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1. Experimental section

1.1.Materials and Instruments

All the starting materials were obtained from commercial suppliers and used as received. 'H NMR (400 MHz) and 3C
NMR (100 MHz) spectra were taken on a Bruker AV400 nuclear magnetic resonance spectrometer, using CDCl; or DMSO-d6
as solvent. Proton or carbon chemical shifts are reported in parts per million downfield from tetramethylsilane (TMS), with
TMS (8 = 0.0 ppm) or the solvent residue peak CDCl; (7.26 ppm for 'H, 77.16 ppm for 13C), or DMSO-d6 (2.50 ppm for 'H,
39.52 ppm for 3C) as the chemical shift standard. High-resolution mass spectra (HRMS) were measured on a Bruker Micro
TOF II 10257 instrument with electro-spray ionization (ESI) technique and direct injection method. UV-visible absorption
spectra were recorded on a Shimadzu UV-2550 spectrometer. Steady-state fluorescent spectra at room temperature was
measured on an Edinburgh instrument FLS-920 spectrometer with a Xe lamp as an excitation source. Confocal laser scanning
microscopy (CLSM) images were obtained with FLV 1000. In vivo images were collected using a Bruker small animal in vivo
fluorescence imaging system (In Vivo Xtreme) with a Xe lamp as the excitation source.

The handling and care of the animals conformed to the guidelines of current international laws and policies (National
Institutes of Health Guide for the Care and Use of Laboratory Animals, Publication No. 85-23, 1985, revised 1996). All animal
experiments were performed according to procedures approved by the Fudan University Committee on Animal Care and Use.
All protocols for animal studies conformed to the Guide for the Care and Use of Laboratory Animals.

1.2.Preparation of Gal-MB-DOX Nanoparticles

4.3 mg Gal-MB-DOX was dissolved in 0.5 mL of DMSO and mixed fully under ultrasound. Then the mixture was
dropwise added into 4.5 mL of deionized water and stirred slightly at room temperature for 10 min. Subsequently, the solution
was dialyzed at room temperature for 48 h (molecular weight cutoff = 1,000 Da).

1.3. Spectroscopic studies in in vitro

Different analysts were prepared according to our previous methods.

H,0, was diluted from a 30 % solution. HOCI was obtained from 14.5% NaOCl solution.

*OH was generated by Fenton reaction. To generate *OH, H,0O, was added in the presence of 10 equiv. of ferrous chloride.
The concentration of *OH was equal to the H,O, concentration.

TBHP (tert-butyl hydroperoxide) was obtained from 70% TBHP solution in ddH,O.

ROO- was prepared by dissolving 2, 2'-azobis (2-amidinopropane) dihydrochloride in ddH,O.

NO was prepared by dissolving SNP (sodium nitroferricyanide (III) dihydrate) in ddH,O.

0, was prepared by dissolving KO, (potassium superoxide) in DMSO.

ONOO™ was prepared using 3-morpholinosydnonimine hydrochloride.

t-BuOO- was prepared by adding TBHP in the presence of 10 equiv. of ferrous chloride. The concentration of t-BuOO«
was equal to the TBHP concentration.

Prodrugs (5 M) were treated with the required concentration of HOCI and other ROS/RNS in PB (10 mM, pH7.4) at 37
°C for 30 min. Fluorescence or absorption spectra were measured on a fluorescence or ultraviolet spectrophotometer. Unless
otherwise noted, for all fluorescent measurements, the excitation wavelength was 620 nm and the emission wavelength was
collected from 630 to 850 nm.

1.4.DOX release analysis of Gal-MB-DOX

DOX release analysis of Gal-MB-DOX was perform by ultraviolet spectrophotometry. Gal-MB-DOX (500 uM, 4 mL)
was treated with 0 or 1000 uM of HOCI for 30 min respectively. After that, the reaction mixture was s dialyzed against H,O
for 18 h (molecular weight cutoff =1,000 Da), the H,O was exchanged for 2 times (100 mL each time) and collected together.
Finally, the absorption in 497 nm of H,O was tested and the DOX release was calculated by the standard curve of free DOX.

1.5.Detection limit
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The detection limit was calculated with the following equation based on the fluorescence intensity at 686 nm or absorbance
at 664 nm of the probe. Detection limit = 3 ¢ / k, where o is the standard deviation of blank measurement (n = 10), k is the
slope between the fluorescence intensity versus HOCI concentration.

1.6. Cell culture and confocal laser scanning microscopy (CLSM) imaging

HepG2 and RAW cells were cultured in high glucose Dulbecco’s modified eagle medium (DMEM) supplemented with
10% fetal bovine serum (FBS) and 1% Penicillin-Streptomycin. The cells were incubated at 37 °C under 5% CO, and split
with trypsin/EDTA solution (0.25%) as recommended by the manufacturer.

Cells (5 x 108 per mL) were separately plated on 14 mm glass coverslips and allowed to adhere for 12 h. The stock solution
of prodrugs in DMF (1 mM) was diluted with phosphate buffered saline (PBS, 10 mM, pH 7.4) with final concentration of 10
puM. The cells were then incubated with different analytes for a pre-set time at 37 °C. After incubation, the cells were washed
two times with PBS. CLSM imaging was performed on ZEISS LSM 880 confocal laser scanning microscope with a 60 x oil-
immersion objective lens for cells. Blue channel: 470 + 50 nm, A.x = 405 nm; red channel: 700 + 50 nm, A = 633 nm.

1.7.Flow cytometry analysis

To evaluate the selectivity of prodrugs for cells, flow cytometric assay was carried out. HepG2 and RAW cells were seeded
in 6-well microplates at a density of 1x10° cells/mL in 2 mL medium containing 10% FBS. After 12 h of cell attachment, the
plates were then washed with 100 puL/well PBS. The cells were then cultured in medium with prodrugs (10 uM) for 0.25, 0.5,
1 h. Cells in culture medium without any treatment were used as the control. After treatment, the cells were washed in PBS for
twice and collected by trypsin treatment. Then the cells were diluted with 700 L. PBS, resuspended and determined by flow
cytometry. All the experiments detected at least 20,000 cells, and these data were analyzed in the FlowJo V10.

1.8. Cytotoxicity experiments

A Cell Counting Kit-8 (CCK-8) was employed in this experiment to quantitatively evaluate HepG2 and RAW viability.
Cells were seeded in 96-well plates at a density of 1 x 104 cells per well, then cultured in 5% CO, at 37 °C for 24 h. After the
cells were incubated with prodrugs at different concentrations (0, 10, 20, 40, 60, 80, 100 and 120 uM in DMF/cell culture
medium without FBS = 1: 100) for 24 h, 100 pL DMEM containing 10% CCK-8 was added to each well of the 96-well assay
plate for 4 h at 37 °C, six parallel replicates were prepared. The absorbance at 450 nm was determined using a microplate
reader (Bio Tek Instruments, Inc). All samples were analyzed in triplicate.

1.9.1n vivo fluorescence or bioluminescence imaging

All animal experiments were performed according to procedures approved by the Fudan University Committee on Animal
Care and Use. All protocols for animal studies conformed to the Guide for the Care and Use of Laboratory Animals. HepG2-
Luc cells were used for in vivo studies. Balb/c mice were surgically implanted tumor tissue (1-2 mm?) of HepG2-Luc cells for
orthotopic hepatocellular carcinoma model, and tumor growth is tracked by bioluminescence. The mice were given an
intravenous injection (i.p.) of prodrugs (0.2 mM, 100 pL). The images were recorded at 0 h, 0.5 h, 1 h, 1.5 h, 2 hand 3 h. Then,
all of the mice were anaesthetized and the imaging experiments were implemented on a self-constructed small animal in vivo
imaging system with 635 nm excitation laser and Andor EMCCD 597.

1.10. Biodistribution studies in vivo

Balb/c mice with orthotopic hepatocellular carcinoma were i.v. injected with prodrugs (0.2 mM, 100 pL) for 3 h, and
organs of mice were resected and imaged after euthanized. The fluorescence intensity of different organs was compared using
an In Vivo Xtreme imaging system.

1.11. In vivo therapeutic efficacy and systemic toxicity studies

Balb/c mice of orthotopic hepatocellular carcinoma model were randomly divided into four groups, (a) saline, (b) DOX,
(c) MB-DOX and (d) Gal-MB-DOX (n = 5). The treatment was implemented by intravenously injecting with saline, DOX,
MB-DOX and Gal-MB-DOX (0.2 mM, 100 pL) every two days. The body weight of each group was monitored every 2 days
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during a period of 15 days. In addition, bioluminescence imaging was performed on 1th, 4th, 8th, 12th and 15th day for
monitoring therapeutic efficacy. After treatment, all mice were euthanized and tumors were collected. The tumor size and
weight among each group were compared, and the tumor growth inhibitory rate was calculated.

1.12. Blood routine analysis of prodrugs

Healthy female F1 mice were randomly divided into four groups, (a) saline, (b) free DOX, (¢) MB-DOX and (d) Gal-
MB-DOX (n = 3) and given intravenous injection with prodrugs (100 pL, 0.2 mM) once every two days for one week. The
blood was collected 24 h post the final injection and serums isolated for measurements of representative blood parameters (red
blood count (RBC), white blood count (WBC), platelets (PLT), and hemoglobin concentration (HGB), hematocrit (HCT),
mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), and mean corpuscular hemoglobin concentration
(MCHC) were then measured by semiautomatic biochemistry analyzer.

1.13. Histopathological studies

At the end of treatment, major organs and tumor of each group mice were fixed in 4% paraformaldehyde (PFA)
immediately following sacrifice, stained with hematoxylin and eosin (H&E).
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2. Synthesis
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Scheme S1. Synthetic route of the Gal-MB-DOX

Reagents and conditions: (a) NaOH, KMnQO,, H,0, 95 °C, 16 h, 94%; (b) 1 N BH; in THF, THF, 0 °C to r.t., 48 h, 89%; (c)
Pd/C, N,H,eH,0, MeOH, 70 °C, 8 h, 73%; (d) imidazole, TBSCI, DMF, 0 °C to r.t., 5 h, 96%; (¢) FDOCI-2, K,COs;, toluene,
110 °C, 12 h, 11%; (f) TsOH, MeOH, r.t., 30 min, 57%; (g) 1) Et;N, DMAP, P-nitrophenyl chloroformate, DCM, 0 °C to r.t.,
2 h, 2) Et;N, compound 8, 0 °C to r.t., 3 h, 55%; (h) TsOH, MeOH, r.t., 1 h, 86%; (i) 1) EtzN, DMAP, P-nitrophenyl
chloroformate, DCM, 0 °C to rt, 2) E;N, DOX, 0 °C to r.t., 3 h, 46%; (j) MeONa, MeOH, r.t., 2 h, 84%.
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NO 0 NO,0

2
NaOH, KMnO4
— > HO OH
H,0
1 2

To the mixture of 2, 6-dimethyl-1-nitrobenzene (8 g, 53 mmol) in 400 mL of H,O was added with NaOH (3.2 g, 79 mmol)
at room temperature, then heated to 95 °C. KMnO, (34 g, 212 mmol) was added to the reaction system in batches over a period
of 3h. The reaction was proceeded overnight, TLC suggested the completion of the reaction. Then the reaction was stopped
and cooled to room temperature, filtered to remove solid impurities. The mixture was slowly added with HCI and a large
amount of solid was precipitated out, filtration to give the white solid 2 (11.4g, 94%). '"H NMR (400 MHz, DMSO-d,) 6 8.19
(d, J=7.8 Hz, 2H), 7.81 (t, J = 7.8 Hz, 1H). 3C NMR (100 MHz, DMSO-dy) é 164.61, 149.21, 134.95, 131.61, 125.43.

NO,
0 NO,0 BH,
HO oH—— - HO OH
THF, 0 °C to RT

To the solution of 2 (11 g, 52.10 mmol) in 60 mL of THF was dropwise added 1 N BH; (260 mL, 260 mmol) solution
dissolved in THF at 0 °C through dropping funnel under the protection of N,. After that, the reaction was restored naturally to
room temperature and stirred for 48 h. TLC suggested the completion of the reaction, then the reaction was quenched by
cooling to 0 °C and slowly added 50 mL of MeOH. The solvent was removed in vacuo and purified by silica gel column
chromatography to give 3 as a white solid (8.5 g, 89%). 'H NMR (400 MHz, DMSO-d6) § 7.57 (m, 3H), 4.54 (s, 4H). 13C
NMR (100 MHz, DMSO-d6) ¢ 147.86, 134.79, 131.23, 128.01, 59.71.

NO, NH,

MeOH

To a mixture of 3 (8 g, 43.43 mmol) and Pd/C (0.15 g, 5wt %) in 30 mL of MeOH was slowly added N,H,o#H,O (6.6 mL,
130 mmol) under N, atmosphere. After that, the mixture was heated to 70 °C and stirred for 8 h. TLC suggested the completion
of the reaction, the solution was cooled to room temperature and filtered to remove the catalyst (Try not to let the cake dry
when pumping, otherwise Pd/C is easy to catch fire). The filtrate was collected and the solvent was removed in vacuo, then
purified by silica gel column chromatography to give 4 as a light yellow solid (5 g, 73%). '"H NMR (400 MHz, DMSO-dj) ¢
7.01 (d, J=7.4 Hz, 2H), 6.53 (t, J = 7.4 Hz, 1H), 5.04 (t, ] = 5.3 Hz, 2H), 4.82 (s, 2H), 4.43 (d, J = 5.3 Hz, 4H). *C NMR (100
MHz, DMSO-dy) ¢ 144.80, 127.52, 125.88, 115.91, 61.90.

NH

2 ; / Imidazol Y 1y {
HO/\@/\OH si-c1 midazole >‘/S10 OSIK
' DMF

To the mixture of 4 (5 g, 32.64 mmol) and imidazole (8.9 g, 130.56 mmol) in 50 mL of DMF was slowly added TBSCI
(15g, 98 mmol) dissolved in 50 mL of DMF over a period of 1 h at 0 °C. After that, the mixture was restored naturally to room
temperature and stirred for 5 h. TLC suggested the completion of the reaction, H,O (400 mL) was added to the reaction solution,
extracted with EA (50 mL x 3). The combined organic layers were washed with brine (400 mL x 2), dried with Na,SO, and
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concentrated in vacuo. The crude product was purified by silica gel column chromatography to give 5 as a light-yellow oil (12
g, 96%). '"H NMR (400 MHz, DMSO-dy) J 7.05 (d, J = 7.5 Hz, 2H), 6.57 (t, J = 7.5 Hz, 1H), 4.72 (s, 2H), 4.63 (s, 4H), 0.89
(s, 18H), 0.06 (s, 12H). 3C NMR (100 MHz, DMSO-dy) 6 146.00, 128.81, 126.85, 118.18, 65.39, 28.29, 20.43, -2.81.

NH,
>r\5{o’\©»o\sﬂ< 0 Kj K,CO; P
—} f
0 Cl Toluene Sto O'Sl]<
FDOCI-2

To the mixture of 5 (5 g, 13.1 mmol) and FDOCI-2 synthesized according our previous work %3 (4.6 g, 13.1 mmol) in 50
mL of toluene was added K,COj; (5.3g, 33.7 mmol) and the mixture was heated to 110 °C and stirred for 12 h under N,
atmosphere. TLC suggested the consumption of 5, the solution was cooled to room temperature and filtered to remove the solid
impurities. The filtrate was collected and concentrated in vacuo and then purified by silica gel column chromatography to give
5 as a brown solid (860 mg, 11%). '"H NMR (400 MHz, DMSO-ds) J 7.40 (s, 1H), 7.32 (dd, J=15.8, 8.1 Hz, 4H), 7.25 - 7.17
(m, 1H), 6.76 (s, 2H), 6.66 (d, J = 8.8 Hz, 2H), 4.62 (s, 4H), 2.89 (s, 13H), 2.89 (s, 12H), 0.82 (s, 18H), -0.00 (s, 12H). 13C
NMR (100 MHz, CDCl3) 6 154.19, 148.98, 136.96, 134.43, 133.81, 128.74, 127.33, 126.91, 125.61, 111.42, 111.21, 62.86,
40.67, 26.05, 18.43 (s), -5.10. HRMS (ESI): m/z [M + H] * caled for C3;Hs6N4O3SSi,: 693.3684, found 693.3680.

KIKE KIKE

o v e ﬁr a

To the solution of 6 (800 mg, 1.15 mmol) in 5 mL of MeOH was added p-toluene sulfonic acid (160 mg, 0.92 mmol).
The mixture was stirred at room temperature for 30 min. When most of MeOH was removed in vacuo, 30 mL of saturated
NaHCO; solution was added to the residue, white solid was precipitated out and was purified by silica gel column
chromatography to give 7 as a light blue solid (380 mg, 56.9%). '"H NMR (400 MHz, CDCl;) 6§ 7.65 — 7.49 (m, 3H), 7.45 (s,
1H), 7.29 (d, ] = 4.1 Hz, 2H), 6.89 — 6.64 (m, 4H), 4.77 (s, 2H), 4.67 (s, 2H), 4.31 (s, 1H), 3.06 (s, 12H), 0.88 (s, 9H), 0.03 (s,
6H). 13C NMR (100 MHz, CDCls) 6 156.27, 149.03, 137.54, 135.71, 135.33, 134.44, 130.78, 128.05, 127.24, 126.24, 111.24,
110.92, 63.94, 62.48, 40.56, 25.96, 18.36, -5.18. HRMS (ESI): m/z [M + H] * calcd for C3;H4,N405SSi: 579.2820, found
579.2828.

AcO  OAc AcO  OAc

o ‘m /j/ jﬁo/\//\"/?o Compound 7 >Ac0‘m /Y\ /j/ \[ho/\/o\/\o/\/o\/\N)j\ ﬁ W<
H,N

OAc

1) p-nitrophenyl chloroformate

OA
% Et;N, DMAP Ad\’gr&
NN N=N
2) Et;N

To a 50 mL round bottom flask was added 7 (300 mg, 0.52 mmol), EzN (0.22 mL, 1.55 mmol), DMAP (63 mg, 0.52
mmol) and DCM (5 mL). P-nitrophenyl chloroformate (260 mg, 0.62 mmol) dissolved in DCM (5 mL) was added dropwise
at 0 °C, and then the reaction mixture was stirred at room temperature for 2 h. TLC showed the completely consumption of 7.
The reaction mixture was then washed with 1 N HCI solution (10 mL), dried over sodium sulfate, filtered and concentrated to
give the intermediate which was used directly in next step. To the intermediate with DCM (5 mL) and Et;N (0.22 mL, 1.55
mmol), 8 (650 mg, 0.52 mmol) dissolved in DCM (5 mL) was added dropwise at 0 °C, the mixture was then restored naturally
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to room temperature and stirred for 3 h. H,O (10 mL) was added to the reaction solution. The organic layer was concentrated
in vacuo, the crude product was purified by silica gel column chromatography to give 9 as a light blue solid (500 mg, 55%).
'H NMR (400 MHz, CDCl;) 6 7.88 (s, 2H), 7.53 (s, 2H), 7.33 (d, J = 7.5 Hz, 3H), 7.20 (t, J = 7.6 Hz, 1H), 7.08 (d, J = 8.8 Hz,
1H), 6.71 (s, 3H), 5.91 (d, ] = 9.1 Hz, 2H), 5.63 — 5.59 (m, 4H), 5.41 — 5.14 (m, 5H), 4.77 — 4.58 (m, 6H), 4.36 (s, 1H), 4.30 —
4.13 (m, 6H), 4.02 (s, 2H), 3.76 — 3.51 (m, 18H), 3.37 (s, 2H), 2.98 (s, 12H), 2.63 (d, J = 1.0 Hz, 1H), 2.24 (s, 6H), 2.05 (d, J
= 12.4 Hz, 12H), 1.86 (d, J = 12.2 Hz, 6H), 0.86 (s, 9H), 0.02 (s, 6H). *C NMR (100 MHz, CDCl;) § 170.32, 170.03, 169.85,
168.97, 156.36, 154.18, 145.38, 145.31, 137.49, 134.07, 127.83, 127.63, 126.12, 121.56, 86.13, 86.09, 73.95, 70.93, 70.84,
70.56, 70.35, 70.07, 68.76, 67.95, 66.90, 64.37, 63.75, 62.76, 61.13, 47.89, 40.92, 26.02, 20.65, 20.51, 20.19, -5.19. HRMS
(ESI): m/z [M + Na] * calcd for C79H;1oN,029SSi: 1773.6884, found 1773.6882.

| |
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To the solution of 9 (500 mg, 0.29 mmol) in 5 mL of MeOH was added p-toluene sulfonic acid (50 mg, 0.29 mmol), the
mixture was stirred at room temperature for 1 h. After the completion of the reaction, MeOH was removed in vacuo. The
residual was purified by silica gel column chromatography to give 10 as a light blue solid (400 mg, 86%). "H NMR (400 MHz,
CDCly) 6 7.87 (s, 2H), 7.74 — 7.30 (m, SH), 7.23 (s, 1H), 7.07 (d, J = 8.2 Hz, 1H), 6.78 (d, J = 33.3 Hz, 3H), 590 (d, J = 9.0
Hz, 2H), 5.67 — 5.46 (m, 4H), 5.28 (s, 3H), 5.00 (s, 2H), 4.72 — 4.55 (m, 6H), 4.37 — 4.10 (m, 7H), 3.97 (s, 2H), 3.68 — 3.45
(m, 18H), 3.25 (s, 2H), 2.98 (s, 12H), 2.24 (s, 6H), 2.04 (d, J = 11.7 Hz, 12H), 1.86 (d, J = 11.0 Hz, 6H). 3C NMR (100 MHz,
CDCly) ¢ 170.33, 170.03, 169.82, 168.95, 156.09, 145.28, 135.23, 132.36, 131.18, 129.90, 127.70, 126.75, 121.55, 86.14,
73.95, 70.83, 70.54, 70.49, 70.34, 70.25, 69.92, 68.71, 67.96, 66.89, 64.35, 64.25, 62.54, 61.13, 47.89, 40.89, 20.66, 20.51,
20.22. HRMS (ESI): m/z [M + Na] * calcd for C73HgsN12,049S: 1659.6019, found 1659.6019.
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The synthetic method of 12 is similar to that of 9. 12 was produced as a red solid (280 mg, 46%). 'H NMR (400 MHz,
CDCl;) 0 13.97 (s, 1H), 13.26 (s, 1H), 8.04 (d, J=7.6 Hz, 1H), 7.91 — 7.71 (m, 3H), 7.52 —7.29 (m, 4H), 7.24 — 7.00 (m, 4H),
6.70 (s, 3H), 5.89 (d, J=7.7 Hz, 2H), 5.64 — 5.38 (m, 6H), 5.28 (s, 3H), 5.17 — 4.86 (m, 5SH), 4.74 (s, 1H), 4.66 — 4.57 (m, 4H),
4.35-3.93 (m, 13H), 3.78 — 3.44 (m, 21H), 3.27 (d, T = 19.0 Hz, 4H), 3.03 (d, J = 18.7 Hz, 2H), 2.93 (s, 12H), 2.39 - 2.14 (m,
8H),2.02 (d,J=11.1 Hz, 13H), 1.84 (d, J = 7.1 Hz, 7TH), 1.25 (s, 3H). 3C NMR (100 MHz, CDCl;) 6 213.97, 187.13, 186.75,
170.35, 170.06, 169.90, 169.01, 161.09, 156.27, 155.74, 155.17, 145.27, 140.79, 135.75, 135.57, 134.58, 133.81, 133.68,
128.98, 127.71, 126.61, 121.60, 120.98, 119.85, 118.48, 114.42, 111.59, 111.41, 100.88, 86.10, 73.93, 70.83, 70.53, 70.47,
70.27, 69.97, 69.47, 68.77, 67.96, 67.48, 66.91, 65.55, 64.32, 63.46, 61.13, 56.71, 47.93, 47.05, 40.89, 35.67, 33.99, 29.86,
20.65, 20.51, 20.20, 16.94. HRMS (ESI): m/z [M + Na] * caled for C;ooH123N304;S: 2206.7733, found 2206.7733.
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12 Gal-MB-DOX

12 (280 mg, 0.13 mmol) was dissolved in 5 mL of MeOH. When pH value of the mixture was adjusted to 8-9 by MeONa,
the mixture was stirred at room temperature for 2 h. After the completion of reaction, cation exchange resin was added to
adjusted pH = 7, the crude product was purified by recrystallization in MeOH to give Gal-MB-DOX as a light red solid (200
mg, 84%). 'H NMR (400 MHz, DMSO-d6) 6 13.30 (s, 2H), 8.22 (s, 2H), 7.92 (s, 2H), 7.78 (s, 1H), 7.66 (s, 1H), 7.53 (s, 1H),
7.29 (d, J=25.7 Hz, 5H), 6.89 (s, 1H), 6.69 (d, J = 32.5 Hz, 4H), 5.77 (s, 2H), 5.48 (s, 3H), 5.25 (s, 4H), 4.99 (d, J = 48.9 Hz,
7H), 4.79 — 4.46 (m, 9H), 4.23 — 3.96 (m, 8H), 3.88 (s, 2H), 3.74 (d, J = 22.1 Hz, 4H), 3.51 (s, 20H), 3.14 (d, ] = 33.3 Hz, 4H),
2.87 (s, 12H), 2.17 (d, T = 20.4 Hz, 1H), 1.99 (s, 1H), 1.86 (s, 1H), 1.51 (s, 1H), 1.14 (s, 3H). 3C NMR (100 MHz, DMSO-d6)
0 214.21, 186.85, 170.76, 169.60, 161.25, 156.59, 155.67, 154.35, 149.23, 144.25, 136.63, 135.19, 135.00, 134.40, 134.07,
128.57, 127.87, 126.68, 123.32, 120.48, 120.15, 119.47, 111.68, 111.27, 111.10, 110.87, 100.73, 88.56, 88.21, 78.87, 77.30,
75.46, 74.17, 73.73, 73.59, 70.64, 70.22, 69.99, 69.81, 69.51, 68.92, 68.40, 67.12, 64.09, 62.50, 60.90, 57.05, 48.37, 47.65,
37.17, 32.60, 30.30, 21.12, 17.49. HRMS (ESI): m/z [M + H] * caled for CgsH;osN;3033S: 1870.6888, found 1870.6888.

\\\ Q\
NH, %y o c . N o
HO_)__OH _a HO\)\N Xz, L \\\/O\J\N X, L \/O\)\NJ\/CI
H H
8-1 8-2 8-3

o
HO NN O }N{J\OJ< - d

8-4
AcO  OAc H o J<
% ; /j/ \n/\o/\/o\/\o/\/o\/\NHR 4 O/\/(NTI/\O/\/O\/\O/\/O\/\?{J\O
O
AC%N\/:‘H / 8-5
AcO OAc N
8-6 R =Boc
8 R=H

Scheme S2. Synthetic route of the intermediate 8

Reagents and conditions: (a) (Boc),O, MeOH, 0 °C to r.t., 12 h, 94%; (b) propargyl bromide, KOH, THF, 0 °C to r.t., 12 h,
75.1%; (c) 1) trifluoroacetic acid, DCM, r.t., 12 h, 2) Et;N, chloroacetyl chloride, 0 °C to r.t., 2 h, 62%; (d) compound 8-4,
KOH, DMF, 0 °C to r.t., 12 h, 58.4%; (e) B-D-galactopyranosyl azide, sodium ascorbate , CuSO,¢5H,0, THF/H,O, r.t., 2 h,
85.3%; (f) trifluoroacetic acid, DCM, r.t., 6 h, 99%.
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MeOH
H
8-1
To the mixture of aminopropanediol (5 g, 54.9 mmol) in 80 mL of MeOH was dropwise added (Boc),0O (14.4 g, 65.9

mmol) at 0 °C. The reaction was restored naturally to room temperature and stirred for 12 h. TLC suggest the completion of

the reaction, the solvent was removed in vacuo and the residue was purified by recrystallization in ethyl acetate to give 8-1 as
a white solid (9.85 g, 94%).

\\\
L T
wooL oL I L
INI O KOH \/0 EJ\O

8-1 8-2

The mixture of 8-1 (5 g, 26.2 mmol) and propargyl bromide (6.2 mL, 78.4 mmol) in 30 mL of THF was stirred 30 min at
0 °C, to this solution was partially added KOH (7.33 g, 130.7 mmol) over a period of 1 h. After that, the reaction was restored
naturally to room temperature and stirred for 12 h. TLC suggested the completion of the reaction, H,O (100 mL) was added to
the reaction solution, extracted with EA (50 mL x 3). The combined organic layers were dried with Na,SO, and concentrated
in vacuo, the crude product was purified by silica gel column chromatography to give 8-2 as a brown oil (5.3 g, 75.1%). 'H
NMR (400 MHz, CDCl3) 6 4.92 (s, 1H), 4.18 (d, ] = 2.4 Hz, 4H), 3.94 (s, 1H), 3.69 — 3.51 (m, 4H), 2.45 (t, ] = 2.4 Hz, 2H),
1.46 (s, 9H). 3*C NMR (100 MHz, CDCl;) ¢ 155.50, 79.49, 74.62, 68.57, 58.46, 49.45, 28.36.

S
\\ (0] A
Ne \\

N o _TRA L 0
X 0
N OJ\ N DCM [ V\L
\/ g 0) Et;N \\/0 NJ\/CI
8-2 83 H

To the solution of 8-2 (5.3 g, 19.83 mmol) in 24 mL of DCM was dropwise added 6 mL of trifluoroacetic acid. The
mixture was stirred at room temperature for 12 h. TLC suggested the completion of the reaction, then most of the solvent was
removed in vacuo, 30 mL of saturated NaHCOj; solution was added to the residue, extracted with EA (50 mL x 3). The
combined organic layers were dried with Na,SO,4 and concentrated in vacuo to give the intermediate. To the intermediate was
added 15 mL of DCM, then E;N (8.3 mL, 59.48 mmol) and chloroacetyl chloride (1.89 mL, 23.79 mmol) dissolved in 5 mL
of DCM was added dropwise. After that, the mixture was stirred at r.t. for 2 h, TLC suggested the completion of the reaction.
The mixture was washed with 1 N HCI (10 mL), saturated NaHCOj; solution (10 mL) and saturated NaCl solution (10 mL)
respectively. The organic layer was collected and concentrated to give the crude product, which was further purified by silica
gel column chromatography to give 8-3 as a brown oil (3 g, 62%)."H NMR (400 MHz, CDCl;) 6 6.93 (s, 1H), 4.32 — 4.26 (m,
1H), 4.19 (s, 4H), 4.06 (s, 2H), 3.73 — 3.59 (m, 4H), 2.47 (s, 2H). *C NMR (100 MHz, CDCls) 6 165.87, 79.27, 74.91, 67.92,
58.50, 48.76, 42.60.

N v 2k

o o J< //\O/j/N\n/\ 0/\/0\/\0/\/0\/\N
(0] z
\\\/O\J\NJ\/CI + HO/\/O\/\O/\/O\/\EJ\O KOH o fo} H
H DMF /
8-3 8-4 z 8-5

The mixture of 8-3 (1 g, 4.1 mmol) and 8-4 (1.2 g, 4.1 mmol) in 5 mL of DMF was stirred 30 min at 0 °C. To this solution
was partially added KOH (345 mg, 6.2 mmol) over a period of 1 h. After that, the reaction was restored naturally to room
temperature and stirred for 12 h. TLC suggested the completion of the reaction. H,O (40 mL) was added to the reaction solution,
extracted with EA (10 mL x 3). The combined organic layers were washed with brine (10 mL x 3), dried with Na,SO,4 and
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concentrated in vacuo, the crude product was purified by silica gel column chromatography to give 8-5 as a light-yellow oil
(1.2 g, 58.4%). "H NMR (400 MHz, CDCl;) 6 5.25 (s, 1H), 4.24 (s, 2H), 4.18 (d, J = 2.1 Hz, 4H), 3.99 (s, 1H), 3.74 — 3.54 (m,
16H), 3.33 (t, J = 4.8 Hz, 2H), 2.47 (s, 2H), 1.46 (s, 9H). 3C NMR (100 MHz, CDCl;) ¢ 169.77, 156.01, 79.47, 74.77, 70.97,
70.63, 70.54, 70.36, 70.27, 68.38, 58.42, 47.74, 40.37, 28.43. HRMS (ESI): m/z [M + Na] * calcd for CysH4oN,Oq: 523.2626,

found 523.2636.

HO OH AcO  OAc )Ol\ J<
H &/ & : /\'/\ \n/\o/\/o\/\o/\/o\/\N o
N O, /\/O\/\ J< H
z O/\j T o 0 N
O 0 AcQ DAc /\’)

VcNa, CuSO4H,0 %
8-5 H,0 / THF NN 8-6

To the solution of 8-5 (400 mg, 0.8 mmol) and B-D-galactopyranosyl azide (360 mg,1.76 mmol) in a mixture of THF (8
mL) and H,O (2 mL) was added sodium ascorbate (80 mg, 0.32 mmol) and CuSO4¢5H,0 (32 mg, 0.16 mmol). The mixture
was stirred at room temperature under N, atmosphere for 2 h. TLC suggested the completion of the reaction, the solvent was
then removed in vacuo and purified by silica gel column chromatography to give 8-6 as an off-white spumy solid (850 mg,
85.3%).'H NMR (400 MHz, CDCl;) ¢ 7.89 (s, 2H), 7.09 (d, J = 8.9 Hz, 1H), 5.92 (d, J = 9.3 Hz, 2H), 5.59 (dd, J = 16.6, 6.5
Hz, 4H), 5.32 — 5.26 (m, 2H), 4.76 — 4.61 (m, 4H), 4.41 — 4.33 (m, 1H), 4.32 — 4.14 (m, 6H), 4.03 (s, 2H), 3.73 — 3.53 (m,
18H), 3.31 (t, J=5.1 Hz, 2H), 2.24 (s, 6H), 2.09 — 2.00 (m, 12H), 1.86 (d, J = 12.5 Hz, 6H), 1.45 (s, 9H). 3*C NMR (100 MHz,
CDCl3) 0 170.32, 170.04, 169.83, 169.78, 168.97, 168.93, 155.98, 145.39, 145.31, 121.54, 121.49, 86.17, 86.13, 73.97, 70.96,
70.83, 70.61, 70.57, 70.52, 70.35, 70.23, 68.75, 68.70, 67.94, 66.87, 64.37, 61.12, 47.87, 40.51, 28.44, 20.68, 20.52, 20.23,
20.19. HRMS (ESI): m/z [M + Na] * calcd for Cs;H75NgO,7: 1269.4869, found 1269.4900.
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T

o AcO  OAc
H J<
o) /Y\O/j/N\n/\O/\/O\/\O/\/O\/\HJ\O
0
0

To the solution of 8-6 (800 mg, 0.64 mmol) in 12 mL of DCM was dropwise added 3 mL of trifluoroacetic acid. The
mixture was stirred at room temperature for 6 h. TLC suggested the completion of the reaction, most of solvent was then
removed in vacuo, 30 mL of saturated NaHCOj; solution was added to the residue, extracted with DCM (50 mL x 3). The
combined organic layers were dried with Na,SO, and concentrated in vacuo to give 8 as an off-white spumy solid which was
used in next step directly without further purification (800 mg, 99%).
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Scheme S3. Synthetic route of MB-DOX

Reagents and conditions: (a) trifluoroacetic acid, DCM, r.t., 3 h; (b) Et;N, DMAP, P-nitrophenyl chloroformate, DCM, 0 °C
tor.t., 2 h; (c) EN, 0 °C to r.t., 3 h, 52%; (d) TsOH, MeOH, r.t., 1 h, 87%.
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To the solution of 8-5 (400 mg, 0.8 mmol) in 12 mL of DCM was dropwise added 3 mL of trifluoroacetic acid. The
mixture was stirred at room temperature for 3 h. TLC suggested the completion of the reaction, most of solvent was then
removed in vacuo, 30 mL of saturated NaHCO; solution was added to the residue, extracted with EA (50 mL x 3). The
combined organic layers were dried with Na,SO, and concentrated in vacuo to give amino intermediate 13 as a brown oil
which was used directly in next step without further purification. To a 50 mL round bottom flask was added 7 (290 mg, 0.5
mmol), Et;N (0.21 mL, 1.5 mmol), DMAP (61 mg, 0.5 mmol) and DCM (5 mL). P-nitrophenyl chloroformate (121 mg, 0.6
mmol) dissolved in DCM (5 mL) was added dropwise at 0 °C, and then the reaction mixture was stirred at room temperature
for 2 h. TLC showed the completely consumption of 7. The reaction mixture was washed with 1 N HCl solution (10 mL), dried
over sodium sulfate, filtered and concentrated to give the intermediate 14 which was used directly in next step. To the
intermediate 14 was added DCM (5 mL) and Et;N (0.21 mL, 1.5 mmol). Amino intermediate 13 (200 mg, 0.5 mmol) dissolved
in DCM (5 mL) was added dropwise at 0 °C, the mixture was then restored naturally to room temperature and stirred for 3 h,
TLC suggested the completion of reaction. H,O (10 mL) was added to the reaction solution. The organic layer was concentrated
in vacuo, the crude product was purified by silica gel column chromatography to give 15 as a light blue solid (260 mg, 52%).'H
NMR (400 MHz, CDCl3) 6 7.50 (d, J = 8.7 Hz, 2H), 7.34 (t, ] = 6.4 Hz, 2H), 7.20 (t, J = 7.2 Hz, 1H), 7.07 (d, J = 8.1 Hz, 1H),
6.75 (s, 2H), 6.66 (d, J = 8.2 Hz, 2H), 5.30 (s, 1H), 5.21 (s, 2H), 4.66 (s, 2H), 4.40 — 4.28 (m, 1H), 4.18 (s, 4H), 4.02 (s, 2H),
3.82—3.47 (m, 18H), 3.37 (s, 2H), 2.96 (s, 12H), 2.48 (s, 2H), 0.87 (s, 9H), 0.03 (s, 6H). *C NMR (100 MHz, CDCl;) 6 169.74,
156.32, 154.35, 149.04, 137.55, 134.48, 134.16, 133.30, 128.58, 127.84, 127.62, 127.48, 126.03, 111.35, 111.00, 79.50, 74.80,
70.97, 70.63, 70.54, 70.36, 70.32, 70.09, 68.38, 63.88, 62.70, 58.42, 47.73, 40.93, 40.69, 26.04, 18.40, -5.18. HRMS (ESI):
m/z [M + H]* calcd for CysHsgNgO1;S: 1005.4822, found 1005.4815.
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To the solution of 15 (260 mg, 0.26 mmol) in 5 mL of MeOH was added p-toluene sulfonic acid (45 mg, 0.26 mmol), the
mixture was stirred at room temperature for 1 h. TLC suggested the completion of reaction, MeOH was removed in vacuo, the
residual was purified by silica gel column chromatography to give 16 as a light blue solid (200 mg, 87%). "H NMR (400 MHz,
CDCl;) 6 7.60 (s, 1H), 7.50 — 7.40 (m, 3H), 7.28 (d, J = 7.4 Hz, 1H), 7.20 (t, J = 7.4 Hz, 1H), 7.01 (d, J = 8.3 Hz, 1H), 6.76 (s,
2H), 6.66 (d, J = 7.6 Hz, 2H), 5.09 (s, 1H), 4.97 (s, 2H), 4.60 (s, 2H), 4.37 — 4.23 (m, 1H), 4.15 (d, J = 1.6 Hz, 4H), 3.95 (s,
2H), 3.79 —3.33 (m, 18H), 3.23 (d, J = 4.5 Hz, 2H), 2.94 (s, 12H), 2.45 (s, 2H). *C NMR (100 MHz, CDCl3) d 169.75, 156.40,
156.02, 149.13, 138.09, 135.35, 134.75, 132.21, 131.32, 129.91, 128.34, 127.58, 126.69, 111.34, 111.10, 79.49, 74.80, 70.91,
70.60, 70.51, 70.36, 70.27, 69.95, 68.36, 64.36, 62.54, 58.42, 47.72, 40.88, 40.72. HRMS (ESI): m/z [M + H] * calcd for
C4sHsgNgO;S: 891.3957, found 891.3965.
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The synthetic method of MB-DOX is similar to that of 9. MB-DOX was produced as a red solid (140 mg, 43%)."H NMR
(400 MHz, DMSO-d6) 6 13.29 (s, 1H), 7.92 (d, J = 3.5 Hz, 2H), 7.78 (s, 1H), 7.66 (s, 1H), 7.47 (d, J = 9.3 Hz, 1H), 7.34 —
7.21 (m, 5H), 6.87 (s, 1H), 6.73 (s, 2H), 6.64 (d, J = 8.3 Hz, 2H), 5.48 (s, 1H), 5.23 (s, 1H), 4.92 (s, 5H), 4.73 (s, 1H), 4.57 (s,
2H), 4.13 (s, 6H), 3.98 (s, 3H), 3.88 (s, 2H), 3.69 (s, 1H), 3.50 (dd, J=27.2, 13.8 Hz, 19H), 3.08 (s, 2H), 2.98 (s, 2H), 2.86 (s,
12H), 2.16 (d, J=16.2 Hz, 2H), 1.85 (s, 1H), 1.50 (s, 1H), 1.12 (s, 3H). 3C NMR (100 MHz, CDCl;) 0 213.97, 186.99, 186.64,
169.93, 161.03, 156.34, 156.23, 155.64, 155.30, 154.97, 149.13, 135.73, 135.47, 134.58, 133.83, 133.66, 129.45, 128.97,
128.43, 127.61, 126.68, 120.87, 119.79, 118.47, 111.62, 111.52, 111.33, 111.21, 100.86, 79.49, 74.86, 70.89, 70.57, 70.47,
70.29, 70.03, 69.39, 68.87, 68.39, 67.54, 65.52, 64.25, 63.51, 58.41, 56.67, 47.80, 47.15, 40.81, 35.64, 33.92, 29.78, 16.91.
HRMS (ESI): m/z [M + H] * caled for C73HgsN,0»;3SN: 1460.5490, found 1460.5437.
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3. Supplementary Table

Table S1. Some recently published prodrugs for orthotopic HCC based on different response substances 2.

Agents Formulation Targeted Activator Concen.tratlon Response time | Biological application | References
strategy of activator
DOX@Gal- Physically 11 h (About Chemo- and gene therapy
. . encapsulated by Galactose Acidic pH pH=5 83% drug for subcutaneous and 5
micelles/siRNA . -
polymer release) orthotopic HCC mice
. Chemo- and gene therapy
PRS@SF EZL?;S }1; ]:sAs A]l:g t%n:l\r/;)f D?g;?grzsr?éces -- - for subcutaneous and 6
P P ’ Y orthotopic HCC mice
Trojan Horse-like - _ Chemotherapy for
NBs Nanobowls EPR effect Acidic pH pH=53 >60h orthotopic HCC mice 7
Physically
Tf-Ps-Dox encapsulated by Transferrin GSH 2-10 mM - Chemovtherap Y fqr 8
orthotopic HCC mice
polymer
Physically
GE11-CPs encapsulated by GE.l ! GSH 10 mM - Chemqtherapy fqr 9
peptides orthotopic HCC mice
polymer
Bovine serum albumin . - 90.1% of drug Chemotherapy for
ZnPc/SFB@BSA (BSA) nanocapsules - Trypsin I mg mL release after 6d |  orthotopic HCC mice 10
Physically Chemotherapy and
PLGA-PEG- L _ > 80% drug .
AEAA-DOX/ICT encapsulated by EPR effect Acidic pH pH=5.5 release at 24 h 1mmunqtherapy fqr 11
polymer orthotopic HCC mice
SPO4-PBSF- | Prussianblue (®B) | T | 4o ~74% of drag | MUltimodal therapy for
Cy5.5 nanoparticle tar.getmg emperature ¢ release at 24 h su cut'flneous anc
¥ peptide SP94 orthotopic HCC mice
Lactose-derived Genome editing to treat
LBP#/pCas9 branched cationic Lactose Dithiothreitol 10 mM 24h . gloh 13
. orthotopic HCC mice
biopolymer
Interventional
DOX@Gal-PCN- Glyco-MOF - _ 65% of drug photodynamic and
224). nanostructures Galactose Acidic pH pH=5.6 release at 2 h chemotherapy for 14
orthotopic HCC mice.
Aminoethyl
Nano-FdUMP - . - _ >95% of drug | Chemo-immunotherapy
and Nano-Folox Lipid nanoparticle Anisamide Acidic pH pH=55 release at 24 h | for orthotopic HCC mice. 15
(AEAA)
NGR@DDP Bottlebrush-Like CD13- Ultrasound ;:1(11 ﬁxiﬁgﬁ ~83.5% of drug | Sono-chemotherapy for 16
Nano-Riceball targeted and H,0, (5 min) release at 60 h orthotopic HCC mice.
Monocomponent Galactose, ) Chemotherapy for .
Gal-MB-DOX nanoformulation EPR effect ROS 10 uM =30 orthotopic HCC mice. This work

2If no actual data were provided in the references, data were estimated according to the original published figures.
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4. Supplementary Figures
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Fig. S1. Absorption spectra of (A) Gal-MB-DOX (5 uM) and (B) MB-DOX (5 uM) before/after addition of HOCI (5 pM).
The data was recorded in PB (10 mM, 0.5% DMF).

650 700 750 800

Wavelength (nm)

Fig. S2. (A) Fluorescent spectra of MB-DOX (5uM) before/after addition of different concentration of HOCI (0 to 10 uM),
Aex= 620 nm.
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Fig. S3. (A) Pseudo-first-order kinetic plot of the reaction of 5 pM prodrugs to 10 uM HOCIL. (B) Linear relationship of the
fluorescence intensity at 686 nm of Gal-MB-DOX with the concentration of HOCI, the data was recorded after 20 min in PB (10
mM, pH 7.4, 0.5% DMF). (C) The observed rate constant and detection limit of the prodrugs.
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Scheme S4. The proposed elimination reaction between Gal-MB-DOX and ROS.
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Fig. S4. Fluorescent spectra of DOX released from MB-DOX (5uM) (A) and Gal-MB-DOX (5uM) (B) after addition of
different concentration of HOCI (0 to 10 pM), A= 470 nm. The data was recorded in PB (10 mM, 0.5% DMF).

A B 025
%1y =0.00949 X +0.00789 —=Gal MBDOX
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Fig. S5. DOX release analysis of Gal-MB-DOX after treatment of different concentration of HOCI. (a) The linear fit of the
absorbance at 497 nm versus the concentration of free DOX from 5 to 80 pM; (b) absorption of the deionized water after
dialysis of the prodrug or the mixture of prodrug and HOCI; (¢) DOX release efficiency from Gal-MB-DOX at different
concentrations of HOCI.
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Fig. S6. Mass spectroscopic analysis of Gal-MB-DOX after addition of HOCI in PB solution for 30 min.
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Fig. S7. Confirmation of the aggregates in the solution of Gal-MB-DOX (60 uM) after addition of HOCI (60 uM). The
aggregate was separated by centrifugation, the precipitation was re-dispersed in DMF and the supernatant was directly tested
by UV-vis spectra.
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Fig. S8. Fluorescent spectra of Gal-MB-DOX (5 uM) before/after addition of different concentration of, HOCI (0 to 10 puM)
(A), ONOO™ (0 to 10 uM) (B), *OH (0 to 10 uM) (C) and t-BuOO- (0 to 10 uM) (D). A= 620 nm. The data was recorded in

PB (10 mM, 0.5% DMF).
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Fig S9. Fluorescence intensity of Gal-MB-DOX (5 uM in PB, pH 7.4) at 686 nm after adding different ions (A) (from 1 to 17:
Gal-MB-DOX, CH;COO-, CO; =, S0, %, F-, Cl-,NO, -, S;,0; >, ClO, -, Cu?*, NH, *, Na*, Mg?*, AI3*, K*, Ca?*, Fe3* (100
uM); 18: HOCI (20 pM) and amino acids (B) (from 1 to 21: Gal-MB-DOX, Leu, Pro, Gly, Gln, Glu, Met, Lys, Trp, Ser, Thr,
Asp, Ile, Val, His, Ala, Cys, Phe, Asn, Tyr, Arg (100 uM); 22: HOCI (20 uM) , (Aex = 620 nm) .
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Fig. S10. Stability test of the nanoparticles prepared by Gal-MB-DOX in PB (A, B, C), 10% FBS in aqueous solution (D, E,
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Fig. S12. The cell viability of MB-DOX and Gal-MB-DOX for 24 h at different concentrations (0, 10, 20, 40, 60, 80, 100 and
120 uM) in HepG2 and RAW cells for 24 h. The toxicity of the compounds was measured by CCK-8 assay. Values are the
mean £ s.d. forn=06
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Fig.S13. The changes of fluorescence intensity of commercial caspase-3 probe (GreenNuc™ Caspase-3 Assay Kit for Live
Cells) in HepG2 cells after treated with different concentrations of Gal-MB-DOX (1: 0 uM; 2: 0 uM + caspase-3 inhibitor; 3:
100 uM; 4: 150 pM; 5: 200 uM; 6: 200 uM + caspase-3 inhibitor) for 24 h. n = 3, data are presented as mean values + SD. NS:
no significance, *p < 0.05, **p <0.01, ***p < 0.001 (Aex = 485 nm, Ay, = 515 nm).
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Fig. S14. Ex vivo fluorescence imaging of the major organs. Balb/c mice with orthotopic hepatocellular carcinoma were
intraperitoneal injected with saline, MB-DOX, (1 mM, 100 pL) and Gal-MB-DOX (1 mM, 100 pL) for 3 h. The organs of
mice were resected and imaged after euthanized. The fluorescence intensity of different organs was compared using the In
Vivo Xtreme imaging system. 1: Heart, 2: Liver, 3: Lung, 4: Spleen, 5: Kidney and 6: Muscle. Red circle in brightfiled image
indicated the tumor located on liver.
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Fig. S15. Biosecurity evaluation of diffrent treatments: (a) saline, (b) DOX, (¢) MB-DOX and (d) Gal-MB-DOX NPs. H&E
staining of the heart, spleen, lung, and kidney of orthotopic HCC mice after 15 days of different treatments. Scale bar =2 mm.
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Fig. S53. 3C NMR of 15 in CDCl;

S44



Intens. 6_BD6_01_1108.d: +MS, 0.5min #29
x105_
1005.4815
1.0
08 561.2712 . ﬂ o
///}/'\0/7 V\n,/\OA\,U\ S 0“’/\N O/\\ /\ “~0 1(\
i - (8]
?
0.6 =
429.1741
0.44
0.2
2010.9526
O.Dr -lJll- -llllrl" |rr' LI S L ™17 1 T S MY LU LA B S
500 750 1000 1250 1500 1750 2000 2250 2500 2750 m/z
Fig. S54. HR MS of 15
FTLUANNRANEREY LBUTNSIGLRES R 8
A B Sl S S S N, VL R Ve T LT MMM e o men (=)
B e I
N S N.
|
T
H ﬁ’k 0PNl
///\O/TVW/\O/\\/O\\/\O/\\,O\/A\ O H
o O
&
. r f
FA I /f v R I ) [
I
1 I \
‘ A I%L;Ul L
S T e et
~858588 258585
; . . . SO Sm G Pt .
12 11 10 ] 3 7 6 5 4 4]

Fig. S55. "H NMR of 16 in CDCl,

S45



B S8 BANASRTT epsgnRRBRRRYNBR
g HES A0HANEC cXoCoLSg8TEBEToS
VT SN et N P NN
! |
|
N
o 0 o Nm
///\Oﬁ/ N ONO\/\OA\’O\/\N oTl
o H
O
#
‘l
; i ‘II | l
1
e ol own ||| . " " 2
2‘2[) Z;D 2[‘)0 lé[) IIBD L;D 1‘60 lSID l.;l) léD 1£D l;.l) l.[l)O 9‘0 8‘0 7‘0 6’0 5‘0 4‘0 3‘0 Z‘D l.ID ll)
ppm
Fig. S56. >°C NMR of 16 in CDCl;
Intens. 7 BD7_01_1109.d: +MS, 0.6min £36
x10® NS N
Ry
8- 447.1862 N
H El) 0”'NH
o~ N g g O g~ on
# Dg Yo
//’,
- 891.3965
4
2.
l 519.1921
oAy b — a At —t— — —
400 500 600 700 800 900 1000 1100 1200 miz

Fig. S57. HR MS of 16

S46



i35
TeL
PEL
WL
8L
99°L
8LL
6L
€64

6Z'ET—

[0}

1]
N W/\/U g A

#0
0
i

I

|
T
111 Al

i
|

b A
T,

un
<4
@
b

|

L

-< P E0T

Finlal

| 11
U
)
wn
(=)
=

i
i
&
o

y

|

W

o
=
o0Q
=

86'T

Co
Y
i R
& BEHaG
= cQno

L

]
Y

s2'9
00’7
or't
980
86'T

.

\ﬁ_ - 560

Fig. S58. 'H NMR of MB-DOX in CDCl;

16'91—

8L6T~
CE'EE~
¥a'8e~"

STib~,
e
a5k
689
@os
620
0L
50

68'0L
B'rL
Bb'6L

PEO
£ETTT
ZST1T
2911
2 8TT-F
64611
19421
££SET~

ET6RT
0£'S5T
$ISST %.
£095T~=+
£0T9T~

£6'69T—
#9981

66981

LEEle—

=}

OIAM
2
{

O/j, ﬂ\n/\o/\\,ﬂ NP
0

&)

2

5

—4

T T T T T T T T T T
150 170 150 130 110
ppm

220 210 200

120

140

160

180

Fig. S59. 3C NMR of MB-DOX in CDCl;

S47



|me”-’:'- 8 BD8 01_1110.d: +MS, 0.8min #47
x10
8- 1460.5437
LT
PN
N OH
I USSP I 5.5 L S o
GA2 SRS ang LaerS I
61 i /\.“.J\‘)/\ ,lw OH
= H()"i L{/()
1)
429.1726 I
4
1046.4495
2.
|1
Cl—-l“".‘“...}“..L‘.‘Lh.'i....‘.“.,l...ra...|.:'----|-..---.
500 750 1000 1250 1500 1750 2000 2250 2500 2750 m/z

Fig. S60. HR MS of MB-DOX

Supplementary References

S

Sl

10.

11.
12.
13.
14.
15.
16.

P. Wei, L. Liu, W. Yuan, J. Yang, R. Li and T. Y1, Sci. China. Chem., 2020, 63, 1153-1158.

L. Liu, L. Jiang, W. Yuan, Z. Liu, D. Liu, P. Wei, X. Zhang and T. Yi, ACS. Sens., 2020, 5, 2457-2466.

L. Liu, P. Wei, W. Yuan, Z. Liu, F. Xue, X. Zhang and T. Y1, Anal. Chem., 2020, 92, 10971-10978.

P. Wei, W. Yuan, F. Xue, W. Zhou, R. Li, D. Zhang and T. Yi, Chem. Sci., 2018, 9, 495-501.

Z.Ye, W.-R. Wu, Y.-F. Qin, J. Hu, C. Liu, P. H. Seeberger and J. Yin, Adv. Funct. Mater., 2018, 28. 1706600

X. Chen, T. Chen, L. Zhang, Z. Wang, Q. Zhou, T. Huang, C. Ge, H. Xu, M. Zhu, F. Zhao, M. Yao, H. Tian, H. Li, X. Zhu
and J. Li, Biomaterials., 2020, 261, 120304.

X. Chen, X. Zhang, L. Zhang, G. Zhao, S. Xu, L. Li, Z. Su, R. Liu and C. Wang, Biomaterials., 2021, 268, 120541.

Y. Wei, X. Gu, L. Cheng, F. Meng, G. Storm and Z. Zhong, Acta Biomater, 2019, 92, 196-204.

C. Zhou, Y. Xia, Y. Wei, L. Cheng, J. Wei, B. Guo, F. Meng, S. Cao, J. C. M. van Hest and Z. Zhong, Acta. Biomater.,
2020, 113, 512-521.

X.N. Yu, Y. Deng, G. C. Zhang, J. Liu, T. T. Liu, L. Dong, C. F. Zhu, X. Z. Shen, Y. H. Li and J. M. Zhu, ACS. App!.
Mater. Interfaces., 2020, 12, 17193-17206.

Z.Yu, J. Guo, M. Hu, Y. Gao and L. Huang, ACS. Nano., 2020, 14, 4816-4828.

T. Zhou, X. Liang, P. Wang, Y. Hu, Y. Qi, Y. Jin, Y. Du, C. Fang and J. Tian, ACS. Nano., 2020, 14, 12679-12696.

Y. Qi Y. Liu, B. Yu, Y. Hu, N. Zhang, Y. Zheng, M. Yang and F. J. Xu, Adv. Sci., 2020, 7, 2001424.

J. Hu, W. Wu, Y. Qin, C. Liu, P. Wei, J. Hu, P. H. Seeberger and J. Yin, Adv. Funct. Mater., 2020, 30, 1910084.

J. Guo, Z. Yu, D. Sun, Y. Zou, Y. Liu and L. Huang, Mol Cancer., 2021, 20, 10.

X. Shi, Y. Zhang, Y. Tian, S. Xu, E. Ren, S. Bai, X. Chen, C. Chu, Z. Xu and G. Liu, Small. Methods., 2021, 5,2000416.

S48



