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Abstract

Background and purpose: AV-1451 (18F-AV-1451, flortaucipir) positron emission
tomography (PET) was performed in C9orf72 expansion carriers to assess tau accumulation and
disease manifestation.

Methods: Nine clinically characterized C9orf72 expansion carriers and 18 age- and gender-
matched cognitively normal individuals were psychometrically evaluated and underwent tau PET
imaging. Regional AV-1451 standard uptake value ratio (SUVR) from multiple brain regions was
analyzed. Spearman correlation was performed to relate AV-1451 SUVR to clinical, psychometric,
and cerebrospinal fluid (CSF) measures.

Results: C9orf72 expansion carriers had increased AV-1451 binding in entorhinal cortex
compared to controls. Primary age-related tauopathy (PART) was observed post-mortem in one
patient. AV-1451 uptake did not correlate with clinical severity, disease duration, psychometric
performance, or CSF markers.

Conclusion: C9orf72 expansion carriers exhibited increased AV-1451 uptake in entorhinal
cortex when compared to cognitively normal controls, suggesting a propensity for PART.
However, AV-1451 accumulation was not associated with psychometric performance in our cohort.
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INTRODUCTION

The C90rf72 hexanucleotide repeat expansion is the most common genetic cause of
amyotrophic lateral sclerosis (ALS) and fronto-temporal dementia (FTD). Nearly 50% of
patients with C9orf72-related ALS develop cognitive impairment [1].

Cognitively impaired C9orf72 expansion carriers have been described with accumulation of
intracellular tau fibrils [2, 3] and a pathologic burden of neurofibrillary tangles (NFTSs)
consistent with AD [3]. Other studies found minimal tau pathology in C9orf72-positive
patients across the ALS/FTD spectrum [2].

PET tracers that bind to aggregated tau, such as AV-1451, provide a novel non-invasive
approach for investigating the spatial accrual of tau [4] and have shown promise as
biomarkers for disease progression in AD [5] and other tauopathies [6]. Here, we study the
AV-1451 uptake in C9orf72 expansion carriers and examine relationships between AV-1451
binding and clinical features.

MATERIALS AND METHODS

Participants

The study was approved by the Washington University in Saint Louis (WU) Institutional
Review Board and registered at clinicaltrials.gov (NCT02414230). Participants (n= 9) were
recruited from the WU neuromuscular clinic and provided written informed consent. All had
an expanded C9orf72 allele by repeat-primed PCR through a CLI1A-approved laboratory.
None were diagnosed with FTD. Clinical history, physical exam, and a revised ALS
functional rating scale (ALSFRS-R) assessment were collected. ALS cognitive behavioral
score (ALS-CBS) was obtained from the medical record.

Eighteen cognitively normal participants (mean age: 63.9 = 5.4 years, % male: 50%) were
recruited from the WU Knight Alzheimer’s Disease Research Center to match our
experimental cohort 2:1. Controls had a clinical dementia rating (CDR) score of zero and
were amyloid-negative by imaging with 18F-AV-45.

Neuropsychological tests administered included the Mini-Mental State Examination
(MMSE), trailmaking A (TMA), trailmaking B (TMB), letter-number sequencing (LNS),
category fluency (animals), and the logical memory subtest from the Wechsler Memory
Scale I11. One C9orf72 expansion carrier was unable to perform neuropsychological testing
due to advanced disease. Four additional participants did not complete the logical memory
subtest due to speech limitations.
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CSF AD biomarker analysis

CSF Ap42, total tau, and phospho-tau were analyzed by enzyme-linked immunosorbent
assay (INNOTEST®, Fujirebio-Europe; Ghent, Belgium) [7].

Brain Imaging
Structural MRI scans were acquired using a Biograph mMR PET-MRI scanner. AV-1451
PET scans ([18F] Av-1451,T807, flortaucipir) were acquired on a Siemens Biograph 40
PET-CT scanner for controls, or a Biograph mMR PET-MRI scanner for C9orf72 expansion
carriers. Attenuation correction, tracer analysis, volumetric segmentation, and partial volume
correction were preformed as previously described [8]. Scanner specific spatial filters were
applied to achieve a common resolution (8 mm3) across PET scanners [9, 10]. Regional
SUVRs were obtained using the cerebellar gray matter as a reference region during the 80 —
100 minute post-injection time. Additional comparisons to the brainstem and cortical
regions were performed.

Neuropathologic analysis

Brain and spinal cord sections were analyzed by the Anatomic and Molecular Pathology
Core Lab at WU.

Statistical analyses

AV-1451 SUVRs were compared by independent 2-tailed t-tests using a Bonferroni
corrected p-value of 0.0042 (adjusted p-value= 0.05/ 12) to correct for multiple
comparisons. Spearman correlation was used to relate AV-1451 uptake to clinical/
paraclinical measures.

RESULTS

Clinical and Neuropsychological Characteristics

C9orf72 expansion carriers varied in site of onset, disease duration, and ALSFRS-R scores.
Two participants, #2 and #7, did not display motor impairment (Table 1). C9orf72 expansion
carriers performed worse on a global measure of neuropsychological performance (MMSE)
and required longer times to complete TMA (control: 27.39 + 8.49; C9orf72: 45.96 + 12.56,
p=0.0003) and TMB (control: 64.06 + 29.35; C9orf72: 105.5 + 43.86, o= 0.011) tasks.
TMA/TMB performance was not related to motor impairment from the ALSFRS-R
handwriting subscore (TMA: Spearman r= -0.232, p= 0.529; TMB: Spearman r= -0.020, p=
0.781). Thus, C9orf72 expansion carriers had cognitive deficits in attentional and executive
domains.

We examined AV-1451 SUVRs in regions commonly affected by C9orf72-related disease
based on prior morphometric or pathologic studies [2, 3, 11]. The entorhinal cortex
displayed elevated AV-1451 SUVR in C9orf72 expansion carriers (C9orf72: 1.347 + 0.376,
control: 0.982 + 0.199, o= 0.0027) (Fig. 1A-B). No other targeted ROI displayed increased
AV-1451 uptake (Fig. 1B). Since cerebellar pathology has been described in C9orf72-related
disease [11], comparisons using AV-1451 SUVR normalized to brainstem and mean cortical
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regions were also performed and revealed increases in entorhinal tau deposition (data not
shown).

Neither ALSFRS-R (r= 0.357, p= 0.444) nor disease duration (r= 0.571, p= 0.200)
correlated with entorhinal AV-1451 uptake suggesting that AV-1451 uptake is not associated
with physical decline.

TMA/TMB performance has been associated with activation of frontal regions [12]. We
examined relationships between TMA and TMB performance with AV-1451 SUVR in
entorhinal (TMA: r=-0.071, p= 0.906; TMB: r= 0.571, p=0.2), caudal middle frontal
(TMA: r=-0.5, p= 0.267; TMB: r=-0.179, p= 0.713), and rostral middle frontal (TMA: r=
-0.536, o= 0.236; TMB: r= 0.036, p= 0.964) regions. AV-1451 accumulation in frontal
cortex was not associated with TMA or TMB performance.

CSF Ap42 levels (CSF Ap42: 973 + 443 pg/mL) were within ranges reported for cognitively
normal and amyloid negative individuals [7]. CSF biomarker levels did not correlate with
entorhinal AV-1451 uptake in C9orf72 patients (Ap: r= 0.543, p= 0.297; t-tau: 0.257, p=
0.658; p-tau: r= 0.257, p= 0.658).

Post-mortem analysis was performed on tissue from participant #3 (entorhinal SUVR 1.26).
Staining for phospho-tau showed neurofibrillary tangles primarily within the entorhinal
cortex. Entorhinal cortical sections did not exhibit p-amyloid deposition (Fig. 1C),
consistent with PART.

DISCUSSION

Tau PET imaging in C9orf72 expansion carriers with motor and cognitive deficits revealed
that a subset of had increased tau burden in the entorhinal cortex compared to controls. Prior
pathological studies of tauopathy in C9orf72-related FTD and ALS/FTD [2, 3] identified a
burden of neurofibrillary tangles that ranged from mild (in most cases) to moderate/high
likelihood of AD by Braak staging. PART was seen in ~50% of C9orf72 expansion carriers.
Post-mortem analysis of a C9orf72 and entorhinal tau PET-positive participant revealed
entorhinal tau pathology in the absence of p-amyloid deposition, most consistent with PART.
However, tau deposition was not associated with clinical features or psychometric
performance \.

AV-1451 has been shown to bind neurofibrillary tangles and paired helical filament tau /n
situ [4]. However, its propensity to bind tau in alternatively modified or aggregated states is
not well characterized. We cannot exclude the presence of alternative tau species with poor
tracer affinity in C9orf72-related disease.

Study limitations include lack of testing for episodic memory or behavioral changes,
relatively small sample size, and relatively mild cognitive burden in this cohort. A larger
longitudinal study C9orf72 expansion carriers spanning from pure FTD to pure ALS would
help address the predictive power of AV-1451 as a biomarker for cognitive impairment in
these patients.
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Figurel.
Tau PET uptake in C9orf72 expansion carriers and controls. A) Representative coronal,
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sagittal, and axial images showing regional distribution of cerebellar gray-normalized
AV-1451 SUVR values and paired T2-weighted MRI images in C9orf72 expansion (right)
and control participants (left). Entorhinal cortex is outlined in red. B) AV-1451 SUVR values
in twelve brain regions. Statistics by student’s t-test using a Bonferroni significance level of
0.0042. C) Post-mortem analysis of hippocampus from a C9orf72 participant with tau PET
SUVR of 1.26. Sections stained with AT8 antibody show tau reactivity (scale bar: 50 um) in
the entorhinal cortex. Inset shows tau pathology at higher magnification (scale bar: 20 pm).
Entorhinal cortical sections stained for g-amyloid (BA) did not display reactivity (scale bar:

50 pm).
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