
Abstract. The hexadecapeptide cerebellin (CER) is derived
from a larger protein, cerebellin 1 precursor protein (Cbln1).
At present four precerebellins (Cbln1-4) are known. They are
highly expressed in the brain, in particular in the cerebellum.
Since CER is involved in regulating endocrine functions,
present studies aimed to investigate, by means of molecular
biology techniques (RT-PCR, QPCR, Western blotting) the
expression of Cbln related genes and Cbln1 protein in classic
endocrine glands of the rat. RT-PCR revealed the presence of
Cbln1 and Cbln3 mRNAs in all endocrine glands tested;
hypothalamus, anterior pituitary, thyroid, adrenal cortex,
testis, ovary and pancreatic islets. Expression of Cbln2 gene
was demonstrated only in the hypothalamus, anterior
pituitary and adrenal cortex and in cerebral cortex, which
was studied as a positive control organ. On the contrary,
expression of Cbln4 gene was found only in the cerebral
cortex. Using QPCR, the highest expression of Cbln1 gene
was demonstrated in hypothalamus and pancreatic islets, a
somewhat lower one in the anterior pituitary and thyroid,
while the lowest was in adrenal cortex, testis and ovary. In
general, the Cbln3 gene exhibited a similar pattern of
expression, with the highest level in pancreatic islets and
somewhat lower in the hypothalamus. Cbln2 gene expression
was high in the hypothalamus, lower in the anterior pituitary
and very low in adrenal cortex. In general, the pattern of
Cbln1 protein expression was similar to that of Cbln1
mRNA. Further experiments aimed to check possible
association of Cbln1 with cell membrane. Such association is
suggested by differences in Cbln1 protein amount after
extraction with RIPA and TRIS buffers. Bioinformatic
methods predicting transmembrane topology (HMMTOP and
SPLIT 4.0 servers) suggest transmembrane localisation of

Cbln1, with transmembrane domain sequence responsible for
the formation of an ·-helix. These findings suggest possible
physiological roles of Cbln related peptides not only in the
cerebellum, but also in the endocrine system. However, their
specific role as modulators of the endocrine system requires
further investigations.

Introduction

In 1984 Slemmon et al (1) isolated two polypeptides from
the rat cerebellum. One of the identified hexadecapeptides
was named cerebellin (CER) while its N-terminal truncated
version, des-Ser1-cerebellin, was termed des-cerebellin
(desCER). It was generally assumed that desCER was an
apparent metabolite of CER, the formation of which is
catalysed by serine aminopeptidase (1-3). CER is derived
from a larger precursor called precerebellin1 (Cbln1). At
present four precerebellins are known. Cbln1 is homologous
to the originally described human precerebellin (4) while
Cbln2 is homologous to rat and murine cerebellin-like proteins
identified by Wada and Ohtani (5) and Kavety et al (6).
Cbln3 binds specifically to Cbln1 (7) while Cbln4 has been
identified in the mouse (NCBI accession number NM_175631),
and recently in human (NM_080617). Precerebellin genes are
located at different chromosomes and their related proteins
are highly conserved (6,8,9). Previous findings suggest that
Cbln4 may be the prototype of the Cbln subfamily. The entire
subfamily of Cbln demonstrates high homology to the family
of atypical solluble collagens (types VII and X)(10,11) as
well as to A, B and C subunits of the component complex C1q
(12,13). Thus, Cblns belong to the C1q/TNF superfamily of
secreted proteins, which suggests that they are biologically
active molecules. At least 3 Cbln are secreted from the cells
(14). In vitro, all Cblns form not only homomeric but also
heteromeric complexes with each other, and regulate synapse
development and synaptic plasticity (9). It remains to be
established whether this transneuronal regulatory function is
also related to CER that may be liberated in the extracellular
compartment from Cbln1. Until now neither CER nor Cblns
receptors were identified. However, it has been suggested that
Cblns complexes may interact with a membrane receptor(s)
and activate intracellular transduction cascades (8).

In the CNS expression of Cbln1 and Cbln2 is widespread
while that of Cbln3 and Cbln4 is restricted to cerebellar
granular cells and certain thalamic nuclei (7,15). Cblns and
CER are also present in the extra-cerebral tissues and recent
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data suggest their involvement, among others, in the
regulation of neuroendocrine function (for review see 16).
Data on the expression of preCER-related genes and CER
polypeptides in endocrine glands are scarce. Therefore,
present studies aimed to investigate, by means of molecular
biology techniques (RT-PCR, QPCR, Western blotting) their
expression in classic endocrine glands of the rat.

Materials and methods

Studies were performed on intact, adult rats of Wistar strain
(130-140 g body weight). Animals were maintained under
standardized conditions of light (14:10 h light-dark cycle,
illumination onset at 06.00 a.m.), at 23±2˚C with free access
to standard chow pellets and tap water. The Local Ethics
Committee for Animal Studies approved the study protocol.

After decapitation the following organs were promptly
removed and subjected to study: hypothalamus, anterior
pituitary, thyroid, adrenal, ovary, testis and pancreatic islets
(isolated according to 17). As a positive control, fragments of
cerebellum and cerebral cortex were applied.

Conventional RT-PCR and QPCR. Methods applied were
described earlier (18-23). Briefly, from fragments of studied
organs, total RNA was extracted by a method using TRI
reagent (Sigma) and purified on columns (RNeasy Mini Kit,
Qiagen)(20,22,24,25). Contaminating DNA was eliminated
by DNase-I treatment (RNase-Free DNase Set; Promega,
Madison, WI), and the amount of total RNA was determined
by measuring the optical density at 260 nm. Purity was
estimated by 260/280 nm absorption ratio, which was
consistently higher than 1.8. The quality of the obtained
product was evaluated using electrophoresis in 1% agarose
gel with ethidium bromide. RT was performed using AMV
reverse transcriptase (Promega) with Oligo dT (PE
Biosystems, Warrington, UK) as primers. Reaction was

performed at 42˚C for 60 min (thermocycler UNO II,
Biometra). Primers for studies on expression of the pre-
cerebellin gene (Table I) and reference genes (Table II) were
purchased from the Laboratory of DNA Sequencing and
Oligonucleotide Synthesis, Institute of Biochemistry and
Biophysics, Polish Academy of Sciences, Warsaw. For all
tested genes 34 cycles of the following sequences were
applied: denaturation 94˚C, 30 sec; annealing 58˚C, 60 sec;
extension 68˚C, 60 sec. In control reactions, water (instead of
cDNA) and omission of reverse transcriptase (-RT) were used.
Reaction products were separated on ethidium bromide
containing 2% agarose gel and photographed in a trans-
illuminator.

QPCR was performed in a lightcycler 2.0 instrument
(Roche) with software version 4.0. Two methods were applied,
the SYBR green and TaqMan based detections (probes are
shown in Tables I and II). In the SYBR green method the
obtained products were characterised by their melting point
(precision 0.1˚C/sec). Data were normalized in relation to
expression of reference genes. To select the most stable
reference gene, by means of GeNorm software we evaluated
expression profiles of six different reference genes.

Western blotting. The Western blotting method was used to
identify Cbln1 protein in studied organs. Samples were
homogenized in RIPA buffer for mammalian cell lysis and
centrifuged at 600 x g for 30 min at 4˚C to remove cell
debris. Protein concentrations were determined by the
Bradford method. Subsequently, proteins were separated by
gel electrophoresis (Mini-PROTEAN 3, Biorad). Samples of
25 μg of protein were loaded into each lane, separated in a
16% sodium dodecyl sulphate (SDS)-polyacrylamide
electrophoretic gel (PAGE), and transferred onto a PVDF
membrane (Millipore Co., Bedford, MA, USA). The
transferred proteins were stained with Ponceau S. Non-
specific binding was blocked by immersing the membrane in
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Table I. QPCR analysis of precerebellins (Cbln1-4) mRNAs.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
cDNA Genbank Primers Primer sequence (5'-3') Position PCR

accession no. product size (bp)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Cbln1 XM S CCCTACGGGCACTGCTCTG 144-162 171

001067551 A CTGCGTTCTGAGTCAAAGTTG 294-314
probe CTGCCATC 203-210

Cbln2 NM S TGGCCTTCTCCGCTACTC 457-474 119
001012740 A CGAGGCAAGGTCAAAGTGGT 556-575

probe TGAGCAAC 502-509

Cbln3 XM S ACCATGAACCAGCAGGAGAA 483-502 86
001056593 A AAAGCCACCGCCCTCATT 551-568

probe TGCGATCT 523-531

Cbln4 XM S GAGCAACAAGACTCGCATCAT 1859-1879 80
001053640 A CAAAGACGGATTCCAGTGTG 1919-1938

probe CTGGTTAA 1896-1903
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Oligonucleotide sequences for sense (S) and antisense (A) primers, and for probes are shown.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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5% BSA at 4˚C overnight. Membrane was then incubated
with primary antibody (anti-Cbln1 antibody, ProSci
Incorporated, San Diego, CA), at a 1:5000 dilution for 1 h at
37˚C. After washing with TBST (10 mmol/l TRIS, pH 8.0,
150 mmol/l NaCl, 0.05% Tween-20) for 3x10 min, the
membranes were further incubated with horseradish
peroxidase-conjugated anti-rabbit IgG (Sigma, St. Louis, MO,
USA) at a 1: 25,000 dilution for 1 h at room temperature.
The membranes were washed 4 times for 15 min with TBST
and the target protein was detected by ECL Advance Western
Blotting Detection Kit (Amersham). The chemiluminescence
signal was transferred on CL-X Posure Film (Pierce
Biotechnology) and the developed film was scanned
densitometrically. For data normalization, after striping
procedure, GAPDH protein was detected on the same
mebranes.

Bioinformatic tools. Two bioinformatic methods were used
to predict transmembrane topology of Cbln1. The first one
used the HMMTOP transmembrane topology prediction
server, which predicts the localization of helical
transmembrane segments and the topology of transmembrane
proteins (26). This method is operating on the basis of Hidden
Markov Model. The second method used the topology
predictor SPLIT 4.0, which predicts the sequence location of
transmembrane helices by performing an automatic selection
of optimal amino acid attribute and corresponding preference
functions (27). This program also allows for predicting
orientation of an integral protein of the cell membrane.

Statistics. Data are expressed as means ± SEM and statistical
comparison was performed using the unpaired Student's t-test.

Results

By means of conventional RT-PCR method, Cbln1 and
Cbln3 mRNAs were found to be present in all endocrine
glands tested; the hypothalamus, anterior pituitary, thyroid,
adrenal cortex, testis, ovary and pancreatic islets (Fig. 1).
Furthermore, expression of Cbln2 gene was demonstrated
only in the hypothalamus, anterior pituitary and adrenal cortex
and in the cerebral cortex, which was studied as a positive
control organ. On the contrary, expression of Cbln4 gene was
found only in cerebral cortex. All amplified products were of
expected size and no product was found in RT control assays
(data not shown). In the following steps, expression of
studied genes was evaluated by means of QPCR.

To select the appropriate housekeeping genes for
normalization of quantitative PCR data, expression of the
following genes was evaluated in endocrine glands, TATA
Box-Binding Protein, GAPDH (glyceraldehyde 3-phosphate
dehydrogenase), ß-actin, ß2 myoglobin, PBGD (porpho-
bilinogen deaminase) and HPRT (hypoxanthine-guanine
phosphoribosyltransferase). Stability was evaluated using the
GeNorm program (Fig. 2). Of studied genes, the most stable
were HPRT and PBGD, and the former was chosen as a
reference gene. As seen in Fig. 3, the highest expression of
studied Cbln genes was found in positive control organs;
Cbln1 and Cbln3 in cerebellum and Cbln2 and Cbln4 in
cerebral cortex. The highest expression of Cbln1 gene was
demonstrated in the hypothalamus and pancreatic islets, a
somewhat lower one in the anterior pituitary and thyroid,
while the lowest expression was demonstrated in the adrenal
cortex, testis and ovary. In general, Cbln3 gene exhibited a
similar pattern of expression, with the highest level in the
pancreatic islets and a somewhat lower one in the
hypothalamus. Cbln2 gene expression was high in the
hypothalamus, lower in the anterior pituitary and very low in
the adrenal cortex. Again, Cbln4 was not expressed in
studied glands.

At the protein level, the highest expression of Cbln1 was
found in the cerebellum, a somewhat lower one in the
pancreatic islets, hypothalamus, anterior pituitary and thyroid
and low expression was found in the testis, ovary and adrenal
cortex (Fig. 4). In general, the obtained pattern of Cbln1 protein
expression was similar to that of Cbln1 mRNA.
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Figure 1. Expression of precerebellin 1-4 (Cbln1-4) genes in endocrine
glands of the adult rat. PCR products visualized by gel electrophoresis and
stained with ethidium bromide. Amplification of RNA by RT-PCR with
selective primer yielded RT-PCR products of expected size (Table I). Lane: 1,
DNA ladder; 2, hypothalamus; 3, anterior pituitary; 4, thyroid; 5, adrenal
cortex; 6, testis; 7, ovary; 8, pancreatic islets; 9, positive control for Cbln1
and Cbln3 - cerebellum, for Cbln2 and Cbln4 cerebral cortex.

Figure 2. GeNorm Program evaluation of expression stability of reference
(housekeeping) genes in endocrine glands of the rat. GAPDH,
glyceraldehyde 3-phosphate dehydrogenase; PBGD, porphobilinogen
deaminase; HPRT, hypoxanthine-guanine phosphoribosyltransferase.
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Further experiments were performed aimed at clarifying
the association of Cbln1 with cell membrane. Proteins were
extracted from fragments of cerebellum either with RIPA or

TRIS buffer. RIPA buffer enables extraction of integral and
peripheral membrane proteins while TRIS buffer preferentially
extracts peripheral proteins. Western blotting identified

RUCINSKI  and MALENDOWICZ:  PRECEREBELLINS IN RAT ENDOCRINE GLANDS116

Table II. QPCR analysis of reference gene mRNAs.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
cDNA Genbank Primers Primer sequence (5'-3') Position PCR

accession no. product size (bp)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
TATA NM S ATCCTTCACCAATGACTCCTATG 618-640 190
binding box 001004198 A ATGATGACTGCAGCAAACC 789-807

GAPDH XM S CCACAGTCCATGCCATCACT 33-52 106
001073242 A TGGTAACCAGGTGTCCGATA 119-138

ß-actin NM 031144 S TGAACACGGCATTGTAACCA 294-313 300
A AGCGCGTAACCCTCATAGAT 574-593

ß-2 NM 012512 S ACCGAGACCGATGTATATGC 284-303 137
myoglobin A ACCGGATCTGGAGTTAAACTG 400-420

PBGD NM 013168 S GAAAGACCCTGGAAACCTTG 397-416 148
A TGCTCATCCAGCTTCCGTA 526-544

HPRT NM 012583 S CAGTCAACGGGGGACATAAAAG 391-412 146
A ATTTTGGGGCTGTACTGCTTGA 515-536

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Oligonucleotide sequences for sense (S) and antisense (A) primers, and for probes are shown. GAPDH, glyceraldehyde 3-phosphate
dehydrogenase; PBGD, porphobilinogen deaminase; HPRT, hypoxanthine-guanine phosphoribosyltransferase; HPRT (hypoxanthine-
guanine phosphoribosyl transferase).
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Figure 3. QPCR analyses of Cbln1-4 gene expression in endocrine glands of the adult rat. 1, Hypothalamus; 2, anterior pituitary; 3, thyroid; 4, adrenal cortex;
5, testis; 6, ovary; 7, pancreatic islets; 8, positive control for Cbln1 and 3 - cerebellum, for Cbln2 and 4 cerebral cortex. Bars present a mean of 4 independent
assays and ± SEM is shown. HPRT gene expression was used as reference to normalize data.
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Cbln1, as described above. Intensity of Cbln1 strip was higher
in RIPA than in TRIS protein extracts (Fig. 5).

Results of both bioinformatic methods predicting trans-
membrane topology of Cbln1 [HMMTOP (Fig. 6) and SPLIT
4.0 (Fig. 7)] suggested transmembrane localisation of Cbln1,
with transmembrane domain sequence responsible for the
formation of ·-helix.

Discussion

Performed at mRNA and protein levels, the systemic studies
on Cbln have revealed their characteristic pattern of
expression in the endocrine glands of the rat. This pattern has
differed notably from that seen in the CNS and has suggested
an important, not yet fully recognised role of Cbln and
related peptides in the functioning of the endocrine system.

At present four precerebellins are recognised, designated
as Cbln1-4, and their genes are located at different

chromosomes. Recent findings suggest that from an
evolutionary point of view Cbln4 may be the prototype of the
Cbln subfamily genes and peptides. All Cbln are expressed in
CNS and at least 3 of them are secreted (6,8,9,13,15).

The earliest studies on the localization of Cbln-related
peptides were performed by means of RIA and HPCL. They
revealed the presence of RIA-assayable CER and CER or
desCER polypeptide (by means of HPLC) in various regions
of the brain, with the highest concentration in the cerebellum
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Figure 4. Semiquantitative evaluation of Cbln1 protein expression in
endocrine glands of the rat. (A) Western blotting, chemiluminescence
signals of Cbln1 and GAPDH on developed film; (B) densitometrically
evaluated relative (in relation to GAPDH) intensity of Cbln1 protein
expression. Studied organs are shown: hypothalamus, anterior pituitary,
thyroid, adrenal cortex, testis, ovary, pancreatic islets and cerebellum. Bars
present means of 2 experiments. Figure 5. Semiquantitative evaluation of Cbln1 protein expression in

extracts from cerebellum of the adult rat. (A) Western blotting; proteins
stained with Ponceau S; (B) chemiluminescence signals of Cbln1 and
GAPDH on developed film; (C) densitometrically evaluated relative (in
relation to GAPDH) intensity of Cbln1 protein expression. TRIS, proteins
extracted with TRIS buffer; RIPA, proteins extracted with RIPA buffer.

Figure 6. Bioinformatic analysis of the localization of helical trans-
membrane segments and the topology of transmembrane Cbln1 protein.
Data obtained by means of HMMTOP transmembrane topology prediction
server; seq, amino acid sequence; pred, predicted localisation; i, intracellular
region; H, alpha-helix of transmembrane region; O, extracellular region.

Figure 7. Result of bioinformatic analysis of Cbln1 amino acid sequence by
topology predictor SPLIT 4.0 program. Thick gray line, preference for ·-helix;
black line, preference for ß sheet; gray area shows localisation of ·-helix
transmembrane region; vertical continuous gray lines of background, 100 aa
length; vertical interrupted gray lines of background, 20 aa length.
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(1-3,28). In relation to the CNS, concentrations of CER are
significantly lower in the heart, kidney, stomach, alimentary
tract and spleen (2,5). Of particular note is the presence of
relatively high CER concentrations in normal human adrenal
gland and adrenal tumours, originating either from the cortex
or medulla (29).

Thorough molecular biology-based studies (RT-PCR,
Northern blot and in situ hybridisation) have demonstrated
expression of Cbln1 mRNA in granular cells and deep nuclei
in the cerebellum and certain thalamic nuclei. The expression
of Cbln2 mRNA is widespread in the CNS, while the
expression of Cbln3 and Cbln4 mRNAs are restricted to
cerebellar granular cells and certain thalamic nuclei (7,15).
Our studies have confirmed expression of Cbln1 and 3 in the
cerebellum and Cbln2 and 4 in the rat cerebral cortex. 

In our studies, expression of Cbln1-3 at mRNA level has
been found to be present in the rat hypothalamus, anterior
pituitary and adrenal glands. Expression of CER-like peptide,
CER and CER mRNA in the hypothalamus was reported
earlier (2,29), while recently Segal et al (30) also demonstrated
expression of Cbln1 mRNA in the ventromedial hypothalamic
nucleus. Furthermore, we have also demonstrated hypo-
thalamic expression of Cbln1 at the protein level. A similar
pattern of Cbln related gene expression has been found in the
anterior pituitary gland and adrenal cortex. As revealed in
these studies, in the rat anterior pituitary gland Cbln1-3 are
expressed at mRNA levels and Cbln1 also at protein level. In
relation to this, Satoh et al (29) previously reported the
presence of CER-immunoreactive substances in the human
pituitary gland.

The adrenal gland is one of the organs in which Cbln are
highly expressed. By means of Northern and Southern
blotting, CER expression was demonstrated in the rat adrenal
gland by Wada and Ohtani (5). Furthermore, in normal
human adrenal glands and in adrenal tumours, the presence of
immunoreactive CER and Cbln1 mRNA were demonstrated
by Satoh et al (29). In their ICH studies, CER-like immuno-
reactivity was demonstrated primarily in the adrenal medulla.
However, Cbln1 mRNA was not detected in normal human
adrenal glands using a Northern blot analysis or by RT-PCR
(4,15,29). Expression of Cbln1-3 in rat adrenal glands had
been reported earlier by our group (20) and those earlier
observations have been extended in the present studies by
demonstration of Cbln1 protein expression in the gland.
These data are in contrast with NCBI presented data
(NM_080617), in which the expression of Cbln4 in the human
adrenal gland is listed in second place (after nerve tissue).

In the remaining studied endocrine glands, only
expression of Cbln1 and Cbln3 mRNAs and Cbln1 protein
have been found. Such a pattern of precerebellin gene and
protein expression has been found in the thyroid, testis, ovary
and pancreatic islets. In available literature scarce data exist
on expression of Cbln in these organs. Only recently Ikeda
et al (31) studied expression of the Cbln1 gene as a marker
of early testicular differentiation in the mouse. They found
that the Cbln1 gene is expressed in interstitial cells of the
male but not female gonads.

A semiquantitative approach has revealed the highest
expression of the Cbln1 gene in hypothalamus and pancreatic
islets, a somewhat lower one in the anterior pituitary and

thyroid, while the lowest was found in the adrenal cortex, testis
and ovary. The Cbln3 gene exhibited a similar pattern of
expression. Cbln2 gene expression, however, was high in the
hypothalamus, lower in the anterior pituitary and very low in
the adrenal cortex.

In general, in our experiments the degree of Cbln1
expression at the protein level has paralleled the degree of
Cbln1 mRNA expression. These findings suggest that in
studied glands Cbln1 expression (from transcription to
translation) is primarily regulated at the transcription level.

After CER identification, it appeared that the polypeptide
was derived from the Cbln1, a member of the C1q family of
peptides (4,5). Cbln1 is a transmembrane protein with putative
transmembrane domains comprising amino acids 29-47,
which are able to form an ·-helix. Results of our bioinformatics
searches have confirmed this suggestion. In membrane
anchored Cbln1, the CER-like sequence is localised
extracellularly and liberation of CER from Cbln1 requires
proteolytic cleavage. Since neither an N-terminal cleavable
signal peptide nor dibasic pair specific endopeptidase directly
precedes or follows the cerebellin-like sequence, CER is not
liberated from Cbln1 by the classical dibasic amino acid
proteolytic-cleavage mechanism seen in various neuropeptide
precursors. This mechanism of CER liberation from Cbln1
resembles mechanism of TNF· maturation (13,32,33).

As proved by experimental data, liberated CER exerts
various biological activities. In this regard initially it was
suggested that the N-terminal truncated version of CER (des-
Ser1-CER) is an apparent metabolite of CER (1-3,28).
However, a growing body of evidence clearly demonstrates
regulatory effects of CER and desCER in the functioning of
various organs, in particular of the endocrine system (20,34-
37). In relation to these data it should be emphasised that
CER-like immunoreactivity could not be demonstrated in the
blood (29). This finding suggests that CER, and probably
desCER, regulates biological activity of various cells in a
paracrine manner.

However, not only Cbln derived polypeptides are
biologically active compounds. Previously, Iijima et al (14)
in mammalian heterologus cells demonstrated secretion of
entire Cbln molecules, as N-linked glycoproteins (Cbln1,
Cbln2, Cbln4) into the extracellular space where they formed
with each other in vitro not only homomeric but also
heteromeric complexes (7,33). It has been suggested that the
complexes regulate synapse development and synaptic
plasticity, especially in the cerebellum (9). Furthermore, it
may by hypothetised that formation of heteromeric Cbln
complexes may be specific for particular organs or cells
and/or specific for the regulation of a particular biological
function. Until now, no Cbln-related receptor has been
identified. However, the formation of Cbln complexes
suggests that they might interact with a membrane receptor(s)
and activate intracellular transduction cascades (8).

Collectively, the obtained results have shown the expression
of Cbln1-3 mRNAs and Cbln1 protein in the classic endocrine
glands of the adult rat. These findings suggest possible
physiological roles of Cbln-related peptides not only in the
cerebellum, but also in the endocrine system. However, their
specific role as modulators of the endocrine system requires
further investigation.
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