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Experimental Section
1. Materials
Medium (DMEM), Annexin V-FITC apoptosis detection kit, 4',6-diamidino-2-phenylindole, Propidium Iodide, Mitochondrial membrane potential assay kit and Methylthiazolyldiphenyl-tetrazolium bromide (MTT) were purchased from Solarbio (Beijing, China); Reactive oxygen species assay kit and DNA damage detection kit were purchased from KeyGEN BioTECH (Nanjing, China); TUNEL apoptosis assay kit and Hematoxylin-Eosin(HE) staining kit were purchased from Sangon Biotench (Shanghai, China); Fetal bovine serum (FBS) was purchased from Gibco (USA); AgNO3, chitosan, hydrazine, bovine serum albumin (BSA) and hemin were purchased from Sigma-Aldrich (St. Louis, USA). Other reagents and chemicals were all of analytical reagent grade and used without further purification. All solutions were prepared with ultra-pure water of 18 MΩ purified from a Milli-Q purification system (Milli-Pore, Bedford, MA, USA).

All the oligonucleotides used in this work were synthesized by Shanghai Sangon Biological Engineering Technology & Services Co., Ltd. (Shanghai, China). The sequences are as follows: 

1) AS1411-FAM: 5'-GGTGGTGGTGGTTGTGGTGGTGGTGG-FAM-3’

2) AS1411-Cy5: 5'-GGTGGTGGTGGTTGTGGTGGTGGTGG-Cy5-3’

3) END-FAM:
5’-GATCAGTTTTCCATGCCAGTTGGTATTCCGCGACAGTTTGATCTC-FAM-3’

4) END-Cy5:
5’-GATCAGTTTTCCATGCCAGTTGGTATTCCGCGACAGTTTGATCTC-Cy5-3’

5) RS-FAM: 
5’-ATACCAGCTTATTCAATTNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNAGATAGTAAGTGCAATCT-FAM-3’

6) RS-Cy5:
5’-ATACCAGCTTATTCAATTNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNAGATAGTAAGTGCAATCT-Cy5-3’

7) DNA(Ag+): GCCGCGTGCGGCCGGTGCCGAGAGAGAGAGAGGAGAGAGA
Human cell lines (hepatocarcinoma HepG2, lung cancer A549, and normal liver L02) were purchased from the Chinese Academy of Medical Sciences (Beijing, China). All cells were cultured at 37°C in a 5% CO2 cell culture chamber.
2. Characterizations
Atomic Force Microscope (AFM) images were taken by an Agilent 5500 (Agilent, USA), and Raman spectra were obtained on a DXR Raman microscope (Thermo Fisher Scientific, USA). X-ray photoelectron spectroscopy (XPS) was carried out on an ESCALAB 250Xi spectrometer (Thermo Fisher Scientific, USA) using a non-monochromatized Al/Kα X-ray source. Laser confocal microscopic (LCSM) observation was conducted on a confocal laser scanning microscope (Nikon A1R/A1, Japan) live cell imaging system. Flow cytometry (BD FACSAria TM III, U.S.A) analysis was conducted for quantitative detection of cellular fluorescence. Small animal luminescence imaging was performed by a living image IVIS spectrometer (Bruker in-Vivo FX PRO, Germany). Ion concentration was determined by inductively coupled plasma mass spectrometry (PE NeXion 300X, USA). The morphology of nanoparticles was obtained by transmission electron microscopy (JEM-2100, Japan) and scanning electron microscopy (Hitachi SU8020, Japan).

3. Electrochemical detection
All electrochemical experiments were performed on the CHI 660E electrochemical workstation (Shanghai Chenhua Instrument Corporation, China) at room temperature. A typical three-electrode system consisting of a gold disk working electrode (2 mm in diameter), a saturated calomel reference electrode (SCE) and a platinum wire counter electrode was employed. The anodic stripping voltammetry (ASV) test was carried out in a mixed solution of HNO3-KNO3 containing 0.6 M KNO3 and 0.1 M HNO3 over the potential range of -0.4 V to 1.0 V with a 100 mV/s scanning rate. Chronoamperometry experiments were implemented in PBS containing 16 mM hydroquinone at room temperature with a constant potential of -0.05 V and a 100 mV/s scanning rate.
4. rGO synthesis
After 10 mg GO was dispersed in 20 mL water under ultrasonic treatment for 1 h, 1 mL of ammonia solution (wt. 25%) and 30 μL of hydrazine were added to the GO dispersion and vigorously stirred for 10 min. Then the mixture was incubated in a water bath at 60 °C for 4 h to form a stable black dispersion solution and centrifuged at 15000 rpm for 30 min at room temperature. The resulting precipitate (rGO) was washed twice with water and re-suspended in 5 ml of water. The stock rGO dispersion solution at 2 mg/mL was stored in the refrigerator at 4 °C for future use.

5. Modification of the gold electrode

The gold electrode was immersed in freshly-prepared piranha solution (H2SO4/H2O2(30%), 7:3 by volume) for 20 min and carefully polished to obtain a mirror-like surface using 0.3 μm and 0.05 μm alumina powder in sequence. The electrode was then sonicated for 5 min in ultrapure water and 5 min ethanol. Electrochemical pre-treatment by cyclic potential scanning from -0.2 V to 1.6 V was performed in 0.1 M H2SO4 until a stable cyclic voltammogram was obtained. The polished gold electrode was used to prepare the working electrode. Briefly, 20 µL of 2.0 µM ssDNA probe solution in 0.1 M PBS including 0.3 M NaCl (pH 7.4) were dropped onto the pretreated gold electrode and incubated for 16 h at 4 °C in a moist atmosphere. Subsequently, 20 µL of 1 mM MCH solution were dropped onto the ssDNA-modified gold electrode for 15 min at room temperature to cover the remaining bare region against nonspecific adsorption. Finally, the electrode was hybridized with 20 µL of 2.0 µM cDNA probe solution in 0.1 M PBS including 0.3 M NaCl (pH 7.4) for 2 h at 37 °C to obtain the working electrode. After each step, the electrode was washed with PBS and dried with nitrogen.

6. Disproportionation of H2O2 catalyzed by rGO
A glass-carbon electrode (GCE) was used as the basic electrode to explore the disproportionation of H2O2 catalyzed by rGO. The detailed procedure was as follows: 20 µL of rGO or GO dispersion (1 mg/mL) were dropped onto the pretreated GCE surface and dried at 37 °C for 2 h. The amperometric response of the rGO- or GO-modified electrode after adding 100 µL of 0.1 M H2O2 into 0.1 M PBS (PBS 7.4) containing 16 mM hydroquinone was recorded at a constant potential of -0.05 V with a 100 mV/s scanning rate.

7. Silver deposition

The rGO- or GO-modified electrode was immersed in 300 μL of silver deposition solution (0.1 M glycine, 10 mM AgNO3, 10 mM H2O2, pH 9.0) for 3 min in darkness. The electrode was immediately washed twice with water to terminate the reaction, and the ASV test was employed to monitor the stripping signal of silver.
8. Detection of intratumoral H2O2 by the electrochemical workstation

1) Electrode pretreatment 
An Al2O3 homogenate with diameters of 0.3 μm and 0.05 μm was used to grind the suede surface and remove the surface and surrounding dirt. The electrode was then ultrasonically irradiated in ultrapure water and ethanol media. After treatment for 5 min, the electrode was dried and placed in 0.5 M H2SO4 for cyclic voltammetry scanning. It was then rinsed with pure water and transferred to 0.1 M PBS (pH 7.4) containing 0.1 M NaCl for cyclic voltammetric scanning over the potential range of -0.2 V to 1.0 V with a 100 mV/s scanning rate to obtain a stable current signal., Finally, the pretreated electrode was rinsed with pure water and stored at 4 ℃ for future use.

Electrode modification. 20 μL of chitosan/graphene/hemin composite solution with a concentration of 1 mg/mL was added to the surface of the treated electrode and incubated at 37 °C for 1 h. The electrode was washed three times with PBS (pH 7.4) and then platinum nanoparticles were electrodeposited at -0.2 V. The unattached particles were washed off with PBS for 90 s. This process was repeated for 3 times.

2) Intratumoral H2O2 detection. 
The skin over the tumor site of the HepG2 tumor bearing mice was peeled off (about 1 mm2 in size) and the pretreated gold electrode, reference electrode (SCE), and counter electrode (Pt electrode) were fixed and located on the tumor-debarred site. To induce production of H2O2 by the tumor cells, the mice were injected with 100 μL of VitC (0.5 mM) via the tail vein (i.v.) or directly into the tumor (i.t.). Decomposition of released H2O2, catalyzed by the modified electrode, generated a current which was detected by the electrochemical workstation. A larger current signal was observed after injection of VitC into the tumor than after i.v. injection. This can be attributed to the higher VitC concentration in the tumor when using i.t. injection.
9. Detection of H2O2 (DNA modified silver ions) using the electrochemical workstation

Al2O3 nanoparticles with diameters of 0.3 μm and 0.05 μm homogenated on the surface of gold electrode were used to grind and remove suede surface and surrounding dirt, and then the gold electrode was ultrasonically irradiated in ultrapure water and ethanol. After treatment for 5 min, the electrode was dried and placed in 0.5 M H2SO4 for cyclic voltammetry scanning, and then rinsed with pure water. 

Twenty microliters of rGO or GO dispersion at a concentration of 1 mg/mL was added dropwise on the surface of the treated electrode, and then incubated at 37 °C for 1 h to modify the electrode. Subsequently, the electrodes were washed once with PBS, and immersed in 300 μL of mixed solution including Ag+ (100 mM) and H2O2 (10 mM) and DNA with different concentrations. After incubation for 3 min in the dark and magnetically stirring for 5 min in glycine-NaOH buffer (pH 8.6), the working electrode was washed in 5 mL of 1 mol/L KCl solution. Herein, the platinum electrode was used as the counter electrode, and the the saturated calomel electrode was the reference electrode. Linear sweep voltammetry (LSV) analysis was performed in HNO3-KNO3 solution containing 0.6 M KNO3 and 0.1 M HNO3 on the electrochemical workstation within the scanning range of -0.5 V ~ 0.6 V with a 100 mV/s scanning rate, during which the dissolution peak current of silver nanoparticles was recorded.

10. Intracellular silver production promoted by VitC
Harvested HepG2 cells or 293T cells were gently washed with PBS and counted, and the number of cells in the culture dish was set to be approximately 1×106. The cells were gently shaken after adding 1 mL of culture medium. Besides the untreated control group, four experiments were set up as follows: (1) 100 μL of Ag+ solution (100 mM) was added to the culture dish; (2) 10 μL of VitC (5 mM) was added; (3) 100 μL of Ag+ solution (100 mM) was added to the culture dish and 10 μL of VitC (5 mM) was added after 5 min; (4) 10 μL of VitC (5 mM) was added to the culture dish, and then 100 μL of 100 mM Ag+ was added. After these treatments, the cell morphology and generation of elemental silver were observed.

11. VitC-induced intracellular silver production with different concentration of Ag+
Harvested HepG2 cells were gently washed with PBS and counted, and the number of cells in the culture dish was set to be approximately 1×106. The cells were gently shaken after adding 1 mL of culture medium. Then 100 μL of Ag+ at different concentrations (10, 20, 50, 100, 200, 400 mM) and 10 μL of 5 mM VitC were added sequentially, and incubated for 5 min at room temperature in the dark before observing the cell morphology and the generated elemental silver.
12. Preparation of RS-CS/rGO/Ag+-DNA, AS1411-CS/rGO/Ag+-DNA and END-CS/rGO/Ag+-DNA

Silver nitrate (34 mg) was dissolved into 1 mL of ultrapure water and then 1 OD DNA was added to the silver nitrate solution. The mixture was vortexed for 5 min and incubated for 1 h at room temperature, eventually yielding Ag+-DNA. Objective to rGO modification, 1 mg of graphene (rGO) was dissolved in 1 mL of ultrapure water, sonicated by a cell disruption system for 6 h, and centrifuged at 3000 rpm to remove the precipitates. 10 μL of hydrazine hydrate (NH2-NH2) was added and vortexed for 10 min. The mixture was incubated at 60°C in a water bath for 4 h, and centrifuged at 10000 rpm. The supernatant was washed twice and re-dispersed at a concentration of 1 mg/mL for further use. 50 μL of modified rGO dispersion was added into 1 mL of the aforementioned Ag+-DNA solution, vortexed for 5 min and incubated for another 30 min at room temperature. The solution was then centrifuged at 10000 rpm/min for 10 min, followed by two washes with PBS. The resulting rGO/Ag+-DNA was re-dispersed in 1 mL of ultrapure water and stored at 4 °C prior to use. 

Chitosan (CS, 10 mg) was dispersed in 10 mL of 1% glacial acetic acid solution. 10 mL of ultrapure water was then added into the solution, followed by dissolution via stirring until no bubbles were observed. Afterwards, 1 mL of the above rGO/Ag+-DNA was added into the CS solution and another 6 h stirring ensued, after which the solution was centrifuged at 12000 rpm/min for 15 min to remove the supernatant. Finally, the CS/rGO/Ag+-DNA composite was obtained. 50 μL of 2.5% glutaraldehyde solution and 100 μL of Cy5.5 fluorescently labeled nucleolus were added into the solution. The aptamers (RS, AS1411 or END) were added and stirred for 1 h, then 1% BSA was added and stirred for 30 min. The supernatant was then finally removed by centrifugation and the pellet was washed twice to obtain RS-CS/rGO/Ag+-DNA, AS1411-CS/rGO/Ag+-DNA or END-CS/rGO/Ag+-DNA nanoparticles.

13. Targeting assay
The cells (1×104) were re-suspended and placed in culture dishes, then cultured for 6 h, and counted. The medium was removed with a pipette and the cells were washed twice with PBS, then incubated with 100 μL of AS1411-CS/rGO/Ag+-DNA or END-CS/rGO/Ag+-DNA composite nanomaterials (1 mg/mL). The dish was shaken slightly to make sure that the nanomaterials were evenly distributed in the dish. Incubation was carried out for 10 min. After that, the cells were washed twice with PBS, and 10 μL of VitC (5 mM) was added. The dish was shaken slightly to evenly distribute the VitC. Cell targeting and silver deposition were monitored by optical microscopy. 
This targeting test was carried on HepG2, L02 and A549 cells. Cells were treated with END-CS/rGO/Ag+-DNA, As1411-CS/rGO/Ag+-DNA and RS-CS/rGO/Ag+-DNA. Incubation times were 0.5 h, 1 h and 2 h. 
14. Apoptosis experiment

1) PI (propidium iodide) staining
HepG2, L02 and A549 cells (1×104) were re-suspended and seeded in culture dishes for 6 h, then counted. The media were removed with a pipette and the cells were washed twice with PBS before addition of 100 μL of AS1411-CS/rGO/Ag+-DNA and END-CS/rGO/Ag+-DNA (1 mg/mL). The plate was shaken slightly to ensure even distribution of the nanomaterials. The incubation time was 10 min. After two washes with PBS, 100 μL of 1 mg/mL PI dye were added and the dish was shaken slightly. 10 μL of 5 mM VitC were added and the dish was shaken again to evenly distribute the VitC solution across the cells. Finally, the cell morphology was observed by LCSM.

2) JC-1 staining
HepG2, L02, and A549 cells (1×106) were seeded in a confocal culture dish and cultured in DMEM medium containing 10% FBS at 37° C in a 5% CO2 cell incubator for 12 h. The medium was replaced with fresh DMEM, and the cells were subjected to 8 different treatments, i.e., END-CS/rGO/Ag+-DNA, END-CS/rGO/Ag+-DNA + VitC, AS1411-CS/rGO/Ag+-DNA, AS1411-CS/rGO/Ag+-DNA + VitC, RS-CS/rGO/Ag+-DNA, RS-CS/rGO/Ag+-DNA + Vit C, VitC and PBS. VitC (100 μL, 5 mM) was incubated with Apt-CS/rGO/Ag+-DNA (100 μL, 1 mg/mL) for 10 min, and then the nanoparticles were washed with PBS 3 times and added into the corresponding solution. After incubation for 30 min, the cells in each group were washed 3 times with PBS. 1 mL of 1x JC-1 working solution was then added and incubated at 4 °C for 1 h in darkness. The JC-1 solution was then removed. The cells were then incubated in pre-warmed fresh medium for 30 min in darkness, then washed 3 times with PBS and imaged on LCSM. 

JC-1 aggregates (red fluorescence) and JC-1 monomers (green fluorescence) represent high mitochondrial membrane potential and low mitochondrial membrane potential, respectively. The decreased mitochondrial membrane potential represented by green JC-1 monomers directly reflects the degree of apoptosis, and the transition of JC-1 fluorescence from red to green indicates the decreased cell membrane potential, which can be used as a detection index for early apoptosis. The results showed that AS1411-CS/rGO/Ag+-DNA+VitC induces a low membrane potential in HepG2 and A549 cells, which indicates a high level of apoptosis. However, there is no evident membrane potential drop in L02 cells, and no apoptosis.
Specifically for A549 cells, VitC alone was found to slightly reduce the mitochondrial membrane potential. Although the green fluorescence progressively illuminated the horizon and red fluorescence receded as the concentration of AS1411-Ag+-rGO alone increased, the intensity variations of both green and red fluorescence remained small. In contrast, when AS1411-Ag+-rGO was combined with VitC, the red fluorescence almost vanished and the green fluorescence became much stronger as the concentration of AS1411-CS/rGO/Ag+-DNA gradually increased. This result suggested that AS1411-CS/rGO/Ag+-DNA in the presence of VitC can produce a massive amount of silver nanoparticles which generate ROS, thus destroying mitochondria and inducing cell apoptosis. 
3) Flow cytometry analysis and LCSM observation
L02, HepG2 and A549 cells were trypsinized and re-suspended at a density of 1×106/mL. AS1411-CS/rGO/Ag+-DNA dispersions at various concentrations were added and incubated at room temperature for 30 min with shaking at 110 rpm/min. The cells were washed 3 times with PBS and then detected by flow cytometry after staining by Annexin V and PI. The detailed procedures for co-staining were as follows: 1. After PBS washing, 5 μL of Annexin V FITC and 10 μL of PI were added for 20 min and then the cells were detected by flow cytometry; 2. After PBS washing, 2 mM VitC was added firstly, and then 5 μL of Annexin V FITC and 10 μL of PI were added, and after another incubation for 20 min, the cells were harvested for flow cytometry analysis. In cycle detection test of apoptotic A549 cells, A549 cells were found to stimulate VitC decomposition to produce massive amounts of H2O2 for reducing Ag+ in AS1411-CS/rGO/Ag+-DNA into silver deposits which kill cells. The apoptosis outcomes positively correlated with VitC concentration. In contrast, L02 cells failed to generate sufficient H2O2 even in the presence of a massive dose of VitC and they were unable to convert trapped Ag+ into silver nanoparticles.

Similar procedures were used to evaluate HepG2 apoptosis via LCSM, except that calcein and PI co-staining were used instead of Annexin V and PI co-staining to label and discern dead and live cells. Before co-staining, the cells were incubated with the nanoparticles for 0.5 h, 1 h and 2 h.

4) DNA damage

HepG2 or A549 cells were seeded in 6-well plates at 1×105 per well. The cells were cultured in DMEM medium containing 10% FBS at 37 °C in a 5% CO2 cell culture chamber for 12 h. Afterwards, the medium was replaced with fresh DMEM, and eight treatment groups were set up, i.e., PBS alone, END-CS/rGO/Ag+-DNA, END-CS/rGO/Ag+-DNA + VitC, AS1411-CS/rGO/Ag+-DNA, AS1411-CS/rGO/Ag+-DNA + VitC, RS-CS/rGO/Ag+-DNA, RS-Ag+-rGO+VitC and VitC alone. The corresponding samples at the same concentrations were incubated with cells for 10 min, and then the cells were washed 3 times with PBS. After another incubation for 30 min, the cells were washed 3 times with PBS, trypsinized and re-suspended in 100 μL PBS. Layout: the frosted surface of the culture dish was placed on the surface of table and preheated at 40 °C. 100 μL of 0.5% normal agarose was placed on a glass slide and preheated at 45°C, then covered with a clean coverslip and placed at 4 °C for 10 min to facilitate its coagulation. It was then mixed with 10 μL of cells with 75 μL of 0.7% low melting point agarose. The coverslip was gently removed and the cell-containing agarose was quickly dropped onto the first layer of agarose. The coverslips were allowed to coagulate at 4°C for 10 min after carefully cleaning at room temperature. 75 μL of 0.7% low melting point agarose was preheated at 37°C and added dropwise, and the coverslips were covered and solidified at 4 °C. Cell lysis: The coverslip was removed and placed on the culture plate. Pre-cooled Lysis Buffer (1 mL of DMSO per 9 mL before use) was poured onto the coverslip and lysis was carried out at 4 °C for 2 h. The slides were removed with PBS. DNA alkaline spinning: the slide was placed in a horizontal electrophoresis tank, and then newly-prepared alkaline running buffer (1 mmol/L EDTA, 300 mmol/L NaOH) was poured over the slide, and covered with 0.25 cm of the overload slide. The cells were then placed at room temperature for 30 min. Single cell electrophoresis was conducted at 25V for 30 min. Neutralization staining: after electrophoresis, the slides were placed in a dish, and 0.4 mM Tris-HCl (pH 7.5) buffer was added. The slides were immersed, neutralized three times at 4 °C for 10 min, and the Tris-HCl buffer was discarded. 20 μL of PI dye per slide was added in the solution. The slides were covered with a cover glass, and stained for 10 min in the dark. Photography: Photography was performed using a 535 nm excitation light from the confocal microscope. 100 cells were randomly selected for each sample, and the diameter and length of nuclear DNA migration were determined and analyzed using the corresponding software.
In the A549 test, no tailing phenomenon was found in the control group (i.e., PBS alone), meaning no DNA damage. In contrast, the tail length increased as the concentration of AS1411-CS/rGO/Ag+-DNA rose. This proved that the DNA damage and killing ability were concentration-dependent in A549 cells. In the presence of VitC, the tail length was gradually lengthened as the concentration of AS1411-CS/rGO/Ag+-DNA increased. This indicates more and more serious DNA damage and apoptosis due to massive generation of silver nanoparticles.
5) Lyso-Tracker Red

HepG2 cells (1×106) were seeded in confocal culture dishes, and cultured in DMEM medium containing 10% FBS at 37 °C in a 5% CO2 cell incubator for 12 h. The medium was replaced with fresh DMEM, and the cells were subjected to the following treatments for 10 min: control (PBS), END-CS/rGO/Ag+-DNA, END-CS/rGO/Ag+-DNA + VitC, AS1411-CS/rGO/Ag+-DNA, AS1411-CS/rGO/Ag+-DNA + VitC, RS-CS/rGO/Ag+-DNA, RS-CS/rGO/Ag+-DNA + VitC and VitC alone. The cells were then rinsed with PBS three times. After incubation with VitC for another 30 min, the cells were washed three times with PBS. 1 mL of Lyso-Tracker Red was added, and the cells were incubated at 4 °C for 1 h in the dark. The cells were incubated in pre-warmed fresh medium for 30 min in the dark, and washed with PBS three times. To stain the cell nuclei, 50 μL of DAPI was added at room temperature for 15 min. Finally, the cells were washed with PBS three times again for LCSM observation.

15. ROS Detection

HepG2, A549 and L02 cells (1×106) were seeded in confocal culture dishes. The cells were cultured in DMEM medium containing 10% FBS at 37 °C in a 5% CO2 incubator, followed by incubation with various bioreactors for 12 h. The medium was replaced with fresh DMEM and the cells were subjected to the following treatments for 10 min: Control (PBS), END-CS/rGO/Ag+-DNA, END-CS/rGO/Ag+-DNA + VitC, AS1411-CS/rGO/Ag+-DNA, AS1411-CS/rGO/Ag+-DNA + VitC, RS-CS/rGO/Ag+-DNA, RS-CS/rGO/Ag+-DNA + VitC and VitC alone. The cells were then washed with PBS three times. After another incubation with various bioreactors for 30 min, the cells were washed three times with PBS. 1 mL of ROS indicator (DCFDA working solution (10 μM)) was then added and incubated at 4 °C for 1 h in the dark. The working solution was then removed and the cells were incubated in pre-warmed fresh medium for 30 min in the dark, and then washed three times with PBS. To stain cell nuclei, 50 μL of DAPI was added at room temperature for 15 min, and the cells were washed with PBS three times again for LCSM observation.
In the A549 test, a negligible green signal was observed in the control group and the VitC alone group. This indicates that the tumor cells were unable to produce ROS and no oxidative stress accumulated because no silver nanoparticles were produced. Although the ROS level represented by green fluorescence gradually increased as the AS1411-CS/rGO/Ag+-DNA concentration rose, ROS production in the presence of VitC was much higher than that in the absence of VitC under the same AS1411-CS/rGO/Ag+-DNA concentration. This could be attributed to the fact that VitC decomposes to generate H2O2 in tumor cells, and reduces Ag+ to generate silver nanoparticles, which produce anti-tumor ROS to trigger a proportional level of cell apoptosis.
16. MTT assay
HepG2, A549 and L02 cells in logarithmic growth phase were placed, using DMEM medium to shape into a good density. The cells were then inoculated in 96-well plates (1×104 cells and 100 μL medium per well). The pores and zero-adjusted wells were designated as several groups, i.e., PBS, END-CS/rGO/Ag+-DNA, END-CS/rGO/Ag+-DNA + VitC, AS1411-CS/rGO/Ag+- DNA, AS1411-CS/rGO/Ag+-DNA + VitC, RS-CS/rGO/Ag+-DNA, RS-CS/rGO/Ag+-DNA + VitC, blank group and zero group. Each treatment was performed in duplicate wells, and the concentrations of samples were variable, e.g., 0.01, 0.1, 0.5, 1, 5, and 10 mg/mL. The cells were cultured in a cell culture incubator for 0.5 h and 1 h, respectively, and then 20 μL of MTT solution was added into each well, followed by incubation for another 2 h. Afterwards, the supernatant was removed, 200 μL of DMSO was added into each well, and the mixture was shaken for 10 min in the dark, and the optical density (OD) value was measured by a microplate reader.
17. In vivo anti-tumor experiments

1) Tumor model establishment. 
Nude mice (4-6 weeks) were purchased from Beijing Vital River Laboratory Animal Technology Co., Ltd (Beijing, China). All protocols for animal experiments were approved by the Institutional Animal Care and Use Committee (IACUC), Guangxi Medical University (Guangxi, China). To establish the A549 or HepG2 tumor-bearing models in nude mice, A549 or HepG2 cells in logarithmic growth phase were collected, and the cell concentration was adjusted to 1×107 cells/mL by PBS resuspension. 200 μL of cell suspension was injected subcutaneously into the right upper abdomen of the mice, and after 2-3 weeks, the tumor volume reached 1 cm3 for subsequent experiments.  
2) In vivo imaging

For the HepG2 tumor model, four groups were set up, i.e., control (PBS), END-CS/rGO/Ag+-DNA (1 mg/mL), AS1411-CS/rGO/Ag+-DNA (1 mg/mL) and RS-CS/rGO/Ag+-DNA (1 mg/mL), while for the A549 tumor model, three groups were set up, i.e., control (PBS), AS1411-CS/rGO/Ag+-DNA (1 mg/mL) and RS-CS/rGO/Ag+-DNA (1 mg/mL). In these groups, corresponding samples (100 μL) were injected into the mice through their tail veins. The mice were anesthetized with 5% concentration of isoflurane. Mice were maintained in 3% isoflurane and photographed at different time points using a Bruker imaging system. 

In the A549 model, fluorescence emerged after 30 min post-injection of RS-CS/rGO/Ag+-DNA (1 mg/mL) and vanished after 1 h due to metabolism. After injecting AS1411-Ag+-rGO (1 mg/mL), a much stronger fluorescence signal was observed due to more AS1411-CS/rGO/Ag+-DNA (1 mg/mL) accumulation caused by AS1411-mediated internalization. More significantly, the signal intensity continuously increased and reached the peak at 48 h, and afterwards receded and eventually completely vanished until 96 h. This suggests the long half-life and stability of AS1411-CS/rGO/Ag+-DNA.
3) Tumor treatment

In the HepG2 tumor-bearing mice, eight groups were set up (n=6), i.e., PBS, VitC, AS1411-CS/rGO/Ag+-DNA, AS1411-CS/rGO/Ag+-DNA + VitC, RS-CS/rGO/Ag+-DNA, RS-CS/rGO/Ag+-DNA + VitC, END-CS/rGO/Ag+-DNA and END-CS/rGO/Ag+-DNA + VitC. One i.v. injection of the corresponding sample (100 μL) was administered in all groups every 4 days. The sample concentrations were: PBS (0.01 M, pH=7.4), VitC (0.1 M), AS1411-CS/rGO/Ag+-DNA (1 mg/mL), AS1411-CS/rGO/Ag+-DNA (1 mg/mL) + VitC (0.1 M), RS-CS/rGO/Ag+-DNA (1 mg/mL), RS-CS/rGO/Ag+-DNA (1 mg/mL) + VitC (0.1 M), END-CS/rGO/Ag+-DNA (1 mg/mL), and END-CS/rGO/Ag+-DNA (1 mg/mL) + VitC (0.1 M). During the treatment period, tumor volumes were monitored via the formula L2×W/2 (W and L represent width and length of the tumor). At the end of the experimental period, the tumors were collected for counting, imaging, and sectioning for pathological examination. 

For A549-bearing mice, six groups were set up (n=6), i.e., PBS, VitC, AS1411-CS/rGO/Ag+-DNA (1 mg/mL), AS1411-CS/rGO/Ag+-DNA (1 mg/mL) + VitC, RS-CS/rGO/Ag+-DNA (1 mg/mL) and RS-CS/rGO/Ag+-DNA (1 mg/mL) + VitC. The treatment parameters were identical to those in the HepG2 experiment above. 

Facilitated by the robust AS1411 targeting property, more AS1411-CS/rGO/Ag+-DNA entered and accumulated in tumors. The delivered Ag+ was reduced by the pre-existing H2O2 in the tumors to generate massive amounts of silver nanoparticles intratumorally. When AS1411-CS/rGO/Ag+-DNA was combined with VitC, more H2O2 was produced in the HepG2 and A549 tumors, and more silver nanoparticles were generated. Silver nanoparticles are more slowly metabolized than Ag+ and therefore retained longer in tumors to exert robust anti-tumor effects.

4) HE immunohistochemical staining 
The tumors were removed from the mice in the different treatment groups and paraffin sections were prepared. The sections were baked at 80 degrees for 8-10 min, then dewaxed with xylene for 5 min three times. The tissue slices were soaked in absolute ethanol for 5 min, then in 95% ethanol for 5 min, and then in 80% ethanol for 80 min. They were then washed three times with PBS for 5 min and three times with distilled water for 3 min in sequence, followed by staining with hematoxylin for 5 min. Subsequently, they were rinsed with distilled water for 3 min, soaked in 1% hydrochloric acid in ethanol for 10 min, washed three times with distilled water for 3 min, and soaked in 75% ethanol for 2 min in sequence. Next, they were soaked in 85% ethanol for 2 min and 0.5% eosin dye solution for 2 min. Immediately afterwards, they were rinsed with distilled water, and then finally placed in 95% ethanol and water. Before each ethanol soaking, dehydration was carried out for 5 min, and the sections were soaked in toluene and sealed with neutral resin. In both the A549 and HepG2 tumor models, the AS1411-CS/rGO/Ag+-DNA + VitC group contained the most apoptotic bodies, which were associated with contracted and broken nuclei and decreased nuclear density. 
5) TUNEL immunofluorescence staining
The slides were dewaxed, autoclaved and subjected to antigen retrieval according to routine procedures. This was followed by 3% H2O2 fire extinguishing, mounting in 5% BSA, and washing in PBS 3 times for 5 min each time. 50 μL of TUNEL reaction solution was added into the tumor tissue area. The slides were incubated for 1 h at 37 °C and washed three times for 5 min each time. The sections were then placed in the tumor tissue area with 50 μL of DAPI working solution for 5 min to stain the nuclei. After three washes in PBS, the anti-fluorescent quencher was added onto the tumor tissue area for 5 min, and laser confocal scanning microscopic (LCSM) observation was carried out. The immunofluorescence images showed that AS1411-CS/rGO/Ag+-DNA + VitC caused the largest amount of TUNEL-positive cell apoptosis, as evidenced by the strongest red fluorescence signal. This can be ascribed to the high level of silver nanoparticle production, due to enhanced internalization of AS1411-CS/rGO/Ag+-DNA by AS1411 targeting, enhanced production of H2O2 by VitC, and enhanced rGO-catalyzed Ag+ reduction by H2O2.
6) Transmission electron microscopy of tissue sections

The HepG2 tumors were harvested after the aforementioned treatments and the tumors with a fixed volume of 1 cm3 were excised in a 2.5% glutaraldehyde solution for fixation overnight, followed by fixing, dehydration, embedding, and sectioning. The morphological changes of tumor tissues were finally detected on a projection electron microscope.
18. Biosafety assessment in cynomolgus monkeys
Six captive-bred 3-6-year-old male or female specific pathogen-free cynomolgus macaques (Macaca fascicularis) were obtained from the Wincon TheraCells Biotechnologies Co., Ltd (Guangxi, China) before the beginning of the study. Animals were housed and maintained at the animal facility of Animal Center of Guangxi Medical University. according to regulations and guidelines set forth by the animal experimentation ethical review committee of GangxiMedical University. The monkeys were randomized into two groups. AS1411- and END-CS/rGO/Ag+-DNA (500 μL, 0.1 mg/kg) and PBS (500 μL) were intravenously injected. Macaques were monitored by facility veterinary technicians and animal caretakers for harvesting the potential clinical signs including fever, pain as evidenced by reduced mobility, joint swelling, nose/gum bleeding, paresis, paralysis, or other neurological disorders. Routine examinations included body weight monitoring and rectal temperature tracing. In addition, trained study personnel assessed macaques everyday and redorded the parameters including activity level, diet status, posture, facial symmetry, gait, behavior, motor function and consciousness etc.
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Fig. S1 Microscopic images of HepG2 cells (1×106) after different treatments. In detail, (a) Control group without any treatment, scale bar: 80 μm; (b) VitC alone wherein cells were only incubated with Vit C (10 μL, 5 mM) and no obvious change was observed, scale bar: 80 μm; (c) Ag+ alone wherein cells were only incubated with Ag+ (100 μL, 100 mM) and a slightly black color was observed, scale bar: 40 μm; (d) Ag+ + VitC group wherein cells were firstly incubated with Ag+ (100 μL, 100 mM), followed by incubation with VitC (10 μL, 5 mM), and the cells produced rich black silver deposits, scale bar: 40 μm; (e) VitC + Ag+ group wherein cells were firstly incubated with Vit C (10 μL, 5 mM), followed by incubation with Ag+ (100 μL, 100 mM) for 5 min, and massive black silver deposits were produced, scale bar: 40 μm. 
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Fig. S2 Microscopic images of HepG2 cells after incubation with Ag+ post-VitC stimulation. HepG2 cells (1×106) were incubated with 10 μL of 5 mM VitC to generate H2O2. 100 μL of Ag+ solution were then added at the following concentrations: (a) 10 mM Ag+, (b) 20 mM Ag+, (c) 50 mM Ag+, (d) 100 mM Ag+, (e) 200 mM Ag+ and (f) 400 mM Ag+. More silver nanoparticles were produced by the cells as the Ag+ concentration increased, accompanied by increased apoptosis. Scale bar: 40 μm. 
[image: image2.jpg]



Fig. S3 Microscopic images of HepG2 cells (1×106) after treatment with Vit C (10 μL, 5 mM) and Ag+ (100 μL, 10 mM) in sequence as a function of incubation time (a: 30 sec, b: 1 min, c: 1.5 min, d: 2 min, e: 2.5 min, f: 3 min, g: 3.5 min, h: 5 min, i: 6 min, j: 7 min, k: 8 min, l: 11 min, m: 12 min, n: 13 min, o: 14 min, p: 15 min, q: 16 min, r: 17 min, s: 18 min, t: 19 min, u: 20 min, v: 21 min, w: 22 min, x: 23 min, y: 24 min, z: 25 min). Following treatment with Vit C, the tumor cells generate hydrogen peroxide, which catalyzes the formation of silver nanoparticles. The cells produced more and more silver deposits as time proceeded, accompanied by more apoptosis. Scale bar: 40 μm.
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Fig. S4 Structural characterizations of rGO and GO. (a,b) Transmission electron microscopic (TEM) images of rGO (a) and GO (b); (c,d) Scanning electron microscopic (SEM) images of rGO (c) and GO (d). (e,g) AFM topographical scanning images of rGO (e) and GO (g). (f,h) z-axis profiles showing the thickness of rGO (f) and GO (h) nanosheets. Their thickness approached around 1 nm. (i) UV-vis spectra of rGO and GO.
[image: image4.emf]
Fig. S5 (a) Raman (a) and FT-IR (b) spectra of rGO and GO. The intensity ratio for the D band to G band (D/G) of rGO was higher than that of GO in the Raman spectra and the peak at 1714 cm-1 (stretching vibration of C=O) of GO disappeared in the FT-IR spectra of rGO; (c,d) XPS spectra of rGO (c) and GO (d) within a wide scanning window; (e,f) XPS spectra of rGO (e) and GO (f) within a narrow scanning window in the 1s hydrid orbit of C. Compared to GO, the C-O, C=O, and O-C=O peaks in rGO were significantly weakened.
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Fig. S6 (a) Particle size of different samples (i.e., rGO/Ag+-DNA, CS/rGO/Ag+-DNA, AS1411-CS/rGO/Ag+-DNA and END-CS/rGO/Ag+-DNA) measured by dynamic light scattering (DLS); (b) FT-IR spectra of rGO/Ag+-DNA, CS/rGO/Ag+-DNA and END -CS/rGO/Ag+-DNA.
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Fig. S7 Flow cytometry analysis of HepG2 cells (1×106) after treatment with different formulations, i.e., PBS (100 μL), RS-CS/rGO/Ag+-DNA (100 μL, 1 mg/mL) and AS1411-CS/rGO/Ag+-DNA (100 μL, 1 mg/mL). For RS-CS/rGO/Ag+-DNA and AS1411-CS/rGO/Ag+-DNA, the incubation times were 0.5 h, 1 h and 2 h.
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Fig. S8 LCSM images of 293T cells (1×104) and HepG2 cells (1×104) after incubation with END-CS/rGO/Ag+-DNA (100 μL, 1 mg/ mL) nanomaterials labeled by FITC (green). The FITC-labeled END-CS/rGO/Ag+-DNA (100 μL, 1 mg/ mL) entered the HepG2 cells, and Ag+ was reduced to silver nanoparticles, which appear as black dots.
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Fig. S9 Microscopic images of HepG2 and L02 cells after different treatments. (a) HepG2 cells (1×104) were incubated with END-CS/rGO-Ag+-DNA for 1 h, then washed with PBS. 100 μL of 1 mg/mL PI dye was added, and the cells were treated with 10 μL of 5 mM VitC for 0-20 min. (b) 100 μL of 1 mg/mL PI dye was added into HepG2 cells (1×104), and the cells were treated with 10 μL of 5 mM VitC for 0-20 min. (c) L02 cells (1×104) were incubated with RS-CS/rGO-Ag+-DNA for 1 h, then washed twice with PBS. 100 μL of 1 mg/mL PI dye was added, followed by 10 μL of 5 mM VitC for 0-20 min. Scale bar: 50 μm.
[image: image9.emf]PBS

RS-CS/rGO/Ag

+

-DNA  30 min

RS-CS/rGO/Ag

+

-DNA  1 h

RS-CS/rGO/Ag

+

-DNA  2 h

AS1411-CS/rGO/Ag

+

-DNA  30 min

AS1411-CS/rGO/Ag

+

-DNA  1 h

AS1411-CS/rGO/Ag

+

-DNA  2 h

FITC DAPI Merge

0.5 h

1 h

2 h

AS1411

FITC DAPI Merge

0.5 h

1 h

2 h

RS

a b

50 μm

50 μm

50 μm

50 μm

50 μm

50 μm

50 μm 50 μm

50 μm

50 μm

50 μm 50 μm

50 μm 50 μm

50 μm 50 μm

50 μm

50 μm


Fig. S10 LCSM images (a) and flow cytometry profiles (b) of A549 cells (1×106) after treatments with RS-CS/rGO/Ag+-DNA (1 mg/mL) and AS1411-CS/rGO/Ag+-DNA (1 mg/mL) for different incubation time periods (0.5 h, 1 h and 2 h). Scale bar: 50 μm.
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Fig. S11 (a) Trypan blue staining for detecting cytotoxicity in A549 cells after treatment with different formulations. The results show that compared to AS1411-CS/rGO-Ag+-DNA alone, the combination of AS1411-CS/rGO-Ag+-DNA (100 μL) and VitC (100 μL, 2 mM) resulted in more cell death, due to VitC-enhanced H2O2 production in tumor cells. The degree of killing was related to the AS1411-CS/rGO-Ag+-DNA concentration. (b) Cytotoxicity of AS1411-CS/rGO-Ag+-DNA + Vit C as a function of AS1411-CS/ rGO-Ag+-DNA concentrations against A549 cell (1×106). The cytotoxicity was significantly enhanced after adding Vit C (100 μL, 2 mM). Data are presented as mean ± standard deviation (SD) (n=3), and statistical significance was determined by one-way ANOVA and Tukey's multiple comparisons test. *P < 0.05, **P < 0.01 and ****P < 0.0001.
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Fig. S12 Optical microscopic images of H&E-stained sections of normal organs from normal cynomolgus monkeys in three treatment groups. The control group received no treatment. The END-CS/rGO/Ag+-DNA + VitC group received 100 μL of 1 mg/mL END-CS/rGO/Ag+-DNA and 100 μL of 5 mM VitC. The AS1411-CS/rGO/Ag+-DNA + VitC group received 100 μL of 1 mg/mL AS1411-CS/rGO/Ag+-DNA and 100 μL of 5 mM VitC. Monkeys were administered with i.v. injections of Vit C, END-CS/rGO/Ag+-DNA and AS1411-CS/rGO/Ag+-DNA, and 30 days later, H&E staining of the major organs was conducted to evaluate the biosafety of the formulations. H&E staining showed that 100 μL of 1 mg/mL END-CS/rGO/Ag+-DNA + VitC (100 μL, 5 mM) and 100 μL of 1 mg/mL AS1411-CS/rGO/Ag+-DNA and VitC (100 μL, 5 mM) were non-toxic to important organs (heart, lung, liver, kidney, spleen) of normal cynomolgus monkeys. 
