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1.

Alzheimer’s disease (AD) is characterized by deficits in olfaction and olfactory pathology
preceding diagnosis of dementia. Here we analyzed differential gene and protein expression

in the olfactory bulb (OB) and tract (OT) of familial AD (FAD) individuals carrying the
autosomal dominant presenilin 1 E280A mutation. Compared to control, FAD OT had increased
immunostaining for B-amyloid (AB) and CD68 in high and low myelinated regions, as well

as increased immunostaining for Ibal in the high myelinated region. In FAD samples, RNA
sequencing showed: (1) viral infection in the OB; (2) inflammation in the OT that carries
information via entorhinal cortex from the OB to hippocampus, a brain region essential for
learning and memory; and (3) decreased oligodendrocyte deconvolved transcripts. Interestingly,
spatial proteomic analysis confirmed altered myelination in the OT of FAD individuals, implying
dysfunction of communication between the OB and hippocampus. These findings raise the
possibility that viral infection and associated inflammation and dysregulation of myelination of
the olfactory system may disrupt hippocampal function, contributing to acceleration of FAD
progression.

Introduction

A critical barrier in treating Alzheimer’s disease (AD) is the years- to decades-long lag
from disease onset to the diagnosis of dementia, when reversal of brain pathology and
recovery of neurons may, at best, slow cognitive decline. Thus, it is essential to identify
contributory pathological processes in early disease to prevent progression to dementia,
disability, and death. An early process in AD, prior to clinical dementia, is a deficit in

the sense of smell1=3 accompanied by amyloid-beta (AB) deposition in the olfactory bulb
(OB)* . The OB receives olfactory input from olfactory sensory neurons in the olfactory
epithelium (OE)3: 6 then transmits olfactory information via the olfactory tract (OT) to the
entorhinal cortex and hippocampus, brain regions essential for learning and memory that
are affected in AD. Dissecting mechanisms involved in olfactory dysfunction can identify
potential diagnostic and therapeutic targets in AD. However, little is known about changes in
the cellular processes of the olfactory system, including the OB and OT.

Because sporadic AD is quite heterogenous due to variable contributions of host and
environmental factors, we focused our initial studies on olfactory tissues from a well-
characterized familial AD (FAD) cohort from Colombia. These FAD individuals have the
presenilin 1 E280A mutation and develop mild cognitive impairment (MCI) and dementia
at the respective median ages of 44 (95% Cl, 43-45) and 49 (95% CI, 49-50) years

old’. Formalin-fixed paraffin embedded (FFPE) slides containing olfactory tissue collected
from this FAD cohort post-mortem, as well as control tissue, were examined for tissue
morphology and composition. Adjacent slides were analyzed by targeted RNA sequencing
of the OB and OT (TempO-Seq, BioSpyder Technologies, Inc., Carlsbad, CA)® and by
spatial proteomics (nanoString Technologies, Seattle, WA)?; bioinformatics analyses were
used to identify significantly enriched gene expression pathways.
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2. Methods

2.1 Standard Protocol Approvals, Registrations, Patient Consents

Tissue from individuals in Colombia with the presenilin 1 PSEN1 E280A mutation 10

and age-matched controls were collected for this study. Approval for post-mortem studies
was granted by the institutional review board committee at the University of Antioquia
(Comité de Bioetica de la Sede de Investigacion Universitaria, Universidad de Antioquia,
Colombia) on June 26th, 2019 (approval number 19010-858). Participants provided written
informed consent before participating, agreeing to donate tissue for research at time of
death. A total of 6 members from Colombian families with the PSEN E280A mutation
and 6 age-matched controls were available for analysis in the study. Demographic data and
associated studies completed herein are detailed in Table 1. The average age (range, years
[y]) of the control and FAD groups was 69 y (56-84 y) and 62 y (53-86 y), respectively.
The control group contained 5 males and 1 female; the FAD group contained 2 males and 4
females. None of the individuals in either control of FAD groups died of viral infection that
may affect interpretation of results.

The E280A carriers have a previously documented median expected age at onset of MCI at
44 years of age (95% confidence interval [CI] = 43-45 years) and dementia due to AD at 49
years of age (95% CI = 49-50 years) /. Eligible individuals were screened for neurological
and psychiatric disorders prior to death, and they did not die of viral pneumonia. At time of
death, all 6 FAD individuals had a clinical diagnosis of dementia. Clinical data were stored
in a secure database at the Neuroscience Group of Antioquia in Medellin, Colombia.

2.2 Sample Collection

Brain samples were collected post-mortem; tissue containing the OB and OT were fixed
in formalin then paraffin-embedded. OB/OT tissue blocks were cut sagittally at 7 um
thickness and placed on slides for hematoxylin and eosin staining (H&E; data not shown)
and immunohistochemical (IHC) staining.

2.3 Multispectral Immunohistochemistry of the Olfactory Bulb and Olfactory Tract

Through our collaboration with the Human Immune Monitoring Shared Resource (HIMSR)
at the University of Colorado School of Medicine, we performed multispectral imaging
using the Akoya Vectra Polaris instrument. This instrumentation allows for phenotyping,
quantification, and spatial relationship analysis of tissue infiltrate in formalin-fixed paraffin-
imbedded biopsy sections®L.

FFPE tissue sections containing OB and OT were stained consecutively with specific
primary antibodies according to standard protocols provided by Akoya and performed
routinely by the HIMSR. Briefly, the slides were deparaffinized, heat treated in antigen
retrieval buffer, blocked, and incubated with primary antibodies against A, Ibal, GFAP,
Cleaved Caspase 3, p-Tau, DCX, CD68, and PLP (Supplemental Table 1), followed by
horseradish peroxidase (HRP)-conjugated secondary antibody polymer, and HRP-reactive
OPAL fluorescent reagents that use TSA chemistry to deposit dyes on the tissue
immediately surrounding each HRP molecule. To prevent further deposition of fluorescent
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dyes in subsequent staining steps, the slides were stripped in between each stain with heat
treatment in antigen retrieval buffer. Slides were finally counterstained with DAPI. Whole
slide scans were collected using the 10x objective and multispectral images were collected
using the 20x objective with a 0.5 micron resolution. The 9-color images were analyzed
with inForm software V2.5 to unmix adjacent fluorochromes, subtract autofluorescence,
segment the tissue, compare the frequency and location of cells, segment cellular membrane,
cytoplasm, and nuclear regions, score each cellular compartment, and phenotype infiltrating
immune cells according to morphology and cell marker expression.

We used custom scripts in Fiji to quantify Ap, Ibal, CD68 and PLP on the 20x objective
images; GFAP, Cleaved Caspase 3, p-Tau, and DCX antibodies did not yield reliable staining
and were not further analyzed. ROIs for high and low myelinated areas were manually
determined using PLP stain by two researchers. To quantify AB, Ibal and CD68-positive
areas, we defined the positive area as one that exceeds 7 SDs of the mean image intensity,
with 7= 2 for AB and Ibal and n= 4 for CD68. The positive surface was expressed as

a percentage of the ROI surface per individual. Masks for each stain were created from

the thresholded images, and mask combinations were used to determine the double and
triple-positive areas.

2.4 FFPE TempO-Seq

For whole human transcriptome analysis, FFPE slides containing OB or OT were
assayed using TempO-Seq-targeted RNA sequencing plates, reagents, protocols, and
software (BioSpyder Technologies)®. TempO-Seq exclusively detects human transcripts;
viral transcripts were not assayed. H&E stained tissue sections were used to distinguish
the OB from OT. Of the 6 controls, only 4 had adequate samples for this analysis
whereas all 6 FAD samples contained OB and OT for this analysis. The OB and OT
from adjacent, non-stained slides were separately scraped (~5-10 mm?2) and placed into
PCR tubes containing 1X lysis buffer. Using a thermocycler, samples containing OB or
OT were lysed. Coded adjacent primer pairs for each specific human transcript were
annealed to sample RNA; primer pairs for each transcript were ligated and then amplified
per manufacturer’s instructions and as previously described 12. If a transcript is present,
the adjacent 25-nucleotide primer pairs anneal to their specific target, ligate together, and
produce a 50-nucleotide transcript-specific, coded amplicon.

Amplified PCR products were pooled into a single library, concentrated using a PCR
cleanup kit (Macherey-Nagel, Diren, Germany), and run on the lllumina NextSeq 500
sequencing platform (lllumina Inc., San Diego, CA). Mapped reads were generated by
TempO-SegR for the alignment of demultiplexed FASTQ files from the sequencer to the
ligated detector oligomer gene sequences using Bowtie, allowing for up to 2 mismatches in
the 50-nucleotide target sequence8. Counts were assessed using SARTools!3. Within this R
package, edgeR is used for normalization and quality control of count datal#. Differential
expression between groups was assessed by the TempO-SeqR software, which used the
DESeq2 method for differential analysis of count datal®. A significantly differentially
expressed gene is defined as having an adjusted p value < 0.05 with no fold-change
threshold.
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Pathway enrichment analysis was performed using gene sets and pathways defined in the
Ingenuity Pathway Analysis software (Qiagen, Germantown, MD) and the ClusterProfiler
packagel® 17 in R with default parameters. ClusterProfiler supports enrichment analysis

of Gene Ontology and Kyoto Encyclopedia of Genes and Genomes databases with Gene
Set Enrichment Analysis (GSEA) to identify biological themes of a collection of genes.
These functional enrichment analyses use computational approaches to identify groups of
experimentally observed human genes that are overrepresented or depleted in a curated
disease or biological function-specific gene set. Additional figures were created using Prism
9 (GraphPad Software, San Diego, CA).

2.5 nanoString Proteomics

We used nanoString proteomics for 88 proteins (Supplemental Table 2 with four fluorescent
markers to discriminate tissue regions (Supplemental Table 3) using methods detailed by
Merritt and co-workers®. Briefly, all assays were performed on 7-um FFPE sections mounted
onto charged slides; these slides were adjacent to those used for TempO-Seq analysis.
Deparaffinization and rehydration of tissue was performed by incubating slides in three
washes of CitriSolv (Decon Labs, 1601) for 5 minutes each, two washes of 100% ethanol
for 10 minutes each, two washes of 95% ethanol for 10 minutes each and two washes

of distilled water for 5 minutes each. For antigen retrieval, slides were then placed in a
plastic Coplin jar containing 1x Citrate Buffer pH 6.0 (Sigma, C9999) and covered with

a lid. The Coplin jar was placed into a pressure cooker (BioSB, BSB7008) that was run

at high pressure and temperature for 15 minutes. The Coplin jar was removed from the
pressure cooker and cooled at room temperature for 25 minutes. Slides were washed with
five changes of 1x TBS-T (Cell Signaling Technology, 9997) for 2 minutes each. Excess
TBS-T was removed from the slide, and a hydrophobic barrier was drawn around each
tissue section with a hydrophobic pen (Vector Laboratories, H-4000). Slides were then
incubated with blocking buffer (1x TBS-T, 5% goat serum (Sigma-Aldrich, G9023-5ML),
0.1 mg ml-1 salmon sperm DNA (Sigma-Aldrich, D7656) and 10 mg mil-1 dextran sulfate
(Sigma-Aldrich, 67578-5G) for 1 hour. Slides were washed with three changes of 1x TBS-T
for 2 minutes each. Primary antibodies (Supplemental Tables 2 and 3) were diluted in Buffer
W (GeoMx Protein Slide Prep Kit Item 121300312). Tissue sections were then covered with
diluted primary antibody solution (see above for morphology marker information). Slides
were incubated at 4°C in a humidity chamber overnight. Primary antibody was aspirated
from slides, and slides were washed with three changes of 1x TBS-T for 10 minutes each.
Antibodies were postfixed with 4% paraformaldehyde for 30 minutes at room temperature
and then wasted twice in TBS-T. DNA was counterstained with 500 nM SYTO13 (Thermo
Fisher, S7575) in 1x TBS-T or TBS for 15 minutes. Excess DNA counterstain was removed
with five changes of TBS-T, and slides were the processed on the GeoMx instrument as
described in Merritt et al.®.

2.6 Statistical Analysis

Matlab or Excel were used to perform t tests or ANOVAs, followed by post-hoc Fisher’s
least significant difference procedure.
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2.7 Data Availability

All data used in the analyses of this study are available within the manuscript and its
supplemental information files. Raw gene counts generated from the TempO-Seq analysis
are deposited in the NCBI Gene Expression Omnibus database. Requests for further

data sharing including individual patient sample information will be reviewed by the
corresponding author and appropriate regulatory bodies with respect to maintaining de-
identified status.

3. Results

3.1 Immunohistochemical analysis shows Ap and microglia/macrophages in FAD
olfactory tissue.

Prior to transcriptome analysis, we analyzed the tissue for morphology and composition.
Figure 1 A-C shows immunohistochemical analysis of the human OT from FAD subjects
and age-matched controls (Table 1). Staining for the myelin marker proteolipid protein
(PLP)!8 showed that the OT included high and low myelination areas (Figure 1A). We

did not find a difference between FAD and controls in the area occupied by the high/low
myelinated regions in the OT (Figure 1A). As expected, we found increased immunostaining
for AB in the OT of FAD subjects compared to controls (Figure 1B). In addition, as expected
for neuroinflammation in AD, and consistent with prior studies in spontaneous AD1®, we
found increased immunostaining for the microglia/macrophage markers Ibal and CD68 in
FAD OT compared to control (Figure 1C). Finally, we found increased association between
CD68 and Ibal and between AP and microglia whose association has been proposed to
constitute a barrier with profound impact on Ap plaque composition and toxicity2? (Figure
1D-E).

3.2 Targeted RNA sequencing shows enrichment of pathways involved in virus infection
in OB and of inflammation in OT.

We then performed TempO-seq targeted RNA sequencing analysis of the OB and OT from
6 FAD individuals who did not die of virus infection and 4 age-matched controls (Table
1). Compared to controls, we found 2,775 differentially expressed genes (DEGS) in FAD
OB and 1,319 significantly DEGs in FAD OT. Volcano plots in Figures 2Ai (OB) and 2Aii
(OT) show that the majority of DEGs displayed increased expression in FADs (also see
Supplemental Tables 4 and 5). Human gene-set enrichment analyses in the FAD OB showed
multiple upregulated transcriptional pathways associated with viral infection, including
“Viral infection”, “Infection of cells”, and “Replication of virus” (Figure 2Aiii), whereas
the OT of FAD individuals represented an upregulation of immune response signatures
that included “IL-6 signaling”, “IL-8 signaling”, “Natural killer cell signaling”, “Jak/Stat
signaling”, “Neuroinflammation signaling”, and “Production of nitric oxide and reactive
oxygen species in macrophages,” as well as the expected “Amyloid processing” pathway
(Figure 2Aiv). Observed genes in each pathway are shown in Supplemental Table 6. When
we deconvolved the DEGs to estimate glial surrogate proportions, we found that microglia
were higher in FAD OT samples (Figure 2C), consistent with the immunohistochemistry
results for Ibal and CD68 (Figure 1C). Interestingly, in the deconvolution, we found

a decreased surrogate proportion for oligodendrocytes in OT in FAD (Figure 2C). No
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differences in glial surrogate proportions were observed in FAD OB samples compared to
controls (not shown).

3.3 Spatial proteomics assay shows changes consistent with a demyelination response
in the OT of FAD samples.

We performed complementary nanoString spatial proteomics analysis® for 88 proteins
including markers for AD and immune responses (Supplemental Table 2) in tissue regions
discriminated based on fluorescent markers for myelin basic protein, Ap, Ibal and nuclear
staining (see Methods and Supplemental Table 3). The four tissue regions were high
myelination and low myelination OT, and glomerular layer/external plexiform layer and
granule cell layer in the OB (Figure 3A, Supplemental Figure 1). nanoString proteomics
showed spatial protein specificity involved in immune and AD responses in the OT and

to a lesser extent in the OB (Figure 3B). Interestingly, both the immune and AD marker
responses differ between regions. For example, the increase in AD markers in FAD was
most marked in the low myelinated OT, and there were increases in immune markers in both
low and high myelinated OT, but they were heterogeneous between these two brain regions
and much lower in the OB indicating that the immune response differs between brain

areas in the proximal olfactory system (Figure 3B). Strikingly, principal component analysis
(PCA) of the spatial proteomics results shows orthogonal localization of FAD versus control
proteomics regardless of the tissue region (Figure 3C). Furthermore, there were marked
differences in protein expression between brain regions within the experimental groups
(FAD and control, Figure 3D and Supplemental Figure 2). Interestingly, within the FAD
cohort a large group of proteins involved in response to demyelination were expressed at
high levels in high myelination OT compared to all other regions (group A in Figure 3Dii)
and a group of AD markers was expressed at high levels in the low myelination OT (group B
in Figure 3Dii) (eNote 1). Taken together with the deconvolution of the transcriptome in the
OT showing decreased oligodendrocyte in FAD (Figure 3B) these data indicate that there is
dysregulation of myelination in FAD.

4. Discussion

Using novel regional/spatial transcriptomic and proteomic assays, we were able to
determine gene expression changes in FFPE olfactory tissues from control and FAD
samples. Our findings reveal a transcriptomic signature for viral infection in the OB
coupled with inflammation and dysregulation of myelination in the OT in FAD samples
compared to control samples; results were confirmed by proteomic analysis. While our
studies only identified human transcripts/proteins and were not designed to identify
specific viruses, the most likely viruses contributing to olfactory system infection and
potential CNS dysfunction are the 2 neurotropic alphaherpesviruses, herpes simplex
virus type-1 (HSV-1) and varicella zoster virus (VZV). HSV-1 and VZV are strong
candidates for being initiators or accelerators of AD because they increase dementia risk
and elicit the same pathological characteristics of AD, including amyloid accumulation,
neuroinflammation, neurodegeneration, and cognitive impairment?1-23, Furthermore, this
family of alphaherpesviruses is latent in trigeminal ganglia which innervates the OE/
OB?24 (Figure 4A, B), providing a direct internal route of virus entry during reactivation.

Neurobiol Aging. Author manuscript; available in PMC 2024 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Bubak et al.

Page 8

Our studies find that even in patients predisposed to AD due to a genetic mutation

of PS1 there is evidence of viral infection in the OB suggesting that viral infection

and inflammatory response in the OT are part of the etiology of the disease. In

addition, we find a transcriptome signature for inflammation, and proteome differences

in response to demyelination in the OT of FAD subjects compared to controls. The

OT provides communication between the OB and the hippocampus raising the question
whether the viral infection, inflammation and impaired response to demyelination decrease
the communication through gamma oscillations between the OB and the hippocampus
(Figure 4C,D), and whether this loss in communication alters cognition. Taken together
with a parallel body of literature indicating that early AD is characterized by olfactory
impairment!~3, amyloid deposition in the olfactory epithelium (OE), and olfactory sensory
neuron (OSN) dysfunction® 5, our study raises the possibility that viral infection of the
OB/OT accelerates AD. Because sniff-induced beta and theta-coupled gamma oscillations
generated in the OB are directionally coupled to the hippocampus?>-28, olfactory
impairment would result in decreased hippocampal gamma oscillations that have been
postulated to lead to neurodegeneration and cognitive decline?®-31, These studies suggest
that viral disruption of olfactory pathways can accelerate AD cognitive decline.

A limitation in our study was that we only probed for human transcripts and proteins

and although strong host viral signaling pathways were identified, whether this is a broad
anti-viral response or representative of a specific pathogen is unknown. Follow-up studies
investigating specific viral species, such as alphaherpesviruses, in the olfactory system

of AD samples are warranted. However, this may be challenging in late-stage tissues
harvested at autopsies because viral infection will have likely been cleared yet chronic
inflammatory processes representative of an anti-viral response may persist. Amongst all
cadidate pathogens, the most likely are HSV-1 and VVZV because they are latent in sensory
neurons of the TG and have a direct route of entry to the OE and OB by tranxsaxonal spread
following recurrent reactivations through an individuals’ lifespan. Because viral encephalitis
is not observed at high levels in patients with AD, it is likely these pathogens are suppressed
early on in the OB and OT. Overall, the transcriptional profile we have observed in this
study may be representative of a routinely barraged olfactory system by pathogens and the
resulting pathological ramifications such as amyloid deposition, microglia activation, and
potentially myelination alterations.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

. Olfactory impairment is an early symptom of Alzheimer’s disease (AD)

. We perform transcriptome analysis of the olfactory bulb (OB) in familial AD
(FAD)

. Results suggest viral infection in the OB and inflammation in the OT of FAD
patients

. nanoString proteomics found dysregulation of myelination in FAD

. Results imply an impairment in communication between the OB and
hippocampus in FAD

. Virus disruption of olfactory pathways could accelerate AD cognitive decline
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Figure 1.

Immunohistochemistry of the Human OT and TempO-Seq Transcriptome Analysis of the
OB and OT

(A-C) IHC of the human OT for 6 control and 6 FAD subjects. (A) PLP stain was used

to delimitate the high and low myelinated regions in OT. The bar graph represents the
mean surface of high and low myelinated regions per individual, expressed as a percentage
of the total area analyzed. An ANOVA yields no significant difference for the genotype
F=0.1, 1 d.f., p>0.05 and a significant difference between high and low myelination areas
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F=26.84, 1 d.f., p<0.001. (B) Representative images and quantification of AB in the OT from
6 Ctrl and 6 FAD patients. Ap positive surface is increased in FAD patients compared to
control, in both the high and low myelinated OT. Within the FAD group, the accumulation
of AB is higher in the high myelinated than the low myelinated OT. ANOVA vyields a
significant difference for the genotype F=13.94, 1 d.f., p<0.01 and a significant difference
between high and low myelination areas F=17.22, 1 d.f., p<0.001. (C) Quantification of
microglia/macrophage markers Ibal and CD68, showing increased neuroinflammation in
the high myelinated OT. ANOVA for Ibal and CD68 yields a significant difference for
genotype (Ibal, F=13.54, 1 d.f., p<0.01, CD68, F=23.24, 1 d.f., p<0.001). (D and E)
Quantification of overlap in expression of AB, Ibal and CD68. (D) Quantification of the

3 different microglial populations: 1bal+CD68+ (arrows “1”), Ibal+CD68- (arrows “2"),
Ibal-CD68+ (arrows “3”). An ANOVA yields a significant difference for the genotype for
Ibal+CD68+ (F=14.1, 1 d.f., p<0.01), Ibal+CD68- (F=8, 1 d.f., p<0.05) and Ibal-CD68+
(F=6.65, 1 d.f., p<0.05). FAD patients exhibit an increase in Ibal+CD68+ surface and
Ibal+CD68-surface in the high myelinated OT, and an increase in Ibal-CD68+ surface low
myelinated OT, compared to Ctrl. (E) Quantification of Ap surface that is overlapping with
Ibal+CD68+ cells. An ANOVA yields a significant difference for the genotype for Ap
surface that is overlapping with 1bal+CD68+ cells (F=24.14, 1 d.f., p<0.001), Ibal+CD68-
cells (F=9.93, 1 d.f., p<0.01) and Ibal-CD68+ cells (F=12.28, 1 d.f., p<0.01). An ANOVA
yields a significant difference between high and low myelination areas for Ap surface that
is overlapping with 1bal+CD68- cells (F=8, 1 d.f., p<0.05) and Ap free from microglial
coverage (F=15.93, 1 d.f., p<0.001). Ap surface that is overlapping with all three microglial
populations is increased in the high myelin OT of FAD patients compared to Ctrl. Ap
surface that is overlapping with 1bal-CD68+ cells is increased in the low myelin OT. Ap
free from microglial coverage (arrows “4”) is decreased in the low myelin OT compared to
the high myelin OT in both Ctrl and FAD. Scale bar: 50 um.
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Figure 2.

Results of TempO-Seq transcriptomic analysis in the OB and OT of FAD patients and

controls.

(A) Volcano plot for TempO-Seq (i, OB, ii, OT) and insight pathway analysis of
transcriptional differences (iii, OB, iv, OT ). (B) Deconvolution of the transcriptional
differences for the OT. Asterisks are significant p values for post-hoc Fisher’s least
significant difference.
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Figure 3.
nanoString Proteomic Analysis of OB and OT Expression of Markers for AD and Immunity

(A) Representative tissue section stained for myelin basic protein (MBP) showing the
regions that were used for protein quantification. In the OB “Glomeruli OB” included

the glomerular layer (GL) and the external plexiform layer (EPL), “Granule OB” included
the granule cell layer and the accessory olfactory nucleus (AON). In the OT the high and
low myelinated areas were determined by high and low MBP staining. (B) Log 2 fold
change for the levels of protein expression in the different tissue regions. Red denotes
higher expression in FAD. Only the proteins whose levels are significantly different between
genotypes are shown. (C) Principal component analysis of the protein levels of expression.
(D) Pseudocolor plots comparing between regions the levels of expression for all proteins.
Proteins are segregated by Euclidean distance calculated by the total normalized reads for
each protein between tissue regions or samples. i. Control tissue. ii. FAD. Group A are
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adjacent proteins that display higher levels in high myelinated OT and group B are adjacent
proteins that display higher levels in low myelinated OT.
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Figure 4.

> \

Hippocampus

Diagram illustrating the finding of a transcriptional signature of viral infection of the OB
and inflammation and dysregulation of myelination in the OT of FAD patients. A. The
olfactory epithelium bears direct neurotrophic entry of virus to the brain through either the
axons of the olfactory sensory neurons that cross the cribriform plate and innervate the
glomeruli in the OB, or through peripheral innervation from the trigeminal ganglion. OSN:
olfactory sensory neuron. SC: sustentacular cell. B. Neurons in the trigeminal ganglion
innervate the brainstem. TG: Trigeminal ganglion. BS: Brainstem. C. Mitral and tufted cells
send information to downstream targets such as the piriform and entorhinal cortex through
the olfactory tract. Entorhinal cortex innervates the hippocampus. We found that there was a
transcriptional signature of viral infection in the OB of FAD patients (compared to controls).
In addition, we found that in the aged individual the OT was partially myelinated, that

in the FAD subjects there was an increase in transcripts involved in inflammation in the

OT and that the response to demyelination in the OT differed between FAD subjects and
controls. D. The findings raise the question whether the multisynaptic communication from
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the OT through the OT to the hippocampus is impaired in FAD patients and whether this
impairment participates in cognitive disfunction.
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Table 1
Patient Information
OT surface
. - Temp- Temp- . .
SUIbIJDeCt Group Age | sex Cause of Death ane/lyzed in o- 0- Nanostring Nanostring
ectra SEQOT | SEQOB oT OB
(mm2)
Bacterial
337 Control 84 M pneumonia 5.1 X X X X
351 Control 62 M Heart failure 7.0 X
Decompensated
chronic
354 Control 65 M obstructive 33 X
pulmonary disease
Acute myocardial
360 Control 72 M infarction 2.1 X
364 Control 73 M Gastric cancer 3.9
380 Control 56 F Colon cancer 4.1 X X X
FAD Bacterial
359 (E280A) 56 F pneumonia 3.6 X X X X
FAD Aspiration
346 €808 | B | M pneumonia 52 X X
FAD (Late .
355 Onset) 86 F Acute renal failure 3.0 X X
FAD Bacterial
335 (E280A) 59 M pneumonia 2.7 X X
FAD Aspiration
358 (E280A) 59 F pneumonia 11 X X X X
FAD .
382 (E280A) 57 F Metabolic imbalance 3.8 X X
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