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ABSTRACT

Background: Persons at risk for familial Alzheimer disease (FAD) provide a model in which biomarkers can be studied in presymptomatic disease.

Methods: Twenty-one subjects at risk for presenilin-1 (n ⫽ 17) or amyloid precursor protein (n ⫽ 4)
mutations underwent evaluation with the Clinical Dementia Rating (CDR) scale. We obtained
plasma from all subjects and CSF from 11. Plasma (A␤40, A␤42, F2-isoprostanes) and CSF (F2isoprostanes, t-tau, p-tau181, A␤40, A␤42, and A␤42/A␤40 ratio) levels were compared between
FAD mutation carriers (MCs) and noncarriers (NCs).

Results: Plasma A␤42 levels (25.1 pM vs 15.5 pM, p ⫽ 0.031) and the ratio of A␤42/A␤40 (0.16 vs
0.11, p ⫽ 0.045) were higher in presymptomatic MCs. Among MCs, those with CDR scores of
0.5 had lower plasma A␤42 levels than those with CDR scores of 0 (14.1 pM vs 25.1, p ⫽ 0.02).
The ratio of A␤42 to A␤40 was also reduced in the CSF (0.08 vs 0.15, p ⫽ 0.046) of nondemented
MCs compared to NCs. Total CSF tau and p-tau181 levels were elevated in presymptomatic FAD
MCs. CSF levels of F2-isoprostanes were also elevated in MCs (n ⫽ 7, 48.6 pg/mL) compared to
NCs (n ⫽ 4, 21.6 pg/mL, p ⫽ 0.031).
Conclusions: Our data indicate that A␤42 is elevated in plasma in familial Alzheimer disease (FAD)
mutation carriers (MCs) and suggests that this level may decrease with disease progression prior
to the development of overt dementia. We also demonstrated that the ratio of A␤42 to A␤40 was
reduced in the CSF of nondemented MCs and that elevations of t-tau and p-tau181 are sensitive
indicators of presymptomatic disease. Our finding of elevated F2-isoprostane levels in the CSF of
preclinical FAD MCs suggests that oxidative stress occurs downstream to mismetabolism of
amyloid precursor protein. Neurology® 2008;71:85–92
GLOSSARY
AD ⫽ Alzheimer disease; APP ⫽ amyloid precursor protein; CDR ⫽ Clinical Dementia Rating; FAD ⫽ familial Alzheimer disease; MC ⫽ mutation carrier; MCI ⫽ mild cognitive impairment; MMSE ⫽ Mini-Mental State Examination; NC ⫽ noncarrier;
PSEN1 ⫽ presenilin-1.

The biochemical and pathologic changes responsible for the clinical manifestations of Alzheimer disease (AD) are thought to begin years or even decades prior to the development of the
overt symptoms of the disorder. The characterization of the relationship between various biochemical markers and disease status allows us to better understand the causes of the illness,
enhances our ability to diagnose the disorder in its earliest preclinical stage, and ultimately may
lead to more effective treatments for AD.
Study of the extracellular plaques characteristic of AD that consist largely of depositions of
beta-amyloid protein (A␤) focused interest on this protein as playing a pivotal role in the
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pathogenesis of the disease.1 The subsequent
identification of genes causing autosomal
dominantly inherited forms of the disease (familial AD or FAD) that cause aberrant processing of amyloid precursor protein (APP)
into the more fibrillogenic form of the betaamyloid protein (A␤42) yielded clues as to the
mechanism by which abnormal metabolism
of APP causes AD, at least in these familial
cases. Plasma levels of A␤42 have been demonstrated to be elevated prior to symptom onset in persons carrying mutations pathogenic
for FAD2 and in those who go on to develop
sporadic AD.3 Plasma A␤42 levels have also
been observed to decrease in otherwise
healthy elderly controls who showed cognitive
decline.4 In another study, however, levels in
subjects with established AD were not found
to be different from those in patients with
mild cognitive impairment (MCI) or either
healthy controls or patients with Parkinson
disease.5 Most studies have shown that A␤42
levels in the CSF are decreased in persons
with MCI6 and sporadic AD.7,8 A potential
factor confounding these studies, which
might in part explain their varied findings, is
uncertainty regarding the specific type and
stage of dementing illness present. The reliability with which persons carrying FAD mutations develop the illness, the predictability
of the age at onset,9 and the lack of concurrent
medical illnesses in this relatively young otherwise healthy cohort help control for this uncertainty.
In addition to A␤42, CSF levels of tau protein, a principal component of the paired helical filaments found in AD brain, have been
explored to determine their relationship with
disease status. CSF total tau (t-tau) has been
demonstrated to be elevated in AD, in patients with MCI who later developed AD, and
in other neurologic diseases.10 Tau phosphorylated at different sites has been studied and
thought to be more specific for AD. P-tau181,
for example, is elevated in AD, but not after
acute stroke11 or head injury12 as was t-tau.
P-tau181 levels have been shown to discriminate AD from normal aging, vascular dementia, dementia with PD, and frontotemporal
dementia.13 Levels of tau in the CSF also
86
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tended to be elevated in preclinical persons
carrying FAD mutations in a prior study but
the differences were not significant.14
Converging lines of evidence suggest that
oxidative damage plays a role in the development of AD and other neurodegenerative diseases. Various indices of oxidative damage in
biologic tissue have been employed and 8,12iso-iPF2␣VI (iPF2a or F2-isoprostanes), markers of lipid peroxidation, have been
particularly well characterized. They have
been found to be elevated in the urine,
plasma, and CSF of persons with AD and
MCI.15,16 Furthermore, F2-isoprostanes were
found not to be elevated in brain tissue from
persons with frontotemporal dementia, suggesting that elevated levels may be relatively
specific for AD.17 One study demonstrated
increased oxidative stress in lymphocytes and
fibroblasts from persons with APP and
presenilin-1 (PSEN1) mutations, suggesting
that oxidative damage plays a role in FAD as
well.18 If elevated F2-isoprostane levels are
found in young preclinical FAD mutation
carriers, this would be supporting evidence
that oxidative damage is important in the development of the disease. On the other hand,
if these elevations are not found early (or at
all) in the course of FAD, it might be concluded that oxidative stress plays a more important role in sporadic AD than in FAD.
Inherited forms of AD due to alterations in
the PSEN1 or APP genes, in which the underlying cause of the disease are thought to be
understood, provide a model in which the relationship of various biochemical changes to
the “amyloid cascade” can be tested. In the
current study we measured levels of plasma
(A␤40, A␤42, F2-isoprostanes) and CSF (F2isoprostanes, t-tau, p-tau181, A␤40, and A␤42)
biomarkers with putative relationships to AD
status and progression in persons at risk for
FAD to help clarify these relationships. We
hypothesized that A␤42 would be elevated in
the plasma and decreased in the CSF of presymptomatic persons carrying FAD mutations. Furthermore, we hypothesized that
CSF levels of t-tau and p-tau181 would be elevated in FAD mutation carriers. We suspected that oxidative stress would play a more

minor role in FAD of young onset and therefore did not expect there to be differences in
F2-isoprostane levels between FAD mutation
carriers (MCs) and non-carriers (NCs).
METHODS Study population. First-degree relatives of
persons with dementia identified to have PSEN1 or APP mutations in the course of clinical practice at the authors’ institutions
were approached for participation in the current study. Subjects
were either previously aware or made aware of their risk for inheriting the illness in their family over the course of genetic
assessment of their affected family member. Twenty-one firstdegree relatives of affected persons received in-depth clinical, imaging, and biochemical assessments. Seventeen subjects were
from families with known PSEN1 mutations and four were from
families harboring APP mutations. Subjects were from eight distinct families, of which six had a proband with a proven PSEN1
mutation (A431E substitution ⫽ 4, L235V substitution ⫽ 1,
G206A substitution ⫽ 1 family) and two had a proband with the
V717I substitution in APP. Evidence that each of these genetic
alterations are pathogenic for AD is strong: members of families
with the A431E and L235V substitutions in PSEN1 participated
in the international study in which autosomal dominant AD of
young onset was linked to chromosome 14,19 a founder effect for
the A431E mutation originating from Jalisco State in Mexico in
which the mutation segregates with the illness has been described,20,21 the V717I APP mutation has been found to segregate
with the disease in several families from several countries,22 the
G206A mutation in PSEN1 was found to be present in several
families originating from the Caribbean and also to represent a
founder effect,23 and AD neuropathology has been found in persons dying with the A431E24 and L235V25 mutations in PSEN1
as well as the V717I mutation in APP.22
The Clinical Dementia Rating Scale (CDR) was performed
with an unrelated informant and with the subject by the principal investigator. The CDR is a structured interview with input
from both the subject and an informant who knows the subject
well.26 In the CDR, asymptomatic persons are rated 0, and persons with questionable cognitive impairment are rated 0.5.
Scores of 1, 2, and 3 represent mild, moderate, and severe stages
of dementia. In all but two subjects who had undergone clinical
presymptomatic testing, ratings were performed blind to subjects’ genetic status. All subjects signed written, informed consent. Subjects were informed they would be tested for the FAD
mutation for which they were at risk but in the context of the
research protocol would not be told the result. All study procedures were approved by the Institutional Review Boards at
UCLA and the National Institute of Neurology and Neurosurgery in Mexico City. Plasma samples were obtained from all
subjects and 11 of the 21 subjects consented to and underwent
lumbar punctures.

Biochemical assays. Blood was drawn in the morning in a
fasting state. Thirty cubic centimeters of blood were centrifuged,
aliquoted into 0.5 mL siliconized polypropylene Eppendorf
tubes, and stored at ⫺80°C within 2 hours of being drawn. CSF
was collected at various times of the day using a 24 gauge Sprotte
needle and then centrifuged, aliquoted into 0.5 mL siliconized
polypropylene Eppendorf tubes, and frozen to ⫺80°C within 2
hours of being obtained. All samples were sent to collaborators
according to a unique identifier without any associated clinical
or genetic information. The resulting values were forwarded to

the principal investigator who analyzed the data. All biochemical
analyses were therefore performed in a blinded fashion.
Frozen plasma samples were sent overnight on dry ice to the
laboratory of Steven Younkin at Mayo Clinic, Jacksonville, FL.
A␤40 and A␤42 were measured using a sandwich ELISA technique employing Takeda BAN50/BA27 and BNT77/BC05 antibodies, respectively. Each sample was assayed in duplicate and
normalized to four control plasma samples. All samples were run
on a single plate. A subset of 16 plasma samples were analyzed
twice. The Pearson correlation coefficient between the first and
second assays for plasma A␤42 was 0.949 (p ⬍ 0.001) indicating
good test-retest reliability.
CSF A␤ levels were measured independently in three different laboratories. The results in two laboratories, including that of
author G.C. at UCLA, correlated well. The methodology used
and results obtained at UCLA are reported here. CSF was analyzed for A␤42 and A␤40 using Luminex reagents from Biosource
Division of Invitrogen (Camarillo, CA) and X-MAP technology
according to the manufacturer’s instructions. The Luminex 200
system and the xPONENT 3.0 software from Luminex (Austin,
TX) were used for acquisition and analysis. Standard curves were
constructed from authentic standards included with each kit: 7
to 5,000 pg/mL for A␤42, 7 to 5,000 pg/mL for A␤40. The lower
limit of quantification was 21 pg/mL for A␤42 and 62 pg/mL for
A␤40. Each CSF sample was analyzed in duplicate and these
results were then averaged for further statistical analyses. The
coefficient of variance for each assay was 4.7% for A␤42 and
5.4% for A␤40.
CSF samples were sent overnight on dry ice to Athena Diagnostics who measured total tau (t-tau) and p-tau181 using immunoassays. Determination of tau and p-tau181 concentrations in
CSF were performed by ELISA methodology as provided by
Innogenetics, NV (Innotest hTAU Ag and Innotest Phosphotau).7,8 Concentrations were determined from standard curves
using recombinant human total tau protein, and a synthetic 34
amino acid peptide phosphorylated at the position equivalent to
threonine-181 in the tau protein.
Frozen blood and CSF samples were forwarded overnight on
dry ice to Domenico Pratico, MD. Samples were spiked with
internal standard d4-8,12-iso-iPF2␣-VI (F2-isoprostanes, or
iPF2a) and extracted on a C18 cartridge column. The eluate was
purified by thin-layer chromatography. The trimethylsilyl derivative was then made and the samples were assayed by negative
ion chemical ionization gas chromatography–mass spectrometry.15

Genetic testing. For genetic testing blood samples were coded
according to a unique identifier and forwarded to the laboratory
of Daniel Geschwind at UCLA. DNA was extracted and apolipoprotein E genotyping performed using standard techniques.

Presenilin-1. The presence of A431E and L235V substitutions
in PSEN1 were assessed using RFLP analyses. The presence or
absence of the G206A substitution in PSEN1 (n ⫽ 1) was assessed directly with bidirectional sequencing.
APP. The presence of the v717i substitution in APP was assessed with direct sequencing.

Statistical analyses. The age at onset of disease in FAD tends
to be consistent within families but can vary between families.9
Therefore, in order to make subjects comparable with regard to
the time interval over which they would be expected to develop
dementia, each subject’s age relative to the typical age at disease
diagnosis in their families was calculated (adjusted age). The typical age at disease diagnosis in the family was taken as the median
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Table 1

Demographic data of the study population

Age, y (SD)

FAD MCs
(n ⴝ 12)

Asymptomatic
FAD MCs
(n ⴝ 8)

FAD NCs
(n ⴝ 9)

34.8 (6.4)

32.4 (6.4)

38.7 (9.6)

Adjusted age, y (SD)

⫺10.8 (6.8)

⫺13.4 (6.0)

⫺8.6 (12.0)

MMSE score (range)

27.1 (21–30)

28.9 (28–30)

28.1 (24–29)

No. with CDR scores ⴝ 0.5

4

0

1

Gender (no. female)

10

7

8

There were no significant differences between groups.
FAD ⫽ familial Alzheimer disease; MC ⫽ mutation carrier; NC ⫽ noncarrier; MMSE ⫽ MiniMental State Examination; CDR ⫽ Clinical Dementia Rating scale.

age at which affected family members were diagnosed with dementia. Two-tailed t tests were performed comparing biochemical measures in two populations: 1) between all mutation carriers
(MCs, n ⫽ 12) and noncarriers (NCs, n ⫽ 9), and 2) the subpopulation of presymptomatic (CDR ⫽ 0) MCs (n ⫽ 8) and all
NCs (n ⫽ 9).
Exploratory correlations among biomarker levels as well as
between biomarker levels and clinical status, age, and adjusted
age also were performed. p Values of 0.05 or less were considered
significant. All statistical analyses were performed using the Statistical Package for the Social Sciences, version 11.0.2.
RESULTS Study population. In the total population
of 21 subjects, all had CDR scores less than 1. Four
of 12 MCs and one of nine NCs had CDR scores of
0.5 (see table 1 for a summary of the study population). The reason this NC obtained a score of 0.5 is
likely related to a lack of specificity of the CDR along
with the fact that this evaluation was performed
blind to the subjects’ genetic status. Data from this
subject were therefore pooled with those of the other
NCs. Twelve subjects were MCs and nine NCs.
There were no significant differences between MCs
and NCs with regard to mean age (34.8 vs 38.7),
adjusted age (⫺10.8 vs ⫺8.6 years), gender distribu-

Table 2

Mean biomarker values (SDs) in subjects without dementia at risk for
familial Alzheimer disease (FAD) mutations

Plasma A␤40 (pM)

FAD MCs (n ⴝ 12) (7)

FAD NCs (n ⴝ 9) (4)

p Values

144.2 (42.1)

148.2 (75.2)

0.877

Plasma A␤42 (pM)

21.4 (9.6)

15.5 (5.7)

0.094

Plasma A␤42/A␤40

0.15 (0.05)

0.11 (0.02)

0.040*

CSF A␤40 (pg/mL)

2,599.9 (801.9)

2,617.9 (431.0)

0.968

CSF A␤42 (pg/mL)

204.9 (153.3)

394.6 (93.1)

0.053

CSF A␤42/A␤40

0.079 (0.058)

0.150 (0.016)

0.046*

Plasma iPF2a (pg/mL)

354.6 (101.0)

294.1 (71.6)

0.143

CSF iPF2a (pg/mL)

48.6 (25.3)

21.6 (5.6)

0.031*

CSF total tau (pg/mL)

467.0 (196.4)

148.9 (33.2)

0.005*

CSF p-tau181 (pg/mL)

75.8 (27.2)

31.6 (10.6)

0.005*

CSF was available for seven mutation carriers (MCs) and four noncarriers (NCs).
*Significant.
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tion (10/12 vs 8/9 females, p ⫽ 0.61), or number of
persons carrying the ApoE 4 genotype (2/12 vs 2/9,
p ⫽ 0.59). MCs and NCs also did not differ with
regards to mean Mini-Mental State Examination
score (27.1 vs 28.1). Of the 11 subjects from whom
CSF was obtained, 7 were MCs (5 with CDR scores
of 0) and 4 were NCs.
Among the 12 MCs, 8 were presymptomatic
(CDR scores of 0). There were no differences between this group and the 9 NCs in regards to age
(32.4 vs 38.7), adjusted age (⫺13.4 vs ⫺8.6), or
MMSE score (28.9 vs 28.1). The distribution of
MCs vs NCs for the various genetic alterations for
which they are at risk is not presented due to the
necessity of maintaining confidentiality.
Plasma a␤ levels. Among all subjects, plasma levels of

A␤42 (21.4 pM vs 15.5 pM, p ⫽ 0.094) and A␤40
did not differ between MCs and NCs although the
ratio of A␤42 to A␤40 was higher in MCs (0.15 vs
0.11, p ⫽ 0.040, table 2). The difference between
MCs and NCs in plasma levels of A␤42 was larger in
the presymptomatic (CDR ⫽ 0) group. Significantly
higher plasma A␤42 levels were found in eight presymptomatic MCs relative to nine NCs (25.1 pM vs
15.5 pM, p ⫽ 0.031, table 3). There were no differences in the levels of A␤40 and the ratio of A␤42/
A␤40 was higher in presymptomatic MCs (0.16 vs
0.11, p ⫽ 0.045). When MCs with CDR scores of
0.5 were included, these differences were no longer
significant, consistent with a lowering of these levels
with disease progression (figure 1). Among MCs,
those with CDR scores of 0.5 had lower plasma A␤42
levels than those with CDR scores of 0 (14.1 pM vs
25.1, p ⫽ 0.02). The differences in plasma A␤42 levels between MCs and NCs were greater when subjects at risk for APP mutations were excluded.
Specifically, in presymptomatic persons at risk for
PSEN1 mutations, MCs had a mean plasma A␤42
level of 29.1 pM compared to a mean plasma level of
16.0 pM in NCs (p ⫽ 0.005).
CSF a␤42 and a␤40. There was a trend for A␤42 levels
to be decreased in the CSF of FAD MCs compared
to NCs (204.9 pg/mL vs 394.6 pg/mL, p ⫽ 0.053,
table 2). A␤40 levels were no different between
groups and the A␤42/A␤40 ratio was significantly
lower in MCs (0.08 vs 0.15, p ⫽ 0.046). If the comparison is restricted to MCs with CDR scores of 0,
the difference is diminished (0.09 vs 0.15, p ⫽
0.080, table 3). There was a trend toward a negative
correlation of A␤42/A␤40 ratio in CSF with adjusted
age in MCs (r ⫽ ⫺0.673, p ⫽ 0.098) suggesting a
possible decrease in this ratio as MCs approach the
age of clinical dementia.

Table 3

Mean biomarker values (SDs) in presymptomatic subjects at risk for familial Alzheimer disease
(FAD) mutations (Clinical Dementia Rating ⴝ 0)
FAD MCs (n ⴝ 8) (5)

Plasma A␤40 (pM)

FAD NCs (n ⴝ 9) (4)

157.3 (42.4)

148.2 (75.2)

p Values
0.767

Plasma A␤42 (pM)

25.1 (9.6)

15.5 (5.7)

0.031*

Plasma A␤42/A␤40

0.16 (0.06)

0.11 (0.02)

0.045*

CSF A␤40 (pg/mL)

2,751.5 (926.5)

2,617.9 (431.0)

0.800

CSF A␤42 (pg/mL)

230.4 (157.4)

394.6 (93.1)

0.110

CSF A␤42/A␤40

0.087 (0.059)

0.150 (0.016)

0.080

Plasma iPF2a (pg/mL)

355.8 (94.0)

294.1 (71.6)

0.146

CSF iPF2a (pg/mL)

51.2 (26.7)

21.6 (5.6)

0.067

CSF total tau (pg/mL)

462.0 (202.9)

148.9 (33.2)

0.025*

CSF p-tau181 (pg/mL)

72.5 (24.0)

31.6 (10.6)

0.016*

CSF was available for five presymptomatic mutation carriers (MCs) and four noncarriers (NCs).
*Significant.

CSF t-tau and p-tau181. Total tau and p-tau181 levels
in CSF were elevated in presymptomatic FAD mutation carriers (figure 2). Total tau levels were 467.0 in
MCs vs 148.9 pg/mL in NCs (p ⫽ 0.005, table 2)
when subjects with CDR scores of 0.5 were included
and 462.0 pg/mL in MCs vs 148.9 pg/mL in NCs (p
⫽ 0.025, table 3) when the analysis included only
MCs with CDR scores of 0. Mean CSF phosphotau181 levels were 75.8 in MCs vs 31.6 pg/mL in
NCs (p ⫽ 0.005) when subjects with CDR scores of
0.5 were included and 72.5 pg/mL in MCs vs 31.6
pg/mL in NCs (p ⫽ 0.016) when only MCs with
CDR scores of 0 were included. T-tau and p-tau181
levels are highly correlated in this population (PearFigure 1

Boxplots of plasma levels of A␤42 in
familial Alzheimer disease (FAD)
mutation carriers and noncarriers
according to Clinical Dementia
Rating (CDR) scale scores

son correlation ⫽ 0.97, p ⬍ 0.001). There was a
trend for p-tau181 levels to increase as the familyspecific median age of dementia diagnosis is approached (Pearson correlation ⫽ 0.734, p ⫽ 0.061,
figure 3).
Plasma and CSF F2-isoprostanes. Among all subjects,
there were no significant differences between plasma
F2-isoprostane levels in MCs (345.6 pg/mL) compared to NCs (294.1 pg/mL, p ⫽ 0.143, table 2). In
CSF, F2-isoprostane levels were elevated in MCs (n
⫽ 7, 48.6 pg/mL) compared to NCs (n ⫽ 4, 21.6
pg/mL, p ⫽ 0.031, table 2). When the analysis excluded two MCs with CDR scores of 0.5, the statistical significance was lost (p ⫽ 0.067, table 3). As
smoking of tobacco is known to increase F2isoprostane levels, MCs and NCs were compared
with regards to smoking history. One out of 12 MCs
was a smoker whereas four of nine NCs were smokers
(two-sided 2, p ⫽ 0.080). Therefore, smoking did
not contribute to any differences seen and might indeed have masked greater differences between F2isoprostane levels in MCs and NCs. No linear
relationships between F2-isoprostane levels and age,
adjusted age, mutation status, or clinical status were
evident.

We replicated the pivotal finding of
increased levels of A␤42 in the plasma of persons destined to develop FAD. Our data also provide preliminary support for a decline in this level with disease
progression. We also found that the ratio of A␤42 to
A␤40 in the CSF was reduced in preclinical FAD
mutation carriers and may decrease as the age at onset of clinical dementia approaches. CSF t-tau and
p-tau181 are elevated prior to overt symptoms and are
highly correlated in this population. Our data also
suggest that F2-isoprostane levels in the CSF begin to

DISCUSSION

Horizontal lines represent the median, boxes represent the
25th to 75th percentile, and whiskers represent total
range. FAD mutation carriers with CDR scores of 0 have
significantly higher plasma A␤42 levels than either FAD mutation carriers with CDR scores of 0.5 or noncarriers.
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Figure 2

Scatterplot of levels of total tau (left, T-tau) and tau phosphorylated
at serine 181 (right, P-tau) in the CSF of familial Alzheimer
disease (FAD) mutation carriers and noncarriers

be elevated early in the course of FAD and therefore
oxidative injury may contribute to the pathogenesis
of this form of AD.
Though elevated levels of A␤42 in the plasma of
persons fated to develop AD via PSEN1 and APP
mutations is commonly cited as evidence supporting
the “amyloid hypothesis” of AD, this observation has
not been consistently replicated.27 With the small
numbers of subjects in our study we were able to
replicate this finding and provide additional, if preliminary, support for the observation that this level
declines as the disease progresses. A recent study
showed that a low plasma A␤42/A␤40 level in a cognitively normal elderly population predicted the development of MCI and AD within the next few years
in an elderly population.28 This may be due to cerebral deposition of A␤42 in this immediately prFigure 3
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Scatterplot of p-tau181 levels in CSF
according to age relative to the
median age at dementia diagnosis
in the family (adjusted age)
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esymptomatic phase. If one takes into account the
higher baseline level of plasma A␤42 in persons carrying FAD mutations, the lower level in persons with a
CDR score of 0.5 in our study may represent a decline from a higher level. However, because of the
small number of MCs with CDR scores of 0.5 (n ⫽
4) this conclusion should be considered tentative.
We did not identify a tendency for levels of
plasma A␤42 or A␤40 levels to be elevated in subjects
inheriting APP mutations (exact data not shown to
maintain confidentiality with regard to mutation status). It is not clear if this is due to the small number
of subjects in this study, their young age relative to
the age at disease onset in their family, or other unknown factors.
We also found a trend toward reduced A␤42 levels
and a significant reduction of the A␤42/A␤40 ratio in
the CSF of preclinical FAD mutation carriers compared to NCs. This is consistent with previous studies in persons with established sporadic AD,7,13
persons inheriting FAD mutations,14 and in persons
with mild cognitive impairment (MCI) who went on
to develop dementia.29 At least one previous study
failed to demonstrate a superiority of the ratio of
A␤42 to A␤40 over absolute A␤42 levels in CSF in
differentiating patients with AD from controls.30
However, another recent study showed that CSF levels of A␤42 and A␤40 fluctuate in tandem 1.5–fourfold over a 36-hour period in controls without
dementia.31 Measuring the ratio of A␤42 to A␤40
controls in part for this variability, possibly accounting for the greater effect of mutation status on this
measure than was seen with absolute A␤42 levels.
The most commonly cited explanation for the
lower CSF levels of A␤42 in AD is a shift in equilibrium of A␤ species, particularly A␤42, from the CSF
to deposition in brain parenchyma. The pathogenic
alterations in PSEN1 and APP that cause familial
AD are thought to do so through the preferential
production of A␤42 over other A␤ species. Therefore, in FAD MCs, a higher level of A␤42 relative to
A␤40 would be expected to be present in all tissues as
a lifelong trait. Our finding of a decrease in the
A␤42/A␤40 ratio in CSF with age in FAD MCs provides support for the preferential deposition of A␤42
in brain as the explanation for its lower level in CSF.
Further studies with greater numbers of subjects or
longitudinal studies will help determine if this is the
case. Similar to previous studies, we found elevated
t-tau and p-tau181 in preclinical persons carrying
FAD mutations.14,32 Unlike these studies, however,
the elevations we found were sufficiently robust to
reach significance, even with the relatively small
number of subjects in our study. As CSF t-tau and
p-tau181 increase with brain damage, the young age

and healthy status of both our subjects and controls
might contribute to the larger contrast we found between FAD MCs and NCs. There was a tendency for
CSF levels of tau and p-tau181 to increase as the age
at typical disease diagnosis is approached in FAD
mutation carriers (figure 3). Total tau levels in the
CSF are thought to reflect brain damage due to any
type of insult whereas p-tau181 levels are thought to
more specifically reflect damage due to AD. The
close correlation of these two measures in our young
subjects who would not be expected to have other,
non-AD, CNS pathology supports this assertion.
Oxidative stress is thought to play a role in AD
and CSF, blood, and urine levels of F2-isoprostanes,
products of oxidative metabolism, have been found
to be elevated in persons with AD or MCI.15,16 In our
sample we found elevations in plasma and CSF F2isoprostane levels that reached significance in the
CSF of MCs. Our results are consistent with the
prior observation that F2-isoprostane levels are more
consistently elevated in the CSF than in the plasma
in sporadic AD.33 If it is assumed that overproduction of the 42-amino acid length version of A␤ is the
primary cause of disease in these families, our data
are consistent with the notion that oxidative stress is
a phenomenon that occurs subsequent to amyloid
mismetabolism.
There are several limitations to our study. The
small number of these rare subjects precludes controlling for many important covariates (PSEN1 vs
APP, specific mutation, family of origin, ApoE genotype, age or relative age). The study is underpowered
to detect any but the strongest correlations among
biochemical variables and between biochemical and
clinical variables. This was an exploratory study and
we did not statistically adjust for multiple comparisons. Finally, it is unclear to what extent findings in
persons with highly penetrant genetic forms of AD
can be generalized to the more common sporadic AD
of later onset.
In this study we have verified the often-cited but
seldom replicated observation of elevated A␤42 in the
plasma of presymptomatic carriers of FAD mutations. Furthermore, we have shown evidence that
this level is not elevated in such persons exhibiting
the initial symptoms of the disease though not yet
demented, suggesting a reduction of this level with
disease progression. Our data also confirm the observation that the ratio of A␤42/A␤40 in CSF is diminished in preclinical FAD and may decline with age in
these persons. We have also demonstrated that elevations of CSF t-tau and p-tau181 are sensitive indicators of presymptomatic disease. Finally, the elevated
F2-isoprostane levels in the CSF of preclinical per-

sons with FAD mutations suggest that this change
occurs downstream to mismetabolism of APP.
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