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Tau aggregates and amyloid-b (Ab) plaques are key histopathologic

features in Alzheimer disease (AD) and are considered targets for

therapeutic intervention as well as biomarkers for diagnostic in

vivo imaging agents. This article describes the preclinical in vitro
and in vivo characterization of 3 novel compounds—RO6958948,

RO6931643, and RO6924963—that bind specifically to tau aggre-

gates and have the potential to become PET tracers for future

human use. Methods: RO6958948, RO6931643, and RO6924963
were identified as high-affinity competitors at the 3H-T808 binding

site on native tau aggregates in human late-stage AD brain tissue.

Binding of tritiated compounds to brain tissue sections of AD pa-
tients and healthy controls was analyzed by macro- and microau-

toradiography and by costaining of tau aggregates and Ab plaques

on the same tissue section using specific antibodies. All 3 tracer

candidates were radiolabeled with a PET nuclide and tested in vivo
in tau-naïve baboons to assess brain uptake, distribution, clear-

ance, and metabolism. Results: 3H-RO6958948, 3H-RO6931643,

and 3H-RO6924963 bound with high affinity and specificity to tau

aggregates, clearly lacking affinity for concomitant Ab plaques in
human AD Braak V tissue sections. The specificity of all 3 radio-

ligands for tau aggregates was supported, first, by binding patterns

in AD sections comparable to the tau-specific radioligand 3H-T808;
second, by very low nonspecific binding in brain tissue devoid of tau

pathology, excluding significant radioligand binding to any other

central nervous system target; and third, by macroscopic and mi-

croscopic colocalization and quantitative correlation of radioligand
binding and tau antibody staining on the same tissue section.

RO6958948, RO6931643, and RO6924963 were successfully radiola-

beled with a PET nuclide at high specific activity, radiochemical purity,

and yield. After intravenous administration of 18F-RO6958948, 11C-
RO6931643, and 11C-RO6924963 to baboons, PET scans indicated

good brain entry, rapid washout, and a favorable metabolism pattern.

Conclusion: 18F-RO6958948, 11C-RO6931643, and 11C-RO6924963

are promising PET tracers for visualization of tau aggregates in AD.

Head-to-head comparison and validation of these tracer candidates in

AD patients and healthy controls will be reported in due course.
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Tau is a microtubule-associated protein that exists in multi-
ple isoforms and posttranslational modifications. The protein be-

comes hyperphosphorylated and aggregates to neurofibrillary tangles

(NFTs) and neuropil threads in the brains of Alzheimer disease

(AD) patients. Histologic analyses of brains from AD autopsy cases

have suggested that the spread and density of NFTs correlate with

the cognitive status of patients (1,2). Noninvasive methods to detect

these abnormal proteins are therefore highly desirable for early and

accurate diagnosis of the disease and to support therapeutic ad-

vances in managing tau-directed therapies.
Several PET tracers characterized in vitro in NFT-rich AD brain

tissue and in vivo in AD patients have recently been reported and

reviewed in the literature (3–5). 18F-flortaucipir (also known as
18F-AV-1451 or 18F-T807) was the first published PET tracer to

show promise for visualizing and quantifying NFT pathology in

AD patients (6) and is currently the most widely studied tau PET

tracer. This tracer has limitations: it does not reach a steady state

during a typical imaging duration, making quantification challeng-

ing (7,8), and it shows some high-affinity off-target binding (9,10).
11C-PBB3 has been shown to provide a specific signal in AD

patients that is differentiated from the binding pattern of amyloid-b

(Ab) plaque PET tracers, but brain uptake of the tracer was minimal

(11). Multiple 18F-labeled NFT PET tracers have been evaluated

by investigators at Tohoku University, the most recent being 18F-

THK5351, which has shown high-affinity binding to monoamine

oxidase (MAO)–B (12). Merck recently presented the preclinical

characterization of the NFT PET tracer 18F-MK-6240 (13,14).
18F-MK-6240 has high affinity for NFT-rich AD brain homoge-

nates, and self-blocking studies in rhesus monkeys did not reveal
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any displaceable tracer binding. 18F-JNJ64349311, another promising
tau PET tracer candidate with favorable preclinical characteristics,
was recently described by Janssen (15).
Our goal was to develop a novel tau PET tracer with excellent

selectivity, sensitivity, and pharmacokinetic properties for the purpose of
detecting longitudinal changes in the distribution and density of tau load in
therapeutic intervention trials on AD patients. To this end, 3 potential tau
PET tracer candidates—RO6958948 (2-(6-fluoro-pyridin-3-yl)-9H-
dipyrido[2,3-b;39,49-d]pyrrole), RO6931643 (N-methyl-2-(3-methylphenyl)
imidazo[1,2-a]pyrimidin-7-amine), and RO6924963 (2-(4-methoxyphenyl)
imidazo[1,2-a]pyridin-7-amine)—were developed for eventual head-
to-head comparison in the same AD patient population. In this article,
we report the in vitro and in vivo preclinical characterization of these
3 tracer candidates as PET imaging agents for tau aggregates.

MATERIALS AND METHODS

General

All chemicals, unless otherwise stated, were purchased from commercial

suppliers and used without further purification. RO6958948, RO6931643,
RO6924963, and T808 were tritiated at Roche. 3H-RO6958948 and 3H-

RO6924963 were prepared by hydrogen tritium exchange in the presence of
an iridium catalyst; 3H-RO6931643, by 3H-methylation of a des-methyl

precursor. All tritiated ligands were obtained with a specific activity of

more than 900 GBq/mmol.
11C and 18F radiolabeling was performed at the Johns Hopkins Univer-

sity PET Center, as described elsewhere (16,17). The radiochemical identity
of tracer candidates was confirmed by coinjection of the authentic reference

standard with the radiotracer. Specific activity and radiochemical purity
were determined by high-performance liquid chromatography. The calcu-

lated specific activity of the PET radiotracers at the end of synthesis was
over 500 GBq/mmol, with a radiochemical purity of more than 96%.

Tissues and Animals

Fresh-frozen human brain tissue blocks were purchased from the
Banner Sun Health Research Institute and Lund University. Pathologic

diagnosis was made according to standard National Institute on Aging–

Reagan Institute criteria based on neuropathologic data. Male baboons
(Papio anubis) were used for the PET experiments and were kept fasting

for 12 h before each PET study. The experimental protocol was approved
by the Animal Care and Use Committee of Johns Hopkins University.

In Vitro Autoradiography

Tissue sections (10 mm thick) from fresh-frozen human brain were
incubated for 60 min in Ringer buffer containing the radioligand at

room temperature. For affinity testing, 10 nM 3H-T808 was coincubated

with 10 nM unlabeled candidate compound. For macroautoradiographic
analysis, the tritiated compound was incubated at 3 nM. For microautor-

adiography, a radioligand concentration of 30 nM was used. After incuba-
tion, all sections were rinsed 3 times for 5 min in Tris buffer and dipped 3

times in distilled water at 4�C. Slide-mounted brain sections were dried for
at least 3 h and exposed to a BAS-TR 2025 imaging plate (Fuji) with a 3H-

microscale (RPA-510; GE Healthcare) for 5 d. The imaging plate was
scanned with 25-mm resolution in a high-resolution plate scanner (BAS-

5000). For microautoradiography, the sections were dipped in NTB emul-
sion (Kodak) and kept for more than 2 wk at 4�C in a dark box before being

developed for 2 min in Kodak developer solution, fixed for 5 min in Kodak
fixer solution and finally analyzed under the light microscope. Visualization

and quantification of the macroautoradiograms were performed with the

MCID image analysis program (Imaging Research Inc.). The total amount
of radioligand bound to the brain areas of interest was expressed as femto-

moles of bound radioligand per milligram of protein. For affinity testing of
unlabeled tracer candidates, total binding was determined in gray matter

regions of late-stage AD tissue sections with high tau pathology, non-
specific binding was determined in a tau-free white matter region of the

same tissue section, and specific binding was calculated as follows:
specific binding 5 total binding – nonspecific binding. The displace-

ment potency of novel unlabeled test compounds was calculated accord-
ing to the following formula: 100 – (specific binding, test compound/

specific binding, radioligand only) · 100%. For quantitative assessment
of novel tritiated compounds, nonspecific binding was determined by

calculating radioligand binding in gray matter regions of healthy control
tissue sections devoid of tau pathology. Specific binding to tau aggre-

gates was assessed by quantifying the difference in binding to tau-rich
cortical gray matter in AD tissue versus cortical gray matter of healthy

controls. Signal-to-noise ratios were quantified by calculating gray matter–
to–white matter ratios of radioligand binding to late-stage AD cortical

tissue sections.

Immunohistochemistry

Macro- and microautoradiograms were analyzed by costaining of

tau aggregates and Ab plaques on the same tissue section. For staining
of tau aggregates, either AT8 (Thermo Scientific) or pS422 (generated

in-house) was used, and for staining of Ab plaques, the monoclonal
antibody (mAb) BAP-2a (generated in-house) was used. The sections

were fixed for 3 min in 100% acetone at 220�C. Blockade was done
for 20 min in blocking buffer (1· phosphate-buffered saline, 1% natural

goat serum, ovalbumin, and bovine serum albumin). After antibody in-
cubation (5–10 mg/mL, 2 h at room temperature) and 49,6-diamidino-2-

phenylindole staining, the sections were washed 3 times for 5 min in 1·
phosphate-buffered saline before being incubated with 0.3% Sudan BlackFIGURE 1. Structures of NFT ligands.

TABLE 1
Affinities and Details About Specific Binding and

Nonspecific Binding in Autoradiography

Parameter RO6958948 RO6931643 RO6924963

Affinity (IC50 in nM) 18.5 10.0 5.5

Gray matter–to–white

matter ratio in

AD Braak V

8 5 11

Specific binding

in gray matter
(fmol/mg of protein)

5,162 5,320 10,250

IC50 5 half-maximal inhibitory concentration.
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for reduction of autofluorescence. The stained sections were scanned with
the Metafer4 automated scanning system (MetaSystems) or the Pano-

ramic 250 Flash digital slide scanner (3DHistech).

PET Imaging

Six baboons ranging in weight from 22 to 28 kg were used for this
study. Each animal was positioned in an ECAT HRRT brain PET

scanner (Siemens). A 6-min transmission scan with a 37-MBq 137Cs
point source was initially obtained for attenuation correction. The

following ranges of radiochemical and mass doses were used for the
PET studies: 417–780 MBq and 0.04–26 mg. Ninety-minute dynamic

PET scanning in 3-dimensional list mode started immediately on ini-
tiation of tracer injection. PET data were reconstructed, correcting for

attenuation, scatter, and dead time (18), into four 15-s, four 0.5-min,
three 1-min, two 2-min, five 4-min, and twelve 5-min frames. The

final spatial resolution was expected to be about 2.3 mm in full width
at half maximum in 3 directions. Arterial blood was sampled every 5 s

during the first 2 min of the scan and thereafter at intervals of pro-

gressively increasing duration. The blood samples were immediately
centrifuged, and the plasma samples was counted for radioactivity

using a g-counter that was cross-calibrated daily against the ECAT
HRRT scanner. Plasma samples taken at 5, 10, 20, 30, 60, and 90 min

after tracer injection were analyzed by high-performance liquid chro-
matography for the presence of each parent compound and its radio-

labeled metabolites. Time–activity curves for the parent compound
were obtained by applying interpolated parent fractions of high-

performance liquid chromatography samples to the total time–activity

curves. The metabolite-corrected plasma time–activity curves were
used as the input function for tissue tracer kinetic modeling. Volumes

of interest previously defined on structural MRIs of individual animals
included the frontal, temporal, parietal, and occipital cortices and the

cerebellum, putamen, and thalamus. The kinetics of the radioligands
were evaluated with standard 1- and 2-tissue compartmental models

and the plasma reference graphical analysis (19).

RESULTS

RO6958948, RO6931643, and RO6924963 were identified
through a PET tracer discovery and optimization program. T807 and
T808 served as seed structures for the synthesis of approximatively 550
novel derivatives. The 3 compounds were identified as high-affinity
displacers at the 3H-T808 binding site in NFT-rich AD Braak V/VI
cortical tissue sections. T808 is a selective, high-affinity NFT ligand
with excellent in vitro properties (Fig. 1) (20). The half-maximal in-
hibitory concentrations for RO6958948, RO6931643, and RO6924963
were 18.5, 10.0, and 5.5 nM, respectively (Table 1). None of the 3
ligands competed with binding of the Ab radioligand 3H-florbetapir to
plaque-rich AD cortical tissue sections. Figure 2 shows representative
inhibition curves for RO6958948 using 3H-T808 or 3H-florbetapir
binding to NFT-rich AD cortical tissue sections.
The specificity of RO6958948, RO6931643, and RO6924963

for tau aggregates in NFTs was demonstrated by in vitro autoradio-
graphic analysis of the tritiated versions of all 3 compounds. In
AD Braak V temporal cortex sections, all 3 radioligands showed
an autoradiographic binding pattern comparable to that of the tau-
specific radioligand 3H-T808 (Fig. 3). The typical layered binding
pattern agreed with different densities of NFTs and neuropil
threads in various layers of cortical AD tissue. Autoradiographic
binding of all 3 tracer candidates was characterized by favor-
able signal-to-noise ratios reflected by low nonspecific binding
to white matter and gray matter in NFT-free tissue sections from
healthy controls (Table 1). Low nonspecific binding and absence
of a distinct binding pattern in NFT-free temporal cortex tissue
from healthy controls excluded significant high-affinity binding
to other central nervous system targets and thus supported the
specificity of all 3 radiotracer candidates for tau aggregates. This
finding was confirmed by a Cerep selectivity screen against a
panel of representative central nervous system targets (Supple-
mental Table 1; supplemental materials are available at http://
jnm.snmjournals.org).

FIGURE 2. Displacement of 3H-T808 or 3H-florbetapir binding to AD

tissue sections by increasing concentrations of RO6958948. IC50 5 half-

maximal inhibitory concentration.

FIGURE 3. In vitro autoradiography of 3H-RO6958948, 3H-RO6931643, and 3H-RO6924963 using cortical tissue sections from AD tissue donor

and healthy control (HC).
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Selectivity of all 3 tracer candidates for tau aggregates over Ab
plaques was further suggested by detailed colocalization studies of
radioligand binding and antibody staining of tau aggregates. On
the macroscopic level, the layered radioligand binding pattern
compared favorably with antibody staining of tau aggregates on
the same tissue section whereas the distribution pattern of Ab
antibody staining showed a different pattern (Fig. 4A, top). At
higher magnification, colocalization of radioligand binding and
tau mAb staining was even more evident (Fig. 4A, bottom), sug-
gesting that hot spots in autoradiograms correspond to NFT bind-
ing whereas diffuse radioligand signal relates to binding to
neuropil threads. This finding was corroborated by nuclear emul-
sion autoradiography (microautoradiography). Silver grain depo-
sition favorably colocalized with tau mAb staining, whereas no
accumulation of silver grains was found at sites of Ab plaques
staining with BAP-2a antibody (Fig. 4B). The selectivity of all 3
tracer candidates for tau aggregates over Ab plaques was also
supported by a quantitative correlation of radioligand binding in-
tensity with signal sizes of immunohistochemical staining. Using
16 cortical AD tissue blocks from various Braak stages, binding
levels increased with rising Braak stage (Fig. 5A). Radioligand

binding correlated well with pS422 tau
mAb staining but not with BAP-2 Ab
mAb staining (Fig. 5B). The selectivity of
tracer binding was further analyzed by dis-
placement studies using 10 mM T808 for
blockade. In the inferior temporal cortex,
3H-RO6958948 showed strong binding that
was displaced by more than 80% (Fig. 6). In
contrast, in cerebellum and pons from AD
Braak V patients, brain regions devoid of
tau aggregates, there was negligible binding
that was not displaced by 10 mM T808.
Hippocampal binding in AD was specific
since it was strongly displaced by high con-
centrations of T808, but binding levels in
the hippocampus were lower than that ob-
served in the adjacent parahippocampal gy-
rus and entorhinal cortex (Fig. 6B).
None of the 3 radioligands demonstrated

any tau-related specific binding in tissue
specimens from non-AD tauopathy tissue
donors. Tau pathology with a heterogeneous
distribution pattern was confirmed in tissue
samples from progressive supranuclear palsy,
corticobasal degeneration, and Pick disease
donors by AT8 staining. However, radio-
ligand binding was homogeneous, weak, and
nondisplaceable (Supplemental Fig. 1).
RO6958948, RO6931643, and RO6924963

were successfully radiolabeled with either 18F
or 11C. 18F-RO6958948 was synthesized by
nucleophilic displacement of the nitro group
on an appropriate precursor, followed by pu-
rification using high-performance liquid chro-
matography. 18F-RO6958948 was isolated
with high radiochemical purity (100%) and
high specific activity (1,550 GBq/mmol) and
in good radiochemical yield. RO6931643
and RO6924963 were synthesized by O- and
N-methylation of their respective precursors

with 11C-methyl iodide, followed by high-performance liquid chroma-
tography purification. Both radiotracers were isolated with high radio-
chemical purity (.96%), high specific activity (.500 GBq/mmol),
and good radiochemical yields.
PET studies in tau-naïve baboons revealed favorable pharma-

cokinetic properties for all 3 tracer candidates, showing sufficient
blood-to-brain clearance, with peak SUVs of 1.2–2.0 immedi-
ately after tracer injection and scan initiation (Table 2; Fig. 7).
Sufficient penetration through the blood–brain barrier was also
apparent from favorable K1 values ranging from 0.10 to
0.70 min/min/mL. Radioactivity cleared rapidly from the baboon
brain for the tracer candidates 18F-RO6958948 and 11C-RO6931643,
with an SUV of less than 0.5 at 60 min after injection (Fig. 7).
Brain washout of radioactivity was slower for 11C-RO6924963.
As expected, the distribution of radioactivity was homogeneous
across all brain regions, because tau pathology was not present
in the baboon brain. Some regional heterogeneity of tracer up-
take was found only for 11C-RO6924963, for which slightly
higher radioactivity concentrations were identified in the puta-
men and thalamus. The observed low SUVs of 18F-RO6958948
at later time points (e.g., after 60 min) and no or very low

FIGURE 4. (A) Macroscopic colocalization of autoradiographic 3H-RO6958948 binding with tau

mAb and Aβ mAb staining on same cortex section from AD brain donor. At bottom is zoomed

detail of autoradiogram, with immunohistochemical image (both tau mAβ and Aβ mAb staining)

on right. (B) Microscopic colocalization of 3H-RO6958948 binding with tau mAb and Aβ mAb

staining on same tissue section. Arrows show colocalization of radioligand binding (i.e., silver

grain deposits) and tau mAb staining, and dashed circles show absence of silver grain deposits in

areas of Aβ mAb staining.
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regional variations strongly suggested low nonspecific retention
and lack of off-target binding of this radioligand, whereas the
time–activity curves for 18F-T807 showed some regional hetero-
geneity and a slower decline (Supplemental Fig. 2). All radio-
tracer candidates were characterized by rapid and extensive
metabolism (Supplemental Table 2). After about 10 min after in-
jection, approximately 90% of plasma radioactivity was related
to radiometabolites for the tracer candidate 11C-RO6924963,
whereas the rate of tracer metabolism was lower for 18F-
RO6958948 and 11C-RO6931643. The kinetics of the 3 radio-
ligands were better described with a 2-tissue compartmental
model than with a 1-tissue model (i.e., Akaike information cri-
terion values were lower in all regions for the 3 radioligands).

Plots of the plasma reference graphical
analysis approached asymptotes by 20 min
(coefficients of determination, R2 of linear
regression . 0.97 in all regions). Thus, the
start of asymptote was set at 20 min for all
radioligands. 18F-RO6958948 showed lower
regional variations in total distribution vol-
ume (coefficient of variation, 6.7%) than
11C-RO6931643 (9.1%) or 11C-RO6924963
(9.6%).

DISCUSSION

Previous efforts to develop PET tracers
for tau aggregates of the AD type revealed
limited significance and predictability for
screening assays based on artificial tau
fibrils or animal models of tauopathies.
We therefore screened potential candidates
for their binding affinity toward tau ag-
gregates in tissue sections from AD cortex
(20), which had been shown by immuno-
histochemistry (AT8, pS422) to have high
NFT pathology. Such cortical AD brain
tissue typically also contains high levels

of Ab plaques. It is therefore crucial to use a tau-specific radio-
ligand as a screening tool. T808 has been shown to be a selective,
high-affinity NFT ligand but was not further developed because
of in vivo defluorination (20). RO6958948, RO6931643, and
RO6924963 were identified in an autoradiographic screening
procedure as high-affinity displacers at the 3H-T808 binding site
on tau aggregates in native brain tissue sections from AD tem-
poral cortex. The displacement curves in Figure 2 exemplify the
high affinity of RO6958948 for the T808 binding site on tau
aggregates and the lack of affinity for the florbetapir binding site
on Ab plaques, resulting in a tau-to-Ab selectivity ratio of more
than 500. The high selectivity of all 3 tracer candidates for tau
aggregates over Ab plaques was further demonstrated by

FIGURE 5. (A) Autoradiography of 3H-RO6958948 in AD cortical tissue from various Braak

stages. (B) Correlation of autoradiographic radioligand binding and tau mAb and Aβ mAb staining

density on same tissue sections. IOD 5 integrated optical density.

FIGURE 6. (A) Comparison of total binding and nonspecific binding of 3H-RO6958948 (3 nM) determined by in vitro autoradiography in cortex,

cerebellum, pons, and hippocampus tissue sections from healthy control (HC) and AD tissue donor. (B) Magnified autoradiogram showing hippo-

campus and adjacent cortical regions of AD Braak V tissue donor.
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macroscopic and microscopic radioligand binding patterns that
were comparable to that of tau mAb staining whereas the distri-
bution pattern of Ab mAb staining clearly showed different pat-
terns (Fig. 4). In particular, nuclear emulsion autoradiography
(microautoradiography) revealed no accumulation of silver
grains at sites of Ab plaques staining with BAP-2a antibody
(Fig. 4B). In addition, quantitative correlation of radioligand
binding intensity with the signal intensity of immunohistochem-
ical staining was found only for pS422 tau mAb staining, not for
BAP-2 Ab mAb staining (Fig. 5).
The specificity of all 3 radioligands for tau aggregates and the

lack of any significant off-target binding in vitro were demon-
strated by autoradiography and displacement studies using the
structurally dissimilar T808 and the authentic reference com-
pounds. Consistent with a high selectivity for binding to NFTs,
autoradiography in NFT-rich AD brain slices indicated that
blockade of tracer binding was similar using either T808 or self-
blocking. In addition, the level of nondisplaceable binding in
NFT-rich AD brain slices was comparable to the total binding
level in NFT-free cortical brain tissue from healthy controls. The
absence of displaceable binding in NFT-free cortical brain tissue
excluded significant radioligand binding to other cortical targets.
In line with this finding, very low nonspecific binding was

observed in AD brain regions devoid of tau aggregates, such as
cerebellum and pons (Fig. 6A), suggesting that both brain re-
gions are suitable reference regions for quantitative analysis of
PET data. Furthermore, Cerep profiling of all 3 candidates did
not reveal significant binding to any other central nervous system
target (Supplemental Table 1). Most notably, no affinity for
MAO-A or MAO-B was found, as was recently observed for
other tau PET tracer candidates (12,21). The absence of MAO-
A and MAO-B off-target binding was also suggested for 3H-
RO6958948 in an autoradiographic displacement assay in which
the MAO-A inhibitors clorgyline and RO0411049, as well as the
MAO-B inhibitors L-deprenyl and lazabemide (10 mM each), did
not affect radioligand binding in AD tissue sections (Supplemen-
tal Fig. 3). Altogether, these results provide clear evidence that
the 3 tracer candidates have excellent selectivity for NFTs and
lack any relevant in vitro off-target binding.
Our data from phosphor screen and nuclear emulsion autora-

diography suggest that the bulk of the radioactive signal originates
from radioligand binding to NFTs in AD brain sections. The hot spots
in autoradiograms corresponded to binding to NFTs, whereas the
diffuse radioligand signal corresponded to binding to neuropil threads
in AD tissue samples, as exemplified for RO6958948 in Figure 4. In
contrast, no ligand binding to tau aggregates in tissue sections from

TABLE 2
Key In Vivo Parameters

Parameter 18F-RO6958948 11C-RO6931643 11C-RO6924963

SUVpeak 2.0 1.2 1.9

K1 (mL/mL/min) 0.70 ± 0.20 0.10 ± 0.01 0.49 ± 0.06

Ratio SUVpeak vs. SUV at 60 min after injection 11.8 ± 4.3 3.3 ± 0.4 1.8 ± 0.1

VT (mL/mL) 6.4 ± 0.4 0.7 ± 0.1 29.1 ± 2.8

VT 5 total distribution volume.

FIGURE 7. (A) Regional time–activity curves for 18F-RO6958948, 11C-RO6931643, and 11C-RO6924963 from baboon PET images. (B) Averaged

transaxial images of individual radioligands for earlier and later time points.
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non-AD tauopathies such as progressive supranuclear palsy, cortico-
basal degeneration, and Pick disease was observed. This finding
agrees with literature data for other tau tracers (9,10,22). It is hypoth-
esized that all currently existing PET tracer candidates bind to tau
aggregates in only a paired-helical filament conformation as present
in AD brain tissue. In agreement with this hypothesis, none of our 3
tracer candidates displayed binding to tau aggregates in tissue from
the tau transgenic mouse lines Tg4510 or Tau/PS2/APP (data not
shown)—a finding that is also in accordance with published data
for other tau tracer candidates.
All 3 tracer candidates showed strong blood-to-brain clearance

in baboons, with favorably fast clearance from plasma and brain. As
expected for NFT-naïve nonhuman primates, radioactivity uptake
was homogeneously distributed in the brain. No increased uptake
in white matter regions was observed, as is in line with the moderate
lipophilicity of the 3 compounds. For all 3 tracer candidates, time–
activity curves were declining until the end of the acquisition at
90 min after injection. In addition, radio–high-performance liquid
chromatography analyses demonstrated the absence of radiometa-
bolites more lipophilic than the parent compound. Both findings
strongly suggest that brain-penetrant radiolabeled metabolites were
not present at significant levels. Furthermore, no defluorination was
observed for the tracer candidate 18F-RO6958948. Direct comparison
of the in vivo characteristics of all 3 tracer candidates in nonhuman
primate PET experiments suggested that the candidate 18F-
RO6958948 is superior to 11C-RO6931643 and 11C-RO6924963, with
higher peak SUVs and K1 values, as well as better ratios of SUVpeak

versus SUV at 60 min after injection. 18F-RO6958948 also showed
lower regional variations in total distribution volume, suggesting that
18F-RO6958948 might be associated with the lowest regional varia-
tions in binding in this tau-free cohort.

CONCLUSION

18F-RO6958948, 11C-RO6931643, and 11C-RO6924963 are
promising PET tracers for visualization of tau aggregates in AD.
All 3 ligands bind with nanomolar affinity and high specificity to
tau aggregates, clearly lacking affinity for concomitant Ab pla-
ques in AD cortical tissue sections. The candidates also have
favorable in vivo properties in tau-naïve baboons and thus possess
favorable prerequisites for successful in vivo PET imaging of tau
pathology in humans. A head-to-head comparison and detailed
clinical validation of these 3 PET tracer candidates in patients
with AD and healthy controls will be described in another report.
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