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CHAPTERntlrroducti on

1 Atherogenesi s

1. 1. 1 ,rClasuks edsmadc t oursr ent treat ment s

Cardiovascul ar disease (CVD) remai Westaenl ea
worl d, representing apprdDe snpittee ymd] owud ashd a e € m
prevesnutcithonas increased detection, devel opment of
higqhsk behaviors, the impa¢cl, 2t CV® éatsi mapadde
al othree cost of treating CVDamas(ad)dlmanloiumdg ecdo BIOHt i
this alarming trend paramount ko maey foaadsuee, of h.
underlying cause of CVD i s aachceurnousldaiterioghe hodfs whi
fibrous material within the art eAsi atlheisnet ipnhaa, q ul ees
advance, they accumul ateal cdregpnoesafdismgo asnotuing suefw
ultimately | ead toawdii lBigsucehvemisgll a e brguwpetownruep.t ur
is the most faarthi coenmpposcane omf ti ssue factors

formation of a thrombusand eiand immagn gt 3oc dhpeeasr,t daetattahc

The initiatisoinsopramaaerbgcterloedebyi ttyhe depo
|l i poprotein (LDL) particles from thle dkelposd twiotnh
LDL | eads to several downstream events promotin
endot hel i al cells and r(é&qgrAbBiLt demptosoft i WmInood iammw
atherogenesi . pahypenulliapil e miisgy o nleDLlo fc h dlee sptra rnmalr )y
for di seask6.,.dbeeimopmecompel |l ing data supporting
murine studies, parti-deharty [Inpompgtpet wao&haegeph

become hyperchol ester ol(e8milcmp@rotna rhti Igyh, ftalte sda emi ¢
M



atherosclerotichypypagqukrse!| evhrtey pals mmiieftuwitihde r mor e,
there are sever al ot her i mportant risk factors
profilasl udi n(gl,h)yyspeorkibdmgssii®@rya@lidigd geneti c

predi s(plaks)iwhiidre the exact mechani sms of how thes
altering serum cholesterol are not completely u
common | inks is promotion of oxi daniathesntogsnsi a

st@i®, 16)

Current approaches to treat atherosclerosis

using statins along with | ifestyle HMG@mges. St a
reductase, which is a key enzyme in cholesterol
statins have been shown to be incredibly effica

cardi ovas¢¢ Ul sgHio8Mkivseanacsee t h e i me wdnattrae dheacs)ew g

t hmenefits hwavehpt at e sdu este absoet ha nhde asrttr cokvee rr e nmaei n i
| ast sevEetit.@)Thdiesc addaetsa, al ong with the increasincg
alternative mechani smg§2bgpadahdgebdl ebaterohahr gewen

atherosclerosis may be the key to further i mpro

=

. MeZ haniashmsr mgenesi s

At heroscl er ot i cd il vaghaesbcyfuonudnfatt i m wisr bhi ol ke
arteri al intima. These | ipid rich spheroids con
in the amdenrgo asrelver al ;pathodengozhBdtmpdmons
and gl wh aitrhiotni,at es( 2@ g u o)glemipeodridsant | y, there 1is
that there are preferential sites where atherom

branch points where (RB8mtomaraismeandast helsisal scél Ig.
H



transcriptional profile consisting of proinflam

ini tDatentpdlywgard 8.4Tthduisng f ol |l owi ng sensing of di s

of oxLDL, endothelial celddhéeasicomemalcaacwlad & ds lbmt
cell adheslii ¥CAlo lasmadulient r acel | a( aCAMABRABsBaoOon mol e
reshulldgd i mmecegonelzlest hese monteac utltees iamide it ataen seve

pl aque (@ )MmMgur)enl. 1a

Once initiated, atherosclerotic plaque progr
i mmune cel |l s, plr mprmarrti d ryt lmpo,n oncoyntcecsy.t es exi st i n t
noaol assical . Boich aslsassailcanonacy treen are recruite
classical monocyefefsi €d,& ewh ¢ reeslai scsmnsisio cnradareeonocyt es

proposed to patrol the art(e2r8yyRagadrnnadicetsacypgtl @ssC¢

tran

(7]

mi grate across thmaendpdrad ¢tldsaudgriem maiiDzdir @og t |
by scavenger recapdobemedieatwbddt ucpadalksEe h b owamyags Af
macr op(Fa gaig)el hlecséewes e i nitially given the name d

mor phol ogy from storing esterified cholesterol

Q
—
=y
(]
—

osclerot ( 29 pMak)yr wepehfaegressant onual Ipy agxnganded
devel capnde istub s et 9 rofdputcdeiersfel ammatsop iy o way tleokoipn eosf t h
chronic i,nfdxaammearth ébtnigrug)eldhlissladseop of i nfl ammati o

recrui adepti o€ ej mmuacke lassclmahlaB play diverse rol

devel opment, dependi(n3gl hounst,t hasr bacbmeda hlad@ esasan
i mmune system i s a keyatphearyoesialaenrsdshiesnpat megehen
humaaronary artery diseas(e3farnged tuedn gh gCRLGOTCANTO

st i@@dmpl oyi nignfthammaat ory drsilgowm |l tcthatciinrehi hiatvien



infl ammatory medi ator$hicandvatnpy thleosgtroomespr edi
serum inflammatory mar ke 84)prkev iCRePs | U ppd rcto mtels:

system and inflammation are kperyograemggiidrutors to

Whil e i mmune cells, particularly macrophages

cellularity in (Bbt,B36émihee asnd omarharcse | I s such as

are pivotmrlodgraoe stdiissdreoge cal ly, it was thought t ha
pl aqupsimadi ly played a r ol e,howeeneotrrea creelcleunlta rs tm
hesuggested that these cells are extremely hete

of the artcecirfyf achan cthepb pitcaque foomati bowmeostatic
contracti |l eprpdleinfoasygmei hMeot icah 83 A8 BButbysppd of t hese
SMCmi grate to the cap of ¢ dleltgo estianbg |I1( &%) ot nh ea npd
(Figur)e Howbver, SMCs are also capaateanfedddpse
including a matchaotp beaxyeD L bi ekoedars tf atadng 0 (R4 lgju r e
1.)1bFurtbehoeirfdiger enti ated SMCs within | esions
prionf | ammat oaynydppeoomoype pl( &9 adhu)sr, ogvhe $ £i &IMCs c a
beneficial to plaque stability tthreegldi 6eamati o

progression depending on their phenotypic state

As at her os cé eo,lovtehce yp | baegcuoeme Meosrsee sc oonfp ldeexad c e
with extraceataoalumuolfashremiensgt ewhoalt 6s known as a nec
begin to proliferate and |,ay athbtghnez cibedsgiaoghe n1 1t db f
Foamy macrophage cel |l d e antehc riost iocn ec oorfe tfhoer nmaeatj ioarn
accumul ation of exces(4.2hholmrmslt@etriodon dofi veysi m—rgpopéd |

i mpaired ability to clear dying(€ogpsed Emndlsina or

n



increasedbility and a r{dg€)ofmiicarlr mphadestaeé mom
atheroscl aearmraoshiesre csofal ¢t ycore expansion outpaces
pl aques rupture, causing thrombus for Racieohn and
works have highlighted that targeting macrophag
St udime sae@midn humanxs emsthewh yt hat i1 ncreasingdbmacr oph

and promoti 0g6¢cdlFbadsrwvovdécreased necrotic cor

stability. Fumadbeopmbage 1 @mwdc tritiongf Itaomwnaartdo ray , mow oeu n
healing phenotype has been shown to bEe4.&an effec
Thus, i demntigluiloda toracrr oopfhage s yanvd vaanft]iaenimbh ¢ oo gyt o
pol arcpatdoprovide a powerful tool for future t
1. Macropha dieg oist|l er osi s

1.2.1 Mahetepbageateleerntosdlnerosi s

I n the early 1960s, Sclwawoartk afnidn dMintgc htehlalt pu

AHomogeneous collections of cells resembling sm
coronary4mamklieg t he initial i ndication of I mmu
It wasnét until the |l ameubh®80gi whépnpoimsr beadwmanactw

investigators discovered that many of these cel
macr oflbdbeecsades | ater, the iidnpoptagece prfograres ipb
el oguentilny osh ewmp e tircoetwhci ¢(hoel/ aepk)t inc a l growth fac
persi stence camldo rpyr odtiif ud&ahtilloynme f altd loe st er ol emi ¢
for CSF1 had decreased plaque(6,&)dadfairri miyn @ ntdh ea

role for macrophagéevient dedwarod viwintgh ruendsircsrn andi



macrophage biology and their heterogeneity, it

cell samaydi ff eorendipsadagedessc bs.

Classically, macrophsages pwénei zhoundihta mtnat @ s iy
(Mbanitmf |l ammait obhgysddM29gn their exparedsfiomcobifowal
mar kkowever, this view has been challenged in r
macrophagde nottreplbecate the expression signat
settings, macr @ pghxapgeess sa rrea rfytoannfidctdabioea ph Easi aatdi anc
abl e switchatpeosl adreipzeantdiionng sotn t he | ocwiad wsmia@cm oenvi
macrophage function andapihernnotyp ewidhl pddMPlaedri agént.| e
Studies using single ceflmurRMA seqgudmumamg alt heRNA
have identified sever.alThheescéhewphhypgmracubploaoge aatt o
high |l evels of | i pabg#meanidldpadllnifd m ngreant eog yl imkaecr o p h a
express proinflammdbdnaynwadyevkissea Iielkeédgtenatt macr
exprlrgyvaendr ¢ B6, 5Ri, Bre.0ti gankatl was believed that
macrophages wenrfel anpeagpolriggha royn present within ath
based off data showing thatLDLh uvpirtergou,| antaec rporpohi angf
genésHowever, moirne edieddinagst iwsei ng advanced i sol at
bot h f oary aamyd nmacdnr oprh gfd @ggnude st hat f oamy cell s ar
expressors of proinflammatory cytokines, but ra
i nfl ammat o(r5yg yriys okdtnae,s al ong wit h t hes uagfgoersetnse nt i

that i nflammation in ather gsadlherodihsa nmdy abrg , d mia

Macrophages within tissue primarily derived

from yolk sac (YS) or fetal (I5i6y€Eirsgquie)r @psiedeamts o

c



macrophages refers to a popehaw omdepesnedenti oft
monocytes. While a majority of these cells are
they can al so be derTov eadtfer,om hkelrcco ch amoen deceyetne s .wo
macrophagei depti &t enturr saioteAdane h hiet i al resident ma
primarily reside on the outer portion of the ao
atherosclerotic aortae and derive f ¢(bm) both emb
I nterestingly, these cells have been found to e
matrix remodglvaemd, Mrsaudcdh naasy pl ay a role in tisst!
at her ofgoe8n d8sir)e over, another popul ation of tissue
aortic intima, rtee inbecdrtoaphr a’g)es if{riMsi obaee6r0 ,ToMene | f i e
macrophages have been obsermrwedk taa elacsc exlhiazea cttera
di sturpeaWhfillewi ni tially t(hébWu,gblt)et oebentdesttudces
found that these cel (68hderdeainvecadr omhawge@olciyk
t he abi |l i tLyD{{t60F )wrptt aekremmrxe, t hesd omraedlly pleadgque o |
devel opment as they are the initial sub(pé3pul at: i
(Fi gur)eOvleraa li,denti fication and characterizati or
underscore the diverse phenotypes and .sources o0
However, our Kknowl edge odortorwi ktihtees et au nd éqguecia ISpE0 ppuE

i«epth mechanriasttiiocn asltluyd ideess itgon macr ophage tar get
1.2.2 Maicplaghhadigasmlyer oscl erosi s

The development of foamy macrophages within
uptake of oxidized LODUDLIwiupti ank & hkey ama cerrd paH a gvead |

medi ated by scavenger rAltéhpFfEiogwsre shahalaseCpPpBEsa

T



cell surface. Scavenger receptors recognize pro
endocyhnbei an Tehnedsoescbememes t hen fuseowlhiPlbh Bs| ysosc
broken down i nFeefcleeil ££dfbeleisterraod .t o thER)endopl ¢
wh e rwei Uimtd eprrgooc essi ng f or Fitresnp@patter i €f eldubdy t he
ac-CbA cholesterdl (A€CBRATandnsteradein | igi6db)dropl
Further morefrtelee chrod eesd rwmfl st orage in the ER a
upregul ates the master | i piRdkchegn d)i6nnXtRr alnXR r i p
is activated, it drives expression of genes tha
transpor tAdorcadAllaag®eMhs ch results i n hihgeerngiatnysf er

|l i poprotein (HDL) in a proc(e6sB) gwan)é ed. T®verse ¢

Within atheroscl er od ipr gpdeasgsu eo fmaicsr mlpehsatgeersg |t
over whel med, and onvaecrr oepnhgaogregse db ewci otnhel y § fpu rdc triecru.l t
Whil e this process ilsagee machbephadedy snhdrirsdg oo
undergo exacerbated ER stress responses, which
formaé6@&pmgur)enilt ildl | yhaeameod esaxshbh® | mai nt ai ned t hr ol
ef frheucxh a phioswesv £ rt hese pr oc e s sdeyss faurnec toaocenrsolp e & ghe d
eitheswdtehoto a proinflammatory st®t©e 7Dhat, can
appr oarcdiesvwit gamgt macrophage function by promot.
through mechanisms such as driving cholesterol
stability by reducing necrotic core formation,

pr omoetger essi on.

1.2.3 Regul atiachi oafnt maa dreaplsacder osi s



Upon monocyte enttroy laensdnadsisfofpehraegretsi actainonadopt
activation states wiUnkhiem atnhémommalt er gt isc apleadq u en
activated through toll |l i ke receptors (TLRs), w
activate host ded ewmisaei €ltLyRso fr elmpgaddd ail n dleud ivredg
assoanodteecd | a(rPAMRSst)e rannsdd & maagsesdberiiaved mol ecul ar

( DAMP®a)xti vate adaptor proteins, ul tprnoaduectyi dnre.ad

There i s mounting evidence that TLR signaling i
atherosclerosis development. Numero@gdpdudi es h
TLR 7,2)as well as adarm@thadr (RBIFEpai ms mllgy D®8P hage act

within plaqgques and sl ow atherosclerosis progres

These findings have driven an increased inte

present within plaques that drhiavse breaecnr otphhea gneo satc

examined in the context of atherosclerosis give
ability (d.OniendfTURE pri maag wWepgps dhtaipwasted DL 0

macrophages is through triggering of inflammaso
macr omod empdlreets ent within innate i mmune cell s th
i nnate i mmune response through f[aencd el@ld oo iorfi @alo
activation ofibhel ves|l ammasndcdependent signaling

Signal 1 involvepatternmi ea@odh i¢imowmh eme@dampmtl y TLR
engagedifdlbebhdangtflaicgloaeinfhampar of acdB) vateidv 8t ce
and transclribpbhddprld@dfs) pgrnoa | 2 is then triggered b
such as cholesterol cryst aNILsR Pa3r i AnTfP caonmmipalsedxnsd e a d

in turn cl-leld®ed-lpgdBh agromg wi t h t lgea spdeerremi fno rDmi n g

sy



| eadi nfga ntdo 11LL118( 7sBdecareddmange i nf |l ammasome acti vat

garnered increased at tdewd itoon novuenrt itnfye seyveiadesn c ep rt
proat herogeni c. Macrophages within atherosclero
and genetic ddbetiohl aimmasbimer cbmponents i n i mm

mi ce showed car esasgeniifn cpaln@f.6ded rdaenvsel lactpimmegn tt hi s t o
Canakinuimabl &mmat ory ThStoumby s(i GANTad@I)sme wed t hat
wi t h bnre ultirdagl iaznt i body scagndifoeasgiot glairghluced

pati( 8219 s

While the data clearly supports a proatherog
activapioinnfalndmmak D ng upnrdoedrusciibiaodni,ng dr i vi ng t hi s
and which macrophage subsets at eiwnisthiealileywy eidnt ha
foamy cell s wer eft lpag omanjfd ra mprad du oye gcsyvt eork i tnheast wi t
oxLblkeat ment of macrophages in vitro |ed to inf
cytokine produdweovne hveimac ChHORBIBages were preloaded
gener atlei kfep acteyeetys rtec i &a¢ aih@® psugpgnest i ng that foam
may bneo g rhiemary i nfl ammasome activator. This find
fluorescence acti vatoédtde®inl ofdorftoiamy @PRAICH)onf oarm
transcriptionally, nonf oamy macrophages express

infl ammasome related geneé5bpmpared to foamy ma

Collectively,i mpestansst ngubast § arésamy macr opha
derived from inflammatornyfdaealmmastomet mhaawe nkownra
|l i pid handling profile or are these two compl et

tr,uewhat differenti adr sih @aimaryfsl aamnea tdorriyv i nmagc rf oopahmayg
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One piodsistiyb t et hacal pl aque micr oedtva dioesneinn Ishre
and matrherosclerosis have shown that inflammat ol
prone shoul der (re®)iwhres eafs ttheipg dpwaed macr opha

deep wit®h8,0)sluggsygietssma@nalgr bbavi ronment may dictate
1.2.4 Regul at imamn no @ maaact ehoeprhoasgcel er osi s

Once in |l esions, macrophages take up residen
mechani s mdHutmms npuedrisel ssfthhash owe | yhat macr ophages r
within ather ¢08¢]|Té# st iscurplra ggu endy ei dnovnecset ptg au lotrisma toe
whet her macrophage proliferation or continued m
gr ovRteltent studies exploring early maé'tfSfophage se
first population to adopt a foamy madmuopmage ph
|l esion dbvuel opmeprtd drowgheaoimptpihgqme(n6odc)yt e r e
Supporting a role for monocyt e irnecarewmisterde mtu,mbreu rs
bl ood monocytes correl at(83wWhhl ant heceeasedl!| eas
monocyte recruitment in driving atherogenesi s,
al so play anni mpontanhi ngl a s.tlanblneu rponoel aotfh emmaocsrc
has been maltaowmpthtatgeetsover rapidly in advanced pl a
macr opphraigneasr i | 'y dependsdronv @R dbagl dipartoel di fseernastiinogn o
LDL8&) gur)el nl1.llibne witbaamhi ma tbhraovpeh ®bggeesn shown to
pri mary ppoofdulfieettiddinna bee@d®®eerall, thesbastudies
earl|l yseglavgauweg bebydrcveaul ati ng monoicrny teed waerccreud t me
pl aqguwmes ophage dprnmo B(Rafteeu a B.iHbweEa elbb, t he exact cell

dri pyi mgue macrophage proliferation are stil!/l un
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t hr

Sever al preclinical studies have emphasi zed

ough deletion of key monocyte chemoreceptors

marrow, sl ows (p8.&a)Hwoewelvieodgcabsebhorts to target
have yielded | es(s8.6)lDar ¢l aamlalté omeswlut & be t ha
present with clinical symptoms of atheroscleros
proliferation may be the domheapébhecaogumenvi a
made that targeting macrophagel prodppgenrtatofont ima:
hypothesis, itshasi beeposétews thatability to in
at | east part of their (BUhFEUurntomern morde,pethareqdt ed
to atherosclerotic plaques has the ability to d
growth, independe(n88Hbtissetamgehbhgsmacobphage p
monocyte recruitment, may be a more viable appr
Whil e recruitment and proliferation are i mpo
expansion, &aledd kseuy vtioragerissi stence. Wi thin ather
undergo several modal ities of <cell deat h. For i
infl ammasome signaling can undeo gt ¢sigsuir)yef [larrbat
t hat i s been epxrtoenmmostiev ediys esaBseenwhp mweog eessf oamy macr
al so induce a controll edsfmomeoéomploexoitnci ctel i
atherosclero@ne pathlhgemeismary drivers of macro
is the uptake of LDL, whicli4BsThE yst oatcocxui ntu | wahtei no nt
excess LDL can overwhelm the ability of a cell
responses and dr i i gnarge olpnmfabgret aamptolpyt,o siifs t hese ¢
in check, dying macrophages and extn®degl |l ul ar |

M H



increasing the (92ki Fert pisagseseggeptsrehat macro
detri ment al process in disease progression, dat
of key macr ophageandadh &IRe stt ggeasrise d9r @irsiplomirsgee wi t h  ad)
found that cells undaendopliaguesa steidv PBPEPsBIFd esd n «
However, germline del etessa adliviaproedbdlaaeewaec Ridn e
macrophages uoabl edledatobnanwde@sed nyacrdophvagieg c el
increasedwliehioanal mp@az® ., TE)sn escereonsiinsgl v confl i cti
t he hypot meafifsedthadf trhaecr ophage apoptosi s depenc
progr,eswh erceeledardleyat h sl ows progressi oqgr pwseson

| eadd atqmet abi |l ity.

One potenti al sewptlcahn abteitoane df mgrthteeh @gretnii ¢ ef f ec
apoptesthe ability of macr ophagesEftfoercoaceyatro sdiysi ni
highly regul ated process where professional pha
surface receaptrprssesanfdfifregeeatyaosies has been prop
medi ating cell turnover andFidgseasBelpbtoigom saefi on
eff er acecytedtiibe sMeTiTiKddaandds t o i ncreaseewhdsmber s o
atherosclerotic pladqwes 98nd tdeaamenrleat eg i ve aargo gnia
efferocytosis via blockade of Adondét eat meodo si
i mpr oV eOmemptor t antl vy, all of the aforementioned s
atherosclerotic | esions. It has been proposed t
capacity of macrobpbebnppes ti § summdar tunrtbhdd advanced
over whiellOmMegldhus, the data support the hypothesis

intact, promotion macrophage cel |l death sl ows |
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cl eaddoemk.ver, in advanced di sease wheapopthesies pat

| eadsad oumidefatd yoinng c e@lrlograemrsdimlnaque

I n conmausienance of a wittahir aatke opdhalger poio
hi gheguprnoeddependent oandtiasgediodt atiesdce alsye mul t i p
monocyte recruitment, prolHdveevaeri,onk e ys ugue svtail o mas
unanswer ed. Most notably, are theiprl aqqwer | appi ng
macr opdlaigleistty t o s urevifwes,@qgpirtinog Ii €f eebrioagt 2w gentdd ng t hi

pat hway be advantagkes®ons early or advanced

1.T3r e m2

1. 3. 1d Tgrneash Zifdnmgc t i o n

RecenRNAssteuggre siensefveedl target genesfthat a
macrophage fat eNoitmbdtyherd omaaaiyemaciropmhagrispthiacea la
signathatej ncl udes etxrpirgegsesriionng orfe ctehpet ogre neex pr e s s e ¢
(TremZ)rem2, a member of the Tr esm nigdeinlsyeombr aalel
i mMmmune egpepeméni myel oi d cetlype litmmuomigdioms | a n
connected to a&atimhmoetr esytisagili §samucluirkeace receptor
wi de variety of |igands that can promote activa
ce(l62) i pddriadt)dceimiscr 6bDRI)guUIjBoWes2er, most studie
mi croglial Trenhddsaqalkeisl iithpAltthee dies @ @®ywWwbich i s
key tol etisn di s eBeyo mpdthiomgdckinregilsiigands, Trem20ds
cl edbwedproteases such as ADAM1UEBipgwud).d Mpaxt cel | u
generation of soluble Trem2 (sTrem2) is thought

when proteas¢elacitiwBijlyeitshdighact consequence o0
M n



compl et el ot pdiresse dh aowau tsahhavwom tolfatt he c¢cl eavage sit
augments Tr(elmR9 Bumgnaeéin mgr e, other works have shi
intrinsic signaling function either through seqg

recddtl®dr, 111)

Whil e i tt bceyenosp |tahsadifc Talem®i mot contain any i |
mot stspuctur al analysis of Trem2 found that a po
interaction witlh2fkdaptyostpdotesi mas$s med at deci phe
macrophageBNAXuondvahang p(rBoRleRy m paborfi NIA24 cktDav at i ng
prot iDPAPL@)h earpea i matrhya ta dcaaprtroires out (ild@8)inntracel
response to Tr emphospthiDWWduUDAPAYM ikmrmoavsiedse s a doc ki n
farhe tyroSiKhieglk) @ &Bhokt2i vati on modul ates a wide v
signaling paphwapbat n«limnthBegiadpnial 3 an target of
(mMmTQRgat eniamdWmtear f-bC{g ke mlagppmpaer of activated |
B 1URI)guh)Bemi Balontiundiveist rdomacby pHam@aximan
Tur n(bludd7)und that wupon Trem2 | igation, macrophag:
cytokuoés dlsufhEsting that Trem2 is an inhibitor
activation bmpmatmoaphsggebn vivo transcriptomic
Trem2 deficient microglia and maicrfolpshmmeatsorfyaider
includindggabdga)i ¥8L1 r eceptlolrr et idggjtkiren «atl ph a
(Ret)flld 4 ,MelcSh)ani Brne/mAP Rt i vati on dantvaego rSiyke s wlhl F
signaling and proinflammatory cytokine product:i
sigmadul ated ki na(sle0 71 ,(ERIgOL)). & cltlti. Yast itohnought that t

t hr oughs eD)APEL2t r at i o n 1dlf7 hEoRKe vienri ttihaet oerxsact medi at
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inhi bitory function are not completely understo
signahimigdhdsBact i atwinen ream of{1TIT8R1sOgoasiingg th

t here coulpdatbhewanyusl ttifprleemg@ghcewhr chs out it.s | mmune

Trem2 has also been shown to be an i mportant
during growth f a-€C66&junsdcelrr o at ¢ op h(élylolyyyihvaos) i ® ad
consistent with the dependeneCsSFofr elePplt2o rsiagnalvia
promote macrophrapeggesvimaglstonat otveed eappi ng down
pat hways between the hwaover ¢ aepgpebtayps U adimetseed fiinn dvii
mi croglia from Trem2 deficient mice hawedebgen f
exc@paeptosis i n All2eMeZxenaonsi snoidceallsl y, t hese effe
i mpaired i nduAKimdo®ORo p atlh2edgWh23xk)h i s a key signal
pr omoteilng mes abwi palml | f er at(iloXdF)agd.rd enu tt hf@elsaegyst ud
Trem2 deficient microglia fail ed ntea ailwodfuicten erxsTSOR
and excess indaodi oe(llbZMda etotvelha gy acti vati on of
downstreamnbighiytceongze n syb(GBHEBwhikemalsea®s to stab

b-cat eamidn promoti on of cel(ll2Bihguw)®ads A ndlatpa odupgmpa!

Trem2&urprioval signal seems to be driven by its
during times of cellular stress.

Furthermore, Trem2 has also bédenuphake DO pa
termbdgocRhaogosytosis requires four steps: part.

scavenger or Fc receptors),andteelriprii2wieialite notnh, e rpeh
are several st uldiee®® hrieqiplhiaghdtciprog ft hpaatmatpioPlt ®3 | £uc

c e Inlesu,r obtaamyil cobi yde g tAi chend (hla2c2t, elnifigg r e exactly Tr em2
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elicit this fumat i oonretibedndp i ndelcaul ¢ ured micro
t htate a brirleim@ye gagdl haatgeo ci yst odseipsetnhdep n € g mif attiheen scaveng
receptopt2&8pPB8Ggresita nign dri ving Qrmrrtthe |l etwioedrkslgan d ,
showmakbabphage Trem2 signalgemge laiRdeQ@dpatz i n r eo
sensing of bacteria Wwh2@powestraguipwroddei i tnfr dgp tva
i nternéliiguatéledhna2 gi ess , t he structural difference
and Trem2 and the | imited data showing Trem2 1in
reason that while Trem2 itself may not be bindi

from Premphagoccyatpoasciist y

1. ¥hz Troelme@i s@ase pathogenesi s

Trem2 expression is primarilanaéysiscsteéeddies
assessing TremPmenx paelsliss oaand ti ssues in steady s
expressed i n micr ogddtae oaadlda ephossl,e gnhaacnado gnhaaciyr @ospehnat gae
macrogha&8Westi al observations i nto tweer @ nspeoer ainmnc
NasHa kol a (NiHDgawdéeéch i s a | oss oOTr dgomn cittiso na dmaupttaotri
Tyr d DAPLR231NHD i s a di s efarsoen tcohtaernapcetrea i rzédeedm ebmyte in &
bone cysts, and wusually | ead4d 32 oEIvG &yetnhc ewistthrionn gal
suggests that the causative factor for the cent
primarily caused HWyi3UB c)raosg Ipiaatli ednytssf wn ctthi oorhi s di
show i nappropriate microgli al acti (dt3ibGgn and i m

Many of the insights into the function of Tr
di seaseAlneohdeeilnse ri s ad incauavalegener ati ve di sease ¢

and progressive dementia anamysé$b@Emhear ol gxicause
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pl aquest snpmadred cl earance by microglia.ihn the m
humainem2, tef*medvalsrenmenti fi edletve!| dMips mgamer 6be r
di seal3®Bhis finding |led to the increased interes:
particularly microglia, and the development of
deficient mRilcedh et mesddesdedtisdieala kg fc@eund t KDt Tr em2
ani mals develop worsempdi sedsmi cpofiphheaegiuleysedpents
(102,S1ledv8)r al pant g/ esd rairvee t ihil 5 e m2np daerfimeanlés,t
inclddsengpt edumivprvay i, faenida g r anh ploeasit on#®, | eading
pl aque seedindgl®dr2d 1PdHA@OydAOI)t hWere i s a gener a
among studies asseAslszihnegi nmierrtedms? t df iTianesains2eoche i inc i en't
acquiAb-eeapotnrsainvsec prpgramaknoassaci di séamsmiecr ogl i a
(DAMYL14, 1wh)ch are thdudrht ¢eoe dbei pgloyectheeDAM |
profile overlaps extenfsi@ehgr ws ¢t hefotintygi pliaaqoe
expression of | {(p48smgygabol ngmtphaneshere are po

driving the devel opment of these subsets.

There i s emerging evidence that Trem& signal
i mmune r d@upsdnms ebatoh patients and mice with |l ung
expression of Trem2 in |l ung mak4&do)phiagesl evantpad e
expressiantsaplpe aad srproeolra toeudt cwiriehsd$i)ng he maak | RNA
sequencing studies have found that in multiple

associated macdrhagehxapgeess s( TmaMsk)er s of iiAmMjune suppr
Mr calnRip a(rlgd 6 sLu4gge st i-vemoff ceodp@®Bneti c del etion of

mul tiple murine tumor models | ed to impaired tu

MYy



TAMs148, 1udmportantly, this lreeddhapregnoeigdAMt pbar
CD8+cell ldr ohh@att umor rejection. However, the exac
i mpaired i mmunosuppressive TAM devel opment r ema
DAMs Al ahei mer 63Freém@easeas prwivv ale wai gpmal to TAMs
persistence. However, given the proposietdo si mmune
possible that Tr emagdtrrarnddtalnymactooulyd TbhAeM pdri of nhcetrie nt
tumor r espgandéess, t hespeotsetnutdiiaels ihmnguhnl o sguhptp rtehses i
angdugdeémttomoltriermigniahi dgseasesckixamiec bian felldakibapa t i
at her osccoluerdo shies,advant ageous.

Beyond neuraddgendoa&m2ormas been proposed to
met alsyinideTohnree met abol i c syndrome is a cluster of
dysl i pamdenmiyperglycemia that increase (tlh5e0)r i sk f
I nitialt lsd urdagleem2dafnn t he devel opment of metabol i
obesmiodghat found thatfd@dem2hdghitaenteemglcéeHFD)
ga, ni ncreased sernamixalcelreésatterdoli nlfdvaerimeat i on i n t
compar ed (tlol 5¢ olrbtdryelss i gat ors wer e able to detern
primarily due to the nmbinsorciwygteipadm rafy eldecmed tda tmaca r
(LAMsi)t hin the wHiltlbnadi goeBrgltyssaesi milar subse
present within | i-avleashdlIrioan frma tctey (1i5ReSrn athil saera s e0 |
obesity studies, the devel opment of these LAMs
per si(sltbe3necred del eti owopns$diedmB3el Pr@YrEBRedDBS)
workwsggested that in the absence of Trem2, the |

excess LAM1I&G3)d diesartthpt ed regul atioflé#d)hepat oc)

M ¢



Furthermore, subsequent studies have highlighte
an impaired ability t@©1@m®Bhiecrho csyutgogsées tdseiaedh dhie ptaht eo
dependent, homeostatic function of these LAMs i
injury. Regardl esshestatdheisr suggesitonhaal t hef LAM
is conserved among di seases associatsed wiitthalt he
regul ator ofThitdedat dumedgs onhe question, does Tr

di selaiskees at heroscl erosis and are these LAMs prot
1.3Frem2 as a proposed regulator of foamy macrop

Prior to this work, there have been no studi
atherosclerosis. Clinical data assessing solubl
at her oscl telmsoTIsriesm2fpavwangdrievde ct or of cardilébvascul ar

suggesting that membrane bound Trem2 may be pro

the absence of in vivo data on the direct rol e
mu s t use studies in other di sease models to for
As stated previously, Trem2 is expressed hig

atheroscl dbobt)Adv phagdesequencing approaches hav.
transcriptional profile of Trem2 expressing foa
genes BakagwCiadsl 6 cell surf bageaehbhg@®d, T sprl autbd iehfpalct or s
and canonicalCtlsytsAx poEdDIE 2o b nWIHi6l)e t hi s signature
foamy macrophages from plaques, it is certainly
overl|l aprem@tdigene signature in other pathogeni
Al zhei mer(ds} 3dliAsMesa sien & ol 1 ToAMse itni sssouet 8, 1 did@npe sal

LAMs dur ( b/t rheegpsat i ¢ L ABMBHU S, NAtFLDeems t hat ma
H N



di f fteiregsanvesdmag si mi | atro sa dganmtl i trami dst \die lim dohs @st eyapsee

model s suggest that Trem2 is a key cAlezdei mem@s
di seasedi es assessi g ftihfdoeunmgyatchatofi Arem& absenc
mi croglumr daullatteo DAM s paobdichi@olgmhfds!| Isywcdi fafser en
i nthoi s (dkWsda8B8mi |l arly, in an obesity model, Tr e
adi posexpAMssi ng a Tr eQu2¥% gle@SiCld §(61sli5g nna tbuorteh (

scenarios, myeloid cells | acking Trem2 adopt ei
suggesting that Trem2 signaling isorredMbwed for
Trem2 is able to drive this conserved transcrip
could be related to the promiscuity of the rece
| i gandwrheitghhdty enriched in these dibpkagedsmiapoph
cells, lipid moleculld$9aamadr,dalurtbd g2 satlrsaonbdneads O NhAe
bot h LDL (alngd0 YAVPOEf act or s t hat are rich within at
enrichment of known Trem2 target genes within f
l igands within pl apgousessitbhitlhieenyd agtrga hseudpyphoerste wtl fy e

uncommittedwmabraophabpesosclerotic plagques under

into foamys macrophage

While one possibility is that Trem2 drives f
atherosclerotic plaques, another possibility is
they have already Foagqyi rmead rtolpihsa geeltse nwa ttyhpen. at her
encounter and are | oadetdh amtimulhtenyed §iewd i amd yntss oo
and afofrldiexx tToh epreer siissti.ncreasing evidence that T

meditating | ipid aotycerlaogdnared adse tsd waliiesmiinhn o t he

H M



downstream of Trem2 found tHetr @dbhedhmBtdeilioei AMP
by oxidative pRAdtzhro melrctsa [@nesnegaes,e | aRiOnNg t o ap
|l mportantly, these effects wer e-CdlSrFl yrs egeirma gdowryitn
| oading with cholesterol rich myelin, suggestin
when macrophages are eitMechboadedcwitl,catghbas
Trem2 del eted microglia anXdmemhicatogpd agles! dxatidr dlo
chronic phagocytic chall en(gle6 Wk urht mad mo pe e if tor m

shown that Twiemagdke fain@ibdretes beetfegrcandledlyester ol

dropl eglsagpoyti c challenge, |l eading (tb6Rkeanss EI
together, this data supports the idea that Trem
excess cholesterol and in its absence, cell s wun

within atherosclerotiocl at agaebi ngrly6iBhhes sh addleende
signaling may promote foamy macrophage persiste

with excess cholesterol |l oadi ng.

1. 4Fargeting Trem2

Given the widespread indications that Trem2
di seases, targetiing olfr egnZew thf edrrmtperudrddg.aolrliyt y of s
targeting Tr em2 DbAdwvzeh ebh ememmamEktedfssremestieioc h o n a |
anti bodi ekse vhalVofrldmtheen me wé ¢ hd itheeageal of sti mul at
to revitalize Timiecfoglsitalantt umotddy o gleeftsii Tggeeawh & or i n
4D9, was testedf iamyowidded gnowlee | tso successfully r.
seeding and promot e (mi6driongtleiraels tsiunrgvliyv,a lt hiins vainttri

stal kofegiem2 and mainly elicited its function

HH



rather than thfbagBubbsequenagsehudmes of the 4D9

oAl zhei merf ®@undi sehaase whi l e treatment reduced cor
cognitive fun¢4fLbBT®Hhe swea sp rodbmsiesrivregd fi ndings | ed to
monocl onal Trem2 agonistic antibodyabdi rAé etcltyr

promotes down(sl 6Reenc Isiengtceanlgngf this antibody sh
treat mémheome md sa edeilsi eaansget bpchd h @alna@gy mpr oved

cognii1e®@Miecnr)oglia from ALOO2 treated mice showe
phenotype and had greater( sugppugagéstaing prloat fteh

ability to reinvigorate myeloid cell function d

These studies have affirmed the tAharhap enetrids
di seaselhadet o a phase 2 trHawevestiwlgi A¢éOORBRei da
that Trem2 agoni s m Anhazyh ebi emebreinge ddiieseadl ved,ur s nlgs e q u «
have shown that this effebasmbhgebesbowhexhadepk
ALOOZAl zhei merc@yn diemeddadge wWolrésSe)ggesobuhgomeat sust
activation of Trem2 may i mpair microglial funct
acutely inhibiting Tr eAl2z heexipmeers@ssi ody sEeuadrsiengn e v a

ol igonucl eotadtisv d tA&S Omi) c It @aaprhy lao it bwthhmplgoicmg ros\ee s

pat hoL6@wWer all, these data provide i mportant i n:
agents to CVD and suggest that i mplementation m
While Trem2 agonism may be the more widespre

been proposed to be advantatbebukei ADptbhbeal di 6en
t her apeteot ibcosost the i nfl ammatory Trheussp,otnigseev eeool ep r ¢

offrem@ -amtli ammatory macrophage function, -inhibi:
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tumor i mmune responses coul dFbrectainoredlIf elclto wlea d é

using a monoich omadi metti bmady model s showed i mpr o
activation ofcelylotaoaxxddOKDE@B)Ther more, incorpor
depl eting ant iolvady aisruca emesdeailll loyf reduced i mmunos

devel opment and (kdlpoggesmorngefjleatibath inhibi

purging Trem2+ i mmunosuppressive macrophages <ca

In the soméerxgcioBroemains to be examined if
woul d be an effectiivte vaglrd abcda gpor@eandzioontg@eudiraltetrde?t
anitmfl ammat ory macr ophfagaemy une,lblo bdmu mnhidwdlr o mowe u |
pronwostpeect s of .plOag u éh esbtbaolicidklnintgya Td e m2 may resul t
foam cel] WwWbrohthas been shown t(@©1 &R0 w nploacdwea p
di semasel s, the answersuicsc amuddrfewgint datainonh | &kfel yr ehmatt

in athernsesdlepremgliesnnt on the stage of disease
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Figa.lAetheroscIerotic plque evelopment in earl.y
aPathogenesis of early atherosclerotic |esion d
key mediators of cell functions (teal). Monocyt

(red) and differentiate iomtyd emaerdopvkralgeBftopdlay
(green) take up oxidized LDL to form foamy macrtr
pl aque shoul ders are prone to differentiate int
infl ammasome signahfhgmmatdopylodipoekpnby pl Bques
recr uit mentanodf snuobnsoecgyuteenst accumul ati on of macr org

macr opdraigess pl aque expansi on.

bPathogenesis of advanced atherosclerotic |l esio
and key mediators of cell functions (teal). Foa

HC



to persist within the vessel rather than contin

progressively dysfunctional and undergo apoptos
death and inflammatory macrophageée cpymopast o Simood
cells also migrate into the intima and begin pr

f ormati on.
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foll owing TLR si 8§¥WHl phgspRrRaryhetmonedownstream

activation, aandngeeergmangati pni on changes not
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CHAPTERMRet hods and Materi al s

2 . Mi @aemd di et feeding

Mouse strains used for this study include; B6 (
(B6. 1-2@I™MIFP; Jax 0022CFB6. CXBRREEL (creJERT2IWIRY

020940)(dervemdped and provided by Dr."'Tol onna,
( B6 (-TCr3e'Mi2c (EVCOMMAYtsiyj J, devel oped and provided by

Jax 029845 3BB-RRG ROSAHY"2(88F° Mt PHzegax 0DPRYDR, LysN

B6. 14292 (/9! foua819. All mice are on the C57BL/ €
pat h-bgeea ani mal facilities maintained by the Un
Resources (RAR). When possible, littermaned wer
at ~23AC with a 12/ 12 hour I|light/dark cycle. Ca

avail able thFoughighxiftatvdiee. (HFD) or tamoxi fe
feedFmg (di et no. TD.88137; atd)uanddTABIHFDecdide
TD. 130903; adjusted calktotraseddéldsigdD¥WgEatweg gwam

Tekl ad

2.12n vivo Trem2 agonism

For in vivo Tr eni2tma deriDs/ ng veatuued)i eegse d t ot &ar wed ken t
HFDor 8AWwWéeks8 weeks, mice were randomozed and

Trem2 agonist at 40 mg(&kgbWweepk @F(ALO@Da.,adAl ¢dtomra

2 BBomar rahwmer as

Ldfmi ce (recipients) were | ethalalyy iirmraadiadtoed uwi

dose (550 rad each). Mi ce were rested for 4 hou

on



mar fawm ei t'meérc eTroe R2'F NAi°ce or a 50/.5Momiox dfo nte
marrow c®I| were5xhpected intravenously (i.v.) in

mi c e . Mi ce were all owed ftehlFD®@aomdtdi tubeafoB &ew

24At heroscl erotic plagqgue and necrotic core analy

For murine atheroscherbtaecaptiabheaerasalvgsesharve
4% PFA overnight. Hearts were embedded in OCT,
thickness. SectionsO wenmrde hmdmatnexdy Iwiin,h aOnd aRerdt i ¢
i magedLeaisdcdangSP8 inverted confocal mi croscope. F c
en face t,wawhrddwshéswater, then putheinnt hperopyl e

aortae were i nQxubSatgemda iOnl 5Ai6l) Reodr t hree hours, t

glycol for 5 minutes. | mages wereltmelgampiwseilng a
camer a. Lesion area wabsl iqgudendoirfsiesddyisnsssn g rloma ggeak
mouse. Necrotic core analysis was lmpwaaquaritiefdi by
of acellular area.

25Aorpgliagmadmmunof |l uorescence

For aortic, shearst swrafarggo migmieccet h yO€E mben dérdy i ce an
80€Chen sectioned on a cryostat at 10 Om thickne
tempethenrked in 4% pabmifroutnead ,dethhyedre Wwaosrhed wi t h
were blocked with 5% donkey s elrOuOm faonrd 3pOe rnmenaudti € s
Sampl es were washedSltiwdbed i werse wi hrno ulsxe &aBnbteidb avd it d
CD6BAL(11: 500 % P,61Ki16070-H(MAlaK 44 h 400r0 0i)WDG& 0 810:C2.5 0)

Samples were washed three times with500 PBS, th



di l ugandonDAPl agd/ a00BDDIfRPY (310: 2nbiOnOu)t es. Sampl es w

t hen mounted

with f1l uor omoFuonrt t(uShonuethheesrfha cBhi eont genc ) S

Cel | Death Detection Kit (Millipore Sigma) was

prior to pri
using a Leic
field Iight
and stained
picric acid
0.5% acetic
|l mages wer e
cel |l number

sections wer

For i maging
donated for

t hromboendar

staining, se
for 5 minute
again in buf

1.5% Nor mal
at 4AC. Then
Af ter washin

peroxi dase s

mary antibody stai®dampgl eédutwerfd eirmdg e
a SP8 inverted confocal mi croscope
foupcerasdrcamerad staining section
with Sirius re®dG)0i bhshitueat eledqd @
(RL6raf €Ghemneahoub880 r ononditpepnepde riant
acid, dehydrated in 95% ethanol, th
captured using polarFaeedgluaghif ooat
or area omaagetsl weeaec WwIimgliymzpaht &

e used.

ofampimasn we raq uicthledr ad reanifalomci rcl e of
research as parbrcoill eb¢ecdMbtuimad atgo my

terlemmomyf Ipuorceduagrets. st aimamgDAR S p ¢

ctions were incubated for 10 minute
S . Sections were then incubated in
f esedtoiroms mivenrue etshe ™ hiencubated i n pi

Ho r-rstemaSre r Turme nm2n da mtnitbhody or i sotype ¢
-S pbeicoi tfiincy lUantievde rPsaanl s econdary anti bo
g, sections were incubated with str

ubstrate was applied for 4 minutes

26Serum anal ysis



For all s,@&rl wmwadminlad wesdo §t oat room temperature for

centrahdgedyr um websL psiépreutnt ewda sofcfol | ect ed and asse
content wusing Wakb/Kiut-OZ&®@® B8P Crheor wefsa etFwrte rbd omrdot ¢
glucose analysis, serum was thawed and 10 ulL wa

bl ood glucose monitor system was used for analy

For serum cytBakoilneeg eannda ILyesgiesn,d pa ex i whbka.mmatdi on p
Bri eSuly,of2 ae®rtwulmawed abnodt taodnd epdl attoe sV wi t h 25 ulL o
assay buffer, detection beads and detection ant
hours. 2-PEubheatisSwere then added on $s$opPhadesha
were then Bp@w®ho dowgns fadbupemhnauaert was pipetted ¢

wash buffer. Beads were then acquired on a 3L ¢

27F1l ow cytometry

For blood i mmummolpeh emlodypiwmags tw eated with ACK |
cell s, and si nglpeasceeddo usguhd pl¢otOeidlerm s washed i n FAC
(HBSS with 2% FBS and 2mM EDFA) madyg Iblogd i wesr  otrh e
mi nutes at 4AC. AnQj/broldiiers Med eOls.t a3 mesadt raal 1lcyt c
using a Cytek Aurora. Data was assessed in Flow
AnCiD45 BV 4F810L ) (-G DALN1tWI6 B5 ( M1 /ALFH®B)G, BA/7t8I5 -L(y16AB ) , Ant
BvV421 (HK-LD42)15 ReptiCp Cyb5T GRAPAF FHEF)NCOM9iI FI TC

(1 m3n)d -AXBP1 AF64.7 (E9V3E)

For i mmunophenotyping of awtrhaand aldoh emLo socfl eRBS iv

flushed though the | eft ventricle of the heart



removed and pl acebddi nlla, HBEHSCeclohagelmaneg t ype |
Coll agenalstd t pel Xt owi dhdsddk ©OWh®el di gesti on. Sam
gently chopped using surgical scissors uattil no
37 AC-4f50mi 50 wi t h r ovteantwito nvT bse trbilleQp5emés of RPMI

each tube and sampl®G Omprféidptadroed ttah mowmgh for f |

28Si nall ¢ sRANWe mcnidncanal ysi s

For whole aorta singl e )cesltludRiNeAs ,s egauretnacs nvge r(e ciRs
atherosclerotic micpeer( nt=tvd ga bSaayep | ersatwed egle.s hed s
with hashtag oligo antibodies (Biolegned Legend
a final concentration of 100 cells per Ol in PB
per group. CelbsUwewersubmi bfetMi nnesota Genomic

10X Chromium 3° GEX Capture ®nepdHowad beiqgon nxifl §en

count matrices was provided by the UMGC using C

Har mony package (vO0.1.0). Further downstream an
(vda.2.1). Genes expressedRbypobesmsalthenetsOweekl &
further analysis as they heavily skew different
were determined and filtered based on two crite
mi tochondreategenkeang25%. Doublets were identif
(v2.0.3) and filtered out. Post princiopal compo
empl oyed to project cells in a -tedededsdngensi o

FindNeighbors and FindClusters with resolution
reclustering using resolution 0.3. DE analysis

Lohol d change ranked genes wemnealgsesdsashbaakgro

on



package (v1.18.0). I n this context, the Reactom

utilized. Further mor e, data visualization was f

For human atheroscl er otea ct gdka qtulree sccdRUNMAtsse qd aatnaa | fyc
asymptomatic human atherosclerotic carotid enda
Omni bus GSE224273. To identify the samples from
and asympt omat iec )b ,arweo dceosmpwairtehd tthhes nfdialim@&anodé mer ge d _
cat _macrophages.txto6 from the supplement publis
| ower quality, wepruosceedd urhee huassuead don Ittheer imumber ¢
and mitochondri al (mt) content; all samples had
for each salpleaedjmamntuafldry.donor effect, we used i
nor mali zati on. I n brief, all six objects were n
were selected using Selectlntegrathenbebdbatectes i s
anchors were found usingnFidadlanwegreatitintedAnaheds
Il ntegratebData. We then followed the usual workf
PCA and FindNeighbors for the first 30 componen
resolution of 0. 6.t eWes,he nfdoeudr uopf wahtihc h2 O( ncalmuesl vy, 2
identified as myeloid CRIAnMREB & sWed tohne nt hceh eecxkperde se
| eveRAsBRSGALESBHREMXMY d i dentified cluster 8 as foal
di fferenti al e X psreegs sairoen bhtieasstesd iann ds cpRNoAne t o repc
decided to use the pseudobul k approach to test

the cells from cluster 8 based on their sampl es.
were added together, resulting in six pseudobul

anal ysi ssefgorusRMA DESeq?2. m#Fe guesde dp luambaademgieax f r om

op



cat _macrophages.txto6 to say which patients were

test was run using Osymptomaticd as the only va

For murine at hME DA cd esRRU& ti acs eptl apgewgdetr ag u mini, cl y av a
SCRNAEAQqQ studies focused on aweddewstbadedi §r ami NG
Gene Expr es(sH »,n@Bymin)iRBaugan i waosr ml yf rpariolc etshseesde dat as
using raw data from NCBI Sequence Re aAdn aArycsheisv e

were done as foll owed:

Seurat analysis

Droplets with ambient RNA and noisy cells were
DropletUtils R package, and then genes that exp
fraction of mitochondrial demnelsl svawi tchal a& uriatt eah ¢

t hat was mor es ptehcainf itch et hsraensphloel d def i ned by the c

All samples were normalized using the SCTransfo
features wesieoagds&Sttéetcednt egrati onFeatures. A | is
prepared for integration using the PrepSCTIlnteg
Finally, samples were integrated usiam@ltylse sl nt e

(PCA) was run on thediimdgregirarneaeld wibg weealti.z atoiro n wof
di stributed stochastic neighbor embedding (tSNE
projection (UMAP) approacihrest w20 epri impdiepneint ecadmp

clustering purposes, the functions FindNeighbor

l denti fication of plague monocytes and myeloid



All clusters were manually anno@Cdh3ged Bscalgl sano
(Cd79)a, smoot hSmascl e rcodliliskr¢8)T,i nngo Mo yniset &c

anSlet)l and different ReauoAdeh@apwes lamadd)sy pves e(

identi fied i ndathaes eptr.e pVder efdi rnsett ai denti fi ed and r €
cells, smooth muscle cells as well as prolifera
(Lyweland'' Mricd sepamatieéi a macrophages from inti mé
barcodes (assumed to be monocytaemsal amrede di rftrionma trheae
beginning (using the same steps as outlined abo
macrophages and DCs. Cells that correspond to m
and f-ahdyyred using Seurat (using the same step
clusters were manually annont antyeed ou sdi mua rekxeprrse sosfi

foamycr opdamd eisnf | ammat ory macrophages.
Trajectory analysi s

All cells from the object that contained monocy
infer trajectory function from the dyno package
(integrated assay, data sapitthywcomt aihememava@veémadi
Trajectory visualization was i mplemented after

di mred_umap function. We also used the dyno pac
foamy or inflammang@rpysaeuddtirrmed 0 .atlimnbril ef , the

random forest regression model trained on gene

Di fferential expression across pseudoti me



To find genes that are differentially expressed
1.4.0) was wused. Raw counts (RNA assay, counts
matrix corresponding to tbheremody twhe baedhasff

ear|l yDETest to identify genes that are differen
29CRI SsPReen

BV2 cells conC®&i SIPiRlgr a hye WwWemua atreated with 20 O
overnight to generate fotamghotmad4 olphwdrgse OWi. (CIE D isls
wer e FARSor t ®dd xlobL uptakehbghsandi hgwt 9® of Di |
Cell s werenbwmwsedDAdAd( gDNA) was purified and gui
primers at tIDatBr ovad el rmantail-bdyardeasld uAsnian gy -8Mosldeeolf Ge n
CRI SPRs9 Knockout (MAGeCK) al gome d hammaRtaioz erde a d
har moni ze sample variations in regards to I|ibra
bi nomi al approaahiiamwcel vwordge | memgn was applied to
abundance di fference between tciosnttircoa | asncdo rteess ta rge
and used to rank sgRNAs using MAGeCK test. We ¢

the test (DitobW@w)cbaonge.vabges reported by MAGe

(2]

anal ysis usi rag htiwhg NMAGeCK om.

210n vitro cell culturing

BV2 cells wertereatedr®2@ ¢m thionnsue-88BWI)t ume pl at e

Dul beccobds Modi fdoendt ahi&gifregd & | Md dwiutmhe asdedriutm oinn o f

Peni Sttirleipm omyci n, H EePsEsSe, n tainadl MEEMM moonaci ds. Per i f

coll ected by |l avage with Hanks Balance@an8alt So

oy



cultured the Bamebase BM2r cewl deri ved macu®e@hage
bone marrow was isolated fromnttheetlemboodndetl b
mi nute using ACK |l ysi s-Clskf fcom.di €e loln®e dwenrea i @ml: a tDév
FBS, 1% PenStrep, 1% lSuotdaimuimePyrluoviatCMG IMECESF cel |
were maintained i o aCOR7UQMeidn cau bwveatso rr ewirters h2ed o n
were removed fromEDMTA @ohdatwes evd tihnitnr yWwposainmmy oc alsls a:
generatcieon s werfeepl awed | ap2a&xt0and treated over
solubl e cholesterol. Soé$ iunedt dvpdchgocll eosdteexrtarli nwa sn cgueb

chol estero.l at a 1:6 ratio

2101DH cytotoxicity assay

Il n wvdaltlrovicability was assessed using the Cytot o>
according to manufactelwkes ési nonsbatetweol s rpnl Bagt hee f
(50k cells/well) in media alPnre torremd tag i Ltg / an
were treated with eithre) uird oitgy e | awdord ter @wlh od re sA le(
Similarly, for cleXR sagvemiesttvetait cideavfi RRS@)) ¢ hieg t

TO9O01BAGMurs migubl e sttieg atl ment . Finallycefldrs ek ei
treated with ei tSyekr ivnehAiMdd 666 DIMIS@W) oduring sol ul
treat mefntter solubl e chol psteprroledameéadnt ot @ nt Mme xt mc¢
cebhsdg positive cfoart rd0 smi(dwtseed atelrlTsdm t emper at |
treated with 50 Ol stop solution, and absorbanc
200 Pro microplate reddeer mPeredensi ngtbhexabsoy

the background controls and normalized to basel

2.2Di-dx L Oplt asag g ay




Cells were seeded at 100,000 cells/2m O@/ ml 12 w
solubl e ahohmedgiteerallone f or f oRisdyx Lcbell |w adsil faf dedreedn tai
Og/ ml for 4Cédlolus swar e 317HBOtTAAd wsaisrhee dt riynp HIBr8S, an
flow cytom&Ebry TaeaR3ymdd)e nSyskt i nhi{ b iOM)ame rstt 1 dw eerse

added after foamy cell daXlRBL enptiddtedmad or 4 ho

2 3Effercasgapsi s

Efferocytosis was preaarsfuoraendy boyr sfedsdnyn. goleitl 6

Spl enocytes freml B6enmi c BwWe i3g V) . a rédp $i ernroacdyi t aet se dv
then staehédtwiathkmevi dlhet mMa@QmUVATVY ulr b el @d og plcon o
wer e tchuedn ucoed at afér 12rhoFod WomwhdlglhE€rbes, cel | s

washed three times then stained with Live/ Dead

for determination of macrophages that have take
2 ABrldas s ay

Celwles e aliquotediat 120w&®® 01prt a@ddostdynmpveA LddO2tar o |

(2nM), Syk inhidvernmi dHtOMysiotlmrbolieoucithtohl ceustt er ol a't
di fferentiate i nst@opoamgremdcBonglBagas added to e
to overniTchlet fodlltoumien.g day, cell s werwa tvhashed i n
trypsCel |l s were stained with an antibody cockt al
macr opha@RisLbRe&8t0i, and Ghost Dye.Vi cCledtl s5 W r\éi
incubated 1X BrdU staining buffer for 30 minute
solution for 1 hour in a 37UC BndUbathoibodgsfby

mi nutes at room tsemesxcassed anada B a dpgblse ytiometyr y



25Chol edtf dasusxd y

Celwles e aliquoted at 50,000 cells/ mL and treated
(TO901317, 100M), or ALOO2a (2nM). Al cells re
di fferentiate into foamy macrowphages$d 2a6d t hen
mi xture/ well ). Cells were incubated for Th@&nhour
t he-baesleld chol esterwaseti§édxt @i andApBameidolyestcel
were switchrede tmediee@dawdthnaubduorescently | abe
reagent for 1 hour, followed by incubation with
with 5% CO2. The foll owi n (dhalyer rmeAnieiB mdeecpd nebt ienda
FBETher moweFreed ded) as c¢ hod(elsOtuegr/ arll )a cacnedp tccerl | s wer e
for 4 hours at 37UC. Supernatant was <collected
were measured for fluorescence (EX!{ Em2604B5E565@B

reader.
2 65e ahasrssaey

For metabolic ssudess,t exst oBaNaDpMisg esiehebdrente daton2 00, C
cell s/ mL in. aDilf2f ewednnt ipdtaegde macrophages were tre
wi eht her i soAly@@2 cdndrrmilghtr. 40w®0O@® smapeodkdges
Seahorse RPMI media supplemented with 1anohM gl u
were seedved!li Peah®96 se cell culture micec@pl at e.
incubator at 37C for an hour. Oxygen consumptio
using a Seahorse XFe 96 analsyaemdarBasalndOCR omas

the serial eMudodiitgiooomMcoiFICAP25.eBndot0emone/ anti mycin



mi t ochondrial function. Paraméeieksedevabpatradion

respiratimn,ochmddmolmdt a evegps raad @ loaynned eusiohg war e.

2. L@ Wwilthk oORNA sequencing

BV2 celclusl twerreed at 200, 000 cel Il y/smld ifror2 RNwAe li Is op
Tri zol directly from plates following overnight
submitted to the University of Minnesota Genomi
sequencing using Raew dN®OVAswgspbavtesmed using C
by the Minnesota Supercomputing Institute, whic
HI SAT2, SAMTool s and wast al e oendt $ 0 Dhe Mus mus
release 102) mouse reference genome. Different.i

(v.1.32.0). Pathway analyses were performed usi

28Quanti figati enmailayrsd s

Graphs were generated and st @triistm calf tavaaley s il fn
comparison between two expetement wahegeagpsompanl
more than 2 gr-toaiplseditANOV¢A danaaltywsoi s. Graph error
of the meanvdISBM)cweanasn dlep ed statistically signif

*<0.05, **<0.01, ***<0.001, =****<0.0001.



CHAPTBRrem2 Promotes Foamy Macrophage I

Sur vi val i n At herosclerosi s

3. 1Int roducti on

Despite recentarthpovasmaehas dnsease (CVD) ou
|l eading caupAtberdeatbrotic plaque formation, a
the artery wall driven by hypeBRlRipmpiedemsicheandi sa
medi ated by thdedspbgiltlipaoappopbdbtéeéow (LDL) chol est

intima that accumul ate wi th3.mTheasrogkrddeas , cotnesrtm

portion of the total cellularity in efaoralnyy at her
macrophages i s associated with increacG®2d9hecrot
early |l esions, foamy macrophages derive from a

( MA'®® but are replaced by rec(6B8)led Imomperytless ias
contribution of monocytes gives way to | ocal ma
foamy macropha§g.é)Hmwet emn,anmeechani sms regul ating

persistence in atheroscl erlo8tli,cl8le)si ons are not

Single seguerRtNAme q()s aRmhMA ysi s has identified
heterogeneity for macrophage p(o3p5u)INatiadbn g, wif O aimiy
macrophages have a unique gene signature relati
Receptor Expressed on 2My5ebl)eim®-s @ esif assedlsfopi e nn2a)t
pl ays a regulatory( r®md,el 8y npoclryongd ri pah ifsunmsc ta roen c &
onset Allzihkeea ndkelnBeS8nlirieam2 signals through the adap

activate Syk, Pl 3K, AKT, #swmndvimV@Rnhatedmmay ®ryct i



respobses1.19CdmBs#Aegquently, Trem2 broadly regul at e
cytoskel et al remodel i ngl2 0anldBbment2a lpo loimo t rso diroanmm
functions of adiposcde macirepdygreesas ulatned Tire m&nhan
adi pose fyaé&dtmpophyanli mal réme | ipid dysregul a
hor mones, making this mouse diIX5., @8 §r alol ,i nttheer gpe

support a rolesénsoframd ascanbi gatde regul ator

Here, we performed traj ecsteog yd atnaa | dyesriisv eodn firne
atherosclerotic -wiadnep | GRslI SaPhR1I sac rgeeennomteo i dent i fy T
foamy macrophage di tsfpeerceinftiica tdieolne.t iNbane doofp hTargeem2 |
macrophage proliferation, enhanced foamy macrop
size.defemRent foamy macrophargegulsdtoaveadh @alne 3 thearb«
bi osynthesis pathways foll owiemrgtliiomi d altchawhiyrsg al
associated with an upregul ated endoplasmic reti
efflux, and enhanced macrophage cytotoxicity fo
reveals a regul anaecry pmhadelse riemn i famamypyn Trem2 for

accumul ation and cell survival and identifies T
3.Results
3.ZZretm2 i s associated with foamy macrophage dif

Recent effworigs hiavesgRNArated high di mensi ona

profil es ofplaatghueerso,s cdeefriontiincg pr evi ous(lb5y2 ,uln8k7n)o wn
However, regulators of fate specification bet we
dataset of i mmune cells associated with mouse a



seq | iFbrgaurr)eesb8,(@B7.2)I3nt egrated data revealed 16

gene expression analamalsy ssiuSp pgotr@sde)spehdi sr i MET A d e

identification of three intima associated macro
adventitia macrophage popul ations. I n addition,
l ymphocytes, prol isfmorodathi mgusacdlel x,elds waeldl tavo sn

popul ati ons -maflcor opehmeogvee cnlomst er s and clusters not
|l esions, we used prior sequencing profi(bé&3% to e
The resulting dat asetFicgounrtéa,3nelld ifaooed nai narcd misd .
mar ker s: HnobTroechid y48)s .2 (fmaacnryo phalg'@snp A@p n bt § a x

Cd®, inflammat ofrmyiNImaptglap Ndges-l "MHEcr opHages (
DM&aCd7)4. I nflammatory macrophadegesead Wdt ex MHEs s
macrophage4" $aetr opMdQes | acked an inflammatory
all 4dassiomaated clusters wer e erge pdraet saesrette d siung geeasct

reproducibility for cHiugsutreé&i uieentd .tdkes across s

To predict differentiation trajectories betw
slingshot algo(ilBsBmbB®MmMm Dynnegrae ed dataset. Us
origin, we reveal two trajectories that suggest

i nfl ammat ory makirpwpriea g3 ulrdpme asgaeagl y, trajectory

intermediate inflammatory popul ation shared bet
modest | evels of MHCII and infl ammguo&ygogkees p
3.)33.a From this intermediate transdtfimamy tlaigree agma
where inflammatory genes are downregul at ed, or

are furtheFi gapime gaWNhatled i(t i s difficult to meani

np



macrophage cluster into several clusters due to
i nfl ammatlolrlyb Ryl ernpe3st fer e were genes reserved for
infl ammatory fate, Cch8&mdFHinggu rMH.C3 .131d ,gdee®tsi, ngl vy,
| evelisrap&d 4g/enes associated with efferocytosi s,

bet ween macr dpghgaigke. A3l.Bset er s (

Next, we sought to visudlkliozaemyt hma ck iorpehtaigees o f
di fferentiation program on pseudotime ordering,
for selected foafnug g 8r WMhh dge t heneatt erns of ac
macroasagei atgdlSppidsaem2e similar, the heat map
activation of Trem2 transcript during lineage ¢
i mportance scores assocutt(eldd@gut &) .8 altahs tdliyf,f egreenne
expression plots LfgoalSgippadmceama@n fdiatre geaceisf,i ci ty f

macr ophage Ficgedrigg .c3 ulse e data identify candidat e

for differentiation into terminal states. Furth
commi t ment toward fully differenti atdedipliaoqque m
framcommon inflammatory intermediate popul ati on

To compare these findings to human atheroscl
myel oid cells from publicly available symptomat
endarterectdnmnyAfdsaempldeags a i ntegration, 19 distinc
(Fi gur)e. 3Clduast ering of monocytes and Mmagumne hagels
that eRpPpPRBR&EGDPH4 confir mmigdgFimgserirle.i 85id4nei | ar t o t he
data, foamy and infl ammatory macrophages were d

l evel s of | i pFABPBBOALESS3swinigl gealessi{er 2 expresse

nc



incl bdbBML R gur @ .3 .Flud,teher mo T & E M&ep rfeosusn do nt hwaats
' i mited to foamy macFopghaege 8Stéha thiufmacna tpiloang uoefs d(i
expressed myeloid genes between asymptomatic an
FABRAADY9 adarmwdver e enriched i n Fasgyumpet ad3medtggespl aguéeha
macrophages may prloRioMAa sphbhgoeesatabhkedtyn pl aqu

patients, but thibi owhisgwme. Itdhadi stically signi
3.2.2 Genomek nvda adkeo ICtRIsScPrReen of oxLDL wupt ake

Single cell trajectory and differential gene
transcriptional changes that occur during foamy
define which genes regul ate Ueadamy mmaer wpeaperdiyg
expressed during foamy macrophage commitment <co
accumul ate oxidized LDIh EiRtLSEFLR) ,scwe edhd :nigg regd ram
screen we el ect eidnttoo fdoiafnfiye rneanctri oapthea gceesl Itso mi mi ¢
atherosclerotic plaque. We inserteduCa=®9 |arbd atrty
into the BV2 (hp9efdiid cellll Ilime wasf fsiedieeneyl dfas
' ibrargl0290%2)screen for genes associated with
solubl e cholesterol, thencpwnlsgadtwidt okiLiPhopast e
3.5a, bAfter four hours, cell'sYywebfifd gwll dteicdaresd kay d
fluorescence activatedowel It isner tpiongt( WARGS)s.el lelcd
it was withixtLiDd mapx iBrkalu p)Bial8Teh6ed t op and bott om
| abeling with Dilewwetrer sgpuiteéeed emdi slkeogqeenc Di ffe
bet wee°¥ eDisli'st"eDills revealed gene targets associ at

upt ake, Tir e wgdiryeg 3Unmbbci ased anal ysi-cr cdr ggai i algga iems

nT



Pval ues and HFDRuaree. 3s3lwac t(ed genes associated v
classical activation, or alteerimgaitrjeve3Asbadéex patiti ed
l oss of | ipid ppohbrekspilirg dongxe,dulcieldexaBDLIL ity to
Further morfd,amamattiory genes 'aesld swe rseu gegrersitcihnegd tihn
were associated with foamy macrophage fmaintenan
indexo genesmydeall ftiead) Riong dnoen ezav®@s | y hies tiop enr i

gene associated with thiegumeguld .aédon of oxLDL wup

Next, we sought to validate the CRISPR scree
macrophages. Peritoneal macrophagémi werantdsol at
with soluble cholesterol overnight. Peritoneal

peritoneal macrophag&s gaf)ee Banbd od cecsitpeyr odt diomidn gn
l i pids confirmed similar “tmapcirdo pdhdaaguensie.l (B o5derv é m,
Di-dxLDL treatmentfiesunketedficteampd@aeth@phages con
WT conRirgpurge, (3cobrgf i rmi ng t hat foamy macrophages
oxLDL wuptake. Fierett h sr marde d eTrir eralFeidg uerx@ir8esssd on o
3.)6,e suggesting that Trem2 signaling may drive ¢
receptors. WeAhlesvxprneseisemrd &Rcl ass A scavenger
uptake, and found nki guré ed elthice ei hthad »aprreas?d iiragemg utl
the ability of I|lipid |l oaded macrophages to take
findings of TREM2 expr essikbking bie363iwné nalpd @ quen fmial
by protein IimmunofluoreecgenessedabyTRBER2 ophatigei
human car dtiigd el &diwles ,( Tr e m2 i-ass seaxcpiraetsesce dmabcyr opp ha

both mice and humans and is a putative regul ato

ny



3.2.3 Trem2 is required for foamy <cell formatio

Trem2 regul ates macrophage polarizati on, pha
atherosclerosis remainmice havexamievadedSichoé¢ eF
compared to control mi ce following high fat die
marrow chi mera approach to normalize cholestero
bet ween WT"naancdr oTpr earRe s . -sAItsiteerpd“dnddllceer dvelrge | et hal |
irradiated, then tx amfs gbrasmmre® chawir blv aebDE50r mcon
cells that'RREIITE&EBoltys™M al l el e. Mice were reste:
irradiation, then chimeric mice werkiufged 3HBD f o
Bl ood analysis confiriédddbmeatnode ncto nmiyxoiln g todfT oThra
monocytes i nFiufpe mE.r8@o nniiocceal( anal ysis of the aor
enrichment’l abbeti d hgmatnocel l s resembling-foamy mo
stained for CD45 ( WhdiTioeetldCo nwersedyso  €CDdbed wi !
nonf oamy meiugeogBo&ywyr( quanti fication, foamy macr
using morphology and CDG68 s tpaoisniitnigv,e ¢(dh\@Tn)i waerp ar a
(Tré&@m2popul ations. Analysis revewntes, elqual Tcoem?2 r
macrophages failed to compete against WT macrop
pl aqriiegsed 3. §o confirm this finding, we also emp
determine foamy macrophage formati(&m)Afyt éd oMdFDRY
feeding, aortas were isolated and enzymatically
Macrophages wer*'€Dilfbntihfeine d e(p@Mm@&4 & dmeohrb oc oTnrterno?l
(tdTdmaamd cell s were assessececfadrt elFiiugi®dsCoo Nt ent

Control macrophages were more effmadcioghages aki

n o



(Firge.)8f and a | arger "perkcenwage phehidgBpgnatal |y f
Toget her ,sutplpeogdt dateaTirdeera2 promotes the formati ol

atherosclerosi s.
3.2.4 Loss of Trem2 on macrophages attenuates a

Given the systemic def’anotuss egs swvec icatoesd evdi tTh etn
knockoult'P{Wr e mZCXBOREr bl i ce "bmcklye owd)r.( Tr e m2
This approach all delsefioon t-exmpPOXIALIRAg earl | s, whi
monocytes, plagque associat-eddpmassiopfgagessuandes®
macrophages. Control (Cntl) amegal svegeartl| Ceeer
ani mal s,r odotsh radmts showed comparable results an
role of Trem2 in P oarguceo nftorromast i wenr,e Toroemt2i nuous| y
enriched -HFD) (fT&AM™M 8 or 16 weeks to iobecesiiseem?2
(Fiugea3. Del etion of Trem2 in plaque macrophages
aort deéadddMFD fekdguwmmge (3SL0akingly, -HFfDi,er 8 wee
atherosclerotic plaques in both the aortic arch
TreM™Mani ce compar e@Bur@eo 9b.o oltmpoolrst ant |l y, this resul |
changes in serum chFolgestRr 9Reduc dd dyt wern ghdal €r o
formation in thti @aosi nMsmacfehTwaeen®2 aepl i cated aft
HFD fekidg3dt (and was not associated wiitlghe change
3.h9 . Together, these data show TremB3Buipporequihee

hypothesis that Trem2 regul ates foamy macrophag

3.2.5 Trem2 regul ates foamy macrophage survi val

pn



To determine mechani sms r eg®™indtcieng wel d qwes sgri
whet her there were systemic changes in infl amma
observed no significant changes across a panel
progresoeri oMeGakts--BFOM H elhigg r e) 3. Ndx»t, b since increa
monocyte numbers are associated wiltQIB weel epveartfeodr nae
flow cytometry to assess perFiphuergal3 Doal®dao dr el vnenaul ne
substantial c¢changes in monocyte or other i mmune
in systemic inflammation were not a major drive

Tr eff2mi cFeiug( e ,Fi e . 3. 11c

We next performed a monocyte recruitment ass

beads to determine whether there were changes i

TAMEFD. Foll owi ng € $8t0g,dl%deddkd werod oicrojlesct ed i . v.
monocytes, | abeling efficiency was checked afte
monocyte infiltration intdghlue sdsBhnodwls4 8r ehporuersse natfatt
pl aque area and bead recruitment to | esions. Be

previousl(yB.0demporbadtly bead uptake by bl ood mo
and T™"enim2Fei glur ¢ . 3 Qu@adtification of beads in at he
comparabl e recruitment r d&tivegse Pe.tWlded 5 evape n inmMermpte
changes in atherosclerotic |l esion size. Changes
where male and female mice show similar trends
conditionkl byr deBe@@mylbat iaveluyg,getshedgehadatchanges

are | i kely associated with | ocal changes in foa



To test | ocal p-HEQu e edWDmgmd nitm oTAMIi ce, we p
confocal mi croscopy to assess plaque macrophage
i mmunofl uorescence staining of aortic sinus sec
anti body and smooth muscl|l Quaaltlid iwiatth oal ghha faatr

macrophage %md e ef amtdFw@ e -AADFi(gur e) 3. H8weber, as

percent ampleagpude,t omaadr ophage area was trkingumeg | ai
3.323cwhich is consistent with I ess developed pl
smoot h-demuscoleed foam cel | s,( 1®Or5 IbkRcprroetsisci ncgo rfei bf roorun

was further examined but no differendd guateween

3.1Pc,We al so assessed necrotic coreFifgurmeati on

3.232e

Since Trem2 is associated with a(l1@7wathnegrt a
stained sections for i NOS expression to detect
Trethefi cient plaques. By performing i mmunofl uor

no differences imadrhep magdmerafotied NIOGBEWg@eks ( TAM

3.1f,guggesting Trem2 del etion may not affect |
pl aques. Moreover, given the r e®updeady uneusmbaenrd ot fh a
Trehperi tonealhamdcdophd@dgeasptake, we tested wheth
changes in total-sufifpiid emintemtde fni Tdiremt2 pl aques.
content by staining neutral l i pids (Bodli py) by

intensity Ricgwrsé. 3 Pd2m@nseyeal ed no change in th

TreMand Ctrl wea§gse pol&FDFiTAM p, 3su@gesting that



in plague macrophages was not | eading to excess

Tr efM2ani mal s.

Next, to detect potenti al changes in prolife
(Figure¢.3Quadt i f i"Kin6nacnr oopfh aCgDe6s8 wi t hin | esi ons s
reduction in loc&pphaogl ¢ BamadiwkdikiNHEDTf em2i ng
(Figurg.3T@a3eest whether | oss of Trem2 resulted
death in plaques, we also perforrmaduTT@BNBL 1s3tfai n
TUNECDGBacrophages were drafd4piagukygy ahr bohadti
anal Fzgdr@ . .3Tbg8gt her, these data sugg2sttothat f

persist and proliferate in atherosclerotic | esi
3.2.6 Trem2 deletion in established plaque sl ow

Since humans are diagnosed with atherosclero
wanted to test whether Trem2 can be targeted th
We designed an in vivo if™Mmreendbiohi stedmabg ¢€te
HFD for 8 weeks to induce atherosclerotic |l esio
TAMIFD to allow for del-expoassoifndgreel|l snf EX3&R1a
After 16 welRkfseedi miodealwedrFe sacri ficed and asse:
progr &sgiuo . BAbdnic arch and aortic sinus were
area and r evesapeedi ftihcatd emMlyeetlioond of Trem2 in estat
at heroscl er oFsiigsu rper) o3g rédshsicomt C ome was i ndependen
numbers or serumi ghoke8t@&dmdill drevted sddgta from t h

experiments, plaqgue™micreo phaogwesdKir@@nmEdse m2 vity

po



TUNEL staining cbBbmgarfe)dgt@wveroanltelme Ihtshsgj szee dtahtea p ot

for targeting Trem2 to reduce further atheroscl
3.2.7 Trem2 regul ates foamy macrophage chol este

To examine the mechanisms that are regul ated
we gener atBW2 amdacrem@hage cel | line to allow for
in a homogenous cell i ne. For in vitro studies
chol esterol at 20 Og/ mL, or fAhigwé kWadi-@GBlI SPRS8O
Cas9 knockout of Trem2 protein in BWN2gerg¢ !l 3. I1Da
We next soughe mol ecdeastmaadultation of Trem2 in

macrophages. Thus, -sweq paemaloyrsniesd GBWIZkoaoRNAcs tore dt

overnight in media alone or 20 Og/mL soluble ch
response to cholesterol | o d cdbiamyy, asidB VWle ean®rtp &med
"foamy. As expected, WT foamy cells showed a str

(Abc,Abc)gland a downregul ati onCuypbp,bighcoFiegurcg 03. By
Surprisifngdtyyr ddheBere inverdkebygmpscelkli at eBoamy t 1
cells showed a |lipid |l oadi ngalp@Eandd®mpden byt i mazd e
reduced expr essAbocpdbochg lahdl wupreguésat{on of chol e

(Cy pHiingcFi(gur & . 3CbHmpari son b e’tnwaecerno pWTa gaensd (Tu retnr2e

foamy) revealed numerous classical and afternat
BvV2s, i ndependent Fdfgutrre¢ &3t. iebratga dbd o 1 d io@ ¢, macded | cyc
Ccnaad cell proliferat,i owerpeatulpweysu !l (aRiegdurien 3NT1 &

Consistent with the interpretation of”BdW2ssf unct i

showed upregulation of chol esterol bi osynt hesi s

pn



downregul ation, &sgobgeBVvadebyesGSBAI(Y,” we al so
BV2s expressed | ower | evelMsnp®mprha&tsruigxg emd ti anlgl ap rp

role from Trem2 signalingFiguexgtBadéld| ul ar matr

Pat hway anal ysfiosantyo mapfafiroiammog mM@Tacr ophages r eveae
top 10 pathways enriched in WT foamy macrophage
(Fiug e 3).,15seypfporting our prior in vivo conclusio
production in the supernatant of BV2 cell cul tu
producti oaniiif lpammatnary cytoki nd¥V2set wegrarWT easrs:
| i pi d Riopurigng3 Qv 6esadd ,amRANIAysi s reveal ed dramati c

proliferation and | i pi”dBVne tcaeblolsi scno nppaatrhewda ytso iWT .

Since gene expression anaBWyXicelslug gierstedl la a

regulation and | ipid sensing, we first tested w
Using an LDH assay, we tested cytotoxiFaigtuy ei n f
3.059g Solubl e chol esterol | oadi ng”|biypp ads sl eosa dai nnyg o
forces cell accumul ation of ctBoi2extedrolc.ytDadtoax i<

cells givensgtehtercho®ds twehfealéBRBR T @y cel | s s
approximately a 20% increase in overall death i
macrophages Fagurpg3Théam2copprdance with this, we
Trem2nd WT foamy or nonfoamy BV2 cells to uptake
nonfoamyceTtembBad -ax dBf ewurpitgaukred D@3IcdDHB i st ent with
peritoneal macr ophaged dad at. o Thyep @t lndbsiez e att h atn si |

may be | inked to reduced survival under |ipid |

pp



Gi vteme establTrem2di nolegafating p(hlaQg8we t osi s

next askeéemdadrfophagn®s ehfafde rao cdyetf cescits ionf dead cel |l s
cell trace violet (CTVYorstWT nB\W2 s pdrech ommeg/a £sr iwni g
found that in both nonfoamy and foamy state, Tr

efferocytose dFiigwgr Bk ednl d&S5 penr iBtVo2rsa aflu r npa, c3r. dlp/hba g e s

suggesting that, wunli ke oxLDL uptake, efferocyt

deficiency rather than driven by i mpaired survi

-

(7))

cho

pos

BV2

ma C

ER

per

or

Since ' Toam2 macrophages showed enhanced cyto

S

f

esponse, we hypothesized that | oss of Trem2 in

chol esterol i n the endoplasmic rietiicsul um (

upported by prior-dwedrilkiemdwimngrtolgdti aTrwemz2 unab

est endlé 2eCxhpod seusrtee r o | medi ated cytotoxicity i
ss response. We performed intracellular flo
onse, ifAnWwWhfaathyToaemddassnwhRlY2ni camycin trea
ti vei gom¥ i®6MWej observed enhancedfBRmMytress
after 20 Og/ mMLgepprusnhe&5itiodmym@eroilt dne al

ophRiages® (3LLpPpcd toxicity can affect a wide
tress is the primary medi ator”BoVfi2si,mpnaei r ed s

ormed an overnight foamy ma’ceolplhsagien ftolhremaptrie

absenrmcecenydfbudt yrate (PBALG62abPER tsteatsmentnhl éd

survival benefit in WTIf aocaemy smadrudphagaeas cwivaelrieldi t

(Fi gure¢,3siuggkgesting that ER stress drives the in

deficiency.



Our sequencing data and other work support t
(LXR) activati on( &%, daredh)tlheastt eLrXoR deefffilcuixe ncy can
respopbhg8es19®ys, we hypothesized that Trem2 def i
and chol esterol effl ux, driving ER stsreqgss respo
studies foUfmnadamyhadelTremRai l ed to induce genes a:
(Figurk, 3UM@1h2and NfXRFI( gure .3.Tbh5mest if driving
could resfcaemyirman@r ophages, WeoamytmaedopWiages Ty
LXR agonist T0901317. LNXRragedi skeildgturrega tanmetihsan | € d

decreased ER stress respohfseasmyb yBi\WB R(1L 3e xifbroe s s i

Together these data support a model where Trem2
metabolic programming to drive LXR activation i
survival and maximizationdosulvpvdl storage, eff

3.8 scussion

Macrophages are major contributors to the fo

features of | ipid | oaded -efsotaanbyl insahcerdo,p hiangcel ufduinncgt
uptake, storage, and effl ux. Howewephaf@act ors s
di fferentiation and survival have remaiimed wunde

si laincad ysi s appseo@cdhatod. sBYRNgenReAad i chagt as eME, T Awe

able to achieve (i) fimleustrerso, uiiio)n dlos e rdweertp Ife
intermedi ate cell s, and (11 ic)l ussptleirts .p rVev itoeusstleyd
di fferentiation trajectory between major athero
computati omalprmaddelti ggente expression trajectorie

infl ammatory or foamy macrophage states that ap

pT



One significant result from our analysis was

from recruited monocytes toward inflammatory or
chronic inflammatory di sease nto dmolnso,c yitnecsl uudnidnegr g
transient inflammatory-retsotlesi magfl @@ Adgthiargiema@ | i n

studies are needed to tesappimgs alpppoakcbdeisstioy de
foamy and inflammatory clusters are indeed term
plasticity betweenioflbameasor Gi seanat &hgthEbiBtkger

may not be surprising i f mannyedoifa ttehde(sgep dcoe@d O @3 iusn

Expanded investigation into these possibilities
be necessary. Pseudoti me analysis was used to i
foamy or infl ammatory oguetncoome€ i IR alkcseepet Dodm

that regulate the uptake of oxLDL. Together, th
i mportance of Trem2 in foamy <cell formation. Th

the role ofatTrngmZ oiatmmyr empwlr ophage |1 i pid, cellul a

Trelm2i ce possess a variety of phenotypes that
particularly in t h(el Iccom treexcte notf partehperrionstow @esrtoisd lse
sufficient to drive acceleratEad0h)Ekevei datcadrfeur
support our findings that Trem2 is required for
efferocytosi s. I nteresti ngmagr ovphoaegseppsammott trleaztapde
the systemic cholesterol effEetls, 3B@Nnt twe rt rho rweéh,0 | «
studies did not address advanced | esion format:i
formation may be expected when compared against

Tr emo u(s203)This | eads us to hypothesize that dif

Py
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dri ve
chol e
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chol e
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macr o

Al zhe
i mmun
devel

i mmun

opment al defects that require Trem2, such

funct inemaitn veX3mMaRY ophages which did not de

rences between Trem2 mblddetlt sTrem2 ifsnai magst
associated macrophage function and phenot
chanistically, we found that Trem2 signal.|
phages. Del et i on ome dliretm2d | eldo It s tae rdelf eeftf |
egul ation of cholesterol syhtHbHedefi pathwayg

sterol effidexX i igpatemwyg yind 8irrh PhrmpegmB udi es furth
crease i n ER “storaensys nraecs ppgprhsaegse si, n wiriecnh2 dr ov
ng. Consistent with these results, studies

red uptake and 1é&Bapsreadg eo no ft hmyse,| iwe edcaobnriciésu d v

s two downstream outcomes that contribute

sterol ef flux pa'tcewdy ,adthiiwati impraiarmdknitn | era
s response. Cholesterol accumul ation in th
egul ation of cholesterol uptake pathways,

sterol] wetmpkepoddutshat chadgkeys sinowed i omo Ise
e and enhanced cell death, which ar® produ
phages.

em2 has been proposed as a therapeutic tar

i mef @& 8a3lidi sdedbrb@dlrar geting Trem2 i s tempting |
omodul atory function. | mportantly, both Tr
oped for use in Al zheimer6s disease and ca

ot herapvwgacmbdol ahing thélda@8Puer rmisard desn\siu
p o



that targeting Trem2 in establ i sheFd gautrhee r3o slcdl er

However, in advanced | esions, inhibiting Trem2
result of i mg&i0r3g¢d cell survival

I n conclusion, | oss of Trem2 in foamy macrop
reduced proliferative pdcCtoenrdtiitalo,nadnd ededgmemt ed

macrophages showed attenuated atherosclerosis p
|l esions was sufficient to reduce overall pl aque

macr ophage saunr vaipvpaela,l ianngd tiasr get f or future thera
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a
Immune focused SMC focused
Gszneun GSE154692 GSE131776 ﬁrajectory \ ﬁJownsteam analysis \
samples samples 4 samples 18 s 5 Wil s
cells Cd45¢ cells Cddst cells SMC, non-SMC ” < rajectory analysis: lethods: dynverse, TradeSeq
enotypes  Ldir", Apoe”" enotypes  Apoe’” enotypes  Apoe- Meta-dataset: myeloid cells slingshot (dynverse)
SoTiansi Dynverse importance scores
3 ransform Lineages: monocyte — foamy M® TradeSeq differential expression
Gszlz;srl GSE154817 Gszunn Integration: Seurat monocyte — inflammatory MO
samples samples 2 samples. Monacyes Foumy O
cells C\(Zcrlolmeage cells Cdas+ cells smc non-SMC Cell types: monocytes,
enotypes  Ldir” notypes  Ldir’, WT enotypes  Apoe” foamy macrophages, )
Y
GSE149069 GSE155513 MHC-II™h macrophages
samples 2 samples 14
cells Cdas+ cells SCM, non-SMC
genotypes  Apoe” enotypes  Ldir/, Apoe” * Several iterations of
filtering the object /
b mm IIIIIIIIIIIIIIIIIIIIIIIIl ENNENNEEEEEE 20150 19 I Foamy macrophages
| ENEEEEEEE N [l Inflammatory macrophages
MHC-II-high macrophages
Monocyles
[ ]
min  max
c @ 0 Foamy macrophages d Cell numbers e 3 Foamy MO
: ;maammm;ges 3000 @ 0 Foamy macrophages -
@ 3Monocytes @ 1 Inflammatory macrophages
@ 2 MHC-II™" macrophages
2000 @ 3 Monocytes
- IIII. - =
0
6;(5 ,159 o b‘& ,\«“ &
IS SIS
& &S TS &S
f g Lgals3 Spp1 Trem2
[ Top 5 y [ Top 5 Foamy | "
Lineage Gene Importance |Lineage |Gene Importance |
Inflammatory _|Cxc/10 0,98|Foamy  |Lgals3 1,86
y |Kdméb 0,97|Foamy  |Spp1 1,70}
y |Cxcl2 0,95|Foamy  |Trem2 1,24
y |Ccld 0,81|Foamy |Cd9 1,19}
Inflammatory _|Cxcl1 0,74|Foamy _|Ctsb 0,98

Fiug®1 META seRNArajectory analysis identifies g
macrophage differentiation in atherosclerotic p
a) scRMAQg datasets from atheroscl er ogliag asteudi es
Based on cluster gene enrichment-asisgpratadras cel
monocyte and macrophage cl ust ealsysiCseldmsd wkirfef eerx
gene expression

b) Four main clusters of intima associated mono
annotated based on enriched gene signatures. To

association with the different clusters
CM



c) Trajectory analysis was performed to deter mi

by foamy or inflammatory clusters. Data emphasi
terminal macrophage differentioatistatendpoikeds wi
mar ks .

d) Monocyte and macrophage cluster representat.i
emphasi zing the presence of all clusters from e
e) Pseudotime trajectory was plotted between mo
macrophages (cluster 0, end point). PGaamdk assoc
Il fi,t mere rapidly | ost and genes associated wit|
across pseudoti me.

f) Tragdeq analysis algorithm predicted genes mo:
commi t ment, <called i mportance index. Top predic
di fferentiation are outlined in the table.
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a) Clustering of all cell subsets from human at

et. al ., Nat Med 2019) .
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expression by flow cytometry (n=5 biolfMgically
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a) Confocal mi crograph showing CD68 staining (g9
in contrDiled&iitdgntormi ce &FDerf ek@di wgek RePAMsent

from two independent experiments.

b) Quantification of CD68+ -ma cecwlebepkh éddAdM asraenp | per

(n=5 mice/ gr ouNS). .E.Mat Stteusdee,nmBash <¢0. 05, **<0.01.

c) Quantification of the percentag®orole6pk aque t

TAMFD samples (n=5 mi N&/ §t Mup BtteudDtana 6ar & mean

d) Confocal micrograph showing Ki67 staining (m
proliferation indebdbntri eht (wWRhetkk)HFAMefTe e2ddi2n g .

Representative image from two independent exper

e) Quantification of Ki 67+ maor emebakg dddADM CD6 8 +)
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nN=6 mice/ group-HF®r T¥e) Dhd ek aTN8M Enen Stteusdte,nt s t

pP=*<0.05, **<0.01.

f) Confocal mi crograph of TUNEL staining (magen
of dying cells withinwathkeHFOMIf eredti ing .| Reipores ea

from two independent experiments.

g) Quantification of TUNEL+ ma-omroyldtak elBARN CD6 8 +)
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CHAPTERrem2 Agoni st Reprograms Foamy Mz:

At herosclerotic Plaque Stability

4 lInt roducti on

At herosclerosis is a chronic inflammatory di
cardiovascul ar disease. Atherosclerotic plaque
| odvensi ty | i poprotein (LDL)zewi tbhyi npltahgeu ei mtaicrmao pth

| i indgor ged (fo®mymye emdsr ophages are a hall mark o
are one of the most abundant cell types present
excess LDL within foaMM43 m&@erddr@idvai gnegs ai pso pctyotsoitso xain
formation of necrotic cores. Necrotic cores typ
extracellular lipid, which i(®la@Zmlé&giumpaiofeexdes
clearance (44 f200@awvyatneeids)at heroscl erotic plagques

necr ot(ix2 ,c0de)t hi s, along with iMp&a8xredtfi bubas

unstable | esions that are prone to(3.up)ture and

Recent efforts targeting macrophages to i mpr
Studies in preclinical model s and humans have d
effer dgdpt @N,dD P)r omoti ng cell survival, particul e

(LXR) mediated chddés 4&r @&la)def ftlouxd etca etiBled necr o
i mproved features of plaque stability. Furtherm
alternatively actiivmftleadmmatadrey toy tpakoimod epracnduct i

matri x remodeling has been (ed4f8f)ecti ve in driving
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I nteresti-sngd yhascR&Weal ed that foamy macroph
gues eXRBHe¢Brsem2em a surface | ipid receptor |
rophages and microglia and has been proposed
drive cell survival , - pfdlaimimant @tligdm 1.168f Ll&10dcy
m2 has been extensively studied in Alzhei mer

rogl i(a 29dgarnvdi vflale m2 agoni st anti bodies are eff
grescdydowever, recent works intatrhemgadgdcingr a i
el s have suggested c ontsepxetc idfe pce nddeel nett iroens uolft sT
l' y plaque devel opment sl owed plagque progress
' i feration and sumeidv alt etdh rcd u@hre pd eear io d3a) eed d 1 [uX
advanced -bpldayqg ure e, m2widelleet i on | ed to increased
aired efferocyt(oxsl3>IPOuwammdalelxcetskkescel datdae agsihgge:
m2 during early | esion devderlioiprmeegn2t snmagyn aslliomg

anced disease could impair necrotic core for

Here, using a therapeutically relevant Tr em2
Trlegmd2We i nterrogated the effects of promotir
erosclerosis. We find that treatment with AL
|l iferation, and survival while simuitragheous|
rous cap deveilsegmdmntansdsgiinmpgd sanRNAsi s of athe
dies, we determined that Trem2 agonism dr ama

moted foamy cell col | argoeln epfrfolduuxc ttioo ni, mparnodv ed rf

stability.

4 Results
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4. 2.1 Trem2 agonist ALOO2a expands plaque macro

Recent reports indicate that Trem2 deficienc

i mpaired chChaptenoBéredtbubates (B2O06BFthius, c wee f

hypothesized that promoting Trem2 signaling in
decrease plaque necrotic core formation, and pr
hypothesis, we ttmiade dwiatthhea omewmse duwrlrrogate Tr e

ALOQ2& 6, 208)a therapeutic model for treating es
HFD for 8 weeks, then treated with either isoty
continuing FHR rfee Aflfillegr (16 weeks of total HF D,

assessed for atherosclerosis progression via Oi
aortic root cross sections. Aortic root anal ysi
expansofo pl aque size trlemgau ghiedgsusrecofd . @libs,fdaenrcmor e,
mount aorta ORO staining confirmed that ALOOZ2a

pl aque Fbwmude&n 4(1 Inp,oetantly, AL 662mi teedt henbdt otl

weight, serum cholesterol |l evel s, bl ood glucose
compared to isotypé&€igoanerdl 2treated ani mal s (
Given that Trem2 deletion | eads to decreased

pl agqhesough i mpaired macr opraget,srwred)inexlt arsd eErsa
pl aque macrophage content. CD68 dtai micg ofevaeai
that ALOO2a treatment expanded macrophage area
tr eatFmegrutr)e( 4T.olfdet er mi ne mechanisms driving the
pl aqgues -bfeat®8f2mice, macrophage proliferation

mi croscopy. Ki 67 i mmunesttai oanbgo bimHE®rft o end otol a1

MAan



treatment | ed to an increase in the number of p
pl aqkiieggurle. 4ATUNEL staining was performed to iden
ALOO2a treated mice had a dramatic reduction in

( TUNEL+ CDh®&i+*)e, @suchgesting that Trem2 agonism p

within plaques by driving their proliferation a
Next, we sought to examine features of plaqu
fibrous cap formation in atherosclerotic mice t

necrotic core within aortic rloed tdamuedsedeald
necrotic core area cFoingpuaryee d4T.hlois i s®tgpesicoInNenD| W
to promote macrophage survival. Smooth muscl e f
readout of pltaagwe ngt airltiitcy rloyots cross sections

SMA cap area was ex-pgadesdt fRotgeuaryemedd o017 esnRent wi |

coll agen deposition within I esions was al so mea
ALOO2a treated mice had an increase in coll agen
(Fi gur)e. 40viekr al |l , t hese data suggest that ALOOZ2a
survival and i mproves f unda nuednitnagl dfeecarteuarseesd onfe cpr
formation and increased fibrosis.

4. 2.2 AL0O0O2a reprograms foamy macrophages in at

To determine how ALOO2a alters the transcrip
ScRNAseg on single cell p r enpi acrea tfieodn sH FoXf fwohro | 1e6 av
treated with isotype EbDgtr)el 4RaBva Adat0a2 aw & roea i8n tweec
nor mali zed, and clustered using SeWwrladt)l haensde cded tle

revealed a diversitiymmaufnebateh |ismmerse damdgy won hi n
MM



including smooth muscle cells (SMEisgur)d.ibordbl as
Il mportant|l yTr evem2pg roansdi adrhawas | argely | imited to
mi nor expressFbgur)a. & MOafcfeelrlesn t(i al-d ggfeinrei gy ad e/rsd s
shows that both SMC clkesstbdt ssesdnr&Rneddi gdei nlegsv e |
Ac tanMy I(Pi gur)e. 4FE Wrbt her mor e, the myeloid cell <cl
associated with emy@xoipehiargel wihreqotthygpt t hi s cl ust ¢
macrophiages)e.(4Nedxbt , we compared the proportion ¢
i sotype and ALOO2a treated mice and found that

myel oid cell s conpdairgeur)d, o4ciodnestiysge ndomtirtdh Tr em2

macrophage expansi on.

To compare changes of macrophage subpopul ati
treated aortas wedensullc¢lewds B8e e dytudr moc.t4 .S8 ahpi ! aart i to
pri oranaeltyases of sScRNAsedq 35St)wedi edenni i ddrastodoaen
popul ation (Cluster 0) that exlpgelEsdRdd gmaeasn ass
infl ammatory macrophage population (ICl,OGg2r 1)
Cx9gl 2nd a monocyte population (ClustLgr5c2) that
Pl §gdd& gur)e. 4l.mtder est iex@lrye,s seldu gteenre s3 acssoci ated s
(Act,MR) 9and f oLagmaylFs3p,3 svh(i ch i s co-dei isvneyd tcfeobdlt h ¢
phendd@¥pegur,&i gud)e. 4.Mpcortantly, this cluster di
doubl et Badiami Itehreyl evel s of mt RNA andFitgpurdd. ARNAd ¢
Cluster 4 was enriched for genes Mss@Qal)®éd3 ed wit
while cluster 6 expressed genes of mixed origin

(Fi gur)e. 4EWBrdt her more, <c¢cluster 8 | argely consiste



expression of cel |l Toapkdigh/arCd uditeirsiborxperassed h
cl ass HRAapH@A®Is ddd® 0d%ed i neating this population a
proportions of these populations between isotyp
relatively minor differences between treatments
of fwmaomyophiagene (4.uxft her more, ALOO2a treat ment
proporti-expiroéscicomghfangewsr)g, 4s.udgege st i g rtilvaetd monoc

macrophages may be expanding, consistent with e

Next, we sought to examine gene expression d
bet ween macrophage subpopul-akpoprssi Wg kbegpodbshesiu
most affected by ALOO2a treatment andhésunbevah
Tre@2 gur)e. 4SWrapri singl vy, -dee i asledo ffoaumyd cteHdts M
consider abt ef2 gue)e,s 4daolfibcei t | oderi vednf mamgcygeel!l :
suggesting that they coul di faflesroe rbtei arle pgeonger aamneel dy
macrophages (CluanerADgE®Aada eth msoeypeveal ed dr am
genes associated with |Iysosomal-tfeactéedohoamg ce
macrophages showionng oifn clrBesaosséhdeydg a pflde s xi dat i ve
phosphorylAttphadlp@eaords gur)e. 4EWBrgt her more, foamy m
ALOOt2raeat ed plaques expressed higher Celvkdad of ¢
Col padompariesot yt pe ad celdit gnmoigee 4R a8t ghway anal ysi s of
expressed genes from foamy macrophages reveal ed
expression of oxidative phosphoryl ation genes a
infl ammati onFiaquur)a pdspddmgeiss i(ng that Trem2 agoni s

macrophage metabol i sm, promotes cell survival,

Mo



di fferentially expidessecddgdmwmasnybeteweasn (EMQster
treatment again |l ed to increased exCQorlelsasli on of
Col #Ridgur)e 4.npiortantly, key genes ass&cif dtaed wi
were also significantly upregulated in this clu
pat hways involved in ECM organization and coll a

(Figune 4. 3]

Next, to determine i f Trem2 agonism is drivi
human atherosclerotic pl-dgtifesénabi i ty, ewpressk
ALOO2a treated macrophages and opngrafro mme d eqiene s
expression signatures from publicly available h
pl agBé3GampeaeghlyalTadmmssowed significant enrichm
signature of asFingputrpemadON3ekr pl Agqguéeéedi 6 anal ysis su
can rewir-andcdo8MmMGytveed foamy macrophage function
of plaque stability including cell survival, mo

producti on.

To elucidate gene changes in other cell subs
di fferentially -ewwptessdedl gehessi behweren pl aques
treat e gmuinpcee i hBce these cell types do not expr e
observed in these cell types are a downstream ¢c
within the | ocal environment . Il nterestingly, SM

reprogramming fol IFowiunjge Pda.eSm@apganabwmsi(s of the
sever al alterations, most notably decreased fib

coll agen productFiiognuradn 4 .s0egp pordti ivmgitome (noti on t |

Mnan



signalingxpne3siemg@ cells can reshape other arte
factors from Trem2+ cells could be-rreeepdmsi bl e
interaction anal ysi s (walsl Jpseirn go rTnreedm2u+s i nmagc rNoi pchhaegNe
and SMC subsets as the accepfFogur)ee vlendtad r @ snttierr qal
TGhsi gnaling was highly enriched in both SMC cl
production and (BRCGM F wrotr geahbreixgrageissmGd-n was i ncreas
macrophages from AL Q@Q2)e Hyugdgedt iarog ttalteat( Tr em2 e

TGEFproduction to reshape smooth muscle cell func

Nexrn ,viitro assays using bone marrow derived
examine how Trem2 agonism modifies macrophage f
control or ALOO2a anti bodi e£SFBNMDM: WwWerateidf oer
media alone or 20 Og/mL soluble cholesterol to
respectively, and treated with 2nM Trem2 agoni s
BMDMs treated with or withouy AbOOphawer exadHéiebd
cell s with f 1| ueorxeLsDde rftolry 41 ehloeulresd [AILIOO0O2a tr eat me
of macrophages t o tfaokaemyugpol roex ridpifiY cia snty @i eghu rdeh e4 . 8 a
S u ptpioirlye o bserved expansion of foamy macrophages
Trem2 in promoting myeloid cell survival wunder
ef f(l1loxt we assessed cytotoxicity and cholesterol
BMDMs with ALOO2a was sufficié&mntgutr)e admfdbreeenays e c e

celFlisgu(r)e. 4. 8D

To assess cholesterol effl ux, BMDMs were cul

overnight to induce foamy macr opfhaugoe efsocremmatliyon ,a

M p



solubl e cholesterol and eit htehre nil stoutryepde wo rt hA Lt OhOe2
cholesterol-laandptbuoApeAence was measured in |
calcul ate percent cholesterol efflux. As a posi
(LXR) agoni st TO09013elf7f Ivwexr ec aapl ascoi tays.s eTs seead nfeort w
agoni st or ALOO2a |l ead to incr easkFeidgucrheo |48 &7icer ol
was al so confirlmetded siBfi d@OBpaddeddcl(oss of tot al
content as melaispircd ds tbaFing e @D ladf MBed observed enhan:
foll owing Trem2 agoni sm wag dHawahhernt AlLP®OAErat ed ch
expression ofAbtcldAledidrd unxa cgrebnpefpsa g)e. s 4T(08 et est whet h
Trem2 agonism promotes macrophage OXPHOS as see
performed in nonfoamy and foamy BMDM§&i gueereate
4 )Yldnterestingly, while nonfoamy macrophages hac
consumptionFirgaueg ,4 08R@my( macrophages treated wi
increase in basal GCRua)ed 4RiT7RRh | mMhnReha OCRhéanges i
respiration and spager)eedpdrhfaitromiyn ¢ agplaecv atyed OXI

macrophages following Trem2 agoni sm.

Trem2 primarily signals through the adaptor
and DAP12 i mmun ebraesscedap taccrt itvyartd sinnenot i f (1 TAM) ph
kinase SYK is recruited and phonsghcray astiegd awh ing
pat hways including PIlI 3K, AKT, and mTOR. To test
macrophage function was dependent on Syk activa
phosphonfofnoewmynBMDMs sti mul aved wobhsAL@C@2 i amadif

(Figurne WNe&it, a validaBed6SyBYKnjoi wkessdneB8AYsbLly

Mnac



downstream Syk signaling for Trem2 agonist func
an increase in DiFli gup)ea&ded7ifmbibd@ o § enyBADME . (

However, the additionoxfLDEYKiptladkad fodl iompaigr &ad 0
(Fi gur,Bi gdu.r7efr Ar.t8fjdr.mor e, the addition of SYKi i nkh
enhancement of macrophage survi FValguir@&igatrg f oam
4.8k Finally, to assess functional macr ophage pi
performed on BMDMs from contfishhhesdoha ALOOREabi riean
i mpaired the ability ofprAolQ 0o catt o,&png o HEtnd . Bacr o
conclusion, these in vitro studies complement a
agonism with ALOO2a activates SYK to promote ke

including macrophageanadxlpDPlolugtealke, owur vi val ,

4 Bi scussi on

Here, we tested the role of Trem2 agonism on

of atherosclerotic mice with Trem2 agoni st rewi

pl aques which I ed to increasedgée esuaonnd walze t hro
prolifeHawewvar, Trem2 agonist also promoted fun
including increased smooth muscle cap formati on

necrotic core formatiom.ofBy eex asse qnignvpectRriNansa r ti Ip.
ALOO2a treatment redirected foamy macrophage me
promoted coll agen production. Finally, in vitro
that driving eahangedafnrpm@ametg uppraklei odr atxiL®mh .

and chol esterol effl ux.



We previously demonstrated that conditional
decreased | esion size, primarily thr hgalpteecr ea
3) In line with this, we now demonstrate that TI
by promoting macrophage proliferahypothesi periss
primary factor | eading to plaque expansion. Thi
investigating germline Trem2 deletion in advanc
del etion had no redrmh2cde foinc ipd mtqumi cé Z@B8Jd TI arager 1
been proposed that the effect of macrophage ce
pl aque dévaBopmBNsE, we hypothesize that while p
death by inhibiting Trem2 during early ather oma
Trem2 in advanced | esions may be more i mportant

has been shown to be highly specific for Trem2 &

defici(elnaa7 dewdwser, it is possible that ALO0OO02a i ¢
cells in our model such as adipose macrophages
would | ead to the changes we see der wmvmoy tgo kvieme
bl ood i mmune ckildws)evedte2iss math armgortant consi de
ALOOZ2a.

Mechanistically, Trem2 agonism reprograms fo
oxidative phosphorylation (OXPHOS), promotes <coO
responses. I nterestingly, both foamycmacobbphage

pl aqgues have reduced capacity for OXPHOS | eadin
core formation, and( 2dlesx®iemislear Ify ,bradisp csagp rmwa zreo |

OXPHOS pathway undergo excessive ER stress wupon

MYy



efflux, and s¢R4déMoegrtoveel,| ideatsh wel | under stoo
macrophages that promote wound healing switch t
phospho(r2yll7a)i H wsn, we prwpwrse hdalti ndrer pywonse and
macrophage viability observed with Trem2 agoni s
OXPHOS. Future studies wildl need to maldeeslsar hi
mechani sms are driving OXPHOS downstream of Tre
the mMTOR pathway is inducdd 2daowhn scthr eeanrh aonfc eTsr emm 2t

function; however, the |ink between this pathwa

Trem2 has been proposed to be a therapeutic
Al zhei mer 6s di sease. Trem2 is an attractive tar

function under dvi isteaals erdo Iset aitme sa chautie aniomf h& mméa i oo .

found that ALOO2a treatment | ed to expanded pl a
promoting macrophage survival, decreasing necro
is Ili kely ovedabhckbdnétimanahtheroscl erosi s. I mp
the primary cell subset within murine plaques a
at heromads macrophage content is dramatically I
het oge(ndeo)dhrus, while increasing macrophage cell

survival -awgiotnh sTtr emma2y | ead t o plliakgeuey etxhpaatn stihoins ien

macrophage dense human plaques would not signif

expand-wognpgdr deal i sdgo wvmaxctrrogpgdh@mageni Ememad dri ve col
production and efferocytosis of dying cells, ma
remodeling to prevent or reduce risk for major
our udmmdhaeansng of how Trem2 signaling vitally regu

M N



atherosclerotic plaques and emphasizes the pote

therapeutic treatment of established atheroscl e
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a) Scheme of experi fmindea |l weame rfoadc ha Hiddh fat di
then treated with either isotype control or Tre

of HFD at 40 mg/ kg.

b) Representative images of aortic root cross s
hematoxylin from isotype and ALOO2a treated mic
C) Aortic root area measurement by distance thr

from i sotype and ALODG@moupprat\BdtEsmiMare ( medn

d) Representative en face whole aorta stained w

after 16 weeks HFD.

e) Arch, thoracic, and abdominal aorta analyzed

(ORO) staining afdlergléupwpekNSatEEDMa( B =ihe an

f) Representative images and quantification of
sections after 16 weeks HFD from isotype and AL

DAPI in blueNS.DR.tM. are mean

0) Representative images and quantification of
pl aques after 16 weeks HFD f r e6m girsooutpy)p.e Kained7 AL

DAPI in bl ue, CD6 Si E. Me d . Data are mean

h) Representative i mages and quantification of
section plaques after 16 weeks HFD (n=7/group).

are NR.am. M.



i) Necrotic core quantification and i mages i n a
HFD (In0O=/7gr oup) . Necrotic cores were identified U

OR&Gtained sectil.sE. NData are mean

) Smooth muscle fibrous cap area quantificatio
weeks HFD (n=6/group) and stained for smooth mu

Data afN®. EheMn

k) Picrosirius red polarized I ight i mages and p

aortic cross sections after 16 weeks HFD (n=6/g

Data afN®. EheMn
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Figure 4.3 ALOO2a reprograms foamy macrophages
a) Scheme of experiftmindalwearme rfoad ha HhHiddh fat di
then treated with either isotype control or Tre
of HFD. Mice were sacrificed at 8 weeks and aor
ScRMAg (N=7/group).
b) UMAP clustering of total <cells from atherosc
treated mice (~30,000 cell s) Cell clusters wer
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C) Proportion of each cluster from B split by t

d) Heat map showing-spercmdliiczge nel extperessi on fron
popul ation in B.
e) UMAP clustering of only myeloid cells from a

mi ce showing 8 unique myeloid subpopul ations.
f) Proportion of each myeloid cluster from E sp

0) Vol cano pl ot showing differentially expresse

otype and ALOO2a treated mice.

(7))

(cluster 0) of i
ALOO2a treated foamy macr ophagelsat egde niens itsoo ttyhpee

treated foamy macrophages.

h) REACTOME pat hway analysis of differentially

Pat hways to the right (red dots) are enriched i

l eft (blue dots) are enrichedeisn i sotype contro
i) Vol cano plot showing differentially expresse
cluster (cluster 3) of isotype and ALOO2a treat

in ALOO2a treated smooth musdoétsy oamg cpelégul gt

control treated smooth muscle foamy cell s.
) REACTOME pathway analysis of differentially
from |I. Pat hways to the right (red dots) enrich

pat hways to the | eft (blue doto®) hamasehri ¢dbadyi



k) Gene set enrichment analysis of top 200 diff
macrophages, comparing against DEGs from human

symptomatic plaques (Fernandez, DM., et. al ., N
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a) Trem2 expression from isotype and ALOO2a tre
b) Di fferential gene analysis for each cell <clu

C) UMAP clustering and gene expression of <clust

Figure 2E.

d) Percent mitochondrial genes and number of un

myel oid cluster.

€) Proportion of CCR2+ macrophages from isotype



Figdré& Trem2 agoni sm reshapes mapoantbelbsslubsess
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