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Abstract
Recent genetic and proteomic studies demonstrate that clusterin/apolipoprotein-J is associated
with risk, pathology, and progression of Alzheimer’s disease (AD). Our main aim was to examine
associations between plasma clusterin concentration and longitudinal changes in brain volume in
normal aging and mild cognitive impairment (MCI). A secondary objective was to examine
associations between peripheral concentration of clusterin and its concentration in the brain within
regions that undergo neuropathological changes in AD. Non-demented individuals (N = 139; mean
baseline age 70.5 years) received annual volumetric MRI (912 MRI scans in total) over a mean
six-year interval. Sixteen participants (92 MRI scans in total) were diagnosed during the course of
the study with amnestic MCI. Clusterin concentration was assayed by ELISA in plasma samples
collected within a year of the baseline MRI. Mixed effects regression models investigated whether
plasma clusterin concentration was associated with rates of brain atrophy for control and MCI
groups and whether these associations differed between groups. In a separate autopsy sample of
individuals with AD (N=17) and healthy controls (N=4), we examined the association between
antemortem clusterin concentration in plasma and postmortem levels in the superior temporal
gyrus, hippocampus and cerebellum. The associations of plasma clusterin concentration with rates
of change in brain volume were significantly different between MCI and control groups in several
volumes including whole brain, ventricular CSF, temporal gray matter as well as
parahippocampal, superior temporal and cingulate gyri. Within the MCI but not control group,
higher baseline concentration of plasma clusterin was associated with slower rates of brain atrophy
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in these regions. In the combined autopsy sample of AD and control cases, representing a range of
severity in AD pathology, we observed a significant association between clusterin concentration in
the plasma and that in the superior temporal gyrus. Our findings suggest that clusterin, a plasma
protein with roles in amyloid clearance, complement inhibition and apoptosis, is associated with
rate of brain atrophy in MCI. Furthermore, peripheral concentration of clusterin also appears to
reflect its concentration within brain regions vulnerable to AD pathology. These findings in
combination suggest an influence of this multi-functional protein on early stages of progression in
AD pathology.

Keywords
clusterin; mild cognitive impairment (MCI); Alzheimer's disease (26); plasma; atrophy; biomarker

Introduction
The identification of peripheral biomarkers associated with core pathological features of
Alzheimer’s disease (AD) may accelerate the development of disease-modifying treatments
(Lyketsos et al., 2008). In pre-symptomatic subjects at risk for subsequent development of
AD, blood-based analytes reflecting neuropathology may help in effective targeting of
treatments in those most likely to benefit from early intervention (Song et al., 2009).
Similarly, peripheral markers of disease pathology in incipient stages of AD may be useful
as surrogate end points in clinical trials of novel therapies (Cummings et al., 2007).
However, the standard paradigm for biomarker discovery in AD is based upon identification
of signals that provide binary discrimination between groups, i.e. AD or mild cognitive
impairment (MCI) versus age-matched controls. Given that a significant proportion of
elderly control subjects without cognitive impairment already harbor AD pathology, such as
Aβ deposition in the brain (Savva et al., 2009), it is unlikely that this strategy will yield
biomarkers accurately reflecting early neuropathology. Moreover, this approach also ignores
the considerable heterogeneity in the rate of disease progression in patients with established
AD (Kraemer et al., 1994).

To overcome some of these limitations, we have recently used proteomic analyses to
identify plasma proteins primarily on the basis of their association with established
neuroimaging endophenotypes of AD pathology such as brain atrophy and amyloid
deposition. Using this approach, we found that higher plasma concentration of clusterin, also
known as apolipoprotein-J (apoJ), is associated with greater severity and faster rate of
clinical progression in patients with AD (Thambisetty et al., 2010). Our finding of an
association between plasma clusterin concentration and disease severity in AD was recently
replicated in an independent study by Schrijver and colleagues (Schrijvers et al., 2011).
Together with recent genome wide association studies (GWAS) demonstrating associations
between polymorphic variation in the clusterin gene (CLU) and risk of AD (Harold et al.,
2009; Lambert et al., 2009; Seshadri et al., 2010), these findings suggest a potential role for
both the CLU gene and clusterin protein in AD pathogenesis. We also recently reported that
specific brain regions show accelerated longitudinal tissue loss in individuals with mild
cognitive impairment (MCI) (Driscoll et al., 2009). In the current study, our aim was to
investigate whether plasma clusterin concentration is related to these longitudinal changes in
brain volume in MCI as well as normal individuals. We addressed this question in the
neuroimaging cohort of the Baltimore Longitudinal Study of Aging (BLSA), taking
advantage of annual volumetric MRI assessments in this group of healthy control and MCI
individuals. This rich longitudinal dataset acquired over a mean six year interval in each
individual contained more than 900 MRI observations in total. We asked two main questions
in this neuroimaging study:
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1. Are there inter-group (MCI versus control) differences in the association between
baseline plasma clusterin concentration and longitudinal changes in brain volumes?

2. Within each group (MCI and control separately), are there significant associations
between baseline plasma clusterin concentration and rates of change in brain
volumes?

Subsequently, in an independent analysis of autopsy samples from patients with AD and
healthy control individuals, we asked whether plasma clusterin concentration was also
related to its concentration within regions vulnerable to AD pathology.

Materials and Methods
Participants

The neuroimaging study included 139 individuals (ages 57–87 years) from the neuroimaging
substudy of the Baltimore Longitudinal Study of Aging (BLSA) who were free of a clinical
diagnosis of dementia at the baseline evaluation and received annual brain MRI scans over a
mean follow up interval of six-years. Sixteen participants were diagnosed with MCI during
the course of the study, of whom seven went on to develop dementia. The diagnosis of MCI
was made according to Petersen criteria (Petersen, 2004) during a consensus case
conference. During each annual neuroimaging visit, participants completed a battery of
twelve neuropsychological tests evaluating six cognitive domains. Memory was assessed
using the California Verbal Learning Test (CVLT) and Benton Visual Retention Test
(BVRT). Word knowledge and verbal ability were measured using Primary Mental Abilities
Vocabulary (PMA). Verbal fluency was assessed by Letter (i.e. FAS) and Category fluency
tests. Attention and working memory were measured by the Digit Span Test of the Wechsler
Adult Intelligence Scale-Revised, and the Trail Making Test. Digits Backward, Trails B, and
Verbal Fluency (categories and letters) assessed executive function. The Card Rotations Test
assessed visuospatial function. Data from time points at and subsequent to the diagnosis of
dementia (using DSM III criteria) were excluded from the analysis. Exclusion criteria at the
time of entry into the neuroimaging study included clinically significant stroke, severe
cardiovascular or pulmonary disease as well as metastatic cancer. The results reported here
are derived from analyses of longitudinal MRI data obtained from more than 900
observations in the two groups of participants (MCI=92 and control=820 observations). This
study was approved by the local institutional review boards and all participants gave written
informed consent prior to each assessment.

In the autopsy study, post-mortem brain tissue from seventeen AD patients and four healthy
subjects was examined. Cognitive function of these individuals had been assessed during life
annually using the Mini-Mental State Examination (MMSE) (Folstein et al., 1983). AD
patients fulfilled the criteria for probable AD based on the National Institute of Neurological
and Communicative Disorders and Stroke and the Alzheimer’s Disease and Related
Disorders Association (NINCDS-ADRDA) and DSM-IV-TR guidelines (McKhann et al.,
1984). Following death, definitive diagnosis was made by histopathological staining of brain
tissue sections. Tissue samples were obtained from the superior temporal gyrus (STG),
hippocampus (HIP) and cerebellum (CER), randomly from either the left or right
hemisphere of the brain. The experiments were undertaken with the understanding and
written consent of each subject prior to death and/or their family members and in
compliance with national legislation and the Code of Ethical Principles for Medical
Research Involving Human Subjects of the World Medical Association (Declaration of
Helsinki). The studies described from the autopsy sample cohort were approved by the
King’s College London Ethics Committee.
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MRI acquisition and analysis
MRI scans were obtained from a GE Signa 1.5T scanner (Milwaukee, WI) using a high-
resolution spoiled-grass axial series (repetition time=35 msec, echo time=5 msec, field of
view = 24cm, flip angle = 45°, matrix =256 × 256).. Image processing procedures have been
previously validated and described. 11,22,23 Briefly, images are corrected for head tilt and
rotation, and reformatted parallel to the anterior-posterior commissure plane. Extracranial
tissue is removed using a semiautomated procedure followed by manual editing. Next,
images are segmented into white matter (WM), gray matter (GM), and CSF. The final step
involves stereotaxic normalization and tissue quantitation for specific regions of interest. A
template-based deformation approach is employed, using the ICBM standard MRI (Montreal
Neurologic Institute) as the template and a hierarchical elastic matching algorithm for
deformation and regions of interest determination (Shen and Davatzikos, 2002). All images
are normalized individually to the same template. Voxel-based analysis utilizes our
RAVENS approach (regional analysis of volumes examined in normalized space) (Goldszal
et al., 1998), whereby local values of tissue density maps (one for GM, one for WM, and
one for CSF) reflect the amount of respective tissue in the vicinity of a voxel. Tissue
densities are mathematical quantities measuring local tissue volumes and do not reflect any
microstructural physical density of brain tissue. Intracranial volume (ICV) is determined
using the template warping algorithm modified for head image registration. First, the ICV in
the template is manually and carefully delineated by an expert. Then, the template with its
ICV mask is warped to the space of each individual head. Finally, the warped ICV mask of
the template is used to directly extract the ICV of the individual. ICV at initial imaging
evaluation is used for statistical adjustment to avoid potential biases of brain atrophy and
partial volume effects on estimation of ICV (Pengas et al., 2009).

Plasma samples and clusterin ELISA assay
In the neuroimaging study, the average interval between plasma samples collected for
clusterin assays and the baseline MRI scans was 22 days. Baseline MRI scan was defined as
the first study that had a concurrent (within one year) plasma sample available from a
participant. Samples were collected from study participants after overnight fasting and were
stored at −80 degrees centigrade until analysis. In the autopsy study, the mean interval
between the collection of the plasma samples and autopsy was 559 days with a mean
postmortem delay of 1.1 days. Plasma concentration of clusterin was assayed by a
commercially available sandwich ELISA kit (Human Clusterin ELISA, RD194034200R,
Biovendor Laboratory Medicine Inc, Modric, Czech Republic). All samples were run in
duplicate. Coefficients of variation of the ELISA assays were 3.1% in the neuroimaging and
3.8% in the autopsy studies respectively

Clusterin protein concentration in brain tissue (autopsy study)
Frozen brain sections (7 µm thick) were lysed in a five-fold volume of urea / thiourea buffer;
7M urea (Sigma, 57136), 2M thiourea (Sigma, 62566), 4% CHAPS (Sigma, 75621033), 2%
DTT (Sigma, 110187), protease inhibitors (1tablet/10ml; Roche, 04693159001).
Homogenization was carried out in a 3ml tissue grinder (Jensons), and the lysate spun at
15000g for 10 minutes. The supernatant was retained and the total protein concentration
quantified with a Bradford assay. One-dimensional (SDS-PAGE) of proteins was carried out
with the NuPAGE® Electrophoresis System as described above, using 4–12% Bis-Tris,
26W Novex® Pre-Cast Gels (WG1403BOX). Samples were prepared with a final
concentration of 1µg/µl and 15ul volumes were run in duplicates together with a reference
sample on each blot. Membranes were probed with mouse monoclonal antibody to clusterin
(Millipore, 05354, 1:1000) and detected with a secondary antibody (Alexa Fluor goat anti-
mouse 680, Invitrogen, A21057, 1:6000). Blots were further probed with an antibody
against a housekeeping protein, VCP (vasolin-containing protein, Mr 97kDa) (Abcam,
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ab11433, 1:2000) and normalized against it to correct for protein loading and transfer
efficiency. Sample intensities were expressed as a ratio to the reference sample, adjusted to
the intensity of VCP and the results from duplicate runs averaged.

Plasma clusterin concentration and longitudinal changes in brain volumes (neuroimaging
study)

Our primary goal was to test whether MCI and control groups showed different relationships
between baseline plasma concentration of clusterin and longitudinal changes in brain
volume. Next, we investigated within-group (MCI and control separately) associations
between baseline plasma clusterin concentration and rates of change in brain volumes.

Linear mixed effects models were used for longitudinal analyses of associations between
plasma clusterin concentration and rates of change in brain volumes (Hartley and Rao, 1967;
Shen and Davatzikos, 2002). The models were fit using PROC MIXED in SAS 9.1 (SAS
Institute, Cary, NC) software. All the analyses were age and sex adjusted. Regional brain
volumes were the dependent variables. We first estimated the rates of change for the control
and MCI groups as well as inter-group differences in rates of change in brain volumes as
reported previously in a larger sample (Driscoll et al., 2009) in this subset of participants
with plasma clusterin concentration data. We included in the fixed effects part of the model,
intracranial volume, sex, baseline age (age0), diagnosis (mci vs normal), time from baseline
in years (time) and interaction between time and sex, age0, and diagnosis.

To test group differences in the associations between baseline clusterin concentration and
rates of change in brain volumes, we included the following additional covariates in this
model: baseline plasma clusterin concentration, diagnosis*clusterin concentration, clusterin
concentration*time and diagnosis*clusterin concentration*time. In regions where the 3-way
interaction term diagnosis*clusterin concentration*time was non-significant, the term was
dropped from the model. This allowed us to examine the overall effect of baseline plasma
clusterin concentration on rates of change in brain volumes. The random effects part of the
model included intercept and time, allowing the intercept and slope to vary among
individual subjects. The results are reported as standardized regression coefficients.

Results
Sample characteristics

In the neuroimaging study, participants diagnosed with MCI were significantly older than
cognitively healthy controls and also had lower MMSE scores at baseline. Baseline
performance scores on other cognitive tests in the two groups are shown in supplementary
table-1. As expected, the MCI group performed worse than the control group on many of the
cognitive tests. The groups did not differ significantly in sex, duration of follow-up, or
number of years of education (Table-1A). The duration of follow up and the total number of
visits for individuals in the MCI group was slightly lower (not statistically significant) than
the control group as data from time points at and subsequent to a diagnosis of dementia were
excluded from the analyses. The sample characteristics of AD and control subjects included
in the autopsy study are shown in table-1B.

Plasma clusterin concentration (neuroimaging study)
There was a trend for higher plasma clusterin concentration in the MCI (134.5±42.0 µg/ml)
compared to the control (117.4±44.8 µg/ml) group. However this difference did not reach
statistical significance (p=0.15).
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There was no significant effect of age on plasma clusterin concentration in either the MCI
(Spearman correlation rho = −0.22, P-value = 0.42). or control (Spearman correlation rho =
0.02, P-value = 0.79) groups.

Differences in rates of change in brain volumes between MCI and control groups
(neuroimaging study)

Consistent with our prior report in the full sample (Driscoll et al., 2009), we observed
significantly greater declines over time in MCI compared with controls in several global
(whole brain (p=0.02), total gray matter(p=0.04)), lobar (frontal and temporal gray matter
(p=0.03 and 0.0002 respectively)) and regional ((superior, middle and medial frontal gyri
(p=0.002, 0.01 and 0.04 respectively), orbitofrontal gyrus (p=0.006), middle temporal gyrus
(0.002), hippocampus (p=0.02), entorhinal cortex, (p=0.04) inferior occipital gyrus (p=0.03)
and insula (p=0.0001)) brain volumes. The MCI group also showed a greater increase in
total ventricular CSF (p=0.02) over time.

Inter-group (MCI versus control) differences in the associations between baseline plasma
clusterin concentration and longitudinal changes in brain volume (neuroimaging study)

There were significant diagnosis by baseline clusterin concentration by time interactions for
a number of brain measurements. These 3-way interactions indicated that the associations
between baseline plasma clusterin concentrations and rates of change in brain volumes
differed between MCI and control groups in several global and lobar volumes including
whole brain (p=0.005), vCSF (p=0.03), temporal gray matter (p=0.05), and total and
temporal white matter (p=0.04, 0.02 respectively). Similar results also were observed in
many individual regions including superior parietal lobule (p=0.03), superior temporal gyrus
(p=0.02), parahippocampal gyrus (p=0.02) and the cingulate gyrus (0.04) (figure-1 and
supplementary table-2).

Within group (MCI and control separately) associations between baseline plasma clusterin
concentration and longitudinal changes in brain volume (neuroimaging study)

Associations between baseline clusterin concentrations and rates of change in brain volumes
within each group were next investigated in regions showing significant between-group
differences in associations. We observed significant associations between plasma clusterin
concentration and longitudinal changes in brain volume within the MCI group but not the
control group in several regions while there were few significant associations within the
control group (figure-1 and supplementary table-2). The direction of association between
baseline concentration of plasma clusterin and slope of change in brain volumes in subjects
with MCI indicated that higher clusterin concentration is associated with lower rates of brain
atrophy in this group of at-risk individuals.

Associations between clusterin protein concentration in plasma and brain (autopsy study)
As we have found an association between plasma clusterin levels and rates of atrophy in
people at risk of dementia we wanted to explore whether plasma clusterin was a marker of
brain clusterin levels. In these experiments, we used an independent set of autopsy samples
derived from both AD cases and healthy controls. These individuals represented a
continuum of neuropathological changes i.e. Braak stages 1 to 3 in controls and 3 to 6 in AD
patients (Braak et al., 1998) (table-1B). We observed a significant association between
plasma concentration of clusterin and that in the superior temporal gyrus (Pearson
correlation coefficient R=0.45, p=0.04) but not in the other regions examined (hippocampus;
(Pearson correlation coefficient R= 0.26, p=0.25 and cerebellum; Pearson correlation
coefficient R= −0.152, p=0.51). In order to confirm that the significant association between
brain and plasma clusterin concentrations in the superior temporal gyrus was not driven by
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the control group, we also examined this association within the AD group alone and found a
similar positive association (Pearson correlation coefficient R=0.47, p=0.05).

Discussion
We investigated whether plasma clusterin concentration predicts subsequent rates of change
in brain volumes in MCI and control individuals. To test whether peripheral clusterin
concentration was related to progression of early pathological changes in incipient stages of
the disease, we first determined whether associations between plasma clusterin
concentration at baseline and longitudinal changes in brain volumes differed between MCI
and cognitively normal participants from the neuroimaging substudy of the BLSA. We then
further defined these group differences in associations by investigating associations between
plasma clusterin concentration and rates of change in brain volumes within each group.
Finally, we examined whether there was an association between peripheral concentration of
clusterin and that in brain tissue samples in regions vulnerable to AD pathology.

We observed widespread and significant differences in the association of plasma clusterin
concentration with rates of brain atrophy between cognitively normal and MCI groups for
the same cohort of BLSA participants in whom we recently reported accelerated tissue loss
in MCI compared to normal individuals (Driscoll et al., 2009).

Significant differences in associations occurred for several global, lobar and regional brain
volumes. In most of these regions, associations between baseline clusterin concentration and
subsequent rates of brain atrophy reached significance within the MCI (but not control)
group. The direction of this effect suggests that higher concentrations of plasma clusterin are
associated with lower rates of brain atrophy in the MCI individuals. In addition to the
associations with global rates of atrophy (whole brain and vCSF), higher plasma clusterin
concentration was related to lower rate of atrophy in temporal gray matter in the MCI group.
Other regional brain volumes showing similar associations in MCI included those vulnerable
to pathological changes in AD, including superior temporal, parahippocampal and cingulate
gyri (figure-1).

By showing that peripheral concentration of clusterin is associated with changes in brain
volumes over time in individuals with MCI, our current observations provide further
evidence linking clusterin with pathological processes intrinsic to AD. While we have not
addressed the precise mechanisms underlying this association, several lines of evidence
suggest biological roles for clusterin in pathways relevant to AD pathogenesis, including
amyloid clearance, complement modulation and apoptosis (DeMattos et al., 2004; DeMattos
et al., 2002; French et al., 1994; Nuutinen et al., 2009; Tschopp and French, 1994). Our
current results also suggest that clusterin is elevated in the process of AD, perhaps as a
protective mechanism. The fact that higher clusterin levels predict slower rates of atrophy in
MCI may reflect its role in enhancing amyloid clearance and/or modulating
neuroinflammation during disease progression, such as in individuals with MCI. Consistent
with this hypothesis, a previous post-mortem study suggested a neuroprotective role for
clusterin in brain regions vulnerable to AD pathology (Giannakopoulos et al., 1998).
Previous reports on differences in clusterin concentration in the CSF between AD and
controls have been inconclusive (Lidstrom et al., 2001; Sihlbom et al., 2008). More recently,
Schrijvers and colleagues reported a significant association between higher plasma clusterin
concentration and disease severity in AD as well as an increase relative to healthy controls
and suggest that increased expression of clusterin in AD reflects a neuroprotective response.

These findings extend our recent observations on the association between plasma clusterin
concentration and endophenotypes of disease pathology in patients with established AD
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(Thambisetty et al., 2010). In this previous cross-sectional investigation, we found that
higher concentrations of plasma clusterin were associated with greater atrophy of the
entorhinal cortex in AD. In the light of these previous results, we predicted that we would
observe a similar direction of effect in this longitudinal analysis of MCI and control
subjects. However, contrary to our expectation, we found a significant association between
increased plasma clusterin concentration and decreased rate of brain atrophy in MCI
subjects. One plausible explanation might be that in individuals with MCI, elevated plasma
clusterin is associated with decreased rate of atrophy as would be expected for a protective
mechanism. However, in individuals with established AD, the association of plasma
clusterin with pathology may reflect the eventual failure of such protective mechanisms in
the setting of genetic risk factors and/or adverse environmental influences. This model
would predict that in individuals with established AD, increased plasma clusterin
concentration and its association with greater extent of brain atrophy might be indicative of
a more ‘aggressive’ disease course. Indeed, in our previous cross-sectional study, we
observed that higher baseline plasma clusterin concentration in patients with established AD
was associated with a faster rate of clinical progression (Thambisetty et al., 2010). While
this hypothesis is in line with experimental evidence suggesting a protective effect of
clusterin in pathological processes in AD (Calero et al., 2000), we acknowledge that
alternative models to explain our observations are possible. The potential role of clusterin in
pathological processes distinct from brain atrophy was highlighted by a recent study where
the Alzheimer risk variant of the clusterin gene (CLU) was associated with lower white
matter integrity in young healthy adults (Braskie et al., 2011). Future studies combining
analyses of genetic variation in the CLU gene with clusterin protein concentration in relation
to pathological processes in at-risk individuals are likely to be revealing of the precise role
of clusterin in Alzheimer’s biology.

Finally, in order to test whether plasma clusterin concentration reflects its role in the brain in
response to AD pathology, we also asked whether peripheral concentration of clusterin was
associated with its concentration in brain regions vulnerable to such pathological changes.
By demonstrating a significant association between plasma concentration of clusterin and its
concentration within the superior temporal gyrus, a region especially vulnerable to AD
pathology (Whitwell et al.), we suggest that peripheral clusterin levels do reflect its
biological role in brain regions undergoing pathological changes in AD. The precise
mechanisms underlying this observation however remain to be identified as it is unclear
whether changes in plasma clusterin levels are a consequence of early brain pathology in
incipient AD or precede these changes and are a systemic peripheral signature in response to
physiological stress such as oxidative damage. It is worth noting in this context that a variety
of perturbations including changes in temperature, pH, oxidative stress and protease
degradation can provoke extracellular chaperone responses from proteins like clusterin
(Wyatt et al., 2011) (Naiki and Nagai, 2009).

The strengths of this study include the longitudinal design incorporating data points from a
large number (>900 MRI observations) of serial assessments, relatively long follow-up
interval and extensive characterization of the study sample. However, some caveats must be
considered in the interpretation of our results. Since our principal aim was to undertake an
exploratory analysis of the association between plasma clusterin concentration and
longitudinal changes in brain volumes in MCI and control individuals, we have chosen to
present results from all brain regions examined without correction for multiple comparisons.
Furthermore, as the outcome variables in these analyses were measures of changes in brain
volumes that are themselves highly correlated with each other, correcting for multiple
comparisons in this scenario is especially problematic. While our approach might increase
the risk of type-I error, we believe that it now allows for further directed analyses of the
relationship between clusterin and AD-related changes in specific brain regions as well as
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testing a priori hypotheses on the putative role of clusterin as a biological modifier of such
changes.

In summary, our results substantially extend recent studies that have found an association
between plasma clusterin concentration and measures of disease severity and progression in
patients with AD. By demonstrating an association between plasma clusterin concentration
and longitudinal changes in regional brain volumes in at-risk older individuals, they add to
the mounting evidence linking this multi-functional lipoprotein with pathological
mechanisms in Alzheimer’s disease.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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HIGHLIGHTS

□ Plasma clusterin concentration is associated with rates of brain atrophy in
MCI

□ Plasma clusterin levels reflect its concentration in brain regions with AD
pathology

□ Peripheral concentration of clusterin reflects its role in early AD pathology
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Figure-1.
Dot plots of estimated standardized regression coefficients showing the association of
plasma clusterin concentration with rates of change in brain volumes with the corresponding
95% confidence intervals. Estimated regression coefficients for MCI (red dots) and healthy
control (blue dots) groups are plotted separately for regions that show significant inter-group
(MCI versus control) differences in the association between clusterin concentration and
longitudinal changes in brain volumes. The single overall effects (pooled across control and
MCI groups; black dots) are plotted for regions that did not show significant interg-roup
differences in the association between clusterin concentration and longitudinal changes in
brain volumes. If the 95% CI crosses the zero reference line, the effect is not statistically
significant at p=0.05 level. For example, figure-1A shows a significant inter-group (MCI
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versus control) difference in the association between baseline plasma clusterin concentration
and longitudinal changes in the temporal gray matter volume. This difference is therefore
shown in distinct colors of the estimated standardized regression coefficients i.e. control
(blue) and MCI (red). Furthermore, in this region, the within-group (MCI and control
separately) association between plasma clusterin concentration and longitudinal changes in
temporal gray matter volume reached statistical significance only in the MCI group (i.e. the
95% CI does not cross the zero reference line) but not in the control group (i.e. the 95% CI
crosses the zero reference line). The same figure shows a black dot representing the single
overall effects of the association between clusterin concentration and rates of change in the
parietal gray matter volume as there were no significant inter-group differences in the
association in this region. Fig. 1A shows global and lobar brain volumes. Fig. 1B shows
regional brain volumes.
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