
 
Expression of dendrin, neurofilament and glial  
fibrillary acidic protein in the brain of the dogfish  
Scyliorhinus canicula L.

Abstract

Background and purpose: Dendrin is a brain and renal protein that 
is supposed to be involved in cytoskeletal modifications at the synapse and a 
part of the slit diaphragm and podocytes. Here, we aimed to investigate 
dendrin expression in dogfish brain since this newly discovered protein was 
never reported in fish. We compared the expression of dendrin to those of 
glial (GFAP) and neuronal (NF) proteins, which have already been  described 
in the dogfish brain. 

Materials and Methods: Histological and immunofluorescent tech-
niques were performed on tissue samples. The obtained data were statisti-
cally analyzed.

Results: Our results have shown that dendrin is expressed in all observed 
parts of the dogfish brain. In the forebrain, both observed parts (telencepha-
lon and olfactory lobes) expressed dendrin. Regarding the percentage area of 
dendrin expression, it is expressed more in olfactory lobes than in the telen-
cephalon. Compared with GFAP and NF expression, the expression of den-
drin significantly differs in both parts of the forebrain. The highest dendrin 
expression was noticed in the midbrain. In dogfish midbrain, the difference 
in expression of dendrin in comparison to those of GFAP and NF was even 
more significant. The percentage area of dendrin expression in the hindbrain 
(cerebellum and medulla oblongata) was smaller than those in the forebrain 
and midbrain, contrary the percentage area of intermediate filaments GFAP 
and NF were significantly higher. 

Conclusion: These results are the first report on dendrin expression in 
the dogfish brain opening the path for future studies on its role and function.

INTRODUCTION

Dendrin is a hydrophilic and proline-rich protein known as a brain 
and renal protein because of its specific expression in these two 

organs. It was originally found in the rat brain and reported as a brain-
specific protein (1); and very soon positioned exclusively in forebrain 
structures and hippocampus (2). Neuner-Jehle et al. (1) reported two 
variants (81 kDa and 89 kDa) of dendrin in the rat brain on both im-
munoblots and brain tissue sections using affinity-purified polyclonal 
rabbit anti-dendrin antibodies. Both proteins were found in the rat fore-
brain areas, and it was noticed that mRNA and protein concentrations 
of dendrin are differentially downregulated by extending the period of 
wakefulness (1). Dendrin is encoded by a somatodendritic mRNA and 
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localized in dendritic spines (1,2). A recent study (3) has 
shown, for the first time, the localization of dendrin in 
rats' dorsal horn neurons, where its expression in the no-
ciceptive areas of the spinal cord suggests its possible role 
in pain perception. As a brain protein, dendrin has been 
associated with the actin cytoskeleton, interacting with 
a-actinin in postsynaptic dendritic spines and thus de-
fined as an important component of cytoskeletal modifi-
cations at the synapse (4,5). This could suggest that den-
drin has an important role in synaptic plasticity, and as a 
postsynaptic component spatially synthesized, dendrin 
has a significant impact in modulating synaptic cytoskel-
eton (6). Kremerskothen et al. (6) have shown that den-
drin interacts with two postsynaptic proteins, a-actinin 
and scaffolding protein MAGI/S-SCAM, suggesting how 
dendrin links postsynaptic lattice and microfilaments of 
the spine. Another scaffold protein named KIBRA is also 
highly expressed in the brain; it regulates memory and 
learning processes, and specifically binds with dendrin. 
Inhibition of this binding can disrupt spatial learning and 
memory and consequently induce severe disorders such 
as Tourette syndrome and Alzheimer's disease (7). An 
increased rate of dendrin mRNA was noticed in the pre-
frontal cortex of the adolescent rat brain during acute 
nicotine uptake (5). The brain response to nicotine uptake 
includes plasticity-related changes at the synapse since 
dendrin, a postsynaptic protein, is an important compo-
nent of cytoskeletal modifications at the synapse (5,6). 
Previous studies (8–11) have shown that drugs' influence 
on brain physiology is also age dependent. Adolescents 
and adults show similar ways of early response genes ac-
tivation after drug exposure, but the distribution and 
intensity of induction are different (8–11). The study on 
dendrin expression in the rat's brain provided by Schochet 
et al. (5) has shown that dendrin expression is higher in 
the adolescent brain compared to adults. Furthermore, 
they emphasized that nicotine-induced increases in den-
drin found in adolescent rats were not found in adult rats. 
On the contrary, cocaine uptake and exposure to envi-
ronmental changes have not expressed dendrin increases 
in both adolescent and adult rats (5). Interestingly, some 
other markers of synaptic plasticity, such as Arc and 
Homer 1A, were strongly induced in the rat's brain when 
exposed to a novel environment (12). After first being 
discovered in the brain (1), dendrin was also described in 
the renal tissues (4,13–18). It was noticed that dendrin 
has a significant role in glomerular physiology and pathol-
ogy (14). In kidneys, dendrin is localized at the slit dia-
phragm in podocytes, and it was found that in patho-
logical conditions, dendrin translocates to the nucleus of 
injured podocytes, causing podocyte apoptosis (13,15). 
Moreover, blocking dendrin function could delay the on-
set of proteinuria and podocyte loss (16).  Since dendrin 
is a newly found protein, the data on how it functions in 
the neurons are still sparse. Kremerskothen et al. (6) sug-
gested that dendrin influences retrograde signalling from 
the synapse to the nucleus. A recent study (3) on the in-

crease of dendrin expression induced by stress suggested 
that the difference in its expression could be sex-specific 
and explain the sex-related pain hypersensitivity.  

Neurofilaments (NF) and glial fibrillary acidic protein 
(GFAP) are cytoskeletal structural components that be-
long to the class of intermediate filaments. Intermediate 
filaments are cytoskeletal components that, due to their 
average diameter of 10 nm, differ from microfilaments 
and microtubules. NFs are type IV intermediate filaments 
found in high concentrations along the axons of verte-
brate neurons (19). GFAP is a type III intermediate fila-
ment protein expressed by numerous glial cells of the 
central nervous system (19,20). NFs are considered among 
the most prominent and highly conserved structures in 
the nervous system (21). NFs are known to be needed for 
the proper neuronal function and to support and control 
axon diameter and axonal transport. Due to their ex-
tremely rich phosphorylation potential, NFs are probably 
involved also in regulatory mechanisms (22). GFAP is one 
of the first detected markers of radial glial cells (RDCs) 
in early, intermediate, and late embryos of dogfish Scyli-
orhinus canicula L. (23,24). RDCs are supposed to be the 
predominant glial cells in fish (24). Although the expres-
sion and function of NFs and GFAP were previously in-
vestigated in vertebrates and fish (21,23–25), findings on 
dendrin expression in nonmammalian vertebrates are still 
missing. According to present data, there are no records 
of dendrin presence in the fish brain. The teleost fish had 
a very important role during vertebrates' evolution. The 
fish brain is a complex macroscopic structure (26) and has 
some specific features compared to mammals. Different 
fish species show different anatomical and morphological 
characteristics of the brain. However, generally, five brain 
parts similar to those in mammals can be usually ob-
served: telencephalon (forebrain), diencephalon, mesen-
cephalon (midbrain), metencephalon (hindbrain), and 
myelencephalon (brain stem) (27,28). Compared to lim-
ited adult neurogenesis in mammals, teleost has a great 
potential to generate new neurons in the adult central 
nervous system (29,30). The ability to regenerate brain 
tissue, replace damaged neurons, and produce new ones 
in adulthood is observed in fish and amphibians (29–31). 
Several neuronal stem cell sites, especially in the cerebrum 
and optic tectum, have been found as the most proliferat-
ing zones in teleost fish (28). The telencephalon in carti-
laginous fish and all other jawed vertebrates is formed by 
evagination instead of being everted as in teleost fish, and 
it is especially large compared to other parts of the brain 
(27). The disproportionate growth of this part of the brain 
and delayed neurogenesis in the dogfish S. canicula, char-
acterized as precocial fish, could be related to delayed 
neuron migration and integration in the olfactory bulbs 
(32). Many similarities between the shark and developing 
mammalian telencephalon have been established, espe-
cially in its dorsal part and interneurons' migratory ways 
from subpallium to pallium (33). The olfactory bulbs are 
well-developed structures in all cartilaginous fish, and 
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their different shape among species is used as a species-
determination tool. The sensory ciliated neurons, which 
project to the main olfactory bulb in tetrapod vertebrates, 
are missing in sharks. However, crypt sensory neurons 
and microvillous olfactory receptor neurons are present 
in the olfactory epithelium of the catshark S. canicula 
(24,34). The adult neurogenesis in sharks, which implies 
juveniles and adults, is characterized by high proliferation 
and could be the reason why the telencephalon is dispro-
portionally large (35). Unlike the cartilaginous fish, in the 
teleost fish, the mesencephalon is the largest part of the 
brain (28,36). On its dorsal side is an optic tectum that 
evaginates into two bilateral optic lobes (36). The optic 
tectum of the cartilaginous fish is usually considered more 
homologous with mammals' cerebral cortex because of 
the multi-layered arrangement of the nerve cells than to 
those of teleost fish. The most variable parts, both in terms 
of shape and size, in the chondrichthyan brain are the 
telencephalon and the cerebellum (27). Among the verte-
brates, even the cerebellum differs considerably in size; 
the layers of the grey matter are well conserved (37). The 
cell surface of the Purkinje cells in the dogfish cerebellar 
cortex possesses numerous dendritic spines in secondary 
and tertiary branches (38). Alvarez-Otero et al. (39) found 
somatic spines on the basal surface of the Purkinje cells, 
which are very similar to the climbing fibers of teleost 
which seem to correspond to those found in the develop-
ing mammalian cerebellum (40). In all vertebrates, the 
centers of origin and termination of all cranial nerves are 
in the brain stem, while in cartilaginous fishes, the brain 
stem is divided into columns of nerve fibers (27). These 
columns are longitudinal ridges and grooves of the inter-
nal floor and sides of the medulla oblongata, the most 
posterior part of the brain, which narrows into the spinal 
cord. Depending on the transmitted information, they 
are visceral and somatic sensory or motor columns. The 
most afferent cerebellar fibers originate in the brain stem, 
and almost all efferent terminates in the brain stem, im-
plying a strong connection between the cerebellum and 
the brain stem (27).

Regarding these similarities with mammals' brain 
structure and specificities of the fish brain itself, as well as 
the fact that dendrin has never been previously reported 
in the fish brain, we report in the present study the distri-
bution of dendrin in comparison to those of NF and 
GFAP in the brain of dogfish S. canicula L. 

MATERIALS AND METHODS

Experimental animals and tissue 
collection

Ten young dogfish (S. canicula) specimens, fresh-
caught in the Adriatic Sea near the city of Zadar in June 
2021., were used to perform this study. The brain tissue 
samples of each animal were sectioned at the forebrain 
(two olfactory lobes and telencephalon), midbrain (two 

optic lobes), and hindbrain (cerebellum and medulla ob-
longata) and prepared for histochemical and immuno-
fluorescent analysis. 

Histological analysis

The tissue samples were fixed in 10% formalin, dehy-
drated in an ascending series of ethanol, cleared in xylene, 
and then embedded in paraffin wax (Paraffin embedding 
station HistoCore Arcadia H, Leica Biosystems, Ger-
many). 5 μm thick, paraffin sections were cut on a rotary 
microtome (HistoCore BIOCUT, Leica Biosystems, Ger-
many) and mounted on glass slides. Deparaffinization of 
the sections were made in xylenes (2x) and rehydration in 
descending concentrations of ethanol and water. Basic his-
tochemical analysis (38) with hematoxylin-eosin staining 
(H&E) (Hematoxylin M, BioGnost, Croatia; Eosin Y 1% 
aqueous, BioGnost, Croatia) was used as an orientation 
technique, in order to define the area of interest in the 
dogfish brain for further immunohistochemical analysis. 

Immunohistochemistry

For the immunofluorescent analysis, the paraffin sec-
tions were labelled with primary rabbit polyclonal 
 Anti-Dendrin Antibody (AB15299-I, Sigma-Aldrich) in 
dilution of 1:200; primary mouse monoclonal Anti-Neu-
rofilament 200kDa Antibody, clone N52 (MAB5266, 
Sigma-Aldrich) in dilution 1:200 and primary mouse 
monoclonal Anti-GFAP Antibody (2E1) (sc-33673, Santa 
Cruz Biotechnology Inc.) in dilution 1:50. After deparaf-
finization and rehydration, tissue sections were heated in 
citrate buffer (pH 6.0) for 10 min in a water steamer and 
afterward, cooled down to room temperature. A blocking 
buffer (ab 64226, Abcam, Cambridge, UK) was applied 
for 30 minutes to exclude unspecific staining. Sections 
were incubated with the primary antibody in a humid 
chamber overnight. Secondary detection of dendrin was 
performed using Alexa Fluor® 488-conjugated AffiniPure 
Donkey Anti-Rabbit IgG (H+L) (711-545-152, Jackson 
Immuno Research Laboratories Inc.) in dilution of 1:300. 
Secondary antibody Alexa Fluor® 488 AffiniPure Donkey 
Anti-Mouse IgG (H+L) was used for detection of NFs and 
GFAP in dilution 1:300. Tissue sections were incubated 
with secondary antibody for 60 min in the dark at room 
temperature. After washing with PBS, the nuclei were 
stained with DAPI (4', 6-Diamidino-2-Phenylindole, Di-
hydrochloride) for 1 min. After the final rinsing in the 
PBS, the sections were mounted in Aqua-Poly/Mount 
(Polysciences, Europe, Germany). Negative controls in-
cluded omitting primary antibodies from the staining 
procedure, which resulted in no tissue staining.

Antibody Characterization

The Anti-Dendrin Antibody (AB15299-I, Sigma-Al-
drich) recognizes Dendrin in humans, mice, and rats. 
This highly specific rabbit polyclonal antibody targets an 
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epitope of 17 amino acids from the N-terminal region 
(manufacturer’s datasheet). 

The Anti-Neurofilament 200 kDa Antibody, clone 
N52 (MAB5266, Sigma-Aldrich) reacts with the phos-
phorylated and dephosphorylated H-chain of neurofila-
ment 200kDa (NF-H) in normal tissues/extracts. This 
primary mouse monoclonal antibody can be used to de-
tect cells of neuronal origin by immunohistochemistry 
and Western blot (manufacturer’s datasheet). 

Anti-GFAP Antibody (2E1) (sc-33673, Santa Cruz 
Biotechnology Inc) is raised against spinal cord homog-
enate of bovine origin. This mouse monoclonal IgG2b k 
GFAP antibody is recommended for the detection of 
GFAP of the mouse, rat, and human origin (manufac-
turer’s datasheet).  

Alexa Fluor® 488-conjugated AffiniPure Donkey Anti-
Rabbit IgG (H+L) (711-545-152, Jackson Immuno Re-
search Laboratories Inc.) reacts with whole molecule rab-

Figure 1. Morphology of the different brain regions of the dogfish S. canicula. a – telencephalon; neuron (arrowhead); glial cell (arrow); n (neu-
ropil). b – olfactory lobes; neuron (arrowhead); glial cell (arrow); n (neuropil). c – midbrain, glial cells (arrow); bv (blood vessels). d – cerebellum; 
1 (outer molecular layer); 2 (middle Purkinje cells layer); 3 (inner granular layer). Note Purkinje cells in the middle layer (arrow). e – brain 
stem (medulla oblongata); neurons (arrowhead); n (neuropil). H&E.
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bit IgG and with the light chains of other rabbit 
immunoglobulins. No antibody was detected against 
non-immunoglobulin serum proteins. The whole IgG 
form of antibodies is suitable for the majority of immu-
nodetection procedures and is the most cost-effective 
(manufacturer’s datasheet).

Data acquisition and statistical analysis

The sections stained with H&E were observed using a 
Leica DM 3000 LED microscope (Leica Microsystems, 
Germany) equipped with a digital camera Leica 
DMC4500 (Leica Microsystems, Germany). These pho-
tomicrographs served as an orientation in the brain tissues 
for further analysis. The microscope software platform 
was Leica Application Suite (LAS) 4.9 (Leica Microsys-
tems, Germany).

For the immunofluorescent analysis, the slides were 
observed using an epifluorescence microscope Olympus 
BX51 (Olympus Corporation, Tokyo, Japan). Figures 
were captured with a digital camera Nikon DS-Ri1 
(Nikon Corporation, Tokyo, Japan) and prepared using 
Adobe Photoshop (Adobe, San Jose, CA, USA).

For quantitative analysis of dendrin, NFs and GFAP 
expression, Image J software (National Institutes of 
Health, Bethesda, MD, USA) was used. Ten photomicro-
graphs (20x objective magnification) were transferred to 
8-bit and thresholded. Image J software was used to de-
tect the percentage of dendrin, NFs and GFAP immuno-
reactive areas and fluorescence intensity.

For statistical analysis a paired t-test was used to ex-
amine the differences in the expression of dendrin, NFs 
and GFAP proteins in the dogfish brain regions. The data 

Figure 2. Expression of NF, GFAP and dendrin in the telencephalon of the dogfish. Arrows represent localization of NF, GFAP and dendrin.
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were presented as mean±standard deviation (M±SD). Sta-
tistical significance was considered at p < 0.05. The anal-
ysis was performed in GraphPad Prism 8.0.1 (GraphPad 
Software, Inc., CA, USA). 

RESULTS

Basic histology of the dogfish brain

The forebrain (telencephalon and olfactory lobes), 
midbrain (mesencephalon), and hindbrain (cerebellum 
and medulla oblongata) were defined as three basic re-
gions of the adult elasmobranches brain. A diffuse cell 
architecture was noticed in the telencephalon and olfac-
tory lobes of the forebrain. Mostly, there are neuronal 
and glial cell bodies surrounded by a mass of neuropil 

composed of a meshwork of axons, dendrites, synapses, 
glial cell processes, and blood vessels (Figures 1A, B). In 
the midbrain, bipolar neurons and pyramidal cells are 
the predominant cells in the inner layers, while in the 
outer layers, only a few neurons can be found (Figure 
1C). In the hindbrain, three layers of the cerebellar grey 
matter were well distinguished: the outer molecular 
layer, the middle Purkinje cells layer, and the inner gran-
ular layer (Figure 1D). The inner granular layer is thick, 
containing neuronal cells of different sizes and glial cells. 
The axons of the Purkinje cells also enter this layer. The 
abundance of the Purkinje cells can be seen in the middle 
layer. The molecular layer contains numerous small neu-
rons of stellate appearance. The granular and Purkinje 
layers are mainly composed of granule cells. Cells of dif-
ferent sizes with long, branched dendrites could be found 

Figure 3. Expression of NF, GFAP and dendrin in the olfactory lobes of the dogfish. Arrows represent localization of NF, GFAP and dendrin.
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in the brain stem (medulla oblongata) of the hindbrain 
(Figure 1E). Some of these cells contact the blood supply 
and lie adjacent to large blood vessels or have capillaries 
entwined around them.

Immunolabelling of dendrin, NF and 
GFAP in the dogfish brain

Immunolabelling has shown the expression of NF, 
GFAP, and for the first time, the expression of dendrin 
in the different regions of the dogfish brain. In the fore-
brain, in the telencephalon region, dendrin was strongly 
expressed along the dendrites of neuronal cells, while 
glial cells were labelled by GFAP (Figure 2). Although a 
weak expression of NF was observed in the telencephalon 
(Figure 2), in the total percentage area, its expression was 

not significant (Figure 7A, p > 0.05). In fact, the expres-
sion of dendrin significantly differed in comparison to 
those of GFAP and NF in the telencephalon of dogfish 
S. canicula (Figure 7A, p < 0.001). The percentage of 
dendrin expressed area was noticeably larger than those 
of GFAP and NF. In the region of olfactory lobes, den-
drin was also expressed along the dendrites of neuronal 
cells, and glial cells strongly expressed GFAP, while the 
expression of NF was noticeably weak (Figure 3). The 
dendrin and GFAP expression percentage area in the 
olfactory lobes were significantly larger than in the tel-
encephalon (Figure 7B, p < 0.01).

In the midbrain, the expression of dendrin was even 
stronger in the dendrites of neuronal cells than those in 
the forebrain (Figure 4). GFAP expression in the glial cells 

Figure 4. Expression of NF, GFAP and dendrin in the midbrain of the dogfish. Arrows represent localization of NF, GFAP and dendrin.
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was weaker than in the forebrain, while expression of NF 
showed negligible variation (Figure 4). Regarding the 
percentage area of expression, the expression of dendrin 
was significantly increased compared to the expression of 
GFAP and NF (Figure 7C, p < 0.01). 

Immunolabelling in the cerebellar part of the hind-
brain has shown an increased expression of GFAP and NF 
compared to those in the forebrain and midbrain (Figure 
5). The percentage area of GFAP expression in the total 
area of expression significantly differed from those of den-
drin and NFs (Figure 7D). The increased GFAP expres-
sion was confirmed by statistical analysis with a signifi-
cant statistical difference of p < 0.05. The expression of 
dendrin in the cerebellum was similar to those in the 
anterior regions of the dogfish brain.

Although the expression of dendrin and GFAP in the 
brain stem was weaker than those in the cerebellum (Fig-
ure 6), the percentage area of their expression in the total 
area of expression was almost the same as in the cerebel-
lum (Figure 7E). Analysis revealed a significantly higher 
percentage of the GFAP expressed area than those of 
dendrin and NF (Figure 7E, p < 0.01) The expression of 
NF in the brain stem was very weak and a significant 
statistical difference in the percentage of its expressed 
area compared to those of dendrin (Figure 7E, p < 0.01) 
and GFAP was shown (Figure 7E, p < 0.05).

When comparing the distribution of all investigated 
proteins (dendrin, GFAP and NFs) in different regions 
of the dogfish S. canicula brain (Figure 8A-C) it was 
noticed that dendrin is distributed in all investigated 

Figure 5. Expression of NF, GFAP and dendrin in the cerebellum of the dogfish. Arrows represent localization of NF, GFAP and dendrin. 
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brain regions (Figure 8A). A statistically significant dif-
ference in percentage of the dendrin expressed area (p < 
0.01) was observed between the mesencephalon and me-
dulla oblongata. On the other side, GFAP, despite its 
distribution in all brain regions, is predominantly dis-
tributed in the cerebellum and brain stem with no sta-
tistically significant difference (Figure 8B, p > 0.05) in 
comparison to its distribution in the mesencephalon 
(p < 0.01), telencephalon (p < 0.001) and lobus olfacto-
rius (p < 0.01; p < 0.001). Compared to dendrin and 
GFAP, the NF was poorly distributed in all brain regions 
(with no significant difference between these brain parts) 
except the cerebellum were compared to other parts of 
the brain, a statistically significant increase in its expres-
sion was observed (Figure 8C, p < 0.01).

DISCUSSION

In the present study, we aimed to investigate dendrin 
expression in the dogfish brain since this newly discovered 
protein was never reported in fish. Despite its specific 
features (26), the brain of cartilaginous fish has many 
similarities to those of mammals (27,33). For example, 
the formation of the telencephalon in cartilaginous fish is 
more similar to those of jawed vertebrates than those of 
teleost fish (27,33). Regarding the similarities of the car-
tilaginous fish brain in comparison to those of the mam-
mal's brain, as well as the fact that dendrin as a novel 
protein was first described in the mammal's brain (1), we 
investigated the expression and distribution of dendrin in 
comparison to the expression of glial (GFAP) and neuro-
nal (NF) proteins which have already been described in 

Figure 6. Expression of NF, GFAP and dendrin in the brain stem of the dogfish. Arrows represent localization of NF, GFAP and dendrin.
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the dogfish brain tissue (23,41–46) as well as in the brain 
of other fish (21,47–50).

Our results have shown that dendrin is expressed in all 
observed parts of the dogfish brain. In the forebrain, both 

observed parts (telencephalon and olfactory lobes) ex-
pressed dendrin. The same results were reported on rat 
brain (2) where dendrin was also expressed in forebrain 
structures particularly in neocortex, olfactory bulb, hip-

Figure 7. Percentage area of dendrin, NF and GFAP expression in the: a – telencephalon; b – olfactory lobes; c - midbrain; d – cerebellum and 
e - brain stem of the dogfish S. canicula. Asterisks denote a statistically significant difference in expression of measured fluorescence percentage 
area (% area) of dendrin, NF and GFAP. * p < 0.05; ** p < 0.01; *** p < 0.001.

Figure 8. Distributions of dendrin, GFAP and NF in the different regions of the dogfish brain. Asterisks denote a statistically significant  difference 
in expression of measured fluorescence percentage area (% area) of dendrin (a), GFAP (b) and NF (c) throughout the dogfish brain. * p < 0.05; 
** p < 0.01; *** p < 0.001.
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pocampus, caudate putamen, and limbic system. In rat 
forebrain dendrin was exclusively expressed in the neuro-
nal cell bodies and their dendrites (2). These findings are 
actually in accordance with our findings on dendrin in 
dogfish forebrain. Regarding the percentage area of den-
drin expression in the dogfish forebrain, this protein was 
expressed more in olfactory lobes than in the telencepha-
lon. Compared with GFAP and NF expression, the ex-
pression of dendrin significantly differs in both parts of 
the dogfish forebrain. The highest dendrin expression was 
noticed in the dogfish midbrain. These results correspond 
to those of Neuner-Jehle et al. (1). In dogfish midbrain, 
the difference in expression of dendrin in comparison to 
those of GFAP and NF was even more significant. The 
percentage area of dendrin expression in both parts of the 
hindbrain (cerebellum and medulla oblongata) was smaller 
than those in the forebrain and midbrain, while the per-
centage area of intermediate filaments GFAP and NF 
were significantly higher in the same area.

But, contrary to our findings, when first characterized 
in rat's brains, dendrin was not found in the cerebellum, 
neither in total protein fractions using Western blot nor 
on brain sections when immunolabelling with polyclonal 
rabbit anti-dendrin antibody was used (1). According to 
present data, the findings on dendrin expression in brain, 
not only in fish but also in the brain of other organisms, 
are sparse and still remain to be investigated. 

Although it is known that dendrin is dendritically 
translated, its function is largely unknown as well (51). In 
the brain of mammals, most synapses are located on den-
dritic spines whose shape can change within seconds due 
to their microfilament architecture (52,53). Last years, the 
spatially restricted translation of mRNA in dendrites has 
been considered as a key mechanism contributing to syn-
aptic plasticity (54). At this moment, with the lack of data 
on dendrin in fish brain, it is hard to discuss dendrin 
function in the dogfish brain, we can only assume that it 
could be at least connected to synaptic plasticity.

CONCLUSION

So far, dendrin has been described as a brain and kid-
ney protein of mammals. Although recently discovered, 
dendrin is probably a highly conserved protein since it has 
also been confirmed in Chondrychthyans in the present 
study. The present study has shown the expression of den-
drin in the dogfish brain for the first time. Dendrin has 
been found in all investigated parts of the dogfish brain, 
especially in the midbrain, where the expression was even 
stronger compared to those of GFAP and NF, which were 
previously described in the dogfish brain as markers for 
glial and neuronal cells. The present study indicates the 
presence of dendrin in the dongfish brain, but the role and 
function of this newly discovered protein still remain to 
be investigated in the fish brain.
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