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LNEMOKINES IN'the brain: beneticial or detrimentaly,
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The role of inflammation




The inflammatory response: a beneficial process
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The inflammatory response: a deleterious process
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The inflammatory response and cytokines/chemokines production
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Cytokines/chemokines involved in acute and chronic inflammatory responses

IL1
IL6
IL11
IL17
TNFo.
CCL2
CCL5
CXCL12
GM-CSF




The inflammation: a balance between pro- and anti- inflammatory cytokines




The brain as an immune privileged site
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Expression of inflammatory mediators in the CNS

Neurointiammation
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Inflammation can influence the control of feeding behavior
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The energy balance




Hypothalamic networks involved in regulation of feeding behavior
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Endogenous brain IL-1 mediates LPS-induced
anorexia and hypothalamic cytokine expression

SOPHIE LAYE,' GILLES GHEUSI,' SANDRINE CREMONA,' CHANTAL COMBE !
KEITH KELLEY,” ROBERT DANTZER,' AND PATRICIA PARNET

Central Nervous System Mechanisms Contributing
to the Cachexia-Anorexia Syndrome

Carlos R. Plata-Salamén, MD, DSc
From the Division of Molecular Biology, School of Life and Health Sciences,
University of Delaware, Newark, Delaware, USA

Evidence that Lipopolysaccharide-Induced Anorexia
Depends upon Central, Rather than Peripheral,
Inflammatory Signals

Brent E. Wisse, Kayoko Ogimoto, Jingjing Tang, Marvin K. Harris, Jr., Elaine W. Raines, and
Michael W. Schwartz

NF-xB Activation in Hypothalamic Pro-opiomelanocortin
Neurons Is Essential in lliness- and Leptin-induced Anorexia™

Pil-Geum Jang' ', Cherl Namkoong' ', Gil Myoung Kang ', Man-Wook Hur’, Seung-Whan Kim®, Geun Hyang Kim'
Yeoungsup Kang ', Min-Jae Jeon , Eun Hee Kim', Myung-Shik Lee**, Michael Karin , Ja-Hyun Baik
Joong-Yeol Park', Ki-Up Lee , Young-Bum Kim"", and Min-Seon Kim

Hypothalamic inflammation and energy balance deregulations

Consumption of a Fat-Rich Diet Activates a
Proinflammatory Response and Induces Insulin
Resistance in the Hypothalamus

Cldudio T. De Souza,* Eliana P. Araujo,* Silvana Bordin, Rika Ashimine, Ricardo L. Zollner,
Antonio C. Boschero, Mério J. A. Saad, and Licio A. Velloso

Hypothalamic proinflammatory lipid accumulation, inflammation, and insulin
resistance in rats fed a high-fat diet
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Stephen C. Woods,* Michael W. Schwartz,® and Kevin D. Niswender®'+'?

MyD88 Signaling in the CNS Is Required
for Development of Fatty Acid-Induced
Leptin Resistance and Diet-Induced Obesity

André Kleinridders, 225 Dominik Schenten,*® A. Christine Kénner,!-225 Bengt F. Belgardt,'235 Jan Mauer,'-23
Tomoo Okamura,’22 F. Thomas Wunderlich,'22 Ruslan Medzhitov,* and Jens C. Brining'23*

Obesity is associated with hypothalamic
injury in rodents and humans

Joshua P. Thaler,'2 Chun-Xia Yi,2 Ellen A. Schur,2 Stephan J. Guyenet,'2 Bang H. Hwang,'24
Marcelo O. Dietrich,® Xiaolin Zhao,'2® David A. Sarruf,'? Vitaly lzgur,”
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Actors of inflammation



Actors of inflammation






Roles of chemokines in the brain

European Journal of Neuroscience, Vol. 21, pp. 701-710, 2005 © Federation of European Neuroscience Societies

Complex effects of stromal cell-derived factor-1a on
melanin-concentrating hormone neuron excitability

A. Guyon," G. Banisadr,? C. Rovére,” A. Cervantes,’ P. Kitabgi,> S. Melik-Parsadaniantz® and J.-L. Nahon'

Are chemokines the third major system in the brain?

Martin W. Adler~™" and Thomas J. Rogers™'*

*Center for Substance Abuse Research, *Fels Institute for Cancer Research and Molecular Biology,
'Department of Pharmacology, Temple University School of Medicine, Philadelphia, Pennsylvania

The chemokine SDF-1/CXCL12 modulates the firing
pattern of vasopressin neurons and counteracts
induced vasopressin release through CXCR4

Céline Callewaere***, Ghazal Banisadr***, Michel G. DesarméniensY, Patricia Mechighel*?, Patrick Kitabgi**,
William H. Rosténe****, and Stéphane Mélik Parsadaniantz**

Chemokines in and out of the central nervous system: much
more than chemotaxis and inflammation

Astrid E. Cardona,’ Meizhang Li," Liping Liu," Carine Savarin,' and Richard M. Ransohoff?

Neuroinflammation Research Center, Department of Neurosciences, Lerner Research Institute, Cleveland Clinic,
Cleveland, Ohio, USA
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OPINION

Chemokines: a new class of
neuromodulator?

William Rosténe, Patrick Kitabgi and Stéphane Meélik Parsadaniantz



For each pathology, an inflammation state
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For each pathology, an inflammation state
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Weight loss and inflammation
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Our model: LPS-induced inflammation

Le Thuc et al., EMBO Reports, 2016



LPS injection induces weight loss

WT Saline
WT icv LPS 100ng
WT icv LPS 500ng

Le Thuc et al., EMBO Reports, 2016 ~



LPS injection induces inflammation in the hypothalamus

Interleukins and other cytokines

Le Thuc et al., EMBO Reports, 2016 ~



LPS injection induces inflammation in the hypothalamus

CC chemokine ligands and receptors

Le Thuc et al., EMBO Reports, 2016 ~



Central CCR2 signalling is required for metabolic and behavioural changes

associated with inflammation

icv injection of INCB3344 CCR2 KO mice
inhibitor of CCR2

Le Thuc et al., EMBO Reports, 2016



Central CCR2 signalling is required for metabolic and behavioural changes
associated with inflammation

WT icv Saline
WT icv LPS 500ng
WT icv LPS 500ng + icv INCB3344 10uM

_ \‘

Le Thuc et al., EMBO Reports, 2016 ~



Central CCR2 signalling is required for metabolic and behavioural changes
associated with inflammation

WT icv LPS vs WT icv Saline

WT icv LPS + icv INCB3344
vs WT icv Saline
CCR2KOicv LPS

vs CCR2 KO icv Saline

WT icv CCL2
vs WT icv Saline

CCR2KOicv CCL2
vs CCR2KOicv Saline

*%*

Le Thuc et al., EMBO Reports, 2016
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Central CCR2 signalling is required for metabolic and behavioural changes
associated with inflammation

WT icv Saline
WT icv LPS 500ng

Le Thuc et al., EMBO Reports, 2016 ~



Central CCR2 signalling is required for metabolic and behavioural changes
associated with inflammation

WT icv Saline
WT icv LPS 500ng

Blocking central CCR2 signalli

-mduced mcrease in fat oxidation and energy stores cons

the LPS

Le Thuc et al., EMBO Reports, 2016 ~




Central CCR2 signalling is required for metabolic and behavioural changes
associated with inflammation

WT icv Saline
WT icv LPS 500ng

Le Thuc et al., EMBO Reports, 2016 ~



icv injected LPS activates the expression of pro-inflammatory cytokines

IL-13 mRNA IL-6 mRNA TNF-o mRNA
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Le Thuc et al., EMBO Reports, 2016 ~



icv injected LPS increases CCL2 expression

icv Saline
icv LPS 500ng

Le Thuc et al., EMBO Reports, 2016 ~



icv injected LPS decreases MCH levels through CCR2 signalling

WT icv LPS 500ng

!CV Ellh WT icv LPS 500ng
icv LPS 500ng + icv INCB3344 10uM

CCR2 KO icv LPS 500ng

LPS injection induces hypothalamic CCL2 overexpression, thus over activation
of central CCR2 signalling, which in turn mediates decrease in MCH expression

Le Thuc et al., EMBO Reports, 2016 ~



icv injected CCL2 activates the expression of pro-inflammatory cytokines

IL-13 mRNA IL-6 MRNA  TNF-oo mRNA

Le Thuc et al., EMBO Reports, 2016 ~



icv injected CCL2 increases its own expression

icv Saline
icv CCL2 100ng

Le Thuc et al., EMBO Reports, 2016 ~



icv injected CCL2 also decreases MCH levels through CCR2 signalling

v CCL2

WT icv CCL2 100ng

WT icv CCL2 100ng

+ icv INCB3344 10uM
CCR2 KO icv CCL2 100ng

icv Saline
icv CCL2 100ng

Like LPS, _
with CCL2 overexpres‘snon and a decrease in MCH expressuon.v

This decrease total

Le Thuc et al., EMBO Reports, 2016
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CCL2 can directly modulate the activity of MCH neurons

MCH neurons express CCR2

Le Thuc et al., EMBO Reports, 2016



CCL2 can directly modulate the activity of MCH neurons

cCL2
INCB3344 (1 uM)

Le Thuc et al., EMBO Reports, 2016 ~



CCL2 prevents MCH secretion

KCI 60mM

KCI 60mM + CCL2 100nM
+INCB 3344 10pM

Le Thuc et al., EMBO Reports, 2016 ~



Inflammation-induced weight loss may be driven by MCHR1 signalling

WT icv Saline

WT icv H6408 10aM

WT icv LPS 500ng

WTicv LPS 500ng +icv H6408 10uM

WT icv CCL2 100ng + icv H6408 10aM

Antagomzmg MCHR1 induces weight loss.

Co-lnjectlonof LPS and H640mes not induce further weight loss whereas co-injection of CCL2 and
H6408 shows early additive weight-loss.

Imhe MCHRMW in early times in the inflammation-induced weight loss.

Le Thuc et al., EMBO Reports, 2016 ~



Conclusion
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For each pathology, an inflammation state
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Obesity and inflammation
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MyD88 Signaling in the CNS Is Required

for Development of Fatty Acid-Induced
Leptin Resistance and Diet-Induced Obesity

r,1235 Bengt F. Belgardt,’23° Jan Mauer,'+?3
1,23 Ruslan Medzhitov,* and Jens C. Briining'%3"

Cell Metabolism, October 2009

André Kleinridders,'2>° Dominik Schenten,*® A. Christine Konne
Tomoo Okamura,’ 2,3 F. Thomas Wunderlich

Does Hypothalamic Inflammation Cause Obesity?

Br : :
ent E. Wisse' and Michael W. Schwartz'*

Cell Metabolism, Previews, October 2009

- diminished hypothalamicintlammationiand leptinresistance protects againStiobesity.
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Development of a murine Diet-Induced Obesity model
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Effects of Soy / Corn HFD consumption on weight gain ?
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Effects of Soy / Corn HFD consumption on leptinemia ?
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Effects of Soy / Corn HFD consumption on metabolic parameters ?
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Effects of Soy / Corn HFD consumption on inflammatory profile ?
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Effects of Soy / Corn HFD consumption on hypothalamic neuropeptides expression?
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Link between CCL5 and weight ?
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Link between CCL5 and weight ?

CULO Serum concentration
IS proportional to the weignt
Of patients
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Effects of CCL5 central injection on weight?




Effects of CCL5 central injection on weight?
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Effect of CCL5 on MCH neurons activity ?




Conclusion
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LCLY, a major central actor In the initiation of obesity



A new role for chemokines
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