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ABSTRACT  

Microglia are the primary immune cells 

of the central nervous system, playing a vital 

role in brain development by shaping 

neuronal networks through synaptic 

pruning and phagocytosis. Their functions 

depend on dynamic cytoskeletal remodeling 

that enables migration, particularly through 

the extension and retraction of actin-based 

protrusions such as filopodia and 

lamellipodia, as well as the formation of focal 

adhesions (FAs) for membrane anchoring. 

Alterations in their functions might 

contribute to neurodevelopmental disorders 

(NDDs). Disrupted-in-Schizophrenia 1 

(Disc1), a genetic risk factor for NDDs, 

regulates neuronal migration and 

cytoskeletal organization during 

development, but its function in microglia 

remains poorly understood. Previously, we 

observed that Disc1 locus impairment (LI) 

reduced embryonic saltatory migration in 

microglia in vitro and in situ. We therefore 

aimed to investigate the role of Disc1 in the 

cytoskeletal regulation during this process. 

We hypothesized that DISC1 controls 

microglial migration via actin cytoskeleton 

control. Using a Disc1 LI mouse model, we 

show that DISC1 dysfunction alters 

microglial protrusion dynamics, increasing 

filopodia motility while reducing 

lamellipodia movement, indicating impaired 

protrusive activity. Furthermore, FA density 

was decreased in Disc1 LI microglia, 

suggesting deficits in adhesion formation. 

Analysis of actin polymerization showed a 

significant decrease in G-actin levels, 

resulting in an increased F/G-actin ratio that 

indicates impaired actin turnover. These 

findings correspond with impaired 

microglial migration previously observed. 

Our findings identify DISC1 as a critical 

regulator of the microglial actin 

cytoskeleton. These results suggest that 

DISC1 dysfunction may contribute to 

neurodevelopmental and psychiatric 

disorders by impairing normal microglial 

function.  

 

INTRODUCTION  

The development of the brain is an 

extraordinarily intricate process involving the 

generation and organization of diverse neuronal 

and non-neuronal cells into functional circuits 

(1). Within this elaborate system, cell migration 

is fundamental for shaping brain architecture 

and establishing proper neural connections (2). 

Disruptions in these processes are often linked 

to neurodevelopmental disorders (NDDs), such 

as schizophrenia and autism spectrum disorder 

(ASD), which are characterized by synaptic 

defects (3). Mutations affecting cytoskeletal 

proteins are a hallmark of these disorders, 

underscoring the critical role of the cell’s 

cytoskeleton in brain development (3,4). This is 

particularly evident in neuronal synapses, 

where the dynamic regulation of the 

cytoskeleton is essential for synaptic function 

and plasticity (5). Moreover, microglia, the 

brain’s resident immune cells, rely heavily on 
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their cytoskeleton for key functions such as 

migration, phagocytosis, and synaptic pruning 

(6). This dependence underscores the 

importance of cytoskeleton dynamics in both 

neurons and glial cells for proper brain 

development and functioning (7).  

Microglia emerge early during embryonic 

development and play a crucial role in brain 

development (8). Microglia originate from yolk 

sac-derived erythro-myeloid progenitors (9). In 

mice, a subset of these progenitors 

differentiates into Cx3cr1+ microglial 

precursors, which migrate into the brain 

between embryonic days 9.5 and 14.5, 

coinciding with blood-brain barrier formation 

(10). During the development of the CNS, 

microglia regulate synaptogenesis and synaptic 

pruning, mainly shaping neuronal plasticity 

(11,12). In adulthood, microglia primarily 

function as surveying cells, actively monitoring 

the CNS for pathogens, cellular debris, or 

protein aggregates by surveying the 

parenchyma using motile processes and 

ramified morphology to sense molecular cues 

(13,14). Although previously considered 

inactive under normal physiological conditions, 

microglia are now known to be highly dynamic, 

constantly surveilling the brain parenchyma 

even in their ‘resting’ state (15,16). Their 

ability to detect, evaluate, and respond to the 

environment is essential for synaptic 

refinement, forming neural circuits, and 

maintaining brain homeostasis from 

development through adulthood (13,17). These 

essential microglial functions depend heavily 

on cellular movement, making cytoskeletal 

remodeling crucial for proper microglial 

activity (18,19). Microglia rely on two distinct 

forms of movement: migration, which involves 

the active displacement of the cell body through 

interactions with the surrounding environment, 

and motility, which refers to the dynamic 

extension of cellular protrusions to scan the 

parenchyma. Both types of movement rely on 

the dynamic rearrangement of the microglial 

cytoskeleton (20,21). This structural network, 

crucial for cell shape and movement, primarily 

comprises filamentous (F-) actin, formed by the 

polymerization of actin subunits (19). This 

occurs in three phases: nucleation, where 

globular (G-) actin monomers form stable 

nuclei; the elongation phase, where actin 

monomers rapidly add to the growing ends of 

the actin filament; and the steady-state phase, 

where monomer addition and dissociation reach 

equilibrium, maintaining actin filament length 

(22,23). Microglia tightly regulate actin 

polymerization in a spatiotemporal manner, 

where actin filaments are constructed to form 

membrane protrusions with unique 

morphologies and functions, such as 

lamellipodia and filopodia (21,24). 

Lamellipodia are dynamic, wave-like plasma 

membrane extensions characterized by thin 

(0.1–0.3 μm), elongated (1–5 μm) projections at 

the cell's leading edge, containing densely 

packed branched actin filaments (22). They are 

crucial for various microglial functions, 

including chemotaxis, environmental 

surveillance and movement (25). Formation 

and dynamics of lamellipodia are tightly 

controlled by signaling pathways involving 

Rho family GTPases (26). Rac1 is a central 

regulator of lamellipodia, promoting actin 

branching and polymerization at the leading 

edge, acting through effectors such as the 

WAVE regulatory complex (WRC), which in 

turn activates the Arp2/3 complex, responsible 

for actin nucleation and branching (27). 

Filopodia are long, slender, actin-rich 

protrusions that extend from the cell body (28). 

In microglia, filopodia are critical for cell-cell 

interactions, sensing of chemical cues, and 

transient movement (24). To enable effective 

migration and interaction with the extracellular 

environment, microglia rely on the formation of 

focal adhesions (FAs), which are actin-linked 

multi-protein complexes that anchor the cell to 

the extracellular matrix (ECM) (29). These 

structures serve as critical junctions that 

physically connect the actin cytoskeleton to the 

ECM (30). Specifically, integrins located at 

these FAs are linked to the actin cytoskeleton 

through adaptor proteins such as vinculin, 

serving as anchor points where stress fibers, 

which are bundles of actin filaments, can attach 

to the ECM and provide mechanical support 

and promote cell movement (31,32). 

Actin polymerization, along with the 

branching and network formation of actin 

filaments, is crucial for regulating actin-

dependent structures (33). However, the precise 

mechanisms and key players regulating actin 

polymerization and, consequently, microglial 

migration during development remain unclear. 

Since microglial dysfunction is linked to 

various brain disorders, including 

developmental abnormalities and 

neurodegenerative diseases, understanding key 
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molecular regulators of their function is 

essential (34,35).  

Disrupted-in-schizophrenia 1 (DISC1) is a 

multifunctional intracellular scaffolding 

protein, encoded by the Disc1 gene. It plays a 

critical role in brain development by engaging 

in a wide-ranging network of interactions (36). 

The role of DISC1 has been primarily studied 

in neurons, where it has been shown to be 

involved in cytoskeletal functions and 

migration. DISC1 interacts with a diverse array 

of proteins involved in key processes such as 

neuronal migration (e.g., APP, Dixdc1, LIS1, 

NDE1, NDEL1) (37,38). Moreover, DISC1 

interacts with cytoskeletal proteins such as 

Girdin, facilitating the cross-linking of actin 

filaments (39). DISC1 dysfunction in migrating 

interneurons reduced F-actin levels at the tips of 

leading processes and decreased Girdin and the 

Girdin-activator pAkt. This disruption in actin 

dynamics within growth cone-like structures 

impaired proper neuronal migration during 

development (40). Additionally, alterations in 

DISC1 are linked to major mental disorders 

such as schizophrenia, bipolar disorder, and 

impairments in motor skills, learning, language, 

and communication (41). 

 Although Disc1 mutations and their 

associated protein functions have been 

investigated in neurons, their potential role in 

microglia remains uncertain. Research from our 

team suggests that DISC1 is involved in the 

microglial cytoskeleton. Specifically, Disc1 

locus impaired (Disc1 LI) microglia exhibited 

disrupted cytoskeletal organization, marked by 

reduced actin density and impaired branch 

extension, correlating with diminished saltatory 

microglial migration. Moreover, single-cell 

RNA sequencing of Disc1 LI microglia 

revealed differential expression of genes 

involved in actin cytoskeleton regulation (42). 

However, the precise mechanisms through 

which DISC1 regulates microglial cytoskeletal 

dynamics and movement remain to be 

elucidated. 

Based on our findings, we aim to 

investigate whether these migratory deficits are 

driven by dysregulated actin cytoskeleton-

dependent processes due to the impairment of 

DISC1. Our study therefore expands the 

understanding of microglial actin cytoskeletal 

dynamics by examining the role of DISC1 

using a Disc1 LI mouse model. We focus on 

alterations in filopodia and lamellipodia 

dynamics, FA density, and the polymerization 

balance between G-actin and F-actin. We 

hypothesize that DISC1 dysfunction impairs 

actin polymerization and disrupts these actin-

dependent structures, ultimately impairing 

microglial migration during brain development.  

 

 

EXPERIMENTAL PROCEDURES  

Mouse models – Mice were group-housed 

in a 12-hour light/dark cycle in temperature- 

and humidity-controlled rooms with ad libitum 

access to water and food. All animal 

experiments were complied with the 

institutional guidelines and approved by the 

Ethical Committee for Animal Experiments at 

Hasselt University. Homozygous Disc1 wild-

type (Disc1WT/WT) and Disc1 LI (Disc1LI/LI) 

littermates were bred from heterozygous Disc1 

LI mice. The Disc1LI/LI model was created by 

Prof. Akira Sawa of Johns Hopkins University 

in Baltimore, USA. Here, a 40-kb targeted 

deletion was introduced, spanning exons 1, 1b, 

2, and 3, including a miRNA in intron 1 and 

Tsnax/Trax-Disc1 intergenic region. A 

spontaneous 25-base pair deletion in exon 6, 

previously identified in the 129SvEv mouse 

strain, was also incorporated. This genetic 

modification resulted in the absence of the full-

length 100 kDa DISC1 isoform. A double 

mutant Disc1WT/WT Cx3cr1eGFP/+ and Disc1LI/LI 

Cx3cr1eGFP/+ mouse model was created in- 

house, expressing eGFP under the CX3 

chemokine receptor 1 (Cx3cr1) promoter, 

marking the microglia fluorescently green. 

Cx3cr1eGFP/eGFP mice were sourced from the 

European Mouse Mutant Archive (EMMA) 

institute with Steffen Jung’s approval 

(Weizmann Institute of Science). Experiments 

were conducted using age-matched mice of 

both sexes, using littermate controls.  

Genotyping – To determine mouse 

genotype, tissue biopsies were obtained to 

perform genotyping using the KAPA Mouse 

Genotyping Kit (KAPA Biosystems). Genomic 

DNA was extracted using an extraction buffer 

containing Milli-Q water, 10x KAPA Express 

Extract Buffer and 1 U/µl KAPA Express 

Extract Enzyme. Samples were heated at 75 °C 

for 15 min. The DNA extract was added to a 

PCR mix with 2x KAPA2G Fast Genotyping 

Mix, Milli-Q water, and primers (DISC1; 

forward primer:5’-

GCTGTGACCTGATGGCACT-3’, reverse 

primer: 5’-GCAAAGTCACCTCAATAACCA-

3’). Polymerase chain reaction (PCR) was 
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performed: Initial denaturation at 95 °C for 1 

min, followed by 30 cycles of 95 °C for 10 s, 64 

°C for 10 s (with -0.2 °C decrement per cycle), 

72 °C for 10 s and a final extension at 72 °C for 

1 min, followed a hold at 12 °C. Samples were 

loaded on a 2% agarose gel (Invitrogen, 

Thermo Fisher Scientific) and separated by 

electrophoresis at 145 V for 60 min. A 100 bp 

ladder was used to detect amplicons at 196 bp 

(Disc1WT/WT) and 171 bp (Disc1LI/LI). 

Primary microglia cell isolation – 

Primary microglial cells were harvested from 

Disc1WT/WT Cx3cr1eGFP/+ and Disc1LI/LI 

Cx3cr1eGFP/+ and Disc1WT/WT and Disc1LI/LI pups 

from postnatal days 2 to 5 (P2-P5). Brains were 

dissected post-decapitation and placed in cold 

Hank’s Balanced Salt Solution (HBSS, Gibco, 

4 °C) after skull removal. The meninges were 

removed, and brains were transferred to ice-

cold Dulbecco's Modified Eagle Medium 

(DMEM, Gibco, UK). The brains were 

mechanically dissociated by triturating the 

cortices in DMEM and centrifuging (300 g, 5 

min, 4 °C) the homogenate, followed by 

enzymatic digestion with papain (17 U/mg, 

Sigma-Aldrich, Germany) and DNase I (10 

mg/ml, Roche, Switzerland). This was 

incubated for 20 min at 37 °C. Digestion was 

halted with cold DMEM, followed by 

centrifugation (300 g, 5 min, 4 °C). The pellet 

was resuspended in 10.10.1 medium (DMEM 

with 10% fetal calf serum (FCS, Bio-West), 

10% horse serum (HS, Sigma-Aldrich), and 1% 

penicillin/streptomycin (P/S, Invitrogen)). 

Cells were seeded on poly-D-lysine (PDL, 20 

µg/ml, Gibco)-coated flasks and incubated at 37 

°C, 5% CO2. Medium was renewed on days 3, 

7 and 11 with fresh 10.10.1 medium, 

supplemented with one-third L929-conditioned 

medium (LCM). On day 14, microglia were 

isolated via orbital shaking (230 rpm, 3h, 37 

°C), filtered through a 70 µm cell strainer 

(Corning) and seeded onto pre-PDL coated 

glass coverslips in 24-well plates (50 x 103 

cells/well) and in 35mm glass bottom dishes 

(300x103 cells/dish).  

Microglia transduction with LifeAct 

lentivirus – Primary microglia were seeded on 

35 mm glass bottom dishes (300x103 

cells/dish). 10.10.1 medium was removed and 

fresh medium was added with polybrene (8 

µg/ml, 28728-55-4, Santa Cruz Biotechnology, 

Inc., USA). Cells were transduced with a 

lifeAct-mScarlet Lentivirus (0.7%) for 7-8 

hours at 37 °C, 5% CO2 and washed afterwards. 

Five days after transduction cells were rinsed 

and imaged in Krebs (in mM: 150 NaCl, 6 KCl, 

10 HEPES, 10 glucose, 1.5 CaCl2, 1 MgCl2, pH 

7.4). Live-cell imaging was performed on the 

Zeiss Elyra PS.1 (Carl Zeiss AG, Germany) 

with the Plan-ApoChromat 63×/1.40 Oil DIC 

M27 objective for the Structured Illumination 

Microscopy (SIM) with an excitation at 647 

nm. Images were taken at 6-second intervals 

over 5 min. Acquired images were analyzed 

using Particle Image Velocimetry (PIV) lab 

(43) designed for MATLAB (The MathWorks, 

Inc., MA, USA).  

Filopodia dynamics analysis – Filopodia 

dynamics were analyzed using PIVlab. Before 

PIV analysis, SIM videos were preprocessed in 

FIJI with median filtering (3), contrast 

enhancement (0.3%) and noise reduction, and 

saved as BMP files. Images were loaded into 

PIVlab in time-resolved mode. Preprocessing 

included CLAHE (window size = 20), Wiener2 

denoising (window size = 3). PIV analysis used 

FFT window deformation with a 32-pixel 

interrogation area, 16-pixel step size, and two 

passes. Calibration was based on pixel-to-

micron conversion using FIJI measurements, 

with a time step of 6000 ms. Post processing 

steps included velocity- and image-based 

validation for noise removal. Velocity 

magnitude was plotted using fixed scale limits 

determined by control samples to allow 

consistent comparison across conditions. Final 

data (u and v components) were exported to 

calculate vector magnitudes (√(U² + V²)) in 

µm/s. Median velocities per frame were 

calculated. 

Lamellipodia displacement analysis –

Lamellipodia displacement was analyzed 

following Beeken et al.'s protocol (44). SIM 

images were pre-processed in Fiji with 

background subtraction (rolling ball radius: 

30), median filtering (radius: 1.0), and drift 

correction using the StackReg plugin (rigid 

body). Lamellipodia were highlighted by 

thresholding (Huang method, dark background) 

with manual adjustment. Frame-by-frame 

subtraction (e.g., frame 2 - frame 1) was 

performed using the Image Calculator, 

generating 49 difference images per ROI. 

Newly formed actin signal, indicating 

protrusive activity, was measured in each 

image. Displacement was quantified as the 

cumulative area (µm²) of these newly formed 

protrusions across all frames, resulting in a 
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single value representing total lamellipodia 

displacement per ROI. 

Immunocytochemistry – Cells were fixed 

with 2% Paraformaldehyde (PFA), 0.05% 

Glutaraldehyde and 0.2 M HEPES for 15 min at 

room temperature (RT) followed by fixation 

with 4% PFA, 0.2 M HEPES for an additional 

15 min at RT. After fixation, cells were washed 

with washing buffer (0.2% Triton X-100 in 1X 

PBS), 3x5 min. Cells were incubated with anti-

Actin Monoclonal Antibody to visualize total 

actin (ACTN05, mouse, 1:200, Thermo Fisher 

Scientific, USA) overnight at 4 °C. Secondary 

antibody Alexa Fluor 555 (Donkey anti-mouse, 

1:500, Invitrogen, USA) was added together 

with Alexa Fluor 647-Phalloidin (1:400, 

Thermo Fisher Scientific, USA) to visualize F-

actin and Deoxyribonuclease Alexa Fluor 488 

for G-actin (DnaseI, 0.5 µM Thermo Fisher 

Scientific, USA) in 1X PBS with 2% BSA and 

incubated for 1 h at RT. Lastly, cells were 

incubated with 6-diamino-2-phenylindole 

(DAPI, 1:10 000, Thermo Fisher Scientific) for 

nuclear staining. For FA visualization, a mouse 

anti-vinculin monoclonal antibody (2 µg/ml, 

Thermo Fisher Scientific) with an Alexa Fluor 

555 goat anti-mouse (1:500, Invitrogen) 

secondary antibody was used. Coverslips were 

mounted on glass cover slides with 

Fluoromount-G (Thermo Fisher Scientific, 

USA). Imaging of actin-stained samples was 

carried out on the Zeiss Elyra PS.1 (Carl Zeiss 

AG, Germany) with the Plan-ApoChromat 

63×/1.40 Oil DIC M27 objective for SIM 

imaging with an excitation at 555 nm, 647 nm 

and 488 nm. Vinculin-stained samples were 

imaged with a Zeiss LSM880 confocal 

microscope equipped with an Airyscan detector 

and the Plan-ApoChromat 63×/1.40 Oil DIC 

M27 objective (NA 1.40, 0.19 mm working 

distance).  

Actin polymerization analysis – To 

quantify fluorescence intensity of F and G-

actin, cells were manually outlined in Fiji using 

the polygon tool to determine cell area. 

Corrected Total Cell Fluorescence (CTCF) was 

calculated using the formula: CTCF = 

Integrated Density – (Area of selected cell × 

Mean background fluorescence). Background 

fluorescence was measured from a cell-free 

region in the same image. F/G-actin ratio was 

calculated by dividing the CTCF values for 

each cell.  

Focal adhesion analysis – Microglial FAs 

were quantified using the protocol of Horzum 

et al. (45). Fluorescence images were analyzed 

in Fiji. Image processing included background 

subtraction (sliding paraboloid, radius 50), 

CLAHE (block size 19, histogram bins 256, 

max slope 6), exponential filtering, Log3D 

filtering (sigma X = 5, sigma Y = 5), 

thresholding (default automatic), and particle 

analysis (size 50–∞, circularity 0.00–0.99). FA 

outlines were overlaid on original images to 

verify detection accuracy. FA density was 

calculated as the number of FAs normalized to 

cell area to account for differences in cell size. 

Average FA size was calculated as the total FA 

area divided by the number of FAs. The FA area 

fraction was determined by dividing the total 

FA area by the cell area. Cell area was 

measured by manually outlining the cell using 

the polygon selection tool in Fiji.  

Statistics – Statistical analysis was 

performed using GraphPad Prism 9. Data 

distributions were assessed for normality using 

the Shapiro-Wilk tests, and appropriate 

parametric or non-parametric tests applied as 

necessary. Detailed statistical information, 

including details on sample size and statistical 

analyses, is provided in the figure legends. P-

values < 0.05 were considered significant. 

 

RESULTS  

Disc1 locus impairment enhances 

filopodia dynamics in microglia – Previously, 

we observed that Disc1 LI affects microglial 

migration during embryonic development, 

suggesting that DISC1 plays a key role in 

regulating this process. Since cell migration is 

strongly influenced by cytoskeletal dynamics, 

we sought to investigate whether DISC1 affects 

the formation and behavior of microglial 

protrusions, specifically filopodia (46). 

Filopodia are dynamic, actin-rich projections 

that extend from the leading edge of cells and  

rapidly retract and extend in a stochastic 

surveillance pattern, enabling microglia to 

perform fast, nanoscale environmental sensing 

within localized regions (24). To assess 

whether DISC1 influences these dynamic 

structures, we analyzed filopodial behavior in 

Disc1WT/WT and Disc1LI/LI microglia. To 

quantify filopodia motility, we performed live-

cell SIM of primary cultured Disc1WT/WT and 

Disc1LI/LI microglia, transduced with LifeAct-

mScarlet lentivirus. Single filopodia were 

cropped out and analyzed over time (3 min), 

using PIVlab in MATLAB to generate velocity 

vectors as a measure for filopodia dynamics. 
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SIM overlays illustrate filopodia movement 

over a 3-min interval (0 min in green and 3 min 

in red) (Fig. 1a). Vector magnitudes in µm/min 

are represented in the heat map where Disc1LI/LI 

microglia show increased filopodia activity 

compared to Disc1WT/WT microglia, reflected by 

high-magnitude regions (yellow) representing 

faster movement in contrast to the low-

magnitude regions (blue) (Fig. 1a). The median 

vector velocity over a 3-min interval showed 

significant higher actin-rich filopodia 

movements in Disc1LI/LI cells compared to 

Disc1WT/WT cells (P < 0.0001) (Fig. 1b). Next, 

we averaged the median Disc1LI/LI vector 

velocities across all time frames to obtain one 

value per cell. This data confirms that Disc1LI/LI 

microglia show significantly elevated median 

vector velocities (P = 0.0242) as well as a 

broader distribution compared to Disc1WT/WT 

microglia, suggesting dysregulated actin 

dynamics (Fig. 1c). Moreover, previous data  

showed that Disc1LI/LI microglia exhibit a 

significantly higher number of filopodia (47). 

Taken together, these findings suggest that 

DISC1 is critical for regulating balanced 

filopodial behavior in microglia, with its 

impairment likely driving a shift toward 

excessive filopodia formation and activity. 

Disc1 locus impairment disrupts 

lamellipodia formation and movement in 

microglia – While filopodia function mainly as 

sensory structures for environmental scanning, 

effective cell migration relies on the extension 

and movement of broad, actin-rich lamellipodia 

(25). Given the reduced migration observed in 

Disc1LI/LI microglia, we next examined whether 

DISC1 impairment alters lamellipodia 

dynamics. SIM images of LifeAct-mScarlet 

lentivirus transduced Disc1WT/WT and Disc1LI/LI 

microglia were obtained and lamellipodia-rich 

regions were selected (Fig. 2a). We quantified 

lamellipodia displacement over a 5-min time 

period by measuring changes in lamellipodia 

 

Figure 1. Disc1 locus impairment enhances microglia filopodia movement. (a) Representative 

live-cell SIM images of primary cultured Disc1WT/WT (top, WT) and Disc1LI/LI (bottom, LI) microglia 

transduced with LifeAct-mScarlet lentivirus to visualize F-actin. Regions of interest (ROIs) highlight 

individual filopodia, with SIM overlays showing differences in filopodia movement between min 0 

(green) and min 3 (red). Heat maps represent filopodia vector velocities derived from PIV analysis 

in MATLAB. Color scale represents vector magnitude in µm/min Scale bar = 10 µm (left panel), 1 

µm (ROI). (b) Median vector velocity (µm/min) over a 3-min interval, sampled every 6 s (i.e., 30 

time points) of Disc1WT/WT and Disc1LI/LI microglia. Data points represent median vector velocity per 

time point (20 filopodia per genotype derived from 5 microglia). (c) Scatter plot showing the average 

of the median vector velocity per ROI (P = 0.0242). Data points represent individually analyzed 

ROIs of different images (n= 20 regions per condition, from two independent experiments). 

Horizontal bars are reported as the median. Mann-Whitney U test. * P < 0.05, **** P < 0.0001. 
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protrusion area using a threshold-based image 

subtraction approach in Fiji. Visually, 

Disc1WT/WT cells exhibited a more extensive 

lamellipodia activity over time, with 

lamellipodia expanding noticeably in the 

whole-cell overlay as well as the ROI panels 

(Fig. 2a). In contrast, Disc1LI/LI cells displayed 

reduced lamellipodia activity with diminished 

area changes in the corresponding ROI 

overlays. Quantification of lamellipodia 

displacement revealed a significant reduction in 

Disc1LI/LI cells compared to Disc1WT/WT 

microglia (P < 0.0001), indicating that DISC1 

dysfunction impairs lamellipodial dynamics in 

microglia (Fig. 2b). 

Disc1 locus impairment reduced focal 

adhesion density in microglia – Building on 

our previous findings that Disc1LI/LI microglia 

exhibit altered actin dynamics, characterized by 

increased filopodia activity and reduced 

lamellipodia displacement, we next 

investigated whether these cytoskeletal 

differences were accompanied by changes in 

FA formation. Since FAs serve as critical 

anchoring points that link the actin cytoskeleton 

to the ECM and regulate protrusion stability 

and migration efficiency, assessing differences 

in their presence between Disc1WT/WT and 

Disc1LI/LI microglia may provide important 

insight into the migratory behavior of Disc1LI/LI 

microglia (29) Disc1WT/WT and Disc1LI/LI 

microglia were stained for vinculin, a common 

FA marker and phalloidin-647 to visualize the 

F-actin cytoskeleton and assess cell structure. 

Immunohistochemistry and confocal 

microscopy were conducted by A. Janssens 

(Fig. 3a). Three metrics were quantified to 

assess differences in FA characteristics 

between Disc1WT/WT and Disc1LI/LI microglia: 

FA density, average FA size, and FA area 

fraction. To account for differences in cell size, 

FA counts were normalized to cell area, which 

was determined by outlining the cells based on 

their cytoskeleton. FA density was calculated as 

the number of FAs per unit cell area, and  

 

Figure 2. Disc1 locus impairment alters microglial lamellipodia dynamics. (a) Representative 

SIM live-cell images of primary cultured Disc1WT/WT (top, WT) and Disc1LI/LI (bottom, LI) microglia 

transduced with LifeAct-mScarlet lentivirus to visualize actin dynamics. Scale bar = 5 µm. Regions 

of interest (ROIs) show zoomed-in lamellipodial areas where displacement is shown between min 0 

(green) and min 5 (red). Scale bar = 2 µm. (b) Quantification of lamellipodia displacement (µm²/5 

min) over time per ROI (4 ROIs per cell, 5 cells per genotype, n= 20 data points per genotype) (P < 

0.0001). Horizontal bars are reported as the median. Unpaired T-test. Data represent cells from two 

independent experiments. **** P < 0.0001. 
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compared between Disc1WT/WT and Disc1LI/LI 

microglia. Disc1LI/LI microglia showed reduced 

FA density compared to WT cells (P = 0.0200), 

indicating fewer adhesions relative to cell size 

(Fig. 3b). To determine whether this reduction 

in FA number was accompanied by a 

compensatory change in adhesion size, we 

calculated the average FA size by dividing the 

total FA area by the number of FAs. No 

significant difference was observed between 

the genotypes (P = 0.3428), suggesting that 

while Disc1LI/LI cells form fewer adhesions, the 

size of individual FAs remains comparable to 

those in Disc1WT/WT cells (Fig. 3c). Lastly, we 

obtained the FA area fraction, representing the 

proportion of the cell area occupied by 

adhesions. Although this value was lower in 

Disc1LI/LI cells, this difference did not reach 

 

Figure 3. Disc1 locus impairment disrupts FA formation in microglia. (a) Representative 

confocal images of microglia from Disc1WT/WT (top, WT) and Disc1LI/LI (bottom, LI) microglia stained 

for phalloidin-647 (F-actin, red), vinculin (green), and processed images to visualize Focal Adhesions 

(FA, greyscale). Scale bar = 5 µm. (b-d) Quantitative analysis of FA characteristics in Disc1WT/WT 

and Disc1LI/LI microglia. (b) FA density (FA count per μm² cell area) (P = 0.0200). (c) Average FA 

size (total FA area divided by FA count). (d) FA area fraction (total FA area per cell area in %) (P = 

0.0747, ns = non-significant). Data points represent individual microglia (n= 18 Disc1WT/WT microglia 

and n=15 Disc1LI/LI microglia). Immunostaining and imaging performed by A. Janssens. Horizontal 

bars are reported as the median. Mann-Whitney U test. * P < 0.05, ns = non-significant.  
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statistical significance (P = 0.0747) (Fig. 3d). 

Importantly, since FA area fraction reflects a 

combination of FA density and their size, the 

observed reduction in density, together with the 

unchanged FA size, likely contribute to the 

overall trend toward reduced adhesive coverage 

in Disc1LI/LI microglia. Nonetheless, the trend 

aligns with the overall reduction in FA density 

and supports the possibility of a generalized 

defect in adhesion complex formation and their 

stabilization. These findings therefore suggest 

that DISC1 dysfunction is associated with a 

significant reduction in FA density, while 

average FA size remains largely unchanged. 

The reduced FA density may underlie the 

impaired embryonic microglial migration in 

Disc1LI/LI microglia by limiting anchoring 

points, thereby restricting the traction forces 

essential for effective movement. 

Disc1 locus impairment disrupts actin 

polymerization capacity in microglia - As we 

previously revealed that Disc1LI/LI microglia 

exhibit increased filopodia motility, reduced 

lamellipodia displacement, with the presence of 

fewer FAs compared to Disc1WT/WT cells, our 

analyses suggest that DISC1 dysfunction may 

 

Figure 4. Disc1 locus impairment shifts actin balance in microglia. (a) Representative confocal 

images of primary Disc1WT/WT and Disc1LI/LI microglia showing filamentous actin (F-actin, red), and 

monomeric actin (G-actin, yellow). Scale bar = 5 µm. (b-d) Quantification of F-actin (b); G-actin (c); 

and the F/G-actin ratio (d) using corrected total cell fluorescence (CTCF). (P = 0.6885 (b); P = 0.0059 

(c); P = 0.0299 (d)). Data points represent individual microglia (n= 22 Disc1WT/WT microglia and 

n=19 Disc1LI/LI microglia). Horizontal bars are reported as the median. Mann-Whitney U test. * P < 

0.05, ** P < 0.01, ns = non-significant. 
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lead to abnormal actin-based protrusion 

dynamics and anchoring of the cell to the ECM.  

These findings implicate a fundamental 

disruption in cytoskeletal organization, 

particularly which relies tightly on regulated 

actin polymerization. This process involves the 

formation of F-actin from monomeric G-actin 

(23). We investigated whether DISC1 

dysfunction impairs this actin polymerization 

capacity. To test this, we quantified the 

presence of G- and F-actin in Disc1LI/LI and 

Disc1WT/WT microglia, and determined the F/G-

actin ratio as a quantitative measure of 

polymerization. We used Alexa Fluor 488–

conjugated DNase I and Alexa Fluor 647–

conjugated phalloidin to mark G- and F-actin 

respectively (Fig. 4a). Quantitative analysis 

using corrected total cell fluorescence (CTCF) 

confirmed that F-actin levels did not differ 

significantly between genotypes (Fig. 4b) (P = 

0.6885). However, G-actin levels were 

significantly decreased in Disc1LI/LI microglia 

(Fig. 4c) (P = 0.0059). As a result, the F/G-

actin ratio was significantly elevated in 

Disc1LI/LI cells compared to Disc1WT/WT  

microglia (Fig. 4d) (P = 0.0299), indicating a 

shift toward monomeric actin and impaired 

actin polymerization in Disc1LI/LI microglia.  

These results suggest that DISC1 

dysfunction leads to a reduced G-actin pool  

without affecting total F-actin levels, indicating 

a disruption in the equilibrium between 

monomeric G-actin and F-actin. 

 

DISCUSSION  

Microglia play a crucial role in brain 

development by supporting the formation of 

complex neural networks (48). In the early 

stages of brain development, they are actively 

involved in synaptic pruning, promoting 

neuronal plasticity, and preserving tissue 

integrity (49,50). To fulfill these dynamic roles, 

microglia depend on their ability to migrate 

through the brain parenchyma (51). Disruption 

of microglial migration and synaptic pruning 

has been linked to NDDs, highlighting the 

critical importance of the cytoskeleton during 

brain development (52). One gene that has 

emerged as a key player in neurodevelopmental 

risk is Disc1, which encodes the 

multifunctional scaffolding protein DISC1 

(40,53). While DISC1 is well studied in 

neurons, where it is known to regulate 

cytoskeletal organization, its role in microglia 

remains poorly understood (40). Interestingly, 

we have previously observed that DISC1 

dysfunction impairs embryonic microglial 

saltatory migration, indicating a potential role 

in regulating the microglial cytoskeleton (42). 

Microglial movement depends largely on 

dynamic remodeling of the actin cytoskeleton, 

which supports the formation of lamellipodia, 

broad membrane ruffles that drive the cell 

forward, and filopodia, thin exploratory 

protrusions that sense the surrounding 

environment (54–57). In addition, tightly 

regulated interactions with the ECM through 

FAs anchor the microglia and generate the 

contractile forces needed for movement (58). 

As these actin-based structures are essential for 

migration, we aimed to investigate whether 

DISC1 influences microglial migration by 

regulating these protrusions and adhesion sites 

(54). 

We here examined the role of DISC1 in 

microglial filopodia and lamellipodia 

dynamics. Live-cell SIM revealed a striking 

shift in actin-rich protrusion dynamics in 

Disc1LI/LI microglia. Specifically, PIV analysis 

of LifeAct-mScarlet transduced microglia 

revealed that Disc1LI/LI microglia consistently 

exhibit enhanced filopodia dynamics compared 

to Disc1WT/WT microglia. On the other hand, 

Disc1LI/LI microglia revealed reduced 

lamellipodia movement. These findings are 

consistent with earlier observations, which 

show that Disc1LI/LI microglia exhibit reduced 

lamellipodia and increased filopodia formation 

(47). Interestingly, lamellipodia formation 

depends on Arp2/3-mediated nucleation (59). 

The Arp2/3 complex initiates the formation of 

branched actin networks by binding to the side 

of preexisting actin filaments and generating 

new filaments at a characteristic 70° angle (60). 

This branching activity is essential for the 

formation and dynamic behavior of 

lamellipodia (61). Specifically, lamellipodia 

expansion is sustained by the coordinated 

activity of the Arp2/3 complex, the WAVE 

complex, and their upstream regulators (25). 

Small GTPases such as Rac accumulate at the 

tips of these protrusions, promoting the 

localization and activity of the WAVE 

complex, where it acts as a polymerase to 

promote branched actin filament elongation, 

securing the actin network to the plasma 

membrane, and functions as a nucleation-

promoting factor for the Arp2/3 complex (62). 

This activity near the plasma membrane ensures 

persistent actin polymerization, driving the 
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extension of lamellipodia (25). Interestingly, 

our single-cell RNA sequencing has revealed 

downregulation of Arp2/3 in Disc1LI/LI 

microglia (42). Therefore, DISC1 possibly 

modulates lamellipodia dynamics via upstream 

pathways involving Rac and Rho. Within 

neurons, DISC1 was found to regulate Rac1 

signaling, particularly influencing 

glutamatergic synapse spine formation (63). 

Since Rac1 activation is essential for Arp2/3-

mediated lamellipodia expansion, disruption of 

DISC1 may impair Rac1 signaling in microglia, 

which in turn compromises Arp2/3 function 

(64). This likely limits lamellipodia formation 

and movement and ultimately impairs 

microglial migration. In contrast, filopodia 

formation mainly relies on formin-driven linear 

actin polymerization (65). Formins facilitate the 

nucleation and processive elongation of linear, 

unbranched actin filaments by associating with 

filament barbed ends and protecting them from 

capping proteins (23). Disc1LI/LI microglia show 

upregulation of Fmn1, a formin family member 

(42). Taken together, the increased filopodial 

dynamics observed in Disc1LI/LI microglia may 

therefore reflect a compensatory or 

dysregulated upregulation of formin activity in 

response to impaired lamellipodial stability. 

While formins, such as mDia1/2, can nucleate 

and elongate unbranched actin filaments 

essential for filopodia, these protrusions are 

slender and transient, and do not generate the 

broad, traction-bearing forces necessary for 

sustained migration (66,67). This demonstrates 

that DISC1 has a specific role in the expansion 

and maintenance of these structures. Our 

findings suggest that DISC1 dysfunction 

disrupts actin cytoskeleton remodeling in 

microglia, causing a shift from stable 

lamellipodia protrusions to more dynamic, 

‘scanning’ filopodia. This shift may underlie 

the migratory deficits observed in Disc1LI/LI 

microglia (42,68). However, given the 

extensive range of DISC1-protein interactions, 

it remains challenging to isolate a single 

definitive signaling pathway (69). Therefore, 

we aim to identify potential interaction partners 

of DISC1 in the future. 

Besides protrusion dynamics, microglial 

migration is further controlled by cell adhesion 

mechanisms, including the formation of FAs 

(29). Integrin-based FAs enable microglia to 

anchor to the ECM, facilitating traction during 

migration (70). At the leading edge of the 

lamellipodium, integrin clustering gives rise to 

nascent adhesions, which are transient 

structures that initiate extracellular signal 

transduction (71). A subset of these matures 

into FAs through recruitment of adaptor 

proteins such as α-actinin, myosin II, RhoA, 

and tensin, enabling linkage to the actin 

cytoskeleton. These adhesion sites coordinate 

signaling pathways that regulate cytoskeletal 

dynamics essential for directed microglial 

migration (72). Therefore, FAs are essential for 

effective microglial migration and reduction in 

their formation could contribute to the 

migratory deficits observed in our Disc1LI/LI 

model (73). To explore this, we examined the 

role of DISC1 in microglial FA formation. Our 

data indicate that Disc1LI/LI microglia form 

fewer adhesions relative to their cell size. 

However, adhesions that do form are of 

comparable size to those in Disc1WT/WT cells. 

Mechanistically, this reduction in FA density 

may stem from underlying defects in actin 

cytoskeletal organization. As it remains unclear 

whether DISC1 directly regulates FA-

associated proteins, pinpointing the precise 

mechanism underlying the observed reduction 

in FA formation is challenging. However, the 

observed reduction in FA formation in 

Disc1LI/LI suggests that DISC1 may play an 

upstream regulatory role in FA formation. 

Previous studies have shown that DISC1 

upregulates β1-integrin protein levels in 

neuronal cells, which is a crucial component of 

FAs that mediate cell–matrix interactions (74). 

Similarly, it is possible that DISC1 dysfunction 

in microglia leads to reduced β1-integrin 

expression, thereby contributing to decreased 

FA formation and density. The relationship 

between FAs and cell migration is biphasic: 

insufficient adhesion fails to generate the 

traction forces necessary for movement, 

whereas excessive adhesion can hinder cell 

detachment and limit forward progression (75). 

This balance is critical for efficient migration 

and may be disrupted in Disc1LI/LI microglia, 

where reduced FA density could impair traction 

generation and thus lead to migratory deficits 

(76). 

Building on these findings, we next 

explored whether changes in protrusion 

dynamics and adhesion formation observed in 

Disc1LI/LI microglia could be explained by 

disruptions in actin polymerization. We 

observed a significant increase in the F/G-actin 

ratio in Disc1LI/LI microglia, driven by a 

reduction in G-actin levels, while F-actin levels 



     Senior internship- 2nd master BMW 

12 
 

remained unchanged compared to Disc1WT/WT 

microglia. This indicates a reduction in the total 

actin pool, driven by decreased levels of G-

actin without a corresponding increase in F-

actin. Our previous transcriptomic data 

revealed upregulation of Pfn2, which promotes 

G-actin delivery to barbed ends, and 

downregulation of CapG, which caps barbed 

ends to limit filament growth (42,77,78). 

Together, these changes would be expected to 

enhance actin polymerization and reduce the 

available pool of G-actin monomers (79). This 

is consistent with our observation of reduced G-

actin levels in Disc1LI/LI microglia. However, F-

actin levels remained unchanged, indicating 

that increase in polymerization does not lead to 

a net gain in F-actin. Alternatively, the 

observed reduction in G-actin and stable F-actin 

levels may reflect impaired recycling of actin 

monomers (80). Here, actin filaments may form 

and persist, but turnover is inefficient, leading 

to depletion of the monomer pool (81). 

Altogether, these findings suggests that DISC1 

dysfunction disrupts actin turnover, which may 

underlie altered protrusion dynamics and 

reduced adhesion formation in Disc1LI/LI 

microglia. However, interpretation is limited by 

our small sample size, and further replication 

and experiments are needed to confirm whether 

this reflects true biological processes.  

 

CONCLUSION 

Taken together, our findings provide 

evidence that DISC1 plays a critical role in 

regulating microglial actin cytoskeleton 

dynamics, affecting both protrusion formation 

and cell adhesion essential for effective 

migration during neurodevelopment. Altered 

lamellipodia and filopodia dynamics, reduced 

FA density and disrupted actin polymerization 

all point toward a cytoskeletal network that is 

destabilized in the absence of functional 

DISC1. However, while these data offer 

important insights into the cellular 

consequences of DISC1 dysfunction, precise 

molecular mechanisms remain unknown. Given 

the multifunctional nature of DISC1 and its 

extensive network of interacting proteins, 

further studies are necessary to map its specific 

molecular partners in microglia. This will help 

us understand how DISC1 influences 

microglial function in development and disease. 

 

REFERENCES 

1. Stiles J, Jernigan TL. The Basics of Brain Development. Neuropsychol Rev [Internet]. 2010 Dec 

[cited 2025 Mar 17];20(4):327. Available from: 

https://pmc.ncbi.nlm.nih.gov/articles/PMC2989000/ 
2. Cooper JA. Mechanisms of cell migration in the nervous system. J Cell Biol [Internet]. 2013 

[cited 2025 Mar 17];202(5):725. Available from: 

https://pmc.ncbi.nlm.nih.gov/articles/PMC3760606/ 

3. Zoghbi HY, Bear MF. Synaptic Dysfunction in Neurodevelopmental Disorders Associated with 

Autism and Intellectual Disabilities. Cold Spring Harb Perspect Biol [Internet]. 2012 Mar [cited 

2025 May 1];4(3):a009886. Available from: 

https://pmc.ncbi.nlm.nih.gov/articles/PMC3282414/ 

4. Lasser M, Tiber J, Lowery LA. The Role of the Microtubule Cytoskeleton in 

Neurodevelopmental Disorders. Front Cell Neurosci [Internet]. 2018 Jun 14 [cited 2025 May 

20];12:165. Available from: https://pmc.ncbi.nlm.nih.gov/articles/PMC6010848/ 

5. Bucher M, Fanutza T, Mikhaylova M. Cytoskeletal makeup of the synapse: Shaft versus spine. 

Cytoskeleton [Internet]. 2020 Mar 1 [cited 2025 May 20];77(3–4):55–64. Available from: 

https://pubmed.ncbi.nlm.nih.gov/31762205/ 

6. Socodato R, Relvas JB. A cytoskeleton symphony: Actin and microtubules in microglia 

dynamics and aging. Prog Neurobiol [Internet]. 2024 Mar 1 [cited 2025 May 20];234:102586. 

Available from: https://www.sciencedirect.com/science/article/pii/S0301008224000224 

7. Menon S, Gupton SL. Building Blocks of Functioning Brain: Cytoskeletal Dynamics in 

Neuronal Development. Int Rev Cell Mol Biol [Internet]. 2016 [cited 2025 May 20];322:183. 

Available from: https://pmc.ncbi.nlm.nih.gov/articles/PMC4809367/ 

8. Mehl LC, Manjally A V., Bouadi O, Gibson EM, Tay TL. Microglia in brain development and 

regeneration. Development [Internet]. 2022 Apr 1 [cited 2025 May 20];149(8):dev200425. 

Available from: https://pmc.ncbi.nlm.nih.gov/articles/PMC9124570/ 



     Senior internship- 2nd master BMW 

13 
 

9. Ginhoux F, Prinz M. Origin of Microglia: Current Concepts and Past Controversies. Cold Spring 

Harb Perspect Biol [Internet]. 2015 Aug 1 [cited 2025 May 20];7(8):a020537. Available from: 

https://pmc.ncbi.nlm.nih.gov/articles/PMC4526747/ 

10. Hattori Y. The multifaceted roles of embryonic microglia in the developing brain. Front Cell 

Neurosci [Internet]. 2023 [cited 2025 May 20];17:988952. Available from: 

https://pmc.ncbi.nlm.nih.gov/articles/PMC10213237/ 

11. Cornell J, Salinas S, Huang HY, Zhou M. Microglia regulation of synaptic plasticity and learning 

and memory. Neural Regen Res [Internet]. 2021 Apr 1 [cited 2025 May 20];17(4):705. 

Available from: https://pmc.ncbi.nlm.nih.gov/articles/PMC8530121/ 

12. Andoh M, Koyama R. Microglia regulate synaptic development and plasticity. Dev Neurobiol 

[Internet]. 2021 Jul 1 [cited 2025 May 20];81(5):568. Available from: 

https://pmc.ncbi.nlm.nih.gov/articles/PMC8451802/ 

13. Tremblay MÈ, Stevens B, Sierra A, Wake H, Bessis A, Nimmerjahn A. The role of microglia in 

the healthy brain. Journal of Neuroscience. 2011 Nov 9;31(45):16064–9.  

14. Li Q, Barres BA. Microglia and macrophages in brain homeostasis and disease. Nat Rev 

Immunol. 2018 Apr 1;18(4):225–42.  

15. Vidal-Itriago A, Radford RAW, Aramideh JA, Maurel C, Scherer NM, Don EK, et al. Microglia 

morphophysiological diversity and its implications for the CNS. Front Immunol. 2022 Oct 

19;13:997786.  

16. Paolicelli RC, Sierra A, Stevens B, Tremblay ME, Aguzzi A, Ajami B, et al. Microglia states 

and nomenclature: A field at its crossroads. Neuron [Internet]. 2022 Nov 2 [cited 2025 May 

20];110(21):3458–83. Available from: 

https://www.sciencedirect.com/science/article/pii/S0896627322009539 

17. Michell-Robinson MA, Touil H, Healy LM, Owen DR, Durafourt BA, Bar-Or A, et al. Roles of 

microglia in brain development, tissue maintenance and repair. Brain [Internet]. 2015 May 1 

[cited 2025 May 20];138(5):1138. Available from: 

https://pmc.ncbi.nlm.nih.gov/articles/PMC5963417/ 

18. Smolders SMT, Kessels S, Vangansewinkel T, Rigo JM, Legendre P, Brône B. Microglia: Brain 

cells on the move. Prog Neurobiol [Internet]. 2019 Jul 1 [cited 2025 May 20];178:101612. 

Available from: https://www.sciencedirect.com/science/article/pii/S0301008218301412 

19. Blanchoin L, Boujemaa-Paterski R, Sykes C, Plastino J. Actin dynamics, architecture, and 

mechanics in cell motility. Physiol Rev [Internet]. 2014 Jan 1 [cited 2025 May 20];94(1):235–

63. Available from: https://pubmed.ncbi.nlm.nih.gov/24382887/ 

20. Beeken J, Kessels S, Rigo JM, Alpizar YA, Nguyen L, Brône B. p27kip1 Modulates the 

Morphology and Phagocytic Activity of Microglia. Int J Mol Sci [Internet]. 2022 Sep 1 [cited 

2025 May 20];23(18). Available from: https://pubmed.ncbi.nlm.nih.gov/36142366/ 

21. Franco-Bocanegra DK, McAuley C, Nicoll JAR, Boche D. Molecular Mechanisms of Microglial 

Motility: Changes in Ageing and Alzheimer’s Disease. Cells [Internet]. 2019 Jun 1 [cited 2025 

May 20];8(6):639. Available from: https://pmc.ncbi.nlm.nih.gov/articles/PMC6627151/ 

22. Svitkina T. The Actin Cytoskeleton and Actin-Based Motility. Cold Spring Harb Perspect Biol 

[Internet]. 2018 Jan 1 [cited 2025 May 20];10(1):a018267. Available from: 

https://pmc.ncbi.nlm.nih.gov/articles/PMC5749151/ 

23. Chesarone MA, Goode BL. Actin Nucleation and Elongation Factors: Mechanisms and 

Interplay. Curr Opin Cell Biol [Internet]. 2009 Feb [cited 2025 May 20];21(1):28. Available 

from: https://pmc.ncbi.nlm.nih.gov/articles/PMC2671392/ 

24. Bernier LP, Bohlen CJ, York EM, Choi HB, Kamyabi A, Dissing-Olesen L, et al. Nanoscale 

Surveillance of the Brain by Microglia via cAMP-Regulated Filopodia. Cell Rep [Internet]. 2019 

Jun 4 [cited 2025 May 20];27(10):2895-2908.e4. Available from: 

https://www.cell.com/action/showFullText?pii=S2211124719306217 

25. Innocenti M. New insights into the formation and the function of lamellipodia and ruffles in 

mesenchymal cell migration. Cell Adh Migr [Internet]. 2018 Sep 3 [cited 2025 May 

20];12(5):401. Available from: https://pmc.ncbi.nlm.nih.gov/articles/PMC6363039/ 

26. Lawson CD, Ridley AJ. Rho GTPase signaling complexes in cell migration and invasion. J Cell 

Biol [Internet]. 2018 Feb 1 [cited 2025 May 20];217(2):447. Available from: 

https://pmc.ncbi.nlm.nih.gov/articles/PMC5800797/ 



     Senior internship- 2nd master BMW 

14 
 

27. Chen B, Chou HT, Brautigam CA, Xing W, Yang S, Henry L, et al. Rac1 GTPase activates the 

WAVE regulatory complex through two distinct binding sites. Elife. 2017 Sep 26;6.  

28. Yang C, Svitkina T. Filopodia initiation: Focus on the Arp2/3 complex and formins. Cell Adh 

Migr [Internet]. 2011 Sep [cited 2025 May 20];5(5):402. Available from: 

https://pmc.ncbi.nlm.nih.gov/articles/PMC3218607/ 

29. Yamaguchi N, Knaut H. Focal adhesion-mediated cell anchoring and migration: from in vitro to 

in vivo. Development [Internet]. 2022 May 1 [cited 2025 May 20];149(10):dev200647. 

Available from: https://pmc.ncbi.nlm.nih.gov/articles/PMC9188754/ 

30. Matrullo G, Filomeni G, Rizza S. Redox regulation of focal adhesions. Redox Biol [Internet]. 

2025 Mar 1 [cited 2025 May 21];80:103514. Available from: 

https://www.sciencedirect.com/science/article/pii/S2213231725000278 

31. Carisey A, Tsang R, Greiner AM, Nijenhuis N, Heath N, Nazgiewicz A, et al. Vinculin regulates 

the recruitment and release of core focal adhesion proteins in a force-dependent manner. Current 

Biology [Internet]. 2013 Feb 18 [cited 2025 May 21];23(4):271–81. Available from: 

https://pubmed.ncbi.nlm.nih.gov/23375895/ 

32. Katoh K. Integrin and Its Associated Proteins as a Mediator for Mechano-Signal Transduction. 

Biomolecules [Internet]. 2025 Feb 1 [cited 2025 May 21];15(2):166. Available from: 

https://pmc.ncbi.nlm.nih.gov/articles/PMC11853369/ 

33. Oosterheert W, Boiero Sanders M, Bieling P, Raunser S. Structural insights into actin filament 

turnover. Trends Cell Biol [Internet]. 2025 Jan 23 [cited 2025 May 21]; Available from: 

https://www.sciencedirect.com/science/article/pii/S0962892424002770 

34. Lukens JR, Eyo UB. Microglia and Neurodevelopmental Disorders. Annu Rev Neurosci 

[Internet]. 2022 Jul 1 [cited 2025 May 21];45:425. Available from: 

https://pmc.ncbi.nlm.nih.gov/articles/PMC10449242/ 

35. Gao C, Jiang J, Tan Y, Chen S. Microglia in neurodegenerative diseases: mechanism and 

potential therapeutic targets. Signal Transduction and Targeted Therapy 2023 8:1 [Internet]. 

2023 Sep 22 [cited 2025 May 21];8(1):1–37. Available from: 

https://www.nature.com/articles/s41392-023-01588-0 

36. Soares DC, Carlyle BC, Bradshaw NJ, Porteous DJ. DISC1: Structure, Function, and 

Therapeutic Potential for Major Mental Illness. ACS Chem Neurosci [Internet]. 2011 Nov 16 

[cited 2025 May 21];2(11):609. Available from: 

https://pmc.ncbi.nlm.nih.gov/articles/PMC3222219/ 

37. Bradshaw NJ, Porteous DJ. DISC1-binding proteins in neural development, signalling and 

schizophrenia. Neuropharmacology [Internet]. 2012 Mar [cited 2025 May 21];62(3):1230. 

Available from: https://pmc.ncbi.nlm.nih.gov/articles/PMC3275753/ 

38. Tropea D, Hardingham N, Millar K, Fox K. Mechanisms underlying the role of DISC1 in 

synaptic plasticity. J Physiol [Internet]. 2018 Jul 15 [cited 2025 May 21];596(14):2747. 

Available from: https://pmc.ncbi.nlm.nih.gov/articles/PMC6046077/ 

39. Kim JY, Duan X, Liu CY, Jang MH, Guo JU, Pow-anpongkul N, et al. DISC1 regulates new 

neuron development in the adult brain via modulation of AKT-mTOR signaling through 

KIAA1212. Neuron [Internet]. 2009 Sep 24 [cited 2025 May 21];63(6):761. Available from: 

https://pmc.ncbi.nlm.nih.gov/articles/PMC3075620/ 

40. Steinecke A, Gampe C, Nitzsche F, Bolz J. DISC1 knockdown impairs the tangential migration 

of cortical interneurons by affecting the actin cytoskeleton. Front Cell Neurosci [Internet]. 2014 

Jul 8 [cited 2025 May 21];8(JULY). Available from: 

https://pubmed.ncbi.nlm.nih.gov/25071449/ 

41. Thomson PA, Malavasi ELV, Grünewald E, Soares DC, Borkowska M, Millar JK. DISC1 

genetics, biology and psychiatric illness. Front Biol (Beijing) [Internet]. 2013 Feb 1 [cited 2025 

May 21];8(1):1. Available from: https://pmc.ncbi.nlm.nih.gov/articles/PMC3580875/ 

42. Kessels S. Disrupted-in-Schizophrenia 1: a molecular key in microglia controlling mouse 

behaviour through cytoskeletal control [Internet]. [Hasselt]: UHasselt; 2023 [cited 2025 May 

21]. Available from: www.uhasselt.be 

43. Thielicke W, Stamhuis EJ. PIVlab – Towards User-friendly, Affordable and Accurate Digital 

Particle Image Velocimetry in MATLAB. J Open Res Softw. 2014 Oct 16;2.  



     Senior internship- 2nd master BMW 

15 
 

44. Beeken J, Mertens M, Stas N, Kessels S, Aerts L, Janssen B, et al. Acute inhibition of transient 

receptor potential vanilloid-type 4 cation channel halts cytoskeletal dynamism in microglia. Glia 

[Internet]. 2022 Nov 1 [cited 2025 May 28];70(11):2157–68. Available from: 

https://pubmed.ncbi.nlm.nih.gov/35809029/ 

45. Horzum U, Ozdil B, Pesen-Okvur D. Step-by-step quantitative analysis of focal adhesions. 

MethodsX [Internet]. 2014 [cited 2025 May 28];1(1):56. Available from: 

https://pmc.ncbi.nlm.nih.gov/articles/PMC4472847/ 

46. Conboy JP, Istúriz Petitjean I, van der Net A, Koenderink GH. How cytoskeletal crosstalk makes 

cells move: Bridging cell-free and cell studies. Biophys Rev [Internet]. 2024 Jun 1 [cited 2025 

May 28];5(2):021307. Available from: https://pmc.ncbi.nlm.nih.gov/articles/PMC11151447/ 

47. Janssen A. DISC1 impairment disrupts cytoskeletal organization in microglia. 2022 [cited 2025 

Jun 3]; Available from: https://documentserver.uhasselt.be//handle/1942/38331 

48. Sun Y, Che J, Zhang J. Emerging non-proinflammatory roles of microglia in healthy and 

diseased brains. Brain Res Bull [Internet]. 2023 Jul 1 [cited 2025 May 30];199:110664. 

Available from: https://www.sciencedirect.com/science/article/pii/S0361923023000874 

49. Lawrence AR, Canzi A, Bridlance C, Olivié N, Lansonneur C, Catale C, et al. Microglia 

maintain structural integrity during fetal brain morphogenesis. Cell [Internet]. 2024 Feb 15 

[cited 2025 Jun 2];187(4):962-980.e19. Available from: 

https://www.sciencedirect.com/science/article/pii/S0092867424000448 

50. Anderson SR, Vetter ML. Developmental roles of microglia: a window into mechanisms of 

disease. Dev Dyn [Internet]. 2018 Jan 1 [cited 2025 May 30];248(1):98. Available from: 

https://pmc.ncbi.nlm.nih.gov/articles/PMC6328295/ 

51. Reemst K, Noctor SC, Lucassen PJ, Hol EM. The indispensable roles of microglia and astrocytes 

during brain development. Front Hum Neurosci [Internet]. 2016 Nov 8 [cited 2025 Jun 

2];10(NOV2016):215574. Available from: www.frontiersin.org 

52. Paolicelli RC, Ferretti MT. Function and Dysfunction of Microglia during Brain Development: 

Consequences for Synapses and Neural Circuits. Front Synaptic Neurosci [Internet]. 2017 May 

10 [cited 2025 Jun 2];9(MAY):9. Available from: 

https://pmc.ncbi.nlm.nih.gov/articles/PMC5423952/ 

53. Tomoda T, Hikida T, Sakurai T. Role of DISC1 in Neuronal Trafficking and its Implication in 

Neuropsychiatric Manifestation and Neurotherapeutics. Neurotherapeutics [Internet]. 2017 Jul 

1 [cited 2025 Jun 2];14(3):623–9. Available from: 

https://www.sciencedirect.com/science/article/pii/S1878747923014423 

54. Seetharaman S, Etienne-Manneville S. Cytoskeletal Crosstalk in Cell Migration. Trends Cell 

Biol [Internet]. 2020 Sep 1 [cited 2025 May 30];30(9):720–35. Available from: 

https://www.sciencedirect.com/science/article/abs/pii/S0962892420301227 

55. Mattila PK, Lappalainen P. Filopodia: Molecular architecture and cellular functions. Nat Rev 

Mol Cell Biol [Internet]. 2008 Jun 10 [cited 2025 May 30];9(6):446–54. Available from: 

https://pubmed.ncbi.nlm.nih.gov/18464790/ 

56. Krause M, Gautreau A. Steering cell migration: Lamellipodium dynamics and the regulation of 

directional persistence. Nat Rev Mol Cell Biol. 2014;15(9):577–90.  

57. Uhlemann R, Gertz K, Boehmerle W, Schwarz T, Nolte C, Freyer D, et al. Actin dynamics shape 

microglia effector functions. Brain Struct Funct [Internet]. 2016 Jun 1 [cited 2025 May 

30];221(5):2717–34. Available from: https://pubmed.ncbi.nlm.nih.gov/25989853/ 

58. Doyle AD, Nazari SS, Yamada KM. Cell-Extracellular Matrix Dynamics. Phys Biol [Internet]. 

2022 Mar 1 [cited 2025 Jun 2];19(2):10.1088/1478-3975/ac4390. Available from: 

https://pmc.ncbi.nlm.nih.gov/articles/PMC8855216/ 

59. Lai FPL, Szczodrak M, Block J, Faix J, Breitsprecher D, Mannherz HG, et al. Arp2/3 complex 

interactions and actin network turnover in lamellipodia. EMBO J [Internet]. 2008 Apr 9 [cited 

2025 May 30];27(7):982. Available from: https://pmc.ncbi.nlm.nih.gov/articles/PMC2265112/ 

60. Amann KJ, Pollard TD. The Arp2/3 complex nucleates actin filament branches from the sides 

of pre-existing filaments. Nat Cell Biol [Internet]. 2001 [cited 2025 Jun 3];3(3):306–10. 

Available from: https://pubmed.ncbi.nlm.nih.gov/11231582/ 



     Senior internship- 2nd master BMW 

16 
 

61. Vinzenz M, Nemethova M, Schur F, Mueller J, Narita A, Urban E, et al. Actin branching in the 

initiation and maintenance of lamellipodia. J Cell Sci [Internet]. 2012 Jun 1 [cited 2024 Oct 

2];125(Pt 11):2775–85. Available from: https://pubmed.ncbi.nlm.nih.gov/22431015/ 

62. Ridley AJ. Rho GTPases and actin dynamics in membrane protrusions and vesicle trafficking. 

Trends Cell Biol [Internet]. 2006 Oct [cited 2025 Jun 3];16(10):522–9. Available from: 

https://pubmed.ncbi.nlm.nih.gov/16949823/ 

63. Hayashi-Takagi A, Takaki M, Graziane N, Seshadri S, Murdoch H, Dunlop AJ, et al. Disrupted-

in-Schizophrenia-1 (DISC1) regulates spines of the glutamate synapse via Rac1. Nat Neurosci 

[Internet]. 2010 Mar [cited 2025 May 30];13(3):327. Available from: 

https://pmc.ncbi.nlm.nih.gov/articles/PMC2846623/ 

64. Ladwein M, Rottner K. On the Rho’d: The regulation of membrane protrusions by Rho-

GTPases. FEBS Lett [Internet]. 2008 Jun 18 [cited 2025 Jun 3];582(14):2066–74. Available 

from: https://www.sciencedirect.com/science/article/pii/S001457930800361X 

65. Mellor H. The role of formins in filopodia formation. Biochim Biophys Acta Mol Cell Res 

[Internet]. 2010 Feb [cited 2025 May 30];1803(2):191–200. Available from: 

https://pubmed.ncbi.nlm.nih.gov/19171166/ 

66. Block J, Stradal TEB, Hänisch J, Geffers R, Köstler SA, Urban E, et al. Filopodia formation 

induced by active mDia2/Drf3. J Microsc [Internet]. 2008 [cited 2025 May 30];231(3):506–17. 

Available from: https://pubmed.ncbi.nlm.nih.gov/18755006/ 

67. Bornschlögl T. How filopodia pull: What we know about the mechanics and dynamics of 

filopodia. Cytoskeleton [Internet]. 2013 Oct [cited 2025 May 30];70(10):590–603. Available 

from: https://pubmed.ncbi.nlm.nih.gov/23959922/ 

68. Wu C, Asokan SB, Berginski ME, Haynes EM, Sharpless NE, Griffith JD, et al. Arp2/3 complex 

is critical for lamellipodia and organization of cell-matrix adhesion but dispensable for fibroblast 

chemotaxis. Cell [Internet]. 2012 Mar 2 [cited 2025 May 30];148(5):973. Available from: 

https://pmc.ncbi.nlm.nih.gov/articles/PMC3707508/ 

69. Camargo LM, Collura V, Rain JC, Mizuguchi K, Hermjakob H, Kerrien S, et al. Disrupted in 

Schizophrenia 1 interactome: Evidence for the close connectivity of risk genes and a potential 

synaptic basis for schizophrenia. Mol Psychiatry [Internet]. 2007 Jan 17 [cited 2025 Jun 

3];12(1):74–86. Available from: https://pubmed.ncbi.nlm.nih.gov/17043677/ 

70. Wang Y, Wang X. Integrins outside focal adhesions transmit tensions during stable cell 

adhesion. Sci Rep [Internet]. 2016 Nov 15 [cited 2025 May 21];6. Available from: 

https://pubmed.ncbi.nlm.nih.gov/27845380/ 

71. Henning Stumpf B, Ambriović-Ristov A, Radenovic A, Smith AS. Recent Advances and 

Prospects in the Research of Nascent Adhesions. Front Physiol [Internet]. 2020 Dec 4 [cited 

2025 Jun 3];11:574371. Available from: https://pmc.ncbi.nlm.nih.gov/articles/PMC7746844/ 

72. Kuo JC. Mechanotransduction at focal adhesions: integrating cytoskeletal mechanics in 

migrating cells. J Cell Mol Med [Internet]. 2013 Jun [cited 2025 Jun 3];17(6):704. Available 

from: https://pmc.ncbi.nlm.nih.gov/articles/PMC3823174/ 

73. Wozniak MA, Modzelewska K, Kwong L, Keely PJ. Focal adhesion regulation of cell behavior. 

Biochimica et Biophysica Acta (BBA) - Molecular Cell Research [Internet]. 2004 Jul 5 [cited 

2025 Jun 3];1692(2–3):103–19. Available from: 

https://www.sciencedirect.com/science/article/pii/S0167488904000990 

74. Hattori T, Shimizu S, Koyama Y, Yamada K, Kuwahara R, Kumamoto N, et al. DISC1 regulates 

cell-cell adhesion, cell-matrix adhesion and neurite outgrowth. Mol Psychiatry [Internet]. 2010 

Aug [cited 2025 Jun 3];15(8):798–809. Available from: 

https://pubmed.ncbi.nlm.nih.gov/20479754/ 

75. Gupton SL, Waterman-Storer CM. Spatiotemporal Feedback between Actomyosin and Focal-

Adhesion Systems Optimizes Rapid Cell Migration. Cell [Internet]. 2006 Jun 30 [cited 2025 Jun 

3];125(7):1361–74. Available from: 

https://www.sciencedirect.com/science/article/pii/S0092867406007197 

76. Mavrakis M, Juanes MA. The compass to follow: Focal adhesion turnover. Curr Opin Cell Biol 

[Internet]. 2023 Feb 1 [cited 2025 Jun 3];80:102152. Available from: 

https://www.sciencedirect.com/science/article/pii/S0955067423000017 



     Senior internship- 2nd master BMW 

17 
 

77. Ree R, Kind L, Kaziales A, Varland S, Dai M, Richter K, et al. PFN2 and NAA80 cooperate to 

efficiently acetylate the N-terminus of actin. Journal of Biological Chemistry [Internet]. 2020 

Dec 4 [cited 2025 Jun 4];295(49):16713–31. Available from: 

https://pubmed.ncbi.nlm.nih.gov/32978259/ 

78. Hubert T, Van Impe K, Vandekerckhove J, Gettemans J. The F-actin filament capping protein 

CapG is a bona fide nucleolar protein. Biochem Biophys Res Commun [Internet]. 2008 Dec 12 

[cited 2025 Jun 4];377(2):699–704. Available from: 

https://pubmed.ncbi.nlm.nih.gov/18938132/ 

79. Shekhar S, Pernier J, Carlier MF. Regulators of actin filament barbed ends at a glance. J Cell 

Sci [Internet]. 2016 [cited 2025 Jun 4];129(6):1085–91. Available from: 

https://pubmed.ncbi.nlm.nih.gov/26940918/ 

80. Colin A, Kotila T, Guérin C, Orhant‐Prioux M, Vianay B, Mogilner A, et al. Recycling of the 

actin monomer pool limits the lifetime of network turnover. EMBO J [Internet]. 2023 May 2 

[cited 2025 Jun 4];42(9):e112717. Available from: 

https://pmc.ncbi.nlm.nih.gov/articles/PMC10152149/ 

81. Goode BL, Eskin J, Shekhar S. Mechanisms of actin disassembly and turnover. Journal of Cell 

Biology [Internet]. 2023 Dec 4 [cited 2025 Jun 4];222(12). Available from: 

https://doi.org/10.1083/jcb.202309021 

 

Grammar supported by OpenAI: OpenAI. ChatGPT [Internet]. Language model developed by OpenAI. 

2025 [cited 2025 Jun 5]. Available from: https://chat.openai.com 

 



     Senior internship- 2nd master BMW 

18 
 

Acknowledgements – AMG acknowledges the Faculty of Medicine and Life Sciences for supporting 

her senior internship and master thesis, and is grateful for the opportunity to carry out her research 

within the microglia team of the Brône–Rigo Neurophysiology Lab, under the guidance of Prof. Dr. 

Bert Brône and Prof. Dr. Jean-Michel Rigo at BIOMED, Hasselt University. Sincere appreciation is 

extended to MM and the rest of the team for their support and assistance during the internship. AMG 

sincerely wants to thank MM for her invaluable guidance, supervision, and enjoyable collaboration 

throughout the internship, as well as the thoughtful proofreading and constructive feedback on this 

report. Her patience, expertise, and thoughtful feedback not only improved the quality of this report but 

also contributed greatly to AMG’s personal and scientific development. We further acknowledge the 

Advanced Optical Microscopy Centre at Hasselt University for their support with microscopy 

experiments. Microscopy was made possible by the Research Foundation Flanders (FWO) (projects 

G0H3716N – Zeiss Elyra PS.1 and I001222N – Zeiss LSM900). Lastly, AMG wants to thank her family 

and husband for their continued support during this process.  

 

Author contributions – BB and MM conceived and designed the study. AMG conducted the 

experiments under MM’s supervision. MM and AMG analyzed the data and performed statistical 

analyses. AMG wrote the report, and MM revised the manuscript. 

 


	ABSTRACT
	REFERENCES

