Checkpoint Nano-degrader to Transiently Promote Efferocytosis 
in Acute Myocardial Infarction
Jinfeng Gao a,b,1, Zheyong Huang a,b,1, Qiaozi Wang a,b,1, Qiyu Li a,b, Haipeng Tan a,b, Jing Chen a,b, Wusiman Yakufu a,b, Dili Sun a,b, Zhengmin Wang a,b, Hongbo Yang, Jinyan Zhang a,b, Xueyi Weng a,b, Qibing Wang a,b, Juying Qian a,b, Zhiqing Pang d, *, Yanan Song a,b,*, Junbo Ge a,b,c,*

a Department of Cardiology, Zhongshan Hospital, Fudan University. Shanghai Institute of Cardiovascular Diseases, Shanghai, 20032, China
b National Clinical Research Center for Interventional Medicine& Shanghai Clinical Research Center for Interventional Medicine, 180 Feng Lin Road, Shanghai, 200032,
China
c Institute of Biomedical Sciences, Fudan University, Shanghai, 20032, China
d School of Pharmacy, Fudan University, Key Laboratory of Smart Drug Delivery, Ministry of Education, 826 Zhangheng Road, Shanghai, China

* Corresponding author. Department of Cardiology, Zhongshan Hospital, Fudan University. Shanghai Institute of Cardiovascular Diseases, 180 Feng Lin Road, Shanghai, 200032, China. 
E-mail addresses: zqpang@fudan.edu.cn (Z. Pang), yanan.song@163.com (Y. Song), junboge@126.com (J. Ge).
1 These authors contributed equally.










Animals and cell lines. Male C57BL/6J mice were purchased from Shanghai Jiesijie Laboratory Animal Co.,Ltd (6-8 weeks old). Animal experiments were approved by the Ethics Committee of
Zhongshan Hospital, Shanghai, China (201697). Raw264.7 and HUVEC cell lines were
purchased from the Institute of Biochemistry and Cell Biology, Chinese Academy of
Sciences (Shanghai, China). 

[bookmark: _Hlk109854637][bookmark: _Hlk109854936]Primary adult cardiomyocyte isolation and apoptosis induction. Primary adult CM isolation was performed as previously described1. For the in vitro efferocytosis assay, laminin was not added in CM culture for further transfer. For apoptosis induction, CMs were subjected ischemic buffer (118 mmol/L NaCl, 24 mmol/L NaHCO3, 1.0 mmol/L NaH2PO4, 2.5 mmol/L CaCl2-2H2O, 1.2 mmol/L MgCl2, 20 mmol/L sodium lactate, 16 mmol/L KCl, and 10 mmol/L 2-deoxyglucose; pH = 6.2) and 1% hypoxia for 45 min, which was named oxygen glucose deprivation (OGD). For efferocytosis assay, 1×106 macrophages were added with 2×105 apoptotic CMs for 90 min. 

[bookmark: _Hlk98537418]RBC ghost derivation. RBC ghost derivation was done as previously reported2. RBCs were collected from whole blood from C57BL/6J mice by eyeball extirpating under anesthesia. Specifically, we prepared 1 mM EDTA PBS buffer as isotonic solution and 0.25 mM EDTA H2O solution as hypotonic solution. For each mouse, we added 200 μl heparin saline into 1.5 ml Eppendorf micro test tubes before blood collection to avoid coagulation. Then the whole blood was transferred to 15 ml tubes and 10 ml isotonic solution was added. The whole blood was Centrifugated at 200 g for 5 min at 4 ℃ (acceleration 9, deceleration 4) and supernatant was discarded. This process was repeated for 3 times. Then 10 ml isotonic solution was added and centrifugated at 2300 g for 5 min at 4 ℃. This process was repeated for 3 times. Then all the pellet was collected together and added with same volume of isotonic solution. Then every 250 μl solution was added with 950 μl hypotonic solution and vibrated for 10 seconds. Before centrifugation at 20000 g for 10 min at 4 ℃, 50 μl 20× PBS was added to make the solution isotonic. This process was repeated till the pellet was totally white. Every micro tube of RMV was resuspended with 250 μl hypotonic solution and stored as 150 μl per tube at -80 ℃ for further use. Thus, every tube equaled 150 μl blood with around 0.3 mg protein measured by BCA assay kit (Beyotime, P0012).

Synthesis of LP, RLP and aRLP. Conventional liposome was synthesized by 3.6 mg DMPC, 0.2 mg DSPE-PEG2000 and 0.5 mg DSPE-PEG5000-N3 through film hydration. For nanoparticle tracing, 1,1′-dioctadecyl-3,3,3′,3′-tetramethylindotricarbocyanine perchlorate (DiD) was added (1:1000). The solution was extruded through 0.4 um, 0.2 μm and 0.1 μm polycarbonate membranes sequentially (Nuclepore Track-Etched Membranes, Whatman, UK), using a LiposoFast extruder apparatus (Avestin, Canada) to get final LP. 
1:1, 1:3 and 1:6 RLP were obtained by extrusion of fixed 0.3 mg protein RMV with 0.3 mg, 0.9 mg and 1.8 mg LP. Dibenzocyclooctyne (DBCO) modification of Ly6G antibody was performed as previously described3. Free DBCO was removed by 10 kDa ultrafiltration centrifugal tube by 4000 g, 40 min at 4 ℃. After determination of senescent RBC-mimetic RLP (1:3), DBCO-Ly6G was added and shaked at 50 rpm for 1 h to be conjugated to get aRLP. 8000 g centrifugation for 10 min at 4 ℃ of this solution was performed to remove free DBCO-Ly6G.  

Immunoprecipitation assay. 1 mg cell lysate was rotated with 2 mg SIRPα antibody (BD Pharmingen, 552371) for 1 h at 4 ℃. Then 20 μl agarose beads (Santa Cruz, SC-2003) were added overnight at 4 ℃. Beads were washed for 3 times at 2500 rpm, 4 ℃ for 5 min. The final pellet was resuspended in 40 μl loading buffer (2×) at 95 ℃ for 5 min. 

Primary neutrophil isolation. Primary NEs were isolated from mouse bone marrow as previously described4 with modification. Gradient Percoll solution was 81%, 58% and 45% in PBS (v: v) and fresh NEs were obtained from the interface of 81% and 58%. The purity was identified by flow cytometry and around 1×106 NEs could be isolated from one mouse. 

[bookmark: _Hlk110632508]Migration ability of aRLP-NEs. aRLP-NEs were prepared by incubating 0.3 mg protein aRLP with 2×105 NEs and unconjugated aRLP was removed by centrifugation. Human Umbilical Vein Endothelial Cells (HUVECs) were cultured in cell culture insert (polycarbonate membrane, 3 μm) (Millipore, PIXP01250) for 3 days to form an endothelial layer in vitro. Then 2×105 NEs or aRLP-NEs were added into the upper chamber with or without 10 nM fMLP in the lower chamber. After 3 hours, the relative migrated NEs were measured by cell counting kit-8 (CCK-8) (Beyotime, C0038). 

Release profiles of aRLP from aRLP-NEs. PMA (100 nM) was used in vitro to mimic NETs formation of NEs at the inflammatory site. Mean fluorescence intensity of DiD labeled aRLP was detected at 0, 1, 2, 3, 4, 6, 8 h time points after PMA stimulation.   

Major organs distribution. Major organs including heart, liver, spleen, lung, kidney, brain, were harvested from mice 1 h after 1.5 mg protein aRLP injection and nanoparticle signals were imaged by IVIS (PerkinElmer, Inc., Waltham, MA).

Peripheral blood flow cytometry. Peripheral blood cells were prepared as previously described5. Briefly, blood was collected 0.5 h, 1 h, 6 h after DiD labeled nanoparticle injection and centrifugated at 3000 rpm for 10 min at 4 ℃ to remove plasma. Then the rest were treated with RBC lysis buffer (Invitrogen, 00-4333-57) for 10 min. After centrifugation at 1000 rpm for 5min and washed with PBS twice, the cells were resuspended and stained with APC-Cy7-anti-CD45 (BD bioscience, 557659), PerCP-Cy5.5-anti-CD11b (BD bioscience, 550993), BV421-anti-Ly6G (BD bioscience, 562737), PE-anti-Ly6C (BD bioscience, 560592) and fluorescence signals were detected by BD FACS Aria III.

Single cell suspension of heart and flow cytometry. Heart was digested as previously reported6. Briefly, heart was cut into pieces and enzymatically digested with type Ⅱ collagenase (Worthington, 1,5 mg ml-1), Elastase (Worthington, 0.25mg ml-1), DNase Ⅰ (Worthington, 0.5 mg ml-1) for 1 h at 37 ℃. After digestion, cells were passed through 70 μm strainers and stained. For nanoparticle tracing, APC-Cy7-anti-CD45 (BD bioscience, 557659), PerCP-Cy5.5-anti-CD11b (BD bioscience, 550993), BV421-anti-Ly6G (BD bioscience, 562737), AF488-anti-F4/80 (BD bioscience, 567201) were used. For macrophage polarization phenotyping, FITC-anti-CD45 (BD bioscience, 553080), PerCP-Cy5.5-anti-CD11b (BD bioscience, 550993), PE-anti-F4/80 (BD bioscience, 565410), PE-Cy7-anti-CD86 (BD bioscience, 560582), AF647-anti-CD206 (BD bioscience, 565250) were used.

TTC staining. 3 d post AMI, hearts were harvested from mice and frozen at -40℃ for further cutting. Then the hearts were cross-sectioned into 5 slices with 1 mm each and washed with precooled PBS. After incubation in 1% TTC PBS solution at 37℃ for 20 min, 4% paraformaldehyde (PFA) was added to stop the staining and fix the tissue. The slices were scanned by EPSON Perfection V19 and analyzed by Image-Pro Plus 6.0 (NIH, Bethesda, MD). 

Mouse RBC concentration: 10×106 μl-1 
Surface area of one RBC: 140 μm2 
Total RBC area of 150 μl blood (0.3 mg protein RMV): S1=0.21 m2
One 100-nm LP contains 105 PC7
3.6 mg PC forms ≈ 2.8×1013 LP
Surface area of one 100-nm vesicle: 3.14×10-14 m2
Total surface area of 4 mg LP: S2= 0.88 m2
According to 50% CD47 density on senescent RBC, the hybridization ratio of S1:S2=1:1. That is, 0.3 mg protein RMV and 1 mg LP (mass ratio of RMV:LP=1:3).
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Fig. S1. The relative amount of CD47 protein of RBC and RMV by western blotting and quantification. Statistical analysis was calculated using the two-sided Student’s t-test (n = 3). Data are presented as mean ± s.d.
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Fig. S2. The CD47 positive nanoparticles of RMV: LP 1:0, 1:1, 1:3 and 1:6. Statistical analysis was calculated using the one-way ANOVA and Tukey’s tests (n = 3). Data are presented as mean ± s.d.


[image: ]
Fig. S3. Representative flow cytometry analysis of RMV: LP 1:0, 1:1, 1:3 and 1:6 particles engulfed by macrophages. 
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Fig. S4. representative images of the relative distribution of SIRPα on macrophages contacting with RMV or RLP.
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Fig. S5. Representative images of macrophages treated with chlorpromazine (clathrin-mediated endocytosis) and filipin (caveolin-mediated endocytosis) to internalize RLP.
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Fig. S6. Ultraviolet-visible spectra of 2.5 μg ml-1 unmodified Ly6G and 2.5 μg ml-1 DBCO-functionalized Ly6G. The UV absorption band at 310 nm corresponds to absorbance from the conjugated DBCO group.
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Fig. S7. Co-localization of Ly6G antibody (AF568-goat anti rat) and RLP (DiD) on aRLP incubated with macrophages for 30 min.
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Fig. S8. Purity of primary NEs by flow cytometry.
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Fig. S9. Relative NEs viability with or without aRLP binding. Statistical analysis was calculated using the one-way ANOVA and Tukey’s tests (n = 5). Data are presented as mean ± s.d.
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Fig. S10. The percentage of infiltrated NEs in hearts 1 h after injected with PBS, RLP and aRLP. Statistical analysis was calculated using the one-way ANOVA and Tukey’s tests (n = 4). Data are presented as mean ± s.d.
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Fig. S11. Representative flow cytometry analysis of heart macrophages after treated with PBS, aLP, aRMV, RLP and aRLP.
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Fig. S12. Gating strategy of flow cytometry analysis of blood cells in Fig. 5b.
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Fig. S13. Gating strategy of flow cytometry analysis of blood cells in Fig. 5e.
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Fig. S14. Gating strategy of flow cytometry analysis of blood cells in Fig. 7g, h.














Table 1. Diameters, PDI and zeta potential of RMV: LP 1:0, 1:1, 1:3, 1:6 and LP.
	[bookmark: OLE_LINK1]
	1:0
	1:1
	1:3
	1:6
	LP

	Diameter (nm)
	119.8±3.5
	122.6±4.8
	120.0±4.6
	118.6±4.6
	120.9±4.6

	PDI
	0.126±0.007
	0.102±0.042
	0.099±0.020
	0.128±0.033
	0.117±0.028

	Zeta (mv)
	-37.3±1.4
	-32.3±0.8
	-27.3±1.8
	-24.5±1.5
	-12.9±1.2




Table 2. Primer sequence for qPCR analysis. RNA isolation was performed with FastPure Cell/Tissue Total RNA Isolation Kit V2 (Vazyme Biotech Co.,Ltd). 
	Name
	Forward
	Reverse

	actin
	GGCTGTATTCCCCTCCATCG
	CCAGTTGGTAACAATGCCATGT

	IL-1β
	GCAACTGTTCCTGAACTCAACT
	ATCTTTTGGGGTCCGTCAACT

	IL-6
	TAGTCCTTCCTACCCCAATTTCC
	TTGGTCCTTAGCCACTCCTTC

	TNF-α
	CCCTCACACTCAGATCATCTTCT
	GCTACGACGTGGGCTACAG

	IL-10
	TTCCCTGGGTGAGAAGCTGA
	ATTCATGGCCTTGTAGACACCT

	TGF-β
	CTGCTGACCCCCACTGATAC
	GGGGCTGATCCCGTTGATT

	Arg-1
	CTCCAAGCCAAAGTCCTTAGAG
	AGGAGCTGTCATTAGGGACATC
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