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Abstract-

Background: Multiple sclerosis (MS) and post-viral demyelinating encephalomyelitis are
characterized by chronic central nervous system (CNS) inflammation, myelin sheath
destruction, and impaired tissue repair. While inducible nitric oxide synthase (NOS2) is
traditionally viewed as a cytotoxic mediator in acute neuroinflammation, its temporal role,
from myelin loss to the long-term endogenous remyelination phase, has remained controversial
and poorly defined. Using a murine p-coronavirus (MHV-RSAS59) model of
neuroinflammation, we investigated the requirement for NOS2 during the myelin loss and

repair phase (days 30 to 60 post-infection).

Method: Age-matched C57BL/6 wild-type (WT) and NOS2-/-mice were intracranially
inoculated with 10,000 PFU of RSA59. Animals were euthanized at defined time points (day
30 and day 60 post-infection) to harvest the tissue samples. Luxal Fast Blue (LFB) staining,
immunofluorescence (IF), immunoblotting, immunohistochemistry, and flow cytometry were

performed on the RSA59-infected brain and spinal cord samples of NOS2-/- and WT mice.

Results: Our recent findings revealed that NOS2-/- mice, compared to WT mice, showed
persistent demyelinating plaques, reduced myelin restoration, as indicated by the expression of
myelin-forming proteins, and a diminution of oligodendrocyte precursor cells (OPCs) and
mature oligodendrocytes during the remyelination phase. This delayed regenerative process in

the absence of NOS2 was associated with prolonged activation of CNS-resident microglia and
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an infiltrated myeloid cell population, which may lead to a dysregulated inflammatory
environment in the CNS. Mechanistically, loss of NOS2 led to more phagocytic activity in
CNS-resident microglia and infiltrating myeloid cells. Our findings establish that NOS2-
derived signals are essential for clearing inflammatory debris and transitioning myeloid cells
from a pro-inflammatory state toward a pro-regenerative phenotype, thereby creating a

permissive microenvironment for myelin repair.

Conclusion: This study elucidates how NOS2 regulates the balance between pathological
damage and tissue repair. Also, our current research highlights NOS2 not merely as a marker
of inflammation, but as a crucial protective factor required for effective myelin regeneration in

virus-induced neuroinflammatory demyelination.

Keywords: Demyelination, Remyelination, Inducible nitric oxide synthase (NOS2), B-
coronavirus, Neuroinflammation, Oligodendrocyte precursor cells (OPCs), Mature

Oligodendrocytes.

Introduction:

Multiple sclerosis (MS) is a progressive autoimmune and neurodegenerative disorder of the
central nervous system (CNS) characterized by multifocal neuroinflammation, extensive white
matter injury, and oligodendrocyte loss[1—4]. The clinical hallmarks of MS include progressive
axonal degeneration [5], myelin sheath collapse[6]and the loss of mature myelinating
oligodendrocytes [7,8]. These collectively disrupt saltatory conduction and lead to progressive
neurological disability[9—11]. Although current disease-modifying therapies primarily focus
on suppressing early peripheral immune cell infiltration[12]strategies that stimulate
endogenous remyelination have emerged as essential interventions to preserve axonal integrity
and restore neurological function[13—16] . However, in MS lesions, the transition from acute
neuroinflammatory damage to active tissue repair is frequently delayed or halted. Identifying
the molecular regulators that orchestrate this transition from inflammation to repair remains a

central goal in the neurobiology of diseases.

CNS neuroinflammation involves the sustained activation of resident microglia and infiltrating
leukocytes, which release an array of cytokines, chemokines, reactive oxygen species (ROS),
and reactive nitrogen species (RNS) [17-19] . Microglia and macrophages exert a dual role in

this landscape: while they mediate early tissue injury, they also provide essential pro-
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regenerative functions by clearing myelin debris and secreting neurotrophic factors necessary
for remyelination[20-24] . Among the inflammatory effectors produced by these cells,
inducible nitric oxide synthase (NOS2) is a key enzyme that converts L-arginine to nitric oxide
(NO) [25] . NO exerts complex, context-dependent effects within the CNS. On one hand, NO
is an essential component of innate pathogen clearance and viral inhibition; on the other hand,
high concentrations of NO can induce oxidative stress, mitochondrial dysfunction, and

cytotoxicity in neurons and oligodendrocytes [25-27] .

This dichotomy has fueled decades of debate regarding whether NOS2 acts primarily as a
pathogenic driver that must be inhibited or as an essential regulatory checkpoint governing the
immune microenvironment. In the cuprizone-induced demyelination model, NOS2 deficiency
exacerbates disease severity[28]. In experimental autoimmune encephalomyelitis (EAE),
NOS2 exhibits either pathogenic or protective roles depending on the disease stage and the
background immune context [29-32]. In viral models using the neurovirulent MHV-JHM
strain of murine B-coronavirus, NOS2 acts as a primary mediator of immune cell trafficking
and acute inflammatory pathology [33]. However, Chen and Lane observed that NOS2-/- mice
exhibited reduced neuronal apoptosis and mortality without alterations in demyelination
severity [34] , whereas Perlman and colleagues reported that MHV-JHM-induced
demyelination and spinal cord inflammation occur completely independently of NOS2 [35] .
These conflicting observations highlight that the NOS2 function is highly dependent on viral
strain, disease phase, and the surrounding immune landscape. Crucially, the specific role of
NOS2 during the late remyelination phase (beyond day 30 p.i.) remains largely

uncharacterized.

To address this gap, our laboratory utilizes the neurotropic MHV-RSAS9 strain, a spike-gene
recombinant murine -coronavirus that induces a biphasic pathology mimicking key features
of MS: an acute neuroinflammatory phase (days 5—7 p.i.) followed by chronic demyelination
(day 30 p.1.)[36,37] . We previously demonstrated that NOS2-/- mice display accelerated early
demyelination during the acute-to-adaptive transition (days 9—-10 p.i.) and aggravated white
matter destruction at day 30 p.i. compared to WT controls[38]. While these findings established
a protective role for NOS2 against initial myelin damage, the necessity of NOS2 during the

long-term regenerative phase (day 30 to day 60 p.i.) remained unknown.

In this study, we tested the hypothesis that NOS2 is required to orchestrate myeloid cell

functional resolution, thereby permitting oligodendrocyte lineage progression and spontaneous
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remyelination. We observed that WT mice exhibited substantial myelin recovery, whereas
NOS2-/- mice did not achieve the same extent of myelin recovery compared to WT mice at
day 60 p.i. By comparing wild-type and NOS2-/- mice at day 60 p.i., this research provides the
first longitudinal evidence that NOS2 deficiency influences oligodendrocyte lineage
progression. Our findings reveal that prolonged activation of CNS-resident microglia and
infiltrating myeloid cells leads to a slower transition from a damage-associated to a
regenerative state in the CNS of NOS2-/- mice compared with WT mice. Moreover, the
persistent phagocytic activity of myeloid cells in the CNS of NOS2-/- mice, as observed in our
current data, provides new insight into our previous understanding. In the absence of NOS2-
mediated regulatory signals, myeloid cells remain activated and phagocytic, contributing to
aggravated myelin loss and influencing the slower repair capacity of the oligodendrocyte
lineage. Together, our results identify NOS2 as an essential molecular mediator that regulates

myeloid cell functional states to foster CNS myelin repair.

Materials and Methods-

Animal ethics and transfer statement: In strict compliance with the guidelines of the
Committee for Control and Supervision of Experiments on Animals (CCSEA), India, the
Institutional Animal Ethics Committee (IAEC) of the Indian Institute of Science Education and
Research (IISER) Kolkata examined and approved all animal experimental protocols and
breeding practices. Dr. Bhaskar Saha of the National Center for Cell Science (NCCS), Pune,
kindly provided the NOS2-/- mouse strain on a C57BL/6 genetic background. In conformity
with CCSEA standards, an established Memorandum of Understanding (MOU) and authorized
institutional transfer processes were followed during the transfer of these mice to the IISER

Kolkata animal facility.

The NOS2-/- colony was bred, housed, and maintained at the IISER Kolkata animal facility
under specific-pathogen-free (MHV-free) conditions with a regulated temperature and a 12-
hour light/dark cycle, alongside wild-type (WT) C57BL/6 controls. To guarantee the genetic
stability and purity of the knockout colony, genotyping was carried out regularly. Male mice
aged five weeks and newborn pups were utilized as experimental cohorts. To reduce pain and
discomfort, RSA59 intracranial inoculations and transcardial perfusions were carried out under
proper anesthesia. Humane endpoints were carefully enforced for mice showing extreme

distress before the planned sacrifice at day 30 or day 60 p.i. Body weight and clinical
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neurological symptoms of the animals were monitored every day. The protocols

IISERK/IAEC/AP/2024/125 and IISERK/IAEC/AP/2019/45 were utilized.

Inoculating mice with Virus

RSAS9, an isogenic recombinant strain of the demyelinating mouse hepatitis virus, MHV A59
[39] , was administered intracranially to age-matched (5-week-old), MHV-free C57BL/6 male
mice and NOS2-/- male mice on a C57BL/6 genetic background at 10,000 PFU (half of the
50% lethal dose is 20,000 PFU). Mock mice of both strains were injected with phosphate-
buffered saline (PBS) plus 0.75% bovine serum albumin (BSA). Wild-type C57BL/6 mice
(Jackson Laboratory, B6.129P2 tmlLau/] and NOS2-/- mice[40] (Jackson Laboratory,
B6.129P2-tm1Lau/J, Stock No. 002609) do not have any inherent pathological changes.
Infected mice were monitored daily to assess changes in weight and disease symptoms.
Progression of disease pathology in 5 week old C57BL/6 and NOS2-/- mice after RSAS59-
infection were documented regularly using a following scale 0: no disease symptoms; 0.5
represents ruffled fur; 1 represents a hunched back with mild ataxia; 1.5 represents a hunched
back with mild ataxia and weakness in the hind limbs; 2 represents ataxia, balance issues,
and/or partial paralysis; 2.5: one leg is totally paralyzed, has trouble moving, but can still move
around with difficulty; 3: significantly reduced movement and extreme hunching, wasting, or
paralysis of both hind limbs; 3.5: moribund, total paralysis, and extreme distress; 4: dead.
Infected mice of both strains were sacrificed on day 30 p.i. (chronic phase) and on day 60 p.i.
(post-chronic  phase) for histopathological and immunohistochemical analyses,

immunoblotting, immunofluorescence assays, and flow cytometry experiments.

Histopathology and immunohistochemical analysis

Tissues were harvested following transcardial perfusion with PBS and post-fixation with 4%
paraformaldehyde for 36-48 hours. After that, those tissues were processed in gradually
increasing concentrations of ethyl alcohol, xylene, and paraffin wax. Then, those processed
tissues were embedded in a single mould using paraffin. Now, those embedded tissues were
sectioned into Spinal cord transverse sections and mid-sagittal sections of the brain with a
thickness of 5 pm using the Thermo Scientific HM 355 S sectioning system. Transverse
sections of the spinal cord were stained with Luxol fast blue (LFB) stain to assess the

demyelinated area in the spinal cord section, as described previously[41].
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Immunohistochemical staining was conducted on brain and spinal cord sections using Ionized
calcium-binding adaptor molecule 1 (Ibal) antibody (Wako; Catalog No. 019-19,741) in a
1:500 dilution. Primary antibodies were identified using an avidin—biotin immunoperoxidase
technique (Vector Laboratories) with 3,3-diaminobenzidine (DAB) as the substrate[42].

Thereafter, all the slides were coded and analysed in a blinded manner.
Quantification of histopathological sections

Image analysis was performed using basic densitometric thresholding in Fiji (ImageJ, NIH
Image, Scion Image), as described previously[43]. Briefly, Ibal-stained spinal cord and brain
sections were imaged at 4X and 10X, respectively, so that the entire section (i.e., scan area)
can be visualized within a single frame. To isolate and remove DAB-specific staining from the
background hematoxylin staining, the RGB image was deconvolved into its three distinct
colour channels. The perimeter of each brain and spinal cord section was digitally drawn, and
the calculated area was expressed in square micrometers. A threshold value was set for each
image to ensure that all Ibal cells were included. The amount of Ibal™ staining for the brain

and spinal cord section was expressed as the “% of Ibal " area.”

LFB-stained transverse spinal cord sections from each mouse were analysed using Fiji (ImageJ,
NIH Image, and Scion Image) to demarcate the demyelinated area [43,44]. The total perimeter
of the white matter regions in each transverse section of the spinal cord was outlined, and the
total area was calculated. Also, the total area of demyelinated regions was measured and
compiled separately for each section. The percentage of demyelinated area per section per

mouse was calculated.
Immunofluorescence assay on paraffin-embedded tissue sections

Infected mice were sacrificed at day 30 p.i. and day 60 p.i. Then, brain and spinal cord tissue
sections were harvested, processed, and embedded in paraffin using the same steps as for
histopathology and immunohistochemical analysis. After that, an immunofluorescence assay
was conducted on the 5 pm-thick transverse sections of the spinal cord and mid-sagittal
sections of the brain, as described previously[45]. Briefly, the slides containing spinal cord and
brain sections were deparaffinized, then rehydrated and antigen-unmasked. Following a 15-
minute incubation period at room temperature (RT), the slides were permeabilized using 0.2%
Triton X-100 in PBS. Then the slides were incubated with 0.1 M glycine in PBS for 30 minutes
and with Img/ml NaBH4 in PBS for 5 minutes at RT /37 °C. These slides were then blocked
for one hour at 37°C using 1% bovine serum albumin (BSA) prepared in 0.2% Triton X-100
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in PBS. After that, primary antibodies made in blocking solution were incubated at 4°C for 16
hours. Each sample slide's sections were stained independently for the following: (i) anti-PLP
home-made serum antibody (1:1), (ii) anti-MBP home-made serum antibody (1:1), (iii) anti-
CC1(1:200, Merck, catalogue no. OP80) (iv) anti-A2B5 home-made serum antibody (1:10).
Slides were then washed with 1X PBS solution and incubated with secondary antibodies
AlexaFluor568 and AlexaFluor488 prepared in blocking solution in 1:1000 dilution for 1 hour
at 37 °C. Lastly, the slides were washed again in 1X PBS and mounted with Vectashield

containing DAPI to stain the nucleus.

Epifluorescence images were acquired using an Olympus IX-83 microscope and processed
using Fiji-ImageJ software. Mean fluorescence intensity (MFI) of MBP- and PLP-stained
spinal cord sections was measured, and CC1" and A2B5" cells per square millimetre were
counted in each section of spinal cord, focusing mostly on the demyelinated area for day 30
p.i. and both demyelinated and intact white matter areas for day 60 p.i. using Fiji-Imagel

software.
Protein isolation and immunoblot analysis

Infected mice were euthanized following transcardial perfusion with 1X PBS, and an average
of 150mg of whole brain tissue was flash-frozen in liquid nitrogen. The tissue was then lysed
in 1 mL of RIPA buffer (0.1% SDS and 0.1% Triton X-100) containing 1X complete mini
protease inhibitor cocktail tablets (#11836153001; Roche) and a phosphatase inhibitor cocktail
containing 10 mM sodium orthovanadate, 10 mM sodium fluoride, and 10 mM sodium
pyrophosphate. Brain tissues were mechanically homogenized through trituration and again
disrupted by sonication. Then, those homogenates were centrifuged at 13,500 RPM for 30
minutes at 4°C. Afterward, the supernatant was carefully collected as a whole-protein extract.
The BCA protein assay kit (Thermo Scientific, Rockford, IL, USA) was used to detect protein
concentration. SDS-PAGE was used to separate an equivalent amount of protein, which was
subsequently transferred to a polyvinylidene difluoride (PVDF) membrane. (Millipore, MA,
USA). A transfer buffer containing 192 mM glycine, 25 mM Tris, and 20% methanol was used.
5% skim milk solution was prepared in TBS-T (Tris-buffered saline with 0.1% Tween-20) to
block the PVDF membrane for 1 hour at room temperature. The membrane was then treated
overnight at 4°C with the corresponding primary antibodies (Table 1) made in blocking
solution. Following that, TBS-T was used to wash the primary antibody-bound membrane three

times for ten minutes each. It was incubated with HRP-conjugated secondary IgG for one hour
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at room temperature following the three washes. Lastly, immunoreactive bands were visualized
using the SuperSignal West Pico PLUS Chemiluminescent Substrate (Thermo Scientific, MA,
USA) according to the manufacturer’s instructions, after three 10-minute washes with TBS-T.
Images of the blots were captured using GENESys software (Genesys, Cambridge, UK) on a
Syngene G: Box ChemiDoc system. Densitometric analysis of the bands from the blots was

performed using ImageJ software [46,47] .
Flow cytometry analysis

Brain and spinal cord tissue from infected mice were harvested in 2 ml of RPMI containing
25 mM HEPES (pH 7.2) after transcardial perfusion with 20 ml PBS at days 30 and 60 p.i.
Then, the harvested tissues were homogenized using a Tenbroeck tissue homogenizer. After
the centrifugation of the tissue-homogenates at 450 % g for 10 minutes, cell pellets were
resuspended in RPMI containing 25 mM HEPES, adjusted to 30% Percoll (Sigma-Aldrich,
MO, USA), and underlaid with 1 ml of 70% Percoll. Then, a second centrifugation was
performed at 800 g for 30 minutes at 4 °C, and the cells were recovered from the 30-70%
interface, washed with RPMI, and suspended in FACS buffer (0.5% bovine serum albumin in
Dulbecco’s PBS). Specific cell types in the brain and spinal cord of infected mice were
determined by staining with fluorochromes like Peridinin chlorophyll protein-Cyanine 5.5
(PerCP-Cys5.5), allophycocyanin (APC), and Brilliant Violet 421 (BV421) conjugated MADb
for 45 minutes at 4°C in FACS buffer. Expression of surface markers was assessed using MAbs
(all from BD Biosciences, as indicated in Table 1) specific for CD45 (clone Ly-5), CD11b
(clone M1/70). Intranuclear staining for CD68 was performed after fixation and

permeabilization (BD 562574) as per the manufacturer’s guidelines.

A BD LSR Fortessa X-20 flow cytometer (BD Biosciences, CA, USA) was used to collect the
samples, and FlowJo 10 software (Treestar, Inc., Ashland, OR) was used for analysis.[48].
Firstly, the cells were gated using forward scatter (FSC) and side scatter (SSC) to obtain a live-
cell population. Then, FSC-A and FSC-W were used to determine the singlet population.
Myeloid cells were gated from a primary gate on CD45. Single colours were used in all the

experiments. Beads were gated based on their FSC/SSC pattern.
Statistical analyses

Values were expressed as mean values + standard errors of the mean (SEM). Values were
subjected to unpaired Student’s t-tests with Welch’s correction or ordinary one-way ANOVA

with multiple comparison tests to calculate the significance of differences between the means.
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249  GraphPad Prism 8 software (La Jolla, CA) was used for all statistical analyses. A statistically
250  significant P-value was defined as less than 0. 05.
251  TABLE 1 Primary antibodies used in this study:
No. Primary antibody Application Dilution Source
1. Anti-Ibal (polyclonal) IHC 1:500 Wako, Osaka, Japan
2. Anti-CC1 (monoclonal) IF 1:250 Merck, Darmstadt, Germany
3. Anti-MBP IF 1:1 Home-made serum antibody
4. Anti-PLP IF 1:1 Home-made serum antibody
5. Anti-A2B5 IF 1:10 Home-made serum antibody
6. Anti-PDGFR (polyclonal) WB 1:1000 CST, MA, USA
7. Anti-CNPase (Monoclonal) WB 1:500 Sigma, MO, USA
8. Anti-MBP WB 1:10 Home-made serum antibody
9. Beta-actin (Monoclonal) WB 1:10000 Invitrogen, MA, USA
10. Anti-CD45 Flow Cytometry | 1:650 BD Bioscience, CA, USA
11. Anti-CD11b Flow Cytometry | 1:650 BD Bioscience, CA, USA
12. Anti-CD68 Flow Cytometry 1:650 BD Bioscience, CA, USA
252 e MBP, PLP, and A2B5- kind gift from Dr. Judith Grinspan, Children's Hospital of
253 Philadelphia (CHOP), Philadelphia, USA
254  TABLE 2 Secondary antibodies used in this study:
No. Secondary antibody Application | Dilution Source
1. Alexa Fluor 488 Goat Anti-Mouse IF 1:1000 Invitrogen, MA, USA
2. Alexa Fluor 568 Donkey Anti-Mouse IF 1:1000 Invitrogen, MA, USA
3. | Alexa Fluor 568 Donkey Anti-Rat IF 1:1000 Invitrogen, MA, USA
4. | HRP-conjugated Rabbit secondary antibody WB 1:10000 Invitrogen, MA, USA
5. HRP-conjugated Rat secondary antibody WB 1:10000 Invitrogen, MA, USA
6. HRP-conjugated Mouse secondary antibody WB 1:10000 Invitrogen, MA, USA
255
256
257
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Results:

NOS2 deficiency leads to severe demyelination at day 30 post-infection (p.i.) and is

associated with diminished myelin restoration at day 60 post-infection

Previously, our laboratory established that NOS2-/- mice exhibited early demyelination by day
9/10 p.i. and aggravated demyelination by day 30 p.i. [38]. Next, we aimed to determine
whether this exacerbated disease pathology persists beyond the peak demyelination phase.
Thus, we assessed myelin restoration in WT and NOS2-/- mice on day 60 p.i. Moreover, we

examined temporal changes in myelin restoration between the two strains after day 30 p.i.

We observed significantly more demyelinating plaques in the spinal cord sections of NOS2-/-
mice than in WT mice at day 30 p.i. (Fig. 1A, B, E). By day 60 p.i., significantly reduced
demyelinating plaques were detected in the spinal cord of both strains (Fig. 1G). Although
myelin restoration is observed in both strains by day 60 p.i., NOS2-/- mice exhibit substantially
more demyelinating plaques in the spinal cord than WT mice at day 60 p.i. (Fig. 1C, D, F),

suggesting a delayed myelin restoration process in the absence of NOS2.

These results imply that myelin restoration is evident in WT and NOS2-/- mice by day 60 p.i.
However, myelin was mostly restored in WT mice, whereas NOS2-/- mice had still not

achieved a similar extent of myelin restoration compared to WT mice at this reparative phase.

Absence of NOS2 results in the reduction of myelin basic protein (MBP) and proteolipid

(PLP) expression in the spinal cord of both demyelination and remyelination phases

MBP and PLP are the two major myelin-forming proteins, and mature oligodendrocytes
express these two proteins during their last stage of differentiation[49,50]. So, we next analysed
the expression of MBP and PLP proteins in the myelin sheath to corroborate the evident
differences in myelin sheath between WT and NOS2-/- mice at both the demyelination and

remyelination phases.

Immunofluorescence was performed on the paraffin-embedded spinal cord sections of RSA59-
infected NOS2-/- and WT mice using anti-MBP and anti-PLP antibodies. Immunofluorescence
analysis using anti-MBP antibody revealed that RSA59-infected NOS2-/- mice exhibit a lower
mean fluorescence intensity (MFI) of MBP protein in the spinal cord at day 30 p.i. in
comparison to WT mice (Fig. 2A, B, C). A significant upregulation of MFI of MBP protein in
the RSA59-infected spinal cord was observed in both strains at day 60 p.i. relative to day 30

p.i. (Fig. 2M). However, a strain-wise comparison revealed a significant downregulation of

10
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MFI of MBP protein in the RSA59-infected spinal cord of NOS2-/- mice compared to WT
mice at day 60 p.i. (Fig. 2D, E, F). Immunofluorescence analysis with an anti-PLP antibody
showed that the MFI of PLP protein also followed a pattern similar to that of MBP protein (Fig.
2G-L,2N).

Collectively, these findings align with the apparent difference in myelin sheath that we

observed between the two strains at both the myelin-loss and recovery phases.

NOS?2 deficiency leads to downregulation of myelin basic protein (MBP) and proteolipid
protein (PLP) expression in the brain tissue sample of both the demyelination and

remyelination phases

We further determined whether the variations in myelin-forming protein expression identified
in the spinal cord are also present in the brain[51]. Therefore, we analysed MBP and PLP
expression in brain tissues to assess the effects of NOS2 deficiency on myelin integrity

throughout the CNS.

We assessed MBP protein expression in brain tissue samples from both strains at both day-
points by immunoblotting. At day 30 p.i., we observed a significant reduction in MBP protein
expression in RSA59-infected brain samples from NOS2-/- mice compared with WT mice (Fig.
31, J). By day 60 p.i. compared to day 30 p.i., the level of MBP expression increased
significantly in the infected NOS2-/- mice, and in the infected WT mice, there was a trend of
upregulation in the expression of MBP protein, though non-significant (Fig. 3M). However, a
comparison between the two strains showed a significant downregulation of MBP protein in
RSAS59-infected brain samples from NOS2-/- mice compared to WT mice at day 60 p.i. (Fig.
3K, L). Then, we performed immunofluorescence on the paraffin-embedded brain sections of
RSAS59-infected NOS2-/- and WT mice using anti-MBP and anti-PLP antibodies.
Representative immunofluorescence images were captured from the corpus callosum region of
the paraffin-embedded brain sections across both stains at both day-points. The MBP
expression pattern was consistent with the results obtained from immunoblotting analysis (Fig.
3A-D). Similarly, Representative immunofluorescence images from the corpus callosum
region of brain sections revealed that PLP expression followed a pattern similar to MBP across

both strains at days 30 and 60 p.i. (Fig. 3E-H).

Cumulatively, these observations are consistent with findings observed in the spinal cord,
suggesting that NOS2 deficiency reduces the expression of MBP and PLP at both

demyelination and remyelination phases across the CNS.
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Absence of NOS2 causes a reduction in the number/expression of oligodendrocyte
precursor cells (OPCs) and mature oligodendrocytes (OLs) in both the brain and spinal

cord of RSA59-infected mice during the demyelination phase

Now, we examined the distribution of oligodendrocyte lineages across the CNS in NOS2-/-
mice compared with WT mice at day 30 p.i. to identify the cause underlying the aggravated
demyelination pathology. We used CC1 and CNPase antibodies to mark the mature
oligodendrocyte (OL) pool and to determine the status of oligodendrocyte precursor cells

(OPCs); we used A2B5 and PDGF-R antibodies [52,53].

NOS2-/- mice showed significantly reduced numbers of CC17 cells in the demyelinated region
of the RSA59-infected spinal cord compared to WT mice at 30 p.i. (Fig. 4A-E). Also, the
number of A2B5" cells was notably diminished in the demyelinated region of the spinal cord
of NOS2-/- mice relative to WT mice at day 30 p.i. (Fig.4F-J). Similarly, representative
immunofluorescence images of the corpus callosum regions of RfSA59-infected brain showed
a reduction in the numbers of CC1+ and A2B5+ cells in the NOS2-/- mouse brains compared
to WT mouse brains at the peak demyelination phase (Fig. SA-D and Fig. 5G-J). Afterward,
we quantitatively assessed the expression of another mature oligodendrocyte marker, CNPase,
in protein samples from RSAS59-infected brain tissues of NOS2-/- and WT mice by
immunoblotting. We found a significant reduction in CNPase protein expression in the NOS2-
/- brain compared with the WT brain (Fig. SE, F). Likewise, for quantification, we examined
the expression of another OPC marker, PDGF-R, using isolated brain protein and observed a
trend toward reduced PDGF-R expression, though not significant, in the RSA59-infected
NOS2-/- mice relative to WT mice during the demyelination phase (Fig. 5K, L).

Together, these results indicate that the lower abundance of oligodendrocyte lineage cells
across the CNS of NOS2-/- mice relative to WT mice is associated with enhanced
demyelination pathology and diminished expression of major myelin-forming proteins at day

30 p.i.

NOS2 deficiency is linked to a diminished number/expression of OPCs and a comparable
number/expression of OL within both the spinal cord and the brain during the

remyelination phase

After any demyelinating insult, OPCs proliferate and migrate to the lesion site, where they

differentiate into myelinating oligodendrocytes that wrap their cytoplasmic processes around
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denuded axons, forming a newly synthesized myelin sheath[54,55]. So, we assessed the status

of oligodendrocyte lineages throughout the CNS in both NOS2-/- and WT mice at day 60 p.i.

NOS2-/- mice showed a notable decrease in the number of A2B5" cells in the demyelinated or
intact white matter region of the RSA59-infected spinal cord compared to WT mice at 60 p.i.
(Fig. 6F-J). Also, a non-significantly reduced number of CC1" cells was observed in the
demyelinated or intact white matter region of the RSA59-infected spinal cord of NOS2-/- mice
compared to WT mice at day 60 p.i. (Fig. 6A-E). Similarly, we found a reduced OPC pool and
a slightly fewer OL cell population in the representative images of the corpus callosum region
of paraffin-embedded brain sections from RSA59-infected NOS2-/- and WT mice, stained with
anti-CC1 and anti-A2B5 antibodies (Fig. 7A-D and 7G-J). Furthermore, we quantitatively
assessed the expression of CNPase and PDGF-R in protein lysates from the RSA59-infected
brain tissues of NOS2-/- and WT mice at day 60 p.i. by immunoblotting. We found comparable
CNPase expression in the infected brain samples from NOS2-/- and WT mice at day 60 p.i.
(Fig. 7E, F). Also, we observed markedly reduced PDGF-R protein expression in brain samples
from infected NOS2-/- mice compared with WT mice at day 60 p.i. (Fig. 7K, L).

Together, these findings suggest that differential distribution of oligodendrocyte lineages in
NOS2-/- mice compared to WT mice may contribute to the reduced extent of myelin restoration

observed during the remyelination phase.

Loss of NOS2 promotes increased activation of microglia/macrophages (MG/M¢) and
elevated accumulation of myeloid cell population in the CNS of RSAS59-infected mice at

the demyelination phase

A previous study from our lab established that activated MG/Mo stripped myelin during a
chronic demyelination state[36]. Also, it was shown earlier that NOS2-/- mice exhibited
enhanced infiltration of the myeloid cell population compared to WT mice at day 9/10 p.i.[38].
So, we examined MG/M¢ activation and myeloid cell infiltration in the CNS of NOS2-/- mice
compared with WT mice at day 30 p.i.

The activation of MG/M¢ was assessed by immunohistochemistry with an anti-Ibal antibody.
A significant increase in Ibal* MG/M¢ was observed in the RSA59-infected brain (Fig. 8A-E)
and spinal cord (Fig. 9A-E) of NOS2-/- mice based on the quantification of staining intensity

compared with WT mice at day 30 p.i. Moreover, we conducted flow cytometric analysis of
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RSAS59-infected whole brains and spinal cords from NOS2-/- and WT mice to quantify the
absolute numbers of CNS-resident microglia and peripheral myeloid cell populations. Gating
on CD45"CD11b" and CD45"°CD11b" helps differentiate infiltrating peripheral myeloid cells
from CNS-resident microglia after gating on live cells, followed by singlets. Then we analysed
the number of CD68" cells (a phagocytic marker of infiltrating monocytes/macrophages and
microglia) in the CD45"CDI11b" and CD45"°CD11b* cell populations. Flow cytometric
analysis revealed a significant increase in the numbers of CD45"CD11b" expressing cells (Fig.
8F, G) and a trend of upregulation, though non-significant, in the numbers of CD45°CD11b*
expressing cells (Fig. 8H, I) in the NOS2-/- brain compared to the WT brain at day 30 p.i. Also,
we found a significantly higher number of CD68-expressing cells in the CD45"CD11b" and
CD45"°CD11b" cell populations in the NOS2-/- brain than in the WT brain at day 30 p.i. (Fig.
8J-M). Moreover, the flow cytometric results from the spinal cord were similar to those

observed in the brain (Fig. 9F-M).

These observations indicate that phagocytic/activated myeloid cell populations are more
abundant in the CNS of NOS2-/- mice than in WT mice at day 30 p.i. Also, enhanced
infiltration of the myeloid cell population into the CNS of NOS2-/- mice was observed

compared with WT mice during the chronic demyelination phase.

NOS2-/- deficiency leads to differential activation of CNS-resident microglia and
infiltrated myeloid cell population in the brain and spinal cord during the remyelination

phase

Sufficient clearance of myelin debris is necessary for remyelination to commence[56,57].
Phagocytic/activated MG and peripheral myeloid cells could facilitate myelin debris clearance
after a demyelinating event, thereby promoting myelin recovery[58—60]. So, we further
examined the numbers of phagocytic/activated MG and infiltrated myeloid cells in the CNS of
RSA59-infected NOS2-/- mice relative to WT mice at day 60 p.i.

We analysed Ibal staining intensity in brain sections from two strains at day 60 p.i. and
observed increased Ibal* microglia/macrophage activation in the absence of NOS2 (Fig. 10A-
E). In contrast to the brain, a comparable level of Ibal+ microglia/macrophage was found in
the spinal cord of NOS2-/- mice compared to WT mice by day 60 p.i. (Fig. 11A-E).
Furthermore, we quantified the absolute numbers of CNS-resident microglia and peripheral
myeloid cells in RSA59-infected whole brains and spinal cords of NOS2-/- and WT mice via
flow cytometric analysis. CD45MCD11b* and CD45"°CD11b" gating were used to distinguish
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the infiltrating myeloid cell population from the CNS-resident microglial population after
gating on live cells, followed by singlets. Following the approach used during the
demyelination phase, we next assessed the numbers of CD68" cells within the CD45"CD11b*
and CD45"°CD11b" cell populations of the brain and spinal cord across both strains at day 60
p.i. NOS2-/- mice showed enhanced numbers of CD45"CD11b"* expressing cells (Fig.10F, G)
along with a non-significant upward trend in the numbers of CD45°CD11b" expressing cells
(Fig. 10H, I) in the NOS2-/- brain compared to the WT brain at day 60 p.i. In contrast, we
observed an increased, though non-significant, number of CD45"CD11b" cells (Fig. 11F, G),
which was associated with a non-significant downward trend in the CD45°CD11b" cell
population (Fig. 11H, I) in the spinal cords of NOS2-/- mice relative to WT mice at day 60 p.i.
Despite having a regional variation in the number of CD45MCD11b* and CD45°CD11b"
expressing cells, NOS2-/- mice showed significantly increased numbers of CD68" cells among
the CD45MCD11b" (Fig. 10J, L and 11J, L) and CD45"°CD11b" (Fig. 10K, M and 11K, M) cell
populations both in the brain and spinal cord compared to WT mice at day 60 p.i.

Accumulation of a markedly enhanced number of microglia and myeloid cells indicates that
more myelin debris may persist across the CNS of NOS2-/- mice compared to WT mice during

the remyelination phase.

Discussion:

This study resolves long-standing inconsistencies regarding the role of inducible nitric oxide
synthase (NOS2) in coronavirus-induced demyelinating disease by establishing its
indispensable requirement during late-stage central nervous system (CNS) remyelination.
While previous investigations focused predominantly on early viral clearance and acute
inflammatory tissue destruction, our 60-day longitudinal analysis uncovers a vital, protective
role for NOS2 during the repair phase. Specifically, we demonstrate that NOS2 deficiency
impairs the functional transition of CNS-resident microglia and infiltrating myeloid cells from
a chronically activated, phagocytic phenotype into a pro-resolving, tissue-restorative state. This
failure of myeloid resolution generates an inhibitory microenvironment that stalls
oligodendrocyte progenitor cell (OPC) differentiation into mature, myelinating
oligodendrocytes, thereby preventing spontaneous myelin restoration in NOS2-/- mice at day

60 p.i.
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The literature surrounding the functional contribution of NOS2 to neuroinflammatory
demyelination has historically been marked by conflicting conclusions across various animal
models. Early studies utilizing the highly neurovirulent MHV-JHM strain suggested that NOS2
operated primarily as a mediator of acute mortality and apoptosis [34] or was entirely
dispensable for inflammatory demyelination [35] . These discrepancies stem largely from
fundamental differences in viral strain neurovirulence, host immune response kinetics, and,
crucially, the experimental observational window evaluated. The MHV-JHM infection model
causes rapid, severe acute mortality, restricting analytical evaluation strictly to early infection
time points (days 7—14 post-infection). In contrast, the moderately neurovirulent MHV-RSA59
strain allows infected animals to survive the acute encephalitis phase. Thus, this model provides
a robust and reliable platform to systematically investigate chronic demyelination at day 30 p.i.
and subsequent endogenous remyelination at day 60 p.i.[36,37] . Extending our longitudinal
observations out to day 60 post-infection reconciles these historical controversies,
demonstrating that while acute NOS2 deficiency exacerbates initial myelin damage [38] . Its
persistent absence impairs tissue recovery and prevents remyelination. Consequently, NOS2 is
not merely a cytotoxic effector or passive bystander during neuroinflammation, but a critical

regulatory checkpoint necessary for long-term tissue restoration.

The regulatory necessity of NOS2 observed in our viral model strongly parallels key insights
derived from autoimmune models, particularly experimental autoimmune encephalomyelitis
(EAE). In EAE, the role of NOS2 is similarly stage-dependent and complex [29-32] . While
early paradigms classified NOS2-derived nitric oxide purely as a mediator of tissue damage,
subsequent studies demonstrated that NOS2-/- mice often develop exacerbated, hyper-acute
EAE marked by severe leukocyte infiltration and enhanced clinical disease severity [28,32] .
Mechanistically, NOS2-derived nitric oxide serves as a crucial immunomodulatory brake in
EAE, where it limits the expansion of autoreactive CD4+T cells, promotes apoptosis of
encephalitogenic  lymphocytes, and restrains pathogenic antigen-presenting cell
activation[29,30] . Our findings in viral demyelination extend this immunomodulatory concept
from peripheral immune priming to late-stage CNS-intrinsic tissue repair. Just as NOS2
restrains autoimmune hyper-reactivity in EAE, it acts in our viral model to terminate chronic
microglial and macrophage activation. This convergence across autoimmune and viral models
underscores that NOS2 functions as a fundamental regulatory checkpoint conserved across
distinct neuroinflammatory etiologies to limit persistent tissue injury and permit CNS

parenchymal recovery.
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The human translational relevance of our findings is underscored by histopathological evidence
from Multiple Sclerosis (MS) patients. In MS brain and spinal cord tissue, NOS2 expression
and nitric oxide reactive byproducts, such as 3-nitrotyrosine, are markedly elevated within
active and chronic active lesion borders, localized predominantly to reactive astrocytes,
activated microglia, and infiltrating macrophages[25] . Historically, this elevated NOS2
expression was viewed as purely destructive, directly causing mitochondrial injury, axonal
transection, and oligodendrocyte death. However, modern neuropathological studies of human
MS lesions demonstrate that myeloid cells display highly dynamic, intermediate activation
states that evolve across different lesion stages [25] . Our study bridges a critical translational
gap by revealing that NOS2 is not solely a driver of damage in MS, but an active regulator
required for tissue repair. By demonstrating that NOS2 signaling is necessary for myeloid cells
to resolve their inflammatory profile and allow OPC maturation, our findings offer a
compelling mechanistic explanation for why human MS lesions with persistent, unresolving

myeloid activation frequently fail to remyelinate.

A pivotal finding of this study is that NOS2-/- mice display sustained, dysregulated activation
and prolonged phagocytic activity in resident microglia and infiltrating macrophages at day 60
p.i. In wild-type mice, the resolution phase is characterized by a gradual attenuation of
proinflammatory signaling, down-regulation of phagocytic activity, and a phenotypic shift in
myeloid cells toward a pro-regenerative profile that supports repair. In NOS2-/- mice, however,
myeloid cells remain trapped in a chronically activated, damage-associated state. Although
nitric oxide is traditionally categorized as a cytotoxic gasomediator, accumulating evidence
indicates that low-to-moderate physiological levels of NOS2-derived nitric oxide function as
an essential negative feedback signal to limit NF-«f} activation, suppress excessive leukocyte
infiltration, and regulate mitochondrial bioenergetics in myeloid populations [25,32] . In the
absence of NOS2-derived signals, this intrinsic regulatory brake is lost, resulting in uninhibited
myeloid activation. Unresolved phagocytosis and the continuous secretion of secondary
inflammatory cytokines by NOS2-/- microglia and macrophages sustain a hostile, toxic

microenvironment within demyelinated spinal cord white matter tracts.

Furthermore, this study establishes that persistent myeloid activation directly disrupts the
delicate intercellular cross-talk required for oligodendrocyte lineage progression and repair.
Endogenous remyelination relies on a tightly orchestrated sequence of events, including OPC

proliferation, migration to demyelinated lesions, and subsequent differentiation into mature,
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myelin-synthesizing oligodendrocytes expressing PLP and MBP [7,13] . Our quantitative
characterization of the oligodendrocyte lineage reveals that oligodendrocyte precursor cells
expressing A2B5 and PDGFRa are successfully recruited to lesion sites in both wild-type and
NOS2-/- Mice, though the OPC pool is reduced in the CNS of NOS2-/- mice compared with
WT mice at day 60 p.i. Also, their terminal maturation into functional, myelinating
oligodendrocytes is slowed down in NOS2-/- mice at day 60 p.i. This differentiation delay may
be linked with inefficient clearance of myelin debris by phagocytic microglia/macrophages.
Functional OPC differentiation requires strict environmental cues, involving the timely
phagocytic clearance of inhibitory myelin debris followed by a prompt cessation of
proinflammatory cytokine release [20,22,56]. Chronic activation of NOS2-/- myeloid cells
disrupts this temporal sequence. Unresolved immune activation and prolonged, dysregulated
phagocytosis impair the key signaling pathways necessary for OPC terminal maturation. As a
result, despite maintaining an adequate pool of progenitor cells, NOS2-/- mice fail to generate

mature oligodendrocytes capable of synthesizing new myelin sheaths around denuded axons.

These findings hold direct translational significance for Multiple Sclerosis and post-viral
neuroinflammatory conditions. Pan-NOS chemical inhibition has previously been proposed as
a candidate therapeutic approach to mitigate oxidative stress and tissue injury in acute lesions.
However, clinical trials and preclinical studies targeting NOS isoforms have produced
inconsistent and often disappointing outcomes [25,28] . Our findings urge substantial caution
regarding broad, unselective NOS2 blockade during chronic disease stages. Inhibiting NOS2
activity during tissue repair disrupts the endogenous regulatory signals required for
inflammatory resolution and oligodendrocyte maturation, thereby preventing endogenous
remyelination. Instead, future therapeutic strategies should aim to target downstream NOS2-
regulated pathways to foster a pro-repair myeloid phenotype while avoiding cytotoxic

oxidative damage.

Conclusion:

In conclusion, this study demonstrates that NOS2 is essential for endogenous remyelination
and oligodendrocyte lineage progression following murine [-coronavirus-induced
neuroinflammation. Beyond its established role in early viral control, NOS2 serves as a vital
molecular switch that terminates chronic myeloid cell activation and phagocytic drive during
the tissue recovery phase. In the absence of NOS2, persistent microglial and macrophage

activation blocks OPC maturation into functional, myelinating oligodendrocytes, leading to
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repair failure. Redefining NOS2 as an essential pro-regenerative mediator provides a novel
conceptual framework for therapeutic interventions designed to promote central nervous

system repair in Multiple Sclerosis and post-viral neuroinflammatory diseases.
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Figure 1. NOS2 deficiency exacerbates demyelination and subsequently delays myelin
restoration: 5 um thick transverse spinal cord sections of RSA59-infected (10,000 PFUs) WT
and NOS2-/- mice were stained with Luxol fast blue (LFB) to check the demyelinating plaque
both at days 30 and 60 p.i. (A) represents the spinal-cord section of WT mice, and (B)
represents the spinal cord of NOS2-/- mice at day 30 p.i. (C) represents the spinal-cord section
of WT mice, and (D) represents the spinal cord of NOS2-/- mice at day 60 p.i. Blue boxes
indicate the demyelinated area below the corresponding spinal cord section. (E-G) represent
the quantification graph of the percentage of demyelinating area between two strains at day 30
p.i. (E), at day 60 p.i. (F), and across both time points (G). Scale bar: 100 pum, 25 um. Each
group consists of 4-6 mice. Each dot in the graph represents a section from a single spinal cord,
and 1 to 6 sections representing various spinal cord regions were studied. Mean £ SEM was
used to express the findings. * P <(0.05 was regarded as significant; asterisks indicate statistical
significance determined by the unpaired Student's t-test with Welch correction (where two
groups were compared) and ordinary one-way ANOVA when more than two groups were

compared. *P < 0.05, ***P < 0.001, ****P <0.0001, ns-not significant.
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Figure 2. NOS2 deficiency results in reduced intensities of MBP and PLP in the spinal
cord: 5 um thick transverse spinal cord sections of RSA59-infected (10,000 PFUs) WT and
NOS2-/- mice were immunostained with anti-MBP and anti-PLP antibodies, followed by epi-
fluorescence microscopy. (A-B) represent the spinal cord sections of WT and NOS2-/- mice,
respectively, stained with anti-MBP antibody at day 30 p.i. (C) represents the quantification
graph of mean fluorescence intensity (MFI) of MBP measured at day 30 p.i. (D-E) represent
the spinal cord sections of WT and NOS2-/- mice, respectively, stained with anti-MBP
antibody at day 60 p.i. (F) represents the quantification graph of MFI of MBP measured at day
60 p.i. (G-H) represent the spinal cord sections of WT and NOS2-/- mice, respectively, stained
with anti-PLP antibody at day 30 p.i. (I) represents the quantification graph of MFI of PLP
measured at day 30 p.i. (J-K) represent the spinal cord sections of WT and NOS2-/- mice,
respectively, stained with anti-PLP antibody at day 60 p.i. (L) represents the quantification
graph of MFI of PLP measured at day 60 p.i. (M-N) represents the quantification graph of MFI
for MBP and PLP, respectively, measured from WT and NOS2-/- mice at days 30 and 60 p.i.
White dashed lines indicate demyelinated areas in spinal cord sections from both strains. Scale
bar 100 um. Each group has n =4 mice. Each dot in the graph represents a section from a single
spinal cord, and 1 to 5 sections representing various spinal cord regions were studied. Mean +
SEM was used to express the results. * P < 0.05 was regarded as significant; asterisks indicate
statistical significance determined using the unpaired Student's t-test with Welch correction
(where two groups were compared) and ordinary one-way ANOVA when more than two
groups were compared. *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001, and ns-not

significant
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Figure 3. NOS2 deficiency leads to diminished expression of MBP and PLP in the brain:
5 um thick mid-sagittal brain sections of RSA59-infected (10,000 PFUs) WT and NOS2-/-
mice were immunostained with anti-MBP and anti-PLP antibodies, followed by epi-
fluorescence microscopy. (A-B) represent the corpus callosum region of the brain section from
WT and NOS2-/- mice, respectively, at day 30 p.i., where MBP is in red. (C-D) represent the
corpus callosum region of the brain section from WT and NOS2-/- mice, respectively, at day
60 p.i., where MBP is in red. (E-F) represent the corpus callosum region of the brain section
from WT and NOS2-/- mice, respectively, at day 30 p.i. , where PLP is in red. (G-H) represent
the corpus callosum region of the brain section from WT and NOS2-/- mice, respectively, at
day 60 p.i., where PLP is in red. DAPI appears in blue across all immunofluorescence images.
Scale bar: 50 um. White-dashed lines indicate the demyelinated region of the corpus callosum,
where the intensity of MBP and PLP is lower in both strains across both day points. (I and J)
represent the corresponding immunoblot and quantification graphs of MBP protein in RSA59-
infected WT and NOS2-/- mouse-brains at day 30 p.i. (K and L) represent the corresponding
immunoblot and quantification graphs of MBP protein in RSA59-infected WT and NOS2-/-
mouse-brains at day 60 p.i. (M) represents the quantification graph of MBP protein in RSA59-
infected WT and NOS2-/- mouse-brains across both days post-infection. Mean + SEM was
used to express the results (n = 4-6 per group). * P <0.05 was regarded as significant; asterisks
indicate statistical significance determined using the unpaired Student's t-test with Welch
correction (where two groups were compared, and ordinary one-way ANOV A when more than
two groups were compared). *P <0.05, **P <0.01, ***P < 0.001, ****P <(0.0001, and ns-not

significant
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Figure 4. NOS2 deficiency leads to a reduced number of OPCs and OLs in the spinal
cord: 5 um thick transverse spinal cord sections of RSA59-infected (10,000 PFUs) WT and
NOS2-/- mice were immunostained with anti-A2B5 and anti-CC1 antibodies, followed by epi-
fluorescence microscopy at day 30 p.i. (A) represent a region of the spinal cord section from
WT mice at day 30 p.i., where DAPI is in blue, and CCl is in red. (C) represent a region of
spinal-cord section from NOS2-/- mice at day 30 p.i., where DAPI is in blue and CClis in red.
(B-D) represent the white box in the region of the spinal cord of WT and NOS2-/- mice,
respectively, with CC1" cells indicated by a white arrow. (E) Quantification graph of CC1*
cellsymm”2 in RSA59-infected WT and NOS2-/- spinal cord at day 30 p.i. (F) represents a
region of spinal cord section from WT mice at day 30 p.i., where DAPI is in blue, and A2B5
is in green. (H) represents a region of the spinal-cord section from NOS2-/- mice at day 30 p.i.,
where DAPI is in blue, and A2BS5 is in green. (G-I) represent the white box in the region of the
spinal cord of WT and NOS2-/- mice, respectively, where A2B5" cells are indicated by a white
arrow. (J) Quantification graph of A2B5" cells/mm”2 in RSA59-infected WT and NOS2-/-
spinal cord at day 30 p.i. 50 pm and 25 um scale bars; n =4 mice /group. Each dot in the graph
represents one section from a single spinal cord, and one to three sections representing various
spinal cord regions were analysed. Mean + SEM was used to express the results. * Asterisks
indicate statistical significance, which was determined using unpaired Student's t-test with
Welch correction; P < 0.05 was regarded as significant. *P < 0.05, **P < 0.01, ***P < 0.001,

*ExkP <0.0001, ns-not significant.
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Figure 5. NOS2 deficiency leads to decreased number of OPCs and OLs in the brain: 5
um-thick transverse spinal cord sections of RSA59-infected (10,000 PFUs) WT and NOS2-/-
mice were immunostained with anti-A2B5 and anti-CC1 antibodies, followed by epi-
fluorescence microscopy at day 30 p.i. (A) represents the corpus callosum region of the brain
section from WT mice at day 30 p.i., where DAPI is in blue, and CCl is in red. (C) represents
the corpus callosum region of the brain section from NOS2-/- mice at day 30 p.i., where DAPI
is in blue, and CCl is in red. (B-D) represent the white box in the corpus callosum region of
the brain section of WT and NOS2-/- mice, respectively, to indicate the CC1" cells with a white
arrow. (QG) represents the corpus callosum region of the brain section from WT mice at day 30
p.i., where DAPI is in blue, and A2BS5 is in green. (I) represents the corpus callosum region of
the brain section from NOS2-/- mice at day 30 p.i., where DAPI is in blue, and A2BS5 is in
green. (H-J) represent the white box in the corpus callosum region of the brain section of WT
and NOS2-/- mice, respectively, indicating A2B5" cells with a white arrow. Scale bar 25 um
,10 um. (E and F) represent the corresponding immunoblot and quantification graph of CNPase
protein in RSAS59-infected WT and NOS2-/- mouse-brain at day 30 p.i. (K and L) represent the
corresponding immunoblot and quantification graph of PDGF-R protein in RSA59-infected
WT and NOS2-/- mouse brain at day 30 p.i. Mean = SEM was used to express the findings (n
= 4-5 per group). *P < 0.05 was regarded as significant; asterisks indicate statistical
significance determined using the unpaired Student's t-test plus Welch correction. *P < (.05,

**Pp <0.01, ***P <0.001, ****P <0.0001.
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Figure-6. NOS2 deficiency leads to a differential distribution of OPCs and OLs in the
spinal cord: 5 pm thick transverse spinal cord sections of RSA59-infected (10,000 PFUs) WT
and NOS2-/- mice were immunostained with anti-A2B5 and anti-CC1 antibodies, followed by
epi-fluorescence microscopy at day 60 p.i. (A) represents a region of the spinal cord section
from WT mice at day 60 p.i., where DAPI is in blue, and CCl is in red. (C) represents a region
of spinal-cord section from NOS2-/- mice at day 60 p.i., where DAPI is in blue and CClis in
red. (B-D) represent the white box in the region of the spinal cord of WT and NOS2-/- mice,
respectively, with CC1" cells indicated by a white arrow. (E) Quantification graph of CC1*
cells/mm”2 in RSA59-infected WT and NOS2-/- spinal cord at day p.i. (F) represents a region
of the spinal cord section from WT mice at day p.i., where DAPI is in blue, and A2BS5 is in
green. (H) represents a region of spinal-cord section from NOS2-/- mice at day 60 p.i., where
DAPI is in blue, and A2BS5 is in green. (G-I) represent the white box in the region of the spinal
cord of WT and NOS2-/- mice, respectively, where A2B5™ cells are indicated by a white arrow.
(J) Quantification graph of A2B5" cells/mm”2 in RSA59-infected WT and NOS2-/- spinal cord
at day 60 p.i. Scale bar 50 um, 25 pm. n =4 mice in each group. Each dot in the graph indicates
one section from a single spinal cord, and one to three sections representing various spinal cord
regions were studied. Mean + SEM was used to express the results. * Asterisks indicate
statistical significance, which was determined by unpaired Student's t-test with Welch
correction; P < 0.05 was regarded as significant. *P < 0.05, **P <0.01, ***P <(0.001, ****pP

< 0.0001, and ns-not significant.
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Figure-7. NOS2 deficiency leads to a differential distribution of OPCs and OLs in the
brain: 5 um thick mid-sagittal brain sections of RSA59-infected (10,000 PFUs) WT and
NOS2-/- mice were immunostained with anti-A2B5 and anti-CC1 antibodies, followed by epi-
fluorescence microscopy at day 60 p.i. (A) represents the corpus callosum region of the brain
section from WT mice at day 60 post-infection, where DAPI is in blue, and CC1 is in red. (C)
represents the corpus callosum region of the brain section from NOS2-/- mice at day 60 p.i.,
where DAPI is in blue, and CCl1 is in red. (B-D) represent the white box in the corpus callosum
region of the brain of WT and NOS2-/- mice, respectively, indicating the CC1" cells with a
white arrow. (G) represents the corpus callosum region of the brain section from WT mice at
day 60 p.i., where DAPI is in blue, and A2BS5 is in green. (I) represents the corpus callosum
region of the brain section from NOS2-/- mice at day 60 p.i., where DAPI is in blue, and A2B5
is in green. (H-J) represent the white box in the corpus callosum region of the brain of WT and
NOS2-/- mice, respectively, indicating A2B5" cells with a white arrow. Scale bar 25 um,10
pum. (E and F) represent corresponding immunoblot and quantification graph of CNPase
protein in RSAS59-infected WT and NOS2-/- mouse-brain at day 60 p.i. (K and L) represent the
corresponding immunoblot and quantification graph of PDGF-R protein in RSA59-infected
WT and NOS2-/- mouse brain at day 60 p.i. Mean + SEM was used to express results (n = 4-6
per group). *P < 0.05 was considered significant; asterisks indicate statistical significance
determined using the unpaired Student's t-test plus Welch correction. *P < 0.05, **P < 0.01,

kP <0.001, ****P <0.0001.
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Figure-8 NOS2 deficiency leads to increased accumulation of activated microglia and
peripheral myeloid cells in brain: 5 um thick mid-sagittal brain sections of RSA59-infected
(10,000 PFUs) WT and NOS2-/- mice were stained with anti-Ibal antibody at day 30 p.i. (A)
represents the brain of RSA59-infected WT mice. (B) represents the brain of RSA59-infected
NOS2-/- mice. (C and D) represent the blue boxes of WT and NOS2-/- brain, respectively.
Blue-boxed areas represent the higher-magnification images shown beside the corresponding
brain section. (E) Quantification graph of the percentage of Ibal-positive area. Flow cytometry
analysis was performed from brains of RSA59-infected WT and NOS2-/- mice at day 30 p.i.
(F) represents corresponding plots of flow cytometry showing percentages of overall CD45"
CD11b" (infiltrating myeloid cell) population from WT and NOS2-/- mice after gating on live
cells, followed by singlets. (G) Absolute cell numbers of CD45hi CD11b"cell population from
RSA59-infected WT and NOS2-/- mice. (H) represents corresponding plots of flow cytometry
showing percentages of overall CD45° CD11b" (CNS-resident microglia) cell population from
WT and NOS2-/- mice after gating on live cells, followed by singlets. (I) Absolute cell numbers
of CD45°CD11b"cell population from RSAS59 infected WT and NOS2-/- mice. (J and K)
represent corresponding plot of flow cytometry indicating percentages of CD45"CD11b" cells
and CD45' CDI11b" cells expressing CD68, comparing RSA59-infected WT and NOS2-/-
mice. (L) Absolute cell numbers of CD68-positive cells within the CD45" CD11b* cell
population from RSA59-infected WT and NOS2-/- mice. (M) Absolute cell numbers of CD68-
positive cells in the CD45"° CD11b" cell population from RSA59-infected WT and NOS2-/-
mice. Scale bar 200 pm and 100 um. Mean = SEM was used to express the results (n = 4-5 per
group). Asterisks indicate statistical significance, which was determined using an unpaired
Student's t-test with Welch's correction; P < 0.05 was regarded as significant. ****P <0.0001,

**P <0.01, and ***P <0.001.
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Figure 9. NOS2 deficiency causes increased accumulation of activated microglia and
peripheral myeloid cells in spinal cord: 5 pm-thick transverse spinal cord sections of RSA59-
infected (10,000 PFUs) WT and NOS2-/- mice were stained with anti-Ibal antibody at day 30
p.i. (A) represents the spinal cord of RSA59-infected WT mice. (B) represents the spinal-cord
of RSA59-infected NOS2-/- mice. (C and D) represent the blue boxes of WT and NOS2-/-
spinal cord, respectively. Blue-boxed areas represent the higher-magnification images shown
beside the corresponding spinal-cord section. (E) Quantification graph of the percentage of
Ibal-positive area. Flow cytometry analysis was performed from spinal-cords of RSAS59-
infected WT and NOS2-/- mice at day 30 p.i. (F) represents corresponding plots of flow
cytometry showing percentages of overall CD45" CD11b" (infiltrating myeloid cell)
population from WT and NOS2-/- mice. (G) Absolute number of CD45" CD11b" population
from RSAS59-infected WT and NOS2-/- mice. (H) represents corresponding plots of flow
cytometry showing percentages of overall CD45° CDI11b+ (CNS-resident microglia)
population from WT and NOS2-/- mice. (I) Absolute number of CD45°CD11b* population
from RSA59-infected WT and NOS2-/- mice. (J and K) represent corresponding plots of flow
cytometry indicating percentages of CD45MCD11b*cells and CD45°CD11b" cells expressing
CD68, comparing RSA59-infected WT and NOS2-/- mice. (L-M) represent absolute number
of CD68" cells within the CD45MCD11b"cell population and CD45"° CD11b" cell population
respectively, from RSAS59-infected WT and NOS2-/- mice. Scale bar 100 um and 50 pm. One
to six sections from various spinal cord regions were examined for the immunohistochemistry
experiment (n =4 per group); each dot in the graph represents one section from a single spinal
cord. Each group in the flow cytometric experiment had n = 4-5. The mean + SEM was used
to express the results. Asterisks indicate statistical significance, which was determined by an
unpaired Student's t-test with Welch correction; P < 0.05 was regarded as significant. **P <

0.01, ***P <0.001, and ****P < 0.0001.
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Figure 10. NOS2 deficiency leads to enhanced number of phagocytic microglia and
peripheral myeloid cells in brain: 5 pum mid-sagittal brain sections of RSA59-infected
(10,000 PFUs) WT and NOS2-/- mice were stained with anti-Ibal antibody at day 60 p.i. (A)
represents the brain of RSA59-infected WT mice. (B) represents the brain of RSA59-infected
NOS2-/- mice. (C and D) represent the blue boxes of WT and NOS2-/- brain, respectively.
Blue-boxed areas represent the higher-magnification images shown beside the corresponding
brain section. (E) Quantification graph of the percentage of Ibal-positive area. Brains from
RSA59-infected WT and NOS2-/- mice were harvested for flow cytometry analysis and stained
for CD45, CDI11b, and CD68 at day 60 p.i. (F) represents corresponding plots of flow
cytometry showing percentages of overall CD45" CD11b" (infiltrating myeloid cell)
population from WT and NOS2-/- mice after gating on live cells, followed by singlets. (G)
Absolute cell numbers of CD45" CD11b"population from RSA59-infected WT and NOS2-/-
mice. (H) represents corresponding plots of flow cytometry showing percentages of overall
CD45"°CD11b*(CNS-resident microglia) cell population from WT and NOS2-/- mice after
gating on live cells, followed by singlets. (I) Absolute cell numbers of CD45°CD11b “cell
population from RSA59-infected WT and NOS2-/- mice. (J and K) represent corresponding
plots of flow cytometry indicating percentages of CD45"CD11b" cells and CD45"° CD11b"
cells expressing CD68, comparing RSA59-infected WT and NOS2-/- mice. (L) Absolute cell
numbers of CD68-positive cells within the CD45" CD11b* cell population from RSAS59-
infected WT and NOS2-/- mice. (M) Absolute cell numbers of CD68-positive cells in the
CD45lo CD11b+ cell population from RSA59-infected WT and NOS2-/- mice. Scale bar:200
pum,100 um. The mean + SEM was used to express the results (n = 4-5 per group). Asterisks
indicate statistical significance, which was determined by an unpaired Student's t-test with
Welch correction; P < 0.05 was regarded as significant. **P < (.01, ***P <(0.001, and ****P

<0.0001.
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Figure 11. NOS2 deficiency leads to exacerbated phagocytic microglia and peripheral
myeloid cells in the spinal cord: 5 um transverse spinal cord sections of RSA59-infected
(10,000 PFUs) WT and NOS2-/- mice were stained with anti-Ibalantibody at day 60 p.i. (A-
B) represent the spinal cord of RSA59-infected WT mice and NOS2-/- mice respectively. (C
and D) represent the blue boxes of WT and NOS2-/- spinal cord, respectively. Blue-boxed
areas represent higher-magnification images shown beside the corresponding spinal cord
section. (E) Quantification graph of the percentage of Ibal-positive area. Flow cytometry
analysis was performed on spinal cords of RSA59-infected WT and NOS2-/- mice at day 30
p.i. (F) represents corresponding plots of flow cytometry showing percentages of overall
CD45" CDI11b" (infiltrating myeloid cell) population from WT and NOS2-/- mice. (G)
Absolute cell numbers of CD45" CD11b" population from RSA59-infected WT and NOS2-/-
mice. (H) represents corresponding plots of flow cytometry showing percentages of overall
CD45"° CD11b* (CNS-resident microglia) population from WT and NOS2-/- mice. (I) Absolute
cell numbers of CD45'°CD11b" population from RSA59-infected WT and NOS2-/- mice. (J-
K) represent corresponding plots of flow cytometry indicating percentages of CD45MCD11b*
and CD45°CD11b" cell population expressing CD68 comparing RSA59-infected WT and
NOS2-/- mice. (L-M) represent absolute cell numbers of CD68" cells within
CD45"CD11b"cell population and CD45'° CD11b* cell population respectively, from RSA59-
infected WT and NOS2-/- mice. Scale bar 100 pm and 50 um. Each dot in the graph represents
a section from a single spinal cord. For immunohistochemistry experiment, n = 4-6 per group;
1- 6 sections corresponding to various spinal cord regions were evaluated. n = 4-5 for each
group in the flow cytometric assay. Mean + SEM was used to express the results. * Asterisks
indicate statistical significance, which was determined by unpaired Student's t-test with Welch
correction; P < 0.05 was regarded as significant. *P < 0.05, **P <0.01, ***P <(0.001, ****pP

< 0.0001, and ns-not significant.
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