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Summary

The expansionfadipose tissue in obesityascompanied bthe accumulatiorof immune cellghat
contributeto a state of lowgrade, chronic inflammation and dysregulated metabolghpose tissue
macrophagefATMS) representhe most abundaitass ofleukocytesn adipose tissufAT) and are
involved ingthe regulatioof severakregulatoryphysiological processes such as tissmodelingand
insulin sensitivity With progresive obesity ATMs arekey mediators ofnetainflammation, insulin
resistanceandimpairment ofadipocyte function While macrophage recruitment from blood monocytes
is a critical fcomponent of the generation of adipose tissue inflammation, neesdtade revealed a role
for ATM proliferation in the early stages of obesity and in@ngtg adipose tissue inflammation. In
addition, studiesthavwevealed a more compleangeof macrophage activation statbsin the previous
M1/M2 modeland the existence of different macrophage profiles between human and animal models.
This review will summarize the curremderstandingf the regulatory mechanisms of ATM function
relation to obesity, to type 2 diabetés depot of originand to other leukocytes such as adipose tissue
dendritic cells\with hopes @mphasizing theegulatory nodes that camotentiallybe targeted to prevent

and treabbesityrelated metabolic disorders.

Scope of Review

Since ATMsthave been predominantly linkedaw-grade, chronic inflammatioof obesity, we discuss
properties @nd functions &TMs in this reviewwith a focus on what we know in mouse models and
humansOur focus on ATM biology will also highlight differences between adipose tissueititendlls
(ATDC) and other leukocytes.

I ntroduction

Incidence of besityand associatedo-morbidities(type 2 diabete€DM), liver andcardiovascular
diseases, and certain forms of cajcemains on the riseObesityresultsfrom a chronic unbalance
between caloric intake and energy expenditiatis characterized aslow grade, chronic inflammatory

diseasehat contributes to metabolic dysfunction amsulin resistancé/R)?. Althoughthe molecular
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basis underpinning this inflammation is not fully understabere is consensubatmacrophage
activation inadipose tissuprecedsthe derelopment of insulin resistanead contributes to a pro
inflammatory staté*. Therefore, dcipheing macrophage biology and pathophysiolagyheobese
settingremains a unique challenge to the fiefdmmunology and metabolism researéhanscriptional
profiling hasadvancedhe understanding of the plasticity of macrophaaggeshg a complex cellular
programming in response to stress sighaid has emphasized the concept thatraphagecan quickly
adopt uniqlie@ropertiesdepending omicro-environmentatues’. Nevertheless, the mechanisms
underpinninghe specialized transcrifgthaland signalingrofiles in macrophages during obesitgluced
adipose tissue inflammation amwetfully resolved.In this review, we will summarize what is known
about adipoese tissue macrophage (ATM) biology in the setting of obesity arfubhitetiisase in a
rapidly moying fieldof investigation.

ATM-driven inflammation links abesity to insulin resistance

Obesity is characterized by a chronic igvade inflammation which is causally implicated in the
development of insulin resistan@®). Insulin resistance is a central mechanism in obesity associated
diseases such as Type 2 diabetes and metabolic syndrome. It is defined as the decline to a normal
physiological response to insulin, resulting into a reduction in glucose disposell asfailure to
suppressilipolysis and hepatic glucose production and occurs prominently in adgaeseNisnerous
studies supportithe role aflipose tissumacrophageand derived inflammatory mediators in the
impairmeéntofinsulin signaling pathwdy8 ATM-derivedpro-inflammatorycytokinesinhibit insulin
action viaactivating preinflammatorykinases, including IkB kinase (IKK) and JNK adipocytes.
Ablation oflJNKsin nacrophaggprotects micdrom obesityinduced IR by reducinghacrophages
infiltration into pancratic islets andblocking ATM polarizationtoward an inflammatory phenotylge
Insulin bindsttarits receptaheinsulin receptor ‘IR’ and its homologoirssulin-like growth factor 1
receptorlGFR’, on macrophages to induce a signaling cascade that leadsetalaolic reprograming to
promote activatioh. It was demonstrated the&FR1signal transduatin promotes alternative
macrophage polarization as welltaelack of IGFR1results into a higher praersus antinflammatory
ATM ratio, lessphagocytosis and more infiltration into adipose tiss@®udiesin IR*™®-mice bearing
the conditional inactivation of the insulin receptomyeloid lineage cells hawdsodemonstrated that
these mice remain protected from the development of obesstyciated insulin resistance and extabit
decreased chronic, legrade inflammatory stdfe Thesefindingsclearly point outhat insulin action
plays akey rolein regulatingmacrophagéiology in adipose tissue during obesitsiven IR and

inflammatiort®.
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ATM activation states

ATMs in lean and obese/insulin resistant settings vtially described based on the tglanensional
M1/M2 spectrunof macrophage activatio¥(Figure 3. While this paradigm waas usefulmodel initially,
advances in the understanding of a spectrum of macrophage activation have challengedaityeaiccu
this modéland'its application in-vivo ATM populations”*®. Evidence have suggested thatgitye
associated ATMs include highly plastic cell populations, whose imrplieootype is determined in
response to multiple stimuli in their surroundimgcroenvironmentlt is nowevident that more than one
populationiof ATMs exist in obese ATand these distinct populations express specific markers, have
unique tissue distributionanscriptional profilesand functionsThe exact number and functions of
ATM subsets in.obese A§ evolvingand the transcriptional mechanisms that define tireque
activation statesiare not fully known. In obesity, ATMs adopt a metabolic actiwasitawith prominent
lysosomal aetivity’ *®*with the main purpose to clear dead adipocyi€@beseATMs display surface
markersthat resemble neither classical (M1) nor alternative (M2) activation, but ea#tate of
metabolic activation (MMenduced bydiverse metabolic stimuli (i.e. free fatty acids, high insulin, high
glucose)’ (Figure 1). These view will be informed by ouunderstanding of theomplexity of
macrophage activatidnStimulation of macrophagegth many different effectors, including pattern
recognition receptor ligands, cytokines, and metabolic cues (i.e. free fattytaghddensity
lipoproteins)generatesnultiple clusters of activation stateand thus may expand aegtend theurrent

modesk.

Adipose tissue macr ophage heter ogeneity in mice

ATM diversitysand heterogeneity can be seen not only between lean and obese states, but also based o
the location’of the adipose tissue depot (@sreral and subcutaneous adipose tisand also if the

depot is compesed of white, brown, or beige adipocytes. In all dégds havebeenclassified into

two majorsubtypestissueresident ananonocyte derivedrécruited” macrophageblumber,

localization and properties of ATMs greatly differ depending on the metabolic $thiNemerically

ATMs population expands from 10% of all cells in lean adipose tissue to more than 50% in sesigre obe
in mice” % The increased number of ATMs in obd@SE is dueto two distinct processesecrutmentof

macrophages from monyte traffickingandlocal proliferation ofrecruitedmacrophages.

In leanmice, aresident ATM poobriginates from yolksac progenitors and seHnewvs by proliferation
under homeostatic conditidds™> Overtime, these resident ATMs appear to be replaced hvitte
marrowderivedmacrophages, likely from monocyteténmediate¥. Mouse monocyte subsets are
classified as Ly6C(further divided as Ly609"and Ly6C""® and Ly6C (also called Ly6E")*. Based
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on the expression of surface markers and chemokine receptors siyié&ets are divided in: CD11b
CD115 and CCR?%" CX3CR1°™. Ly6C monocytes are grouped as CD10D115 and CCR8"
CX3CR1"""?" |n steady state, Ly6Gnonocytes differentiate into Ly6@onocytes in the circulation. In
obese AT in response to inflammatory signals and chemokines such as CCL2at@é&ted monocytes
migrate t6"thé"Site of inflammation where they differentiate into A*NYFigure 2). CCR»"

Ly6C" inflammatory and CCR?' Ly6C residat monocytes are generally thought to preferentially

differentiaté into M1 inflammatory and M2 aditiflammatory macrophages, respectivély

Resident ATMs,are distributed between adipocytes and along vascular structuresse aslpe and are
F4/80° CD64’ CD206" CD301 CD11c¢ (Tablel). These cellexpress antinflammatory molecules,
regulate adipotyte lipichetabolism by secreting factors such ad0Land catecholamin@sdact as
efferocytedo’clear apoptotic cellgnd resolve inflammatiotWith increasedipolysis, resident
macrophagesontribute to lipid bufferingia thecontrol of freefatty acids relase into the circulatiorn
the obese setting, these cells undergo a polarization shift towardrdlanomatory phenotygéas well

as alterationin deathpathwaydeading to increased cell survidal

A major stimulus'for this recruitment is adipocyte stress as ATMs accumulate aeadeéddipocytes
forming clusterscalled crowtike structures (CLSS). Recruited ATMs have been distinguished from
the resident pool'lbased on their localization to CLS as well as their expressionlaf, CCR2, and
TLR4% 3:3qTable1). CD11c has been a useful marker in both mouse and human studies to differentiate
proinflammatory ATMs from the resident p6bf® Genetic ablation of CD11lexpressing ATMgan
attenuateobesityinduced inflammation and metabolic dysfunctfoin conjunctionwith infiltrating cells
from theperiphey, there is evidence indicating tHatal proliferationcontributes toncreasing ATM
numberand this"phenomenatcus predominatly within the CLSS>®’. In additionto increased
recruitment, proliferation andiminishedegress, increased c#hgevity is an additional mechanism by
which ATM number is modulated in obese adipose tfsue

Despite a broad use of CD11c as an inflammatory ATM marker in human and mouse steidiesath
belimitations to the classification scheme us@@11c Due to its expression on dendritic cells, a
question in the field has been thility to differeniate ATMs from adipose tissue dendritic cells (ATDC)
given that,F4/80 an@D11b are also found on ATDC. Using macrophage specific markers CD64 and
MerTK*® population of CD64CD11¢ ATDCs are identifiable andistinct from CD64 CD11¢ and

CD64" CD11¢ ATM pools®. While a CD11c based scheme differentiates ATM subsets in mice and
humans recent transcriptomic studies suggest a revision to this sth&imgle cell RNA sequencing

and clustering analysia murine samplesuggested thahree main ATM populations can be identified
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by the markersD9 and Ly6¢* Ly6c’, Ly6c CD9', and Ly6¢CD9. Thely6c' identifiedrecruited
ATMs with an adipogenic rolthat residd outside of CLS, whoseadoptive transfer into lean migeas
reported taactivategene programs typical of normal adipocyte physiolddye Ly6c CD9 expressed
high levels oMrc1l/Cd206 and were found in lean and obese settings consistent with the previous
definitions of residenATMs. The Ly6¢CD9' populationwasdescribed athe subset thatccumulated
with obesityspecifically within the CLSshadhigh amounts of intracellular lipid in lysosottike
structures, expresdgenes related to lysosordépendent lipid metabolism, secabéxosomesize
vesicles, anthadgene expression and regulatory profiles enriched foirglammatory genéé. Thus

far, Ly6c” (recruited subset),y6¢ CD9" (proinflammatory subseind Ly6¢ CD9 (antkinflammatory
subset) sharedistinct tissue localization arig/6c CD9" were also identified in human adipose tissue.
The authors'note a lack of differential expression of CD11c in these populatdngure studies will
need to clarify the functional role of CD9 in ATMs as well as other adipose tissue stromalzd""
adipocyte progenitofShave been identified as correlating with adipose tissue fibrosis in humans and
CD?9 is also found on dendritic céflso contrd antigen presentatiocsuggesting a potential broader role

for CD9 in'adipose tissue biology that has yet to be understood

Human ATM markers

In parallelwithzan increase in ATMs during obesity in mice, macrophage numbeyasedn adipose
tissuein obese humansith the percentage of ATMs rising from1®% in the lean healthy status to- 40
50% of the-stromal cells in the obese settitigSimilar to mice, there is evidence suggesting the
coexistencg of diverse ATM population subtypes that shape ofreditged inflammation in humanin
contrast to thespranflammatory phenotypswitchof macrophages found in mampouse studies, flow
cytometry analysis of human fahs suggestetthiatthis phenomenon is fundamentally different in human
ATMs in obese individualand thatATMs arebetter represented laymixed inflammatory phenotype
This mixed phenotype isharacterized bthe simultaneoupresence of markers that generally belong to
M2- and MZtype imacrophagé$ such as CD206 and CD1FurtherATM heterogeneitys seen when

comparingdifferent fat depots (visceral versus subcutaneimusimans’.
HumanATMs are generated from peripheral blood monocwiesh aredivided into three subsets:

classical monocytes (CDI4CD16), intermediate monocytes (CDTAD16), and norclassical
monocyteCD14 CD16™)?. It was suggestethatCD14™ CD16 andCD14* CD16 monocytes
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resemblemouse Ly6C inflammatory monocyte subsethereas CD14CD16™ monocytes resemble

Ly6C antiinflammatory monocytes and haagatrollingrole?’.

In lean stateshumanATMsare CD16andexpressnarkersCD14,CD68 CD163, CD204CD206
analogous tothpopulation of ‘resident’ or antnflammatory ATMsseen in micéTablel). CD14"
CD16 CD163 ATMshave been described an antinflammatorysubseinversely correlated with high
BMI“®. However studies haveuggestethatthe presence of ésecellular markersnaynotbelimited to
‘resident oganttinflammatory macrophages. In fast,adipose tissue of obese individualsdibeen
shownto express many markers of M2 macrophages that correlat&Wis with the capacity of
secreting pranflammatory cytokine'’, and correlat@with increased BMY. In human obese adipose
tissue, pranflammatoryATMs have been describesCD14andCD16 positive cellshatdisplay high
levels of other markersuch asCD11c, CD64CD40, CD86, HLADR, TLR4andCD36(Tablel).
Importantly, humarCLS ATMs have been characterized for havangixed M1/M2 phenotyfjé
expressinghe“M1-like” marker CD11c and the “Mitke” marker CD206 or CD163.

Using CD11c to identifppro-inflammatory ATM$® thesubset ofcD11¢ CD206 ATMs was shown to
exhibit a preinflammatory phenotypassociated with increased number of CLSsiagadlin resistancen
obese subject.Interestingy, alsoCD11¢ CD163 ATMs were found taccumulate irfat of obese

individualsand €arrelate with high BMas well aghe production of reactive oxygen speties

In addition toCD11¢ CD206 ATMs, it has beemndicated thathe population of CD11aCD64" ATMs
also define@ro-inflammatory macrophag®s Additionally, thepopulationof CD14" CD16" CD36""
ATMs has been'shown to inclutieghly phagocytic macrophad@sAlthough, a study identified a strong
correlation between CD36 expression on ATMs and metabolic dysfulfc@i36 can be found on other
cell types, such as adipocytes and plateatsthus far,might not beanoptimal candidate nmker.
Nevertheless, a study has reported that by using CD163 in addition to CD14, CD163f)d @Bs
possible to distinguish aritiflammatorymacrophage€CD14 CD16 CD36° CD163) from pro
inflammatory magrophages (CD1@D16" CD36"" CD163)*". Consistently, thexpression of CD163

has been significantly correlated with HOMR®?but the functional relevance of this marker is unclear.

ATMsproperties and functions in lean and obese adipose tissue
Although it is not fully resolved what triggers the activatidrATMs, there is evidencihat adipocyte

hypertrophy and local hypoxia, following energy unbalance, instijaké accumulatioft ** *and a
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switch in the phenotype of ATMsom an antiinflammatory state to a piaflammatorystaté”.

Moreover not only the accumulation of macrophadag also an impairment in macrophage egress has
been implicated in obesifpduced inflammatiot. It has become critical tanderstand the mechanisms
regulating ATMs polarizatioandhow ATMs functions are altered by obesity, as wethasbiology of

the macrophage/adipocyte interplay within CLUSsyeverthe full spectrum of functionsf ATMs are

still not fully clarified despite many advances in the field.

ATM cytokines production: ATMs actively secrete prand antinflammatory cytokings>>. MMe
macrophages have been considered a significant source of inflammatory cytokinegynetoston can

be variably:modulated by NADPH oxidase 2 (NOX2) activity during obesity progrésaithin lean

AT, antrinflammatory cytokines secreted by resident ATMs help maimauiin sensitivityby
counteractingnflammatory responses. This is demonstrated by the effect of the treatment of/tedipo
with IL-10 that alleviates TNFa-induced IR, Similarly, IL-4, known to polarizanti-inflammatory
macrophagés, when administrated to obese mice alleviates inflammatory responses in AT ancesnprov
insulin sensitivity®. Following adipayte hypertrophythe secretion of chemoattractants, such as MCP
1/CCL2, contributeto macrophage recruitment and production ofipftammatory cytokinesincluding
TNFa, IL-6. and 1:1p, that act as main effectors of impaidipocytefunctionand infammabry

signalg %

Energy metabolism in ATMs:. Profiling of intracellular energy metabolism in ATMas contributed to
further understanding their metabolic functions in obese settingnfammatory (M1) macrophages

rely on glyeolysis for their metabolic demarti$nhibition of glycolysis attenuates the adipocyte release
of CCL2 infrespanse to TNFor LPS®, demonstrating the connection between metabolism and
inflammation."On the contrary, asitiflammatory (M2)macrophages rely on oxidative phosphorylation
(OXPHOS) pathway$ °% Recent studies have characterized the metabolic signatures of ATMs in lean
and obese conditions in mféeTranscriptome analysis and extracellular flux measurements of mouse
ATMs revealed that fatty acid oxidation, glycolysis, and glutaminolysis paatiein cytokine release by
ATMs in lean AT?(Table 2).Glycolysis and oxidative phosphorylation pathways are both activated in
ATMs in obesitys’However, glycolysis accounts mostly for the higher cytokine gioduny ATMSs in
obese AT%.In humansthe relationships of macrophage markers with metabolic parameters and
inflammatory bianolecules are not fully clear. However, a recent study has demonstrated that the
regulation of M2ATMs in patients with modest obesity may be closely dependent on mitochondrial
biogenesis an®@XPHOSthrough PGElo/p signals®®.
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Clearance of dead adipocytes. ATMs are known to participate in adipocyte death by promoting the
clearance ofragmented cellular contents via phagocytasid lysosomal activatidh® Under normal
condiions, ATMs phagocytosis of adipocytes debris majnortant to maintai\T homeostasis
keeping adipocyte turnover and overall tissue health. In obese sitirtgypothesized that CLSs ATMs
clear dead adipocytes that are generated with chronic #gpa@siorand perhaps in an attempt to
resolve inflammatioft °® Murine studies based aadipocytetargeted activation of caspa8éave
demonstrated that adipocyte death induces the recruitment of macrépiRegéipin-negative
adipocyteswhich haveundergoing necrosilike death, plasma membrane rupture, endoplasmic reticulum
stress, and cell, debris release have showed that most of recruited ATMs specifically accwaulate n
dying adip@ytes® ® Depletion of mannosbinding lectin has been linked to increased CLSs formation
and decreased’dead adipocyte cleafniceplicating a role in phagocytic pathways of ATMshas

been proposed thatase endocytic processes can overwhelm the metabolic yapa&itMs to take up
debris andnterrupt the normal process of dead cell clearaas@ccurs in foam cell formation and
atherosclerosfs, leading to a maladaptive inflammatory respotis€sFinally, ATMs populations can
exert a complementary role to minimize tissue damage through tight regulatiorgotytasis and tissue

repair®.

Clearanceof-lipids and lysosomal activity Since adipocytes are primarily made of large lipid droplets,
ATMs play an agtive role ithe cleaanceof lipid remainsrom dead fat celf€" " the removal of
extracellularlipids from adipose tisStas well aghe uptakeof triglycerides and nosterified fatty

acids (FFAs) released by enlarged insuéisistant adipocytés Thesephenomea coutl contribute to the
prevention:ofaspotential damage atigotoxicity caused by ectopic accumulation of saturated FFAs.
With increasing adiposity, ATMstoresurplus lipidspeciesgiving rise to a population s-calledlipid-
laden ATMS2#3which have been considered the prim@yS<forming cells. While these are analogous
to atherosclerotic foam cells, the lipid droplets in ATMs are piiigniEaden with FFA and not cholesterol
as in atherosclerotic lesionglterations in lipid metabolism iflipid-laden ATMs have been implicated in
pro4nflammatory responséked toinsulin resistancé "® Studies from Coats et &lobserved that

FFAs inducd MMe macrophageare the major subclass responsible of dead adipocyte clearahce
inflammatory cytokine production in obesit)Xu et al*® demonstrated that the accumulation of ATMs in
obesity and. insulimesistanstates correlates with the induction of lysosomal biogenesis programs in
ATMs. Lysosome biogenesis found to be tightly coupled to lipid accumulation by ATafsl

associated with increased lipid catabolism. Traditionally, ATMs, that accumulatecifttarly a large

amount of lipids or cell debris, exert a lysosomal activity through two typessafles that mostly differ
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based on the pH. Neutral lipid vesicles fuse with primary lysosome forming an@eghid secondary

lysosome implicated in lipid calbolismpathways

Exophagy: A hallmarkof CLS ATMs is heability to internaliz and process cell debris and released
lipids fromrdysfunctional adipocyté$ However, an exocytosisased process, namely exophagy, has
been added to the spectrum of functianguirel by ATMsin obesity’. Exocytosis of lysosomes has
been previously reported in the context of macrophage degradation of aggtddjaiadoam cell
formation and atherogene$is® Based on this process, CLS ATMs can actively participate in lipid
liberation from the adipocytemd form large moieties in an extracellular acidic hydrolytic compartm
called lysosomal synapses. Thtsucture contamlysosomal enzymes, low pH anebEtinrich sealsthat
allow the agtivityyof lysosomal acid hydrola§€s. This process results in extracellular catabolism and
subsequent'iptake ohgiclesfrom the suffering adipocyf@ It has been hypothesized that exophagy in
CLS ATMs sustains a feeirward mechanism of inflammation, linking adipocytes death te pro
inflammatory cytokine release and increased lysosome biogefiestss end, studies by Ying et®l.
have showed that ATMs are also responsible oféreeion of mMiIRNA-containing extracellular vesicles
(EVs), namely ExasThese vesicles ataken up by adipocytewhereinfluence metabolism by directly
affecting cellular insulin signalingmportant findingshave demonstrateetheninsulin sensitive micare
treated with-obese ATNExos develop systemic IR and glucose intolerance. In contrast, treatment of
obese insulin resistant mice with lean AJE®os normalizes glucose tolerance and enhances systemic
insulin s@sitivity=«/n-vitro studies showed that treatment witheseATM -Exos decreasansulin-
stimulated glucose transport in adipocytes and myocytes, while leanExDgl treatment improge
insulin actien:=Upen the screening of several miRMAntainingextracellular vesicleshis study proved
that miR155 contributes to the insulin resistant, glucose intolerant state conferobedy ATMEX0S
indicating ar‘additionalmechanism of obeskiinduced preinflammatory signalinglriven byATM

secretory prodicts

Adipose tissue remodeling and angiogenesis: ATMs patrticipate in the physiologic and pathologic
remodeling of adipose tisstie’® ®'via modulating new adipocyte formation (adipogen&sis) well as
influencing angiogenegfsMacrophage depletion using clodronate liposomes reduces the formation of
blood vessels in adipose tisstlesough the perturbation of angiogen&si®ther studies based on
hypoxiamodels have shown that macrophages recruited into the tip of the gonadal adipose tissige prom
angiogenesi during tissue outgrowth These recruited macrophages are lymphatic vessel endothelial
receptor 1I(YVE-1) positive ATMs and participate into tissue remodeling via the secretion of factors
such as matrix metalloproteinase (MMB)MMP-9, and MMR12, and activation of the VEGNEGFR2
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systemto stimulate new vessel format®. Similarly, ATMs isolated from theuman adipose tissue
secrete MMPs and promote the formation of endothelial cell tubes in matrigel YsfefMis role in
angiogenesis has been linked to dffect of TNFa, which can act as an angiogenic factor®®, as wédl as to
the effect of plateletlerived growth factor (PDGF), that mediates endothelial cell tube formation and
capillary maturation by promoting pericyte recruitnfrinterestingly, it has been shownDhO-models
thata population obsteopontiroverexpressing ATMgould form an adipogenic niche for tissue repair
and remodeling in adipose tiséti€Consistently, osteopontiteficient mice fail to form these

regenerative adipogenic féti

T cell activation: During the development of obesity, the numbeadipose tissu& cells(ATTS)

increases as does the CR8-CD4" T-cell ratio, whereas the percentage of T regulatory cEiegg
decreaséd Both'CD4 and CD8 T cells are crucial in the recruitment and polarization of ATMs through
cytokines such a*Ny andthe accumulatioof CD8' T cells into AT precedes the increase of ATfMs

8 Several groups have shown that ATMs are functional APCs that prémeatéonal expansion of

antigen specific T cell activation in Adhdthe generation diFNy—producing ThiT cells®%% ATMs
phagocytose and;process antigens for presentation, express costimulatory s)aeduleduce aigen
specific CD4 T-cell proliferatiori’. Both resident CD11cATMs and CD11& ATMs contribute to the

generatiorand-maintenance of effector/memory ATT cells #reldevelopment dR with obesity®.

Adiposetissue dendritic cells

Due to sharedsexpression of markers such as CD11b, F4/80, and®E ¢ """ early studiesn
adipose tissue leukocytdgl notclearly dstinguish and differentiate ATMs frondipose tissue dendritic
cells (ATDC9=This omission may be significant since ATD@ay be a potent antigen presenting cell in
AT® crucidl in the priming and differentiation of naive CDHcells”. The use of the macrophage
specific marker CD64 has enabled the clarification of the diversity of ATTBB4CD11¢) and ATM
(CD64'CD11c¢") in lean and obese states. Transcriptional profiling of ATMs and ATa@sated their
distinctfunctions and expression profifé*°. AlthoughATDCs increase quartttively along with ATMs
in obesity® ** °’ the contributionof ATDCsto metainflammation and IR remains not completely
understoodDiet-induced obesity (DIO)nodels have demonstrated thdtigh-fat dietregimen
determines an intreaseAT DCs number in AThat resemble conventional D&s2 Similarly,an
increase in ATDCs has been positivelyretated with high BMI in human$ Studies in mice have
demonstrated that the recruitment of ATDCs during obesity requires the chen@kiRi7 and to a lesser

extent CCRZ. Experiments with CCR@eficient mice have attenuated ATDC accumulation and
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protection against obesity and IR. In additiatk of -catenin in ATDCS3s associatwith decreased

IL-10 levels anduppressedreg recruitment to ATeadingto more inflammatiot. Based on certain
reportshuman CD11&CD1c and mouse CD11€"F4/80°" ATDCs have been considered as an
inflammatory subtype of DCs in AT in obesigsociated IR. In DIO models apopulation of
CDIIc""F4/80"™PATDCs have beeshown to be responsible of the induction of both Th1 and Th17 cells,
whereas CDII#"F4/80°" ATDCs of the differentiation of Th17 celfs Induction of a Th17 responsi
ATDCs resulsin the production of the cytokines-i1p, IL-6 and 1L-23 leading to more inflammatidh

10 Futherfesearchs required to address the true function of ATE&®d which subsets are involved in

obesityindueediinflammation.

Conclusion

Obesity whichhas reached pandemic levels, is viewed as a chronigyriagle inflammation within the
adipose tissue as well as a metabolic disease. Among stromal cells, adiposedsspbageplay akey
role in the pathogenesis obesitydriven inflammation and ntebolic complicationsAltered

environmental cues and inflammatgiyenomeaorchestrate macrophage polarization patterns, which
generally favetissueinfiltration and acquisition oA metabolic activation state. Recruite@Ms differ

from residenmacrophages for distribution, transcriptomic programming and functional charaiboeriz

In additionaltorconventional functionsuch as clearing cellular debris and participating in tissue
remodeling and-lipid bufferinghe release of secretory products (cytokines and extracellular RNAS) is a
critical way‘thatATMs apply to regulate other cells as well as coordinate inflammatory responses.
Although it is now evident that several ATM subsets exist in obese adipose tiasseriptional
mechanismsreguatory factors and intracellular pathwatyxst underlie functional differences are not
fully defined.Over the years,mther limitation in the fielthas been the shared expression of certain cell
markers between ATM and ATDE€ortunatelyrecent datéaveidentified specific markersllowing a
bettercharacterizatiof ATDC contribution toAT inflammation In conclusionunderstanding how
obesity changes ATM functions and the molecular mechanismpinderg inflammation of obese
adipose tissue may lead to novel, therapeutic strategies to prevent or treatiobeséyg adipose tissue
inflammation.Likely, targeting metabolic capacity and inflammatory phenotype of ATMshold a

greater potentialito restofeTM function in obese adipose tissue.
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Table 1. Markers for identification of adipose tissue

macrophages
Resident Recruited
ATMs ATMs
Mouse F4/80 CD11c
CD206 CD64
CD301 CCR2
Arginase 1 TLR4
CD9
Human CD14 CD36
CDes8 CD40
CD163 CDe64
CD204 CD86
CD206 CD11c
HLA-DR
TLR-4
CD163
CD206
CD9
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Table 2. Properties of adipose tissue macrophages

Phenotype

Function

Mouse Human
Resident Recruited Resident Recruited
Anti-inflammatory  Pro-inflammatory | As in mouse Mixed
Tissue Production of As in mouse As in mouse
homeostasis, inflammatory

adipose tissue
remodeling,
angiogenesis
modulation,
promotion of pre-
adipocytes
survival, efficient
efferocytosis of
dead adipocytes,

wound healing,

cytokines and
reactive oxygen
species, inefficient
dead adipocyte
clearance,
adipocyte debris
scavenging, lipid
phagocytosis,
surplus lipid
storage,
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Secreted
factors

Induced by

Metabolic

effects

Metabolism

Dominant

polarization

resolution of
inflammation, lipid
buffering,
regulation of
adipocyte lipolysis

I-10, IL-4, lI-1RA,
Tof-p

k-4, IL-10, IL-13,
Prostaglandin D2

Promote insulin

sensitivity

OXPHOS,
Glycolysis,

Glutaminolysis

Lean adipose

tissue

exophagy, NEFA
spillover, T cell

activation

Tnfa, IL-6, IL-1,
NO

Type | interferons,
LPS, TLR4,
Saturated FFAs,
Ceramides

Promote insulin

resistance

Glycolysis

Obese adipose

tissue

As in mouse

As in mouse

As in mouse

Not clear

As in mouse

As in mouse

As in mouse

As in mouse

Not clear; evidence
of mitochondrial
biogenesis and
OXPHOS

As in mouse
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