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Materials

A commercial LNT injection with a concentration of 0.5 mg/mL was obtained from
Jinling Pharmaceutical Co., Ltd (Jiangsu, China). The LNT, with a molecular weight of
4 ~ 8 x 10° Da, features a backbone structure of B-(1—3) (1—6)-D-Glu linkage. Iron
(IIT) chloride hexahydrate (FeCl3-6H20) and 2-aminoterephthalic acid (BDC-NH>)
were sourced from Aladdin Chemical Reagent Co., Ltd (Shanghai, China). InVivoMab
anti-mouse oPD-1 (CD279) was procured from BioXcell Co., Ltd. (NH, USA).
Celastrol-loaded microemulsion (CM) was prepared by our group,[39] containing a
celastrol concentration of 5 mg/mL. Fluorescein isothiocyanate (FTIC), DiD, and Dil
were acquired from SinoPharma Co., Ltd (Shanghai, China). Cyanine5.5 (Cy5.5%) NHS
ester was obtained from Lumiprobe Limited (HK, China). The GSH Assay Kit
(ab239727), anti-glutathione peroxidase-4 (GPX-4) antibody (ab252833), anti-caspase-
3 antibody (ab13847), mouse inducible nitric oxide synthase (iNOS) enzyme-linked
immunosorbent assay (ELISA) kit (ab253219), L-Lactate ELISA kit (ab65330), mouse
interferon-gamma (IFN-y) ELISA kit (ab282874), and mouse arginase-1 (Arg-1)
ELISA kit (ab269541) were sourced from Abcam (Shanghai, China). Mouse
interleukin-6 (IL-6, KGEMC004), tumor necrosis factor-alpha (TNF-o, KGEMC102a),
interleukin-10 (IL-10, KGEMCO005), and transforming growth factor-beta 1 (TGF-B1,
KGEMCI107b) ELISA kits were purchased from Nanjing KeyGen Biotech Co., Ltd
(Nanjing, China). Lipopolysaccharide (LPS) was provided by Sigma-Aldrich Chemie
GmbH (WI, Germany). Murine recombinant IL-4 was offered by PeproTech (NJ, USA).

Purified water was generated using the Millipore Elix 5 system (MA, USA).
Animals

Female BALB/c mice (6 ~ 8 weeks, 22 ~ 24 g) were sourced from Changzhou Cavens
Laboratory Animal Co. Ltd. (Jiangsu, China). These mice were maintained in a
pathogen-free environment and provided with ad libitum access to food and water under
specific pathogen-free (SPF) conditions. The anesthesia process was performed by the
online isoflurane anesthesia method with channel-3 flow. All experimental procedures

involving animals strictly adhered to the Guidelines for Care and Use of Laboratory



Animals and received approval from Jiangsu Province Academy of Traditional Chinese
Medicine Animal Experimentation Ethics Committee (approval number: AEWC-

20181207-67).
Cell culture

4T1 and RAW264.7 cells were cultured in Dulbecco’s Modified Eagle Medium
(DMEM) with 10% (v/v) FBS and 50 pg/mL penicillin/streptomycin in a humidified
incubator (Thermo 3111, Thermo Fisher Scientific, USA) with 5% CO: at 37°C. CTLL-

2 cells followed a similar protocol but utilized RPMI 1640 medium.
Drug loading (DL) of HM/Ef/LNT-MOFmiv-101(Fe)

To quantify the content of iron, LNT, and the hybrid membrane (HM), the
HM/Ef/LNT-MOFwmiL-101(Fe) Was sonicated in a pH 4.5 buffer for 2 h. The iron was
measured using iron assay kits (Solarbio, BC1735), the LNT was determined by the
anthrone-sulfuric acid method, and the protein content was assessed using the BCA
protein assay kit. For the determination of NaHCOs content, the HM/Ef/LNT-
MOFMIL-101(Fe) was dissolved in deionized water and quantified HCO3™ using acid-

base titration.
Cellular uptake

One hundred thousand RAW?264.7 or 4T 1 cells were seeded per well in 12-well plates
and treated with various formulations for 4 h. FITC and iron concentrations were
maintained at 5.0 uM and 400 pg/mL, respectively. After rinses thrice, cells were
prepared as single-cell suspensions, and fluorescence quantification was performed
using a cytometer (CytoFLEX, BECKMAN COULTER, UK). The cells were lysed to

measure the iron content with iron detection kits (Solarbio, BC1735).
Biodistribution of iron

The biodistribution of iron in Luc-4T1 tumor-bearing mice was assessed following
intravenous administration of 100 pL of different formulations, with the concentrations

of LNT and iron normalized to 100 pg/mL and 160 pg/mL, respectively. Normal tissues



(heart, liver, spleen, lung, kidney) and tumors were collected and homogenized at 6 h
and 24 h post-administration. The homogenates were diluted with two volumes of saline
and centrifuged at 5000 g for 10 min. The iron content in the supernatant was measured

using iron detection kits (Solarbio, BC1735).
Xenograft tumor models

A suspension of Luc-4T1 cells (2x10° cells, 100 uL) was injected into the fourth
mammary fat pad of female BALB/c mice following a classic protocol. Tumor size was
measured daily from day 3 post-implantation, and tumor volume was calculated using
the formula: ¥ (mm?®) = W? x L/2, where L and W represent the length and width of

tumor, respectively.

Table S1. Pharmaceutical characterizations of various MOF formulations. Data are presented as

mean + SD; n =4.

Formulations DL of LNT DL of NaHCO3 Iron ions Protein
(%) (%) (wt %) (wt%)
LNT-MOFwmiL-101(Fe) 2.7+0.3 NA 42+03 NA
HM/LNT-MOFMIL-101(Fe) 29+0.2 NA 4.1+£0.2 224+1.3
HM/Ef/LNT-MOFMIL-101(Fe) 3.1+0.3 145+24 46+03 235+2.1
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Figure S1. Relative IFN-y secretion of CTLL-2 cells after treatment with LNT for 48 h. Data are



presented as mean = SD; n=3. P <0.01.
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Figure S2. Cytotoxicity of (A) RAW264.7 cells and (B) 4T1 cells after treated with different

formulations for 24 h. Data are presented as mean + SD; n = 6. “P < 0.05, “*P < 0.01 vs. PBS.
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Figure S3. The distribution of iron ions in various tissues, including heart, liver, spleen, lung, and
tumor, at 6 h and 24 h post administration. Data are presented as mean + SD; n = 3. **P < 0.01 vs.
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Figure S4. TAMs polarization in vivo. Quantification of CD206 expression in TAMs gated on
CD45'F4/80" cell populations from flow cytometer analysis post-treated with different formulations.

Data are presented as mean + SD; n =4.
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Figure S5. Fluorescence of ROS from tumor-derived single cell suspension, after being treated with

different formulations, studied by flow cytometer.
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Figure S6. Quantification of MHC-II expression in TAMs gated on CD45'F4/80°CD1l1c" cell
populations from flow cytometer analysis. The data are shown as mean + SD, n =4, “P < 0.05, **P

<0.01 vs. Saline; #P < 0.01.
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Figure S7. HE staining, TUNEL immunofluorescence, and Ki-67 immunohistochemistry images of

tumor sections after different treatments. The scale bar is 100 um.
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Figure S8. (A) Tumor growth curve of each mouse during the treatments. The data are shown as
mean + SD, n = 6. (B) HE staining, TUNEL immunofluorescence, and Ki67 immunohistochemistry
images of tumor sections after the treatments. The scale bar is 100 um. Flow cytometer analysis of
(C) F4/80"CD86"&F4/80"CD206", and (D) CD3"CD4'&CD3"CD8a’, in TME gated on CD45" cell

populations. The data are shown as mean = SD, n = 4.
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Figure S9. Safety evaluation in vivo. (A) HE-stained images of normal tissues from mice treated
with different formulations. The scale bar is 100 um. Serum (B) AST, (C) ALT, (D) BUN, and (E)
UA from each mouse. (F) Body weight of each mouse during the treatments. Determination of (G)
HGB, (H) RBC, (I) WBC, (J) lymphocytes, (K) PLT, and (L) neutrophils in whole blood from each
mouse. (N) Spleen index and (O) kidney index of the mice. The data are shown as mean £ SD, n =

6, " P<0.05, P <0.01 vs. Saline.



