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Resolution of inflammation: targeting
GPCRs that interact with lipids and
peptides§
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There is a growing appreciation of the important role of resolution mediators in the successful

termination of the inflammatory response. Here, we discuss the potential importance of the lipid and

peptide proresolving mediators, in particular the resolvins and chemerin-derived peptides, which

mediate their effects through specific G protein-coupled receptors (GPCRs).
Introduction
The typical result of inflammation is removal of harmful stimuli,

such as pathogens, followed by resolution; that is, the restoration

of affected tissues to their normal structural and functional state.

Until recently, it was thought that resolution of the acute inflam-

matory response was a passive process; it is now evident that

endogenous anti-inflammatory and proresolving pathways exist

to control the generation of an appropriate inflammatory response

and its resolution [1]. The obvious implication of this is that

chronic inflammatory pathologies could be in part explained by

a ‘failure to resolve’ and, hence, be a consequence, again at least

partly, to the absence or malfunction of one or more proresolving

pathways. Improved understanding of endogenous anti-inflam-

matory systems, in part through identification of novel resolution

mediators and receptors, could establish novel paradigms that not

only explain the pathology (e.g. inadequate activation of prore-

solving mechanisms and pathways), but also underpin the devel-

opment of novel drugs that can promote inflammatory resolution,

perhaps in concert with the endogenous pathways of the body [2].

A diverse array of factors has a role in inflammatory resolution,

including gaseous mediators (H2S [3]); a purine (adenosine [4]);

acetylcholine release from the vagal nerve [5]; a protease inhibitor

[secretory leukocyte protease inhibitor (SLPI) [6]]; lipids {lipoxins

[7], resolvins [8], protectins [9], maresins [10], and cyclopentenone
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prostaglandins [15-deoxy-delta-12,14-prostaglandin J2 (15d-

PGJ2)] [2]}; proteins (annexin A1 [11]); and peptides (annexin,

melanocortin and chemerin-derived peptides [12–16]) (Tables 1

and 2). In this noncomprehensive review, we focus on a subset of

membrane anti-inflammatory GPCRs as effectors of resolution,

ChemR23 (CMKLR1), GPR32 and FPR2/ALX, which transduce the

proresolving signals of chemerin peptides, resolvin E1 (RvE1) and

resolvin D1 (RvD1) (Fig. 1).

Proresolving lipid agonists: resolvins
We first focus on the role that resolvins, as examples of proresol-

ving lipids, have in inflammatory resolution. Omega-3 polyunsat-

urated fatty acids (PUFA) are known to be beneficial for health.

Indeed, population studies suggest that these lipids have a pre-

ventative effect in rheumatoid arthritis (RA), with lower preva-

lence observed in the Japanese and Inuit population, who

consume large amounts of oily fish rich in omega-3 PUFA. In

corroboration, clinical studies have revealed that dietary supple-

mentation with omega-3 PUFA is efficacious in reducing joint

pain, morning stiffness, and nonsteroidal anti-inflammatory drugs

(NSAID) usage in patients with RA [17]. Additionally, consump-

tion of omega-3 PUFA has favorable effects for cardiovascular

health [18], which can become compromised in patients with

RA. However, the mechanisms by which omega-3 PUFAs exert

their beneficial effects has not yet been fully explored.

Recently, a new genus of autacoids was identified in resolving

exudates that exert potent, protective properties and control the

duration and magnitude of an inflammatory response. These

include the lipoxins from arachidonic acid and the omega-3-

derived resolvins, protectins, and maresins [19]. Here, we focus

on two of the resolvins (resolution-phase interaction products)
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TABLE 1

A selection of proresolving mediators and their receptors

Resolution mediator (abbreviation) Synonyms Class Receptor(s) Refs

Annexin A1 (AnxA1) Lipocortin A1 FPR2/ALX [11,12,55]

Galectin 1 (Gal1) Galaptin, LGALS1 Protein CD7, CD43, CD45, integrins, CD2, CD3 [56–58]

Galectin 9 (Gal9) LGALS9 TIM-3 [56,59]

Ac2-26 FPR1, FPR2/ALX [30,60]

Alpha-melanocortin-stimulating hormone (aMSH) a-Melanotropin Peptide MC3R [61,62]

Chemerin15 (C15) ChemR23/CMKLR1 [16,49]

Lipoxin A4 (LXA4) FPR2/ALX, GPR32 [7,28,63]

Resolvin D1 (RvD1) FPR2/ALX, GPR32 [28,64]

Resolvin D2 (RvD2) ? [20,26]

Resolvin E1 (RvE1) Lipid ChemR23, BLT1 [52,65,66]

Maresins ? [10]

Protectin D1 ? [9,67]

15-Deoxy-prostaglandin J2 (15d-PGJ2) Cyclopentenone prostaglandin PPARg [68]
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with identified target receptors, namely RvE1 and RvD1, which are

enzymatically biosynthesized from omega-3 eicosapentaenoic

acid and docosahexaenoic acid, respectively.

Resolvins exert potent anti-inflammatory and proresolving

actions not only in acute inflammatory models, but also in models

of chronic disease, including diabetes, sepsis, retinopathy, asthma,

atherosclerosis, and periodontitis. RvD1, D2, and E1 also exhibit

anti-infective actions, enhancing the containment, killing, and

clearance of bacteria to promote catabasis [20–22]. Furthermore,

resolvins help maintain vascular homeostasis; RvE1 counter-reg-

ulates platelet activation [23] and decreases platelet-derived

growth factor-stimulated vascular smooth muscle cell activation

[24]. Additionally, RvD2 stimulates vasoprotective prostacyclin

and nitric oxide release from vascular endothelial cells [20]. Resol-

vins were recently identified as potent analgesics; 17R-RvD1
TABLE 2

Ligands for selected resolution receptors

Receptor Ligands Refs

BLT1 LTB4 [69]

RvE1 [52]

ChemR23 Chemerin (TIG2, RARRES2) [16,38]

C15a [16,49]
RvE1 [52,66]

FPR1 fMLF [70]

Mitochondrial formyl peptides [71]

Ac2-26 [13,72]

FPR2 AnxA1 [73]
CCL23 [74]

Humanin [75,76]

SHAAGtide [77]

Ac2-26 [13,72]
SAA [78]

uPAR [79]

PrP (Prion protein) [80]

LL-37 (Cathelicidin) [81]
Temporin [82]

Lipoxin A4 [83]

WKYMVm [84,85]
a Receptor specificity shown indirectly through use of receptor-knockout cells and mice.
(100 ng intraperitoneally twice daily) is antihyperalgesic, reducing

hind paw withdrawal frequency in a model of adjuvant-induced

arthritis, which was associated with decreased tumor necrosis

factor (TNF)-a and interleukin (IL)-1b levels within the paw

[25]. Most recently, RvD1, D2, and E1 were documented as endog-

enous inhibitors for transient receptor potential vanilloid 1

(TRPV1) and TRP ankyryn 1 (TRPA1) currents; these receptors

contribute to inflammatory pain via peripheral and central sensi-

tization, thus explaining the analgesic actions of resolvins [26].

The bioactions of resolvins are mediated via specific GPCRs

(Fig. 1). RvE1 acts as an agonist at two GPCRs, namely ChemR23

and as a partial agonist on the leukotriene B4 (LTB4) receptor

(BLT1), thus competing with LTB4 for binding (reviewed in

[27]). RvD1 is also known to act via two GPCRs, which were

identified and validated using a GPCR/beta-arrestin coupled

system, the lipoxin A4 (LXA4) and annexin-A1 receptor [formyl

peptide-like 2 (FPR2)/ALX] and an orphan receptor GPR32 on

human leukocytes [28] (Fig. 1). Specific binding experiments

revealed that RvD1 binds with high affinity (Kd = 0.2 nM) to

human neutrophils. RvD1 binding could be partially displaced

(approximately 60%) by LXA4, whereas no competition was

observed with the annexin peptide Ac2-12, conferring indepen-

dent peptide and/or lipid binding sites. Receptors for other

resolvins are yet to be determined, but are likely to be high-affinity

GPCRs based on their potency, stereoselective actions and becau-

setheir actions can be blocked with the selective Gai-coupled

GPCR inhibitor, pertussis toxin [20,26].

Transgenic mice overexpressing human FPR2/ALX exhibited

reduced neutrophil infiltration in zymosan peritonitis [29] and

mice lacking the murine homologue receptor displayed an exac-

erbated response to arthritogenic serum [30], further supporting a

protective role for this receptor in inflammation. Indeed, increased

levels of the proresolving mediator LXA4 and FPR2/ALX are

detected in human pathologies, including RA [31] and acute

post-streptococcal glomerulonephritis [32], suggesting that pro-

tective mediators and their receptors are may be operative within

inflammatory settings to aid resolution. Therefore, endogenous

lipid mediators are temporally and spatially biosynthesized to
www.drugdiscoverytoday.com 1187
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FIGURE 1

Key cellular actions of resolvins and the chemerin peptide C15. Resolvins act in a stereospecific manner on multiple cell types via specific G protein-coupled
receptors (GPCRs) to limit neutrophil (PMN) activation and recruitment and to stimulate nonphlogistic macrophage phagocytosis. Both RvD1 and RvE1 act at two

GPCRs, RvD1 signals via ALX/FPR2 and an orphan receptor GPR32 on human leukocytes, whereas RvE1 acts as an agonist at ChemR23 and as a partial agonist on

the LTB4 receptor (BLT1), thus competing with LTB4 for binding (reviewed in [27]). The chemerin peptide C15 is also known to signal via ChemR23 to reduce PMN

and monocyte recruitment and limit macrophage activation. Abbreviations: ALX/FPR2, lipoxin A4 receptor/annexin-A1 receptor/formyl peptide-like 2; LTB4,
leukotriene B4; RvD1, resolvin D1; RvE1, resolvin E1;.
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regulate actively resolution by acting on their specific GPCRs,

which initiates anti-inflammatory and proresolving signals to

terminate inflammation. However, when these endogenous

counter-regulatory circuits fail, inflammation perpetuates, as ob-

served in pathologies such as atherosclerosis [33] and periodontitis

[34], which are associated with chronic low-grade inflammation.

Proresolving peptide agonists: chemerin and its
peptides
Chemerin is a chemoattractant protein less commonly known as

retinoic acid receptor responder (RARRES2) and tazarotene-in-

duced gene-2 (TIG-2). Chemerin is found in the circulation and

in inflammatory exudates including ascitic and synovial fluid

[35,36]. Secreted as an inactive precursor, pro-chemerin undergoes

C-terminal proteolytic cleavage by serine proteases to generate the

active chemoattractant protein. These enzymes include those of

the coagulation (factor VII) and fibrinolytic (plasmin) cascades,

and those derived post-neutrophil degranulation (elastase and

cathepsin G) [35–37]. Chemerin acts as a plasmacytoid dendritic

cell, natural killer cell, and macrophage chemoattractant [38–40].

The chemotactic effects of chemerin are mediated through the

GPCR ChemR23, although chemerin can also bind to GPR1 and
1188 www.drugdiscoverytoday.com
chemokine (C–C motif) receptor-like 2 (CCRL2) [chemokine re-

ceptor on activated macrophages (CRAM)] [41,42]. The binding

sites of chemerin on each of its receptors have yet to be described

and it is currently unknown where, or indeed if, chemerin peptides

bind to the aforementioned chemerin receptors, although the

chemerin-derived peptide C15 clearly mediates its effects through

ChemR23. With the exception of the ability of chemerin to induce

a calcium flux response in GPR1-transfected cells, its functional

relevance as a GPR1 ligand in vitro or in vivo is unknown [43]. The

situation with respect to CCRL2 is a little clearer. CCRL2, similar to

the Duffy antigen for chemokine receptor (DARC) and D6, is not

thought to be a signaling receptor. Indeed, CCRL2 binds but does

not internalize chemerin, thus increasing local chemerin concen-

trations available to interact with ChemR23 [44]. CCRL2�/� mice

display reduced tissue swelling, suggesting a role for the receptor in

edema; however, CCRL2 has several identified ligands, including

chemokine (C–C motif) ligand 5 and 19 (CCL5 and CCL19); thus,

it is unclear whether the phenotype described is the result of

changes in chemerin sequestration [45].

Chemerin was initially described as a transcript upregulated by

the anti-inflammatory psoriasis drug, tazarotene, in skin raft cul-

tures [46] and induced by the anti-inflammatory compounds 1,25
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dihydroxyvitamin D3 and dexamethasone [47] in an osteoblast

cell line, suggesting that it has beneficial roles in inflammation.

Indeed, chemerin can undergo further proteolysis of the C termi-

nus by cysteine proteases, primarily macrophage-derived cathe-

psins, to generate peptides endowed with either anti-

inflammatory or antimicrobial properties [16,48]. The 15-amino
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Pathways and effects for chemerin, chemerin peptides and ChemR23 in inflamm
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acid chemerin-derived peptide C15 (AGEDPHGYFLPGQFA) (Figs 1

and 2) inhibits macrophage activation in picomolar concentra-

tions and, in the context of the acute inflammatory response, C15

suppresses neutrophil and monocyte recruitment (up to 65%) and

inhibits proinflammatory cytokine (TNFa, IL-1b, IL-12 p40, and

IL-6) and chemokine [CCL2 (JE) and CXCL1 (KC)] expression [16].
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ation. (i) Pro-chemerin is cleaved by proteolytic enzymes released upon

tractant chemerin [35,36,38]. (ii) Chemerin engages ChemR23 on circulating
 [38]. (iii) Activated MKs release proteolytic enzymes to eliminate and digest

tent anti-inflammatory peptides, capable of engaging ChemR23 to reprogram

g phenotype. (v) The expression of proinflammatory mediators by MKs is

 (IL)-10 and tumor growth factor (TGF)-b are induced. Chemerin peptides (e.g.
 at the inflammatory site, thereby aiding restoration of normal tissue structure
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Importantly, C15 promotes the nonphlogistic clearance of apo-

ptotic neutrophils and microbial particles from the inflammatory

milieu, thus contributing to the resolution of inflammation [49]

(see Fig. 2 for a dynamic scheme of the chemerin–C15–ChemR23

axis). Chemerin can also be cleaved by cathepsin L and K to

generate antimicrobial peptides capable of reducing growth of a

spectrum of bacteria, including Escherichia coli, Klebsiella pneumo-

nia [48]. Furthermore, chemerin administration in a lipopolysac-

charide (LPS)-induced lung inflammation model resulted in

dampened neutrophil recruitment and inflammatory cytokine

expression indicative of in vivo proteolysis to afford generation

of the anti-inflammatory and proresolving species [50]. Collective-

ly, these data describe a unique protein requiring proteolytic

processing to activate its latent chemoattractant properties and

further proteolysis to release separate antimicrobial and anti-in-

flammatory and/or proresolving peptides.

The anti-inflammatory and proresolving effects of C15 are

mediated by ChemR23 because ChemR23�/� cells and mice are

unresponsive to the peptide, whereas neutralization of endoge-

nous chemerin species results in exacerbation of peritonitis

[16,49]. Furthermore, LPS-induced lung inflammation is also ex-

acerbated in ChemR23�/� mice [50], whereas in a model of viral

pneumonia, ChemR23�/� animals exhibited higher mortality,

delayed viral clearance, and increased neutrophil recruitment

[51]. Collectively, these studies demonstrate an important anti-

inflammatory and proresolving role for chemerin peptides and

ChemR23 in acute inflammation.

Binding of chemerin and RvE1 to ChemR23 has been demon-

strated using radiolabelled agonists; however, conclusive binding

studies have yet to be performed for C15 [38,52]. One group has,

surprisingly, not reproduced any of the data obtained with RvE1 or

C15. In particular, Luangsay et al. failed to show displacement of

chemerin from its binding site on ChemR23 by RvE1 or C15 and

concluded that they are not ligands for ChemR23 [50]. It is

established for other GPCRs, such as formyl peptide like 2

(FPR2), that the proinflammatory serum amyloid A (SAA) binds

to a distinct site on the receptor to the anti-inflammatory protein

AnxA1 [13,53]; thus, one cannot conclude that lack of chemerin

displacement by RvE1 and/or C15 means that these mediators are

not ligands for the receptor. Indeed, the complexity is emerging

and it is now accepted that these receptors rarely function as one

ligand–one signal receptors. Given that the binding sites for C15,

RvE1, and chemerin within ChemR23 have yet to be mapped, we

propose three potential scenarios to explain the apparent discre-

pancies: (i) the anti-inflammatory molecules C15 and RvE1 bind to
1190 www.drugdiscoverytoday.com
a distinct, and as yet, unidentified site on ChemR23 to the che-

moattractant chemerin to exert their opposing effects on inflam-

mation; (ii) RvE1 and/or C15 displace chemerin from ChemR23

but interact with different GPCR residues, triggering different

signaling pathways; or (iii) ligand-biased heterodimerization of

ChemR23 with another, possibly related, GPCR could allow bind-

ing of chemerin peptides and RvE1 to a receptor that is dimerized

with ChemR23 but still produces ChemR23 downstream effects.

This scenario has been demonstrated for FPR2/ALX, which can

heterodimerize with Leukotriene B4 receptor (BLT1) [54] and can

also convey both pro-inflammatory signals and have lipid, pro-

tein, and peptide ligands. With continued research, we predict

that more examples of peptido- and lipid-based agonists sharing

the same receptor will be unveiled and perhaps could become a

paradigm for GPCRs.

Concluding remarks
The discovery that specific GPCRs can transduce signals from both

lipids and peptides is not only a novel aspect in receptor biology

that is likely to become more common in the years ahead, but is

also endowed with important opportunities for drug discovery.

We postulate that nature has economized to make use of the same

receptor to convey proresolving, inhibitory, and buffering signals

by short-lived lipids and also by peptides and/or proteins, with

longer half-lives (hours versus minutes), and often generated at

later stages of inflammation. One example that emerges from this

approach to research is that of ChemR23, a specific GPCR that

signals effects of RvE1 and C15. We conclude that a better under-

standing of the pharmacology of these receptors, especially in

chronic inflammatory settings, could guide innovative drug dis-

covery programs aimed at capitalizing the fundamental actions of

these effectors of resolution. This has already begun to happen,

with a stable isopropyl ester analog of RvE1, RX-10045 (Resolvyx

Pharmaceuticals) proving efficacious in a Phase II clinical trial to

treat the signs and symptoms of dry eye (Clinicaltrials.gov identi-

fier: NCT00799552), and with C15 being an ideal candidate for

canonical structure–activity relation studies to develop novel anti-

inflammatory therapeutics.

Acknowledgments
Work discussed here and conducted in the authors’ laboratory is

funded by the Wellcome Trust and Arthritis Research UK (to M.P.),

a Sir Henry Wellcome Postdoctoral Fellowship to J.L.C. (088967/Z/

09/Z) and an Arthritis Research UK Career Development

Fellowship to L.V.N. (19909).
References
1 Serhan, C.N. et al. (2007) Resolution of inflammation: state of the art, definitions

and terms. FASEB J. 21, 325–332

2 Gilroy, D.W. et al. (2004) Inflammatory resolution: new opportunities for drug

discovery. Nat. Rev. Drug Discov. 3, 401–416

3 Caliendo, G. et al. (2010) Synthesis and biological effects of hydrogen sulfide (H2S):

development of H2S-releasing drugs as pharmaceuticals. J. Med. Chem. 53, 6275–6286

4 Ehrentraut, H. et al. (2013) CD73+ regulatory T cells contribute to adenosine-

mediated resolution of acute lung injury. FASEB J. 27, 2207–2219

5 The, F.O. et al. (2007) Activation of the cholinergic anti-inflammatory pathway

ameliorates postoperative ileus in mice. Gastroenterology 133, 1219–1228

6 Odaka, C. et al. (2003) Murine macrophages produce secretory leukocyte protease

inhibitor during clearance of apoptotic cells: implications for resolution of the

inflammatory response. J. Immunol. 171, 1507–1514
7 Bandeira-Melo, C. et al. (2000) Cyclooxygenase-2-derived prostaglandin E2 and

lipoxin A4 accelerate resolution of allergic edema in Angiostrongylus costaricensis-

infected rats: relationship with concurrent eosinophilia. J. Immunol. 164, 1029–1036

8 Oh, S.F. et al. (2012) Resolvin E2 formation and impact in inflammation resolution.

J. Immunol. 188, 4527–4534

9 Schwab, J.M. et al. (2007) Resolvin E1 and protectin D1 activate inflammation-

resolution programmes. Nature 447, 869–874

10 Serhan, C.N. et al. (2009) Maresins: novel macrophage mediators with potent

antiinflammatory and proresolving actions. J. Exp. Med. 206, 15–23

11 Perretti, M. and D’Acquisto, F. (2009) Annexin A1 and glucocorticoids as effectors of

the resolution of inflammation. Nat. Rev. Immunol. 9, 62–70

12 La, M. et al. (2001) Analysis of the protection afforded by annexin 1 in ischaemia-

reperfusion injury: focus on neutrophil recruitment. Eur. J. Pharmacol. 429, 263–278

http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0005
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0005
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0010
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0010
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0015
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0015
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0020
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0020
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0025
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0025
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0030
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0030
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0030
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0035
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0035
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0035
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0040
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0040
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0045
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0045
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0050
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0050
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0055
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0055
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0060
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0060


Drug Discovery Today � Volume 19, Number 8 �August 2014 REVIEWS

R
ev
ie
w
s
�
P
O
S
T
S
C
R
E
E
N

13 Perretti, M. et al. (2002) Endogenous lipid- and peptide-derived anti-inflammatory

pathways generated with glucocorticoid and aspirin treatment activate the lipoxin

A4 receptor. Nat. Med. 8, 1296–1302

14 Getting, S.J. et al. (1999) POMC gene-derived peptides activate melanocortin type 3

receptor on murine macrophages, suppress cytokine release, and inhibit neutrophil

migration in acute experimental inflammation. J. Immunol. 162, 7446–7453

15 Getting, S.J. et al. (2006) The melanocortin peptide HP228 displays protective effects

in acute models of inflammation and organ damage. Eur. J. Pharmacol. 532, 138–144

16 Cash, J.L. et al. (2008) Synthetic chemerin-derived peptides suppress inflammation

through ChemR23. J. Exp. Med. 205, 767–775

17 Calder, P.C. (2008) Session 3: Joint Nutrition Society and Irish Nutrition and

Dietetic Institute Symposium on ‘Nutrition and autoimmune disease’ PUFA,

inflammatory processes and rheumatoid arthritis. Proc. Nutr. Soc. 67, 409–418

18 De Caterina, R. (2011) n-3 fatty acids in cardiovascular disease. N. Engl. J. Med. 364,

2439–2450

19 Norling, L.V. and Serhan, C.N. (2010) Profiling in resolving inflammatory exudates

identifies novel anti-inflammatory and pro-resolving mediators and signals for

termination. J. Int. Med. 268, 15–24

20 Spite, M. et al. (2009) Resolvin D2 is a potent regulator of leukocytes and controls

microbial sepsis. Nature 461, 1287–1291

21 Seki, H. et al. (2010) The anti-inflammatory and proresolving mediator resolvin E1

protects mice from bacterial pneumonia and acute lung injury. J. Immunol. 184,

836–843

22 Palmer, C.D. et al. (2011) 17(R)-Resolvin D1 differentially regulates TLR4-mediated

responses of primary human macrophages to purified LPS and live E. coli. J. Leuk.

Biol. 90, 459–470

23 Fredman, G. et al. (2010) Resolvin E1 regulates adenosine diphosphate activation of

human platelets. Arterioscl. Thromb. Vasc. Biol. 30, 2005–2013

24 Ho, K.J. et al. (2010) Aspirin-triggered lipoxin and resolvin E1 modulate vascular

smooth muscle phenotype and correlate with peripheral atherosclerosis. Am. J.

Pathol. 177, 2116–2123

25 Lima-Garcia, J.F. et al. (2011) The precursor of resolvin D series and aspirin-triggered

resolvin D1 display anti-hyperalgesic properties in adjuvant-induced arthritis in

rats. Br. J. Pharmacol. 164, 278–293

26 Park, C.K. et al. (2011) Resolvin d2 is a potent endogenous inhibitor for transient

receptor potential subtype v1/a1, inflammatory pain, and spinal cord synaptic

plasticity in mice: distinct roles of resolvin d1, d2, and e1. J. Neurosci. 31, 18433–18438

27 Serhan, C.N. et al. (2011) Novel anti-inflammatory-pro-resolving mediators and

their receptors. Curr. Top. Med. Chem. 11, 629–647

28 Krishnamoorthy, S. et al. (2010) Resolvin D1 binds human phagocytes with

evidence for proresolving receptors. Proc. Natl. Acad. Sci. U. S. A. 107, 1660–1665

29 Devchand, P.R. et al. (2003) Human ALX receptor regulates neutrophil

recruitment in transgenic mice: roles in inflammation and host defense. FASEB J.

17, 652–659

30 Dufton, N. et al. (2010) Anti-inflammatory role of the murine formyl-peptide

receptor 2: ligand-specific effects on leukocyte responses and experimental

inflammation. J. Immunol. 184, 2611–2619

31 Hashimoto, A. et al. (2007) Antiinflammatory mediator lipoxin A4 and its receptor

in synovitis of patients with rheumatoid arthritis. J. Rheumatol. 34, 2144–2153

32 Wu, S.H. et al. (2009) Elevated expressions of 15-lipoxygenase and lipoxin A4 in

children with acute poststreptococcal glomerulonephritis. Am. J. Pathol. 174, 115–122

33 Merched, A.J. et al. (2008) Atherosclerosis: evidence for impairment of resolution of

vascular inflammation governed by specific lipid mediators. FASEB J. 22, 3595–3606

34 Fredman, G. et al. (2011) Impaired phagocytosis in localized aggressive

periodontitis: rescue by Resolvin E1. PLoS ONE 6, e24422

35 Wittamer, V. et al. (2005) Neutrophil-mediated maturation of chemerin: a link

between innate and adaptive immunity. J. Immunol. 175, 487–493

36 Zabel, B.A. et al. (2005) Chemerin activation by serine proteases of the coagulation,

fibrinolytic, and inflammatory cascades. J. Biol. Chem. 280, 34661–34666

37 Zabel, B.A. et al. (2005) Chemokine-like receptor 1 expression and chemerin-

directed chemotaxis distinguish plasmacytoid from myeloid dendritic cells in

human blood. J. Immunol. 174, 244–251

38 Wittamer, V. et al. (2003) Specific recruitment of antigen-presenting cells by

chemerin, a novel processed ligand from human inflammatory fluids. J. Exp. Med.

198, 977–985

39 Vermi, W. et al. (2005) Role of ChemR23 in directing the migration of myeloid and

plasmacytoid dendritic cells to lymphoid organs and inflamed skin. J. Exp. Med. 201,

509–515

40 Parolini, S. et al. (2007) The role of chemerin in the colocalization of NK and

dendritic cell subsets into inflamed tissues. Blood 109, 3625–3632

41 Zabel, B.A. et al. (2008) Mast cell-expressed orphan receptor CCRL2 binds chemerin

and is required for optimal induction of IgE-mediated passive cutaneous

anaphylaxis. J. Exp. Med. 205, 2207–2220
42 Barnea, G. et al. (2008) The genetic design of signaling cascades to record receptor

activation. Proc. Natl. Acad. Sci. U. S. A. 105, 64–69

43 Barnea, G. et al. (2008) The genetic design of signaling cascades to record receptor

activation. Proc. Natl. Acad. Sci. U. S. A. 105, 64–69

44 Zabel, B.A. et al. (2008) Mast cell-expressed orphan receptor CCRL2 binds chemerin

and is required for optimal induction of IgE-mediated passive cutaneous

anaphylaxis. J. Exp. Med. 205, 2207–2220

45 Yoshimura, T. and Oppenheim, J.J. (2011) Chemokine-like receptor 1 (CMKLR1)

and chemokine (C-C motif) receptor-like 2 (CCRL2); two multifunctional receptors

with unusual properties. Exp. Cell Res. 317, 674–684

46 Nagpal, S. et al. (1997) Tazarotene-induced gene 2 (TIG2), a novel retinoid-

responsive gene in skin. J. Invest. Dermatol. 109, 91–95

47 Adams, A.E. et al. (1999) 1,25 dihydroxyvitamin D3 and dexamethasone induce the

cyclooxygenase 1 gene in osteoclast-supporting stromal cells. J. Cell. Biochem. 74,

587–595

48 Kulig, P. et al. (2011) Regulation of chemerin chemoattractant and antibacterial

activity by human cysteine cathepsins. J. Immunol. 187, 1403–1410

49 Cash, J.L. et al. (2010) Chemerin peptides promote phagocytosis in a ChemR23- and

Syk-dependent manner. J. Immunol. 184, 5315–5324

50 Luangsay, S. et al. (2009) Mouse ChemR23 is expressed in dendritic cell subsets and

macrophages, and mediates an anti-inflammatory activity of chemerin in a lung

disease model. J. Immunol. 183, 6489–6499

51 Bondue, B. et al. (2011) ChemR23 dampens lung inflammation and enhances anti-viral

immunity in a mouse model of acute viral pneumonia. PLoS Pathogens 7, e1002358

52 Arita, M. et al. (2007) Resolvin E1 selectively interacts with leukotriene B4 receptor

BLT1 and ChemR23 to regulate inflammation. J. Immunol. 178, 3912–3917

53 He, R. et al. (2003) Serum amyloid A induces IL-8 secretion through a G protein-

coupled receptor, FPRL1/LXA4R. Blood 101, 1572–1581

54 Damian, M. et al. (2008) G protein activation by the leukotriene B4 receptor dimer.

Evidence for an absence of trans-activation. J. Biol. Chem. 283, 21084–21092

55 Perretti, M. and Flower, R.J. (1993) Modulation of IL-1-induced neutrophil

migration by dexamethasone and lipocortin 1. J. Immunol. 150, 992–999

56 Iqbal, A.J. et al. (2011) Endogenous galectin-1 and acute inflammation: emerging

notion of a galectin-9 pro-resolving effect. Am. J. Pathol. 178, 1201–1209

57 Norling, L.V. et al. (2009) Endogenous galectins and the control of the host

inflammatory response. J. Endocrinol. 201, 169–184

58 Cooper, D. et al. (2012) The effect of galectins on leukocyte trafficking in

inflammation: sweet or sour? Ann. N. Y. Acad. Sci. 1253, 181–192

59 Shim, J.A. et al. (2012) Galectin-9 ameliorates herpes simplex virus-induced

inflammation through apoptosis. Immunobiology 217, 657–666

60 Perretti, M. et al. (1993) Lipocortin-1 fragments inhibit neutrophil accumulation

and neutrophil-dependent edema in the mouse. A qualitative comparison with an

anti-CD11b monoclonal antibody. J. Immunol. 151, 4306–4314

61 Getting, S.J. et al. (2001) Natural and synthetic agonists of the melanocortin

receptor type 3 possess anti-inflammatory properties. J. Leuk. Biol. 69, 98–104

62 Getting, S.J. et al. (1999) POMC gene-derived peptides activate melanocortin type 3

receptor on murine macrophages, suppress cytokine release, and inhibit neutrophil

migration in acute experimental inflammation. J. Immunol. 162, 7446–7453

63 Hachicha, M. et al. (1999) Lipoxin (LX)A4 and aspirin-triggered 15-epi-LXA4 inhibit

tumor necrosis factor 1alpha-initiated neutrophil responses and trafficking:

regulators of a cytokine-chemokine axis. J. Exp. Med. 189, 1923–1930

64 Rogerio, A.P. et al. (2012) Resolvin D1 and aspirin-triggered resolvin D1 promote

resolution of allergic airways responses. J. Immunol. 189, 1983–1991

65 Oh, S.F. et al. (2011) Pro-resolving actions and stereoselective biosynthesis of 18S E-

series resolvins in human leukocytes and murine inflammation. J. Clin. Invest. 121,

569–581

66 Arita, M. et al. (2005) Stereochemical assignment, antiinflammatory properties, and

receptor for the omega-3 lipid mediator resolvin E1. J. Exp. Med. 201, 713–722

67 Levy, B.D. et al. (2007) Protectin D1 is generated in asthma and dampens airway

inflammation and hyperresponsiveness. J. Immunol. 178, 496–502

68 Musiek, E.S. et al. (2005) Cyclopentenone isoprostanes inhibit the inflammatory

response in macrophages. J. Biol. Chem. 280, 35562–35570

69 Tager, A.M. and Luster, A.D. (2003) BLT1 and BLT2: the leukotriene B(4) receptors.

Prostaglandins Leukot. Essent. Fatty Acids 69, 123–134

70 Boulay, F. et al. (1990) Synthesis and use of a novel N-formyl peptide derivative to

isolate a human N-formyl peptide receptor cDNA. Biochem. Biophys. Res. Commun.

168, 1103–1109

71 Rabiet, M.J. et al. (2005) Human mitochondria-derived N-formylated peptides are

novel agonists equally active on FPR and FPRL1, while Listeria monocytogenes-

derived peptides preferentially activate FPR. Eur. J. Immunol. 35, 2486–2495

72 Hayhoe, R.P. et al. (2006) Annexin 1 and its bioactive peptide inhibit neutrophil-

endothelium interactions under flow: indication of distinct receptor involvement.

Blood 107, 2123–2130
www.drugdiscoverytoday.com 1191

http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0065
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0065
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0065
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0070
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0070
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0070
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0075
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0075
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0080
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0080
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0085
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0085
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0085
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0090
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0090
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0095
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0095
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0095
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0100
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0100
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0105
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0105
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0105
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0110
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0110
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0110
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0115
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0115
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0120
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0120
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0120
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0125
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0125
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0125
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0130
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0130
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0130
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0135
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0135
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0140
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0140
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0145
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0145
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0145
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0150
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0150
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0150
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0155
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0155
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0160
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0160
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0165
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0165
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0170
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0170
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0175
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0175
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0180
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0180
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0185
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0185
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0185
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0190
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0190
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0190
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0195
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0195
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0195
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0200
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0200
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0205
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0205
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0205
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0210
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0210
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0215
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0215
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0220
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0220
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0220
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0225
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0225
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0225
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0230
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0230
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0235
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0235
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0235
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0240
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0240
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0245
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0245
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0250
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0250
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0250
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0255
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0255
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0260
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0260
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0265
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0265
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0270
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0270
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0275
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0275
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0280
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0280
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0285
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0285
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0290
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0290
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0295
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0295
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0300
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0300
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0300
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0305
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0305
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0310
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0310
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0310
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0315
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0315
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0315
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0320
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0320
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0325
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0325
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0325
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0330
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0330
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0335
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0335
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0340
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0340
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0345
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0345
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0350
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0350
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0350
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0355
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0355
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0355
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0360
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0360
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0360


REVIEWS Drug Discovery Today � Volume 19, Number 8 �August 2014

R
eview

s
�P

O
S
T
S
C
R
E
E
N

73 Walther, A. et al. (2000) A novel ligand of the formyl peptide receptor: annexin

Iregulates neutrophil extravasation by interacting with the FPR. Mol. Cell 5, 831–840

74 Elagoz, A. et al. (2004) A truncated form of CKbeta8-1 is a potent agonist for human

formyl peptide-receptor-like 1 receptor. Br. J. Pharmacol. 141, 37–46

75 Harada, M. et al. (2004) N-Formylated humanin activates both formyl peptide

receptor-like 1 and 2. Biochem. Biophys. Res. Commun. 324, 255–261

76 Ying, G. et al. (2004) Humanin, a newly identified neuroprotective factor, uses the G

protein-coupled formylpeptide receptor-like-1 as a functional receptor. J. Immunol.

172, 7078–7085

77 Miao, Z. et al. (2007) Proinflammatory proteases liberate a discrete high-affinity

functional FPRL1 (CCR12) ligand from CCL23. J. Immunol. 178, 7395–7404

78 Su, S.B. et al. (1999) A seven-transmembrane, G protein-coupled receptor, FPRL1,

mediates the chemotactic activity of serum amyloid A for human phagocytic cells. J.

Exp. Med. 189, 395–402

79 Resnati, M. et al. (2002) The fibrinolytic receptor for urokinase activates the G protein-

coupled chemotactic receptor FPRL1/LXA4R. Proc. Natl. Acad. Sci. U. S. A. 99, 1359–1364

80 Le, Y. et al. (2001) The neurotoxic prion peptide fragment PrP(106-126) is a

chemotactic agonist for the G protein-coupled receptor formyl peptide receptor-like

1. J. Immunol. 166, 1448–1451
1192 www.drugdiscoverytoday.com
81 De, Y. et al. (2000) LL-37, the neutrophil granule- and epithelial cell-derived

cathelicidin, utilizes formyl peptide receptor-like 1 (FPRL1) as a receptor to

chemoattract human peripheral blood neutrophils, monocytes, and T cells. J. Exp.

Med. 192, 1069–1074

82 Chen, Q. et al. (2004) Temporin A and related frog antimicrobial peptides use formyl

peptide receptor-like 1 as a receptor to chemoattract phagocytes. J. Immunol. 173,

2652–2659

83 Fiore, S. et al. (1994) Identification of a human cDNA encoding a functional high

affinity lipoxin A4 receptor. J. Exp. Med. 180, 253–260

84 Le, Y. et al. (1999) Utilization of two seven-transmembrane, G protein-coupled

receptors, formyl peptide receptor-like 1 and formyl peptide receptor, by the

synthetic hexapeptide WKYMVm for human phagocyte activation. J. Immunol. 163,

6777–6784

85 Christophe, T. et al. (2001) The synthetic peptide Trp-Lys-Tyr-Met-Val-Met-NH2

specifically activates neutrophils through FPRL1/lipoxin A4 receptors and is an

agonist for the orphan monocyte-expressed chemoattractant receptor FPRL2. J. Biol.

Chem. 276, 21585–21593

http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0365
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0365
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0370
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0370
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0375
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0375
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0380
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0380
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0380
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0385
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0385
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0390
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0390
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0390
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0395
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0395
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0400
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0400
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0400
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0405
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0405
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0405
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0405
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0410
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0410
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0410
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0415
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0415
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0420
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0420
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0420
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0420
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0425
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0425
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0425
http://refhub.elsevier.com/S1359-6446(14)00258-X/sbref0425

	Resolution of inflammation: targeting GPCRs that interact with lipids and peptides”⁄&z.star;’
	Introduction
	Proresolving lipid agonists: resolvins
	Proresolving peptide agonists: chemerin and its peptides
	Concluding remarks
	Acknowledgments
	References


