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Abstract Background: Biomarkers monitoring synaptic degeneration/loss would be valuable for Alzheimer’s
disease (AD) diagnosis. Postsynaptic protein neurogranin may be a promising cerebrospinal fluid
(CSF) biomarker but has not yet been evaluated as a plasma biomarker.
Methods: Using an in-house designed prototype enzyme-linked immunosorbent assay (ELISA) tar-
geting neurogranin C-terminally, we studied neurogranin in paired CSF/plasma samples of controls
(n 5 29) versus patients experiencing MCI, or dementia, due to AD (in total n 5 59).
Results: CSF neurogranin was increased in AD and positively correlated with CSF tau, whereas
there was a negative relationship between CSF neurogranin (and tau) and CSFAb1–42/Ab1–40. No dif-
ferences were detected in plasma neurogranin between controls and AD. Also, there was no correla-
tion between CSF and plasma neurogranin, excluding confounding effects of the latter.
Conclusions: This study strengthens the potential of neurogranin as an AD CSF biomarker, which
now needs validation in larger studies. As tools, straightforward immunoassays can be used, as
demonstrated by the described ELISA.
� 2015 The Authors. Published by Elsevier Inc. on behalf of the Alzheimer’s Association. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).
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1. Background

There is a need for improved early diagnosis of Alz-
heimer’s disease (AD), especially in stages before dementia
onset. Current parameters, such as the cerebrospinal fluid
(CSF) biomarkers tau and Ab1–42, are highly predictive for
the imminent occurrence of AD but have poor prognostic
value regarding onset of cognitive decline [1]. From a neuro-
pathologic perspective, the link between cognitive decline
and tau/tangle or amyloid/plaque pathology seems complex
[2]. Because the loss of brain synapses is much closer related
to cognitive decline [3,4], a synaptic CSF biomarker could
thus improve the prognostic accuracy of the AD biomarker
panel.

Gained insights on neurogranin suggest that this postsyn-
aptic protein could be a surrogate biomarker for synaptic loss.
Neurogranin is important for long-term potentiation and
learning abilities, mostly through interaction with calmodulin
[5], and is found in CSF under physiological conditions [6–8].
Interestingly, in AD, neurogranin levels are decreased in
the brain [9,10], whereas CSF levels are elevated as
shown in our pilot study using immunoprecipitation and
semiquantitative immunoblotting [11]. Recently, the AD-
related increase in CSF neurogranin levels, which were more-
over correlated with CSF tau concentrations, was verified by
an enzyme-linked immunosorbent assay (ELISA) based on a
new monoclonal antibody (mAb). Furthermore, the elevated
neurogranin levels correlated with cognitive decline in
prodromal AD [12]. These findings clearly support the
potential of neurogranin as an AD CSF biomarker and war-
rants further studies. Finally, there is emerging evidence
that neurogranin is also circulating in blood in the ng/mL
range [13,14]. However, whether neurogranin could also be
considered as an AD plasma biomarker has not been
investigated up to date.

Accordingly, straightforward, yet highly specific, robust
tools are required for further studies, allowing accurate mea-
surements of neurogranin. In detail, hybrid immunoaffinity-
mass spectrometry revealed CSF neurogranin as a pool of
predominantly C-terminal peptides, whereas the full-length
sequence was only present in minor quantities [12]. Targeting
specific metabolic fragments is suggested to improve diag-
nostic performance of immunoassays, as demonstrated for
tau of which predominantly N-terminal andmid-domain frag-
ments are distinguished in CSF [15]. Therefore, we aimed to
develop an ELISA during this study specific for the C-termi-
nal part of neurogranin. Additionally, using this new proto-
type assay, we assessed neurogranin as a biomarker in CSF
and plasma during an explorative study in paired CSF/plasma
samples, collected from participants covering the whole dis-
ease spectrum of AD, from cognitively normal to experi-
encing full-blown dementia. The relationship between
neurogranin and available clinical parameters, e.g. Mini-
Mental State Examination (MMSE), was considered during
the analysis as well as the link with the classical AD CSF bio-
markers, e.g. CSF tau, but also plasma tau. Recent work

demonstrated no correlation between tau levels in CSF and
plasma [16]. By selecting a subgroup of patients with very
high CSF tau levels, we wanted to confirm this observation
and extend it by also investigating the relationship between
neurogranin and tau in CSF/plasma. Finally, because the ratio
CSF Ab1–42/CSF Ab1–40 appears to perform diagnostically
better than the levels of the single analyte CSF Ab1–42 [17],
we investigated the relationship between CSF neurogranin
and CSF Ab1–42/CSF Ab1–40.

2. Methods

2.1. Study population

CSF/plasma samples from patients recruited in the Mem-
ory Clinic and Department of Neurology of Hospital
Network Antwerp were selected from the Biobank of Insti-
tute Born-Bunge (Antwerp, Belgium). Patients with MCI
due to AD (referred to as “MCI” hereafter) (n5 20), demen-
tia due to AD (“AD”) (n5 20), and patients with MCI or AD
with high CSF T-tau levels (“high tau”) (n 5 20) were
included. Diagnosis was based on the National Institute on
Aging-Alzheimer’s Association criteria [18,19], whereby
CSF biomarkers Ab1–42, T-tau, and P-tau181P were
analyzed at the Institute Born-Bunge using commercial kits
(INNOTEST b-AMYLOID(1–42), INNOTEST hTAU-Ag,
and INNOTEST PHOSPHO-TAU(181P); Fujirebio Europe;
Belgium) and whereby the institute’s cutoff values were
applied to discriminate AD from controls [20]. All patients
had high probability of AD etiology except for one MCI pa-
tient who had intermediate probability. Also, one MCI pa-
tient carried a PSEN1 mutation. The “high tau” group
included MCI (n 5 2) and AD (n 5 18) patients demon-
strating CSF T-tau levels .1200 pg/mL. Regarding the par-
ticipants of the control group (“CTRL”) (n 5 30),
cognitive deterioration was ruled out by neuropsychological
screening, as well as neurologic or psychiatric antecedents,
or central nervous system disorders. The study was approved
by the local ethics committee (University of Antwerp). All
subjects gave written informed consent.

CSF samples were obtained by lumbar puncture (LP) at
the L3/L4 or L4/L5 interspace, collected in polypropylene
tubes, and immediately frozen in liquid nitrogen. Plasma
samples were collected immediately after LP, centrifuged
at room temperature (RT) (10 min, 3000 rpm), transferred
to polypropylene tubes, and immediately frozen in liquid ni-
trogen. Both types of samples were stored at 280�C until
analysis.

From one-third of the participants, brain magnetic reso-
nance imaging scans were available. The hippocampal vol-
ume (HCV) was visually rated by two radiologists,
separately, blinded for diagnosis [21]. If needed, a consensus
rate on divergent rates was discussed. On some participants
APOE genotyping was performed. The single nucleotide
polymorphisms in APOE—rs429358 and rs7412—deter-
mining the ε2/ε3/ε4 polymorphism were genotyped by
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