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Lack of unconventional myosin VI is associated with 
brain enlargement and gliosis progressing with age
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Myosin VI (MVI) is a unique unconventional myosin which, unlike other myosins, moves towards the minus end of actin filaments. It is 
involved in numerous cellular processes such as endocytosis and trafficking, cell migration and adhesion, and gene transcription. It is 
widely expressed in all tissues, including the brain. Its lack in adult murine brains is associated with gliosis and impairment of neuronal 
transmission. Here, we demonstrate that the MVI level in the total mouse brain and its regions (cerebral cortex, cerebellum, and 
hippocampus) increases with the animal’s age (from newborn up to 12‑month‑old mice). Its lack leads to enlargement of the brain and 
its examined areas, and an increase of the level of GFAP, the marker of glia cells, in adult mice. The data indicate an involvement of MVI 
in the brain maturation and possibly in development of an age‑dependent gliosis.
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INTRODUCTION

Myosins are actin‑based molecular motors, origi‑
nally discovered in skeletal muscles, forming a struc‑
turally and functionally diverse superfamily that 
consists of more than 35 distinct families (Odronitz & 
Kollmar, 2007). The myosin classification is based on 
the diversity of amino acid sequences of the N‑ter‑
minal motor domain (containing the ATP‑ and ac‑
tin‑binding sites) responsible for myosin motor activ‑
ity. Myosins are expressed across Eukaryota, and the 
number of their isoforms is associated with evolution‑
ary development. In humans, there are 40 myosin en‑
coding genes, which belong to 12 families (Berg et al., 
2001). Those myosins which are able to form filaments 
(mainly muscle isoforms) are designated as conven‑
tional, while all others are named as unconventional. 
Myosins are involved in nearly all cellular processes, 
ranging from muscle contraction and cell motility to 

endocytosis and transcription; mutations or changes 
in their expression cause numerous pathologies (Re‑
dowicz, 2002).

Unconventional myosin VI (MVI) is a unique motor 
that, unlike other known myosins, moves towards the 
minus end of the actin filament (Wells et al., 1999; Ni‑
shikawa et al., 2002). The MVI 140‑kDa heavy chain is 
aligned in the classical myosin domain pattern: N‑ter‑
minal motor domain, a neck (with one classical IQ mo‑
tif to which calmodulin binds), and a tail domain. The 
C‑terminal part of the tail forms a  globular domain, 
which is essential for cargo binding and/or interaction 
with binding partners as well as with PIP2‑containing 
liposomes (Sweeney & Houdusse, 2007; 2010; Chibalina 
et al., 2009). In humans, MVI is encoded by a  single 
gene (MYO6), which is expressed in most of the tissues, 
including the central nervous system (Avraham et al., 
1997). The data gathered so far indicate that MVI is 
engaged in endocytosis and intracellular transport of 
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vesicles and organelles, actin cytoskeleton organiza‑
tion, cell migration, maintenance of the Golgi appara‑
tus, mitophagy, and gene transcription and nucleolar 
maintenance (Kruppa et al., 2018; Magistrati & Polo, 
2021; Hari‑Gupta et al., 2022; Nowak et al., 2024). MVI 
has been shown to be involved in functions of the cen‑
tral nervous system (CNS) (Suter et al., 2000; Oster‑
weil et al., 2005; Yano et al., 2006, Lewis et al., 2011; 
Nash et al., 2010; Wagner et al., 2019). In adult murine 
brains, MVI is present in many layers of the cerebral 
cortex, hippocampus and cerebellum (Osterweil et al., 
2005; Wagner et al., 2019). On the subcellular level it 
is present in the perinuclear region, and in dendrites 
where it localizes to postsynaptic densities (Suter et 
al., 2000; Osterweil et al., 2005; Yano et al., 2006). Most 
of the functional studies have been performed on 
adult brains and primary neuronal cultures obtained 
from natural MVI knockout mice (Snell’s waltzer, SV, 
MVI‑KO), exhibiting hyperactivity due to vestibular 
defects (Deol & Green 1966). Lack of MVI manifests 
with a  decrease in the synapse number, abnormally 
short dendritic spines, as well as a significant deficit 
in the stimulation‑induced internalization of gluta‑
mate receptors. As a  consequence, these aberrations 
lead to impaired basal synaptic transmission (Oster‑
weil et al., 2005; Yano et al., 2006; Nash et al., 2010). 
Also, profound gliosis associated with the brain en‑
largement has been observed in SV brains (Osterweil 
et al., 2005). A search for mechanisms behind these ob‑
servations revealed that MVI in complex with adaptor 
protein GIPC1 is necessary for BDNF‑TrkB‑mediated 
facilitation of long‑term potentiation in hippocam‑
pal neurons (Yano et al., 2006). Besides GIPC‑1, sev‑
eral other MVI partners have been identified, which 
are important for neuronal processes such as DOCK7 
(dedicator of cytokinesis 7), SAP97, and TLS (translat‑
ed in sarcoma) (Wu et al., 2002; Takarada et al., 2009; 
Majewski et al., 2012).

MVI has also been shown to be involved in a  dy‑
namic remodeling of ribosomes and endoplasmic re‑
ticulum in nerve termini, in tuning dendrite arbor 
subdivision as well as in the localization of axonal 
proteins (Lewis et al., 2011; Zheng et al., 2015; Yoong 
et al., 2020; Deng et al., 2021). Furthermore, there are 
reports linking MVI with brain pathologies including 
brain injuries, Alzheimer’s disease, and amyotrophic 
lateral sclerosis (Feuillette et al., 2010; Karolczak et 
al., 2013; Sundaramoorthy et al., 2015; Makioka et al., 
2016; Deng et al., 2021; Lee et al., 2024).

While there are several reports on MVI functions 
in the CNS, very little is known about its involvement 
in brain development and growth. It has been shown 
that its level in dorsal root ganglion (DRG) neurons 
is increasing during embryonic development (Suter 

et al., 2000). Osterweil et al. (2005) revealed that the 
MVI level in the mouse brain does not change between 
newborns and young adults. However, there are no 
further studies addressing whether and how the MVI 
level is changing with mouse maturation. Also, it is 
not known when the MVI‑associated brain enlarge‑
ment and gliosis develop, as well as whether these 
changes apply to all brain regions.

To address these problems, we examined the ef‑
fects of lack of MVI on the weight of the brain and its 
regions (i.e., cerebral cortex, hippocampus, and cere‑
bellum) as well as on the level of glial fibrillary protein 
(GFAP), the gliosis marker, during the tested lifespan 
(i.e., in newborns, 3‑month‑old, and 12‑month‑old 
mice). Also, we checked in control (i.e., heterozygous) 
mice whether the level of MVI changes with age and 
varies between the particular brain regions. 

METHODS

Animals

Snell’s waltzer (SV) mice, maintained on a C57BL/6J 
genetic background, were used in the study. This strain 
carries a  spontaneous mutation in the Myo6 gene, 
originally identified at The Jackson Laboratory (Deol 
& Green, 1966). The mutation consists of a  130‑base 
pair deletion introducing a  premature stop codon in 
the MVI neck region, leading to a  lack of functional 
MVI. SV mice serve as a  natural knockout model for 
MVI. To examine the role of MVI in the brain, we per‑
formed analyses on the whole brain and its regions 
(i.e., cerebral cortex, hippocampus, and cerebellum) 
derived from male mice at different stages of devel‑
opment: newborn (P0), 3‑ and 12‑month‑old (3M and 
12M, respectively). This strategy allowed us to inves‑
tigate the changes occurring during animal/brain 
maturation. The decision to use male mice in the cur‑
rent study was based on the numerous former reports 
(including ours), which were focused only on males 
(Avraham et al., 1997; Karatsai et al., 2023; Wojton et 
al., 2025). Besides, using males allowed for controlled 
and reproducible results while eliminating confound‑
ing variables associated with hormonal fluctuations, 
estrus cycles, or potential sex‑specific responses. The 
only exception was for experiments involving new‑
born (P0) mice, where pup samples from both males 
and females were analyzed. However, we did not iden‑
tify the sex in individual animals.

Each experiment was performed in at least four bi‑
ological replicates (N≥4) using heterozygotes as con‑
trols (termed herein as WT) and mutant SV (termed 
herein as MVI‑KO) mice from the same litter. The mice 
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were on the standard rodent chow diet and housed un‑
der pathogen‑free conditions in the animal facility of 
the Nencki Institute. Animal housing and euthanasia 
procedures (mice were euthanized with a  lethal dose 
of isoflurane followed by cervical dislocation) were 
performed in compliance with the European Commu‑
nities Council directives adopted by the Polish Parlia‑
ment (Act of January 15, 2015, on the use of animals in 
scientific investigations). Since all studies were con‑
ducted on isolated tissues from non‑suffering animals, 
ethics committee approval was not required under 
the provisions of the abovementioned Act. Instead, all 
procedures were performed with the approval of the 
Director of the Nencki Institute of Experimental Bi‑
ology. The following internal approvals were granted: 
155/2020/IBD and 218/2024/IBD.

Western blot analysis

Mice’s brains were weighed, and the left hemi‑
spheres were left for homogenization. Right hemi‑
spheres were dissected into cerebral cortex, cerebel‑
lum, and hippocampus, and after weighing, homoge‑
nized in 0.1 M phosphate buffer, pH 7.2, supplemented 
with 1  mM phenylmethanesulfonyl fluoride at a  1:50 
weight‑to‑volume (w/v) ratio; no protein measure‑
ments were done as all the samples were standard‑
ized to the same w/v ratio. The homogenates (15  μl 
for all samples) were next subjected to the SDS gel 
electrophoresis using 12% polyacrylamide gels, and 
then transferred to a  nitrocellulose membrane. The 
transfer efficiency was examined by Ponceau red 
staining immediately after the transfer. All the proce‑
dures were performed at room temperature. Next, the 
membrane was blocked for 1  h in TBS containing 3% 
non‑fat milk powder and 0.2% Triton X‑100 followed 
by 1‑hour incubation with the polyclonal antibodies 
against MVI (at 1:1000 dilution, from Proteus, USA, Cat. 
no.: 25‑6791), glial fibrillary acidic protein, GFAP (at 
1:45,000 dilution, from Merck Millipore, USA, Cat. no.: 
ab7260) and monoclonal antibodies against vimentin 
(at 1:5,000 dilution, from Abcam Limited, UK, Cat. no.: 
ab92547) and GAPDH (at 1: 20,000 dilution, from Merck 
Millipore, USA, Cat. no.: MAB374). Primary antibodies 
were detected by the following secondary antibodies 
conjugated with horse radish peroxidase: anti‑mouse 
IgG (at 1:10,000 dilution from Merck Millipore, Cat. no.: 
AP308P) and anti‑rabbit IgG (at 1:10,000 dilution from 
Merck Millipore, Cat. no.: AP307P). The reaction was 
developed using the electrochemiluminescence (ECL) 
method as described by the manufacturer (Merck Mil‑
lipore). Densitometric analysis was performed on the 
X‑ray film scans using Fiji distribution of ImageJ 1.52a 

software (National Institutes of Health and the Uni‑
versity of Wisconsin, USA). The intensity of bands cor‑
responding to MVI, GFAP, vimentin, and GAPDH was 
assessed, and the levels of proteins of interest were 
normalized to the GAPDH level.

Statistical analysis

Results were expressed as means ± standard devia‑
tion (SD) or standard error of the mean (SEM) as stat‑
ed in the figure  legends. The number of animals was 
provided in the figure  legends. When the data were 
normally distributed, we performed a  parametric 
two‑tailed Student’s t‑test or a one‑way ANOVA test in 
GraphPad Prism 8.4.3 software (San Diego, CA, USA). 
Data that were non‑normally distributed were ana‑
lyzed with a  non‑parametric Mann‑Whitney or Kru‑
skal‑Wallis tests to determine statistical significance. 
Statistical significance was defined as *or #p<0.05, 
**p<0.01, ***p<0.001, ****, p<0.0001. *, comparisons 
between MVI‑KO and control WT counterparts at the 
indicated age, and #, comparisons of between 3M and 
12M WT or 3M and 12M MVI‑KO mice, ns – no statisti‑
cal significance.

RESULTS

Lack of MVI affects the weight of the brain 
and its regions

To assess whether and how lack of MVI affects the 
mouse brain, we examined the weight of the brain 
(Br) and its regions: cerebral cortex (C), cerebellum 
(Cl), and hippocampus (H) of P0, 3M, and 12M mice 
(Fig. 1 A‑D). The analysis revealed that the weight of 
the brain and its regions did not significantly differ 
between the samples of WT and MVI‑KO mice. The ex‑
ception was the weight of whole brains of 12M MVI‑KO 
mice, which was significantly higher than their WT 
counterparts (Fig. 1A). It is noteworthy that we have 
shown in our previous report that the body weight 
(Bw) of the examined MVI‑KO mice was significant‑
ly lower with respect to WT animals, and the mutant 
mice were smaller than the WT counterparts (Karatsai 
et al., 2023). We made the same observations for the 
mice examined within this study (not shown).

Evaluation of whole brain to body weight (Br/Bw) 
as well as of the examined regions: cerebral cortex (C/
Bw), cerebellum (Cl/Bw), and hippocampus (H/Bw) ra‑
tios revealed a significant increase in examined values 
in adult brain samples of MVI‑KO mice (Fig. 2A‑D). The 
differences were most evident for 3M and 12M whole 
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brains and cerebellum, as well as for 12M cerebral cor‑
tex and hippocampus. A  similar trend was observed 
for the whole brain, cerebral cortex (here we obtained 
a  statistical relevance), and cerebellum of newborn 
mice (P0). However, for the hippocampus, the H/Bw 
ratio in the P0 mutant was lower than in its WT coun‑
terpart, though without statistical significance.

Next, we evaluated the ratio of the examined 
brain regions with regard to the whole brain weight 

(C/Br, Cl/Br and H/Br) to reveal whether the above‑
mentioned differences are uniformly distributed 
in the brain during animal growth and maturation 
(Fig. 3A‑C). We did not observe any significant differ‑
ence in C/Br and Cl/Br values in P0, 3M, and 12M ani‑
mals, as well as the H/Br ratio in 3M and 12M animals. 
However, we observed that the H/Br value in MVI‑KO 
P0 brains was significantly lower with respect to the 
WT P0 brain (Fig. 3C).

179Acta Neurobiol Exp 2025, 85: 176–186

Fig. 1. Effect of lack of MVI on the weight of the brain and its regions. The weight of the total brain (A), cerebral cortex (B), cerebellum (C), and hippocampus 
(D) in WT and MVI‑KO P0, 3M and 12M mice was assessed. The data are presented as mean ± SD. Every symbol on graphs represents data obtained for 
individual WT (o) and MVI‑KO (Δ) mice. In A, N=23 for WT and N=12 for MVI‑KO P0 samples; N=13 for WT and N=11 for MVI‑KO 3M samples; N=9 for WT and 
N=12 for MVI‑KO 12M samples. In B, N=21 for WT and N=12 for MVI‑KO P0 samples; N=11 for WT and N=10 for MVI‑KO 3M samples; N=9 for WT and N=9 
for MVI‑KO 12M samples. In C, N=23 for WT and N=12 for MVI‑KO P0 samples); N=12 for WT and N=11 for MVI‑KO 3M samples); N=9 for WT and N=12 for 
MVI‑KO 12M samples. In D, N=19 for WT and N=11 for MVI‑KO P0 samples; N=9 for WT and N=10 for MVI‑KO 3M samples); N=9 for WT and N=12 for MVI‑KO 
12M samples. Statistical significance was analyzed with t‑test or one‑way ANOVA test, *, p<0.05. One‑way ANOVA with Tukey’s multiple comparisons test 
was used for Fig. 1C. DF (degree of freedom), 43; F (F‑statistics), 2,353.
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Evaluation of MVI level

To reveal whether the content of MVI in the brain 
and its regions changes with the animal growth and 
maturation, we performed Western blot analysis of 
homogenates of P0, 3M, and 12M WT samples. As pre‑
sented in Fig. 4A‑D and Fig. 5A‑D, the lowest MVI level 
was in newborns and the highest in samples of adult 
animals (3M and 12M). However, except the hippocam‑
pus, these differences were not statistically significant 
(Fig. 4D and Fig. 5D). Also, there was no significant dif‑
ference between the level of MVI in the examined brain 
regions with respect to the total brain, irrespective of 
the animal age (Fig. 6).

Effects of lack of MVI on the level 
of gliosis markers

To understand the reported involvement of MVI 
in the development of gliosis (Osterweil et al., 2005), 
we performed immunoblotting for GFAP in the whole 
brain, cerebral cortex, cerebellum, and hippocampus 
samples of P0, 3M, and 12M WT and MVI‑KO mice 
(Fig. 4A‑D and 7A‑D). The analysis revealed that in P0 
animals, GFAP was not detectable in all the examined 
samples. However, in adult MVI‑KO samples, the level 
of this protein was significantly higher than in WT 
samples. Furthermore, we assessed whether the GFAP 
level changes between 3M and 12 M WT and MVI‑KO 
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Fig. 2. Effect of lack of MVI on the brain‑ and its regions‑to‑body weight ratio. Evaluation of the ratios of the total brain‑ (A), cerebral cortex‑ (B), cerebellum‑ 
(C), and hippocampus‑ (D) to the body weight ratio in WT and MVI‑KO P0, 3M and 12M mice was performed. The data are presented as mean ± SD. Every 
symbol on graphs represents data obtained for individual WT (o) and MVI‑KO (Δ) mice. The N values as in Fig. 1. Statistical significance was analyzed with 
t‑test or one‑way ANOVA test, *, p<0.05, **, p<0.01, ***, p<0.001, ****, p<0.0001. One‑way ANOVA with Tukey’s multiple comparisons test was used for 
Fig. 2C. DF (degree of freedom), 43; F (F‑statistics), 4,515. 
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Fig. 3. Effect of lack of MVI on the ratio of brain regions weight to whole brain weight. Evaluation was performed for cerebral cortex (A), cerebellum (B), 
and hippocampus (C) of WT and MVI‑KO P0, 3M and 12M mice. The data are presented as mean ± SD. Every symbol on graphs represents data obtained 
for individual WT (o) and MVI‑KO (Δ) mice. The N values as in Fig. 1. Statistical significance was analyzed with t‑test or one‑way ANOVA test, *, p<0.05. 
One‑way ANOVA with Tukey’s multiple comparisons test was used for Fig. 3. A; DF (degree of freedom) 41, F (F‑statistics) ‑ 0,8098 and Fig. 3. B – DF (degree 
of freedom) 43, F (F‑statistics) – 1,619.

Fig. 4. Evaluation of MVI and GFAP levels in the brain and its regions of WT and MVI‑KO mice. (A) total brain, (B) cerebral cortex, (C) cerebellum, (D) 
hippocampus. Immunoblotting analyses with the use of specific antibodies against MVI and GFAP were performed on the homogenates of WT and 
MVI‑KO P0, 3M and 12M mice as described in Methods. GAPDH (glyceraldehyde‑3‑phosphate dehydrogenase) was used as the internal loading control. 
Densitometric analysis of the MVI level is presented in Fig. 5 and 6, and of GFAP in Fig. 7.
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samples. While we observed a tendency of an increase 
of GFAP level in all the examined samples, the sta‑
tistically significant changes were found only in the 
cerebral cortex and hippocampus of WT samples, as 
well as in the cerebellum of MVI‑KO samples. Also, we 
detected additional bands with a  higher electropho‑
retic mobility in 3M and 12M MVI‑KO brains and its 
regions.

Additionally, to get more insight into the develop‑
ment of gliosis in P0 MVI‑KO brains, we performed 
immunoblotting for an intermediate filament pro‑
tein, vimentin, in the whole brain (Fig. 8A) and hip‑
pocampus (Fig.  8B). Densitometric analysis revealed 
that there is no difference between the MVI‑KO and 
WT samples.

DISCUSSION

We have addressed herein the role of MVI in the 
brain using samples of brains and its regions (i.e., ce‑
rebral cortex, cerebellum, and hippocampus) derived 
from P0, 3M, and 12 M mice lacking MVI (SV, MVI‑KO) 
with respect to control heterozygous counterparts 
(WT).

Our data not only confirmed the MVI presence 
in the murine brains, but also showed that its level 
is increasing with age. We were the first to demon‑
strate this time‑dependent MVI synthesis as it was 
only Osterweil et al. (2005), who addressed this issue 
and showed that Myo6 expression in the whole mouse 
brain did not change from birth to early adulthood. 
However, the authors examined only brains isolated 
from day 1 to day 45 after birth. Moreover, their quan‑
titative studies were performed on whole‑brain sam‑
ples, while we showed that the MVI level is increased 
in all examined brain regions, with the most evident 
difference observed for the hippocampus. This age‑de‑
pendent increase of the MVI level is in contrast to our 
own observations on murine skeletal and cardiac mus‑
cles, where we showed that the MVI level is highest 
in newborns and decreases with age (Karatsai et al., 
2023; Wojton et al., 2025).

We revealed that the increase in MVI level in adult 
brains coincides with the enlargement of the brain 
and its regions in MVI‑KO animals, assessed as the ra‑
tio of the brain (and its examined regions) to the body 
weight. This correlation was most evident for brains 
of adult animals, where the differences between the 
examined ratios of WT and MVI‑KO mice had the high‑
est statistical significance with p values below 0.0001. 
These findings suggest that the lack of MVI evokes 
time‑dependent changes in the brain structure and 
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Fig. 5. Evaluation of MVI levels in the brain and its regions. (A) whole brain, (B) cerebral cortex, (C) cerebellum, (D) hippocampus. The densitometric analysis 
of immunoblots presented in Fig. 4 was performed as described in the Methods. The data are presented as mean ± SD, N=6 for each examined sample. 
Every symbol on graphs represents data obtained for individual WT (o). Statistical significance was analyzed with Kruskal‑Wallis test, *, p<0.05, **, p<0.01. 
Values obtained for P0 samples served as 1. GAPDH was used as the internal loading control.

Fig. 6. Comparison of the MVI levels in the examined brain regions with 
respect to the whole brain level. The densitometric analyses of blots 
presented in Fig.  4 were performed on the homogenates of the whole 
brain, cerebral cortex, cerebellum and hippocampus of P0, 3M and 12M 
WT mice; 1 reflects the MVI level in the whole brain. The details are 
described in Methods. The data are presented as mean ± SEM, N=6 for 
each examined sample. No statistical significance was obtained. 
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possibly function. However, so far, there are no re‑
ports addressing this problem. Our analysis also indi‑
cates that the abovementioned enlargement concerns 
in the brain regions to the same extent as the ratio of 
the weight of examined brain areas to the whole brain 
did not differ between WT and MVI‑KO samples at all 
time points. It is noteworthy that we also found that 
in skeletal muscle and the heart a lack of MVI leads to 
hindlimb muscles (especially slow‑twitch soleus) and 
heart enlargement but unlike in the brain, these dif‑
ferences were most prominent in MVI‑KO newborns. 

We revealed that these differences resulted from fi‑
ber hyperplasia and/or increased proliferation during 
early stages of skeletal and cardiac muscle growth and 
development (Lehka et al., 2022; Karatsai et al., 2023).

It has been shown that the observed MVI‑loss‑as‑
sociated brain enlargement is the effect of profound 
gliosis, which was assessed by examination of GFAP 
level and astrocyte staining (Osterweil et al., 2005). 
This excessive gliosis in adult brains is considered to 
be responsible for the observed impairment of neu‑
rotransmission (Yano et al., 2006; Nash et al., 2010; 
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Fig.  7. Evaluation of GFAP levels in the brain and its regions. (A) total brain, (B) cerebral cortex, (C) cerebellum, (D) hippocampus. The analyses of 
immunoblots presented in Fig. 4 with the use of specific antibodies to MVI and GFAP were performed on the homogenates of WT and MVI‑KO P0, 3M and 
12M mice. The details are described in the Methods section. The data are presented as mean ± SD. Every symbol on graphs represents data obtained for 
individual WT (o) and MVI‑KO (Δ) mice; N=6 for all samples. Statistical significance was analyzed with Mann‑Whitney test. * or #, p<0.05. *, comparisons 
between MVI‑KO and control WT counterparts at the indicated age, and #, comparisons between 3M and 12M WT or 3M and 12M MVI‑KO animals, ns – no 
statistical significance. GAPDH was used as the internal loading control.
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Wagner et al., 2019). However, it is not known when 
MVI‑loss‑associated gliosis develops, as to our best 
knowledge, nobody has addressed this problem so 
far. Therefore, we evaluated the level of GFAP in all 
the examined samples. While we observed that the 
level of GFAP is increasing in the whole brains and 
examined areas between 3M and 12 M, both WT and 

MVI‑KO mice (with the highest levels in 12M MVI‑KO 
brains), we were not able to detect GFAP in newborn 
samples of both 3M and 12M samples. These obser‑
vations seem to suggest that MVI‑loss‑dependent 
gliosis develops with age. However, these data may 
be interpreted as that in newborns the GFAP level is 
beyond the detection capability of the immunoblot‑

184 Acta Neurobiol Exp 2025, 85: 176–186

Fig. 8. Evaluation of vimentin levels in the whole brain (A) and hippocampus (B). In A and B, left panels, representative immunoblots, and in the right, 
densitometric analyses, which were performed on the homogenates of WT and MVI‑KO P0 samples with the use of specific antibodies against vimentin. 
The details are described in the Methods. The data are presented as mean ± SD; statistical significance. N= 4 for all samples. Every symbol on graphs 
represents data obtained for individual WT () and MVI‑KO () mice. Values obtained for WT samples served as 1. GAPDH was used as the internal loading 
control. No statistical significance was obtained.
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ting technique, since it is known that in neonates the 
level of this gliosis marker is low, and increases with 
age (Chiu & Goldman, 1985). To verify whether the 
MVI‑associated gliosis develops with age, we assessed 
in the whole brain and hippocampus homogenates of 
newborn mice for the level of vimentin, an interme‑
diate filament protein, which is produced by prolifer‑
ating microglia (Kreutzberg et al., 1989). Our observa‑
tion that there was no difference between vimentin 
levels in WT and MVI‑KO samples seems to indicate 
that there is no gliosis in newborns, confirming our 
suggestion that MVI‑loss‑dependent gliosis develops 
with animal growth and maturation. However, the 
question of how MVI contributes to this phenomenon 
remains a matter of dispute.

It is noteworthy that up‑regulation of GFAP has 
been shown, among others, in stroke, epilepsy, or in 
neurodegenerative diseases (Little & O’Callagha, 2001; 
Mandybur, 1989), suggesting that excessive gliosis 
contributes to the observed decrease of synaptic ac‑
tivity in MVI‑KO neurons (Osterweil et al., 2005; Yano 
et al., 2006; Hayashida et al., 2015; Wagner et al., 2019). 
Also, we observed the presence of additional GFAP 
bands, known to be the result of the increased caspase 
activity (Mouser et al., 2013). However, it is also known 
that in the pathological brains (upon injuries or with 
neurodegeneration, including Alzheimer’s disease, 
AD) expression of other GFAP isoforms with a  lower 
molecular weight is taking place (de Reus et al., 2024; 
Hol, 2024). Thus, these data seem to suggest a possible 
link between lack of MVI and AD development, which 
seem to be confirmed by the presence of a few reports 
addressing this issue (Tamaki et al., 2008; Feuillette 
et al., 2010; Bowirrat et al., 2010; Lee et al., 2024). For 
example, Feuillette et al. (2010) showed that MVI and 
filamin A (a protein involved in the actin cytoskeleton 
assembly) colocalize with fibrillary tau protein in sev‑
eral tauopathies such as AD, fronto‑temporal demen‑
tia, Pick’s disease, and progressive supranuclear palsy. 
Moreover, recently Lee et al. (2024) demonstrated that 
Myo6 was hypermethylated in the hippocampus of an 
AD mouse model, leading to a  decrease in its tran‑
script level. Additionally, in line with the abovemen‑
tioned observations are our preliminary data showing 
that the level of MVI was decreased in the temporal 
cortex of AD patients (not shown).

CONCLUSION

We showed for the first time that the lack of MVI 
leads to the age‑dependent enlargement of the mouse 
brain and its regions, as well as in the development of 
profound gliosis.
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