what will people say 100 yrs from now?

what is:

subjective

Chapter 19 - SNCD cognitive

decline?

You cannot lecture
as you write
or at least
You SHOULD NOT!

HSPH statistics

ALL THE ALZ-D TOPICS THAT ARE FIT TO PRINT
19.1 Astrobiology and Calcium
19.2 Microglia and Neuroinflammation
19.3 Does AlzD = Type 3 Diabetes?
19.4 Molec. Path 1: microRNAs and Cell Physiology
19.5 Molec. Path 2: Genetic Risks and Big Data
19.6 Additional Risk Factors and Preclinical AlzD
19.7 Herpes Brain and Other Infections
19.8 Tau and Amyloid (and PART)
19.9 Prions and Prion-like Proteins: a Role in Alzd?
Treatments and Therapies: NOW CHAPTER 20

Chapter 19 Overview




REVIEW

ABOs

Amyloid B oligomers in Alzheimer’s disease pathogenesis,

treatment, and diagnosis

Nirstem Do S hoda - Willlkam 1. Avin

2015

from Northwestern Univ. — the Other NU

Preamble to the
AlzD Constitution

REPRISE: 2 SLIDES FROM

ABO OLIGOMERS
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more claims: ABOs

- trigger redistrib. of spine proteins

- s NMDA, mGIuR receptor activity

- cause P-tau, insulin resistance, synapse
loss and oxidative stress

- associated w/ hypercholesterolemia &
diabetes (co-morbidities)

- early presence means ABOs are good for
diagnostics and drug-targeting
[biomarkers & brain imaging now related]

- failure to target ABOs might explain poor

clinical results in AlzD to date

- rapidly inhibit LTP in brain slices

- kill cells via FYN mechanism

- distinct build-up mech # plaque mech.

- ABO antibodies rescue memory in

transgenic mouse strains

- an APP mutation reduces A, risk of AlzD

curious: high AB42 in CSF/plasma is “good”. “plaque sponges” story weak. || clearance?




REPRISED: ABOs are THE BEST (aka the worst) iaw NU’s Viola and Klein, Cognitive Neurology Center

Good Topic for
Integrative
Question
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moreover: ABO’s may behave like prions AND may induce tau responses.
BOTH might contribute to amyloid-tau damage to CNS!
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ALL Feedback
We’ve moved beyond

leeches, phrenology graciously
and astrology . .. received

Advanced Alzheimeromics

aka: CHAPTER 19 -- A STUDY IN FUTILITY
..um...I mean...the GREAT works of many
practitioners of the arts de la dark-ages!

OR

ALL THE TOPICS THAT ARE FIT TO PRINT
...ala The New York Times...
All the News that’s Fit to Print R VE e
1897, Adolph S. Ochs, Owner - NYT

The Alzheimerome = every bit of info about AlzD
[how much is noise?] spell check thought this should be “Alzheimer me”



EOAD — a Deeper Dive ... in Columbia

PET positive at 30!

Oonald M. O'NValey . .
W8 SECINGeS s0ry of Eroest AIZD tanly In Wors, whete 0% get CBS 60 minutes link below =

} Oy 850 40 & are PHT« for amyiold & totally awesome story

Presenilin 1 = part of gamma secretase.
E280A = severe EOAD allele in Medellin
causes amyloid deposits and severe
cerebellar pathology. PET shows

amyloid in presymptomatic, by age 30.

At 45, fellow asks wife what day is it?
Do | have to go to work. Later it gets
worse— he forgets names of his
children. Later becomes confused,
given a shirt, puts it on his feet.

Orug sials 1o prevent Alzheimer's Decline over 10 years (regular AlzD

TR 0 L B BT B e e e e g Vs e | glower by how much?).
wEBNN ¥y % [rewe et B e wsw ... WE HOPE! |

Medellin (Antiochia) subject drew poor Reyes figure at age 38 (MCI stage?),
worse at 45; accelerating decline at 50, 51.

http://www.cbsnews.com/news/60-minutes-drug-trials-to-prevent-alzheimers-disease/



http://www.cbsnews.com/news/60-minutes-drug-trials-to-prevent-alzheimers-disease/

EOAD is familial, i.e. it is a genetic defect: should we edit EOAD out of the human genome?

using routine IVF
w/ embryo screen

Sporadic AlzD CRISPR anyone?
starts after age 65 an easier way?

Norm: age 70. Looks good, confident,
gentle manner. Asked “what city are we in
now?” he chuckles, says “l cannot answer that
right now”. Asked who the woman is (in room
with them), he says “Betsy”. Who is she? She is
someone | care about. Is she your sister? [he
equivocates] Is she your wife? [he cannot
answer; she is his wife of many, many years].

EOAD = Early Onset vs.
regular Alzheimer’s Disease

Because EOADs can be diagnosed at 30

, (or at birth), we can treat earlier (like

O WS ' giving a polio vaccine before contracting

_ the disease). We can treat entire
Medellin family. If it works, how many

EHER A Abus MORE can it treat? SPORADIC = 1%

VTR aEe ; . L ' incidence at age 60; 40% at age 85!

Dhacnts saasd ta i dho'y | ' How many PEOPLE should we treat?
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EOAD — the end of the line for most...but not everyone!




EOAD - in Columbia: an unusual case study

A centuries old demon that haunted Medellin villagers in Colombia:
Francisco Lopera cajoled families to donate brains and put this family and EOAD
and presenilin on the neurology map like no other. While braving open warfare.

details: A very rare Christchurch mutation in ApoE3! Protection
is “recessive”: heterozygotes are not spared. key notes below.
locus of action: ApoE3 binds to a glycoprotein necessary for
Tau pathology! This crucially “clicks” together a bunch of
disparate details in my mind, and refutes a suspicion re: EOAD.

=\
« #
R

https://www.nytimes.com/2019/11/04/health/alzheimers-treatment-genetics.html

Nature Medicine Article Lead Author: Yakeel Quiroz-Gaviria, PhD
Director, Mass General Multicultural Alzheimer's Prevention Program
Clinical Director, Mass General Multicultural Neuropsychology

Program, MUNDOS
Assistant Professor, Harvard Medical School. Neuropsychologist.

[no Nobel Prize yet...]

This is a report on a Nature Medicine article... Lady CC, next slide had no formal educ / cognitive reserve.


https://www.nytimes.com/2019/11/04/health/alzheimers-treatment-genetics.html

Much of Chap. 19
I Chapter 19 - SNCD I overlaps earlier topics

BREAKING NEWS DIVISION:

LADY Christchurch of Medellin
[she was MCI at testing stages]

Lady X is referred to here as
Lady Christchurch for simplicity

In which section should she go? [P REEENRRITo.

mutation in ApoE3 gene

19.2 Microglia and Neuroinflammation

19.3 Does AlzD = Type 3 Diabetes?

19.4 Molec. Path 1: microRNAs and Cell Physiology
19.5 Molec. Path 2: Genetic Risks and Big Data
19.8 Tau and Amyloid — Back to the Future

20: Treatments and Therapies

88 citations as of Dec. 2020; one by Yakeel on ApoE2
others are more random ... now 123 - 4.6.21



Nature Medicine: a Brief Communication ... =9

Random Trivia: If you are passing from the Atlantic Ocean to the
Pacific Ocean via Panama are you heading EAST or WEST?

NOT Random Trivia: How did the Christchurch Mutation
(R136S on ApoE3) get to Medellin? [The E280A cohort]

Panama Cy
.

Panama

New
lealand

O lihcr
I;.-‘nu

City of
Knowledge

oo Googe T Colombia

Google

re R136S: R-ine and S-ine...that’s a pretty key amino acid change!

1000’s of Rabbit Holes: Knowledge Architectures are your Cognitive Armor



ABSTRACT: We identied 2 PSENT.(preseniin 1

mutation carrier from the world's largest autosomal
dominant Alzheimer's disease kindred, who did not
develop mild cognitive impairment until her
seventies, three decades after the expected age of

Alzheimer's disease in an APOE3 clinical onset. The individual had two copies of the

: APOE3 Christchurch (R136S) mutation, unusually high
Chrlst(‘hllr(‘h h()"l()zyg()t(': d Case r('l)()r[ brain amyloid levels and limited tau and
neurodegenerative measurements. Our findings have
implications for the role of APOE in the pathogenesis,
treatment and prevention of Alzheimer's disease.

Resistance to autosomal dominant

FPSEN! musaton carix wih Wo APOES PEENT mutaton caerer with WO ongst o

Lady X CNC mdatirm ared wis trund WO
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Barden [1V2 OV

MGH, MEEI, HMS, UCSB, BC, Brigham & Women’s, ASU, AU, Sweden, London AND Universidad de Antioquia



Where Lady Christchurch fits in [presumably due to homozygous R136S]
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Curious Results: Extremely high amyloid, should have died years or decades earlier and have
been severely impaired. Tau burden is near normal and mid-lower amongst the PSEN1 E280A
cohort. Her hippo. atrophy seems substantial, in contrast to her most “positive” measure,
glucose (FDG) which exceeds all younger cohort members and is near the top of the controls. CC
mutation R136S (aRg=>»Serine) was found in 1987 research on lipidemia patients (AlzD, neurons
not mentioned in paper). Lady CC’s double ApoEch was discovered via whole-exome sequencing
as they sought explanation for her resistance to EOAD. Very limited discussion of CC gene.



HOW brief???

Technology Matters

Tech Know-How Matters
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Received: 10 Jan 2019; Accepted: 12 Sept 2019: is a Reviewer responsible for all this? NOT BRIEF!



I Chapter 19 - SNCD I

Implications of Lady Christ Church

Amyloid, by itself, is not seriously toxic
BUT it triggers Tau Pathology
This can be BLOCKED ONLY BY homozygous ApoE3 allele
fits with Amyloid Cascade Hypothesis
fits better with Tau Ignition story?
No WORD yet on the actual protective mechanism
also, still awaiting additional case to confirm (would be rare)
Nonetheless, a Game Changer! ... Potentially!

NEW: Could Tau Pathology be an epiphenomenon?
1. no b/c its strongly correlated with severity AND the new synaptic-
tau study impairing presynaptic function (amongst others).
2. yes b/c we still don’t have clear understanding of the RESPONSIBLE
DAMAGE and it AB/ABOs might be directly driving the damage.
3. Lady CC story shows that something related to ApoE3 can halt AB-
driven neural circuit, which fits with the Cascade & Ignition hypotheses.




Is LCC (Lady ChristChurch) DONE? re: the story, not the person!

5 patients, one FTD
+ 4 w/ EOAD genes
all showed “late onset”
none had LCC gene

Does this citer of Quiroz
eviscerate the LCC story?

Is any of the verbiage
MISLEADING?

Where are we Now?

Christchurch is not

a “common age of
onset modifier”

2020

Camtows (00 tia il @

Journal of the Neurological Sciences

et VY Dot ge

PSEN2 Alzheimer's disease and MAPT frontotemporal dementia

Chaag b Y Surey Ohen', Somn Jvadey”,. Thooom Rrd

w Wgpagmm 28 Pags el g | w

HOW does this relate
to GWAS studies?
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Does this suggest that ——
the LCC mutation & |
is not protective? =

How should we move forward?



Alternative View: citer of Christchurch paper!

Hypothesis: Tau pathology Is an initiating factor in spoaradic
Alzheimer's disease € which is SAD
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HOCs: if 3 things must co-occur, then NONE of them “drives” the pathology.




So WHY is ApoE3 protective? citer of Lady CC paper.

REVIEW Open Access

Molecular and cellular mechanisms ®

underlying the pathogenesis of Alzheimer's
disease in Molecular Neurodegeneration, 2020

R

650 references

Abstract




So WHY is ApoE3ch protective? We don’t know!
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ApoE — neurovascular dysfunctn,
leaky vessels, toxic influx.

ApoE3ch — decreased binding of
heparin (??)

also: ApoE effects on Tau, but
unclear association w/ AlzD

Other Possible Contributors:
BIN1 and microglia

SORL1 and APP processing
fuzzy stories all!

Unsure if other 650 articles
will help; Can You?




VIEW... Amyloid needs to Trigger Tau
ELEVATED amyloid triggers Tau across neocortex

[in EOAD] ...to a kill

in SPORADIC AlzD, Tau is triggered in ERC
[unless Braak is backing off...]

It’'s OK to say “l don’t know”
and far worse to BS an answer...
We don’t know everything.

Honesty is better than Posturing It’s OK to think out loud
[Major Shaver vs. Major Fred] It’s GOOD to brainstorm together

...at SFN or RISE poster session
...when giving a talk
...during an oral examination

one style
“l don’t really know the answer to

that but | think maybe xxx or yyy...”




dod 10 10%) Drainaw! 7 DQ: does EOAD look like Cognitive Aging? |[EEEEEEEENELIRES

The topography of grey matter involvement * *
in early and late onset Alzheimer’s disease

Giovanni B. Frisonl."* Michela Pievani,' Cristina Testa, Francesca Sabattol,’ Lorena Brescant,
Matteo Bonetti,” Aberto Betramello,* Kiralee M. Hayashi® Arthur W. Toga® and Paul M. Thompson®

Beyond GM topography, they note cognitive diffs. btw sporadic and EOAD.
While late-onset (LOAD/sporadic ) shows memory/MTL deficits, EOADs performed
worse on executive functioning, visuospatial and learning tasks.

Qlinkal observations hawe suggested that the neurcpsychological profile of early and late omset forms of
Al thoimers dincase (EOAD and LOAD) &ffer in that neocortical functions are more affected in the former
and learning w the latter, suggesting that they maght be dfferent diseases. The am of this study is o assess
the brain structural basis of these cbrervations, and test whether neocortical areas are more heavily affected
In BFOAD and medal temporal areas in LOAD. Fikeon patients with FOAD and 15 with LOAD (omset before and
after age 65; Mini Moertal Seate Examination 8, SD 40 and 0.7 SD 4.1) wore anscssed with a sseuropaycholo -
g battery and high resclution MR togothor with Bl age- and sex-matched contrals. Cortical atrophy was
avvenied with cortical pattern matching, and hippocampal atrophy with region-of-interest-based analyuis.
EOAD patiemts performed more poorly than LOAD on viswospatial, frontal.executive and learning tescs
EOAD patients had the largest atrophy i the occipital [15% grey matter (GM) loss In the left and M in the
right hemisphere] and parietal lobes (2% oss on both sides), while LOAD patients were remarkably atrophic in
the Mppocampun (M and 215 lom). Higpocampal GM loss of EOAD (9 and 18X to the left and right) and occipital
(12 and M%) and parietal (10 and 12%) loss of LOAD patients were bess marked. In EOAD GM loss of 15% or more
was mapped to larpe svocortical arcas and affected all lobes, with relative sparing of primary semsory motor,
and visual cortex, and anterior cingulate and orbital cortex. In LOAD GM lbss was diffusely milder (bedow I5%)
losset of 15-20% werv confined to temporoparietal and retrosplonital cortex, and reached 25% in reatricted areas
of the medial temporal lobe and right superior temporal gyrus. These findings indicate that EOAD and LOAD
differ in their typcal topographic patterns of brain atroghy, sugpettiog different predisposing or astiological
fattors.

**NOTE: this article has nothing to do with the Grey Matter Networks fantasy.




Cortical mapping Frlsonl, 2007 Of note in EOAD: 1 fancy name for MR
. - it howed that & t0al | | uses “voxel-based morphometry”
. whcast GM  reduction  wa e “traditional AlzD” areas are included:
' | v Iy S temporal lobe, PCC, parietal lobe
the 30 cnd goes to “equivalence” concerns
ol nclmary vieual anres et cdate KvTus an V1 is spared despite high CAA (s. Greenberg)
v bitomesidl cortex [pormut ! 0.0 ' intro: 1°t Alz case aged 52. EOADs have
PP DU AT P BN M DR more language deficits.

i\s . Tl 21!

mihicane GM o

* MTL other temporal gyri, T-P junction
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“difference map” vs. controls: red = p < 0.01 “percent of patients affected” —red > 25%
F\E ) " Yy pigr \ons o f'_b‘«rl | LOAD gationts com og Wit CONLIois l'f" mruly map. 1 dour | Neong
servhcance of GM lons Between patients A MNEFOES Ir e i red COrroipe o P 101 FOAD Mad stpmvbcant atroody of mont of 1
OCOr e only sart f e f n y SETROT Y. MO, Ang w5 ) Cor e s Nt CNguane e orbvtal cortex. Au ‘f, \1:1;\['
paticrty was confined to the medaal tompora and retronplonsyl arcay, superor and meddh D ind tempor tal punc i

2007: no mention of “cortical thinning”. Thlnnlng trendy MRI metrlc hlgherT better software?



APP, PSENT, and PSENZ mutations in early-
onset Alzheimer disease: A genetic screening

study of familial and|sporadic cases| |2017

Molene Mane Lanoselte” ?. Gatd Noolas’ David Wation', Anre Roveet Lecrun’

MORE ON EOAD:

sporadic EOAD? ...yes!

more details on next slide

& ovenaccess iPLoS Med

Chabem prorveee “ A "op L R |
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This is “NICHE sporadic”: for course purposes,
we use sporadic ONLY to mean Late-Onset AlzD

(often called LOAD, meh). ONLY EXCEPTIONS: THIS
SLIDE AND THE NEXT TWO! will explain.

Exam Questions
lurketh...




Methods and flinckngs sporadic EOAD? -- yes 2017

W raport Nare & "ol Dae CROA2-J0 15 O TS DANESC SCraeniryg of Tha mae AD-EQaAaD
SANSE AN AonCes OB e ROAaR fror 1960 Orvaaerae,. Do eng e BOTE S e
of trmBe S WED OrEPOC MURSHONS 10 7 - 1 70 Farmthes seco Nciucoed whe St e WD

frs? - Oodt Ot reE ves 2 UM ed 1500 e Oy Oradt AlMorrer Saoase (EOAD ) we™ s e of
omaet (ANOCY - E5 y i DO 08l Oond. FuaymMorTmiore,. W a0 50t 0oned 129 SpO0m O Oases
e Alsvwmrrest Soasmss st an ADO Deicows 0w 51 (S3% maism, s A00 = 45 = 2 9. APS
FRSEN T, o FPESERE moafSatcoms wears Berm@itiess i 50 nowsd AD-TOAD awrelias. OF the 109 spo-
PO CRAOs SCraermad. 1T Carvad & FSENT maiiamsom ard 1 Gawsd an AP Swupec s o,
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e 53 mutaton Gar e s with avafalle cerelvosganal Ned (CS5F) Dhomarhers. &5 (8 7% had
all trree CS5F Déomarsers—a0nal 18 u Doofes (T au). phosoMmo-tau peotesn OF-Taw L and amySosd
AL,

> 1 ADSOETYI tarvyem. NO S wUBalses v el T TUees Bacrrean e ol

rarges. O BmEafion Of tHhes s aSy s The abmacrom Ol uncium sl wunesssTwert of thw Doy
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All FAMILIAL was at some point SPORADIC, yes? (Apply Central Dogma to Medicine)
. . . describe Central D in 3 words:
Genetic Screening Studies:

170 Families: w/ two or more early-onset, 15t degree relatives across two generations
129 Sporadic Cases: w/ onset by age 51
found: 53 novel families w/ APP or PSEN mutations

of sporadic cases 17 carried a PSEN1 mutation; 1 had an APP mutation
many mutations (13) were novel and all mutation-carriers had abnormal CSF tau

Such events are rare: much less common than late-onset, sporadic AlzD!
DQ: how do we KNOW such events are rare? 95/5 [see notes]

For our/SNCD purposes: sporadic means Late Onset. Such cases lack amyloid mutations.
For every EOAD family: patient O (rarely known) was the “sporadic beginning”



MORE sporadic aka de pieerbia s R Lot
P

www.nature com'mp

novo instances of EOAD
2015

IMMEDIATE COMMUNICATION
De novo deleterious genetic variations target a biological
network centered on AP peptide in early-onset Alzheimer
disease

A Rovelet-Lecrux" ", C Chasbonnier™ "', D Wallen "', G Nicolas" ', MNJ Seaman®, C Portser’, SY Beeusegeen’, PP Mathux™',

Most are assoc.
w/ AB pathology

We hypothesized that de novo variants (DNV) mught partcipate in the genetic determinism of sporadic early-onset Alzhesmer
disease (EOMD, onset before 65 years). We iovestigated 14 sporadic EOAD trios st by asay-comparative genamic hybridkzation.
WO PIBEORS CANRG A GF NOVO COPY PIMIDR! VANAton (LINV), Ve Ehen perioned whol-exoime Wquencing in 1he 12 1emaining
trios and identified 12 non-symonymous DNVS in six patients. The two de novo ONVS (an amylold precursor protein (APP) duplication]
0 a BACED inronk deletion) and 312 mmmmn DNVS (i PSENT, WS35 andd MARKY) ux)ded ()mes from a Biologcal

erv(hed h A0 md .mrmg ONJ compm wﬂh the mt ol the exome !he (.w.akyd m- MPdr novo dwlocaom lwhkh f
the fust reported one) was obwvious. In addition, we provided evidence of the functional impact of the following thiee non-
symonymaous DNYS tageting this network: the novel PSENT varnt resulted in exon 9 shipping in patient’s RNA, leading to 2
Pathogenic mssense at axons 8«10 junction; the VPSS missense varlant led to partiayl loss of ewromer function, which may mpact

neuronal APP wafiching and AR secretion; and the MARKS multiple nucleotide variant sesulted ingo increased Tau phosphorylaton,
which may trigger enhanced ABinduced tomaty. Despite the difficulty to recruit Alzhetmer disease (AD) tnos owing to age
structures of the pedigrees and the genetic heterogeneity of the disease. ths strasegy Mlowed s 10 highlight the role of de novo
pathogenic events, the putative involvement of new genes In AD genetics and the key rode of AR netwark alteration in AD.

Lots of fancy genetic talk but bottom line is these mutations generally involve known
EOAD/amyloid genes i.e. APP (a gene duplication in one instance) and BACE (beta-
secretase). Exome defined in later slide and genomic hybridization uses microarray
technology, also shown later. But some EOAD mutations here ARE NOT AMYLOID!
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MORE on our old friends ApoE & Tau

19.2 Microglia and Neuroinflammation

and Small Vessel Disease (SVD) and

19.5 Genetic Risk Factors & GWAS

19.6 Other Risks: ApoE4, TREM-2, more
including Preclinical AlzD




Direct Transcriptional Effects of Apolipoprotein E 2016
J. Neurosci.

Veena Theendakara,” Clare A, Peters-Libew Patricis Spllman, '~ Karen S, Poksay,' Dade £ Brodesen,' =
andd Rammohan ¥, Ree'*

N Gene Regulation is just ONE tidbit

| from a broad array of ApoE research!
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ApoE4 is the NUMBER ONE predictor of sporadic AlzD cases

- did not see direct effect of ApoE on proteins “supplemental”
- used Chipping to identify gene-regulatory sites slides below

- THM: abnormal transport & gene repression by ApoE4 |

ApoE4 decreases SirT1 expression and causes translocation to cytosol. SirT1 is
neuroprotective and activates the ADAM10 alpha-secretase gene (a protective

peptide?); it might activate neurotrophic genes and axonal growth (via Ras GTPase)




Table 1 lists Tau Targets and possible drugs of interest
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REPRISED: Frost, Gotz and Feany, 2015

-------

[ Don’t Memorize Table 1 ]

Note the broad range of targets / clinical trials and many underlying studies.
Some targets we have heard of like SOD, NMDA, CDK, p53, fyn, HSPs

b = suppressor of tau toxicity. ¢ = dead clinical trial. d= live clinical trial in 2015.
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19.5 Molecular Pathology 2
Genetic Risks and Big Data

GWAS = Genome Wide Association Studies

how many genes?
how many mechanisms?




CONNECTING Risk Genes to Expression Profiles Verheijen and
- gene chips, RNA seq, single-cell seq. Sleegers

- highlight “allele specific events” and more

standing Alzheimer Disease at the
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Alleles are variations of the same gene: we each carry 2 copies of each gene many of
which have small differences from others in our family or population. ApoE2/E3/E4 are
different alleles and the Christchurch mutation is a rare variant of the E3 allele.
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Only 1 gene
refers to
NEURONS!

But all of
these are
potentially

important!

some are
mentioned
below.
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Bossarch Lophs: Could AlzD-neurodegencration be 1000 &iferent dneasver”
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GWAS = Genome Wide Association Studies

how many genes?
how many mechanisms?

If each risk-gene combo different, then:
a treatment that works for one might not work for others...

and so: “personalized medicine” + METABOLIC HISTORY

my time is
fading, but you:



Risks: of polymorphisms analyzed. used GWAS with
whole genome and whole exome sequencing. 20 risk-loci have been
identified as contributing to increased risk of AlzD.

Alzheimer’s Disease Genetics: Neuron, 2014
From the Bench to the Clinic

more in Chapter 19 - SNCD

Celeste M. Karch,' Carlos Cruchaga,” and Akson M. Goate'
'Dopirtment of PeyChutry and vﬁ.pt Conter for Neure

lmn.rr«)m B Goatedd Hatry wustl Polymorphism: “the presence of genetic variation within a
P ' ' : population, upon which natural selection can operate.” Oxford
Alzheimer's disease (AD) 5 a chinically heterogeneous newodegenarative disease with a strong genetic

componen . Séveral Qenes have been associated with AD nsk {or Nearly 20 Years H._',‘,'N',vt It was notl um

:
'
the recant technologcal agvances that aliow for the analysis of milions of potymorphisms in thousands of

subjects that we have been able to advance our understanding of the genetic complexity of AD sUSCeplitaty
Genome-wide association studies and whole-exome and whole-genome sequencing have revealed more
than 20 locl associated with AD risk, These studwes have provided insights into the molecular pathways
that are altered in AD pathogeness, which have, in turn, provided nsight into novel therapeutic largets

Genetics/Transcriptomics PDF above noted issues relating genes to pathology:
Pleiotropy: the production by a single gene of two or more apparently unrelated
effects. Multigenic = traits affected by multiple genes.




Neuron, 2014, Karch

\
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GWAS = Gene Hunter

Brute sequencing of genomes is not,
by itself, sufficient to identify risk
genes for AlzD.

Genome-Wide Association Studies
enable identification of genes /
alleles that are found at higher
frequency in AlzD or MCI patients.

While ApoE has been known for
decades, many more factors likely
contribute to sporadic, late-onset
AlzD. ldentification of risk genes can
help us better understand pathology
and might benefit clinical trials AND
might bring personalized medicine
to AlzD.




Term of Endearment: Genetics Style

Genome: entire genetic inheritance
Transcriptome: which “proteins” each cell
expresses

Exome: (new) all of the proteins encoded BY
the genome (much smaller than genome)
GWAS: Genome Wide Association Studies
look for genetic sequences assoc. w/ disease
Alleles: different versions of a gene found
within a population; includes SNPs

SNPs: single-nucleotide polymorphisms i.e.
single base changes; might be harmful

QTL: quantitative trait loci = anatomical or
physiol. traits assoc. w/ stretch of DNA (locus)
eQTL: expression QTL relates specific loci to a
cell’s transcriptome, a physiological trait!
RNA Seq: technology allows an entire
transcriptome to be sequenced; can be done
at single-cell level, but tends to be noisy.
microRNAs: small non(protein)-coding RNAs
with diverse regulatory roles

Genetic Risk Factors for AlzD

ApoEe: Apo-lipoprotein-Eg is top genetic
risk [we drop the € because we eschew Greek symbols]
TREM-2: a receptor found on microglia
HLA-complex: associated with reactive
microglia; risk site not precisely id’d
SORL: assoc. w/ APP protein processing-
15t |ate-onset risk associated w/ amyloid
PTK2B: SNP id’d; gene is assoc. w/ LTP,
neurotransmission and calcium fluxes.
BIN1: its gene product is associated with
tau, RIN3 and SLC24A4

SLC24AA4: locus is assoc. w/ hypertension
and sodium/potassium/calcium exchange

Note that genetic RISKS do not necessarily
cause a disease but increase likelihood of a
person getting it— vs. The EOAD mutations
which directly produce AlzD. Genetic
changes/risks above increase likelihood, but
other rare alleles at a locus might be protective.




This is copied from SNCD, part of important section on Genetic Risks p.198 SNCD

GWAS. While familial / early-onset Alzheimer disease genes have been known for many years, until recently we knew
little about what causes the vastly more numerous cases of late-onset aka “sporadic” cases of Alzheimer’s dementia. This
situation changed profoundly between roughly 2005 to 2013 with the use of Genome Wide Association Studies (GWAS).
The GWAS methodology allows us to scan genomes to identify sequences that (in this instance) increase a person’s risk of
getting AlzD. The first step is to collect many genomes—from controls and AlzD individuals—and determine which DNA
sequences occur more frequently in (and thus associate with) the AlzD cases. GWAS identifies short stretches of DNA
that contain the variations between individuals, but one wrinkle is that the sequences often contain multiple genes and
mutations, along with non-coding stretches of genome so precise identification of risks and mechanisms is not trivial: this
is where the hard work begins.

required reading!
GWAS in AlzD is enabled by gene-sequencing technologies where individuals with and without AlzD have genomic
features compared. This allows us to detect sequences present at higher frequencies in the AlzD population (NHGRI,
2019). The compilation of blood tests from large numbers of individuals proved essential to discovering small, risky
sequences within the vast stretches of our genome (Karch et al., 2014). These disease-associated mutations often turn
out to be single-nucleotide polymorphisms (SNPs). SNPs refer to instances where a single DNA nucleotide (in a particular
gene) differs between two individuals—i.e. those two individuals have different versions of the gene (different alleles),
differing only at that one specific base-pair. Note that SNPs (and other mutations) can occur within coding regions, within
introns or at genomic locations outside of gene sequences, thus making interpretation difficult. Any genome will have
many SNPs and so the presence of those SNPs in an AlzD patient does not affirm a role in AlzD. But if thousands of
individuals are genotyped, one can identify SNPs that often sort with the AlzD group (vs. controls) while the sister allele
may be neutral or have some minor protective effect. Beyond SNPs, other mutations can lurk in these risky sequences
(short genomic stretches) identified by GWAS, including the insertions or deletions of base pairs. For this reason, the
“bad” DNA stretches associated with e.g. AlzD are typically referred to as /oci, and there might be more than one
deleterious change within a locus. Still, statistical methods can often identify a particular SNP within a sequence/locus
that is likely responsible agent for the associated genetic risk. We provide some exemplar GWAS and transcriptome
results to explore applications of this technology in AlzD research.

editorial note: not so sure about “changed profoundly” ... MAYBE?

GWAS requires massive data and computation, but we now have more than 100 candidate sequences of which 42
genomic “risky” loci have been examined in some depth yielding 25 AlzD risk factors/loci as confirmed by “replication”
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Early application of Naj, 2011

GWAS methods to AlzD .
Nature Genetics

Common vanants at MSTA4 MSIAGE, CLDZAF, G333 and
EPHA I are associated with late-onset Alzheimer's disease

M At D Conmon Cumaintinms AU prtarand
o prommr- w0V svac uSen 0Ny o e camt Nodawmnny daaw
wung 4 Burr slage Avign cremiuing of g eoney legy

Ly 1ol S g o s lages T aod 10 Bth pid
b and meh ey apgeear Bes aver wedd e cMlaww €
prowane wble pala wd veadh VL LEL SV IRV Gapnn
et [ omatp aabyws PP, ED v S et anabvoin PO,
0N L Ted L 2 AT -0 LN

R RINET, s 1, 2 el L P 0 A 1 PN

AN NSHE AN AN Y B ul . 1At e e i s Al

A s L. 2 S P s 1A I Y o raphe i S5 seprhimosiary Thes
provisen oV bew S *E. i) '. s AN " At M e

SLET AR ALNACEE IS S N S SRR A TR g SO e wale wEh alan

PN BN s .,'lf“-‘nl-ll‘ .’i- 'Rl AT . . IR L

P AN AR A TR T A e ™ it ows CEE ) wan

VO 2 e Lde et AL Ssvinst s Saeaw aa rptibality' Sehed Ml Vel lridedl Mae

Worst Abstract Ever? W T ST Eehed arpRTing o

L T ) R A L et A L ek g%t - It e paThrTY e bl ams

At s dinsin) bw @ | apw
ATy N ) »' ) | AN ) w o e <0 Ov y ' ® . " O > ot

BT O ee ! N . . ‘ rn rYNy Fal ot by . it A A BT

i
|
i
a
s
:
:

ook Badan VL NA BB wd vl g L R0 ! ' A Pils (P b ave 2o voil mea vs wald

" ) "l\.\-""‘lv . 1) ver - 0 | T daodd b b o Y TN ™, L L0 1YY v e

aviania) e ol v v e pphomantery 1 '

‘..1‘“0.7'0" Sane of b Fognivoan bororl vl res

sl had T AR ~ . e L AR L

il LI 4 ) - Tabl Bi: *

Sappteomant ey

' M e Oading b




Anyone speak Molecular? Informed help welcome! Genome-Wide

J . Significance
For now: Nevermind this FIGURE! is important!
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To say one understands Statistics is to say one understands Biology emailed Kremen

N Py,

S o M. AN S 90BN aMCI = amnestic

ARTICW . . naMCI = non-amnestic
Twins Study- Vietnam na is assoc. w/ diabetes

2018

Use of an Alzheimer's disease polygenic risk score to identity mild
cognitive impairment in adults in their 50s

Mark W Logue" "« Matthew 5 Partzoon™’ « Jevermvy A Uon 07« Nathan A Glepe® -« Samn N Hton*?
Darved L Geotamrer ™' 0% A Anderamsen 0" Andeny W Dale™ " ™ - Coat 1 Trame™ - Mahaetl 1 Lyems™’

Polygenic Risk Score (AD-PRS) was derived by genotyping European-descent twins based
upon SNPs and an AlzD haplotype database. Risks independent of ApoE were estimated.
The PRS identified adults in their 50’s at greater risk for aMCI; presence of diabetes boosted
risk of naMCI. Not sure if PRS is an improvement over usual cognitive tests; query pending.
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should I Chapter 19 - SNCD I

zoom in

19.1 Astrobiology and Calcium

w/.. Neil deGrasse Tyson
up next: 19.2 Microglia and Neuroinflammation

Focus in this Section is on Astrocyte Biology & AlzD

- begins with a calcium story concerning calcineurin (CN):
a_calcium-activated phosphatase

- but CN is just one of myriad calcium stories being touted

by researchers in myriad journals
- Our Main Goal is to relate a broader overview of

astrocyte roles in diseases
- Astrocytes are the glia most intimately associated with
neuronal physiology and neural circuit function

from CALCIUM . .. to ASTROCYTES...
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Chapter 19 - SNCD
Calcineurin Triggers Reactive/Inflammatory Processes

in Astrocytes and Is Upregulated in Aging and

Alzheimer’s Models

Journal of Neuroscience, May 4, 2005

Chostopier M. Nocrin,' Bags Radindy ' b ML Bhadoch,' Aoy Lhe (hen' Y ovstgue Thibaadt, Soda M. Porter
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Authors induce astrogliosis (hypertrophy) by delivering calcineurin (a calcium-activated
phosphatase) to cultured astrocytes, using a viral vector. Authors also report induction

of many genes associated with AlzD. Using antibodies on mouse brain, they observe

increased CN-immunoreactivity in both aged and AlzD-model mice.




This Slide/Story is just an
exemplar of methods and | [H N G T
images being used today n Astrocytes and Is Upregulatedin Agingand
Alzheimer's Models m
Calcineurin-immunoreactive
astrocytes surround amyloid
plaques in APP/PS1 Tg mice.

A: activated astrocytes (GFAP+) in
hippocampus are clustered around
amyloid deposit (arrow); stained in
B with Congo Red (arrows).

C: cortical section stained for
amyloid plaques (arrows) show
calcineurin in adjacent astrocytes.
D: calcineurin upregulation in
astrocytes (orange—yellow) double-
| labeled with GFAP (red); amyloid
appears purple (arrow).

calcaneurin

calcineurin

calcaneurn/GFAFP



Neurotology of Disease | Journal of Neuroscience, 2009, Abdul et al.

Cognitive Decline in Alzheimer’s Disease Is Associated with
Selective Changes in Calcineurin/NFAT Signaling

ABSTRACT: Calcineurin (CN) signaling appears involved in AlzD
pathology. For example, CN activates NFAT which translocates to the
nucleus and is associated with severity of dementia. Also, CN/NFAT
changes correlated to A-beta levels, while ABOs reduced astrocytic
clearance of glutamate which could lead to T calcium / excitotoxicity.

Upon activation by cacineurin, the noclesr tacter of activated T.cells INFAT) translocapes 10 the macleus and gusdes the traascrption of

aumerom mokecules (nveived in inflammaton and Ca™ éyseegulation, both of which are promisent feavures of Alzhesmer's disense

Calcineurin Update (AD), However, NEAT sigaaling In AD remains relatively unavestigated. Using lsolated cysosotic and nuclear fracions prepared from
w/ NFAT = nuclear factor EAP - AuNpsY postroriem human brain tssae, we show that NFATS | and J shifted 1o nuckear compartmests in the hippecampus af
of activated T-cells different stages of neuropathology and cogrtive decling, wherews NFAT) remamed snchanged. NEATT exhidted greater association

with (salated nuchear fractions in subjects with muild cognitive mpatrment (MCI), whereas NEAT) showed a strong suchear bias 1
yubsects winlh severe dementia and AD, Similar to NFATL, calanenrin: A alse exhibeted & naciear das in the early stages of cogmitive

dechne. Dut, unlike NFAT! and simular to SFATA, the noclear duas for cakoneunn became mone PrODAUNCES a4 CORmAONn wonened

another tenuous link: Changes @ caboimeurind NFAT Y were directly correbated % soluble amvlold [§ (A8, ,..) levels m postmartem hippocamgus, and oo
AlzD - neuroinﬂamm merss AJ, in partiular, robmtly stimalated NFAT actreation in primary rat astrecyte coltwres. (ignmeric AlS abo cagsed 2 sipnibicant

reduction i excitatory amino ad trasapeeter 2 (EAATR) protein levels 2 astrecyte cultures, which was blocked by NFAT shiteton

Morcover, inhebition of astrecytic NFAT activity m mived cultures amehorated AJ) dependent clevations @ plutamate and newrons

death, The rovats sugpest that NFAT wgnating in schectively altered 1 AD and may play an mportant role i drving A medieted

This is not the final word on calcium/calcineurin, but ultimate relevance remains uncertain



Direct involvement of Calcium is suggested
by aberrant Ca++ oscillations and waves in
astrocytes in the vicinity of senile plaques.

ER calcium release is associated with ERC and
PFC pathology in mouse AlzD models. This fits
with THE IDEA of astrocyte dysfunction playing
a major role but note “terminal stages”.

Astroglial Calcium Signaling in Aging and
Alzheimer's Disease

Adrari Wesbh i ningy

3 STAGES:

1. neuroprotective

2. pathological features
3. astrodegeneration

Wait, What??? =

While overt degeneration of astros occurs very late, dysfunction might occur much earlier I




19.1 Part B: Astrobiology
Focus on Reactive Astrocytes

GOOD and BAD:

Reactive Astrocytes:

Production, Function,
and Therapeutic Potential
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“We still know very little” re: role of

astrocytes in neurodegeneration, but
- two kinds of “reactive astrocytes”

~ Good & Bad, ensue from injuries
- new markers are being developed
- new therapies are anticipated




As we seek to understand the connection between GLIA and neurodegeneration, the glia
most intimately associated with neuronal function is astrocytes and their most
prominent response is reactive gliosis. But in this deep astrogliosis review there is scant
mention of neurodegeneration and zero mention of AlzD. While there is more focus
here on acute damage (and scars), | am now questioning the relevance of astrogliosis to
dementias. Microglia gliosis is a very different matter and addressed separately.

Molecular dissection of reactive
astrogliosis and glial scar formation

Michael V. Sotfroniew

et o4 Mourobiebopy. Usivanity o8 Caltereds L TINS, 2009
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Scarring is important in spinal cord injury and possibly STROKE.
But STROKE and SCI are outside our scope this semester.

& inflammatory
Cells

Axons -)

Glial scar blocks axonal regeneration most
substantially in spinal cord injury.

Fguwe 2 St0ama: o rnosg of dferst grad 1 ang OF reactive MY oghoes thae vary Wb it aevarty (ol 'WWid 10 madetite Meve MTCZ O COMON M

Glial Scar
Barrier

TRONCE w Nevrsserve




BRB, 2018

R W e MMN T

reviews basic astrocyte functions: metabolic/structural support,
neurogenesis, brain wiring and synaptic activity/ plasticity

o ASTROCYTES PLAY
Human astrocyres in the diseased brain a role in: depression,
epilepsy, tumors, Down’s

Elena Dooat  Plera Vastke ' Nathalie Rouach

oA BS e L Sy N AR (A 3 YA VN s swn (v & SyndromeAND
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Alzheimer’s Disease...
This article notes allegedly...
differences between rat and | ... .. e iRt
human astrocytes AND also B DAL PP BRI MRS A
asserts role in many human
neurological conditions

general astrocyte biology summary




(d) Alzheimer's Disease
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astrocyte
interactions:
diverse
N ERINUE

Osmolarity maybe affected by AQPs (aquaporins) and w/ | transport the K+ levels
might increase. Excess glutamate and ' GABA =2 over-excitation / excitotoxicity.

Astrocytes interact with
pre- and post-synaptic

neurons, with other
astrocytes and with blood
vessels.

This is not the final word on
Astrobiology and AlzD-- but
relevance remains uncertain!




w/ Holtzman

Novel allele-dependent role for APOE in controlling the

rate of synapse pruning by astrocytes

PNAS, 2016

Won-Suk Chung™ ', Philip B Vergheso™?, Chandrani Chakraborty®, Julla Joung™”’, Bradiey T. Hyman™, Jason D. Ulrich®,

David M. Holtzman®, and Ben A. Barres**

The strongest genetic risk factor influenong waceptibiity to late-
omat Alzthomer's dsease (AD) 5 apolpoproten | (APOF) gone
type. APOE has theee common isofomms in humans, £E2. €3, and £4
The presence of Two copies of the E4 allele increases risk by ~11.
fold whereas £2 allele is anodated with an ~twolod decremsed
sk for AD. These data put APOL central to AD pathophysiology,
bt 11 Is not yet cdear how APOE alieles modty AD rsk. Recently
we found that astrocytes, 4 major contral nervows syviem cell type
that peoduces APOL, are highly phagocytic and participate In nor-
mal synagse pruning and turnover. Here, we repiet a novel role
lor APOE in comtrolling the phagocytic capacity of atrocytes that
o highly dependent on APOL oform. APOL2 enhunces the rate of
pragocytosn of synapaes by astrocytes, whereas APOS decremes
L We a0 found that the amount of Clg prodein sccumuiation in
hppocampus, which may represent the sccumadation of senescent
ynapies with enhanced vainerabilty 10 complement medined
degenecation, i highly dependent on APOE alieles: C1g accumy-
Wtion was significantly reduced in APOE2 knack-n (K1) animals
and was sgnficanty incessed in APOES KI animals compared
with APOEZ Ki animals. These studes reveal 2 nove! alole dopen
dent role for APOE in reguiating the rate of synapse pruning by
atrocytes. They ahvo sugoest the bypothesis that AD susceptibility
of APOE4 may onginate in part from defectave phagocytic capacity
of astrocytes which accelerates the rate of accumulation of Clg
(oated senescant synapses, enhancng synaptic vulnerabibty to
LSO OMPIome AL LACHB0 Medated N O QItef IB0n

Contributed by Ben A. Barres, June 20, 2016

ApoE4 in Astrocytes!
Astrocytes phagocytose synapses
[synaptic pruning and turnover]

ApoE2 increases turnover and
decreases AlzD risk

ApoE4 reduces turnover and
increases complement protein
Clq and risk of AlzD

| like this theory b/c its something that:

a. should affect cognitive operations and
b. should gradually worsen with age

next up:
MICROGLIA!




Neurol
\euron Neuron Commentary: G&H, Gratuze & Holtzman, 2021

Targeting pre-synaptic tau accumulation:
a new strategy to counteract tau-mediated Chap. 12-13 slide:
synaptic loss and memory deficits REPRISED:

misc. for Don: PLB intro refs. rat WM deficits W/ m | C r0g| |a I ro | S
Shi-2019: microglia w/ ApoE = neurodegener. . 5 5
in synaptic pruning

€ Tau-mutant line w/
P301 human tau mutation

Hyperphosphorylation — crucial step in AlzD pathology; always present in tauopathies? [~ tau-FTLD]
mechanism of tau toxicity inside synapse was uncertain [perhaps altered transport, structure; complement-C1q]
author PLB: mutant-tau binding to synaptogryin-3 =» synaptic loss, behavioral deficits

or is it: RNA dyshomeostasis & “PQC” protein quality control =» phase separations, stress granules. Mandrioli-2020



G&H, 2021

Oh Where
are the

Astrocytes?

know this song?

takes it to a pathological level leading to loss of synapses and cognitive decline!

Possible Mechanisms of Tau Pathology: Mutant Tau aggregates impair axonal transport, which
impairs autophagy inside the synaptic terminal. This also worsens mitoch. functions, increasing
ROS. In addition, tau binds to SG3 vesicle protein, worsening the pathology in the presynaptic
terminal (perhaps releasing cytokines or other signal), causing microglia to respond by tagging
terminals with C1q (?) which recruits C3 (?) part of “complement” system leading to engulfment of
the terminals. There is regular, normal such engulfment (pruning of synapses) but this mechanism




Neuron: PLB Pablo Largo-Barrientos et al. 2021

Reoeport

Lowering Synaptogyrin-3 expression rescues
Tau-induced memory defects and synaptic loss

in the presence of microglial activation
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trem2 Chapter 19 - SNCD
microRNAs

microbiome

herpes & cognition?

treating astrocytes? ALL THE ALZ-D TOPICS THAT ARE FIT TO PRINT
19.1 Astrobiology and Calcium
19.2 Microglia and Neuroinflammation
19.3 Does AlzD = Type 3 Diabetes?
19.4 Molec. Path 1: microRNAs and Cell Physiology
19.5 Molec. Path 2: Genetic Risks and Big Data
19.6 Additional Risk Factors
19.7 Herpes Brain and Other Infections
19.8 Tau and Amyloid — PART
19.9 Prions and Prion-like Proteins
19.10 Treatments and Therapies

Raina microbiome link: gut
microbiome + AD:
https://www.ncbi.nim.nih.gov/p

mc/articles/PMC6326209/ the Storm continues...




Herpes
STUDENT QUERIES & OTHER UPDATES Brain

JID - 2017 ALDDA -l

Persistent Herpesvirus Infections and Telomere Attrition
Over 3 Years in the Whitehall I Cohort

Juanter B Dowd '* Jus A Bosch.' " Antvew Septon’ Boownt Jogsbaluringham ' Jur Lin ' Bubert Yolhon ' sod Ases £ Aniy’

Oupnrment of Sobe Mee ot Social ntiore Coga Cofege Lonter. od Tepertoer of Cpdemotogy end Patic Meemn, Unwerary Calege Londoe
Vet inngy wois Rnviatans o OUNY O adosme Linwid of Putde %0am A 000 Pibn ¢ bwe Vot Nme Yot Vupa Ve of Bin damadry ol Bsphyen o
Cottor~a 500 Poprcn s ' emey fope s 5 wal o Medc e Babwcry Marpund oot Duse et ¥ pde~nigy S0mp S“too o Gote Pt
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(See the oditornsd commentary by Goliths, on pages 511- 4,

1De Seterminants of tebodns

Dhotis LoDl

HSV virus associated with telomere shortening
relevant to aging, but NO mention of AlzD, neurodegener. or neurons

[we had screenshared some
of Herpes Brain last Friday]



MORE on ApoE Which is more likely:
ApoE does ALL of these things

APOE and Alzheimer's disease: advances in genetics,
hysiol d therapeutic approaches >
pathophysiology, and therape PP ApoE does NONE of these things?
Lancet, 2021
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Some nice history and
tie-ins here including

GWAS, ApoE4 discovery




STUDENT QUERIES & OTHER UPDATES E3 is most

common;
Chat Query: how many ApoE alleles found in
can YOU carry (in YOUR genome)? >50% popul
ARTiCLL 2020 - Nature Communications
Exceptionally low likelihood of Alzheimer’s how many
dementia in APOE2 homozygotes from a additional
copies can

5,000-person neuropathological study YOU have?

Does ANYBODY speak English? or
My Plaques and Tangles HURT!

Should the ABSTRACT
deliver what was
PROMISED in the TITLE?

How LOW is EXCEPTIONALLY?

Your Job: is NOT to write things that can be understood.
agree? Your job is



Chapter 19 - SNCD

MORE ALZ-D TOPICS ... FIT TO SHARE?

19.4 Molec. Path 1: microRNAs and Cell Physiology
and Neuroinflammation

19.6 Additional Risk Factors

19.7 Herpes Brain and Other Infections
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The adaptive immune system restrains Alzheimer's
disease pathogenesis by modulating microglial function

Samuel E. Marsh™®, Edsel M. Abud™™', Anita Lakatos“', Alborz Karimzadeh™®, Stephen T. Yeung™, Hayk Davtyan®,
Gianna M. Fote™®, Lydia Lau’, Jason G. Weinger™”, Thomas E. Lane™“**, Matthew A. Inlay™?, Wayne W. Poon’,

and Mathew Blurton-Jones*™<*

"Department of Neurcbiclogy and Behavior, University of California, Irvine, CA 52697, "Sue and Bill Gross Stem Cell Research Center, University of
Calfornia, irvine, CA 92697, ‘Institute for Memory impairments and Neurclogical Disorders, University of California, krvine, CA 92657, *Department of
Molecular Biclogy and Biochemastry, University of California, levine, CA 92697, and "Department of Molecular immunology, Institute for Molecular

Medicine, Hustington Beach, CA 92647

Edited by Bruce 5. McEwen, The Rockefeller University, New York, NY, and approved January 19, 2016 (received for review December 24, 2015)

The innate immune system is strongly implicated in the pathogen-
esis of Alzheimer's disease (AD). In contrast, the role of adaptive
immunity in AD remains largely unknown. However, numerous clin-
ical trials are testing vacanation strategies for AD, suggesting that T
and B cells play a pivotal role in this disease. To test the hypothesis
that adaptive immunity mfluences AD pathogeness, we generated
an mmune-deficent AD mouse model that lacks T, 8, and natural
killer (NK) cells. The resulting “Rag-SxfAD* mice exhibit a greater
than twofold mcrease m p-amyloid (Ag) pathology. Gene expression
analyss of the bram imphcates altered mnate and adaptive immune
pathways, mduding changes in cytokine/chemokine signaling and
decreased ig-mediated processes. Neuroinflammation & also greatly
exacerbated in Rag-SxfAD mice as indicated by a shift in microghal
capacity. In contrast, immune-ntact SxfAD mice exhibit elevated
levels of nonamyloid reactive IgGs in association with microglia,
and treatment of Rag-SxfAD mice or microghial cells with preim-

aneeme adl anllosaas A8 ddeasnmas Dol oo el SEEEREEEE—_—

otokme and chemokine sgmaling hkely plays an mmportant albent
understadied roke m AD. In support of this notion, two recent
studies demonstrated profound effects of peripherally derived neu-
trophils and T-regulatory cells (Tregs) on AD pathogenesss (17, 15).
Despite this exciting recent progress, many of the mechanisms and
actions of other penpheral immune cell populations in AD remain
unknown, and thus a great a deal of additional study is needed.
Here, we show that the aduptive mmune system plas an im-
portant role in kmiting anwyloid pathology in AD, by generating and
examining a novel immuncdeficient transgensc model of AD. The
resulting “Rag-SfAD" mice, \\hmh:kanmh;m mmune re-
sponse, exhibit dramatically increased A plaque load, despite al-
ready bemng a very aggressive mode of amyloadosis. Gene ontology
(GO) analyss revealed sgraficant alterations i cytokine chemokane
sgnaling and mecroghal associated pathways that were vaidated at
the protein level Furthermore, peripherally derved nonaamiosd
rexctne immunoglobulin G (IgG) appears to enter the brain and




A Tale of Two Genes: Microglial Apoe and Trem2

Amna A, Pimenova,' - Edoardo Marcora " and Alace M. Goale " Immunity 2017
\Ga0 e SorCol of Beamedca Scences ’
VDocartrment of Geewtcn and CGeromee Scence

D0 ment of N r OaC e

‘Norwid M. Loet Carter for Aizhermec's dosane

cahn Schodl of Medchw 2 NMoumt SSra, New York, NY, USA
"‘Covespordence ;

Dear Dr. Pimenova, Before | send this, what am | missing?

| read your nice commentary on Apoe and Trem?2 in Immunity, 2017. | have drafted a textbook on
the Neurobiology of Aging and am hoping to improve my coverage of these topics, if | might ask a
question. It seems that the transition of microglia to the neurodegenerative phenotype (MGnD) is
harmful because “blocking the transition from homeostatic to MGnD microglia” might be therapeutic
(iaw Krasemann); also “restoring the homeostatic signature...might be protective against AD”. But this
seems contrary to a later sentence noting that “promoting the transition to MGnD microglia would delay
development and decrease the risk of AD”. It seems | am misunderstanding something here—I would
welcome any help you might offer. The overview of Trem2 and ApoE is, in any case, very helpful.

| also just came across your 2017 review on “Untangling genetic risk for AD”. Your detailed

explanations of GWAS, functional genomics and the role of lipid metabolism in AD were quite valuable
to my teaching. This is all greatly appreciated! Best Regards, Don

to alison.goate@mssm.edu or anna.pimenova@mssm.edu
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mailto:anna.pimenova@mssm.edu
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Tale of Two Genes: 2017

Microglial Functions: trophic support of
neurons, respond to infections, clearance of
debris including dystrophic neurites.

Depends upon “state”— which depends upon
Transcriptional Profile.

“Reactive Microglia” assume the MGnD
phenotype (microglia — neurodegenerative)
-- this depends upon ApoE.

Ablation of TREM2 locks microglial in resting
or homeostatic state.
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Tale of Two Genes: 2017

Microglial and Aging: in normal aging and

dementia they acquire a phagocytotic
phenotype in an effort to “restore
homeostasis”.

MG examined in 3 mouse models: APP/PS1,

MS (EAE), ALS (sod1) using a custom gene
chip with microglia-specific, inflammatory
and other genes.

RESULTS: genes associated with routine

homeostasis (non-disease controls?) were
suppressed while other genes correlated
with disease suppression including Apok.

ApoE and TGFb appear to be upstream
controllers of the MGnD phenotype.




MANY risk genes are associated with microglia

-2 Review | some discussed earlier: 17 genes w/ 9 being microglia specific

2017 responses to complement, TREM & AB regulation are noted

Untangling Genetic Risk for Alzheimer’s Disease

Arna A Pimenova, Towfique Ry, and Alison M. Goste

ABSTRACT
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microglial are very often the locus of AlzD risk genes and pathological events
complement receptor 1 (CR1) is expressed on microglia and activated in AlzD
CD33 seen in GWAS, affects AB uptake & phagocytosis and also TREM2 signaling
Tyro protein on microglia is reqd. for TREM2 signaling and dysregulated in AlzD

I nice read — ping me for PDF I




Pimenova 2017:
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b For folks who want more about
EOAD, this is a great summary:

EARLY -OMSET AD: Gruesome Details
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Functional Genomics Section: Epigenetics

Genomes reveal SNPs which may be
found in promoters, introns, histone
marks. Many risk genes associated with
methylation state [epigenetics] including
immune transcription factors.
Epigenomic databases also noted above.

Pimenova-2017

Gene Networks and Gene Annotations
TYROBP is a binding protein target of
tyrosine kinases found on microglia and
perturbs TREM2 signaling in EOAD based
on WGS. GWAS reveals common (low-
impact) variants but WGS and WES can
identify rare variants. QQ: what does
WES miss that WGS captures? <€ look left
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ApoE originally i.d. from Linkage Studies Sortilin, Bridging Integrator and Endocytosis
Two coding SNPS identify six ApoE SORL1, protective neuronal vacuole receptor,
genotypes! ApoE regulates cholesterol defects assoc w/ AlzD, plaques in case ctrl/ablation
[Ferris Mice: McDonald’s is VERY BAD]. studies.

CLU and ApoE induced by injury in glia. BiN1-bridging integrator vesicle-remodeler
Clusterin has immune, apop., lipid assoc. w/ AlzD risk (fine mapping: i.d. 3 bp
transport roles; is assoc. with decr. risk. insertion 28 kB upstream), incr. Bin1 via

Can bind A-beta, but not eQTL found at locus. luciferase assay. but contrary evidence; Binl

found in oliogodendrocytes, white matter.
Pimenova-2017
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& TONien 0 mentions of tau in this article

Over-Expressed Pathogenic miRNAs
in Alzheimer’'s Disease (AD) and
Prion Disease (PrD) Drive Deficits in
TREM2-Mediated Ap42 Peptide
Clearance

prion = proteinaceous infectious agent ala Mad Cow Disease
toxic proteins catalyze native proteins => toxic conformation
can lead to “spread” of infection along nerve fibers/tracts

amyloid issues: (i) poor clearance and (ii) overproduction
=>» insoluble aggregates: immunogenic & inflammatory

failure to clear AB42 leads to:
oligomers, fibrils, senile plaques

via self-aggregation mechanism

microglia normally clean up ECS

TREM2 = triggering receptor
expressed in microglia protein
= amyloid sensing & clearance ptn

™ miRNA34 = | TREM2* = plaques
[microRNA = noncoding RNA]

WHAT causes > miRNA34? not stated.
But, upregulation of inducible, pro-
inflammatory miRNAs associated w/
AlzD, PrD, scrapie and AMD-retina.

Depending upon orientation, location,
miRNAs might be coordinately regulated w/
surrounding genes. Some balance btw

*note: 3-UTR of TREM2 binds to miRNA-34a

clearance & inflammation is needed.



Alzheimer’s & The Immune System

AB plaques and tangles stimulate chronic
inflammatory reaction to clear debris

e Inflammation is mediated by pro-inflammatory
cytokines and creates a chronic and self sustaining
inflammatory interaction between microglia and
astrocytes

® Inflammatory mediators may enhance APP production
and amyloidogenic processing of APP

e Might also inhibit the formation of soluble APP which
can have a neuroprotective effect




Microglia

Represent first line of defense against brain tissue injury
Amyloid peptides and APP are potent glial activators

Chronic activation of glia leads to death of adjacent neurons
» Releases highly toxic products

Astrocytes

Important for AB clearance and degradation
* Form a protective barrier between AB plaques and neurons

Over express b-secretase in chronic stress conditions

Complement System

Complex and tightly regulated attack system
Interact with cell surface receptors to promote local inflammatory response

Activation causes inflammation and cell damage but is essential for eliminating cell
debris and aggregates - large number of research suggesting its activation in AD
brain by AB peptides and is therefore present at very early stages

* Research also suggests the system has a neuroprotective role in inflammation

» Studies demonstrate inhibition of complement system increases AB plaque
formation



Chemokines

» regulators of microglial migration and recruitment of astrocytes

» several chemokines and chemokine receptors have been found to be
upregulated in AD brain

* recruit microglia and astrocytes to AB deposits

Cytokines**

regulation of t-cell differentiation to helper t cells and regulator t cells
* Regulatory cells = interferons (IFNs) and tumor necrosis factors (TNFs)

changes in levels of cytokines in AD brain, blood and CSF
» INFs, TNFs and other cytokines increased in AD

interaction between cytokines and AB plaques create vicious circle

» AB plagues stimulate secretion of certain cytokines (IL-1), cytokines in turn
stimulate secretion of other proteins found in plaques

* IL-1 increases toxicity of AB plaques

» synergistic effects = interferons synergize with AB to cause release of TNF and
reactive nitrogen species toxic to neurons

a balance between the effects of pro inflammatory and anti inflammatory
cytokines is thought to determine the outcome of the disease and some studies
have suggested that susceptibility to the disease is genetically determined by
the balance or expression of these cytokines

Cytokines also implicated in conversion of TBI cases to PTSD cases, iaw Capstone Speaker Maria.




Results

dentate gyrus of hippocampus exhibited four fold increase in total
plague volume

Plaque size also increased

AB load is not result of increased APP expression or AB production
* Likely mediated via altered AB clearance

Disrupted cross talk between adaptive and innate immunity
* Altered microglial transcripts between immune intact and immune deficient mice

Loss of B, T and NK cells subtly modulate phenotype of microglia within
the brain

* increased proinflammatory cytokines may play a role in microglial function
alteration

* Decrease in phagocytic efficiency



