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IMPORTANCE It is critically important to improve our ability to diagnose and track Alzheimer

disease (AD) as early as possible. Individuals with autosomal dominant forms of AD can

provide clues as to which and when biological changes are reliably present prior to the onset

of clinical symptoms.

OBJECTIVE To characterize the associations between amyloid and tau deposits in the brains

of cognitively unimpaired and impaired carriers of presenilin 1 (PSEN1) E280Amutation.

DESIGN, SETTING, AND PARTICIPANTS In this cross-sectional imaging study, we leveraged data

from a homogeneous autosomal dominant AD kindred, which allowed us to examine

measurable tau deposition as a function of individuals’ proximity to the expected onset of

dementia. Cross-sectional measures of carbon 11–labeled Pittsburgh Compound B positron

emission tomography (PET) and flortaucipir F 18 (previously known as AV 1451, T807)

PET imaging were assessed in 24 PSEN1 E280A kindredmembers (age range, 28-55 years),

including 12 carriers, 9 of whomwere cognitively unimpaired and 3 of whom hadmild

cognitive impairment, and 12 cognitively unimpaired noncarriers.

MAIN OUTCOMES ANDMEASURES We compared carbon 11–labeled Pittsburgh Compound B

PET cerebral with cerebellar distribution volume ratios as well as flortaucipir F 18 PET cerebral

with cerebellar standardized uptake value ratios in mutation carriers and noncarriers.

Spearman correlations characterized the associations between age andmean cortical

Pittsburgh Compound B distribution volume ratio levels or regional flortaucipir standardized

uptake value ratio levels in both groups.

RESULTS Of the 24 individuals, themean (SD) agewas 38.0 (7.4) years, or approximately

6 years younger than the expected onset of clinical symptoms in carriers. Comparedwith

noncarriers, cognitively unimpairedmutation carriers had elevatedmean cortical Pittsburgh

Compound B distribution volume ratio levels in their late 20s, and 7 of 9 carriers older than

30 years reached the threshold for amyloidosis (distribution volume ratio level > 1.2). Elevated

levels of tau depositionwere seenwithinmedial temporal lobe regions in amyloid-positive

mutation carriers 6 years before clinical onset of AD in this kindred. Substantial tau deposition

in the neocortexwas only observed in 1 unimpaired carrier and in thosewithmild cognitive

impairment. β-Amyloid uptake levels were diffusely elevated in unimpaired carriers

approximately 15 years prior to expected onset ofmild cognitive impairment. In carriers, higher

levels of tau depositionwere associatedwithworse performance on theMini-Mental State

Examination (entorhinal cortex: r = −0.60; P = .04; inferior temporal lobe: r = −0.54; P = .06)

and the Consortium to Establish a Registry for Alzheimer DiseaseWord List Delayed Recall

(entorhinal cortex: r = −0.86; P < .001; inferior temporal lobe: r = −0.70; P = .01).

CONCLUSIONS AND RELEVANCE The present findings add to the growing evidence that

molecular markers can characterize biological changes associated with AD in individuals who

are still cognitively unimpaired. The findings also suggest that tau PET imagingmay be useful

as a biomarker to distinguish individuals at high risk to develop the clinical symptoms of AD

and to track disease progression.
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A
lzheimer disease (AD) is defined at the neuropatho-

logicalmolecular level by amyloidplaques andneuro-

fibrillary tangles.1,2Thisneuropathologygenerally fol-

lowsacharacteristic spatial distribution,withamyloidplaques

beginning in neocortical association regions and tangles be-

ginning in the medial temporal lobe and then spreading into

adjacent association cortices with subsequent pancortical

extension.3,4

Presenilin 1 (PSEN1; OMIM, 104311) mutations predis-

pose individuals to develop autosomal dominant Alzheimer

disease (ADAD), usually relatively early in adulthood.5While

thepathogenesis ofADADmaybedifferent from late-onsetAD

(LOAD) and some clinical features may differ, these condi-

tions are markedly similar in terms of their biological pro-

files, including abnormalities in amyloid biomarkers, brain

structure, andbrainactivity.6Biomarker investigationsof fami-

lieswithADADhavealready shed lighton the trajectoryofAD-

related brain changes, especially prior to the onset of clinical

symptoms.6-8 Inaddition,ongoingstudiesof these familieswill

inform the design of future prevention clinical trials for indi-

viduals at risk for AD.

We used brain imaging and other biomarker measures to

detect changes in preclinical PSEN1 E280A (Glu280Ala) mu-

tation carriers from the largest known ADAD kindred. Resid-

ing in Antioquia, Colombia, this kindred is estimated to have

approximately 5000 living members, including approxi-

mately 1800mutation carriers.9Approximately 30%of living

mutation carriers from this kindred are currently experienc-

ing symptoms of AD, with median ages of 44 years (95% CI,

43-45)atonsetofmildcognitive impairment (MCI)and49years

(49-50) at onset of dementia.9 These carriers show evidence

of preclinical AD in the years and decades before their esti-

mated clinical onset, including elevated cortical amyloid lev-

els, lower cerebralmetabolic rates for glucose, smaller hippo-

campalvolumes, lowercerebrospinal fluidβ-amyloid (Aβ) 1-42

levels, higher cerebrospinal fluid total tau and tauphosphory-

lated at threonine 181 levels, and higher plasma Aβ1-42

measurements.6 In fact, even children and young adultswith

PSEN1 E280A mutations have alterations in magnetic reso-

nance imagingmeasurements of brain structure7,10 and func-

tion (eg, hippocampal hyperactivation and less precuneusde-

activation)more than2decades prior to the kindred’smedian

age of MCI onset.7,10

Recently, it has become possible to investigate the aggre-

gationof tau invivousingpositronemission tomography (PET)

imaging. Thisnovel biomarkerholdspromise fordetectingAD

in thepreclinical stage.Examinationof tauPET inADAD ispar-

ticularly relevant tounderstanding theaggregationandspread-

ing of tau in AD without the major confounders of aging and

comorbidities that oftenexist in sporadicAD.Additionally, the

study of tau PET in combination with Pittsburgh Compound

B (PiB) PETmeasures can reveal the extent towhich amyloid-

tau relations in ADAD differ from those seen in sporadic AD.

Toourknowledge, tau imaginghasnotbeenextensively tested

in ADAD to date.

In this study, we used PET imaging to characterize amy-

loid burden and tau accumulation as well as the association

between the 2 in the brains of young PSEN1 E280Amutation

carriers. We hypothesized that, similar to what has been re-

ported in individuals with LOAD,11 PSEN1 mutation carriers

wouldhaveabnormal levelsofAβbeforeevidenceof tau tangle

formation as measured by PET imaging both within and be-

yond the medial temporal lobe.

Methods

Study Design and Participants

This cross-sectional study collectedPET imagesusing2 radio-

ligands, flortaucipirF18 (18FFTP;previouslyknownasAV1451,

T807), which selectively binds tau aggregates, and carbon 11–

labeled PiB, which selectively binds amyloid deposits, in in-

dividualswith andwithout thePSEN1E280Amutation.These

images were compared with each other and with neuropsy-

chological data. Volunteers were recruited from the Colom-

bian Alzheimer Prevention Initiative registry, which cur-

rently includesmore than 5000 livingmembers of the PSEN1

E280Akindred.Theparticipants selected for thepresent study,

both carriers andnoncarriers, descended froma commonan-

cestor, and their ages ranged from28 to 55 years. Only partici-

pants living in themetropolitanareaof theAburraValleywithin

105miles of theUniversity ofAntioquia,Medellin, Antioquia,

Colombia, were invited to participate in the study. Potential

participantswere screened inadvance for thepresenceofneu-

rological andpsychiatric disorders, druguse, andeligibility to

undergo magnetic resonance imaging. Participants provided

written informed consent before enrollment into study pro-

cedures. Participants were studied under guidelines ap-

proved by local institutional review boards. Ethics approval

was obtained from the University of Antioquia Ethics Com-

mittee for procedures undertaken in Colombia and the Mas-

sachusettsGeneralHospital InstitutionalReviewBoard forpro-

ceduresundertaken in theUnitedStates.Alldatawereacquired

by investigators who were masked to the participants’ ge-

netic status.

Cognitively unimpaired participants had to show no cog-

nitive impairment on a standard cognitive battery, including

Key Points

Question Does cortical β-amyloid deposition precede tau tangle

formation within and beyond themedial temporal lobe in

individuals with autosomal dominant Alzheimer disease?

Findings In this cross-sectional study that included 24members

of a Colombian kindred with autosomal dominant Alzheimer

disease, elevated tau levels were seen in regions of themedial

temporal lobe in unimpaired presenilin 1 E280Amutation carriers

in their late 30s, and significant tau tangle formation in neocortical

regions was observed in 1 cognitively unimpaired carrier as well as

in those with mild cognitive impairment.

Meaning These findings add to the growing evidence that tau

positron emission tomography imagingmay be useful to

characterize biological changes associated with Alzheimer disease

in cognitively unimpaired individuals and to track disease

progression.

Amyloid and Tau Accumulation in Young Adults With Autosomal Dominant AD Original Investigation Research

jamaneurology.com (Reprinted) JAMANeurology May 2018 Volume 75, Number 5 549

© 2018 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 08/27/2022

https://omim.org/entry/104311
http://www.jamaneurology.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2017.4907


a clinical diagnostic rating scale (CDR) score of 0 and a Fol-

stein Mini-Mental State Examination score of 26 or greater.

Symptomatic mutation carriers were required to have a CDR

score of 0.5 and MCI due to AD according to National Insti-

tute on Alcohol Abuse and Alcoholism criteria.12 Cognitively

unimpairedmutation carriers and noncarriers werematched

for sex, age, and education. A cohort of 9 cognitively unim-

paired individuals, 3 cognitively impaired mutation carriers

with MCI, and 12 age-matched noncarriers traveled to Bos-

ton, Massachusetts, in the United States for PET imaging.

Procedures

All clinicalmeasureswereundertakenat theUniversity ofAn-

tioquia, and PET scanning was performed at the Massachu-

setts General Hospital, Boston, Massachusetts. Neurocogni-

tive testing included theMini-Mental StateExamination,CDR,

and a Spanish version of the Consortium to Establish a Regis-

try forAlzheimerDisease (CERAD)battery,whichwasadapted

to this Colombian population.13 Additional testing consisted

of the Yesavage Geriatric Depression Scale14 and the Func-

tional Assessment Staging test,15which were performed dur-

ingscreeningandatbaselinebefore imaging, respectively.Test-

ing was conducted in Spanish by neuropsychologists or by

psychologists trained inneuropsychological assessment.Clini-

cal history and neurological examination were performed by

aneurologistorbyaphysiciantrained in theassessmentofneu-

rodegenerative disorders. Clinical datawere recordedon a re-

lational database at theGrupo deNeurociencias, Universidad

de Antioquia, Medellin, Antioquia, Colombia.

Image Acquisition and Processing

Flortaucipir F 18 was prepared at Massachusetts General

Hospital with a mean (SD) radiochemical yield of 14% (3%)

and a mean (SD) specific activity of 216 (60) GBq/μmol at the

end of synthesis (60 min) and was validated for human

use.16 Carbon 11–labeled PiB was prepared and PET images

were acquired as described previously.17 All PET images

were acquired using a Siemens/CTI ECAT PET HR scanner

(3-dimensional mode; 63 image planes; 15.2-cm axial field of

view; 5.6-mm transaxial resolution; and 2.4-mm slice inter-

val). Carbon 11–labeled PiB PET was acquired with a 8.5- to

15.0-mCi bolus injection followed immediately by a

60-minute dynamic acquisition in 69 frames (12 × 15 sec-

onds, 57 × 60 seconds). Flortaucipir F 18 was acquired from

80 to 100 minutes after a 9.0- to 11.0-mCi bolus injection in

4 × 5-minute frames. Positron emission tomography images

were reconstructed and attenuation-corrected, and each

frame was evaluated to verify adequate count statistics and

absence of head motion. All imaging was done within the

span of 1 week. Cognitive testing was conducted within 2

months of imaging acquisitions.

Magnetic resonance imaging was performed on a

MAGNETOM Tim Trio 3-T scanner (Siemens) and included a

magnetization-prepared rapid gradient-echo processed with

FreeSurfer imageanalysis suiteversion5.0 to identifygrayand

whitematter andpial surfaces topermit regionof interest (ROI)

parcellation for cerebellar graymatter, hippocampus, and the

following Braak stage–related cortices: entorhinal, parahip-

pocampal, inferior temporal, fusiform, and posterior cingu-

late, as described previously.11,17-19

To evaluate the anatomical distribution of cortical FTP

binding, each individual PET data set was rigidly coregis-

tered to the individual’smagnetization-prepared rapid gradi-

ent-echo magnetic resonance data using statistical paramet-

ricmapping (SPM8;WellcomeTrustCentre forNeuroimaging).

The cortical ribbon and subcortical ROIs defined bymagnetic

resonance imaging as described abovewere transformed into

thePETnativespace;PETdataweresampledwithineachright-

left ROI pair. Standardized uptake value ratio (SUVR) values

were represented graphically on vertices at the pial surface.

Positron emission tomography data were not partial volume

corrected.

Flortaucipir F 18–specific binding was expressed in Free-

Surfer ROIs as the SUVR to cerebellum, similar to a previous

report,11using theFreeSurfer cerebellar graymatterROI as the

reference. For voxelwise analyses, each individual’s magne-

tization-prepared rapid gradient-echo was registered to the

templatemagnetic resonance inSPM8, and the spatially trans-

formed SUVR PET data were smoothed with a 8-mm Gauss-

iankernel to account for individual anatomicdifferences.20To

account for possible 18F FTP off-target binding in choroid

plexus, which may confound hippocampal signal, we used a

linear regression to regress the choroid plexus, as previously

reported.21

Carbon 11–labeledPiBPETdatawere expressed as thedis-

tributionvolume ratio (DVR)with cerebellar graymatter as the

reference tissue; regional time-activity curves were used to

compute regional DVRs for each ROI using the Logan graphi-

cal method22 applied to data from 40 to 60 minutes after

injection.17Carbon 11–labeledPiB retentionwasassessedusing

a large corticalROIaggregate that included frontal, lateral tem-

poral, and retrosplenial cortices, as describedpreviously.23,24

Statistical Analyses

Flortaucipir F 18 SUVRs in mutation carriers and noncarriers

were compared both voxelwise and within FreeSurfer-

definedROIs. TheMann-WhitneyU testwas used to compare

PETROImeasures betweengroups. Positron emission tomog-

raphy ROI measures in each group were correlated with age

usingSpearmanrho.Carbon11–labeledPiB frontal, lateral tem-

poral, andretrosplenial corticeswereusedasacontinuousmea-

sure of Aβ levels, and amyloid-positive was defined as a DVR

greater than 1.2 in the frontal, lateral temporal, and retrosple-

nial cortices.25Correlationsbetweenmeancortical PiB and in-

ferior temporal 18FFTPmeasures aswell as relationshipswith

age and neuropsychological test scores were evaluated with

Spearman rho.

Results

Demographic Information

Table 1 showsparticipantdemographic characteristics, includ-

ing clinical ratings and cognitive test scores. The cognitively

unimpairedmutationcarrier andnoncarriergroupsdidnotdif-

fer significantly in their age, sex, education, or neuropsycho-
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logical test scores. Comparedwith unimpairedmutation car-

riers, cognitively impaired mutation carriers were older and

had significantly lower neuropsychological test scores.

Carbon 11–Labeled PiB DVR in PSEN1Mutation Carriers

No elevated amyloid accumulation was seen in any noncarri-

ers, as expected (PiB DVR < 1.1 in all individuals). The young-

est mutation carrier, aged 28 years, showed no PIB elevation

(PiB = 1.02), but beginning at age 29 years, mutation carriers

showed elevated PiB uptake (PiB DVR > 1.1 in all but 1 indi-

vidual). Seven of 9 mutation carriers 30 years and older

reached the threshold for amyloid positivity. Mutation carri-

ers with MCI had the highest PiB DVR values (mean [SD],

1.53 [0.06]; 95% CI, −0.57 to −0.44), followed by unimpaired

mutation carriers (mean [SD], 1.21 [0.14]; 95% CI, −0.24 to

−0.08), who in turn showed higher carbon 11–labeled PiB

DVR than noncarriers (mean [SD], 1.04 [0.02]; P < .001). The

cerebral pattern of Aβ deposition resembled that found in

clinically affected individuals who are at risk for LOAD.26

This includes preferential PiB binding in the posterior cingu-

late, precuneus, parietotemporal, frontal, and basal ganglia

regions.

Given the possible confounders of using the cerebellum

as the reference region,27,28wealsoperformed thePiBandFTP

analysesusingwhitematter as a reference.Resultswithwhite

matter were very similar to the results using the cerebellum

(eg, the statistical differencesobservedwith cerebellumas the

reference regionwere also observedwithwhitematter as the

reference).

Regional 18F FTP Binding in PSEN1Mutation Carriers

Table 2 shows the FTP binding in ROIs comparing mutation

carriers with noncarriers. Regional FTP binding is shown in

representative individuals in Figure 1, and group compari-

sons are shown in Figure 2. Compared with noncarriers, the

group of PSEN1 mutation carriers had elevated 18F FTP

SUVRs in the entorhinal cortex (mean [SD] SUVR, 1.29 [0.33]

vs 1.01 [0.05]; mean difference, −0.28; 95% CI, −0.43 to

−0.04; P = .01), hippocampus (mean [SD] SUVR, 1.37 [0.30]

vs 1.12 [0.08]; mean difference, −0.25; 95% CI, −0.49 to

−0.03; P = .03), and parahippocampal gyrus (mean [SD]

SUVR, 1.25 [0.23] vs 1.03 [0.05]; mean difference, −0.22;

95% CI, −0.34 to −0.05; P = .004) (Figure 2). The subgroup

of unimpaired carriers also had elevated mean FTP SUVRs in

medial temporal regions, but they differed significantly from

noncarriers only in parahippocampal gyrus (mean [SD]

SUVR, 1.18 [0.21] vs 1.03 [0.05]; mean difference, −0.15; 95%

CI, −0.21 to 0.00; P = .03). Individual threshold-based ana-

tomic assessments showed that unimpaired carriers with the

highest PiB DVR values also had the highest FTP binding in

the medial temporal lobe and inferior temporal regions. In

patients with MCI, FTP binding was elevated in widespread

neocortical regions, most prominently in inferior and lateral

temporo-parietal, parieto-occipital, and posterior cingulate/

precuneus regions (Figure 1).

Associations Among PETMeasures, Age,

and CognitiveMeasures

In mutation carriers, greater age was associated with both

higher cortical PiB DVR (r = 0.88; P < .001) and higher 18F

FTP SUVR binding in the hippocampus (r = 0.70; P = .01),

entorhinal cortex (r = 0.81; P = 02), parahippocampal gyrus

(r = 0.74; P = .006), and inferior temporal (r = 0.74; P = .007)

regions (Figure 3). No such relationships were significant in

noncarriers. In mutation carriers, greater entorhinal and

inferior temporal lobe 18F FTP SUVR values were associated

Table2. Flortaucipir F 18Binding inRegionsof InterestComparingPresenilin 1MutationCarriersWithNoncarriers

Region of Interest

Mean (SD)

P Valuea

Presenilin 1 E280A Mutation Carriers

Noncarriers
(n = 12)

MCI
(n = 3)

Unimpaired Carriers
(n = 9)

PiB DVR 1.53 (0.06) 1.21 (0.14) 1.04 (0.02) .001

Hippocampus 1.67 (0.17) 1.30 (0.30) 1.13 (0.09) .17

Entorhinal 1.59 (0.25) 1.20 (0.33) 1.01 (0.06) .08

Parahippocampal 1.49 (0.23) 1.18 (0.21) 1.03 (0.05) .03

Inferior temporal 1.42 (0.34) 1.14 (0.10) 1.12 (0.07) .60

Abbreviations: DVR, distribution

volume ratio; MCI, mild cognitive

impairment; PiB, Pittsburgh

Compound B.

a P value as defined by an

independent-samples

Mann-Whitney U test for presenilin

1 unimpairedmutation carriers

vs noncarriers.

Table 1. Demographic Characteristics

Characteristic

Mean (SD)

P Valuea

Presenilin 1 E280A Mutation Carriers

Noncarriers
(n = 12)

MCI
(n = 3)

Unimpaired
(n = 9)

Age, y 43.83 (1.15) 34.33 (5.49) 39.44 (8.62) .19

Education, y 9.67 (4.16) 9.00 (3.43) 10.33 (4.23) .51

MMSE score 24.33 (5.51) 28.44 (1.33) 29.08 (0.52) .31

CERAD Word List score

Immediate Learning 12.67 (5.69) 18.78 (4.71) 21.75 (3.36) .25

Delayed Recall 3.00 (3.61) 6.11 (2.71) 7.83 (1.03) .22

Semantic fluency (animals) score 19.33 (5.51) 21.44 (5.81) 20.92 (3.68) .86

Abbreviations: CERAD, Consortium

to Establish a Registry for Alzheimer

Disease; MCI, mild cognitive

impairment; MMSE, Mini-Mental

State Examination.

a P value as defined by an

independent-samples

Mann-Whitney U test for presenilin

1 unimpairedmutation carriers

vs noncarriers.
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with worse performance on the Mini-Mental State Examina-

tion (entorhinal cortex: r = −0.60; P = .04; inferior temporal

lobe: r = −0.54; P = .06) and the CERAD Word List Delayed

Recall (entorhinal cortex: r = −0.86; P < .001; inferior tempo-

Figure 1. Spatial Patterns of Carbon 11–Labeled Pittsburgh Compound B (PiB) Positron Emission Tomography (PET)

and Flortaucipir F 18 (FTP) PET Binding in Presenilin 1 E280AMutation Carriers

PiB PET DVR FTP PET SUVR

Impaired mutation carrier in early 40sE

Mean cortical DVR: 1.60 Inferior temporal SUVR: 1.80; entorhinal cortex SURV: 1.80

Unimpaired mutation carrier in late 30sD

Mean cortical DVR: 1.27 Inferior temporal lobe: 1.35; entorhinal cortex SURV: 2.01

Unimpaired mutation carrier in early 30sC

Mean cortical DVR: 1.36 Inferior temporal lobe: 1.12; entorhinal cortex: 1.26

Unimpaired mutation carrier in late 20sB

Mean cortical DVR: 1.12 Inferior temporal lobe: 0.97; entorhinal cortex: 0.95

Unimpaired noncarrier in early 40sA

Mean cortical DVR: 1.05 Inferior temporal lobe: 0.98; entorhinal cortex: 0.95

1.2 1.4 1.61.51.31.10.9 1.00.8

DVR

0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4

SUVR

Coronal and sagittal PiB PET distribution volume ratio (DVR) maps are shown on

the left, and coronal and sagittal FTP PET standardized uptake value ratio

(SUVR) maps are presented on the right. Images are displayed in standardized

atlas space, along with whole-brain surface renderings, with a left hemisphere

view. A, An unimpaired noncarrier in their early 40s with low β-amyloid (Aβ)

levels and low FTP binding in the inferior temporal cortex. B, An unimpaired

mutation carrier in their late 20s with low Aβ levels and low FTP binding in the

inferior temporal cortex. C, An unimpairedmutation carrier in their early 30s

with higher Aβ levels and low, nonspecific FTP binding in the inferior temporal

lobe. D, An unimpairedmutation carrier in their late 30s with high Aβ and tau

levels with FTP binding in the inferior temporal and parietal cortices.

E, An impairedmutation carrier in their early 40s with mild cognitive

impairment with high Aβ levels and extensive FTP binding in the temporal,

parietal, and frontal cortices. Elevated levels of FTP binding are evident within

medial temporal lobe regions in amyloid-positive mutation carriers within

10 years of estimated years to symptom onset. Substantial FTP binding in the

neocortex is evident in mutation carriers with the highest levels of Aβ.
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ral lobe: r = −0.70; P = .01). Greater inferior temporal tau was

also related to worse performance on the CERAD Word List

Immediate Learning (r = −0.74; P = .006). Greater PiB bind-

ing was only associated with CERAD Word List Delayed

Recall (r = −0.70; P = .01).

18F FTP and PiB Binding in Relation to Each Other

Inferior temporal lobe 18F FTP binding was associated with

higher mean cortical PiB retention in mutation carriers

(r = 0.67; P = .02). In our sample, elevated levels of PiB up-

take began around age 30 years. Elevated levels of tau were

not observed in mutation carriers younger than 38 years. At

this stage, tracer retention was only observed in the entorhi-

nal cortex, and with increasing age of the carrier, higher tau

levels were also observed in the inferior temporal and lateral

temporal lobe. Flortaucipir F 18 binding in the neocortexwas

observed in 1 cognitivelyunimpaired carrier aged38years and

in all cognitively impaired individuals.

Discussion

In this study,wecharacterized thespatialpatternand temporal

lagcross-sectionallyof tauandamyloiddeposition in thebrains

of 24PSEN1E280Amutationcarriers andnoncarriers fromthe

largest knownkindredwithADAD.WeusedPET imageswith 2

radioligands, 18F FTP, which selectively binds tau aggregates,

andcarbon 11–labeledPiB,which selectivelybindsamyloidde-

posits. Elevated levels of FTPbindingwere seenwithinmedial

Figure 2. Comparison of Spatial Distribution of Flortaucipir F 18 Binding

Between the 12 Presenilin 1 Carriers and the 12 Noncarriers

6

3

0

The threshold of significance was P < .001.

Figure 3. Relations Among Flortaucipir F 18 (FTP) Standardized Uptake Value Ratios (SUVRs)

and Related Variables in Presenilin 1 Mutation Carriers and Noncarriers
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A, Tau and β-amyloid (Aβ) levels as

a function of age. B, Tau level as a

function of Aβ level. C, Cognition as

a function of tau level. Open circles

indicate noncarriers from the PSEN1

kindred, light blue circles indicate

PSEN1 amyloid-negative mutation

carriers (distribution volume ratio

[DVR] < 1.2), and dark blue circles

indicate PSEN1 amyloid-positive

mutation carriers (DVR > 1.2). A single

carrier had a DVR level of 1.195 and is

shown as a dark blue circle, despite

being amyloid negative according to

convention. Linear fit lines are shown

for carriers and noncarriers

separately to aid inspection.

CERAD indicates Consortium to

Establish a Registry for Alzheimer

Disease; DVR, distribution volume

ratio; MMSE, Mini-Mental State

Examination; PiB, Pittsburgh

Compound B.
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temporal lobe regions in amyloid-positive mutation carriers

6years before clinical onset. β-Amyloiduptake levelsweredif-

fusely elevated in unimpaired carriers approximately 15 years

prior to expected onset of MCI, consistent with our previous

report29of increasedmeancortical 18F florbetapir SUVR levels

in individuals from the same kindred. Furthermore, 18F FTP

SUVR levelswere correlatedwith clinicalmeasures.

Weleverageddatafromalarge,homogeneousADADkindred

withasingle-genemutationwithwell-characterizedagesat the

onsetofMCI (mean [SD] age,44 [5] years) anddementia (mean

[SD]age,49 [5]years). StudiesofPSEN1mutationcarriers allow

us to examine cognitively unimpaired individuals whowill go

ontodevelopADinthe futurewithvirtual certainty.Previously,

weshowedthatunimpairedmutationcarriers fromthiskindred

had significantly lower cerebral metabolic rates for glucose,

smallerhippocampalvolumes, lowercerebrospinal fluidAβ1-42

measurements,highercerebrospinal fluidtotal tauandtauphos-

phorylated at threonine 181 levels, and higher plasma Aβ1-42

measurements.6Toourknowledge, thepresentstudy is thefirst

to investigate tauaggregationusingPETimaging inthiskindred.

Thehomogeneityofdiseasecourse inthesemutationcarriersal-

lowedus toobserve tauandAβdepositionasa functionof indi-

viduals’ proximity to theexpectedonset ofMCI anddementia.

Withrespecttoamyloid,thepresentfindingsconfirmthatAβbur-

den in thepreclinical stagesofADADhasasimilar spatialdistri-

bution as in LOAD and begins more than a decade before the

onsetofclinicalsymptoms.29,30Withrespecttotau,elevatedlev-

elsofFTPbinding inmedial temporal loberegionswereonlyob-

served in individualswho already showed substantial Aβ dep-

osition incortical regions.Tauaggregation in theneocortexwas

observed in individualswithearlyMCI, consistentwith thehy-

pothesis that tau’s spread beyond the medial temporal lobe is

temporallycoupledwithcognitive impairment.13Thelackofap-

parenttaudepositionintheneocortexuntil roughly6yearsprior

toMCI combinedwith the diffuse spatial profile of tau deposi-

tion inpatientswithMCI suggests that tauspreads rapidlyonce

it begins to aggregate in the cortex.

TheothermajorPETstudyofpreclinicalADADisbeingcon-

ductedbytheDominantly InheritedAlzheimerNetwork (DIAN)

group.This studyreportedPiBdata inADADin individualswith

variousAD-causingmutations31andhasbeguntoreportdataon

FTP in these individuals.33Overall, the results fromtheColom-

bia kindred agree with those from DIAN for both FTP and PiB

imaging.WithrespecttoAβ,DIANshowedthat,averagingacross

mutations, individualswithpreclinicalADADshoweddiffusecor-

ticalPiBelevationyearsbeforetheestimatedageofonsetforeach

individual’s family.31,32This result is consistentwith thepresent

study andanother onebasedon theColombiankindred,6both

of which showed that PiB levels begin to be elevated approxi-

mately 15yearsprior toestimatedonsetofMCI.With respect to

tau,DIANhaspresentedpreliminary findings, including 11 car-

riers of variousAD-causingmutations33and63 individuals in a

study that included LOAD.34 This study as well as the present

studyfoundthattaudepositioninADADhadasimilarspatialpro-

file comparedwith LOAD. TheDIAN study also reported an in-

triguingdifferencebetweenADADandLOAD,wheregreater tau

aggregationwas present in individuals with ADADwith a CDR

of 0.5 compared with individuals with LOAD with the same

CDR.34 It is unclearhowreliable that trend isbecause thenum-

berofparticipantswithCDRof0.5 in that comparisonwerenot

reported intheDIANpresentations.Further, inLOAD, therewas

notable interindividualvariability intauextensionat thatCDR.13

Given the sparse data on tau in LOAD and in bothmajor ADAD

studies, it isunclearwhetherdifferences in the spatialdistribu-

tionof taumaybeassociatedwithparticularmutationsandnot

others.

Limitations

The present study had several limitations. Most importantly,

there is uncertainty regarding the extent to which the find-

ings will generalize to LOAD and to other AD-causing muta-

tions. In addition, the present results are based on a relatively

small sample size compared with studies of LOAD. This was

especially the casewhen examining the subsamples of unim-

paired and impaired individuals within the mutation carrier

group.However, because of the rarity of thesemutations, the

present sample represents, to our knowledge, one of the larg-

est of its kind with amyloid and tau PET data in carriers of a

singleADADmutation. In addition, it is also important to con-

sider that our findings should be interpreted in the context of

the inherent limitations of the techniques used. As such, the

temporal differences observed between amyloid and tau pa-

thology in this study may be explained in part by limited de-

tection of pathology by PETmethods.

Because age is predictive of clinical onset in the PSEN1

E280Amutation kindred, cross-sectional assessments across

awideage range in thiswell-definedcohort areperhapsanalo-

gous to what might be expected from the assessment of lon-

gitudinal trajectories of biomarker change. However, larger

cross-sectional and longitudinal studies are needed to char-

acterize the trajectory of biomarker changes from preclinical

to clinical stages.

Conclusions

The present findings add to the growing evidence that mo-

lecular markers can characterize biological changes associ-

ated with AD in individuals who are still cognitively unim-

paired. They also suggest that tau PET imagingmay be useful

as a biomarker to distinguish individuals at high risk to de-

velop the clinical symptomatologyofAD, trackprogressionof

thedisease, andevaluate response todisease-modifying treat-

ments. In addition, this study confirms that clinical symp-

toms have a greater associationwith tau pathology thanwith

amyloid pathology. These findings will inform ongoing pre-

clinical trialswithADAD, suchas theAlzheimerPrevention Ini-

tiative treatment trial of an Aβ-modifying agent.35
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