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Abstract Synapse loss is cruciadly involved in cognitive
decline in Alzheimer’s disease (AD). This study was per-
formed to investigate the distribution and density of chro-
mogranin B-like immunoreactivity in the hippocampus of
control compared to AD brain. Chromogranin B isalarge
precursor molecule found in large dense-core vesicles.
For immunocytochemistry we used an antiserum raised
against a synthetic peptide (PE-11) present in the chromo-
granin B molecule. Chromogranin B-like immunoreactiv-
ity was concentrated in the terminal field of mossy fibers,
the inner molecular layer of the dentate gyrus and in layer
Il of the entorhinal cortex. In AD, chromogranin B was
detected in neuritic plaques. The density of chromogranin
B-like immunoreactivity was significantly reduced in the
inner molecular layer of the dentate gyrusand in layers||,
Il and V of the entorhinal cortex in AD brains. The pre-
sent study demonstrates that chromogranin B is a marker
for human hippocampal pathways. It is particularly suit-
able for studying nerve fibers terminating at the inner
molecular layer of the dentate gyrus. It is present in neu-
ritic plagues, and its density is reduced in a layer-specific
manner.
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Introduction

Progressive impairment in memory and cognition is a
clinical key feature of Alzheimer’s disease (AD), but the
pathogenesis of the lesions leading to cognitive decline is
not well understood. AD is morphologically characterized
by the presence of neurofibrillary tangles and senile
plagues. Loss of neurons and loss of synapses are of prin-
cipal importance in intercellular communication in neural
circuitsin AD [26]. Correlation of synaptic and pathol og-
ical markers with cognition of the elderly suggests that
cytoskeletal alterations are important in AD [7].

Chromogranin B belongs to the chromogranins which
include chromogranin A, chromogranin B [15], secreto-
granin I, and 7B2 [24]. Chromogranins are found in large
dense-core vesicles throughout the endocrine and nervous
tissue [9]. They are stored together with different peptide
hormones and neuropeptides. Neuropeptides are soluble
constituents of large dense-core vesicles. They are differ-
entially affected in AD [6, 14]. For example, the concen-
tration of somatostatin is reduced both in the brain tissue
and cerebrospinal fluid [34]. In AD there are dramatic re-
ductions in human corticotropin-releasing factor concen-
tration and reciprocal increasesin CRF receptor density in
the cortex [1]. Other neuropeptides, such as vasoactive in-
testinal polypeptide, are not changed [12, 37].

The molecular properties and the distribution of secre-
togranin 1l and chromogranin A are better characterized
than those of chromogranin B. Chromogranin A and B
mMRNA have been detected in pyramidal neurons of hu-
man cerebral cortex by in situ hybridization histochem-
istry [8]. Severa peptides derived from chromogranin B
have been demonstrated in various tissues [2]. Recently,
we performed a detailed immunohistochemical mapping
for chromogranin B in rat brain, and investigated the de-
gree of proteolytic processing [22] using an antibody gen-
erated against a synthetic peptide (PE-11) derived from
the chromogranin B sequence. Our results demonstrated a
significant processing of chromogranin B as well as its
widespread and distinct distribution [22]. In human brain,
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PE-11-like immunoreactivity (PE-11-L1) is strongly con-
centrated in several areas including the bed nucleus of the
stria terminalis, hippocampus, hypothalamus, and differ-
ent brain stem nuclei [25].

There were several objectives for the present study.
Firstly, we intended to investigate whether chromogranin
B-L1 is present in the human hippocampal formation, the
subiculum and the entorhinal cortex. A detailed immuno-
cytochemical study may reveal which hippocampal path-
ways contain this peptide. We were particularly interested
in whether chromogranin B-L1 isfound, asin therat, in a
high concentration in the inner molecular layer of the den-
tate gyrus. In the second part of the present study, the
staining pattern of chromogranin B-L| wasinvestigated in
AD. A main objective was to determine whether chromo-
granin B is present in neuritic plaques and if so, how the
distribution of chromogranin B-containing plagues corre-
lates with that of chromogranin B-LI. In addition, we
studied the density of chromogranin B-LI in the different
parts of the hippocampus and entorhinal cortex in AD
compared to age-matched controls.

The main goal of the present study was to establish a
further neuronal marker for the hippocampal pathways in
man, and to provide a neuroanatomica baseline for
changesin AD.

Methods and materials
Control subjects

The brains of seven adult humans (three males and four females;
average age 76.5 + 8.4 years), with no known neurological or psy-
chiatric disease, were obtained at routine autopsy at a postmortem
interval of 17 + 3.5 h. Hospital and other medical records con-
firmed that these subjects had normal intellectual function until the
time of their deaths (Table 1). Histologically three brains displayed
very rare neocortical plaques, but no neocortical tangles. In four
control cases a small number of plaques was detected in the subi-
culum.

Alzheimer’s disease

Five patients fitting the NINCDS-ADRDA clinical criteria of AD
were included [27]. Average age was 79.4 + 6.5 years. The post-

mortem interval was 19.5 + 4.2 h. Neuropathological examination
used standardized protocols [17, 18] and included the following
criteriac NIA [20, 36]; CERAD [28]; staging of neuritic plaques [3]
and the recent NIA-RI classification [16]. Diffuse Lewy body dis-
ease, Pick disease, multi-infarct dementia, and other causes of de-
mentia were excluded.

Antiserum

The generation of the PE-11 antiserum was described previously
[22]. Briefly, it was generated against a synthetic peptide (PE-11)
corresponding to rat chromogranin B 552-562 [11] which is iden-
tical with the human sequence. The antiserum only reacts with the
free C-terminal part of PE-11 since an elongated peptide (chromo-
granin B 552-574) only reacts in the radioimmunoassay (RIA)
when it is first subjected to trypsin digestion [22]. No cross-reac-
tivity was found with peptides derived from chromogranin A and
secretogranin |1 or with the following neuropeptides. galanin, sub-
stance P, neuropeptide Y, neurotensin and calcitonin gene-related

peptide.

Tissue preparation for histological analysis

Tissue blocks containing the caudal amygdala, the entire hip-
pocampus and entorhinal cortex were dissected. They were cut
into coronal dlices, about 1 cm thick, and immediately fixed by
immersion in cold 4% paraformaldehyde in sodium phosphate
buffer (PBS), pH 7.2, for 1 week. One block was dehydrated in
graded ethanols, embedded in paraffin and cut serialy in 3-pm-
thin coronal sections. The remaining slices were rinsed in PBS for
1 day, and were sequentialy transferred to 5%, 15% and 20% su-
crose in PBS for 1 day each. These slices were frozen in isopen-
tane (—45°C) for 3 min and stored at —70°C. Free-floating sections
were prepared using a freezing microtome.

Chromatographic analysis of chromogranin B-L1
at different postmortem intervals

Samples (~ 150 mg each) of the hippocampus were dissected from
brains 4, 8, 16, 24, 32, and 48 h after death. Two cases per time
point were used. Samples were immediately frozen in isopentane
(-50°C) and stored until use at —70°C in a biofreeze. Chromato-
graphic analysis was performed as previously described [26]. Gel
filtration fractions were further analyzed by reverse-phase high-
pressure liquid chromatography. Fractions were collected and sub-
jected to RIA [26].

Table 1l Information about the

patients from whom brains Sex Age (years) GDS MME Braak Cause of death Brain weight (g)
were obtained. GDS stage M 71 1 28 - Myocardial infarction 1,250
[30]: 1 no cognitive decline, S .
6 severe cognitive decline, M 71 1 27 - A_spl ration pneumonia 1,310
7 very severe Cognitive de- F 87 1 27 — Liver cancer 1,274
cline; MME as defined in [10] F 70 1 28 - Traffic accident 1,220
(GDSGlobal Deterioration M 87 1 27 - Pulmonary embolism 1,280
Ecxa‘aﬁ;i g" at’\i"oEn)M'”' Mentd State 68 1 27 - Myocardial infarction 1,300
M 82 1 29 - Pulmonary embolism 1,290
Braak V-VI
F 85 7 12 VI Myocardial infarction 1,260
F 75 7 7 \Y Pneumonia 1,040
M 72 6 13 VI Rupture of aorta 1,120
M 87 7 8 \% Pneumonia 1,040
F 76 7 4 VI Liver cancer 850




Immunocytochemistry for chromogranin B-L1

Every tenth section (coronal and sagittal; 40 pum) was stained for
PE-11. Adjacent sections were stained with a monoclonal mouse
antibody to human B-amyloid (anti-/A4; 6F/3D; Dako, Glostrup,
Denmark; dilution 1:80). Free-floating sections were processed
according to the avidin-biotin-peroxidase complex (ABC) method
as previously described in detail [26]. Briefly, free-floating sec-
tions were rinsed severa times in 50 mM TRIS-HCI-buffered
sdine (TBS) containing 0.4% Triton X-100 (TBS-T), pH 7.2, for
3 h. Endogenous peroxidase activity was blocked with 0.9% H,O,
and 20% methanol in TBS for 30 min, and sections were rinsed in
TBS-T again (three times 10 min each). After incubation with 10%
normal goat serum (Bender, Vienna, Austria) in TBS-T to block
nonspecific binding sites, sections were incubated with primary
antiserum (anti-PE-11: 1:3,000) in TBS-T for 38 h at 4°C. After
rinsing in TBS-T (three times 10 min each), sections were
processed with biotinylated secondary antibodies (biotinylated
goat anti-rabbit 1gG; 1:200 in TBS-T; Vector, Burlingame, USA)
and rinsed in TBS-T again (three times 10 min each). Afterwards,
sections were processed with ABC solution (1:200in TBS-T; Vec-
tor) for 90 min each at room temperature and rinsed in TBS (four
times 10 min each). The sections were reacted with 0.05% 3,3'-di-
aminobenzidine (Sigma, Munich, Germany) and 0.003% H,O, in
TBS for 67 min, rinsed in TBS several times, mounted on chro-
mal aun-gel atine-coated glass slides, air dried and covered with en-
tellan. Bovine serum albumin was added to all antibody dilutions

Fig.1 Chromogranin B-LI is shown in a representative, coronal
section of the human hippocampal formation and parahippocampal
gyrus. The picture was obtained using an immunostained section
as a negative in a photographic enlarger, thus immunoreactive
structures appear white. A high density of chromogranin B-LI is
observed in the dentate gyrus (DG), CA3, the pre (PrS) and para-
subiculum (PaS) and the entorhinal cortex (EC) (chromogranin
B-LI chromogranin B-like immunoreactivity, PRC perirhinal cor-
tex). Bar 1.5 mm

207

(1%) and the ABC (0.1%). Controls without primary antiserum
and antisera preadsorbed with the synthetic secretoneurin peptide
(10 pM, 24 h, 4°C) were included in each experiment.

All sections were examined with light microscope (Axiophot,
Zeiss, Austria). Photomicrographs were taken with the same mi-
croscopical equipment.

Immunocytochemistry with paraffin-embedded sections

Briefly, sections were rehydrated in a series of ethanols, and were
incubated with an antibody against chromogranin B (1:600) in
TBS pH 7.2 for 48 h at 4°C. After rinsing in TBS, sections were
processed with biotinylated secondary antibodies (biotinylated
goat anti-rabbit 1gG; 1:75 in TBS-T; Vector) and rinsed in TBS
again (three times 10 min each). Afterwards, sections were
processed with ABC (1:75 in TBS; Vector) for 90 min each at
room temperature and rinsed in TBS (four times 10 min each). The
sections were reacted with 0.05% 3,3'-diaminobenzidine (Sigma).
The reaction was terminated by washing the sectionsin TBS. They
were then dehydrated, cleared in xylene and coverdlipped.

Quantitative and statistical analysis

The density of chromogranin B immunostaining was assessed in
the inner and outer molecular layer of the dentate gyrus, granule
cell layer, hilus, CA3, CA1 subregions of the Ammon’s horn, and
various layers of the entorhinal cortex in both controls and AD
brains. An image-pro anaysis system (Media Cybernetics, Silver
Spring, USA) linked to an Olympus light microscope via a CCD
video camera was used to determine the density of immunostain-
ing; 8-bit gray scale images of immunostained sections were taken
at x200. Intensity values of transmitted light representing the
maximal optical density (OD-max) and minimal optical density
(OD-min) were calibrated to the image before measuring the den-
sity of immunostaining: OD-min = 0.004 (white) and OD-max =
2.406 (black).

The density of chromogranin B-LI was determined in respec-
tive layers on ten consecutive sections per case. A mean optical
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density (gray level) wasthen calculated for each layer from al sec-
tions of each case.

Statistical analysis was performed by means of the Statistica
v4.0 program (Statsoft, Inc.). Statistical comparison between
patients with AD and controls was done using the Mann-Whitney
U-test.

Results
Distribution of chromogranin B-L1 in controls

Chromatographic analysis of different postmortem inter-
vals (4, 8, 16, 24, 32, 48 h) revealed no change in the
chromatographic profile up to 48 h (data not shown)
(longer intervals were not investigated), indicating a high
stability of the PE-11 peptide under postmortem condi-
tions.

The highest density of chromogranin B-LI was found
in the terminal field of mossy fibers, in the inner molecu-
lar layer of the dentate gyrus and in the entorhinal cortex
(Fig.1).

The hippocampus displayed a high density of chromo-
granin B-LI1 in the hilus and stratum lucidum of the CA3
area due to the very intense staining of mossy fibers
(Fig.2A). Immunopositive cells were observed in the
granule cell layer (Fig.3C) that was transversed by im-
munoreactive fibers. A few perikarya were present in the
hilus. The inner molecular layer of the dentate gyrus was
intensely immunopositive throughout the hippocampal
formation. Chromogranin B-L| appeared as varicose fibers
and as differently sized varicosities (Fig.3C). The outer
molecular layer displayed a clearly lower density of im-
munoreactivity than the inner molecular layer (Fig. 3C).

In general, neurons of the principal cell layer of CA3,
CA2 and CA1l were chromogranin B immunopositive.
They were often surrounded by chromogranin B-immuno-
reactive varicosities. In CA3, the stratum lucidum was
covered by the intensely stained mossy fibers, which in-
creased in intensity at the border with the CA2 sector
(Fig.2A). In CA1l, scattered chromogranin B-immuno-
positive neurons were present. In the stratum radiatum,
chromogranin B-immunoreactive fibers were oriented per-
pendicularly to the CA1 principal cell layer.

The subiculum contained chromogranin B-L1 cells and
varicose fibers. In the presubiculum and parasubiculum, a
high density of chromogranin B was found consisting of
varicose fibers and terminals (Fig. 1).

The entorhinal cortex displayed a very high density of
chromogranin B-LI (Fig.1). Immunoreactivity was partic-
ularly strong in layer Il, layer |1l and layer V (Fig.3A).
Chromogranin B-LI mainly consisted of differently sized
varicositiesin layer Il and in layer I11. In layer V varicose
fibers predominated.

Chromogranin B-LI in AD

The overall staining pattern of chromogranin B was char-
acterized (i) by the appearance of chromogranin B-con-
taining plagues (Fig.2B), and (ii) by adecrease in density

Fig.2 In the hippocampal formation chromogranin B-L1 is shown
in coronal sections of controls (A) and in sagittal sections of AD
(B). A high density of chromogranin B-LI isfound in the terminal
field of mossy fibers (mf), CA2 and CA1 area. Chromogranin B-LI
is significantly reduced in inner molecular layer (IML) of the den-
tate gyrusin AD. Chromogranin B-immunopositive plagues are al-
ready seen in an overview in the molecular layer of the dentate
gyrus (IML, indicated by arrowheads) (AD Alzheimer’'s disease,
PL polymorphic layer of the dentate gyrus). Bars A, B 500 pum

of chromogranin B-L1 (Figs. 2-5). The highest numbers of
chromogranin B-immunopositive plagues were detected
in the entorhinal cortex followed in decreasing order by
subiculum (Fig.4A), the CA1 and CA2 sector, and the
molecular layer of the dentate gyrus. Neuritic plaques
containing dystrophic chromogranin B-immunopositive
elements predominated (Fig.4B). In genera, about 15—

Fig.3 Chromogranin B-LI in the entorhinal cortex in controls (A)»
and in AD (B). A high density of chromogranin B-LI is detected in
layersll, Il and V in controls. Chromogranin B-LI is significantly
reduced in these layers in AD (B). In controls, a high density of
chromogranin B-L1I is present in the inner molecular layer of the
dentate gyrus (IML, C). In AD chromogranin B-LI is significantly
reduced in this layer (D). A chromogranin B-immunoreactive
plague is present in the outer molecular layer (OML, indicated by
arrowheads). Bars A, B 50 um, C, D 300 pm



209




Fig.4 Chromogranin B-LI inthe subiculumin AD. At alate stage
of the disease numerous chromogranin B-immunoreactive plagues
are observed throughout all layers (some plaques are indicated by
arrowheads; A). Chromogranin B-immunopositive plagues (B) are
co-localizing with amyloid-immunoreactive plaques (C). Bar A
100 pum, C (also for B) 50 um

Fig.5 The regional distribu-
tion of optical density valuesin
the hippocampal formation in
controls and AD; bars repre-
sent mean optical density +
SEM (see Material and meth-
ods) (GL granule cell layer,
IML inner molecular layer,
OML outer molecular layer,
PL polymorphic layer of the
dentate gyrus, EC entorhina
cortex). *P < 0.05, **P < 0.01

optical density

Gl IML OML

20% of the amyloid-stained plagques were chromogranin B
immunopositive. In parts of the entorhinal cortex and
subiculum, the degree of overlap between chromogranin
B- and amyloid-immunopositive plaques was higher (Fig.
4B, C). Diffusely chromogranin B-immunopositive plaques
were also present.

In the examined areas (Fig.5), a decrease of chromo-
granin B-LI, asrevealed by a decrease in the mean optical
density, was observed in the inner molecular layer (by
about 82%; P < 0.01), stratum lucidum of the CA3 subre-
gion (by about 46%, P < 0.01), layer Il of the entorhinal
cortex (by about 26%; P < 0.05); layer |11 of the entorhi-
nal cortex (by about 43%; P < 0.01), layer V of the en-
torhinal cortex (by about 40%; P < 0.01). No significant
decrease of chromogranin B-LI was found in the poly-
morphic layer of the dentate gyrus, in the outer molecular
layer of the dentate gyrus, or in layer IV and V1 of the en-
torhinal cortex.

Loss of chromogranin B-LI was especially evident in
paraffin sections (not shown) which were thinner than the
free floating sections (3 pum and 40 um, respectively). In-
cubations with a PE-11 antibody dilution of 1:600 re-
vealed numerous immunoreactive varicosities in the inner
molecular layer of controls, whereas only a few varicosi-
ties were detected in AD brains.

Discussion
Distribution of chromogranin B-L1 in controls

The present study shows that chromogranin B-LI is dis-
tinctly distributed in the human hippocampal formation
and entorhinal cortex. It is particularly abundant in the
terminal field of mossy fibers and the inner molecular
layer of the dentate gyrus. Comparison of the chromo-
granin B immunostaining with that of chromogranin A,
another member of the chromogranin family, shows dif-
ferences in their distribution pattern. Chromogranin A is

Chromogranin B-LI in controls compared to Alzheimer’s disease

EC-IV EC-V

PL CAl CA3 EC-T EC-1 EC-111 EC-VI

m controks g Akheimer's discase



concentrated in the mossy fiber system and the CA2 sec-
tor [29], whereas the molecular layer of the dentate gyrus
displays, in contrast to the chromogranin B system, a low
density of chromogranin A-LI. Secretoneurin, a peptide
deriving from secretogranin 11, is concentrated in the in-
nermost part of the inner molecular layer [19]. Therefore,
the differential localization of secretoneurin- and chromo-
granin B-L1 is particularly suitable for detecting synaptic
changes in the inner molecular layer of the dentate gyrus.

Chromogranin B-LI in AD

In controls, there was no obvious age- or sex-related dif-
ference in the chromogranin B-LI distribution pattern.
Keeping the limitations of quantitative results in mind, a
significant loss of chromogranin B-immunoreactivity was
found in AD brains when compared to controls. The loss
of chromogranin B-immunoreactivity was particularly ob-
vious in 3-um-thick sections.

Synaptic pathology in AD involves the whole synapse
since different synaptic vesicle proteins (rab3a, synapto-
tagmin, synaptophysin) and also the presynaptic mem-
brane protein GAP-43 and the postsynaptic protein neuro-
granin are reduced [5]. In a previous study, a loss of se-
cretogranin 11-LI, the precursor of secretoneurin, was
found in total hippocampus[23]. In the same study, levels
of chromogranin A were increased. Chromogranin A was
not investigated in the present study; therefore, co-local-
ization studies are necessary both to reveal the degree of
co-localization between chromogranin A, chromogranin
B and secretoneurin and to clarify whether co-localized
vesicle markers are differentially regulated. Secretoneurin
was also reduced in the innermost part of the inner mole-
cular layer of the dentate gyrusin severe AD [19]. Loss of
synaptophysin was reported with no spatial relationship to
plaques and tangles [13]. Furthermore, immunoblotting
revealed aloss of about 20-30% for synaptophysin, SVII
and synaptotagmin [23]. For synaptophysin, a decrease in
immunoreactivity was also shown in immunocytochemi-
cal studies [26]. Western analysis showed that in AD lev-
els of synaptobrevin and synaptophysin were decreased
by about 30% from amounts in controls, while those of
synaptotagmin, synaptosomal-associated protein 25, and
syntaxin were decreased by only about 10% [32]. As
synaptobrevin and synaptophysin are localized mainly in
transmitter-containing synaptic vesicles, whereas synap-
tosomal-associated protein 25 and syntaxin are found in
presynaptic plasma membranes, a differential involve-
ment of synaptic components may occur in AD.

In AD brain, a decline of synapses was also shown in
the inner molecular layer of the dentate gyrus at the ultra-
structural level. This decline was accompanied by a sig-
nificant increase in apposition length and resulted in asig-
nificant correlation with the synaptic density [31].

In the entorhinal cortex, there is a correlation between
the decrease of chromogranin B-LI and the number of
neuritic plagues. This area also displays the highest num-
ber of chromogranin B and amyloid co-labeling plagues.
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The marked alterations in different layers of the entorhi-
nal cortex are likely to be responsible for the disruption of
the modular organization of the entorhinal cortex [33] and
its effect on memory-related neural systems. In this area,
a subset of AB-deposits has been shown to contribute di-
rectly to neural system failurein AD [21].

Functional implications

Chromogranins are a family of regulated secretory pro-
teins. Their aggregation is promoted by calcium ions and
low pH. These two parameters are important in the trans-
Golgi network. There is now increasing evidence that
chromogranins play an important role for sorting to the
secretory granules [35]. In the case of chromogranin B,
reduction of the disulfide bond is sufficient to cause com-
plete missorting of constitutive secretory vesicles [4].
Therefore, our experiments showing changes in chromo-
granin tissue levels may be of importance for the sorting
of vesicles. Another important aspect is the capability of
chromogranin-derived peptides to influence release of
other vesicle constituents [4]. Therefore, decreased chro-
mogranin B concentrations may have important func-
tional implications.

Conclusion

The present study demonstrates that chromogranin B is a
marker in human hippocampal pathways. It is particularly
suitable for studying nerve fibers ending at the inner part
of the molecular layer of the dentate gyrus and in different
layers of the entorhinal cortex. Chromogranin B is present
in neuritic plaques, and its density is reduced in a layer-
specific manner. Therefore, chromogranin B is a suitable
marker for synaptic changesin AD.
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