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Abstract
Axonal degeneration is a major driver of disability and disease progression in several central nervous
system (CNS) disorders. After injury, neurodegeneration may extend beyond the primary lesion to
anatomically and functionally connected neuronal populations, contributing to secondary damage and
impaired recovery. Semaphorins are developmental axon guidance molecules that may be reactivated in
the adult CNS after injury. Here, we investigated whether semaphorin 6C (Sema6C), a poorly
characterized semaphorin, contributes to remote neuronal degeneration after axonal damage.

We used a mouse model of hemicerebellectomy (HCb), a focal CNS injury paradigm, in which unilateral
removal of the cerebellar hemisphere induces axotomy and deafferentation of precerebellar neurons,
particularly those of pontine nuclei. This model enables the study of remote secondary degeneration in
neuronal populations anatomically connected to the primary lesion site. To define the role of Sema6C
and its receptor Plexin A2 in this process, we integrated proteomic profiling, in situ hybridization, genetic
silencing, recombinant protein administration, morphological analyses, and behavioral assessments.

Sema6C was selectively upregulated in pontine neurons after HCb, in association with inflammatory
pathway activation and JNK-dependent apoptotic signaling. In vivo Sema6C silencing reduced JNK
phosphorylation and caspase-3 activation, preserved neuronal survival, and improved functional
recovery. Conversely, intracerebroventricular administration of recombinant Sema6C exacerbated
remote neuronal death, worsened neurological outcomes, and amplified apoptotic and
neuroinflammatory responses, including increased CD68 expression and microglial remodeling.
Mechanistically, Plexin A2 was identified as a Sema6C-interacting receptor upregulated in injured
pontine neurons. Plexin A2 knockdown reproduced the neuroprotective effects of Sema6C silencing both
in vitro and in vivo.

These findings identify Sema6C/Plexin A2 signaling as an injury-induced pathway that links axonal
damage to maladaptive neuroinflammation, JNK activation, and secondary neuronal loss. Targeting this
pathway may represent a promising strategy to limit remote neurodegeneration and improve recovery
after CNS injury.

Introduction
Neurons in the adult central nervous system (CNS) rely on the extraordinary length and integrity of their
axons to sustain connectivity and function1. Yet, this same architecture renders them acutely vulnerable:
even localized axonal injury can initiate a cascade of degenerative events that extend far beyond the
lesion site2, 3. In many neurological conditions, axonal damage precedes and predicts neuronal loss,
often culminating in the delayed degeneration of the soma through a process known as “dying-back”4–6.
Despite its central role in disease progression, the molecular mechanism by which distal axonal injury is
communicated to the cell body—and translated into either survival or death—remains incompletely
understood.
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Following axonal injury, axotomized neurons activate a complex and dynamic signaling network that
integrates stress responses, metabolic alterations, and intracellular transport mechanisms7. Pathways
involving mitochondrial dysfunction, oxidative stress, autophagy, and receptor-mediated signaling have
all been implicated in shaping neuronal fate8–11. Importantly, these processes unfold over time, revealing

a critical window during which degenerative trajectories may still be reversed or attenuated3. A key
unresolved question is how these diverse signals are coordinated, and whether common upstream
regulators exist that tip the balance between repair and degeneration.

A growing body of evidence indicates that axonal injury in the adult CNS reactivates molecular programs
typically confined to development12–15. During embryogenesis, neuronal wiring is orchestrated by highly
conserved guidance cues that direct axonal growth, navigation, and target selection. Among these,
semaphorins play a central role in sculpting neural circuits16–18. While largely quiescent in the mature
nervous system, semaphorin signaling can be robustly re-induced under conditions of injury,
inflammation, or cellular stress19, 20. This reactivation suggests that adult neurons may, in effect, revert
to a development-like signaling state associated with axonal retraction, growth cone collapse, or
neuronal apoptosis 21–25.

Within this framework, semaphorins have increasingly been implicated as key modulators of
neurodegenerative processes26–28. Secreted class 3 semaphorins, such as Sema3A, and
transmembrane members like Sema4D have been linked to neuronal loss, synaptic dysfunction, and
neuroinflammation across multiple disease contexts29–35. The size and diversity of the semaphorin
family, together with the roles of many of its members in the adult CNS, remain largely unexplored. Here
we focused our attention on a relatively understudied transmembrane family member, Semaphorin 6C
(Sema6C), that we found upregulated in axotomized neurons. Sema6C is expressed in both neurons and
peripheral target tissues, where it contributes to axonal guidance and synapse formation during
development36. However, its role in the adult nervous systems is currently unknown. Notably, emerging
evidence from cancer biology reveals a striking functional duality: Sema6C can suppress cell
proliferation through inhibition of the AKT/GSK3/β-catenin/Cyclin D1 axis37, yet in other contexts it

promotes survival and growth via distinct signaling pathways38. These apparently opposing effects
suggest that Sema6C may exert bidirectional and context-specific functions also in the nervous system,
potentially influencing neuronal vulnerability or resilience after injury.

Understanding whether Sema6C promotes neuronal survival, degeneration, or adaptive remodeling
following axonal injury could therefore provide important insight into the mechanisms of axon-to-soma
communication and remote neuronal responses after trauma. Here, by using an experimental model of
CNS axonal injury, namely hemicerebellectomy (HCb), we demonstrated that the damage concurrently
induces Sema6C up-regulation and neuronal apoptotic cell death in the pontine neurons, which
suggested a key role of the semaphorin in conditioning the fate of axotomized neurons. Genetic
modulation of Sema6C expression indeed significantly limited neuronal cell death and improved
functional recovery, whereas intracerebroventricular administration of recombinant Sema6C exacerbated
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neuronal loss, worsening the functional outcome. Our findings identify Sema6C as a key mediator of
remote degeneration after HCb and demonstrate that its deleterious effects are mediated through Plexin
A2. This highlights the Sema6C/Plexin A2 as a potential therapeutic target to attenuate neuronal death
and improve functional recovery after focal CNS injury.

Methods

Animals, surgery and neurological assessment
All animal procedures were performed in accordance with the Animal Care and Use Committee and the
Guidelines of The European Union Council (2010/6106/UE) and approved by the Italian Ministry of
Health (Prot. Number: #436/2024-PR). Cerebellar lesions were attained by performing a right HCb, as
described previously10. Intracerebroventricular (i.c.v.) injection of 200ng/ml Recombinant Mouse
Semaphorin 6C Protein, CF (R&D Systems, # 2108-S6) was performed. Pontine nuclei injection of 10uM
siRNA for Sema6c (Sigma, SASI_MM02_0032–0497), Plxna2 (Sigma, SASI_MM01_0005-3042) and
scramble (Sigma, SIC002-10nmol) were performed by injecting at the following coordinates: AP-4.2, DV
5.5 and ML -0.5. Neurological severity score (NSS) was assessed 1 and 4 days after damage by an
investigator blinded to the experimental groups, as previously described39.

Sample preparation for mass spectrometry analysis
Each protein sample was subjected to protein digestion following the Filter-Aided Sample Preparation
(FASP) protocol as described40. Briefly, 50 µg of proteins resulting from each condition were reduced
(DTT 8 mM in 8 M urea buffer and 100 mM Trizma Base), alkylated (IAA 50 mM in 8 M urea buffer and
100 mM Trizma Base) and then digested with trypsin (final trypsin concentration of 0.01 µg/µL)
overnight at 37°C on Microcon Centrifugal Filter Devices (Merck Millipore Ltd., Cork, Ireland).

LC-MS/MS analysis
Liquid chromatography-mass spectrometry (LC-MS) analysis were performed by an UltiMate 3000 RSLC
nano – HPLC System (Thermo Fisher Scientific, Waltham, MA, USA) coupled with a high-resolution
Orbitrap Fusion Lumos Tribrid Mass Spectrometer (Thermo Fisher Scientific) equipped with a Nanospray
Flex source (Thermo Fisher Scientific). Specifically, Tryptic peptides (0. 5 µg) from each digested sample
were loaded into a PepMap RSLC C18 column (2 µm, 100 Å, 50µm × 15 Cm; Thermo Scientific.)
maintained at 40°C and then separated by a 155-minute reversed-phase gradient at 0,3 µL/min flow rate.
Eluent A consisted of an aqueous solution of 0.1% FA, while eluent B was ACN with 0.1% FA. The
gradient program was set as follows: 0% B and 100% A (min 0-110), 20% B and 80% A (min 110–120),
40% B and 60% A (min 120–125), 90% B and 10% A (min 125–145), 3% B and 97% A (min 145–155).The
separated peptides were analysed using an Orbitrap Fusion Lumos Tribrid mass spectrometer operating
in positive ionization mode (2100 V), with fragmentation performed in a Higher-energy Collision
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Dissociation (HCD) cell and data acquired in Data-Dependent Acquisition (DDA) mode. The MS scan
parameters were set as follows: Orbitrap resolution, 120,000; scan range (m/z), 350–1600. The MS/MS
scan parameters were: Orbitrap resolution, 15,000. All samples were analysed in analytical triplicates.

Protein identification and label free quantification
MS raw data were analysed with the software Proteome Discoverer (v. 2.4.1). The qualitative
identification of proteins was obtained by searching all reviewed proteins (Swiss-Prot) within the UniProt
Mus Musculus reference proteome (ID: UP000000589, Taxon ID:10090). The search parameters used
were set as follows: parent mass error tolerance automatic 10.0 ppm; fragment mass error tolerance
0.02 Da; minimum of 3 fragment ions matched per protein; minimum of 3 peptides matched per protein;
maximum 2 missed cleavages. Carbamidomethylation of cysteines was set as a static modification,
while oxidation of methionines, methionine loss, acetylation of lysines and N-terminal acetylation, were
included as dynamic modifications. A false discovery rate (FDR) threshold of less than 1% was applied to
the identification algorithm. The expression analysis was performed considering the technical replicates
available for each experimental condition based on the hypothesis that each group was an independent
variable. The list of differentially expressed proteins was screened according to a fold change of
regulation higher than 30%. Only modulated proteins with p < 0.05 were considered significant. Over-
representation analysis was carried out using the R package ClusterProfiler41.

RNA extraction, retrotranscription and qPCR
RNA was extracted from PN using Total RNA Purification Kit from Norgen Biotek (Canada) according to
the manufacturer’s instructions. Then, 1 µg of total RNA was used for RT reaction by using the
PrimeScript™ RT reagent Kit (Perfect Real Time) (Takara, Cat. #RR037A). The following RT program was
used: 37°C for 15 min and 85°C for 5 s. The expression of the different primers was assessed by
quantitative qPCR using TB Green® Premix Ex Taq™ II (Tli RNaseH Plus), Bulk (Takara, Cat. #RR820L) as
a fluorescent dye to monitor cDNA amplification. The following PCR program was used: 50°C for 2 min,
40 cycles at 95°C for 15 s and 60°C for 60 s, melt curve 95°C for 15 s, 60°C for 60 s and 95°C for 30 s.
The primers used were listed in Supplemental Table 1. GAPDH was used as a housekeeping gene for
quantity normalization. Fold change was determined by using the ΔΔC(t) method.

Multiplex RNAscope™ and confocal analysis
Mice were anesthetized with Rompun (xylazine, 20 mg/ml, 0.5 ml/kg Bayer, Milan, Italy) and Zoletil
(tiletamine and zolazepam, 100 mg/ml, 0.5 ml/kg; Virbac, Milan, Italy) and perfused transcranially with
25 ml of saline followed by 25 ml of 4% paraformaldehyde in a phosphate buffer (PB; 0.1 M; pH 0.4)
under deep anesthesia. Each brain was removed immediately, post-fixed in the same fixative for 24 h
and, after three washes in PB, transferred to 30% sucrose in PB solution at 4°C until they sinked. For
RNAscope™ brains were cut into four series of 20µm-thick coronal sections by means of a freezing
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microtome and were collected in PB. RNAscope™ (Advanced Cell Diagnostic, USA) was performed
according to the manufacturer’s protocol. Sections were dehydrated and post fixated according to the
protocol, then peroxidase was applied, and antigen retrieval was performed. The following RNA probe
was used: Mm-Sema6C-C1 (#1198611-C1) for Sema6C. Then the amplification cascade was performed
as stated in the manufacturer’s protocol and detected by using TSA-Vivid™ fluorophores 570. Before
RNAscope processing, sections were incubated with primary antibodies including rabbit anti-NeuN
antibody (1:400, cod. #24307S; CST), rabbit anti-GFAP (1:600, #AB9598, Merck), goat anti-Iba1 (1:600,
#NB100-1028, Novus) and rabbit anti-Olig2 (1:200, cod. #ab109186, Abcam). After the RNAscope
protocol, sections were incubated for 1h at RT with secondary antibodies including Alexa Fluor 488
donkey anti-rabbit IgG or Alexa Fluor 488 donkey anti-goat (1:200, Thermo Fisher). Sections were 4,6-
diamidino-2-phenylindole (DAPI) counterstained (1:1000, Sigma). Sections were air-dried and
coverslipped with GEL/MOUNT (Biomeda, Foster City, CA, USA). Sections were examined under a
confocal laser-scanning microscope Nikon APM1 equipped with four laser lines: violet diode emitting at
405 nm (for DAPI), argon emitting at 488 nm, and helium/neon emitting at 543 nm and 633. The optical
density (O.D.) for both mRNA and proteins were performed by densitometric analyses manually outlining
individual cells and measuring cell-associated fluorescence intensity with the ImageJ software
(http://rsb.info.nih.gov/ij/). The Mean/Area ratio defines mean fluorescence of individual cells
normalized to total cellular surface. Quantification was done on 50 cells per mice.

Stereological analysis
To assess the extent of neuronal loss in the contralateral PN following HCb, stereological cells count
following Nissl staining was performed. By using the Stereo Investigator System (MicroBrightField
Europe e.K., Magdeburg, Germany) a three-dimensional optical fractionator counting probe (x, y, z
dimension of 50 × 50 × 10µm, respectively) was applied to obtain unbiased estimates of total cells
according to published procedures42. The PN was outlined using the 4x objective and the 100x oil
immersion objective was used for marking the neuronal cells. The total number of neurons was
estimated according to the formula: N1/4SQ=ssf1 = asf1=tsf, where SQ represents the total number of
neurons counted in all optically sampled fields of the PN, ssf is the section sampling fraction, asf is the
area sampling fraction, and tsf is the thickness sampling fraction. For each animal, 7 sections covering
the rostro-caudal extension of the PN were counted. Data collecting for stereology was done by an
experimenter blind to the group analyzed.

Tissue extraction and immunoblotting
The brains were immediately dissected in fresh PBS and the contralateral PN respect to the lesion was
collected. Once isolated, the PNs were homogenized in RIPA buffer (Tris HCl pH = 7.4 50mM, NaCl
150mM, EDTA 1mM, MgCl2 5mM, Sodium deoxycholate 0.25%, TritonX100 1%, SDS 0.1%) with DTT
(PanReac AppliChem, #A2948,005) and protease inhibitor cocktail (Sigma, #P8340), incubated on ice for
20 min and centrifuged at 13,000 × g for 20 min. The total protein content of the resulting supernatant
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was determined. To assess the release of cytochrome-c in the cytosol we separated mitochondrial and
cytosolic fraction. Briefly, RNs were homogenized in Buffer A (320mM sucrose, 1mM EDTA, 50mM TRIS-
HCl, pH = 7.4, 1mM DTT, and 1mM PMSF), with protease inhibitor cocktail (Sigma, P8340) by 30 strokes
with a glass Pyrex micro homogenizer (Sigma). The homogenate was centrifuged at 1000 × g for 10 min,
and the resulting supernatant was centrifuged at 10,000 × g for 20 min to obtain the mitochondrial pellet
and the supernatant. The mitochondria-containing pellet was washed three times with buffer B (250mM
sucrose, 1mM EGTA–Sigma, E3889, 10mM TRIS-HCl pH = 4) by centrifugation for 10 min at 10,000 × g.
The supernatant was centrifuged at 100,000 × g for 1h to generate the cytosolic fraction. Proteins were
applied to SDS-PAGE and electroblotted on a PVDF or nitrocellulose membrane. Immunoblotting analysis
was performed using chemiluminescence detection kit. The relative levels of immunoreactivity were
determined by densitometry using ImageJ software (NIH; USA). Samples were incubated overnight with
the following primary antibodies: rabbit anti-JNK (1:500, #sc-571, Santa Cruz), mouse anti-p-JNK (1:500,
#sc-6254, Santa Cruz), mouse Anti-Vinculin (1:1000, V9131, Merck), mouse anti-Cytochrome-c (1:1000,
BD Pharmingen, UK), mouse anti-ß-Actin (1:1000, #A2228, Sigma), mouse anti-GAPDH (1:1000, Abcam,
#ab8245), rabbit anti-Plexin A1 (1:1000, #AB23391, Abcam), rabbit anti-Plexin A2 (1:1000, #AB39357,
Abcam), goat anti-mSemaphorin6C (1:250, #AF2108, R&D). Membranes were then incubated with the
appropriate horseradish peroxidase-conjugated secondary antibodies (1:3000, Biorad). Immunoreactive
bands were detected by using an enhanced chemiluminescence kit (ECL; Amersham Biosciences).

Immunofluorescence and confocal analysis
Mice were perfused as above. For immunofluorescence brains were cut into four series of 30µm-thick
coronal sections by means of a freezing microtome and were collected in PB for immunofluorescence
experiments. Sections were incubated with a cocktail of primary antibodies, including mouse anti-NeuN
(1:200, #MAB377, Merck), rabbit anti-GFAP (1:600, #AB9598, Merck), goat anti-Iba1 (1:600, #NB100-
1028, Novus), rabbit anti-Olig2 (1:200, #ab109186, Abcam), rabbit anti-Cleaved Caspase3 (1:200,
#9664S, CST); rat anti-CD68 (1:500, #MCA1957T, Biorad); rabbit anti-Plexin A2 (1:300, #AB39357,
Abcam). All primary antibody solutions were prepared in PB and 0.3% Triton X-100 and were incubated
48h at 4°C. Each incubation step was followed by three, 5-min rinses in PB. Afterwards, sections were
incubated 2h at RT with a cocktail of secondary antibodies, including Alexa Fluor 488 conjugated donkey
anti-mouse, Alexa Fluor 488 conjugated donkey anti-rat, Alexa Fluor 488 conjugated donkey anti-rabbit,
Alexa Fluor 543 conjugated donkey anti-rabbit, and Alexa Fluor 488 conjugated donkey anti-goat (1:200,
Thermo Fisher). Sections were 4,6-diamidino-2-phenylindole (DAPI) counterstained (1:1000; Sigma). In
general, sections processed for double/triple immunofluorescence were examined under a confocal
laser scanning microscope (Nikon, Eclipse, Ti2, Germany) equipped with four laser lines: violet diode
emitting at 405 nm (for DAPI), argon emitting at 488 nm, and helium/neon emitting at 543 nm and 633.
To assess microglial and astrocytic count within PN, quantitative analyses were performed off-line on
confocal images acquired through the 20× objective at the 1 zoom factor. Three digital square frames
(200×200µm) were placed at a regular distance to sample the entire medio-lateral extent of PN. Only
immunolabeled cells with a distinct nucleus (DAPI+) in the focal plane were counted43. The optical
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density (O.D.) was performed by densitometric analyses manually outlining individual cells and
measuring cell-associated fluorescence intensity with the ImageJ software (http://rsb.info.nih.gov/ij/).
The Mean/Area ratio defines mean fluorescence of individual cells normalized to total cellular surface.
Quantification was done on 50 cells per mice. All quantitative analyses were conducted blind to the
animal's experimental group assignment.

Sholl analysis
Microglia in the PN were imaged using a fluorescence microscope (Zeiss) equipped with a motorized
stage and a camera connected to software (Neurolucida 7.5, MicroBright-Field) that allowed a
quantitative 3D analysis of the entire compartment. Only microglia that displayed intact processes
unobscured by background labeling or other cells were included in reconstructions. Fifteen cells per
animal were randomly selected and included for analysis. The cell body area and perimeter, number of
intersections (the number of microglia branches that intersect/cross the radius), number of nodes and
total length of all processes were measured42. All experiments and data analyses were conducted by
experimenters’ blind to the groupings.

Cell culture, hydrogen peroxide treatment and Incucyte
assay
Neuro-2a (N2a) cells are routinely cultured in Dulbecco's Modified Eagle Medium (DMEM) supplemented
with 10% Fetal Bovine Serum (FBS, EuroClone), 2 mM L-glutamine (Sigma-Aldrich) and 1% Penicillin-
Streptomycin (EuroClone). Cells were periodically checked for mycoplasma contamination and grown in
a 37°C humidified atmosphere of 5% CO2. 12h post seeding cells were transiently silenced with
lipofectamine 3000 (Thermo Fischer, #L3000015) with scramble control siRNA (Sigma, SIC002-10nmol),
siRNA for Sema6c (Sigma, SASI_MM02_0032–0497) and siRNA for Plxna2 (Sigma, SASI_MM01_0005-
3042). After 6hs, medium was changed, and 100uM hydrogen peroxide (H2O2) treatment was added
together with Incucyte® Caspase-3/7 green Dye for Apoptosis (Sartorius, #4440). The assay was
performed with the IncuCyte SX5 Live-content imaging system (Essen Bioscience) by measuring both
phase and green fluorescence every 3hs. Nine fields per well were acquired and the number of cells
counted. The ratio between the number of green cells over the number of total cells in percentage
respect to siScr was plotted.

Cell culture, overexpression and Co-Immunoprecipitation
HEK-293T and COS-7 cell lines were cultured in DMEM (Sigma‐Aldrich) supplemented as stated above.
The cells were periodically checked for mycoplasma contamination and grown in a 37°C humidified
atmosphere of 5% CO2. Briefly, overexpression of Semaphorin6C and PlexinA2 constructs (produced by
gene synthesis by BioCat GmbH, Heidelberg, Germany) were transiently transfected in COS‐7 cells by
DEAE‐Dextran method, while HEK-293T cells were transfected using the calcium chloride (CaCl2)
method. 24hs after transfection cells were scraped in IP buffer (Tris HCl pH 7.5 50mM, NaCl 150mM,
EDTA 1mM and NP-40 1%) supplemented with protease inhibitor cocktail (Sigma, #P8340), lysates were
incubated on a rotator for 20min at + 4°C, were centrifugated at 13000rpm for 10min at + 4°C and
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supernatants were collected. 500ug were immunoprecipitated, after 1h of preclearing, for 2h at 4°C.
Dynabeads protein G (Thermo Fisher, #10004D) were added for 1hr at 4°C. Beads were recovered,
washed 4 times for 5min, resuspended in lysis buffer and heated 5min at 95°C ready for denaturation
prior to western blot analysis.

Experimental design and statistical analysis
The number of animals used in each experiment is listed in the figure legend section. The numbers of
animals used for biochemical analysis (Wb and qRT-PCR), NSS, and morphological analysis were based
on our previous experience with the techniques and on the basis of a sample size calculation performing
a power analysis (G Power 3.1 software). In all cases, we assumed a probability equal to 0.05 and a test
power equal to 95%, while Δ and standard deviations were based on previous experiments from our
group. For statistical analyses, t-test or one-way, two-way (multiple groups) or repeated-measure
analysis of variance (ANOVA) followed, in cases of significance, by a Bonferroni post hoc test was
applied. See figure legends for more details. Values of p ≤ 0.05 were considered to be statistically
significant. In the box-and-whisker plots, the center line denotes the median value, edges are upper and
lower quartiles, whiskers show minimum and maximum values and points are individual experiments.
Statistical analyses were carried out by GraphPad Prism 9.0 (GraphPad software for Science, San Diego,
CA). All quantitative analyses were conducted blind to the animal’s experimental groups.

Results

Cell-type–specific upregulation of Sema6C in the Pontine
Nucleus following HCb lesion
To investigate the molecular mechanisms underlying remote response to axonal damage, we used a
well-established HCb mouse model (Fig. 1A), in which surgical removal of right cerebellar hemisphere
induces degeneration of axotomized neurons located in the pontine nucleus (PN)10, 11.

Label-free proteomic analysis was performed on PN samples collected at 7 days after HCb and
compared with unlesioned control mice (CTRL) revealed broad lesion-induced changes, with 286
significantly upregulated (Abundance Ratio > 1.5, p < 0.05) and 269 significantly downregulated proteins
(Abundance ratio < 0.66, p < 0.05) in HCb mice compared with CTRL (Fig. 1B). Pathway enrichment
analysis of the differentially modulated proteins confirmed alterations in metabolism and mitochondrial
function, consistent with our previous studies8, 11. Interestingly, our analysis further revealed the
modulation of pathways related to L1 cell adhesion molecule (L1CAM) (“L1CAM interactions” and
“Recycling pathway of L1”) and Rho GTPases (“Rho GTPases activate IQGAPs” and “Rho GTPases
activate PKNs”) (Fig. 1C). Notably, the genes contributing to these pathways mainly encode cell-
adhesion molecules, cytoskeletal components, and regulators of membrane trafficking, all processes
that are closely linked to axon guidance and structural remodeling. In light of these findings and building
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on our long-standing work on semaphorin-mediated mechanisms, we next investigated whether
semaphorin signaling may be re-engaged in the PN following HCb-induced axonal damage.

To this aim, we performed bulk mRNA expression analysis in the PN of CTRL and HCb-lesioned mice for
a selected panel of Semaphorins. This panel included semaphorins previously implicated in CNS axonal
injury such as Sema3A44, 45, Sema4D46, 47, Sema7A48 as well as class 6 Semaphorins, which remain
comparatively less characterized in the context of CNS injury but represent plausible candidates for
regulating post-lesional responses49, 50. Among the Semaphorin transcripts examined, Sema3a, Sema4d,
Sema6a, Sema6b, and Sema6d and Sema7a, were not significantly altered following HCb (Suppl.
Figure 1A). In contrast, Sema6c mRNA showed a modest increase in HCb mice compared to CTRL
animals, with a consistent trend that however did not reach statistical significance (p = 0.0567; Fig. 1D).
Because bulk analysis may obscure cell-type-specific changes within the heterogeneous post-lesional
PN, we next performed RNAscope in situ hybridization to localize Sema6c transcripts with cellular
resolution. This analysis revealed a significant upregulation of Sema6c mRNA in the PN of HCb mice
compared with CTRL (Fig. 1E, f; p < 0.0001). Time-course analysis further showed a progressive increase
in Sema6c expression after lesion, peaking at 7 days and remaining elevated up to 21 days (Fig. 1G).
Confocal analysis further indicated that the lesion-induced increase in Sema6c expression was mainly
associated with neuronal cells (Fig. 1H). In contrast, astrocytes (Suppl. Figure 1B) and microglia (Suppl.
Figure 1C) as well as oligodendrocytes (Suppl. Figure 1D) not only did not express Sema6c at basal level
but also showed a limited increase in Sema6c mRNA signal, suggesting that non-neuronal cells
contribute only marginally to the overall Sema6c upregulation observed after HCb.

Sema6C upregulation promotes JNK-mediated apoptotic
cell death following HCb lesion
The HCb model represents a well-established paradigm of remote neurodegeneration, in which injury to
synaptically connected, but anatomically distant, brain regions trigger progressive neuronal loss through
apoptotic mechanisms11, 39. To define the role of Sema6C in this process, we examined the temporal
relationship between Sema6c expression and apoptosis after HCb.

Stereological analysis of Nissl-stained neurons revealed a modest reduction as early as 1- and 2-days
post-lesion compared with CTRL (Fig. 2A; p < 0.05), followed by a progressive decline to approximately
70% of CTRL levels by day 4 and 40% by day 21 (Fig. 2A). This temporal profile appeared complementary
to the RNAscope pattern of Sema6c expression (Fig. 1F), suggesting a possible link between Sema6C
upregulation and remote neuronal death.

Because HCb-induced degeneration proceeds through a phosphorylated JNK (p-JNK) mediated
apoptotic mechanism11, we next sought to define whether Sema6C is involved in this event. Subsequent
analyses were therefore focused on day 4 post-lesion, a time point at which neuronal death was already
detectable but still in an early phase, with approximatively 30% of neurons lost.
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At this time point, we observed a pronounced increase in phosphorylated JNK (p-JNK) levels within the
PN of HCb mice compared with CTRL (Fig. 2B; p < 0.001), accompanied by enhanced cytochrome-c
release in the cytosol (Fig. 2C; p < 0.001). In addition, confocal analysis of immunofluorescent samples
revealed a significant increase of cleaved caspase-3 level in the axotomized neurons respect to CTRL
(Fig. 2D, E; p < 0.0001), confirming the activation of the JNK-mediated apoptotic pathway11.

To investigate the functional contribution of Sema6C to remote injury-induced neurodegeneration we
performed in vivo knockdown of Sema6c (HCb 4d-siSema6c group). Efficient knockdown was confirmed
by RNAscope (Suppl. Figure 2A, B). Since HCb 4d-siScr mice showed responses comparable to HCb
mice across experiments, subsequent analyses are presented relative to the HCb group.

While Sema6c silencing had no effects in unlesioned animals (Suppl. Figure 2C, D), it significantly
increased neuronal survival (Fig. 2G, p < 0.001) and improved functional recovery compared to HCb
(Fig. 2H; Day1: p < 0.01; Day4: p < 0.0001). In contrast, scramble siRNA (siScr) into HCb-lesioned mice did
not affect neuronal survival or NSS compared with CTRL mice, confirming that the observed effects were
attributable to specific Sema6C silencing rather than siRNA administration per se (Suppl. Figure 2E, F).
Notably, Sema6c knockdown reduced JNK phosphorylation (Fig. 2I, p < 0.05) and cleaved caspase-3
levels (Fig. 2J, K, p < 0.0001). Together, these findings indicate that injury-induced Sema6C upregulation
contributes to remote neuronal death, either directly or indirectly, through a JNK-dependent apoptotic
pathway.

Exacerbation of remote injury–induced neurodegeneration
by recombinant Sema6C injection
To assess the functional impact of aberrant Sema6C signaling and whether its increased extracellular
levels may influence neuronal responses to injury, the recombinant extracellular domain of Sema6C
(rSEMA6C) was administered via intracerebroventricular (i.c.v.) injection immediately before HCb
(Fig. 3A).

In CTRL animals, rSEMA6C did not significantly affect neuronal survival or NSS, indicating that elevated
Sema6C levels are not detrimental under physiological conditions (Suppl. Figure 3A, B). In HCb mice,
vehicle injection (HCb 4d + PBS) did not affect neuronal survival or NSS compared with untreated HCb
animals (Suppl. Figure 3C, D). Therefore, since HCb 4d + PBS group consistently showed responses
comparable to untreated HCb mice, rSEMA6C effects are presented relative to the HCb group.

In HCb mice, rSEMA6C significantly worsened NSS (Fig. 3B p < 0.0001) and reduced neuronal survival
(Fig. 3C p < 0.01).

To investigate the global molecular changes induced by recombinant Sema6C administration, we
performed proteomic analysis. In the HCb 4d +rSEMA6C group compared with HCb 4d mice, we
identified 281 upregulated proteins (Abundance Ratio > 1.5, p < 0.05) and 229 downregulated proteins
(Abundance ratio < 0.66, p < 0.05) (Fig. 3D). Pathway enrichment analysis revealed a significant
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downregulation of mitochondrial-related pathways (Fig. 3E). Together with the decreased neuronal
survival observed in rSEMA6C-treated mice (see Fig. 3C), these findings suggest that rSEMA6C
exacerbates lesion-induced mitochondrial dysfunction and may promote the activation of pro-apoptotic
mechanisms. Consistently, cleaved caspase-3 immunostaining was significantly increased in rSEMA6C-
lesioned mice, both in terms of positive staining (Fig. 3F) and optical density (Fig. 3G; p < 0.05),
supporting the overactivation of apoptotic pathways.

Given the association between apoptosis, neuronal loss and altered neuroinflammation43, we next
assessed glial responses by immunofluorescence. Immunofluorescence analysis showed enhanced glial
reactivity in rSEMA6C-lesioned mice than in HCb mice (Fig. 3H), with significantly higher numbers of
Iba1-positive microglia and GFAP-positive astrocytes than in HCb mice (Fig. 3I, J; p < 0.0001). Moreover,
within the PN of rSEMA6C-injected lesioned mice, Iba1-positive microglia displayed a more complex
morphology than those observed in HCb mice, including enlarged soma size (Fig. 3K, L, p < 0.0001) and
longer processes, particularly in regions proximal to the cell body (Suppl. Figure 3E). Consistent with the
acquisition of a phagocytic phenotype, CD68/Iba1 immunofluorescence showed a significant increase in
CD68-positive microglia in rSEMA6C- lesioned mice compared with HCb mice (Fig. 3M-N, p < 0.0001),
further suggesting an enhanced phagocytic/lysosomal activation state and an exacerbated
neuroinflammatory response following rSEMA6C administration.

PlexinA2 Mediates Sema6C Signaling in Pontine Neurons
Following HCb lesion
Sema6C is a transmembrane semaphorin that signals through Plexin A receptors, although its specific
cognate receptor remains debated. Because Plexin A1 and Plexin A2 are the most plausible candidates,
we examined their potential involvement in Sema6C-dependent remote neurodegeneration. qPCR and
western blot analyses showed that, after HCb, only Plexin A2 was significantly increased both at mRNA
(Fig. 4A, p < 0.05) and protein levels (Fig. 4C, p < 0.05), whereas Plexin A1 remained unchanged at both
the transcript (Fig. 4B) and protein levels (Fig. 4D).

Immunofluorescence showed that Plexin A2 signal was selectively localized within the neuronal
compartment (Fig. 4E), with significantly increased immunoreactivity in HCb mice compared with CTRL
animals (Fig. 4F, p < 0.0001).

To assess whether Sema6C can directly interact with Plexin A2 and to validate receptor specificity, we
employed an in vitro system and performed co-immunoprecipitation (co-IP) assays following transient
overexpression of Sema6C and Plexin A2 in HEK293T cells. These experiments revealed a specific
interaction between Sema6C and Plexin A2 (Fig. 4G, H), whereas no interaction was detected with Plexin
A1 (Suppl. Figure 4A), strongly suggesting Plexin A2 as the primary receptor mediating Sema6C-
dependent signaling in our experimental model. To determine whether activation of this signaling axis
has direct consequences on neuronal viability and apoptotic cell death in vitro, we next performed live-
cell imaging experiments using the IncuCyte platform on Neuro-2A (N2A) cell line. Cells were silenced
for Sema6c, for Plxna2, and for both, later exposed to hydrogen peroxide, and then monitored for 24h
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with IncuCyte® Apoptosis Assay. Cell viability and apoptotic green fluorescence were then quantified.
Consistently, siSema6c treatment, but also siPlxna2 and the combination of the two, significantly
decreased the percentage of cleaved caspase-3 + cells when comparing to scrambled siRNA-treated
controls, indicating that interference with this axis attenuates activation of the apoptotic cascade (Fig. 4I
and Suppl. Figure 4B; siScr vs siSema6c, p < 0.001; siScr vs siPlxna2, p < 0.05; siScr vs siSema6c-Plxna2,
p < 0.01).

Next, to determine whether Plexin A2 is required for Sema6C-dependent signaling in vivo, we assessed
the effect of Plxna2 knockdown after HCb. siRNA targeting Plxna2 was stereotaxically delivered into the
PN before lesion, and mice were analyzed at 4 days post-HCb, when early neuronal loss, Sema6C
upregulation, and apoptotic signaling are evident. Efficient reduction of Plexin A2 protein was confirmed
by immunofluorescence in siPlxna2 lesioned mice compared with scrambled siRNA HCb-mice (Fig. 4J,
K, p < 0,0001). In unlesioned animals, Plxna2 knockdown did not significantly affect neuronal survival and
neurological functions (NSS) (Suppl. Figure 4C, D), suggesting that Plexin A2, like Sema6C, is
dispensable for baseline neuronal maintenance.

As observed for Sema6c silencing, the HCb 4d + siScr mice showed responses comparable to untreated
HCb animals across all experimental readouts (data not shown). Therefore, Plxna2 knockdown analyses
are presented relative to the HCb group.

Importantly, Plxna2 knockdown in lesioned animals significantly increased neuronal survival (Fig. 4L, p < 
0.001), reduced cleaved caspase-3 immunoreactivity (Fig. 4M-N, p < 0,001), and improved functional
recovery (Fig. 4O; 4 Days: p < 0.0001), thereby recapitulating the protective effects observed after in vivo
Sema6c silencing.

Discussion
A major implication of our work is that axonal injury can trigger molecular programs that extend the
impact of a focal lesion beyond the primary site of damage. Secondary neurodegeneration is
increasingly recognized after stroke, traumatic injury, and other CNS disorders, where it may contribute
to progressive tissue loss and long-term disability3, 51, 52. This concept is particularly relevant because
axonopathy is increasingly viewed not only as a consequence of neuronal death but also as an early and
active contributor to disease progression across neurodegenerative conditions, including Alzheimer’s
disease, Parkinson’s disease, Huntington’s disease, and amyotrophic lateral sclerosis53, 54. In this
framework, Sema6C-dependent signaling may represent a mechanism through which injured axons
communicate damage to vulnerable neuronal populations and amplify degeneration within connected
circuits.

Sema6C belongs to the class 6 semaphorin family, a group of transmembrane guidance molecules
involved in nervous system development, axonal pathfinding, and circuit assembly55, 56. Structurally,
Sema6C is a transmembrane protein considered a distal class 6 semaphorin because of its longer and
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partly divergent cytoplasmic domain. This organization is relevant because transmembrane
semaphorins can mediate both forward signaling, as ligands for plexin-containing receptor complexes,
and reverse signaling through their intracellular domains.

Previous studies have shown that Sema6C is expressed in the developing nervous system, where it
exerts growth cone-collapsing and axon-repulsive activity, including in dorsal root ganglion neurons. Its
expression in embryonic target tissues, such as the myotome and dermatome, supports a roles in axon
navigation, target recognition, axonal arrest, and synapse formation. In adult tissues, Sema6C is enriched
in the brain and skeletal muscle57, where it may contribute to neuromuscular junction stability58. Our
findings extend this framework by showing that Sema6C is re-engaged in the adult injured CNS, where its
activity is associated with neuronal degeneration rather than adaptive remodeling.

The finding that Sema6C promotes neuronal death after axonal injury supports the broader concept that
developmental guidance cues can acquire pathological functions in the adult nervous system59.
Molecules originally involved in axon navigation and circuit formation are increasingly recognized as
regulators of CNS plasticity, neuroinflammation, and injury responses60, 61. This duality is well illustrated
by semaphorin signaling, whose effects depend on receptor composition, cellular context,
developmental stage, and disease state27, 60. Accordingly, several semaphorins, including Sema3A,
Sema3E, and Sema4B, regulate not only neuronal growth and guidance but also neuroimmune and
neurodegenerative mechanisms19, 30, 31, 62. Thus, the deleterious effect of Sema6C in axotomized
neurons is consistent with the functional plasticity of the semaphorin family and suggests that Sema6C
participates in injury-specific signaling programs distinct from its developmental roles.

Transmembrane semaphorins can signal through multiple mechanisms63. They may interact with
receptors or surface molecules on neighboring cells, act at a distance after proteolytic shedding, or
signal through their own intracellular domains via reverse signaling. In the case of Sema6C, these
mechanisms have remained largely unexplored. Our data address this gap, by showing that the
detrimental effects of Sema6C after axonal injury are mediated, at least in part, through PlexinA2.
Notably, the data shown in this work indicate that the pro-apoptotic activity of Sema6C in PlexinA2-
overexpressing injured neurons is mediated by forward signaling, since it can be recapitulated by the
soluble extracellular domain of the semaphorin.

Plexin A2 is an A-type plexin receptor that couples extracellular guidance cues to intracellular pathways
regulating cytoskeletal dynamics, cell adhesion, neuronal morphology, and cell fate64, 65. Plexin A2 has
also been linked to mechanisms limiting axonal sprouting and functional recovery after CNS trauma,
including Nogo-A/NgR1/CRMP2 signaling complexes66. Our findings extend this role by identifying
Plexin A2 as a receptor mediating Sema6C-dependent neurodegeneration in axotomized neurons.
Mechanistically, we show that Sema6C/Plexin A2 signaling converges on JNK phosphorylation and
activation. JNK is a central stress-activated kinase pathway in the CNS, implicated in axonal injury
responses, cytoskeletal remodeling, mitochondrial dysfunction, inflammatory signaling, and apoptosis67.
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Sustained JNK activation can promote neuronal death through c-Jun activation, regulation of Bcl-2
family members, and mitochondrial apoptotic signaling11, 68, 69. In our model, Sema6C upregulation and
increased phosphorylated JNK support a mechanistic link between Sema6C/Plexin A2 activation and
injury-induced neuronal death.

JNK involvement may also explain the broader pathological phenotype observed after Sema6C
activation. Beyond cell-autonomous apoptosis, JNK signaling can shape inflammatory responses, glial
activation, and injury-induced remodeling70, 71. Accordingly, the exacerbation of inflammatory responses
after recombinant Sema6C administration suggests that Sema6C/Plexin A2/JNK signaling may
contribute to a feed-forward degenerative loop. In this model, axonal injury induces Sema6C in
vulnerable neurons; soluble or membrane-associated Sema6C engages Plexin A2; JNK activation
promotes neuronal apoptosis and stress signaling; and neuronal damage further enhances local
neuroinflammation. Such a mechanism could amplify the consequences of focal CNS injury and
contribute to delayed functional deterioration.

The biological activity of recombinant Sema6C also raises the possibility that a soluble extracellular
form, potentially generated by ectodomain shedding, contributes to injury-signal propagation63. However,
because Sema6C shedding has not yet been directly demonstrated, future studies should determine
whether soluble Sema6C is generated after injury and whether it contributes to neuroinflammatory
amplification and secondary neurodegeneration.

The reciprocal effects obtained through genetic and pharmacological modulation strengthen the causal
interpretation of our findings. Sema6C silencing reduced neuronal death and improved behavioral
recovery, whereas recombinant Sema6C worsened neuropathological and functional outcomes. These
results suggest that Sema6C is not merely a marker of axotomized neurons but an actionable
component of the degenerative cascade.

From a translational perspective, the Sema6C/Plexin A2/JNK axis may offer several opportunities.
Sema6C could serve as a marker of neurons undergoing maladaptive responses to axonal injury, while
Plexin A2-dependent signaling may provide a targetable receptor-level mechanism linking injury-induced
semaphorin signals to intracellular stress responses. Pathway engagement could be monitored through
downstream readouts such as phosphorylated JNK, neuroinflammatory markers, and axonal injury
biomarkers. Therapeutic strategies aimed at interrupting this pathway may act upstream of neuronal
apoptosis and inflammatory amplification, potentially expanding the therapeutic window for limiting
secondary degeneration in disorders characterized by axonal damage. Notably, the clinical testing of a
humanized antibody blocking Sema4D signaling in neurodegenerative disease32 supports the feasibility
of therapeutically targeting semaphorin pathways, including Sema6C. However, several questions
remain. Future studies should determine whether Sema6C is induced in other CNS injury models and in
chronic neurodegenerative conditions with prominent axonopathy, define the injury-related signals and
transcriptional programs controlling its expression, and validate the clinical relevance of this pathway in
human tissue, biofluid biomarkers, or patient-derived cellular systems.
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In conclusion, our study identifies Sema6C/PlexinA2 signaling as a novel injury-induced pathway linking
axonal injury to secondary neurodegeneration through JNK activation, neuronal apoptosis,
neuroinflammatory amplification. Thus, the Sema6C/Plexin A2/JNK axis emerges as a promising target
to limit secondary degeneration and improve functional recovery after CNS injury.
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Figure 1

Sema6C is upregulated in the pontine nuclei following hemicerebellectomy. (A) Schematic
representation of the hemicerebellectomy (HCb) mouse model. (B) Volcano plot showing differentially
modulated proteins in HCb 7d mice compared with controls (CTRL). Upregulated proteins are shown in
green, downregulated proteins in red (adjusted p < 0.05), and non-significantly modulated proteins in
grey. Selected proteins are labelled. (C) Dot plot showing enriched pathways among the differentially
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modulated proteins in HCb 7d versus CTRL. (D) Sema6c mRNA expression assessed by qPCR (N =
4/group). (E) Representative RNAscope images showing Sema6c mRNA expression (red) and DAPI
counterstaining (blue) in the PN of CTRL and HCb mice 7 days after lesion (HCb 7d). (F) Quantification of
Sema6c mRNA signal intensity, expressed as optical density (O.D.) (N = 6/group). Scale bar = 50 μm. (G)
Quantification of Sema6c mRNA signal intensity across the indicated time points after HCb, expressed
as optical density (O.D.) (N = 6/group). (H) Representative confocal images of RNAscope staining
showing Sema6c mRNA expression (red) and NeuN immunostaining (green) in the PN of CTRL and HCb
7d mice. Nuclei were counterstained with DAPI (blue). Scale bar = 25 μm. Box plots indicate median,
interquartile range, and min–max values. Each dot represents one animal. *p< 0.05, **p< 0.01, ***p<
0.001, ****p< 0.0001.
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Figure 2

Sema6C contributes to JNK-mediated apoptotic signaling and neuronal loss after hemicerebellectomy.
(A) Graph of the quantification of surviving neurons in the PN expressed as the percentage of neurons
relative to the CTRL group (N=6/group). (B) Representative Western blot and graph showing total JNK
and phosphorylated JNK (p-JNK) protein levels in the different experimental groups (N=6/group). Optical
density analysis was performed on both bands. (C) Representative Western blot and graph showing
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cytosolic cytochrome-c protein levels in the different experimental groups (N=4/group). (D)
Representative confocal images showing cleaved-caspase3 (red) and DAPI (blue) counterstaining in PN
of CTRL and HCb 4d. (E) Graph of relative caspase3-signal intensity quantification presented as optical
density (O.D.) in the different experimental groups (N=4/group). Scale bar=25μm. (F) Schematic
representation of the experimental design. (G) Graph of the quantification of surviving neurons in the PN
expressed as percentage of neurons relative to the CTRL (N=6/group). (H) Graph showing the
Neurological Severity Score (NSS) of CTRL, HCb 4d and HCb 4d+siSema6c mice. (I) Representative
Western blot and graph showing total JNK and phosphorylated JNK (p-JNK) protein levels in the
different experimental groups. (N=6 CTRL and HCb 4d). Optical density analysis performed on both
bands. (J) Representative confocal images of cleaved-caspase3 (red) and DAPI counterstaining (blue) in
PN of HCb 4d+siScr and HCb 4d+siSema6c; (K) Graph of relative caspase3-signal intensity
quantification presented as optical density (O.D.) in the different experimental groups respect to the
control group (dotted line, fold change=1) (N=4/group). Box plots indicate median, interquartile range,
and min–max values. Each dot represents one animal. *p< 0.05, **p< 0.01, ***p< 0.001, ****p< 0.0001.
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Figure 3

Recombinant SEMA6C worsens neurological deficits, neuronal loss, apoptosis, and glial activation
after hemicerebellectomy. (A) Experimental design. (B) Neurological Severity Score (NSS) in CTRL, HCb
4d, and HCb 4d + rSEMA6C mice. (C) Quantification of surviving PN neurons, expressed as percentage
of CTRL (N = 4/group). (D) Volcano plot of differentially modulated proteins in HCb 4d + rSEMA6C versus
HCb 4d mice; upregulated proteins are shown in green, downregulated proteins in red (adjusted p <

Page 28/31



0.05), and non-significant proteins in grey. Selected proteins are indicated. (E) Enriched pathways among
differentially modulated proteins. (F) Representative confocal images of cleaved caspase-3 (red) and
DAPI (blue) staining in the PN of HCb 4d and HCb 4d + rSEMA6C mice. Scale bar = 25 μm. (G)
Quantification of cleaved caspase-3 signal intensity, expressed as optical density (O.D.) relative to CTRL
(dotted line; fold change = 1; N = 5/group). (H) Representative confocal images of Iba1 (green) and GFAP
immunostaining (magenta) in the PN. Scale bar = 50 μm. (I) Quantification of Iba1+ cells relative to CTRL
(dotted line; fold change = 1; N = 5/group). (J) Quantification of and GFAP+ cells relative to CTRL (dotted
line; fold change = 1; N = 5/group). (K) Box-and-whisker plots showing microglial soma area after Sholl
analysis (N = 4–5/group). Dotted line represents the CTRL. (L) Box-and-whisker plots showing microglial
soma perimeter after Sholl analysis (N = 4–5/group). Dotted line represents the CTRL. (M)
Representative confocal images of Iba1 (red) and CD68 (green) staining in the PN. Scale bar = 30 μm.
(N) Quantification of CD68+ microglia relative to CTRL (dotted line; fold change = 1; N = 4/group). Box
plots show median, interquartile range, and min–max values; each dot represents one animal. *p < 0.05,
**p < 0.01, ***p < 0.001, ***p < 0.0001.
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Figure 4

PlexinA2 mediates Sema6C-induced apoptotic signaling, neuronal loss, and neurological impairment
after hemicerebellectomy.
(A) Plxna1 mRNA expression assessed by qPCR across experimental groups (N = 4/group). (B) Plxna2
mRNA expression assessed by qPCR across experimental groups (N = 4/group). (C) Representative
Western blot of Plexin A1 and quantification across groups (N = 4/group). (D) Representative Western
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blot of Plexin A2 and quantification across groups (N = 4/group). (E) Representative confocal images of
Plexin A2 (red) and NeuN (green) in PN of CTRL and HCb 4d mice. Scale bar =50 μm and 30 μm (inset).
(F) Quantification of Plexin A2 signal intensity expressed as optical density (O.D.) (N = 5/group). (G)
Western blot showing interaction between Sema6C and Plexin A2 after Plexin A2 immunoprecipitation in
HEK cells overexpressing both proteins. Input corresponds to 10% of extract; IgG used as negative
control. Representative of three biological replicates. (H) Western blot showing interaction after Sema6C
immunoprecipitation under the same conditions. Input 10%; IgG control; three biological replicates. (I)
Percentage of apoptotic cells measured by Incucyte Dye for Apoptosis in H₂O₂-treated N2A cells under
siScr, siSema6c, siPlxna2, and combined silencing conditions. Each dot represents one biological
replicate. (J) Representative confocal images of Plexin A2 (red) in PN of HCb 4d and HCb 4d + siPlxna2
mice. Scale bar = 50 μm. (K) Quantification of Plexin A2 signal intensity (O.D.) (N = 5/group). (L)
Quantification of surviving neurons as percentage of CTRL (N = 4/group). (M) Representative confocal
images of cleaved caspase-3 (red) and DAPI (blue) in PN of HCb 4d + siScr and HCb 4d + siPlxna2 mice.
Scale bar = 25 μm. (N) Quantification of cleaved caspase-3 signal intensity (O.D.) (N = 5/group). (O)
Neurological Severity Score (NSS) across experimental groups. Box plots show median, interquartile
range, and min–max values; each dot represents one animal. *p < 0.05, **p < 0.01, ***p < 0.001, ****p <
0.0001.
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