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In Brief

During obesity, adipose tissue
macrophages are metabolically activated
(MMe). Coats et al. show that MMe
macrophages perform detrimental
(potentiate inflammation) and beneficial
(exocytose lysosomes to clear dead
adipocytes) functions, controlled by
NOX2. Nox2~'~ mice exhibit improved or
worsened metabolic phenotypes
depending on high-fat-diet duration,
highlighting the dynamic contributions of
MMe macrophages in obesity.



Summary
Abstract

Nejdulezitéjsi, shrnuti celého
clanku, omezeny prostor

Metabolically Activated Adipose Tissue Macrophages
Perform Detrimental and Beneficial Functions

during Diet-Induced Obesity

Brittney R. Coats,”® Kelly Q. Schoenfelt,>® Valéria C. Barbosa-Lorenzi,*® Eduard Peris,’ Chang Cui,?
Alexandria Hoffman, ' Guolin Zhou,” Sully Fernandez,” Lijie Zhai,” Ben A. Hall," Abigail S. Haka,” Ajay M. Shah,*
Catherine A. Reardon,’* Matthew J. Brady,! Christopher J. Rhodes,” Frederick R. Maxfield,”® and Lev Becker-25"

'Committee on Molecular Metabaolism and Mutrition
“Ben May Department for Cancer Research
The University of Chicago, Chicago, IL 60637, USA

*Department of Biochemistry, Weill Cornell Medical College, New York, NY 10065, USA
*Cardiovascular Division, King's College, London British Hearth Foundation Centre, London SES 9NU, UK

“These authors contributed equally

“lead Contact

*Correspondence; levb@uchicago.edu
hitp:/fdx.doi.omg/10. 1016/].celrep. 2017 .08. 096

SUMMARY

During obesity, adipose tissue macrophages (ATMs)
adopt a metabolically activated (MMe) phenotype.
However, the functions of MMe macrophages are
poorly understood. Here, we combine proteomic
and functional methods to demonstrate that, in addi-
tion to potentiating inflammation, MMe macro-
phages promote dead adipocyte clearance through
lysosomal exocytosis. We identify NADPH oxidase 2
(NOX2) as a driver of the inflammatory and adipo-
cyte-clearing properties of MMe macrophages and
show that, compared to wild-type, Nox2~'~ mice
exhibit a time-dependent metabolic phenotype dur-
ing diet-induced obesity. After 8 weeks of high-fat
feeding, Nox2 '~ mice exhibit attenuated ATM
inflammation and mildly improved glucose tolerance.
After 16 weeks of high-fat feeding, Nox2 '~ mice
develop severe insulin resistance, hepatosteatosis,
and visceral lipoatrophy characterized by dead
adipocyte accumulation and defective ATM lyso-
somal exocytosis, a phenotype reproduced in
myeloid cell-specific Nox2~/~ mice. Collectively,
our findings suggest that MMe macrophages
perform detrimental and beneficial functions whose
contribution to metabolic phenotypes during obesity
is determined by disease progression.

signaling and/or production in macrophages improves insulin
sensitivity during obesity (Han et al., 2013; Patsouris et al.,
2008; Saberi et al., 2009; Wei et al., 2016).

In addition to producing irflammatory cytokines, adipose tis-
sue macrophages (ATMs) have also been postulated to perform
beneficial functions during diet-induced obesity (DIO) (Fitzgib-
bons and Czech, 2016). They internalize excess free fatty acids
(FFAs) released by insulin-resistant adipocytes, thereby buff-
ering metabolic tissues from the damage caused by ectopic
accumnulation of saturated FFAs. They also clear dead adipo-
cytes that accumulate during prolonged obesity when adipose
tissue expands enough to produce hypoxia (Strissel et al.,
2007; Sun et al., 2011). The clearance of these dead adipocytes
promaotes adipocyte turnover and maintains adipose tissue
health during nutrient excess.

The diverse functions of macrophages, such as those
described earlier, have often been conceptualized through an
M1 and M2 paradigm (Gordon and Taylor, 2005). The M1 pheno-
type is caused by Th1 mediators such as lipopolysaccharide
(LPS) and interferon gamma (IFNy) and is characterized by
increased production of pro-inflammatory cytokines, while the
M2 phenctype is driven by Th2 mediators (e.g., interleukin-4
[IL-4]}, which activates expression of immunosuppressive fac-
tors that promote macrophage clearance of dead cells and tis-
sue remodeling (Odegaard et al.,, 2007). Although this M1/M2
paradigm has been a useful construct for understanding macro-
phage heterogeneity, studies suggest that it cannot adequately
describe the functions of ATMs during obesity.

Studies from Xu et al., (2013) showed that macrophages from
obese mice induce lysosomal and lipid metabolism pathways,
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INTRODUCTION

During obesity, macrophages accumulate in visceral adipose
tissue, where they promote chronic low-grade inflammation
(Weisberg et al., 2003; Xu et al., 2003). It is well accepted that
this inflammation is causaly associated with insulin resistance
in mice. Inhibiting several pathways that drive inflammatory
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phages to clear dead adipocytes and their large FFA reservoirs.
Moreover, studies from our laboratory showed that saturated
FFAs produce a pro-inflammatory, metabolically activated
(MMe) macrophage phenotype that is mechanistically distinct
from M1 or M2 activation (Kratz et al., 2014). Although we
showed that MMe macrophages accumulate in visceral and sub-
cutaneous adipose tissue of obese humans and mice, their roles

* popis resené problematiky
* Uvod do problematiky
 aktudlnost — shrnuti nejnovéjsich poznatku
* dulezitost — proc je treba toto studovat
* popis, co Ctenare ceka v clanku, jak ¢lanek prispiva
k reSeni problematiky (vysledky, metody)
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EXPERIMENTAL PROCEDURES

Mice

All animal studies were approved by the University of Chicago Institutional
Animal Care and Use Committee (ACUP 72209). Wild-type, GpQT_‘L, Tir2='~,
Tir4~'~, and Myd88_f_ male mice on the C57BL/6 background are from Jack-
son Laboratory. For DIO studies, wild-type, Gp91 ~/= TIr2~'~, and TIr4~'~ mice
were placed on an LFD or HFD (45% fat, Research Diets, D12451) at 8 weeks
of age for up to 16 weeks.

Nox2"" Mice

Nox2™" mice were described (Sag et al., 2017) and were crossed with LysM-
cre knockin mice (Jackson Laboratory, 004781) to generate LysM—cre”‘
Nox2™" mice and littermate control Nox2™" mice. See Supplemental Experi-
mental Procedures for genotyping details.

Differentiation and Activation of BMDMs

Murine BMDMs were differentiated from bone marrow stem cells as previously
described (Kratz et al., 2014). For M1 activation, BMDMs were treated with
LPS (5 ng/mL) and IFNy (12 ng/mL) for 24 hr. For MMe activation, macro-
phages were treated with a combination of glucose (30 mM), insulin (10 nM),
and palmitate (0.4 mM) for 24 hr. Macrophages were also treated with media
conditioned by live 3T3-L1 adipocytes, apoptotic 3T3-L1 adipocytes, or
apoptotic neutrophils for 24 hr.
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Figure 1. MMe Macrophages Overexpress Cytokines and Accumulate Cell Surface Lysosomal Membrane Proteins In Vitro and In Vivo
(A-D) BMDMs (M0) were metabolically activated (MMe) or classically activated (M1). (A) Inflammatory cytokine expression levels. (B) Plasma membrane pro-
teomics analysis with the t test and G test identifies proteins induced (yellow) and suppressed (blue) on the cell surface of MMe macrophages (relative to MO).
(C) Gene ontology analysis of plasma membrane proteins elevated on the cell surface of MMe macrophages (relative to M0). Relative abundances of proteins are
presented as a heatmap. (D) Flow cytometric quantification of cell surface LAMP1 and LAMP2.
(E and F) BMDMs (M0} were treated with conditioned media collected from 3T3-L1 adipocytes (live or apoptotic) or apoptotic neutrophils (polymormphonuclear
neutrophils [PMN]). (E) Inflammatory cytokine expression levels. (F) Flow cytometric quantification of cell surface LAMP1 and LAMPZ.
(G—J) Analysis of ATMs from C57BL/6 mice fed a low-fat (LFD) or high-fat diet (HFD) for 16 weeks. (G) ATMs were isolated from the stromal vascular fraction (SVC)
using anti-CD11b-coupled magnetic beads. ATM purity and recover were confirned by staining for CD11b in the purified ATMs, SVC, and flowthrough (FT).
(H) ATM purity was assessed by staining for CD11c and F4/80. (1) Inflammatory cytokine expression levels. (J) Heatmap of the relative abundance of cell surface
lysosomal membrane proteins.
(K) A comparison of cell surface levels of LAMP2, NPC1, and ATP&v1a in vitro and in vivo; proteins were quantified by mass spectrometry.
Results are mean + SEM; n = 3-8, *p < 0.05 Student's t test, *p < 0.05 Student's t test and G > 1.5 G test. See also Figure S1 and Table S1.

Results are mean + SEM; n = 5-15, *p < 0.05 Student’s t test. !
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DISCUSSION

Accumulating evidence suggests that ATMs perform both detri-
mental and bereficial functions during obesity. They produce in-
flammatory cytokines that promote insulin resistance (Chawla
et al., 2011; Olefsky and Glass, 2010). They also might protect
metabolic tissues from the deleterious effects of excess FFAs
and contribute to adipose tissue homeostasis by clearing dead
adipocytes. Traditionally, these diverse functions have been
attributed to distinct ATM populations; the detrimental functions
have been associated with M1dike macrophages, which may
predominate during early DIO (Lumeng et al., 2007), while the
beneficial functions have been ascribed to M2-ike macro-
phages, which may accumulate during prolonged DIO (Shaul
gt al., 2010).

Here we provide evidence that inflammatory cytokine produc-
tion and dead adipocyte clearance are functional properties of a
single MMe macrophage phenotype that is present during early
and late DIO. We further show that inflammatory signaling
through NOX2, TLR2, and MYDBES coordinately regulates bath
the detrimertal and the beneficial functions of MMe macro-
phages. Accordingly, ablating Nox2 produces a complex meta-
bolic phenotype determined by the duration of high-fat feeding,
which in turn highlights the relative importance of macrophage
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Gatecki P, Talarowska M. Inflammatory theory of

depression. Psychiatr Pol. 2018 Jun 30;52(3):437-
447. doi: 10.12740/PP/76863.



Jak na pripravu prezentace

1. Porozumeét tématu — o ¢em clanek je (nemoc,
metoda, mechanismus,...)

2. Porozumeét jednotlivym terminim — bunécné
populace, proteiny, molekuly, 1éCiva,... - co je co

3. Porozumét zkratkam
1. Specificka pravidla - jména mysich kmenu, jména
gendy, proteinu, bunécnych linii, mutaci, transgenu
2. Dohodnuta nomenklatura — CD markery (cluster of
differentiation)

Kt Wsh/Wesh protein - TNF
mutace - (c.236C>G; p.S79W) meptd- gen - tnf
mcept4+”

mutace v proteinu - G2019S



Prezentace

e Uvod k tématu — 1-2 slidy o oblasti vyzkumu —
dulezitost vyzkumu, zakladni pojmy, mechanismy
dulezité k pochopeni ¢lanku

* Co chtéli autori zjistit

 Co zjistili a jak to déelali — ukazat obrazek s
vysledkem, popsat jak k nému dosli

* Co je zaverem prace



Jak na resersi

* Od obecného ke konkrétnimu
1. ucebnice, wiki, google — zaklad
2. Pubmed —vhodna klicova slova, review
3. Review —shrnuji puvodni ¢lanky — prace s referencemi
4. Puavodni ¢lanky

e Struktura

1. Shrnuti

2. Uvod

3. Systematické rozdéleni do kapitol — inspirace v review
4. Zaver

5. Seznam referenci

* Pozadavky

. (ref_ereél;ce — ucebnice (max 2), review (2 — 4), plvodni vyzkum
min

* rozsah 5—10 stran A4 vCetneé referenci, 12pt, max 1,5 radkovani

* mUze byt obrazek (vlastni) — graficky abstrakt



