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Introduction
Myocardial infarction (MI) is a leading cause of heart failure and 
is associated with an increased risk of death. Intramyocardial 
inflammation arising after cardiomyocyte cell death from reper-
fused infarction contributes to pathological cardiac remodeling 
and progression to heart failure (1, 2). Phagocytes within the heart, 
particularly macrophages, recognize damage-associated molec-
ular patterns (DAMPs) released by dying cardiomyocytes, which 
triggers pathological inflammatory responses (3). Although results 
from clinical trials with broad immunosuppression have failed to 
show any effect (4), specific targeting of proinflammatory cyto-
kines has conferred clinical benefits (2). Recent results from the 
Canakinumab Anti-Inflammatory Thrombosis Outcome Study 
(CANTOS, ref. 5), which targeted the inflammatory cytokine inter-
leukin  1β (IL-1β), demonstrated the merits of a targeted approach, 
as opposed to generalized immunosuppression, in reducing recur-
rent cardiovascular events in patients with ischemic cardiomyopa-
thy, albeit with a compromise in host defense.

Macrophages express a family of receptor tyrosine kinas-
es, Tyro3, AXL, and MerTK (TAM), that mediate the clearance 
of apoptotic cells (efferocytosis), regulate inflammatory cyto-

kine production, and in the case of MerTK, mediate resolution 
of inflammation (6–9). Although the role of Mertk- and phago-
cytosis-dependent cardiac repair after MI is well characterized 
(10–12), less is known about the role of other TAM receptors in 
tissue repair after myocardial injury. AXL protein expression is 
increased in myocardial biopsies of patients with end-stage heart 
failure (13). Moreover, the extracellular domain of AXL is proteo-
lytically cleaved, which releases a stable product called soluble 
AXL (solAXL), and there is a correlation among elevated solAXL, 
heightened markers of inflammation, and poor prognosis during 
heart failure (13, 14). However, whether AXL or its cleavage regu-
lates the initial inflammatory and reparative macrophage respons-
es in a manner that affects disease progression, either positively or 
negatively, requires investigation.

To ascertain the role of macrophage AXL and AXL cleavage 
during ischemic tissue injury, we examined cardiac repair in mice 
genetically engineered to lack AXL or to be resistant to AXL cleav-
age. Our findings reveal that AXL, in contrast to MerTK, antag-
onizes optimal cardiac repair by promoting a switch to glycolytic 
metabolism in macrophages to fuel proinflammatory responses 
and that AXL cleavage is a mitigating factor in this process.

Results
We first evaluated AXL expression on myeloid cells in mice subject-
ed to a clinically relevant model of myocardial ischemia/reperfusion 
infarction (IRI). Both gene and protein expression of AXL was detect-
ed in a subset of cardiac macrophages expressing high levels of major 

Tyro3, AXL, and MerTK (TAM) receptors are activated in macrophages in response to tissue injury and as such have been 
proposed as therapeutic targets to promote inflammation resolution during sterile wound healing, including myocardial 
infarction. Although the role of MerTK in cardioprotection is well characterized, the unique role of the other structurally 
similar TAMs, and particularly AXL, in clinically relevant models of myocardial ischemia/reperfusion infarction (IRI) is 
comparatively unknown. Utilizing complementary approaches, validated by flow cytometric analysis of human and murine 
macrophage subsets and conditional genetic loss and gain of function, we uncover a maladaptive role for myeloid AXL during 
IRI in the heart. Cross signaling between AXL and TLR4 in cardiac macrophages directed a switch to glycolytic metabolism 
and secretion of proinflammatory IL-1β, leading to increased intramyocardial inflammation, adverse ventricular remodeling, 
and impaired contractile function. AXL functioned independently of cardioprotective MerTK to reduce the efficacy of cardiac 
repair, but like MerTK, was proteolytically cleaved. Administration of a selective small molecule AXL inhibitor alone improved 
cardiac healing, which was further enhanced in combination with blockade of MerTK cleavage. These data support further 
exploration of macrophage TAM receptors as therapeutic targets for myocardial infarction.
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of Axl resulted in significantly smaller infarcts 7 days after IRI com-
pared with controls (Figure 2D and Supplemental Figure 4A) and 
these results extended to both female mice and a small cohort of 
male mice (Supplemental Figure 4B). Because LysM-Cre–mediated 
recombination results in Axl deletion predominantly among mono-
cytes, neutrophils, and macrophages and AXL was not detected on 
monocytes and neutrophils, these results suggest that AXL acts in 
macrophages to exacerbate cardiac repair after IRI.

We next investigated whether Axl deficiency impacted the 
extent and quality of immune cell infiltrate in the heart after IRI. 
Using flow cytometry, we found that Axl deficiency did not affect 
initial neutrophil and Ly6Chi monocyte recruitment to the infarcted 
myocardium (Figure 3, A and B). However, by 3 days after IRI, there 
was a significant reduction in the total number of neutrophils and 
Ly6Chi monocytes in Axl–/– mice compared with Axl+/+ mice (Figure 
3, A and B). Importantly, similar total number of neutrophils and 
Ly6Chi monocytes were observed in the periphery of Axl+/+ and Axl–/– 
mice at both baseline and after IRI (Supplemental Figure 5), consis-
tent with a role for AXL in amplifying local cardiac inflammation. 
Although no differences were observed in the total number of mac-
rophages in the infarcted myocardium after IRI (Figure 3C), there 
was an increase in macrophage polarization toward a reparative 
phenotype in Axl–/– mice compared with Axl+/+ mice, as measured by 
an increase in the ratio of MHCIIlo to MHCIIhi cardiac macrophages 
(Figure 3D). We and others have shown that MHCIIlo cardiac mac-
rophages secrete higher levels of IL-10 to restrain inflammation and 
fibrosis (12, 20), while MHCIIhi cardiac macrophages are enriched 
in genes regulating the NLRP3 inflammasome (21), which regu-
lates IL-1β secretion. Despite similar baseline levels, we observed 
increased expression of antiinflammatory genes, Il10 and Tgfb, and 
decreased proinflammatory genes, Il1b, Il6, and Tnf, within cardiac 
extracts (Figure 3E), as well as decreased IL-1β and increased IL-10 
levels in the serum of Axl–/– mice compared with Axl+/+ mice (Figure 

histocompatibility complex II (MHCIIhi) (Figure 1A and Supplemen-
tal Figure 1, A and B; supplemental material available online with this 
article; https://doi.org/10.1172/JCI139576DS1). Survey of tissue-res-
ident macrophages across various tissues demonstrated widespread 
expression of AXL on macrophages, with preferential AXL expression 
on MHCIIhi subsets in a variety of tissues, including the peritoneum 
and liver (Supplemental Figure 2), consistent with data assembled by 
the ImmGen consortium (15) and previous reports (16, 17). In contrast, 
AXL protein expression was not detectable on either neutrophils or 
Ly6Chi monocytes (Supplemental Figure 1, C and D), indicating that 
MHCIIhi cardiac macrophages were a major source for myeloid cell 
AXL in the heart. Following IRI, AXL expression was increased on 
infarct-associated MHCIIhi cardiac macrophages and remained sig-
nificantly increased through the progression to heart failure 30 days 
after IRI (Figure 1B). Thus, macrophage AXL expression persists after 
IRI through the progression to heart failure. Moreover, a relatively 
high level of AXL expression was detected in macrophages obtained 
from peri-infarct tissue of explanted hearts in patients with ischemic 
cardiomyopathy (Figure 1C and Supplemental Figure 3).

To determine the causal functional role of AXL expression in 
cardiac macrophages in the acute phase after IRI, we compared 
left ventricular (LV) remodeling and contractile function between 
Axl+/+ and Axl–/– mice after IRI. Pathological measurements of 
infarct size 7 days after IRI revealed smaller-sized infarcts in 
Axl–/– mice compared with Axl+/+ mice (Figure 2A). Despite similar 
baseline echocardiographic parameters, Axl deficiency resulted 
in greater preservation of LV systolic function 21 days after IRI 
compared with Axl+/+ mice (Figure 2B). Given that AXL is also 
expressed on nonmyeloid cells, including endothelial cells and 
dendritic cells (18, 19), we performed IRIs on lethally irradiated 
WT recipients of Axl-deficient bone marrow or in mice with selec-
tive Axl deletion in myeloid cells (LysM-Cre+ Axlfl/fl mice, Figure 
2C). Similarly to whole-body knockouts, myeloid-specific deletion 

Figure 1. AXL expression is increased on human and murine macrophages after myocardial ischemia/reperfusion infarction (IRI). (A) Cell-surface protein 
expression of AXL on different cardiac macrophage subsets with quantification of AXL expression on MHCIIhiCCR2– (red) and MHCIIloCCR2– (blue) macro-
phages. The gray histogram represents Axl–/– cardiac macrophage staining control. Data are representative of 3 independent experiments. n = 3 mice/group. 
***P < 0.001 by 2-tailed, unpaired t test. (B) AXL expression on murine cardiac macrophages before (Ø) and 3 or 30 days after myocardial IRI. n = 4–7 mice/
group pooled from 2 independent experiments. *P < 0.05, ***P < 0.001 by 1-way ANOVA followed by Tukey’s test. (C) Expression of AXL on peripheral blood 
mononuclear cells (PBMCs) or human cardiac macrophages isolated from peri-infarct or remote tissue from the explanted hearts of patients with ischemic 
cardiomyopathy at the time of heart transplantation. Fluorescence minus one (FMO) was used as a staining control. All data presented as mean ± SEM.
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Axl–/– mice after stimulation of Toll-like receptor 4 (TLR4), which 
recognizes DAMPs released by dying cardiomyocytes (22). Simi-
larly to our findings in vivo, Axl deficiency attenuated expression 
of proinflammatory genes, including Il1b and Tnf, and increased 
antiinflammatory Il10 in BMDMs after TLR4 stimulation with-
out affecting baseline gene levels (Figure 4A). Importantly, both 
Axl+/+ and Axl–/– BMDMs expressed similar levels of TLR4 (Figure 
4B). Given the recent success in targeting IL-1β to reduce recur-
rent MIs in ischemic cardiomyopathy patients (5), we performed 
additional experiments to investigate the relationship between 
AXL signaling and macrophage production of IL-1β. In serum-
starved BMDMs, addition of AXL-specific agonists, including 
either growth arrest–specific 6 (Gas6) or an agonizing antibody, 

3F). Similarly to whole-body knockouts, myeloid-specific deletion 
of Axl using LysM-Cre+ Axlfl/fl mice resulted in increased reparative 
MHCIIlo macrophages, which was associated with a decrease in 
inflammatory neutrophils and monocytes within the infarct and 
reduced serum levels of IL-1β (Supplemental Figure 6). Axl defi-
ciency also favored MHCIIlo macrophage polarization in a model of 
peritonitis (Supplemental Figure 7), suggesting that AXL signaling 
promotes inflammatory reprogramming of macrophages in a vari-
ety of inflammatory settings.

Next, we explored how AXL signaling in macrophages promot-
ed inflammatory reprogramming after IRI. To assess macrophage 
polarization, we examined proinflammatory gene expression in 
bone marrow–derived macrophages (BMDMs) from Axl+/+ and 

Figure 2. Macrophage AXL worsens cardiac repair after myocardial ischemia/reperfusion infarction (IRI). (A) Representative 1-mm heart sections from 
an individual Axl+/+ or Axl–/– mouse 7 days after IRI stained with triphenyltetrazolium chloride (TTC) for infarct measurements or injected with fluorescent 
microspheres to quantify the area at risk (AAR). From left to right, apex toward the ligation site. Percentage infarct/left ventricle (LV), percentage AAR/LV, 
and percentage infarct/AAR measured 7 days after IRI in mice with whole-body deletion of Axl. n = 7–9 mice/group pooled from 3 independent exper-
iments. *P < 0.05, **P < 0.01 by 2-tailed, unpaired t test. (B) Representative B-mode and M-mode echocardiography images of systole and diastole in 
hearts 21 days after IRI with quantification of percentage ejection fraction (% EF), percentage fractional shortening (% FS), systolic and diastolic volume, 
LV wall thickness, internal diameter, and LV mass 21 days after IRI. n = 5–9 mice/group pooled from 2 independent experiments. *P < 0.05, **P < 0.01, 
***P < 0.001 by 2-way ANOVA followed by Tukey’s test. (C) AXL expression on cardiac macrophages in mice with myeloid-specific deletion of Axl (LysM-
Cre+ Axlfl/fl) as measured by flow cytometry. Data are representative of 2 independent experiments. n = 3 mice/group. *P < 0.05 by 2-tailed, unpaired t test. 
(D) Infarct measurements 7 days after IRI in LysM-Cre+ Axlfl/fl mice compared with LysM-Cre– Axlfl/fl littermate controls. n = 5–6 mice/group pooled from 2 
independent experiments. *P < 0.05 by 2-tailed, unpaired t test. All data presented as mean ± SEM.
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AXL signaling was required for inflammatory glycolytic reprogram-
ming, we measured the extracellular acidification rate of Axl+/+ and 
Axl–/– BMDMs after TLR4 stimulation. Although we observed an 
increase in glycolysis in Axl+/+ BMDMs after TLR4 stimulation, this 
effect was largely absent in Axl–/– BMDMs (Figure 5A). AXL signal-
ing alone, using an AXL-agonizing antibody, was also sufficient to 
promote an increase in glycolysis compared with an isotype con-
trol, albeit to a lesser extent than TLR4 stimulation (Figure 5B). 
To test whether AXL and TLR4 can be in spatial proximity to pro-
mote inflammatory glycolytic reprogramming, we performed a 
proximity ligation assay. Although the assay revealed data consis-
tent with a close interaction between AXL and TLR4 in BMDMs 
(Supplemental Figure 8A), no differences in NF-κB signaling were 
observed between Axl+/+ and Axl–/– BMDMs after TLR4 stimulation 

increased TLR4 priming of the inflammasome as measured by 
increased Il1b expression in Axl+/+ BMDMs, but these effects were 
absent from Axl–/– BMDMs (Figure 4C). Furthermore, inflam-
masome activation with ATP was also impaired by Axl deficiency 
as measured by a reduction in both activated caspase-1 (Figure 4, 
D and E) and secretion of IL-1β into the culture media (Figure 4F), 
supporting the concept that AXL signaling augments TLR4 prim-
ing of the NLRP3 inflammasome. Impaired inflammatory activa-
tion in Axl–/– BMDMs was also evidenced by a decrease in TNF-α 
levels with a concomitant increase in IL-10 levels after TLR4 stim-
ulation (Figure 4, G and H).

Macrophages activated by TLR4 signaling require a switch 
to glycolytic metabolism to facilitate the increased energetic 
demands necessary to produce IL-1β (23). To determine whether 

Figure 3. Macrophage AXL promotes inflammatory responses after myocardial ischemia/reperfusion infarction (IRI). Total number of (A) neutrophils 
and (B) Ly6Chi monocytes within the infarcted myocardium as measured on the days indicated after IRI in Axl+/+ or Axl–/– mice. Flow plots depict events 
3 days after IRI. (C) Total number of MerTK+ macrophages within the infarcted myocardium as measured on the indicated days after IRI in Axl+/+ or Axl–/– 
mice. (D) Ratio of MHCIIlo to MHCIIhi macrophages (MΦ) within the infarcted myocardium as measured on the days indicated after IRI in Axl+/+ or Axl–/– 
mice. For A–D, n = 4–5 mice/group pooled from 3 independent experiments. *P < 0.05, **P < 0.01 by 2-way ANOVA followed by Tukey’s test. (E) Gene 
expression of pro- and antiinflammatory mediators in whole-infarct extracts from Axl+/+ or Axl–/– mice. n = 3–5 mice/group pooled from 3 independent 
experiments. *P < 0.05, **P < 0.01 by 2-way ANOVA followed by Tukey’s test. (F) Serum levels of pro- and antiinflammatory mediators as measured 3 
days after IRI from in Axl+/+ or Axl–/– mice. n = 6–10 mice/group pooled from 3 independent experiments. *P < 0.05, **P < 0.01 by 2-tailed, unpaired t test. 
All data presented as mean ± SEM.

https://www.jci.org
https://doi.org/10.1172/JCI139576
https://www.jci.org/articles/view/139576#sd


The Journal of Clinical Investigation      R E S E A R C H  A R T I C L E

5J Clin Invest. 2021;131(6):e139576  https://doi.org/10.1172/JCI139576

contrast, p-STAT1 levels were attenuated in Axl–/– BMDMs after 
TLR4 stimulation (Figure 6, A and B). Similarly, p-STAT1 levels 
were reduced after IRI in cardiac macrophages from Axl–/– mice 
compared with Axl+/+ mice (Figure 6C), supporting a crucial role 
for AXL in STAT1 activation. To test whether STAT1 signaling was 
required for TLR4-mediated glycolytic proinflammatory repro-
gramming of macrophages, we measured metabolic and inflamma-
tory function in Stat1+/+ and Stat1–/– BMDMs after TLR4 stimulation. 
In contrast to Stat1+/+ BMDMs, HIF-1α activation was attenuated 
in Stat1–/– BMDMs after TLR4 stimulation (Figure 6D), which was 
associated with an impaired switch to glycolytic metabolism (Fig-
ure 6E) and reduced secretion of IL-1β (Figure 6F). Taken together, 
these results support a role for Gas6/AXL signaling in augmenting 
TLR4 activation of HIF-1α through STAT1 signaling to promote the 
glycolytic reprogramming to inflammatory macrophages.

As cardiac macrophages express AXL and MerTK, both 
of which are efferocytosis receptors, one hypothesis is that in 
addition to impairing proinflammatory macrophage repro-
gramming, loss of AXL would improve cardiac repair through 
increased cardioprotective MerTK-dependent phagocytic clear-
ance of apoptotic cardiomyocytes. To test whether enhanced 
efferocytosis restrained inflammation and improved cardiac 
repair in Axl–/– mice, we quantified post-IRI association of flu-
orescent and cardiomyocyte-specific mCherry protein with 
cardiac macrophages. While IRI led to significantly increased 
macrophage clearance of cardiomyocyte debris, no difference 
in reperfusion-dependent efferocytosis of dead cardiomyocytes 

(Supplemental Figure 8B), suggesting that AXL augmented glycol-
ysis independently of NF-κB activation. Hypoxia-inducible factor 
1α (HIF-1α) has been implicated in the TLR4-mediated switch to 
glycolytic metabolism (24), so we next investigated whether Axl 
deficiency impacted HIF-1α activation. Relative to Axl+/+ BMDMs, 
there were reductions in both gene and protein expression of HIF-
1α in Axl–/– BMDMs (Figure 5, C, E, and F), which was associated 
with a decrease in HIF-1α–dependent genes involved in glycolytic 
metabolism (Figure 5D). Treatment of BMDMs with cobalt chlo-
ride, a pharmacological HIF activator, restored glycolytic metab-
olism in Axl–/– BMDMs to a level similar to that of Axl+/+ BMDMs 
(Figure 5G), suggesting that AXL signaling is required for HIF-1α–
dependent glycolytic proinflammatory reprogramming of macro-
phages in response to inflammatory stimuli.

AXL signaling promotes phosphorylation and activation of 
STAT1 (7, 18), which has been separately linked to both HIF-1α 
signaling (25) and IL-1β production (26). To test whether AXL was 
required for STAT1 signaling after TLR4 stimulation, we measured 
phosphorylation of STAT1 (p-STAT1, Tyr701) in BMDMs after 
TLR4 stimulation or in cardiac macrophages after IRI. Treatment 
of Axl+/+ BMDMs with the AXL-specific agonist Gas6 revealed that 
while Gas6/AXL signaling alone was sufficient to induce p-STAT1, 
it was insufficient to increase glycolytic metabolism or IL-1β pro-
duction (Supplemental Figure 9). TLR4 stimulation also increased 
p-STAT1 levels in Axl+/+ BMDMs (Figure 6, A and B) and the addi-
tion of exogenous Gas6 augmented both p-STAT1 levels and IL-1β 
production during TLR4 stimulation (Supplemental Figure 9). In 

Figure 4. AXL signaling augments TLR4 priming of the inflammasome in macrophages. (A) Pro- and antiinflammatory gene expression in Axl+/+ or 
Axl–/– bone marrow–derived macrophages (BMDMs) untreated (Ø) or treated with lipopolysaccharide (LPS) for 6 hours. Data are representative of more 
than 3 independent experiments. n = 3 sets of cells/group. **P < 0.01, ***P < 0.001 by 2-way ANOVA followed by Tukey’s test. (B) TLR4 expression 
on untreated Axl+/+ or Axl–/– BMDMs as measured by flow cytometry. Data are representative of 2 independent experiments. n = 4 sets of cells/group. 
NS, not significant by 2-tailed, unpaired t test. (C) Gene expression of Il1b in serum-starved Axl+/+ or Axl–/– BMDMs treated with LPS and AXL-specific 
agonists, growth arrest–specific 6 (Gas6) protein, or anti–mouse AXL agonizing antibody, for 6 hours. Data are representative of 3 independent exper-
iments. n = 3 sets of cells/group. *P < 0.05, **P < 0.01, ***P < 0.001 by 2-way ANOVA followed by Tukey’s test. (D) Immunoblot or (E) flow cytometry 
of caspase-1 activation in Axl+/+ or Axl–/– BMDMs primed with LPS for 3 hours followed by activation with ATP for 30 minutes. Data are representative 
of 3 independent experiments. n = 2–3 sets of cells/group. ***P < 0.001 by 2-tailed, unpaired t test. See complete unedited blots in the supplemental 
material. (F) IL-1β production by Axl+/+ or Axl–/– BMDMs primed with LPS for 3 hours followed by activation with ATP for 30 minutes. (G) TNF-α or (H) 
IL-10 production by Axl+/+ or Axl–/– BMDMs treated with LPS for 6 hours. For F–H, data are representative of more than 3 independent experiments. n = 3 
sets of cells/group. *P < 0.05, **P < 0.01, ***P < 0.001 by 2-tailed, unpaired t test. All data presented as mean ± SEM.
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was observed between Axl+/+ and Axl–/– mice (Figure 7A). The 
phagocytosis-independent cardioprotection observed during 
Axl deficiency suggests that AXL and MerTK function inde-
pendently to regulate reprogramming of macrophages.

We next tested whether AXL and MerTK exhibited divergent 
and independent function after IRI by comparing LV remodel-
ing and contractile function in mice deficient in either receptor 
alone or deficient in both AXL and MerTK. In contrast to loss 
of AXL alone, loss of MerTK alone worsened cardiac repair and 

contractile function after IRI (Figure 7B), as previously report-
ed by us and others (11, 12). Importantly, loss of either AXL or 
MerTK did not result in a compensatory increase in the other 
receptor on cardiac macrophages (Figure 7C). Surprisingly, mice 
deficient in both Axl and Mertk exhibited a cardioprotective 
response after IRI that was similar to that of mice deficient in 
Axl alone, with improvements in cardiac repair and preservation 
of systolic function compared with controls or mice deficient 
in Mertk alone (Figure 7, B and D). Flow cytometric analyses 

Figure 5. AXL signaling is required for the switch to glycolytic metabolism to fuel proinflammatory responses in macrophages. (A) Extracellular acidification 
rate (ECAR) in Axl+/+ or Axl–/– bone marrow–derived macrophages (BMDMs) untreated (+/+ Ø and –/– Ø) or treated with lipopolysaccharide (LPS) for 3 hours, with 
quantification of glycolytic function. (B) ECAR with quantification of glycolytic function in Axl+/+ BMDMs treated with anti–mouse AXL agonizing antibody or iso-
type control. For A and B, data are representative of 2–3 independent experiments. n = 5–8 sets of cells/group. ***P < 0.001 by 2-tailed, unpaired t test. (C) Hif1a 
gene expression in BMDMs treated with LPS for 3 hours. (D) Expression of genes involved in glycolytic metabolism in BMDMs treated with LPS for 3 hours. For C 
and D, data are representative of 2 independent experiments. n = 3 sets of cells/group. *P < 0.05, **P < 0.01, ***P < 0.001 by 2-way ANOVA followed by Tukey’s 
test. (E) Immunoblot or (F) flow cytometry of HIF-1α protein in BMDMs treated with LPS. Data are representative of 2 independent experiments. n = 3 sets of 
cells/group. ***P < 0.001 by 2-way ANOVA followed by Tukey’s test. See complete unedited blots in the supplemental material. (G) ECAR with quantification 
of glycolytic function measured in Axl+/+ or Axl–/– BMDMs treated with the HIF-1α pharmacological activator, cobalt chloride (CoCl2). Untreated groups (+/+ Ø and 
–/– Ø) are the same as presented in panel A. Data are representative of 2 independent experiments. n = 6–8 sets of cells/group. NS, not significant by 2-tailed, 
unpaired t test. All data presented as mean ± SEM.
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revealed an increase in reparative MHCIIlo cardiac macrophages 
in Axl–/– Mertk–/– mice compared with Axl+/+ Mertk+/+ mice after 
IRI (Figure 7E), suggesting that AXL favors accumulation of 
proinflammatory MHCIIhi macrophages to worsen cardiac 
repair after IRI. Taken together, these results support divergent 
roles for AXL and MerTK in mediating pathogenic and protec-
tive macrophage responses, respectively, after IRI.

To test the therapeutic potential of these findings, we treated 
mice daily after IRI with a small molecule inhibitor of AXL, R428, 
that binds specifically (IC50 = 14 nM) and with high selectivity to 
the AXL intracellular catalytic kinase domain and inhibits its activ-
ity (50-fold relative to MerTK, ref. 27). Treatment of WT mice with 
the AXL inhibitor significantly reduced infarct size, demonstrat-
ing that transient inhibition of AXL confers cardioprotection after 
IRI (Figure 7F). Similar cardioprotection was observed following 
administration of AXL inhibitor to Mertk–/– mice after IRI (Figure 
7G), consistent with independent functions for AXL and MerTK 
in the infarcted ventricle. We have previously shown that the ben-
eficial effects of MerTK are compromised by its proteolytic cleav-
age after IRI and that strategies that block reperfusion-associated 

MerTK cleavage improve cardiac function (12). To test whether 
targeting both AXL and MerTK could synergize to enhance car-
diac repair after IRI, we treated mice with a cleavage-resistant 
MerTK (MertkCR/CR), which preserves the cardioprotective effects 
naturally compromised after IRI, with the AXL-specific inhibitor. 
Treatment of MertkCR/CR mice with AXL inhibitor reduced infarct 
size compared with either intervention alone (Figure 7F), demon-
strating that strategies that combine inhibition of AXL signaling 
and MerTK cleavage may confer the greatest preservation of car-
diac function after IRI.

Like MerTK, AXL is also proteolytically cleaved to release a 
stable cleavage product called solAXL. In ST-segment elevation 
MI (STEMI) patients, solAXL levels are increased during the acute 
phase and are associated with adverse ventricular remodeling and 
progression to heart failure (14). We independently validated this 
finding in a small cohort of STEMI patients and observed a similar 
increase in serum levels of solAXL in mice after IRI (Supplemental 
Figure 10, A and B). To test the role of AXL cleavage after IRI, we 
generated gene-targeted mice (AxlCR/CR) in which the proteolytic 
site of AXL was deleted, leading to replacement of the WT AXL with 

Figure 6. Cross signaling between AXL and TLR4 augments STAT1 activation to fuel proinflammatory responses in macrophages. (A) Immunoblot or (B) 
flow cytometry of STAT1 phosphorylation in Axl+/+ or Axl–/– bone marrow–derived macrophages (BMDMs) untreated (Ø) or treated with lipopolysaccharide 
(LPS). Data are representative of 2–3 independent experiments. n = 3 sets of cells/group. **P < 0.01, ***P < 0.001 by 2-way ANOVA followed by Tukey’s 
test. See complete unedited blots in the supplemental material. (C) STAT1 phosphorylation in Axl+/+ or Axl–/– cardiac macrophages 3 days after ischemia/
reperfusion infarction (IRI). n = 4–5 mice/group pooled from 2 independent experiments. *P < 0.05 by 2-tailed, unpaired t test. (D) HIF-1α protein in Stat1+/+ 
or Stat1–/– BMDMs treated with LPS for 4 hours as measured by flow cytometry. Data are representative of 2 independent experiments. n = 3 sets of cells/
group. *P < 0.05, **P < 0.01, ***P < 0.001 by 2-way ANOVA followed by Tukey’s test. (E) Extracellular acidification rate (ECAR) with quantification of 
glycolytic function in Stat1+/+ or Stat1–/– BMDMs treated with LPS for 3 hours. Data are representative of 2 independent experiments. n = 6–8 sets of cells/
group. *P < 0.05, ***P < 0.001 by 2-way ANOVA followed by Tukey’s test. (F) IL-1β production by Stat1+/+ or Stat1–/– BMDMs primed with LPS for 3 hours 
followed by activation with ATP for 30 minutes. Data are representative of 2 independent experiments. n = 3 sets of cells/group. *P < 0.05 by 2-tailed, 
unpaired t test. All data presented as mean ± SEM.
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Figure 7. Divergent roles for AXL and MerTK in cardiac repair after myocardial ischemia/reperfusion infarction (IRI). (A) Phagocytosis of apoptotic 
mCherry-expressing cardiomyocytes by cardiac macrophages from Axl+/+ or Axl–/– mice at baseline (Ø) or 4 hours after IRI. n = 3–5 mice/group pooled from 
3 independent experiments. *P < 0.05 by 2-way ANOVA followed by Tukey’s test. (B) Percentage infarct/left ventricle (LV), percentage area at risk (AAR)/
LV, and percentage infarct/AAR measured 7 days after IRI in mice lacking Mertk (Axl+/+ Mertk–/–), Axl (Axl–/– Mertk+/+), or both Mertk and Axl (Axl–/– Mertk–/–). 
n = 6–9 mice/group pooled from more than 3 independent experiments. *P < 0.05, **P < 0.01, ***P < 0.001 by 1-way ANOVA followed by Tukey’s test. (C) 
Expression of MerTK and AXL on cardiac macrophages from Axl- or Mertk-deficient mice as measured 3 days after IRI. n = 4–5 mice/group pooled from 2 
independent experiments. NS, not significant by 2-tailed, unpaired t test. (D) Quantification of percentage ejection fraction (% EF) in mice 28 days after IRI. 
n = 4 mice/group pooled from 4 independent experiments. *P < 0.05, ***P < 0.001 by 1-way ANOVA followed by Tukey’s test. (E) Ratio of MHCIIlo to MHCIIhi 
cardiac macrophages within the infarcted myocardium of Axl+/+ Mertk+/+ or Axl–/– Mertk–/– mice. n = 3–5 mice/group pooled from 3 independent experiments. 
***P < 0.001 by 2-way ANOVA followed by Tukey’s test. (F) Infarct measurements 7 days after IRI in Mertk+/+ or MertkCR/CR mice treated with the AXL-selec-
tive inhibitor R428 or vehicle. n = 3–4 mice/group pooled from 3 independent experiments. **P < 0.01, ***P < 0.001 by 2-way ANOVA followed by Tukey’s 
test. (G) Infarct measurements 7 days after IRI in Mertk–/– mice treated with the AXL-selective inhibitor R428 or vehicle. n = 5–7 mice/group pooled from 3 
independent experiments. **P < 0.01 by 2-tailed, unpaired t test. All data presented as mean ± SEM.
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Discussion
Our data reveal a role for AXL in adverse cardiac remodeling after 
IRI. According to our working model (Supplemental Figure 12), 
release of DAMPs secondary to IRI promotes increased AXL levels 
on cardiac macrophages. Cross signaling between AXL and TLR4 
augments STAT1 signaling to direct a HIF-1α–dependent switch 
to glycolytic metabolism in cardiac macrophages and secretion of 
proinflammatory IL-1β. This leads to increased intramyocardial 
inflammation and culminates in adverse ventricular remodeling 
and impaired contractile function. AXL functions independent-
ly of cardioprotective MerTK to worsen cardiac repair, but like 
MerTK, is proteolytically cleaved. Finally, administration of a 
selective small molecule inhibitor of AXL alone reduced cardiac 
damage. AXL inhibition in combination with blockade of MerTK 
cleavage further improved cardiac healing after IRI. This interest-
ing AXL-MerTK dichotomy strengthens the foundation to investi-
gate macrophage TAM receptors as targets for cardioprotection in 
the infarcted human heart.

Although a proinflammatory role for AXL in cardiac macro-
phages was somewhat surprising, given its well-characterized 
role in efferocytosis (28), emerging evidence from both humans 
and experimental models is beginning to support a detrimental 
role for AXL in a variety of diseases (29, 30). In our model of 
clinically relevant myocardial IRI, we observed both increased 
serum levels of solAXL and cell-surface AXL expression on 
cardiac macrophages, the latter of which promoted proinflam-
matory IL-1β production. Using a newly generated cleavage-re-
sistant AXL mouse, we discovered that the increase in solAXL 
by proteolytic cleavage of cell-surface AXL functioned to limit 
proinflammatory macrophage responses in vitro and adverse 

a fully functional but cleavage-resistant AXL (Supplemental Figure 
11, A–D). To assess cleavage resistance, BMDMs from AxlCR/CR and 
Axl+/+ mice were treated with a TLR4 agonist and then assayed for 
cell-surface AXL and solAXL by flow cytometry, ELISA, and immu-
noblot. TLR4 agonism decreased cell-surface AXL and increased 
solAXL in Axl+/+ macrophages, but these effects were largely absent 
with AxlCR/CR macrophages (Figure 8, A and B, and Supplemental 
Figure 11E). Consistent with a role for AXL in the proinflammatory 
metabolic reprogramming of macrophages, we observed increased 
p-STAT1 and HIF-1α signaling in AxlCR/CR BMDMs compared with 
Axl+/+ BMDMs (Figure 8, C and D), which was associated with ele-
vated glycolysis and IL-1β secretion in response to TLR4 stimu-
lation (Figure 8, E and F). In AxlCR/CR mice, cell-surface AXL was 
preserved on cardiac macrophages after IRI (Figure 9A) and serum 
solAXL was significantly reduced at both steady state and after IRI 
compared with Axl+/+ mice (Figure 9B). In contrast to the increase 
in solAXL levels observed in Axl+/+ mice after IRI, AxlCR/CR mice 
exhibited no change in solAXL levels after IRI, validating the AxlCR/

CR mouse as a model for testing the functional consequences of AXL 
cleavage in vivo. To determine the functional role of AXL cleavage 
in the acute phase after IRI, we compared inflammation and tissue 
repair between Axl+/+ and AxlCR/CR mice after IRI. Relative to Axl+/+ 
mice, infarct sizes were increased in AxlCR/CR mice 7 days after IRI 
(Figure 9C). The adverse ventricular remodeling in AxlCR/CR mice 
was associated with an increased inflammatory response, as mea-
sured by increased neutrophils (Figure 9D), Ly6Chi monocytes 
(Figure 9E), and inflammatory MHCIIhi macrophages (Figure 9F) 
within the infarct and elevated serum levels of IL-1β (Figure 9G) 
compared with Axl+/+ mice, revealing that AXL cleavage limits 
adverse ventricular remodeling after IRI.

Figure 8. AXL cleavage limits proinflammatory responses in macrophages. (A) Cell-surface expression of AXL on bone marrow–derived macrophages 
(BMDMs) from wild-type (Axl+/+) or AXL cleavage–resistant (AxlCR/CR) mice untreated (Ø) or treated with lipopolysaccharide (LPS) for 1 hour. (B) Soluble AXL 
(solAXL) in culture media of BMDMs treated with LPS for 1 hour. (C) STAT1 phosphorylation in BMDMs treated with LPS for 1 hour. (D) HIF-1α protein in 
BMDMs treated with LPS for 4 hours. For A–D, data are representative of 3 independent experiments. n = 3 sets of cells/group. *P < 0.05, **P < 0.01, ***P < 
0.001 by 2-way ANOVA followed by Tukey’s test. (E) Extracellular acidification rate (ECAR) with quantification of glycolytic function in BMDMs treated with 
LPS for 3 hours. Data are representative of 2 independent experiments. n = 5 sets of cells/group. *P < 0.05, **P < 0.01 by 2-tailed, unpaired t test. (F) IL-1β 
production by BMDMs treated with LPS for 18 hours. n = 3 sets of cells/group. *P < 0.05 by 2-tailed, unpaired t test. All data presented as mean ± SEM.
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during peritonitis, supporting the concept that AXL regulation of 
proinflammatory reprogramming is a conserved mechanism that 
may be translatable to macrophages in other inflammatory con-
ditions, although this effect is likely to be context dependent. For 
example, during acute viral infection in the lung, AXL functions by 
clearing apoptotic cells to resolve inflammation and mediate tis-
sue repair (31), which may subsequently impair the host response 
to a secondary infection (32). In contrast, models of sterile tissue 
injury in the lung (33) and liver (29) have demonstrated that AXL 
promotes detrimental tissue fibrotic responses. These previous 
studies relied on global deletion or blockade of AXL and given that 
Axl gene expression is not restricted to macrophages and is active 
on other cell types, including endothelial cells, fibroblasts, and 

ventricular remodeling during the acute phase after IRI. AXL 
expression on cardiac macrophages remained elevated after 
IRI into the progression to heart failure, consistent with the 
AXL expression we detected on cardiac macrophages during 
ischemic cardiomyopathy and the increased AXL expression 
observed in myocardial extracts from heart failure patients (13). 
Elevated levels of the AXL ligand Gas6 have also been observed 
in heart failure patients (14).

A survey of tissue-resident macrophages in a variety of tis-
sues revealed widespread expression of AXL on macrophages 
throughout the body, consistent with macrophage profiles with-
in the ImmGen databases. In addition to its inflammatory role in 
the heart, we found that AXL regulated macrophage polarization 

Figure 9. AXL cleavage limits adverse ventricular remodeling after myocardial ischemia/reperfusion infarction (IRI). (A) Cell-surface expression of 
AXL on cardiac macrophages from wild-type (Axl+/+) or AXL cleavage–resistant (AxlCR/CR) mice before (Ø) or 3 days after IRI. (B) Serum levels of soluble 
AXL (solAXL) before or 3 days after IRI. For A and B, n = 3–5 mice/group pooled from 3 independent experiments. *P < 0.05, **P < 0.01, ***P < 0.001 by 
2-way ANOVA followed by Tukey’s test. (C) Percentage infarct/left ventricle (LV), percentage area at risk (AAR)/LV, and percentage infarct/AAR mea-
sured 7 days after IRI in Axl+/+ or AxlCR/CR mice. n = 4–6 mice/group pooled from 3 independent experiments. *P < 0.05, **P < 0.01 by 2-tailed, unpaired 
t test. Total number of (D) neutrophils, (E) Ly6Chi monocytes, and (F) MHCIIhi macrophages within the infarct 3 days after IRI. Flow plots depict events 
3 days after IRI. (G) Serum levels of IL-1β as measured 3 days after IRI. For D–G, n = 5 mice/group pooled from 2 independent experiments. *P < 0.05 by 
2-tailed, unpaired t test. All data presented as mean ± SEM.
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matory MHCIIlo to a proinflammatory MHCIIhi phenotype (12). 
Although macrophages utilize efferocytic metabolites to fuel mito-
chondrial metabolism and antiinflammatory reprogramming (43), 
whether MerTK is linked to this metabolic reprogramming is the 
subject of future investigations. Taken together, our results show 
that the divergent roles for AXL and MerTK in cardiac macrophages 
within the infarcted heart have important implications for the study 
of TAM receptors in both homeostasis and disease. Many studies 
have employed mice deficient in both Axl and Mertk, which may 
yield equivocal results if one receptor dominates the phenotype or 
the receptors diverge in function. Our results necessitate examining 
TAM receptor function both in isolation and combination.

In a therapeutic context, our findings suggest that clinical 
AXL inhibition in the acute phase after MI may reduce inflam-
mation and adverse ventricular remodeling after MI to limit the 
progression to heart failure. The link between AXL and macro-
phage secretion of proinflammatory IL-1β indicates that AXL 
inhibition may be an interesting alternative to canakinumab, the 
monoclonal antibody targeting IL-1β that demonstrated efficacy 
in reducing recurrent cardiovascular events in humans but failed 
to gain approval for cardiovascular disease indications. The spe-
cific and highly selective AXL inhibitor used in our studies is oral-
ly bioavailable and has demonstrated favorable safety profiles and 
activity over prolonged periods of administration in clinical trials 
for the treatment of cancer in humans (44). Targeted delivery of 
an AXL inhibitor to cardiac macrophages during the periopera-
tive period would circumvent the differential role AXL may exert 
in different myocardial cell populations. However, our data in 
whole-body Axl knockouts and mice treated with the AXL inhib-
itor suggest that transient inhibition of AXL confers protection 
with minimal off-target effects. Although simultaneous inhibi-
tion of AXL signaling and preservation of MerTK function led to 
greater cardioprotection, AXL may exert dominance over MerTK 
in the response to IRI, as combined loss of Axl and Mertk or treat-
ment of Mertk-deficient mice with the AXL inhibitor improved 
cardiac repair. Given the potential dominance of AXL over MerTK 
and the relative ease in therapeutic targeting of AXL compared 
with MerTK cleavage, strategies that inhibit AXL may yield more 
immediate clinical benefits in cardiovascular disease.

In conclusion, our findings reveal that AXL aggravates cardiac 
repair by directing proinflammatory metabolic reprogramming of 
macrophages and that the mechanism is distinct from MerTK, the 
latter of which is necessary for macrophage efferocytosis of apop-
totic cardiomyocytes to initiate inflammation resolution. These 
findings support exploration of leveraging macrophage TAM 
receptors in humans to promote inflammation resolution and limit 
adverse ventricular remodeling that leads to heart failure.

Methods
Human ischemic cardiomyopathy specimens. Cardiac tissue specimens 
were obtained from the explanted hearts of adult patients with isch-
emic cardiomyopathy undergoing cardiac transplantation at North-
western Memorial Hospital. Explanted hearts were immediately 
immersed and rinsed with cold cardioplegia solution. Tissue speci-
mens from infarct-scar or viable remote (absence of fibrosis) myocar-
dium were obtained from the lateral wall of the left ventricle. Speci-
mens were maintained in cold cardioplegia solution to preserve tissue 

dendritic cells, it is unclear whether the varied outcomes reflect 
the cumulative inhibition of cell-specific AXL protein function. In 
our studies, we leveraged mice with specific deletion of Axl within 
the myeloid compartment and found that Axl deletion in macro-
phages recapitulated many of our findings in mice with global Axl 
deletion, revealing a direct role for AXL in macrophage inflamma-
tion after reperfused infarction.

AXL signaling in macrophages exacerbated myocardial inflam-
mation through augmentation of TLR4 signaling to enhance proin-
flammatory IL-1β production. TLR4 is known to cross signal with 
other receptor tyrosine kinases, including the epidermal growth 
factor receptor (EGFR) (34), which is required for TLR4-depen-
dent downstream signaling cascades that lead to proinflammatory 
cytokine production. Furthermore, there is considerable overlap 
between AXL signaling cascades and canonical TLR4 downstream 
effectors, including NF-κB, PI3K/Akt, and TBK1 (35-37), suggest-
ing that the molecular mechanisms regulating crosstalk between 
AXL and TLR4 select for specific downstream effectors to deter-
mine functional outcomes. Although a proximity ligation assay 
suggested close protein interactions between AXL and TLR4, 
AXL was dispensable for NF-κB signaling after TLR4 stimulation 
in macrophages. Instead, AXL augmented STAT1 activation after 
TLR4 stimulation to direct a HIF-1α–dependent switch to glycolyt-
ic metabolism in cardiac macrophages, and secretion of proinflam-
matory IL-1β. Both STAT1 and HIF-1α have been linked to M1 mac-
rophage activation within the M1/M2 macrophage polarization 
paradigm (38), supporting an upstream role for AXL in the activa-
tion of inflammatory macrophage polarization after TLR4 stimu-
lation. This was in contrast to a previous report which found that 
AXL signaling in peritoneal macrophages inhibited IL-1β through 
autophagy induction (39). However, this inhibitory effect was inde-
pendent of STAT1 signaling. This suggests our findings in BMDMs 
in vitro and cardiac macrophages in vivo represent a separate and 
distinct pathway. Interestingly, HIF-1α has been shown to direct-
ly regulate Axl expression in cancer cells (40), suggesting a puta-
tive mechanism in which AXL activation in cardiac macrophages 
during the acute phase after reperfused infarction stabilizes HIF-
1α to further enhance AXL-dependent inflammatory macrophage 
responses and promote heart failure progression.

The maladaptive role of AXL contrasts with the cardioprotective 
role of fellow TAM member MerTK in the infarcted heart, consistent 
with AXL and MerTK differentially regulating cardiac macrophage 
function. In support of opposing roles for AXL and MerTK, previous 
studies have revealed protective and detrimental roles for MerTK 
and AXL, respectively, at the tissue level in experimental models 
of immune-mediated nephritis (41) and chronic liver disease (16). 
Here, we report at the cellular level that AXL signaling promotes 
proinflammatory macrophage activation, as Axl deficiency reduced 
proinflammatory MHCIIhi cardiac macrophages after IRI. Similarly 
to macrophages within atherosclerotic lesions (42), this occurred 
independently of changes in efferocytosis, as AXL was dispensable 
for macrophage efferocytosis of apoptotic cardiomyocytes after IRI. 
Macrophage polarization is linked to metabolic reprogramming 
and we found that AXL was required for the switch to glycolytic 
metabolism to fuel inflammatory responses. In contrast, MerTK 
is required for antiinflammatory macrophage reprogramming, as 
Mertk deficiency skews cardiac macrophages from an antiinflam-
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ume Controlled Ventilator (Harvard Apparatus). Animals were main-
tained at 37°C using a far-infrared warming pad (Kent Scientific) and 
animal temperature was monitored throughout surgery by a rectal 
probe using a MircoTherma 2 meter (ThermoWorks). Using a Leica 
S4E dissecting microscope and ACE Light Source (Schott), a left tho-
racotomy was performed with the aid of a Geiger Thermal Cautery 
Unit (Delasco) to maintain normal hemostasis. The left ventricle was 
visualized and the proximal left anterior descending (LAD) coronary 
artery was temporarily ligated with Surgipro II 7-0 monofilament poly-
propylene sutures (Covidien) approximately 2 mm distal to the site 
of its emergence from under the left atrium. Flexible plastic tubing 
(Tygon) was used during ligation to preserve the integrity of the ves-
sel. Blanching/pale discoloration and hypokinesis of the anterior wall 
verified ligation. During ischemia, animal anesthesia was continuously 
monitored and additional Avertin was administered following a posi-
tive toe-pinch response. Following 45 minutes of ischemia, the ligature 
was reopened to allow for reperfusion. The reopened ligature was left 
in place to aid future analyses of infarct tissue. Reperfusion was con-
firmed by restoration of blood flow in the LAD and return of color to 
the left ventricle. Using Surgipro II 6-0 monofilament polypropylene 
sutures (Covidien), the surgical site was closed in layers starting with 
the chest wall followed by the pectoral muscle and finally skin and sub-
cutaneous tissue. Animals were allowed to recover on a heating pad 
(Sunbeam) prior to being returned to cages. Mice dying within 48 hours 
of surgery were treated as technical errors and excluded from analyses.

Statistics. Statistical analyses were performed with Prism 9 soft-
ware (GraphPad Software). Comparisons between 2 groups were 
performed using 2-tailed, unpaired t tests with 95% confidence 
interval. For comparisons of more than 2 variables, 1-way or 2-way 
ANOVA was utilized with 95% confidence interval and when neces-
sary, Tukey’s test was used to correct for multiple comparisons. For 
in vivo experiments, experimental sample size is depicted in figures 
and represent pooled data from 2 or more independent experiments. 
For in vitro experiments, experimental sample size is depicted in 
figures and represent 2 or more independent experiments. Data are 
presented as mean ± SEM. Criteria for significant differences (*P < 
0.05, **P < 0.01, ***P < 0.001) are located in figure legends. A P value 
of less than 0.05 was considered significant. Differences labeled NS 
are not statistically significant.

Study approval. These studies were approved by the Institutional 
Review Board (nos. STU00012288 and STU00075325) at Northwest-
ern University and performed in accordance with the Helsinki Doc-
trine on Human Experimentation. Written consent was obtained from 
all study participants. Animal studies were conducted in accordance 
with guidelines using a protocol approved by the Institutional Animal 
Care and Use Committee at Northwestern University.

A complete description of methods is provided in Supplemental 
Methods.
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integrity. Within 1 hour of procurement, specimens were digested with 
collagenase type II (600 U/mL, Worthington) and DNase I (0.1 mg/
mL; Sigma-Aldrich) in HBSS at 37°C for 30 minutes with agitation. 
Specimens were subsequently triturated through a 40-μm cell strainer 
to prepare a single-cell suspension for analyses by flow cytometry.

Human STEMI plasma specimens. Subjects were excluded from 
the study if they were pregnant or unable to consent. Human periph-
eral blood was collected in BD Vacutainer EDTA-coated tubes (lav-
ender top) from healthy controls or patients diagnosed with STEMI 
via electrocardiography within 24 hours of being admitted to the 
cardiac care unit at Northwestern Memorial Hospital. Blood was 
centrifuged at 2,800g for 15 minutes at 4°C to remove cells and 
platelets and plasma was stored at –80°C until analyses. Levels of 
solAXL in diluted plasma (1:100) were measured by ELISA accord-
ing to the manufacturer’s instructions (R&D Systems). Absorbances 
were read at 450 nm on an iMark Microplate Reader (BIO-RAD).

Mice. C57BL/6J mice were bred in our animal facility prior to use as 
WT controls. MerKD (referred to herein as Mertk–/–), cleavage-resistant 
MerTK (MertkCR/CR), and Axl–/– mice have been previously described 
(12, 45, 46) and were backcrossed to C57BL/6J for 10 generations. 
Mertk–/– and Axl–/– mice were crossed to generate mice double-deficient 
in Mertk and Axl (Axl–/– Mertk–/–). LysM-Cre (B6.129P2-Lyz2tm1(cre)Ifo/J, 
stock no. 004781), αMHC-mCherry (Tg(Myh6*-mCherry)2Mik, stock 
no. 021577), and Stat1–/– (B6.129S(Cg)-Stat1tm1Dlv/J, stock no. 012606) 
mice were purchased from The Jackson Laboratory. Axlfl/fl mice were 
generated in the C57BL/6J background as previously described (19) 
and provided by Carla Rothlin (Yale University, New Haven, Connecti-
cut, USA). Axlfl/fl mice were crossed with mice expressing LysM-Cre to 
generate mice with specific deletion of Axl in myeloid cells (LysM-Cre+ 
Axlfl/fl mice). Axlfl/fl littermates without LysM-Cre were used as controls 
in experiments with LysM-Cre+ Axlfl/fl mice. Mice were housed in tem-
perature- and humidity-controlled, pathogen-free environments and 
kept on a 14-hour/10-hour day/night cycle with access to standard 
mouse chow and water ad libitum. Two- to 4-month-old female or 
male mice were used for experiments.

AXL cleavage–resistant mice. Cleavage-resistant AXL protein 
was expressed from recombinant cDNA clones, which were initial-
ly screened in vitro. CRISPR/Cas9 targeted mutagenesis and dele-
tion of CCCCCACCTCGCGCCTTC between exons 10 and 11 of 
murine Axl in the C57BL/6J background was performed in collabo-
ration with the Transgenic and Targeted Mutagenesis Laboratory at 
Feinberg School of Medicine at Northwestern University. This spe-
cifically deleted a 6–amino acid region within a 14–amino acid stalk 
region proximal to the transmembrane domain of AXL to generate 
cleavage-resistant AXL mice (AxlCR/CR). The male founder, Axl-Del2 
number 6598, was born on July 18, 2017 and genotyping confirmed 
the presence of the correct allele. PCR primer oligonucleotides for 
AxlCR/CR genotyping were as follows: Axl-saF, ACTCACTGGTCAT-
TCCACACC and Axl-saR, CCATGACTTCAGCTTCCCCG. See 
Supplemental Methods for full genotyping protocol.

Myocardial reperfused infarction. Surgeries were performed on 
female mice at 2–4 months of age. Mice were anesthetized with Avertin 
(2,2,2-tribromoethanol, 99%, 0.1 mg/kg i.p.; Alfa Aesar) and received 
sustained-release buprenorphine (0.1 mg/kg s.c.; ZooPharm) prior to 
the first incision. Puralube Vet Ointment (Dechra) was applied to the 
eyes and mice were secured in a supine position and endotracheally 
intubated to an Inspira Advanced Safety Single Animal Pressure/Vol-
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