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INTRODUCTION: Combination chemotherapy 
now becomes the most standard cancer treatment 
protocol. Here, we present a core-shell type 
polymeric microgel (CSPM) which combines 
photodynamic and chemo therapeutic modalities in 
one-pot system. In this study, we designed a core-
shell type polymeric microgel containing an ROS-
generating photosensitizer (Pheophorbide A; 
PheoA) in core system and an ROS-cleavable drug 
(5′-deoxy-5-fluorocytidine; DFCR) in the shell 
(CSPM-PheoA-DFCR) and further evaluated their 
photo-induced therapeutic effects through the 
growth inhibition studies in in vitro pancreatic 
cancer cells and in vivo colon cancer mouse model. 

METHODS: PheoA-core microgel particles 
(CSPM-PheoA) were produced polymerizing 
HEMA monomers in the presence of chitosan [1, 
2]. Phenylboronic acid (PBA; a linker molecule) 
was introduced to chitosan shells and coordinated 
with DFCR to form CSPM-PheoA-DFCR. PBA 
forms a cyclic boronic ester with DFCR (a diol) 
that acts as ROS-cleavable linker [3]. According to 
our hypothesis, Reactive oxygen species (ROS) are 
generated, when PheoA located in microgel is 
activated by near-infrared (NIR) light. Singlet 
oxygen and oxygen radicals (-O2, O2-, and O2

2-) are 
toxic to cells and the H2O2 generated breaks the 
ester linkage between PBA and DFCR and triggers 
DFCR release (Fig.1). 

  
Fig. 1: Core-shell type (CSPM-PheoA-DFCR) 
microgels for photodynamic, chemo and 
locoregional combination chemo therapy.  

 

RESULTS: Synthesized CSPM-PheoA-DFCR 
was clearly characterized by 1H-NMR, DLS and 
TEM analysis. Moreover, we confirmed the poly-

HEMA cored microgel increased its volume by 
48.9-fold after absorption of body fluid. In vitro 
experiment, CSPM-PheoA and CSPM-PheoA-
DFCR showed significant reductions in viability 
(<20%). In animal study, NIR irradiated tumor 
with CSPM-PheoA-DFCR showed more effective 
tumor suppression effect compared with that of 
CSPM-PheoA after 2 weeks. 

DISCUSSION & CONCLUSIONS: Synthesized 
CSPM-PheoA-DFCR microgel showed photo-
triggered drug release properties for combination 
cancer therapy. To confirm singlet oxygen 
generation, CSPM-PheoA-DFCR was exposed to 
NIR irradiation and then examined using a DMA 
fluorescence probe technique, and that this was 
accompanied ROS-induced DFCR release. In 
addition, CSPM-PheoA-DFCR were investigated 
in vitro using a pancreatic cancer cell model, in 
which they showed more effective cellular toxicity 
due to the DFCR drug release from microgel by 
NIR irradiation. Furthermore, the synergistic 
effects of CSPM-PheoA-DFCR plus NIR 
combination therapy were clearly observed in vivo 
in a colon cancer murine model. Our results 
suggest that the CSPM-PheoA-DFCR microgel 
with PDT and ROS-triggerable chemotherapeutic 
effect can be utilized as a potential material for 
more effective anti-cancer therapy. 
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