
Silver-Coated Zero-Valent Iron Nanoparticles Enhance Cancer 

Therapy in Mice Through Lysosome-Dependent Dual Programed 

Cell Death Pathways: Triggering Simultaneous Apoptosis and 

Autophagy Only in Cancerous Cells

Li-Xing Yanga,e, Ya-Na Wub,c, Pei-Wen Wangb,e, Kuang-Jing Huanga,e, Wu-Chou 

Sud,e*, Dar-Bin Shieha,b,e,f**

a Institute of Basic Medical Sciences, National Cheng Kung University, Tainan, 70101, 

Taiwan

b Institute of Oral Medicine and Department of Stomatology, College of Medicine, 

National Cheng Kung University Hospital, National Cheng Kung University, Tainan, 

70101, Taiwan

c Institute of Biological Chemistry, Academia Sinica, Taipei, 11529, Taiwan.

d Department of Internal Medicine, Division of Hematology/Oncology, National Cheng 

Kung University Hospital, College of Medicine, National Cheng Kung University, 

Tainan, 70101, Taiwan

e Center of Applied Nanomedicine, National Cheng Kung University, Tainan, 70101, 

Taiwan

f Center for Micro/Nano Science and Technology, Advanced Optoelectronic 

Technology Center, Innovation Center for Advanced Medical Device Technology, 

National Cheng Kung University, Tainan, 70101, Taiwan

* Co-Corresponding author: Department of Internal Medicine, National Cheng Kung 

University Hospital, College of Medicine, National Cheng Kung University, Tainan 

70101, Taiwan; E-mail address: sunnysu@mail.ncku.edu.tw (WC Su)

Electronic Supplementary Material (ESI) for Journal of Materials Chemistry B.
This journal is © The Royal Society of Chemistry 2020

mailto:sunnysu@mail.ncku.edu.tw
mailto:sunnysu@mail.ncku.edu.tw
mailto:sunnysu@mail.ncku.edu.tw
mailto:sunnysu@mail.ncku.edu.tw
mailto:sunnysu@mail.ncku.edu.tw
mailto:sunnysu@mail.ncku.edu.tw
mailto:sunnysu@mail.ncku.edu.tw
mailto:sunnysu@mail.ncku.edu.tw
mailto:sunnysu@mail.ncku.edu.tw
mailto:sunnysu@mail.ncku.edu.tw
mailto:sunnysu@mail.ncku.edu.tw
mailto:sunnysu@mail.ncku.edu.tw
mailto:sunnysu@mail.ncku.edu.tw
mailto:sunnysu@mail.ncku.edu.tw
mailto:sunnysu@mail.ncku.edu.tw
mailto:sunnysu@mail.ncku.edu.tw
mailto:sunnysu@mail.ncku.edu.tw
mailto:sunnysu@mail.ncku.edu.tw
mailto:sunnysu@mail.ncku.edu.tw
mailto:sunnysu@mail.ncku.edu.tw
mailto:sunnysu@mail.ncku.edu.tw
mailto:sunnysu@mail.ncku.edu.tw
mailto:sunnysu@mail.ncku.edu.tw
mailto:sunnysu@mail.ncku.edu.tw


** Co-Corresponding author: Institute of Oral Medicine and Department of 
Stomatology, National Cheng Kung University Hospital, College of Medicine, 
National Cheng Kung University, Tainan 70101, Taiwan; E-mail address: 
darbinshieh@gmail.com, dbshieh@mail.ncku.edu.tw (DB Shieh)

Results

Supplementary Fig. 1. XRD characterization of ZVI NPs. The XRD profile of ZVI 
NPs showed a major feature peak at 2 θ = 45° points (*).



Supplementary Fig. 2. The hydrodynamic size distribution of ZVI@Ag NPs. The 
hydrodynamic sizes of the ZVI@Ag NPs showed a single peak at 133.4±36.9 nm for 
intensity distribution, 107.6±28.3 nm for volume distribution, and 92.4±19.3 nm for 
number distribution. The polydispersity index was 0.082, suggesting the mono-
dispersive nature of the NPs. 

Supplementary Fig. 3. Intracellular structural transformation of ZVI@Ag NPs at 
different time points after exposed to OEC-M1 cancer cell. The structure of ZVI@Ag 
NPs showed a time-dependent loss of integrity (black arrows) and hollowing of the 



internal ZVI component with degradation of the Ag shell into finite electron dense 
dots. (a) 1 h after NPs exposure. (b) 8 h after NPs exposure. (c) 24 h after NPs 
exposure. Scale bar = 50 nm

Supplementary Fig. 4. Biodistribution of the ZVI@Ag NPs at 24 h and 48 h after 
single dose intravenous injection (40mg/kg) into NOD/SCID mice. (n = 3 in each 
group). The results showed that NPs mainly distributed in the reticuloendothelial 
system in both time points and there are still about 9% of the NPs remained in the 
circulation.



Supplementary Table 1. Size, elemental composition, oxygen-to-iron ratio (O/Fe), 

and IC50 of the ZVI NPs.

NP Type Size (nm) Fe atomic 
(%)

O atomic 
(%)

O/Fe IC50 in OEC-M1 
(μg/mL)

ZVI 71.98 ± 18.82 73.70 26.30 0.357 3.58
ZVI@Ag 84.86 ± 17.35 87.38 11.34 0.130 1.01
ZVI@Ag (oxidized) 90.28 ± 25.71 43.90 3572 0.814 20.45
ZVI@Au 95.92 ± 8.55 73.10 18.20 0.249 6.94
Amor-ZVI 15.34 ± 1.39 76.13 23.87 0.314 3.16
ZVI@Fe3O4 18.76 ± 2.11 54.30 45.70 0.842 > 50


