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Abstract

Background: Microtubules are abundant in brain and their malfunctioning occurs in the
early to advanced stages of neurodegenerative disorders. At present there is no in vivo
test available for a definitive diagnosis of most of the neurodegenerative disorders.
Herein, we present the microPET imaging of microtubules using our recently reported
Positron Emission Tomography (PET) tracer, [**C]MPC-6827, in transgenic mice models
of tau pathology (rTg4510) and amyotrophic lateral sclerosis pathology (SOD1*G93A)
and compared to corresponding age matched controls.

Methods: Automated synthesis of [*!C]JMPC-6827 was achieved in a GE-FX2Mel/FX2M
radiochemistry module. In vivo PET imaging studies of [11C]IMPC-6827 (3.7+0.8 MBq)
were performed in rTg4510 and SOD1*G93A mice groups and their corresponding
littermates (n=5 per group). Dynamic PET images were acquired using a microPET
Inveon system (Siemens, Germany) at 55 minutes for rTg4510 and 30 minutes for
SOD1*G93A and corresponding controls. PET images were reconstructed using the 3D-
OSEM algorithm and analyzed using VivoQuant version 4 (Invicro, MA). Tracer uptake in
ROIs that included whole brain was measured as %ID/g over time to generate
standardized uptake values (SUV) and time-activity curves (TACS).

Results: [*!C]MPC-6827 exhibit a trend of lower tracer binding in mouse models of
Alzheimer’s disease (tau pathology, line rTg4510) and Amyotrophic Lateral Sclerosis
(line SOD1*G93A) compared to wild type littermates.

Conclusions: Our finding indicates a trend of loss of microtubule binding of [*!C]MPC-
6827 in the whole brain of AD and ALS transgenic mice models compared to control mice.
The pilot studies described herein show that ['1C]MPC-6827 could be used as a PET
ligand for preclinical and human brain imaging of Alzheimer’'s disease, ALS and other

neurodegenerative diseases.
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AB
AD
ALS
BBB
CNS
FTD
ID/g
LTP
MAP

MT
MTA
ND
NFT
PET
PTM
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Amyloid beta

Alzheimer’s Disease
Amyotrophic Lateral Sclerosis
Blood brain barrier

Central nervous system
Frontotemporal lobe dementia
injected dose/gram

Long-term potentiation
Microtubule associated protein
Mega becquerel

Microtubule

Microtubule targeting agent
Neurodegenerative disorder
Neurofibrillary tangles

Positron Emission Tomography
Post-translational modifications
time activity curves

Standard error of the mean
standardized uptake value

Volume of interest



Introduction

Neurodegenerative disorders (NDs) are highly prevalent brain diseases among the aging
population, and no definitive cures exist [1-3]. Appropriate biomarkers are not available
to diagnose NDs at an early stage, and it may be far too late to treat the disease effectively
after symptoms appear. Although neurodegeneration is considered to be a major
pathology, the causes and mechanisms underlying brain abnormalities in NDs are not yet
fully understood. Therefore, the development and validation of a unique neuroimaging
biomarker for NDs that identifies a common pathogenic mechanism of neurodegeneration
should be a top research priority. There is currently no validated PET ligand available for
imaging and tracking the degeneration process in NDs. Such an agent would be useful
for both clinical early diagnoses, prior to the emergence of clinical symptoms, as well as
a tool for preclinical studies of NDs.

Abnormalities in  microtubule (MT) dynamics are positively associated with
neurodegeneration and they have been characterized as a validated biomarker for a
variety of sporadic and familial NDs [4-6]. Neurodegeneration is often associated with
axonal swellings, axonal transport deficit, and the accumulation of proteins [7-9]. These
symptoms have been associated with alterations of the cytoskeleton, and a large body of
literature links MT dysfunction leading to neurodegeneration in early to advanced stages
of NDs [4-6]. For all the above reasons, MTs are promising targets for pharmacological
treatment as well as a biomarker for NDs. NDs associated with tau pathology (collectively
known as tauopathies) including Alzheimer's disease (AD) and frontotemporal lobe
dementia linked to tau (FTD-tau) are the best-documented diseases with MT
pathophysiology in the central nervous system (CNS). This likely occurs as tau is a
microtubule associated protein (MAP) and, under pathological conditions, MAP
dissociates from MTs, most likely as a result of hyperphosphorylation [4-6]. Similarly,
severe dysfunction of MT dynamics is reported in Amyotrophic Lateral Sclerosis (ALS)
[10-12]. Although the exact mechanisms underlying MT dysfunction in ALS are not
established yet, aberrant alterations in MT dynamics resulting in dysregulated axonal
transport are thought to drive cytoskeletal and cellular abnormalities leading to disease

progression [13]. Therefore, modulation of MT associated events and MT structural



integrity is an attractive therapeutic target and an in vivo biomarker for NDs. For AD, we
predict that a MT-based PET tracer will provide a higher signal to noise ratio compared
to tau and B-amyloid (AB) targeted PET tracers as in addition to AB and tau, a number of
mutated proteins and post translational modifications (PTM) also contribute to MT loss in
AD and a variety of NDs [4-6]. The accumulation of tau and AB proteins likely represent
only a subset of MT-associated abnormalities present in the degenerating AD brain.

Previous generations of PET radiotracers reported for MT tracers did not show much
uptake in the brain because these tracers are well-characterized substrates of efflux
transporters [14]. We screened many microtubule targeting agents (MTAS) as potential
PET imaging tracers for MTs and our lead radiotracer [*:C]MPC-6827 exhibits high blood
brain barrier (BBB) penetration, retention and specific binding in rodent brain (Figure 1)
[15, 16]. Our pilot preclinical PET imaging studies of [*!1C]JMPC-6827 show a trend of
lower binding in whole brain and prefrontal cortex of chronic ethanol treated mice
compared to water treated control group [17]. Here we report results describing the
preclinical imaging of [*!C]MPC-6827 in transgenic mouse models with tau pathology
(rTg4510) or ALS (SOD1*G93A) compared to corresponding age matched controls [18,
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Radiosynthesis of [*!C]MPC-6827 was performed using our previously established

Materials and methods

procedure [15-17]. All animal experiments were carried out with the approval of the
Institutional Animal Care and Use Committees (IACUC) of Columbia University Medical
Center (CUMC). Mouse lines rTg4510 (9-month-old) and SOD1*G93A (2-month-old) and
their corresponding age-matched littermates were originally obtained from Jackson
laboratories and bred and maintained at CUMC [18, 19]. Dynamic microPET scans (30
or 55 min) were performed on a Siemens Inveon microPET after tail vein administration
of [Y'C]IMPC-6827 (1.85 + 0.37 MBq, 200 pL volume) [17]. Image analyses were



performed using VivoQuant (version 4, Invicro, MA) software. The time activity curves
(TACs) and standardized uptake values (SUV) were derived from three-dimensional
ellipsoid volume of interests (VOIs) ranging from 2-6 mm? placed manually at the center
of the brain VOlIs.

Statistical analyses

Time activity curves are as mean = standard error of the mean (SEM), unless otherwise
stated. Since the data are not checked for normal distribution, statistical analyses of
radiotracer binding in the whole brain were analyzed using Mann Whitney nonparametric
test with U, p and median values are reported. All statistical analyses were performed
using Graphpad Prism version 9.1.0. Graphs were made using Graphpad Prism version

9.1.0. A p-value less than 0.05 was considered statistically significant.

Results
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Initially, we examined the binding of [\1C]MPC-6827 in transgenic rTg4510 mice
and their wild type littermates (Figure 2). We performed scans in 9-month-old rTg4510
mice due to literature evidence of the significant loss of dendritic spines and the
progressive loss of neurons at this age [18]. MicroPET analyses show excellent BBB
penetration and retention of [*!C]JMPC-6827 in rTg4510 mice and age matched controls
(n=5) (Figure 2A). Time activity curves (TACs) show brain peak uptake at approximately
2 minutes followed by a washout of [*1C]MPC-6827 from the brain. The whole brain
uptake of the radiotracer is slightly less in rTg4510 mice group compared to wild type
control group (Figure 2B). SUV data show lower binding of tracer (~15%) in whole brain
rTg4510 group than wild type mice group (Figure 2C). Statistical analyses of whole brain
SUV data show small effect size of radiotracer binding between rTg4510 (median = 2.38,
n = 5) and wild type controls (median = 2.68, n =5) (Mann Whitney test, U= 6, p = 0.22).

Subsequently, we examined the binding of [{!1C]JMPC-6827 in ALS mice model
SOD1*G93A and control groups (Figure 3). MicroPET imaging in 2-month-old
SOD1*G93A mice shows lower binding of [*1C]MPC-6827 in whole brain compared to
control littermates (Figure 3A). TACs and SUVs also demonstrate ~20% lower binding of
tracer in transgenic mice compared to controls (Figures 3B and 3C). Statistical analyses
of SUVs show a drift towards lower binding of ['1C]MPC-6827 in whole brain SUV data
between transgenic (median = 1.4, n =5) and control groups (median = 1.25, n =5) (Mann
Whitney test, U= 7, p = 0.31).
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Discussion

NDs strike primarily in mid-to-late life and are one of the incurable human diseases
recognized as major causes of death and disability [20-23]. A biomarker is urgently
needed for diagnosing NDs prior to symptom development to aid prevention or to monitor
disease progression. MTs, one of the fundamental components of cytoskeleton are
implicated in the pathogenesis of several NDs, and MT loss in neurons is directly
connected to neurodegeneration [4-6]. Our team recently developed [*!C]MPC-6827 as
the first brain-penetrating MT radiotracer, that exhibits specific binding in rodent brain [15-
17]. We selected rTg4510 mice for preclinical imaging due to the overexpression of
pathological human tau and it develops neurofibrillary tangles (NFTS) in a progressive

and age-related pattern [18]. This is accompanied by deficits in synaptic functioning



including long-term potentiation (LTP), brain atrophy and learning/memory behaviors [18].
It is one of the most robust and well validated mouse models of AD and FTD tau
pathology. Among the biomarkers of ALS, significant loss of MT is reported in postmortem
ALS brain [10-12]. Pharmacological stabilization of the MT network offers an attractive
therapeutic strategy in ALS. Among the transgenic animal models, SOD1*G93A is the
oldest and most widely used model of ALS including preclinical imaging with PET [19].
The SOD1*G93A model has demonstrated degeneration of the neuromuscular junction
at around 40 to 50 days of age and before the onset of symptoms. Gliosis was found
before the onset of symptoms and increased in intensity over time along with motor
impairment and activated microglia during the onset of symptoms, around age of 3
months. Up to 50% loss of motor cortex neurons in the cervical and lumbar segments of
the spinal cord at the end stage (~age of 120 days) was also observed in SOD1*G93A
[12,19]. Furthermore, stabilization of MT dynamics is established in SOD1*G93A mice
and treatment with MTAs caused improvement in neuropathology and behavioral
symptoms, supporting the use of this animal model for PET studies of MT [12].

The data presented in this manuscript report the first preclinical evaluation of MT
targeted PET tracer in mouse models of AD/FTD and ALS. Both models demonstrate
lower binding of [*!C]MPC-6827 radiotracer compared to their age-matched control
littermates. MicroPET experiments in both transgenic and control mice exhibit >30%
variations of SUV within the groups. One pair of animals per each transgenic and control
group exhibited very low uptake (SUV: 0.1-0.3), probably due to the low brain retention
of injected doses of [*!C]MPC-6827. These animals were excluded from the study. One
pair shows higher SUV for transgenic mouse group compared to controls and is included

in the outcome measurements.

Conclusions

In summary, our pilot preclinical imaging studies show a lower binding of MT PET
tracer [1!1CJMPC-6827 in ALS and AD/FTD mouse models compared to corresponding
controls. The above findings support previous reports of loss of MTs in AD/FTD and ALS
brain [4-6]. Experiments comparing metabolite corrected arterial input function data and



larger sample size and comparison with in vitro tubulin levels of imaged animals may

provide further verification of these results.
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Figure captions

1. Figure 1. Chemical structure of [**C]MPC-6827

2. Figure 2. A. Representative static (0-55 minutes) microPET images of [*!C]MPC-6827
scan in rTg4510 (right) and control mice (left) ; B. Average time activity curves of
[F*CIMPC-6827 in rTg4510 (red) and wild type littermates (green). Values are reported
as the mean + SEM from five pairs of mice per group; C. Standardized uptake values
(SUV) of [**'C]MPC-6827 in rTg4510 (red) and wild type mice (green). Whole brain
SUV values show a trend of lower binding but were not statistically significant different
between rTg4510 (median = 2.38, n = 5) and wild type controls (median = 2.68, n =5)
groups (Mann Whitney test, U=6, p = 0.22).

3. Figure 3. A. Representative static (0-30 minute) microPET images of [*!C]MPC-6827
in SOD1*G93A (right) and control mice (left); B. Average time activity curves of
[YICIMPC-6827 in SOD1*G93A (red) and control mice (green). Values are reported as
the mean £+ SEM from five pairs of mice per group; C. Standardized uptake values of
[YICIMPC-6827 in SOD1*G93A (red) and control mice (green). Whole brain SUV
values show a drift of lower binding of tracer but were not statistically significantly
different between SOD1*G93A (median = 1.4, n = 5) and wild type controls (median =
1.25, n = 5) groups (Mann Whitney test, U= 7, p = 0.31).
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