
Neuroscience Letters 516 (2012) 161– 165

Contents lists available at SciVerse ScienceDirect

Neuroscience  Letters

jou rn al h om epage: www.elsev ier .com/ locate /neule t

Hippocampal  calbindin-1  immunoreactivity  correlate  of  recognition  memory
performance  in  aged  mice

Virawudh  Soontornniyomkij ∗ ,  Victoria  B.  Risbrough,  Jared  W.  Young,  Benchawanna  Soontornniyomkij,
Dilip  V.  Jeste,  Cristian  L.  Achim
Sam and Rose Stein Institute for Research on Aging, Department of Psychiatry, School of Medicine, University of California, San Diego, CA, USA

a  r  t  i  c  l  e  i  n  f  o

Article history:
Received 8 February 2012
Received in revised form 10 March 2012
Accepted 30 March 2012

Keywords:
Aging
Calbindin-D28k
Calcium-binding protein
Memory

a  b  s  t  r  a  c  t

Aging-related  dysregulation  of neuronal  calcium  metabolism,  which  not  only  involves  the  control  of
calcium fluxes  but  also  the  cytosolic  calcium  buffering  system  such  as  calbindin-1  (Calb1),  may  disturb
synaptic  plasticity  and  thereby  memory  functioning.  Calb1  expression  has  been  shown  to affect  hip-
pocampal  long-term  potentiation  and  learning  and  to play  a  neuroprotective  role  in animal  models  of
ischemic  brain  injury  and  neurodegenerative  disorders.  We  hypothesize  that  memory  performance  in
aged mice  correlates  with  neuronal  Calb1  protein  expression  in the  hippocampal  formation.  We  studied
a set  of 18 aged  and  22  young  male C57BL/6N  mice,  in which  the  aged  group  performed  poorer  than  the
young  in  single-trial  novel  object  recognition  testing  (two-tailed  p = 0.005,  U test).  Apparent  decreases
in  the  Calb1  immunoreactivity  (measured  by  quantitative  immunohistochemistry)  in  aged  mice com-
pared  to that  in  young  mice  were  not  statistically  significant  either  in  the  hippocampal  CA1  subfield  or
dentate  gyrus.  In  the  aged  mouse  group,  levels  of  Calb1  immunoreactivity  both  in  the  CA1  subfield  and
dentate  gyrus  correlated  directly  with  the  measure  of  recognition  memory  performance  (Spearman  rank
correlation  rs = 0.47  and  0.48,  two-tailed  p = 0.047  and  0.044,  respectively).  Our  results  suggest  that  hip-
pocampal  Calb1  expression  affects  memory  performance  in  aged  mice  probably  via  its role  in maintaining
neuronal  calcium  homeostasis.  Alternatively,  our  finding  of  lower  Calb1  immunoreactivity  with  poorer
memory  performance  in aged  mice  might  be attributed  to saturation  of  Calb1  protein  by higher  levels  of
intracellular  calcium,  due  to aging-related  dysregulation  of  neuronal  calcium  fluxes.

© 2012 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Dysregulation of intracellular calcium-mediated signaling is
suggested to play a role in the pathophysiology of cognitive decline
in old age [31]. Brain aging may  involve alterations in the ability of
neurons to control calcium fluxes and to recover from calcium loads
[19], including the intracellular calcium buffering capacity. In the
aged rodent brain, changes in neuronal calcium fluxes in the hip-
pocampus led to a decrease in activity-dependent synaptic strength
[9]. Among members of the high-affinity cytosolic EF-hand family
of intracellular calcium-binding proteins found in the mammalian
brain, calbindin-1 (Calb1, also designated as calbindin-D28k), calre-
tinin and parvalbumin, unlike ubiquitous calmodulin, are expressed

Abbreviations: Calb1, calbindin-1; LTP, long-term potentiation; DR, discrimina-
tion ratio; IRn, immunoreactivity normalized to neuroanatomic area measured; AOI,
area of interest; DAB, diaminobenzidine; IQR, interquartile range.
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selectively in well-defined subpopulations of principal neurons and
in mostly non-overlapping populations of GABAergic interneurons
with species-dependent variability in their distribution [1].

Calb1 was shown to alleviate cell degeneration in different
toxic conditions by buffering elevated intracellular calcium lev-
els in PC12 cells [21] and cultured embryonic rat hippocampal
neurons [20]. In rat models of ischemic brain injury, Calb1 over-
expression or pretreatment led to an improvement in neuronal
survival and a decrease in infarct volume [8,34].  The involvement of
Calb1 in learning and memory, as well as neurodegenerative dis-
orders, has also been explored in animal models. Calb1-deficient
antisense transgenic mice exhibited spatial learning impairments
[23]. Over-expression of Calb1 selectively in dentate granule
cells of rats disrupted mossy-fiber presynaptic function, reduced
long-term potentiation (LTP), and impaired spatial memory [6].
In the presenilin-1 (PS1-M146V) transgenic mouse model of
Alzheimer’s disease, Odero et al. [25] found increased protein
expression of Calb1 and enhanced LTP in the hippocampal CA1
subfield, as well as alterations in some parameters of hippocampus-
dependent spatial memory by the age of 6 months. Loss of
Calb1 immunoreactivity in the dentate gyrus was reported in
the amyloid-precursor-protein/presenilin-1 transgenic mice [26].
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In animal models of MPTP-induced parkinsonism, subpopulations
of midbrain dopaminergic neurons relatively spared from degen-
eration were immunoreactive for Calb1 [10]. Aging-related
reductions in Calb1 expression were found, although not consis-
tently across different studies [4,12,17], in selective brain regions
in a species-dependent manner; however, the correlative analyses
with behavioral or neuropsychological data were still lacking.

In the present study, we examined the relationship between
hippocampal Calb1 expression and memory performance in aged
mice assessed by single-trial novel object recognition testing. This
behavioral task is a relatively simple test of recognition memory
that does not require aversive learning (e.g., spatial navigation to
escape aversive stimuli) or food restriction and has relatively low
physical demands that may  introduce potential confounds in aged
mice [5]. This task has been widely used in rodent models of aging
among other studies [5].  We  performed quantitative immunohis-
tochemistry to measure Calb1 protein expression. We  hypothesize
that memory performance in aged mice correlates with neuronal
Calb1 protein expression in the hippocampal formation.

2. Materials and methods

2.1. Animals and behavioral testing

Two groups of male C57BL/6N mice, young (6-month-old, n = 22)
mice purchased from Charles River Laboratories (Wilmington, MA,
USA) and aged (26-month-old, n = 18) mice from the U.S. National
Institute on Aging stock located in Charles River Laboratories, were
used for single-trial novel object recognition testing as previously
described [29]. Following the object recognition test, the animals
also underwent other behavioral tests including prepulse inhibi-
tion, attentional-set-shifting, and fear conditioning [35,36].  The
animals were killed at least 7 days after the completion of all
the behavioral tests (60 days after the object recognition test). All
procedures were in accordance with the Principles of Laboratory
Animal Care (National Institutes of Health [NIH] publication No.
86-23, revised 1985) and approved by the University of Califor-
nia, San Diego Animal Care Committee. The young and aged mouse
groups did not significantly differ in the overall locomotor activ-
ity (i.e., the total travel distance, velocity, and zone entries) during
the habituation phase or in the total amount of time spent explor-
ing both identical objects during the training (sample) phase [29].
The ratio of the time spent exploring the novel object over the total
amount of time spent exploring both novel and familiar objects dur-
ing the retention (choice) phase of the novel object recognition test
(i.e., [novel object exploration time]/[novel object + familiar object
exploration time]), referred to as the discrimination ratio (DR) [3],
was used to measure the recognition memory performance (i.e.,
the higher DR, the better memory performance).

2.2. Immunohistochemistry

Five �m-thick formalin-fixed paraffin-embedded parasagittal
sections of all the right hemi-brains revealed neuroanatomic land-
marks consistent with the levels from 1250 to 1750 �m from
the midline [32]. No significant histopathologic changes were
observed in any of the sections stained with hematoxylin and
eosin. For immunohistochemistry with anti-Calb1 antibody (rabbit
polyclonal, #AB1778, Millipore, Billerica, MA,  USA, 1:300 dilu-
tion), antigen retrieval was performed by autoclaving at 121 ◦C for
20 min  with 10 mM Tris/1 mM EDTA-2Na/0.05% Tween 20 buffer
(pH 9). Immunohistochemical signals were developed using the
ImmPRESSTM anti-rabbit IgG (peroxidase) polymer detection kit
(Vector Laboratories, Burlingame, CA, USA) and diaminobenzidine
(ImmPACTTM DAB peroxidase substrate, Vector Laboratories), as

described [29]. All the sections were processed in the same batch.
For the negative reagent control, the primary antibody was omitted.

2.3. Quantification of immunohistochemical reactivity

The immunoreactivity signals were measured by means of
two-dimensional computer-assisted image analysis. Briefly, the
entire hemi-brain sections immunostained with DAB were digitally
scanned using a microscope slide scanner (Aperio ScanScope® GL,
Vista, CA, USA) equipped with a 20× objective lens (yielding the
resolution of 0.5 �m per pixel). Using the ImageScopeTM software
(Aperio), a square of 3000 �m × 3000 �m covering the entire dorsal
hippocampal formation was extracted from each hemi-brain.

On each of the hippocampal-formation images having the same
size and resolution, the outline of area of interest (AOI, i.e., the
combined CA1 strata oriens, pyramidale, radiatum and lacunosum-
moleculare, and the dentate stratum granulosum) was  digitally
delineated with the Image-Pro Analyzer software (version 6.3,
Media Cybernetics, Bethesda, MD,  USA), as described [29]. In
measurement of immunoreactivity levels within AOI using the
Image-Pro Analyzer software, the same setting of histogram-based
RGB color segmentation was  applied to all the hemi-brains. The
values of immunoreactivity normalized to the AOI (IRn), calculated
as described [29], were used for statistical analysis.

2.4. Statistical analysis

We  chose to use non-parametric methods because they were
less influenced by outlier data compared to parametric methods;
additionally, in the present study the number of animals in each
group was  fewer than 24 [24]. The Mann–Whitney U test was  used
to compare continuous variables between two independent groups.
The Spearman rank correlation (rs) test was  employed to evaluate
the linear relationship between two  continuous variables in a given
group. The GraphPad InStat 3 (GraphPad Software, La Jolla, CA,
USA) was used to perform all statistical analysis. All p values were
two-tailed and considered statistically significant at a threshold of
p < 0.05.

3. Results and discussion

We found a characteristic laminar pattern of the Calb1
immunoreactivity in the dorsal hippocampal formation (Fig. 1A–C).
The immunoreactivity signals were variably intense in the soma
(both cytoplasm and nuclei) of CA1 pyramidal neurons, particularly
those superficial neurons toward the stratum radiatum, and were
weak in the CA1 strata oriens, radiatum (with relative enhancement
of the apical dendrites), and lacunosum-moleculare. The dentate
granule cells were intensely immunoreactive for Calb1 in their
soma (both cytoplasm and nuclei), with moderate immunoreactiv-
ity seen in the stratum molecular and mossy fiber bundle. Scattered
Calb1-immunoreactive interneurons were present. Pyramidal neu-
rons in the CA3 subfield were non-reactive for Calb1. In addition,
moderate to intense Calb1 immunoreactivity was  observed in the
cerebral cortical layer II and III neurons, scattered interneurons
in lower cerebral cortical layers, striatal and thalamic neurons,
superior-collicular neurons, and cerebellar Purkinje’s cells with
weak Calb1 immunoreactivity in the cerebellar molecular layer.
Collectively, the Calb1 immunoreactivity pattern seen in our study
was consistent with that pattern reported previously in rodents
[1,7,28]. We  observed no difference in the laminar pattern of Calb1
immunoreactivity between young and aged mice or among differ-
ent levels of memory performance.

In our study, apparent decreases in the Calb1 IRn in aged mice
compared to that in young mice were not statistically significant
either in the CA1 subfield (median = 2.82 and 3.73, interquartile



Download English Version:

https://daneshyari.com/en/article/6284135

Download Persian Version:

https://daneshyari.com/article/6284135

Daneshyari.com

https://daneshyari.com/en/article/6284135
https://daneshyari.com/article/6284135
https://daneshyari.com

