail
vein injections.

Euthanasia procedures were the same as described above. Hoe atlma hemisphere of the
brain and 100-35Ql of blood were separately digested following instructions frarkiR-
Elmer (document: Scintillation Cocktails and Consumables) with 1Saiable (Perkin-
Elmer, Waltham, MA), added to Ultima Gold Liquid Scintillation Codk{&erkin-Elmer)
and read in a Triathler Liquid Scintillation Counter model 425-034, (HideskuT Finland).
Brain permeability percentage was calculated as counts peiten{CPM) per g of brain
relative to CPM per ml of blood. The data are an average of valmesthree mice per
genotype/age/time combination.

For CLRO1 transport-saturation studies using 5x the CLRO1 dds€LR01 was kept at
10% of the total CLRO1 mixture and a total of 5ag@of CLRO1 (10uCi) per g of mouse
body weight was injected IV (22-m WT 5x dose). For CLRO1 brain-aatatian studies,
two 11.86u9/g injections were administered at equal time intervals (28FmM2x inj). In
these experiments, mice were injected at time = 0 and at:t of euthanasia time. For
example, in the original, single-injection experiments, a mouse wecdilve an injection at t
= 0 and then be euthanized att = 1 h. In this experiment, a mouse received oioa iaject
0, a second injection at t = 0.5 h, and then was euthanized att =1 h.

In experiments usintH-CLRO1, urine was collected when possible over the period between
injection and euthanasia. In all cases, we found that the urineademmctive. However,
comparison among mice proved to be difficult. We could not normalizeattieactivity
because the amount of urine in the bladder prior to injection and the vphocheced during

the experiment could not be calculated. Thus, we can simply concludeatinedy that
CLRO1 is excreted through the urine, but cannot provide quantitativeunesaof what
percentage of the compound is excreted this way.

In vitro metabolism

Potential dephosphorylation of CLR0O1 was analyzed by incubating 100 nniICWith
0.08 units of alkaline phosphatase (ALP; calf intestinal alkaline phtzsgghaPromega,
Madison, Wisconsin) for 60 min at 60 °C. One enzymatic unit is defisgdleaamount of
enzyme required for catalyzing the hydrolysis ofuhol of p-nitrophenylphosphate per
minute. p-Nitrophenylphosphate disodium salt at 5-50 nmol (Fisher, Waltham,
Massachusetts) was used for generation of a standard curve.michetaof inorganic



phosphate generated was measured spectrophotometrically usingz@hek Phosphate
Assay kit (Life Technologies, Carlsbad, California) accordiog the manufacturer's
instructions on a DU-640 spectrophotometer (Beckman Coulter, Brefr@ial) atA = 360
nm. Baseline values were subtracted from readings and comparbd stahdard curve
resulting from serial ALP reactions to calculate the amouimtasfjanic phosphate. Similarly,
potential dephosphorylation of CLRO1 by brain homogenates was measuretheser
experiments, one brain hemisphere was homogenized by sonication pregence of
cOmplete protease-inhibitor cocktail (Roche, Penzberg, GermamygiriPconcentration was
measured using a BCA Protein Assay Kit (Pierce, Rockforidoid). A “phosphate-mop”
system was used according to the EnzChek Phosphate Assay kittings to sequester
inorganic phosphates naturally present in 1.5 mg of brain, and then 50-nmOIl GitR
different concentrations gf-nitrophenylphosphate disodium salt were added and incubated
for 60 min at 60 °C.

Statistics

Data are shown as mean + SD or mean £+ SEM as appropriatestiGl analysis was
performed using Prism 6.0c (GraphPad, La Jolla, CA). For péiraxents, 2-way analysis of
variance followed by Sidak’s multiple comparisons tesst-hocanalysis were used. The
level of significance was setak 0.05.

Results

In vitro examination of the process-specific mechanism olLl®01

As stated above, the mechanism by which CLRO1 remodels thekdgsgfnamyloidogenic
proteins into non-toxic assemblies that can be degraded by ndeasdrce mechanisms is
by its specific binding to Lys residues. The mechanism is “gmaspecific’ because it is
postulated to affect only the aberrant assembly of proteinsetads fto toxic oligomers and
aggregates, but not normal protein structure, function, or assembly &nhbap., in tubulin
polymerization. To test whether this indeed is the case, weieadrthe effect of CLRO1 on
tubulin polymerization [21,22]. Three mg/ml (~&1) porcine brain tubulin, which contains
3.8% Lys and 4.8% Arg, was allowed to polymerize in the absenceesemue of CLRO1
concentrations ranging from 10-1,004.

In the absence of CLRO1 or in the presence of up tquBD0f the compound, the change in
turbidity followed a typical sigmoidal curve, starting at 0.05-0.09 absorbans=(Eigtire 2).
The absorbance remained unchanged for the first 10—-15 minutes, whigipisablag phase
in this reaction, and then increased gradually up to ~60 min, at wloici the rate of
increase began to decline, and the reaction was followed for anotheinl('ime only
concentration at which significant modulation of the polymerizationabagrved was 1,000
uM (Figure 2, blue curve), i.e., at a tubulin:CLRO1 concentration rdti&5- At this high
ratio, a high absorbance, 0.15, was observed immediately, followeal dlight gradual
decline during the lag phase. Then, the absorbance began to irfioréz@enin, followed by
a slow decline for the rest of the experiment. One interpretafidhese data is that at the
high concentration used, 1,0001, binding of CLRO1 to tubulin induced immediate self-
assembly into irregular aggregates. Similar immediate immluctf self-assembly was
observed with 4 of the 9 amyloidogenic proteins tested by Sinha et al. [3], sugdestithis



reaction occurs with some, but not all proteins. In all the cstselsed by Sinha et al., these
aggregates were non-amyloidogenic and non-toxic.

Figure 2 Impact of CLRO1 on tubulin polymerization. Tubulin was allowed to polymerize
in the absence or presence of increasing concentrations of CLRO1. Perturbation of the
polymerization was observed only at 1,Q00 CLRO1. The data are an average of three
independent experiments and are shown as mean + SEM.

Presumably, following the immediate aggregation in the presence @i d\0 CLRO1, the
irregular tubulin aggregates observed at t = 0 partially disdded as the polymerization
reaction progressed, between 10-30 min. At that point, the high CL&@derdration
appeared to interfere with the polymerization reaction and the tupolymers gradually
disassembled. Validation of this interpretation will require further ingastin, yet it was not
the focus of the current study.

The motivation for this experiment was to test whether the caatemt of CLRO1 needed to
interfere with a controlled self-assembly process was sulabandifferent from that
required for modulation of aberrant self-assembly, which was fourekdhtb be the case.
Most of the protein:CLRO1 concentration ratios needed for inhibitionnofladogenic
protein aggregation were in the range 1:1-1:3 [3], compared to the 1:551Ch&D1
concentration ratio at which disruption of tubulin polymerization wasrebdeThese results
support the specificity of CLRO1 for inhibition of aberrant aggregatas opposed to
controlled polymerization.

CLRO1 safety

If CLRO1 indeed operates by a process-specific mechanism andlelsnmibe abnormal
aggregation of amyloidogenic proteins at substantially lower comatiems than
concentrations that would perturb normal physiological processes, oukel wxpect the
compound to have a high therapeutic index. To calculate the therapeuticarnidéal dose
must be reached. Thie vitro data described above suggested that disruption of tubulin
polymerization occurs at concentration ratios 20-50 times higher ttizes® needed for
inhibition of aggregation of amyloidogenic proteins. In addition, cellucaltexperiments
indicated that CLRO1 began to show toxicity at concentrations 1-3soademagnitude
higher than those required for inhibition of toxicity by differemyéoidogenic proteins [3,4].
The next rational step was to test the safety margin of CluROvo. Based on thén vitro
and cell culture data, we expected that 100 mg/kg would be lethratéoand therefore used
it as the highest dose in our safety-evaluation experimentasdéssed the safety of CLRO1
in 2-m old, male, WT mice either 24 h following a single IP dhgn of 10 or 100 mg/kg
(acute administration) or after daily IP injection of 3 or h@/kg for 30 days (chronic
administration). Following euthanasia, serum was collected forichbamalysis and tissues
were harvested for histopathology evaluation.

All CLRO1-treated groups, except for the 100-mg/kg acute-admitigstrgroup, behaved
indistinguishably from control mice in terms of levels and typaabivity and grooming. The
administration of 100-mg/kg CLRO1 caused obvious signs of distresgdrataly, which

lasted for ~30 min following the injection. For most mice, activéyel decreased and
eyelids became droopy. Some of the mice exhibited arching of the dyamradic gasping,
lying down, dragging one leg, and twitching. These signs of distliesinished after the first
30 min, at which point the mice resumed grooming and sitting on hirsd &gme mice



showed decreased activity and droopy eyelids for up to 2 h followingnjbetion. No
symptoms of severe toxicity, as defined by the UCLA DLAM riatgians, were observed
for any mice, including bruising, bleeding, pale mucous membranedremgties, diarrhea,
paralysis, tachypnea or dyspnea, or abdominal distension.

Liver, kidney, spleen, heart, lung, and brain were collected for hitojpgy analysis.
Tissue samples from heart, lung, spleen, and brain of all acuté&@XCadministered mice
were indistinguishable from those of control mice. In all 100-mg/kgdlasice and one of
eight 10-mg/kg-dosed mice of the acute-administration groups, tegeneration and
necrosis was detected in centrilobular and midlobular regions (Figure 3).ri&ued of liver

toxicity is common in drug-toxicity studies and was expected in the high-dose group.

Figure 3 Liver histopatholologic analysis of mice 24 h following a single IP injection of
CLROL1. Hepatocytes fromh) vehicle-treated, anB) 10-mg/kg-treated mice show moderate
amounts of glycogen vacuolatiod) Zone-1 hepatocytes from 100-mg/kg-treated mice show
glycogen vacuolation. Zone-2 hepatocytes are normal sized. Zone-3 hepatcxypiae avith
granular eosinophilic cytoplasm and some nuclei show pyknosis.

The fact that all the mice in the high-dose group survived meanththactual therapeutic
index could not be calculated because contrary to our expectation, 100wag/kander the
lethal dose. However, we considered the observation of obvious liveityoxicthis high
dose as sufficient for determining the maximal dose in fuaifieacy experiments and
therefore did not treat mice with higher doses. Rather, we condusté@d 80-day, chronic-
toxicity experiment in which mice were administered IP either 10 mg/kg/day of CLRO1.
Because one mouse of the eight used in the 10-mg/kg acute-adridamsgr@up showed
signs of liver toxicity, 10 mg/kg/day was chosen to be the highest dose in thisreqe

Heart, lung, spleen, and brain from both chronically CLRO1-treated grafupsce were
indistinguishable from vehicle-treated mice and were free ghssiof malformation,
degeneration, necrosis, or inflammation within normal variabilitgragmmice. A few mice in
the 3-mg/kg group showed signs of mild-to-moderate multifocal ertlaitary
hematopoiesis in the liver. The consulting veterinary patholagistiuded that this was
possibly immune-stimulated but not pathogenic. Mild pancreatitisvedsoobserved in one
of the mice showing liver hematopoiesis and one additional mouse 8itiggkg group. In
contrast, no signs of tissue pathology or liver necrosis weretddtm any of the mice in the
10-mg/kg dosed group. Thus, it is unlikely that the hematopoiesis or mé#on found in
the low-dose group were related to the CLRO1 treatment.

Serum chemical analysis mainly consisted of tests of renalivardunction (Table 1). No
significant differences were observed between the control anddee groups in either the
acute-administration or chronic-administration experiments. The -adatéistration, 100-
mg/kg group showed significant increase in alanine aminotrassferaspartate
aminotransferase, and lactate dehydrogenase, and a significaetasie in cholesterol
compared to both the control group and what is considered a normal (ka8gA DLAM,
modified [23]). All of these changes are consistent with acute injary. Glucose levels
were significantly lower in the 100-mg/kg acute-administratioougrthan in the control
group, but were within the normal range. Production of glucose is often the lagtriundbe
lost in liver damage. Other changes indicating liver damagdudimg changes in
concentrations of albumin, alkaline phosphatase, or total bilirubin, wergetved. In the
chronic-administration experiment, the only significant serum-chgnddference observed



was ~40% reduction in blood cholesterol in the 10-mg/kg group comparde tcontrol
group. The cholesterol level was within the normal range.



Table 1Serum analysis

Acute, 24 h, single dose

Chronic, 30 day, daily dose

Control 10 mg/kg 100 mg/kg  Control 3mg/kg 10 mg/kg
N=3 N=8 N=8 N=9 N =10 N=9
Normal range Mean Mean Mean Mean Mean Mean

Alanine aminotransferase U/L 22-133 30.7 36.1 1282.¢** 52.1 43.1 38.4
Aspartate aminotransferase U/L 46-221 63.3 89.5 565.2* 367.0 150.9 236.2
Albumin g/dL 2.6-54 2.2 2.3 1.9 2.8 2.8 2.7
Alkaline phosphatase U/L 16-200 107.7 126.1 101.5 98.1 104.4 106.1
Creatinine mg/dL 0.1-1.8 0.2 0.2 0.4 0.2 0.3 0.2
Total bilirubin mg/dL 0.3-0.7 0.2 0.2 0.3 0.3 0.2 0.2
Lactate dehydrogenase U/L 109-647 235.0 325.2 2439.8** 486.6 507.0 483.0
Blood urea nitrogen mg/dL 2-71 22.3 19.8 22.0 21.8 22.3 24.1
Cholesterol mg/dL 34-173 93.0 91.5 20.&6+* 92.3 80.9 56.&6+*
Total protein g/dL 4.6-7.3 4.0 3.7 3.6 4.8 4.7 4.6
Glucose mg/dL 60-133 286.0 297.8 104 . 250.6 256.7 233.9

**p < 0.01. **p < 0.001,

Values significantly different from the control group are highlighted in boldface.



Pharmacokinetics of CLRO1in vivo

The plasma concentration of CLRO1 was measured by LC-MS in 2-m old WT niaeifof
administration by a SC or IV injection or by oral gavage. $iebioavailability was found to
be identical, within experimental error, to the IV administratiwhich was considered as
100% bioavailable (Figure 4). In both routes, ~30% of the admiaedtiwse was detected in
the blood at the earliest time point measured — 20 min, and the phadisiée was found to
be ~2.5 h. Approximately 5% of the initial CLRO1 levels were foundha glasma 8 h
following either SC or IV administration. Oral bioavailability svaegligible, suggesting that
CLRO1 gets metabolized in the gastrointestinal tract and/or dogms®tfrom the gut to the
blood.

Figure 4 CLRO1 plasma concentration following different routes of administration.The
graph shows levels of CLRO1 in plasma by intravenous (black line) or subcutaneous (blue
line) injection at 1 mg/kg, or by oral gavage (red line) at 10 mg/kg over 24 hafzatgven

as mean + SD.

Next, we asked what percentage of the administered CLRO1 pes¢tmategh the BBB and
gets into the CNS. Our first attempt was to measure CLROlain bktracts using LC-MS.
However, this proved to be difficult. Due to the multiple negativerggsaof CLROL, its

partial protonation at physiologic pH, and the presence of varmuwster-ions in biological

fluids, the MS signal splits into multiple peaks resulting in kignal-to-noise ratio. The
difficulty to observe the CLRO1 signal in brain extracts udi@MS suggested that the
concentration was low and detection would necessitate consideralieizapon of the

extraction and LC-MS methods, which would require substantial effiodt high costs.
Therefore, we decided to test first whether CLRO1 could be fauridei CNS by using a
radiolabeled derivative of the compound.

As the permeability of the BBB has been shown to be dependent on age and morbidity, and in
particular to be increased in AD [17] and in mouse models of AD [24y&5hssessed how
age and disease progression affected the brain penetratidROL MDY using WT and 3xTg
mice at three different ages. The 3xTg model was chosemdeedavas used in a previous
study, in which CLRO1 was found to reduce AD-like pathology in the bEirMouse ages
were chosen to correspond with: 1) a stage bef@rbukden and cognitive deficits are found
at 2-m of age [14,26]; 2) a stage with mild-to-moderate plaque agtetpathology but with
observable memory deficits at 12-m of age [14,27]; and 3) a stagieuoflant plaque and
tangle pathology with consistent behavioral deficits at 22-m of [@2§¢ Mice were
administeredH-CLRO1 1V, blood and brain were collected at time points between 05h-
following CLRO1 administration, and radioactivity levels were mesd by liquid
scintillation counting. Radioactivity is presented as CPM/g of brain or CPM/bibotl.

To correct for the radioactivity associated with blood-bofheCLRO1 in the brain
vasculature, we performed both perfusion and subtraction analyses. lsiggedperiments,
WT and 3xTg mice at each of the three ages analyzed (n = 3qugy) gvere perfused with
phosphate buffered saline following euthanasia. Perfusion lagteittier 5 min or until the
liver changed color from a red to yellow, whichever was longer. larakperiments, mice
were not perfused, but radioactivity associated witlplldf blood per g of brain [29,30] was
calculated based on brain weight and blood radioactivity levels atdasted from brain
radioactivity levels. At 1 h post injection, perfusion-correctedrbvailues were statistically



similar to subtraction-corrected brain values (Figure 5). Due to ulifés associated with the
perfusion analysis, specifically liver color being used as anecidieadout of brain perfusion
level, and because including a perfusion step could increase ligriabiong experiments,
the rest of the experiments utilized the subtraction method, vidiahcommon practice in
BBB-permeability studies [29,30].

Figure 5 Correction for radioactivity from residual blood in the brain. Comparison of
brain perfusion to remove residual blood with subtraction of calculated levels of blood
radioactivity at 1Qul of blood per g of brain tissue. Data are given as mean + SEM. The
results were not significantly different and the subtraction method was usedfaillowing
experiments.

At 0.5 h following injection, blood radioactivity levels in 12-m old mwere 39 + 13% and
40 + 6% of the injected levels, for WT and 3xTg mice, respegtividiese values were in
agreement with the CLRO1 concentration levels detected in plasrh&d§S. About 5 —
10% of the radioactivity observed at time 0.5 h remained in the blood after 8 h (Figure 6).

Figure 6 Blood CLRO1 levels in young, middle-aged, and old WT and 3xTg mice.

CLROL1 radioactivity levels, measured by scintillation counting, are giverP&sper ml of

blood for the six mouse groups between 0.5 — 24 h. At 8 h post administration CLRO1 levels
drop to 5 — 10% of values observed at 0.5 h. Data are given as mean = SEM.

Brain-radioactivity levels, calculated as a percentage of bladactivity levels
(CPM/g)/(CPM/ml) at 1 h following the injection ranged from 0.86-3.@8ending on age
and genotype (WT versus 3xTg, Figure 7). Analysis of brain pd¢ioetrievels at 1 h by
age but not of genotype. Interestingly however, 2-m old 3xTg micefisggmiy differed
from 12-m and 24-m old 3xTg mice (2-m: 3.09 £ 0.55%; 12-m: 1.43 £ 0.17%; 2445+
0.28%;p < 0.05), whereas in the WT group, the only significant differeves between the
2-m and 24-m old mice (2-m: 2.68 + 0.31%; 12-m: 2.11 + 0.69%; 24-m: 0.86 = 0dL%%;
0.05). This suggests that changes in BBB permeability occur earigermore sharply in
3xTg mice compared to WT mice.

Figure 7 Percent brain penetration of CLRO1 at 1 h.Percent of CLRO1 radioactivity per g
of brain was calculated as a function of blood radioactivity levels per ml at Jotifodj 1V
administration of CLRO1 ((CPM/g)/(CPM/ml) x 100). Data are given asitiesEM. *p <
0.05.

Surprisingly, although blood radioactivity levels declined rapidlgyfe 6), the radioactivity
levels measured in the brain did not change significantly up to 72 finpastion (Figure 8).
Brain radioactivity levels were insensitive to genotype oetafter injection and thus the 24-
h time point was assessed only in the 22-m old mice (both 3xTg anc&NdTthe 72-h time
point was assessed only in the 22-m old WT mice. Differences statistically insignificant
and within experimental error.



Figure 8 Brain CLROL1 levels in young, middle-aged, and old WT and 3xTg mic€LR01
radioactivity levels are given per g of brain. Most group x time combinatadinsetween

10,000 - 20,000 CPM/g (marked with red lines). Double injection studies in aged WT mice
show on average double the radioactivity levels of single injection group, 22 m WT. Aged
WT mice dosed with 5x the amount of CLRO1, show on average 5-times the radioactivity
levels of the 1x group, 22 m WT. Data are given as mean + SEM.

To explore further the mechanics of CLRO1 transport across the B8Rsked whether the
transport system was saturated. To answer this question, weethfetimes the amount of
total CLRO1, keeping the ratio H-CLR01:CLRO1 at 1:9, into 22-m old WT mice. This
experiment resulted on average, in 5-times the absolute amount adatadiy detected in
the brain. The percentage of brain penetration at 1 h following teetion did not change
significantly (1x CLRO1 brain penetration: 0.86 + 0.30% of blood; 5x CLR@Hin
penetration: 0.97 = 0.28% of blood; Figure 8). This result suggests hbatransport
mechanism, whether active or passive, is concentration-dependent bHuenesevas an
increase in the absolute value but not the relative value of CLRO1 entering the brai

To begin to explore whether additional dosing would increase the ieéfe@LRO1
concentration in the brain, we injected 22-m old WT mice twice overetyual time intervals
and compared brain levels to mice that received one injectionv€age, over the 1-, 3-,
and 8-h time points measured, the amount of radioactivity found in #e fotlowing the
double-injection was twice the amount measured following theesingdction protocol (1 h:
3.3x compared to one injection, 3 h: 1.6x, 8 h: 1.9%; Figure 8). These datatshggepon
continuous dosing, as with the SC osmotic mini-pumps used in our previmas\estudy
[5], CLRO1 could reach sufficiently high brain concentration let@lighibit A aggregation
even though the dose was relatively low —#fkg/day — when brain penetration levels are
taken into account (see Discussion).

In vitro catabolism of CLRO1

The BBB permeability experiments described above used radidaes/an indirect readout
of CLRO1 concentration levels, which could have reflected the pammpound, CLRO1
itself, or its metabolites. The question of the source of radiopgcthaemed particularly
important in view of the surprising persistence of radioactivititbaited to CLRO1 in the
brain. The most likely metabolism of CLRO1 is cleavage of one or podsphate groups
resulting in monophosphate and hydroquinone derivatives, respectively (§)gtach such
dephosphorylation would decrease the polarity of the compound and inceegsseittial
partition into the lipophilic brain parenchyma environment relativledotood. In particular,
the hydroquinone product is insoluble in aqueous solutions, in contrast t01CAMRI its
monophosphate metabolite, which are soluble at millimolar concentraiibns, double
dephosphorylation could result in precipitation and accumulation of th®dpyinone in the
brain, potentially leading to misinterpretation of the BBB pernigabiata. Complete
analysis of CLRO1 metabolism in the brain was beyond the scdpe sfudy described here.
However, to evaluate the potential for dephosphorylation, we incubated GhR@do with
ALP or brain extracts and measured the release of inorganic phosphate.

Figure 9 CLRO1 dephosphorylation.Molecular structure of theoretical successive CLRO1
dephosphorylations at the bridgehead to monophosphate and then to hydroquinone.




ALP is a widely distributed plasma membrane enzyme found myrtissues which can be
released into body fluids [31]. The enzyme received its name betaskews optimal
activity at pH ~9. There are four isoforms of ALP: intestipédcental, germ cell, and tissue
non-specific. All four isoforms are non-specific enzymes thatlyz@ahe hydrolysis of a
wide range of phosphate esters [32]. Tissue non-specific ALP mtpatien levels increase in
both brain and plasma of patients with familial or sporadic ADtivelao age-matched
healthy individuals [33], possibly as a compensatory mechanism lge¢chasenzyme
catalyzes tau dephosphorylation [34].

Because of its promiscuous hydrolysis activity, we tested hehetalf intestinal ALP
catalyzed CLRO1 dephosphorylation by incubating the molecular twedie ALP and

comparing the amount of inorganic phosphate released to a standeedotwained by
incubating ALP with increasing concentrations of a common substrate,
nitrophenylphosphate. This standard curve had a detection sensitivityofin® nmol.

Incubation of up to 100 nmol CLRO1 with ALP resulted in undetectable le¥eiorganic

phosphate, suggesting that despite its promiscuity, ALP did not zatdgphosphorylation
of CLROL1.

To test whether CLRO1 dephosphorylation might be catalyzed by braiphatases other
than ALP, we incubated 50 nmol CLRO1 with 1.5 mg of mouse-brain horategerhe brain
homogenate dephosphorylated the positive control substrate, p-nitrophenylphcapb@te,
130% of the activity of 0.8 enzymatic units of ALP. In contrast, lanyito the reaction with
ALP, no release of inorganic phosphate was detected when the brain habtesgeere
incubated with CLRO1 under the same conditions. Based on these mspitssphorylation
of CLROL1 likely did not happen in our BBB permeability experimemtd the radioactivity
measured in mouse brains plausibly reflected CLROL itself.

Discussion

Recently, we have reported that CLRO1, an inhibitor of aberrantnagse@nd toxicity of
amyloidogenic proteins [3], protected primary neurons frgivirfluced decrease in synaptic
spine density, basal synaptic activity, and long-term potentigfipnin addition, CLRO1
treatment of 15-m old 3xTg mice with 4@/kg/day CLRO1 for 28 days resulted in decreased
AD-related brain pathology, including amyloid plaques, neurofibrillary &mgind microglia
levels [5]. In a mouse model of familial amyloidotic polyneuropatbiRO1 significantly
decreased transthyretin deposition and associated pathologicarsnarkkiding ER stress,
oxidative stress, and apoptosis [15]. Following up on these promiicacg data, here, we
explored the putative process-specific mechanism of CLRO1, its/ saBrgin in mice, its
BBB permeability and how it might be affected by age and diseasl the most likely route
of CLRO1 metabolism.

As stated above, no signs of toxicity have been observiedvino efficacy studies. Towards
determining optimal dosing for subsequent studies, we sought to find oldthiaé dose,
which would provide an upper limit for future dosing decisions. Effectjwsly found that
our highest acute dose of 100 mg/kg was not lethal but did elicibabtiehavioral signs of
distress and liver damage (Table 1). Thus, chronic dosing at thisnt@timen could lead to
mortality. Importantly, we found that high doses of CLRO1 had no effiedbrain, heart,
lung, spleen, or kidney. Liver injury, found by both histology and serum asialyas the
main indicator of acute toxicity. These data will be used to Wiremnitoring for potential



toxicity in future studies using higher doses than those used prevangslyotentially using
species other than mouse.

In the chronic-administration experiment, the only meaningful finduag a decrease in
cholesterol levels, which were still within the normal rangeth@ 10-mg/kg/day group
(Table 1). This was an unexpected effect of CLRO1 treatment, apcbenaf interest for
further exploration especially for dual treatment of AD as lulgblesterol in middle age is
associated with increased risk for AD [35,36]. Importantly, the chatigiadministered dose
of 10 mg/kg/day is 250-times higher than the efficacious dose pQA@/day used in the
AD model [5] and thus provides a large safety margin. In suppothisf conclusion,
concentrations up to 3QM did not significantly affect the polymerization of tubuimvitro
(Figure 2), suggesting that CLRO1 does not inhibit physiologieprassembly unless the
concentrations used are substantially higher than those needed for therafesusic ef

Several previous observations support the safety of CLR0O1. As mentiboed, i Vvivo,
CLRO1 decreased significantly brairp Aleposition without interfering with APP processing
[5], and inhibiteda-synuclein aggregation but not its ubiquitination, which requires fyse L
residues [4]. In addition, when CLRO1 was testedvitro as an inhibitor of enzymatic
activity, the CLROl:enzyme concentration ratio needed for inhibitios walers of
magnitude higher than the ratios needed for inhibition of abnormal premgregation. Thus,
CLRO1 inhibited alcohol dehydrogenase (ADH) activity withsolG 180 uM at ADH
concentration of 208 nM [7]. Thus, the CLRO1:ADH ratio needed for inhibition was 865:1. In
another study, CLRO1 was tested as an inhibitor of Poly [ADP-rilmdginerase 1 (PARP-
1). Inhibition was found with an Kg of 3.3uM at an enzyme concentration of 2.3 nM (T.
Schrader, unpublished results). The ratio in this case was 1435:1.fiNuasgs support the
proposed process-specific mechanism and the development of moleadaeits in general,
and CLRO1 in particular, towards initiation of clinical trials.

It is important to note that animal dose should not be extrapolateauiman equivalent dose
by conversion of body weight, but rather by normalization to bodiaseirarea [37]. This
method correlates well with several parameters of biology, includkygen utilization,
caloric expenditure, basal metabolism, blood volume, circulating plasoteins, and renal
function [38]. An extrapolation using the body surface area sugdedts tdosing window
between 0.04 — 10 mg/kg/day in mice corresponds to 0.003 — 0.81 mg/kg/day in humans.

Many of the properties of the BBB that determine the extenthioh drugs are taken up by
the brain are known to be altered in AD, such as disruption of tightigunscdecreased CSF
reabsorption, decreased cerebral blood flow, and decreased efflux pinip dat]. Similar

BBB compromise has been reported in animal models of AD [24,25], treusetvout to
explore the differences in CLRO1 brain penetration in both WT and the 3xTg mouse model of
AD. Because many of these properties, such as CSF reabsorption and BBBodisauptnot
simply binary, we chose animals at three different ages, &en22-m, which correlate with
different stages of disease progression, to evaluate the effegeofind disease on drug
uptake. UsingH-labeled CLRO1, we found brain penetration levels between 1 — 3% in the
different ages, whereas the absence or presence of AD trass$gehbttle effect on CLRO1
uptake into the brain (Figure 7). There was no statisticaltyfgignt interaction between age
and presence of AD transgenes. However, we did find that 2-m dld B¥ce differed
significantly from 12-m and 22-m old 3xTg mice. In comparison, in tleghdup, the only
significant difference was between the 2-m and 22-m old mices& data suggest that the
presence of the AD-related transgenes expedites the disintegadtiihe BBB and thus



increases the brain penetration of CLRO1 by a small, yet potgnma@aningful, amount.
Unexpectedly, we found higher penetration of CLRO1 in the brains obtmeger mice. One
possible explanation of these findings, assuming that CLRO1 eneetsrdim by a passive
transport mechanism, is that the increased BBB permeabilityvelasat old age results in
faster leakage of CLRO1 out of the brain than in the young rilternatively, CLRO1 may
be taken up by a serendipitous active transport system that iseffiolent in younger, than
in older mice.

The observation that brain radioactivity did not decline with timguie 8) was peculiar.
Linear regression analysis of the values between 1-72 h for the 22-m old WT suitedren

a slope that was not significantly different from zero. This peeted behavior raised a
concern for a systematic error producing these data. Howeverthieadlouble-injection-, and
the 5x-dose-experiments showed a linear increase in brain radigastiggesting that the
radioactivity measured in the brain reflectaoha fideuptake of CLRO1 through the BBB.
Another concern was that the radioactivity measured in the braiallgatame from residual
blood that was not accounted for by either perfusion or subtractidre adxipected values.
However, the observations that blood CLROPHHCLRO1 decreased to ~5% of the starting
values by 8 h (Figures 4 and 6) without a correlating deciads&in radioactivity, which
remained steady over that same period, indicated that the radtganeasured in the brain
was not related to residual blood levels. In addition, actual saraptfesc£500 CPM) were
well above the minimum sensitivity of the liquid scintillation countsygtem (background
was < 150 CPM). Thus, the radioactivity measured in the brain tedlabe actuafH-
CLROL1 levels that penetrated the brain.

The observation that CLRO1 penetration levels were consistent ammngsgnd persistent
over time suggests that CLRO1 enters the brain and accumulttgsanameters that are age-
specific, as age was found to be a significant determinant BffgBetration (Figure 7). One
possible mechanism by which CLRO1 passes across the BBB indgdio Lys residues on
receptors that span the membrane or get endocytosed. An analysis of thecairseq@ence
of four major human cellular receptors involved in transferringyacaacross the BBB —
transferrin, low density lipoprotein receptor-related protein 1, gluttesmsporter 1, and large
neutral amino acid transporter — reveals that Lys makes up 3.3 —06 #fir sequences. If
these Lys residues are exposed and are positioned within the receptmnel, or get
endocytosed upon ligand binding, they may allow CLRO1 to “hitchhike” &g across the
BBB through its labile binding to these receptors and potenttaibugh the transport of the
natural cargo.

An important question is whether the mechanism of action of CluR0O/0 is similar to, or
different from, its mechanisnmn vitro. Though complete characterization of timevivo
mechanism is difficult to achieve, and important question is whétkestoichiometry of the
molecular tweezer and its target proteins is simifawitro and in vivo. Based on the
experiments using SC pumps in which 0.7% of the administered CLROM wrzes blood at
steady-state (Lopes DHJ, Attar A, Du Z, McDaniel K, DutB&vo-Rodriguez K, Ramirez-
Anguita JM, Sancez-Garcia E, Klarner F-G, Wang C, Schradeiitdn &: The molecular
tweezer CLRO1 inhibits islet amyloid polypeptide assembly anaitgxvia an unexpected
mechanism, submitted), the brain penetration of ~2% of blood levels foundamerehe
efficacy studies in the 15-m old 3xTg mice using audfkg/day dose [5], we estimate that
~200 fmol of CLRO1 enter the brain per day. A literature search for brain caateamtevels
of AB40 and 442 resulted in reported values from zero to a maximum of 280 fmdal/aig
[14]. The masses of the mouse brains used in our studies were ~OlBusga total of ~140



fmol Ap may be found at a given point in 13-m old 3xTg mice [14]. Upon accunmlatio
CLRO1 in the brain, as we observed in the double-injection experinmentoncentration
levels of CLRO1 entering the brain at a dffkg/day dose and of[Aare expected to be on
the same order of magnitude, specifically, in the range of hdsdrefmols. This is not to
suggest that CLRO1 does not interact with all exposed Lys residuasy protein. It likely
does. However, whereas the high on-off rate of CLRO1 binding to Lyfuess[9] is unlikely
to disrupt stable protein structures significantly, becauseasstieiation of amyloidogenic
proteins depends on the improbable formation of a nucleus comprisinglenaionomers,
presumably binding of CLRO1 to a small percentage of the monometd b@gufficient for
disruption of nucleus formation. The same rationale is applicabrmation of metastable
toxic oligomers, which are made of multiple monomers. Thus, substoidhniome
concentrations of CLRO1 relative to its target protein are eggetd be sufficient for
producing a beneficial effect. The analysis outlined above stgygiest the intracranial
AB:CLRO1 stoichiometry achieved in oum vivo study, in which we found substantial
decrease in AD-like pathology [5], was similar to the stoichiometiny uitro and cell culture
experiments [3] providing strong support for the putative mechanism of actiorRiFICL

The estimate of 200 fmol of CLRO1 entering the brain per day uponnadration of 40
ug/kg/day [5] is a conservative one, when considering two additionakr$ad-irst, the levels
of CLRO1 detected in the plasma following an IV injection, whighconsidered 100%
bioavailable, were about 30% of amount injected. Thus, the amount detestaéflact the
limitation of the detection method and the CLRO1 actual concentratithe blood may be
higher. Second, the cerebrovascular volume of the 3xTg mice at 1hge bas been shown
to be 26% lower than that of non-transgenic littermates, potentlalyto cerebrovascular
amyloid deposition [39]. We did not take this difference into accounuimcorrection for
cerebral blood when calculating brain radioactivity and thus might¢ b&éased our data to
reflect lower radioactivity in the older 3xTg mice than acuales. Taking these potential
biases into account lends additional support to the suggested mecbéaistion of CLRO1
in vivo.

An important factor for development of CLRO1 and/or other moleculaezer derivatives as
therapeutic drugs is identifying the active pharmaceutiggettient.In vitro data suggest
that binding of CLRO1 itself to free Lys residues is what modsiltte self-assembly of
amyloidogenic proteins into non-amyloidogenic, non-toxic species. Howawavo, CLRO1
may be metabolized in currently unknown ways and the active pharntateogredient
may be a metabolite. To examine potential CLRO1 metabolism, préyious tested the
stability of the compound in mouse and human, plasma and liver microsorde®und
100% stability in all preparations [5]. To explore the question of Igtalaind potential
metabolism further, here, we hypothesized that the phosphate groups woild best
likely targets of metabolism and therefore asked whether these vsubstrates for
dephosphorylation by ALP or other brain phosphatases. The question wstiotilar
importance in view of the reported increase in ALP concentratibotimbrain and plasma of
patients with AD relative to healthy individuals [33]. We testdue potential
dephosphorylation of CLRO1 under stringent conditions of excess ALP in laumifledid not
find release of inorganic phosphate upon incubation of CLRO1 with eithepuitiied
phosphatase or the brain extracts. A plausible explanation for thevedtbsstability of
CLRO1's phosphate groups to enzymatic dephosphorylation is the rigictuseé of the
hydrocarbon backbone of the compound (Figures 1 and 9), which likely pret®nts
accommodation in the active sites of phosphatases.



Process-specific modulation of amyloid protein assembly is allugpproach that can be
adopted for a multitude of amyloidoses. The beneficial therapedéctefof CLRO1 have
been demonstrated in mouse models of AD and familial amyloidotic gaigpathy, and a
zebrafish model of Parkinson’s disease [11]. Here, we found a favaalely profile and
small yet persistent brain penetration — a formidable stagioigt for future formal
development of CLRO1 towards human therapy.

Conclusion

A single dose of CLRO1, at 2,500-fold the efficacious dose, induced behaligirass and
liver injury, but did not result in mortality. Daily dosing at 250-fdhe tefficacious dose did
not result in any signs of behavioral, serological, or pathologaatity. In vitro evaluation

of CLRO1’s influence on physiologically normal protein assemblyraitishow disruption
until 55-fold excess of CLRO1 was used. These results indicatehashfgty margin for
CLRO1. Brain penetration of CLR0O1 was observed to be ~2% of blood ldepkending on
age, yet it was persistent for 3 days. These data were usedftothat sufficient levels of
CLROL1 are present in the brain for the putative mechanism of action.
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