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nosuppressiiommat o MHCmhcr ophages that incr.
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suppression of noncanoni cal l'i polysis in
ented in this dissertation outline how ad
|l ates VAT aging to promote met asdblodd chas sf
ced i mmunosuppressive roles in ¥flespWense t

ose thanactrloe hBAgame lelixgrsaliinnt he VAT i s an apj

aChapter 2 refers to this depot as v WAT.

2



target to Iimprove met-abebitésmtedmehfbammat iagre,
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CHAPTER |

I NTRODUCTI ON

Agi ng haegedr tscihgpoé hesi s

Coll oquially recognized as the passage of ti
chronol ogi cal age, bi ol ogiecmd eraggd mmrge d sb.ymod yes fct
Aging is the number one risk factor for many ¢
di abetes, cancer, and neuwWbdé@geneareattiime dinsdd av
states is an option for many peopl e, ol der i n
chronic di seases, increasing treat men’t.* burde
Therefore, targeting the underl ying mechani st

geroprotectors to prevent the onset of di seas
alleviassoagated diseases an®d Fiomdruemaagel lye alat
research has provided insights into the compl e
l'ist of twelve’  BaThenahbabk|l mdr kgioafy agi ng, shown

be divided into the three categorii es: pri mary,

Tabl e 1: Hal |l mar ks of aging

Pri mary Ant agoni s| Il ntegrati
T Genome inst|Y Dysregul atel Stem cel | e
T Tel omere at-t sensing T Altered int
1T Epigenetic T Mitochondr.i communi cat.
T Loss of pro dysfunctionq Chronic inf
! Macroautoph|T Cellular se/f Dysbiosis




Primary hallmarks of aging-retat@adaopasetdi craalls

antagonistic hallmarks of aging are causally r
hall marks are both induced by primary and ant
drive furthé%r Thysfumdtdi cdral | marks are related
making individual hall marks of aging-redmdealdi ng

di seases.

Chronic inflammati on, i mmunosenescence, and B
I @mimarily interested in the integrative hal/
is required for a productive immune response
tightly regulated or the factors intended to

damage and Yy®Ha nicnnatme and adaptive arms of t
tandem to clear pathogens and idAflédhieonsnaheyal
comprised of cells including macrophsapgesi and n
and rapid pathogen d¥t!écTthieona darpd i owlee aarram c ec o mp
including B and T cells, function on a |l onger
and highly specificMre’sphponsetitowalpatdhmnpemsnt C
response is also the devel opment of memory to
induced by knoé¥Bn cpedtilsgogeanss a component of the
known for their antibody producing properties.
or antibodies each with distinct immunological
and 'tg® cells will class switch differentiate
and secreting highly specific antibodies foll
sti muiatMeomory B cells can be activated | ong af

same pathogen via surface |1 g exp’ el slieosns troe g anrc



property of B cells is their cytokine-produc
inflammatory depending on the!®ubB edelalnsd tphheyrse

have a dynamic relationship with their surroul

intracellular communication.

I nfl ammatory factor s, as part of their integre
aged cells and can dr i ve saescsooncdiaartye ds ecneelslcuel nacre
di stinct from any i mmuhneol iomimecme dJwyntcemonadier g
changes during aging including but not | imited
new antigens, i mpaired stem cell di fferenti at
gener al reduc®* fTuhnec tliocosnsaldft yan effective i mmu
has many systemic impédecaed onascdcihme efefsiudacy,n |
but inefficient response t o pat hogen, and,

infectPolbisri ng agi ng,i ntehxep epatemacgegedn or napve co
cells is reduced, contributing to reduced vacc
chall®mMgespecific conbomeelnlts ,off iargsitngi denti fi ed
group the accumastaodociocBe€ed®1a@E2CD28 cell s (ABCs
in the spleen driven by hyperactivation of TLF
dependent d?% fEhientaa@acumm|l ati on primarily occu
expression resulting fr om-cehgiogreorseotnmiec riieomoEd eolfi n

and@l g@nes, hypothesi zedpdomwi®*tdBxaulddyil n atgh ARE€ & c | u

accumulhhas obeen i mplicated i n sever al di seas
dysfunction, autoi mmunity, andc®®%hel mfelvaemmapgniemc
defined aa&sddceei aatgeed i ncregsaden sheonie, i hblvan



been i mplicated reéelnat mdanypatlgel ogi es and i s

i mmunosen¥®s®®ence

While ABCs contribute to inflammaging, over ac:
infl ammatory senescence associated secretory
accumul ation of sdernievsec einnffce@inmasgliankgs ®© o t he accu
of ABCs through TLR signaling, macrophages ha

pattern recogdutiogdwacte@ttohres accumul ation of

mol ecul ar patterns (DAMPs; i . e. , DNA, ATP, et c
st 8% é2Réducing the inflammation derived from
phar macol ogi cal (i . e. senot herapeutics, NLRP3

knockoUWMNIKTAC approaches -eeanmtde-sddanhenktdbces di sea
increases metabolic function??2 @i crewwuicaels poirn

targeting this haladimatraki nohg agheg bias amce of

infl ammation while also retaining the capabil
chall enges, s Whlenas® mbrafrkdtnigom.n t he work presen
I aitmeelt teder stand the development of infl amma

and their condgsd daitdtoend tpatalgel ogi es.

Ag@associated alterations to adipose tissue

Adi pose ti sA udcky mamitc laonrdgaanct i v e

Known primarily -atsorai mgtadmdsict,, fadi pose tissu
active organ with i mmunol oftc@8Browngdg enbocatiane
bei ge, and white adipose serve various roles i
|l i pid storage and mobilization,*®andisygetra@ami avhi

n



adi pose tissue (VAT) is the first triesvseuael itnog s
upregulation of pathways associated Wi Thisnf]l
transcriptional change i s adepmemarinegd sty f tan i
i mmunol ogi cal profile from myeloid domi nant
expansi onassfochgeed adiposdt BARsel ase (AABsNi t e
associated |lymphoid clusters in the VAT by en
macrophage NLRP3 i nfl%nthaWhinmee ashadrviaditi2&dh he CI
phenotype, AABs are distinBearddo@dABICs fiactt,haal
cells in the adipose, i ‘rICded it cheorutg ho ft hagye ,ondrye
~25% of all i mbmoerohal Insd cien 3 b4 n @ 4rPadn i~ O

ol d f emal e2s0O %a nidn “tnPa T s s , t he risk of dysfunc
accumul ati on of t hese infl ammatory aged cel |l

substantially with age.

A critical function of white adipocytes is tt
process o | Lppbygsss is the breakdown of trig
into free fatty aedtder i(fai.e&d af atFtFyAsa c inda, NEFAs
and glycerol serve as i mportant signaling mol e
ATPhrtough mit bahion&rfi’asdi pocyte function decli
resulting in systemic insulin resistance and t
activated by <canonical, PKA dependent signal.
dependent noncancaryitoma&li nsetsi, mblaic t f&irbiea.lWhd ¢ rap @ e 13 f
pat hways do intersect intracel membr age Ppheyxi me
signali Ay’ veandagripodlysis induced by cold stres

body temperature regulation and maintaining en

P



is known to decti Nendanonmngcabi hgpolysis is in

reqguired for the regulation of inflammation ar
have investigated noncanoni c@l.’%IBiapally dii 9 oil ry sti Is
occurs in the absence of external stimul i, [
i ncluding iansfsloacninaatgeidn gi ncreases in cytokine st
9. 77 "¥ hus, the dysregulation of the I|ipolysis |
in organs (i .e., the heart and liver), and dr
increased infection s*éveérrtty in older individu

Adi pose tishge gpxuagdcizated dysfunction

| mmune cells have well documented rol4s®%i®h reg
Adi pose ti ssue macrophages (ATMs) -f e pani ryi onugn g
pol arization that promotes h&al Duyiadi pgseagti
ATMs become highly inflammatory, wupregulating
inflammatory cytoki®@es arbfélBlLdl SBrEITNF wor k has

that NLRP3 wupregulation drives the upregulatio

extracellul ar norepinephrine and suppfesses
Subsequent work from our | ab showed that the |
the accumul atwhamhofmoAABYS nsulin resistance an:
l i pol ysi s, although no mechanism for B cell m

|l eaving open quéeqNtoiner s eil re stsh e tfhieesled.st udi es emp

interactions between i mmune cells and adipocyt

l nsulin suppresses |ipolysis and promotes | ip
>



n t

nt e

and

servy

macrtr

t

mmu

he

mo d e

nfl

macrtr

prov

adip

nf e

his diassmedt abi diaseotci ahedagddinBgdispo oy AgM
ractions using nonlethal endotoxemia and
met abol il adtyipottedrri a2nt. er i zed t he effect of
ammatory effects of sepsi s and endotoxem
unctionally activated B1 B cells arr8i the i
tionall y-podyi Bgcel wWhaoked aildewt t hat B cell s p
gul ation iamd\VWaadei viaein omi rectdryi voer iimmpdaiirree

anonic3lnlcphapiyeives8t i gAeAtBe cAToNMdsetveellko,ped a B

specific |1 1r1-lksiogrkaluitn gtédo neTlBi ¢ arlaet seu | It le
ced B cell accumul ation and i mprov®d met at
g single cell RNA s e g ufeonucni dn glbtwdaftg M&ALT i h gooma n e

s was required for the activation of neutr
es as an i mportant i mmunorelgulcaed d sy amac
ophlaghadditi opaésasntuald eisrne veehad petde rt hdat t he ¢
nosuppressive f-h@t oanmpad@Reeidndy KAICMs and

VAT of old mice are capable of Ipuppasessing

I wherein subsets of B cells in the VAT d
ammati on during i nfl ammat ory ncltalnlcende wa
Op hsaugpepsr ess noncanoni cal adi pocyte Ilipolys
i des i ns bg-titehpee nd g at cellul ar i nteractions
ocytes, revealing novel t herapeutic targe
ction segeiratlgammaatdi on in ol der individual



CHAPTER 11

AGEASSOCI ATED ACCUMULATI ON OF B CELLS PROMOTES:?

I NFLAMMATI ON AND I NHI BI'TS LI POLYSI S | N°ADI POSE

Abstract

No#w anoni cal ' i polysis inducedl bkeinétampmat ol yog
required for the regulation of infl ammati on d
' i polysis induced by catechol amines wdgchnnes
expansion of Il-ymplhammatesr,y pmacrophage polari za
chrontiga aldew i nfl ammati on; howeveaagndrhiec aelxtpgatthw
of Il i polysis is active and i mpacted Ilbeyari mmun
Therefor e, we aimed to define themieckehkBhtienoe wt
no-nanonliicbadd ysise@ sWes.i dentdasisedi aged i mp-air ment
canonical |l i polysis and an accumulation of dy.
mi ce.-l dang edeficiency of B cethesomiecall t edpaolny s
reducti onisnfil @ mmpadcooo yh angeae popul ations. Qur st
targetB ngmdtdhreophage signaling axis mmiyn raegseod v e
vWAT and attenuate septic severity in older in
‘This chapter has been previously published. C

Nguyen K, Kandi konda P, Kruglov V, Bradley C,
W, Badovinac VP, Gri ff-ashocliSgt eGlameddunmibD.atAgaea

promet macrophage inflammation and inhibits [Iip
Pp. 113967 E 2024 Carey, Nguyen, Kandi kond a, Kr
Swanson, Badovi nac, Griffith, and Camel |

Y



Graphical Abstract

B cells Sepsis

I Lipolysis

Macrophage Adipocyte




Il ntroducti on

Aging i s accompanied by an increase in viscer
decreased ability of viscer al white adipose
functions such as |lipolysis that i s ‘P Ped f
Lipolysis is activated vina-naamoopnactahhwa y(sc a(t keachtod

or inflammaté®Eey Atehhko mies )i nf | a mmanaocrryo pahcatgi evsa t
and B cells seen during agdtnigmuwluatpe de slsiemo Icyasties

the bioavailabil #4,9° bdt ¢ & evaheentoH earmi tnlkeesss e v WAT i

cells from older organisms would enhiamceher s
cont esxeapseoifgl i nfl ammati on.
Themonanonlicmdppshsvay is activated when | i popc¢

compone@rta-mefgati ve olracctyetrivikai,ch-e 8&lel recepomor (TL
cytokine receptoonr sadirpeosdiyetcstdov phwpwsphoryl ati on o
andlownstream laidp e y % £%.%atfn der chronic condi
signaling pathway and | ipid avail a’8i IHotwe vileeads
|l i polysis and the faactutyeelggni dedpfodutbd -apgul at

induced inflammat®i%9n®?in young mice

LP&l so iaduaeste inflammaetoanyedebpaneed, neutro
macrophages, antdhrloyungphh oTclyR4e si n 1% .9*uki@gwe wedrv,i dallad
individuals have a dysfthbhattiresaltsmmondypesti @
inefficient i miFh eT he e sepxoancste s ccasisesi adfed agenmu
dysfunction are uncl ear, but i mmunosenescence
failure of the I mmune sysitrear énmsrgbdi ap & ryl ya nrde snoa

oPbl derdi vt dndbs oxemi a’°®nd sepsi s
N M



The data presented altaintei nandle nsovnigXTriagticeéd 9 8$ s an
cytokine infl ammat oyyounrgexppaaieceenci ng systemic i
during ceicnadlucseldurproyl y mi cr obi ailn dsueepesdios oodrenms tae r i
cont,rasWAT from ol d mice fails to exhibit i p
infl amoyt okyes@oRsoew cytometry anal ydseipse nideeerrit i f
accumul ation of VvVWAT B1 B cells that fail t o
Li fleng deficiency dpf-ioBf Ic&imact o eyshaangle acti vati on
the NLRP3 inftwhaotmakdmeupport improved | ipolysi
cell s promot e met abol ic dysfunction and i nfl

supportinrAgnftihmemnpartaory acti vation of macrophages:s

Resul ts

Bacteriaindepsdsinfl ammati on and | ipolysis in

I nitial exper i metna sd omeu nee rpte rtf hoer mendf | ammat ory a
i ¥ WAT fyroaamg and ol d mice diumduwnmeltyenciad e gsldiivarlr y (
We treat gdnoynctubndy) c e dweictrheasi ng dlos3es 00f976S (or
mg/lgody weirvgehtijcABRS with 15% dleywdertohle) @8pot hes
injection woul ddepesmuddnti nl oassdosfe cqmBad) ba@achy t e
i ncrease iinMf | aWaiEotrinbmreensi t i vieSlpihpaspedhof(amdti on
seaurm nexnterified fat €@t raecamtesdeh(oNvEeFdAsdl egesdent
reductbody ithemperature over FihgureCbt a emdafcefdo ar
signifnca@ase in HSL phospholtyl atiigomnfendmt i n
NEFAsp=0. @%52T)he O0.9756i qogb-¢ Mildde pl e i mmune cell
the vWATcluding neutrophils, manropbhpged, rapdc

bacteria components, whidal trieoxulltox aili zeyt dloi
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fractiof" ¥ C8WAREhdomeéeccaease ien dcbdt adkiame | | 6

I 1)INRNA expries svivANg Rlad Weal smal yzed the frequenc
of CD69 on 1% @mphdoC€Ptléb onheutdephifyg the acti
of i mmune celFRFisgudrmamMSMXTpr(essi on was increase:
celAisgur-® ,1é@&bd1b MFI was increhlhisgdnentioeutv WAaphi
at Cdlbsdd grd6§ L vehicle and 0.)97Bo0owegV @r ,s haopvaar t f
frequencyTodelCD$9i n mice gi vdretrleea waafvdeesrte doesxe
i dentiinf itdaed FSmgluedefhSlom t his dose response exper
the 0.975 mg/ g dose of CSanddiucenensinactcigvndt iacr i

VWAT from young mice; therefor-eel awbedseil eceedn

I'n the context of iinfecti ohehaonwdn fell emrmad teido ecdy t o k
|l i powywslid be iimpalcderd i ndi viduals. To &dndr ess t
and o2& m)18ni ce mdg/tdo®S Wéftoirc Ifeo YFri ghuagler s101 d mi c e
showed ampBillfdasesd ccoompar ed t o yotuhneg BEbredeg it r € at e c
1h), as wdlelvdandbdt not ot hmRNA yea xopkri ensesgi\MAAg u(r e

Slg) L. nt ereshtd nmgil ye treated WiSt hdCSedam| MEBRAD s hc
are seen in(Fyguinpege fdiiheese results show an i mpai

response accompanies an amplified inflammatory

Myel oid cell s, iBaWAedxpser mendodibereldfs alterations
including changes i n, afnrde qiurefnlcaymmactéotrPy - hpubnkbneo? ¢ y [
Given the i ncrexapree s mi aiyd wrkii onggh &€ISI enge, we want
tesshet heukocytes from eWATbbfedl di gnagiewdt iaont.e
Expectedelaggteed di fferences wer e npreexspeamtsiiom wWWA

| ymphopcoyptuel aFi gusei) Bhler e were no significant c
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myel oi d pobpiud wartaioodrs hs(p(Fégiue i Miynecempdsi ti on
i nduced tlyyeoQrgi nor aodo |l d hidmeaué otur mepoi nt . However
cellularity was increadgedubipAISBhowmgh hroto!l €t avtWi
significant, there were trends towards increa
admini sfFrgureip SCWwhich is consistent with thei
respoAdewe analyzed the activation of neutropl
spl eens. ChDilelwt rMFdhiolns from vWAT i norbeaséedywunlb
and ol dHowiey®hi |l e VWAT neutiopldledd mixkdanb iCtSe d

increased CD11b MFI comparehatdosivghi tl eantrlewat
CD11b MFI compared t ot rneaytoaudngh iMi gef) oS pCRni c
neutrophils fromsmahHbIsnmigbnaitfsihcoannetd, ai n cKFieqwsree i n (
S1l1k. There were-iCduagé increases in CD69 MFI e
(Figurpebwtll spl esnifcr o'm celld mi ce had elFRivpureaed CD!
SIn) . WMednB cells frdmchakel @eWdleddnofce failed to

CD6©0 ddmeextent as those from RiheeukveVAL1 whi gbung
was not seen(Fiimg 8rihge) .s pHoeneerv e rn, u nge rviectaritelmes e i n t o
B cells in the vWAT during agin®g, ceh&wmWhwer e s
in ad dcompared t o Fihgeul)yeoTllngs emi ces gl ts suggest E
a greater pmpeonti @anh iofl ammatory and metabol.i

mice due to their number s.

B cells can be fur tlhere BllaBsicfeildd ahsapge micfuae! vy
natur al antibodies du%drngadapxttiewvd aB2 i Bf eet il an
memory B cells and pr odit el hd gehesapthaitie gquahbk y by

age aad be di stt megxupirsehsesdi obnp m ft CeD1BDbL subset, b L
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B2 su@Fsgturm®**39% Gi ven the role of B1 B cells

pat hold®en% we wonder edanwheBceelBlosBlld show equi va
activation in young mice. During the CS challl
cells expressed CD69 than B2 B cells in young
old mice had reducedd gubn®9 Tegrerndesion hese dat a
induced sepsiagsutediaoés aamathamye |l ueepordevated
expression, reduced B cell activation, and red

as comparrgl to you
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bi orend@gyCoa@Mmeasured a2 aon@Sdr Om NEFAMFI of
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dot oxiembduwuced infl ammation and | ipolysis in v

e X a mi-cnaen onnoi nc a | I i poliynsivwWAMorien dihreecablsyence ¢
asured the metabolic and inflammatory respon
young mi ¢ ei. n dWheieddleo t b Rd8onei sa fnioht reproduce t
modynamic changes séldnthnsseamptdiet hamassvera
cluding hi gher repebbaciabi Riciug edanacf laa mmat
spéhsé¢ Noung midce shaBjehem gi mghP®Hkgl dose,

mpared to a commomlgy ks ed &l $hegt/ iFajl g udrogs.eS 2 a

predicted that Lé&Reonsegt otlide miacweswoul d exhi l

tcomes as measured by hypother miguneBdl2ayt oKk.i

s significantly(46duiboaeadLsH SffFd gtud )emif2dbea mmat or y

tokine genwerxpaapbviWlATedand tkisdsrueey from ol d

mpared tFo gySshe) g\edd s o i dse ngtniiffiiecdant byl |Temtr eas e
d1 §6ne expression i n awWAT hforuorns oclodmpmaivtceed t o
eat e gnircee 2c) .

next tested the I|ipolytP&®ndespmmaea ofundWA
evat eidn ptHiIsd 2 WATd adafhoeur sLPS a(Fmignuir)et r2Eh é roen

fal @a;m increase in ALE®IE® hlad | lkronwres i mostthe young

i gurnedsSadd phosphoryl ation was highly variabl e

t heer or subcutaneous white adirplodemitd e su
all engedFiwg SRR2ed). ®§ et her, 6sbhggtlsdlrae ai s an ampl
fl ammat ory rredytoengcel,y tbiuyct nr eoslpdo nsWAT duri ng a

al | enrgeep Itihcaatt es whtahte -wWiaS3useensemsi s model
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We wondwhregadheer easing the dose of LPS would ind
from olYOumgcand welrdke mingieeht e, ol. ®g/OkBEor

af our thewanweearte 3. 0mg/ kg i s a dos8é tohfato lidn dmiccee
by 72°hovdosng mice did ndBtiwsbdowchadi éhgednwiet hr
of LPS; however, ol d mBTaed saH dawebdx ha drietdeudc ttihoen |ia
reductBTwhenngi vemgl/tihe Eogeed 2There were amplif
of bilamd@nmRNAXxpression in the vWAT from ol d mic
oL PSi(guf)e 2 n quantifying afrpmcydlteh dmigld & ge act
but not t e swasigl/&kgt,o i ncrease pHSL qua#atities
hospogsthal | Engegé¢ PH2e We next wbndatednt ftlcoouog
second iprod ytic pathway could increagud)dgi2SL in
stimul ati on24wi,t ha KploBteenner gi ¢ r ec e m@tuarn nGAR)N ag
hour LPS challenge increases PpHSL in VvWAT fro
(Figureafaf |t al sdllibonc rTanadslelsMRNA expression ir
vWATFi(gurg@. Shhatsauggees-bhanonliicmdtgbesenhanced by
higher dose ofotkt®6 ba eldcmted by simultaneous

canonBcaAaiRdi ated. pat hway
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(ng&d oupat a ar e express®HEM. 8t atmesatni c B | signi fi
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Endot oxiemdwaedi vatviwam &fcell activation during

We next addeesstdnitmmwnehdalVharal t druedt P&

endot oWemiaa.so examined the spleen and peritone
from these o0PQa'™rs!Wed'db¥WATved the nelupedt edhaage
in frequency iamndu nneu ntheelrl so fi,amn o WA | s plhieginr ¢ avi t
S &-f) . LPS di d ovdMATa Bf ecetl | macropopogé alwtonaeut

wedi d obasdrgme deé cramdse firmglheaelymbaenrd ifnr ovmiVAG! d

mi c(Bi gura®bh).$®d the spleen from old mice, LPS i
proportion of B cells with a corré&spangi B8 cdec
We observed a decrease in splenic B cell numb

(Figure¢ . S3aitb@eepércavity of old mice, LPS inc
and the numbdei got eff SB€hésclianges in peritoneal
could reflect mi gr at.iHogveivieamy n e adkelInthe a® u bdsagwdso |
suggest-hahre H4PS <chall enge does not cause sig
recruitmewhitcdh wWATd be cdectapscetseld], bpumbahi ch mi

be seen at | onger timepoints.

Ne xwea d dreeds 8 u k oaccyttievaytdwmg iaandf ol HawiSoghal |l enge
(Fi gu®3g-h)As vWAT B cells from old mice failed I
chall enge, we examined CD69 expressi 6hD16,m B cel
B cells was not @EFtiaguinet Baaell lys r firdadro e@ldds cveWA TC D 6

MFIFi(gur)e s3ubppport-asgoainabged dysfunction in acti\

a significant i n €D6'8s ec eilviWa\if @ nobe ro | Afi gu e 3
There werreelnaot eadyer eductions in CDG69Fiegxudree s33i 0n
e , but an increase in celflBulcaeliltsy, wansot d eptr eoptosa
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peritoneal cavity f Fioguryg@ tahgr a mmd/enook dd infiifceer e(nc e
the abilisfyomfyBungl bod o ptibe s uMJATE PBI6ad esecond

mar ker of acltASs acthiaoFi,g odgfet ¢8€306 9 expression coul
further enhanced by thdgFidp8ke odihdtikaatli MY aldalilter
does not el evate the .aviotriewavteirpa weMAdphsl osff Bome
and old mice upregul ated CDI11P®e 1t do tcoxdrgpmiua b(l e |
S3j)) . aMNes o dathe etqadc | proportiont mdprTegwlldtsed nCDh6
in oAaspLRFigurld, SBnd significanpid s snonrge TCDESI
spleens offFigludllemiS@®e sien diaitrmmniene c evIWAST yforuonng

and ol Haweoorepar abl e ability to intPSasbdabtenget
However, the increased cel laurpd rinfuimnd dafc todflvda t veWAT

CD6'B cel |l s
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cel(Inss6/ grd D6 B cel l ¢l WVWATILiBgyr p@)Pr opor ti on
ande)cel |l ul ari*tBy coefl d gDé&6-1 ( nr=@HpPr oporti(®n and

cellulari*By cef | ED®@r it eenf galoheaQ@u d&(ryt i(fni=cdat i on

expression as a ‘Brempdodtsi om A eQD NN PIUanHt9i f i cat i
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B cell Ssubset activation is equally impaired b

CD1i®l1 B cells can be furthRIra)}didfi®il6h sabedt s
As thetc@D1%S from vWAT of young and ol d mice he
CD69 that tended to be Friegduurdee d3vaen wohedeoéd wh
di fferential activation of B celWes fdulsdetgau amd u
B1la, Bl1b and B2 cell subsets in vWET.guMar ys few
b). Total VWAT B cells from ydungs orN1lal2d mBilcag
(N13.4) Blb, and 67. 6 %(F(iW1LB4¥he B Becehhossbge
di fferences wthlee fcoenpaenay oV WBRT cfed domsybseg samn
mi qrei gwBrdE consi stent wWitTrhe pa ervd owlst svoirrkdi cat e |
up a negligible proportion of B cells in vWAT,

proportion.

We examined the ability of Bl and B2 subsets t
expression. Whil e theraesswad anedsidgri i neantn ad
CD6'2el |l s in eitherguB égc,eSiIBdashdb et IfB{syiWAT fr om

old mkpee€beéd@t a | ower f | uoafetsecre a3 Engengi ty
4aHowever, thé€oné dnwCoboot®B®BYU . R erl lggr amfofomv WAT mi ce
as compar edFitgouirped utnogn t,t et numberBdaf BCD6BDBI s wa
comparable to that ([BiegwddMoreovreg, mibhere were
number s "oBfl BD6ce!lI | s, as compared to BaxBsceéhl s
Fi gure 4DbThaensde 4dca)t.d4 heu quguendter of B1 B cell s in

compensating for the reduced intensity of CD69

Il mmunosuppressi veBlp aBehwWaspsn o WAT are wupregul at

aging.
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We turnedwiystems and analysis of surface mar k.
i mpact of aging on the Bllemamdady tBe&2s Bf rcoemh |y cswnbgs ed
wer e stiimulwdittehdyrlePv®ereed s mal | , but -rseil antiefdi o aendtu,c te
in the proportthatn boefc oBneE eafgcldsfeetneedits ol at ed t he
peritoneal exsdatoenoyBECU( ®8WFYfomcyobang and ol d
chall enged with LPS f bheel |hso uwiisi reonRiMds tni. mwBl ated d
the PlFOQuamg and old mice CD6@wepd eseimpar abbkeB ce
from SVF of old mice exhibited sFigpufemesant | y |

al sletected a significant r éduBilt iaomd iB2 CBD 6XPe lelxs

v WAT of ol d mi ce as compé@rn gd rdefg)o CDyBung
(i Mmmunosuppressive/ memory mar ker) and MHC I
significantly increased on Bl B celFisguiheat not

and4é&. There were no CElBabgexpi Biegqwie a@d .iSA e
These chdtlecuipp®irg nottilmer ddhadmBl @il é s dfuri ng
includes a BloBeltthwitore xdifi bit dysfunctional actd.i

|l evel s of CD73 and MHC | 1| .
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Lid4deng deficiency of B cells promot ésndnuecteadb ol i

hyperinflammation in old vWAT,
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To tfeosrt an led+i @ odte pd feotfi oBnon el | paord d/ siimmune acti va
during LPS gndet ai€ mideed dThese mice do not expr .
bound I gM (PCR gekogupan rawsailtalmige in t he abse

cell s i n Falglwbatei ssues (

We agued g panoMT mi cdetmdt edgni ficant reducti on
i mMMT miade 19 mont(Rsgublh)e aWreen f emal enM@iwdr &T anc
chall enged with intraperitoneal insulin, we de
(Figweand reduction in theigrSeep mMildné c et hd8hesev .
results are consistent with t htehrdM®dtmoestuhas B
i healthier meAtabdd imomtghsngaf age, nWleni chlea lwli ¢ rhg e
LPS. While there were no diff ekFiegbdeeeMT nmiccoer e B
exhibited signifafctaenrt [fyoumch eursse dc @iipgwBreged t o W
although they stildl di splayed a reduction in
(Figur®d SWe also detected a sphlgpwms gh craymlt avtiddm e a <
fromnwlHRK({ gwrfander um NEIFALHrg§. These rebifomngyg i ndi
deficiency osfi nBiaoelrlosrerdesaulitpocyte metabolism t

oho-noanonliicpaold rya i Isi g hteermpbeordagt lulreewi ng LPS chall en

O



Wenextval uated the i mmune compMsi aindn Wadf Imhi be v
addition to the amklenmuieeaod!| sBo chkdtlesctiend an i nc
proportion, but not o oeeheT hhdr emaveearogp hragedi f(f e
CD11lb exprrewssti sodloimmo v WWTnVaTn dniFcieg 6. € her e was
no significaldl b dlilfaf@edn MRNA Wwer e irne dtuhcee tMWAT o f

mi ofei g wr7ed.

Macrophages from vVWAT regulate multiple aspec:
dampening itfi%82dMmAsEi omere was increased frequ:
we <characterized the phenotype of mmaacr rkoeprhsa g e s
commonl y cuhsaerda ctheea ri ephRigewy.e We derteedcutcetdd bas i n
cCb20€6Dlland CDADzZO0O66ubpopuwlaamtdi cam i ncrease in t
CD20subpopul mTi o Fciiegh ugrike. CDamel CDheDP¥ladi pose

ti ssue macrophages are reported to both promo
infl ammatory phenotype under 82pa% h8Tmhy suol bet
i nvestigatedemaicyveghhaqgt leaxnanma tnidddn RtPBeecaansdp dls e

(protein) which are requi-lbedt bonatht htWepbétessid
aredudtniarhe NLRP3 protein and a sdlight hdeevWA®&as
ofMT miFcieg Bl €Eo mbi rheeds,e tdat a suggesnMTt mé cveWATa so fa
reducttibodl RIPB i nf |l ammas opmmdond X mmenag iom g tnmaucsr op h a
reducing the dbh.Qdecal bn ohes$sé& results are con
whieWAT B cells promote an i nfl amnudaitsorruyp tnaocnr oop

t he Bnaccelolphage signali ngnpaxawddcoanytre bfudrecst iteon.

(0J0)



b [ Insulin Tolerance Test d
. 80 Body Weights 110 —wr : 19 BT at0hrs
o 100 uMT Ii 38 Y
g e * e,
= _ 8 a0 _ a7 -t _
Bgdll /P’—"—./| 2w w_. £ % e
@ — WT ¥ fg 70 = 35 &
x T l x 60 34
o T T T T T ST T T T T T 1 == T
- 7 14 17 18 19 0 15 30 45 60 90 120 WT pMT
§. Age (months) Time (min)
pHSL/HSL ATGL 9
ca b £ 1.5 -
CD19+B220 2 % .
f WT uMT § 3 8
g g 1.0 5
e - =|pHSL B1kDa) £ , . - s
!!!M-" HSL (81 kDa) § , e éﬂ‘ﬁ E
[ — W e e | ATGL (54 kDa) % rf‘ %
W e e e | BoCtin (45KkD2) € O T 2 0.0
WT  pMT WT  pMT
h VWAT immune proportions VWAT immune cellularity i VWAT Ly6g’ CD11b MFI
60 e 5x10 20000
% e o gaxio 15000 i =
e 8, E
% 4 P . ; 10000
g » S2x10 . . =
é ? L -t- ! - 8 5000~
= s & 1%10 pe 1 .
.Y a i
" ! ! ! ‘1—_- ol el - . WT MT
o P &
o &@ < CF\Q’ eq&@* @Q‘s& & d#\# LQ‘\ '
C,Qb @é‘ eas (_,Qh‘ *’é ‘\RP
Fi gué. e Llidreg Bdeledtanwenl i or at es i nfl ammat.i
dysfunction in old vWATa) dRepngsentdat oOedtbha st og
live cells from spl eefnr drmnodpro hadn dWTwWBARTthi (lheo.t t (0 m)
Body weightslO)f miild (h6®% mice measured.(t)hroughoc
INsulin tol eranr=lat)dT( nccflaGWT2 0 mo fd-DhVBT o(l nd= 9

f emadier,c lne=e4 t ma l[gen,cahmd

wer e

treaffedigivkgloh@ Bbmeasur ed

chal l. dgfpivest ernofpHSL,
guanti f(gcseat uomn NEBWAsProportion

(bott om)

of

iviMATINMH(Ic ed fl sCD1Inl b

(n=9 diermralhera | ter, i g n gMi e e
ar hoadd aPS
ARGL f @ ovdWA Bvi

HSL,

on

(top) and
neutrophi

on

t h



CD11c” CD206" CD11c’ CD206" CD11c¢ CD206" CD11c’ CD206"

*x 0.1108 * *

&
&
]

100 =

80~ e*° 40 -

w
=]
1
w
S
1

30—

a
L ]
O 20~
i 10— s
3 [ |
o T T
wT

HMT

40 -

20—

%CD11c” CD206/F4/80"
%CD11c*CD2067F4/80"
N
o
1
%CD11c CD206"/F4/80"
%CD11c*'CD206*/F4/80*
N
o
1

o

D s
S—E-al- > oo
D s
T o
b

uMT

| NRLP3 Cleaved casp1
WT pMT 0.0540 0.0730
L]

-
o
|

NLRP3 (106 kDa)

[

-
)
1

Cleaved

e BB 0 | casP-1(20kDa)

. . - . . - - - B-actin (45 kDa)

o
o
|

Relative protein expression
i

< = = ’
1

Relative protein expression

o
o
—

it iR MinlE

WT  uMT WT  uMT

o
)

Figugd e(conti niieddeg Bdeledtlaimen i or at es i nfl ammat
met abolic dysfunction in ol JReWATe sceinrtiantg veen datt
Ch1l1icb2Q6D11€cD20Q6D11CxD20,6 anDdl1@D20acr oph(Rges.
QuantificatiCORQ6D1CONRA@6D11CD20,6 athb11€D206
cel(llseft &a® aipgphopor tmeaoomr oopfh@RMe/s8 0 r n NOLIRPt3, o f

cl eavaespase Hactamd fBwimt v WATanDatfa carté oeaxpresse
me anSEM.St ati stical si gni f iucnapnaci¢r eadsi-i)d e tmeurl rii mpd
tt est wi-$ihd aHko | ano h)r,eamri ANOYASivdidticht(e st to adjust
mul tiple ¢@roedt,i oorrsp. < 0. 01, *rrPex HlLOO®I i gu
S7.

OoP



Di scussi on

The complex relationship between immune <cell s
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out come, and in t he cont ext of pati ent age,

t herapeutics.
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Experi ment al model and study participant det ai

Ani mal-Addr eni ce were housetlremsa fSpeclftcepat hoy:
racks that -dieltieeed HEPA t o each cage with free
University of Mi nnesot a. Sentinel mice in our
tested standard murine pathogens at various ti
FemaCe7BIl 6/-tJy flewnhadDed 5. 1 C5 7 Brlad /ed ,a nandTe md Icee

on a C57BI 6/ background wer e bred from our
Laboratories or received from the WWaungnmilcd ns

ar e defi-6edomatshs3s ol d and ol d -2n2 cmoratrres delfd ner

experi Méht xperiments and ani mal use were con
Nati onal Il nstitute of Health Guide for the Car
approved by the Institutional Ani mal Care an:

Mi nne.sofni mals were fed with chow diet.

Experi mentaBll ilhedsiinggn of i nvestigators was not po
to obvious differences in phkenbtgpmatbg aget ool
used for transgenic mouse experiments while vy«

from the NIA were bred or purdAphademi ¢de omi Jac&s!
frail ttgr ouhreal amtgeed pat hol ogy were excluded frc

to Il ess than 5% of all aged mice.

Met hod det ail s

Mouse model s

Cecsal wvirmdguced polymicrobial sepsi s: Cecal mat e

either old or young donor mice. Slurry was pre

nn



PBS 15% v/ v gl yceRorl yaadunlg Ot ongdInd .compari sons,
young and ol d sl Theysiwasr preparthen filtered t

mesh straimerZmh@ 8EMP and sBOAEd Mice were inje

either PBS 15% v/v glycerol (control), 1.3 mg
slurry via ng agngayget inccre du =i. Mi ce were treated
temperature monitoring, bef ore eutdashecat ibyn
under isoflurane anesthesia.

Lipopolys@ckeiElmduiaded endotoxemic6chma)l andeol Wo (
22 mo) mice were given | P injection of sterile
or LEP.S QalB4; Si gma, L3024) diluted in sterile
temperature was taken via rectal t her momet er
sacrifice. Mi ce wer e eut hani zed by wnxdamguin

i soflurane anesthesi a.

CL316, 243: Old mice received boluses of- 0.5 mc

0.5 and 4 hours by-hbup. LPB8jebal bendering 8

For insulin(tadmlénamrcevetrestf asted for 4 hours pr
by i.p. injection (0.8U/kg) and bl ood glucose
B celll dlenpC 220 ocdhe piAédb( Geget ec h, clone 5D2) or
(Bi oXCel I, BP0O0O85, clone Cl.18.c4d)pwasmadménBsa

1 weeks before sacrifice and harvest.

Sterile cell i solation and adoptive transfer:
i solated using sterile techniques. | sol ated ce

red blood cells were |lysed using AECKwiltylsi RPMIluf
ne



with 10% FBS. B cells were isolBtCedl luslisnogl atthieo
(StemCell Cat# 19844) accordimglie wecemmeneed

host mi ce -guasuigneg nae e2d3 e .

Adi pose d-iVgescstiran adi pose tissue from the peri
sacrifice and weighed. Ti ssue was mechanical |l
di ssociator and t hen enzymatically digested

Bi ochemical s)eriend Heaan kts SBoulfuft i on (Life Technol oc
vortexing every 10 min. Ti ssue from control ar
stained on the same day to eliminate minor pr
fcaion (SVF) was pelleted by <centrifugation &
filtered. Red blood cells are |lysed using ACK

RPMI with 10% FBS.

Staining for ¢l owl atyagdbmeelrlys were incubated w
Viability Dye (TONBO biosciences) for 30 minut

stained with FcBlock and surface antibodies f

dar k. Anti bodi eesntuesde di narTea bd oec usm . For intracel!]l
cells were treated with Golgi Stop (containing
mi nutes using fixation/ permeabilizadarn omnt aiodiurg

for 45 minutes. Analysis wa30pamndioBheBAGCRSWEMBIID
A3 cytometers and using FIl owJo v1o,; gating
suppl ementary figures. Ant iThhbdiedssiud éd ocasnc ere
associated cel |l SOFCDXEDL11dn dOI0i VENETODUID

were sorteHBAOAr iaa BtDb RP MI with 40% FBS. Cel | s

nz



resuspended in RNA | ysi0019ufffoear R(NIAn v istorl ag & ro;n . 4

were pooled from 2 mice per sample to account

Cel | c-c6ptenecytes, peritoneal <cells, or stromo
and processed as previously deSccerlilbse dveursei npgl astt
l12wel | plates in sterile RPMI s bp pd eegiecnottd ¢ wi t
2mM-gl ut amaté, nghahL, Cel |l s were sng/mRiMAataerdd wit h

ng/ mlonomycngn mir LIPS for 4 hours before harvest

West ern bWhootltei wgWAT ti ssue | ysates were prepare
homogeni zation in RIPA with phospAladraiseh;ankO0 @4
P5726, P8340) . Lysates were | eft on ice for o
were thewispumat 14,000 rpm for 10 minutes at 4
di scarded after each spin. Tot al protein conc
Assay (Fisher Sci; 23246) and pegdt €idmo aglmtnugnt s
Loading Buffer and Reducing Agent (Ther mo Fi
samples, and protein wwa2s% dSBd@msar &StDeSd Gedr. o A tar4
protein was blotted onto a PVDF medmbyr atnrea n(sifnevri
and blots were bifa@adkend | Wi tim %580 TBST sol ution
incubated in primary antibody solution in 50 m
in either 2.5% BSA or nonfat milk anha®hé&ét §BS
Bl ots were then washed three times in a 0.5% T
in goatabdmti secondary antibody (Il nvitrogen; 3
temperature on a benchtop rockingnt &b15é. TBG&ITI

before, bl ot s wer e i maged wi t h ECL substrat
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chemiluminescent iIimaging camera. Quantificatio

Fi sherds iBright Analysis software.

RNA extraction and g¢gen-eWheoxl per etsissi soune sa nvae ryes i lso mo
Tri ddInvitrogen; wxitg 15HKO®6NMEKHY Advantage Bul |l e
Foll owing homogeni zati onir iczhdlo rsolfuwrrrny ian da didnecdu
centrifugation at 12, 000RPM for 15 min at 4AC.
the centrifuged homogenate was performed wusin
according to the manufactturremrs sriipnsitornucanadngF
per f oasnemglr evi oustf®y Pdreisnterri bseeduences wusiendhef or qF

key resources table
Bul k RNA sequencing

|l sol ated RNA was sent to Novogene Corporation

sequencing and downstream anal ysi s

—

brary preparation: RNA quality was assessed
integrity numbers above SMe® swenrgee ru sReNdA fwaars saiq u
tot al RNA-Tu oitaitgt gpooHeyd magneti c beads. After fra
cDNA was synthesized using random hexamer pri

CDNA synthesis using ebrtrhey OoUTBdM®Ped oiromahiloinlt

For t ke rneccnt i onal | i brary, i-ttaiwlaissndgagpa ceyr d fitgeart ie
selection, amplification, and purification. Fo
repaitmjl Ang, adapter I|igation, size selection,

and puri fication
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ta proRawesianm&: fastg format were -housé pepok e

ripts. I n this step, clean data (clean reads
apter, reads -Nc oanntdaq halwigt yplroggads 4flkloim traev d
wnstream anal ysteleel veearne dlaa sae dvikRehf ehriegnhc eq ugael ni oty

rchM3md gene model annotation files were dow
relcindeyex of the reference genome waesndbuilletanus.i
reads were aligned to the r effeatenrceeCagwemtosnev u
was used to count the r eadbBi fnfuetrbeerrést pmaepmped
neenal ysis was perfor mReodcksuigreg!(fithe 0D®R$eud 2 i ng
l ues were adjusted wusing the Benjamini and
|l se discovery rate. -\Galhdes O@iutnhd any abdE Suesqt2e dw
signed as diffeGemdai@itlyl’tBkpGEBES®Endd React ome
ri chment analyses using the clcwstreercRredf iPl evral

ss than 0.05 were considered significantly e
antification and statistical anal ysi s

ati sti ca3St aatniasltyisci asl signi fi enah ¢ et pehsats, t cuanl pcaui l rae
udes#h £,6 SAMOVA usi ngoca tpeosstt t o for multiple cor
P < 0.005; *x* P < SPe0fj c*tehsd®cs <caddrdrOepcdtEito n s
ported in fig@guayeANOYAndas Osed when there wa
ndition but multiple gwaoyupsNQMVA ewasC3 sckas enh e:
re two experimental C®»)T0di tdiedres m{( hee.exadbeasiao
aphPad Prism was wused to define statistical

ta analfyisdiencd& conherval of 95% was used for

sumed t o be nor mal |y di stributed, unl ess tr

no



significantly different bet ween groups. Sampl

previously published experiments. Al stati st
Prism v7 for Windows (GraphPad Soft w&Me) . Dat
Bi ol ogi cal replicates and the number of indepe
in the figure | egends
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6)
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Il ntroducti on

Visceral white adipose tissue (vWATH 58&828RE6hub
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Results and discussion
Il KrOl i-noeBl s alters metabolic readouts and adi g
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cells and a proportional decreasfe)i nTiIB Bropobl
of other immune subsets in vWAT were7en/gd) .si gni

Additionall vy, no alterations to spleni7g)i mmune
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Taken together, t he-4bes idgantad isnugg g ensctr etahsaets Itlhe fr

Bcell subset, twiet H o wetgoutaindcrey yqoatlgl
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The transcriptiona&lelprsofrieveadfs BKAQuBed i mmune

Whil e we observed no dil dmeiifweceanntWTldidnde rBRK@ esan
any individual c¢cluster (not shown), weaeedbserve
( Fi gB8d-e p. 89. 4% of cluster 2 was from old BKO s
old WT samples, | bddedestiiemgyt Mati ves si-galilf i can
transcriptional profiles that r e@&u.l tWe ni deonrtmafti
a significant ddvinmnlrcelguusltaetri o2t, oodcs| wsotnep®a b4 d( Fi g
Reactome ORA identified -4 $hbognificantcliusdect i2¢

cluster 9%)(FiThese findings -caerdeb eccanfsiics tdeell telt wiotnh

To further investi g-#btse gtntad icaegnltt rairlduntsi corni potfi dnLa |

compared cluster 2 and cluster 4. ORA using G
enriched for pathways indicative ofreanmmamseres
activating and regulating signaling pathways,
positicved Icealclti vation adhesi9Qn, amdcpmolriakeér aBk

2 was more enriched f or -RiNaAt hrwabyosssoumbac hutdi agsem
mitochondri al gene translation expression, and

(Figd@mg .S

We identi fi ed-lenfraintihinye nsti gonfallibng i n WT compar ed
cluster 4 and cluster 2 by GSEA, furth%r suppo
e). ORA with GO terms revealed that pathways i/
activating signaling, Gol gi vesicle transport,
in WT cl-usltles @RBgurSd nB | ar | y;ceiln sWT pcatuhswaeyrs 4i n
| eukocyte prellilf arcati ivart,i oBi, andcBER asgoampage

BKO cluster 2 B@rells (Figure S
TN



Taken together, these data suggest theatelWTs adi
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BKO differentially affects the infl abBhmaelblry t

vWAT i mmune cell s.

We predicted thatel &l tpdhreatoitympse iwouBd be accomp.

the | ocal mi croenvironment i ncluding -ltchreg phen
deficiency of B cells-imddwlmmationyraddctfiidmotr
phenot%dpetherefore, we were first interested
i mpact of BKO on their inflammatory transcri pt
SVH [,1bwe identi fied an i ncrease i noBi refi lgmmrat c
transduction, responses to LPS, and general im

and interferons in BKO clusterl@®) usAdadi tOIRAN avli It
revealed BKO macrophages are enriched for int
and HMC processing and presentation in BKO macr

woul d support an amplifiedlbpfpfl ammatory respon

To further investigate &l pepertmahrea uSsvVeEF ooff rlL
treated BKO mice, we performed ORA with React
(Figu@)e and cluster 6 MmMbbhoawnwdes efEiagede BEO r
reductions in cytokine signaling and TLR <cas
i nfl ammatory 7*sli gcredllisngc.canCDa8l so contribute to t
inflammation in the alf possde?we snseuxet deuxrai nmi gn eadg iwnk
infl ammatory proffiTl «eedfl sclwast earl t Er @08 by BKO.

upregulation of pathways including cytokine si
reprogramming to favor gl ycolysis and glucose
activation and inngf | @minipitddE& yTShseisgen addt a support

wherledll Rbn B icselrlesquired for the supprdssiedth of
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infl ammation and the activation of neutrophil
foll owing acute inflammatory challenge in vWAT
wor k showi-hbgp rtohmeott e L i mmunosuppr essilWwe fiamctBor s

regul at déy cells

Subcluster analysis of macrophage cluster 0 re
from old VvVWAT clustered in the inflammatory su
VWAT primarily 4 aesil dendnait mrtyhes udBetl Riisigheme. 0 TWwba b |
clusters of |lipid associated macrophages (LAMs
Ther e wer e no maj or di fferences i n clusteri:
macrophages from 3| FiggiwvaYe. ( T&OI &©RB reveal ed th
1 macrophages from BKO mice showed increased i
infl ammasome -lapsedbttyi ohL and innate i mmune ac!

(Fi glur)e,, suggesting that thisl Expbsteasrsiion.regul
Conclusi on

I n conclusion, our data provides i nsi gbhtie i nt
mi croenvironment and i mmune i nt ecgalclts ops omaltr d
met abolic dysfunction, macrophage?33 h%t ammat epn
we idefibsifgndlLi-agl lon &8s an i mmunoregulatory i |
vWAT macr opha®Tle caend dD8f | ammat ory transcriptiol
in other cell types, includingbsniegunaloiuigl llosh aB d
promotes infl ammatory sciedgnalsiunbgs,etisn dhiacvaet ipnl geitoh

in the WAged-buhenéenfl ammatory responses 4+ hat ar
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1bThese data emphasize the i-mpect anceiaoafernces
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GO ORA: Upregulated in cluster 0 BKO vs WT macrophages
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Met hods
Ani mal car e

Mi ce were housed i-hrese@ettadcili tbibeasdrogernEEBAS Wwi
access to sterile water and chow diet a@ur the U
ani mal rooms were negative for t&s0Delt®fsWNMTgndar d
and I"LA'RIE9(*BKO) mice on a C57BL6/J background
and purchased from Jackson Labor-@tmomntlss &bdnag
old mice are-2deimomeédhsaswl U8 Experi ments and ani
in complianidaetiwdanal tlhresti tute of Heal t h Gui de
Laboratory Ani mal s and were approved by +the

Canmi ttee at the University of Minnesot a.
Experi ment al Desi gn

Bl inding of investigators was not fully possil
and sex. Littermate control'€DW6tentagels fvbil sc
seqguencing were purchased from Jackson Laborat
tumors, ot edtahheerd gppd hol ogi es were excluded frc

|l ess than 5% of all aged mice.

Mouse model s

For insulin tolerance test (I TT), mice were fa
by i .p. injection (0.8U/kg) and bl ood glucose
For |l ipopolysaccharide (LPS) challenge, mice w

in PBS 30 minutes bE.f o0delB@,; 1 Simg/mkag LBO®2@) dil u

Y N



PBS for 4 hours. Mi ce were euthanized by exsan

i soflurane anesthesi a.

RNA extraction and gene expression analysis

Whole tissues were homogenized in Trizol (I nv
Advantage Bull et Blender Storm 24. Foll owing h
Trizol slurry and incubated prior to RMNMAtrifuc
extraction on the aqueous phase of the centr.i
I nvitrogen PureLink RNA Mini Kits according to
transcription and gPCR were pleffBrimmdr asegpuen

used for gqgPCR are showh in supplementary tabl e
Adi pose digestion

VWAT from the perigonadaeutdaeapati was glhadv e At ed n.

suspension of stromovascular cell %2 W&s prepare

Staining for flow cytometry

FIlow cytometry anal ysides owatsB®'pdanmtf iolh ontide sasu s e c
document ed 4i nAmMalby £i S was per f or3m dc ytno nae tBeDr Faol
using FIl dcwYo fulu®r escence asslo0cO,alvOe0OdICDeE| weDet i
sorted on a BD FACS Aria 11 into RPMI wi t h

resuspended alt i1nOOPOB Sc ewiltsh/ 10% FBS for scRNA se

Statisticalndamaltyawsiavail ability

Statistical significance was ¢calecsul aotre dA NUGsViIAn gv |
posdqtoc tests for multiple comparisons. *P < 0.

YP



0.0001. Specif-hoctestseandopesare reported in
outliers were identified and excluded wusing Gr
was used for all test s. Data were asasudmed t o

deviations significantly differed between gr ol

experi ments. Al tests were performed using Gr
expressed as mean N S. E. M. Details otibiohegi:
are in the Rawuard |  pgeaessed sScRNA sequencing c

at GEO (GSE274935).
Single cell RNA sequencing analysi s
Library preparation

Singlél |l i braries were prepared in triplicate
blue staining. Cells were resuspended in MEM

construction used Chromium Next GEM Ghingl®@ Cel

(10x Genomics). About 10,000 singl-elemel ssowsr e
(GEMs), |l ysed, and RNA wasnbamrddead LEMSr eveeres
c DNA was prepared following the manufasddrer 6:¢
with the Agilent Bgiroeaenna.| ylzielb r aarnide sPiucnod-er we nt
seqguencing on an Il lumina NextSeg and final S
capturing ~2e0nd0 OrOe apdasi rpear cel | . Sequencing 1ifk
f elmrtlkar code matrices wusing Cell Ranger (10x Ge

to GRCh38.

ScCRMNAg QC and clustering

Y Z



Analysis of read count matrices was performed

mitochondri al RNA <15% and an R] of 0.95 for

included. Each sample was normalized using 6N
vaahl e genes were selected with O6FindVariabl el
clustering foll owed the standard Seurat wor kf/|
50 principal component s, identified by O6EI bowP
ORunUMAPO® and finding nearest neighbors. Clust

the Louvain algorithm with a resolution of 0.2

scRMNfeg cluster identification and DEG | ist gel
Differentially expressed genes ( DEGs) wer e [
expressed RNAs for each model to RNAs express

6FindMarkersd and then merging the results. ‘
O0Fi ndAlslbMawaksere mpl oyed to find marker genes t he
compared to all other clusters. A minimum of 1

was required for downstream anal ysis.
SCRMNAQg gene set enteriecphrneesretntaand oonvearnal ysi s

Before gene set enri chmentepamraleyngiags i BSEA)A| g E
common gene symbols were converted into Entrez
R package biomart, version 3.18, wusi hg 'f%he da
ORA of Gene Ontology (GO) and Reactome (versio
ClusterProfiler (version 3.18.1) wusing DEGs wi
and adjwvwatee@sp<0.05 where analysis occurred

req@quled genes using the o6enrich!GOé&°%°%alftUsdenngr itchheP
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same DEG 1li st s, React ome Pat hway Analysis was

0GSEA6 and thd4 Remctgmeilgbal i ng enrichment gen
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for 4 (kKIQluG,s.Il lamMinfiNem@e3expression from the strc
of female vWAT f ol IDawian g rleP & xoplreelslseemdg ea.s mean N
significance was dettersmi)ifad pby< wWn pabi,r eed pT < 0. |
**x* p < 0.0001.
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a GO ORA: Upregulated in cluster 2 vs cluster 4
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Cytokine Signaling in Immune
system
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TRIF (TICAM1)-mediated TLR4
signaling

COPI-mediated anterograde
transport
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Cascade

TRAF6 mediated induction of
NFkB and MAP kinases upon
TLR7/8 or 9 activation
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(TLR7/8) Cascade

MyD88:MAL(TIRAP) cascade
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Suppl ement r yCdmmpdsi ti on of clusters by
Cluster Young W ol d WT Ol d BKA(
| L1TRAD1°9°/ | L 1'TRAD 1°9°/ | L 1TRAD 1°9¢’
CounProp [CounProp |Coun Prop
0- Macrophag 721¢(71.92 140(13.95 141{(14. 11
1- CD8T cel 59 |0.658 602]67.22 287132.11
2- Bcell s 60 |0.671 883/9.888 7981]189. 44
3- CDAT cel| 184!28.26] 271{41.63 196!30. 1(
4- B-cel | s 614/{10. 32 428(71.98 105117.69
5- Neutroph 247162.67 871|22.03 604 15. 2§
6- Monocyteg 168!55. 96 631]20. 95 695|23. 08
7- Fibrobla 102141.68 789 32.07 648, 26. 2¢
8- NK cell s 120454.67 697|31.65 301|13. 66
9- Tregs 308|18.31 528/31.39 846|/50. 29
10l LC2s 961|58. 31 379|22.99 308|18. 638
13ic DC1s 690| 43. 1| 555/ 34.6§ 355|22. 18
12c DC1s 530|38.26] 619(44.69 236|17. 03
130T cell 4y 94 |6.906] 936(68. 77 331|24. 32
l14Macrophdg 1169491. 25 76 |5.932 36 |2.810
l15Memor-gelH 11 1.109 571|57.61 409|41. 27
16Pl asma ¢ 122|13.30 427|46.56] 368{40. 13
17Eosinoph 447|51.55 166[19. 14 254|29. 29
18NKT celll] 260|31.98 375(46. 12 178|21.89
19Mast <cell 181|39.00 201|43.31 82 |17.67
20Ki 6undef 66 |16.58 201|50.50 131|32.91
21ADSCs 80 |31.62 57 (22.52 116|45. 8/
22Preadipag 7 20.58 10 |29.41 17 50
Suppl ement 8&r yCdmmpdsi ti on of <clusters by
Young W Ol d WT Ol d BKO
Cluster | L1"RAD 1°9°/| | L 1'TRAD 1°9°/| | L 1'RAD 1¢9¢’
CounPropo CounPropo|CounPropo
s n (% s n (% s n (%
O'Ant' 5931 95.36 158 2.541 130| 2.009
i nfl amm
i~ MHCA 183/ 8.819 857/ 41.3Q0 103! 49. 87
i nfl am.
2- I nfl am. 500/ 69. 44 118| 16.38 102 14. 16
3"3’”" M 362/ 52.69 209/ 30.42 116| 16. 84
4- L AMs 102, 86.44 10 8.474 6 5. 084
5- LTB+ Ma| 35 38.04 35 38.04 22 23. 9]
6- LTB+ Ma 6 8 94. 44 4 5.555 0 0
7- Undet er 36 7 2 9 18 5 10

sampl e

sampl e
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Suppl ement dr yPrtiathdregP€CRr RT
TargetSour ce Pri mers
I 1 6 Thermofi sher|Forward: CACAGAGGATACC
Reverse: TCCACGATTTCCC
I 110 Thermofi sher|Forward: GGTTGCCAAGCCT
Reverse: ACCTGCTCCACTG
Tnf Thermofisher|Forward: CAACCAACAAGTG
Reverse: GATCCACACTCTC
I'1'1b Thermofi sher|Forward: GGTGCCTATGTCT
Reverse: CGATCACCCCGAA
Nl rp3 [Thermofi sher|Forward: GCTAAGAAGGAC
ReverCA6&G CAAACCCATCCACT
Suppl ement &r yAntaibdoedi es used in flow cytometry
Experiment Antibody Clone FIuorch})pho Company Cat #
CD19 | 1D3 | BUV395 _BD 56596
Bioscience
RA3- BD
B220 682 BUV395 Bioscience 56379
CD11b| M1/70 BV785 Biolegend 101214
CD11b| ML70 | BUV737 _BD 61280
Bioscience
. E50- BD
Sigle 2440 BV60S Bioscience 74038
BKO PerCP- .
Ly ®6 188 Biolegend 12761
Phenotyping yog Cy5.5 9
(Figure 1) Ly6g 188 BV605 Biolegend 12763
*Multiple 1 4-5 BD
panels* CD3e S cqq Bv42l Bioscience 56260
14-5 ,
CD3e >Cc11 SB788 Invitrogen 7 80 0 3822
F4/ 80/ BMS8 APC Invitrogen 17-4801-82
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CHAPTER 1|V

| DENTI FI CATI ON OF B CELL AND MACROPHAGE DER

SUPPRESSI VE FACTORS: CANDI DATES FOR THERAPEUT

Abstract

Noncanonicahatngetgdiy inflammatory stimul i i
is impaired in the visceral adi pose tissue (VA
VAT of ol d mi c e and promot e met abol ic dy sf u
infl ammati on. rEiitnkderr ecitl ¢t IBy cel |l s are respon
|l i polysis induced by sepsi s, but speci fic inh

investigate three molecules produced by B cell
|l i polysis sulppnieswmi dbt mmgat ory Adadd-EhmgesntdlL

TGB arémmunosuppr gggessiovleut i on mol ecul es t hat ar
infl ammatory chall enges to offset cytokine s
characterized roles in the suppression ©of cano
selective adenacagiomd srtec ecpatfdreianret, may be abl e t
|l i pol 1Di s.s limcreased following LPS chal-l enge |
10 during ¢&€Sredaltenin elevated noncanonical
specific to the WAS. khRowal typ, imacr €@Be VAT in
manner, we shewpphass&@&Fnoncanoni cal i pol ysi ¢

phosphodi ®2lstermseum, we -ifnifdda mmaatortyh enod retciul es

¢l v Jang, Pranat hi KanDe & bad aS3neipehhajne eN gCuhyod ne,n
Dr . Candace Guerrero (Assistant Director, Cent
UMNanDBrChri stina Camell contributed to data shc
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| 4 0, a nbdh aTv@F-l a@ mptoil yti ¢ capacity and may be resp

of noncanonical |l i polysis in older organi sms.
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I ntroducti on

Aging adi pose ti ssue i S characterized by
dysfuh®t’i®hAn response to inflammatory stimuld.i
CXCL13 and myel oildoBcekl | denaceedcul Bt e in the ac
aging and form fat asdbéi bhtetdl tygnpBoicedl £l depé]
i mproved insulin sensitivity, M2 | i ke macropha
and i mproved noncanoni cal Il i pol y%4.%% Adsur wag i
previoshewegd t hat, either directly or indirectl
sepsiajmwe identify specific, secreted factor s
of noncanoni?cal |ipolysis

Adi pocyte noncanoni cal |l ipolysis is induced b
inflammatory cyt olka nnde6sI*LPn. e8 Muddwmsgt rTeNsFm | i pol y s
l' i pid droplet is activated by cytoplasmic phoc
whi ch rel eD&bsBe st oCGdcti vat e adi pocyte triglycer
phosphorylation of hor mond nsemsittriavse It iop acsaen o
induced by adrenergic stimuld. and downstream ¢
is defined as using MAPXFEM&kwea\sera, ptrhi enaR WA sa ngch
pat hways intersect and both contribute to the

MAPK/ Er k dependent degradati on of c AMP met a

(PDE®b)phosphoryl ation baBadr eacdr yia'd i mwac epftthderm e | e

clear meé*hahhnsmact, although MAPK/ Erk has a |
(Ser®00t)here is no commercially available anti
noncanonical |lipolysis actually measuré&%$ the P
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