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Abstract: Immunofluorescent methods in vitro have been widely used to characterize the
distribution and extent of colocalization of molecules located in various intracellular compartments.
These are key processes to better understand the role of those molecules in physiological and
pathological conditions. In the brain, interactions of astrocytes with neurons are fundamental for
the establishment and proper functioning of neuronal circuits. Among these, the phagocytosis of
synapses that need to be removed is a process known as synaptic pruning. When this process is
dysregulated, it might lead to the development of several brain disorders. Here, we describe the
adaptation of a method to characterize the astrocyte-mediated synaptic phagocytosis and evaluate
astrocytic (dys)functions in healthy cells and cells derived from an animal model of major
depressive disorder (MDD).

Keywords: Confocal microscopy; astrocytes; phagocytosis; prefrontal cortex; major depressive
disorder; Synaptic pruning

1. Introduction

Astrocytes display several functions essential for the brain’s well-functioning, such as supplying
the structural support to the blood-brain barrier (BBB), giving metabolic aid to neurons, regulating
inflammatory processes in the brain, maintaining ionic homeostasis and releasing neurotrophic
factors [1-6].

Major depressive disorder (MDD) is a heterogeneous disease with a wide variety of symptoms
and causes [7], among which the reduction in astrocyte numbers and impaired morphology in most
areas of the CNS are very peculiar characteristics [8-10]. In recent years, astrocytes have got more
relevance as putative targets for pharmacological interventions in many psychiatric disorders due to
their capability of remodelling synapses [10,11]. Alterations in the homeostasis of this process will
lead to imbalances between excitatory and inhibitory outputs, which might lead to the development
of MDD [12-14].

Therefore, developing reliable detection methods to reveal deficits in astrocyte-mediated
synaptic pruning might help to improve our understanding of the disease and support the
development of alternative therapeutic strategies to reverse such deficits.

Recent studies using a combination of histological and software-based quantification methods
showed that MDD models dysplay a reduction in astrocytes phagocytosis of synapses [11,15,16].
Here, we describe the details of our method established to quantify in vitro the astrocyte-dependent
synaptic phagocytosis in cells derived from two animal models of MDD, the high-anxiety behavior
(HAB) rats, and the Wistar Kyoto rats (WKY) [17].

To this aim, we established a sensitive immunofluorescent-immunohistochemical (IF-IHC)
staining which allows the simoultaneous detection of synaptophysin, a marker of presynaptic puncta,
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and the lysosomal-associated membrane protein 1 (LAMP1), a marker of lysosomes, inside

astrocytes. Moreover, we developed a computer-based tool to measure the amount of co-localizing
signals between synaptophysin and LAMP1. This method is useful to diagnose differences in
astrocyte-dependent phagocytosis of presynaptic puncta between healthy cells and cells derived
from an animal model of disease, further helping to propose a reduced phagocytosis as a cause (or

consequence) of the depressive-like behavior in these animals.

2. Materials

2.1. Animals for Cell Culture

1.

Cortical astrocytes were obtained from the brains of newborn pups (postnatal day (P)1-P4)
from either Wistar rats or high-anxiety behavior (HAB) rats (from the laboratory of Prof. Inga
Neumann, University of Regensburg) or Wistar Kyoto rats (WKY). Procedures follow
institutional guidelines of the University of Regensburg, Germany, as well as the European
Community Council Directive (86/609/EEC). The Animal Welfare Office at the Animal Care
and Use Facility of the University of Regensburg approves all experiments. In accordance with
the German Animal Welfare Act (Tierschutzgesetz, Articles 4 and 7), no additional approval
for the post-mortem removal of brain tissue is necessary.

2.2. Media

1.

Dissection Solution (DS)

a. Hank’s Balanced Salt Solution (HBSS) 500ml e.g., Thermo Scientific 14025092
b. Pen/Strep e.g., Thermo Scientific 10378016

c. 1M HEPES e.g., Thermo Scientific 15630080

d. 200mM L-Glutamine e.g., Thermo Scientific™ 25030081

Neuronal Growth Medium (NGM)

a. Neurobasal™ Plus Medium 500ml e.g., Gibco 21103049

b. B27 Supplement e.g., Gibco 17504044

c.  200mM L-Glutamine or GlutaMAX™ Supplement e.g., Thermo Scientific™ 35050061
d. Antibiotics/Antimitotic e.g., Sigma A5955

Astrocyte Full Medium

DMEM, Dulbecco’s Modified Eagle +4.5 g/L D-Glucose, L-glutamine e.g., Gibco 11965092
Heat Inactivated Fetal Calf Serum (FCS) e.g., Gibco 26010074

Sodium-Pyruvate 100mM, (100x) e.g., Sigma-Aldrich 11360070

Antibiotics/Antimitotic

MEM Non-Essential Amino Acids (NEAA), (100x), 100 mL e.g., Gibco 11140050

1M HEPES

Low medium

DMEM, Dulbecco’s Modified Eagle + 4.5 g/L D-Glucose, L-glutamine
Sodium-Pyruvate 100mM, (100x)

Antibiotics/Antimitotic

MEM Non-Essential Amino Acids (NEAA), (100x)

. IM HEPES

24-well plate coated w/ PDL & Laminin e.g., Corning - Costar®
Trypsin-EDTA solution e.g., Sigma T4049
Millipore H20
Culture One
Dissection tools
Petri Dishes
T75 flasks
Neubauer Chamber
Trypan Blue
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2.3. Preparation of Slides for Immunofluorescence-Immunocytochemistry (IF-IHC)

0 X NG W

Round-shaped glass (coverslips) coated with poly-D-lysine (PDL) to plate cells
Phosphate-buffered saline (PBS, 10X): 137 mM NaCl, 27 mM KCl, 14 mM Na2HPO4, and 43
mM KH2PO4. Bring total volume to 1L with deionized water

Adjust pH to 7.5. Sterilize by autoclaving.

4% Paraformaldehyde (PFA) in PBS 1X, pH 7.5

PBS 1X

24-well plates

Pre-cleaned microscope slides (e.g., Superfrost/plus, Fisher Scientific)

Pipettes and other general laboratory equipment like dissection kit

Horizontal shaker

2.4. Immunofluorescent Staining

AL N

9.

10.
11.
12.

24-well plates

Washing buffer: PBS 1X

Normal goat serum (NGS)

Blocking/permeabilization buffer: PBS 1X, 0.1% Triton X-100 and 2% normal goat serum

Antibody buffer solution: PBS 1X, 0.1% Triton X-100 and 2% normal goat serum

Primary antibodies:

a. Mouse monoclonal anti-Glial Fibrillary Acidic Protein (GFAP) antibody (1:400, e.g., Sigma—
Aldrich Chemicals G3893) to label astrocytes

b. Mouse monoclonal anti-S5-100 (-Subunit) antibody (1:1000, e.g., Sigma—Aldrich Chemicals
52532) to label astrocytes

c. Rabbit polyclonal anti-Lysosome Associated Membrane Protein 1 (LAMP1) antibody
(1:100, e.g., Abcam ab24170) to label lysosomes

d. Chicken polyclonal anti-Synaptophysinl antibody (1:500, e.g., SySy 101006) to label
presynaptic puncta

Secondary antibodies:

a. Cy3-conjugated anti-mouse IgG antibody (1:400, e.g., Thermo Scientific A10521)

b. Biotin-conjugated anti-rabbit IgG antibody (1:500 e.g., Jackson lab 11-065-003)

c. Alexa Fluor™ 488-conjugated goat anti-chicken IgG antibody, (1:500 e.g., Invitrogen
A11035)

Tertiary antibodies:

a. Alexa Fluor™ 647-conjugated Streptavidin (1:1000 e.g., Invitrogen 521374)

b. 4'6-diamidino-2-phenylindole (DAPI, 1:1000 e.g., Sigma D9542) to label nuclei

Mounting medium (e.g., DAKO 53023)

Round-shaped glass plate to mount slices on slides

Pre-cleaned microscope slides (e.g., Superfrost/plus, Fisher Scientific).

Confocal microscope

3. Methods

3.1. Preparation of Astrocyte-Neuron Co-Culture

3.1.1. Preparation of Rat Primary Astrocytes (All Steps Are Executed at Room Temperature (RT)
Except when Stated Otherwise)

1.

@

N o0

Primary astrocytes are isolated from your region of interest from pup brains between P1 and
P4

Decapitate pups, open the skull, carefully extract the brains and remove meninges

Isolate your region of interest by opening the two hemispheres under a light microscope and
cut it out in Dissection Solution (we keep male and female brains separated)

Mince the tissue in small pieces

Transfer the minced tissues into a 15 mL falcon in dissociation buffer

Carefully discard buffer

Wash tissues with 2 mL Trypsin-EDTA
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8. Incubate tissue with 1,5 mL Trypsin-EDTA for approximately 20 min at 37°C in the waterbath
(invert the falcon tube every 5 min)

9. Discard trypsin

10. Wash 3 times with 3-4 mL with Astrocyte Full Medium

11. Add 1,5 mL of Astrocyte Full Medium and homogenize the tissue with a fire-polished pasteur
pipette until suspension is homogenous

12. Centrifuge at 1200rpm for 3 min

13. Discard the supernatant

14. Resuspend the cells in Astrocyte Full Medium (~10 mL)

15. Plate cells on poly-D-lysine (PDL) coated T75 cm? flask at 37°C and 5% COzin oxygen-reduced
conditions (5% O2)

16.  Let cells grow in culture for approximately 7-10 days in vitro (changing the medium every ~4
days)

17.  After reaching approximately 90% confluency, shake flasks for 6 hours on a rotating shaker at
circa 300 rpm in order to remove non-astrocytic cells from the culture

18. Discard medium

19. Wash cells with warm PBS

20. Pipette 3 mL of warm Trypsin-EDTA and incubate for 4 min at 37°C

21. Add 7 mL of Astrocyte Full Medium in the flask to neutralize trypsin

22. Collect cells in a 15 mL falcon tube by pipetting up and down several times

23. Centrifuge cells at 1200 rpm for 3 mins

24. Discard supernatant

25. Resuspend cells in 10 mL freezing medium and aliquot them (approximately 1x10¢ cells/vial)

26. Gradually freeze cells:
a. -20°C for 24h
b. -80°C for 24h
c.  Liquid nitrogen for long-term storage

3.1.2. Culture and Maintenance of Rat Primary Astrocytes

1. Cell aliquots containing approximately 1x10¢ cells (stored in liquid nitrogen) are quickly
thawed in the water bath and plated on a PDL coated T75 flask in Astrocyte Full Medium at
37°C and 5% CO:in oxygen-reduced conditions (5% Oz).

2. Change medium every 3-4 days

3.1.3. Splitting Cells for Experiments/Culture Maintenance

Once confluent (~80-90%) discard medium and wash once with warm PBS
Add 3 mL of Trypsin-EDTA in the flask and incubate for 4 min at 37°C
Add 7 mL of Astrocyte Full Medium and collect cells in a 15 mL falcon
Centrifuge at 1200 rpm for 3 min

Discard supernatant and resuspend cells in ~10 mL of Astrocyte medium
Primary astrocyte cells are used until passage 3 (see Note 1)

SARLE S NS

3.2. Preparation of Rat Primary Neurons

1. Use late embryonic stage (E18) rat fetuses, euthanize dam with CO2 remove uterus, free
individual fetuses from the embryonic sack and collect them in T75 flask with 50ml DS

2. Place fetuses into a Petri dish and decapitate them, open the skull, carefully extract the brains

and remove meninges.

Dissect the two hemispheres and place brains in a new petri dish with DS

Isolate the cortex and mince the tissue

Transfer the minced tissue to a 15ml falcon with DS

Carefully discard DS

Wash tissues with 2 ml Trypsin-EDTA

Incubate tissue with 1,5ml Trypsin-EDTA for approximately 20 min at 37°C in the waterbath

(invert the falcon tube every 5 min)

® NG W
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9.

10.
11.

12.
13.
14.
15.
16.
17.

Discard Trypsin

Wash 3 times with 3-4 ml with Neuron Growth Medium

Add 1,5ml of Neuron Growth Medium and homogenize the tissue with a fire-polished Pasteur
pipette until suspension is homogenous (circa 20X)

Centrifuge at 900 rpm for 5 min

Discard supernatants. Resuspend in 1ml of Neuron Growth Medium

Counting cells in Neubauer chamber

Cell plating: 45.000 cells/well for single cell culture, 90.000 cells/well for co-culture

Renew half of the Neuron Growth Medium once per week

Let neurons grow 2 to 3 weeks, depending on the maturational stage required

3.2.1. Fixation

G LN

Remove medium

Wash 3 times for 5 minutes with PBS 1X
Incubate with PBS 1X with PFA 4% for 40 min
Wash 3 times for 10 min with PBS 1X

Store at 4°C

3.3. Immunofluorescent-Immunocytochemistry-GFAP/S1008/ LAMP1/Synaptophysin

10.
11.

Take out the coverslips and place them in a fresh 24 well plate.

Wash carefully 2 times for 10 min with PBS 1X (all incubation and washing steps require the
plate to be on the shaker at around 100rpm, see Note 2)

Add blocking/permeabilization solution: PBS 1X with 0.1% Triton X-100/2% NGS and incubate
for 1 hour (see Note 3)

Wash carefully 3 times for 10 mix with PBS1X

Incubate in primary antibody solution: PBS 1X with 0.1% Triton X-100 and 2% NGS O/N at
4°C protected from light. Make sure to cover fully the wells, the recommended minimum
amount is 150pl.

The next day wash carefully 3 times with PBS1X and keep protected it from light

Incubate in secondary antibody solution: PBS 1X with 2% NGS for 1,5 hours protected from
light.

Wash carefully 3 times with PBS1X and keep protected from light

Incubate the tertiary staining solution: PBS 1X  with 2% NGS for 1,5 hours protected from
light.

Wash carefully 3 times with PBS1X and keep protected from light

Put a single drop of mounting medium on slides for each coverslip and place the coverslip
downwards on slides (see Notes 4).

3.4. Confocal Microscopy

1.

Choose the suitable lasers to detect the fluorochromes and adjust settings to ensure optimal
fluorescent saturation.

Capture a minimum of 6 to 7 images per coverslip, each consisting of 14 Z-stack slices with a
thickness of 0.30 um, using an Olympus confocal microscope equipped with a 40x oil
immersion objective (see Note 5 and Note 6)

Save the acquired images in the Olympus Image file format.

3.5. Analysis of Astrocyte-Mediated Phagocytosis in Astrocyte-Neuron Co-Cultures

i

Open Image |

Drag&Drop to Image |

Color Mode: Default

Change to 8-bit: Image > Type = 8Bit; for every channel
Open ROI manager: Analyse = Tool - ROI manager
Merge Channels = Image = Color >Merge Channel


https://doi.org/10.20944/preprints202409.1311.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 17 September 2024

10.
11.
12.
13.
14.

15.
16.
17.

a. Presetis Cl (red) : (C2) please change it according to colors on the images
b. Presetis C2 (green): (C1) please change it according to colors on the images

C. Presetis C3 (blue) : (C3)please change it according to colors on the images
Find a cell that is not overlapping with others
Image - Stacks = Z Projekt = Projekttype: Max Intensity ~ (for every astrocyte use 5-6 slices
with the highest intesity)
Image = Color - Channel tool = choose astrocyte channel
Freehand selections: mark the astrocyte - Add (to ROl manager)

Image = Color - Split Channels = remove astrocyte channel
Image = Color > Merge Channels
Plugins - ComDet v.0.5.5 = Detect particles
Select pixels and intensity for every channel and keep them identical for every image
Suggested starting parameters (see Note 7 and Note 8):
a. distance between pixels: 2
b. particle size: 5
c.  threshold: 3
Summary opens
Copy to excel file
Also save ROI = rename: e.g., NAB Picl Astrol)

3.6. Statistical Analysis

1.

2.

For each coverslip: calculate the mean value for “Synaptophysin”, “LAMP1”, and colocalizing
spots from the average of 10 astrocytes
Use unpaired t-Test for the comparison between two groups, and One-way ANOVA when

comparing more than two groups.
A B
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Figure 1. Graphic example of the process for the Image J analysis: A) Merging of the channels; B)
Generating the Region of interest (ROI) in a target astrocyte; C) Choosing the channels to analyze
(e.g., synaptophysin/LAMP1) for every ROI D) Quntifying the colocalizaton spots inside any selected
ROL

Acknowledgements: The authors wish to thank Susanne Wallner for the support in the execution of some
experiments used to prepare the images for the protocol presented here. This work was supported by intramural
funding from the University of Regensburgand by the German Research Council (DFG GRK2174) to BDB.

Notes

1. Use astrocytes ideally between passages 1 and 3 and avoid excessive passaging to preserve
their morphological and functional properties

2. All the incubation and washing steps require the plate to be on a shaker on less than 110 rpm

During the change of solutions, slices should never get dried.

4. Be careful not to form bubbles in the mounting medium as they might interfere with imaging
at the confocal microscope. In case bubbles form, you can gently pull them out with the help of
a pipette tip pressed on the coverslip.

5. Choose the appropriate image frame size, considering the subsequent image analysis. Ensure
that one or more astrocytes are captured in the image, avoiding isolation or excessive overlap
with dendrites.

6. Utilize 5 to 6 Z-stack slices where the targeted astrocyte is located. Due to potential variations
in image acquisition influenced by experimental procedures related to immunostaining, the
condition of the co-culture, and the status of the fluorescent fluorophore, it is advisable to
conduct a pilot immunostaining using coverslips from various co-cultures to establish the most
suitable settings for image analysis.

7.  Particle size and threshold is the same for both channels

8.  Parameters need adjustment based on the pictures and staining

2
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