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Experimental Section 

Materials. Chemicals used in this work: n-butanol, o-dichlorobenzene, acetic acid, 

ethanol, dichloromethane was purchased from Adamas-beta®. 5'-(4-aminophenyl)-

[1,1':3',1''-terphenyl]-4,4''-diamine (TAPB), N, N-bis(4-aminophenyl)benzene-1,4-

diamine (TAPA), 4,4',4''-(1,3,5-triazine-2,4,6-triyl)trianiline (TTA), and 4,4',4'',4'''-

([1,1'-biphenyl]-4,4'-diylbis(azanetriyl)) tetrabenzaldehyde (TTBA), 2,7-dichlorodihy-

drofluorescein diacetate (DCFH-DA) were purchased from Jilin Chinese Academy of 

Sciences-Yanshen Technology Co., Ltd. General lab supplies were purchased from 

NEST Biotechnology. Cell Counting Kit-8 (CCK8) was purchased from Dojindo 

Laboratories (Japan). These chemicals were used without further purification.  

Instruments. Fluorescence spectra were obtained by using Cary Eclipse Fluorescence 

Spectrophotometer (Agilent Technologies). UV-vis absorption spectra were tested by 

Cary300 UV-vis Spectrophotometer (Agilent Technologies). Size distribution and zeta 

potential were detected by using Zetasizer Nano-ZS90 (Malvern). XPS was recorded 

by Thermal Fisher ESCALAB 250Xi.  

General method for synthesis and activation of COF-607 to -609. A Pyrex tube with 

the size of 10×8 mm (o.d×i.d) was filled with tetra-topic aldehyde (0.12 mmol), triple-

topic amine (0.20mmol, 1.67 equiv), o-dichlorobenzene (1.0 ml), n-butanol (1.0 ml) 

and aqueous acetic acid (0.3 mL, 6 M) sequentially. The mixture was dissolved by 

sonication. The solution was degassed through three freeze-pump-thaw cycles. After 

gradual warm up to room temperature, the tube was placed in oven and heated at 120 °C 

for 3 days. The solid was then isolated by filtration washed with acetone, and 
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sequentially fluxed with dioxane and acetone in a Soxhlet extractor for 1 day each 

solvent. After drying under dynamic vacuum at room temperature for 1 h, the COF 

sample were heated up to 120 °C and kept at the same temperature for 12 h to achieve 

the complete activation. [1]  

Synthesis of COF@PEG sample. To isolated the COF sample into PBS solution, the 

PEG-NH2 (MW = 2000) was used as PEG gens. Typically, 10 mg of COF samples and 

20 mg PEG-NH2 were dispersed in 20 ml PBS and then sonicated via a 900 W ultrasonic 

cell shredder (SCIENTZ-IID or JY99-IIDN, from NINGBO SCIENTZ 

BIOTECHNOLOGY CO., LTD, www.scientz.com) for more than 24 h. The resulting 

mixture was firstly centrifuged at 1500 rpm for 30 min to discard un-isolated 

nanoparticles, and then further centrifuged at 11000 rpm for 10 min to obtain the 

COF@PEG sample. 

FT-IR spectra for ligands and COFs. All IR spectra were recorded on a Thermo 

Nicolet iS10 IR spectroscopy made by Thermo fisher and samples were tableted and 

utilize KBr background. The wavelength range is 3500 to 1000 cm-1. The successful 

formation of imine linkage was evidenced by the emergence of 1610 to 1630 cm-1 peak 

in Fourier transform infrared (FT-IR) spectrum, representing the telescopic vibration of 

imine bond (νC=N). 

X-ray Photoelectron Spectrometer (XPS) measurement of the molecular 

chromophores and their corresponding COFs. X-ray Photoelectron Spectrometer 

(XPS) was carried out on a Thermo Fisher ESCALAB 250Xi spectrometer, with the 

ion source of Al Kα, and samples were prepared in tablet for the test. The XPS spectra 

reflected the change in the chemical environment of nitrogen before and after the 
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conversion to COFs. New peaks of the N 1s peaks were observed at 398.61 to 398.79 

eV, which indicated the successful formation of imine bonds. 

UV-Vis diffuse reflectance spectra for ligands and COFs. UV-vis DRS of COFs 

were performed on a PerkinElmer Lambda 750 S spectroscopy using BaSO4 as 

background. Band gap calculations were based on Kubleka-Munk theory. The optical 

absorption coefficient (α) calculated from reflectance data according to Kubelka-Munk 

equation that F(R) = α = (1-R)2/2R, in which R is the percentage of reflected light. The 

incident photon energy (hν) and the optical band gap energy (Eg) are related to the 

transformed Kubelka-Munk function, [F(R)hν]2 = A(hν-Eg), where Eg is the band gap 

energy, A is the constant depending on transition probability, and intercept of [F(R)hν]2 

vs hν is Eg. In comparison to the corresponding molecular building blocks, these COFs 

exhibited smaller band gaps.  

N2 adsorptions analysis of these COFs. N2 adsorptions isotherms were measured on 

a Quantachrome Autosorb-1 automatic volumetric instrument in a liquid nitrogen bath 

(77 K). Ultra-high purity grade N2 was used for the adsorption experiments. The BET 

surface area analysis was performed by plotting x/v(1 - x) vs x, where x = P/P0 (P0 = 1 

bar) and v is the volume of nitrogen adsorbed per gram of COF at standard temperature 

and pressure (STP), where satisfactory correlation coefficients and positive C constant 

were observed. The slope ([c - 1]/vmc) and y intercept (1/vmc) of the linear region 

between the dashed lines give the monolayer capacity, vm, that is then used to calculate 

the surface area from A = vmσ0NAV, where σ0 is the cross-section area of the adsorbate 

at liquid density (16.2 Å2 for nitrogen) and NAV is Avogadro’s number. The surface 

areas of these COFs ranging from 1800 to 2120 m2 g-1, offered excellent ROS exchange 
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and diffusion efficiency. 

Scanning electron microscopy (SEM) images of these COFs. Scanning electron 

microscopy (SEM) images were collected using a FEI Verios 460 instrument with field 

emission gun. The particle sizes of these COFs were rather uniform, ranging from 100 

to 150 nm. 

Determine the crystal structure of these COFs. Powder X-ray diffraction (PXRD) 

characterization was performed on a Smart lab diffractometer (Rigaku) with filtered Cu 

Kα radiation. Molecular modeling of COF-607, -608 and -609 were generated with the 

Materials Studio (ver. 7.0) suite of programs. Pawley refinement was carried out using 

Reflex, a software package for crystal determination from PXRD pattern. Unit cell 

dimension was set to the theoretical parameters. The Pawley refinement was performed 

to optimize the lattice parameters iteratively until the Rwp and Rp value converges and 

the overlay of the observed with refined profiles shows good agreement. The lattice 

models were then fully optimized using MS Forcite molecular dynamics module 

method. We performed Pawley refinement using Reflex Plus module of the Material 

Studio, and then simulated the structures of COF-609 with both non-interpenetrated 

and 2-fold interpenetrated ffc topology. The calculated PXRD pattern of COF-609 with 

2-fold-interpenetrated ffc topology doesn’t match with the experimental data, while the 

but showcases good agreement with the non-interpenetrated simulated PXRD patterns 

(Fig. S19), with (Rwp, Rp) values of (2.24%, 2.06%) for COF-609, (1.37%, 1.07%) for 

COF-607, and (2.36%, 1.66%) for COF-608. with Pawley refined cell parameters of a 

= 57.2 Å, b = 56.7 Å, c = 23.1 Å and α = β = 90°, γ = 105.7° for COF-607, a = 56.74 

Å, b = 56.05 Å, c = 17.85 Å, α = β = 90°, γ = 120° for COF-609, and a = 56.44 Å, b = 

57.38 Å, c = 23.04 Å, α = β = 90°, γ = 102.9° for COF-608. 

Cell culture. 4T1 cells were cultured in RPMI Medium 1640 with 10% FBS and 1%     
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antibiotics (penicillin-streptomycin, 10 000 U mL-1) at 37 °C in a humidified 

atmosphere containing 5% CO2. 

ROS detection. NaOH pretreated DCFH-DA (20 μL) was incubated with COF samples 

(50 μg/mL) and then irradiated with 660 nm laser (500 mW/cm2). At preset times, the 

fluorescence spectra were recorded (Ex: 488 nm, Em: 525 nm). The ROS generation 

ability was calculated as Ft/F0. F0 and Ft were the fluorescence intensities of the mixed 

solutions at 525 nm before and after laser irradiation. [2] 

Statistical analysis. Statistical analysis was performed utilizing Graphpad software and 

data were presented as means ± SD. The statistical significance was obtained through 

two-tailed Student’s t-test or one-way analysis of variance (ANOVA) method. *p < 0.05, 

**p < 0.01, ***p < 0.001. 

Zeta potential analysis. Zeta potential was tested in aqueous solution to determine the 

charges around the particles of COFs when dispersed in water. Zeta potential was 

measured by laser doppler micro-electrophoresis (Zetasizer, Nano-ZS, Malvern, UK). 

Reactive oxygen species (ROS) determination. Electron paramagnetic resonance 

(EPR) experimental data were obtained over a commercial EPR spectrometer JES 

FA200 by using 5, 5-dimethyl-1-pyrroline-N-oxide (DMPO) as trapping agent. 

Samples were prepared by mixing the COF sample in a glass tube with 0.5 mL solution 

of CH3OH or H2O. The settings for the EPR spectrometer were as follows: center field 

(3510.00 G), microwave frequency (9.79 GHz), and power (5.05 mW). The irradiation 

source was a 630 nm laser lamp. The kind of reactive oxygen species (ROS) was 

confirmed by the appearance of characteristic superoxide and hydroxyl radicals peak in 



7 
 

EPR spectrum. [3] 

Tumor model. All animal experiments in this study were performed with prior approval 

from the medical ethics committee of School and Hospital of Stomatology of Wuhan 

University. All the mice were housed under specific-pathogen-free conditions in Wuhan 

University. Mouse triple negative breast cancer cells (4T1 cells) and Balb/c mice 

(female, 6-8 weeks old) were used for constructing tumor harboring mouse model. 

Specifically, at day 0, 1×106 4T1 cells were subcutaneously injected into the right flank 

of Balb/c mice. At day 7, the tumor volume reached ~200 mm3 and all the mice were 

separated into 4 groups based on random grouping: 5 in the phosphate buffer saline 

(PBS) group, 5 in the Laser group, 5 in the COF-609 group and 5 in the COF-609+Laser 

group. Mice from different groups were respectively treated with PBS (intratumoral 

injected, 50μl); PBS injection and laser irradiation (500 mW/cm2, 5 min); COF-609 

(intratumoral injected, 1mg/ml, 50μl) and laser irradiation after COF-609 injection. 

COF-609 nanoparticles were dispersed in PBS at a concentration of 1 mg/ml. Laser 

irradiation started 6 hours after the COF-609 injection to make sure adequate 

internalization of nanoparticles by cancer cells. Then, the body weight and tumor 

volume were monitored every other day. Tumor volume was calculated according to 

the following formula: [tumor length (mm) × tumor width (mm)2]/2. At day 21, all the 

mice were sacrificed and the tumor tissue, tumor draining lymph nodes and spleens 

were collected. The tumor tissue was fixed with 4% paraformaldehyde and used for 

immunostaining. The draining lymph nodes and spleens were mechanically dissociated 

to single cell suspension and used for flow cytometry analysis. 
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For bilateral tumor model, after first tumor was implanted, second tumor (1×106 4T1 

cells) was implanted at day 4. At day 9, mice were divided into 5 groups and 

respectively treated with PBS (N = 6, intratumorally injected, 50μl); CD47 antibodies 

(N = 6, 10 mg/kg); Laser and CD47 antibodies; laser irradiation after COF-609 injection 

(N = 6, intratumoral injected, 1 mg/ml, 50μl); laser irradiation after COF-609 injection 

with CD47 antibodies (N = 6). Tumor volume and body weight were measured as 

previously described. CD47 antibodies were applied from day 10 (10mg/kg, every 3 

day for 3 times).  

For rechallenge assay, when the 4T1 tumor volume reached about 200 mm3, mice were 

treated with COF+laser+CD47. The cured mice were then implanted with 1×106 4T1 

tumor cells subcutaneously at day 50. Meanwhile, naïve mice at the same age were also 

implanted with 1×106 4T1 tumor cells subcutaneously as control group. At day 90, 

rechallenged mice with no tumor formation were then intravenously rechallenged with  

1×106 4T1 tumor cells. Naïve mice with at the same age were also intravenously 

injected with 1×106 4T1 tumor cells as control group. At day 110, all the mice were 

sacrificed and the lung tissues were collected for H&E staining. 

Flow cytometry. Tumor draining inguinal lymph nodes and spleens from all the 

sacrificed mice were used for flow cytometry analysis. Specifically, all the tissue was 

carefully collected and dissociated using GentleMACS Dissociator (Miltenyi Biotec) 

to obtain single cell suspension. After that, 2% fetal bovine serum was used to avoid 

unspecific binding. Then, cells were incubated with fluorochrome conjugated primary 

antibodies for 1 hour at 4 °C in dark. Following antibodies were used in this study for 
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cytometry analysis: CD3 (FITC, ebioscience), CD11b (FITC, Biolegend), Ly6c (APC, 

ebioscience), Ly6g (PE, ebioscience), CD25 (APC, ebioscience), Foxp-3 (PE, 

ebioscience). Fixable Viability Dye-eFluor 506 (eBioscience) were used to exclude 

dead cells. For Treg staining, cells were first stained with CD4 and CD25 antibodies. 

Then, cells were fixed and permeabilizated and stained with Foxp-3 antibodies 

according to the manufacturer’s instruction. Cells were then washed twice and detected 

with CytoFLEX flow Cytometer (Beckman Coulter). All the dilution ratio of antibodies 

was set according to the manufacturer’s instruction. All the cytometry data were 

analyzed using FlowJo (Tree Star).  

Tissue slices staining and scanning. After 4T1 tumor harboring mice were sacrificed, 

tumors or lung tissue were carefully collected, fixed with 4% paraformaldehyde, and 

paraffin embedded. Then, tissues were cut into slices (5-μm thickness) at their 

maximum cross section. For hematoxylin and eosin (H&E) staining, the slices were 

deparaffinized, rehydrated, and stained with hematoxylin and eosin. For 

immunohistochemical staining, the slices were deparaffinized, rehydrated, and antigen 

retrieval was performed. Then, non-specific binding was blockade and primary 

antibodies (Ki67, 1:100, Cell Signaling Technology) were applied. Secondary 

biotinylated antibodies were subsequently incubated and the positive signal was 

visualized with 3, 3′-diaminobenzidine tetrachloride. Cell nucleus were visualized with 

Mayer’s hematoxylin. For immunofluorescence staining, slices were processed as 

described for immunohistochemical staining before primary antibodies applied. CD3 

(1：200，Cell Signaling Technology) and calreticulin (1:500, abcam) primary antibodies 
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were used for immunofluorescence staining. Fluorescent-conjugated secondary 

antibodies were then applied to bind primary antibodies. H&E, immunohistochemical 

and immunofluorescence staining slices were digitized by Pannoramic 250 histological 

scanner (3DHistech, Budapest, Hungary). CaseViewer 2.3 software (3DHistech) was 

used to process histological images. 

Cytotoxicity. CCK8 (Cell Counting Kit-8, Dojindo, Kumamoto, Japan) was used for 

evaluating the cytotoxicity of COF-609 with or without 660nm light irradiation. In 

detail, 4T1 cells were first seeded on 96-well plates (1×104 cells per well). After 12 

hours culture, COF-609 nanoparticles were added at different concentrations (10, 50, 

and 100 μg/ml) and incubated for 12 hours. Cells were then irradiated by 660 nm laser 

(500 mW/cm2) for 5 minutes. Subsequently, the cells were cultured for 24 hours and 

CCK8 was applied to measure the cell viability. The optical density (OD) was measured 

at 450 nm by a micro plate reader. 

Phagocytosis. The phagocytosis of COF-609 nanoparticles by 4T1 cells was evaluated 

by flow cytometry. Briefly, 5×105 4T1 cells were seeded on 6-well plates and incubate 

for 12 hours. Then, COF-609 nanoparticles were added at different time points (3 hours, 

5 hours, 7 hours, and 12 hours before detection). After incubated for indicated time, 

cells were washed, collected and detected with CytoFLEX flow Cytometer. The data 

were analyzed and visualized with FlowJo software. 
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Figure S1. FT-IR spectra of COF-607 (blue), TAPB (green), and TTBA (red). In the 

spectrum of COF-607, the characteristic −N=C− band was observed at 1622 cm-1. 

 

Figure S2. FT-IR spectra of COF-608 (blue), TTA (green), and TTBA (red). In the 

spectrum of COF-609, the characteristic −N=C− band was observed at 1627 cm-1. 
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Figure S3. FT-IR spectra of COF-609 (blue), TAPA (green), and TTBA (red). In the 

spectrum of COF-608, the characteristic −N=C− band was observed at 1622 cm-1. 

 

 

Figure S4. N 1s XPS spectra of TTBA. 
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Figure S5. N 1s XPS spectra of TAPA. 

 

 

Figure S6. N 1s XPS spectra of TAPB. 
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Figure S7. N 1s XPS spectra of TTA. 

 

 

Figure S8. N 1s XPS spectra of COF-607. The emergence of new peak at 398.61 eV in 

the N 1s spectrum indicated the successful formation of imine bonds. 
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Figure S9. N 1s XPS spectra of COF-608. The emergence of new peak at 398.65 eV in 

the N 1s spectrum indicated the successful formation of imine bonds. 

 

Figure S10. N 1s XPS spectra of COF-609. The emergence of new peak at 398.79 eV 

in the N 1s spectrum indicated the successful formation of imine bonds. 
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Figure S11. SEM image of COF-607. Scale bar: 500 nm. 

 

Figure S12. SEM image of COF-608. Scale bar: 500 nm. 

 

Figure S13. SEM (A) and TEM (B) images of COF-609. Scale bar: (A) 500 nm, (B) 

200 nm. 
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Figure S14. UV-vis reflectance spectrum of TAPB compared with their corresponding 

COF, COF-607. 

 

Figure S15. UV-vis reflectance spectrum of TTBA compared with their corresponding 

COF, COF-608. 
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Figure S16. UV-vis reflectance spectrum of TTA compared with their corresponding 

COF, COF-609. 
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Figure S17. The band gap of monomers and their corresponding COFs were estimated 

from UV-vis reflectance spectrum. 
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Fig. S18. VB-XPS were used to measure the position of valence band of the 

monomers and their corresponding COFs. 
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Figure S19. Structural representations of the COF-609 with (A) non-interpenetrated 

ffc network and (B) 2-fold-interpenetrated network. (C) Calculated PXRD partens of 

COF-609 with non-interpenetrated and 2-fold interpenetrated ffc topology. (D) pore 

size distribution of COF-609, which matched well with the non-structure. 
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Figure S20. The photograph of tumors harvest from tumor-bearing mice at day 21. 

 

 

 
Figure S21. (A) The whole picture and (B) its magnification of HE staining slides from 
different groups. (C) Representative immunohistochemical staining of Ki67 from 
different groups. N = 5. 
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Figure S22. Gating strategy of different type of immune cells. 
 
 

 
Figure S23. The photograph of spleens harvest from tumor-bearing mice at day 21. 

 

 



25 
 

 
Figure S24. Detection of CD11b+Ly6g-Ly6c+ MDSCs in the spleen. 
 
 

 

 

 

Figure S25. CD11b+Ly6g-Ly6c+ MDSCs in the spleen were analyzed and quantified. 
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Figure S26. Detection of HMGB1 in 4T1 tumor cells. 
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Figure S27. Photographs after challenge tumor on naïve mice and rechallenge tumor 

on cured mice after the combination treatment of COF-609 and CD47. 
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Figure S28. The ratio of T cells (CD3+ cells) in draining lymph nodes. 

 

Figure S29. Western blotting of ER stress related proteins. 

 

 

 

 

 


