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Abstract
Background:

Upregulation of HLA class Il in amyloid plaque-associated microglia is one of the most prominent
immune-associated features of the Alzheimer’s disease (AD) brain in large-scale human brain single
nuclei RNA-sequencing and spatial transcriptomic data sets. This HLA class Il response is part of a
broader programme that includes co-stimulatory and co-inhibitory molecules involved in T-cell regulation.
T-cell signatures are however sparse in these datasets.

Methods:

We therefore investigated whether the extensive upregulation of microglial HLA class Il is accompanied
by substantial T cell accumulation in a brain region with established AD pathology using
immunohistology on postmortem brain tissue. We quantified CD3-, CD4- and CD8-positive T cells
together with HLA-DR/DP/DQ-positive cells in the frontal cortex of symptomatic AD cases with
confirmed local AB- and pTau-pathology, and in non-demented controls. Group differences in cell
densities were assessed using binary logistic regression controlled for age and sex; regression analyses
incorporating post-mortem interval were considered exploratory.

Results:

A striking numerical discrepancy between abundant HLA-DR/DP/DQ-positive microglia (on average 18
000 cells/cm?) and very few parenchymal T cells (on average 8 cells/cm?) in the AD frontal cortex is
observed. We did not detect a significant increase in parenchymal T-cell numbers in AD compared with
control cases which contrasted sharply with the dense T cell infiltrates observed in the positive-control
ADEM case of acute disseminated encephalomyelitis.

Conclusions:

The central implication of our findings is that HLA class Il expression in AD microglia should not
automatically be equated with extensive T cell engagement in the brain parenchyma. It will require
further molecular and spatial characterization to determine whether the rare parenchymal T cells that are
present in AD, target specific antigens and have functional effects on the progression of AD. Further
work is needed to discriminate the specific role of T-cells in AD versus other neurodegenerative
disorders.

Background
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Microglial expression of HLA class Il is one of the most prominent immune-associated features of the
Alzheimer’s disease (AD) brain. HLA-DR-positive microglia surrounding amyloid-B (AB) plaques were
already described in early neuropathological studies (1). More recent transcriptomic studies have
confirmed that HLA class Il genes are strongly induced in plagque-associated microglial states in AD (2-
4). In affected grey matter, this HLA class Il response is particularly concentrated around A plaques,
whereas HLA class lI-positive microglia are more diffusely distributed in white matter (1, 5).

HLA class Il molecules present peptide antigens to CD4 T cells with the help of HLA-associated co-
stimulatory and co-inhibitory molecules (6). Recent work indicates that the plaque-associated HLA class
Il microglia also express those associated proteins (2—4). They furthermore present a diverse repertoire
of peptides, rather than selectively presenting AB- or Tau-derived peptides, and they can interact with
naive T-cells in an in vitro assay (3). These observations are compatible with the hypothesis that
microglia interact with CD4 T cells. However, large-scale human brain single nuclei RNA-sequencing
studies consistently demonstrate that T cells are a rare population in AD brain (7-10). Moreover, spatial
transcriptomics did not detect lymphocyte infiltration in the brain parenchyma of AD patients (4).
Experimental studies have further shown that key features of AD neuropathology can develop in systems
lacking mature B and T lymphocytes (11-15).

To complement our transcriptomic investigations, we investigated here whether the extensive HLA class
Il response of microglia in AD is accompanied by substantial T cell accumulation using an
immunohistological approach. We quantified CD3-, CD4- and CD8-positive T cells together with HLA-
DR/DP/DQ-positive cells in the frontal cortex of 9 symptomatic AD cases with local AB plaque and Tau
pathology, and in 10 non-demented controls.

Materials and Methods
Human autopsy cases

Postmortem brain samples from 20 patients were included in this study (Supplementary Table 1). Cases
were selected from the UZ/KU Leuven Biobank after systematic application of the absence of
encephalitis, meningitis or other major inflammatory disease affecting the CNS as predefined exclusion
criterion. A case diagnosed with acute disseminated encephalomyelitis (ADEM) was included as positive
control for T cell infiltration. Relevant clinical and pathological information was extracted from the
clinical files of the patients included in this study and are summarized in Supplementary Table 1. The
cerebrum, cerebellum, and brainstem were cut in equal parts along the right and left hemispheres. The
right hemisphere of the cerebrum, cerebellum and right half of the brainstem were further dissected for
gross neuropathological assessment and stored at -80°C. The left hemisphere of the cerebrum,
cerebellum and left half of the brainstem were first fixed in 4% aqueous or phosphate-buffered
formaldehyde during two to four weeks, followed by dissection and gross neuropathological
assessment. Formalin-fixed brain samples were then collected from frontal, parietal and occipital lobe
(Area 17), cingulate gyrus, hippocampus with temporal cortex, entorhinal cortex, hypothalamus, basal
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ganglia, amygdala, basal nucleus of Meynert, thalamus, midbrain, pons, medulla oblongata and
cerebellum.

Neuropathological assessment

Left hemisphere brain samples were embedded in paraffin and cut in 5 pm tissue sections using an
electronic rotary microtome (Thermo Fisher Scientific). Tissue sections were mounted on Flex IHC
adhesive microscope slides (Dako, Glostrup, Denmark) and dried at 55°C before storing in a microscope
slide box at room temperature. For diagnostic purposes, sections were stained with hematoxylin and
eosin (H&E). Neuropathological assessment of AD pathology was performed based on
immunohistochemistry and scored according to the AR phases and Braak-neurofibrillary tangle (Braak-
NFT) stages for the spread of AR and pTau throughout the brain, respectively (16—18). The Consortium
to Establish a Registry for AD (CERAD) score was determined based on the neuritic plaque frequency
(19). The National Institute of Aging-Alzheimer’s Association (NIA-AA) score was determined based on
the AB phase, Braak-NFT stage and CERAD score (20). Primary age-related tauopathy (PART) (21) was
observed in two non-AD cases and the ADEM case. CDR scoring (22) was retrospectively performed
based on the available clinical information of the patients as previously described (23) and used as
measure for cognitive and functional impairment. Cases were assigned to the AD group based on the
documented presence of dementia (CDR > 0.5) and the presence of intermediate to high degrees of AD
neuropathological changes (NIA-AA score). Cases without dementia symptoms (CDR = 0) and without
co-occurring AB and pTau pathology (NIA-AA score = 0) were assigned to the non-AD control group.

Immunohistochemistry

Tissue sections from the frontal cortex were used for immunohistochemistry on AD and non-AD cases,
while hippocampus with temporal cortex was used for the ADEM case, containing multiple local T cell
infiltrations. CD3, CD4 and CD8 stainings were performed to investigate the presence of T cells. HLA-
DR/DP/DQ was stained to investigate the HLA class Il response. AB and pTau stainings were performed
to confirm and quantify local AD neuropathology. Information on primary antibodies including dilutions
can be found in Supplementary Table 2. Paraffin-embedded tissue sections were deparaffinized using an
autostainer (Leica Biosystems), followed by heat-induced epitope retrieval using a PT Link module (pH
6.1, Dako). Hydrogen peroxide was used to quench endogenous peroxidase. Primary antibodies for HLA-
DR/DP/DQ were incubated overnight at room temperature in a humid chamber, followed by horseradish
peroxidase (HRP)-labeled secondary antibodies, and visualization using 3,3’-diaminobenzidine
tetrahydrochloride hydrate (DAB). DAB-stained slides for HLA-DR/DP/DQ were then consecutively
stained for CD4, CD3, AB or pTau using FastRed. Immunostaining for AR was preceded by treatment with
formic acid for 3 minutes. Single stains for CD8 were performed using DAB, single stains for CD3 and
CD4 were performed using FastRed. After immunostaining, slides were counterstained using
hematoxylin, dehydrated using an autostainer (Leica Biosystems), and mounted with cover glasses using
an automated cover-slipper (Leica Biosystems) and Leica CV mount (Leica Biosystems). Representative
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images were captured using a Leica DFC7000 T camera (Leica Microsystems, Wetzlar, Germany) on a
Leica DM2000 LED light microscope (Leica Microsystems). Images were processed using ImageJ
software (National Institutes of Health, Bethesda, USA). Figures were made using Inkscape
(https://inkscape.org/).

Quantification of local AD pathology and immunoreactive cells

For the quantification of local AD pathology and immunoreactive cells, DAB- and/or FastRed-stained
tissue sections were imaged using a brightfield Marzhauser SlideExpress 2 slide scanner system
(Nikon). Quantifications of AB deposition, accumulation of pTau, HLA-DR/DP/DQ-, CD3-, CD4-, and CD8-
positive cells were then performed on whole-slide scans using QuPath. Briefly, frontal cortex grey matter
was delineated, followed by thresholding or positive cell detection using the appropriate chromogen
staining vectors. Positive cell detections were manually categorized as parenchymal cells depending on
the spatial location in the tissue, based on the hematoxylin counterstain, checked for staining artefacts,
and summarized per cm?. AB deposition and pTau accumulation was summarized as the percentage of
area with positive immunostaining.

Statistical analysis

Quantifications of AB, pTau, and immunoreactive cells are summarized as the percentage of area with
positive immunostaining and the cells per cm? detected per case, respectively, together with the mean
and SEM per group. Statistical testing was performed using R statistical software and GraphPad Prism
10 (GraphPad, San Diego, USA). Binary logistic regression with Firth's bias-reduced penalized-likelihood
method for small sample sizes was performed in R, controlling for age and sex (complete sample size)
(Suppl. Table 3) and age, sex and PMI (reduced sample size due to missing PMI data points) (Suppl.
Table 4). For quantifications of the ADEM case, data were checked for normality, followed by the
unpaired t-test (Welch’s). Spearman correlation was computed using R, with and without Benjamini-
Hochberg procedure to control for false discovery rate (FDR). Correlation was deemed moderate, and
thus relevant, with r-values between 0.3 and 0.7 (24). Correlation higher than 0.7 was considered as high.
Scatter plots were computed using GraphPad prism, showing how the number of parenchymal CD8 T
cells and the number of HLA class Ill-positive cells relate to the AB-positive area and pTau-positive area
(Supplementary Fig. 4). Multiple linear regression was performed using R. Statistical significance was
defined as a p-value below 0.05.

Results

We performed immunostainings for T cell markers, HLA-DR/DP/DQ, amyloid-B (AB) and
hyperphosphorylated Tau (pTau) pathology in the frontal cortex of 9 symptomatic Alzheimer’s disease
(AD) cases and 10 non-demented control cases (non-AD) (cohort information provided in
Supplementary Table 1). Quantifications were performed on whole slide images as percentage of
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positive area or as the number of positive cells per cm? of frontal cortical grey matter. Analysis was done
using QuPath. Symptomatic AD cases had documented dementia and an intermediate to high degree of
AD neuropathological changes. Non-AD cases were cognitively healthy and showed minimal AB or pTau
pathology. Chromogen immunostainings showed a clear increase in AB (3.96 + 0.62% area positive for
4G8) (Fig. 1a-c) and pTau pathology (0.48 + 0.13% area positive for AT8) (Fig. 1d-h) in the frontal cortex
of AD patients. HLA-DR/DP/DQ-positive cells were distributed throughout the frontal cortical
parenchyma and clustering was observed of HLA-DR/DP/DQ-positive cells with microglial morphology at
AB plaques (Fig. 1b-c), areas without pTau (Fig. 1e) and areas with neuritic pTau (Fig. 1f). Clustering of
HLA class ll-positive cells was not observed near pTau tangle-filled neuronal cell bodies (Fig. 1g, h) (1,
25-27). AD cases showed substantially more HLA-class II-positive cells (18.000 + 3438 cells per cm?)
than non-AD cases (2538 + 542 cells per cm?, p = 0.005) (Fig. 1i). A case with acute disseminated
encephalomyelitis (ADEM) was included as a positive control for brain T cell infiltration (Supplementary
Fig. 1).

Increased numbers of HLA class Il-positive cells are not accompanied by increased CD3-positive T cell
numbers in AD frontal cortex

We next assessed the abundance of CD3-positive T cells using dual-chromogen immunostaining with
FastRed for CD3 and with DAB for HLA-DR/DP/DQ. Parenchymal CD3-positive T cells were detected in 8
of 9 AD cases and 8 of 10 non-AD cases, whereas intravascular CD3-positive T cells were detected in all
9 AD cases and 9 out of 10 non-AD cases. The number of parenchymal CD3-positive T cells was not
different between AD and non-AD cases (8.1 = 3.0 versus 10.0 + 4.7 cells per cm?, respectively; p = 0.226)
(Fig. 2a). Thus, despite an average density of approximately 18,000 HLA class ll-positive cells/cm?in AD
cortex, only approximately eight parenchymal CD3-positive T cells/cm? were detected. The ratio of HLA
class ll-positive cells to parenchymal CD3 T cells ranged from 1164 to 5205 HLA class lI-positive cells
per CD3 T cell in AD cases, while 53 to 660 HLA class ll-positive cells per CD3 T cell were observed in
non-AD cases, which showed a lower number of HLA class ll-positive cells (Fig. 2b and Fig. Ti).
Parenchymal CD3-positive T cells were only sporadically observed in both AD and non-AD cases (Fig. 2d,
e), whereas CD3-positive T cells were readily observed in association with blood cells (Fig. 2d, f). Single
staining for CD3 confirmed the very low density of CD3-positive T cells throughout the frontal cortical
grey matter (Fig. 2g, h).

CD4-positive T cells are rare in the frontal cortex of both AD and non-
AD cases

Because HLA class Il molecules canonically present antigens to CD4-positive T cells, we next assessed
CD4-positive T cell abundance. Frontal cortical sections from AD and non-AD cases were co-stained for
CD4 using FastRed and HLA-DR/DP/DQ using DAB. Parenchymal CD4-positive T cells were quantified per

cm? on whole-slide images using QuPath.
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Parenchymal CD4-positive T cell numbers were low in both groups and did not differ significantly
between AD and non-AD cases (1.0 0.5 versus 4.7 + 2.2 cells per cm?, respectively, p = 0.114 (Fig. 3a)).
Parenchymal CD4-positive T cells were only rarely detected, being present in 5 of 9 AD cases and 4 of 10
non-AD cases (Fig. 3b and c). Intravascular CD4-positive T cells were detected in 3 of 9 AD cases and 6
of 10 non-AD cases. Single CD4 staining confirmed the scarcity of CD4-positive T cells in frontal cortical
grey matter, while CD4-positive cells were readily detected in association with white-matter blood
vessels, providing an internal positive control for the staining (Fig. 3d-g).

CD8-positive T cells constitute the predominant detectable parenchymal T cell population but remain
sparse.

We next investigated whether CD8-positive T cells accounted for a substantial proportion of the
parenchymal T cell populations. CD8 immunoreactivity was visualized using DAB and cells were

quantified per cm? of frontal cortical grey matter using QuPath. Parenchymal CD8-positive T cell
numbers were not significantly increased in AD cases compared to non-AD cases (4.5 1.4 versus 1.4
0.6 cells per cm?, p = 0.266, Fig. 4a). These numbers are consistent with CD8-positive cells constituting a
substantial proportion of the detectable parenchymal T cell population. Their absolute abundance
nevertheless remained very low compared with that of HLA class Il-positive cells.

Similar to CD3-positive T cells, parenchymal CD8-positive T cells were observed only sporadically
throughout the frontal cortex and were detected in 8 of 9 AD cases and 6 of 10 non-AD cases (Fig. 4b
and c¢). Intravascular CD8-positive T cells were associated with blood vessels in all 9 AD cases and 9 of
10 non-AD cases (Fig. 4d and e).

We then checked potential correlations between the number of parenchymal CD3, CD4 and CD8 T cells,
the number of HLA class Il-positive microglia, and AB (4G8)-positive and pTau (AT8)-positive area
(Supplementary Fig. 2). Spearman correlation was performed with the Benjamini-Hochberg procedure to
control the false discovery rate. Parenchymal CD8 T cells showed a moderate trend towards correlation
(rho =0.50, FDR p = 0.083) with pTau-positive area (Supplementary Fig. 2), significant when using
unadjusted p-values (p = 0.028) (Supplementary Fig. 3). No correlation was found between parenchymal
CD8 T cells and AB-positive area (Supplementary Figs. 2 and 3). HLA class Il-positive microglia were
strongly correlated with AB-positive area (rho = 0.71, FDR p = 0.004), and moderate correlation was
observed between HLA class ll-positive microglia and pTau-positive area (rho =0.65, FDR p = 0.009)
(Fig. 5). Multiple linear regression controlled for age, sex and PMI confirmed correlation between HLA
class llI-positive microglia and AB-positive area, HLA class IlI-positive microglia and pTau-positive area,
CD8 T cells and pTau-positive area, and additionally showed correlation between CD8 T cells and HLA
class Il-positive microglia (Suppl. Table 5).

An ADEM case illustrates the contrast with overt T cell infiltration
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To determine whether the low T cell density observed in AD reflected limited sensitivity of the staining
approach, we examined a case of acute disseminated encephalomyelitis (ADEM) as a positive control
for overt neuroinflammatory T cell infiltration. Using the same markers, dense CD3-, CD4-, and CD8-
positive T cell infiltrates were readily detected together with abundant HLA-DR/DP/DQ-positive cells
(Supplementary Fig. 1a-c). Across five selected areas of T cell infiltration, CD3-positive T cell densities
reached several thousand cells/cm?, compared with fewer than ten parenchymal CD3-positive T
cells/cm?in the AD frontal cortex (Supplementary Fig. 1d,e). Thus, the sparse T cell presence observed
in AD is readily distinguishable from the overt T cell accumulation detectable in acute neuroinflammatory
disease using the same histopathological approach.

Discussion

The main finding of this study is the striking discrepancy between the abundance of HLA-DR/DP/DQ-
positive microglia compared to the few parenchymal T cells in the AD frontal cortex. On average 18 000
HLA class ll-positive cells per cm? were observed, compared with only 8 CD3-positive parenchymal T
cells. Moreover, parenchymal T cell numbers were not increased in AD compared with control cases. In
contrast, dense T cell infiltrates were observed in an acute disseminated encephalomyelitis case,
indicating that T cells were readily detected by our method. The scarcity of CD4-positive T cells is
intriguing, given the canonical role of HLA class Il in antigen presentation to CD4 T cells, and the
presence of antigen and HLA-associated co-stimulatory and co-inhibitory molecules on the microglia (6).
Together, these findings indicate that extensive microglial HLA class Il expression should not by itself be
interpreted as evidence of widespread local T-cell engagement. The very low number of parenchymal T
cells places an important quantitative constraint on how frequently such interactions could occur.

Our findings are consistent with previous observations showing limited presence of parenchymal T cells
in the AD frontal cortex grey matter, white matter and entorhinal cortex (28, 29). Increased T cell
numbers have, however, been reported in the AD hippocampus in association with pTau pathology (28,
30). Thus T cell presence may vary between brain regions and their anatomical, cellular and molecular
specifics. An important limitation of our study is that T-cell density may be underestimated in formalin-
fixed paraffin-embedded 5 pm sections, as antigen detection can be less sensitive than in thicker free-
floating sections used in some previous studies (31, 32). Methodological differences in tissue
processing, section thickness and staining sensitivity may therefore contribute to differences in absolute
T-cell counts between studies and potential differences between disease and non-disease tissue,
although they are unlikely to account for the several-orders-of-magnitude discrepancy between the
abundance of HLA class Il-positive microglia and parenchymal T cells observed here.

Vascular and meningeal compartments are important to consider, as CD8-positive T cells in perivascular
spaces are associated with AB-positive blood vessels and leptomeninges (33, 34). This in turn, has
implications for the interpretation of single nuclei RNA sequencing studies (7), where pending on the
position of the brain sample taken, T cells from parenchyma and vasculature can get mixed up.
Associations between T cells and pTau pathology have been reported in other neurodegenerative
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conditions, in particular increased CD8 T cells are seen in FTLD-Tau, Pick's disease or progressive
supranuclear palsy compared to controls (32, 35). Notably, the numbers of T cells are still substantially
lower than for microglia (35). Thus, observations from selected regions or disease contexts should be
interpreted carefully as available human neuropathological data do not establish widespread
parenchymal T-cell infiltration across the AD brain.

The contrast with overt neuroinflammatory disease such as ADEM strengthen this point of view.
Similarly, in active multiple sclerosis lesions, approximately one T cell is found for every 1.5 HLA class II-
positive cell (21), whereas in the AD frontal cortex examined here, HLA class ll-positive cells
outnumbered parenchymal T cells by several orders of magnitude. Microglial nodules in multiple
sclerosis are frequently accompanied by local T cell accumulation (21), whereas we did not observe
comparable T-cell accumulations around the prominent HLA class ll-positive clusters in the AD sections
examined here.

It should be pointed out that the current observations do not exclude biologically meaningful interactions
between the few parenchymal T cells and microglia or effects of such interactions on neurons (31, 33).
However, such interactions can involve only a small fraction of the HLA class ll-positive microglial
population at any given time and interpretation of data need to take into account this quantitative
discrepancy. It is possible that the low numbers of T cells in the brain parenchyma simply reflect
activated T cells patrolling the nervous system (36). This is particularly relevant in light of recent
evidence that plaque-associated human microglia express a broad antigen-presentation programme and
present a diverse peptide repertoire that is not dominated by AB- or tau-derived peptides (3). T cell
responses to neural autoantigens appear largely preserved in AD compared with age-matched controls
(37). The extensive HLA class Il response of AB-plaque associated microglia may therefore reflect a
broader state of immune surveillance and regulation and should not necessarily be interpreted as
evidence of widespread conventional antigen presentation to infiltrating T cells (3). The upregulation of
MHC class Il molecules by microglia around AB plaques could also be the consequence of exposure to
IFN-y secreted by T cells located in dura or vascular borders, rather than adaptive immune cells
infiltrating deep in the parenchyma.

Clonally expanded CD8 T cells have been reported in the cerebrospinal fluid of patients with AD (27), and
CD8-positive cells constitute the predominant T-cell subset detected in our frontal cortex samples.
Recent work in a mouse model of tauopathy showed that peripheral cDC1-dependent antigen cross-
presentation is required for efficient priming and brain accumulation of CD8 T cells and contributes to
tau-mediated neurodegeneration (33). These findings provide an important mechanism by which CD8 T
cells may contribute to neurodegeneration without necessarily implying that plaque-associated HLA
class Il-positive microglia are their primary activating antigen-presenting cells. In our human frontal
cortex samples, however, parenchymal CD8 T-cell numbers remained low. Their accumulation may vary
between brain regions and could be influenced by vascular pathology: APOE4 is associated with pericyte
degeneration and blood-brain barrier dysfunction (34), and increased brain CD8 T-cell accumulation has
been reported in mice expressing human APOE4 (30). Thus, the contribution of CD8 T cells may depend
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on disease context, brain region and vascular co-pathology, while remaining compatible with the limited
parenchymal T-cell presence observed here.

Further studies in independent and larger cohorts will be necessary to further investigate the reported
increases of T cells in other brain areas, and how their presence is modulated by co-morbidities, in
particular vessel pathology. Post-mortem interval may also influence tissue preservation and detection
of lymphocytes, and was therefore explored as a covariate. PMI showed no consistent association with
parenchymal T-cell measures, although an association with CD8-positive T-cell density was observed in
one regression model. Given the small cohort and wide confidence intervals, these analyses should be
considered exploratory.

Conclusions

The central implication of our findings is that HLA class Il expression in human AD microglia should not
automatically be equated with extensive T cell engagement in the brain parenchyma. Determining
whether the rare T cells have specific antigenic targets or functional effects in AD will require direct
molecular and spatial characterization. Further work should determine how T-cell involvement varies
across brain regions, disease stages and different neurodegenerative disorders.
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Abbreviation
AB
ADEM
AD

AGD
APOE
ARTAG
BBB
Braak-NFT
CAA
cDC1
CDR
CERAD
Cl

CNS
DAB

FDR

H&E
HLA
HRP
LATE-NC
NIA-AA
NFT
PART
PMI
pTau
RTU
SEM
TDP-43

Definition

Amyloid-beta

Acute disseminated encephalomyelitis
Alzheimer's disease

Argyrophilic grain disease
Apolipoprotein E

Aging-related tau astrogliopathy
Blood-brain barrier

Braak neurofibrillary tangle
Cerebral amyloid angiopathy
Conventional type 1 dendritic cell

Clinical Dementia Rating

Consortium to Establish a Registry for Alzheimer's Disease

Confidence interval

Central nervous system

3,3-Diaminobenzidine tetrahydrochloride hydrate

False discovery rate
Hematoxylin and eosin
Human leukocyte antigen

Horseradish peroxidase

Limbic-predominant age-related TDP-43 encephalopathy neuropathologic change

National Institute on Aging-Alzheimer's Association

Neurofibrillary tangle

Primary age-related tauopathy
Post-mortem interval
Hyperphosphorylated tau
Ready-to-use

Standard error of the mean

TAR DNA-binding protein 43
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Figure 1

Expression of HLA class Il in relation to local AB and pTau pathology in frontal cortical grey matter.
Quantification of local AB pathology from chromogen stains, represented as percentage of positive area
per case with SEM (a). Representative images of double chromogenic stains for AR (FastRed, red)
together with HLA-DR/DP/DQ (DAB, brown) (b, c¢). Quantification of local pTau pathology from
chromogen stains, represented as percentage of positive area per case with SEM (d). Representative
images of double chromogenic stains for pTau (FastRed, red) together with HLA-DR/DP/DQ (DAB,
brown) (e, f). Examples illustrate the accumulation of HLA-positive cells around AR plaques (b, ¢) and in
cortical regions containing limited pTau pathology (e), neuritic pTau pathology (f), and pTau-positive
neuronal cell bodies (g and h). HLA-positive cells were quantified as the number of HLA-DR/DP/DQ
positive cells per cm? of frontal cortex grey matter (i). Binary logistic regression was used controlled for
age and sex (n=19).
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Figure 2

Increased numbers of HLA-positive cells without accumulation of CD3-positive T cells in the frontal
cortex of symptomatic AD cases. Parenchymal CD3-positive T cells were quantified as the number of

CD3-positive cells per cm? of frontal cortex grey matter (a). The number of cells per individual case is
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shown (n=9 AD, n=10 non-AD) together with the mean and SEM. The ratio of HLA-positive cells over the
number of parenchymal CD3 T cells indicates the extent of T cell abundance in context of the
upregulation of HLA for cases where parenchymal CD4 T cells were observed (n=8 AD, n=8 non-AD) (b).
Binary logistic regression was used controlled for age and sex. Representative chromogenic
immunostainings for HLA-DR/DP/DQ (DAB, brown) and CD3 (FastRed, red) in symptomatic AD (c, d) and
non-demented control cases (e, f). CD3 T cells are highlighted on the right-hand side of each panel using
magenta pseudo-coloring, together with HLA-DR/DP/DQ shown in grey. The images illustrate the
absence of CD3-positive T cells within a cluster of HLA-positive cells in an AD case (c), the presence of
individual parenchymal CD3-positive T cells in an AD case (d) and non-AD case (e), and vascular CD3 T
cells in a non-AD case (f). Single chromogenic stains using FastRed for CD3 (n=2 AD, n=2 non-AD)
confirm the sparse presence of parenchymal CD3-positive T cells in AD and non-AD cases (g and h).
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Figure 3

CD4-positive T cells are rare in symptomatic AD and non-demented control cases. Parenchymal CD4-
positive T cells were quantified as the number of CD4-positive cells per cm? of frontal cortex grey matter
(@). The number of positive cells per individual case is shown (n=9 AD, n=10 non-AD) together with the
mean and SEM. Binary logistic regression was used controlled for age and sex. Representative
chromogen immunostainings for HLA-DR/DP/DQ (DAB, brown) and CD4 (FastRed, red) in symptomatic
AD (b), and a non-demented control case (¢). CD4-positive T cells are highlighted on the right-hand side
of each panel using magenta pseudo-coloring, together with HLA-DR/DP/DQ shown in grey. The images
illustrate the absence of CD4-positive T cells within a cluster of HLA-positive cells in the AD case (b) and
the presence of a parenchymal CD4-positive T cell in a non-AD case (c). Single chromogenic stains for
CD4 with FastRed (n=2 AD, n=2 non-AD) confirm the scarcity of CD4-positive T cells in the parenchyma
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of an AD (d) and non-AD (e) case, while vascular CD4-postive T cells are observed in association with
white matter blood vessels (f and g).
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Figure 4

CD8-positive T cells in symptomatic AD and non-demented control cases. Parenchymal CD8-positive T
cells were quantified as the number of CD8-positive cells per cm? of frontal cortical grey matter (a). The
number of cells per individual case is shown (n=9 AD and n=10 non-AD) , together with mean and SEM.
Binary logistic regression was used controlled for age and sex. Representative chromogenic
immunostainings for CD8 (DAB, brown) in symptomatic AD (b) and a non-demented control case (c).
CD8-positive T cells are highlighted on the right-hand side of each panel using magenta pseudo-coloring,
together with the haematoxylin counterstain shown in blue. The images illustrate individual parenchymal
CD8-positive T cells in an AD and non-AD case (b and ¢ respectively) and multiple CD8-positive T cells
associated with blood vessels in an AD and non-AD case (d and e respectively).
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