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Abstract

Objective: Aging hampers visual function in a multifactorial manner and the underlying perceptual deficits cannot
be explained by anatomical alterations of the eye and/or visual cortex alone. The aging process of structures of the
Ascending Visual Pathway (AVP) between neuroretina and visual cortex is rarely studied. The age-related increase
of Beta-Synuclein (SNCB) was detected in both the neuroretina and the visual cortex (V1) in different species. SNCB
acts as a physiological antagonist to neurodegenerative disease -associated alpha-synuclein. The aim of the work
was to explore expression patterns of SNCB within different parts of the AVP. Further, the role of SNCB in different
targeted neuronal tissues was studied.

Methods: The expressions of SNCB were compared in the newborn, juvenile, adult, and aged Optic Chiasm
(OC), Tracuts Opticus (TO), Laterale Geniculate Nucleus (LGN), and superior colliculus (LGN) of rats. Western
blot (WB), quantitative reverse-transcription polymerase chain reaction (QRT-PCR), and immunohistochemistry
(IHC) analyses were employed to determine whether the changes identified by proteomics were verifiable at the
cellular and molecular levels. To investigate the properties of SNCB in neuronal and glial cells, rat retinal and cortical
samples (P5-7) were prepared and exposed to different SNCB concentrations up to 72 h in-vitro. The suspected
influence on the expression on neuronal cells (e.g., beta Il tubulin) and glial cell (e.g., glial fibrillary acidic protein)
as well as apoptosis markers (e.g., TUNEL) was assessed by IHC, WB, and qRT-PCR. In addition, the p53-MDM2
signalling pathway was studied by IHC.

Results: An increase of SNCB expression was detected in all examined regions of the AVP. Main differences
of SNCB expression regarding to associated cell types were found in OC and TO in comparison to LGN and SC.
The detected protein alterations in OC and TO were analogous to recent reports of the retinal profiles, while the
SNCB expression characteristics in LGN and SC were more comparable to the characteristics within cortical
tissues. Differences in response to SCNB exposure were found between retinal and cortical cells in-vitro. A loss
of neuronal cells together with an increased apoptosis has been found in retinal cultures. In contrast, cortical cells
show a beneficial elevation of neuronal response after SNCB exposure. While SNCB-exposed neuroretina show an
activation of the p53-MDM-2 signaling, a decreased activation of p53-MDM-2 singanling pathway in cortical cells
has been found.

Conclusions: This study is the first to provide evidence that SNCB expression is associated with postnatal
maturation and aging in the AVP of rats. Moreover, SNCB may exert different effects on several cell subtypes within
selected neuronal targets like neuroretina and cortex. The findings may indicate the role of SNCB in key functional
pathways and may account for the onset and/or progression of age-related pathologies. Further studies are needed
to derive an increased understanding of neurodegenerative diseases of the retina and the cortex.

retina to the cortex [9]. Recent visual evoked-potential studies (e.g.,
in humans) presume visual changes in parts of the ascending visual
pathway (AVP) are to be assumed to explain age-related decline in
visual function [10-13]. However, reported differences presume the
occurrence of age-related changes in several parts of the AVP.
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Introduction

The visual system reveals some peculiarities in the context of the
cerebral nervous system: (1) the long distance from the retina to the

visual cortex, (2) the major components (e.g., neuroretina and visual
cortex) share parts of the embryonic development and (3) the sections
are distinct subjected to anatomical conditions [1,2]. An impairment of
visual function occurs during life time due to physiological alterations
in the visual system, while its modalities can be selectively associated
with the underlying anatomical structures. Age-related morphological
changes in the eye are accompanied by changes in vision-associated
qualities, including visual acuity, perception of contrast and wavelength,
and impairment of binocular capabilities [3-8]. These are at least partly
the result of a decline in optical transmission and multiple retinal and
cortical changes during aging. Unless morphological changes cannot
addressed within the visual cortex, age-related alterations of perceptual
modalities may reflect loss of structure forming the projection from
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Recent studies report an age-related decline of approximately 40%
axon numbers in the human optic nerve and associated structures like
the optic chiasm (OC). In rats this decline is not related to changes of
the absolute number of RGC bodies [14-16]. The size and complexity
of RGC axonal arbors in the mouse SC also diminish with age [17].
Moreover, only little effects of aging on neurons in the lateral geniculate
nucleus (LGN) and their retinal inputs has been found [18]. The loss of
structural volume within the LGN in humans differs between 15 - 30%
[19,20]. In rodents and non-human primates, the number of neurons
in the LGN remained stable unless the volume increases within aging
[18,20,21].

Those findings indicate that relevant neuronal abnormalities related
to visual impairment during aging occur more centrally as in the AVP.
It is important to assume, that the associated function of central parts
of the visual pathway differs between rodents and humans. The LGN of
humans receive the primary axons of the RGCs and relay to the visual
cortex. In contrast, this function fulfil the midbrained SC in rodents,
while the LGN projection is smaller [9]. Thus, support the need to
study functional, morphological as well as molecular alterations in
the aging AVP [18]. Discussed mechanisms related to neuronal aging
like inflammation properties may also counteract the visual system
including the retina [22,23]. However, the exact underlying mechanisms
under consideration of molecular biological changes within the visual
system need more detailed studies and investigations.

Parts of the visual system like retina and brain are affected by a
variety of aging-related diseases, such as glaucoma, age-related macular
degeneration, diabetic retinopathy, Alzheimer’s disease, and Parkinson’s
disease [22,24,25]. To understand how these diseases affect the visual
system and visual behaviour, promotes the need for studying effects of
physiological aging.

In previous works, comparable elevation of proteins expression
patterns, like 8-Synuclein (SNCB) has been identified in both the retina
and visual cortex of aging rodents. That indicate similarities during
life time and the ongoing aging process in different neuronal tissues
as conceivable. SNCB as member of the cytoplasmic synuclein family
elicit neuroprotective functions in several neuronal tissues [26-32].

The presented study aimed two different aspect concerning the
expression characteristics of SNCB within the ascending visual pathway
as well as the functional role of SNCB within major parts of the visual
system, the neuroretina and visual cortex.

The expression patterns of SNCB within both the neuroretina
and visual cortex has been recently described [31,32]. Aim of the
study was to explore expression and differential expression patterns of
SNCB within the anterior (representing the 3" neuron) and posterior
(representing high ordered neuronal and cortical) part of the AVP of
rats. The selection of major parts of the AVP includes the optic chiams,
tractus opticus, LGN as well as SC to close the “gap” within the visual
system between the previously described sections of the neuroretina
and visual cortex.

Further, the role of SCNB in the visual information processing parts
of visual system are not well known. Major parts of the visual system
contain the neuroretina as representing the anterior visual pathway and
the visual cortex representing the posterior visual pathway, respectively.
Thus promote the need to study those major parts in a comparative
manner to reveal the potential role of SNCB within the visual system.
Moreover, this justify the studying of the the function of SNCB in
different targeted neuronal tissue, and to elucidate basic cellular
functions of neuroretina and cortex exposed to SNCB in-vitro. The

underlying goal to determine age-related changes within in neuronal
tissues may be note giving to understand the shift of physiological aging
process to age-related diseases.

Material and Methods

Animals and drugs

All experiments were conducted in strict accordance with the ARVO
Statement for the Use of Animals in Ophthalmic and Vision Research.
Sprague-Dawley rats were housed in standard animal rooms under a
12-/12-h light/dark cycle, with food and water provided ad libitum. In
total, 96) rats were used. For studying the AVP, the selected animals
covered the following ages: postnatal day (P0) (i.e., the day of birth)
(n=24 animals), the young- adult stage (adolescence) 6 months after
birth (n=12 animals), middle-age 12 and 18 months after birth (n=12
animals for each group), and aged (elderly) 30 months after birth (n=12
animals). The in-vitro experiments were conducted with 24 female
Sprague-Dawley rats aged 5-9 days. The ethics committee (LANUYV,
Regional government of North-Rhine/Westfalia, Germany) approved
this study (Permission No.: 8- 87-50.10.46.09.018 8-87-50.10.36.09.068,
and 84-02.05.20.13.128).

Brain Preparation for studies of the ascending visual pathway

Proteinand RNA extraction wereachievedfollowing microdissection
of the selected cerebral regions according to Palkovits [33]. In brief, the
animals were euthanized and the brain was removed from the skull
and rinsed in ice-cold diethylpyrocarbonate-treated Milli-Q water to
remove any surface blood. The brain was then placed onto a cold metal
plate for further preparation and sample isolation. The areas of interest
contains OC, LGN, and superior colliculus and were separated as
following: Details of the dissection of selected thalami nuclei have been
recently described [33,34]. In brief, optic chiams were removed from
the bottom of the brain beneath the hypothalamus macroscopically.
Samples of the paraventricular thalamic nucleus were removed from
the rostral sections. the LGN is part of the lateral thalamic nucleus and
contains the dorsal LGN (lateral posterior thalamic nuclei, respectively)
and the ventral LGN (ventrolateral thalamic nuclei, respectively). The
SC can be macroscopically identified and dissected with a small knife.
However, the five layers cannot be separated without staining. Though
no distinguish between the five layers was possible [33]. Tissue of LGN
and SC from two-three animals were pooled into one sample for protein
and mRNA level analysis. The selected region was flash frozen in liquid
nitrogen and stored at ~80°C until use.

Retina and Brain preparation for in-vitro experiments

Primary cultures of rat dissociated cortex and retinae were prepared
from5-9-day-old Sprague-Dawley rats. Rats were sacrificed and the
eyecups were removed and placed in HanK’s balanced salt solution, in
which all subsequent preparation steps were conducted under sterile
conditions. The retina was dissected and isolated, flat-mounted on a
nitrocellulose filter, and separated from the vitreous with fine forceps.
Retinae from 5-9-day-old Sprague-Dawley rats were isolated. 1 ml
DPBS including 0.1% DNase (Roche, Mannheim, Germany), 0.1 %
Collagenase A (Roche, Mannheim, Germany) and 0.02 % Trypsin/
EDTA was added to the retina. The tissue was triturated with a 1ml-
pipett for at least 10 times, followed by a trituration with a 100 pl-pipette
for at least 10 times. The suspension was incubated at 37 °C for 30 min,
followed by a trituration as described above. The suspension was
centrifuged at 2000xg for 3 min. The supernatant was removed, 1 ml
of DPBS was added followed by two additional steps of trituration and
centrifugation as described. The cells were re-suspended in Dulbecco’s
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Modified Eagle Medium (DMEM)/F12 (Sigma-Aldrich) supplemented
with 20% fetal calf serum (FCS), 3.57 mg/mL HEPES (Sigma-Aldrich)
and 100 U/mL penicillin/streptomycin (Sigma-Aldrich). The cells were
pre-cultured in cell culture dishes for one hour to remove fibroblasts
from the culture. The supernatant was transferred to a petriperm dishes
and cells were cultured at 37°C in a 5% CO, humidified atmosphere.

For cortical cell cultures, the skulls were removed and sterilized by
incubation in betaisodona (Mundipharma, Limburg, Germany), the
frontal and parietal bones were removed, the cerebellum was extracted,
and the cerebellum and non-cerebrum structures were removed. All
procedures were carried out under aseptic conditions. Briefly, cortices
were isolated, the surface vessels and meninges removed, and the cortex
grey matter was minced and incubated for 25 min at 35°C in Dulbecco’s
phosphate-buffered  saline (DPBS; Sigma-Aldrich, Hamburg,
Germany) containing 0.05% trypsin (Sigma-Aldrich). Following the
centrifugation for 5 min at 800xg, the pellet was resuspended in DPBS
containing 20% bovine serum albumin (BSA; Sigma-Aldrich). Further
centrifugation at 2000 xg for 5 min was used to remove cell debris,
myelin, and fat. The remaining cell pellet containing microvessels was
digested with 0.1% collagenase A (Roche, Mannheim, Germany) for 30
min at 37°C, washed twice with DPBS, and resuspended in Dulbecco’s
Modified Eagle Medium (DMEM)/F12 (Sigma-Aldrich) supplemented
with 20% fetal calf serum (FCS), 3.57 mg/mL HEPES (Sigma-Aldrich)
and 100 U/mL penicillin/streptomycin (Sigma-Aldrich). Cells were
cultivated on petriperm dishes cell culture ware at 37°C in a 5% CO,
humidified atmosphere.

Exposure of retinal and cortical cells to rfSNCB

Both retinal as well as cortical cells were incubated with rSNCB

(rat; Prospec, East Brunswick, NJ, USA) in increasing concentration (1
ng/mL, 50 ng/mL, and 500 ng/mL) of rSNCB and exposure times (up
to 72h) according to Brockhaus et al. [35]. The further analyses were
performed by incubating the cells with these concentrations for 72 h
(n=4 per group).

Immunohistochemistry (IHC)

The localization and/or cellular expression patterns of SNCB
within parts of the AVP as well cellular distributions of specific
neuronal cells in SNCB-epxosed cell cultures were studied by using
immunohistochemistry.

The expression of SNCB by cells within selected parts of the AVP
was studied in brains of different aged animals (PO, n=8, 6-30 m, n=4
for each group) was extracted and postfixed in 4% PFA for at least
24 h. The process of further tissue preparation paraffin-embedding,
sectioning as well as immunohistochemical staining is briefly described
in previous protocols [31]. The procedures for selecting slices of the
region of interest and underlying co-localization studies are described
briefly further below in the method section.

The cellular distribution and response of retinal and cortical cells
in vitro were also studied using IHC. The underlying method was
performed according to the protocols previously described [35].

In both approaches, the antifade mounting medium (Mowiol,
Hoechst, Frankfurt, Germany) containing bisBenzimide (Hoechst
33342) was used to stain the cell nuclei. The slices and cells were viewed
using the appropriate filter, an epifluorescence microscope (Imager
2; Carl Zeiss, Jena, Germany), and the appropriate software (ZEN
2012; Carl Zeiss). Secondary antibody alone was used in the negative

Immunohistochemistry

Antibody Origin Dilution Manufacturer
Primary Antibodies
SNCB rabbit polyclonal 1:200 Abcam
RIll-Tubulin mouse monoclonal 1:500 Covance
NF-200 mouse monoclonal 1:200 Sigma-Aldrich
GFAP mouse monoclonal 1:250 Sigma-Aldrich
CD11b/c (OX-42) mouse monoclonal 1:50 Serotec
p53 Rabbit polyclonal 1:200 abcam
MDM2 mouse monoclonal 2:200 Santa Cruz
p19-ARF goat polyclonal 1:200 Santa Cruz
Secondary Antibodies
Alexa 488 anti mouse donkey 1:500 Jackson Immuno Research (Dianova)
Alexa 488 anti rabbit donkey 1:500 Jackson Immuno Research (Dianova)
Alexa 488 anti goat donkey 1:100 Jackson Immuno Research (Dianova)
Alexa 594 anti mouse donkey 1:500 Jackson Immuno Research (Dianova)
Alexa 594 anti rabbit donkey 1:500 Jackson Immuno Research (Dianova)
Alexa 488 anti goat donkey 1:100 Jackson Immuno Research (Dianova)
Western Blotting
Antibody Origin kDa Dilution Manufacturer
Primary antibodies
SNCB rabbit monoclonal 14 1:2000 abcam
RIII-Tubulin mouse monoclonal 50 1:1000 Covance
GFAP mouse monoclonal 50 1:2000 Sigma-Aldrich
Calnexin rabbit polyclonal 90 1:10000 Sigma-Aldrich
Actin mouse monoclonal 42 1:20000 Sigma-Aldrich
Secondary antibodies

HRP-conjugated anti rabbit goat n/a 1:50000 Sigma-Aldrich
HRP-conjugated anti mouse goat n/a 1:50000 Sigma-Aldrich

Table 1: Antibodies for immunohistochemistry and western blotting.
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controls. Controls and treated samples were stained simultaneously to
avoid variations in ITHC staining. Primary and secondary antibodies are
provided in (Table 1).

Identification of SNCB in various cortical cell types in the
AVP

Differences in the expressions of SNCB in cell types of the selected
regions were analyzed and studied as follows. First, selected slices
were routinely stained with hematoxylin and eosin (H&E) for basic
morphological evaluation including comparison with the rat brain
maps illustrated by [36]. The selected regions (see above) were correctly
localized on examination of selected H&E-stained slides with bright-
light microscopy (data not shown). Slices of selected regions were
then immunohistochemically stained as described above. The cellular
distribution of several cell types in SNCB-exposed retinal and cortical
cultures were analysed with slight modifications of the described
method, while no co-localization and only relative cell counts has to
be performed. The underlying method and presentation modality was
performed according to the protocols previously described [31,37].

Western blot analysis

Probes (PO, n=8, 6-30 months, n=4 for each group) obtained from
selected parts of the ascending visual pathway as well as cultured retinal
and cortical cells exposed to rSNCB were prepared for WB. The tissues
were processed according to previous protocols [24]. Antibodies were
detected by enhanced chemiluminescence (Amersham, Rockville, MD,
USA), and the relative densities of the protein bands were analyzed
using Alpha Ease (Alpha-Ease FC software 4.0, Alpha Innotech,
Biozym Scientific, Vienna, Austria). The protein density of a fixed area
was determined after subtracting the specific background density in
the surrounding region, and this density was correlated and corrected
using the relative density of an application control. The protein density
of the control samples was defined as the reference values, and the
relative values of other groups were calculated. Means and standard
deviations (SDs) of the relative protein densities were obtained in at
least three individual experiments, each performed in triplicate for each
individual group. The primary and secondary antibodies used for these
experiments are listed in (Table 1).

Quantitative real-time polymerase chain reaction (PCR)

Total RNA was isolated using the Gene Elute Mammalian Total
RNA Miniprep Kit (Sigma-Aldrich) according to the manufacturer’s
instructions. Quantification was performed using an UV/visual spectral
photometer (NanoDrop ND-1000, Peqlab, Erlangen, Germany). cDNA
was synthesized from 1 pg of total RNA using the High Capacity cDNA
Reverse Transcription Kit (Applied Biosystems; ABI, Foster City, CA,
USA). The following quantitative real-time (qRT)-PCR primer pairs
designed with SYBR-Green were used:

{3 III Tubulin (NM_139254.2): forward: CCTGCCTCTTCGTCTC-
TAGC; reverse: TCCCAGAACTTGGCCCCTAT

NF-200(NM_012607.2)forward: GGACCTGCTCAACGTCAAGA;
reverse: CAATCCGACACTCTTCGCCT

GFAP (NM_017009.2) forward: AGATCGCCACCTACAGGAAA;
reverse: TTTCTCGGATCTGGAGGTTG

Bax (NM_007527) forward: TTGCTGATGGCAACTTCAAG;
reverse: GATCAGCTCGGGCACTTTAG;

Bcl2 (NM_016993.1) forward: TGAAGACTCCGCGCCCCTGA;
reverse: CTGGCAGCCGTGTCTCGGTG

gRT-PCR was performed using the SYBR-Green PCR kit (ABI)
according to the manufacturer’s instructions. The relative expression
was calculated as 2-4Ctepecific gene)/2-0Ct mean, using the gene encoding
Gapdh as the endogenous housekeeping gene. The relative expression
(RQ, relative quotient) was calculated and is presented as a fold change
relative to the expression level in the control group. To evaluate the
pro- and the anti-apoptotic conditions, the ratio of the average Bcl-
2-associated protein (Bax) and B-cell lymphoma 2 (Bcl2) expression
levels was determined.

Tunel assay

After rSNCB exposure, retinal and cortical cell cultures were fixed
with 4% PFA (Sigma-Aldrich) for 15 min., ApopTag Fluorescein in Situ
Apoptosis Detection Kit S7110 (Merck Millipore) was used for TUNEL
staining, according to the manufacturer’s instructions. Cell nuclei were
stained with Hoechst 33342 and specific neuronal cell type were stained
with $-IIT Tubulin, Neurofilament-200, and Glial Fibrillary Acidic
Protein (GFAP), respectively as described above. TUNEL-positive cells
were counted and normalized to the untreated control.

Statistical Analysis

Mean + SD values were obtained using Kolmogorov-Smirnov-
Test to confirm Gaussian distribution. The independent-sample #-test
(for normally-distributed samples) or the Kruskal-Wallis H test (for
non-Gaussian distributed samples) were used when appropriate.
Local p values were corrected for multiple comparisons using the
Holm-Bonferroni method. Figures were prepared using standard
image-processing software (Photoshop, Adobe Systems, San Jose, CA,
USA), and the overall brightness and contrast were adjusted without
retouching. Data are presented as mean + SD values compared with
the unaffected control, and the level of statistical significance was set
at p<0.05.

Results

Ascending visual pathway

The expression of SNCB in different parts of the AVP, including
OC, tractus opticus, superior colliculus, and LGN at the protein and
mRNA level using Western blotting, and rQT-PCR. Moreover, the
differential expression patterns of SNCB in parts of the AVP were
studied immunohistochemically by double staining of the differential
cortical subsets of cells (neuons, glial and microglial cells) and SNCB.

Protein expression levels

Western blot analysis revealed a general elevation in expression of
SNCB within all examined parts of the ascending visual part after 6
months (OC: 686.81 + 27.29, p=0.001; LGN: 292.91 + 9.69, p=0.0.001;
SC: 596.69 + 101.66, p=0.02) and 12 months (OC: 485.52 + 475.16,
p=0.045; LGN: 364.54 + 116.85, p=0.04; SC: 568.15 + 214.74, p=0.046)
compared to PO. The expression of SNCB within the OC decreases and
remained unchanged after 18 months (430.11 + 218.57, p=0.08) and
30 months (262.86 + 121.93, p=0.1) compared to P0. LGN (18 months:
468.09 + 148.51, p=0.03; 30 months: 313.7 + 92.71, p=0.04), and SC (18
months: 599.57 + 152.13, p=0.02; 30 months: 407.6 + 98.93, p=0.02)
show stable overexpression rates of SNCB during aging compared to PO
(Figures 1A and B).

mRNA expression levels

mRNA expression levels of SNCB within the LGN were significantly
downregulated in younger tissues (RQ: 6 months: 0.73 + 0.08, 12
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Figure 1: Age-related expression and regulation of beta-synuclein (SNCB) in the ascending visual pathway.

(A) Western-blot analyses of optic chiasm (OC), lateral geniculate nucleus (LGN), and superior colliculus (SC). (B) corresponding densitometric analyses of the Western-
blot results relative to those measured at neonatal stage of age (in %). Lysates of retinas treated as described in the main text were prepared and tested for SNCB (14 kDa)
expression. Calnexin expression verified the amount of protein loaded per lane. Protein bands are given in kilodaltons. (C) Quantitative reverse-transcription polymerase chain
reaction (QRT-PCR) results for SNCB mRNA levels relative to those measured at PO. (D-AL) Expression of cortical SNCB (red) and several cortical cell types (green) revealed
by immunohistochemical staining of 4-um-thick sections of OC, tractus opticus (TO), LGN, and SC. (D-Al) Rate of co-stained cells is shown in different cell types: (D-G, AJ).
Association between SNCB and RlII-Tubulin-positive neuronal cells is demonstrated in OC at PO and TO at 30M. (L-S, AK) Colabeling of SNCB and GFAP-positive glial cells
is shown in LGN at neonatal level and 18M (T-AA) as well as in SC at PO and 30M. (AB-Al, AL) Co-staining of SNCB and OX-42 was performed in LGN at PO and 30 M. The
negative control was performed with Cy-2 and TRITC as secondary antibodies (data not shown). Bisbenzimide was used to stain the cell nuclei. Magnification 20X. * statistically
significant difference at p<0.05 in relation to PO, neonate; 6M, 6 months; 12M, 12 months; 18M, 18 months, 30M, 30 months
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months p=0.62 = 0.03, p=0.003), while with age (RQ: 18 months:
0.97 + 0.1, p=0.69; 30 months: 0.77 + 0.22, p=0.27) the mRNA levels
remained unchanged compared to PO. The mRNA expression level of
SNCB within SC remained unchanged during life-time (RQ: 6months:
0.86 + 0.13, p=0.14; 12 months: 0.75 + 0.19, p=0.1; 18 months: 0.77 +
0.22, p=0.14). In the elderly, a significant decrease within the SC has
been found after 30 months (RQ: 0.37 + 0.22, p=0.02) compared to PO
(Figure 1C).

Immunohistochemistry

The co-labeling study revealed a general expression of SNCB in
different cortical cell types like neurons, glial cells and microglial cells.
SNCB has been expressed in all examined stages of age and considered
parts of the AVP (Figures 1D-AL).

Neuronal staining

The analysis of SNCB-positive neuronal cells shows only distinct
alterations in the investigated parts of the AVP. An increased number
of SNCB-positive neuronal cells were found in OC during life time (6
months: 33.4 + 10.12%, p=0.01; 12 months: 36.15 + 5.1%, p=0.004;
18 months: 48.4 + 7.71%, p=0.02; 30 months: 47.79 + 10.2%, p=0.03)
compared to neonatal rats (79.58 + 8.16%) (Figures 1D-1G and AJ).
The proportion of co-stained cells in the to remained stable throughout
lifetime compared to neonatal tissue (Figures 1H-1K and AJ). The
analyses revealed stable proportions of SNCB-positive neurons within
LGN and SC in adolescent and adult stages of life compared to P0. A
significant increase of SNCB-positive neuronal cells has been detected
in both sections of visual pathway with age compared to adult tissues
(e.g., LGN: 18 months: 33.92 + 9.74% vs. 30 months 59.17 + 12.95%,
p=0.002; SC: 18 months: 13.03 + 4.69% vs. 30 months: 44.63 * 6.0%,
p<0.001) (Figure 1A]J).

Glial staining

There was a direct correlation between SNCB and GFAP-positive
cells at PO in all parts of the AVP (OC: 45.72 + 3.3%; TO: 47.95 +
12.37%; LGN: 88.7 + 13.84%; SC: 74.94 + 4.93%). However, this close
relationship between SNCB and glial cells decreased in general after 6
months and remained low until elderly stages of age (e.g., 6 months:
OC: 17.01 £ 6.65%, p<0.001; TO: 21.08 + 4.34%, p=0.02; LGN: 31.1 £
12.03%, p<0.001; SC: 12.24 + 3.56%, p<0.001) (Figures 1L-1Sand T-AA
and AK). An increase in co-labeling of SNCB-positive glial cells were
found in the advanced ages within the OC (18 months: 16.24 + 1.78%,
p<0.001; 30 months: 27.78 £ 0.63%, p<0.001) and SC (18 months: 54.74
* 5.64%, p<0.001; 30 months: 19.42 + 13.35%, p=0.05) compared to
adult tissues (12 months: OC: 1.89 + 0.6%; SC: 8.87 + 2.09%) (Figures
1T-AA and AK). Moreover, an elevated proportion of SNCB-positive
glial cells have been detected in elderly TO (30 months: 30.35 +
3.0%) compared to adult (e.g., 12 months: 12.06 + 3.58%, p=0.002).
In contrast, the amounts of SNCB-positive glial cells remained stable
during life time (Figure 1AK).

Microglial staining

In general, a decrease of SNCB-positive microglial cells has been
found parts of the visual pathway (e.g., 6 months: 29.79 + 8.43%,
p=0.005, LGN: 4.21 * 1.59%, p<0.001, SC: 14.89 * 6.48%, p=0.006)
compared to PO (TO: 60.0 + 21.5%; LGN: 63.91 + 6.73%; SC: 76.53
+ 7.69%) during life time (Figure 1AL). The proportions of SCNB-
positive microglial cells within the OC remained unchanged during life
time (e.g., 6 months: 54.89 + 12.37%) compared to alterations within
the neonate tissue (60.02 + 21.5%, p=0.74). The overall amounts of

SNCB-positive microglial cells within the LGN decreases significantly
and remained low during life-time (6 months: 4.22 + 1.59%, p<0.001;
12 months: 12.22 + 1.57%, p=0.004; 18 months: 3.65 + 2.59%, p=0.01;
30 months: 2.51 + 2.11, p=0.004) compared to neonatal rats (76.53
+ 7.69%) (Figures 1AB-AI and AL). However, TO and SC revealed
elevated amounts of SNCB-positive microglial cells in the elderly tissue
(30 months: TO: 90.56 * 6.74%, p<0.001; SC: 22.41 + 4.7%, p=0.02)
compared to 18 months (TO: 24.92 + 4.09%; SC: 9.46 + 3.76%) (Figure
1AL).

Response of rSNCB within retinal and cortical cells in-vitro

Immunohistochemistry, western blotting, and rQT-PCR were used
to study the response of native dissociated retinal as well as cortical cells
exposed to rSNCB in-vitro.

Cellular distribution of retinal cells exposed to rSNCB in-vitro

First, the response of different retinal cell types exposed to rSNCB
in different concentrations were analyzed by immunofluorescence
staining (Figures 2A-2L and 2Y).

The amount of fIII-Tubulin cells indicated as retinal ganglion cells,
decreased within rfSNCB exposed dissociated retinal cells (1 ng/ml: 66.72
+ 7.41%, p=0.016; 50 ng/ml: 54.67 + 12.54%, p=0.028; 500 ng/ml: 82.71
+ 19.8%, p=0.047) compared to control (100 + 24.2%) without evidence
for a dose depended effect (p>0.05 each) (Figures 2A-2F and 2Y). Western
blot analysis revealed a dose-depended decrease in the protein expression
of retinal beta-III-Tubulin (1 ng/ml: 107.11 + 18.17%, p=0.27; 50 ng/ml:
80.37 + 6.69%, p=0.0035; 500 ng/ml: 81.66 + 13.52%, p=0.0039) compared
to control (100 + 1.0%) after exposure to higher concentrations of rSNCB
(Figures 3A and 3B). An increase of mRNA expression levels of NF-200
has been found in rSNCB exposed retinal cells (RQ: 1 ng/ml: 1.66 + 0.55,
p=0.084; 50 ng/ml: 1.94 + 0.39, p=0.013; 500 ng/ml: 2.06 + 0.58, p=0.045)
compared to control. No differences between each group using rSNCB has
been detected (p>0.05 each) (Figure 3C).

Moreover, the following response of macroglial cells within rSNCB-
exposed retinal cells has been found. The amount GFAP - positive cells
decrease within rSNCB exposed dissociated retinal cells (1 ng/ml:
88.31 + 10.99%, p=0.015; 50 ng/ml: 46.51 + 16.34%, p<0.001; 500 ng/
ml: 63.56 + 22.84%, p=0.002) compared to control (100 *+ 14.61%). A
significant difference has also been detected between the 1 ng/ml and
50 ng/ml group (p=0.0018) (Figures 2G-2L and 2Z). Protein expression
studies with Western-blot showed a decrease of GFAP after exposure of
retinal cells to higher concentrations (1 ng/ml: 86.69 + 14.63, p=0.095;
50 ng/ml: 35.89 + 10.05, p<0.001; 500 ng/ml: 20.5 + 9.89, p<0.001)
of rSNCB compared to control. Also, a significant decrease has been
detected between the 1 ng/ml and 50 ng /ml group (p=0.0039) (Figures
3D and 3E). Analysis of mRNA expression levels of GFAP (RQ: 1 ng/
ml: 1.95 £ 1.32, p=0.13; 50 ng/ml: 1.49 + 0.9, p=0.19; 500 ng/ml: 0.69
+ 0.42, p=0.14) within rSNCB exposed retinal revealed no differences
compared to control and individual groups (p>0.05 each) (Figure 3F).
The data indicate a general response of retinal ganglion cells as well as
macroglial retinal cells after exposure to rSNCB in vitro.

Cellular distribution of cortical cells exposed to rSNCB in-
vitro

Second, an analysis of the response of cortical cells exposed to
rSCNB has been performed in a comparative manner to that in retinal
tissue (Figures 2M-2X and 2Z).

An increase of NF-200+ cells has been found in cortical cells
exposed to rSNCB (1 ng/ml: 158.67 + 13.52%, p=0.026; 50 ng/ml: 213.1
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Figure 2: Cellular distribution within retinal and cortical cells exposed to recombinant R-Synuclein (rSNCB) in-vitro. Immunohistochemical analysis of the response of
selected neuronal cells exposed to different concentrations of rSNCB. (A-L, Y) Staining patterns and relative cell count of RllI-Tubulin+ as well as GFAP+ positive cells
in rISNCB exposed retinal cell cultures. (M-X, Z) Staining patterns and relative cell count of RllI-Tubulin+ as well as GFAP+ positive cells in rSNCB exposed cortical
cell cultures. The negative control was performed with Cy-2 and TRITC as secondary antibodies (data not shown). Bisbenzimide was used to stain the cell nuclei.
Magnification 20X. * statistically significant difference at p<0.05 in relation to untreated control.
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Figure 3: Response of recombinant R-Synuclein (rSNCB) within reti nal and cortical cells in-vitro. (A, D) Western-blot analyses of BllI-Tubulin and glial fibrillary acidic
protein (GFAP) in different concentrated rSNCB exposed retinal and cortical cells in-vitro. (B, E) Corresponding densitometric analyses of the Western-Blot results
relative to those measured in untreated control (in %). Lysates of retinas treated as described in the main text were prepared and tested for SNCB (14 kDa) expression.
Calnexin expression verified the amount of protein loaded per lane. Protein bands are given in kilodaltons. (C, F) Quantitative reverse-transcription polymerase
chain reaction (QRT-PCR) results for Rl1I-Tubulin, Neurofilament-200 (NF-200), and GFAP mRNA levels relative to those measured to untreated control. * statistically

+ 18.93%, p=0.0038; 500 mg/ml: 103.77 + 30.33, p=0.89) compared to
control (100 * 32.75%) (Figures 2M-2R and 2Z). western blot analysis
revealed an increase of SIII-Tubulin expression in cortical probes
exposed to lower rSNCB concentrations (1 ng/ml: 120.68 + 13.53%,
p=0.029; 50 ng/ml: 331.55 + 235.12%, p=0.082; 500 ng/ml: 476.43 +
373.57%, p=0.078) compared to control. No significant differences have
been found between each group (p>0.05 each) (Figures 3A and 3B). A
significant increase of mRNA levels of NF-200 has been also detected
in the cortical cell cultures exposed to rSNCB (RQ: 1 ng/ml: 1.7 + 0.3,
p=0.015; 50 ng/ml: 5.0 + 1.21 p=0.0047; 500 ng/ml: 5.26 + 0.3, p<0.001)
compared to unaffected control. Also, a dose-depended elevation of
NF-200 mRNA expression levels has been documented (1ng /ml vs 50
ng/ml: p=0.01, 50 ng/ml vs. 500 ng/ml: p<0.001) (Figure 3C).

The amount of GFAP+ macroglial cells remained unchanged
in rSNCB-exposed cortical cell culture (1 ng/ml: 85.05 + 13.23%,
p=0.16; 50 ng/ml: 104.76 + 8.17%, p=0.6; 500 ng/ml: 102.92 + 2.44,
p=0.73) compared to control (100 + 18.76%) and between each group
containing rSNCB (p>0.05 each) (Figures 2S-2X and 2Z). Moreover, a
dose depended increase of GFAP expression has been detected (1 ng/
ml: 70.86 + 38.28%, p=0.13; 50 ng/ml: 117.85 + 0.18&, p<0.001; 880,44

+ 326.24%, p=0.0072) within rSNCB-exposed cortical cells compared
to control. The increases of GFAP expression between groups using
different concentrations of rSNCB were also significant (Ing /ml vs 50
ng/ml: p=0.05, 50 ng/ml vs. 500 ng/ml: 0.006) (Figures 3D and 3E).
Otherwise, a significant decrease of GFAP mRNA expression levels has
been found in cortical cells exposed to higher concentrations of rfSNCB
(RQ: 1 ng/ml: 0.78 + 0.54, p=0.42; 50 ng/ml: 0.34 = 0.19, p<0.001; 500
ng/ml: 0.31 £ 0.18, p=0.01) compared to unaffected contro (Figure 3F).

Apoptosis in retinal and cortical cells exposed to rSNCB in-
vitro

To evaluate the rate of apoptosis in rSNCB-exposed retinal and
cortical cells both the TUNEL assay as well as mRNA expression levels
of Bax/Bcl-2 has been studied.

A general elevation of TUNEL+ retinal ganglion cells exposed to
rSNCB cells (1 ng/ml: 150.89 + 35.74%, p=0.3; 50 ng/ml: 96.22 + 24.7%,
p=0.86; 500 ng/ml: 316.99 + 20.76%, p<0.0001) has been observed
(Figures 4 A-4H). A dose depended alteration of TUNEL+ positive
cells has been found under consideration of GFAP+ retinal cells after
rSNCB exposure. GFAP+ retinal cells exposed to higher concentrations
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Figure 4: Apoptosis in retinal and cortical cells exposed to recombinant R-Synuclein (rSNCB) in-vitro. (A-AF) Expression of TUNEL (red) and several cell types (green)
in retinal and cortical cells exposed to rSNCB revealed by immunohistochemistry. (A-P) Rate of co-stained cells in retinal tissue is shown in different cell types: (A-H) Co-
labeling of TUNEL and RllI-Tubulin-positive neuronal cells is demonstrated in control and [500 ng/mlI] rSNCB group. (I-P) Co-labeling of TUNEL and GFAP-positive glial
cells is shown in control and [500 ng/ml] rSNCB group. (Q-AF) Co-stained cells in cortical cells are demonstrated: (Q-X) Co-labeling of TUNEL and RllI-Tubulin is shown
in [1 ng/ml] rSNCB and [500 ng/ml] rSNCB. (Y-AF) Co-staining of TUNEL and GFAP is demonstrated in control and [50 ng/ml] rSNCB group. The negative control was
performed with Cy-2 and TRITC as secondary antibodies (data not shown). Bisbenzimide was used to stain the cell nuclei. (AG, AH) Quantitative reverse-transcription
polymerase chain reaction (QRT-PCR) results for Bcl-2-associated X protein (Bax) and B-cell lymphoma (Bcl-2) mRNA levels in retinal and cortical cells exposed to
rSNCB relative to those measured in untreated control. Magnification 20X. * statistically significant difference at p<0.05 in relation to untreated control.
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(500 ng/ml: 25.93 + 3.6%, p=0.016) show less apoptosis. In contrast,
cells exposed to low-grade rSNCB as well as control (1 ng/ml: 86.21 +
10.8%, p=0.24; 50 ng/ml: 177.78 + 10.5%, p=0.26) remained unchanged
(Figures 41-4P).

A decrease of Bcl-2 mRNA expression levels (RQ: 1 ng/ml:
0.78+0.2. p=0.06; 50 ng/ml: 0.55 + 0.085, p<0.001; 500 ng/ml: 0.67 +
0.4, p=0.11) has been detected in rSNCB-exposed retinal cells, while
Bax mRNA levels (RQ: 1 ng/ml: 1.11 + 0.2, p=0.17; 50 ng/ml: 1.23 £ 0.2,
p=0.06; 0.95 + 0.2, p=0.34) were not altered compared to control. The
decrease of Bcl-2 expression levels lead to pro-apoptotic switch of the
Bax/Bcl-2 ratio (Bax/Bcl-2 ratio: 1 ng/ml: 1.43 + 0.88, p=0.16; 50 ng/
ml: 2.22 + 2.33, p=0.008; 500 ng/ml: 1.48 + 0.53, p=0.17) within SNCB-
exposed retinal cells (Figure 4AG). The results of co-labeled TUNEL+
and BIII-Tubulin+ as well as GFAP+ cells together with a pro-apoptotic
switch indicated by Bax/Bcl-2 ratio is somehow confusing, but can be
explained by secondary effects maintained by rSNCB on retinal cells
in-vitro.

Immunhistochemical analysis using TUNEL+ assay did not reveal
significant alterations of apoptosis in both neuronal as well as glial
cells within rSNCB-exposed cortical cells (p>0.05 each) (Figures 4Q
and AF). In contrast, a decrease of Bcl-2 mRNA expression levels (RQ:
1 ng/ml: 1.1 + 0.2, p=0.008; 50 ng/ml: 0.66 + 0.1, p=0.01; 500 ng/ml:
0.69 + 0.2, p=0.091) has been found in rSNCB-exposed cortical cells,
whereas the levels of Bax remained unchanged (RQ: 1 ng/ml: 1.14 +
0.37, p=0.28; 50 ng/ml: 0.88 + 0.18, p=0.16, p=0.16; 500 ng/ml: 0.93 +
0.45, p=0.4) compared to control (Figure 4AH). However, the decrease
of Bcl-2 mRNA expression levels did not alter the overall apoptotic
status of the Bax/Bcl-2 ratio within rSNCB-exposed cortical cells (Bax/
Bcl-2 ratio: 1 ng/ml: 1.04 £ 2.0, p=0.46; 50 ng/ml: 1.33 + 2.34, p=0.25;
500 ng/ml: 1.34 + 2.08, p=0.41), which also been reflected by the results
of the TUNEL assay (data not shown).

p53/MDM2 signaling cascade in rNSCB exposed retinal and
cortical cells

The response of the senescence-related p53/MDM2 signaling
cascade has been studied via immunofluorescence staining in both
retinal and cortical cells related to the major cellular subtypes, neuronal
and glial cells.

First, the influence of the p53/MDM2 cascade mediated by rSNCB
in retinal cells has been studied (Figres 5A-5T). Increased staining
intensity of p53 in the nuclei and perinuclear regions has been found
(Figures 5A-5D). The fluorescence intensity within the cytoplasm of
MDM2 has to be found to decrease, while the fluorescence intensity
of p19-ARF elevates after rSNCB exposure (Figures 5E-5T). These
findings indicate the rSNCB-mediated activation of the p53/MDM?2
signaling cascade in retinal neuronal cells. In contrast, no activation
of the p53/MDM2 cascade within retinal glial cells related to rfSNCB
exposure has been found (data not shown).

In rSNCB exposed cortical cells a decrease of p53 staining within
the cytoplasm and neuronal cells of SIII-Tubulin positive neuronal
cells has been detected compared to control (Figures 5U and 5AB). An
elevated fluorescence staining of MDM2 within the cell nuclei related to
SNCB exposure has been found (Figures 5AC-5AJ). Further, a decrease
of fluorescence intensity of p19-ARF within both cytoplasm and nuclei
has been found. Those findings indicate a decreased activation of the
Pp53/MDM2 cascade in cortical cells exposed to rSNCB (Figures 5AK-
5AR). Moreover, rSNCB does not lead to alterations of the p53/MDM2
cascade within cortical glial cells (data not shown).

Although THC analyses do not represent an appropriate method
for the quantification of p53 expression alterations, the presented data
provide evidence of differential response of the p53/MDM-2 signaling
cascade within specific neuronal tissue related by rSNCB exposure.

Discussion

The presented study deals with the age-related and cellular specific
expression of SNCB in selected parts of the AVP. The study provides
additional data concerning the expression characteristics of SNCB
within the visual system including the neuroretina and visual cortex of
rats. Further, the work studies the role of SNCB on basic cellular functions
in the major parts of the anterior (represented by the neuroretina)
and posterior visual pathway (represented by the visual cortex)
comparatively. The selection of neuroretina and cortex were justified
by the major impact of both neuronal tissues within the processing of
light and visual information respectively. Moreover, both tissues share
important characteristics including embryonic development as well as
the impact of important pathophysiological mechanisms in age-related
diseases, like age-related macular degeneration (AMD) and Alzheimers
disease (AD) [38]. This can also explain, wether the neuroretina is used
in different trails for monitoring clinical pathologies and neurological
disorders [39-41].

SNCB as member of the family of cytoplasmic synuclein proteins
that comprises a-Synuclein (SNCA), SNCB, and y-Synuclein (SNCG)
is thought to function in synaptic vesicles and neurotransmission, as
well as neuronal plasticity. SNCA and SNCB are highly homologous
proteins, and are co-localized in presynaptic nerve terminals in the
CNS [27]. However, a life-time depended increase of SNCB has been
found in the retina, viusal cortex and somatosensory cortex in different
species including human, non-humans primates and rats [31,32].

The presented work has some limitations including quantitative
approaches toward the protein expression in the AVP, missing
differentiation of parvocellular and magnocellular neurons within
LGN as well as analysis of the intensity of fluorescence staining patterns
within e.g., the p53/MDM2 signal cascade restrict the meaningfulness
of the observations. However, the presented manuscript provide newly
information about the expression characteristics of SNCB within the
visual system between neuroretina and cortex (representing the AVP,
respectively). Further, the role of SNCB in different neuronal targets
representing the anterior and posterior part of the visual pathway needs
to be studied to elucidate similarities and differences on the impact of

aging.
The following principal findings have been unveiled in this study:

(1) SNCB is widely expressed in parts of the anterior and posterior
AVP, including OC, LGN and SC indicating increased amounts
during life-time.

(2) The SNCB expression characteristics differs between anterior
parts (3" ganglion, respectively) and posterior parts of the AVP

(3) SNCB expression patterns and cellular affiliations in the
anterior (3™ neuron, OC and tractus opticus, respectively) were
comparable to that in the neuroretina (representing 1* and 2™
neuron, respectively)

(4) Expression characteristics of SNCB within the posterior part of
the visual system (LGN and SC, respectively) are comparable to
those in the visual cortex (V1)

(5) SNCB fulfil neuroprotective functions on cortical neuronal
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Figure 5: p53/MDM2 signaling cascade in recombinant 3-Synuclein (rSNCB) exposed retinal and cortical cells. (A-AR) Expression of cellular tumor antigen p53 (p53),
Mouse double minute 2 homolog (MDM2), adenine diphophate ribosylation factor (p19-ARF) (red) and several (A-T) retinal and (U-AR) cortical cell types (green)
exposed to rSNCB in different concentrations revealed by immunohistochemical staining. (A-D) Association between p53 and RIll-Tubulin-positive neuronal retinal cells
is demonstrated in the [500 ng/ml] rSNCB group. (E-L) Co-labeling of MDM2 and NF-200-positive neuronal retinal cells is shown in untreated control and [500 ng/ml]
rSNCB group. (M-T) Costaining of p19-ARF and NF-200 in retijnal tissue is demonstrated in untreated control and [50 ng/mI] rSNCB group. (U-AB) Co-labeling of p53
and BlI-Tubulin is shown in untreated control and [500 ng/ml] rSNCB group. (AC-AJ) Co-staining of MDM-2 and NF-200 is demonstrated in untreated control and [50
ng/ml] rSNCB group as well as (AK-AR) p19-ARF and NF-200 in untreated control and [50 ng/ml] rSNCB group. The negative control was performed with Cy-2 and
TRITC as secondary antibodies (data not shown). Bisbenzimide was used to stain the cell nuclei. Magnification 20X.
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cells, whereas neurotoxic responses has been detected in retinal
cells in-vitro.

Life-time expression of SNCB in the visual pathway of rats

This study unveiled an increased expression of SNCB within all
examined sections of the anterior and posterior part of the visual
pathway of rats during life-time. Immunohistochemical co-labeling
studies yield a more detailed and differential relationship of SNCB
expression in close association with neuronal, glial and microglial
cells in all sections of the neonate AVP. This can be explained by high
dynamics during postnatal development of the visual system in rodents
after birth. During this early postnatal development, the visual system
of rodents underly different structural and functional alterations
including eye opening, restructure of the neuronretinal architecture
and modifications of the refractive lens [42]. Moreover, the findings
also strengthen the high synaptic density and ongoing loss of synapses
in the rat brain during life starting at postnatal day 35 and indicating
high metabolic demands and endorsed neuronal vulnerability in early
postnatal stages of life in rats [43].

The comparable trends of SNCB expression levels in the
anterior (represented by OC and tractus opticus) as well as posterior
(represented by LGN and SC) parts of the AVP indicating differences
in the aging process related to the localization and order of coherent
structures within the CNS. The separation of the AVP is reflected by the
anterior part of the visual system which processing light to neuronal
information as well as the posterior part as high ordered part of the
visual system connecting other parts of the CNS, respectively.

Similarities in the expression patterns of SNCB were found in the
OC and tractus opticus in neonate and senile stages of life. These parts
of the visual pathway reflects the 3™ neuron of the visual pathway in the
context of differential environments within the cranial fossa. In recent
works, the age-related increase of SNCB expression has been detected
in the IPL and OPL of retina, reflecting the 2" neuron of the AVP
[32,44]. The high association of SNCB and neuronal cells in both OC
and tractus opticus may indicate a general low vulnerability of those
neurons during life time related to life-time loss of RGCs as well as the
impairment of the general regeneration potential within the optic nerve
[18,25,45]. Age-related metabolic changes include a global reduction in
the brain’s energy requirements and decreases in cerebral blood flow and
glucose utilization [46]. The elevated association of SNCB to microglial
cells in neonate stages of life may reflect the higher vulnerability,
higher metabolic conditions and regional higher blood flow in the
early postnatal development. At molecular level, an evolutionary
conservation of gene expression in the aging brain includes increase
in stress and inflammatory responses, and loss of mitochondria, neural
plasticity, autophagy, and synaptic functions. The elevation of SNCB in
the elderly may reflect those age-related alterations in neuronal tissue
[22,47].

The expression characteristics of SNCB differs within parts of the
posterior AVP. Low expression of SNCB by neonate neuronal cells
together with elevation in senile stages of life may reflect the general
loss of vulnerability during life time. Thus, the loss may occur later
within in posterior parts (e.g., LGN and SC) as in anterior parts of
the AVP. A high association of microglial cells with SNCB in neonate
stages together with its decrease during life time may reflect the
metabolic conditions in the early postnatal development. Comparable
characteristics of SNCB expression has been recently reported within
the visual cortex of rats during life-time [31]. The missing increase
of SNCB-positive microglial cells in the elderly can be explained by

comparable age-related changes e.g., in the LGN in rats and non-
human primates, which indicate a decrease in neuron density but not in
number of neurons. The suggested hypertrophy of neurons may reflect
a compensatory process. A more dendritic branching may compensate
the decrease of synapses / dendritic branches and/or efficacy of synaptic
transmission [18].

The observed differences in the expression patterns of SNCB in the
AVP together with recent reports about its expression characteristics
in neuroretina and visual cortex support the need to study role and
function of SNCB in detail. For this purpose, native cells generated
from neuroretina and visual cortex were chosen to elucidate the
role of SNCB in a comparative manner. Both, cells of the retina and
visual cortex are predestined to be used for further analysis: (1) both
tissues representing the dimetral anterior and posterior part of the
AVP (2) both tissues are exposed to differential metabolic and stress
conditions and (3) both share embryonic development as well as aged
related mechanisms. Moreover, age-related diseases of the brain and
retina share common pathophysiological mechanisms. However, that
promotes the need to study the fundamental role of SNCB in major
parts of the AVP represented by the retina and cortex.

Response of retinal and cortical cells on SNCB in-vitro

Recent studies described variations of functions maintained by
SNCB on different neuronal cells. First, neuroprotective functions
include neurotoxic responses in 6 - hydroxydopmaine-affected TSM-
1 (twin sensillum of margin 1) neurons [26-28, 30] together with
a decrease of the proapoptotic gene p53 [48]. Furthermore, SNCB
activates the Akt signaling pathway in rotenone-affected tissue culture
B103 cells [26]. Hashimoto suggested that the SNCB activation of Akt
resulted in MDM2 (mouse double minute 2 homolog) phosphorylation,
which in turn inactivates p53 promoting neuroprotection against
toxins [26]. Finally, SNCB protects the CNS against the toxic effects
of SNCA overexpression in tg mice [29] due to increased Akt pathway
activity. Contradictory, SNCB seems to regulate endothelial cells of
the neurovascular unit (e.g., brain microvascular endothelial cells)
in an opposite manner due to a p53-mediated and Akt in-depended
apoptosis in-vitro [35]. The differential roles of SNCB on different
cellular targets and/or neuronal tissues promote the need for ongoing
studies in a comparative manner. Here, we demonstrated that retinal
and cortical cells are contrary affected by exposure to SNCB in-vitro.

The retina contains several specific characteristics, like an extensive
light exposure a complex and diverse cellular network including five
major cell types containing different functions as well as the interaction
with a neuroepithelial originated retinal pigment epithelium [49].
Concerning the central nervous system, most morphological studies
of postnatal development and aging have focused on the visual cortex
due to its clearly demarcated characteristic anatomy, such as its very
large granular layer [50,51]. The recent findings presume stress-related
mechanisms maintained by SNCB within the retina in-vitro. The
effects on apoptosis have been considered as dose depended: Lower
concentrations of SNCB resulted in stable of apoptosic rates, while cells
exposed to higher concentrations of SNCB show elevated apoptotic
rates. The p19-ARF/MDM2 mediated p53 activation mediated by SNCB
promote the theory about a p53-related apoptosis within neuronal cells.
In contrast, the decrease of retinal glial cells may not related to p53
activation and be caused by secondary effects. The cell type specific
P53 activation highly promote a differential response of retinal cells
associated with SNCB exposure. However, the endorsed expression of
pro-apoptotic genes presumes a switch of the retinal cellular network
in a pro-apoptotic condition, while the increase of the Bax/Bcl2 ratio
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indicate the activation of the mitochondrial apoptosis pathway [52].
Summarized, the data suspects additional effects of SNCB on retinal
cells under dose-depended manner in vitro and contradict recent
reports of neuroprotective effects maintained by SNCB.

The response in SNCB exposed cortical cells differs considerably.
Elevated neuronal markers as well as unaltered glial response and
apoptotic rates indicate general neuroprotective effects of SNCB on
cortical cells in-vitro. The findings in the immunofluorescence studies of
a general decrease of the p19-ARF/MDM2 mediated p53 activation and
lower apoptotic rates presume neuroprotective properties maintained
by rSNCB within 8 III-Tubulin - positive cortical neuronal cells. Further,
the missing activation of p53 within rSNCB-exposed cortical glial
cells promote an unaltered glial response. However, neuroprotective
properties in cortical cells exposed to lower concentration of SNCB
indicate dose-depended effects of SNCB. Further, neuronal and glial
marker as well as apoptosis rates remained unchanged in the group of
higher SNCB concentrations.

Summarized, the findings support differential roles of SNCB
on different neuronal tissues. These contrary findings of effects on
retinal and cortical cells partially contradict the previously observed
and generally accepted neuroprotective properties of SNCB [26-
30,48]. While the response of the SNCB retina shows comparable
characteristics to those explored in the neurovascular unit, the studied
neuroprotective patterns in cortical cells show strong similarities to
those in other neuronal tissues.

The differential response of retinal and cortical cells exposed to
SNCB promote the theory, that the differential postnatal development
and aging process may be highly associated with metabolic- (e.g.,
blood flow), stress-related- (e.g., immune privilege of the eye) and
environmental conditions. Further, the detected response of neuronal
cells can be also explained by individual tissue capabilities related to
differences e.g., in the cellular network constitutions. The aligned dose-
dependent effect may reflect the overall increase of SNCB during life
time. We therefore hypothesize, that an overexpression resulting in an
accumulation of SNCB within neuronal tissue occurs during life time
and results in the mentioned pathophysiological conditions.

However, the findings presented in this study only display the
expression and functional characteristics of the unique protein SNCB
within the complex age-affected impairment of visual function. Distinct
differences in parts of the visual system in the context to the proposed
heterogeneous anatomical environment together with life-time-related
conditions like blood-flow constitutions, metabolic conditions and
oxidative stress response may explain the differential functional role of
factors like SNCB related to different neuronal targets.

Conclusion

The presented findings of a general increased SNCB expression
in the high ordered parts of the AVP like LGN and SC together with
neuroprotective properties of SNCB in cortical cells in vitro promote
a pivot and beneficial role of SNCB in the neuronal context. However,
differential expression patterns in several parts of the APV and the
unequal response on neuronal cells different origin remained unclear
and have been mandatory in further studies.
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