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ABSTRACT: Aging-related decline in hematopoietic and platelet function is a hallmark of DNA repair deficiency
syndromes, yet the impact of metabolic and pharmacological interventions on platelet biology in this context remains
unclear. This study addresses this gap by investigating whether dietary restriction (DR) and myostatin/activin
blockade through soluble Activin Receptor Type IIB (sActRIIB) can modulate platelet activation markers—GPIba
and P-Selectin—in a progeroid mouse model (Erccl?). While DNA repair-deficient mice exhibited significantly
reduced GPIba expression compared to wild-type controls, sActRIIB treatment showed a modest, though non-
significant, improvement. In contrast, DR alone or combined with sActRIIB had negligible effects. P-Selectin levels
remained unchanged between mutant and control mice; however, SActRIIB treatment significantly suppressed its
expression, indicating a potential anti-inflammatory effect. These findings suggest that myostatin/activin pathway
inhibition may offer a partial therapeutic benefit in modulating platelet activation in progeroid models, whereas
dietary restriction appears insufficient. It is important to conduct further studies to investigate specific, combinatorial
application in the restoration of platelet homeostasis in DNA repair-deficient aging diseases.
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1. INTRODUCTION

Progeroid mice, deficient in the major DNA repair proteins, including Ercc1?”, are powerful models of rapid ageing.
These mice have the hallmarks of premature ageing, such as sarcopenia, genomic instability, impaired stem cell
functioning, and shortened lifespan [1]. The ErccI?- model is of special value in ageing studies, since it recapitulates
numerous phenotypes previously seen in ageing humans, thus furnishing the opportunity to examine molecular processes
involved in age-related decay. Significantly, these mice offer an advantageous model through which the impacts of
therapeutic strategies (such as dietary restriction or genetic manipulation) can be studied on different physiological
systems challenged by ageing. Both recapitulated systemic and tissue-specific age-related phenotypes of Erccl?~, and
this model allows dissection of the mechanistic interplay between genomic instability and cellular senescence,
inflammation, metabolism and tissue regeneration. In this way, their employment in the case is an important fact to
determine the impact of DNA repair deficiency in platelet biology and general age-related diseases [1].

Dietary restriction (DR) may be considered one of the most researched non-pharmacological interventions that has
been shown to increase both longevity and health span across a number of different species [2]. DR has been proven to
increase resistance to oxidative stress, decrease the prevalence of age-related diseases and improve metabolic efficiency
and immune performance. It also activates critical DNA repair signalling pathways such as mitochondrial processes,
essential in sustaining genomic integrity in the ageing organism [3]. In addition to its systemic effects, DR alters
inflammation and reduces oxidative damage, which is at the core of ageing and age-related pathology. However, the
specific influence of DR on platelet-related biomarkers—particularly GPIba and P-Selectin—remains unclear. GPIba,
for example, plays a role in platelet activation and monocyte recruitment during systemic inflammation, linking platelet
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function to age-associated inflammatory pathways [4]. This gap in knowledge warrants further investigation, especially
in models of genomic instability where platelet dysfunction contributes to age-related pathology.

Recent research suggests that dietary restriction (DR) may work synergistically with interventions that promote
muscle health, such as myostatin/activin inhibition, to enhance systemic outcomes in ageing models [5]. These combined
approaches have shown promise in improving muscle mass, reducing inflammation, and extending health span in DNA
repair-deficient mice. While DR alone has been effective in delaying tumorigenesis and attenuating oxidative damage,
the biological effects of its combination with pharmacological agents on platelet activation markers remain largely
unstudied [6]. Platelets are increasingly recognised as key players in ageing due to their role in inflammation, vascular
dysfunction, and thrombosis. Despite this, the effects of DR and myostatin/activin blockade on platelet function in
progeroid contexts have not been thoroughly explored. Platelets play a crucial role in vascular homeostasis, but in ageing,
they contribute to chronic inflammation, thrombosis, and atherosclerosis. Age-related platelet hyperactivity is associated
with increased cardiovascular risk and impaired hemostatic balance, especially in diseases such as stroke, myocardial
infarction, and metabolic syndrome [7].

GPIba and P-Selectin are critical platelet surface markers involved in adhesion and activation, and they are known
to be dysregulated in both ageing and DNA repair deficiency states [8, 9]. GPIba is a glycoprotein encoded by the GP1BA
gene and is primarily expressed on the surface of platelets. It serves as a receptor for von Willebrand factor and is critical
for platelet adhesion to vascular endothelium. Conversely, P-Selectin is a cell adhesion molecule stored in platelet alpha
granules and endothelial Weibel-Palade bodies, rapidly translocated to the surface upon activation. Both proteins are key
platelet activation markers commonly used to assess thrombo-inflammatory status in ageing and disease [10]. Emerging
evidence highlights that metabolic interventions may differentially regulate these markers; for instance, DR may affect
hematopoietic stem cell ageing and platelet production through genetically regulated mechanisms [11]. However, no
previous study has directly examined how DR and myostatin/activin inhibition individually or in combination modulate
GPIba and P-Selectin expression in Erccl?” mice. The lack of studies presents a clear gap in understanding the interface
between metabolism, platelet biology, and genomic instability. By addressing this gap, our study seeks to clarify whether
targeting systemic muscle signalling pathways or nutrient sensing mechanisms can impact platelet homeostasis in models
of accelerated ageing.

Given the pivotal role of platelet activation in age-related inflammation and vascular pathology, understanding how
metabolic and pharmacological interventions influence platelet biomarkers in the context of DNA repair deficiency is
essential. Despite evidence supporting the benefits of dietary restriction and muscle-promoting therapies in systemic
ageing, their effects on platelet function remain poorly understood, particularly in progeroid models such as Erccl”
mice. sActRIIB-Fc is a soluble chimeric fusion protein and a decoy receptor that binds activin and myostatin ligands,
interfering with ligand-receptor interactions. Such a blockade has been reported to stimulate muscle growth and limit
inflammation, and can act tilting on other signalling systems that have systemic effects on platelet function [12]. This
research has filled this critical knowledge gap to investigate how exposure to dietary restriction (DR) and inhibition of
Myostatin or Activin using soluble Activin Receptor Type IIB (sActRIIB) affect the expression of two prominent markers
on platelets, GPIb alpha and P-Selectin. We surmise that equivalent immunohistochemical approaches in a genetically
legitimate system of accelerated ageing will reveal that these interventions may affect platelet activation and lead to
healthier ageing phenotypes. In the present study, the glycoprotein binding protein (GPIb alpha) and P-Selectin
expression were identified by antigen-antibody interaction via the immunohistochemical method, in which spatial
identification of surface proteins was expressed by particular primary antibodies and labelled secondary antibodies. In
this way, the study aims at expanding our cognisance of the tangential interaction between two diverse metabolisms and
signalling pathways with the essence of hematopoietic impairment under the circumstances of DNA repair deficiency,
thus providing new knowledge in therapeutic strategies directed towards

2. MATERIALS AND METHODS
2.1 STUDY ANIMALS AND CARE

A total of 40 Erccl?” mice and their wild-type (WT) littermates (aged 8 weeks at study initiation) were used in this
study. All animals were male, weighing between 20 and 25 grams, and were bred and genetically validated by the Erasmus
Medical Centre (Rotterdam, The Netherlands), where heterozygous Erccl™™ mice were crossed to generate Erccl?”
offspring as previously established [13]. The experiments were carried out in compliance with the Dutch Ethical
Committee's instructions, the Principles of Laboratory Animal Care, and all applicable European laws (permits #139-12-
13, 139-12-18, and 18-6886-05).

The animals were housed in individually ventilated cages under specific-pathogen-free (SPF) conditions, with a 12-
hour light/dark cycle, temperature maintained at 20—22°C, and ad libitum access to sterile water. Mice were randomly
distributed into five experimental groups (n = 8 per group). Animal health was monitored daily, and body weight was
recorded weekly throughout the study.
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2.2 DIETARY RESTRICTION (DR) AND SACTRIIB INTERVENTIONS
2.2.1 DIETARY RESTRICTION (DR):

Mice assigned to the DR groups received 70% of the control mice's average daily food intake (i.e., 1.6 g/day vs. 2.3
g/day). DR began at 8 weeks and continued throughout the 8-week experimental period. Standard rodent chow was
provided (Envigo, UK).

2.2.2 MYOSTATIN/ACTIVIN BLOCKADE (SACTRIIB-FC):

Mice in the sActRIIB groups were treated with a recombinant fusion protein (sActRIIB-Fc) obtained from Acceleron
Pharma Inc., Cambridge, MA, USA. The protein was administered via intraperitoneal injection at a dose of 10 mg/kg
body weight, twice weekly for 8 weeks.

2.3 STUDY DESIGN

The experiment was done on an 8-week duration and using five experimental groups namely wild-type (WT) control
which was untreated, Ercc1?” untreated control, Erccl?” treated with dietary restriction (DR) Erccl¥” treated with soluble
Activin Receptor Type IIB (SActRIIB) and the Erccl?” treated with a combination of dietary restriction. All the mice
were euthanised at the end of the intervention period using CO, and cervical dislocation as per the animal care procedures
of our institution immediately after gastrocnemius muscle tissues were harvested, frozen and preserved in liquid nitrogen-
cooled isopentane and kept away in -80 C to carry out histological studies in the laboratory later.

2.4 TISSUE PROCESSING AND MUSCLE CRYOSECTIONING

Euthanasia of all mice was performed following the specified ethical regulations, i.e., through the use of CO;
asphyxiation and subsequent cervical dislocation. Immediately, the gastrocnemius muscle was dissected, snap-frozen in
liquid nitrogen-cooled isopentane and embedded in OCT LT Embedding Compound (TAAB 0023, TAAB Laboratories,
UK). The tissue blocks were immediately embedded and stored in a refrigerator at -80°C.

Cryosections were prepared using a Leica CM 1950 cryostat (Leica Microsystems, Germany) set at —20°C. Muscle
tissue was sectioned at a thickness of 10 pm and mounted on SuperFrost Plus slides (Thermo Fisher Scientific, USA).
Sections were air-dried for 30 minutes at room temperature before proceeding to immunohistochemical staining.

2.5 IMMUNOHISTOCHEMISTRY PROTOCOL

Sections were rehydrated in phosphate-buffered saline (PBS, pH 7.4) for 10 minutes. Non-specific binding sites were
blocked using a blocking buffer of PBS supplemented with 5% fetal calf serum (FCS, v/v) and 0.05% Triton X-100
(Sigma-Aldrich, Germany), incubated for 1 hour at room temperature.

Primary antibodies to detect GPIba and P-Selectin were applied in blocking buffer and incubated overnight at 4°C
in a humidified chamber. After washing in PBS (3 x 5 minutes), secondary antibodies were applied for 1 hour at room
temperature, followed by further PBS washes. Nuclei were counterstained using DAPI (1 pg/mL; Sigma-Aldrich,
Germany). Primary and secondary antibodies are described in Table 1. Immunofluorescent-stained sections were
examined using a Zeiss Axiolmager Al fluorescence microscope, and pictures were taken with an Axiocam digital
camera and Zeiss Axiovision computer software (version 4.8). Image analysis and quantification of fluorescence intensity
were performed using ImageJ software (NIH, USA).

Table 1. - Primary and secondary antibodies used for immunohistochemistry.

Antibody Target Species  Dilution Supplier Type
GPIbo (CD42b) Rat 1:200 BioLegend Primary
P-Selectin (CD62P) Rabbit 1:100 Abcam Primary
Anti-Rat IgG (Alexa Fluor 488) Goat 1:500 Thermo Fisher Scientific Secondary
Anti-Rabbit IgG (Alexa Fluor 594) Donkey 1:500 Thermo Fisher Scientific Secondary

2.6 STATISTICAL ANALYSIS

GraphPad Prism (San Diego, CA) version 10.1.0 was utilised for statistical studies. A one-way ANOVA with Tukey's
multiple comparisons was used to compare genotypes and treatments across various groups. Individual data of mean (M
+ SEM) are displayed in graphs. Statistical differences were considered significant when the p-value was less than 0.05
(p <0.05).
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3. RESULTS

GPIba expression was recorded at 15.39 + 0.46 in Erccl?” mice and 21.85 + 0.74 in wild-type (WT) controls, with
a statistically significant difference between the groups (p <0.0001). Following intervention, a modest elevation in GPIba
expression was observed in Erccl?” mice treated with sActRIIB compared to their untreated counterparts. Although this
increase suggested a trend toward restoration, it did not reach statistical significance. In contrast, dietary restriction (DR),
whether administered alone or in combination with sActRIIB, produced only minimal changes in GPIba levels, with no
significant differences observed relative to the untreated ErccI?~ group. Notably, while both DR-treated groups exhibited
slightly higher mean values than the untreated group, these variations remained statistically nonsignificant. These
findings indicate that sActRIIB may have a limited effect on GPIba restoration in this model, whereas DR alone or
combined does not appear to influence its expression. Detailed group means and statistical comparisons are presented in
Table 2 and visualised in Figures 1 and 2.

Table 2. The level of platelet GPIba expression in various mouse groups

Group Mean = SEM
WT 21.85+0.74
Erccl?- 15.39 £ 0.46
Erccl?- sActRIIB 17.41 £ 0.88
Erccl?- DR 1592+ 0.44
Erccl?~ sActRIIB/DR 16.24 £ 0.97
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FIGURE 1. Quantitative comparison of GPIba expression in wild-type and ErccI¥- mice under different
treatments. Significant differences were observed between groups (p < 0.05). Groups not sharing the same letter are
significantly different.
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FIGURE 2. Representative immunofluorescence images of GPIba expression in wild-type and Erccl?~ mice
muscle tissue. Differences in GPIba signal intensity reflect variable expression across treatment conditions.

P-Selectin expression was recorded at 6.11 = 0.12 in wild-type (WT) mice and 6.52 £ 0.26 in Erccl” mice, with no
statistically significant difference between the two groups (p = 0.4841). Treatment with sActRIIB significantly reduced
P-Selectin expression in Erccl?” mice, indicating a potential suppressive effect on platelet activation (p = 0.0052). In
contrast, dietary restriction (DR), whether administered alone or in combination with sActRIIB, did not significantly alter
P-Selectin levels compared to the untreated ErccI¥” group. Although the mean expression in the combined DR and
sACctRIIB group was slightly lower than DR alone, neither intervention alone nor in combination produced statistically
significant changes. These findings suggest that while DR has minimal influence on P-Selectin expression in this
progeroid model, sActRIIB treatment alone may exert a meaningful anti-inflammatory effect. Full quantitative results
are provided in Table 3 and illustrated in Figures 3 and 4.

Table 3. - Mean + SEM values of platelet P-Selectin expression in wild-type and ErccI? mice under different
treatment conditions.

Group Mean = SEM
WT 6.11+£0.12
Erccl” 6.52+0.26
Erccl? sActRIIB 5.57+0.10
Erccl”- DR 6.30+0.21
Erccl?” sActRIIB/DR 597+0.15
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FIGURE 3. Quantitative analysis of P-Selectin expression in wild-type and Erccl1?” mice under different
treatments. Statistical differences between groups are denoted by different letters (p < 0.05).
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FIGURE 4. Representative immunofluorescence images of P-Selectin expression in wild-type and Erccl?*
mice muscle tissue. Images show variation in P-Selectin staining patterns among treatment groups.

4. DISCUSSION

A notable decrease in GPIba expression was observed in Erccl? mice relative to wild-type controls, consistent with
previous findings that link DNA repair deficiencies to impaired hematopoietic stem cell function and altered platelet
biology [14]. This impairment is likely a consequence of genomic instability in bone marrow progenitors, adversely
affecting megakaryopoiesis and platelet maturation [15]. Although not statistically significant, the observed trend of
increased GPIba expression following sActRIIB treatment implies that myostatin/activin blockade may indirectly support
the hematopoietic niche. This result aligns with evidence that myostatin inhibition promotes the release of muscle-derived
systemic factors capable of modulating stem cell activity [16]. These findings address an existing knowledge gap by
illustrating that sActRIIB may influence platelet activation pathways, whereas dietary restriction appears insufficient to
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elicit similar effects in this model. Collectively, the results emphasise the need for further investigation into the tissue-
specific responsiveness of platelet biomarkers to different metabolic interventions.

Although P-Selectin expression was comparable between Erccl? and wild-type mice at baseline, a significant
reduction was observed following sActRIIB treatment, indicating a potential regulatory effect of activin pathway
inhibition on platelet activation. This observation is consistent with previous reports suggesting that activin signalling
contributes to pro-inflammatory and pro-thrombotic processes, and that its blockade can attenuate these effects [17, 18].
Interestingly, dietary restriction (DR), whether applied alone or in combination with sActRIIB, did not elicit a comparable
reduction in P-Selectin levels, contrasting with DR’s known anti-inflammatory actions in other biological systems [19].
The difference can be explained by an overarching effect of chronic DNA repair deficiency in the Erccl?” mice,
supposedly disrupting platelet homeostasis and turnover to a degree surpassing the modulatory impact of metabolic
interventions [20]. Since the Erccl?~ mice model most of the hallmarks of human premature ageing and DNA repair
syndrome, the present observations justify the view that myostatin/activin pathway inhibition can be used as a potential
therapeutic approach to address thrombotic risk and chronic inflammation in similar human conditions [21]. Such a
strategy might have particular application to patients harbouring genetic damage to DNA repair systems, or patients
afflicted with progeroid disorders whose diseases might be notably less amenable to standard metabolic disease treatment.

We found that dietary restriction (DR), given alone or combined with sActRIIB, did not significantly alter the GPIb
expression and levels of P-Selectin in Erccl?” mice. No significant trends were found in the DR+sActRIIB group, though
small ones were seen. These findings indicate that DR, under the current timing and restriction level (30%), is insufficient
to rescue platelet biomarker dysfunction in the context of DNA repair deficiency. This result may be due to the short
lifespan and rapid turnover of platelets, which limits the systemic impact of metabolic interventions, or it could reflect a
threshold effect requiring earlier or more prolonged treatment. Prior studies have shown that DR can extend lifespan and
improve hematopoietic function in Erccl-deficient models when initiated early [6, 19]. Therefore, future studies should
explore varying levels of DR (e.g., 20% vs. 30%), earlier initiation, or extended intervention periods. In addition, further
investigation into underlying mechanisms—such as thrombopoietin (TPO) signalling, platelet turnover, and
hematopoietic niche integrity—may clarify how genomic instability alters platelet homeostasis and responsiveness to
systemic interventions [22, 23].

5. STUDY STRENGTHS AND LIMITATIONS

This study benefits from several strengths. It employs a well-characterised and genetically validated model of
accelerated ageing (Erccl? mice), replicating key features of human progeroid syndromes and age-related hematopoietic
impairments. The study explores the effects of distinct and potentially synergistic interventions on platelet biology by
incorporating both dietary restriction (DR) and myostatin/activin blockade (sActRIIB). Using validated antibodies,
standardised immunohistochemical methods, and a well-structured comparison across multiple treatment groups
contributes to methodological rigour and enhances interpretability.

However, the study also has limitations. The small sample size may limit statistical power to detect more subtle
effects. Moreover, only surface expression of GPIba and P-Selectin was examined; functional platelet assays such as
aggregation or clotting time were not included. Finally, as the findings are based on a model of DNA repair deficiency,
they may not be fully generalisable to normal ageing or other age-related conditions.

6. CONCLUSION

This study demonstrated that platelet dysfunction in DNA repair-deficient Ercc/*” mice is characterised by reduced
GPIba expression and unchanged P-Selectin levels compared to wild-type controls. While myostatin/activin blockade
using sActRIIB modestly improved these markers—significantly reducing P-Selectin—dietary restriction alone or in
combination had no significant effect. These findings suggest that targeting the myostatin/activin pathway may offer
limited but specific benefits in modulating platelet activation in progeroid ageing, whereas dietary restriction alone
appears insufficient. Overall, the results emphasise the need for more targeted interventions to restore platelet homeostasis
in the context of genomic instability.
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