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MHC class | and Il expression and
induction in oligodendrocytes
varies with age

Riley B. Catenaccil:2, Danny Galleguillos?, Adriana Rhodes?, Sloan Phillips? &
Peter A. Calabresi®2**

Oligodendroglia expressing major histocompatibility complex (MHC) molecules have become of central
interest in multiple sclerosis (MS) research, but their role in aging is still being elucidated. Using MHC
class | and Il reporter mice, we compared oligodendroglial MHC expression in neonatal, young adult
(8-16 weeks), and aging (52 weeks) mice at baseline and after stereotactic delivery of AAV-GFAP-IFNy.
We found that MHC class I-expressing oligodendroglia were present in both the naive brain and spinal
cord, while MHC class II-expressing oligodendroglia were seen only in the spinal cord of aging mice at
baseline. After AAV injection, MHC expression in oligodendroglia increased, recapitulating pathology
seen in MS mouse models and in MS post-mortem tissue. After IFNy-AAV injection, the abundance

of MHC class I-expressing oligodendroglia did not vary with age, whereas MHC class ll-expressing
oligodendroglia were more abundant in aging mice than neonatal and young adult mice. Our results
suggest that MHC class IlI-expressing oligodendroglia are more prevalent with aging, which may
contribute to the mechanisms underlying progressive MS and other age-related neurodegenerative
diseases with central nervous system inflammation.

Multiple sclerosis (MS) onset and progression are age-related. The relapsing-remitting form of MS (RRMS)
is most commonly diagnosed between the ages of 20 and 40, and transitions to secondary progressive disease
(SPMS) within 25 years on average'. Primary progressive MS (PPMS), in which disability increases from the
onset without remission, is commonly diagnosed in the same age range as SPMS, beginning in the mid-40s'.
Later onset MS is associated with faster disease progression!2.

Given that progressive disease is associated with failed remyelination®*, attention has recently shifted to
how aging affects cells of the oligodendroglial lineage. It is well established that oligodendrocyte progenitor
(OPC) migration and differentiation declines with age, as does myelinogenesis by mature oligodendrocytes
(OLs)". These changes are driven by both intrinsic differences in aging cells as well as extrinsic factors such as
extracellular matrix stiffening, the accumulation of senescent cells, and low-grade “inflammaging”®”.

Immune OPCs/OLs (iOPCs/OLs), characterized by expression of major histocompatibility complex (MHC)
molecules, have been identified in MS mouse models and MS post-mortem tissue®-12. It has been suggested
that these cells sit at the nexus of inflammatory and myelinating pathology seen in MS, and thus could be a
viable therapeutic target!'>. However, much of the work examining iOPCs/iOLs has been executed in vitro, using
neonatal mouse cells or human induced pluripotent stem cells that often have been epigenetically reprogrammed
and lack features of cellular aging.

We previously developed beta 2 microglobulin-tdTomato (B2M-tdT) and cluster of differentiation 74-tDT
(CD74-tdT) reporter mice to identify MHC class I and II-expressing cells, respectively. We observed that MHC-
expressing oligodendroglia increased with disease severity and inflammatory infiltrate and were more prevalent
in areas of increased inflammation in multiple mouse models of MS®, suggesting that they are poised to play an
active role in disease pathophysiology. These studies were limited to young adult mice between 10 and 16 weeks
of age. Thus, it is unclear how age influences iOPC/OL induction, which could have important implications for
MS.

Emerging evidence suggests that oligodendroglia may be more responsive to inflammation with aging.
Response to IFNy and antigen processing/presentation were two of the most significantly upregulated
transcriptomic pathways in OPCs from 310-day-old mice compared to those from 12-day-old mice!. Proteomic
data from de la Fuente et al. show that OLs from aged mice (13-15 months) express more immune-related
proteins than young adults (3-4 months), including CD74, cathepsins, and C1q'>. OLs from the brains of mice
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21-23 months old express higher levels of MHC class I and complement genes compared to those from young
adults'®, and aging is associated with the activation of immune pathways in OPCs!’. In addition, single cell
sequencing of the subventricular zone of aged mice showed that OPCs and OLs express higher levels of IFNy
response transcripts despite equal expression of IFNy receptors'®. Finally, an increase in CD8+ T cells in the
white matter of the aging brain has been shown to induce IFNy-related proteins, including B2M and STAT1
in OLs'. However, these studies did not directly compare oligodendroglia in mice of different ages under
inflammatory conditions.

To determine if changes in oligodendroglial response to inflammation with age mirror age-related changes
observed in MS, we compared oligodendroglial MHC expression in our MHC reporter mice under basal and
inflammatory conditions in different age groups: neonatal mice, representing a developmental age in humans;
young adult (8-16 weeks), corresponding with the age of RRMS onset in humans?’; and aging (52-56 weeks),
corresponding with the age of PMS onset’.

Results
MHC class Il-, but not class I-, expressing oligodendroglia show age specificity in the naive
CNS
We first sought to determine if the presence of MHC-expressing oligodendroglia varies with age at baseline
using our previously validated tdTomato (tdT) reporter mouse lines that allow detection of MHC class I (MHCI-
tdT) and MHC class II (MHCII-tdT) protein expression’. In line with published literature, Olig2 staining was
less intense in the aging CNS than the young adult or neonatal CNS, reflecting that the aged CNS contains fewer
OPCs and more mature oligodendrocytes than the young CNS*!. We observed Olig2 +tdT + cells in the ventral
brain (Fig. 1A) and in the lumbar spinal cord (Fig. 1B) of B2M-tdT mice at all ages. In the brain of MHCI-
tdT mice, there were fewer Olig2 +tdT + cells in aging mice than in young adults, but no differences between
neonatal and young adult mice. In the spinal cord, there was a higher percentage of Olig2 + cells co-expressing
tdT in young adult mice than in neonates.

In contrast, Olig2 +tdT + cells were not observed anywhere in the brain at any age in MHCII-tdT animals
(Fig. 2A) or in the spinal cord of neonatal and young adult animals (Fig. 2B). However, Olig2 + tdT + cells were
detected in both the white and gray matter of the lumbar cord of aging animals (Fig. 2C).

IFNy-AAV system induces focal inflammation that can be compared across ages

Next, we sought to determine if iOPC/OL induction varied with age in an inflammatory context. We previously
used MOG,;, .. induced experimental autoimmune encephalomyelitis (EAE) to explore induction of MHC class
I and 1T molecules in OPCs/OLs’. However, this model does not allow for comparison across age groups because
the immune system has not fully matured until 8 weeks of age in order to respond to EAE induction??, and the
degree of damage and inflammatory infiltrate in EAE varies with age?’. In vitro, IFNy induces MHC expression
in oligodendroglia, and we previously showed that ectopic overexpression of IFNY in astrocytes induces MHC
expression in oligodendroglia in vivo®, but this doxycycline-controlled transgenic model results in neonatal
lethality?!. Therefore, to induce focal inflammation across different age groups, we used an adeno-associated
viral (AAV) strategy (Fig. 3A). In brief, we performed unilateral cortical injections of AAV9-GFAP(0.7)-m-
IFNY-IRES-eGFP construct (referred to as IENy-AAV hereafter), after which infected astrocytes express IFNy
and eGFP. As a control, we used an eGFP only AAV (eGFP-AAV). p1 pups were injected with 10'! vg/mL of
IFNYy-AAV or eGFP-AAV in 0.1 pL. Young adult and aging mice were injected following stereotaxic coordinates
with 10'2 vg/mL in 1 uL. Two weeks after injection, brains were collected for analysis.

We first quantified oligodendroglia markers to determine if IFNy-AAV affected OPC/OL viability or maturity.
The density of Olig2+cells and the intensity of MBP in IFNy-AAV-injected brains were not significantly
different from eGFP-AAV-injected brains (Fig. 3B), indicating that IFNy-AAV did not result in demyelination or
OPC/OL death two weeks after injection. However, there was a significantly lower density of PDGFRa + cells in
neonatal IFNy-AAYV injected mice than in eGFP-AAV injected mice (Fig. 3B). Previous studies showed neonatal
OLs are more sensitive to IFNy than adult OLs due to the increased metabolic demands on actively myelinating
cells?. This suggests that more mature cells might be lost in IFNy-AAV-injected mice, driving an increase in
OPC differentiation to compensate for loss of more mature cells.

Next, we examined the pattern of tdT and eGFP expression in injected brains. In MHCII-tdT animals, tdT
signal was seen in focal lesions in the cortices of mice injected with IFNy-AAV but not eGFP-AAV, (Fig. 3C),
demonstrating that the stereotaxic injection itself did not induce MHC class II expression, but that IFNy-AAV
successfully induced inflammation. In MHCI-tdT animals, tdT was visible throughout the brain of eGFP-
AAV and IFNy-AAV-injected animals, as expected (Fig. 3C), but focal regions of increased tdT intensity were
observed only with IFNy-AAV (Fig. 3C). Finally, we confirmed that eGFP colocalized exclusively with GFAP,
confirming that our viral constructs specifically transduced astrocytes (Fig. 3D).

MHC class | induction after IFNy-AAV is consistent across age

Next, we quantified tdT +Olig2 + cells to determine if MHC induction varied with age after AAV injection.
Though we controlled for viral titer and the location of injection, we observed differences in AAV diffusion
and efficiency across age groups (Supp. Figure). Notably, AAV diffusion and efficiency was highest in neonatal
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Fig. 1. MHCI-tdT + oligodendroglia are present in the brain and spinal cord of neonatal, young adult, and
aging mice. (a) Representative images and quantification of Olig2 + tdT + cells in neonatal, young adult, and
aging MHCI-tdT brain from 6 ventral regions of interest highlighted in the schematic. In merged images,
MHCI-tdT is magenta, PDGFRa is green, Olig2 is yellow, and DAPI is blue. (White squares indicate areas
selected for higher magnification in representative images; arrowheads indicate cells co-expressing tdT and
Olig2; N=3 animals per group). (b) Representative images and quantification of Olig2 +tdT + cells in neonatal,
young adult, and aging whole MHCI-tdT spinal cord. In merged images, MHCI-tdT is magenta, PDGFRa is
green, Olig2 is yellow, and DAPI is blue. (White squares indicate areas selected for higher magnification in
representative images; arrowheads indicate cells co-expressing tdT and Olig2; N=3 animals per group). For
aand b, graphs show mean + standard deviation of each experimental group and groups were statistically
compared to each other using one-way ANOVA followed by Tukey’s multiple comparisons. Numbers above
brackets represent significant p-values; nsnot significant.
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Fig. 2. MHCII-tdT + oligodendroglia are specific to the aging spinal cord. (a) Representative images of Olig2
staining in neonatal, young adult and aging MHCII-tdT brain shows no colocalization with tdT. In merged
images, MHCII-tdT is magenta, PDGFRa is green, Olig2 is yellow, and DAPI is blue. (b) Representative images
of MHCII-tdT spinal cords from neonatal and young adult animals showing no tdT signal. In merged images,
MHCII-tdT is magenta, PDGFRa is green, Olig2 is yellow, and DAPI is blue. (c¢) Representative images and
quantification of Olig2 +tdT + cells in aging MHCII-tdT spinal cord grey and white matter. In merged images,
MHCII-tdT is magenta, PDGFRa is green, Olig2 is yellow, and DAPI is blue. White squares indicate areas
selected for higher magnification; arrowheads indicate cells co-expressing tdT and Olig2; nd not detected;
N=3-4 animals per group.
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animals, consistent with previously published results?-28. As both the number of IFNy-expressing cells and
their proximity would affect the levels of IFNy that a given OPC/OL would be exposed to, we needed to
control for differences in transduction efficiency to compare across age groups. We did this by normalizing our
quantification of Olig2 + tdT + cells to the density of GFP + cells in the region of interest.

In MHCI-tdT animals, tdT intensity was increased in IFNy-AAV-injected animals of all ages compared to
eGFP-AAYV, consistent with the induction of inflammation, but overall tdT intensity was not different between
the age groups (Fig. 4B). We observed Olig2 +tdT + cells in both IFNy-AAV and eGFP-AAV-injected animals
(Fig. 4A). There was no difference in the abundance of Olig2 + cells expressing tdT after IFNy-AAV between
age groups and similarly, there was no difference in the tdT intensity in individual Olig2+ cells (Fig. 4C),
demonstrating that both the quantity of cells expressing MHC class I and the levels of MHC class I induced were
consistent across ages.

Finally, we quantified the distance between individual Olig2 + tdT + cells and the edge of the nearest GFP + cell,
assuming that cells further away from transduced astrocytes are exposed to less IFNy, and thus might have a
lower threshold for MHC induction. Our spatial analysis revealed that a greater proportion of the neonatal
Olig2 +tdT + cells were located more than 50 um from the nearest GFP + cell, and a smaller proportion were less
than 50 pm than in young adult or aging mice. This suggests neonatal iOPC/OL may have a higher sensitivity to
IFNYy allowing them to be further from the source of inflammation (Fig. 4D).

MHC class Il induction after IFNy-AAV is elevated in aging animals

In MHCII-tdT animals, tdT expression was not detected in eGFP-AAV injected brains. IFNy-AAV-injected
induced robust tdT signal. The overall tdT intensity was not significantly different in animals of different ages,
indicating that the overall inflammatory response to IFNy-AAV was comparable (Fig. 5B). Olig2 + tdT + cells
were present inMHCII-tdT brains injected with IFNy-AAV (Fig. 5A). While CD74-tdT was induced in
Olig2 + cells in mice from all three age groups, Olig2 +tdT + cells were more abundant in aging mice than in
neonates and young adults after IFNy exposure (Fig. 5C). This mirrors the trend seen in the MHCII-tdT spinal
cord at baseline. Importantly, the percentage of Ibal +tdT + cells was constant across age (Fig. 5D), indicating
that this trend is specific to Olig2 + cells. In addition, the intensity of the tdT signal in Olig2 + cells did not vary
with age (Fig. 5C), illustrating that while the number of cells that upregulate MHC class II increases with aging,
the degree of CD74 induction in Olig2 + cells is constant. Lastly, no significant difference was observed between
the age groups in the spatial analysis (Fig. 5E).

Discussion

In summation, we observed that MHC class II, but not class I, expression varies with age in oligodendroglia.
At baseline, MHC class I-expressing OPC/OLs are present in the brain and spinal cord across all age groups
analyzed. MHC class II-expressing oligodendroglia, in contrast, were specific to the aging spinal cord. IFNy-
AAV produced inflammation and induction of oligodendroglial MHC, indicating that it recapitulates iOPC/
OL pathology observed in EAE in a focal manner that can be compared across ages. IFNy exposure in the
brain induced MHC class I and II expression in Olig2 + cells in mice of all ages, but MHC class II-expressing
oligodendroglia were more prevalent in aging animals, while no age differences were seen with MHC class I.

The difference in age sensitivity between MHC class I and II may be driven by their distinct transcriptional
regulators. MHC class IT induction requires class II MHC transactivator (CIITA) expression in addition
to transcription factors and enhancers. As oligodendroglia are not professional antigen presenting cells,
induction of CIITA occurs via promoter IV, which uniquely requires binding of interferon response factors,
USF-1, and STAT1%. Transcriptional regulation of MHC class I has less requirements in comparison, which
may be less sensitive to aging®’. Additional research is needed to determine the mechanism underlying age-
related differences in MHC class II induction in oligodendroglia. It likely involves a combination of intrinsic
and extrinsic factors. MHC suppression in other contexts, such as the tumor microenvironment, often involves
chromatin remodeling®!. Alternatively, upregulation of MHC class II in aging mice might reflect increased basal
levels of inflammation associated with aging, supported by our observation of CD74-tdT + Olig2 + cells in the
naive aging spinal cord.

Our finding that MHC class I expression did not increase with aging in oligodendroglia differs from previous
studies in microglia and neurons, where MHC class I expression is elevated in aged animals®**. Using the
same MHC reporter animals, we previously showed that MHC class I-expressing Olig2 + cells are present in
the naive CNS of young adult mice and elevated in mouse models of MS. In contrast, MHC class II-expressing
cells were only observed in the disease state®. This suggested that MHC class I may play a homeostatic role in
oligodendroglia, which is supported by our results here that B2M-tdT + Olig2 + cells are present at baseline in
mice of all ages and are induced under inflammatory conditions to similar extents in each of the age groups.

Despite there being no age-related change in the amount of OPC/OL expressing MHC class I after IFNy
exposure, MHC class I-expressing oligodendroglia were located further from eGFP + IFNYy -producing astrocytes
in neonatal mice compared to young adult and aging animals. This suggests that the neonatal oligodendroglia
might be more sensitive to IFNy, allowing MHC induction to occur further from the stimulus. This observation
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«Fig. 3. IFNy-AAV induces focal inflammation and specifically transduces GFAP +astrocytes. (a)
Schema of AAV experiment methods. eGFP-AAV or IFNy-AAV was injected unilaterally into the cortex
of neonatal, young adult, or aging mice. Two weeks after injection, tissue was collected for analysis by
immunohistochemistry. Figure made with BioRender. (b) Quantification of Olig2 and PDGFRa density and
MBP mean fluorescence intensity (MFI) in eGFP-AAV and IFNy-AAV-injected neonatal, young adult, and
aging brains in the region of interest (N'=3-5 animals per group). (c) Representative images of eGFP-AAV
and IFNy-AAV-injected brains in MHCI-tdT and MHCII-tdT brains showing GFP and tdT are located in the
same area and IFNy-AAV but not eGFP-AAV increases tdT expression. (d) Representative images of GFAP
staining in young adult MHCI-tdT and MHCII-tdT IFNy-AAV-injected brains showing colocalization of GFP
with GFAP. In merged images, tdT is magenta, eGFP is green, GFAP is yellow, and DAPI is blue. Arrowheads
indicate cells co-expressing GFAP and GFP, and yellow arrowheads indicate cells enlarged in inset shown in
yellow boxes. For (b), groups were compared using two-way ANOVA followed by Siddk’s multiple comparisons
test. Graphs show mean + standard deviation of each experimental group. Numbers above brackets represent
significant p-values; nsnot significant.

is in line with published literature showing differential expression of inflammatory genes between pediatric and
adult oligodendroglia. A study of human OLs showed that cells from pediatric brains expressed higher levels of
inflammatory genes than adult cells, including B2M and MHC class I HLA-A, B, and C3*, When they further
subdivided pediatric samples into age groups, they found that this effect was primarily driven by cells from
patients younger than 5 years old. These data suggest a short period in which MHC class I-expressing iOLs
are more abundant in pediatric than adult individuals. The same group demonstrated that interferon response
factors and the cellular response to cytokine signaling pathway were more active in pediatric OPCs than adult®.
Neonatal OPC/OL ability to upregulate MHC class I in response to inflammation could have implications for
developmental neurological diseases. White matter abnormalities are present in autism spectrum disorder®,
which is associated with both prenatal maternal immune activation and MHC genetic variants®*’. Additionally,
young children are known to be at higher risk of neuroinfection than adults due to immature peripheral
immunity®. Infection at these stages result in long-term effects on the CNS, given the disruption to ongoing
CNS development®®, and oligodendroglia may be primed to respond to signs of infection during early CNS
development.

We showed, on the other hand, that MHC class IT-expressing oligodendroglia are specific to inflamed contexts
and the aging spinal cord. As our aging mice were meant to correspond to PMS age of onset, these results have
clinical implications. MHC class II, but not MHC class I, haplotype has long been known to have a strong
genetic association with MS risk’. Some evidence suggests MHC class II haplotype may be associated with MS
progression specifically. In African American patients with MS, HLA-DRBI1*1503 in the absence of HLA-DRB5
is associated with increased risk of transition to secondary SPMS*!. In a cohort of nearly 300 Caucasian German
MS patients, HLA-DRBI*1501 haplotype was associated with increased frequency of SPMS*2. In addition,
accelerated epigenetic aging has been shown in white matter of MS patients compared to healthy controls®,
suggesting that oligodendroglia in patients may be primed for increased MHC class II induction. Comparisons
of RRMS and PMS tissue can reveal if MHC class II-expressing iOPC/OLs are more abundant in the later phase
of disease or more abundant than in age-matched controls. Beyond MS, iOPC/OLs have been described in other
aging-associated neurodegenerative diseases such as Alzheimer’s disease, where white matter abnormalities are
also present*, raising the possibility that iOPC/OLs play a part in driving white matter abnormalities in such
contexts.

Several limitations in our approach should be considered. While every attempt was made to keep the
injections as comparable as possible across animals and experimental groups, the area and location of AAV
transduction varied, particularly in neonates. While we controlled for GFP + cell density, and AAV9 efficiency
has been shown to be comparable in aged and young adult animals when directly injected into the brain®’, we
did not account for potential differences in the overall levels of IFNy after AAV injection.

In conclusion, we demonstrate a specific effect of age on MHC baseline expression and induction in
oligodendroglia. These results open future routes of investigation into the role of immune oligodendroglia in
development, aging, and neuroinflammatory disease.

Materials and methods

Mice

All animal procedures were performed according to protocols approved by the Johns Hopkins Animal Care
and Use Committee. C57BL/6] (Jackson 000644) mice were obtained from Jackson Laboratories. MHCI (B2M-
tdT; Jackson 039410)) and MHCII (CD74-tdT; Jackson 039411) reporter mice were established as previously
described®. Male and female mice were used for all experiments. This study is performed in accordance with
relevant guidelines and regulations. All methods are reported in accordance with ARRIVE guidelines.
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Fig. 4. MHCI-tdT + Olig2 + cell prevalence does not vary with age after AAV injection. (a) Representative
images of Olig2 +tdT + cells in eGFP-AAV and IFNy-AAV-injected MHCI-tdT young adult brains. In
merged images, MHCI-tdT is magenta, eGFP is green, Olig2 is yellow, and DAPI is blue. Arrowheads
indicate cells co-expressing tdT and Olig2, and yellow arrowheads indicate cells enlarged in inset shown in
yellow box. (b) Quantification of total ROI tdT intensity in eGP-AAV and IFNy-AAV-injected MHCI-td T
neonatal, young adult, and aging brains (N =3-5 animals per group). (¢) Quantification of the normalized
Olig2 + tdT +abundance ((%tdT + of Olig2+/(GFP+/pm?))/10,000) and the tdT intensity of individual

Olig2 +tdT + cells in IFNy-AAV-injected MHCI-tdT animals (N=3-5 animals per group). (d) Frequency
distribution and area under the curve of the percentage of Olig2 + tdT + cells found at binned distances from
the closest GFP + cell. (b, ¢) two-way ANOVA followed by Tukey’s multiple comparisons; (d) one-way ANOVA
followed by Tukey’s multiple comparisons; graphs show mean + standard deviation of each experimental
group. Numbers above brackets represent significant p-values; nsnot significant, AUarbitrary units.
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Immunohistochemistry

Mice were anesthetized with isoflurane and perfused intracardially with ice cold PBS followed by 4% PFA. Brain
and spinal cord were removed and fixed overnight in 4% PFA, then washed in PBS and transferred to 30%
sucrose for 48 h. Tissue was embedded in OCT (TissueTek) and frozen on dry ice. Tissue was cut on Leica
CM1850 cryostat and spinal cord 30 pum sections were mounted onto slides and brain 20 pm sections were
collected in cryoprotectant (30% sucrose, 30% ethylene glycol, 10 mg/mL polyvinylpyrrolidone in 0.1 M PB
buffer pH 7.4-10.9 mg/ml Na,PO,, 3.2 mg/ml NaH,PO, in dH,0). Floating sections were stored at —20 °C
and mounted sections were stored at —80 °C. Floating sections were mounted onto slides prior to staining and
allowed to dry for 10 min. Slides were washed 3 times for 5 min in PBS, permeabilized in Triton 0.5% in PBS
(PBST) for 5 min and blocked for 1 h in 5% normal donkey serum in PBST at room temperature. Cells were then
incubated overnight at 4 °C in primary antibodies (rabbit PDGFRa 1:500 (Cell Signaling 3174 S), goat Olig2
1:100 (R&D Systems AF2418), rabbit Olig2 1:1000 (Millipore AB9610), rabbit Ibal 1:1000 (Wako 019-19741),
mouse MBP 1:2000 (BioLegend 808402), chicken GFP 1:100 (Aves Labs GFP1010) in PBST with serum. Cells
were washed with PBST for 5 min and incubated in secondary antibodies (all used at 1:500) in PBST +serum
for 1 h at room temperature (donkey anti-rabbit 488 (Thermo Scientific A31572), donkey anti-goat 647 (Jackson
ImmunoResearch 705-605-147), donkey anti-chicken 488 (Jackson ImmunoResearch 703-545-155), donkey
anti-mouse 647 (Jackson ImmunoResearch 715-605-150), donkey anti-rabbit 647 (Jackson ImmunoResearch
711-605-152)). Cells were washed for 5 min in PBS, incubated in DAPI (0.5 ng/mL) in PBS for 10 min, washed 3
more times in PBS, and mounted with Prolong Glass Antifade Mountant (Thermo Scientific P36984).

Imaging and quantification

Images were taken on Zeiss LSM 900 confocal. For quantification of naive tissue, tiled, z-stack 20X images
were taken of 4 lumbar spinal cord sections or brain slices (approximately 0.5 and 1 mm anterior to bregma
and 0.5 and 1 mm posterior) per mouse. For the spinal cord, entire sections were imaged, while for brain,
6 ROIs were selected from the lateral and medial ventral brain grey matter, bilaterally, for each section.
Olig2 + TdT + cells were manually quantified in Zen Blue and total Olig2 + cell counts were made using Image].
For AAV-injected tissues, 3 brain sections surrounding the injection area were imaged per animal. A region of
interest was defined based on the presence of eGFP + cells; the entire region of the brain containing eGFP + cells
was outlined. Within the ROI, Olig2 + TdT +were quantified manually in Zen Blue. Intensity values for both
individual cells and the entire ROI were also obtained from Zen Blue. Automated total cell counts were done in
Image]. The normalized Olig2 +tdT +abundance in AAV-injected brains was calculated as follows: (%tdT + of
Olig2+/(GFP+/um?))/10,000. For Ibal +tdT analysis, the spot function in Imaris 10.1 was used to identify total
Iba + cells and colocalization with tdT. For spatial Olig2 + tdT +analysis, the spots function was used to identify
Olig2 +tdT +cells and the surfaces function was used to identify GFP + cells. The software was then used to
calculate the shortest distance between the center of each Olig2 + tdT + cell and the edge of the nearest GFP + cell.

AAV injections

AAV9-GFAP(0.7)-m-IFNy-IRES-eGFP (AAV-261933) and AAV9-GFAP(0.7)- eGFP (VB1149) were obtained
from Vector BioLabs. P1 pups were placed on ice until anesthetized. A 34-gauge needle was used to inject 10!!
vg/mLin 0.1 pl in one hemisphere, approximately 1 mm lateral of bregma. For the young adult and aged groups,
mice were anesthetized with isoflurane and placed in a stereotaxic frame (Stoelting, Wood Dale, IL, USA). Virus
injections were performed with a 34-gauge needle attached to a 10uL Hamilton syringe at a rate of 0.5uL/min.
Each vector-treated mouse received 1 pL of the vector of either AAV9-GFAP(0.7)- eGFP (10'! vg/mL) or AAV9-
GFAP(0.7)-m-IFNy-IRES-eGFP (10! vg/mL). The coordinates for injections were: 1 mm anterior to bregma,
1.5 mm lateral and 0.8 mm under dura. Following the injection, the needle was left in place an additional 2 min
before being slowly removed from the brain. Mice were dosed with SR-buprenorphine (0.5 mg/kg) before being
removed from the isoflurane anesthesia and returned to their home cages.

Statistical analysis

Two-tailed t-test analysis, one-way ANOVA corrected for multiple comparisons with Tukey’s test or two-way
ANOVA corrected for multiple comparisons with SidéK’s test were performed as indicated in the figure legends,
using GraphPad Prism 9. In all figure legends, N refers to the number of independent experiments. Significance
level was set at p <0.05.
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«Fig. 5. MHC class IT induction is higher in oligodendroglia of aging mice than neonatal and young adult mice
after IFNy-AAV injection. (a) Representative images of Olig2 + tdT + cells in IFNy-AAV-injected MHCII-td T
young adult brain. In merged image, MHCII-tdT is magenta, eGFP is green, GFAP is yellow, and DAPI is blue.
Arrowheads indicate cells co-expressing tdT and Olig2, and yellow arrowheads indicate cells enlarged in inset
shown in yellow box. (b) Quantification of total ROI tdT intensity in IFNy-AAV-injected MHCII-tdT brains
(N=4-5 animals per group; nd: not detected). (c) Quantification of the normalized Olig2 +tdT +abundance
((%tdT + of Olig2+/(GFP+/pm?))/10,000) and the tdT intensity of individual Olig2 + tdT + cells in IFNy-AAV-
injected MHCII-tdT animals (N=4-5 animals per group). (d) Representative staining and quantification of
Ibal colocalization with tdT in MHCII-tdT IFNy-AAV-injected brain (N=3 animals per group). In merged
image, MHCII-tdT is magenta, eGFP is green, Ibal is yellow, and DAPI is blue. (e) Frequency distribution
and area under the curve of the percentage of Olig2 +tdT + cells found at binned distances from the closest
GFP +cell (N=4-5 animals per group). For (b-e), groups were statistically compared to each other using
one-way ANOVA followed by Tukey’s multiple comparisons; graphs show mean + standard deviation of each
experimental group. Numbers above brackets represent significant p-values; nsnot significant, AUarbitrary
units.

Data availability
The datasets used and/or analyzed during the current study are available from the corresponding author on
reasonable request and with permission from JHU Office of Technology Licensing.
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