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Sites of Expression’

Chromogranin A (CGA) is an abundant protein of dense-
cored sectetory vesicles in endoctine and neuronal cells. The
present study, for the first time, compares CGA of neurons
of the central netvous system with the CGA of adrenal ori-
gin. By S1 nucleus protection assay, we found that the 3'
part of the CGA mRNA between exons 5-8 of the cerebel-
lum and the spinal cord of the rat is homologous to that
of the adrenal. In situ hybridization histochemistry revealed
that CGA mRNA in the cerebellar cortex is present in cell
bodies of Putkinje cells and in neurons of the deep cerebel-
lar nuclei. The perikarya of these cells also exhibit CGA-like
immunoreactivity. CGA mRNA and CGA-like immunoreac-

Introduction

Chromogranin A (CGA) is a member of the chromogranin/secre-
vogranin protein family. This acidic protein was found first in chro-
maffin vesicles of the adrenal medullary cells, where it is stored
and co-released with catecholamines (1,3). Various studies have in-
dicated that CGA is not restricted to the adrenal medulla but is
also found in a vatiety of peptidergic endocrine cells (cf.
8,9,17,24,31,42).

CGA binds calcium (4,27,29,30). There is evidence that the
CGA-calcium complex participates in the intracellular storage of
catecholamines and polypeptide hormones (12,13,39,41). CGA it-
self, or proteolytic fragments of CGA, has been shown to inhibit
secretion by various endocrine cells such as adrenal chromaffin cells,
pancreatic B-cells, and parathyroid cells (7,10,14,32), suggesting that
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tivity are also present in the motoneurons of the ventral,
lateral, and dorsal horns of the rat spinal cord. The amounts
of CGA, as determined by radioimmunoassay in cerebellum
and spinal cord, were about one tenth of the amounts de-
tected in the adrenal, adenohypophysis, or the olfactory bulb.
The sites of CGA expression suggest that CGA may be in-
volved in signal transduction in the motor system. ( J Histo-
chem Cytochem 40:993-999, 1992)

KEY WORDS: Chromogtanin A: Cerebellum; Spinal cord; Immuno-
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this protein plays an important function in the regulation of hor-
mone release by endocrine glands.

In contrast to the endocrine system, little information is avail-
able on the synthesis and the function of CGA in the central ner-
vous system. Its occurrence and distribution have first been deter-
mined with immunological techniques in ovine and bovine neural
tissues (16,19,24,25,33). CGA was found to be widely disttibuted
in brain and spinal cord without a clear-cut correlation with known
transmitter systems (cf. 5,33) and, compated with endocrine tis-
sues, appears to be of low abundance in the central nervous system
(19,25,38). One exception is the olfactory system, which contains
CGA in amounts comparable to those found in the adtenal medulla
or the adenohypophysis (22). In the olfactory system, we have found
that CGA is present mainly in the centrally projecting axon termi-
nals of the secondary neurons of the olfactory system.

Secretory proteins such as CGA, which are synthesized in the
perikarya of neurons, are rapidly transported to their axons. There-
fore, their detection by immunocytochemistry is often very diffi-
cult. The recent elucidation of the complete adrenal cDNA cod-
ing sequences of CGA of different species (cf. 17) allows the
identification of CGA mRNA in petikarya of neurons by in situ
hybridization histochemistry. This method complements immu-
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nocytochemistry. Information about the sequences of CGA mRNA
from diffetent tissues can be obtained by S1 nuclease protection
assays. The 2 KB-long CGA mRNA of rat and mouse is composed
of eight exons. Some CGA domains, deduced from the primary
structute, are correlated to specific exons (40).

Here we report the gene exptession of CGA at protein and
mRNA levels in cerebellum and spinal cord of the rat, using both
radioactive and non-radioactive cRNA probes, S1 nuclease protec-
tion assays, immunocytochemistry, and radioimmunoassay.

Materials and Methods

Experimental Procedures

Animals. Adult male rats (Sprague-Dawley) were purchased from
Chatles River (Sulzfeld, FRG) and housed in our vivarium under standard
conditions. Animals were sacrificed by decapitation and tissues were im-
mediately removed and further processed as described below.

Immunocytochemistry and Radioimmunoassay. Brains and segments
of thoracic spinal cords (approximately 1 cm long) of male rats were im-
metsed in Bouin’s fixative for 12 hr. Subsequently, they were embedded
in paraffin and serial sections wete cut (5 pm) and mounted on gelatin-
coated glass slides. For immunocytochemistry, sections of the cerebellum
and spinal cord were selected. A rabbit antiserum directed against the
C-terminal peptide (16-mer) of bovine CGA was used. Bovine CGA differs
only slightly in sequence from rat CGA, and therefore this antiserum also
recognizes rat CGA. The specificity of this antiserum (kindly provided by
D.T. O'Connor, San Diego, CA) and its use for immunocytochemistry and
immunoblotting of neural and endoctine tissue from rat have been de-
scribed previously (2,22). To detect CGA immunoreactivity, we used the
petoxidase-anti-peroxidase (PAP) method. In brief, paraffin-embedded sec-
tions wete deparaffinized, permeabilized with 0.5% Triton X-100 in Tris-
buffered saline (TBS; 0.05 M Tris and 0.15 M NaCl, pH 7.6), and were then
incubated in TBS containing 10% methanol and 0.03% HzO; to block
endogenous peroxidase activity. Subsequently, they wete pre-incubated with
2% normal swine serum (NSS) in TBS, followed by incubation with CGA
antiserum diluted in 2% NSS in TBS. Different dilution steps of this anti-
body were tested and a dilution of 1:1000 was used in all experiments reported
here. Incubation with a second swine anti-rabbit antiserum and incuba-
tion with a rabbit-PAP complex followed. Diaminobenzidine was used as
a chromogen to visualize the immunoreaction. Controls consisted of incu-
bation with 2% NSS in TBS instead of the specific antibody and of incu-
bation with normal serum (1:1000). Sections were photographed using a
Zeiss (Oberkochen, FRG) Axioplan microscope.

For extraction of CGA, small pieces of tissue (about 20-200 mg) were
rapidly frozen. After addition of 0.1 M HCI (300-1000 l) the tissue was
sonicated until it was completely homogenized. After lyophilization and
apptopriate dilution, CGA was quantified by radioimmunoassay as described
previously (26,34,37). The antisera to CGA were raised in rabbits to a syn-
thetic peptide 17-mer corresponding to the amino terminus of bovine/hu-
man CGA. After an overnight incubation of antibody and radiolabeled
N-terminal CGA peptide (10,000 cpm) in assay buffer at 4°C, an excess
titer of second antibody (goat anti-rabbit gamma globulin; Scantibodies,
Lakeside, CA) was added. After vortexing, polyethylene glycol was added
to precipitate the immune complexes (leaving the free antigen in solution).
The solution was centrifuged at 1700 x g for 20 min, the supernatant aspi-
rated, and the radioactivity of the pellet was subjected to gamma counting
for 1251 (Searle Mark IV). Inmunoreactive CGA was determined by paral-
lel displacement of CGA[1-16]-121-{tyr;7] (tracer) and unknown sample
from the antibody in the radioimmunoassay. The assay had intra- and in-
terassay coefficients of variation of 4.8% and 8.4%, respectively.
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¢DNA and cRNA probes. For cRNA and ¢cDNA probe synthesis we
used a rat CGA cDNA (28) (kindly provided by R. Patmer and DT. O’'Con-
nor, San Diego, CA) as previously described (22). A clone referred to as
tCGA M13(-) was used to generate cRNA and ¢DNA anti-sensg strands
of the CGA mRNA, originating within Exon 8 and extending towards the
5" end.

For S1 analysis a 950 nucleotide (nt) fragment yielded as calculated by
the sequence map (28) was used. This cDNA probe contains 644 nt of the
translated (Exons 5~-8) and 192 nt of the untranslated 3’ end from the rat
CGA sequence and 114 nt of vector sequences and extends from Exon 6
to Exon 8 (40).

Synthesis of >>S-labeled cRNA (a) (spec. act. 5 x 108 cpm/pg) for in
situ hybridization was carried out as described by Lahr et al. (22). The T3
promoter was used to synthesize the cRNA probe within Exon 8 280
nucleotides in length.

Synthesis of Dig-11-UTP-labeled cRNA (b) for non-isotopic in situ hy-
bridization was cartied out according to the protocol of Boehringer (Mann-
heim, FRG) using T3-RNA polymerase, ATP, GTP, CTP, 1 mM each and
0.65 mM UTP and 0.35 mM Dig-11-UTP. As template we used 1 pg rtCGA
M13(-) linearized with Pvull. The resulting digoxigenin-labeled cRNA probe
originates with Exon 8 and contains 280 nucleotides.

Controls for the specificity of hybridization signals consisted of treat-
ing tissues with 100 ng/ml RNAse A (Boehringer) in 10 mM Tris-HCI, 15
mM NaCl (pH 7.0) for 1 hr at 37°C before hybridization.

S1 Nuclease Protection Assay

Total RNA was isolated by a modified guanidinium thiocyanate-CsCl
method (18) from male rat adrenals, cerebelli, and spinal cords. Twenty
ug total RNA (determined photometrically) were hybridized with an ex-
cess of 32P.labeled cDNA probe (5 x 10 cpm; spec. act. 1 x 108 cpm/pg)
in 75% formamide, 400 mM NaCl, 1 mM EDTA, and 20 mM Tris-HCI
(pH 7.4), for 16 hr at 58°C. Hybridization was terminated by digestion
with 680 U S1 nuclease (AGS; Heidelberg, FRG) for 2 hr at 37°C. After
phenol extraction and ethanol precipitation, samples were separated elec-
trophoretically on 0.3-mm thick 5% polyacrylamide gels (8.3 M urea). Gels
were dried and exposed to X-ray film at —70°C, using intensifying screens.

In Situ Hybridization Histochemistry

For isotopic in situ hybridization of the rat spinal cord, (a) tissues were im-
mediately frozen and stored in liquid nitrogen. Cryostat sections (10 pm;
Reichert-Jung, Nussloch, FRG) were mounted on 3-aminopropyltriethoxy-
silan (Sigma; Munich, FRG)-coated slides. Sections wete stored until needed
at —80°C. They were fixed in 4% paraformaldehyde/PBS for 30 min at
room temperature, tinsed twice in PBS, and dehydrated by an ascending
seties of graded alcohol.

For non-isotopic in situ hybridization and isotopic in situ hybridiza-
tion of cerebellum (b) tissues were immetsed in Bouin's fixative for 12 hr,
embedded in paraffin, and serial sections were cut (5 pm) and mounted
on 3-aminopropyltriethoxysilan-coated glass slides. Sections were depar-
affinized by runs through xylene, ethanol, chloroform, ethanol, and were
then air-dried.

The sections (a) and (b) were pre-hybridized at 50°C for 3 hr with 1 ml
hybridization solution, as desctibed by Lahr et al. (22). Subsequently, they
were hybridized overnight at 50°C with either (a) 5 ng labeled cRNA probe
(spec. act. 7 x 10% cpm/pg) or with 200 ng Dig-labeled cRNA (b) in 150
pl hybridization solution in a humidified chamber. Conttols consisted of
sections pre-treated with 100 pg/ml RNAse A at 37°C for 60 min before
hybridization, of of sense RNA. After hybridization, sections with isotopic
cRNA probes were washed and further treated as described. Slides were
tinsed in ascending alcohol solutions, ait-dried, and dipped in Ilford K2
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emulsion diluted 1:1 with H,O. They were exposed for 6 weeks at 4°C and
developed with Kodak D19 at 16°C for 4 min. The sections were counter-
stained with hemalum (Mayer) and eosin.

After hybridization, sections with non-isotopic cRNA probes (b) were
rinsed twice in 2 x SSC (0.3 M sodium chloride, 30 mM sodium citrate, pH
7.0), 50% formamide for 20 min at 50°C and once in 2 x SSC at room
temperature. To reduce background, sections were treated for 30 min at
37°Cin 2 x SSC and 100 pg/ml RNAse A. They were washed twice at
room temperature in 2 x SSC and once with 2 x SSC, 50% formamide
at 50°C for 5 min. Sections were incubated overnightin 2 x SSC, 0.084%
saponin, 2% normal sheep serum at room temperature. Sections were washed
twice for 10 min in Buffer 1 containing 0.1 M Tris-HCI, 0.15 NaCl (pH
7.5) and incubated for 5 hr at room temperature in 2 humidified chamber
with anti-digoxigenin-AP, Fab fragments (1:500) (Boehringer) in 1% NSS,
0.084% saponin in Buffer 1. Sections were washed for 10 min at room tem-
perature in Buffer 1 and for 10 min in Buffer 3 containing 0.1 M Tris-HCI,
0.1 M NaCl, 50 mM MgCl; (pH 9.5). Sections were incubated overnight
in a dark, humidified chamber in 0.41 mM 4-nitrobluetetrazoliumchloride
(NBT), 0.38 mM BCIP (5-bromo-4-chloro-3-indolyl-phosphate) in Buffer
3 (NBT and BCIP from Boehringer). Sections were washed in Buffer 4 con-
taining 10 mM Tris-HCl, 1 mM EDTA (pH 8.0), and then covered with
a coverslip using glycerine-gelatin.

Results

S1 nuclease protection analysis revealed a completely protected band
of approximately 836 nucleotides. The size of the protected band
(836 nt) was calculated from the rat sequence map of CGA (28).
This result indicates the presence of mRNA co-linear to the whole
probe covering one third of the chromogranin A mRNA at the 3’
terminal portion in cerebellum, spinal cord, and adrenal. In con-
trast to the high amount of CGA-specific mRNA in adrenals, the
level of CGA-specific mRNA in cerebellum and in spinal cord was
lower (Figure 1).

By in situ hybridization histochemistry with isotopic and non-
isotopic labeled anti-sense cRNA probe, we found that CGA-specific
mRNA within the cerebellum is mainly confined to Purkinje cells
and neurons of the deep cerebellar nuclei (Figures 2A and 2B).
Weak labeling was also seen over the granular layer of the cerebel-
lar cortex. In the thoracic spinal cord, cell bodies of neurons (Lam-
inae I-X) were positive for CGA mRNA. Figure 3A shows heavily
labeled large (alpha-) and small (gamma-) motoneurons in Lam-
ina IX of the ventral horn. Cell bodies in Laminae III-V of the dor-
sal horn, heterogeneous in size, were also positive for CGA mRNA
(Figure 3B).

Within the cerebellum, neurons of the cerebellar nuclei and
of Purkinje cells showed CGA-like immunoreactivity. Faint im-
munoreaction which could not be localized to cells was seen over
the entire cerebellar cortex (Figure 4A). In the thoracic spinal cord,
CGA-like immunoreactivity was observed in cell bodies of the neu-
rons of all laminae (Figure 4C). Controls did not show any CGA-
like immunoreactivity in the Purkinje cells (Figure 4B) and in the
cell bodies of the neurons of all laminae of the thoracic spinal cord
(not shown).

As determined by radioimmunoassay, the amounts of CGA in
acid extracts of the spinal cord and the cerebellum are low and are
comparable to the values observed in brainstem, forebrain, and
pancreas (Table 1). By contrast, the levels of CGA (as detected by
radioimmunoassay) in the olfactory bulb were found to be on the
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Figure 1. S1 nuclease protection analysis of extracted mRNA of rat tissues.
A single-stranded anti-sense DNA probe derived from rCGA M13(-) clones,
as described by Lahr et al. (22), was used for hybridization. In Lanes 3-
5 the 32P-labeled cDNA served as hybridization probe for 20 ug total RNA
each. Lane 3: adrenal medulla; Lane 4: cerebellum; Lane 5: spinal cord. As
a size marker, Hpall digested pBR322 was applied to Lane 1. The sizes are
indicated on the left side. The upper band of approximately 950 nt, as calcu-
lated by the sequence published (28), in Lane 2 represents undigested probe
containing flanking Bluescribe M13(-) vector sequences, while the protected
band of approximately 836 nt fragment (arrow), as calculated by the sequence
published (28), indicates rCGA mRNA in the tissues analyzed. Duration of film
exposure was 36 hr.

same order of magnitude as observed in the pituitary or the adrenals,
confirming an earlier report (22).

Discussion

The present study analyzes for the first time the distribution of
CGA mRNA and of CGA-like immunoreactivity in the cerebel-
lum and the spinal cord of the rat. The data presented here indi-
cate a high degree of homology within a stretch of approximately
800 nucleotides around the 3’ coding and non-coding region cover-
ing Exons 6-8 between peripheral (adrenal) CGA and that of the
central nervous system. CGA-like immunoreactivity is mainly local-
ized in Purkinje cells of the cerebellar cortex, in neurons of the
deep cerebellar nuclei, and in the neurons of the ventral, lateral,
and dorsal horns of the rat spinal cord. As in other brain areas,
CGA levels in cerebellum and spinal cord are low in contrast to
the olfactory system, which contains CGA in amounts similar to
those found in the adrenal gland and the adenohypophysis.

A secretory protein such as CGA is rapidly transported away
from the site of transcription to the endings, and therefore may
easily escape immunochemical detection. This may explain the weak
immunoreactivity of the perikarya of Purkinje cells, as well as the
faint staining in the entire cerebellar cortex, which could reflect
axonal/dendritic transport of CGA. In the present study we com-
bined determination of both CGA mRNA and the protein to de-
tect sites of CGA production. In addition to Purkinje cells, which



Figure 2. Detection of CGA mRNA in situ hybridization of cerebellar tissue sec-
tions using (A) radioactive and (B) Dig-11-UTP-labeled cRNA probe. (A) Pur-
kinje cells (open arrows) and the heterogeneous group of cells in the granular
layer contain rCGA-specific cRNA. ML, molecular layer; GL, granular layer. (B)
Perikarya of the deep cerebellar nuclei are stained with Dig-11-UTP-labeled
cRNA probe. Bars: A = 10 um; B = 40 um.

could be distinguished by their localization and size, additional
cells of the granular layer expressed CGA mRNA. Since the cells
of this layer are Golgi cells and glial cells, the faint CGA-like im-
munoreactivity in the entire cerebellar cortex could be due to other
CGA-producing cell types as well as to positive fibers. It should
be mentioned at this point (see also below) that neurons of the
dorsal, lateral, and ventral horns of the thoracic spinal cord also
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Figure 3. Detection of CGA mRNA by situ hybridization in sections of the tho-
racic spinal cord using radioactive cRNA probe. (A) Cell bodies in Laminae IlI-V
of the neurons in the dorsal horn and (B) perikarya in Lamina IX of the motoneu-
rons (alpha, arrow; gamma, open arrow) in the ventral horn are strongly labeled.
Bars = 10 um.
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Figure 4. Immunocytochemical detection of chromogranin A in the cerebellum
and in the thoracic spinal cord. (A) The immunoreaction is confined mainly to
the Purkinje cells (arrows). (B) Note absence of CGA immunoreactivity of Pur-
kinje cells (arrow) in a control section (omission of CGA antiserum). (C) CGA

Table 1. Levels of immunoreactive chromogranin A in rat
endocrine and neural tissues®

Chromogranin A

Relative
Tissue ng/mg protein amount n
Adrenal gland 422.2 + 33.8 1.00 10
Adenohypophysis 360.8 + 95.9 0.85 4
Olfactory bulb 359.2 = 29.6 0.85 6
Brainstem 94.2 + 8.4 0.22 6
Forebrain 55.4 + 13.8 0.13 6
Cerebellum 32.1 = 4.6 0.08 5
Spinal cord 23.8 + 3.8 0.06 6
Pancreas 48.0 = 11.8 0.11 6
Liver 7.6 £ 1.1 0.02 10

4 Amounts of CGA (mean + SD; 7, number of tissues from different male
animals analyzed).

expressed CGA. Therefore, afferent sensory neurons, which pro-
ject back to the cerebellum and reach the granular layer (cf. 36),
might have contributed to the diffuse CGA immunoreactivity in
this layer.

Large species differences exist in the central parts of the CGA
molecule, although the C- and N-terminals are very similar (cf.
17). Because of this, immunocytochemical investigations of CGA
must be interpreted with caution when the topology of the epi-
tope in the protein recognized by the antiserum, is unknown. One
example is the recent observation that a monoclonal antibody to
an undefined domain of human CGA exclusively stained Bergmann
glia of the rat cerebellum, whereas rabbit antibodies to bovine or
porcine CGA do not (23). In this study we used an antiserum raised
against the 16 C-terminal (Exon 8) amino acids of CGA, which
differ only slightly in sequence in rat, cow, and human. With this
antiserum we did not find the pattern typical for Bergmann glia.
Furthermore, our data, which show that Purkinje cells and perikarya
of the deep cerebellar nuclei in the rat contain CGA-like im-
munoreactivity, are further supported by in situ hybridization
histochemistry using cRNA probes complementary to the C-ter-
minal portion of the rat CGA mRNA. In earlier studies carried
out in the sheep brain with an antiserum against bovine CGA, it
was observed that CGA occurs in Purkinje cells, in Golgi cells of
the granular layer, and in neurons of the deep cerebellar nuclei
(33). Our findings in the rat on distribution of CGA-like im-
munoreactivity and CGA mRNA using in situ hybridization tech-
niques support and extend these data.

Our results show the presence of CGA-like immunoreactivity
and its mRNA in deep cerebellar nuclei. Interestingly, there is evi-
dence for the presence of another member of the chromogra-
nin/secretogranin protein family, i.e., chromogranin B, in the rat
perikarya of deep cerebellar nuclei, since its mRNA was described
there (11). On the other hand, these perikarya were not immunoreac-
tive for secretogranin II (chromogranin C), although they were sur-
rounded by a loose network of immunoreactive fibers (6), which
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immunoreactivity is confined to the neurons of the ventral horn (VH) and in the
lateral as well as the dorsal horn (DH) in the thoracic spinal cord. Bars: A,B
= 20 um; C = 40 um.
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may at least in part present endings originating from immunoreac-
tive cerebellar Purkinje cells. Therefore, it can be concluded from
the data presented here and the wotk of other groups that in the
rat cerebellum all known members of the chromogranin/secretogra-
nin protein family are detectable in cerebellar Purkinje cells, whereas
the neurons of the deep cerebellar nuclei contain chromogtanin
A and B but not secretogranin II (chromogranin C). On the other
hand, the human cerebellum was negative for CGA but the Pur-
kinje cells stained strongly for chromogranin B (31).

It is well known that the neurons of the cetebellar nuclei pro-
ject to the motoneurons present in the ventral horn of the spinal
cord (cf. 36), where we found CGA and its mRNA. The present
study shows that in the spinal cord, CGA-like immunoreactivity
was also present in the cells of the lateral and dorsal horn. Moreover,
these cells of the spinal cord possess specific mRNA for CGA. There-
fore, out data support and extend immunocytochemical results in
the spinal cord of the sheep (33) as well as in cholinergic nerve
endings of the rat (5,35).

As mentioned above, projections of neurons of the dotsal hotn
reach the cerebellum and might be responsible for the diffuse CGA
immunoreactivity in the granular layer. The fact that neurons of
all layers of the spinal cord express CGA may indicate that CGA
is involved in both efferent and afferent signal transduction. One
could therefore speculate that CGA may be important for motor
control in general.

Clearly, the function of CGA in neurons has not been exam-
ined. However, hormone release by endoctine cells is modulated
by CGA or its fragments (cf. 7,10,14,15,32). In addition, CGA within
the endoctine cells is involved in sorting of hormones to the regula-
toty pathway and in the control of intracellular calcium (20,21,
29,30). Since the basic mechanisms underlying secretion of hor-
mones and release of neurotransmitters are very similar, CGA may
fulfill similar roles in neurons.

Acknowledgments

We wish to thank Ms S. Bucher, U. Fréblich, Mr W. Podschuweit, Ms M.
Rudolf, and 1. Urban for expert technical assistance, and Ms B. Mader for
typing this manuscript.

Literature Cited

1. Banks P, Helle KB: The release of protein from stimulated adrenal
medulla. Biochem ] 97:40, 1965

2. Barbosa JA, Gill BM, Takiyyuddin MA, O’Connor DT: Chromogranin
A: posttranslational modifications in secretory granules. Endocrinol-
ogy 128:174, 1991

3. Blaschko H, Comline RS, Schneider FH, Silver M, Smith AD: Secre-
tion of a chromaffin granule protein, chromogranin from the adrenal
gland after splanchnic stimulation. Nature 215:58, 1967

4. Bulenda D, Gratzl M: Matrix free calcium in isolated chromaffin vesi-
cles. Biochemistry 24:7760, 1985

5. Bo6j S, Goldstein M, Fischer~Colbrie R, Dahlstrom A: Calcitonin gene-
related peptide and chromogranin A: presence and intra-axonal trans-
port in lumbar motor neurons in the rat, a comparison with synaptic
vesicle antigens in immunohistochemical studies. Neuroscience 30:479,
1989

6. Cozzi MG, Rosa P, Greco A, Hille A, Huttner WB, Zanini A, de Camilli
P: Immunchistochemical localization of sectetogranin Il in the rat cere-
bellum. Neuroscience 28:423, 1989

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

24.

25.

26.

LAHR, MAYERHOFER, BERGMANN, TAKIYYUDDIN, GRATZL

. Efendic §, Tatemoto K, Mutt V, Quan C, Ding C, Ostenson C-G: Pan-

creastatin and islet hormone release. Proc Natl Acad Sci USA 84:7257,
1987

. Ehrhart M, Grube D, Bader MF, Aunis D, Gratzl M: Chromogranin

A in the pancreatic islet: cellular and subcellular distribution. J
Histochem Cytochem 12:1673, 1986

. Ehrhart M, Jorns A, Grube D, Gratzl M: Cellular distribution and

amount of chromogranin a in bovine endoctine pancreas. J Histochem
Cytochem 36:467, 1988

Fasciotto BH, Gorr S-U, DeFranco DJ, Levine MA, Cohn DV: Pancreasta-
tin, a presumed product of chromogranin-A (secretory protein-I) pro-
cessing, inhibits secretion from porcine parathyroid cells in culture.
Endocrinology 125:1617, 1989

Forss-Petter S, Danielson P, Battenberg E, Bloom F, Sutcliffe JG: Nucleo-
tide sequence and cellular distribution of rat chromogtanin B (secretogra-
nin I) mRNA in the neuroendocrine system. ] Mol Neurosci 1:63, 1989

Gerdes H-H, Rosa P, Phillips E, Baeuetle PA, Frank R, Atgos P, Hutt-
ner WB: The primary structure of human secretogranin I1, a widespread
tyrosine-sulfated secretory granule protein that exhibits low pH- and
calcium-induced aggregation. J Biol Chem 264:12009, 1989

Gorr S-U, Shioi ], Cohn DV: Interaction of calcium with porcine adre-
nal chromogranin A (secretory protein-I) and chromogranin B
(secretogranin I). Am ] Physiol 257:E247, 1989

Greeley GH, Thompson JC, Ishizuka J, Cooper CW, Levine MA, Gorr
S-U, Cohn DV: Inhibition of glucose-stimulated insulin release in the
perfused rat pancreas by parathyroid sectetory protein-I (chromogranin-
A). Endocrinology 124:1235, 1989

Holst JJ, Ostenson C-G, Harling H, Messell T: Porcine pancreastatin
has no effect on endocrine secretion from the pig pancreas. Diabetolo-
gia 33:403, 1990

Hopwood D: An immunohistochemical study of the adrenal medulla
of the ox. Histochemistry 13:323, 1968

Huttner WB, Gerdes H-H, Rosa P: Chromogranins/sectetogranins —
widespread constituents of the secretory granule matrix in endocrine
cells and neurons. In Gratzl M, Langley K, eds. Markers for neural and
endocrine cells. Weinheim, VCH Verlagsgesellschaft, 1991, 93

Kaplan BB, Bernstein SL, Gioio AE: An improved method for the rapid
isolation of bovine ribonucleic acid. Biochem ] 183:181, 1979

Kawakubo A, Takatsuki K, Yoneda M, Kurokawa M, Suzuki A, Semba
R, Karo K: Highly sensitive enzyme immunoassay for bovine chromogra-
nin A: application for studies of regional distribution in bovine cen-
tral nervous systern. ] Mol Neurosci 1:215, 1989

Krieger—Brauer HI, Gratz! M: Effects of monovalent and divalent cat-
ions on calcium fluxes across chromaffin secretory membrane vesicles.
J Neurochem 41:1269, 1983

Krieger-Brauer HI, Gratzl M: Uptake of calcium by isolated secretory
vesicles from adrenal medulla. Biochim Biophys Acta 691:61, 1982

Lahr G, Heiss C, Mayerhofer A, Schilling K, Parmer RJ, O’Connor DT,
Gratzl M: Chromogranin A in the olfactory system of the rat. Neuro-
science 39:605, 1990

McAuliffe WG, Hess A: Human chromogranin A-like immunoreac-
tivity in the Bergmann glia of the rat brain. Glia 3:13, 1990

Nolan JA, Trojanowski JQ, Hogue-Angeletti R: Neurons and neuroen-
docrine cells contain chromogranin: detection of the molecule in nor-
mal bovine tissues by immunochemical and immunohistochemical
methods. J Histochem Cytochem 33:791, 1985

O'Connor DT, Frigon RP: Chromogranin A; the major catecholamine
storage vesicle soluble protein. J Biol Chem 259:3237, 1984

O'Connor DT, Pandian MR, Carlton E, Cervenka JH, Hsiao R}: Rapid
radioimmunoassay of circulating chromogranin A: in vitro stability,
exploration of the neuroendocrine character of neoplasia, and assess-
ment of the effects of organ failure. Clin Chem 35:1631, 1989



CHROMOGRANIN A EXPRESSION IN CEREBELLUM AND SPINAL CORD

27.

28.

29.

30.

31

32.

33.

34.

O’Connor DT, Parmer RJ, Deftos LJ: Chromogranin A: studies in the
endocrine system. Trans Assoc Am Physicians 97:242, 1984

Parmer RJ, Koop AH, Handa MT, O’Connor DT: Molecular cloning
of chromogranin A from rat pheochromocytoma cells. Hypertension
14:435, 1989

Reiffen FU, Gratzl M: Chromogranins, widespread in endocrine and
nervous tissue, bind calcium. FEBS Lett 195:327, 1986

Reiffen FU, Gratzl M: Calcium binding to chromaffin vesicle matrix
proteins. Effect on pH, magnesium and ionic strength. Biochemistry
25:4402, 1986

Schmid KW, Weiler R, Xu RW, Hogue-Angeletti R, Fischer-Colbrie
R, Winkler H: An immunological study on chromogranin A and B
in human endocrine and nervous tissues. Histochem J 21:365, 1989

Simon J-P, Bader MF, Aunis D: Secretion from chromaffin cells is con-
trolled by chromogranin A-derived peptides. Proc Natl Acad Sci USA
85:1712, 1988

Somogyi P, Hodgson AJ, DePotter RW, Fischer-Colbrie R, Schober M,
Winkler H, Chubb IW: Chromogranin immunoreactivity in the cen-
tral nervous system. Immunochemical characterization, distribution and
relationship to catecholamine and enkephalin pathways. Brain Res Rev
8:193, 1984

Takiyyuddin MA, Barbosa JA, Hsiao RJ, Parmer RJ, O’Connor DT: Di-
agnostic value of chromogranin A measured in the circulation. In Gratzl

M, Langley K, eds. Markers for neural and endoctine cells, Weinheim,
VCH-Verlagsgesellschaft, 1991, 191

35.

36.

37.

38.

39.

40.

41.

42.

Volknandt W, Schober M, Fischer-Colbrie R, Zimmermann H, Wink-
ler H: Cholinergic nerve terminals in the rat diaphragm are chromogra-
nin A immunoreactive. Neurosci Lett 81:241, 1987

Voogd J, Gerritts NM, Marani E: Cerebellum. In Paxinos G, ed. The
rat nervous system. Vol 2. Sydney, Academic Press, 1985, 251

Wand GS, Takiyyuddin M, O’Connor DT, Levine MA: A proposed role
for chromogranin A as a glucocorticoid-responsive autocrine inhibitor
of proopiomelanocortin secretion. Endocrinology 128:1345, 1991

Weiler R, Marksteiner J, Bellmann R, Wohlfarter T, Schober M,
Fischer-Colbrie R, Spetk G, Winkler H: Chromogranins in rat brain:
characterization, topogtaphical disttibution and regulation of synthe-
sis. Brain Res 532:87, 1990

Westermann R, Stégbauer F Unsicker K, Lietzke R: Calcium-de-
pendence of chromogranin A-catecholamine interaction. FEBS Lett
239:203, 1988

Wu H-J, Rozansky DJ, Parmer RJ, Gill BM, O’Connor DT: Structure
and function of the chromogranin A gene: clues to evolution and tissue-
specific expression. ] Biol Chem 266:13130, 1991

Yoo SH, Albanesi JP: Ca?*-induced conformational change and aggre-
gation of chromogranin A. J Biol Chem 265:14414, 1990

Yoshie S, Hagn C, Ehrhart M, Fischer-Colbrie R, Grube D, Winkler
H, Gratzl M: Immunological characterization of chromogranins A and
B in secretogranin Il in the bovine pancreatic islet. Histochemistry 87:99,
1987





