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Supplementary Fig. 1. Dynamic rheological behavior of fibrinogen before and after gelation 
at 25 °C measured using a TA Instruments AR-2000 stress controlled rheometer with the 25 
mm aluminum cross-hatched parallel plates. All experiments were conducted in the linear 
viscoelastic regime with a 500 µm gap between the plates and conducted at least triplicate 
measurements. (a) Frequency spectra of the elastic (G') and viscous (G") moduli of fibrinogen 
containing IgG@CaCO3 NPs samples with the exhibiting solution-like characteristics. (b) 
Frequency spectra of the elastic (G') and viscous (G") moduli of IgG@CaCO3@fibrin samples 
showing a gel-like behavior. (c) Evaluation of G' and G" as a function of time of mixing of 
fibrinogen containing IgG@CaCO3 (IgG: Immunoglobulin G) and thrombin showing ultrafast 
sol-gel transition. The experiments were repeated three times. 
 
 

 

Supplementary Fig. 2. In vivo gel degradation. The fibrinogen conjugated with Cy5.5 and 
thrombin was sprayed within the resected tumor site. The fluorescence IVIS imaging was 
performed at the indicated time points. The experiments were repeated three times. 
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Supplementary Fig. 3. (a) Representative TEM images of aCD47@CaCO3 NPs after being 
immersed in phosphate buffered saline (PBS) with different pH values (7.4 and 6.5) and for 
different periods of time (scale bar: 100 nm). The experiments were repeated three times. (b) 
Time-dependent DLS-measured size changes of aCD47@CaCO3 NPs dispersed in PBS with 
different pH values (6.5, 6.8, and 7.4). Data are presented as mean ± s.e.m. (n=3). 
 
 

 
Supplementary Fig. 4. Time-dependent release profiles of aCD47 from CaCO3 NPs dispersed 
in PBS with different pH values (6.5, 6.8, and 7.4). Data are presented as mean ± s.e.m. (n=3). 
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Supplementary Fig. 5. Time-dependent pH value changes of PBS containing CaCO3 NPs. 
Data are presented as mean ± s.e.m. (n=3).  

 

 

 

Supplementary Fig. 6. Fluorescence IVIS imaging depicting the in vivo retention profile of 
aCD47–Cy5.5 on different days post-antibody administration. The experiments were repeated 
three times. 
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Supplementary Fig. 7.  Confocal immunofluorescence images of tumours collected after 
treatment of aCD47@CaCO3@fibrin at different time points (Scale bar, 50 μm). Green and red 
fluorescence indicate CaCO3 NPs (FITC labelled PEG-b-P(Glu) copolymers) and aCD47 
(rhodamine (TRITC))-conjugated anti-rat IgG antibody), respectively. The experiments were 
repeated three times. 

 

   

Supplementary Fig. 8. Dose effects of CaCO3 nanoparticles on macrophage polarization. (a) 
Representative flow cytometry analysis (left) and the relative quantification (right) of CD45+ 
cells after treatment with CaCO3@fibrin at different amounts of CaCO3 NPs. The data are 
presented as mean ± s.e.m. (n=4).  (b) Representative flow cytometry analysis (left) and the 
relative quantification (right) of M2-like macrophages (CD206hi) and M1-like macrophages 
(CD80hi) gating on F4/80+CD11b+CD45+ cells. Data are presented as mean ± s.e.m. (n=4). 
Statistical significance was calculated via one-way ANOVA with a Tukey post-hoc test. P 
value: *P < 0.05; **P < 0.01; ***P < 0.001. 
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Supplementary Fig. 9. Uncropped western blots for Figure 2g. Lanes used for Figure 2g are 
indicated by red rectangles.  

 

 
Supplementary Fig. 10. (a) PD-L1 expression of DCs gating on CD45+CD11c+ cells and 
tumour cells and PD-1 expression of tumour-infiltrating lymphocytes gating on CD3+ cells 
after CaCO3@fibrin treatment and (b) the corresponding quantification of PD-L1 and PD-1 
mean intensity. Data are presented as mean ± s.e.m. (n=4).  

  

 



7 
 

 
Supplementary Fig. 11. (a) Representative confocal images of phagocytosis assays in which 
cancer cells including B16F10 and 4T1 were labelled with CellTracker DeepRed and bone 
marrow derived macrophages (BMDMs) were labelled with CellTracker Green (Scale bar, 100 
μm). The experiments were repeated three times. (b) Representative flow cytometric analysis 
images (left) and the corresponding quantification (right) of the phagocytosis of cancer cells 
(B16F10 and 4T1) by BMDMs. Phagocytosis or phagocytized cancer cells were quantified as 
the percentage of double-positive BMDMs among CellTracker Green-positive BMDMs or 
CellTracker DeepRed-cancer cells. Data are presented as mean ± s.e.m. (n=3). Statistical 
significance was calculated via two-tailed Student’s t-test. P value: *P < 0.05; **P < 0.01; 
***P < 0.001. 
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Supplementary Fig. 12. Percentage of Ly6G+Ly6Cdim neutrophils gating on CD45+ cells. Data 
are presented as mean ± s.e.m. (n=4). 

 

 

 

Supplementary Fig. 13. Haematoxylin and eosin (H&E) stained micrographs of major 
organs collected from healthy mice and aCD47@CaCO3@fibrin treated mice at Day 30 (scale 
bar: 100 μm). The experiments were repeated three times. 
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Supplementary Fig. 14. Female C57BL/6 mice were sacrificed at day 1, day 7, day 14 after 
aCD47@CaCO3@fibrin treatment. Untreated healthy mice were used as a control. Complete 
blood counts: blood levels of white blood cells (WBC), red blood cells (RBC), hemoglobin 
(HGB), hematocrit (HCT), mean corpuscular volume (MCV), mean corpuscular hemoglobin 
(MCH), mean corpuscular hemoglobin concentration (MCHC). Serum biochemistry data 
including blood urea nitrogen (BUN) levels and liver function markers such as alanine 
aminotransferase (ALT), alkaline phosphatase (ALP), and aspartate aminotransferase (AST), 
were also measured. Data are presented as mean ± s.d. (n=4). Reference ranges of hematology 
data of healthy female C57BL/6 mice were obtained from Charles River Laboratories: 
(http://www.criver.com/). 
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Supplementary Fig. 15. (a) Representative flow cytometric analysis images and (b) the 
corresponding quantification of F4/80+CD11b+ macrophages gating on CD45+ cells. Data are 
presented as mean ± s.e.m. (n=4). (c) Percentage of M2-macrophages (CD206hi) and (d) M1-
macrophages (CD80hi) in CD45+ cells. Data are presented as mean ± s.e.m. (n=4). Statistical 
significance was calculated via one-way ANOVA with a Tukey post-hoc test. P value: *P < 0.05; 
**P < 0.01; ***P < 0.001. 
 

 

 
Supplementary Fig. 16. (a) Representative flow cytometric analysis images and (b) the 
corresponding quantification of CD4+Foxp3+ T cells gating on CD3+CD4+ cells after different 
treatments. Data are presented as mean ± s.e.m. (n=4). Statistical significance was calculated 
by one-way ANOVA using the Tukey post-test. P value: *, P<0.05; **, P<0.01; ***P<0.001. 
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Supplementary Fig. 17. Representative immunofluorescence images of tumours showing 
CD4+ T cell, CD8+ T cell, and F4/80+ macrophages infiltration for all five treatment groups 
(complete panel for Fig. 5e). Scale bar, 50 μm. The experiments were repeated three times.  
 

 

 

 
Supplementary Fig. 18. Absolute percentage of the CD4+ cells in left and right tumours in 
untreated and treated mice. Data are presented as mean ± s.e.m. (n=5). Statistical significance 
was calculated by one-way ANOVA using the Tukey post-test. P value: *, P<0.05. 
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Supplementary Fig. 19. Peritumoural injection of aCD47@CaCO3@fibrin for systemic 
anticancer immune response. (a) In vivo bioluminescence imaging of B16F10 tumours in 
response to local  injection of aCD47@CaCO3@fibrin hydrogels. The experiments were 
repeated three times. (b) Mice were inoculated with tumour cells both in the right and left flanks. 
Treated mice were implanted with hydrogels only on the right flank. (c) Left and right tumour 
growth curves in untreated and treated mice. Data are presented as mean ± s.e.m. (n=6). (d) 
Representative flow cytometric analysis of T cell infiltration within the tumour and (e) the 
relative quantification results in untreated and treated mice. Data are presented as mean ± s.e.m. 
(n=4). (f) Absolute percentage of CD8+ and (g) CD4+ T cells within tumours upon various 
treatments. Data are presented as mean ± s.e.m. (n=4). (h) Cytokine levels in the serum from 
mice collected five days after treatments. Data are presented as mean ± s.e.m. (n=8). Statistical 
significance was calculated via one-way ANOVA with a Tukey post-hoc test (c, e-g) or two-
tailed Student’s t-test (h). P value: *P < 0.05; **P < 0.01; ***P < 0.001. 
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Supplementary Fig. 20.  Inhibition of tumour recurrence and distant tumours with 
combination immunotherapy. (a) In vivo bioluminescence imaging of B16F10 tumours after 
different treatments. The experiments were repeated three times. (b) Individual and (c) average 
tumour growth kinetics in different groups. Data are presented as mean ± s.e.m. (n=6). Growth 
curves were interrupted when the first mouse of the corresponding group was euthanized. (d) 
Weight changes of the mice in different groups. Data are presented as mean ± s.e.m. (n=6). 
Statistical significance was calculated via one-way ANOVA with a Tukey post-hoc test. P value: 
*P < 0.05. 


