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Proresolving receptors actively 
promote the resolution of 
inflammation
The acute inflammatory response protects 
the host, yet is actively resolved to prevent 
tissue injury and facilitate repair/regenera-
tion. During resolution, polymorphonucle-
ar neutrophil (PMN) recruitment is damp-
ened and phagocyte-mediated removal of 
apoptotic (i.e., efferocytosis) and necrotic 
cells ensues. Macrophages are key expert 
phagocytes in resolution that are tempo-
rally reprogrammed to facilitate tissue 
repair, which associates with decreased 
proinflammatory mediators and a recipro-
cal increase in antiinflammatory mediators 
and growth factors. These key functions in 
resolution are regulated in part by a super-
family of lipid autacoids termed special-
ized proresolving mediators (SPMs), the 
discovery of which helped to define resolu-
tion as an active biological process (1).

The SPMs comprise distinct chemical 
mediators enzymatically biosynthesized 

from polyunsaturated fatty acids. These 
mediators include the E-series and D-se-
ries resolvins, derived from omega-3 fatty 
acids eicosapentaenoic acid and docosa-
hexaenoic acid, respectively, and lipoxins, 
derived from omega-6 fatty acid arachi-
donic acid. The biological actions of SPMs 
are largely mediated by GPCRs expressed 
in leukocytes and vascular cells (2). For 
example, resolvin D1 (RvD1; 7S,8R,17S-tri-
hydroxy-4Z,9E,11E,13Z,15E,19Z-docosa-
hexaenoic acid) and its aspirin-triggered 
(AT) 17R epimer are ligands for two distinct 
human GPCRs termed ALX/FPR2 and 
GPR32 (also known as DRV1; ref. 3). Authen-
tic RvD1 binds and activates these receptors 
with high potency (EC50 is ~1–10 pM) and 
initiates downstream signaling, leading to 
regulation of proinflammatory cytokines 
and microRNAs, reduced PMN–endothelial 
cell (PMN-EC) interactions, and enhanced 
macrophage phagocytosis (3–5). In vivo, the 
proresolving and tissue-reparative actions of 
RvD1 are lost in mice with Alx/Fpr2 deficien-

cy, while overexpression of human ALX/
FPR2 enhances resolution (2, 4–6). None-
theless, the biological roles of ALX/FPR2 in 
vivo are time and context dependent, given 
that both proinflammatory (e.g., serum amy-
loid A) and other proresolving mediators 
(e.g., lipoxin A4) are ligands. In contrast, 
there is no murine homolog of GPR32, and 
thus its in vivo role in resolution has been 
uncharacterized to date. In this issue of the 
JCI, Arnardottir and Thul et al. address this 
gap by reporting on their generation of mice 
with Tg overexpression of human GPR32 
on an Apoe- and Alx/Fpr2-deficient back-
ground and demonstrate a proresolving role 
of GPR32 in acute inflammation as well as 
chronic unresolved inflammation associated 
with atherosclerosis (7).

Nonresolving inflammation 
plays a role in atherosclerosis 
progression
Atherosclerosis is a chronic vascular dis-
ease in which subendothelial retention 
of modified LDLs initiates maladaptive 
inflammation. Atherosclerotic plaques are 
characterized by the accumulation of innate 
and adaptive immune cells, macrophage 
and vascular smooth muscle cell–derived 
(VSMC-derived) foam cells, and production 
of proinflammatory cytokines, chemokines, 
and lipid mediators (8). The formation of a 
necrotic core and thin fibrous cap are charac-
teristics of advanced lesions prone to rupture, 
which can initiate thrombosis and lead to 
myocardial infarction and stroke. Defective 
macrophage efferocytosis is a causal factor in 
the development of advanced plaques, sug-
gestive of impaired resolution mechanisms 
(8). Indeed, the ratio of SPMs (e.g., resolvins) 
to proinflammatory lipid mediators (e.g., leu-
kotrienes) is decreased in vulnerable human 
plaques, which is also reflected in the saliva 
of individuals with cardiovascular disease 
(9–11). The ratio of SPMs to proinflammatory 
lipid mediators is positively associated with 
angiographically defined atherosclerosis 
regression in patients with stable coronary 
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RvD1 treatment in Ldlr–/– mice diminishes 
necrotic cores, which is similar to what is 
observed in hGPR32 Tg mice and indic-
ative of enhanced efferocytosis (9, 18). 
However, it should be noted that, while 
RvD1 increases lesional efferocytosis and 
clearance of necroptotic cells, these pro-
cesses were not evaluated in the study by 
Arnardottir and Thul et al. (9, 18). More-
over, SPMs increase fibrous cap thickness 
in advanced murine lesions, although 
these changes in plaque morphology were 
not specifically assessed in the study by 
Arnardottir and Thul et al. (9, 11). More-
over, the hGPR32 Tg × Apoe–/–×Fpr2–/– mice 
were only compared with Apoe–/–×Fpr2–/– 
littermates and loss of Fpr2 alone is known 
to affect atherosclerotic lesion area and 
stability (8, 15). Nonetheless, all aforemen-
tioned studies demonstrate atheropro-
tective roles for SPMs and their receptors 
and these effects occur independently of 
changes in cholesterol, indicating that acti-
vating proresolving receptors may offer 
an approach for reducing residual risk in 
patients already on lipid-lowering therapy.

Regulation of proresolving 
immune cell subsets by GPR32
RvD1 engages GPR32 to promote mac-
rophage efferocytosis and phagocytosis, 

kine IL4 as well as M1 macrophage mark-
er NOS2. At the protein level, GPR32 was 
expressed in ARG1+ macrophages and to 
a lower extent in T cells, VSMCs, and ECs 
(Figure 1). The authors hypothesized that 
increasing its expression may have athero-
protective roles in vivo, acting by resolving 
plaque inflammation. To this end, they 
generated a mouse strain in which human 
GPR32 (hGPR32) was expressed in ath-
erosclerosis-prone Apoe-deficient mice 
that also lacked murine Alx/Fpr2 (7). This 
approach was needed because SPMs that 
activate GPR32 also target ALX/FPR2 (2). 
After high-fat diet feeding, hGPR32 Tg 
mice had smaller atherosclerotic lesions as 
compared with nontransgenic littermates. 
Features of advanced atherosclerosis, such 
as necrotic cores, were reduced in hGPR32 
Tg mice, and this reduction coincided with 
reduction in leukocytes and the proinflam-
matory cytokine TNF-α. These atheropro-
tective effects occurred independently of 
changes in circulating immune cells.

The results of the study by Arnardot-
tir and Thul et al. are congruent with prior 
studies demonstrating that loss of Erv1/
ChemR23 in atherosclerosis-prone mice 
worsens lesion development and that 
increasing RvE1 reduces atherosclerosis in 
both mice and rabbits (16, 17). Moreover, 

artery disease (12). Mechanistic studies in 
animal models of atherosclerosis collectively 
demonstrate that increasing SPMs resolves 
plaque inflammation, improves efferocyto-
sis, decreases necrotic cores, and increases 
markers of lesion stability (i.e., fibrous cap 
thickening; refs. 8, 9, 11, 13). SPMs also dimin-
ish the extent of injury following vascular and 
endovascular surgical procedures, in part by 
targeting proliferative VSMCs and inflamma-
tion (14). Arnardottir and Thul et al. add to 
this growing body of literature and establish 
the proresolving and atheroprotective roles 
of GPR32 (7).

Proresolving actions of GPR32 
in atherosclerosis
Proresolving receptors, such as ALX/
FPR2 and ERV1/ChemR23 (a receptor for 
resolvin E1; RvE1), are expressed in both 
immune cells and vascular cells of human 
atherosclerotic plaques. Further, ALX/
FPR2 levels are increased in atheroscle-
rosis (8, 15). In contrast, Arnardottir and 
Thul et al. observed that human athero-
sclerotic plaques show decreased GPR32 
mRNA levels compared with control arter-
ies and showed that GPR32 mRNA levels 
positively correlated with expression of 
genes encoding M2 macrophage marker 
ARG1, Treg marker FOXP3, and Th2 cyto-

Figure 1. The role of human GPR32 in athero-
sclerosis. Tg overexpression of hGPR32 on an 
Apoe- and Fpr2-deficient background reduces 
atherosclerotic lesion area and necrotic cores 
as compared with that of non-Tg Fpr2–/–×A-
poe–/– mice. Lesions of hGPR32 Tg mice are 
characterized by a lower number of monocytes 
and neutrophils, reduced macrophages, and 
decreased levels of the proinflammatory cyto-
kine TNF-α. Of note, overexpression of hGPR32 
also increases macrophage efferocytosis in 
peritonitis, and RvD1 enhances macrophage 
phagocytosis and lowers the uptake of oxidized 
LDL by macrophages in vitro in an hGPR32-de-
pendent manner. These results suggests that 
GPR32 has multiple proresolving and athero-
protective roles. Similarly, RvD1 binds GPR32, 
enhances phagocytosis, and lowers the uptake 
of oxidized LDL.

https://www.jci.org
https://doi.org/10.1172/JCI155240


The Journal of Clinical Investigation      C O M M E N T A R Y

3J Clin Invest. 2021;131(24):e155240  https://doi.org/10.1172/JCI155240

solving receptors. Proc Natl Acad Sci U S A. 
2010;107(4):1660–1665.

	 4.	Krishnamoorthy S, et al. Resolvin D1 receptor 
stereoselectivity and regulation of inflamma-
tion and proresolving microRNAs. Am J Pathol. 
2012;180(5):2018–2027.

	 5.	Norling LV, et al. Resolvin D1 limits polymorpho-
nuclear leukocyte recruitment to inflammatory 
loci: receptor-dependent actions. Arterioscler 
Thromb Vasc Biol. 2012;32(8):1970–1978.

	 6.	Sansbury BE, et al. Myeloid ALX/FPR2 regulates 
vascularization following tissue injury. Proc Natl 
Acad Sci U S A. 2020;117(25):14354–14364.

	 7.	Arnardottir H, et al. The resolvin D1 recep-
tor GPR32 transduces inflammation reso-
lution and atheroprotection. J Clin Invest. 
2021;131(24):e142883.

	 8.	Back M, et al. Inflammation and its reso-
lution in atherosclerosis: mediators and 
therapeutic opportunities. Nat Rev Cardiol. 
2019;16(7):389–406.

	 9.	Fredman G, et al. An imbalance between 
specialized pro-resolving lipid mediators and 
pro-inflammatory leukotrienes promotes insta-
bility of atherosclerotic plaques. Nat Commun. 
2016;7:12859.

	 10.	Thul S, et al. Low salivary resolvin D1 to leu-
kotriene B4 ratio predicts carotid intima media 
thickness: A novel biomarker of non-resolving 
vascular inflammation. Eur J Prev Cardiol. 
2017;24(9):903–906.

	 11.	Viola JR, et al. Resolving lipid mediators maresin 
1 and resolvin D2 prevent atheroprogression in 
mice. Circ Res. 2016;119(9):1030–1038.

	 12.	Welty FK, et al. Regression of human coro-
nary artery plaque is associated with a high 
ratio of (18-hydroxy-eicosapentaenoic acid 
+ resolvin E1) to leukotriene B4. FASEB J. 
2021;35(4):e21448.

	 13.	Merched AJ, et al. Atherosclerosis: evidence for 
impairment of resolution of vascular inflamma-
tion governed by specific lipid mediators. FASEB J. 
2008;22(10):3595–3606.

	 14.	Conte MS, et al. Pro-resolving lipid medi-
ators in vascular disease. J Clin Invest. 
2018;128(9):3727–3735.

	 15.	Petri MH, et al. The role of the FPR2/
ALX receptor in atherosclerosis develop-
ment and plaque stability. Cardiovasc Res. 
2015;105(1):65–74.

	16.	Hasturk H, et al. Resolvin E1 (RvE1) atten-
uates atherosclerotic plaque formation 
in diet and inflammation-induced ath-
erogenesis. Arterioscler Thromb Vasc Biol. 
2015;35(5):1123–1133.

	 17.	Laguna-Fernandez A, et al. ERV1/ChemR23 sig-
naling protects against atherosclerosis by mod-
ifying oxidized low-density lipoprotein uptake 
and phagocytosis in macrophages. Circulation. 
2018;138(16):1693–1705.

	 18.	Gerlach BD, et al. Resolvin D1 promotes the 
targeting and clearance of necroptotic cells. Cell 
Death Differ. 2020;27(2):525–539.

	 19.	Chatterjee A, et al. Biosynthesis of proresolving 
lipid mediators by vascular cells and tissues. 
FASEB J. 2017;31(8):3393–3402.

	20.	Schmid M, et al. Resolvin D1 polarizes primary 
human macrophages toward a proresolu-

Summary and future directions
Arnardottir and Thul et al. provide evi-
dence of the proresolution and athero-
protective actions of GPR32. Targeting 
GPR32 with a stable analog, such as ben-
zo-diacetylenic-17R-RvD1-methyl ester, 
could also be considered, as it is more 
resistant to metabolic inactivation than 
native RvD1, yet has similar biological 
functions (23). Moreover, a recent chem-
ical library screen identified additional 
GPR32 small molecule chemotype ago-
nists that may offer advantages in terms 
of stability and scalability (24).

Building on decades of animal stud-
ies that show a causal role for inflamma-
tion in the progression of atherosclerosis, 
recent clinical trials demonstrate a reduc-
tion in cardiovascular events in patients 
treated with inhibitors of inflammation 
(25). Nonetheless, traditional antiin-
flammatory approaches may impair host 
defense. Unlike antagonists, SPMs serve 
as agonists to actively dampen inflam-
mation, promote apoptotic and necrotic 
cell clearance, engage tissue repair pro-
grams, and enhance immune cell–medi-
ated containment of pathogens (1). Thus, 
proresolving therapeutics have the poten-
tial to dampen inflammation and stabi-
lize lesions without compromising host 
defense. In pursuit of that goal, Arnardot-
tir and Thul et al. provide evidence that 
GPR32 can potentially serve as a thera-
peutic target for resolving chronic athero-
sclerotic inflammation (7).
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